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1. Introduction
I was asked to review and evaluate various matters concerning Whooping Cranes
generally, and particularly concerning the causes of mortality and morbidity in the wintering
Whooping Cranes at Aransas National Wildlife Refuge Complex (“Aransas NWRC” or
“Refuge”)1 during the 2008-2009 wintering period (from October 2008 to April 2009). I
understand that this is to be submitted as an expert report in advance of my testimony on behalf
of Plaintiff in a federal lawsuit, The Aransas Project v. Bryan Shaw, et al., Civil Action No.
2:10-cv-75 (S.D.TX. Corpus Christi).
I currently anticipate that my testimony will address the major categories of information
and opinions stated in the Table of Contents for this report. As discussed below, each of the
above-noted categories includes additional information and/or opinions that I will discuss during
my testimony.
My observations and opinions in this matter are based on my education and experience,
my direct observations, direct observations reported by others, government data and reports, and
other scientific articles.
I understand that others also will submit expert reports in this matter. To the extent
allowed, I may supplement this report with additional information and opinions, particularly if
additional information should be made available for my review.

2. Qualifications, Education, and Experience
I graduated with a bachelor of science in wildlife biology from Sul Ross State University in
Alpine, Texas in 1998. I hold a masters degree and PhD in Wildlife Ecology from the
Department of Wildlife and Fisheries Sciences at Texas A&M University, obtained in 1992 and
1996 respectively. My PhD dissertation project was on habitat use, foraging, and energetics of
wintering Whooping Cranes.
My CV is attached as Exhibit A to this report, including a list of my publications. In this
section, I recap my experience and background information concerning Whooping Cranes.
I have been involved with Whooping Crane projects since I started my PhD dissertation work
in 1992 and continue through the present day. I have conducted fieldwork and other study
directly with each of the four flocks of Whooping Cranes that exist in the world today. These
four flocks include, first and most important, the Aransas-Wood Buffalo population (“AWBP”),
so named because it spends winters in ANWRC in Texas and summers in Canada’s Wood
Buffalo National Park. I have particular experience with this population, both at its wintering
1

The Aransas NWRC (115,931 acres) is currently comprised of the Aransas Unit (Blackjack
Peninsula, 47,261 acres), Tatton Unit (7,568 acres), Lamar Unit (979 acres), Myrtle Foester
Whitmire Unit (3,440 acres), and Matagorda Island Unit (56,683 acres). (USFWS Aransas
National Wildlife Refuge Complex Comprehensive Conservation Plan and Environmental
Assessment September 2010).
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grounds in Texas and at the breeding grounds in Canada, as well as throughout the migration
corridor. The Aransas-Wood Buffalo flock is the only truly wild population that reproduces and
migrates naturally.
Each of the other three flocks were re-introduced flocks and are termed “experimental
nonessential” by the U.S. Fish & Wildlife Service (“USFWS”). They include a non-migratory
flock in Florida, a migratory flock in Wisconsin-Florida, and a non-migratory flock in Louisiana.
In addition to study of these flocks, I have collaborated with the captive breeding facilities,
which include zoos and also the International Crane Foundation location in Wisconsin.
In addition to Whooping Cranes I have studied Sandhill Cranes in this country, Mexico,
Cuba, and Russia. I have also studied Brolga Cranes in Australia. Whooping Cranes are a species
distinct from Sandhill cranes, Brolga Cranes, and indeed all cranes found worldwide, that is, they
do not interbreed. Around the globe, many nations have cooperated to save different species of
cranes from significant existential threats. The prospects for Whooping Cranes species survival
depend on the above-described flocks and, as discussed below, depend mostly on the AransasWood Buffalo flock.
My research with respect to cranes includes documenting habitat use patterns, food and
foraging activity, and studying energetic strategies particularly in the winter, migration,
reproduction, and wildlife migration. I have spent many years in the field observing and
documenting crane behavior and responses to variable conditions. Since 1992, I have visited
Aransas NWRC to continue research on Whooping Cranes more than 30 or 40 times. In addition
to my personal involvement in the field studying Whooping Cranes I have also directed several
graduate student projects focused on crane ecology and conservation.
I have been invited to collaborate and participate in projects by the U.S. and Canadian
governments for my expertise on Whooping Cranes, and by the Australian government with
respect to Brolga Cranes. I am a member of the U.S.-Canada Whooping Crane Recovery Team
and the International Union for Conservation of Nature’s Species Survival Commission’s, Crane
Specialist Group. I am also a board member of the North American Crane Working Group and
several other ornithological societies. I am also working on the Whooping Crane Conservation
Action Plan, which is an initiative by the Nature Conservancy and Gulf Coast Bird Observatory
in collaboration with USFWS, US Geological Survey (“USGS”), the Canadian Wildlife Service,
and multiple state wildlife agencies. My role in the Action Plan is to be the author of the
technical report on Whooping Crane ecology. I will also be involved in the conservationplanning component of that report.
I have published articles on cranes and other birds, such as wading birds, raptors, and
hummingbirds. The topics on which I have published scientific papers are distribution and
abundance, habitat use, migration strategies, overwinter survival, foraging and food use, the
effect of habitat management among other topics.
I have not testified in court before. I am receiving $150.00 per hour of working on
preparation for this testimony and $200.00 per hour for deposition and court time.
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3. Information relied upon to form my opinions
For this report, I have relied on governmental and academic published and unpublished
studies and reports as well as on my personal research data and experience with Whooping
Cranes at Aransas NWRC. A list of the sources is included in the bibliography, Exhibit B. Also
with this report I have included exhibits that will be used to summarize or support my opinions,
collected in Exhibit C.
I studied Whooping Cranes and related ecology in Aransas National Wildlife Refuge
Complex starting in 1992, when I conducted fieldwork for research on my PhD dissertation. In
1992–1993 and 1993–1994, I gathered data in the field from approximately August to April of
each winter season. While there, I studied crane food sources, including detailed surveys of their
primary food sources (crabs and wolfberries) and other foods occasionally eaten (e.g., clams and
snails). I also studied time activity budgets and foraging behavior of the Whooping Cranes. I
conducted aerial surveys to look at habitat use patterns and evaluated how cranes use the sites of
upland burns and social grouping of Whooping Cranes. I have continued to visit Aransas NWRC
regularly over the years since I completed fieldwork for my PhD dissertation to conduct aerial
surveys and collect information on Whooping Cranes, collect Whooping Crane feces, evaluate
abundance and distribution of Whooping Crane foods such as crabs and wolfberry. In addition I
have collected information on several other species in Aransas NWRC including Sandhill
Cranes, wading birds, raptors, Loggerhead Shrikes, and migratory passerines.
At the request of the U.S. Fish & Wildlife Service, I returned to the Refuge in February
2009 (Exhibit C-6). The objectives were to gather information about Whooping Crane feeding
and marsh resource conditions for that 2008-2009 winter and compare this information to the
previous baseline years available. Specifically the federal government and I determined that we
were to evaluate the following:
a) Collect data on Whooping Crane probing and progression rates (that is, feeding behavior)
in different habitat types and compare to baseline years;
b) Collect information on food capture rates (for all food sources, bearing in mind that, as in
other years, wolfberries were gone by this time of year) and compare to baseline years;
c) Gather Whooping Crane time activity budgets and compare to baseline years;
d) Gather information on conditions of food resources and overall ecology of the salt
marshes;
e) Collect feces sample for analysis of stress hormones (corticortisone);
f) Collect other observations to evaluate the condition of Whooping Cranes.
USFWS asked for this study because USFWS itself had concerns about the condition of the
Cranes.
Myself and an assistant gathered information on Whooping Cranes in Aransas NWR
(approximately 80% of our time was spent on the Refuge) and the adjacent Matagorda Island
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Unit (20% of our time) during all daylight hours for a week. In order to maximize information
gathering, cranes were videotaped and the videos later viewed to collect information such as on
foraging behavior, food capture rates, and time activity budgets. We sought to collect
observations of Whooping Cranes in all possible habitat types. Feces were collected from all
accessible areas where cranes had been previously observed, including salt marsh, upland burns,
and areas surrounding the corn feeders that had been previously installed that winter.

4. The reports and data from the USFWS at Aransas can be relied upon.
In addition to reliance on published studies and my own research, in this report I – like
many others before me – rely on Whooping Crane flight data gathered by the USFWS at Aransas
NWRC, particularly concerning population size and mortality. Likewise I have relied on the
information and data gathered and maintained by USFWS at Aransas NWRC as reported in the
regular Whooping Crane Winter Reports and the Annual Narrative Reports.
4.1. The USFWS flight data can be relied upon and are the official record of population
size and mortality.
At the Aransas NWRC, every year the USFWS refuge has conducted multiple aerial
flights to locate and count Whooping Cranes since 1950. These aerial counts are the basis for the
federal government’s official determination of Whooping Crane population size and mortality,
calculated every winter. USFWS makes these census flights following procedures that have
remained consistent for many years. Also, for many years, the counting has been overseen by
USFWS Whooping Crane Coordinator, Tom Stehn. Mr. Stehn has learned where and how to
look for cranes, and he knows their territories and, indeed, many of the individuals. I have flown
with Mr. Stehn on many flights, and have observed his counting methodology. I have no reason
to doubt the data resulting from USFWS counts. They have been conducted by the same observer
for over two decades, using the same methodology, and the final flock estimate is only made
after multiple flights.
Whooping Crane nesting activity is also evaluated in the Canadian breeding grounds, but
most aerial counts there are not considered exhaustive. There also are difficulties counting birds
in Canada because the Wood-Buffalo National Park covers an area approximately equal to the
size of Switzerland, and the Cranes are widely distributed throughout. In any event, I am not
aware of any data from Canada that calls data from Texas into question. Because repeated census
flights are conducted only in Aransas during winter, there are two different mortality
calculations: first, mortality is calculated by USFWS for April to November (which includes
mortality during the spring migration north, over the summer at Wood Buffalo, and during the
fall migration south); second, mortality is calculated for the winter period at Aransas NWRC
(calculated by the aerial flights). These official counts are reported in the USFWS Whooping
Crane Winter Reports released each year. The counts and mortality for 2008-09, and 2009-10 are
presented below (Table 1, Table 2):
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Table 1 Numerical Accounting of the Aransas-Wood Buffalo population (Table 7, p20, USFWS, 2009)

Table 2 Numerical Accounting of the Aransas-Wood Buffalo population (Table 5, p24, USFWS, 2010)

The USFWS reports also detail each of the aerial counts, describing dates, numbers of
cranes observed, number estimated, a detectability percentage and a rating of the visibility
conditions during each flight. The USFWS report for the 2008-09 winter included additional and
detailed explanations about the aerial counts, the estimate of flock size and mortality. That report
concluded: “Record-high morality during the 2008-09 winter of 8.6% of the flock (23 birds
consisting of 17 juveniles and 6 white-plumaged birds) dropped the population to 247 in spring,
2009” (p22, USFWS 2009, Exhibit C-10). I have no reason to doubt this information. I am
attaching the USFWS Whooping Crane Winter Report as an exhibit to this report.
The USFWS also publishes a table of flock mortality over the years, with the latest report
(USFWS, 2010), covering 21 years from 1989 to 2010. This is reproduced below (Table 3):
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Table 3 Whooping Crane mortality 1989-2009 (Table 8, p27, USFWS, 2010)

So far as I know, every published study and report on the Whooping Cranes in Aransas
treated the USFWS flight data as the definitive, uncontested statement of population size and
mortality. Certainly the Whooping Crane Recovery Team and many other agencies and
organizations did – and still do – consider the Whooping Crane population and the number of
mortality events recorded in the Whooping Crane reports as official and uncontested. There is no
other source of information involving repeated counts from which to draw alternative
explanations for the size of the population or the mortality events recorded therein. The
information presented in the Aransas Whooping Crane reports has provided the raw data for
analysis of several scientific publications dealing with population demography and mortality and
several mathematical and statistical models (Boyce 1987, Boyce and Miller 1985, Nedelman et
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al. 1987, Slack et al. 2009). In addition to the above, there are many reasons why this data has
been treated as authoritative.
The Whooping Cranes’ high fidelity to winter territories means their distribution is well
known and can be easily evaluated from the air. The salt marsh areas where the territories are
located consist primarily of short vegetation. Because of the short vegetation and Whooping
Crane’s significant size and white plumage, they are easy to detect from an airplane flying at low
altitudes. I have flown on multiple occasions on Whooping Crane flights and can confirm the
high visibility of Whooping Cranes from low flying aircraft. Visibility is so good some days that
during flights it is possible to “read” the color band combinations of individual Whooping Crane
legs.
During midwinter all cranes are expected to have arrived on the wintering grounds. After
several flights are conducted, the numbers, location, and range of the Whooping Cranes in and
around Aransas National Wildlife Refuge can be defined. Refuge flights consist of flight lines
parallel to the coastline attempting to determine the presence and number of different Whooping
Cranes in each territory. After several flights, and repeated observations of territories it is
possible to determine the total number of cranes in each territory (including parents and
juveniles), the number of subadults (white birds that have not paired and/or established their own
territories), and locate any new territories or subadult use areas. The repeated flights along
standard pathways allow for a final determination of distribution range, number of territories and
number of cranes, for a particular winter.
Because of the cranes high territorial fidelity and degree of association with mate and
family units it is possible to determine when an individual crane goes missing or dies. Cranes do
move away from territories for different reasons as described in this report, such as for trips to
upland areas after burns, or when searching for freshwater, however continued absence
(determined from repeated aerial counts) from established territories and/or lack of association
with mate and family signifies that the missing bird(s) has perished.
USFWS undertook attempts to color-band Cranes until 1989. Since then, the number of
banded cranes has declined, but a reasonable number of cranes are still marked by their color
bands. Banding began again in 2009-10 as part of the GPS telemetry research project which I
participate in. There has never been a color-banded crane presumed dead that was recorded alive
at a later date. It is true that USFWS rarely recovers carcasses of dead Whooping Cranes, but
this is in no way surprising. Local scavengers take full advantage of the opportunity to eat these
large animals that, while they are thriving, cannot easily be captured in their home territories.
4.2. The USFWS reports describing mortality during the 2008-09 winter can be relied
upon
The USFWS Whooping Crane Winter report for the 2008-2009 season describes in great
detail, over ten pages, the mortality of that year (p23-32, USFWS 2009, Exhibit C-10). “A
minimum of 23 whooping cranes (16 juveniles and 7 white-plumaged birds) died during the
2008-09 winter” (p25). The report includes a chronology describing each mortality event:
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Table 4 Chronology of Whooping Crane mortality during the 2008-09 winter (Table 11, p25, USFWS 2009)

The report further describes the circumstances of the four carcasses that were recovered
or observed in 2008-09. (p27-31 USFWS 2009, Exhibit C-10). As previously stated, it is very
rare to recover any Whooping Crane carcasses. Since 1951, only 17 carcasses have ever been
found at Aransas. The fact that four of these 17 were found in the 2008-09 winter is indicative to
me of a very high level of mortality, as reported.
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4.3. The annual USFWS Winter Report habitat quality data can be relied upon.
Also at the Aransas NWRC, the USFWS has maintained and reports annual measures of
several food items, ecologic indicators, and Whooping Crane behaviors, starting in 1988. The
reports cover blue crab, wolfberry and acorn abundance, salinities, and cranes’ use of freshwater,
clams and upland macrohabitat. Often these variables are presented as categorical variables such
as low, moderate and high, or scarce versus abundant. Based on my personal on-site experience
during different years when I was also conducting estimates of blue crab and wolfberry
abundance, I can confirm that the indices presented in the reports reflect conditions I evaluated in
the salt marsh in regards to blue crab and wolfberry abundance and the salinity levels of the salt
marsh.
The qualitative indices reported on Whooping Crane reports conform to the criteria for a
good monitoring index to evaluate trends: (a) they are regularly conducted, (b) using consistent,
easily repeatable methodology, (c) that is simple and easy to do, requiring no unique specialized
or difficult training; (d) they are relatively inexpensive; and (e) are sensitive to changes in
abundance of the resource being monitored. In fact, they are regularly prepared by skilled
USFWS personnel under the consistent supervision of USFWS Whooping Crane Coordinator,
Tom Stehn.
Even when the information is presented as categorical qualitative variables in summary
tables in the reports, most of the information is based on actual systematic counts conducted in
the field. For example, wolfberry abundance is estimated based on the number of berries and
flowers observed in a 100 meter transect conducted monthly during winter. Blue crab abundance
is determined by conducting a 1-hour walking transect through the salt marsh every month. This
methodology for estimating crab abundance was statistically compared to more intensive
sampling methods and considered to be a reliable indicator of overall crab abundance in the salt
marsh (Pugesek et al. 2008). Salinity readings are taken mostly during crab surveys and
opportunistically at other time throughout the winter. The information presented in the
Whooping Crane reports for cranes use of freshwater, use of clams, and upland use while
presented as categorical variables are based on actual aerial and ground counts. Tom Stehn,
USFWS summarized this data for the period 1988-2009 in his June 5, 2009 written comments to
Dr. Doug Slack regarding the SAGES Report (Exhibit C-11).
The following charts (tables 5, 6, 7) are part of the 2008-2009 USFWS Winter Report
and provide detail on the results of the wolfberry and blue crab surveys (Exhibit C-10).
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Table 5 Comparison of wolfberry numbers in the fall of 2007 and 2008 (Table 15, p62, USFWS 2009)

Table 6 Monthly blue crab surveys done in the 2008-09 winter (Table 16, p64, USFWS 2009)
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Table 7 USFWS assessment of blue crabs in the marsh 1995-2009 (p65, USFWS 2009)

5. Status, Ecology and Behavior of Whooping Cranes
5.1. The Whooping Crane, an endangered species, is making its last stand with the
Aransas-Wood Buffalo population; although experimental populations exist elsewhere
they have not been successful at breeding.
The Whooping Crane is an endangered bird as established by the U.S. government. It is
also recognized as an endangered species in Canada. The Whooping Crane does not exist
anywhere else in the world (only North America). More generally, worldwide, thirteen out of
fifteen species of cranes are threatened or endangered, according the international standard of the
International Union for the Conservation of Nature (“IUCN”). The Aransas-Wood Buffalo
population has a wild self-sustaining population of less than 300 individuals after approximately
50 years of recovery efforts. An overview of Whooping Crane natural history and related
information are presented in the International Whooping Crane Recovery Plan (“Recovery
Plan”) (CWS-USFWS 2007, 3rd edition, Exhibit C-9) and other publications (Lewis 1992, and
Archibald 1994).
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Recovery is the process that stops the decline of an endangered species by removing or
reducing threats, thereby ensuring the long-term survival of the species in the wild. At that point
the protections of the Endangered Species Act (“ESA”) are no longer necessary. The ESA
requires recovery plans for each listed species because they provide a road map, with
management actions for private, Federal, and State cooperation in conserving listed species and
their ecosystems. A recovery plan also sets the goals at which point the species can be
downlisted from endangered to threatened, or delisted altogether.
The current Recovery Plan (3rd revision, 2007) sets a number of objectives for the
species, including target numbers of discrete self-sustaining populations and numbers of
individuals and productive pairs within each population. As of today, there is only one selfsustaining population of Whooping Cranes: the Aransas-Wood Buffalo population. With less
than 300 individuals (i.e. approximately 70 productive pairs) at the time of this report, this
population remains far below the Recovery Plan’s objective of 1000 individuals (i.e. 250
productive pairs). Only if this population reaches 1000 individuals, would the USFWS consider
downlisting the Whooping Crane from endangered to threatened.
The Whooping Crane Recovery Plan recognizes the Aransas-Wood Buffalo flock as the
only wild population, and recognizes the possibility that a catastrophe could impact this
population, the only wild population, and cause the species to go extinct. Indeed, the possibility
of such a catastrophe is part why the federal government, in conjunction with states and
conservation groups, has attempted to reintroduce other “experimental” flocks. As stated above,
they include flocks in Florida, Louisiana, and Florida-Wisconsin. Additionally, another effort
was made in Idaho-New Mexico but has no remaining birds at this point in time.
The results of these experimental efforts are regularly reported to the Whooping Crane
Recovery Team. The Recovery Team is comprised of five Americans and five Canadians, with
responsibility to oversee recovery efforts. The team members are mostly scientists, persons with
management responsibility, or members of the federal/national agencies. The team’s mandate
comes from the USFWS and the Canadian equivalent, which is Canadian Wildlife Service.
The experimental efforts to date have been unsuccessful in establishing self-sustaining
populations. As discussed immediately below, efforts to promote breeding in the wild have not
worked, and the lack of birds with long experience in the experimental areas also reduces the
ability to pass on cultural inheritance, discussed further below. These difficulties, together with
the difficulty of locating appropriate Whooping Crane habitat, contribute to the great difficulties
faced by this species for survival.
5.2. The distribution of the last remaining wild Whooping Crane population is limited to
the wintering grounds at Aransas National Wildlife Refuge and breeding at Wood
Buffalo National Park in Canada.
Historically, Whooping Cranes bred in the northern Great Plains including the northern
United States and southern Canada, and wintered in a range that extended from interior Mexico
and multiple locations on the Gulf of Mexico coasts and several coastal areas of the Atlantic.
This is no longer true.
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For more than a century, no wild Whooping Crane has made any nest for breeding in the
United States. The nests in the experimental populations virtually never result in fledged chicks.
Instead, these populations only continue to exist because chicks or juveniles are introduced from
the captive populations into the experimental ones. Also, for almost 90 years, no Whooping
Cranes have successfully made nests for breeding in Canada outside of Wood-Buffalo National
Park.
So far as is known, the Whooping Cranes have always wintered in the United States, and
sometimes (previously) in Mexico. For more than a century, the wild Whooping Cranes have
only wintered in the relatively small area centered on Aransas National Wildlife Refuge
Complex in Aransas and Calhoun Counties, Texas.
Whooping Cranes show high cultural inheritance. This means that they demonstrate high
site fidelity to both breeding and wintering grounds and that the chicks learn from their parents.
Included among what the chicks learn from their parents are the spring and fall migratory routes,
which is the central flyway through the Great Plains states of the U.S. and Canada. In this, cranes
are like other neophobic bird species which are fearful of exploring novel environments. The
highly ingrained cultural inheritance appears to contribute to the extremely limited breeding and
wintering range. This is also part of why Whooping Cranes have such slow range expansion rates
in the wild population and one of the difficulties for establishing new populations outside of the
distribution of the range of Aransas and Wood-Buffalo where no Whooping Cranes are present.
Additional difficulties in establishing Whooping Cranes populations and expanding their
distribution arise because of the tremendous transformation of the North American landscape in
the 19th and 20th centuries and the loss of their natural habitat, especially wetlands. Over 90% of
the historic breeding range in the northern U.S. and southern Canada was converted to
agriculture. In the U.S., there has been a tremendous loss of wetlands, with some estimates as
high as approximately 90% of wetlands over the last century.
5.3. Whooping Cranes require wetlands for breeding, wintering, and migration.
The Whooping Crane is a wetland dependent bird. Currently it nests in areas of boreal
wetlands in Canada and uses the coastal salt marshes while wintering in Texas. During the spring
and fall migrations, the cranes roost overnight in wetlands. It is also true that the historically
observed distribution of Whooping Cranes was closely associated to wetland habitats.
Similar wetland dependence is generally observed for all other crane species. When the
Whooping Crane Recovery Team sought to identify locations for experimental populations, they
recognized the importance of wetlands as vital habitat and critical for all attempted
reintroduction efforts.
Wetlands are extremely important for Whooping Cranes as they are used as nesting sites,
for procuring food resources (most crane food items are wetland species), and as predator
avoidance roost and resting locations. Whooping Cranes utilize shallow wetlands for roosting
during the night in wintering grounds, breeding grounds, and as stopover roost sites throughout
their migration back and forth.
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5.4. In the wintering grounds, the Whooping Cranes use a wetland habitat type, the salt
marsh, more than all other habitats.
Within the Aransas wintering range, Whooping Cranes primarily use the salt marsh
macrohabitat. It consists of several types of vegetated flats, bodies of open water of varying
sizes, and un-vegetated mud and sand flats (Table 10). The salt marsh vegetated areas are
dominated by glasswort (Salicornia virginiana), saltwort (Batis maritima), sea-oxeye daisy
(Borrichia frutescens), wolfberry (Lycium carolinianum), saltgrass (Distichlis spicata), and
smooth cordgrass (Spartina alterniflora). The wind tidal flats are dominated by mudflat grass
(Eleocharis parvula), saltgrass, and cordgrasses. Interspersed among vegetated areas are the
open water bodies of varying sizes. The discrete and recognizable open water habitat categories
include two types; 1) those completely, or mostly, enclosed by salt marsh vegetation, and 2)
narrow and oblong linear bodies of water which facilitate the flow of water between two bodies
of water or between bodies of water and the bays.
Two other large scale macrohabitat types adjacent to the salt marsh are also used to a
lesser extent, bays and uplands. The bay macrohabitat is basically the contiguous body of open
water located adjacent to the salt marsh. This large region is the area between the mainland,
starting at the coastline, and extending to the barrier islands in the Gulf of Mexico. Only a small
portion of the bay is used by cranes. The only portions of the bay that receive occasional use by
cranes include the shallow areas, 50-80 cm (20 to 32 inches) deep, which are areas mostly
adjacent to the coastlines. The upland macrohabitat is adjacent to the salt marsh and is also used
by Whooping Cranes primarily after rainfall events or controlled burns have been prescribed
(i.e., the burns were intentionally set) (Hunt 1987, Chavez-Ramirez et al. 1996). Upland habitats
are dominated by scrub live oak (Quercus virginiana), and grasslands dominated by marshhay
cordgrass (Spartina patens). During years of heavy rainfall large areas of the uplands adjacent to
the marsh can be flooded for short periods of time. In addition, small wetland areas will be
present for extended periods after the rains have ceased and can provide fresh drinking water to
the cranes.
Whooping Cranes use salt marsh macrohabitat to a greater extent than all other areas.
This is the habitat type in which Whooping Cranes have been encountered with greatest
frequency during all previous studies (Table 11 and Table 12). As many as 87% of individuals
have been recorded on aerial surveys using the salt marsh, while other upland and bay habitats
receive considerably less use by Whooping Cranes. In bays, no more than 3.9% and 3.1 % of
individual cranes have been recorded during different winters of study, in an overall average
(Table 11 and Table 12). Uplands are used only to a slightly greater extent than bays with use
ranging from 8.8% to 11 % of cranes located each year on this habitat type (Table 11 and Table
12).
The salt marsh macrohabitat is comprised of smaller and distinct units or mesohabitats
within, including vegetated flats, bodies of open water of varying sizes, and un-vegetated mud
and sand flats. Crane move between the different mesohabitats during the wintering season.
In a previous study (Chavez-Ramirez 1996), I found that weekly crane use of salt marsh
vegetation mesohabitat was high early in the wintering period, then declined and remained low
(<20% of individuals) from mid-December through March (Figure 3). Overall, the time periods
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during which there was high use of salt marsh vegetation coincided with the availability of ripe
wolfberry fruit (Figure 4) in that habitat type. The decline observed in use of marsh vegetation in
December generally coincided with a sharp decline in the abundance of ripe wolfberry fruit
(Figure 4).
The open water mesohabitats, within the salt marsh macrohabitat, have long been
recognized as some of the principal areas utilized by wintering Whooping Cranes. Because of the
importance of blue crab in the diet of Whooping Cranes (see food section below), and the high
abundance of blue crabs, recorded use of all salt marsh open water mesohabitats is generally
high, ranging from 30 - 60% on a monthly basis (Figure 5). Use of this specific open water
habitat types does vary throughout the wintering period, but combined use of all open water
habitats is generally high most of the winter period (Figure 5).
Bay is the least used macrohabitat by Whooping Cranes based on the number and
proportion of cranes observed in this habitat type during previous studies. Only rarely have more
than 10% of total cranes observed during a particular count been present in this habitat type
(Figure 6).
Upland habitat use is sporadic over any single winter period, showing low use through
most of the winter period with peaks of use observed at irregular intervals (Figure 7). The peaks
in crane use of upland habitats reflect the crane’s use of recently burned areas. For example, each
peak observed during the 1992-93 winter corresponded to a survey conducted immediately
following a prescribed fire on Aransas NWRC, suggesting Whooping Cranes respond to and
utilized the recently burned areas. Whooping Crane use of upland areas has been reported
repeatedly in several works (Allen 1952; Bishop & Blankinship 1982; Bishop 1984; Hunt 1987)
and has been interpreted as being related to availability of acorns (Allen 1952; Hunt 1987;
Bishop 1984), wolfberry fruit (Hunt 1987), paspalum grasses (Stevenson & Griffith 1946), and
cultivated crops (Shields & Benham 1969).
The use of uplands by Whooping Cranes, appears to be opportunistic and occurring
primarily in areas that have been recently burned (Chavez-Ramirez 1996, Chavez-Ramirez et al.
1996). While some speculation has been presented by others as to why Whooping Cranes visit
uplands, there are clear patterns that support some of the theories and not others. Visits to upland
burned areas are a response to readily available and short lived food supplies that include dead
vertebrates, invertebrates, and selected plant matter, some of which have been observed to be
taken by the cranes (Chavez-Ramirez et al. 1996). Whooping Crane use of burned uplands is
high (peaks referred to previously) in the days immediately following controlled burns and
decreases gradually over an approximately two week period (Figure 8, Bishop 1984, ChavezRamirez et al. 1996). This pattern of use suggests that the resource, or resources, of interest to
Whooping Cranes in burned areas are quickly depleted in the days after the burns. This has been
observed directly in the field. Studies evaluating food items consumed by Whooping Cranes
feeding in uplands after controlled burns show presence of insects (Westwood and ChavezRamirez 2005). I have observed cranes consuming partially charred snakes and lizards while in
recently burned areas.
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Whooping Cranes will occasionally go to upland areas other than burned grasslands.
When their territories provide insufficient food or drinking water, they will visit uplands in
search of freshwater wetlands for water to drink or in search of potential alternative food sources.
When salinities in the salt marshes increase to the upper mid-teens (i.e. 15 parts per thousand, or
ppt), I have observed cranes begin to search for freshwater sources. And, when salinities exceed
23 ppt, all cranes can no longer drink the saltwater and require freshwater sources. (USFWS
Whooping Crane Spotlight Species Action Plan, 2009, Exhibit C-13; p71 USFWS 2009, Exhibit
C-10). In Aransas NWRC, and surrounding areas, alternative freshwater sources are only present
in uplands. High water salinities do not occur every year and therefore the use of uplands by
Whooping Cranes for this purpose will vary from year to year. Another reason Whooping Cranes
will use upland freshwater wetlands is to search for food sources when availability of food in the
salt marsh is poor, such as during years when blue crabs are in low abundance (Chavez-Ramirez
& Slack 1999, USFWS ANWR and Whooping Crane winter reports).
5.5. The wintering grounds in Aransas, where the Whooping Cranes spend most of the
year, are critical because they provide nourishment and energy storage for the
breeding that happens in Canada.
Whooping Cranes overwinter in Aransas from late October through April, a significant
portion of the year, totaling as much as 6-7 months. The first birds arrive on the Texas coast
during the second half of October and the majority of the population is generally in Aransas by
the middle of November. The first migratory movements away from Aransas are generally
recorded around the 25th of March (Lewis 1992) and continue through the middle of April,
extending occasionally through the 1st of May in some years. The peak departure period is
between 25 March and 15 April. During most years, the majority of Whooping Cranes have left
the wintering grounds by the middle of April. However, there have been cases where some
cranes have stayed well into May. In addition there have several cases of Whooping Cranes oversummering in Aransas. Over-summering is the phenomenon where individuals of an otherwise
migratory species stay throughout the summer in the wintering grounds. This has only been
observed in a few cases in Whooping Cranes.
Migratory birds spend part of their yearly cycle in the breeding grounds, part in the
wintering grounds, and the remainder of the time migrating between the two. While most
migratory species are associated with their breeding grounds, because that is where reproduction
and future offspring are produced, for most arctic nesting species that is the location where the
species spend the least amount of time during a year. For example the Whooping Crane only
spends about four or five months of the year in the breeding grounds. The majority of the year is
spent in the wintering grounds. There are several reasons for this. The area where Whooping
Cranes breed in Wood Buffalo National Park in Northern Alberta and the Northwest Territories
of Canada is near the Arctic Circle. Therefore, conditions there become unsuitable (too
cold/snow-covered, and lacking in food) for cranes as early as September and cranes must move
out of their breeding area.
Some migratory arctic breeding species rely on migratory staging areas or wintering
grounds to procure resources that they then use for survival and reproduction in the breeding
grounds. Whooping Cranes follow the winter resource accumulation model, spending an
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extended period of time in wintering grounds consuming and acquiring resources for migration
and breeding. The reason this may be necessary for some arctic nesting birds, including the
Whooping Crane, is that many times upon arrival in the breeding grounds the conditions are
snow covered and/or frozen so feeding opportunities are limited shortly before nesting and egg
laying. During some years wetlands are frozen and/or covered with snow and Whooping Cranes
may spend days to weeks not being able to feed, and must rely on stored energy resources to
survive and initiate reproduction. Therefore, the energy stored during their extended stay in the
wintering grounds in Texas are of critical importance not just for surviving the wintering period
but also for survival and successful breeding upon arrival in the breeding grounds.
5.6. The importance of the food resources is reflected in the fact that the Whooping Cranes
are territorial birds.
Most birds do not have wintering habitat territories, that is, specific areas within their
wintering grounds for specific birds. Whooping Cranes do have wintering habitat territories
(Stehn and Johnson 1987; Stehn 1992; Chavez-Ramirez et al 1996). While on the Texas coast,
Whooping Crane pairs and family groups (a pair with a chick) are territorial and exhibit high
fidelity to those territories. Fidelity means that the same pair will return to the same territory year
after year while both members of the pair are alive. In the event of a death of one of the pair
members, the territory will remain in ownership of the male but generally not the female.
Territoriality in birds is defined as the defense of an area against conspecifics, members
of the same species. In general, territories are for exclusive use of the owner(s) and are defended
aggressively against other members of the same species (Brown 1964)
Importantly, territoriality is a way to ensure access to resources, generally food or nesting
sites, or in some cases even mates. Territoriality in birds suggests that the area being defended
has sufficient resources for the individual or family to make it worthwhile to expend energy in its
defense. In the case of the wintering grounds at Aransas, food is the resource of primary
importance due to the needs for overwinter survival and energy accumulation required by the
migratory cranes so that winter territoriality is for the purpose of securing food resources.
5.7. Whooping Cranes’ food-gathering behavior can be measured as a distinct activity.
Foraging behavior refers to the sum of activities (postures, methods, or techniques) by
which an organism searches for, locates, and consumes food items. For wintering Whooping
Cranes, feeding is a very important activity and both subadult and adult cranes can spend between
40% and 72% of the daylight hours in foraging activities (Bishop 1984, Chavez-Ramirez 1996).
For pairs with established territories, they search areas within their territories for food. The most
common technique is walking in visual search mode to detect food items. In this search mode the
crane walks slowly (an average of 21.4 steps per minute, Chavez-Ramirez 1996) with its head
lowered to a height of its body and pans it right and left. Whooping Cranes also use a different
foraging strategy when searching for blue crabs during colder temperatures which is described in
more detail below.
Field observations show that Whooping Cranes utilize two distinct foraging strategies
while feeding on blue crabs in salt marsh open water habitats: a) a visual strategy, as described
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above and b) a tactile strategy. Each foraging strategy has its own unique characteristics in
regards to movement and probing (Table 13) and is used for different purposes. The use of a
specific foraging strategy appears to be influenced by environmental temperature and appears to
be an adaptation for maximizing encounter rates with blue crabs. The visual foraging strategy
utilized at high (>17o C) temperatures is characterized by a low ratio of steps per probe of 0.5 (i.e.,
two steps for each probe). At high temperatures, probes were directed at specific items, and
therefore, not attempted until a potential food item has been visually located. Directed probing is
behavior characterized by visual searching, where each probe is attempted only when the crane
has apparently located a crab visually.
The second strategy, the tactile foraging strategy, is used primarily at lower temperatures,
and consists of non-directed probing. Non-directed probe foraging is characterized by continuous
and apparently systematic probes several inches into the muddy substrate, where each probe is not
preceded by a period of visual searching, involving head turning, as in directed probing. The
cranes consistently make several probes from left to right, take a step then probe from right to left,
while occasionally doing complete probing, left to right then right to left before taking a step.
This means that for every step multiple probes occur. The reason probe feeding occurs at lower
temperatures is that blue crabs tend to burrow in the sediment seeking protection from the cold
weather conditions.
The probe foraging strategy observed in Whooping Cranes is similar to that reported for
shorebirds that are probe feeding specialists. In probe-feeding birds, encounter rates are believed
to be the product of effective touch area and probing rate (Piersma et al. 1995). Basically what
this means is that the more probes a bird makes the greater the chances of encountering prey.
Several species of shorebirds reportedly use different foraging techniques when searching for
visible versus hard-to-see prey. For example, during the day, when prey are visible, shorebirds
use visual searching while foraging then switch to a tactile prey detection strategy at night
(Hulscher 1976, Robert and McNeil 1989, Mouritsen 1994). The Whooping Cranes tend to
follow a pattern similar to shorebirds mentioned above except that different foraging strategies
are influenced not by night and day conditions but rather higher or lower temperature. The
relationship to temperatures is based on the activity patterns of its main prey item, blue crab. We
have investigated in the laboratory the activity patterns of blue crab and have found, that as in the
wild, blue crabs become less active and tend to burrow in the substrate at temperatures below 17
degree C. Less movement and burrowing would make blue crabs more difficult to locate visually
which is why the tactile probing strategy would be more productive.
5.8. The blue crab and the wolfberry are the most important food items for the wintering
Whooping Crane.
The use of specific food types in birds is influenced by limitations associated with the
morphology, physiology, and behavior of the species. Morphology refers to overall shape of the
animal for example bill construction, length and width. Physiological limitations include those
associated with chemical aspect of digestion and metabolism. Behavior of a species will
determine what they eat due to where they spend time and how they consume food. The use of a
particular resource is also influenced by external factors such as availability of alternative food
types, spatial relationship among resource attributes (for example accessibility), attributes of the
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resources themselves (easy or difficult to catch), or competition with other species (i.e. other
species take food items first) (Wiens 1989).
In temperate species the non-breeding season is a period during which food is the
resource of primary importance, and the search and acquisition of food plays a prominent role in
determining a bird's use of space and time (Hutto 1985). Therefore, a good understanding of
Whooping Crane foods and their foraging behavior can help us understand some of the patterns
observed in habitat types used over the winter period. Food resources in the wintering grounds
and associated energy reserves have significant implications for Whooping Crane over-winter
survival, and also have an influence on reproductive output (Chavez-Ramirez 1996).
The diet of a species consists of a list of food items that are consumed by that species.
Specific food items in the diet of wintering Whooping Cranes are well known. Since the
establishment of the Aransas National Wildlife Refuge in 1937, several investigators have made
observations of feeding Whooping Cranes and of specific food items consumed on the wintering
grounds. Stevenson and Griffith (1946) originally published qualitative observations and results
of a study of fecal droppings. Information gathered before 1951 was summarized and presented
by Allen in his 1952 monograph. Since that date several different studies have contributed to our
knowledge of wintering Whooping Crane foods. Over the years, reports on contents of
Whooping Crane stomachs and esophagus have occurred (Uhler and Lock 1969, Hunt and Slack
1987). Fecal samples have been collected at Aransas National Wildlife Refuge going back to
Allen (1952) and continuing through the 1980’s (Hunt & Slack 1989) and 1990’s (Westwood
and Chavez-Ramirez 2005). In addition, a systematic visual observation study was conducted in
the 1990’s (Chavez-Ramirez 1996). All these studies and their associated reports have
contributed to increasing our knowledge of Whooping Crane foods on the wintering grounds.
A list of specific food items have been recorded for Whooping Cranes during the winter
months by all the authors presented above (Table 14). All published studies have recognized that
during the entire winter period the primary protein source for cranes is blue crabs. Almost all
studies also have recognized the additional primary food source of wolfberries. The one
exception was a study that recognized the importance of blue crabs but did not find wolfberries
to be a significant food source, probably because the study was conducted in February after the
plant stops bearing fruit (Porter 1952).
Individual studies occasionally have identified other food items that Whooping Cranes
have eaten for brief periods of time. These include razor clams (Tagellus plebius), fiddler crabs
(Uca spp.), plicate horn shells (Cerithidae pliculosa), and other snails (Melampus coffeus),
(Cyperus spp.), (Littorina spp.). Less commonly and/or only irregularly occurring in the diet are
items such as shrimp (Panaeus spp.), crayfish (Cambarus hedgpethi), several species of fish,
snakes, several insects, and acorns. In addition, there are other items that have only been
recorded once and during a single study, such as Angel wing clams, dwarf clams, eels, mantis
egg mass, amphipods, grass, glasswort, and a few others (Table 14).
Blue crabs and wolfberry fruit are by far the most important dietary constituent for
wintering Whooping Cranes. For example, these two food items are the most dominant in
regards to frequency of occurrence and percent volume composition of fecal samples collected
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during very different time periods including the 1950’s (Allen 1952), the 1970’s (Hunt and Slack
1989), and the 1990’s (Westwood and Chavez-Ramirez 2005, Table 15). Blue crab is consistently
found in up to 100% of fecal samples collected in winter. The wolfberry fruit varies between 0
and >90% in fecal samples depending upon the period of time of the samples, with the higher
numbers consistently in the earlier part of the winter (i.e., October to December).
In addition, blue crab and wolfberry are the dominant sources based on their energetic
contribution to the overall diet of wintering Whooping Cranes (Chavez-Ramirez 1996). All other
food items recorded to date appear only during short periods of time during different periods of
the winter or irregularly during different winters. For example, horn snails, clams, and upland
foods such as Orthopteran insects have shown an occurrence during only brief periods during the
winter and only in low frequency (Westwood and Chavez-Ramirez 2005).
Seasonal use of specific food items varies in wintering Whooping Cranes but appear to
follow similar patterns in different years. In general, the most important food item consumed
early in the winter (based on frequency of occurrence and composition) is wolfberry with blue
crab in close second (Chavez-Ramirez 1996, Westwood and Chavez-Ramirez 2005). During
mid-winter, there is a decreased frequency in the use of wolfberry and an almost identical,
increase in blue crab in both frequency of occurrence and percent volume found in feces (Figure
9-13). Blue crab remains important for the remainder of the winter season, when they are
abundant (Figure 9-13).
The decrease in wolfberry fruit consumed after mid-winter, is due to the termination of
its fruiting period which extends from late fall to December in Aransas (Figure 4, ChavezRamirez 1996) becoming rare from January onward.
The use of upland areas clearly increases as a result of visiting recently burned upland
sites (Bishop 1984, Hunt 1989, Chavez-Ramirez et al 1996, Chavez-Ramirez and Slack 1999).
As a consequence of increased use of burned areas, we observe increases in upland food items
such as orthopteran insects (Figure 14, Westwood and Chavez-Ramirez 2005). Quantitative
studies of feces do not show other upland food items to increase significantly despite increased
upland burn use during the 1980’s (Hunt and Slack 1989) or 1990’s (Westwood and ChavezRamirez 2005). Some items occasionally eaten by Whooping Cranes, such as acorns and grasses,
are not shown to be important by any of the existing comprehensive studies.
The occurrence of other items such as clams and snails in the feces is less clear, and no
definite explanation exists for their irregular and sporadic use. Several peaks of use of clams and
snails have been recorded (Figure 15). It is possible that some items, such as clams, increase at a
specific time in the area and that cranes, after locating the resource, concentrate their foraging for
a short period of time on them. It is important to note that, even at peak use, clams and snails
never become a significant part of the Whooping Crane diet measured by the numbers eaten and
by the duration of use of the food item. (Chavez-Ramirez 1996; Westwood and Chavez-Ramirez
2005; Hunt and Slack 1989). Even in these few studies that find these peaks of use of the other
food items, the blue crab and wolfberry remain by far the dominant food source.
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It is possible that the use of some items recorded in the diets, such as horn snail, may be
consumed for reasons other than as a food source. For example, it is possible that horn snail
shells encountered in feces may be used as grit material rather than food. First, horn snail shells
can pass through the digestive system intact or with only minor breakage as observed in fecal
samples (Chavez-Ramirez 1996, Westwood and Chavez-Ramirez 2005). Secondly, samples of
habitat looking for horn snails have found extreme low abundance of live snails encountered in
plot samples collected, while empty shells can be locally abundant (Chavez-Ramirez 1996,
Sherry and Chavez-Ramirez 1998, Westwood and Chavez-Ramirez 2005). Occasional reported
observations that Cranes eat other food, such as the occasional snake or fish, are rare, and usually
noted precisely because such events are the exception, not the norm.
5.9. Whooping Cranes drink water every day, which they can obtain in their territories
when salinities are low or, when salinities in their territories are high, then at
freshwater sources in the uplands.
Whooping cranes need to drink water every day, and their needs for drinking water
increase if the temperature increases, as it frequently does during periods of drought. Typically
they can find sufficiently fresh (not salty) water in their own territories.
One of the primary reasons Whooping Cranes leave their winter territories is in search of
freshwater to drink when water salinities in their territories are high. Whooping Cranes are not
able to tolerate drinking water with high salinities. The USFWS has stated that if salinities reach
23 ppt all cranes will be searching for freshwater sources to drink:
At Aransas National Wildlife Refuge (NWR) and throughout the central Texas
coast, decreases in freshwater inflows from water diversions and reservoir
construction add to the following threats: … Increased intervals when winter
marsh salinities exceed the threshold of 23 parts per thousand (ppt) thereby
decreasing the availability of fresh drinking water for the cranes.
(USFWS Whooping Crane Spotlight Species Action Plan, 2009, Exhibit C-13). I have observed
a significant proportion of Whooping Cranes begin to seek freshwater sources starting when
salinities are around 15 ppt throughout the marsh. Salinities will vary somewhat among different
Whooping Crane territories even during the same time period, which may explain why not all
cranes move even when high salinities are measured in the territories at some drinking water
sources. During winters of high marsh salinities, Whooping Cranes are consistently observed in
freshwater ponds outside of their territories (USFWS ANWR and Whooping Crane winter
reports).
Whooping Cranes that fly to freshwater sources expend considerable energy relative to
staying in their territory. Travel time increases their need to consume food at the same time as it
decreases the time that they can search for food. Blue crabs are not found at the freshwater
locations outside the marsh. In addition, as described in greater detail below, when Whooping
Cranes visit upland freshwater sources they are exposed to predators, which are not a threat in
the saltmarsh.
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5.10.
Whooping Crane fitness is affected by freshwater Guadalupe River inflows
because the inflows affect food resources.
The subject of freshwater inflows from the Guadalupe River and Whooping Crane fitness
has received greater attention and scrutiny due to the high mortality of Whooping Cranes during
the winter of 2008-2009. However, before that drought year, scientists recognized the connection
of freshwater inflows to Whooping Crane fitness. The Whooping Crane Recovery Plan (2007)
specifically noted the need for significant freshwater inflows into the San Antonio Bay.
Similarly, the USFWS Species Action Plan recognizes this:
At Aransas National Wildlife Refuge (NWR) and throughout the central Texas
coast, decreases in freshwater inflows from water diversions and reservoir
construction add to the following threats:… Reduction in available main food
items at Aransas NWR, the blue crab (Calinectes sapidus) and wolfberry (Lycium
carolinianum). (p.1, Exhibit C-13)
Even before then, the State of Texas concluded that the San Antonio Bay requires
significant freshwater inflows to maintain healthy and productive ecosystems, including blue
crabs. (TPWD, 1998). I also have made several presentations regarding the subject of cranes and
rivers going back ten years. In those presentations (starting in 2002), I explained that Whooping
Cranes, like other crane species, appear to be highly dependent on the flows of a specific river
for their survival. (Cranes and Rivers powerpoint, Exhibit C-7).
In the case of Whooping Cranes at Aransas NWRC, the relevant freshwater inflows come
from the Guadalupe River into San Antonio Bay, and from there to the saltmarsh macrohabitat.
Qualitatively, freshwater inflows affect the salinity of water in the saltmarsh where cranes spend
most of their winter, and where they search for food, primarily blue crabs and wolfberries, as
well as drinking water. In addition to affecting the availability of water at a salinity that cranes
drink, freshwater inflows affect salinity of the saltmarsh and, as discussed in the next two
sections, this affects the availability of blue crabs and wolfberries for cranes to eat.
5.11.
The availability of blue crabs, one of the Whooping Crane’s most important
food sources, is affected by salinity in the saltmarsh.
The blue crab is the most common large crab within Texas and the Gulf of Mexico
estuaries, as well as other estuaries in eastern North America (Britton and Morton 1989). In
Aransas, we find blue crabs both in the saltmarsh macrohabitat and in the bay macrohabitat.
The Recovery Plan (2007) states that an “inverse relationship exists between blue crab
catch rates and mean salinity within an estuary (Longley 1994). Inflows are already at times
insufficient and reduced over historic levels, leading to increases in mean salinity and decreases
in blue crabs, the primary food of the Whooping Cranes.” (p21).
I sampled blue crab in the saltmarsh (by trapping) over two winters from October through
April of 1992-1994. The abundance of blue crabs in the saltmarsh was very different during the
two winters of the trapping surveys (Chavez-Ramirez 1996). In the winter of 1993-94, I found
far fewer crabs in the saltmarsh than I found in the winter of 1992-93. I understand that the
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winter of 1993-1994 followed a period of very low freshwater inflow to the Aransas ecosystem,
much less than that before the winter of 1992-1993, so the period of relatively high salinity
correlated with a period of low crab bioavailability for Whooping Cranes.
Blue crab abundance in the bay, as opposed to the saltmarsh, also is observed to be
influenced by salinity, that is, more fresh water means more blue crabs. The highest densities of
adult blue crabs in the Guadalupe estuary have been recorded in areas where salinity is relatively
low, ranging from 5 to 14.9 ppt, which are found in areas most influenced by the Guadalupe
River inflows (TPWD 1998). A later study found a similar result with a range of 5 – 19.9 ppt
(Hamlin, 2004).
Blue crabs are spawned in the ocean and migrate to the bay in an immature form, where
they then mature and grow into the animal that we recognize. After sufficient development, blue
crabs can move into the ponds and lakes of the saltmarsh through cuts and inlets that connect via
linear water bodies to the bay. Indeed, the availability of blue crabs in the saltmarsh macrohabitat
follows a pattern consistent with abundance of blue crabs in the bay macrohabitat. Based on
these two years of trapping and the time spent walking the marshes during the two winters and
other subsequent visits to Aransas, I have observed a general pattern of blue crab activity as
increasing in abundance beginning in January and extending through the remainder of the winter
season during the time cranes are present. A long-term study conducted by Texas Parks and
Wildlife Department (TPWD 1998) reports that adult blue crabs in the Guadalupe Estuary and
around Aransas NWRC also are found in highest abundance from January through June season.
The pattern of crab abundance in the bays is very similar to our observations of crabs in the salt
marsh.
Consequently, the abundance of blue crabs in the marsh is influenced significantly by the
abundance of blue crabs in the bay. The greater the number of crabs in the bay, the greater the
chances that crabs will move into the marshes assuming the conditions of salinity, temperature
and water depth are adequate. Conversely, if decreased freshwater inflows cause increased
salinity that reduces blue crab abundance, fewer crabs can migrate to where they will be eaten by
Whooping Cranes.
5.12.
The abundance of wolfberries, one of the Whooping Crane’s most important
food sources, is affected by salinity in the saltmarsh.
The wolfberry is an important food item for Whooping Cranes particularly during late
fall and early winter (October – December). Wolfberry is the primary food item recorded that is
consumed by Whooping Cranes between October through December. That period is also the
fruiting period of wolfberry in the Aransas area as I and others have documented.
While wolfberry is considered a salt tolerant plant, very high salinities (especially when
the plant is submerged by highly saline water) are likely to cause reduced productivity and
potentially death of plant. It has been reported that significant changes in salinity can lead to
changes in plant productivity and can even cause mortality of salt marsh plants, including
wolfberry (Butzler 2006 and references therein). Salinity, submergence and soil properties can
affect plant growth, productivity and survival. In the Nueces Estuary, south of the Guadalupe
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Estuary, the growing season of wolfberry extended two months longer than normal growing
seasons with increased freshwater (Dunton et al. 2001).
I have not observed much variation in the abundance or differences in timing of fruiting
during the years I have visited Aransas, except for the winter of 2008-2009. During my visit to
Aransas in February 2009, I observed many individual wolfberry plants and entire patches,
where wolfberry plants were abundant, that were dead. (Chavez-Ramirez 2009). This was, of
course, after a period of very low freshwater inflows that caused increased salinity.
5.13.
Food acquisition determines the Whooping Cranes’ use of time during the
wintering season (the non-breeding season).
Time activity budgets are a general accounting of how an animal spends its time and are
generally quantified on an hourly or daily basis. Time and energy are finite resources and
therefore the ways in which animals allocate resources (including their time) will ultimately
define individual survival and reproductive success (King 1974, Walsberg 1983). The
apportionment of time and energy may be affected by many biotic (i.e. body size, species
physiology, food availability, competition, and predation) and abiotic (i.e. weather) factors
(Goldstein 1990, Morse 1990, Morrison et al. 1992).
During the non-breeding season food is the resource of primary importance, and food
acquisition will determine a bird's use of space and time (Hutto 1985). Acquisition of food may
be complicated by differences in seasonal availability of food items in different habitat patches
(Wiens 1989), as well as by risks of predation associated with different habitat types (Caraco
1980, Lima 1993).
An individual must maintain a positive energy balance during the winter season in order
to survive. This is accomplished primarily through apportionment of time and appropriate use of
space so as to procure sufficient resources to meet immediate energetic needs, and, for birds such
as Whooping Cranes, to build storage to offset future negative balances. The winter period in
temperate regions (such as Aransas), with shorter days (light conditions) and fewer predictable
food supplies, represents a period of food and energy limitation for Whooping Cranes and many
other birds. In addition, limited resources, or time in which to obtain them, during any portion of
the winter, affect over-winter survival and therefore overall fitness of Whooping Cranes.
Therefore, for Whooping Cranes (and most other bird species), the amount of time spent
foraging generally takes precedence over other behaviors.
In order to increase the odds of survival, individuals must not only spend time procuring
food but also spend time looking for predators and responding to disturbance factors that may
represent potential survival hazards, sometimes at the expense of foraging time (Lendrem 1983,
Lima 1985, Pöysä 1987, Mabie et al. 1989). Birds must, therefore, choose among behaviors with
different energetic costs and must obtain sufficient energy to compensate for foraging, alert, and
avoidance behaviors plus the cost of other activities, such as maintenance, thermoregulation,
energy storage, and reproduction (Goldstein 1990). An individual that spends little or no time in
maintenance and rest activities most likely suggests that an individual is nearing or in an
energetic deficit. On the other hand, observing an individual that engages in rest and/or
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maintenance or other elective behaviors most likely is indicative of its prior success in procuring
sufficient energetic resources (Walsberg 1983).

6. Whooping Cranes Suffered Severe Food Shortage During the 2008-2009
Winter at Aransas National Wildlife Refuge, which caused record
mortality of the cranes.
Newton (1998) mentions several data that demonstrate that food shortage is occurring in
birds including: a) low weights and poor body condition; b) low daily food intake and feeding
rates; c) large proportion of available time spent feeding; and d) fighting over food. In the case of
Whooping Cranes I would also add: e) decreased territorial behavior, and f) break down of
parental care. Food shortage can lead to decreased body condition, as well as to increased
susceptibility to disease and predators and to individual death by starvation.
The Whooping Cranes at Aransas exhibited all of the modified behaviors during the
winter of 2008-2009 suggested by Newton (1998) as indicators of severe food shortage, as well
as the additional behaviors I note elsewhere. The majority of the mortalities recorded during the
winter of 2008-2009 were juveniles. In previous studies where overwinter survival has been
investigated, starvation affects juveniles to a greater extent than adult birds. (Newton 1998).
Many starving birds actually die due to predation, which is exacerbated due to reduced body
condition of individuals and the decreased time spent in alert and resting behaviors because of
food searching.
6.1. Delayed juvenile molting in 2008-2009 demonstrated that juveniles suffered
extraordinary food shortage.
Feather growth is a very energy expensive activity and birds normally accomplish it
during the periods of least food limitation. One of the most energy- and nutrition-demanding
periods in a bird's life is the period of increased somatic cell growth during the regular
replacement of body and flight feathers (Lindstrom et al. 1993; Jenni and Winkler 1994;
Klaassen 1995). Given the high caloric content of feathers (Murphy and King 1982) and the very
low efficiency of their production (compared with other animal tissues; Murphy and King 1984;
Reeds 1991 cited in Klaassen 1995), the energetic cost of feather production is comparable with
that of reproduction (Lindstrom et al. 1993; Klaassen 1995; Kuenzel 2003). Besides the
increased energy requirement for feather replacement, the need for high-quality food is also
essential during this time period (Murphy and King 1982, 1986; Cherel et al. 1994). Therefore,
slower molting of feathers is an indication of food shortage in birds.
Juvenile Whooping Cranes are fledged birds that retain the rufous (reddish brown or
rusty) coloration of their chick feathers. The juveniles I observed and the photographs by
USFWS automatic trail cameras showed significantly delayed molting, and they retained
significant rusty feathers throughout their body and head into the spring. The head usually is the
last to change but in previous years, rusty coloration on the body is almost gone by February. I
observed dozens of juveniles during the time period we were in the field, and they had many
more rusty feathers throughout the body than in previous years I had observed. I took some
pictures while in the field and also reviewed USFWS photographs, and in the summer 2009, I
compared the pictures with others taken previously around the same dates in prior years, and
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noted that chicks during this winter were retaining considerably more rusty feathers than those
from previous years. I presented a poster on this topic, which shows two pictures (Exhibit C-8).
These observations demonstrate that individual juveniles were suffering extreme food shortage
during this wintering period.
6.2. The breakdown of family units during the winter of 2008-2009 demonstrated that
adults were suffering extraordinary food shortage.
Offspring abandonment and parents refusing to feed chicks or juveniles are indicators of
food shortage observed in many bird species. Chick abandonment is known to occur in bird
species during stress periods particularly food shortages (Wingfield et al. 1998). During
breeding, the abandonment of territories, nests or offspring in response to factors which have a
detrimental effect on energy balance has been documented (Wingfield, 1988; Wingfield and
Ramenofsky, 1997). For long-lived birds, abandoning chicks or juveniles reduces breeding
success to zero for that year but may enhance the survival of the parents and therefore hedge
overall lifetime reproductive success by allowing an individual to survive the period of stress and
breed again at a later date. Amongst factors that can stimulate the redirection of behavior from
breeding to searching for food, and thus egg, chick, or juvenile abandonment, critical energy
depletion has been suggested for those birds such as penguins and petrels that fast for prolonged
periods during incubation and chick brooding (Chaurand and Weimerskirch, 1994).
This pattern of abandonment and refusal to feed chicks during times of food stress applies
to Whooping Cranes. Whooping Cranes are monogamous and territorial both in breeding and
wintering grounds (Lewis 1992). Unlike many other migratory species, Whooping Cranes are
mostly observed in family units (pairs or pair with juvenile) during the entire winter period. All
chicks travel with their parents on their first migratory voyage to the wintering grounds, and the
juveniles do at least partially during the return spring migration (Kuyt 1979, Johns 1987, Stehn
pers. comm.). In general, Whooping Cranes are observed during migration most commonly in
groups of two (a mated pair) or three individuals (pair plus chick/juvenile). When in groups of
three, it is most commonly a family group composed of an adult pair and their juvenile.
Observations collected and recorded by the US Fish and Wildlife Service (totaling 1060
observations collected between 1943 and 1999) shows that 71% of observations in spring and
64% during the fall show group sizes consisting of between one and three whooping cranes
(Austin and Richert 2001). In addition to the group size of three or less, groups between four and
eight individuals are observed and are composed of mostly subadult cranes. Subadults are cranes
in all white plumage indistinguishable from adult cranes, except that they are not yet known to
be mated. Whooping Cranes can begin to pair up starting at three years of age (Bishop 1984).
In the wintering grounds Whooping Cranes are territorial, and the pair or family can be
found consistently in their territory, during the entire winter. In addition, it is extremely rare for
members of the family unit to be too far apart from each other. When observing cranes on the
Texas coast, it is expected that if one member of the pair or family is observed the other
members will not be far away. The only times juveniles have been seen separated from their
parents are in periods of high winter mortality, which correlates with high food shortage.
Juvenile abandonment was recorded in the USFWS reports during winters, which had high
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Whooping Crane winter mortality, for example in 1990-1991 and 1993-1994. I personally made
observations of single juveniles without any adults present during the winter of 1993-1994.
During February 2009, I consistently observed individual birds and juveniles alone
without parents anywhere in sight. This is a rare thing to see, as in past years anytime we
observed a single juvenile we assumed its parents had died. This is because in many years of
observations of family units the juvenile is always in close proximity to at least one of its parents
throughout the entire winter. My observations were not unique, because Tom Stehn of the
USFWS and others observed single juveniles on their own and not in presence of adults during
the winter of 2008-2009 (p31-32 USFWS 2009, Exhibit C-10).
In addition to the single juveniles, I observed juveniles begging for food and being denied
by their parents. I had never seen this before in my many years of observing Whooping Cranes.
This is a rare observation, as in most years parents allow juveniles to come and peck at food
items they are feeding on. In many instances parents provide food items for juveniles and then go
looking for more food for themselves. During this winter of 2008-2009, I observed some
juveniles that were aggressively discouraged when trying to probe at food items that their parents
were feeding on. I actually observed several juveniles being attacked and chased away from the
feeding spot of the adult bird (which was very likely the parent).
In no known instance has a chick or juvenile, which has been ejected from the territory of
his parents, survived on its own. As noted, chicks learn from their parents how to forage for food
before they can do so themselves. Indeed, initially the parents actively feed the chick and later
the juvenile with food that the parent has harvested. For a parent to eject its offspring from the
territory, or to stop feeding the chick outright, demonstrates that the parent is under severe food
shortage.
6.3. Food consumption in 2008-2009 rates demonstrated food shortage and low abundance
of blue crabs in the salt marsh.
The number of blue crabs observed that were captured by Whooping Cranes in February
2009 were considerably lower than those recorded in the winter of 1993-1994, a year considered
a period of low food availability (Table 8, from Chavez-Ramirez 2009, Exhibit C-6). Low
capture rates means low food availability and my observations and those of the USFWS for that
winter show that blue crabs were in extreme low abundance during the winter of 2008-2009.
Blue crab capture rate (crabs/ 0.5 hr)
Good Year 1992-93

7.1

Bad Year 1993-94

2.8

Feb 2009

1.5

Table 8. Blue crab capture rates by Whooping Cranes in 2008-2009 winter and two previous
winters.
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6.4. The observations of food-seeking behavior in 2008-2009 demonstrated food shortage.
During the 1990’s when information was gathered, two consecutive years represented a
good versus a bad year for foraging and energy storage of Whooping Cranes (Chavez-Ramirez
1996). Certain food-seeking behavior, such as steps per minute and probing, was documented
during that time. In February 2009, I collected the same behavioral information, in order to
compare the information.
Table 9 shows the number of steps per minute of Whooping Cranes in different habitats
types during different time periods (Chavez-Ramirez 2009, Exhibit C-6). In both the bad year
(1993-1994) and the even worse year of February 2009, the cranes took far more steps per
minute while they were searching for food than they did in the good year (1992-1993). This
means that they expended significantly more energy in the bad years searching for food than in
the good year. In addition, despite the much greater search effort, the cranes obtained far fewer
blue crabs (as shown in the preceding section).
In addition, the probe rates by the cranes were extremely low in the worst year of
February 2009, much lower than in either of the other years that were compared. I conclude,
based on the capture rates in Section 6.3, and the low probe rates in Table 9, that there was very
little food to make it worthwhile for the Cranes to probe.
Good year (92-93) Bad year (93-94)
Salt Marsh Open Water
Probes/min
Steps/min
Bay
Probes/min
Steps/min
Uplands
Probes/min
Steps/min

24.6 (27.3)
14.3 (9.6)

Feb. 2009

42.1 (31.4)
3.6 (2.5)
26.1 (13.7) 25.4 (19.2)

22.8 (6.5)
7.9 (13.9)

12.2 (2.6)
24.1 (8.3)

7.8 (5.2)
16.7 (9.3)

2.2 (0.8)
10.4 (7.1)

2.8 (1.2)
27.1 (3.4)

1.1 (1.4)
36.5 (34)

Table 9. Rates of probing and steps per minute by Whooping Crane in Aransas NWRC during 2009
and during two previous winters (means and S.D.).

6.5. Crane movements away from their territories in 2008-2009 demonstrated food
shortage and lack of drinking water in the saltmarsh.
As previously stated, Whooping Cranes are highly territorial and during winters with
adequate resources may not leave their territory for most or the entire winter. This is measured
using a “detection rate” – that is, how often do cranes get detected in their territories.
The detection rate of Whooping Cranes during the winter of 2008-2009 suggests
Whooping Cranes were regularly moving away from their territories. In 2008-2009 the average
detection rate was 93.2%, whereas in 2007-2008 the average detection rate was 98.3% (p22
USFWS 2009, Exhibit C-10).
There are two primary reasons we know Whooping Cranes leave their winter territories:
1) to drink water when salinities in coastal marshes are high, and 2) to scout for or feed in novel
opportunistic feeding areas, such as recent prescribed burns (Chavez-Ramirez and Slack 1999,
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Chavez-Ramirez et al. 1996, multiple Aransas Winter reports). This report previously has
described the conditions under which Whooping Cranes must seek water to drink, because their
own territories have water that is too salty.
Movement away from territories has also been observed repeatedly in response to recent
prescribed burns in uplands where Whooping Cranes search for food such as dead vertebrates,
insects, snails, and some plant items (Hunt 1987, Chavez-Ramirez et al. 1996). Whooping
Crane use of burned areas is greatest immediately after the burn and up to 10 days afterwards,
decreasing significantly thereafter with only occasional use extending up to 30 days (ChavezRamirez et al. 1996).
During the winter of 2008-2009 there were many more observations recorded of
Whooping Cranes in areas outside their territories in the salt marsh (p31-32 USFWS 2009,
Exhibit C-10). Consistently, observations included farm fields and other freshwater sources in
the surrounding areas of Aransas NWRC as reported in the 2008-2009 winter report.
Whooping Cranes face potentially serious problems when forced to use freshwater
dugouts for drinking. Flying to ponds, relative to the option of staying within their territories,
implies increased energy expenditure. Flying can be 11 times more energetically expensive than
walking or resting (Chavez-Ramirez 1996, Goldstein 1990). If cranes must visit freshwater
ponds on a regular basis due to high salinities in the salt marsh, especially during a year of food
shortages when energy intake is reduced, that energy expenditure could have repercussion in its
overall energetic budgets for a day or a season.
Whooping Cranes also increase their exposure to predators when they move to freshwater
ponds to drink water due to high salinities in their marsh territories. Predators can lurk near
known watering places. By contrast, predators pose a threat minimal to non-existent within the
salt marsh territories that are open, with significant water.
Two primary predators present in and around freshwater ponds are bobcats and alligators.
For example Whooping Crane mortality, of reintroduced birds in Florida, was high due to
predation by bobcats and that mortality has been primarily because Whooping Crane were
resting or roosting in uplands with brush. Once newly reintroduced Whooping Cranes were
trained to stay in water for roosting and feeding, predation rates decreased significantly. In
Aransas NWRC bobcats are common and frequently encountered in all freshwater areas. High
annual vegetation and/or brush, all common around freshwater ponds, are potential hiding
places for bobcats.
Alligators are also very common and have been observed in all freshwater ponds in
Aransas NWRC where Whooping Cranes drink water. While the predation rate of alligators on
long-legged wading birds, at these freshwater ponds is not well quantified, a Whooping Crane
was observed in the mouth of an alligator by refuge staff during the winter of 2008-2009,
although it appears it was a carcass and not likely captured alive. I have previously observed an
alligator capture, kill, and eat a great blue heron in Aransas. I have been surprised on several
occasions while searching the edge of ponds looking for Whooping Crane tracks, by the sudden
movement of alligators in the ponds. Alligators are very rare in the salt marshes of Aransas. I
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have only observed two alligators in the many years I have spent in the salt marsh, while I
consistently see alligators at the freshwater ponds.
6.6. Recorded high Whooping Crane mortality during the 2008-2009 winter is coupled
with confirmation of emaciated birds.
As described earlier in this report, official USFWS population count for the 2008-09
winter based on the aerial census, carcass recovery and other evidence, concluded that 23 cranes
died (16 juveniles and 7 adults/subadults). This is far greater than normal numbers and
percentages, reflecting a catastrophe that is explained by Aransas-wide food shortages for cranes.
That food shortage can affect individuals directly, causing starvation in bird species, is beyond
question (Newton 1998, p.147). Pugesek et al. (2008) specifically found a correlation of low
availability of blue crabs and increased mortality of Whooping Cranes. Also, the catastrophe is
not readily explained by anything else.
Of the four carcasses recovered, two of those carcasses were fresh enough for necropsy,
and there was evidence of emaciation in both (Case Nos. 22363 and 22410, Exhibit C-12). The
reduced body condition is considered to have contributed to the death of those birds. Starvation
of individuals can be recognized by low weights, absence of body fat, and emaciated muscle
tissue. The necropsy findings of no internal fat and atrophied breast muscle are indicative of
starvation showing that the cause of death of this bird was directly linked to decreased body
condition (Case No. 22410, Exhibit C-12).
One of the fresh carcasses of Whooping Crane mentioned above was actually from a
crane that was collected alive and died as it was being transported to a veterinarian (p27
USFWS 2009 Exhibit C-10; Case No. 2363, Exhibit C-12). The fact that the wild Whooping
Crane was captured alive suggests the crane was debilitated and in poor physical condition. This
Whooping Crane would have been easy for any predator to have taken it had it not been
collected by Refuge personnel. This is a clear example of the direct effects of food shortages on
individual condition of a bird that can lead to a predation event (in this case the surrogate for
predation is the easy capture by hand of humans).
Starvation, whatever the cause, has to do with food shortages leading to decreased food
intake rates. According to the necropsy report by the USGS National Wildlife Health Center,
the weight of the freshest carcass was 4.46 kg (Case No. 22363, Exhibit C-12) This is well
below the lowest weight of live wild Whooping Cranes that I have weighed at Aransas, all of
which have been recorded at greater than 6.0 kg during winter. The weight of 4.46 kg is more
similar to chicks that I weighed at approximately 60 days of age in their breeding grounds. It
was clear from my sampling and that conducted by Aransas NWRC that Whooping Crane
primary food items were in short supply during most of the winter of 2008-2009.

7. Food shortages caused by low abundance of blue crabs and wolfberries,
and high salinity in the marsh during the winter of 2008-2009, caused high
mortality of the Whooping Cranes
Based on all the elements presented above I conclude that Whooping Cranes suffered
significant food shortages, including a lack of drinking water in the saltmarsh, during the winter
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of 2008-2009. This led to energetic stress and modified behavior, which in turn ultimately led to
the death of many juveniles and white subadult/adult cranes. Based on my review of conditions
in other years, the same conclusion is likely true for other years of abnormally high crane
mortality: 1989-1990, 1990-1991, 1993-1994, 2000-2001, and 2005-2006.
During the 21 year period from 1989 to 2009, no Whooping Cranes died in 6 of the years
(Table 3 of this report; USFWS 2010). In 7 additional years, only one Whooping Crane died.
And in two additional years, two cranes died.
To date, winter mortality has been notable in only a few winters. Recorded mortality
during the winter of 2008-2009 is the highest net loss of individual Whooping Cranes and the
greatest percentage of the population lost to date during any winter since the 1950s. When
mortality is so high relative to most years, it is clearly a situation that merits a closer
examination. Other periods of high mortality were the winters of 1989-1990, 1990-1991, 19931994, 2000-2001, and 2005-2006.
For all the cited winters of high mortality, the USFWS data always shows high marsh
salinities (Stehn Comments on SAGES 2009, Exhibit C). For two of those winters, the salinity
dropped later in the winter. During these same winters, the USFWS data shows correspondingly
high incidence of cranes flying to freshwater sources outside of their territories. During all of
those winters of high mortality (except 1990, when no monitoring was done), blue crabs were
scarce or low in abundance.
My research covering the winter of 1993-1994 confirmed consistent findings (ChavezRamirez 1996). Food resources for Whooping Cranes were low in 1993-1994 relative to the
previous winter of 1992-1993, particularly blue crab. The low availability of food resources was
also evident by the reduced food consumption rates and energetic intake for Whooping Cranes
during the winter of 1993-1994 compared to the previous winter of 1992-1993 (Chavez-Ramirez
1996).
In 2008-2009, I observed the same conditions as in the prior years with high crane
mortality as has been presented above in different sections. The fact that Whooping Crane
mortalities in 2008-2009 were recorded over the entire winter range (Aransas, Welder,
Matagorda, and San Jose Island) is an indication of widespread environmental conditions, such
as low food availability, and not some localized phenomena or counting error (Table 4).
In conclusion the lack of food caused high levels of mortality during the winter of 20082009. The lack of food resources, decreased food intake rates, high movement rates and altered
behavior clearly relate to food stress of individual birds and the population as a whole. Severe
prolonged food stress ultimately leads to death via starvation and or other factors (i.e. predation)
influenced by decreased body condition. All evidence observed during the winter of 2008-2009
cannot be explained in any other way.
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Macrohabitat

Mesohabitats

Microhabitats
salt grass flats

Vegetation

smooth cordgrass
sea oxeye/saltwort
glasswort
lakes

Salt Marsh

ponds

Open Water

pools
cuts/sloughs
inlets

Uplands

Sand/Mud Flats

----------

Grasslands

cord grass

Shrublands
Wetlands

Bay

----------

oak
mesquite
ephemeral flooded
permanent lakes
artificial dugouts
----------

Table 10. Habitat type categories at three scales of definition present in the Texas coast and used by wintering Whooping Cranes Food items of
wintering Whooping Cranes recorded on the Texas coast. Refer to the text for description of the different categories.
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Habitat Types
Month

Vegetation

Lake

Pond

Pool

Bay

Upland

Other

#

%

#

%

#

%

#

%

#

%

#

%

#

%

Total

October

57

68.6

4

4.8

1

1.2

12

14.5

2

2.4

2

2.4

5

6

83

November

255

49.3

17

3.3

49

22

155

29.9

8

3.6

9

4

24

10.8

517

December

81

20.5

71

17.9

42

10.6

68

17.2

4

1

83

21

47

11.8

396

January

68

16.7

137

33.7

48

11.8

37

9

17

4.2

43

10.6

57

14

407

February

27

11.4

57

24.1

61

25.7

44

18.6

19

8

15

6.3

14

5.9

237

March

109

41.9

16

6.2

11

4.2

72

27.7

2

0.7

9

3.5

41

15.7

260

April

23

17.9

20

15.6

13

10.2

30

23.4

24

18.8

6

4.7

12

9.4

128

Total

620

30.6

322

15.9

225

11.1

418

20.6

76

3.7

167

8.2

200

9.9

20

Table 11. Numbers and proportion of Whooping Cranes observed in different habitat types during different months of 1992-93 winter on
the Texas coast.
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Habitat

Month

Vegetation

#

October 12

Pond

#

Pool

%

#

Bay

#

2

14.3

0

42.7

46

9.9

62

13.4

70

15.2

18

3.9

42

9.1

26

5.6

461

66

28.6

35

15.2

35

15.2

23

10

6

2.6

22

9.5

43

18.6

230

37

48.6

6

7.8

8

10.5

14

18.4

0

8

10.5

3

3.9

76

312

39.9

89

11.4

105

13.4

107

13.7

24

72

9.2

72

9.2

781

0

%

#

O ther

%

0

%

Upland

#

85.7

%

Lake

0

%

#

%

0

Total

14

November
December
January

197

February
March
April
Total

3

Table 12. Numbers of Whooping Cranes observed in different habitats during different months of 1993-94 winter on the Texas coast.
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1992-1993

1993-1994

Habitat

Probes/min

Steps/min

N

Probes/min

Steps/min

N

Salt marsh Vegetation

6.1(3.2)

29.8(7.9)

22

11.0(7.3)

27.1(10.8)

37

Salt marsh Open Water

24.6(27.3)

14.3(9.6)

19

42.1(31.4)

26.1(13.7)

17

Bay

22.8(6.5)

7.9(13.9)

6

12.2(3.6)

24.1(8.3)

8

Uplands

2.2(0.8)

10.4(7.1)

2.8(1.2)

27.1(3.4)

_____________________________________________________________________________________________

Table 13. Foraging attributes of wintering Whooping Cranes in different habitats and years on the Texas coast.
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Species

Importance

Sources reporting item

Blue Crab

High

1, 2, 3, 4, 5, 6, 7, 8

Wolfberry

High

2, 4, 5, 6, 7, 8

Razor clams

low

1, 2, 4, 5, 6

Angel wing clam

rare

7

Dwarf clam

irregular

5

Fiddler crab

low

7, 8

Ghost crab

low

7

Shrimp

irregular

7

Crayfish

rare

2, 4

Horn Snail

low

6

Periwinkle Snails

low

3, 6, 8

Orthopteran Insects

low

1, 2, 3, 4, 8

Fish

irregular

1, 2, 4, 7

Eels

irregular

7, 8

Acorns

irregular

1, 2, 4

Table 14. Food items of Wintering Whooping Cranes recorded on the Texas Coast. Importance is based on the regular appearance of the
food item in different studies and the frequency of occurrence (for fecal and observational studies) and percent volume (fecal sample).
Sources: 1) Stevenson and Griffith 1946, 2) Allen 1952, 3) Uhler and Locke 1970, 4) Hunt and Slack 1989, 5) Chavez-Ramirez 1996,
6)Westwood and Chavez-Ramirez 2005, 7) T. Stehn, 8) Greer 2010.
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________________________________________________________________________________________________________
1983-84 (106)

1984-85 (171)

1993-94 (114)

1994-95 (247)

%

Prop.

%

Prop.

%

Prop

%

Prop

Blue Crab

62.3

42.9

61

40.1

64

49.45

78.6

66.6

Wolfberry fruit

6.6

0.8

61.6

13.7

45.6

82.8

51.4

72.4

_______________________________________________________________________________________________________

Table 15. Frequency and percent volume of blue crab and wolfberry fruits from Whooping Cranes feces during two separate time
periods. Numbers in parenthesis next to the dates are the samples sizes for each year. Data from 1983-1985 is from Hunt and Slack 1989.
Data for 1993-1995 is from Westwood et al 2003.
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Figures

Figure 1. Conceptual model of Whooping Crane fitness
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Figure 2. Current distribution of wintering Whooping Cranes on the Texas coast.
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Figure 3. Patterns of Salt Marsh Vegetation use by wintering Whooping Cranes on the Texas Coast
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Figure 4. Patterns of wolfberry availability in the salt marshes of Aransas NWR.
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Figure 5. Patterns of Salt Marsh Open water use by wintering Whooping Cranes on the Texas Coast during 1992-93
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Figure 6. Patterns of Bay use by wintering Whooping Cranes on the Texas Coast

	
  

43	
  

Figure 7. Patterns of Upland use by wintering Whooping Cranes on the Texas Coast
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Figure 8. Patterns of Whooping Crane use of two upland burn areas during winter of 1993-94 at Aransas NWR.
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Figure 9. Frequency of blue crab and wolfberry fruit in feces of wintering Whooping Cranes on Aransas NWR during 1993-94.
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Figure 10. Frequency of blue crab and wolfberry fruit in feces of wintering Whooping Cranes on Aransas NWR during 1994-95.
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Figure 11. Frequency of blue crab and wolfberry fruit in feces of wintering Whooping Cranes on Matagorda Island NWR.
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Figure 12. Percent volume of blue crab and wolfberry fruit in feces of wintering Whooping Cranes on Aransas NWR, 1993-94.
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Figure 13. Percent volume of blue crab and wolfberry fruit in feces of wintering Whooping Cranes on Aransas NWR, 1994-95.
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Figure 14. Frequency of orthopteran insects in Whooping Crane feces from Aransas NWR.
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Figure 15. Percent volume of Horn snail and Razor clams in Whooping Crane Feces at Aransas NWR (1994-95)
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ABSTRACT

Food Availability, Foraging Ecology, and Energetics of Whooping Cranes
Wintering in Texas. (May 1996)
Felipe Chavez-Ramirez, B.S.,Sul Ross State University;

M.S., Texas A&M University
Chair of Advisory Committee: Dr. R. Douglas Slack

I investigated abundance of principal food items, foraging behavior, habitat use
patterns, and winter energetics s f Whooping Cranes in the salt marshes oEAransas and
Matagorda Island National Wildlife Refbges on the Texas coast during the winters of 199293 and 1993-94. During both years of study, Whooping Cranes utilized salt marsh habitats

predominantly (87% and 86%) compared to uplands (8.8% and 11%) and bays (3.9% and
3.1%). Within the salt marsh, proportional use of different mesohabitats varied among

months within a winter season and between winters. Habitat use appeared to be related to
availability of specific food items in each habitat. Whooping Cranes consumed primarily
blue crabs, wolfberry fruit, clams, and orthopteran insects. Each major food item was
consumed in a distinct mesohabitat; crabs in salt marsh open-water, wolfberries in salt
marsh vegetation, clams in bays, and orthoyterans in upland habitats.
Elements of foraging behavior (probing rates, progression rates) differed
significantly in association with habitats and foods. Time activity budgets revealed
differences in the proportion of time spent in maintenance and alert behaviors between
Aransas and Matagorda Island during the first winter, and in rest and alert behavior during
the second winter. When time activity budgets were compared among different habitats

during the first winter, all behaviors (feeding, locomotion, interaction, rest, maintenance,
and alert) differed significantly among the four habitats of the mainland. The time spent
performing certain behavioral activities differed between years for a given habitat. Food
availability, disturbances, and possible predation risk associated with different locations,
habitats, and years explained some of the differences in time activities.
The proportion of energetic intake contributed by different food items varied by
month within and between winters. Based on energetic contribution to overall energy
intake, blue crab was the most significant food item during most months of both winters.
Wolfberry was the second most significant source of energy for cranes. Differential
mortality between study winters and differences in reproductive success in subsequent
breeding seasons suggest energy stores obtained on the wintering grounds are of great
importance in determining overwinter survival and overall fitness (i.e., subsequent
reproduction) of Whooping Cranes.
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CHAPTER I

INTRODUCTION

The Aransas-Wood Buffalo National Park Whooping Crane

(mamericana)

population is the sole remaining, self-sustaining wild flock of this endangered species. The
population of Whooping Cranes breeds in Wood Buffalo National Park in Canada and
winters from mid-October through mid-April at the Aransas National Wildlife Refhge

(ANWR) and surrounding areas of Texas coastal marsh. The Aransas population of
Whooping Cranes has gradually increased from a low of 16 individuals in 1941 to a high of
146 birds during the 1989-90 and 1990-91 winter. The population numbered 132 birds
during the winters of 1991-92, 136 during 1992-93 and 143 individuals during the 1993-94
winter.
As the Whooping Crane population has increased so has the area of occupied winter
habitat. The increase in winter habitat range, however, has not been in proportion to
population increases. New pairs tend to establish territories near their parents causing a
declining trend in average territory size (Stehn and Johnson 1987). As more cranes occupy
the winter habitat, and territory area is reduced in size, the possibility exists for a decline in
the food base for individual pairs of territorial Whooping Cranes.

Format and style follow The Auk.

D E T AND FORAGING BEHAVIOR

The diet of wintering Whooping Cranes has been assessed through visual
observation, examination of fecal pellets, analysis of digestive tracts of dead birds, and the
evaluation of potential food items from known organisms in the marsh. Early work on
Whooping Crane diets was largely anecdotal and much of the food items reportedly eaten
by the cranes were based on assumptions and supported by scant data (Nuttall 1834,
Audubon 1841, Goss 1886). Early observations of Whooping Crane foods were
summarized by Bent (1926) and Netting (1927).
Since the establishment of the AWWR in 1937, several individuals have made
observations of Whooping Crane feeding and of food items consumed on the wintering
grounds. Stevenson and Griffith (1946) published qualitative observations of and results of
a study of fecal droppings. All information gathered before 1951 is summarized in Allen
(1952). Since Allen's (1952) publication, other studies have continued to document the diet
of Whooping Cranes at ANWR. Uhler and Locke (1969) looked at stomach contents of
one Whooping Crane, while Blankinship (1976) reportedly used direct observation and
study of fecal samples. Hunt and Slack (1987) examined the contents of two crane
csophaguses and gizzards and reported on the results of fecal samples collected at Aransas
(Hunt and Slack 1989). The primary food items identified in previous studies of wintering
Aransas birds include blue crabs -(

w),
razor clams -(

&&h&

wolfbeny (Lycium carolinianum), fiddler crabs (Uca spp.), plicate horn shells (Cerithidae

gkuksa), other snails (MelamPus

e,
-(
w.),
(Lhznuam),shrimp

(Panaeus spp.), crayfish (Cambarus hedgpethi), and acorns (Quercus virginiana). Less
commonly fish, snakes, and insects are also taken by Whooping Cranes on the Texas coast.
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While food items in the diet of Whooping Cranes are well known, little is known regarding
the availability of different food items, Whooping Crane prey preferences, foraging
strategies, and food resource use on the wintering grounds.
Temporal patterns of food and habitat use by wintering Whooping Cranes have been
reported. In studies conducted over several months, changes have been noted in primary
feeding locations (Blankinship 1976, Bishop 1984) and food items taken throughout the
winter period (Blankinship 1976, Hunt and Slack 1989). Groups of cranes observed in the
uplands are reported to be responding to increased availability of acorns (Bishop 1984,
Hunt 1987, Stehn pers. cornm.) and corn (Stevenson and Griffith 1946, Shields and Benham
1969). Aggregations of cranes have also been observed in the marshes (Bishop 1984).
Explanations are given for the observed concentrations but they are based on qualitative
assumptions and little, in some cases no, quantitative data exist.

HABITAT USE
Habitat use by Whooping Cranes wintering on the Texas coast has only been
studied at large spatial scales (i.e. marsh, upland, etc.). The primary habitat used by cranes
at a large scale is the salt marsh or salt flats (Stevenson and Griffith 1946, Allen 1952,
Labuda and Butts 1978), although use of bay and uplands has also been reported (Bishop
1984, Hunt 1987). The salt marsh is actually a heterogenous habitat composed of a variety
of microhabitats at smaller scales. Stevenson and Griffith (1946) recognized brackish
ponds, tidal lagoons or sloughs, shallow bays, and inlet ponds within salt marshes. Allen
(1952) recognized several open water categories: permanent, semipermanent, and
ephemeral ponds and lakes. The biotic and abiotic factors affecting differential use of salt

marsh meso- and microhabitats by Whooping Cranes have not been determined.
Whooping Crane use of upland areas has been described previously (Allen 1952,
Bishop and Blankinship 1982, Bishop 1984, Hunt 1987) and is reported to be in response to
availability of acorns (Allen 1952, Bishop 1984, Hunt 1987), wolfberry (Hunt 1987),
paspalum grasses (Stevenson and Griffith 1946), and cultivated crops (Shields and Benharn
1969). Acorns are considered such an important food item for Whooping Cranes that
ANWR refuge conducts several prescribed bums of uplands each winter to improve the

crane's access to acorns. A recent evaluation of Whooping Crane use of upland habitats
suggests that Whooping Cranes utilize recently burned areas regardless of acorn availability
(Chavez-Ramirez et al. 1996). Use of shallow bay areas by Whooping Cranes appears to be
related to feeding on clams (Blankinship 1976, T. Stehn pers. comrn.). A study that
estimates the distribution and abundance of the primary food items in different microhabitats
and their relation to food use, patterns of habitat use, and energetics of Whooping Cranes
wintering in Texas is needed to further conservation efforts and improve management for
this endangered species.

THEORETICAL FRAMEWORK
Resource use is influenced by constraints associated with species morphology,
physiology, and behavior plus external factors such as availability of alternative food types,
spatial relationships among resource attributes, attributes of the resources themselves, or
competition with other species (Wiens 1989). During the nonbreeding season, food is the
resource of primary importance, and the acquisition crf food should play a prominent role in
determining a bird's use of space and time (Hutto 1985). Birds should spend most of their

foraging time in areas that yield the highest food intake rates.
Microhabitat use by birds can vary over time and changes in patterns should be most
apparent when resource levels change markedly (Wiens 1989). Differences in individual
foraging behavior between specific habitats suggest differential quality of resources or
variations in resource availability (MacArthur 1958, 1972, Kushlan 1976, Wiens 1989).
Diets of species change as prey abundance and availability vary in both space and time
(Schluter 1982), which may be reflected in changes in patterns of habitat use (Ulfstrand
1976, Hejl and Verner 1990, Miles 1990, Lundquist and Manuwal 1990) andlor foraging
behavior (Holmes 1966, Sealy 1979, Alatalo 1980, Momson and With 1987, Hejl and
Verner 1990, Ford et al. 1990). Observed pattkrns of habitat use should reflect, to some
extent, Whooping Crane food use. Habitat use patterns together with knowledge of the
seasonal abundance and potential availability of food resources in different habitats should
allow for the evaluation of whether or not Whooping Cranes are selecting habitats based on
food abundance, food availability, or prey preference.

A complete assessment of foraging ecology must consider nutritional and energetic
relationships in addition to the behavioral attributes of the animal under study (Morrison et
al. 1992). No energetic studies have been conducted on the Whooping Crane or its food
resources on the wintering grounds. The study of time and energy budgets is a convenient
way to evaluate effects of changing foraging behaviors and prey availability on an animal's
energy balance (Goldstein 1990, Pianka 1994). An understanding of the energy costs of
different activities provides a means for evaluating the costs and benefits of changing
activity budgets due to changes in foraging and behavioral strategies (Goldstein 1990).
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In the nonbreeding season, food availability should be the major factor influencing a
bird's time budget (Hutto 1985, Martin 1986). With shorter days and usually less
predictable food supply, winter is the period of energy "crunch" for temperate zone birds
(Weathers and Sullivan 1993), making it a challenging time for balancing energy budgets.
Behavioral changes as well as other factors (habitat location, prey) may be selected to
reduce energy costs of foraging (Pienkowski et al. 1984). Habitat switching or changing
feeding behaviors in response to changes in patterns of prey availability (Kushlan 1976)
alter activity budgets of birds. Within the same habitat, we expect changes in food
availability to be reflected by the time spent performing different activities (such as feeding
and locomotion). In addition to the biological factors influencing a bird's foraging behavior
and activity budgets, abiotic environmental factors may strongly afFect foraging and time
budgets (Goldstein 1990, Morse 1990, Morrison et al. 1992).

OBJECTIVES
The overall objective of this research was to determine how the distribution and
abundance of food resources are related to Whooping Crane habitat use patterns, foraging
ecology, and winter energetic balance. Specific objectives included:
A) Estimation of the distribution and abundance of the principal food items of Whooping
Cranes in salt marsh microhabitats.
B) Determination of macro- and mesohabitat use patterns in relation to availability of food

resources.
C) Evaluation of foraging differences and behavioral activity budgets in relation to food
type and habitats.
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D) Development of an energetic model based on time activity budgets to evaluate effects of
changes in food availability on the daily energy balance of cranes.

HABITAT USE PATTERNS, FORAGING BEl3AV][BR, AND SOCIALITY OF

MQN-BREEDINGWHOOPING CRANES

SrnOPSIS
I studied habitat use and foraging ecology of wintering Whooping Cranes on the

Texas coast. I report on temporal patterns of macro- and mesoscale habitat use by
Whooping Cranes in relation to seasonal patterns of food availability. Foraging behavior
and prey consumption rates were quantified and compared among mesohabitats. I also
evaluated the potential effect of reduced prey availability on crane movements and social
interactions between macrohabitats and years. Availability of primary food items
(wolfbeny, blue crab, clams) changed seasonally and yearly during the study period. Based
on aerial surveys conducted over the two winters of study, Whooping Cranes utilized salt
marsh macrohabitats predominantly (87% and 86%) compared to upland (8.8% and 11%)
and bay habitats (3.9% and 3.1%). Proportional use of specific mesohabitats within the salt
marsh varied among months during a winter season and between winters, and appeared to
be related to availability of specific food items in each habitat. The mean proportion of the
wintering crane population detected per aerial survey was significantly different between
years (96.7% first year and 89.4% second year) suggesting cranes may have moved away
from their normal activity range in the salt marsh during the second season. Size of
Whooping Crane social groups and those that included cranes other than family members
differed among habitats!
A(

= 20.3

P< 0.05). In salt marsh habitats 19.2% and 13% of

groups involved non-family members during 1992-93 and 1993-94 winters respectively,
while in upland habitats 54.3% and 75% involved non-family groups. Probing (probeslmin)
and progression rates (stepslmin) of cranes showed differences among different habitats.
During the winter of 1992-93, differences (P = 0.001) were observed between progression
rates but not probing rate (P = 0.46). Likewise during the 1993-94 winter significant
differences were found in progression rates (P = 0.01) but not probing rates (P = 0.41)
among habitats. The estimated number of wolfberries consumed per hr increased
approximately 30% fiom first to second winter of study, while numbers of blue crabs
consumed per hr decreased by more than 50% (7.1 vs 2.8).

INTRODUCTION
The use of food resources in birds is influenced by constraints associated with the
morphology, physiology, and behavior of the species. The use of resources is also
influenced by external factors such as availability of alternative food types, spatial
relationship among resource attributes, attributes of the resources themselves, or
competition with other species (Wiens 1989). In temperate species the nonbreeding season
is a period during which food is the resource of primary importance, and the acquisition of
food should play a prominent role in determining a bird's use of space and time (Hutto
1985).
Use of microhabitats can vary over time, and changes in patterns should be most
apparent when resource levels change substantially (Wiens 1989). Differences in individual
foraging behavior among different habitats suggest differential use of resources or
differencesin resource availability (MacArthur 1958, 1972, Kushlan 1976, Wiens 1989).

The change in a species' diet is generally the result of changes in prey abundance and
availability which vary in space and time (Smith et al. 1978, Schiuter 1982), and may be
reflected in changes in patterns of habitat use by animals (Ulfstrand 1976, Hejl and Verner
1990, Miles 1 9 9 e ~ u n d ~ u iand
s t Manuwal1990).
The Aransas-Wood Buffalo population of Whooping Cranes

(mamericana) is

the sole remaining, self-sustaining wild flock of this endangered species. The Aransas flock
of Whooping Cranes has gradually increased fiom a population low of 16 individuals in
1941 to a high of 146 birds during the 1989-90 and 1990-91 winter. The population
numbered 132 birds during the winter of 1991-92, 136 during 1992-93, and 143 during
1993-94. As the Whooping Crane population has increased so has the area of occupied
winter habitat. The increase in winter habitat range, however, has not been in proportion to
population increases. New pairs tend to establish territories near parents causing a declining
trend in average territory size (Stehn and Johnson 1987). As more cranes occupy the
winter habitat, and individual territory area is reduced in size, the possibility exists for a
decline in the food base for pairs or family groups of territorial Whooping Cranes. A better
understanding of Whooping Crane habitat use patterns and food resources availability and
use is essential to advance conservatiorl a d management plans for this endangered species.
Habitat use by Whooping Cranes wintering on the Texas coast has only been studied
at large geographical scales (marsh, upland, bay). The primary habitat used by cranes at a
macroscale is reported to be the salt marsh or salt flats (Stevenson and Griffith 1946, Allen
1952, Labuda and Butts 1978). Other macroscale habitats, including bays and uplands, are
also used by wintering Whooping Cranes (Bishop 1984, Hunt 1987). The salt marsh is a
heterogenous environment composed of a variety of distinct habitats at finer scales

(mesoscale and microscale). Stevenson and Grifith (1946) were the first to recognize a
subdivision at the mesoscale within the salt marsh and included brackish ponds, tidal
lagoons or sloughs; shallow water bays, and iniet ponds as distinct habitats within the sait
marsh. Later, Allen (1952) recognized several open water categories within the salt marsh
habitat: permanent, semipermanent, and ephemeral ponds and lakes.
Specific diet items of wintering Whooping Cranes are well known. Since the
establishment of the Aransas National Wildlife Ref5ge (ANWR)in 1937, several
investigators have made observations of feeding Whooping Cranes and of specific food
items consumed on the wintering grounds. Stevenson and Griffith (1946) published
-?

qualitative observations and results of a study of fecal droppings. Information gathered
before 1951 is summarized in Allen (1952). Uhler and Lock (1969) looked at stomach
contents of one Whooping Crane, while Hunt and Slack (1987) examined the esophagus
and gizzard contents of two cranes and also reported on the results of fecal samples
collected at ANWR (Hunt and Slack 1989). The primary food items identified in previous
studies from wintering ANWR birds include blue crabs (Callinectes sapidus), razor clams
(Taaellus plebius), wolfberry (Lycium carolinianum), fiddler crabs w c a spp.), plicate horn
shells (Cerithidae p1icuIosa), other snails (Melampus coffeusl, (Cvperus spp.), (Littorina

m),shrimp (panaeus spp.), crayfish (Cambarus hedppethi), and acorns (Quercus
virginiana). Less commonly fish, snakes, and insects are also taken by Whooping Cranes on
the Texas coast. While food items in the diet of Whooping Cranes are well known, little is
known regarding the availability of different food items, Whooping Crane prey preferences,
foraging strategies, and food resource use on the wintering grounds.
In this study I report on temporal patterns of macro- and mesoscale habitat use by
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wintering Whooping Cranes in relation to seasonal patterns of availability of principal food
items. Foraging behavior and prey consumption rates while feeding in different habitats
and foods were examined and compared. In addition, I evaluate the potential effect of
reduced prey availability on Whooping Crane movements and social interactions between
and within macrohabitats.

METHODS
Studv Area.-- This study was conducted on ANWR and Matagorda Island National
Wildlife Refbges (MINWR) located on the Texas coast during the months of October
through April of 1992-93 and 1993-94. Aransas is located in Aransas and Refbgio counties
and is approximately 60 km north of Corpus Christi, Texas. Matagorda Island NWR is a
barrier island, 62 km long and varies fiom 1.2 to 7.3 krn wide, located in Calhoun County.
Matagorda Island runs parallel to the coastline and is east and north of ANWR. Our study
of crane behavior and food sampling took place in the salt marsh portion and adjacent

uplands of the two refuges, which are the primary habitats used by wintering cranes. The
salt marsh area is located along the eastern coast of ANWR and on the west side of
MIMWR. Salt marsh habitats consist of vegetated flats dominated by glasswort (Salicomia

virginiana), saltwort ( B A maritima), sea-oxeye daisy (Borrichia fiutescens), wolfbeny,
saltgrass (Distichlis svicata), and smooth cordgrass (Spartina alterniflora). Wind tidal flats
are dcrninated by mudflat grass (Eleocharis parvula), saltgrass, and cordgrasses.
Interspersed among vegetated areas are open water bodies of varying sizes. Open water
habitats within the salt marsh were classified on areal extent fiom smallest to largest as:
pool (< 4 m2), pond (> 4 m2 and < 100 m2), lake (> 100 m2). Another open water habitat
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used by cranes, located adjacent to the salt marsh flats is the bay. The portion of the bay
used by cranes includes the shallow open water area adjacent to the coastline up to
approximately 50-80 cm deep. Upland areas adjacent to salt marsh are also used by
Whooping Cranes (Chavez-Ramirez et al. 1996) and were surveyed on aerial transects.
Upland habitats are dominated by scrub live oak (Quercus virainiana), and grasslands
dominated by marshhay cordgrass (Spartina patens). Two sampling sites were located on
each refige to evaluate food distribution and abundance, and as primary sites to conduct
observations of crane foraging behavior and food use.

Food Avai1abilitv.-- To determine the distribution and abundance of blue crabs, crab traps
were baited and set in open water habitats of the salt marsh between October 1992 and
April 1994. Crab traps were set every two weeks, during alternating weeks on each rekge
from October through April and monthly from May through September. Traps were baited
early morning one day and were checked for crabs 24 hrs later. Bait was removed from
traps and traps were set outside of water until the next trapping session. Crab abundance is
reported as mean number of crabs per trap during each sampling period.
Wolfberry abundance was evaluated at each of the two sampling areas
approximately every two weeks on each refuge. Thirty - 1 m2 quadrats were located at
each site running perpendicular to the coastline, between bay edge and the upland edge of
the salt marsh. Both ripe and green wolfberry fruits were counted and recorded on each
quadrat. Wolfberry abundance during each survey is reported as number of berries per 30
m2 .
Sampling for clams was conducted on the shallow bay areas adjacent to the salt
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marsh and in open water habitats within the marsh. A 0.25 m2 benthic sampling tube and 4

rnrn sieve bucket were used. The tube was inserted into the sediment to a depth of 15 cm.
Water was then drained from tube and the substrate was collected and sifted through the
sieve bucket. Based on the Whooping Crane's bill length, a depth of 15 cm was deemed the
depth at which Whooping Cranes could probe into the sediment and capture prey.
Sampling for snails was attempted by randomly placing a 0.5 m2 quadrat and then searching
intensively through the vegetation and substrate within the plot for snails. Because snails
were relatively rare and were patchily distributed throughout the salt marsh, measurement
of snail abundance occurred in quadrats placed in regions of the salt marsh where snails
and/or shells had been previously located.

Rdbitat Use.-- Habitat use was evaluated almost weekly during 1992-93 by locating as
many individual cranes as possible on the winter range as part of ANWR census flights from
a fixed-wing aircraft. During 1993-94 only eight surveys were completed due to logistical
difficulties, which included mechanical problems with the aircraft and bad weather. The
specific habitat where each crane was standing at the time of initial observation was
recorded. Use of initial observation is preferred for estimating common foraging locations
of birds (Hejl et al. 1990). A single record was talcen of each individual observed during
each survey so as to maintain independence between data points (Morrison et al. 1992).
Habitat use by Whooping Cranes was evaluated at two different scales, macro- and
mesoscales. At the macroscale, three habitats were recognized and included coastal salt
marsh, uplands, and bays. Mesohabitats recognized within the salt marsh included salt
marsh vegetation, salt marsh open water (pools, ponds, and lakes as classified above), and
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flats (sand and mud). Other mesohabitats recognized within uplands included, grasslands,
burned areas, and freshwater ponds. Monthly habitat use patterns were compared using
survey data for the 1992-93 season pooled by month, except February and March which
were combined because only two surveys were conducted each month. During 1993-94,
surveys were pooled for the months of December and January only, because of the limited
number of surveys completed during all other months during that winter.

Social Interactions.-- For each crane recorded on aerial surveys, the number of associates
or group size (other Whooping Cranes) was recorded. During each season, the number of
social groups (2 or more cranes), mean group size, and maximum group size were estimated
and compared between macrohabitats and years. Whooping Crane pairs and family groups
maintain winter territories in salt marsh habitats. Mated adult Whooping Cranes stay
together throughout the winter. Most adult cranes, therefore, are observed in pairs, or if
nested successfblly during the previous spring, in family groups of three individuals.
Groups of more than three cranes are less common in salt marsh areas and, if present, are
generally composed of subadults (birds in adult plumage but not mated) (Bishop 1984).
Grolips of Whooping Cranes, however, have been commonly observed in upland habitats
(Bishop 1984, Hunt 1987, Chavez-Ramirez pers. observ.). For this study we considered an
association of cranes as a non-family social group when one of two conditions was met: 1)
Three individuals were present and no chicks were present, or 2) > 3 cranes present with or
with out chick(s) present.
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Winter Movements.-- To evaluate the possibility of crane movements away from normal, or
regular activity range in the wintering area, the proportion of cranes observed per survey in
relation to total number of cranes known wintering in the area was calculated. The
relationship between proportion of cranes observed and movement, is based on the
assumption that cranes present in their normal territories (pairs and family groups) and
home range (subadults) have a high probability of detection during aerial surveys because of
the high visibility of cranes. Our failure to detect an individual crane during a survey was
considered an indication of its absence from the normal activity range. Normal activity
range is here defined as territories in case of pairs and family groups and, home range in
case of subadult groups which included salt marsh and adjacent bay and upland areas.
Regular Whooping Crane range at the time of this study and in recent years included
ANWR, Welder Flats, Lamar Peninsula, Matagorda Island and San Jose Island.

In general, the maximum number of wintering cranes arrive on the Texas coast by
early December and spring migratory activity may begin in late March. Only surveys
conducted between 1 December and 18 March, of each wintering period, were used to
calculate mean proportion of cranes detected per survey. During both years the same area
was covered using the same flight routes with the same observers present during both years.

Foraging Behavior.-- Foraging behavioral attributes were quantified from blinds set
adjacent to several Whooping Crane territories. Additional behavioral observations were
conducted from towers or vehicles. During each observation session focal bird sampling
(Altmann 1974) was conducted on all visible cranes. Individual cranes were sampled only
once during each session to avoid possible biases due to individuals temporarily specializing
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on a particular food or foraging behavior. Foraging behavior of cranes was quantified over
4 min of continuous observation, generally with the aid of 20-60X power telescope or 10X
binoculars. During the 4-min observation sessions the numbers of probes and steps taken
by the crane under observation were tallied using two counters. Each 4-min session was
converted to a single datum as probes or steps per min and are reported as probing and
progression rates, respectively. For all observations, the habitat in which the crane fed,
prey type taken, and number of food items consumed were recorded. The number of food
items taken by cranes per unit time was determined by counting the number of successfbl
probes, in the case of wolfberry, and clams during the 4-min observation sessions. The
number of crabs consumed per unit time was estimated by counting the number of
. successfbl crab captures over 30 consecutive min of observation.

Thirty min were used

because it generally took more than 4 min for a crane to find and consume each crab.

Statistical Analvsis.-- Chi-square tests were used to evaluate differences in habitat use
patterns among months during the 1992-93 season, differential use of habitat categories
within months November.- April for 1992-93, and between December and January of 199394. Chi-Square tests were used to evaluate differences in pattern of habitat use between
winters for December and January which were the only months with at least two surveys
during 1993-94 season. A Mann-Whitney U test was used to compare mean proportion of
cranes observed per survey between seasons. A Chi-Square test for differences in
probabilities was used to test differences in number of family and nonfarnily groups between
macrohabitats and within habitats between years. Differences in foraging behavior
attributes within and between winters were compared among habitats with an ANOVA for
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unbalanced data. T-tests were used to compare probing and progression rates between
years within the same habitat.

RESULTS
Food Availability. -- Availability of food items changed seasonally and yearly. Wolfberry
was abundant fiom fall through mid-December during both winters (Fig. 1). Blue crabs
were present throughout 1992-93 but were most abundant during the first half of the
sampling period (Fig. 2). During the second year, blue crabs were scarce during October
and November and completely absent from traps during most of the sampling period (Fig.
2). During most of the second winter visual searches failed to detect any blue crabs until

mid-January. Beginning in mid-Januaty small crabs, too small to be retained in traps, were
visually detected with numbers gradually increasing through April. Sampling for clams
proved unsuccessful during the two years except for a short period of 8 - 18 March 1993.
During this period dwarf clams (Mullinia lateralis) were abundant in the bays and were
encountered in densities of 13.6 (SD = 4.4), 70.25 (SD = 9.9, and 22.8 (SD = 18.7) clams
per 0.25 m2 in three continuous weeks, respectively. Live clams were never obtained fiom
open water habitats in the salt marsh. The fact that dwarf clams were collected during 1993
in bays suggests that clams may have been absent from marsh areas. Razor clams were
never collected in sampling efforts. Systematic searches for live snails were completely
unsuccessful. Similar negative results have been reported by others attempting to collect
snails in the area parrera pers. comm.). Large numbers of empty plicate horn shells,
however, were encountered throughout all shallow pools and some areas of marsh
vegetation.
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Habitat Use. -- A total af 2028 (17 surveys) and 781 (8 surveys) Whooping Crane habitat
use locations were recorded on aerial surveys during the two winters, respectively. Salt
marsh was the macrohabitat in which Whooping Cranes were encountered with greatest
fiequency during both winters. Eighty seven percent of individuals recorded on aerial
surveys during the first year and 86 % of individuals during the second winter were located
in salt marsh. Only 3.9 and 3.1 % of individual cranes were recorded in bays overall during
1992-93 and 1993-94, respectively. During the two winters 8.8 and 11 % of cranes were
located on the upland macrohabitat.
In 1992-93 the temporal pattern of Whooping Crane use of salt marsh vegetation,
based on individual surveys (Fig. 3), was generally high early in the period of overwintering
and gradually declined through late February after which use of vegetated areas increased
again. Overall, the pattern of use of salt marsh vegetation generally coincided with resource
(wolfbeny) availability (Fig. 1) in that habitat area for much of the winter. Use of specific
open water habitats varied throughout the period of overwintering in 1992-93, but
combined use of all open water habitats was high all winter (Fig. 4). Seasonally, the
number and proportion of cranes observed per survey in bay macrohabitat was generally
low during most of both wintering seasons, exceeding 10% of observations only during a
single survey in April 1993 (Fig. 5). Upland habitat use was sporadic, showing low use
through most of the survey period with several peaks observed at irregular intervals (Fig.
5). Each peak observed during the 1992-93 winter corresponded to a survey conducted

immediately following a prescribed fire on ANWR.

Patterns of habitat use by Whooping Cranes were significantly different among
months (3?= 514.03, P < 0.001, df = 24; Table 1) during 1992-93 winter. During the
month of November 1992 cranes use of specific habitats differed significantly (3? = 735.2,

P < 0.001). Salt marsh vegetation and pools were used more than expected, while the
remaining habitats were used considerably less than expected. In December 1992, crane use
of specific habitats was also significantly different (J? = 90.2, P< 0.001), with vegetation,
lake, pools, and uplands used more than expected. In January, habitat use was significantly
different among habitats (3= 164.68, P < 0.001) with lake used considerably greater than
expected and vegetation used slightly more than expected. For surveys conducted in
February and March habitat use was again significantly different (2= 174.9, P < 0.001).
Vegetation and pools were used significantly more than expected while lakes and ponds
were used slightly more than expected. During April, habitat use was significantly different

(3? = 3 1.4, P < 0.001) with pool being used significantly more than expected. Significant
differences were also found in pattern of habitat use between the months of December and
January of the 1993-94 winter (2= 514, P < 0.001, df = 6; Table 2). During December,
use of different habitats was significantly different (J? = 336.6, P < 0.001, df = 6) with salt
marsh vegetation being used significantly greater than expected (197 vs 65.9) and bay and
flats being used less than expected. In January, use of specific habitats was again
significantly different (p= 59.1, P < 0.001, df = 6) with salt marsh vegetation again used
more than expected, while only bays were used significantly less than expected.

Table 1. Numbers of Whooping Cranes observed in different habitats during different months of 1992-93 winter on the Texas coast.
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Significant differences were found between winters in a comparison of habitat use
patterns during December (y= 75.1, P < 0.001, df = 6) and January (J? = 38.4, P < 0.001,
df = 6) ofthe two winter seasons. Greatest differences during the months of December
and January occurred in use of salt marsh vegetation which was greater than expected in
1993-94 and less than expected in 1992-93. Upland use in December was greater than
expected in 1992-93 and less than expected in 1993-94.

Winter Movements and Socia1itv.-- There were significant differences in the mean
proportion of Whooping Cranes detected per survey compared to total population size (U =
111.5, P < 0.05) between the two winters. During the first winter a mean of 96.7 % (SD
= 2.

6, N = 9) of the wintering Whooping Crane population was detected during aerial

surveys. In 1993-94, however, the mean proportion of cranes detected per survey
declined to 89.4 % (SD = 6.1, N = 7), suggesting cranes may have moved away from the
normal activity range in the salt marsh during the second season. During 1993-94
Whooping Cranes were sighted consistently in upland wetland iind grassland areas not
frequented during the first winter.
The proportion of Whooping Crane non-family social groups was greater in upland
than in salt marsh macrohabitats during both winters (y= 20.3, P < 0.05 for 1992-93, X =
23.3, P < 0.05 for 1993-94, Table 3). In marsh habitats, 229 groups (> 2 cranes) were
located during the first winter of which 19.2 % (44) were non-family social groups
according to my classification. In contrast, nonfamily social groups accounted for 54.3 %
(19) of 35 total groups located in uplands (Table 3). During 1993-94 only 13% (10 of 76)
of groups detected were non-family social groups in marsh habitats while 75 % (9 of 12)
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were non-family social groups in upland habitats (Table 3). There were no significant
differences in numbers of social versus nonsocial groups between winters within either salt
marsh or upland habitats.

Foraging Behavior .-- Probing and progression rates of Whooping Cranes showed
differences among different habitats (Table 4). During the 1992-93 winter significant
differences (P = 0.001) were observed among habitats in progression rates, but not in
probing rate (P = 0.46). During 1993-94 significant differences were found in progression
rates (P = 0.01) but not in probing rates (P = 0.41) among habitats. No significant
differences were found in probing or progression rates between the two winters in salt
marsh vegetation or upland habitats. Significant differences were found in both probing and
progression rates in bay habitats between winters. In salt marsh open water habitat no
significant differences were found in either probing or progression rates between winters.
The data for open water habitats, however, shows large variance during both years as a
result of temperature-dependent effects on foraging strategy (Chavez-Ramirez and Slack in
review). For data pooled by winter over the two seasons there were significant differences
in progression rates (P = 0.0003) but not in probing rates (P = 0.76).

Table 3. Number, size, and, social classification of Whooping Crane groups located
in salt marsh and upland habitats on the Texas coast from 1992-94.

Salt Marsh

Mean Group
SD
range
mode

NF* Group

(%I
Family Groups

("A>

Total Groups

NF = non-family

Upland
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Whooping Cranes appeared to forage on a single food item in each marsh habitat
during each season (Table 5). During both winters cranes fed on wolfberry while in salt
marsh vegetation. In open water habitats cranes were observed to capture and feed
primarily on blue crabs. Fish (2 observations) was the only other food item observed taken
from open water habitats. While in bays, cranes were observed foraging on dwarf clam
during 1992-93 and on razor clams in 1993-94. Whip eels (Bascanichthvs scuticaris) were
captured on one occasion during November 1993 (Stehn pers. comm.) from bays. While in
upland burns, cranes were observed taking a variety of dead or dying prey items including
insects in the orders Orthoptera and Odonata, glass lizards (Ophisaurus attenuatus) (5
items), and unidentified snakes (2 items).
Whooping Cranes consumed an estimated 7.1 blue crabs per hr during the first
winter compared to 2.8 crabs per hr during the second winter, resulting in a decrease of
greater than 50% in mass consumed per hr (Table 5). The number ofwolfberries consumed
per hr was approximately 30 % greater during the second season, whereas wolfberry mass
consumed was 40% greater in 1993-94. While foraging in bays, cranes were estimated to
consume 656.6 dwarf clams per hr (252.8 gr/hr) during the first winter and only 12.5 razor
clams per hr (22.5 grlhr) during the second winter (Table 5).

Table 5. Type and quantity of prey items consumed by Whooping Cranes while in different
habitats of the salt marsh on the Texas wintering grounds during two winters.

Prey Intake Rate

Habitat

Season*

Prey

Mean Mass

Type

of Item (gr)

# / hr

grlhr

0.46

135.4

62.3

23 1

106.3

Salt Marsh

1

Wolfberry

Vegetation

2

Wolfberry

Salt marsh

1

Blue crab

98.1

7.1

696.5

Open Water

2

Bluecrab

118.8

2.8

332.6

Bay

1

Dwarf clam

656.6

252.8

2

Razor clam

I!

0.385
260.2

1 = 1992-93 winter, 2 = 1993-94 winter

12.5

22.5

DISCUSSION
Habitat Use. Food Use. and Foraging Behavior.-- Habitat use patterns of Whooping
Cranes, not surprisingly, appears to be associated with food availability in some habitats.
During the winter of 1992-93, surveys were conducted on a regular, nearly weekly
schedule. Cranes use of salt marsh vegetation was high early in the wintering period, then
declined and remained below 20% from mid- December through March. The decline in use
of marsh vegetation in December generally coincided with a sharp decline in the availability
of ripe wolfberry h i t . Because of the importance of blue crab in the diet of Whooping
Cranes, and the high availability of blue crabs, combined use of all salt marsh open water
habitats was high during most of the winter period of 1992-93, ranging from 30 - 60%.
The only significant use of bay habitat reflected on aerial surveys occurred at a time of high
clam availability. Similar patterns have been reported for other species. For example,
Fasola (1994) found that European herons used habitats and prey based on profitability and
local abundance of prey items.
Whooping Crane use of upland areas has been reported previously in several works
(Allen 1952, Bishop and Blankinship 1982, Bishop 1984, Hunt 1987) as related to
availability of acorns (Allen 1952, Hunt 1987, Bishop 1984), wolfberry h i t (Hunt 1987),
paspalum grasses (Stevenson and Griffith 1946), and cultivated crops (Shields and Benham
1969). Use of uplands was opportunistic during 1992-93, occurring primarily in areas that
had been recently burned and likely in response to readily available and short lived food
supplies including dead vertebrates, invertebrates, and selected plant matter (ChavezRamirez et al. 1996).
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Whooping Cranes appear to be opportunistic feeders. In bay habitat, cranes
consumed a different clam species during each year of the study. During the first winter
cranes appeared to have responded to an explosion in density of dwarf clam in the bays.
Irruption in dwarf clam numbers, with rapid increases in population density in short periods
of time, is a common, although irregular occurrence during winter in the Gulf of Mexico
(Britton and Morton 1989). During the second winter, dwarf clams were not encountered
in significant numbers in bays, and cranes were observed to consume only razor clams
while foraging in bay habitat. Razor clams, however, were not collected in sampling efforts,
suggesting razor clams were rare in the study area or the sampling technique used was
inadequate to detect them.
The significant differences found between winters in bay habitats in both probing
and progression rates were likely due to cranes foraging on the different clam species. The
number and proportion of cranes observed in bay habitat each season was low, suggesting
that over the entire winter period clams were not a significant contributor to the overall
crane diets during either winter. Examination of fecal samples collected in 1993-94
supports the low use of clams during that winter (Chavez-Rarnirez pers. observ.). The only
significant use of bay habitat during any single survey occurred in mid-April 1993 when
almost 25% of cranes were observed in this habitat. The unusually high number of cranes
observed in bays in April 1993 corresponded to a period of high dwarf clam concentrations
encountered in bay habitat and supports the contention that Whooping Cranes are highly
opportunistic feeders. Use of specific areas andlor prey with increased densities has been
noted in other bird species. Black-tailed Godwits Gimosa limosa) have been shown to shift
diets in response to increased densities of a bivalve mollusc (Moreira 1994). Wiens and
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Rotenberry (1990) have identified high temporal and geographic variability in the diets of
granivorous birds. Our data on Whooping Cranes is in agreement with Fasola's (1994)
contention that opportunistic use of food resources by birds may be a more common pattern
than is widely accepted (Fasola 1994).
The presence and availability of clam species, fiom year to year in Whooping Crane
wintering areas appears to be highly variable and dynamic. In the late 1970's angel wing
clam (Cyrtopleura costada) appeared to be the most commonly taken clam species fiom
bays by Whooping Cranes at that time (Blankinship pers. comm.). Clam dynamics and
species distributions are influenced by a variety of factors, including salinity, temperature,
and water turbidity (Holland and Dean 1977, Montagna and Kalke 1992). The use of
snails was not documented visually, although plicate horn snail shells were common in
Whooping Crane feces collected during the winter of 1993-1994 (Chavez-Ramirez pers.
observ.). Because of the lack of live snails located during sampling efforts and the high
availability of empty shells, it is possible the cranes were using snail shell as grit material.
Snail shells were not broken up significantly in digestion as evidenced by large particles of
shells, and some complete shells, found in feces (Chavez-Ramirez, pers. observ.). On two
occasions during field observations a pair of cranes was observed picking shells from a
mudflat. An examination of the site of shell collection revealed the impression of the shell
on the substrate suggesting it was an empty shell and not a live snail.
Based on visual observations and patterns of habitat use, my results are in general
agreement wi~hprevious studies regarding the importance of blue crab in the winter diet of
Whooping Cranes (Allen 1952, Hunt and Slack 1989). Like Hunt and Slack's (1989)
results, visual observations of food (and habitat) use also show considerable variability.
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Blue crab trapping data suggests that this important food item of Whooping Cranes can
become limited in the wintering grounds during some years, which may translate into
survival consequences for some individuals (see Chapter IV). Reduced availability of blue
crabs during the second year of study resulted in a reduction greater than 50% in blue crab
capture rates per hr by Whooping Cranes. The dramatic decrease of blue crab from one
season to the next occurred during an extended episode of unusually low tides during
August and September of 1993 (Chavez-Ramirez pers. observ.). During the time of low
tides water levels declined below the substrate level of most open water areas of the marsh
causing extensive mortality of marine life that included crabs and fish.
The reduced availability of blue crab, and consequent low capture rates, during the
1993-94 winter appeared to have been compensated to some degree with an increase in use
of other food items, particularly wolfberry. No significant differences were found,
however, in probing or progression rates between years in salt marsh vegetation despite the
cranes' estimated increased consumption (30% by numbers and 40% in mass) of wolfberry
h i t per hr during the second winter. Small changes in foraging rates quantified over short
periods can apparently translate into significant differences over longer temporal periods
(e.g, hours to a day). This is significant because based on the lack of statistical difference
my conclusion would have been that there was no difference in intake rates, when in fact
over a day there was as much as a 30% increase in number of wolfberries consumed. The
proportion of time spent feeding and in locomotor activities in the salt marsh vegetation, as
reflected in time activity budgets, also did not differ between years (Chapter III).
Whooping Cranes, however, used salt marsh vegetation more than expected during 1993-94
and less than expected during 1992-93. Together these results suggest that the primary
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adjustments made by cranes to increase their use of wolfberry fruit was by increasing the
amount of time spent in vegetated habitat rather than by significant increases in the number
of h i t consumed per unit time (one minute) or the total time spent in actual foraging
activities.

I found no differences in foraging attributes (probing and progression rates) between
winters in open water habitats despite differences in crab abundance. The proportion of time
spent in foraging activities in open water habitats, based on time activity budget data, also
did not differ between winters (Chapter 111). This lack of differences, in probing and
progression rates, appears ta be an artifact of pooling data over a variety of environmental
temperatures. Whooping Crane blue crab foraging strategy in open water habitats was
found to be dependant on environmental temperature (Chavez-Ramirez and Slack, in
review). Water temperature apparently influences activity patterns and visibility of blue
crabs since I found them immobile in small depressions at colder temperatures. In
laboratory experiments, blue crabs showed significantly !ess movements per unit time at
temperatures below 17" C compared to those above (Harris unpubl. data), with greatest
variance observed at temperatures one degree above and below 17" C.
Differences were observed in proportion of cranes using open water habitats
between the two winters for the two months (December and January ) with equal number of
surveys during both years. During December, Whooping Crane use of all open water
habitats was approximately 10% greater the first year (47%) than the second year (38.6%),
while in January differences were even greater with 57% use of open water habitats the first
year and only 40% the second year. Increased use of open water habitats in the first year of
the study suggests that cranes modified mesohabitat use patterns, and did not alter their
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foraging strategy or increased the amount of time spent in foraging activities while in that
habitat. The mechanism by which cranes evaluate and then switch from using low
productivity habitats to more productive ones is not known, but may be a response to
decreased return rates observed in blue crab captures the second year.

Movements and Sociality.-- Whooping Cranes appear to be more social (likely to associate
with cranes other than mates or own young) in upland habitats than in salt marsh areas.
This behavior had been noted previously (Bishop 1984) though it had not been
quantitatively compared among marsh and other habitats. Species that utilize more than
one macrohabitat may show different degrees of sociality, or dispersion, according to prey
type found in each habitat (Goss-Custard 1985). In White-faced Ibises (F'le~adis chihi),
group sizes differed between wetland and grassland habitats (Arnat and Rilla 1994).
Known distribution of Whooping Crane winter territories is strictly within the salt marsh
(Stehn and Johnson 1987, Stehn 1994) and agonistic interactions between conspecifics are
rare in habitats other than salt marsh (Chavez-Rarnirez unpubl. data). Similarly, Whitefaced Ibises in Uruguay exhibited territoriality in wetland areas but not in upland sites
(Amat and Rilla 1994). Whooping Crane territorial establishment and defense of marsh
areas suggests that in most years abundant and defensible resources may be present there
(Brown 1964). The degree of territoriality in Whooping Cranes may be influenced by blue
crab availability in marsh habitats. The most striking difference in food availability between
the two winters of study involved the dramatic difference in numbers of blue crab and
reductions in capture rates. Food shortage during the second winter may have been
particularly severe when wolfberry b i t s became limited after mid-December, prompting
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cranes to search for food in other areas with more regularity than during the first winter.
During the 1993-94 winter season, aerial surveys recorded an average of 89.4 % of
known wintering population within normal activity range, compared to 96.7% during 199293. I interpret this significant difference as increased movement of cranes away from marsh
areas during the second year, likely as a result of foraging for food in other habitats. In
addition, cranes regularly frequented freshwater areas and other upland habitats during the
1993-94 winter (Chavez-Ramirez pers, observ.). During 1992-93 winter observations of
cranes outside the normal range were rare. In addition, increased crane mortality during
the second winter may be indicative of food shortages. During 1992-93 winter there were
no conGrmed dead or missing Whooping Cranes, while in 1993-94 five chick and two
subadult mortalities were recorded (Stehn 1994), fkrther suggesting that food limitations
may have been a p~.sblem.Lack (1966) has proposed that density dependant mortality
would be more intense on immature birds, which has been shown to be the case in Great
Blue Herons (Ardea herodias) during autumn and winter periods (Butler 1994).
Documentation of increased social interactions in a species which rarely socializes
with individuals, other than mates and immediate family members, may suggest increased
social facilitation in locating food resources in upland areas. A smaller percentage of social
groups were located in salt marsh habitats during the second winter compared to the first
winter, while the proportion of social groups in uplands increased during the second year.
The lack of statistical significance may reflect the reduced number of surveys conducted
during the second winter. On upland habitats territorial behavior is not exhibited and cranes
were observed in groups of 28 individuals, including pairs, family groups, and subadults.
Social interactions in the form of groups in upland areas may reflect flocking behavior as a

response to changes in resource abundance or availability, such as may occur after
prescribed fires facilitate access (Hunt 1987, Chavez-Ramirez et al. 1996). Temporary
flocks may increase foraging facilitation at novel sites through increased food intake rates
as well as enhanced predator avoidance (Pulliam and Caraco 1984, Carrascal et al. 1993).
Whooping Cranes appear to respond to groups in a way similar to that predicted by
local enhancement theories (Crook 1965, Kennedy and Gray 1994) where an individual
locates food by joining other members of its group at certain patches. Alonso et al. (1994)
report that individual White Storks (Ciconia ciconia) and Common Cranes (Gms grus)
remained in a patch based on the presence of conspecifics in that patch, rather than based on
instantaneous food intake rates. While in upland habitats Whooping Cranes showed low
probing rates compared to other habitats (Table 4) and time spent in feeding activity was
significantly less in upland habitats (10%) compared to all other individual habitats (all
>37%) (Chapter 111). Reduced probing rates and foraging time suggest high food intake

rates was not the primary reason to fiequent these sites, unless occurrences at these sites
served as scouting visits. In wading birds, Kushlan (1981) suggests that some species use a
trial and error approach, visiting sites of low food availability on a regular basis but
remaining for extended periods only when food resources increase. Whooping Crane
permanence on uplands may follow a pattern similar to that reported for patch use in White
Storks and Common Cranes (Alonso et al. 1994).

SPATIAL AND INTERSEASONAL EFFECTS ON TIME ACTIVITY BUDGETS
OF WINTERING WHOOPING CRANES

SYNOPSIS
I studied time allocation by wintering Whooping Cranes

(mamericana) on the

Texas coast by constructing time activity budgets to evaluate differences in behaviors due to
spatial and yearly differences. Spatial effects were evaluated by comparing time activity
budgets between: I), mainland (Aransas National Wildlife Rehge) and barrier island
(Matagorda Island National Wildlife Refuge) birds and 2), between cranes in different
habitats (salt marsh vegetation, salt marsh open water, bays, and uplands) within the
mainland cranes. Yearly differences were evaluated by comparing activity budgets between
two consecutive winters (1992-93 and 1993-94). Mainland and island cranes differed
significantly in time spent in maintenance and alert behaviors during the first winter and in
time spent in rest and alert behaviors during the second winter. During the first winter,
differences were found in proportion of time spent by cranes in all behaviors (feeding,
locomotion, interaction, rest, maintenance, and alert) among the four habitats of the
mainland. During the second winter there were no significant differences in any of the
behavioral categories between habitats of the mainland. Comparisons between years
differed depending on habitat investigated. There were no significant differences in
proportion of time spent on any of the behaviors in salt marsh vegetation. In salt marsh
open water significant differences were found in interaction, maintenance, and alert

behaviors between winters. In bays, interaction and rest differed between years, while in
upland habitat only rest time differed. Some differences in time activities are explained on
the basis of food availability, disturbances, and possible predation risks associated with
different location (mainland vs. island), habitats, and year.

INTRODUCTION
Time and energy are finite resources. The ways in which animals allocate resources
will ultimately define individual survival and reproductive success W n g 1974, Walsberg
1983). The apportionment of time and energy may be affected by many biotic (body size,
species physiology, food availability, competition, and predation) and abiotic (weather)
factors (Goldstein 1990, Morse 1990, Morrison et al. 1992). During the nonbreeding
season food is the resource of primary importance, and food acquisition should play a
prominent role in determining a bird's use of space and time (Hutto 1985). Acquisition of
food may be complicated by differences in seasonal availability of food items in different
habitat patches (Wiens 1989), as well as by risks of predation associated with different
habitats (Caraco 1980, Lima 1993).
An individual must maintain a positive energy balance during the winter season in

order to survive. This is accomplished primarily through apportionment of time and
appropriate use of space so as to procure sufficient resources to meet immediate energetic
needs, and possible excesses to offset hture potential negative balances. The winter period
in temperate regions, with shorter days and fewer predictable food supplies, may represent a
period of food and energy limitation for birds (Weathers and Sullivan 1993). The shortage

of resources during a critical period such as premigration, may affect survival during
migration and ultimately reproductive success during the upcoming breeding season. In
addition, limited resources, or time in which to obtain them, during any portion of the
winter, may affect overwinter survival. Therefore, the amount of time spent foraging
generally takes precedence over other behaviors. In order to increase odds of survival,
individuals must also spend time looking for predators and responding to disturbance
factors that may represent potential survival hazards, sometimes at the expense of foraging
time (Lendrem 1983, Lima 1985, Poysa 1987, Mabie et al. 1989 ). Birds must, therefore,
choose among behaviors with different energetic costs and must obtain sufficient energy to
compensate for foraging, alert, and avoidance behaviors plus the cost of other activities,
such as maintenance, thermoregulation, storage, and reproduction (Goldstein 1990). An
individual that spends little or no time in maintenance and rest activities may suggest that an
individual is nearing or in energetic deficit, while, individuals that engage in rest and/or
maintenance or other elective behaviors may be indicative of its prior success in procuring
sufficient energetic resources (Walsberg 1983).
Studies reporting time activity budgets of birds have generally attempted to address
temporal variations between seasons (Weathers and Sullivan 1993), differences within
phases of the nesting period (Moreno and Hillstrom 1992), and intraseasonal differences in
nonbreeding periods (Alonso and Alonso 1993). Variations in patterns of time activity
budgets of birds have not been adequately evaluated with regards to different geographical
location or rnicrohabitat, except perhaps in relation to predation risk (Caraco 1980,
Lendrem 1983, Metcalfe 1984, Lima 1993). For example, do birds of the same species in
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separated geographical locations differ in their time activity budgets? Also, do birds adjust
their behavioral activities while foraging in different patches or microhabitats within the
same area? While differences are expected, I know of no studies that have attempted to
address these concerns in relation to all behavioral categories of time activity budgets.
Differences in resource type and abundance between locations and differential predation
risks at different sites may result in differences in time activity budgets between individuals
occupying those sites.
I studied the allocation of time by wintering Whooping Cranes

(wamericana) on

the Texas coast by constructing time activity budgets to evaluzte differences due to spatial
and interannual effects. I evaluated spatial effects by comparing time activity budgets at
two scales; I), between geographic locations, mainland versus barrier island Whooping
Cranes; and 2), between individuals in different habitats within the mainland group of
cranes. Interannual differences were evaluated by comparing time activity budgets between
the two winters during which this study was conducted. Knowledge of factors affecting
time activity budgets is of particular importance for the endangered Whooping Crane
because in November 1995 only 155 individuals (T. Stehn pers. cornrn.) survived in the
single remaining wild flock of this species. Better knowledge regarding factors affecting
feeding and other behavioral activities could help in management and conservation efforts
for Whooping Cranes wintering on the Texas coast.

NlETHODS
This study was conducted on Aransas and Matagorda Island National Wildlife
Refuges (ANWR and MINWR, respectively) located on the Texas coast during the months
of October through April of 1992-93 and 1993-94. ANWR is located in Aransas and
Refugio counties and is approximately 60 krn north of Corpus Christi, Texas. RlINWR is a
barrier island, 62 km long and varies from 1.2 to 7.3 km wide, located in Calhoun county.
Matagorda Island is located approximately 7 km east and north from ANWR and generally
runs parallel to the coast line of the mainland.
Measurement of behavioral activities of Whooping Cranes took place primarily in
the coastal salt marsh portion of the two refuges, which is the primary habitat used by
wintering cranes. The salt marsh area is located along the eastern coast of ANWR and on
the west side of MTNWR. Salt marsh habitats consist of vegetated flats dominated by
glasswort (Salicornia vir~niana),saltwort @ I 3maritima), sea-oxeye daisy porrichia
frutescens), wolfberry (Lycium carolinianum), saltgrass (Distichlis spicata), and smooth
cordgrass (Svartina alterniflora), and wind tidal flats dominated by mudfalt grass
(Eleocharis parvula), saltgrass, and cordgrasses. Interspersed among vegetated areas are
bodies of open water of varying sizes. Behavioral observations were collected from two
other habitats used by Whooping Cranes on ANWR, upland sites and bays. Upland habitats
are used by Whooping Cranes after recent prescribed fires have been applied and may
represent important alternative feeding sites for cranes (Chavez-Rarnirez et al. 1996).
Cranes also use the shallow portions of bays, up to 80 cm in depth, adjacent to their primary
salt marsh habitat.

Behavioral observations were made from blinds and to a limited extent from
observation towers, motor vehicles, or boats at ANWR. Observations of Whooping Cranes
at MINWR were conducted from boats, motor vehicles and towers. During an observation
session, all cranes visible from observation points were sampled once. Each complete
observation session lasted between one and six hours depending on number of cranes visible
at the time. During observations, focal birds (Altmann 1974) were randomly selected and
each was followed visually, with the aid of 10X binoculars or 20-60X spotting scope, for 30
consecutive min. During the 30 min, 120 instantaneous samples were collected by
recording the behavior of the crane under observation every 15 sec and classifjing each
behavior into one of the following categories: feeding, locomotion, maintenance,
interaction, alert, and rest. An audio tape was used to give a cue at 15 sec intervals. If the
focal crane was lost from sight for longer than five consecutive min the observation session
was terminated for that individual. Only focal bird sessions, during which cranes were in
sight for greater than 15 min were used in the analysis.
Feeding behaviors were all those involving capture attempts, food item handling,
and consumption. Drinking, noted infrequently, was included as feeding. Locomotion
involved walking, and with low frequency running and flying, not involved with aggressive
or social interaction. Locomotor activity was mostly related to feeding, except during
flushing due to a disturbance. Maintenance activities involved plumage maintenance, such
as preening, and comfort movements such as, feather ruffing, scratching, stretching, and
shaking. Interaction involved activities where an individual reacted to a conspecific by
calling or exhibiting agonistic interactions involving movement towards or away from other
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cranes. During alert behavior cranes stood with neck straight and head and beak parallel to
the ground making a 90"angle (neck and beak). In contrast, during rest behavior the neck
showed a distinct curvature and beak was pointed down, the beak and neck made an angle
less than 90". Rest behaviors involved standing, not in alert posture, and sleeping. Cranes
exhibiting alert behavior were generally responding to a disturbance by trying to or actually
visually locating the source and many times maintaining visual contact for extended periods

of time. Disturbances present in the area included aircraft, boats, and barges. In addition,
natural disturbances by other animals, some of which were potential predators (Golden
Eagles, Aquila chrysaetos, and Bald Eagles, Haliaeetus leucocephala, bobcats, Lynx rubs
and coyotes Canis latrans), were present.
Results of behavioral activities are presented as mean proportion of time spent in
different behavior activities. A Wilcoxon 2-sample test was used to compare differences in
the proportion of time spent on individual behaviors by cranes between ANWR and
MINWR, between the same habitat in different rehges, and between the same habitat in

different years. A Kruskal-Wallis test was used to compare differences in proportion of
time spent in different behaviors among the four different habitats on which time activity
budgets were collected on ANWR.

RESULTS
A total of 113 and 92 focal crane observation sessions was conducted in the 199293 and 1993-94 winters respectively, representing approximately 55 and 45 hours of time

activity budgets. For data pooled across habitats during 1992-93 more time was spent in
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maintenance activity at MINWR than at ANWR (1 1.5% vs 3.6%; P = 0.004; Table 6),
whereas a greater proportion of time was spent in alert behavior by cranes at ANWR
(20.7% vs 11.9%; P = 0.02; Table 6). During the 1993-94 winter, differences were found
in rest (P = 0.006) and alert (P = 0.04) behaviors between refuges, with rest being greater
on ANWR and alert behaviors being greater on MINWR (Table 6). The data for 1993-94
winter on MIIWR reflects observations only from the salt marsh vegetation habitat.
During the winter of 1992-93 significant differences were found in the proportion of
time spent in all behaviors (all P < 0.005), except locomotion (P = 0.49), among the four
habitats of ANWR (Table 7). Feeding time was significantly lower in the upland habitat
compared to other habitats. The mean proportion of time spent in maintenance activities
was less than 0.5% in the two salt marsh habitats of ANWR, while averaging 11.5% in bay
and 6.3% in upland habitats (Table 7). Time spent in alert behavior was highest in uplands
and lowest in bays while being intermediate and in similar proportion in the two salt marsh
habitats. Rest time was low and similar in bay and salt marsh habitats, while being
considerably higher in uplands. During the winter of 1993-94 there were no significant
differences in any behavior among habitats on ANWR (Table 8). On MINWR in 1992-93
significantly greater locomotor activity (P = 0.01) was found in salt marsh vegetation than
in salt marsh open water (Table 7).

Table 6. Time activity budgets of Whooping Cranes during winters of 1992-93 and 199394 on Aransas and Matagorda Island National Wildlife Refuges. Data represent time

activity budgets for all habitats combined for each refuge. Values represent means (SD)of
percent time spent in different behaviors, N is number of 30 minute observation sessions.

Aransas

Behavior
Feeding
Locomotion
interaction

Rest
Maintenance
Alert
N

' represents data only for salt marsh vegetation habitat

Matagorda Island

Table 7. Time activity budgets of Whooping Cranes during the 1992-93 winter in different habitats of Aransas and Matagorda
Island National Wildlife Rehges on the Texas coast. Values represent means (SD) of percent of time spent in different behaviors.
Behaviors (%)

Locationlhabitat
Feeding

Locomotion Interaction

Rest

Maintenance

SM Vegetation

37.6(13.9)

35.7(11.9)

SM Open Water

44.9(17.4)

Bay
Uplands

Alert

OS(l.1)

3.8(3.2)

O.l(O.3)

22.2(13.7)

16

3 1.7(15.3)

1.6(2.1)

4.q9.7)

0.4(0.9)

18.4(14.8)

34

47.8(14.5)

28.9(23.4)

0

6.6(8.3)

11.5(13.3)

7.5(6.7)

14

10.8(7.9)

32.6(14.8)

1.9(2.4)

16.7(9.8)

6.3(7.9)

32.5(10.4)

20

SM Vegetation

36.5(10.2)

37.4(9.2)

0.6(1.6)

4.1(3.4)

10.4(8.8)

11.2(5.1)

1'7

SM Open Water

37(28.9)

24.8(2.8)

0

7.8(7.9)

16.3(23.1)

15(10)

12

N

Aransas

Matagorda Island

Table 8. Time activity budgets of Whooping Cranes during the 1993-94 winter in different habitats of Aransas a ~ Matagorda
d
Island National Wildlife Refbges on the Texas coast. Values represent means (SD) of percent of time spent in different behaviors.

Behaviors (Oh)

Locationlhabitat

Rest

Maintenance

Alert

N

Feeding

Locomotion Interaction

SM Vegetation

34.6(24.3)

41.8(19.3)

O.g(l.8)

3.3(2.5)

1.3(2.8)

18.3(9.4)

12

SM Open Water

40.6(28.5)

30.2(26.5)

1.2(5.5)

14.2(27.7)

7.2(16.3)

6.8(8.1)

32

Uplands

12.5(9.8)

41.3(16.7)

0

l(0.8)

13 S(9.8)

29(12.7)

8

3 1.3(17.7)

38.4(22.3)

2.3(5.1)

6.6(5.0)

10.3(16.7)

13.9(9.9)

28

Aransas

Matagorda Island
SM Vegetation

There were no significant differences in time spent in behaviors in salt marsh open
water habitats (P > 0.09) between the two refuges, while in salt marsh vegetation significant
differences were found in maintenance (P = 0.0009) and alert (P= 0.01) behavior between

ANWR and MINWR for 1992-93 (Table 7). The mean proportion of time spent in alert
behavior on ANWR was double that of the cranes from MINWR. During the second winter
significant differences were found only in rest activity (P = 0.006) between Aransas and
Matagorda Island cranes in salt marsh vegetation, averaging twice as high on Matagorda
(Table 8).

A comparison of time activity budgets within the same habitat on ANWR during the
two winters yielded mixed results for different habitats. In salt marsh vegetation, there were
no significant differences (all P > 0.15) in any of the behaviors between the two years (Table
7 and 8). In salt marsh open water, significant differences were found in interaction (P =

0.001), maintenance (P = 0.01), and alert (P = 0.0001) behaviors (Table 7 and 8).
Interaction and alert activities were greater during the first winter, while maintenance
activity was greater during the second winter. In upland habitat, rest activity was the only
behavioral category that differed between winters (P = 0.0025), showing a decrease from
approximately 16% in the first year to 1% during the second (Table 7 and 8). While in bay
habitats, interaction (P = 0.001) and rest (P = 0.03) behaviors differed between winters
(Table 7 and 8). Interaction time increased the second winter in bays, while time spent in
rest activity decreased considerably from the first to second winter.

DISCUSSION
Spatial Effects.-- Despite the distance between ANWR and MINWR (approx. 5 km)and
the potentially significantly different types and fiequencies of disturbances, there were some
remarkable similarities in the proportion of time spent in behaviors between the two refbges.
For example, time spent feeding and in locomotion was almost identical for Whooping
Cranes in the two areas during 1992-93. This suggests that cranes, at least during the first
year, required similar feeding time and locomotor effort to obtain sufficient food resources
on both ANWR and MINWR. However, maintenance and rest behavioral categories
differed significantly during the first year between refbges. Maintenance time was almost
three times greater on MINWR, while, alert was almost twice as much in ANWR. If only
salt marsh habitat of Aransas is considered in the comparison, the differences are even
greater, with maintenance considerably greater on Matagorda (1 1.5 vs. 0.5%), while alert
was more than three times greater on Aransas (40.6 vs. 11.9%).
The highly significant differences in maintenance and alert behaviors between cranes
in Aransas and Matagorda Island could be attributableto the greater disturbance regime
(frequency and intensity) on Aransas due to the Gulf Intracoastal Waterway (GIWW). The

GIWW is responsible for a considerable amount of disturbance in the form of boat and
barge traffic primarily, but also as an access lane that allows fisherman and crabbers to
move into Whooping Crane territories. In addition, aircraft are common over and near
Aransas while rare over Matagorda Island (Chavez-Rarnirez pers. observ.). Whooping
Cranes are reported to respond, by increasing time spent on alert behavior, to human
(airboats, fishermen, and hunters) disturbances on Matagorda Island (Mabie et al. 1989).
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Greater alert behavior in ANWR may be due to a greater predation risk associated with the
mainland, particularly bobcats which have been implicated in several mortality events on

ANWR. Bobcats are rare on MlNWR while abundant and commonly seen on ANWR. The
result of increased time spent in alert behaviors suggests that Whooping Cranes on Aransas
have reduced time to engage in maintenance activities because of regularly having to
respond to disturbances from the GIWW.

.,,

Assuming the overriding conceiii of cranes is to meet tbn;- uull, ,,,,,getic ;;zeds
during the time available for foraging during a day, as in other species (Walsberg 1983,
Moreno and Hillstrom 1992), Whooping Cranes are expected to partition and prioritize use
of available time spent on different behaviors. Walsberg (1983) states, that for energy
budgets, allocation of energy to obligatory demands may decide the amount of energy
available for expenditure in elective behaviors or activities. Whooping Cranes, therefore,
should use available time in a way that will assure sufficient time is spent securing food
resources to meet energetic and nutritional needs (obligatory activities, sensu Walsberg
1983). In this study, obligatory activities to secure food included feeding and locomotion
categories, since much locomotor activity appears to be directly related to searching for
food. Time spent in vigilance is considered costly and time spent scanning for predators is
considered a tradeoff with energy that would be gained if that time were spent foraging
(Lendrem 1983, Metcalfe and Furness 1984). Alert behavior and consequent detection of
potential survival hazards, such as predators, is important and must occur whether or not
daily energetic concerns are met. I therefore, consider alert also as an obligatory activity.
Rest and maintenance activities are considered electives (sensu Walsberg 1983). For

example, a crane should spend time in rest and/or maintenance only if survival is assured
(predator detection and avoidance and daily energetic needs are, or will be met).
During 1992-93, the sum of obligatory activities (feeding, locomotion, and alert
behaviors) for Whooping Cranes in salt marsh habitats of ANWR added up to 95.5% of
total time budget, while on MINWR the sum was only 88.3 %. These differences suggests
that Whooping Cranes on ANWR have very little time remaining in their daily time budgets
to devote tn elective activities, while Whooping Cranes on MrNW'R have considerably more
time available to dedicate to elective activities (e.g., rest and maintenance). Alonso and
Alonso (1993) report that increases in rest and other nodoraging activities in Common
Cranes (Grus gms)were due to decreased food availability and/or possibly satiation. The
results of the second year, however, at first appear not to be consistent with expectations
following the first winter, since alert time was slightly greater and maintenance only slightly
higher on Matagorda Island when considering pooled data. As reported earlier, however,
pooled data for Matagorda Island for the 1993-94 season reflects only data collected in salt
marsh vegetation. Therefore, when considering only salt marsh vegetation habitats
between rehges the trend in maintenance and alert behaviors observed during the first
winter is maintained in the second winter. Except for rest behavior (MINWR > ANWR),
no differencesin individual behavioral categories for the two sites were found.

Among Habitat Effects.-- DifFerent patterns in use of time in each habitat may not be
surprising considering that each habitat provides Whooping Cranes with different prey items
(Chapter 11) and possibly has a different predation risk associated with each as well.
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Whooping Cranes used different habitats in different ways as reflected by differences in all
behaviors, except locomotion, between habitats of ANWR during the 1992-93 season.
Feeding was high in all habitats (> 37%) except in upland burn habitats (10.8%), while
resting activities were more than twice as high in cranes present in uplands than in any other
habitat. The significantly greater time spent in alert behavior on upland and significantly
less time in alert in bay habitat than all other habitats, may reflect differential predation risk
associated with each habitat. Although, adult wild Whooping Cranes may have few
predators on the wintering grounds and effects of predation on the population may be
negligible, the "effect" of predators (sensu Lima 1993) on crane habitat selection, foraging,
and time activity budgets may be very important. Several confirmed killings of Whooping
Cranes during the winter have been documented on ANWR, the last of which occurred
during the 1993-94 winter. Increased alert behavior in uplands may be a consequence of
Whooping Cranes' perception of predator risk when away from salt marsh areas. Feeding
Eurasian Widgeons ( h a s venelope) perceive greater predation risk as feeding site distance
increased from water's edge (Mayhew and Houston 1989). Wild Whooping Cranes are
believed to roost almost exclusively in open water habitats, suggesting a perceived feeling
of security and indicating that a greater probability of predator detection is associated with
this type habitat.
Whooping Cranes spent the least time in alert behavior while in bay habitat, which is
surprising since the bay areas of ANWR are the habitats closest to the GIWW. One would
expect that proximity to watercraft traffic would have imposed greater vigilance activity in
the cranes as reported by Mabie et al. (1989). The possibility exists that ANWR Whooping

Cranes have become habituated to constant traffic of the G W W and no longer perceive
activity on it as a threat. The cranes studied by Mabie et al. (1989) were on MINWR where
boat disturbances are considerably less frequent. Lowered alert time in bay, however, may
reflect perceived lower predation risk by cranes in this habitat. Perhaps the observed
pattern of Whooping Cranes alert behavior mirrors that described for shorebirds (Metcalfe
1984) and Rheas (Martella et al. 1995) which exhibited increased vigilance (alert) time in
habitats with less visibility. If this is the case, I would expect Whooping Cranes to show
alert behavior fiom highest to lowest in the following manner; uplands > salt marsh
vegetation > salt marsh open water > bay. My data for the first winter support the theory of
increased vigilance in habitats with reduced visibility, while data for 1993-94 is only partly
consistent with expectations (Tables 7 and 8).
During the 1993-94 winter season there were no significant differences in any of the
behaviors among habitats in Aransas. However, Whooping Cranes in uplands again showed
low feeding activity and a high proportion of time in alert behavior (Table 8) and with those
in bays showed greater maintenance than in the two salt marsh habitats. Upland habitats
may be used for purposes other than obtaining food resources. In effect, Aransas
Whooping Cranes on uplands forage less, rest more, spend more time in alert, and socialize
extensively (Chavez-Ramirez et al. 1996). While in uplands cranes tended to congregate in
groups greater than any encountered in marsh areas (Chavez-Rarnirez et al. 1996). Flock
formation in uplands is unusual behavior since on the wintering grounds Whooping Crane
pairs and family groups maintain and defend territories. The low feeding time in uplands
suggests social facilitation, with cranes responding to presence of other cranes rather than
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to actual food intake rates experienced in the habitat. Alonso et al. (1994) report that
permanence time in a patch by individual White Storks (Ciconia ciconia) and Common
Cranes is based on group size rather than on food intake rateper se.

Between Year Effects.-- Differences in time activity budgets of Whooping Cranes within
the same habitat between winters showed no significant differences in some habitats while
considerable differences were found in other habitats. No significant differences were found
in any of the behavioral categories in salt marsh vegetation between winters with the
greatest numerical change being a 6% increase in locomotion the second year. This may
not be surprising considering the fact that food (wolfberry) availability and phenology were
similar between years in this habitat (Chapter 11).
The decrease in alert behavior in Whooping Cranes in open water habitats, though
not intuitive, is consistent with the situation reported in the literature. Greatest differences
between years were present in salt marsh open water habitats where interaction time
decreased, maintenance time increased, and alert times decreased from 1992-93 to 1993-94
season. Surprising results are the increased maintenance and decreased alert behavior in
this habitat, but not in salt marsh vegetation since they are both parts of crane territories and
could be considered patches of the same habitat. Decreased alert time is unusual, and
previous studies have reported decreased vigilance time in other bird species as foraging
demands increased. Teal (Anas crecca) for example, sacrificed vigilance as foraging
demands increased (Poysa 1987) and blackbirds (Turdus merula) foraging on cryptic prey
were less vigilant than those foraging on conspicuous prey items (Lawrence 1985). Food
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availability (blue crab) decreased significantly in salt marsh open water habitats fiom first to
second year, which consequently translated into a reduction of greater than 50% in blue
crab capture rates during 1993-94 (Chapter 11). Similarly, Common Cranes showed
increased time spent in rest and other nonobligatory activities despite decreased intake rates
between two winter periods (Alonso and Alonso 1993). Larger species tend to suffer less
predation risk (Illius and Fitzgibbon 1994) than smaller species. In Whooping Cranes,
which can be greater than 1.5 m tall, predation may have played a major role in selecting for
adaptive foraging strategies over time on the wintering grounds, even if the net effect of
direct predation is small (Lima 1993). If this were true, the consequences (kill by predator)
of reduced time spent in alert behavior during periods of food stress may be minimal,
allowing such a species to reduce vigilance time to increase time spent in searching for and
acquiring food resources during periods of low food availability.
The increase in maintenance (and numerically also rest) activity fiom first to second
season in open water habitat, when food resources in this habitat were reduced in 1993-94
relative to the first season, is puzzling. I expected a decrease in elective behaviors and an
increase in obligatory activities compared with the first season, yet the opposite trend was
observed. It appears that the proportion of the time budgets saved by reducing alert
behavior time was used in elective rather than obligatory activities as expected.
In bay habitat only time spent in interaction and rest behaviors differed statistically
between years, despite large numerical differences in mean proportion of time spent in other
behaviors. For example mean feeding time decreased fiom 47.8% to 29.8% and
locomotion increased fiom 28.9% to 38.9% fiom first to second winter. Whooping Cranes
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foraged on a different food item each year in bays, dwarf clam in 1992-93 and razor clams
in 1993-94, which exhibited different distribution patterns and apparent densities (Chapter
11). Dwarf clams were highly clumped and found in high densities on or near the substrate

surface, while razor clams dig deep into sediment and apparently are found in low densities
(although this was not quantified in this study). Numerical differences in feeding and
locomotion were, therefore, expected. Reduced foraging (feeding and locomotion) and
aiert behaviors during the first season were expected to have been reflected as an increase in
elective activities which was shown for rest but not maintenance behavior.

TEMPORAL PATTERNS IN ENERGETIC BUDGETS
OF WINTERING WHOOPING CRANES

SYNOPSIS
I evaluated the energetic budgets of nonbreeding Whooping Cranes on the Texas
coast during the months of October-April during 1992-93 and 1993-94 winters. I
compared energy budgets among different months and between the two winters. Energy
balance of cranes was evaluated by comparing estimates of daily energy expenditure (DEE),
based on time activity budgets, with estimates of daily energy intake (DEI), based on food
consumption rates and energetic value of foods. I determined the energetic contribution of
the different food items to the daily and overall winter diets and energy intake of Whooping
Cranes. Overall mean daily DEE per month was not significantly differe~t > 0.05, U =
24, df = 4,7) during the two winters of study. However, gross energy intake was
significantly less during the 1993-94 winter (P = 0.01, U = 11, df =4,7). During 1992-93
Whooping Cranes showed a consistently high positive energy balance during all months.
During 1993-94 crane energy budgets were negative during October and December (no
data for November), slightly positive in January (+I26 kj) and significantly more so in
March (+889 kj) (no data for February). The most significant source of energy for
Whooping cranes was blue crab during both winters. During 1992-93 blue crabs
contributed between 62% and 98% (mean 88.4) of energy intake during all winter months,
while during 1993-94 they contributed between 18% and 97% (mean = 58.8%) during the
different months. Wolfberry was the second most important source of energy for cranes
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contributing between 36%, 17%, and 10.7% during October through December 1992,
respectively. During the 1993-94 winter wolfbeq contributed between 33.3% and 81.6%
during the different months (October - January, excluding November). I used daily energy
budgets to evaluate predictions regarding overwinter survival and reproductive success
during the two winters in relation to the amount of potential energy stores during the two
different years of study.

INTRODUCTION
During the non-breeding season food is the resource of primary importance, and the
acquisition of food should play a prominent role in determining a bird's use of time (Hutto
1985). Because different behaviors have varying energetic costs (Goldstein 1990) overall
time activity budgets will ultimately determine energetic budgets. Individuals must maintain
a positive energy balance during the winter season in order to survive. This is accomplished
primarily through apportionment of time so as to procure sufficient resources to meet a
day's energetic needs and possibly exceed daily needs to store as reserves to offset future
potential negative balances during a day. For example, in cold weather, fat reserves are
deposited during the day to compensate for losses that may occur during the night
(Kendeigh et al. 1977).
Acquisition of food, and ultimately energy, may be complicated by seasonal
availability and distribution patterns of food items and predation risks (Lima 1993). During
the non-breeding period time and energy budgets may vary between phases of the yearly
cycle in some bird species (Alonso and Aionso 1993), such as between migration and

wintering periods. Variations may also occur within a single season, such as among early
(after arrival in wintering ground), mid, and late (premigration and possibly pre-breeding)
periods within the winter. During particular phases of the wintering period use of energy
for maintenance versus maintenance and energy storage may vary. For example, prior to
migration birds may be more likely to be concerned with storing reserves for migration and
possibly breeding than just simply meeting daily energetic needs (McLandress and Raveling
1981).

Energetic requirements to endure migration and subsequent reproduction upon
arrival on breeding grounds are considered to be high in some species (Kendeigh et al 1977,
Ankney and Alisauskas 1991). The shortage of resources during a critical period, such as
premigration, may affect survival during migration and may affect reproduction during the
upcoming breeding season. Reproductive success may depend on the accumulation of
adequate energy reserves on the wintering grounds (McLandress and Raveling 1981,
Joyner et al. 1984). More directly, however, a limited availability of resources or time in
which to procure them, during any portion of winter, may directly affect overwintering
survival and overall fitness. Winter survival is the major fitness component of many
temperate dwelling species during the nonbreeding period (McNamar and Houston 1986,
Rogers and Smith 1993).
In temperate regions many overwintering bird species deposit fat reserves during
winter (Lehikoinen 1987, Blem 1990) which requires that birds consume energy in
quantities greater than their daily energy expenditure (DEE). In Maine, body fat has been
reported to have a significant effect on the overwintering survival capacity of Black Ducks

(Anas rubri~es)(Reinecke et al. 1982). In many Northern Hemisphere bird species the
mean mass of individuals has been reported to peak during midwinter (Kendeigh et al. 1977,
Lima 1985). In general among bird species, 70-90% of the weight and mass gains
observed are the result of increases in fat stores (80-90, Reinecke et al. 1982, ). In several
migratory crane species, a weight gain as high as 30% of body weight has been observed
prior to (Swengel 1992), or during, spring migration (Krapu et al. 1985). The amount and
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risk of starvation and risk of predation (Lima 1985). Reproductive success of many
migratory bird species may depend on the accumulation of sufficient energy reserves while
on the wintering grounds (McLanndress and Raveling 1981, Williams and Kendeigh 1982,
Joyner et al. 1984). Energy reserves obtained in wintering areas sustain northern nesting
geese between the time of arrival and nest initiation during years of delayed snow melt
pavies and Cooke 1983). The large energy stores reported for cranes (Krapu et al. 1985,
Swengel 1992) may serve a similar fbnction as in geese.
Foraging birds ~nustrlhoose among behaviors with different energetic costs and must
acquire sufficient energy to meet both these costs and cost of other activities, such as
maintenance, thermoregulation, storage and reproduction (Goldstein 1990). Estimates of
DEE have been used extensively in recent years for many bird species in order to evaluate
energy budgets using doubly labeled water, feces collection, and time activity budgets
(Goldstein 1988, Nagy 1989).
To estimate DEE using time activity budgets it is necessary to determine the amount
of time spent by an individual during a day in different activities (feeding, walking, alert,

etc.) and to know the energetic costs of the different behavioral activities of birds under
investigation (Goldstein 1988, 1990). There are more direct approaches for arriving at daily
energy expenditures in free living birds, however, these methods require capturing and
handling of the individuals under study. The time activity budget method unlike other
methods has the advantage of being easy to apply in the field, is of low cost, and most
importantly is nonintrusive (Nag! 1989). Therefore, the time activity budget method is
pariicuiariy weii-suited for use with endangered species. Endangered populations are
generally in low densities and capture and handling of even a single individual poses a
considerable risk. Time activity budget methods, however, do require certain assumptions
to be made and the use of data on cost of activities that, in most cases, has been collected
fiom other species or populations different fiom the one under study. Therefore, time
activity budgets are likely the best approach for nonintrusive evaluation of DEE of
endangered populations and has been shown to be reliable in many instances (Goldstein
1988).

In this study, I evaluate the energetic budgets of nonbreeding Whooping Cranes on
the Texas coast during the months (October-April) of their overwintering period and
compare monthly and overall energetic budgets between two different winters. I evaluated
energy balance of cranes during the wintering months and between years by comparing
estimates of DEE, based on time activity budgets, with estimates of daily energy intake
@EI) and energy retained. I evaluated the energetic contribution of different food items to

the daily and overall winter diet of Whooping Cranes. Differential daily energy budgets
(DEB) and potential for energy storage was used to evaluate predictions regarding

overwinter survival and reproductive success during different years of study.

METHODS
This study was conducted on Aransas and Matagorda Island National Wildlife
Refbges (ANWR and

respectively) located on the Texas coast during the months

of October through April of 1992-93 and 1993-94. ANWR is located in Aransas and
Rekgic c~untiesr;?d is ~ p . i j p i i i ' i i i i 850

fioith of Coiijus Cliiisti, Texas. ivGTT%R is a

barrier island, 62 krn long and varies from 1.2 to 7.3 km wide, located in Calhoun County.
MINWR runs parallel to the coastline and is east and north of ANWR. Our study of crane
time activity budgets took place primarily in the salt marsh portion of the two refuges,
which is the primary habitat used by wintering cranes (Chapter 11). The salt marsh area is
located along the eastern coast of ANWR and on the west side of MINWR. Salt marsh
habitats consist of vegetated flats dominated by glasswoit (Salicornia virginiana), saltwort
B
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maritima), sea-oxeye daisy (Bomchia fiutescens), wolfberry (Lycium carolinianum),

saltgrass @isticidis spicata), and smooth cordgrass (Spartina alterniflora), and wind tidal
flats dominated by mudfalt grass (Eleocharis parvula), saltgrass, and cordgrasses.
Interspersed among vegetated areas are open water bodies of varying sizes. Time activity
budgets were also collected from two other habitats on Aransas, upland burn sites and bays.
Upland habitats are used by Whooping Cranes primarily just after a prescribed fire has been
applied and may represent important alternative feeding sites for cranes (Chavez-Ramirez et
al. 1996). Cranes aiso use the shallow portions of bays adjacent to their primary salt marsh
habitat.

Habitat use patterns of Whooping Cranes were determined from aerial surveys by
locating the maximum number of individual cranes during near weekly surveys during 199293, b~ due to logistical problems, less intensively and irregularly during 1993-94 (Chapter
11). I combined surveys conducted during the same month and used total number of

observations to infer habitat use patterns of Whooping Cranes for each month. For this
study I assumed that the distribution of cranes (proportion in different habitats) during aerial
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Behavioral observations were collected fiom blinds set adjacent to Whooping Crane
territories in ANWR, however, because of the larger territory sizes in MINWR setting
blirids was not a feasible option there. Most behavioral observations on MINMrR, and to a
limited extent in ANWR, were collected fiom observation towers and vehicles. During an
observation session all cranes visible fiom observation points were sampled once.
Observation sessions lasted between 1 and 6 hr depending on number of cranes visible at
the time. During observations, focal birds (Altmann 1974) were selected for observation.
Each focal bird was followed visually with aid of binoculars or spotting scope for 30
consecutive min. During the 30 min, 120 instantaneous samples were collected by
recording behavior of crane under observation every 15 sec in one of the following
categories; feeding, locomotion, maintenance, interaction, alert, and rest. A more detailed
description of individual behaviors is reported elsewhere (Chapter 11). An audio tape was
used to give a cue at 15-sec intervals. If a crane was lost fiom sight for longer than 5 min
the observation session was terminated for that individual.
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Dailv Enerav Expenditure. -- The potential total daily enerB expenditure (DEE) of
Whooping Cranes was determined by the sum of costs, as multiples of basal metabolic rate
(BMR), of different behavioral activities. Costs of individual behavioral activities have been
previously determined with estimates based on other nonpasserine bird species (Table 9;
Barnford and Maloiy 1980, Goldstein 1988). No data is available on exact cost of
behavioral activities for Whooping Cranes.
Ln_ order tn nse I!r\metfi.c e y ~ z t i c n sit is n e c e s s q tc
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under investigation. Though the available data is limited for wild cranes, the average weight
of a Whooping Crane in the wild has been reported as 7 kg (Johnsgard 1983, USFWS
1986). I therefore, estimated BMR for cranes based on the assumption that wild Whooping
Cranes in the study area all have an average mass of 7 kg. I then used Aschoff and Pohl
(1970) allometric equations for nonpasserine birds to arrive at estimates of the resting and
active BMR in kj d-' as follows:
Resting BMR:

307.0 M! 734

Active BMR:

381.0 M"729

where M is equal to the mass of bird in kg.

Table 9. Behavior categories used in this study and energy expenditure coefficients (EEC)
used to estimate daily energy expenditure (DEE) of Whooping Cranes wintering on the
Texas coast.

Behaviors

ZZC

n .P.

.

nwel e11ce

Foraging

Goldstein 1990

Walking

Bamford and Maloiy 1980

Flying

Goldstein 1990

Resting

II

Comfort

II

Agonistic

II

Interaction

It

Alert

11

Estimates based on allometric equations used here have been previously evaluated and
found to yield results comparable to more direct methods (feces collection) of DEE
estimates done on captive Whooping Cranes (Nelson 199%. Daylight behavioral activities
were modeled based on 11.45 hr, which was the average daylight length at the study area
during the study period. I calculated overnight energy expenditure based on the assumption
that all nocturnal activity was resting during the 12.55 hr of dark. Because of the
endangered status of the Whooping Crane, and extreme low numbers present on the
wintering grounds, more direct methods of estimating DEE in wild Whooping Cranes were
not feasible.
More accurate estimates of DEE, over a 24- hr period, can be arrived at with time
activity budget data if thermoregulatory costs are considered (Goldstein 19881, particularly
if ambient temperature drops below a species' lower critical temperature (Buttemer et al.
1986, Nagy 1989). Time energy budgets (TEB) constructed using allometric equations
work best if birds do not show daily behavioral changes for thermoregulation. The
predicted lower critical temperature for a 7 kg non-passerine bird based on allometric
equations of Calder and King (1974) is -13.5 " C. In the study area the temperature over
the two winters of study never dropped below -2 " C, and it is therefore assumed that any
additional energy costs of thermoregulation by Whooping Cranes during the two winter
periods on the Texas coast was minimal during the study. In general, it is expected that
large birds are less sensitive to their thermal environment and estimates of DEE based on
activity budgets may be more accurate for larger species (Nagy 1989).

BEE of Whooping Cranes was determined with the following formula:

DEE,,, = @EEv)(Pv) + @EEow)(Pow) + @EEb)(Pb)

+ @EEul)(Pul)

+ @EEnight)(Pn)

(1)

where:

DEE,,

= Daily energy expenditure in 24-hr period

DEEv = Energy expenditure in salt marsh vegetation kj W1
DEEow = Energy expenditure in salt marsh open water kj hr"
DEEb = Energy expenditure in bay kj hfl
DEEul = Energy expenditure in upland kj hf'
DEEnight = Energy expenditure during nighttime hours kj hfl ,nighttime hr = 12.5

Px= Proportion of dzylight h ~ u r spent
s
in habitat x, total daylight hr = 11.5

DEE for each habitat was calculated as:

where:

DEEx = Energy expenditure in habitat x in kj.h-'

F, = Time spent in feeding activity in habitat x in hr
L, = Time spent in locomotor activity in habitat x in hr
I, = Time spent in interaction activities in habitat x in hr

R, = Time spent in rest activities in habitat x in hr
4, = Time spent in alert activities in habitat x in hr

4 = Time spent in maintenance activities in habitat x in hr
xBMR = Cost of activity as multiple of BMR (basal metabolic rate) kj hr-' for 7 kg bird
active BMR = 65 kj he' (Table 9)

Enerm Consumption.-- The abundance of different food items was monitored throughout
the wintering period (Chapter I1 ). Food intaAe rates (gr/hr) for specific food items was the
sum of food items ingested per unit time multiplied by the mean weight of the food item
determined from sampling. The number of food items consumed was determined by
counting the number of items taken by cranes per 4 min observation sessions for wolfberry,
dwarf clams, and possible insects. Numbers of blue crabs and razor clams consumed were
determined by counting the number taken over 30-min periods during which time behavioral
data were collected, because cranes could take several minutes to find and consume crabs
and razor clams. Energy intake rate for each food item was determined based on the
number of food items consumed per unit time and the mean (wolfbeny, dwarf and razor
clams) or mode (blue crab) weight of individual food items multiplied by the gross energy
content of each food item. Gross energy content and metabolizable energy coefficients
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(MEC) for most food types (blue crab, wolfbeny, clams) were obtained fiom Nelson (1995)
based on studies of captive Whooping Cranes (Table 10). Energy and MEC for other foods
(crickets) were obtained fiom Karasov (1990) (Table 10).

Table 10. Gross energy content and metabolizable energy coefficientsfor Whooping Crane
foods fiom Texas wintering grounds on dry matter basis.

-

Food

-

-

Gross

Metabolizable

Energy

Energy Coefficient

Reference

kjlgr

Blue crab

11.9

0.36

Wolfbeny

21.5

0.44

Clams

1.9

0.75

Crickets

22.2

0.74

Nelson !995
I1

II

Karasov 1990

Daily energy intake for Whooping Cranes was determined with the following formula:

DEIt = (DEIv) + (DEIow) + (DEIb) + (DEIul)

where:

DEIt = Total daily energy intake
DEIv = Daily energy intake in salt marsh vegetation
DEIow = Daily energy intake in salt marsh open water
DEIb = Daily energy intake in bays
DEIul = Daily energy intake in uplands

Energy intake in each habitat was determined with the following formula;

'

DE4 = (MC gr.hr- ) (GE kj.gr- ') (MEC, ) (PJ

Where:

DEI, = Daily energy intake in habitat x.
MC = Mass consumed in gr.h" on dry matter basis.
GE = Gross energy content of food in l<S.giloil dry mgtter basis.
MEC, = Metabolizable energy coefficient for food consumed in habitat x.

(3)

P,

= Proportion of daylight hours spent in

habitat x.

Enerm Balance Model Assumptions.-- I assumed and modeled all activities conducted
during the 11.45 daylight hours under the active BMR (65 kj hfl),while all nocturnal
behavior was assumed to be resting and modeled under resting BMR (56 kj hfl). The daily
energy balance of Whooping Cranes is based on the difference between total metabolized
energy intake and daily energy expenditure as calculated by equations (3) and (1). I did not
assume that Whooping Cranes had a net energy balance of zero in the wild, thus allowing
for daily potential positive or negative energy balance, which would translate into an
increase or decrease in body mass, respectively. For purposes of this model I assumed that
any excess energy intake (> DEE) could result in weight increases due primarily to
deposition in the form of fat. I used the value of 39 kj as the equivalent of 1 gr of fat
(Ricklefs 1980 ). Most weight (70-90 %) gained by birds during the nonbreeding period are
the result of gains in fat stores (Reinecke et al. 1982, Krapu and Johnson 1990). For
simplicity, I assumed every 39 excess kj would equal 1 gr increase in body mass and
conversely a 39 kj deficit could equal 1 gr decrease in mass, although this assumijticrii is
likely to overestimate mass gained or lost. I assumed that habitat use patterns (proportion
of time spent in different habitats), obtained fiom aerial surveys and pooled by month, were
similar for all days during a month (in essence an average day for the particular month). I
assumed thermoneutrality during the entire period because the lowest temperature recorded
(- 2"2) during the entire study period did not surpass the Whooping Cranes' estimated

lower critical temperature (-13.5" C) and it is expected that larger bird species are less

sensitive to thermal environments (Nagy 1982).

RESULTS
Monthlv Energv Budgets.-- Mean DEE per month for Whooping Cranes was not
significantly different (P > 0.05, U = 24, df = 4, 7) during the two winters of study, however
gross energy, intake was significantly less during the 1993-94 winter (P = 0.01, U = 11, df =
4,7; Table 11). During the 1992-93 wintering season Whooping Cranes showed a
consistent and high positive daily energy balance during all months (Table 11). Excess
energy (based on differences between intake and expenditure) peaked in January with
energy intake more than double tne ef.timated daily expenditure during most months.
During the month of March DEI was only slightly greater than DEE. During the 1993-94
wintering period comparable data on habitat use was not available for the months of
November, February, and March (Chapter II, Table 11). During October and January the
cranes showed a negative DEB, a positive balance in January (+126.9) and a larger increase
in energy intake was estimated during the month of March (+889; Table 11).

Energetic Contribution of Food Items.-- The most significant source of energy for
wintering Whooping Cranes during both years of study was blue crab. Whooping Cranes
appear to rely on blue crabs for most of their daily energy intake during the winter months.
Time spent in open water habitats, where blue crabs are captured, was consistently high
both years during the entire wintering period (Chapter 11). Use of open water habitats was
particularly high during the 1992-93 season when blue crabs comprised between 62% and
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98% of daily energy intake during the different months (Table 12). There were great

differences in net energy obtained from blue crab between the two winters of study for the
months of October, December, and January (Table 12).
During the 1992-93 winter, blue crabs contributed between 62% and 98% (mean = 88.4) of
the daily energy intake during all months (Table 12). Blue crab capture rates by Whooping
Cranes decreased by more than 50%from the first to second year (Chapter 11, Table 5).
Blue crab trapping data showed a considerable decrease in abundance of blue crabs during
the second year compared to the first (Chapter 11, Fig. 2). Decreased abundance of blue
crabs and reduced capture rates by cranes translated into reductions in proportion of energy
contributed by blue crabs to cranes' diet during most of the 1993-94 winter. Blue crab
comprised between 18% and 63% (mean = 45.9%)of energy intake in October, December
and January. However, in March 1994 energy intake from crabs was similar to 1992-93
values (97.6%).
Wolfberry h i t was the second most import source of energy in the overall diet of
wintering Whooping Cranes along the Texas coast. The proportion of energy provided by
wolfberry averaged 21.3% of DEI durir,g the months of October t h ~ o ~ Jsu~i-y
g ! ~ during the
winter of 1992-93; whereas during the 1993-94 winter wolfberry contriiuuted an average
52.1%of DEI during the months of October, December and January (Table 12). Wolfberry

increased significantly, relative to 1992-93, in importance in both net energy and proportion
of total energy provided during the months of October, December, and January in 1993-94
winter (Table 12). The increased value of wolfberry energy was the result of increased time
spent in salt marsh vegetation and greater wolfbeny consumption rates during the second

Table 1 1. Daily energy expenditure (DEE), daily energy intake (DEI), and daily energetic balance of Whooping
Cranes wintering on the Texas coast.

Month

DEI

DEE

Balance

DEI

DEE

Balance

kjlday

kjlday

kjlday

kjlday

kjlday

kjlday

October

3186.4

November

4902.4

December

5024.7

January

7415.1

February

6678.4

March

268 1.6

April

5055.9
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year (Chapter 11, Tables 2 and 5).
Based on the assumption that it takes 39 kj to deposit one gr of fat (Karasov pers.
comm.) and the fact that cranes consumed amounts of energy much greater than was
required to meet their daily energy needs, cranes were capable of storing significant
amounts of fat during most of the winter of 1992-93 but not during 1993-94 winter.
During the 1992-93 winter Whooping Cranes could have gained a minimum of 4.3 gr of fat
in a typical day in March to as high as 125.9 gr during an average day in the month of
January. During 1993-94 cranes did not consume energy in quantities sufficient to store
energy in form of fat until January and March.
During January 1994 cranes could have stored 3.3 gr of fat during a day, while in March as
much as 22.7 gr could have been stored.

DISCUSSION
Many birds species are reported to select sheltered microhabitats to reduce their
overall energy expenditure (Caccamise and Weathers 1977, Shaw 1979, Stalmaster and
Gessarnan 1984). Whooping Cranes did not exhibit any behaviors which suggested
selection to reduce exposure to wind andlor solar radiation and it appears they actually
avoid areas near closed and brushy habitats (Hunt 1987). Cranes spend the entire day and
all overwintering season exposed to sunlight and winds that are characteristic of coastal
habitats. The lower critical temperature (predicted to be -13.5" C) was never reached
during the winters of study.
In comparison to other species of birds, Whooping Cranes spend very little time
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flying in the wintering grounds which is the most energetically expensive activity for birds.
It is possible that because the minimum expenditure of energy Whooping Cranes may be
able to spend a greater portion of the day actively searching for food apparently not
concerned with any possible additional thermoregulatory costs associated with exposure to
wind and sun. Winds are constant in the coastal environment where the Whooping Cranes
overwinter and are likely to affect overall thermoregulatory costs (Bakken 1990). At
present, however, I am unable to evaluate the overall effects that winds, and constant
exposure to solar radiation, may have on the energetic balance of cranes. Because winds
are continuous and consistent on a day to day basis, I assumed there were minimal
differences in overall thermoregulatory costs over different days and between years of
study.

Overwinter Survival and Reproductive Success.-- Winter survival is considered the major
fitness component of many temperate dwelling avian species during the nonbreeding period
(McNamara and Houston 1986, Rogers and Smith 1993). Because energy (fat) stores have
been reported as affecting overwi~tersurvival, the ability tc stcre f2t mzy be ccnsidered a
measure of winter fitness (= overwinter survival) in migratory species. Overwinter survival
can be expected to differ on the basis of differential quantities of fat stored during different
years. During the two winters of study Whooping Cranes were capable of storing large
quantities of energy reserves only during the first year (1992-93) when DEI greatly
exceeded DEE during all months (Table 11). Because of the differences in potential for
energy storage during the two seasons, one would expect greater survival of cranes during

the first winter relative to the second year. Actual Whooping Crane mortality recorded
during tne two years of study supports this prediction. Whooping Crane mortality was zero
during the1992-93 winter, while, seven Whooping Cranes were confirmed dead (and
possibly up to 12 cranes may have died) during the winter of 1993-94.

Reproductive

success of northern latitude migratory birds may depend on the accumulation of adequate
energy reserves on the wintering grounds (McLandress and Raveling 1981, Joyner et al.
1984). Fat stored during the winter may be important for reproduction upon arrival on
breeding grounds for Whooping Cranes, as is suggested for several other species of
northern migrants (McLandress and Raveling 1981). During many years Whooping Cranes
arrive on the breeding grounds when conditions are not favorable for feeding (frozen water,
lack of invertebrates and vertebrate life dormant, Brian Johns, pers. Comm.). In years when
unfavorable conditions exist, securing sufficient energy reserves in wintering areas may be
of critical importance for success of reproduction.
Differential nesting attempts and reproductive success between the springs of 1993
and 1994 is suggestive and appears to support the idea that energy stores from the
wintering grounds may be of considerable importance for Whooping Crane reproduction
during the subsequent spring. During the spring of 1993, following the winter in which
Whooping Cranes had high potential to store energy reserves, a record 45 nests were
located in Wood Buffalo National Park producing 36 young of which 15 arrived on the
wintering grounds. In contrast, the spring of 1994, after a relatively poor food availability
winter with little opportunity to store energy reserves, only 29 nesting attempts were
documented producing 13 chicks of which eight arrived on the wintering grounds. Water

levels in nesting ponds are measured in the breeding grounds by the Canadian Wildlife
Service and are believed to be correlated with chick production (Kuyt et al. 1992).
Qualitative assessments by Canadian Wildlife Service and U.S. Fish and Wildlife Service
Biologists had ranked water levels in breeding grounds during 1993 as "alarmingly low
during spring and production was not expected to be very good", while in 1994 water
conditions "appeared favorable" for reproduction (Stehn 1994, 1995). Based on the
previous evaluations of the nesting habitat by experts, the opposite of what was expected
(bad reproduction in 1993, good in 1994) was observed (good reproduction in 1993, bad in
1994) regarding nesting attempts and nesting success.
Whooping Cranes could secure energy reserves at stopover areas while in route to
breeding grounds during spring as several other species appear to do. Sandhill Cranes, for
example, spend significant amounts of time (several days to weeks) in stopover areas during
spring migration (Krapu et al. 1985, ). Because of the extended period of time spent by
Sandhill Cranes in staging areas they can take on significant amount of energy during this
migration period where they have been reported to gain weight at a rate as high as 25 g.&'
(Krapu et al. 1985). Whooping Cranes generally do not spend extended periods of time at
any location during spring migration and, therefore are not likely to consume enough food
during migration to store significant amounts of energy.
In addition to increased overwinter mortality in 1993-94 winter and bad
reproductive success in 1994, several other aspects of Whooping Cranes' wintering ecology
suggest the winter of 1993-94 was a bad year to procure resources. The proportion of
cranes detected in relation to total number of cranes known wintering in area was
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significantly different during the two winters (Chapter n). In 1992-93,96.7% of the
wintering crane population was detected in aerial surveys, while during 1993-94 the
proportion of cranes detected in surveys declined to 89.4%. Because the same area was
surveyed each year with the. same route and observers this difference suggests that
Whooping Cranes may have moved away from their normal wintering range in the salt
marshes in search of resources.
Two aspects of migration were different during the spring and summer of 1994, late
migration and oversummering cranes. Whooping Cranes begin migrating later than usual in
1994 with 15 cranes remaining in ANWR and MINWR until early May which is an
unprecedented event (Stehn 1994). In addition, three Whooping Cranes in 1994 spent the
spring and summer at ANWR. Oversummering cranes have been reported on a few
occasions over that last 50 years. The phenomena of oversurnmering is not unusual in other
groups of birds and has been reported in at least 15 families (McNeil et al. 1994). In
shorebirds, which are the most common oversurnmering species, the primary reason
reported to cause oversummering is the absence or delayed physiological changes prior to
spring migration which include molting and accumulation of large amounts of fat (Johnson
et id. 1989, IvicNeii 19%). The deiayed initiaiizn of migration by Iwge numbers of cranes

and the presence of the largest numbers of oversummering Whooping Cranes during spring
and summer may be an indication of the limited opportunity for energy storage during the
1993-94 winter period.

Pouulation Energetics.-- Based on the results of 1992-93 winter, the average DEE
throughout the winter is 2536.2 kj -d -'. An average 88% of the energy consumed was
obtained fiom blue crabs during the winter period, therefore 223 1 kj was attributed to blue
crabs. I assumed that in a normal year individual crabs in the population average 110 gr of
which cranes consume 90% of it. A single crane could meet its average daily energy needs
(actually 88% mean contribution by blue crab) by consuming 5.26 crabs, weighing 110 gr,
during its daily foraging. A population of 130 Whooping Cranes would require 290,141
assimilable kj for a single day during the winter. The 130 cranes would require 817,299 gr
of ingested blue crab, which is equal to 683.8 crabs, to meet DEE during a single day during
the wintering period.
Winter food shortages in wintering grounds may naturally influence overwinter
survival and reproductive success during the breeding season in Whooping Cranes. Blue
crab has been consistently cited as an important food source for Whooping Cranes during
the winter by researchers and workers at Aransas National Wildlife RefUge. Based on
energy obtained fiom blue crab supports previous reports, and fUrther highlights, that crab
may be a very important and at times a critical source of food and energy for Whooping
Cranes wintering in Texas. Vdhooping Cranes consumed energy far in excess ofDEE
during 1992-93 winter suggesting the cranes were attempting to store energy reserves
throughout the wintering period. Because of the decreased abundance of blue crab during
1993-94 winter Whooping Cranes were not capable of securing sufficient resources to store

significant amount of energy which may have lead to increased overwinter mortality and
decreased reproductive effort and output.

CHAPTER V

SUMlMARY AND CONCLUSIONS

My data on macrohabitat use show that Whooping Cranes spend most of their time
during the winter in the salt marsh areas of the coast with upland and bay areas used only to
a small extent. During the two winters of study 87% and 86% of all crane recorded on
aerial surveys were found in salt marsh habitats, while 8.8% and 11% where found in
uplands, and only 3.9% and 3.1% were located in bays. The salt marsh is, therefore, the
most important habitat for Whooping Cranes' daily activities. The use of upland and bays
appears to be opportunistic and in response to readily available food supplies. For example,
the use of uplands is associated with areas that have been recently burned (Chavez-Ramirez
et al. 19961, and cranes have only rarely been observed in upland areas that have not been
recently burned. The only period of intensive use of bay areas by cranes, during the study
period, was during a two week period in March 1993 that corresponded to a sudden
increase in abundance of dwarf clams. The opportunistic use of uplands and bays may be a
trait that can be incorporated into future management programs. For example, it is clear
that the cranes are capable of locating unusual sources of abundant food resources.
The results of my study are in agreement with previous reports regarding the
importance of blue crab and wolfberry in the winter diet of Whooping Cranes. My results
show woifberry contributes an important proportion of the overall energy consumed during
the early portion of the overwintering period, October through January, and ceases to be

important in the latter part of the wintering season, February through April, when fruit
ripening ceases. Blue crabs, however, appear to be the most important source of food and
energy for wintering Whooping Canes contributing between 62% and 97% of overall
energetic intake during different months. My results show, however, that blue crabs may
become a limited resource during some years. The decreased abundance and availability of
blue crab during the 1993-94 winter resulted in decreased overall energy intake, with blue
crabs contributing as little as 18.4% of total energetic intake during the early part of the
winter. The decreased energetic intake due to the decrease in the blue crab numbers was
only partially offset by increased consumption of wolfberry h i t . Even with increased
wolfberry intake, the lack of crabs affected the potential for energy storage throughout the
wintering period resulting in negative energy balances through the first half of the 1993-94
winter.
Several aspects of the Whooping Cranes' winter ecology reflect possible effects of
reduced energetic intake rates. Greater than normal overwinter mortality during the 199394 winter may be related to the negative energy balance. Further evidence of the negative

effects of decreased energetic intake is the unprecedented, delayed initiation of spring
migration by a iarge number of cranes resuiting in the presence of Whooping Cranes
through the month of May at ANWR. The presence and oversurnmering of at least three
cranes in ANWR and MINWR are hrther indications of the possibility of reduced crab
availability affecting energy reserves necessary for migrating.
The possibility exists that energetic reserves obtained fiom the wintering grounds
are important for spring reproductive efforts, as they are in other migratory species, making

the availability of sufficient food and energy resources in the wintering grounds of greater
significance in the overall well-being of this population. The possibility that food resources
in the wintering grounds contribute to reproductive efforts and success in the breeding
grounds had not been previously considered for Whooping Cranes. Future work should be
attempted in trying to evaluate the significance of resource availability on the wintering
grounds in relation to overwinter survival and in the overall fitness (reproductive success,
lifespan etc.) of Whooping Cranes.
Careful monitoring of blue crab numbers in the salt marshes of the Whooping
Cranes wintering range should be undertaken on a yearly basis and regularly throughout the
wintering season. Careful monitoring of crabs may help in predicting periods of food
shortage for the cranes on the wintering grounds which may help in determining whether
management alternatives need to be implemented. For example, during a year of low crab
avai:zbiIit-- it wi! be more important to implement regular burns through out the winter, and
perhaps increase the number of burns, in an effort to provide alternative sources of food and
energy for the cranes.
The extremely low abundance of blue crabs during the 1993-94 winter was due to
iiloi;diiy associated with an extreme low tide that oczurrzd during ~ u g u s and
t September

1993. The effect of this low tide was that water levels decreased below the substrate of the
marshes and all marine life perished. Blue crabs were observed to begin to move back into
the marsh in January of 1994, although most were less than 25 cm in length and were not
captured in my traps. Commercial crab trappers were identified as a potential problem that
may affect the rate of movement of crabs to the marshes, and feeding areas of cranes. The
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traps, numbering in the hundreds, are set along the bay areas adjacent to Whooping Crane
salt marsh areas. Traps set in close proximity to the marsh may intercept the bigger crabs
which are attempting to move into the marsh. Consideration should be given to the
development of a mechanism by which crab trapping may be regulated, particularly during
years of low crab numbers. Some specific measures that may be implemented could include
the establishment of a minimum distance fiom the salt marsh at which traps may be set.
Elimination of crab trapping, or implementing a minimum distance for setting traps, may
facilitate and increase the rate at which blue crabs will move to the shallow areas and
become available for cranes.
We now have information regarding the importance of blue crab abundance and
know of the possibility that crabs may become limiting during some years. Information
presented here provides data on numbers of crabs necessary to maintain a single crane and a
population of 130 cranes over a day. This information may be used to extrapolate food
requirements over the entire season or portions of it. What remains to be determined is
what the actual density of crabs is at different locations and at times of the year during high
and low crab abundance years. Cha~gesin crab population levels throughout the annual
cyc!e z c cf grezt importance in that howierige of crab densities can heip us evaluate

several aspects of the Whooping Cranes' winter ecology. With information on crab
densities minimum temtory size can be determined for a pair andlor family group during
different years. Territory size is important as the average temtory size on the wintering
grounds has been decreasing over time (Stehn and Johnson 1987). Minimum territory size
may also help in determining the carrying capacity of the current wintering grounds on and
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around Aransas and may help in predicting maximum number of cranes which may be
supported. Being able to determine carrying capacity may also help in the evaluation of
fiture potential wintering grounds for the planned reintroduced populations of Whooping
Cranes.

LITERATURE CITED

Alatalo, R. V. 1980. Seasonal dynamics of resource partitioning among foliage-gleaning
passerines in northern Finland. Oecologia 45: 190-196.
Allen, R. P. 1952. The whooping crane. National Audubon Society Research Report No. 3.
Alonso, J. A., and J. C. Alonso. 1993. Age related differences in time activity budgets and
parental care in wintering Common Cranes. Auk 110:78-88.
Alonso, J. A., J. C. Alonso, L. M. Carrascal, and R. Munoz-Pulido. 1994. Flock size and
foraging decisions in central place foraging White Storks, Ciconia ciconia.
Behaviour 129:279-292.
Altmann, J. 1974. Observational study of behavior: sampling methods. Behaviour 49:227267.
h a t , J. A., and F. D. Rilla. 1994. Foraging behavior of White-faced Ibises (Pleyadis chihi)
in relation to habitat, group size, and sex. Colon. Waterbirds 17:42-49.
Ankney, C. D., and R. T. Alisauskas. 1991. The use of nutrient reserves by breeding
waterfowl. Proc. 20th Inter. Ornith. Congress, Cbuistchurch,New Zealand. Vol.
T.31A-A

- 9 - r

L . ~ l V I u - L II U .

Aschoff, J., and H. Pohl. 1970. Rhythmic variations in energy metabolism. Fed. Proc.
211541-1552.
Audubon, J. J. 1841. The birds of America. Macmillan, New York.
Bakken, G. S. 1990. Estimating the effect of wind on avian metabolic rate with standard
operative temperature. Auk 107:587-594.

Bamford, 0.S., and G. M. 0.Maloiy. 1980. Energy metabolism and heart rate during
treadmill exercise in the Marabou stork. J. Appl. Physiol. 49:491-496.
Bent, A. C. 1926. Life histories ofNorth American marsh birds. U.S. Nat. Mus. Bull, no.
135.

Bishop, M. A., and D. R. Blankinship. 1982. Dynamics of subadult flocks of whooping
cranes at Aransas National Wildlife Refbge, Texas, 198 1. Pages 180-189 b Proc.
1981 Crane Workshop (J.C. Lewis, Ed.). National Audubon Society, Tavernier,

Florida.
Bishop, M. A. 1984. The dynamics of subadult flocks of whooping cranes wintering in
Texas, 1978-79 through 1982-83. Unpubl. MS thesis, Texas A&M Univ., College
Station.
Blankinship, D. R. 1976. Studies of whooping cranes on the wintering grounds. Pages 197206

Broc. Int. Crane Workshop (J.C. Lewis, Ed.). Oklahoma State Univ. Publ.

and Print., Stillwater.
Blem, C. R. 1990. Avian energy storage. Curr. Ornithol. 759-1 13.
Britton, J. C., and B. Morton. 1989. Shore ecology of the Gulf of Mexico. Univ. of Texas
Press, Austin.
Brown, 9.E. 1964. Territorial behavior and population regulation of birds. Wilson Bull.
81 :293-329.

Butler, R. W. 1994. Population regulation of wading ciconiiform birds. Colon. Waterbirds
171189-199.

Buttemer, W. A., A. M. Hayworth, W. W. Weathers, and K. A. Nagy. 1986. Time-budget

estimates of avian energy expenditure: physiological and meteorological
considerations. Physiol. 2001. 59: 131-149.
Caccarnise, D. F., and W. W. Weathers. 1977. Winter nest microclimate of monk parakeets.
Wilson Bull. 89:346-349.
Calder, W. A,, and J. R. King. 1974. Thermal and caloric relations of birds. Pages 259-413
in Avian biology @.S. Farner and J.R. King, Eds.). Academic Press, New York.
Caraco, T. 1980. Avian flocking in the presence of a predator. Nature 285:400-401.
Carrascal, L. M., L. M. Bautista, and E. Lazaro. 1993. Geographical variation in density of
white stork, Ciconia ciconia, in Spain: Influence of habitat structure and climate.
Biol. Conserv. 6533-87.
Chavez-Ramirez, F., H. E. Hunt, R. D. Slack, and T. V. Stehn. 1996. Ecological correlates
of Whooping Crane use of fire-treated upland habitat. Conserv. Biol. 10:217-223.
Crook, J.H. 1965. The adaptive significance of avian social organizations. Symp. Zool. Soc.
Lond. 14:181-218.
Davies, J. C., and F. Cooke. 1983. Annual nesting productivity in snow geese: prairie
droughts and arctic springs. J. Wildl. Mange. 47:291-296.
Fasola, M. 1994. Opportunistic use of foraging resources by heron communities in southern
Europe. Ecography 17:113-123.
Ford, H. A., L. Huddy, and H. Bell. 1990. Seasonal changes in foraging behavior of three
passerines in Australian eucalyptus woodland. Pages 245-253 b Avian foraging:
theory, methodology, and applications (M.L. Morrison, C.J. Ralph, J. Verner, and
J.R. Jehl, Jr, Eds.). SAB No. 13.

95
Goldstein, D. L. 1988. Estimates of daily energy expenditure in birds: the time energy
budget as integrator of laboratory and field studies. Am. Zool. 28:829-844.
Goldstein, D. L. 1990. Energetics of activity and fiee living in birds. Pages 423-426 h
Avian foraging: theory, methodology, and applications (M.L. Morrison, C.J. Ralph,
J. Verner, and J.R. Jehl, Jr, Eds.). SAI3 No. 13.
Goss, N. S. 1886. A revised catalogue of the birds of Kansas. Kansas Publ. House, Topeka.
Goss-Custard, J. D. 1985. Foraging behavior of wading birds and the carrying capacitj of
estuaries. Pages 169-188 h Behavioral ecology: ecological consequences of
adaptive behavior @.M.Sibly and R.H. Smith, Eds.). Blackwell, Oxford, UK.
Hejl, S. L., and J. Verner. 1990. Within-season and yearly variation in avian foraging
locations. Pages 202-209 b Avian foraging: theory, methodology, and applications
(M.L. Morrison, C.J. Ralph, J. Verner, and J.R. Jehl, Jr, Eds.). SAI3 No. 13.
Hejl, S. L., J. Vemer, and G. W. Bell. 1990. Sequential versus initial observations in studies

~

of avian foraging. Pages 166-173 Avian foraging: theory, methodology, and
applications W.L. Momson, C.J. Ralph, J. Verner, and J.R. Jehl, Jr, Eds). SAB No.
13.
Holland, A. F., and J. M. Dean. 1977. The biology of the stout razor clam Tagelus plebius:

II. Some aspects of the population dynamics. Chesapeake Science 18:188-196.
Holmes, R. T. 1966. Feeding ecology of the red-backed sandpiper (Calidris alpina) in arctic
Alaska. Ecology 47:32-45.
Hunt, H. E. 1987. The effects of burning and grazing on habitat use by whooping cranes
and sandhill cranes on the Aransas National Wildlife Refuge, Texas. Unpubl. PhD

dissertation, Texas A&M Univ., College Station.
Hunt, H. E., and R. D. Slack. 1987. Winter foods of the Whooping Crane based on stomach
content analyses. Pages 217-218, ig Proceedings of the 1985 Crane Workshop (J.C.
Lewis, Ed.). Platte River Whooping Cranes Habitat Maintenance Trust, Grand
Island, Nebraska.
Hunt, H. E., and R. D. Slack. 1989. Winter diets of whooping and sandhill cranes in south
Texas. J. Wildl. Manage. 53:1150-1 154.
Hutto, R. L. 1985. Habitat selection by nonbreeding, migratory land birds. Pages 455-476
in Habitat selection in birds (M.L. Cody, Ed.). Academic Press, New York.
-

Illius, A. W,, and C. Fitzgibbon. 1994. Costs of vigilance in foraging ungulates. Anim.
Behav. 47:481-484.
Johnsgard, P. A. 1983. Cranes of the world. Croom Helm, London, UK.
Johnson, 0.W., M. L. Morton, P. L. Bruner, and P. M. Johnson. 1989. Fat cyclicity,
predicted migratory fat ranges, and features of wintering behavior in Pacific Golden
Plovers. Condor 91 :156-177.
Joyner, D. E., R. D. Arthur, and B. N. Nelson. 1984. Winter weight dynamics, grain
consumption and reproductive potential in Canada Geese. Condor 86:275-280.
Kmsov, W. H. 199C. Digestion iii birds: cfizmical and physiological determinants and

ecological implications. Pages 391-415

Avian foraging: theory, methodology, and

applications (M.L. Morrison, C.J. Ralph, J. Verner, and J.R. Jehl, Jr, Eds.). SAB
No. 13.
Kendeigh, S. C., V. R. Dol'nik, and V. M. Gavrilov. 1977. Avian energetics. Pages 127-

204 in Granivorous birds in ecosystems: their evolution, populations, energetics,
adaptations, impact and control (J. Pinowski and S.C. Kendeigh, Eds.). IBP 12.
Cambridge Univ. Press, Cambridge, UK.
Kennedy, M., and R. D. Gray. 1994. Agonistic interactions and the distribution of foraging
organisms: Individual costs and social information. Ethology 96: 155-165.
King, J. R. 1974. Seasonal allocation of time and energy resources in birds. Pages 4-70 b
Avian energetics (R.A. Paynter, Ed). Publ. Nuttall Ornithol. Club No. 15,
Cambridge, Massachusetts.
Krapu, G. L., G. C. Iverson, K. J. Reinecke, and C. M. Boise. 1985. Fat deposition and
usage by arctic-nesting Sandhill Cranes during spring. Auk 102:362-368.
Krapu, G. L., and D. H. Johnson. 1990 Conditioning of sandhill cranes during fall
migration. J. Wildl. Manage. 54:234-238.
Kushlan, J. A. 1976. Feeding ecology of wading birds. Pages 249-297,

Wading Birds

(A.S. Sprunt, J.C. Ogden, and S. Winckler, Eds.). National Audubon Society
Research Report No. 7. New York.
Kushlan, J. A. 1981. Resource use strategies of wading birds. Wilson Bull. 93: 146-163.
Kuyt, E., S. J. Barry, and B. W. Johns. 1992. Below average whooping crane production in
Wood Buffalo National Park during drought years 1990 and 1991. Blue Jay 50:225229.
Labuda, S. E., and K. 0.Butts. 1978. Habitat use by wintering whooping cranes on the
Aransas National Wildlife Refbge. Pages 151- 157 b Proceedings 1978 Crane
Workshop (J.C. Lewis, Ed.). Colorado State Univ. Print. Serv., Fort Collins.

Lack, D. 1966. Population studies of birds. Claredon Press, Oxford, UK.
Lawrence, E. S. 1985. Vigilance during easy and difficult foraging tasks. Anim. Behav.
33:1373-1375.
Lehikoinen, E. 1987. Seasonality of the daily weight cycle in wintering passerines and its
consequences. Ornis Scandinavica 18:216-226.
Lendrem, D. W. 1983. Predation risk and vigilance in the blue tit (Parus caeruleus). Behav.
Ecol. Sociobiol. 14:9-13.
Lima, S. L. 1985. Maximizing feeding efficiency and minimizing time exposed to predators:
a trade-off in the blackcapped chickadee. Oecologia 66:60-67.
Lima, S. L. 1993. Ecological and evolutionary perspectives on escape from predatory
attack: a survey of North American birds. Wilson Bull. 105:l-47.
Lundquist, R. W., and D. A. Manuwal. 1990. Seasonal differences in foraging habitat of
cavity-nesting birds in the southern Washington Cascades. Pages 21 8-225 h Avian
foraging: theory, methodology, and applications (M.L. Morrison, C.J. Ralph, J.
Verner, and J.R. Jehl, Jr, Eds.). SAB No. 13.
Mabie, D. W., L. A. Johnson, B. C. Thompson, J. C. Barron, and R. B. Taylor. 1989.
Responses of wintering whooping cranes to airboat and hunting activities on the
Texas coast. Wildl. Soc. Bull. 17:249-253.
MacArthur, R. H. 1958. Population ecology of some warblers of northeastern coniferous
forests. Ecology 39599-619.
MacArthur, R. H. 1972. Geographical ecology. Harper and Row, New York.
MacNeil, R., M. T. Diaz, and A.Villenueve. 1994. The mystery of shorebird over-

summering: a new hypothesis. Ardea 82: 143-152.
Martella, M. B., D. Renison, and J. L. Navarro. 1995. Vigilmce in the Greater Rhea: effects
of vegetation height and group size. J. Field Ornithol. 66:215-220.
Martin, T. E. 1986. Competition in breeding birds: on the importance of considering
processes at the level of the individual. Curr. Ornithol. 4: 181-210.
Mayhew, P., and D. Houston. 1989. Feeding site selection by Widgeon ( h a s en elope) in
relation to water. Ibis 131:1-8.
McLandress, M. R., and D. G. Raveling. 1981. Changes in diet composition of Canada
geese before spring migration. Auk 98:65-79.
McNarnara, J. M., and A. I. Houston. 1986. The common currency of behavioral decisions.

Am. Natur. 127:358-378.
Metcalfe, N. B. 1984. The effects of habitat on vigilance of shorebirds: is visibility
important? Anim. Behav. 32:981-985.
Metcalfe, N. B., and R. W. Furness. 1984. Changing priorities: the effect of pre-migratory
fattening on the trade-off between foraging and vigilance. Behav. Ecol. Sociobiol.
15:203-206.
Miles, D. B. 1990. The importance and consequelices of temporal variation in avian
foraging behavior. Pages 210-217

Avian foraging: theory, methodology, and

applications (M.L. Morrison, C.J. Ralph, J. Verner, and J.R. Jehl, Jr, Eds.). SAB
No. 13.
Montagna, P. A., and R. D. Kalke. 1992. The effect of freshwater i d o w on meiofaunal and
macrofaunal populations in the Guadalupe and Nueces estuaries, Texas. Estuaries

100
15:307-326.
Moreira, F. 1994. Diet, prey-size selection, and intake rates of Black-tailed Godwits,
Limosalimosa, feeding on mudflats. Ibis 136:349-355.
Moreno, J., and L. Hillstrom. 1992. Variation in time and energy budgets of breeding
wheatears. Behaviour 120:11-39.
Morrison, M. L., and K. A. With. 1987. Intersexual and interseasonal resource partitioning
in Hairy and White-headed Woodpeckers. Auk 104:225-233.
Morrison, M. L., B. G. Marcot, and R. W. Mannan. 1992. Wildlife-habitat relationships,
concepts and applications. Univ. of Wisconsin Press, Madison.
Morse, D. H. 1990. Food exploitation in birds: some current problems and future goals.
Pages 134-143

Avian foraging: theory, methodology, and applications (M.L.

Morrison, C.J. Ralph, J. Verner, and J.R. Jehl, Jr, Eds.). SAB No. 13.
Nagy, K. A. 1989. Field bioenergetics: accuracy of models and methods. Physiol. Zool.
62:237-252.
Nelson, J. T. 1995. Nutritional quality and digestibility of foods eaten by Whooping Cranes
on their Texas wintering grounds. Unpubl. MS thesis, Texas A&M Univ., College
St~titisn.

Netting, M. G. 1927. Amphibians and reptiles in reiation to birds. Cardinal 2:2-28.
Nuttall, T. 1834. A manual of ornithology of the United States and Canada. Water Birds.
Hillard and Brown, Boston, Massachusetts.
Pianka, E. R. 1994. Evolutionary ecology. Harper Collins College Publishers, New York.
Pienkowski, M. W., P. N. Ferns, N. C. Davidson, and D. H. Worrall. 1984. Balancing the

101
budget: measuring the energy intake and requirements of shorebird in the field.
Coastal waders and wi!dfo~!in winter (P.W. Eva~s,J.C. Goss-Cusiaid, and 'V4.G.
Hale, Eds.). Cambridge Univ. Press, Cambridge, 3-K.
Poysii, H. 1987. Feeding-vigilancetrade-off in the teal ( h a s crecca): effects of feeding
method and predation risk. Behaviour 103:108-122.
Pulliarn, H. R., and T. Caraco. 1984. Living in groups: Is there an optimal group size. Pages
122-147

Behavioral ecology: an evolutionary approach (J.R. Krebs and N.B.

Davies, Eds.). 2nd edition. Blackwell, Oxford, UK.
Reinecke, K. J., T. L. Stone, and R. B. Owen. 1982. Seasonal carcass compostion and
energy balance of female black ducks in Maine. Condor 84:420-426.
Ricklefs, R. E. 1980. Ecology. Chiron Press, New York.
Rogers, C. M., and J. N. M. Smith. 1993. Life-history theory in the nonbreeding period:
trade-offs in avian fat reserves? Ecology 74:419-426.
Schluter, D. 1982. Seed and pa,tch selection by Galapagos ground finches: relation to
foraging efficiency and food supply. Ecology 63:1504-1517.
Sealy, S. G. 1979. Extralimital nesting of Bay-breasted Warblers: response to forest tent
caterpillars? Auk 96:600-603.
Shaw, G. 1979. Functions of dipper roosts. Bird Study 26:171-178.
Shields, R. H., and E. L. Benham. 1969. Farm crops as supplements for whooping cranes. J.
Wildl. Manage. 33:s 11-817.
Smith, J. N. M., P. R. Grant, B. R. Grant. I. J. Abbott, and L. K. Abbott. 1978. Seasonal
variation in feeding habits of Darwin's ground finches. Ecology 59: 1137-1150.

102

Stalmaster, M. V., and J. A. Gessarnan. 1984. Ecological energetics and foraging behavior

of evei-ainteikg bdd eagles. Ecnl. M~nngr.54:407-,428.
Stehn, T. V. and F. E. Johnson. 1987. Ilistribution and winter temtories of Whooping
cranes on the Texas coast. Pages 180-195,

Proceedings of the 1985 Crane

Workshop (J.C. Lewis, Ed.). Platte River Whooping Cranes Habitat Maintenance
Trust, Grand Island, Nebraska.
Stehn, T. V. 1994. Whooping Cranes during the 1994 winter. Aransas National Wildlife
Refuge files, Austwell, Texas.
Stehn, T. V. 1995. Whooping Cranes during the 1995 winter. Aransas National Wildlife
Refuge files, Austwell, Texas.
Stevenson, J. O.,and R. E. Griffith. 1946. Winter life of the whooping crane. Condor
481160-178.

Swengel, S. 1992. Sexual size dimorphism and size indices of six species of captive cranes
at the International Crane Foundation. Proc. North Am. Crane Workshop 6:151158.

Uhler, F. M., and L. N. Locke. 1969. A note on the stomach contents of two Whooping
Cranes. Condor 52:216.
Ulfstrand, S. 1976. Feeding niches of some passerine birds in a south Swedish coniferous
plantation in winter and summer. Ornis Scandinavica 7:21-27.
USFWS. 1986. Whooping Crane recovery plan. U.S. Fish and Wildlife Service,
Albuquerque, New Mexico.
Walsberg, G. E. 1983. Avian ecological energetics. Pages 161-220. Avian Biology (D.S.

103
Farner, J.R. King, and K.C. Parkes, Eds.). Vol. VII. Academic Press, New York.
Weathers, W. W., and K. A. Sullivan. 1993. Seasonal patterns of time and energy allocation
by birds. Physiol. Zool. 66511-563.
Wiens, J.A. 1989. The ecology of bird communities: vol2, processes and variations.
Cambridge Univ. Press, Cambridge, UK.
Wiens, J. A., and J. T. Rotenbeny. 1990. Diet niche relationships among North American
grassland and shrubsteppe birds. Oecologia 42:253-292.
Williams, J. E.,and S. C. Kendeigh. 1982. Energetics of the Canada goose. J. Wildl.
Manage. 46588-600.

VITA

Felipe Chavez-Ramirez was born on 26 May, 1965 to Felipe and Martina Chavez in
Chihuahua City, Chihuahua, Mexico. He attended grades 1-2 at Kermit Primary School,
Kermit TX; grades 3-4 at Wink Elementary, Wink, TX; grade 5 at Fray Pedro De Gante,
Chihuahua City, Chih.; grade 6 at Praxedis G. Guerrero, Chihuahua City, Chih.; grades 7-9
at Escuela Secundaria Estatal No. 9, Chihuahua, City, Chih.; Grades 10-12 at Escuela
Tecnica Forestal No. 3, Saltillo, Coahuila. He graduated as a Forestry Technician in 1984.
From July 1984 to January 1985 Felipe worked for the Subdelegacion de Ecologia,
SEDUE in Chihuahua. From February to June 1985 he worked for the Servicio Forestal
(forest service) in the state of Chihuahua. Felipe enrolled in college in the summer of 1985
and ultimately received a B.S. in Biology from Sul Ross State University, Alpine, TX in
December 1988.
In January 1989, Felipe began graduate studies at Texas A&M University, and was
awarded his M.S. in Wildlife and Fisheries Sciences in May 1992. For his master's thesis
Felipe studied the effect of birds and mammals in the dispersal of Ashe Juniper seeds under
the direction of Dr. R. Dougias Slack.
Felipe remained at Texas A&M University after completing his masters to pursue a
Ph.D. investigating food availability, foraging ecology and energetics of whooping cranes
wintering in Texas. Felipe's permanent address is Degollado # 3504, Chihuahua, Chih.,
3 1400, Mexico.

(;+,%,7&

Society for Conservation Biology

Ecological Correlates of Whooping Crane Use of Fire-Treated Upland Habitats
Author(s): Felipe Chavez-Ramirez, Howard E. Hunt, R. Douglas Slack, Tom V. Stehn
Source: Conservation Biology, Vol. 10, No. 1 (Feb., 1996), pp. 217-223
Published by: Blackwell Publishing for Society for Conservation Biology
Stable URL: http://www.jstor.org/stable/2386957
Accessed: 25/01/2010 10:01
Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.
Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher?publisherCode=black.
Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

Blackwell Publishing and Society for Conservation Biology are collaborating with JSTOR to digitize, preserve
and extend access to Conservation Biology.

http://www.jstor.org





(;+,%,7&

Differential Use of Coastal Marsh Habitats by Nonbreeding Wading Birds
Author(s): Felipe Chavez-Ramirez and R. Douglas Slack
Source: Colonial Waterbirds, Vol. 18, No. 2 (1995), pp. 166-171
Published by: Waterbird Society
Stable URL: http://www.jstor.org/stable/1521477
Accessed: 25/01/2010 10:04
Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/page/info/about/policies/terms.jsp. JSTOR's Terms and Conditions of Use provides, in part, that unless
you have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you
may use content in the JSTOR archive only for your personal, non-commercial use.
Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/action/showPublisher?publisherCode=waterbird.
Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.
JSTOR is a not-for-profit service that helps scholars, researchers, and students discover, use, and build upon a wide range of
content in a trusted digital archive. We use information technology and tools to increase productivity and facilitate new forms
of scholarship. For more information about JSTOR, please contact support@jstor.org.

Waterbird Society is collaborating with JSTOR to digitize, preserve and extend access to Colonial Waterbirds.

http://www.jstor.org

DifferentialUse of Coastal MarshHabitatsby Nonbreeding
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College Station, TX 77843-2258 USA
'Internet:f-chavez-ramirez@tamu.edu
Abstract.-We conducted weekly aerial surveys of wading birds of several species from a fixed-wing aircraft along
the coastal salt marsh of Aransas and Matagorda Island National Wildlife Refuges on the Texas coast. Habitats used
by wading birds were broadly classified as vegetation and open water habitats. Open water categories included, in
order of increasing surface area, pools, ponds, lakes, and bays. Other open water habitats present included cuts and
inlets. The five most common species observed included, Great Egret (Casmerodiusalbus,N = 720), Great Blue Heron (Ardeaherodias,N = 561), Reddish Egret (Egrettarufescens,N = 121), Snowy Egret (E. thula,N = 60), and Tricolored
Heron (E. tricolor,N = 37). The vast majority of individuals of all species were observed in open water habitats as
opposed to vegetated areas. Lake was the most common habitat utilized by waders with >20% of individuals of all
species observed in this habitat. Overall patterns of habitat use were significantly different (X216= 259.5, P < 0.001)
among species. Great Blue Heron, Great Egret, Reddish Egret, Snowy Egret, and Tricolored Heron all differed significantly (P < 0.001) in use of different open water habitat categories. Specific overlap indicies show Great
Egret-Tricolored Heron to overlap completely (0.99) in habitat use patterns. High overlap occurred between the
following species pairs: Reddish Egret-Great Egret (0.87), Reddish Egret-Tricolored Heron (0.86), and Great Blue
Heron-Snowy Egret (0.87). Other species pairs showed little overlap in habitat use patterns. Received31 January
1995, accepted2June 1995.
Key Words.-aerial surveys, Ciconiiformes, coastal salt marsh, habitat use, Great Egret, Casmerodiusalbus,Great
Blue Heron, Ardeaherodias,Reddish Egret, Egrettarufescens,Snowy Egret Egrettathula, Tricolored Heron, Egrettatricolor;Texas.
Colonial Waterbirds 18(2):166-171, 1995

In temperate regions of North America feeding location, and behavior (Kushlan
the study of wading birds has long centered 1981, Maccarone and Parsons 1994). Reon breeding individuals and populations sources generally appear to be divided with a
(Kushlan 1992). Less is known regarding the low degree of overlap among herons of difwinter distribution and patterns of habitat ferent sizes (Willard 1977), while overlap in
and food resource use by temperate breed- food and habitat among some similar-sized
ing wading birds. Studies of sympatric wad- herons can be high (Jenni 1969, Willard
ing birds during the nonbreeding season 1977, Custer and Osborn 1978, Kent 1986).
and winter period are rare (Heitmeyer 1986, Seven species of sympatric ibises showed sigFrederick and Bildstein 1992). Better knowl- nificant differences in the use of foraging
edge of wintering areas and nonbreeding habitats during the nonbreeding season in
habitat requirements are essential and may Venezuela (Frederick and Bildstein 1992).
Here we report on the relative abundanchelp in the conservation of migratory wetland wading bird species (Kushlan 1992). In es and use of open water habitat by five speEurope, it has been shown that winter condi- cies of wading birds on Texas coastal marshes
tions can influence the size of breeding bird during the winter of 1992-1993.
populations the following year (Dallinga and
Schoenmakers 1987).
METHODS
Wading birds have been shown to partition resources through a combination of
We studied wading bird habitat use on the salt
of Aransas National Wildlife Refuge (ANWR)
characteristics, including habitat (Kushlan marshes
and Matagorda Island National Wildlife Refuge (MIN1978). Sympatric species of herons and ibis- WR) located on the Texas Coastal Bend Region. Aransas
es may partition food resources by size, food, NWR is located in Aransas and Refugio counties and is
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Figure 1. Numbers of wading birds observed during aerial surveys on salt marshes of Aransas and Matagorda Island
National Wildlife Refuges, during fall and winter 1992-93.
part of the mainland. Matagorda Island NWR is a barrier island, 62 km long and varies from 1.2 to 7.3 km wide,
and is located in Calhoun County. The salt marsh areas
are located along the eastern coast of ANWR and on the
west side of MINWR. Ground vegetation surveys at the
two salt marsh areas showed them to be similar. Salt
marsh habitats consist of vegetated flats dominated by
glasswort (Salicornia virginiana), saltwort (Batis maritima), sea-oxeye daisy (Borrichiafrutescens),wolfberry (Lycium carolinianum), saltgrass (Distichlis spicata), and
smooth cordgrass (Spartina alterniflora),and wind tidal
flats dominated by mudflat grass (Eleocharisparvula),
saltgrass, and cordgrasses. Interspersed among vegetated areas are bodies of open-water of varying sizes.
For the purpose of this study we classified
open-water habitats based on areal extent from smallest
to largest as pool (< 4 m2), pond (4- 100 m2), lake (> 100
m2), and bay (shallow open-water area adjacent to the
coastline). Other water habitats included inlets and
cuts. Cuts are, narrow, straight or winding, open-water
areas connecting two or more bodies of water except
bays. Inlets are similar to cuts, except that they connect
at one end to a bay.
Between 8 December 1992 and 16 March 1993 observations of wading bird habitat use were made as part
of almost weekly aerial surveys conducted from a
fixed-wing aircraft to locate Whooping Cranes (Grus
americana)on the salt marsh of ANWR and MINWR.According to surveys conducted by Aransas National Wildlife Refuge personnel (Stehn, pers. comm.), Great Blue
Herons, (Ardeaherodias)are the first of wading birds to
initiate breeding activityin mid to late March in the area
where the aerial surveys were conducted. During each
survey, transects were flown parallel to the coast line at
an altitude between 30 and 50 m. A linear distance of approximately 285 km was covered on each survey for

both refuges combined (110 km in ANWR, 175 km in
MINWR). The first transect was flown along the coastline, with successive transects approximately 0.5 km inland from each previous one. All wading birds observed
within 25 m perpendicular to the flight line on the observer's side of the aircraft were identified and habitat
type in which the bird was located recorded. Birds not
identified to species were eliminated from analysis of
habitat use. Individual observations of habitats that
could not be confidently classified (e.g., pool vs. pond)
were not used in habitat use analysis, but individuals
were tallied to obtain a total bird count for each survey.
Overall differences in use of habitat categories
among all species were evaluated with a Chi-square test
(Conover 1980). Differences in the use of habitat categories by individual species were evaluated with a
Chi-square goodness-of-fit test (Conover 1980). To evaluate degree of overlap in patterns of habitat use among
wading bird species, a specific overlap index was calculated for each species pair (Ludwig and Reynolds 1988).
Specific overlap is based on a comparison of the resource utilization curves of two species, with values ranging from 0-1 (1 = complete overlap, while 0 = no
overlap).
RESULTS

The five most common species observed
on surveys were Great Egrets (Casmerodius albus) (N = 720), Great Blue Herons (N = 561),
Reddish Egrets (Egretta rufescens) (N = 121),
Snowy Egrets (E. thula) (N = 60), and Tricolored Herons (E. tricolor) (N = 37). Other spe-
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Figure 2. Percent birds observed in all open-water and vegetation habitats during aerial surveys on Aransas and Matagorda Island National Wildlife Refuges, during fall and winter 1992-93. GBHE = Great Blue Heron, GREG = Great
Egret, REEG = Reddish Egret, TRHE = Tricolored Heron, SNEG = Snowy Egret.

cies observed, but rarely recorded on surveys and cuts were combined into a single categoincluded Little Blue Heron (E. caerulaea), ry for statistical analysis, but use of these habRoseate Spoonbills (Ajaia ajaja), White Ibis- itats is presented in Fig. 3. All species showed
es (Eudocimus albus), and Black-crowned
differences in their use of specific habitats.
IndividGreat
Blue Herons used bays and lakes sigNight-Heron (Nycticorax nycticorax).
uals of the latter four species were rarely re- nificantly more than expected (x24= 227.8, P
corded within the survey area and, when < 0.001), while using pools and ponds signifpresent, were regularly flushed, likely due to icantly less than expected. Great Egrets were
the low altitude at which the aircraft was found primarily in pools and, to a lesser exflown. The five species assessed in this study tent, in lakes which they utilized more than
were not flushed as the airplane ap- expected, while ponds and bays were used
less than expected (X24 = 233.7, P < 0.001).
proached.
Total wading birds observed per survey Reddish Egrets preferred lakes (X24= 85.8, P
varied between 138-235, from 8 December < 0.001) and used pools and lakes more than
through 27 January (Fig. 1). However, num- expected, with ponds and bays used signifibers declined slightly and leveled off at ap- cantly less than expected. Snowy Egrets were
proximately 110 (range 96-110) thereafter. most common in bays which were used more
The total number of wading birds observed than expected (X24= 38.7, P < 0.001). Lakes
appears to reflect the pattern of occurrence and ponds were used as expected, and ponds
of Great Egrets more than any other species. were used less than expected. Tricolored
Relatively small percentages of each species Herons used pools greater than expected
were observed on vegetative areas and ex- and bays less than expected (X24 = 19.7, P <
posed sand and mudflats (Fig. 2).
0.001), while using lakes and ponds as exPatterns of wading bird use of open-water pected.
habitat (Fig. 3, Table 1) were significantly
We found two distinct groups in habitat
= 259.5, P < 0.001) among spe- use patterns based on the specific overlap indifferent (X216
cies. Because of small samples sizes, inlets dex, with Great Egret-Tricolored Heron-
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Figure 3. Patterns of open-water habitat use by wading birds in salt marsh areas of Aransas and Matagorda Island
National Wildlife Refuges, during 1992-93 fall and winter.

Reddish Egret in one and Great Blue HeronSnowy Egret forming a second (Fig. 4). In
group one, Great Egret and Tricolored Heron overlapped completely (0.99), while both
overlapped with Reddish Egret (0.87 and
0.86 respectively). In the other group, overlap in habitat use occurred between Great
Blue Heron and Snowy Egret (0.87).
DISCUSSION

In general, we found considerable overlap in habitat use patterns among herons
and egrets. In coastal areas of New Jersey,

Great Blue Herons overlapped little with
other species present, while Great Egrets
overlapped significantly with Snowy Egrets
and Tricolored Herons (Willard 1977). Maccarone and Parsons (1994) found differential use of tidally-influenced habitat for
foraging in Staten Island, New York by Great
Egrets, Snowy Egrets, and Glossy Ibis (Plegadisfalcinellus). In coastal areas of Florida Little Blue Herons, Snowy Egrets, and
Tricolored Herons showed no difference in
habitat use (Kent 1986). Heron species have
shown differences in foraging sites by water

Table 1. Number of wading bird species observed, and expected, in different open-water habitats in Texas coastal
salt marsh during winter of 1992-1993. Expected frequencies shown here are for Chi-square goodness-of-fit tests
for each species separately, based on the assumption that all habitat categories were equally accessible.
Species

Bay

Great Blue Heron
Expected
Great Egret
Expected
Reddish Egret
Expected
Snowy Egret
Expected
Tricolored Heron
Expected

133
88.8
24
92.4
3
23.4
24
8.6
3
7.0

Lake

Pond

Pool

Other

N

189

18

68

36

444

116

65

209

48

462

56

19

35

4

117

11

1

10

3

43

9

6

16

1

35
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Figure 4. Dendrogram based on specific overlap indicies calculated on habitat use patterns of all species

pairs.

depth, with longer-legged birds feeding in
deeper water (Meyerriecks 1962, Kushlan
1976, Custer and Osborn 1978).
In areas where both saltwater and freshwater habitats have been compared, species
have tended to differentially use these
broader habitat categories. In our study area
the influence of freshwater comes in the
form of precipitation through a small reduction in salinity levels. Among five species of
breeding herons in Yucatan, Mexico, two
species groups were identified: an inland-water group consisting of Great Blue Herons,
Great Egrets, and Snowy Egrets, and a coastal group consisting of Reddish Egrets and
Tricolored Herons (Ramo and Busto 1993).
In Venezuela, seven ibis species were separated by their use of habitats into groups along
an aquatic-terrestrial gradient (Frederick
and Bildstein 1992).
Our results do not support the hypothesis that similar-sized herons overlap in resource use (Willard 1977), while different
sized herons differ in their use of similar resources (Jenni 1969, Willard 1977, Custer
and Osborn 1978, Kushlan 1978). In our
study, species that were most similar in size
(Great Blue Heron-Great Egret and Snowy
Egret-Tricolored Heron) showed the least
overlap in patterns of habitat use. The medium-size species (Reddish Egret), with little
size overlap with other species, used habitats
in proportions
similar to both a larger
(Great Egret) and smaller (Tricolored Heron) species.
Differences between the results of our
study and previous studies may reflect differences between breeding and nonbreeding
habitat use. Most previous studies have been

conducted during the breeding season when
foraging site selection may be highly specialized because of nutritional or energetic
needs. For example, Marabou Stork (Leptoptilos crumeniferus) chicks require calcium not
present in adults primary food, carrion
(Kahl 1966). White Ibis feed on saltwater
prey; however, nestlings require freshwater
prey in order to develop normally (Bildstein
et al. 1990). Other species do not have specific food and habitat requirements during the
breeding season. Willard's (1977) data, for
example, suggest that prey sizes in Great
Egret, Great Blue Heron, and Snowy Egret
diets during high spring-summer food availability, were more diverse than during fall
and winter. If Willard's hypothesis is true, we
can expect to find the greatest overlap in resource use among wading birds during the
breeding season compared with nonbreeding periods.
Among sympatric species with similar
differences in resource use
morphologies,
could result from differences in: 1) habitat,
2) diet, or 3) temporal activity patterns (Pianka 1994). Feeding sites are important factors determining both type and size of food
taken by wading birds (Kushlan 1978). We
did not evaluate diets of wading birds. However, habitat partitioning observed in our
study site might be explained by similar use
of food resources among similar-sized species (Jenni 1969, Willard 1977, Custer and
Osborn 1978, Kent 1986, Ramo and Busto
1993). Among competing species high overlap in one resource gradient (e.g., food)
generally results in low overlap in a second
resource
(e.g., habitat)
(DuBowy 1988,
Ramo and Busto 1993). Alternatively, the
possibility exists that low overlap in food type
taken by similar-sized birds, as observed by
Busto and Ramo (1993) for Great Blue Heron and Great Egret, may predispose each
species to select different habitats where preferred food may be found.
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EXHIBIT C-4

USE OF WADING BIRDS AS INDICATORS OF POTENTIAL WHOOPING CRANE WINTERING
HABITAT
DAWN A. SHERRY1 , Caesar Kleberg Wildlife Research Institute, Texas A&M University Kingsville, Kingsville, Texas 78363
FELIPE CHAVEZ-RAMIREZ2,3, Caesar Kleberg Wildlife Research Institute, Texas A&M University Kingsville, Kingsville,
Texas 78363
Abstract: A search for suitable wintering sites on which to establish another migratory population of whooping crane (Grus americana) has been conducted and will continue. In addition to an evaluation of food availability for whooping cranes, wading birds
that overlap highly in patterns of habitat utilization with whooping cranes may be useful as indirect indicators of suitable whooping
crane habitat. We determined the extent to which several species of wading birds overlap in patterns of habitat utilization with
whooping cranes on their current wintering grounds. We conducted aerial surveys of whooping cranes and wading birds at Aransas
and Matagorda Island National Wildlife Refuges, Texas. We classiﬁed habitats used in order of increasing surface area as pools,
ponds, lakes, and bays. We observed species which included whooping cranes (N= 638), great egrets (Casmerodius albus) (N=987),
great blue herons (Ardea heroidias) (N=751), reddish egrets (Egretta rufescens) (N=301), snowy egrets (Egretta thula) (N=155) and
tricolored herons (Egretta tricolor) (N=67). Speciﬁc overlap indices indicated that great egrets had the highest overlap with whooping cranes (0.97), and tricolored herons also overlapped signiﬁcantly (0.87). Reddish egrets (0.74), snowy egrets (0.69), and great
blue herons (0.60) overlapped to a much lesser extent. We recommend that surveys conducted for the purpose of locating suitable
wintering habitat for whooping cranes should focus on habitats utilized by great egrets and tricolored herons.
PROCEEDINGS NORTH AMERICAN CRANE WORKSHOP 9:127-132
Key words: Grus Americana, habitat, indicator species, wading birds, whooping cranes
In 1973, the Endangered Species Act was enacted to preserve and protect species on the verge of extinction. The whooping crane (Grus americana), whose population had dropped to
an all time low of 16 individuals in the early 1940’s, was one
of the species listed as endangered (Lewis 1995). The Endangered Species Act also led to establishment of the whooping
crane Recovery Team and development of a recovery plan for
the species. While the whooping crane population continues to
increase from that all time low, it is still at low numbers, with
only 174 individuals present in the wild during the winter of
2001-2002.
Today, there are three existing wild populations of whooping cranes (Aransas-Wood Buffalo, Florida non-migratory and
Wisconsin-Florida migratory populations). The only non-introduced migratory population nests in Wood Buffalo National
Park, Northwest Territories, Canada and winters at the Aransas National Wildlife Refuge and nearby barrier islands, on the
central Texas coast. Because of its low population size, this
single, migratory population is vulnerable to disease, pollution, and natural or human caused catastrophes. The wintering
grounds are of particular concern, since the Intracoastal Waterway runs parallel to the salt marshes of Aransas NWR where
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whooping cranes spend much of their time feeding during the
winter (Stehn and Johnson 1985). A primary objective of the
Whooping Crane Recovery Plan calls for the establishment of
two new and separate wild populations to decrease the chance
of a catastrophic event causing the extinction of the entire species (U. S. Fish and Wildlife Service 1986).
Reintroduction effort using juvenile birds has been underway for several years in central Florida to establish a non-migratory ﬂock of whooping cranes. In addition, scientists conducted a search to identify suitable nesting and wintering areas
to establish a second migratory population of whooping cranes
(Cannon 1998). This effort was in it’s second year of effort
when this work was undertaken. Potential habitat areas are the
coastal salt marshes that exist in the southeastern United States
where this population, managers hoped, would establish itself
in suitable wintering grounds. The Whooping Crane Recovery
Team is currently considering the idea of reintroducing a nonmigratory population to Louisiana and other possible areas may
be considered in the future.
Searches for potential reintroduction sites necessitates a
quick preliminary evaluation of many sites followed by more
intensive studies of fewer sites (Cannon 1998). The quick
preliminary evaluations can focus on overall aspect and physical characteristics of potential sites and the distribution and
abundance of conspicuous biological indicators. Speciﬁcally,
detailed studies must evaluate the availability of habitat characteristics and quality of several parameters. For example, for
whooping cranes it is important to evaluate the availability of
roosting areas and feeding sites in addition to the abundance

128 WHOOPING CRANE HABITAT INDICATORS · Sherry & Chavez-Ramirez Proc. North Am. Crane Workshop
of food items. Because whooping cranes would not be present
in possible reintroduction sites, it would be beneﬁcial to have
some biological surrogates, or indicators, that provide information on the suitability and availability of habitat conditions for
cranes. In the previous work, we evaluated potential habitat
areas for suitability in terms of presence and abundance of potential food sources and possibility of disturbance. In addition,
we wanted to determine if there was another indirect way to do
a quick preliminary evaluation of an area without the need for
in depth ﬁeld studies.
Two separate studies of whooping cranes (Chavez-Ramirez,
1996) and wading birds (Chavez-Ramirez and Slack 1995)
conducted in the same coastal marsh suggested that whooping
cranes and wading birds appeared to utilize the salt marshes
in similar fashion for feeding. There appears to be signiﬁcant
overlap in the characteristics of the open water habitats utilized
by both whooping cranes and many wading bird species during the winter months in Texas (Chavez-Ramirez pers. observ.).
Overall, whooping crane and wading bird foraging habitat on
the Texas coast consists primarily of the coastal salt marsh ﬂats,
which are composed of patches of open water and vegetated areas (Chavez-Ramirez 1996; Chavez-Ramirez and Slack 1995).
Both whooping cranes and wading birds use adjacent areas to
the salt marsh such as bays and uplands are utilized to a considerably lesser extent than the salt marsh ﬂats (Chavez-Ramirez
1996).
Whooping cranes utilize the different salt marsh habitat types of the Texas coast for feeding, loaﬁng and roosting.
Many other birds, in addition to whooping cranes, also use the
salt marshes of the central Texas coast as wintering grounds.
Species of wading birds such as great blue herons (Ardea heroidias), great egrets (Casmerodius albus), reddish egrets (Egretta rufescens), snowy egrets (Egretta thula), tricolored herons
(Egretta tricolor), and roseate spoonbills (Ajaia ajaia) all utilize
open water habitats similar to those used by whooping cranes.
If we could show that, indeed, whooping cranes and wading
birds showed considerable overlap in habitat use patterns future preliminary surveys for potential reintroduction sites for
whooping cranes could focus on the species (or multiple species) that show a high degree of overlap with the cranes. The
advantage of this would be that we could conduct quick surveys
of larger areas in a shorter period of time using a conspicuous,
widely distributed, and easy to survey biological element, as
potential indicators of potentially suitable habitat. This preliminary evaluation, which could be conducted via aerial surveys,
could then serve to prioritize sites or areas for more intensive
ﬁeld evaluations.
The purpose of this work was to determine the extent
to which selected species of wading birds overlap in habitat
utilization patterns with wintering whooping cranes on Texas
coastal marshes. Speciﬁcally, we wanted to: a) determine if
any species of wading birds overlapped with whooping cranes;
b) which species of wading birds showed the greatest degree of
overlap with whooping cranes, and; c) evaluate the possibility
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that wading birds may be used as potentially useful indicators
with which to conduct quick and preliminary evaluations of
suitable whooping crane habitat in coastal salt marshes.
STUDY SITE
We recorded whooping cranes and wading birds at Aransas National Wildlife Refuge (ANWR) and Matagorda Island
National Wildlife Refuge (MINWR). Aransas NWR is part of
the mainland and is located in the Texas Coastal Bend Region,
in Aransas and Refugio counties. Matagorda Island NWR is a
barrier island located in Calhoun County. It is 62 km long and
varies from 1.2 to 7.3 km. wide. The salt marshes are located
on the eastern coast of ANWR and on the western side of MINWR. Ground vegetation surveys at both areas showed them to
be similar (see Chavez Ramirez and Slack 1995 for details of
the study area).
METHODS
We classiﬁed open water habitats based on aerial size from
the smallest to the largest for the purpose of this study. Habitat categories included pool (< 4m2), pond (4-100 m2), lake (>
100m2), and bay (shallow open water area adjacent to the coastline). The “other” category included inlets and cuts. Inlets
were narrow, straight or winding, open water areas connecting
a body of water and a bay. Cuts were similar except they did
not connect at one end to a bay.
We observed whooping crane and wading bird habitat use
from a ﬁxed-wing aircraft from 8 December 1992 through 16
March 1993 and from 2 December 1993 and 18 March 1994.
We conducted ﬂights on a near-weekly schedule when possible
as part of wintering monitoring activities of ANWR. During
each survey, we ﬂew transects parallel to the coastline at an
altitude between 30 and 50 m. We covered a linear distance of
approximately 285 km on each survey for both refuges combined (110 km in ANWR, 175 km in MINWR). We ﬂew the
ﬁrst transect along the coast with successive transects approximately 0.5 km inland from the previous one. We recorded all
whooping cranes we detected and noted the habitat type where
the crane stood at the time of observation. Due to the large
number of wading birds present in the marshes, we could only
clearly identify the wading birds observed within 25 m perpendicular to the ﬂight line on the observer’s side of the aircraft and
we recorded the habitat type in which each was located. We
eliminated birds not identiﬁed to species from the analysis. We
did not use individual observations in the analysis where habitats could not be conﬁdently classiﬁed (e.g., pond vs. pool).
We evaluated overall differences in the use of habitat categories among all species using a Chi square test (Zar 1984).
To evaluate the degree of overlap among whooping cranes and
wading birds we calculated a speciﬁc overlap index for whooping cranes and each wading bird species (Ludwig and Reynolds 1988). Speciﬁc overlap is based on a comparison of the

Proc. North Am. Crane Workshop 9:2005 WHOOPING CRANE HABITAT INDICATORS · Sherry & Chavez-Ramirez

Table 1. Number of whooping cranes and wading birds observed, and expected, in different open water habitat categories in Texas coastal salt marsh during winters 199293 and 1993-94. Expected frequencies shown here are for Chi-square goodness-of-ﬁt
tests calculated for each species separately under the assumption that all habitats were
equally likely to be chosen.

Species

whooping crane

great blue heron
great egret
reddish egret
snowy egret

Bay
Expected
Expected
Expected
Expected

Expected
Louisiana Heron
Expected

100
327.6
234
150.2
54
197.4
23
60.2
48
29.8
6
13.4

Lake

Pond

Pool

Other
272

1638

316

27

72

102

751

180

285

310

158

987

180

35

44

19

301

32

7

35

33

149

21

15

23

2

67

411

330

525
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Fig. 1. Patterns of habitat use by whooping cranes and wading birds in salt marsh areas of Aransas and
Matagorda Island National Wildlife Refuges during 1992-93 and 1993-94 fall and winter.
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Fig. 2. Dendrogram based on speciﬁc overlap indicies calculated on overlap in habitat use
by species of wading birds and whooping cranes.

resource utilization curves of two species, with values raning
from 0-1 (1 = complete overlap, 0 = no overlap).
Habitat Use Patterns
All wading bird species combined showed differential use
of habitat types for both years of study. Overall, species utilized lakes (29%) and pools most often (26%). They used other
habitat categories to a lesser extent (pond=18%; other=15%;
and bay=12%).
Whooping cranes used pools and lakes more often than
expected, ponds as expected and bays, inlets, and cuts much
less than expected (X24=307.76, P<.001) (Table 1, Fig.1). Great
egrets used pools more often than expected, but they also utilized ponds (X24=216.67, P<.001). Great egrets used all other
habitats less often than expected. Great blue herons used lakes
and bays more often than expected, and all other habitats were
used much less than expected (X24=387.01, P<.001). Reddish
egrets utilized lakes more often than expected but used all other
habitats much less than expected (X24=304.50, P<.001). Snowy
egrets utilized bays, pools, and lakes more often than expected
(24=29.97, P<.001). They were also the only species to be
found utilizing cuts and inlets more often than expected, whereas, they used ponds much less than expected. tricolored herons
utilized pools and lakes more often than expected, ponds as expected, and bays, inlets, and cuts less than expected (2=25.16,
P<.001).
Whooping Crane - Wading Bird Overlap
Speciﬁc overlap indices showed a high degree of overlap
between whooping cranes and great egrets (0.973). There was

also a signiﬁcant degree of overlap between whooping cranes
and tricolored herons (0.850), however, whooping cranes exhibited slightly less overlap with both reddish egrets (0.747)
and snowy egrets (0.725). Whooping cranes overlapped the
least with great blue herons (0.584). Overlap among speciﬁc
pairs of wading bird species have been reported previously
(Chavez-Ramirez and Slack 1995). A dendrogram constructed
based on overlap indices (Fig. 2) shows three distinct groups.
The group representing the highest overlap in habitat utilization patterns with whooping cranes included great egrets and
tricolored herons. Reddish egrets and snowy egrets overlapped
less, and great blue herons overlapped the least in habitat use
patterns with whooping cranes.
DISCUSSION
Our results suggest that the presence of great egrets and
tri-colored herons is the best potential preliminary indicator of
suitable foraging habitat for whooping cranes during the winter in coastal salt marshes. Whooping cranes and most wading
birds do not overlap signiﬁcantly in diet, since cranes feed extensively on blue crab and wolfberry (Chavez-Ramirez 1996),
while most wading birds are primarily piscivorous (Kushlan
1978). However, where whooping cranes, great egrets and
tri-colored herons do overlap during the winter in Texas, they
utilize similar habitats in which to feed- mainly small (<4m2),
shallow bodies of water. It is likely that a good quality patch of
open water habitat could support both the diet items selected by
cranes and wading birds.
Reasons for the overlap among cranes and tri-colored and
great egret may include an extensive overlap between blue
crabs (Callinectes sapidus) and ﬁsh, the primary food items of
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RESULTS
We observed whooping cranes more often than all other
species (N=1638), because during surveys our primary objective was to locate all cranes present in the wintering area. The
wading bird species we observed included great blue herons,
great egrets (N=987), reddish egrets (N=301), snowy egrets
(N=155) and tri-colored herons (N=67). Other wading birds
which were also observed included little blue herons (Egretta
caerulea), roseate rpoonbills, white ibises (Eudocimus albus),
and black-crowned night-herons (Nycticorax nicticorax). We
excluded the latter wading birds from the comparisons of habitat use with whooping cranes because they all regularly ﬂushed
upon approach by the airplane making it difﬁcult to assign speciﬁc habitats that they were using.
Habitat Use Patterns
All wading bird species combined showed differential use
of habitat typess for both years of study. Overall, species utilized lakes (29%) and pools most often (26%). They used other
habitat categories to a lesser extent (pond = 18%; other = 15%;
and bay = 12%).
Whooping cranes used pools and lakes more often than expected, ponds as expected and bays, inlets, and cuts much less
than expected (X24 = 307.76, P < .001) (Table 1, Fig.1). Great
egrets used pools more often than expected, but they also utilized ponds (X24 = 216.67, P < .001). Great egrets used all other
habitats less often than expected. Great blue herons used lakes
and bays more often than expected, and all other habitats were
used much less than expected (X24 = 387.01, P < .001). Reddish egrets utilized lakes more often than expected but used
all other habitats much less than expected (X24 = 304.50, P <
.001). Snowy egrets utilized bays, pools, and lakes more often
than expected (X24 = 29.97, P < .001). They were also the only
species to be found utilizing cuts and inlets more often than
expected, whereas, they used ponds much less than expected.
tricolored herons utilized pools and lakes more often than expected, ponds as expected, and bays, inlets, and cuts less than
expected (X2 = 25.16, P < .001).
Whooping Crane - Wading Bird Overlap
Speciﬁc overlap indices showed a high degree of overlap
between whooping cranes and great egrets (0.973). There was
also a signiﬁcant degree of overlap between whooping cranes
and tricolored herons (0.850), however, whooping cranes exhibited slightly less overlap with both reddish egrets (0.747)
and snowy egrets (0.725). Whooping cranes overlapped the
least with great blue herons (0.584). Overlap among speciﬁc
pairs of wading bird species have been reported previously
(Chavez-Ramirez and Slack 1995).
A dendrogram constructed based on overlap indices shows
three distinct groups (Fig. 2). The group representing the high-
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est overlap in habitat utilization patterns with whooping cranes
included great egrets and tricolored herons. Reddish egrets and
snowy egrets overlapped less, and great blue herons overlapped
the least in habitat use patterns with whooping cranes.
DISCUSSION
Our results suggest that the presence of great egrets and
tri-colored herons is the best potential preliminary indicator of
suitable foraging habitat for whooping cranes during the winter in coastal salt marshes. Whooping cranes and most wading
birds do not overlap signiﬁcantly in diet, since cranes feed extensively on blue crab and wolfberry (Chavez-Ramirez 1996),
while most wading birds are primarily piscivorous (Kushlan
1978). However, where whooping cranes, great egrets and
tri-colored herons do overlap during the winter in Texas, they
utilize similar habitats in which to feed- mainly small (< 4m2),
shallow bodies of water. It is likely that a good quality patch of
open water habitat could support both the diet items selected by
cranes and wading birds.
Reasons for the overlap among cranes and tri-colored and
great egret may include an extensive overlap between blue
crabs (Callinectes sapidus) and ﬁsh, the primary food items of
whooping cranes and these two species of wading birds, respectively. Among competing species high overlap in one resource
gradient (i.e. habitat) generally results in low overlap in a second resource (i.e. food) (Dubowy 1988, Ramo and busto 1993).
It may also be due to similar responses by different organisms
to similar environmental and physical conditions. There are
some indications that both crabs and ﬁsh may respond similarly
to the same environmental factors. For example, scientists have
reported that both ﬁsh and crabs burrow or move away from
shallow marsh waters when temperatures reached less than 1719 °C (Frederick and Loftus 1993; Chavez-Ramirez pers. observ.) If whooping cranes, great egrets, and tricolored herons
respond to the different prey movements in a similar way, the
result could be a high degree of overlap in habitat utilization
patterns.
Indicator Species
Species which have generally been used or deﬁned as an
ecological indicator species, are usually species whose population attributes are assumed to represent those of other wildlife
species and/or entire ecosystems (Morrison et al. 1998). Scientists have identiﬁed many problems, however, with this approach (Mannan et al. 1994, Landres et al. 1988). Morrison et
al. (1992) suggest that in order to be useful, indicator species
must be selected on features that are speciﬁc to time, location,
and habitat. Our approach avoids the pitfalls mentioned by
Morrison et al. (1992). First, we are considering one season
(winter) and not the entire year, which reduces variation and
eliminates the problem of species-speciﬁc changes in behavior
due to season. Additionally, we are considering the overlap in
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terms of foraging habitat areas only. Our data and comparison
is also location and habitat type speciﬁc. Finally, we will test
the application or use of wading birds (great egret and tricolored heron) further by sampling distribution and dispersion of
wading birds in an area, followed by sampling for whooping
crane food items in those areas. These two species are widely
distributed through the entire coastal region of the southeast,
are abundant, and, being relatively large, are easy to survey
with either ground or aerial methods.
We suggest that the presence of great egrets and tri-colored
herons can be used as a preliminary and/or additional measure
of habitat suitability for whooping cranes. We are not advocating that this species be the only indicator, but rather that they
be utilized as a ﬁrst step of a more complex process. Future
research could focus on determining how the distribution of ﬁsh
and crabs are related to each other in shallow areas of coastal
salt marshes and how environmental factors and conditions affects the abundance of these species.
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PATTERNS OF FOOD USE OF WINTERING WHOOPING CRANES ON THE TEXAS COAST
CRAIG M. WESTWOOD1, Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX 778432258, USA
FELIPE CHAVEZ-RAMIREZ2, Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX
77843-2258, USA
Abstract: Whooping Crane (Grus americana) fecal samples were collected from Matagorda Island National Wildlife Refuge (MINWR) during winter and fall of 1993-94 (Winter-1; n = 59), and Aransas National Wildlife Refuge (ANWR) during winter and fall of
1993-94 (n = 102) and 1994-95 (Winter-2; n = 257) to study crane diets and compare patterns of food use in these areas. Food items
varied between areas, across months, and between years in both frequency and percent volume. Blue crab (Callinectes sapidus),
wolfberry fruit (Lycium carolinianum), horn snail (Cerithidea pliculasa), razor clam (Tagellus plebius), and orthopteran insects
were present in feces samples at both ANWR (both winters) and MINWR during parts of the winter. Blue crab increased in both
frequency and percent volume throughout the two winters on ANWR, and MINWR (Winter-1), while wolfberry fruit use declined.
Horn snail presence in ANWR samples increased in frequency throughout both winters, while percent volume remained constant.
No frequency trend was observed for horn snails in samples from MINWR, however, percent volume increased in the middle of
the study period. Food niche breadth (dietary diversity estimated by 1/Σpi2) was higher both years at ANWR (4.41 in Winter-1;
5.17 in Winter-2), than at MINWR (3.62). Dietary overlap was higher between Winters-1 and 2 on ANWR (91%) than between
ANWR (Winter-1) and MINWR (82%). Dietary overlap between months indicate a change in diet which could be due to a loss of
the wolfberry in the diet.
PROCEEDINGS NORTH AMERICAN CRANE WORKSHOP 9:133-140
Key words: Grus americana, food habits, whooping crane
The largest wild population of whooping cranes (Grus
americana) winters from mid-October to mid-April on and
around the Aransas National Wildlife Refuge (ANWR) and
Matagorda Island National Wildlife Refuge (MINWR) along
the Texas Gulf Coast. This population, known as the AransasWood Buffalo population, is the only wild, selfsustaining ﬂock
of the endangered whooping crane. The population has slowly
increased from a low of 16 individuals in 1941 to a high of 181
individuals in 1998. The population numbered 143 individuals
in the winter of 1993-94, and 158 individuals in the winter of
1994-95.
While the population of whooping cranes has increased signiﬁcantly, the amount of crane habitat has remained relatively
constant. As newly formed pairs establish territories near their
parents, family-group territories have become smaller and more
dense (Stehn and Johnson 1985), the potential for resource limitations increases. Potential resource problems are magniﬁed by
the ever-present danger of chemical and petroleum spills from
ships in the Gulf Intercoastal Waterway, which was cut through
the middle of the whooping crane wintering area on ANWR.
The need to accurately determine the food requirements of
whooping cranes is essential to both the assessment of current
habitat management practices and the inﬂuence of future man_______
Current Address: 6280 Graham Point, Royse City, TX 75189,
USA e-mail: cwbird1@aol.com
2
Platte River Whooping Crane Maintenance Trust, 6611 W.
Whooping Crane Dr., Wood River, NE 68883, USA
1
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agement decisions. Determination of food requirements is also
an objective of the Whooping Crane Recovery Plan (USFWS
1986). Most past ﬁeld studies of whooping crane diets have
only identiﬁed food items and quantiﬁed their importance over
broad time periods, in a single area (ANWR), with small data
sets. Early studies identiﬁed 26 food items based on fecal and
stomach sample analysis (Allen 1952; Allen 1954, Uhler and
Locke 1969, Blankinship 1976), however, they failed to establish the importance of different food items in the diet over time.
In past studies blue crab (Callinectes sapidus) was the most
important food item consumed by cranes based on total fecal
volume (42%) followed by acorns (Quercus spp.) (37%) and razor clams (Tagellus plebius) (11%) (Allen 1952). Eleven of the
original 26 food items were substantiated in a more extensive
study (Hunt and Slack 1989). In that study, food use by whooping cranes was divided into 3, 2-month periods over the winters
of 1983-84 and 1984-85. Blue crabs were also the most important food items consumed by whooping cranes based on fecal
volume (41%), followed by razor clams (36%) and wolfberry
fruits (Lycium carolinianum) (8%) (Hunt and Slack 1989).
We conducted a study to determine the importance of different food items in crane diets by gathering fecal samples on
both ANWR and MINWR from October through April, 199394 (winter-1), and on ANWR only in 1994-95 (winter-2). Low
sample sizes for October and April forced us to eliminate these
months from data analysis for both winters. Because cranes
are territorial during winter months, and the distance between
Matagorda Island and the Aransas mainland (approx. 5 km),
there is little, if any, movement of cranes between the 2 areas
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(Stehn and Johnson 1985). For this reason the 2 areas were considered 2 distinct units. Our objectives were to: (1) determine
the importance of food items during the winter by months, (2)
compare patterns of food use of whooping cranes residing on
MINWR versus ANWR, and (3) compare patterns of food use
of whooping cranes residing on ANWR during 1993-94 and
1994-95.
METHODS
STUDY AREA
ANWR is located on the Texas Gulf Coast approximately
60 km north of Corpus Christi, in Aransas and Refugio counties. MINWR, a barrier island 62 km long, varies from 1.2 to
7.3 km wide and lies east of ANWR in Calhoun County. Fecal
samples were collected among the 9,000 ha of saltmarsh located on the eastern coast of ANWR and west side of MINWR and
among the ANWR upland area (USFWS 1986). The vegetation
ﬂats of the salt marsh were dominated by glasswort (Salicornia
virginiana), saltwort (Batis maritima), sea-oxeye daisy (Borrichia Frutencens), wolfberry (Lycium carolinianum), saltgrass
(Distichlis spicata), and smooth cordgrass (Spartina alterniﬂora) (Chavez-Ramirez and Slack 1995). The wind tidal ﬂats
of the saltmarsh were dominated by mudﬂat grass (Eleocharis parvula), saltgrass (Distichlis spicata), and chordgrasses
(Spartina spp.) (Chavez-Ramirez and Slack 1995). The upland
habitat was dominated by live oak (Quercus virginiana) and
Gulf chordgrass (Spartina spartinae) and has been previously
described by Stevenson and Grifﬁth (1946), Allen (1952), and,
Labuda and Butts (1979).
During 1993-94, fecal samples were collected at irregular
intervals each month from ANWR saltmarsh, 2 ANWR upland
burn areas, and from MINWR saltmarsh. The burns were conducted on November 17, and December 6, 1993. Collection
at all sites began in mid-October and ended in mid-March for
ANWR marsh, late December for ANWR burns, and early April
for MINWR. Winter-2 data collection began in mid-October
and ended early April. Fecal sample collection during winter-2
was restricted to ANWR salt marsh because of time constraints.
Subsequent comparisons between ANWR and MINWR refer to
winter-1 only, while comparisons between winter-1 and winter2 refer to feces collected on ANWR.
A fecal sample was collected only if it was located on dry
or damp substrate (not submerged in water), and only if it could
be positively identiﬁed as that of a whooping crane. Identiﬁcation was based on feces size, general appearance, content, and
surrounding footprints. Each feces was classiﬁed according to
location by microsite (sand ﬂat, mud ﬂat, algae ﬂat, wolfberry
ﬂat, burn, or road) to aid in identiﬁcation of debris accidentally
picked up with the samples. The passage rate of food through
cranes is slow relative to the potential movement of cranes
between habitats (Hunt and Slack 1989), therefore, the fecal

samples were not associated with the particular habitat in which
they were found, thus the samples gathered on the Aransas burn
and in the Aransas salt marsh were combined for analysis. Each
sample was placed in a sterile plastic bag and frozen until laboratory analysis. Each was analyzed to determine food item type,
to species when possible. Analysis consisted of inspection of
each sample through a dissecting microscope to identify items
and estimate their volume in the sample to the nearest 5%. Frequency was determined as the number of times a food item was
present during a month divided by the total number of fecal
samples for that month. Mean percent volume of each item was
determined by summing all percent volume values and dividing by the number of samples. Samples gathered from ANWR
aided in the identiﬁcation of crushed food items. Because, the
difference in digestibility of food items was unknown, direct
comparisons of different food items in samples was not possible. We therefore compared individual food items through time
and between locations, not to each other.
STATISTICAL ANALYSIS
No differences were found between parametric and nonparametric test results (α=0.05), therefore, we report our results
based on parametric tests. Due to low quantities of other food
items, statistical analysis of diets included the major food items
only, those being: blue crab, wolfberry fruit, horn snail, and razor clam. Differences in percent volume of speciﬁc food items
between months were tested with one-way (GLM) analysis-ofvariance (ANOVA). Tests showing a signiﬁcant difference were
subsequently tested using Tukey’s Studentized Range (HSD)
Test. Differences between percent volume of speciﬁc foods
between sites and between winters were tested using two-way
factorial (GLM) ANOVAs and Tukey-Kramer multiple comparison tests. The ﬁrst of these two-way ANOVAs tested differences between location and months for each of the major food
items. The second two-way ANOVA tested differences between
year and month for each of the major food items. Chi-square
tests were used to determine differences in frequency of occurrence of foods across months, between areas (winter-1), and
across winters (ANWR only). Statistics were performed using
SAS (1996) statistical analysis software.
Food-niche breadth (FNB) was estimated for areas by winter, and months (except for MINWR due to low monthly sample
sizes) using Levins’ (1968) modiﬁcation of Simpson’s index:
FNB = 1/Σpi2, where pi = the frequency of each food item in a
diet. We assessed similarities in diets between months, winters,
and study areas using a symmetrical overlap index (O) (Pianka
1973): O = Σpiqi/(Σpi2Σqi2)1/2 where pi = the frequency of a food
item in a diet and qi = the frequency of the same food item in
another diet. We report overlap values multiplied by 100 for
ease of interpretation (Marti and Kochert 1996). Frequencies
of sand and grit were not used for any index calculations since
they do not constitute nutritional beneﬁt to cranes.
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RESULTS
A total of 17 food items were identiﬁed, with blue crab,
wolfberry fruit, and horn snail (Cerithidea pliculasa) being the
most important food items present in feces from both ANWR
(both winters) and MINWR based on percent volume and
frequency (Table 1). Sand and grit were present often, in low
volume, in both study areas. New food items found and never
before reported in whooping crane diets included: virgin nerite
snails (Neritina virginea), harvestman insects (Opiliones) and
Carabidae insects.
SEASONAL FOOD USE
MINWR – Winter-1
Blue crabs showed an overall increase in both percent volume and frequency and differed signiﬁcantly among months (F
= 4.44, 4 = df; P < 0.01) and (X2 = 23.86, df = 4; P < 0.001)
(Table 1A). Percent volume of wolfberry fruit decreased overall throughout the study period and was signiﬁcantly different
among months (F = 26.21, 4 = df; P < 0.001) while frequency
was high from November through January after which it decreased signiﬁcantly (X2 = 38.49, df = 4; P < 0.001). Horn snail
increased overall in percent volume throughout the study period and differed signiﬁcantly among months (F = 5.77, 4 = df;
P < 0.001) while frequency did not differ signiﬁcantly among
months (X2 = 7.64, df = 4; P < 0.25). Niche breadth was lowest for all study units (Table 2). No monthly niche breadth or
overlap estimates were calculated for these samples due to low
sample sizes for some months.
ANWR – Winter-1
An overall increase and signiﬁcant difference was observed
in both percent volume and frequency (F = 10.34, df = 4; P <
0.001; X2 = 10.46, df = 4; P < 0.05; respectively) of blue crab
throughout the winter in Aransas (Table 1B). Wolfberry peaked
in December and was not present after January for both percent
volume and frequency. Wolfberry signiﬁcantly differed in percent volume (F = 24.03, 4 = df; P < 0.001) and frequency (X2 =
63.74, df = 4; P < 0.001) throughout the winter. Horn snail increased and signiﬁcantly differed throughout the winter in both
percent volume (F = 9.46, df = 4; P < 0.001) and frequency
(X2 = 32.22, df = 4; P < 0.001). Plant material was present in
low percent volumes during the last three months of the study
period. Orthopteran insects were only present in November
and December but were high in percent volume when present.
Niche breadth peaked in January (Table 2), and monthly dietary
overlap was highest between February and March (Table 3).
ANWR – Winter-2
An overall increase and signiﬁcant difference between

months was observed for blue crab percent volume (F = 31.60,
df = 4; P < 0.001) and frequency throughout the winter (X2 =
38.64, df = 4; P < 0.001) (Table 1C). Wolfberry decreased and
signiﬁcantly differed in both percent volume (F = 69.98, df =
4; P = 0.001), and frequency (X2 = 146.98, df = 4; P < 0.001)
throughout the year. Horn snail did not signiﬁcantly change in
percent volume (F = 2.46, 4 = df; P = 0.05) or frequency (X2 =
12.15, df = 4; 0.01 < P < 0.05) throughout the winter. Percent
volume of razor clam was signiﬁcantly higher in February than
all other months (F = 20.66, 4 = df; P < 0.001) while frequency
did not signiﬁcantly change (X2 = 70.56, df = 2; P < 0.25). Plant
material was present in low amounts throughout the study period. Orthopteran insects were present in low amounts during
November, December, and February. Monthly niche breadth
peaked in December (Table 2), and monthly dietary overlap
was highest between November and December (Table 3).
STUDY UNIT COMPARISONS
MINWR versus ANWR – Winter-1
Overall, blue crab percent volume was signiﬁcantly greater
on ANWR than MINWR (F = 15.88, 9,159 = df; P < 0.001)
(Table 1A and 1B). Blue crab signiﬁcantly differed between
dates on the 2 sites (F = 9.24, 9, 159 = df; P < 0.001) as a result of more blue crab present in ANWR feces during January
than those from MINWR. There was no interaction effect between site and month (F = 1.59, 9, 159; P = 0.18). The overall
wolfberry percent volume was signiﬁcantly greater on MINWR
than ANWR (F = 17.16, 9, 159 = df; P < 0.001). Wolfberry also
signiﬁcantly differed between months on the sites (F = 30.04,
9, 159 = df; P < 0.001) as a result of signiﬁcantly more wolfberry present in MINWR feces during January than those from
ANWR. There was, however, an interaction effect observed (F
= 3.33, 9, 159 = df; P = 0.01). No signiﬁcant difference was observed between percent volume of horn snail in MINWR feces
and those from ANWR (F = 1.36, 9, 159 = df; P = 0.24). Horn
snail differed between sites by months (F = 8.38, 9, 159 = df;
F < 0.001), however, multiple comparison tests failed to detect
a difference. An interaction effect was observed (F = 2.78, 9,
159 = df; P = 0.03). Frequency signiﬁcantly differed between
MINWR samples and ANWR samples throughout the study period for blue crab (X2 = 61.09, 4 = df; P < 0.001), wolfberry (X2
= 48.72, 4 = df; P < 0.001), and horn snail (X2 = 49.94, 4 = df;
P < 0.001). Dietary overlap showed that diets on MINWR and
ANWR were 83% similar.
ANWR - Winter-1 versus Winter-2
Percent volume of blue crab was signiﬁcantly greater in
winter-2 than winter-1 (F = 30.71, 9, 361 = df; P < 0.001) (Table 1B and 1C). Blue crab signiﬁcantly differed between sites
(F = 23.65, 9, 361 = df; P < 0.001) as a result of more blue crab
in winter-2 samples than winter-1 samples during the months
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TABLE 1. Percent volume (standard error) and percent frequency of major whooping crane food items by month (n) for (A) Matagorda Island National Wildlife Refuge 1993-94, (B) Aransas National Wildlife Refuge 1993-94, and (C) Aransas National Wildlife Refuge
1994-95.
A.
1993
NOV (5)
VOL (SE)
BLUE CRAB

1994
DEC (21)

FREQ

VOL (SE)

JAN (19)

FREQ

FEB (4)

VOL (SE)

FREQ

VOL (SE)

89.4 (5.3)

100.0

25.0 (25.0)

tr

20.0

tr

19.1

93.0 (4.6)

100.0

85.2 (4.1)

100.0

HORN SNAIL

11.4 (3.8)

71.4

7.9 (5.0)

47.4

MELAMPUS

tr

4.8

1.1 (0.6)

26.3

tr

5.3

WOLFBERRY

RAZOR CLAM

6.0 (4.8)

80.0

MAR (6)

TOTAL (55)

FREQ

VOL (SE)

25.0 (25.0)

75.0

30.8 (19.5)

83.0

5.0 (2.9)

22.8

25.0 (25.0)

50.0

tr

16.7

71.1 (5.1)

86.0

50.0

61.7 (20.1)

83.3

15.1 (4.1)

54.4

18.8 (18.8)

25.0

ORTHOPTERA

tr

5.3

PLANT MAT.

tr

10.5

tr

25.0

6.3 (6.2)

50.0

FREQ

7.5 (4.8)

50.0

tr

16.7

VOL (SE)

FREQ

0.4 (0.2)

10.5

1.8 (1.4)

10.5

tr

1.8

0.8 (0.6)

10.5

2.1 (0.7)

45.6

0.2 (0.2)

28.1

ACORN
SAND/GRIT

1.0 (1.0)

100.0

OTHER

2.9 (1.2)

42.9

1.6 (0.5)

52.6

0.5 (0.5)

61.9

tr

10.5

B.
1993
NOV (8)

1994
DEC (32)

JAN (32)

FEB (30)

MAR (12)

TOTAL (114)

VOL (SE)

FREQ

VOL (SE)

FREQ

VOL (SE)

FREQ

VOL (SE)

FREQ

VOL (SE)

FREQ

VOL (SE)

BLUE CRAB

25.6 (15.2)

62.5

4.7 (2.7)

46.9

30.6 (7.4)

59.4

47.6 (6.8)

76.7

70.4 (11.0)

91.7

31.7 (3.7)

64.0

WOLFBERRY

36.9 (17.1)

62.5

78.0 (6.3)

90.6

47.3 (8.7)

56.3

37.8 (4.4)

45.6

HORN SNAIL

tr

12.5

12.0 (5.1)

46.9

16.6 (2.8)

50.0

2.0 (1.0)

21.9

MELAMPUS

tr

3.1

RAZOR CLAM

tr

3.1

12.5 (5.9)

15.6

ORTHOPTERA

37.5 (18.3)

37.5

PLANT MAT.

39.5 (6.2)

86.7

21.7 (10.0)

66.7

FREQ

tr

0.9

0.7 (0.6)

3.5

2.3 (2.0)

9.4

6.1 (2.3)

7.0

0.9 (0.9)

6.3

6.0 (2.5)

23.3

1.7 (1.1)

16.7

2.0 (0.7)

9.7

ACORN

tr

50.0

tr

12.5

tr

7.0

SAND/GRIT

tr

12.5

2.8 (0.7)

59.4

3.9 (1.6)

43.8

6.8 ( 2.1)

73.3

6.3 (4.2)

83.3

4.3 (0.9)

57.9

OTHER

tr

12.5

tr

34.4

1.1 (0.7)

50.0

tr

6.7

tr

8.3

0.3 (0.2)

27.2

C.
1994
NOV (78)

1995
DEC (65)

JAN (52)

FEB (43)

MAR (19)

TOTAL (257)

VOL (SE)

FREQ

VOL (SE)

FREQ

VOL (SE)

FREQ

VOL (SE)

FREQ

VOL (SE)

FREQ

VOL (SE)

FREQ

BLUE CRAB

24.1 (4.3)

62.8

38.9 (5.2)

76.4

83.6 (4.1)

96.2

66.7 (6.3)

97.7

96.6 (2.6)

100.0

52.4 (2.8)

78.6

WOLFBERRY

74.3 (4.2)

94.9

53.9 (5.3)

89.1

4.8 (2.3)

17.3

37.2 (2.8)

51.4

HORN SNAIL

0.1 (0.1)

11.5

1.3 (0.8)

16.4

3.3 (1.6)

23.1

1.1 (0.4)

13.2

MELAMPUS

tr

2.6

tr

1.8

3.9 (2.7)

3.9

tr

3.6

3.2 (2.2)

3.9

28.8 (6.4)

RAZOR CLAM
ORTHOPTERA

tr

21.1

41.9

0.8 (0.5)

2.0

5.5 (1.3

8.6

0.5 (0.2)

16.7

2.1 (0.8)

23.6

tr

2.3

0.7 (0.2)

10.5

tr

19.2

tr

21.8

0.2 (0.1)

11.5

0.2 (0.2)

14.0

2.6 (2.6)

52.6

0.3 (0.2)

19.1

SAND/GRIT

0.7 (0.4)

61.5

3.8 (1.1)

67.7

0.9 (0.4)

13.5

4.2 (0.6)

65.1

tr

15.8

2.0 (0.3)

50.6

OTHER

0.3 (0.2)

15.4

0.1 (0.1)

9.2

tr

23.1

tr

20.9

tr

15.8

0.2 (0.1)

16.3

PLANT MAT.
ACORN
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Table 2. Niche breadths of monthly diets of whooping cranes
for Matagorda National Wildlife Refuge (MINWR) during
1993-94, and Aransas National Wildlife Refuge (ANWR) during 1993-94, and 1994-95. Monthly niche breadth calculations
were not calculated for MINWR 1993-94, due to low monthly
sample sizes.

MINWR 1993-94

ANWR 1993-94

ANWR 1994-95

November

3.3

2

December

3.1

3.7

January

4.7

2.5

February

2.9

2.4

March

2.5

2.3

4.4

3.8

Total

3.6

Table 3. Percent dietary overlap of Whooping Cranes between months for Aransas National Wildlife Refuge during
1993-94 and 1994-95.

1993-94

1994-95

November-December

92.4

98.8

December-January

85.1

76.7

January-February

73.6

89.1

February-March

96.8

84.7

of December and January. An interaction effect between year
and month was observed (F = 3.86, 9, 361 = df; P < 0.01).
Wolfberry did not signiﬁcantly differ between years (F = 1.94,
9, 361 = df; P = 0.16), while a difference was observed between
months (F = 53.83, 9, 361 = df; P < 0.001) as a result of more
wolfberry in winter-1 than winter-2 during December and January. An interaction effect was observed (F = 10.35, 9, 361 = df;
P < 0.001). More horn snail was observed in winter-1 than in
winter-2 (F = 49.10, 9, 361 = df; P < 0.001). Horn snail differed
by month between years (F = 16.5, 9, 361 = df; P < 0.001) as a
result of more present in winter-1 than winter-2 samples during
February and March. An interaction effect was observed (F =
19.00, 9, 361 = df; P < 0.001). The frequency of blue crab was
not signiﬁcantly different throughout months between winter-1
and winter-2 (X2 = 6.80, df = 4; P > 0.05), while a signiﬁcant
difference was observed for wolfberry (X2 = 27.14, 4 = df; P <
0.001) and horn snail (X2 = 46.09, df = 4; P < 0.001). Dietary

overlap showed that diets in winter-1 and winter-2 were 90%
similar.
DISCUSSION
The addition of 3 more food items consumed by cranes to
the original list of 26, after 30 years of monitoring, is further
evidence that these birds are opportunistic feeders (ChavezRamirez 1996). This behavior may explain differences in crane
diets observed between past studies and this one.
Our data showed that blue crabs were an important dietary
constituent (41% total fecal volume for all study units combined), as in past research (Allen 1952, Hunt and Slack 1989).
Throughout the winter, however, the general trends observed
differed from Hunt and Slack’s (1989) who found that percent
volume of blue crab decreased (1983-84), and did not signiﬁcantly differ (1984-85), while ours consistently showed an increase in both percent volume and frequency over the wintering period. The percent volume of clam, however, increased
throughout both winters in the former study. Razor clam and
blue crab are similar in their nutritional make up in that they
both contain low energy and high protein (Nelson et al. 1996).
It seems plausible cranes can decrease blue crab consumption
if clam consumption is high. Since clam availability is dependent on several variable factors (Holland and Dean 1977, Montagna and Kalke 1992), and due to the opportunistic behavior
of the cranes, it is possible that presence of clams in the diets
observed in Hunt and Slack (1989) and Allen (1952), and the
lack of clams in our study is a result of differences in availability during different time periods. Such switches in diet based on
prey density and susceptibility have been observed in white ibis
(Eudocimus albus) and gray herons (Ardea cinerea) (Kushlan
1978).
Our data showed that wolfberry fruit was the most important dietary constituent based on percent volume in feces from
all study units combined (42%). Wolfberry fruit generally decreased in percent volume throughout the winter on all study
units of our study, as in Hunt and Slack (1989). The trend is
expected since the plant completes its fruiting cycle in December or January after which it is scarce to unavailable (ChavezRamirez 1996). The inﬂuence of phenological stage on presence of wolfberry fruit in whooping crane diets is similar to that
observed by Loiselle and Blake (1990) in several fruit-eating
birds of Costa Rica. Wolfberry fruit was not present in Allen’s
(1952) study, however, all his fecal samples, but one, were collected after mid-January. Completion of the fruiting cycle had
likely already occurred. The months of lowest dietary overlap
(indicating the greatest change in diets from month to month
throughout the winter) for both winters, correspond with the
months of greatest decrease in wolfberry fruit in the diet. High
amounts of wolfberry fruit in crane feces during the ﬁrst half
of the winter suggests this food item is important to the cranes
when available.
Results showed horn snail amounted to 7% of total fecal
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volume of all study units combined; however, its nutritional
beneﬁt to the cranes is questionable. While availability of empty shells in whooping crane wintering habitat is high, signiﬁcant attempts to locate live horn snails have been unsuccessful
(Chavez-Ramirez 1996, pers. observ.). A large proportion of
horn snail in feces was not signiﬁcantly crushed in digestion
as indicated by many large particles and some complete shells.
Cranes have also been observed consuming what was determined to be dead snails from mudﬂats (Chavez-Ramirez 1996).
Due to lack of other hard objects in feces despite the availability
of small rocks and crushed oyster shell, it is possible consumption of horn snails is primarily for the purpose of grit. While
the extent to which birds use grit depends on many variable
factors such as the bird’s diet, age, body size, gender and reproductive status (Gionfriddo and Best 1996), birds diets which
include hard coarse materials generally contain relatively large
amounts of grit (Meinertzhagen 1954; Farner 1960). Given the
presence of hard wolfberry seeds, and crab shell in the diet of
whooping cranes, it is expected that some type of grit would be
needed to aid in the breakdown of these food items. Cranes may
also be consuming shells to meet micronutrient needs. The importance of snail shells as calcium supplement in bird diets has
been well documented (Korschgen 1964; Krapu and Swanson
1975; Norris et al. 1975; Beasom and Pattee 1978; Ankney and
Scott 1980; Turner 1982).
Past studies have emphasized the importance of acorns in
the diets of whooping cranes (Stevenson and Grifﬁth 1946; Allen 1952; Allen 1954; Blankenship and Reeves 1970; Hunt and
Slack 1989), however, acorn failed to be present in our samples
beyond a trace amount and even then only during winter-1.
Past burning of upland vegetation has been primarily for the
purpose of increasing acorn availability for cranes. Whooping cranes frequented burns during winter-1 despite the lowest
acorn estimates on record to date (Chavez-Ramirez et al. 1996).
Acorn presence in feces did generally correspond to the times
of the two controlled burns conducted that winter. While lack
of acorn in the feces may suggest cranes were unsuccessfully
searching for acorns in these burn areas, it has been found that
acorn production did not signiﬁcantly effect whooping crane
use of upland burns (Chavez-Ramirez et al. 1996), suggesting
that acorn consumption was not the primary factor for the use
of the upland burns. Furthermore, acorn production during winter-2 was nearly double that of winter-1, yet, acorn failed to be
present in feces the second winter despite use of the burns by
cranes during that winter (Stehn 1995).
Whooping cranes have been reported to opportunistically
use upland burns for the consumption of various food stuffs
such as cultivated crops (Shields and Benham 1969), grasses
(Stevenson and Grifﬁth 1946), crayﬁsh (Allen 1952; Hunt and
Slack 1989), snakes, lizards, and insects (Chavez-Ramirez et
al. 1996). Orthopteran insects were the only upland food item
observed in signiﬁcantly greater frequency or percent volume
directly following controlled burns, it therefore seems plausible that orthopteran insects may be an important food item

obtained in burned areas. The presence of orthopteran insects in
whooping crane diets corresponded to the dates following several of the upland burns. During winter-1, orthopteran insects
were present in feces in highest amounts following the burn of
November 6, 1993. Crane use of this burn was greatest of all
burns that winter (Stehn 1994). Winter-2 consumption of orthopteran insects was also greatest following the most heavily
used burn that winter (Stehn 1995). Other bird species such as
wild turkey (Meleagris gallopavo), northern bobwhite (Colinus
virginianus), mourning dove (Zenaida macroura), and others,
have been observed on recent burns on which they evidently
ﬁnd an abundant supply of seeds and dead insects (Komarek
1969; Wright and Bailey 1982).
A possible negative relationship was observed between
blue crab and wolfberry fruit in our data. When comparing
MINWR and ANWR, the amount of blue crab in crane diets
differed between the two sites because more blue crabs were
present in January for the ANWR site. Wolfberry fruit also differed between sites in January with signiﬁcantly more wolfberry fruit being present in MINWR diets. This relationship can
also be seen when comparing winter-1 with winter-2. Blue crab
differed as a result of more being present in crane diets in winter-2 samples during December and January. Wolfberry fruit
also differed, but as a result of more being present in winter-1
samples during those same two months. Crab trap data showed
that more crabs were available in winter-1 than winter-2 (unpubl. data) during the months of December and January. Furthermore, the general decline of wolfberry fruit in crane diets
throughout the winter at all study sites while blue crabs steadily
increased add to the plausibility that blue crabs and wolfberry
in the diet are somehow related. While the relationship being
a result of selection, availability, or some other factor remains
unknown, it appears cranes will compensate for the loss of one
food item in the diet by increasing consumption of the other.
This pattern of diet compensation is similar to that observed in
gray herons and white ibis (Kushlan 1978).
The difference in diets, based on the similarity index, between MINWR and ANWR were primarily a result of wolfberry fruit being present longer into the winter in MINWR feces. This difference initially seems somewhat unexpected since
environmental factors inﬂuencing fruit production are likely the
same between the two sites. We believe, however, that wolfberry fruit was available longer in the winter due to higher wolfberry plant densities, later wolfberry fruit availability (unpubl.
data) and larger crane territory sizes on MINWR versus ANWR
(Stehn and Johnson 1985, pers. observ.). Several studies have
shown that birds will establish territories when food sources
become scarce (Zahavi 1971; Cronin and Sherman 1976; Tye
1986). While we doubt crane territories have been established
in response to wolfberry fruit abundance and distribution, the
larger territory sizes of MINWR cranes and greater wolfberry
plant densities likely resulted in lower foraging pressures on
the plants early in the winter could result in extending the availability of fruit later into the wintering period.
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Food niche breadth was lowest on MINWR, as would be
expected since this site lacks the upland oak scrub brush, large
fresh water lakes, and agricultural ﬁelds available to cranes on
the ANWR. The greater heterogeneity of the habitat types on
ANWR provides more variety of potential foraging habitat, and
thus a more diverse food base than expected on MINWR. Begon et al. (1996) noted that one reason more species (hence a
more diverse prey base) could occur in one community than
another is because there is a greater range of resources (greater
heterogeneity) present in one than the other.
There are two areas of research that could greatly add to
our understanding of food use by wintering whooping cranes.
The ﬁrst would be the determination of food item selection in
context of availability. While we were able to determine trends
of food items throughout the winter, determining whether these
occurred as a result of selection or availability remains mostly
speculative. Food acquisition or foraging can be a demonstration of how an animal actively uses its habitat (Morrison et al.
1992). In addition, it has been noted that, “information on food
use is an essential component of research efforts addressing
such issues as the impact of predation on prey populations, extrinsic factors that inﬂuence reproductive success, and assessments of productivity of local habitats” (Litvaitis et al. 1994).
Understanding why cranes eat what they do will help us determine the importance of food items relative to each other and
better understand if, and when, the cranes may be experiencing
times of low food availability.
The second area of research needed to better understand
food use by cranes is determination of how much matter is produced from a known amount of wild food after passing through
a crane digestive system. Swanson (1940) reported that differential digestibility of foods may change their relative proportion
in the feces; however, studies have been done on gallinaceous
birds which suggest that nearly all foods produce some identiﬁable remains in fecal matter (Jensen and Korschgen 1947).
Information on the energetic value of several important crane
food items is available (Nelson et al. 1996). Assuming everything consumed is present in the feces, and it can be determined
what the amount in the feces represents as pre-ingested material, we could determine the energetic intake of cranes with nonintrusive techniques throughout the winter, and thus determine
potential times of energetic stress.
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  Winter	
  at	
  Aransas	
  National	
  Wildlife	
  Refuge	
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At	
  the	
  Request	
  of	
  Biologist	
  Tom	
  Stehn	
  we	
  visited	
  Aransas	
  National	
  Wildlife	
  Refuge	
  between	
  2-‐6	
  March,	
  
2009.	
  	
  Our	
  objectives	
  were	
  evaluate	
  whooping	
  crane	
  feeding	
  and	
  foraging	
  activity	
  and	
  compare	
  
conditions	
  during	
  this	
  winter	
  to	
  previous	
  conditions	
  during	
  which	
  we	
  had	
  gathered	
  data	
  that	
  could	
  serve	
  
as	
  baseline	
  for	
  comparison	
  of	
  a	
  good	
  or	
  bad	
  year.	
  	
  	
  
	
  
The	
  objectives	
  were	
  to	
  gather	
  information	
  of	
  whooping	
  crane	
  food	
  intake	
  rates	
  and	
  marsh	
  food	
  
resources	
  conditions	
  and	
  compare	
  this	
  information	
  to	
  the	
  previous	
  baseline	
  years	
  available.	
  	
  Specifically	
  
we	
  wanted	
  to	
  evaluate	
  the	
  following:	
  
a) Collect	
  data	
  on	
  probing	
  and	
  progression	
  rates	
  in	
  different	
  habitat	
  types	
  and	
  compare	
  to	
  baseline	
  
years	
  
b) Collect	
  information	
  on	
  food	
  capture	
  rates	
  and	
  compare	
  to	
  baseline	
  years	
  
c) Gather	
  time	
  activity	
  budgets	
  and	
  compare	
  to	
  baseline	
  years	
  
d) Gather	
  information	
  on	
  conditions	
  of	
  food	
  resources	
  and	
  overall	
  salt	
  marshes	
  
e) Collect	
  feces	
  sample	
  for	
  analysis	
  of	
  stress	
  hormones	
  (corticortisone).	
  
f)

Collect	
  general	
  observations	
  suggestive	
  of	
  stressed	
  conditions	
  of	
  whooping	
  cranes	
  

	
  
METHODS	
  
A	
  week	
  was	
  spent	
  in	
  the	
  field	
  during	
  all	
  daylight	
  hours	
  gathering	
  information	
  opportunistically	
  as	
  
whooping	
  	
  cranes	
  were	
  encountered.	
  	
  In	
  order	
  to	
  streamline	
  information	
  gathering,	
  cranes	
  encountered	
  
were	
  videotaped	
  and	
  the	
  video	
  tapes	
  later	
  viewed	
  to	
  collect	
  information	
  on	
  foraging	
  behavior,	
  food	
  
capture	
  rates,	
  and	
  time	
  activity	
  budgets.	
  	
  Observations	
  were	
  collected	
  from	
  the	
  Boat	
  Ramp	
  area	
  
southward	
  to	
  the	
  dry	
  well	
  road	
  area	
  of	
  the	
  Salt	
  Marsh.	
  	
  Four	
  days	
  were	
  spent	
  at	
  Aransas	
  National	
  
Wildlife	
  refuge	
  and	
  one	
  day	
  on	
  Matagorda	
  Island	
  NWR.	
  	
  	
  An	
  effort	
  was	
  made	
  to	
  collect	
  observations	
  of	
  
whooping	
  cranes	
  in	
  all	
  possible	
  habitat	
  types.	
  	
  Due	
  to	
  the	
  conditions	
  of	
  the	
  marsh,	
  little	
  or	
  no	
  open	
  
water	
  towards	
  the	
  upland	
  side,	
  salt	
  marsh	
  observations	
  were	
  taken	
  primarily	
  from	
  a	
  boat	
  supplied	
  by	
  
Aransas	
  National	
  Wildlife	
  Refuge.	
  	
  Feces	
  were	
  collected	
  from	
  all	
  accessible	
  areas	
  where	
  cranes	
  had	
  been	
  
previously	
  observed	
  which	
  included	
  salt	
  marsh,	
  upland	
  burns,	
  and	
  areas	
  surrounding	
  the	
  corn	
  feeders	
  
that	
  had	
  been	
  previously	
  installed.	
  Feces	
  from	
  one	
  family	
  of	
  whooping	
  cranes	
  known	
  to	
  use	
  a	
  feeder	
  

`	
  
consistently	
  throughout	
  the	
  winter	
  and	
  several	
  winters	
  in	
  the	
  past	
  on	
  Lamar	
  Peninsula	
  was	
  specifically	
  
targeted,	
  as	
  this	
  family	
  is	
  believed	
  to	
  not	
  be	
  suffering	
  the	
  food	
  stress	
  of	
  the	
  other	
  cranes	
  in	
  the	
  area.	
  
Comparison	
  of	
  crane	
  stress	
  hormone	
  levels	
  from	
  feces	
  collected	
  in	
  the	
  traditional	
  salt	
  marsh	
  areas	
  will	
  
be	
  compared	
  with	
  the	
  Lamar	
  family.	
  	
  Feces	
  were	
  analyzed	
  by	
  graduate	
  student	
  Ingrid	
  Barcelo	
  in	
  
laboratory	
  facilities	
  of	
  the	
  University	
  of	
  Chihuahua,	
  Mexico.	
  
	
  
General	
  Observations	
  of	
  Marsh	
  Conditions	
  
The	
  salt	
  marsh	
  areas	
  of	
  Aransas	
  which	
  normally	
  comprise	
  the	
  majority	
  of	
  individual	
  whooping	
  crane	
  
territories	
  had	
  extremely	
  low	
  water	
  levels.	
  	
  Areas	
  normally	
  flooded	
  and	
  which	
  comprised	
  open	
  water	
  
salt	
  marsh	
  as	
  described	
  in	
  Chavez-‐Ramirez,	
  (2006)	
  were	
  dry,	
  some	
  showing	
  mud	
  cracks	
  as	
  deep	
  as	
  4-‐5	
  
inches.	
  	
  This	
  would	
  mean	
  crabs	
  had	
  moved	
  out	
  towards	
  the	
  bay	
  following	
  decreasing	
  water	
  levels	
  or,	
  as	
  
we	
  observed	
  in	
  several	
  instances,	
  would	
  burrow	
  into	
  the	
  substrate.	
  	
  	
  Digging	
  into	
  the	
  substrate	
  is	
  
common	
  blue	
  crab	
  behavior	
  associated	
  with	
  cold	
  weather	
  events	
  and	
  apparently	
  also	
  low	
  water	
  levels.	
  	
  
As	
  confirmation	
  of	
  blue	
  crabs	
  being	
  dug	
  into	
  the	
  substrate	
  we	
  have	
  several	
  observations	
  of	
  whooping	
  
cranes	
  digging	
  and	
  pulling	
  crabs	
  form	
  below	
  the	
  surface	
  of	
  dried	
  open	
  water	
  habitats.	
  	
  	
  
	
  
	
  
We	
  observed	
  that	
  several	
  areas	
  where	
  wolfberry	
  plants	
  had	
  died	
  out.	
  These	
  are	
  areas	
  that	
  had	
  	
  
abundant	
  wolfberry	
  plants	
  and	
  were	
  used	
  as	
  feces	
  collection	
  sites	
  in	
  the	
  past	
  due	
  to	
  high	
  visitation	
  by	
  
whooping	
  cranes	
  during	
  	
  wolfberry	
  fruiting	
  periods	
  (Chavez-‐Ramirez,	
  2006;	
  Westwood	
  and	
  Chavez-‐
Ramirez	
  2005).	
  	
  One	
  of	
  the	
  areas	
  is	
  east	
  of	
  the	
  end	
  of	
  drywell	
  road	
  and	
  others	
  in	
  the	
  general	
  area	
  of	
  the	
  
pump	
  canal.	
  	
  The	
  causes	
  of	
  such	
  widespread	
  wolfberry	
  mortality	
  in	
  unknown.	
  	
  	
  While	
  this	
  may	
  be	
  due	
  to	
  
natural	
  weather	
  conditions	
  or	
  other	
  natural	
  phenomena,	
  the	
  result	
  is	
  that	
  less	
  wolfberry	
  plant	
  
abundance	
  would	
  equal	
  less	
  wolfberry	
  fruit	
  (food)	
  for	
  whooping	
  cranes	
  and	
  likely	
  would	
  exacerbate	
  
food	
  stress	
  during	
  a	
  year	
  when	
  blue	
  crabs	
  appear	
  to	
  be	
  in	
  low	
  abundance	
  and	
  of	
  difficult	
  availability.	
  	
  
	
  
Whooping	
  Crane	
  Observations	
  indicative	
  of	
  food	
  stress	
  
Chicks	
  
	
  
Chicks	
  observed	
  during	
  field	
  visits	
  retained	
  significant	
  rusty	
  feathers	
  throughout	
  body	
  and	
  head.	
  
The	
  head	
  usually	
  is	
  the	
  last	
  to	
  change	
  but	
  in	
  previous	
  years,	
  rusty	
  coloration	
  on	
  the	
  body	
  is	
  almost	
  gone	
  
by	
  February.	
  	
  Slower	
  molting	
  of	
  feathers	
  is	
  an	
  indication	
  of	
  food	
  stress.	
  
	
  
Foraging	
  and	
  Behavior	
  
During	
  the	
  1990’s	
  when	
  information	
  was	
  gathered,	
  two	
  consecutive	
  years	
  represented	
  a	
  good	
  versus	
  a	
  
bad	
  year	
  for	
  foraging	
  and	
  energy	
  storage	
  of	
  whooping	
  cranes(Chavez-‐Ramirez	
  1996).	
  	
  	
  Time	
  activity	
  

`	
  
budgets	
  and	
  foraging	
  activity	
  was	
  documented.	
  	
  In	
  February	
  2009	
  we	
  collected	
  the	
  same	
  information	
  in	
  
order	
  to	
  compare	
  to	
  the	
  existing	
  information.	
  	
  Table	
  1	
  shows	
  the	
  probing	
  and	
  progression	
  rates	
  of	
  
whooping	
  cranes	
  in	
  different	
  habitats	
  types	
  during	
  different	
  time	
  periods.	
  	
  	
  The	
  February	
  2009	
  show	
  less	
  
probes	
  per	
  minute	
  than	
  either	
  good	
  or	
  bad	
  years,	
  suggesting	
  food	
  items	
  availability	
  was	
  lower	
  in	
  all	
  
habitat	
  types	
  relative	
  to	
  previous	
  time	
  periods.	
  	
  Steps	
  per	
  minute	
  were	
  more	
  similar	
  to	
  the	
  bad	
  year	
  and	
  
in	
  the	
  case	
  of	
  uplands	
  actually	
  higher	
  in	
  2009	
  than	
  the	
  previously	
  recorded	
  bad	
  year.	
  
	
  
Food	
  consumption	
  rates	
  
Blue	
  crab	
  capture	
  rate	
  
Good	
  Year	
  	
  1992-‐93	
  

	
  

7.1	
  

Bad	
  Year	
  1993-‐94	
  

	
  

2.8	
  

February	
  2009	
   	
  

	
  

1.5	
  

	
  
Table	
  1.	
  Whooping	
  probing	
  and	
  progression	
  rates	
  in	
  Aransas	
  NWR	
  during	
  2009	
  and	
  at	
  two	
  other	
  times.	
  
	
  
	
  
Salt	
  Marsh	
  Open	
  Water	
  
Probes/min	
  
Steps/min	
  
	
  
Bay	
  
Probes/min	
  
Steps/min	
  
	
  
Uplands	
  
Probes/min	
  
Steps/min	
  
	
  
	
  
	
  
	
  
	
  
	
  

Good	
  year	
  (92-‐92)	
  
	
  
24.6	
  	
  	
  	
  	
  	
  (27.3)	
  
14.3	
  	
  	
  	
  	
  	
  (9.6)	
  
	
  
	
  
22.8	
  	
  	
  	
  	
  (6.5)	
  
7.9	
  	
  	
  	
  	
  	
  	
  (13.9)	
  
	
  
	
  
2.2	
  	
  	
  	
  	
  	
  	
  (0.8)	
  
10.4	
  	
  	
  	
  	
  (7.1)	
  

Bad	
  year	
  (93-‐94)	
  
	
  
42.1	
  	
  	
  	
  	
  	
  (31.4)	
  
26.1	
  	
  	
  	
  	
  	
  (13.7)	
  
	
  
	
  
12.2	
  	
  	
  	
  	
  	
  	
  (2.6)	
  
24.1	
  	
  	
  	
  	
  	
  	
  (8.3)	
  
	
  
	
  
2.8	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (1.2)	
  
27.1	
  	
  	
  	
  	
  	
  	
  (3.4)	
  

Feb	
  2009	
  
	
  
3.6	
  	
  	
  	
  	
  	
  (2.5)	
  
25.4	
  	
  	
  	
  (19.2)	
  
	
  
	
  
7.8	
  	
  	
  	
  	
  	
  	
  (5.2)	
  
16.7	
  	
  	
  	
  (9.3)	
  
	
  
	
  
1.1	
  	
  	
  	
  	
  	
  	
  	
  (1.4)	
  
36.5	
  	
  	
  	
  	
  	
  (34)	
  

`	
  
	
  
	
  
	
  
	
  
Table	
  4.9.	
  	
  Time	
  activity	
  budgets	
  of	
  mated	
  Whooping	
  Cranes	
  during	
  winters	
  of	
  1992-‐93	
  and	
  1993-‐94	
  and	
  2009	
  
on	
  Aransas	
  salt	
  marsh	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  
Aransas	
  	
  

	
  

	
  	
  	
  	
  	
  	
  

Behavior	
  

	
  

1992-‐93	
  

1993-‐94	
  

2009	
  

	
  

Feeding	
  	
  

	
  

44.9	
  

	
  

40.6	
  

	
  

33	
  

	
  

Locomotion	
  

	
  

31.7	
  

	
  

30.2	
  

	
  

20.9	
  

	
  

Interaction	
  

	
  

	
  1.6	
  

	
  	
  

1.2	
  

	
  

	
  0	
  

	
  

Rest	
  

	
  

	
  4.5	
  

	
  

14.2	
  

	
  	
  

22	
  

Maintenance	
   	
  

	
  0.4	
  

	
  	
  

7.2	
  

	
  

12.1	
  

	
  

Alert	
  

	
  

	
  

18.4	
  

	
  

6.8	
  

	
  

12	
  

	
  

	
  	
  	
  N	
  

	
  

	
  

	
  84	
  	
  

	
  

64	
  	
  

	
  

29	
  	
  

	
  

	
  

	
  

	
  
	
  
	
  
	
  

	
  

	
  

	
  

	
  

	
  

`	
  
	
  
	
  
	
  
Bay	
  Habitat	
  
Behavior	
  

	
  

1992-‐93	
  

1993-‐94	
  

2009	
  

Feeding	
  	
  

	
  

47.8	
  

	
  

29.8	
  

	
  

47.2	
  

	
  

Locomotion	
  

	
  

28.9	
  

	
  

38.7	
  

	
  

33.4	
  

	
  

Interaction	
  

	
  

	
  0	
  

	
  	
  

1	
  

	
  

	
  0.2	
  

	
  

Rest	
  

	
  

	
  6.6	
  

	
  

1.5	
  

	
  	
  

11.3	
  

Maintenance	
   	
  

	
  11.5	
  

	
  	
  

14.5	
  

	
  

0.4	
  

	
  

Alert	
  

	
  

	
  

7.5	
  

	
  

14.5	
  

	
  

7.6	
  

	
  

	
  	
  	
  N	
  

	
  

	
  

	
  84	
  	
  

	
  

64	
  	
  

	
  

29	
  	
  

	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

`	
  
	
  

	
  

Upland	
  Burns	
  
Behavior	
  

	
  

1992-‐93	
  

1993-‐94	
  

2009	
  

Feeding	
  	
  

	
  

10.8	
  

	
  

12.5	
  

	
  

44.3	
  

	
  

Locomotion	
  

	
  

32.6	
  

	
  

41.3	
  

	
  

55.7	
  

	
  

Interaction	
  

	
  

1.9	
  

	
  	
  

0	
  

	
  

	
  0	
  

	
  

Rest	
  

	
  

	
  16.7	
  

	
  

1	
  

	
  	
  

0	
  

Maintenance	
   	
  

	
  6.3	
  

	
  	
  

13.5	
  

	
  

0	
  

	
  

Alert	
  

32.5	
  

	
  

29	
  

	
  

0	
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Cranes and Rivers:
Ecological Connections and
Conservation Issues
Felipe Chavez-Ramirez

Presentation Outline
•
•
•
•
•

Introduction
Synopsis of River ecology
Overview of crane-river connections
Wattled Crane and the Zambezi River
Whooping Cranes and the San Antonio
River/Guadalupe Estuary
• Sandhill Cranes and the Platte River

Rivers:
Unique Ecological Environments
•
•
•
•
•
•
•
•

Unidirectional:
flow downstream
Linear: long, thin, small overall area
Unstable Channel and bed morphology:
Open system: into, from surrounding
environment, and two-way in floodplains
High Spatial and temporal heterogeneity:
Hierarchical organization: nesting
High instream variability
Unique biota:

Giller and Malmquist 1999.

River Ecology
• Dynamic interactions of channel with
surrounding landscape (Hynes 1975, Giller
& Malmqvist 1999).
• Ecologically, the river’s influence is not
limited to channel
• Source of water is not only value of river

Water Demands led to Dams
• Benefits
– Water supply for industry, agriculture, urban
– Power generation
– Flood control

• Drawbacks
–
–
–
–

Destroy aquatic habitats
Alter natural flow patterns
Limit floods and associated benefits
Reduces seasonal ratio of high to low levels, but may
increase daily fluctuations.

Ecological Impacts
of Flow Alterations
• Elimination of specific habitats, particularly
those associated with high and low flows
• Species with reproductive strategies tied
to natural flows may suffer
• Lack of high water limits required
movements of some organisms
• Altered flow conditions may favor nonnative species
Modified from Bunn and Arthington, 2002

Wattled Crane
Burgeranus carunculatus

• Historically widely spread
in Southern Africa
• Endangered under IUCN
Red List
• Most Wetland dependant
of Africa’s Cranes
• Wetlands associated with
Zambezi and Okavango
River Basins are
preferred habitats

Wattled Crane Connection to River
• Nests in floodplains of
Zambia, Botswana,
and Mozambique at
peak of floods

Wattled Crane Nesting
• In kafu flats:
• 40% of pairs attempt
nesting at average
floods, 6.4 mts,
• 3% of pairs attempt
nesting at less than
average floods 5.0 mts,

Douthwaite 1974

Diet primarily aquatic vegetation,
tubers and rhizomes

Chicks reared in shallow water as
river recedes

Kariba Dam Built in 1958
Cahora Bassa Dam built in 1978

Invasive Mimosa pigra dominating wetland edges

Action

River Process
affected

Crane Process Other Consequences
affected

Dams
Flooding
patterns
Moderation
of flow

Nesting Cues,
Reproductive
Output
Population
declines

Invasive plant
encroachment
Reduced soil
fertility down
river

Whooping Crane
Grus americana

• Historically more
abundant in North
America
• Most endangered crane
worldwide (238 wild
individuals)
• Breeds in freshwater
wetlands; winters in
coastal marshes of Texas

Current Distribution of Whooping Cranes

Breeding
Wintering
Year-round
Migration area
Captive flocks

Current Conservation Concerns
Aransas-WB Population
• Freshwater inflow effects in wintering
grounds
• Migration period mortality (causes and
locations)
• Overall better ecological information from
breeding grounds

Whooping Crane Connection to River
Whooping Crane Fitness
A
Overwinter
Survival/Mortality

-territorial areas
- Food abundance
availability
- Predation
- Movement rates
- Stress (disturbance)

Crab abundance and
availability

Migration Period
Survival/mortality

-Stopover areas
-Stopover sites
-reduced mortality
(predation, hazards)

Water Salinity

Reproduction

- Nesting areas
-nesting sites
- Chick production and
survival (predation)

Freshwater inflow
Evaporation

Blue Crab Is Important Food Item
for wintering Whooping Cranes
•
•
•
•

Volume in feces:
42%
41%
5-52% /month

(Allen 1952)
(Hunt and Slack 1989)
Westwood and Chavez-Ramirez. 2005)

Blue Crab Is Important Food Item
for wintering Whooping Cranes
• Frequency of Occurrence:
• 90%
(Hunt and Slack 1989)
• 19-100% by month (Westwood and ChavezRamirez. 2003)
• Energetic intake:
• 62-98% by month

(Chavez-Ramirez 1996)

Empirical Observations
• Winter with potential for high energy
storage (high crab availability) equals high
fitness:
– Limits movement (less energy expenditure)
– Reduces overwinter mortality
– Maximizes number of potential nests and
chicks hatched following spring

Chavez-Ramirez, 1996. Chavez-Ramirez and Slack, 1999

WC Energy Storage and Fitness
year

92-93

Energy
Storage

high

93-94 Very low

Chavez-Ramirez 1996

Mortality

Mortality #
%
Nests
next
spring

#
CWS
Chicks Evaluation

0

0

45

36

Low

7-9

8-12

29

13

Favorab
le

Whooping Crane Connection to River
Whooping Crane Fitness
A
Overwinter
Survival/Mortality

-territorial areas
- Food abundance
availability
- Predation
- Movement rates
- Stress (disturbance)

Crab abundance and
availability

Migration Period
Survival/mortality

-Stopover areas
-Stopover sites
-reduced mortality
(predation, hazards)

Water Salinity

Reproduction

- Nesting areas
-nesting sites
- Chick production and
survival (predation)

Freshwater inflow
Evaporation

Freshwater Inflow and Salinity
30

salinity

25
20
15
10
5
0
0

2000

4000

6000

Freshwater Inflow (acrefeetx1000)

8000

SAB blue crab trawls (#/hr)

Freshwater Inflow
and Blue Crab captures
120

y = 0.0098x + 22.206
2
R = 0.2867

100
80
60
40
20
0
0

2000

4000

6000

Freshwater Inflow (acrefeetx1000)

8000

Water Development Issue
• Plans are in place to pump more water
from Canyon Lake, build a reservoir that
captures the flows of the Guadalupe near
the coast, and to convert unused irrigation
rights to municipal use, which would take
water just above Guadalupe Bay and
pump it 170 miles to San Antonio.

Action

Water
Diversion

River Process
affected

Freshwater
Inflow to
estuary
Increased
Salinity levels
In bays

Crane Process Other Consequences
affected

Reduced
Primary food
resources
Increased
Movement
From territories
Increased
mortality
Reduced
Productivity
Population
declines

Reduced
Productivity of
Seafood
resources

Sandhill Crane
Grus canadensis

Sandhill Crane
• 6 subspecies
– 3 migratory
– 3 non-migratory

• Breeds in N. North
America, Eastern Siberia
• Winters in S. US and
northern Mexico
• Population estimates
around 500,000

Mid-continental Population
Estimates for Sandhill Cranes
600000
550000
500000
450000
400000
350000
300000
250000
200000
150000
100000
1982 1984 1986 1988 1990 1992 1994 1996 1998 2000 2002
year

Migratory Pathways

MCP

EFP
RMP

Ms.

Fl.

Cuba

So…Why did I study the ecology of
Lesser Sandhill Crane and Siberian
Crane in Siberia?

Sandhill Crane Connection to
Platte River
• Platte River provides necessary requirements to
serve staging areas.
– Roosting sites
– Feeding opportunities
– Relatively free of serious disturbances to cranes

• Platte River is considered the most important
conservation areas for the migratory sandhill
cranes

Lewellen
North Platte
Kearney

Bosque del
Apache NWR

Willcox
Elfrida

Grand Island

Mean Arrival, Departure, and Duration of Stay of
Sandhill Cranes in Nebraska (1998-2003)
Arrival

Departure

Duration

Lessers
NCAN

16 Mar (n=8)

13 Apr (n=38)

27.0 days

AK/SIB

14 Mar (n=28)

11 Apr (n=81)

27.5 days

WCCAN

13 Mar (n=20)

7 Apr (n=57)

25.4 days

ECCAN

13 Mar (n=21)

2 Apr (n=50)

17.2 days

Greaters

Platte River is Staging Area for
Sandhill Cranes
• Sandhill cranes spend 2- 4 weeks on the
Platte during Spring migration (late
February to mid April)
• Each crane can gain as much as 30%
body weight during that period.
• Extra weight is in form of fat deposition,
which is converted to energy.
• Energetic reserves used for migration,
maintenance and reproduction
(maintenance, egg development)

Lesser
Sandhill
Crane
Nest
Site
Research Component 1: Habitat

Characteristics

October 1938

Prior to water development, the
Platte River averaged more than
2.8 million acre feet of flow
annually at Grand Island.

August 1998

Current average annual flow
at Grand Island between 1970
and 1998 is 1.4 million acre
feet, roughly halved from the
pre-development period.

Action

River Process
affected

Crane Process Other Consequences
affected

Dams

Water
Diversion

Reduced
Overall flows
Eliminated
Peak flows
Reduction in
Medium sand
transport
Reduced Channel
width

Reduced
Roosting
site
Shifting
Distribution
of
Roost locations

Invasive
Plant encroachment
Elimination of
Habaitat for many
species

New River Management Paradigms
• Recognition of importance of biological
diversity and ecosystem services
• Scientific consensus on restoring rivers
natural flows as best way to protect and
restore health and function
• New models of decision making are more
inclusive, equitable, and ecologically
sustainable.

Positive Ongoing Efforts
• Attempts to develop and conduct a flood
pulse in the Zambezi river
• The Platte River Recovery Implementation
Program in Nebraska
• Significant efforts to better understand and
mitigate freshwater flows to estauaries in
coastal Texas

• Flood Pulse concept (Junk et al. 1989)
– Lateral exchange of nutrient and sediment
rich floodwaters between river and its
floodplain

• Fundamental Principle of Flood Pulse
concept ( Davies et al 1995)
– Flood regime of large rivers is predictably
unpredictable

(;+,%,7&

Wintering	
  Whooping	
  Crane	
  Foraging	
  Ac/vity	
  and	
  Behavior	
  During	
  a	
  Record	
  Dry	
  
Year	
  at	
  Aransas	
  Na/onal	
  Wildlife	
  Refuge,	
  Texas
	
  

Jessica	
  A.	
  Rempel,	
  Ingrid	
  Barcelo,	
  and	
  Felipe	
  Chavez-‐Ramirez	
  
	
  

Introduc/on:	
  	
  	
  

-‐A	
   record	
   number	
   of	
   whooping	
   cranes	
   (23	
   cranes,	
   or	
   8.65%	
   of	
   the	
  
populaNon)	
   died	
   on	
   the	
   wintering	
   grounds	
   in	
   Texas	
   during	
   the	
  
winter	
  of	
  2008-‐2009.	
  	
  	
  
-‐Cranes	
   were	
   exhibiNng	
   unusual	
   behaviors	
   and	
   some	
   appeared	
  
emaciated.	
  	
  	
  
-‐In	
  the	
  marshes,	
  water	
  levels	
  were	
  low	
  and	
  salinity	
  levels	
  were	
  high.	
  	
  	
  	
  
	
  
The	
  objecNves	
  of	
  this	
  study	
  were	
  to:	
  
	
  1)	
  Evaluate	
  Whooping	
  Crane	
  feeding	
  and	
  foraging	
  acNviNes,	
  and	
  	
  
2)	
   Compare	
   condiNons	
   during	
   winter	
   2009	
   to	
   previous,	
   baseline	
  
condiNons.	
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Fig.	
  4.	
  	
  Probing	
  and	
  progression	
  rates	
  for	
  Whooping	
  Cranes	
  in	
  diﬀerent	
  habitat	
  types	
  at	
  Aransas	
  NWR,	
  Texas	
  compared	
  among	
  years	
  (Good	
  =	
  1992-‐93,	
  Bad	
  =	
  1993-‐94,	
  and	
  February	
  2009).	
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Whooping	
   Cranes	
   are	
   one	
   of	
   the	
   rarest	
   birds	
   in	
   North	
   America.	
   	
   There	
   are	
   only	
   about	
   250	
   individuals	
   in	
   the	
   wild	
   ﬂock	
   that	
  
migrates	
  between	
  breeding	
  grounds	
  in	
  Wood	
  Buﬀalo	
  NaNonal	
  Park,	
  Canada	
  and	
  wintering	
  grounds	
  in	
  Aransas	
  NaNonal	
  Wildlife	
  
Refuge,	
  Texas	
  and	
  surrounding	
  areas.	
   	
  The	
  wild	
  Whooping	
  Crane	
  ﬂock	
  has	
  been	
  increasing	
  slowly	
  over	
  the	
  years,	
  but	
  exisNng	
  
and	
  emerging	
  threats	
  sNll	
  put	
  the	
  populaNon	
  at	
  risk	
  of	
  decline	
  and	
  even	
  exNncNon.	
  
	
  
-‐On	
  the	
  wintering	
  grounds	
  (Fig.	
  1),	
  cranes	
  are	
  suscepNble	
  to	
  food	
  shortages,	
  disease,	
  and	
  predaNon.	
  	
  	
  
-‐Whooping	
  Cranes	
  in	
  Texas	
  feed	
  on	
  blue	
  crab	
  and	
  wolJerries,	
  throughout	
  the	
  winter.	
  	
  	
  
-‐The	
  abundance	
  and	
  availability	
  of	
  these	
  food	
  items	
  depends	
  on	
  water	
  and	
  salinity	
  levels.	
  
-‐Whooping	
   cranes	
   can	
   drink	
   the	
   water	
   in	
   the	
   salt	
   marshes	
   if	
   salinity	
   levels	
   are	
   less	
   than	
   23	
   ppt.	
   or	
   	
   ﬂy	
   inland	
   to	
   freshwater	
  
ponds	
  to	
  drink.	
  

	
  

Fig.	
  1.	
  Map	
  of	
  Texas	
  showing	
  area	
  of	
  Aransas	
  NWR	
  (inc.	
  Matagorda	
  Island)	
  
and	
  aerial	
  photo	
  of	
  Aransas,	
  Matagorda	
  Island,	
  and	
  surrounding	
  areas.
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Fig.	
  5.	
  	
  Time	
  acNvity	
  budgets	
  for	
  Whooping	
  Cranes	
  in	
  diﬀerent	
  habitat	
  types	
  at	
  Aransas	
  NWR,	
  Texas	
  compared	
  among	
  years	
  (Good	
  =	
  1992-‐93,	
  Bad	
  =	
  1993-‐94,	
  and	
  February	
  2009).	
  

Methods:	
  	
  	
  	
  	
  	
  

250	
  

We	
   collected	
   data	
   on	
   food	
   capture	
   rates,	
   probing	
   and	
   progression	
   rates	
   in	
   diﬀerent	
   habitat	
   types,	
   Nme	
   acNvity	
   budgets	
   in	
  
diﬀerent	
   habitat	
   types,	
   condiNons	
   of	
   food	
   resources	
   and	
   salt	
   marshes,	
   and	
   general	
   observaNons	
   suggesNve	
   of	
   stressed	
  
condiNons	
  of	
  whooping	
  cranes.	
   	
  We	
  compared	
  these	
  data	
  to	
  baseline	
  good	
  and	
  bad	
  year	
  data	
  from	
  the	
  1990s,	
  2	
  consecuNve	
  
years	
   represented	
   a	
   good	
   year	
   versus	
   a	
   bad	
   year	
   for	
   foraging	
   and	
   energy	
   storage	
   of	
   Whooping	
   Cranes	
   (Chavez-‐Ramirez	
   1996)..	
  	
  
We	
   also	
   collected	
   feces	
   samples	
   for	
   analysis	
   of	
   stress	
   hormones	
   (corNcorNsone)	
   and	
   compared	
   these	
   to	
   wintering	
   Sandhill	
  
Crane	
  data	
  from	
  Mexico.	
  
During	
  5	
  days	
  in	
  February	
  2009	
  we	
  collected	
  crane	
  observaNons	
  opportunisNcally.	
   	
  Cranes	
  were	
  video-‐recorded	
  in	
  all	
  possible	
  
habitat	
  types	
  and	
  videos	
  were	
  reviewed	
  later	
  for	
  food	
  capture	
  rates,	
  foraging	
  behavior,	
  and	
  Nme-‐acNvity	
  budgets.	
  Feces	
  were	
  
collected	
   from	
   all	
   accessible	
   areas	
   where	
   cranes	
   had	
   been	
   observed	
   which	
   included	
   salt	
   marshes,	
   upland	
   burns,	
   and	
   areas	
  
surrounding	
   corn	
   feeders.	
   	
   Photos	
   were	
   collected	
   from	
   remote	
   digital	
   ﬁeld	
   cameras	
   set	
   up	
   at	
   feeders	
   for	
   2009	
   and	
   were	
  
compared	
  to	
  photos	
  from	
  a	
  professional	
  photographer	
  taken	
  in	
  previous	
  years	
  when	
  condiNons	
  were	
  more	
  favorable.	
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Fig.	
  7.	
   	
  CorNcosterone	
  levels	
  for	
  Whooping	
  Cranes	
  (red	
  bars)	
  in	
  diﬀerent	
  
Fig.	
  6.	
  	
  Photographs	
  of	
  Whooping	
  Crane	
  chicks	
  at	
  Aransas	
  NWR,	
  Texas	
  in	
  February	
  2009	
  (lej	
  photo)	
  and	
  March	
  2007	
  (right	
  photo).	
  	
  
locaNons	
   at	
   Aransas	
   NWR,	
   Texas	
   in	
   2009	
   compared	
   to	
   Sandhill	
   Cranes	
  
Note	
  the	
  rusty	
  coloraNon	
  throughout	
  the	
  body	
  on	
  the	
  2009	
  chick,	
  and	
  the	
  lack	
  of	
  the	
  rusty	
  coloraNon	
  on	
  the	
  2007	
  chick.	
  	
  Photos	
  
(gray	
  bars)	
  in	
  similar	
  locaNons	
  at	
  Aransas	
  in	
  2009	
  and	
  Sandhills	
  Cranes	
  in	
  
courtesy	
  of	
  USFWS,	
  Aransas	
  NWR	
  (lej	
  photo)	
  and	
  Diane	
  Loyd	
  ©,	
  Rockport,	
  Texas	
  (right	
  photo).	
  
Mexico	
   in	
   2008.	
   ANWR	
   =	
   Aransas	
   (Main	
   Unit),	
   LAM	
   =	
   Lamar	
   Peninsula,	
   MI	
  
=	
  Matagorda	
  Island,	
  MEX	
  =	
  Mexico.	
  

Results:	
  	
  	
  

-‐The	
  salt	
  marsh	
  areas	
  had	
  extremely	
  low	
  water	
  levels	
  (Fig.	
  2).	
  	
  Areas	
  normally	
  
ﬂooded	
  and	
  which	
  comprised	
  open	
  water	
  salt	
  marsh	
  as	
  described	
  in	
  Chavez-‐
Ramirez	
  (1996)	
  were	
  dry.	
  	
  	
  
-‐Blue	
  crabs	
  were	
  burrowed	
  deep	
  into	
  the	
  substrate.	
  	
  	
  
-‐Large	
  number	
  of	
  WolJerry	
  plants	
  appeared	
  dead.	
  	
  	
  
-‐	
  Chicks	
  in	
  2009	
  retained	
  rusty	
  feathers	
  throughout	
  the	
  body	
  and	
  head	
  (Fig.	
  
6).	
   	
  The	
  head	
  is	
  usually	
  the	
  last	
  to	
  change	
  color,	
  but	
  rusty	
  coloraNon	
  on	
  the	
  
body	
  is	
  usually	
  almost	
  gone	
  by	
  February.	
  	
  	
  

LAM	
  

Discussion	
  

Fig.	
  2.	
  	
  Photo	
  of	
  salt	
  marsh	
  area	
  taken	
  in	
  February	
  2009.	
  	
  In	
  previous	
  
years,	
  the	
  same	
  area	
  was	
  ﬂooded.	
  

Table	
   1.	
  	
   Average	
   blue	
   crab	
   capture	
   rates	
   (average	
   #	
   of	
   crabs	
   captured	
   per	
   30	
   minute	
   period)	
   for	
   Whooping	
   Cranes	
   at	
   Aransas	
   NWR,	
   Texas	
   in	
   good	
   (1992-‐93),	
   bad	
   (1993-‐94),	
   and	
  
present	
  (February	
  2009)	
  years.	
  

Good	
  	
  (1992-‐1993)	
  

Bad	
  	
  (1993-‐1994)	
  

Feb.	
  2009	
  

7.1	
  

2.8	
  

1.5	
  

-‐A	
  record	
  number	
  of	
  Whooping	
  Cranes	
  died	
  on	
  the	
  wintering	
  grounds	
  in	
  winter	
  2008-‐2009.	
  	
  	
  
-‐Although	
  studies	
  have	
  shown	
  that	
  the	
  Aransas-‐Wood	
  Buﬀalo	
  populaNon	
  of	
  Whooping	
  Cranes	
  experience	
  periodic	
  dips	
  in	
  populaNon	
  numbers,	
  
the	
  extreme	
  drought	
  condiNons	
  and	
  high	
  numbers	
  of	
  mortaliNes	
  this	
  past	
  winter	
  were	
  unprecedented.	
  	
  	
  
-‐In	
   these	
   drought	
   condiNons,	
   blue	
   crabs,	
   a	
   preferred	
   Whooping	
   Crane	
   food	
   item,	
   move	
   out	
   into	
   the	
   bay	
   or	
   burrow	
   into	
   the	
   substrate.	
   	
   As	
  
conﬁrmaNon	
  of	
  this,	
  we	
  observed	
  several	
  cranes	
  digging	
  and	
  pulling	
  crabs	
  from	
  below	
  the	
  surface	
  of	
  dried,	
  open	
  water	
  areas.	
  	
  	
  
-‐Dead	
   wolJerry	
   plants,	
   whether	
   due	
   to	
   natural	
   weather	
   condiNons	
   or	
   other	
   natural	
   phenomena,	
   resulted	
   in	
   less	
   plant	
   abundance	
   and	
   less	
   fruit.	
  	
  
The	
  lack	
  of	
  wolJerries	
  exacerbated	
  the	
  food	
  stress	
  during	
  a	
  year	
  when	
  blue	
  crabs	
  appeared	
  to	
  be	
  in	
  low	
  abundance	
  and	
  diﬃcult	
  to	
  acquire.	
  
-‐ 	
   	
  Behaviorally,	
  the	
  increased	
  stepping	
  rates	
  and	
  decreased	
  probing	
  rates	
  in	
  2009	
  suggest	
  the	
  availability	
  of	
  food	
  items	
  was	
  lower	
  in	
  all	
  habitat	
  
types	
  relaNve	
  to	
  previous	
  good	
  and	
  bad	
  years.	
  	
  	
  
-‐The	
  slower	
  molNng	
  of	
  feathers	
  in	
  juvenile	
  cranes	
  was	
  another	
  indicaNon	
  of	
  food	
  stress.	
  	
  	
  
-‐CorNcosterone	
  levels	
  did	
  not	
  indicate	
  Whooping	
  Cranes	
  were	
  stressed	
  as	
  compared	
  to	
  Sandhill	
  Cranes,	
  however,	
  more	
  research	
  is	
  needed	
  to	
  
determine	
  species-‐speciﬁc	
  baseline	
  stress	
  hormone	
  levels	
  before	
  conclusive	
  statements	
  can	
  be	
  made	
  using	
  this	
  technique.	
   	
  Standardized	
  data	
  
collecNon	
  will	
  be	
  implemented	
  at	
  Aransas	
  this	
  winter	
  to	
  befer	
  monitor	
  winter	
  condiNons	
  of	
  cranes	
  and	
  crane	
  food	
  and	
  water	
  resources.	
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DISCLAIMER
Recovery plans delineate reasonable actions believed necessary to recover and/or protect listed
species. Plans are published by the Environment Canada in Canada and by the U.S. Fish and
Wildlife Service in the United States, sometimes prepared with the assistance of recovery teams,
contractors, State or Provincial Agencies, and others. Objectives will be attained and any
necessary funds made available subject to budgetary constraints affecting the parties involved, as
well as the need to address other priorities. Recovery plans do not necessarily represent the
views nor the official position or approval of any individuals or agencies involved in the plan
formulation, other than Environment Canada and United States Fish and Wildlife Service. They
represent the official position of the agencies mentioned only after they have been signed as
approved by appropriate personnel and posted on the public registry. Approved recovery plans
are subject to modification as dictated by new findings, changes in species status, and the
completion of recovery actions. This International Recovery Plan, while approved by
Environment Canada, does not constitute a Recovery Strategy under Canada's Species at Risk
Act (SARA). A separate document derived from this International Recovery Plan and published
on Environment Canada's SARA Public Registry will be prepared.
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U.S. Fish and Wildlife Service, Albuquerque, New Mexico. 162 pp.
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PREFACE
The Whooping Crane Recovery Plan (Plan) was prepared under the authorities of the U.S.
Endangered Species Act (ESA) of 1973, as amended, the Canada Wildlife Act of 1974, and the
Canadian Species at Risk Act of 2003. Decision-makers are provided with an orderly set of
events that, if carried to successful completion, will change the status of this species from the
Endangered to the Threatened level. The Plan describes management and research actions that
are underway and proposes additional actions needed to ensure the recovery of the whooping
crane. Funding levels and time schedules are estimated, and priorities have been set for each
management and research action. This revision of the Whooping Crane Recovery Plan describes
recovery actions and costs required for the birds and habitat in both Canada and the United
States. Part I covers basic biology of the species, historical and present distribution, habitat
requirements, numbers and rate of growth, biological factors limiting the population, human
threats, and conservation measures. Part II states the recovery goals, strategy, objectives and
criteria, provides a step-down outline of specific actions needed for recovery, and describes
protective actions to alleviate threats. Part III provides an implementation schedule for recovery.
Parts IV and V provide contact information and key references. Appendices C and D,
respectively, address recovery actions completed or underway, and summarize responses to
public comments on the draft plan.
The recovery program for the whooping crane is an excellent example of international
cooperation to save a species. Cooperative recovery actions of the 2 nations are outlined in a
Memorandum of Understanding on the Conservation of the Whooping Crane approved in 1991
and updated at 5-year intervals. Development of this Plan by a joint Canada/U.S. Recovery
Team is appropriate because the whooping crane’s recovery is dependent upon conservation and
management of the species in both countries.
As an international document, the Plan has a unique format to satisfy the requirements of both
Canada and the United States. It was written in conjunction with 2 Canadian documents;
National Recovery Strategy for the Whooping Crane (Grus americana) and Action Plan for the
Whooping Crane (Johns and Stehn 2005a,b).
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EXECUTIVE SUMMARY
Current Status and Distribution: In the United States, the whooping crane (Grus americana) was
listed as threatened with extinction in 1967 and endangered in 1970 – both listings were
“grandfathered” into the Endangered Species Act of 1973. Critical habitat was designated in
1978. In Canada the whooping crane was designated as endangered in 1978 by the Committee
on the Status of Endangered Wildlife in Canada (COSEWIC) and listed as endangered under the
Species at Risk Act (SARA) in 2003. Critical habitat in Canada is officially designated upon
publication of a final SARA Recovery Strategy or Action Plan on the SARA Public Registry.
Whooping cranes occur only in North America. They currently exist in the wild at 3 locations
and in captivity at 9 sites. The February 2006 total wild population was estimated at 338. This
includes: 215 individuals in the only self-sustaining Aransas-Wood Buffalo National Park
Population (AWBP) that nests in Wood Buffalo National Park (WBNP) and adjacent areas in
Canada and winters in coastal marshes in Texas; 59 captive-raised individuals released in an
effort to establish a non-migratory Florida Population (FP) in central Florida; and 64 individuals
introduced between 2001 and 2005 that migrate between Wisconsin and Florida in an eastern
migratory population (EMP). The last remaining wild bird in the reintroduced Rocky Mountain
Population (RMP) died in the spring, 2002. The captive population contained 135 birds in
February, 2006, with annual production from the Calgary Zoo (CZ), International Crane
Foundation (ICF), Patuxent Wildlife Research Center (PWRC), Species Survival Center (SSC),
and the San Antonio Zoo (SAZ). The total population of wild and captive whooping cranes in
February, 2006, was 473.
Habitat Requirements: The whooping crane breeds, migrates, winters, and forages in a variety of
habitats, including coastal marshes and estuaries, inland marshes, lakes, ponds, wet meadows
and rivers, and agricultural fields.
Reasons for Listing and Limiting Factors: Historic population declines resulted from habitat
destruction, shooting, and displacement by activities of man. Current threats include limited
genetics of the population, loss and degradation of migration stopover habitat, construction of
additional power lines, degradation of coastal ecosystems, and threat of chemical spills in Texas.
Recovery Goal: The recovery goal is to establish multiple self-sustaining populations of
whooping cranes in the wild in North America, allowing initially for reclassification to
threatened status and, ultimately, removal from the List of Threatened and Endangered Species
(delisting). Populations may be migratory or non-migratory.
Recovery Strategy: The wild whooping crane population is characterized by low numbers, slow
reproductive potential, and limited genetic diversity. A stochastic, catastrophic event could
eliminate the wild, self-sustaining Aransas-Wood Buffalo population (AWBP). Therefore, the
recovery strategy involves: protection and enhancement of the breeding, migration, and
wintering habitat for the AWBP to allow the wild flock to grow and reach ecological and genetic
stability; reintroduction and establishment of self-sustaining wild flocks within the species’
historic range and that are geographically separate from the AWBP to ensure resilience to
catastrophic events; and maintenance of a captive breeding flock to protect against extinction.
Offspring from the captive breeding population will be released into the wild to establish these
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populations. Production by released birds and their offspring will ultimately result in selfsustaining wild populations. The continued growth of the AWBP, establishment of additional
populations, and maintenance of the captive flock will also address the loss of genetic diversity.
RECOVERY OBJECTIVES AND CRITERIA:
This plan sets forth 2 primary objectives and measurable criteria that will allow the species to be
reclassified to threatened (downlisted). The numerical population criteria can only be achieved if
threats to the species are sufficiently reduced or removed, i.e., the population criteria are a
benchmark for threat reduction.
Objective 1 – Establish and maintain self-sustaining populations of whooping cranes in the wild
that are genetically stable and resilient to stochastic environmental events.
Criterion 1 – Maintain a minimum of 40 productive pairs in the AWBP for at least 10
years, while managing for continued increase of the population. Establish a minimum of
25 productive pairs in self-sustaining populations at each of 2 other discrete locations. A
productive pair is defined as a pair that nests regularly and has fledged offspring. The
two additional populations may be migratory or non-migratory. Population targets are
160 in the AWBP, and 100 each in the Florida non-migratory population and the eastern
migratory population. All 3 populations must be self-sustaining for a decade at the
designated levels before downlisting could occur.
Alternative Criterion 1A – If only one additional wild self-sustaining population is reestablished, then the AWBP must reach 400 individuals (i.e. 100 productive pairs), and
the new population must remain above 120 individuals (i.e. 30 productive pairs). Both
populations must be self-sustaining for a decade at the designated levels before
downlisting could occur. This alternative is based on the principle that with the reestablishment of only one additional population separate from the AWBP, then crane
numbers must be higher in both populations than if there are three distinct populations.
Alternative Criterion 1B - If establishment of second and third wild self-sustaining
populations is not successful, then the AWBP must be self-sustaining and remain above
1,000 individuals (i.e. 250 productive pairs) for downlisting to occur. The Memorandum
of Understanding on Conservation of Whooping Cranes, approved by Canadian and U.S.
federal officials, recognizes a goal of 1,000 individuals in the AWBP population. This
higher number ensures a better chance for survival of the AWBP in the event of a
catastrophic event within its extremely limited range. The target of 1,000 is reasonable
for downlisting given the historical growth of the AWBP and theoretical considerations
of minimum population viability. To ensure sufficient genetic variability, the AWBP
must increase to the level where the creation of new alleles through genetic mutation will
offset the loss of genetic diversity. After reaching the goal of 250 pairs, the population
should gain genetic variation faster than the population loses genetic material.
Objective 2 – Maintain a genetically stable captive population to ensure against extinction of the
species.
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Criterion 2 - Maintain 153 whooping cranes in captivity (21 productive pairs). Genetic
analysis suggests that 90% of the genetic material of the species can be sustained for 100
years at this population size (Jones and Lacy 2003). To achieve this, this Plan
recommends having 50 captive breeder pairs of whooping cranes by 2010, including 15
pairs at PWRC, 12 at ICF, 10 at CZ, 10 at SSC, and 3 at SAZ. A breeder pair (as
differentiated from a productive pair) is defined as a pair that breeds or is intended to
breed in the future. Production from PWRC, ICF, CZ, SSC and SAZ will be the principal
source of birds for release to the wild for reintroduced populations. However, sources of
release birds should be based on the optimal genetic mix to ensure long-term population
viability.
Delisting Criteria
Delisting criteria have not yet been established because the status and biology of the species
dictate that considerable time is needed to reach downlisting goals. In addition, new threats are
expected to arise and will have to be overcome before downlisting occurs. Additional
information is also needed on the conservation biology of small populations, including a
determination of effective population size (Ne) for whooping cranes to maintain genetic viability
over the long-term, and impacts of stochastic and catastrophic events on population survival.
Actions Needed:
1.

Continue to build the AWBP and protect and manage its habitat to minimize the probability
that a catastrophic event will eradicate this population.

2.

Attain breeder pair and productivity goals at 4 captive facilities in the United States and 1 in
Canada to produce the birds required for reintroductions. Continue research to improve
production of captive flocks.

3.

Establish 2 additional self-sustaining wild populations. Continue research to identify
appropriate reintroduction sites and improve reintroduction techniques. Protect and manage
habitat of reintroduced populations.

4. Continue to use genetic information and advances in conservation biology to conserve flock
genetics, and determine Ne and revise criteria as warranted.
5. Maintain an outreach program.
Date of Recovery: The estimated time to achieve downlisting is the year 2035. At current rates
of reintroduction it takes over 10 years to build a population of more than 100 individuals. These
individuals must then reach breeding age (3-5 years) and produce enough young to become selfsustaining for a decade to meet criteria for downlisting. This is expected to take a minimum of
30 years. New information gathered through recovery actions will be incorporated into
additional population viability analyses as the population approaches its downlisting goals.
Delisting criteria will be established at that time, and the overall recovery strategy and actions
will be revised as appropriate.
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Total Estimated Cost of Recovery ($000s):
The current budget expenditures needed annually for recovery are $6.1 million (US). The cost
through 2010 is estimated at just over $30 million (US) and nearly $126 million (US) through
2035.

Year
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035

Action 1
1394
1388.25
1388.25
1388.25
1388.25
1419.8
1419.8
1419.8
1419.8
1419.8
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009
1009

Action 2
1705
1705
1705
1705
1705
1609
1609
1609
1609
1609
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188
188

Action 3
3030
3042.5
3042.5
3042.5
3042.5
3045
3045
3045
3045
3045
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025
2025

Action 4
0
30
0
0
0
0
5
0
0
5
0
0
0
0
0
0
5
0
0
0
0
0
0
0
0
0
5
0
0
0

Action 5
15
15
15
15
15
15
15
15
15
15
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

Total $
(000’s)
6144
6180.75
6150.75
6150.75
6150.75
6088.8
6093.8
6088.8
6088.8
6093.8
3228
3228
3228
3228
3228
3228
3233
3228
3228
3228
3228
3228
3228
3228
3228
3228
3233
3228
3228
3228

Total

34,226

20,330

70,925

50

270

125,801

xiv

Whooping Crane Recovery Plan 2006

PART I.

BACKGROUND INFORMATION

INTRODUCTION
The whooping crane is a flagship species for the North American wildlife conservation
movement, symbolizing the struggle for survival that characterizes endangered species
worldwide. It is a large, distinctive, and photogenic bird, popular with the public and the media,
and it is often used to illustrate endangered species literature.
Canadian Wildlife Service (CWS), Parks Canada Agency (PCA), U.S. Fish and Wildlife Service
(USFWS), U.S. Geological Survey (USGS)-Biological Resources Division, Provincial Wildlife
Agencies, the Florida Fish and Wildlife Conservation Commission (FL), Texas Parks and
Wildlife Department (TPWD), Wisconsin Department of Natural Resources (WI), and other
State Wildlife Agencies implement recovery with the support of many non-profit groups and
private individuals (Lewis 1991). The Audubon Species Survival Center (SSC), Calgary Zoo
(CZ), International Crane Foundation (ICF), National Audubon Society (NAS), National Fish
and Wildlife Foundation, National Wildlife Federation (NWF), Operation Migration Ltd., San
Antonio Zoo (SAZ), World Wildlife Fund, and the Whooping Crane Conservation Association
(WCCA) are among the primary groups that have been or currently are active in promoting
recovery.
The important role of the private citizen and private landowner in saving the whooping crane
needs to be emphasized. Many migration stopovers occur on private lands. Sportsmen and other
conservationists have helped protect wetlands throughout North America that cranes depend on
during migration. In winter, a little over one-third of the flock is found on private lands (Tom
Stehn, ANWR, pers. comm.). Many actions to protect the species have been carried out by
private citizens, conservation organizations, sportsmen, and governments. Many people today
can remember just how close the species was to extinction - there were fewer than 50 whooping
cranes in North America prior to 1968, with an all-time low of 21 as recently as 1954.
Historically, population declines were caused by shooting and destruction of nesting habitat in
the prairies from agricultural development. The species was listed because of low population
numbers, slow reproductive potential (sexual maturity is delayed and pairs average less than 1
chick annually), cyclic nesting and wintering habitat suitability, a hazardous 4,000 km migration
route that is traversed twice annually, and many human pressures on the wintering grounds.
Current threats to wild cranes include collisions with manmade objects such as power lines and
fences, shooting, predators, disease, habitat destruction, severe weather, and a loss of two thirds
of the original genetic material. Threats to the captive flock include disease, accidents, and
limited genetic material.
Whooping cranes in Canada nest in and near WBNP, migrate through Alberta, Saskatchewan,
and occasionally Manitoba in spring and fall, and stage in fall in southern Saskatchewan. Spring
and fall migration occurs in the central Great Plains of the U.S. The cranes winter on the central
Gulf Coast of Texas at Aransas National Wildlife Refuge (ANWR) and vicinity. No individuals
remain from reintroduction attempts in the Rocky Mountains that took place from 1975 to 1989,
and in 1997, except for one male in captivity at ICF. In 1993, introduction of a non-migratory
flock was initiated in the Kissimmee Prairie and surrounding area in central Florida south of
Orlando. An attempt to establish a migratory flock between central Wisconsin and the central
1
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Gulf Coast of Florida began in 2001. Captive whooping cranes are maintained at PWRC, Laurel,
Maryland; ICF, Baraboo, Wisconsin; SSC, Belle Chasse, Louisiana; the Devonian Wildlife
Conservation Center, Calgary Zoo, Calgary, Alberta; the SAZ, San Antonio, Texas; the New
Orleans Zoo, New Orleans, Louisiana; the Lowry Park Zoo, Tampa, Florida; and Homosassa
Springs State Wildlife Park in Homosassa, Florida.
SPECIES INFORMATION
Status
The whooping crane was listed as Endangered in 1970 in the United States by the USFWS, and
in 1978 in Canada by the Committee on the Status of Endangered Wildlife (COSEWIC).
In the U.S., under Section 4(a)(2) of the ESA, the USFWS is charged with periodically
reviewing the status of listed species to determine whether any species warrants reclassification.
The Committee on the Status of Endangered Wildlife in Canada (COSEWIC) reviewed the status
of the Whooping Crane in 1978 and again in 2000. The whooping crane was listed as an
endangered species in Canada under the Species at Risk Act in 2003. COSEWIC must review
the classification at least once every ten years. In both countries, the whooping crane remains
endangered due to its low population size and the limited range of the single self-sustaining wild
population.
Description
The whooping crane is in the Family Gruidae, Order Gruiformes (Krajewski 1989, Meine and
Archibald 1996). The closest taxonomic relatives in continental North America are 5 races of
sandhill crane (G. canadensis): the lesser (G.
c. canadensis); Canadian (G. c. rowani);
Figure 1. Whooping crane pair with
greater (G. c. tabida); Florida (G. c.
young.
pratensis); and Mississippi (G. c. pulla) (the
last also listed as endangered by the USFWS
(Meine and Archibald 1996). The common
name "whooping crane" probably originated
from the loud, single-note vocalization given
repeatedly by the birds when they are
alarmed.
As the tallest North American bird, males
approach 1.5 m (5 ft) when standing erect,
and exceed the greater sandhill crane in
height by 12 to 20 cm (5 to 8 in) (Fig. 1).
Males are generally larger than females.
Captive males average 7.3 kg (16 lbs), and
females average 6.4 kg (14 lbs). Seasonal
weight variation in captivity is considerable,
with a maximum in December and January
and a minimum in July and August.
Whooping cranes are sexually monomorphic

Photo by Marty Folk, Florida Fish and Wildlife
Conservation Commission.
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(Walkinshaw 1973). However, the guard call vocalization is sexually distinct (98.8% accurate,
Carlson 1991) and the vocalization and visual components of the unison call are sexually distinct
(Archibald 1975).
Adult plumage is snowy white except for black primaries, black or grayish alula (specialized
feathers attached to the upper leading end of the wing), sparse black bristly feathers on the
carmine crown and malar region (side of the head from the bill to the angle of the jaw), and a
dark gray-black wedge-shaped patch on the nape. The size of the post-occipital patch located on
the posterior portion of the crown varies considerably between individuals. The black primaries
and alula are not visible when the wings are folded back, and the plumed, decurved tertials (type
of wing feather located close to the body) ordinarily conceal the short tail. The strong bill is a
dark olive-gray which becomes lighter during the breeding season. The area at the base of the
bill is pink or rosaceous. The iris of the eye is blue at hatching, gradually turns gray in chicks,
and by one year of age is yellow (Jane Chandler, PWRC, pers. comm.). The legs and feet are
gray-black.
The juvenile plumage is a reddish cinnamon color. At age 80-100 days, the chick is capable of
sustained flight. At age 120 days, white feathers begin to appear on the neck and back. Juvenile
plumage is replaced through the winter months. The plumage is predominantly white by the
following spring and the dark red crown, lores (area between eye and bill), and malar areas are
apparent. Rusty juvenile plumage remains only on the head, the upper neck, secondary wing
coverts (smaller feathers covering middle of wing), and scapulars (wing feathers arising from the
shoulder) (Stephenson 1971). Yearlings achieve typically adult plumage late in their second
summer.
Life Span
Whooping cranes are a long-lived species. Wild whooping cranes were not individually marked
until 1975 (Drewien and Bizeau 1978, Kuyt 1978a, 1979a); consequently, some aspects of their
life history and population biology remain uncertain. Current estimates suggest a maximum
longevity in the wild of at least 30 years (Mirande et al. 1993).
Binkley and Miller (1983) suggested a maximum life span of 22-24 years of age, however at
present, 1 wild female died at age 28 and 1 male is currently 28 years old (Tom Stehn, ANWR,
pers. comm.). Captive individuals live 35-40 years (Moody 1931, McNulty 1966). A 38-yearold male was still reproductively active in the captive flock at PWRC in 2002; he died in January
2003.
Mortality – Documented Losses
A complete census of the Aransas-Wood Buffalo population can only be done during the 5-6
months the flock is on the wintering grounds. A total census has never been attempted in WBNP
because the area occupied by whooping cranes, and particularly by subadults, is too extensive for
such counts (Lewis et al. 1992a). Aerial counts have provided an annual estimate starting in
1950 of how many whooping cranes arrive at Aransas in the fall and how many depart in the
spring. Lewis et al. (1992a) analyzed data on mortality of fledged whooping cranes. Prior to
fledging, chick mortality is high and usually occurs during the first 2 weeks of life (Kuyt 1981b).
Between 1950 and 1986, a total of 26 whooping cranes were lost on the wintering grounds
3
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Figure 2. Breeding and wintering areas and primary migration pathway of the AWBP.

(Lewis et al. 1992a). This represents 1.4% of 1,893 wintering cranes. About 15% of the annual
losses occurred during the 5 to 6 months the cranes spent on the wintering grounds (Lewis et al.
1992a). During these same years, birds that started migration in the spring and failed to return in
the fall (e.g., April to November mortality) numbered 131, or 83.4% of the total losses (157).
Mortality during April through November was 5 times greater than mortality on the wintering
grounds. Data has not been analyzed subsequent to 1987. Aerial surveys in summer in WBNP
indicate that summer losses are infrequent (Brian Johns, CWS, pers. comm.). Two losses
4
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occurred among cranes summering on ANWR. Sixty to 80% of losses occur during migration, a
period comprising only about 9 weeks (17%) of the bird’s year, but a time when loses are high
because the cranes are exposed to new hazards as they travel through unfamiliar environments
(Lewis et al. 1992a).
Few carcasses are ever found, thus no known causes of mortality can be attributed to a high
percentage of losses. As previously noted, the principal known cause of loss during migration is
collision with utility lines. Probable cause of death has been identified for 8 whooping cranes,
including 2 radio-tagged birds, which died on the wintering grounds from 1950 to 1987 (Lewis et
al. 1992a). Known losses were due to: shooting (2 known and a third suspected); avian
tuberculosis (1); shooting injuries that were likely sustained during fall migration (2) (i.e. birds
arrived injured at Aransas NWR and later died), avian predation (1), and non-shooting trauma
injury following fall migration (1) (Lewis et al. 1992a). Carcasses of 13 birds in migration have
been recovered. Five of the 13 losses were due to collision with power lines, 4 others suffered
trauma injuries due to collisions or gunshot injuries, 1 was shot, 1 died in a muskrat trap, 1 may
have had a heart muscle disease and 1 may have had a viral infection (Lewis et al. 1992a).
Breeding Ecology
Whooping cranes may start nesting, defined as laying eggs, as early as 3 years of age (Kuyt and
Goossen 1987, Brian Johns, CWS, pers. comm.). However the average age of first egg
production is 5 years (Kuyt and Goossen 1987). From the results of color-banding studies in the
AWBP, 3-year-old whooping cranes have been documented nesting 10 times (5 males and 5
females), including one instance where both members of the pair were 3 years old (Kuyt and
Goossen 1987, Brian Johns, CWS, pers. comm.). In the FP, 3-year-olds have nested on 4
occasions, including 1 pair with both cranes that were 3-years-old. The first two nesting
attempts documented for the EMP included one female that was 3-years-old and a pair with both
cranes that were 3-years-old.
Pair formation can occur rapidly or be a lengthy process. Bishop (1984) observed pair bonds
that developed over 1 to 3 winters from associations in subadult flocks on the wintering grounds.
Stehn (1997) observed that 27.7% of pair bonds formed during spring migration or on the
breeding grounds without any prior association at Aransas. Bishop and Blankinship (1982)
documented several instances in which 2- and 3-year-old color-banded birds paired with
unmarked birds. Whooping cranes are monogamous, but will re-pair, sometimes within only a
few days, following the death of their mate (Blankinship 1976, Stehn 1992c, 1997).
Experienced pairs arrive at WBNP in late April and begin nest construction. They show
considerable fidelity to their breeding territories, and normally nest in the same general vicinity
each year. Several pairs have nested in the same areas for 22 consecutive years. These nesting
territories, termed "composite nesting areas", vary considerably in size, ranging from about 1.3 to
47.1 km2 (0.8 to 29 mi2) but averaging 4.1 km2 (2.5 mi2) (Kuyt 1976a, 1976b, 1981a, 1993a).
Adjoining pairs usually nest at least 1 km (0.6 mi) apart; however, nests have been recorded as
close as 400 m (435 yds) from each other (Brian Johns, CWS, pers. comm.). From the initiation
of egg laying until chicks are a few months of age, the activities of pairs and family groups are
restricted to the breeding territory.
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Eggs are normally laid in late April to mid-May, and hatching occurs about 1 month later. The
incubation period is from 29 to 31 days (Kuyt 1982). Kuyt (1995) reported that "Among 514
clutches observed between 1966 and 1991, 454 (90.8%) contained 2 eggs, 43 (8.6%) only 1 egg,
and 3 (0.6%) 3 eggs." Eggs are light brown or olive-buff overlaid with dark, purplish-brown
blotches concentrated primarily at the blunt end. Eggs average 100 mm in length and 63 mm in
width (Bent 1926, Allen 1952, Stephenson and Smart 1972, Kuyt 1995). Whooping cranes may
re-nest if their first clutch is destroyed or lost before mid-incubation (Erickson and Derrickson
1981, Kuyt 1981b, Derrickson and Carpenter 1982). However, egg predation is uncommon, and
re-nesting by whooping cranes has only been documented a few times (Kuyt 1981b). Whooping
cranes generally nest annually, but may skip a season when nesting habitat conditions are
unsuitable, if they are nutritionally stressed (Chavez-Ramirez et al. 1997, Johns 1998b), or for
other (not apparent) reasons. In 2005, 12 out of 70 known adult pairs (17.1%) failed to nest in
WBNP.
Whooping cranes usually produce clutches of 2 eggs laid 48-60 hours apart. Incubation begins
with the first egg laid, resulting in asynchronous hatching of the eggs. This asynchrony may
follow the insurance hypothesis, as discussed by Forbes and Mock (2000), where parents add
marginal offspring to their clutch/brood as a hedge against early failure of core brood members.
Hatching asynchrony may be an adaptation to the availability of food resources or a means of
ensuring that the adults do not expend an inordinate amount of time attending to 2 young if they
are in marginal habitat. In whooping cranes, eggs laid after incubation has begun usually only
produce fledged young if the earlier laid egg fails to hatch or the chick dies soon after hatching.
Not attempting to breed in a particular year may be a time and energy saving adaptation to
prepare for a future breeding season (Stenning 1996).
Erickson (1975) noted that although whooping cranes may lay 2 eggs, only about 10% of
families arriving on the winter range have 2 chicks. About 90% of nests therefore contain 1 egg
that is unlikely to result in a fledged chick. However, the second egg plays an unknown role in
providing insurance that at least one chick survives. Boyce et al. (2005) suggest that removal of
the second egg could actually increase the likelihood that one chick fledges. In nests with 2
eggs, the first hatched has the greater chance of survival in the wild. Habitat conditions,
including food availability and predator abundance, affect survival. In years with suitable habitat
conditions crane pairs may raise 2 young (Johns 1998a). For example, during the 1958-59
winter, 8 of the 9 young that arrived at Aransas were from twin pairs. In 1997 and 1998, at least
9% of second hatched whooping crane young survived to fledging age (Bergeson et al. 2001a).
During the years from 1938-l964, prior to egg-removal at WBNP, 101 single chicks and 15 pairs
of "twin" siblings arrived at Aransas NWR from 230 nests or 213 2-egg clutches (Kuyt 1987).
"Twins" arrived in 9 of the 29 years. No pairs brought 2 juveniles during the egg-pickup years
1965-1996 even though a few nests were left with 2 eggs in most years. Between 1997-2004,
with no egg pickup, 8 pairs successfully raised twin chicks to fledging age (Brian Johns, CWS,
pers. comm.), however only 4 pairs brought twin chicks to Aransas NWR (Tom Stehn, ANWR,
pers. comm.).
Whooping crane parents share incubation and brood-rearing duties. Except for brief intervals, 1
member of the pair remains on the nest at all times. Females tend to incubate at night (Allen
1952, Walkinshaw 1965, 1973) and take the primary role in feeding and caring for the young
(Blankinship 1976). Chicks are capable of swimming shortly after hatching; however, parents
6

Whooping Crane Recovery Plan 2006

and young return to the nest each night during the first 3-4 days after hatching. Later, parents
brood their young wherever they are at night or during foul weather. During the first 20 days
after hatching, families generally remain within 1.8 km of the nest site (Ernie Kuyt, pers. comm.)
with daily movements averaging 340 m (Doug Bergeson, pers. comm.).
Information on marked individuals suggests that most juveniles and subadults spend the summer
near their natal area (Kuyt 1979b, 1981a). Sexually immature birds (up to 4-year-olds) spend the
summer as singles, pairs or in small groups of 3 to 5 birds. These birds usually occur on the
peripheries of territories of nesting pairs.
Migratory Behavior
As spring approaches, “dancing” behavior (running, leaping and bowing, unison calling, and
flying) increases in frequency, and is indicative of pre-migratory restlessness (Allen 1952,
Blankinship 1976, Stehn 1992b). Family groups and pairs are usually among the first to depart
wintering grounds, often assisted by seasonal strong southeast winds. First departure dates are
normally between March 25 and April 15, with the last birds usually leaving by May 1.
Occasional stragglers may linger into mid-May, and in 19 years, between 1938-2005, 1 to 4 birds
(34 birds total) have remained at ANWR throughout the summer. Some of these birds were ill or
crippled or mates of birds that were crippled. The spring migration is usually completed in 2-4
weeks, more rapidly than the reverse trip in the fall, as there is no known spring staging area.
Parents separate from their young of the previous year upon departure from ANWR, in
northward migration while in route to the breeding grounds or soon after arrival on the breeding
grounds (Allen 1952, Stehn 1992a, B. Johns, CWS, pers. comm.).
Autumn migration normally begins in mid-September, with most birds arriving on the wintering
grounds between late October and mid-November. Occasionally, stragglers may not arrive until
late December. Whooping cranes migrate south as singles, pairs, in family groups, or as small
flocks of 3 to 5 birds (Johns 1992). They are diurnal migrants and make regular stops to feed
and rest. Large groups of up to 20 sometimes use the same stopover location. Pairs with young
are among the last to leave the breeding range (Allen 1952, Archibald et al. 1976, Stephen 1979).
The migration corridor (Fig. 2) was determined by mapping confirmed sightings reported by
individuals (Stephen 1979, Johnson and Temple 1980, Austin and Richert 2001) and radiotracking whooping cranes during the period 1981-1984 (Kuyt 1992). Their first stop often
occurs in northeast Alberta or northwest Saskatchewan, about 500 km southeast of their
departure area in WBNP. Local weather conditions influence distance and direction of travel,
but whooping cranes generally are capable of reaching the autumn staging grounds in the northcentral portion of the Saskatchewan agricultural area on the second day of migration. Most of
the cranes remain for 2 to 4 weeks in the large triangle between Regina, Swift Current, and
Meadow Lake, where they feed on waste grain in barley and wheat stubble fields and roost in the
many wetlands (Johns 1992). The remainder of the migration from Saskatchewan to the
wintering grounds is usually rapid, probably weather-induced, and may be completed in a week
(Kuyt 1992).
Winter Ecology
For almost half of the year, whooping cranes occupy winter areas on and adjacent to ANWR.
Although close association with other whooping cranes is tolerated at times on the wintering
7
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grounds, pairs and family groups typically occupy and defend relatively discrete territories.
Studies indicate a declining territory size as the population increases, with territories averaging
117 ha (Stehn and Johnson 1987). Limited expansion of the wintering area has occurred (Tom
Stehn, pers. comm.). Subadult and unpaired adult whooping cranes form small flocks and use
areas outside occupied territories (Blankinship 1976, Bishop and Blankinship 1982). Subadults
tend to winter near the territories where they spent their first year (Bishop 1984). Paired cranes
will often locate their first winter territory near the winter territory of one of their parents
(Bishop 1984, Stehn and Johnson 1987).
Diet
Whooping cranes are omnivorous (Walkinshaw 1973), probing the soil subsurface with their
bills and taking foods from the soil surface or vegetation. Young chicks are fed by their parents.
They gradually become more independent in their feeding until they separate from the parents
preceding the next breeding season. Summer foods include large nymphal or larval forms of
insects, frogs, rodents, small birds, minnows, and berries (Allen 1956, Novakowski 1966,
Bergeson et al. 2001b). Foods utilized during migration are poorly documented but include
frogs, fish, plant tubers, crayfish, insects, and agricultural grains. The largest amount of time is
spent feeding in harvested grain fields (Johns et al. 1997). The winter diet consists
predominately of animal foods, especially blue crabs (Callinectes sapidus), clams (Tagelus
plebius, Ensis minor, Rangia cuneata, Cyrtopleura costada, Phacoides pectinata, Macoma
constricta), and the plant wolfberry (Lycium carolinianum)(Allen 1952, Uhler and Locke 1970,
Blankinship 1976 and 1987, Hunt and Slack 1987, Chavez-Ramirez 1996). Most foraging
occurs in the brackish bays, marshes, and salt flats on the edge of the mainland and on barrier
islands. Occasionally, cranes fly to upland sites when attracted by fresh water to drink or by
foods such as acorns, snails, crayfish and insects, and then return to the marshes to roost (Hunt
1987, Chavez-Ramirez et al. 1995). Uplands are particularly attractive when partially flooded by
rainfall, burned to reduce plant cover or when food is less available in the salt flats and marshes
(Bishop and Blankinship 1982). Some whooping cranes use upland sites frequently in most
years, but agricultural croplands adjacent to ANWR are rarely visited.
High fall tides and heavy rains sometimes flood tidal flats. In these circumstances, the birds
forage almost exclusively on blue crabs and wolfberry in flooded areas. In December and
January, tidal flats typically drain as a result of lower tides, and the birds move into shallow bays
and channels to forage primarily on clams, although blue crabs are occasionally captured while
probing the bottom. Clams are a significant dietary item when water depths are low,
temperatures cold, and following drought when the blue crab population is low. Most clams and
small blue crabs (5 cm or less in width) are swallowed whole. Larger crabs are pecked into
pieces before being swallowed (Blankinship 1976).
The AWBP whooping cranes spend their summers and winters in restricted locations. Therefore,
their pressure on local invertebrate food species may cause depletions, especially of blue crabs at
Aransas. However, the total whooping crane population is so small that it is unlikely to exert
any ecological effects except in small areas.
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DISTRIBUTION
Historical Distribution and Abundance
Fossilized whooping crane remains from the Upper Pliocene in Idaho (Miller 1944, Feduccia
1967), and from the Pleistocene in California, Kansas, and Florida (Wetmore 1931, 1956) appear
indistinguishable from the present form. Current evidence indicates that the species’ historical
range extended from the Arctic coast south to central Mexico, and from Utah east to New Jersey,
South Carolina, Georgia, and Florida (Allen 1952, Nesbitt 1982). Distribution of these fossil
remains suggests a wider distribution during the Pleistocene.
The major nesting area during the 19th and 20th centuries extended from central Illinois,
northwestern Iowa, northwestern Minnesota, and northeastern North Dakota northwesterly
through southwestern Manitoba, southern Saskatchewan, and into east central Alberta (Allen
1952)(Fig. 3). Some nesting apparently occurred at other sites such as Wyoming in the 1900's,
but documentation is limited (Kemsies 1930, Allen 1952). Allen (1952) believed the whooping
crane’s principal wintering range was the tall grass prairies, in southwestern Louisiana, along the
Gulf Coast of Texas, and in northeastern Mexico near the Rio Grande Delta. Other significant
wintering areas were the interior tablelands in western Texas and the high plateaus of central
Mexico, where whooping cranes occurred among thousands of sandhill cranes. Cannon (1998),
Hayes, M. A. and J. Barzen (In press) and Gomez et al. (In press) provide additional insight into
the historical distribution of the species.
In the 19th century, there were several migration routes. The two most important ones (Allen
1952:103) were “... those between Louisiana and the nesting grounds in Illinois, Iowa,
Minnesota, North Dakota, Manitoba, and the other from Texas and the Rio Grande Delta region
of Mexico to nesting grounds in North Dakota, the Canadian Provinces, and Northwest
Territories.” A route through west Texas into Mexico apparently followed the route still used by
sandhill cranes, and it is believed the whooping cranes regularly traveled with them to wintering
areas in the central interior highlands region (Allen 1952).
Another migration route crossed the Appalachians to the Atlantic Coast. These birds apparently
nested in the Hudson Bay area of Canada. Wintering grounds included coastal areas of New
Jersey, South Carolina, and more southerly river deltas. The specimen record or sighting reports
for some eastern and mid-western locations are Alabama 1899; Arkansas 1889; Florida 1927 or
1928; Georgia 1885; Illinois 1891; Indiana 1881; Kentucky 1886; Michigan 1882; Minnesota
1917; Mississippi 1902; Missouri 1884; New Jersey 1857; Ohio 1902; Ontario 1895; South
Carolina 1850; and Wisconsin 1878 (Burleigh 1944, Sprunt and Chamberlain 1949, Allen 1952,
Hallman 1965).
Prior to 1950, Atlantic Coast locations used by whooping cranes included the Cape May area and
Beesley’s Point at Great Egg Bay in New Jersey; the Waccamaw River in South Carolina; the
deltas of the Savannah and Altamaha Rivers, and St. Simon's Island in Georgia; and the St.
Augustine area of Florida. Gulf Coast locations included Mobile Bay, Alabama; Bay St. Louis
in Mississippi; and numerous records from southwestern Louisiana where the last bird was
captured in 1950. Coastal Louisiana contained both a non-migratory flock and wintering
migrants (Allen 1952).
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Nesbitt (1982) summarized the following evidence that whooping cranes occurred in Florida,
perhaps well into the 20th century. 0. E. Baynard, a respected field naturalist, said the last flock
of whooping cranes (14 birds) he saw in Florida was in 1911 near Micanopy, southern Alachua
County. Two whooping cranes were reported east of the Kissimmee River on January 19, 1936,
and a whooping crane was shot and photographed north of St. Augustine, St. Johns County, 1927
or 1928.
Records from interior areas of the southeast include: the Montgomery area, Alabama; Crocketts
Bluff on the White River, and near Corning, Arkansas; Jackson County near Kansas City, near
Corning, Lawrence County southwest of Springfield, Audrain County, and near St. Louis,
Misourri; and near Louisville and Hickman, Kentucky. It is unknown whether these records
represent wintering locations, remnants of a non-migratory population, or wandering birds.
Although whooping cranes may never have formed large flocks and were thus reported
infrequently, they ranged widely and utilized the vast wetland acreages available prior to the
influx of white settlers. The growth of the AWBP at the end of the 20th century may provide
insight for densities that could have occurred prior to colonial times. At WBNP, Kuyt (1993a)
reported 13 nesting pairs had a mean home range size of 4.1 km sq (414 ha) and Doug Bergeson
(pers. comm.) reported the mean home range size for 14 pairs as 3.8 km sq (384 ha). At ANWR,
Stehn and Johnson (1987) found 86 whooping cranes distributed over 8,175 ha with an average
territory size of 117 ha on the refuge where the density was highest. If these densities are
expanded to the known historical distribution of the species, it is reasonable to assume that more
than 10,000 whooping cranes once roamed across North America (Tom Stehn, ANWR, pers.
comm.). This analysis differs from previously published information that was not based on
current crane densities. Within the wintering area at ANWR and the nesting area in WBNP, the
cranes are found within a relatively small area. Expanded throughout the known historical
nesting and wintering range, the species may have been more numerous than reported, and by
1870 may have already been greatly reduced in number. It is erroneous to think that the
whooping crane is not well adapted to its environment, was never numerous, and was about to
become extinct even before human actions threatened the species (Tom Stehn, ANWR, pers.
comm.).
Allen (1952:83) estimated that the whooping crane population in "... 1860, or possibly 1870,
totaled between 1300 and 1400 individuals." Banks (1978), using 2 independent techniques,
derived estimates of 500 to 700 whooping cranes present in 1870. The whooping crane
disappeared from the heart of its breeding range in the north-central United States by the 1890s.
The last documented nesting in the aspen parklands of Canada occurred at Eagle Lake (now
called Kiyiu Lake), Saskatchewan, in 1922 (Hjertaas 1994). By 1944 only 21 birds remained in
2 small breeding populations: a non-migratory population that inhabited the area around White
Lake in southwestern Louisiana, and the migratory AWBP that wintered on ANWR in coastal
Texas and nested in an unknown location (Table 1). The last reported reproduction in the nonmigratory Louisiana population occurred in 1939 (Lynch 1956, Gomez 1992, Drewien et al.
2001). In March, 1950, the Louisiana population ceased to exist as the last individual was
captured and turned loose at Aransas but did not survive the summer. The nesting area of
AWBP was discovered in 1954 in WBNP, Northwest Territories, Canada (Fig. 3).
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Figure 3. The principal known breeding and wintering areas of the whooping crane
(Grus americana) (adapted from Meine and Archibald 1996).
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Table 1. Whooping crane peak winter numbers in North America 1938-2005.
AWBP
Winter
1938-39
1939-40
1940-41
1941-42
1942-43
1943-44
1944-45
1945-46
1946-47
1947-48
1948-49
1949-50
1950-51
1951-52
1952-53
1953-54
1954-55
1955-56
1956-57
1957-58
1958-59
1959-60
1960-61
1961-62
1962-63
1963-64
1964-65
1965-66
1966-67
1967-68
1968-69
1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1977-78
1978-79
1979-80
1980-81
1981-82
1982-83
1983-84

Adulta
14
15
21
14(13)
15
16
15
18(14)
22
25
27
30
26
20
19
21
21
20
22
22
23
31
30
34
32
26(28)
32
36
38
39
44
48
51
54
46
47
47
49
57
62
68
70
72
71
67
68

Younga
4
7
5
2
4
5
3
4(3)
3
6
3
4
5
5
2
3
0
8
2
4
9
2
6
5
0
7
10
8
5
9
6
8
6
5
5
2
2
8
12
10
7
6
6
2
6
7

Louisiana
11
13
6
6
5
4
3
2
2
1
1
1
0

Rocky Mountain
Adult
Young
4
3
3
6
2
6
3
8
7
15
5
13
0
10
4
13
17
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Total
29
35
32
22
24
25
21
24
27
32
31
35
31
25
21
24
21
28
24
26
32
33
36
39
32
33
42
44
43
48
50
56
57
59
51
49
49
61
75
80
84
91
98
86
87
105
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Table 1, continued
AWBP
Winter
1985-86
1986-87
1987-88
1988-89
1989-90
1990-91
1991-92
1992-93
1993-94
1994-95
1995-96
1996-97
1997-98
1998-99
1999-00
2000-01
2001-02
2002-03
2003-04
2004-05
2005-06
a

b

Adult
81
89
109
119
126
133
124
121
127
125
130
144
152
165
171
171
161
169
169
183
190

Young
16
21
25
19
20
13
8
15
16
8
28
16
30
18
17
9
15
16
25
34
30

Rocky Mountain
Adult
Young
27
4
20
1
16
0
14
0
13
0
13
0
12
0
9
0
8
1
4
0
3
0
3
0
3
3
4
0
2
0
2
0
1
0
0
0
0
0
0
0
0
0

Total

Floridab
Adult
8
16
25
56
60
57
65
74
87
85
85
66
59

Young

1
2
5
0

Easternb
Migratoryb
6
21
36
47
64

128
131
150
152
159
159
144
145
152
153
186
219
248
244
255
256
270
292
317
335
343

Where two numbers occur in a column, the one in parentheses is the original count and the other is the adjusted
number as explained in Boyce (1987). The 1945 count at ANWR and vicinity was 14 and 3, but 22 adultplumaged birds returned to the refuge in the winter of 1946. Consequently, it is evident that some birds were not
counted in 1945. The all-time low for the AWBP was either 15 or 16 in 1941.
Number of birds present on December 31.

Current Distribution and Abundance
Whooping cranes occur only in North America within Canada and the United States.
Approximately 83% of the wild nesting sites occur in Canada and 17% occur in Florida and
Wisconsin. Sixty-four percent of the February, 2006, wild population (215 of 338 individuals)
had summered in Canada, with 59 in Florida and 64 in the Wisconsin – Florida population.
Currently, 16% of the captive individuals (22) remain in Canada and the balance (113) is housed
in the United States.
The AWBP contained 215 individuals in February, 2006, and is the only self-sustaining wild
population. This population nests in the Northwest Territories and adjacent areas of Alberta,
Canada, primarily within the boundary of WBNP (Johns 1998b). In 2005, 58 of the 72 known
adult pairs nested (Brian Johns, CWS, pers. comm.). These cranes migrate southeasterly through
Alberta, Saskatchewan, and eastern Manitoba, stopping in southern Saskatchewan for several
weeks in fall migration before continuing migration into the United States (Fig. 2). They migrate
through the Great Plains states of eastern Montana, North Dakota, South Dakota, Nebraska,
Kansas, Oklahoma, and Texas. Their spring migration is more rapid and they simply reverse the
route followed in fall. They winter along the Gulf of Mexico coast at ANWR and adjacent areas
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(Fig. 4). The winter habitat extends 48-56 km along the coast from San Jose Island and Lamar
Peninsula on the south to Welder Point and Matagorda Island on the north (Tom Stehn, ANWR,
pers. comm.), and consists of estuarine marshes, shallow bays, and tidal flats (Allen 1952,
Blankinship 1976). Some individuals occur occasionally on nearby privately owned pasture or
croplands.
The second population of wild whooping cranes is non-migratory (Nesbitt et al. 1997) and
occurs in central Florida. This population, known as the Florida Population (FP), has been
designated experimental nonessential in the United States by the USFWS. First reintroduced in
1993, approximately 59 birds survived in February, 2006, from 289 captive-reared whooping
cranes released over a 13-year period (Table 9). Two pairs first produced eggs in 1999 and the
first chick fledged in 2002, the first chick in the U.S. to do so since 1939. In 2005, 8 pairs
nested, 1 chick hatched, and none fledged. In summary, 41 pairs laid eggs between 1999 and
2005, 17 chicks hatched, and 4 fledged (Table 9). The FP is found primarily on the Kissimmee
Prairie and surrounding areas. The Kissimmee Prairie is south of Orlando and consists of
500,000 ha of freshwater marsh and open grasslands in Osceola and Polk Counties associated
with the flood plain of the Kissimmee River. Most grasslands are improved pasture used for
livestock grazing and are heavily used by the cranes for foraging.
A third population of wild whooping cranes is migratory and was reintroduced starting in 2001.
This population is referred to as the Eastern Migratory Population (EMP). Captive whooping
cranes reared at PWRC are brought to the Wisconsin summering area, trained to fly behind
ultralight aircraft, and led to Florida. This population migrates from the Necedah NWR
(NNWR) in central Wisconsin to Chassahowitzka NWR (CNWR), a 12,500 ha expanse of salt
marsh on the Gulf Coast of Florida. All 5 whooping cranes led south in 2001 survived the
winter, returned to summer in central Wisconsin on their own, and returned to western Florida
the subsequent winter. Additional birds are released directly into groups of older whooping
cranes in central Wisconsin. As of February, 2006, this population numbered 64 birds.
No whooping cranes remain in the Rocky Mountains. The last bird from the cross-fostering
experiment disappeared during migration from the winter grounds in 2002 at the age of 19.
These birds had summered in Idaho, Montana, Utah, and Wyoming and wintered in New
Mexico, staging in spring and fall near the Monte Vista NWR, Colorado. In 1989, because of
the lack of breeding attempts and high mortality (Garton et al. 1989), the Recovery Team
recommended to discontinue the reintroduction attempt. Additional guide bird and ultralight
experiments were carried out through 1997, but not with an expectation of establishing a
population in the Rocky Mountains.
As of February, 2006, 135 whooping cranes occur in captivity at 9 North American locations.
The U.S. Geological Survey (USGS) maintains 55 adults at PWRC in Laurel, Maryland. The
USFWS funds, cooperatively with ICF, 36 adult cranes at the Foundation facility in Baraboo,
Wisconsin. Twenty adult birds are kept at the Devonian Wildlife Conservation Center operated
by CZ. Eight whooping cranes are present at SSC, Belle Chasse, Louisiana. Their first egg was
produced in 2003. Nine adult whooping cranes are at SAZ in San Antonio. The captive flocks at
PWRC, ICF, CZ, SSC, and SAZ are the sources for captive-reared cranes used in the FP and
EMP wild flocks. Since 1993, 14 to 48 young have been released annually into the wild in
Florida with a total of 289. Between 2001 and 2004, a total of 54 young started the fall
migration in Wisconsin behind ultralight aircraft. Whooping cranes are on public display at 6
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locations, all in North America. Two birds each are present on display at CZ, Calgary, Alberta,
Lowry Park Zoo, Tampa, Florida, SAZ in Texas, ICF in Baraboo, Wisconsin, and Audubon Zoo
in New Orleans, Louisiana. One bird is at Homosassa Springs Wildlife State Park in Homosassa,
Florida.

Figure 4. Wintering area of the Aransas Wood Buffalo Population, Aransas National
Wildlife Refuge and Critical Habitat boundary on the Gulf of Mexico coast of Texas.

HABITAT REQUIREMENTS
Breeding Habitat
Whooping Cranes formerly bred in isolated marshes on the prairies and in aspen parkland. The
current nesting area within WBNP lies between the headwaters of the Nyarling, Sass, Klewi, and
Little Buffalo rivers (Fig. 5). The area is poorly drained and interspersed with numerous
potholes. Wetlands vary considerably in size, shape and depth, and most possess soft marl
bottoms (Timoney et al. 1997). Wetlands are separated by narrow ridges which support an overstory of white spruce (Picea alauca), black spruce (P. mariana), tamarack (Larix laricina),
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willows (Salix spp.), and an understory of dwarf birch (Betula glandulosa), Labrador tea (Ledum
groenlandicum), bearberry (Arctosta phylos uva-ursi), and several species of lichen, underlain by
sphagnum moss (Novakowski 1966). Bulrush (Scirpus validus) is the dominant emergent in the
potholes used for nesting, although cattail (Typha sp.), sedge (Carex aquatilis), musk-grass
(Chara sp.), and other aquatic plants are common (Allen 1956, Novakowski 1965, 1966, Kuyt
1976a, 1976b, 1981a). Nest sites are primarily located in shallow diatom ponds that contain
bulrush (Timoney 1997).

Figure 5. Breeding area of the Aransas Wood Buffalo Population, Wood Buffalo National
Park.
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Wildfires, caused primarily by lightning, are generally thought to have beneficial effects on
crane habitat by recycling nutrients and removing and thinning vegetation on the forested ridges
between nesting ponds, making the area more accessible to cranes. Fires have burned large
portions of the nesting area during drought (e.g., 1981); however, wildfires do not appear to have
influenced whooping cranes’ choice of nest sites (Timoney 1999). Although molting adults or
flightless young are vulnerable to fire, losses of eggs, chicks, or adults have not been confirmed.
Due to the potential negative effects of a major fire control operation in the nesting area, it was
advised that the area be classified as a modified response area where fire suppression activities
are limited (Timoney 1997).
There is little competition by other species for nesting territories in WBNP (Kuyt 1989).
Sandhill cranes are present on the nesting grounds; however, it is unlikely they would outcompete the larger whooping cranes for preferred nest sites and territories. Most territory
overlap would probably occur on the drier sedge nest areas.
Although the quality of nesting habitat can be debated, there is no evidence that growth of the
AWBP is limited by availability of summer habitat. Hatching success is high in most years
(Kuyt 1976c, 198la, 1981b) and the area is remote from human activities. Thousands of hectares
of unoccupied, apparently similar habitat are available in the area. Some new pairs have
pioneered unoccupied nesting habitat adjacent to occupied range as the population has increased
(Kuyt 1978b, Johns 1998a, Johns et al. In press). Wetlands suitable for breeding may still exist
in the historical range on the Canadian prairies, although dry conditions in recent years and
agricultural practices have greatly decreased the number and extent of these wetlands. A project
of the CWS and Parks Canada was completed to identify suitable unoccupied nesting habitat
within WBNP and adjacent areas (Olson and Olson 2003).
In 2005, 6 pairs nested just outside of WBNP. Additional expansion of the flock out of WBNP
into adjacent areas of the Northwest Territories would occur on land with no formal protection.
Land uses such as forestry, agriculture, and activities such as hunting could cause disturbance or
change the quality of habitat available for cranes.
Migration Habitat
Whooping cranes use a variety of habitats during migration (Howe 1987, 1989, Lingle 1987,
Lingle et al. 1991, Johns et al. 1997). Nine radio-tagged whooping cranes monitored for one or
more seasons and others that associated with them fed primarily in a variety of croplands and
roosted in palustrine (marshy) wetlands (Howe 1987, 1989). Seventy-five percent of the
roosting wetlands were less than 4 ha and within 1 km of a suitable feeding site. More than 40%
of the roosting wetlands were smaller than 0.5 ha. Johns et al. (1997) found that on average,
wetlands were larger than those of Howe (1987, 1989), with spring sites averaging 36 ha and fall
sites averaging 508 ha in size. The majority (94.9% spring; 72.9% fall) of these roost sites were
also within 1 km of a suitable feeding site. Heavily vegetated wetlands were generally not used,
but family groups appeared to select more heavily vegetated areas than non-families (Howe
1987, 1989). Cropland accounted for 70% of the feeding sites of non-families, but wetlands
accounted for 67% of the feeding sites of families.
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Clusters of migratory observations suggested relationships with large-scale spatial patterns in
land cover (Richert et al. 1999, Richert and Church 2001). Areas characterized by wetland
mosaics appear to provide the most suitable stopover habitat (Johns et al. 1997, Richert et al. In
press). In states and provinces, excluding Nebraska, whooping cranes primarily used shallow,
seasonally and semipermanently flooded palustrine wetlands for roosting, and various cropland
and emergent wetlands for feeding (Johns et al. 1997, Austin and Richert 2001). Large
palustrine wetlands included in this category (and the number of confirmed sightings through
spring 2005) are those at Quivira NWR in Kansas (126), Salt Plains NWR in Oklahoma (84),
Cheyenne Bottoms State Wildlife Area in Kansas (56), Last Mountain Lake NWA in
Saskatchewan (58), and large reservoir margins in the Dakotas (Wally Jobman, USFWS files,
Brian Johns, CWS files). Known staging areas and potential breeding wetlands on the prairies
could be negatively impacted by drought, drainage, cattle grazing, contaminated runoff, or other
disturbances associated with agricultural activities. Since fall staging habitat in Saskatchewan is
primarily on private lands, conservation activities should include stewardship actions (Johns et
al. 1997).
During migration, whooping cranes often are recorded in riverine habitats, especially in
Nebraska. Frequently used riverine habitats (and the number of confirmed sightings through
spring 2005) include: the South Saskatchewan River in Saskatchewan (42)(Brian Johns, CWS
files); the Platte River (66), North and Middle Loup Rivers (18), and Niobrara River (14) in
Nebraska; the Missouri River in North Dakota (8); and the Red River (3) in Texas (Wally
Jobman, USFWS files). Cranes roost on submerged sandbars in wide, unobstructed channels
that are isolated from human disturbance (Armbruster 1990).
Wintering Habitat
About 9,000 ha of salt flats on ANWR and adjacent islands comprise the principal wintering
grounds of the whooping crane (Fig. 4). Marshes are dominated by salt grass (Distichlis
spicata), saltwort (Batis maritima), smooth cordgrass (Spartina alterniflora), glasswort
(Salicornia sp.), and sea ox-eye (Borrichia frutescens). Inland margins of the flats are
dominated by Gulf cordgrass (Spartina spartinae). Interior portions of the refuge are gently
rolling and sandy and are characterized by oak brush, grassland, swales, and ponds. Typical
plants include live oak (Quercus virginiana), redbay (Persea borbonia), and bluestem
(Andropogon spp.) (Stevenson and Griffith 1946, Allen 1952, Labuda and Butts 1979). In the
last 30 years, many upland sites have been grazed, mowed, or burned under controlled conditions
(Labuda and Butts 1979) to maintain oak savannah habitat. The refuge maintains as many as
3,300 ha of grassland for cranes, waterfowl, and other wildlife. Human visitation is carefully
controlled, and other potentially conflicting uses of the refuge, such as activities associated with
oil and gas exploration, are reduced when whooping cranes are present.
RATE OF POPULATION GROWTH
The whooping crane has a long-term recruitment rate of 13.9%, the highest of any North
American crane population (Drewien et al. 1995). Annual growth of the population during the
past 65 years has averaged 4.5% per year. Population studies indicate a 10-year cycle of
unknown cause in survivorship (Boyce and Miller 1985, Boyce 1987, Nedelman et al. 1987). M.
Boyce (pers. comm.) has correlated the crane cycle with that of boreal forest predator cycles.
From 1983 to 1989, the AWBP population increased from 75 to a high of 146 birds, chiefly
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because of suitable nesting habitat conditions during that period, then dropped to the anticipated
10-year low of 132 by the 1991-92 winter (Table 1). The AWBP then increased to a record high
of 188 in the 1999-00 winter. Again, with the expected 10-year cycle, the population declined to
180 in 2000-01 and 176 in 2001-02, then rebounded to 185 in 2002-03, 194 in 2003-04 and 217
in 2004-05.
The growth of the AWBP up to the year 2000 seems to have resulted primarily from a decline in
the mortality rate rather than an increase in recruitment. Between 1938-2000, 341 whooping
cranes disappeared from the wild population. Annual mortality averages 9.8% (12.1% prior to
1970 and 7.6% since that time). In addition, recruitment has also declined from the pre-1970
average of 15.9% to 10.8%. If recruitment can be increased and if losses of white-plumaged
birds can be reduced, population growth will accelerate. The factors causing the decline in
recruitment are unknown, but identifying these sources and implementing remedial actions
where feasible should be a high priority.
A Population Viability Assessment Workshop held in 1991 for the whooping crane was funded
by the USFWS as a cooperative endeavor with CWS, U. S. Whooping Crane Recovery Team,
Canadian Whooping Crane Recovery Team, ICF, The Captive Breeding Specialist Group, and
Species Survival Commission of the International Union for Conservation of Nature. The final
report included priorities for research and management of the wild and captive populations as a
meta-population to maximize retention of genetic heterozygosity and minimize the risk of
extinction (Mirande et al. 1993).
Several population viability analysis packages have been tested using whooping crane data from
the AWBP (Mirande et al. 1997a, Brook et al. 1999). Annual growth of the population during
the past 65 years has averaged 4.5% per year. If this rate continues, starting with a peak
population of 185 birds in 2002, the population will reach 500 birds by 2025 and 1,000 birds by
2041 (John Cannon, pers. comm.). However, the standard deviation of the annual growth rates
over the past 65 years has been 12.9%, almost triple the average annual growth rate. For
example, the growth rate was as high as 33% in 1954-55 and as low as -38% in 1940-41. In the
last 15 years, with a total population of >100 birds, the annual growth rate has varied from a high
of 19% in 1994-95 to a low of -10% in 1990-91. This variation makes it difficult to predict the
future population size for any given year. However, it is likely that the AWBP will continue to
grow with a low probability (<1.0%) of extinction over the next 100 years (Mirande et al.
1997a).
Mirande et al. (1993) modeled the captive population from its establishment to 1991 and found a
growth rate of 1.1% (SD+-0.114). At that rate a population of 127 birds would retain only 89%
of the initial heterozygosity at the end of 100 years. However, many of the captively bred cranes
were released during the cross-fostering experiment in the Rocky Mountains between 1975 and
1989. Expansion and major improvements in production occurred in the 1990s and the program
now demonstrates the capacity to support the non-migratory reintroduction program in Florida.
The captive flocks have contributed 289 young to the Florida introduction between 1993-2005,
with 250 from captive-produced eggs, and 39 from WBNP eggs hatched in captivity.
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THREATS AND REASONS FOR LISTING
The 1967 Federal document that first listed the whooping crane as in danger of extinction did not
address the five factor threats analysis later required by Section 4 of the 1973 ESA. However,
we address these factors in the summary below to organize threats to the species in a manner
consistent with current listing and recovery analyses under the ESA. The five factor analysis is
also utilized in Part II to address how threats are minimized by proposed recovery actions (see
Reduction or Alleviation of Threats to Whooping Cranes through Implementation of Recovery
Actions).
Listing Factor A: The present or threatened destruction, modification, or curtailment of habitat
or range.
Human Settlement: The growth of the human population in North America has resulted in
significant whooping crane habitat alteration and destruction. Historically, whooping cranes
declined or disappeared as agriculture claimed the northern Great Plains of the U.S. and Canada
(Allen 1952). By the mid-1900s, only one small population survived. Ironically, the steadfast
use of a traditional summer area that appears to have saved the whooping crane as a small, relict
breeding population in WBNP, prevents its voluntary return to what was once its principal
nesting range. Re-colonization of these historic breeding areas remains unlikely unless humans
assist with reintroductions or habitat restoration.
Conversion of pothole and prairie to hay and grain production made much of the historic nesting
habitat unsuitable for whooping cranes. Disruptive practices included draining, fencing, sowing,
and the human activity associated with these actions. Settlement of the mid-continent and
coastal prairies and associated disturbance, in addition to alteration of habitat, may have
interfered with continued use of prairie and wetlands by breeding whooping cranes. The
extensive drainage of wetlands in the prairie pothole region of Canada and the United States also
resulted in a tremendous loss of migration habitat available to whooping cranes. Water
diversions on major river systems, such as the Platte River, have degraded migration habitat.
Freshwater Inflows: Currently, expanding human populations throughout the range of the
whooping cranes continue to threaten survival and recovery of the birds. Impacts are particularly
severe on the winter grounds. Freshwater inflows starting hundreds of kilometers inland,
primarily from the Guadalupe and San Antonio rivers, flow into whooping crane critical habitat
at Aransas; these inflows are needed to maintain proper salinity gradients, nutrient loadings, and
sediments that produce an ecologically healthy estuary (TPWD 1998). Spring flows originating
from the Edwards Aquifer are also crucial, especially in times of drought when they can make up
70% of Guadalupe River water. Inflows are essential to maintain the productivity of coastal
waters and produce foods used by the whooping cranes. Coastal waters with low saline levels
are maintained by these in-stream flows, providing drinking water for cranes that would
otherwise fly inland for freshwater.
TPWD has recommended target inflow levels needed to maintain the unique biological
communities of the Guadalupe Estuary (TPWD 1998), which includes whooping crane critical
habitat. Unfortunately, mechanisms to guarantee these flows are not provided by Texas water
law, and critics have challenged the size of the target inflows. In 2000, the San Marcos River
Foundation applied for a water right that would leave 1.15 million acre-feet in the river, in
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accordance with the flows recommended by TPWD for the Guadalupe estuary. The application
was denied in 2003 but has been appealed and in February, 2005, was sent back by the court to
the Texas Council on Environmental Quality for a re-hearing. Conservation flows were
proposed in Senate Bill 3 in the Texas Legislature in 2005, but the bill was not acted upon in the
House.
Upstream reservoir construction and water diversions for agriculture and human use reduce
freshwater inflows. Many existing water rights are currently only partially utilized, but greater
utilization is expected over time. Water rights continue to be granted on the Guadalupe, and
some sections of the river are already over-appropriated. A proposal included in the state water
plan proposes a diversion at the mouth of the Guadalupe River, pumping at least 94,500 acre-feet
annually back to San Antonio for municipal use. As the San Antonio region grows, with
population expected to double in the next 50 years (SAWS 2003), pumping from the Edwards
Aquifer in times of drought threatens spring flows.
Projections indicate the river will be significantly threatened during periods of low flow and
could cease to flow into the bay if all currently authorized water-use permits are utilized
(National Wildlife Federation 2004). In 2002, American Rivers named the Guadalupe on their
annual list of the 10 most endangered rivers in the U.S. because of the inflow issue. In a report
entitled Bays in Peril, a “Danger” ranking was given to San Antonio Bay because drought
periods were predicted to increase by 250%, and years with low freshwater pulses in the spring
were calculated to increase 26% from naturalized levels (National Wildlife Federation 2004).
Texas Water Development Board data indicate natural droughts already threaten the Guadalupe
ecosystem. Withdrawals of surface and groundwater for municipal and industrial growth are
predicted to leave insufficient inflows to sustain the ecosystem in less than 50 years. Modeling
indicates that if all existing water rights were exercised during a repeat of the 1950-1956
drought, estuary inflows would be reduced by 17% to 43% below current levels and by 36% to
72% below historic levels, depending on the year (Norman Johns, National Wildlife Federation,
Austin, TX, pers. comm., in Fitzhugh and Richter, 2004). Additionally, there are pending water
right applications for much of the remaining unappropriated water in the Guadalupe.
A simple inverse relationship exists between blue crab catch rates and mean salinity within an
estuary (Longley 1994). Inflows are already at times insufficient and reduced over historic
levels, leading to increases in mean salinity and decreases in blue crabs, the primary food of the
whooping cranes. Long before ecosystem collapse, due to lack of inflows, significant adverse
impacts to blue crab populations would occur (Kretzschmar 1990). By 2040, due to constructed
diversions, a decrease of freshwater inflows into the crane’s winter range is projected in an
average year to cause an 8% decline in blue crab populations (Texas Department of Water
Resources 1980), but could have a much larger impact in drought years (Norman Johns, National
Wildlife Federation, Austin, Texas, pers. comm.).
Listing Factor B: Overutilization for commercial, recreational, scientific, or educational
purposes.
Shooting: Hunting was one of the primary reasons for the whooping crane’s historical decline.
Allen (1952:75) recorded 389 whooping cranes known to have died from gunshot or other causes
from colonial times to 1948. The majority of documented mortalities (274 cranes) occurred
between 1870 and 1930. Most losses (about 66%) occurred during migration, especially
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between the 1880s and 1920s (Allen 1952). Allen (1956) reported that nearly 200 taxidermy
mounts, study skins, skeletons, and an undetermined number of eggs were in museums in the
United States and Canada. Hahn (1963) indicated that 309 mounts and 9 skeletons existed in
museums throughout the world. The lack of records associated with most of these specimens
suggests few were collected by museum employees. Considering the low reproductive potential
of the species, the shooting mortality possibly exceeded annual reproduction by the early 1900s.
Human-caused mortality of cranes declined following enactment of protective legislation.
Although hunting whooping cranes is now illegal, shootings occasionally occur (Lewis et al.
1992a). Four documented shootings of AWBP whooping cranes occurred during migration or on
the wintering grounds between 1968-1991. One whooping crane was shot by a snow goose
hunter in 1968 just north of the ANWR boundary; another was shot reportedly mistaken for a
snow goose (Anser caerulescens) along the bay edge of San Jose Island in January 1989. A
vandal shot a whooping crane in Saskatchewan in April 1990, and another vandal shot one in
April, 1991 as it migrated through Texas. Vandals shot 3 whooping cranes in Florida in 1999
and 2000. The most recently documented losses associated with hunting were an adult shot in
migration near Ennis, Texas in November, 2003 and 2 (possibly 3) birds killed by sandhill crane
hunters in central Kansas in November, 2004. A total of 12 documented shootings of whooping
cranes in North America has occurred in the last 17 years (1989-2005). It is not known what
percentage of shootings go undetected, nor what percentage of unexplained losses can be
attributed to shootings. Although examinations of retrieved carcasses rarely have revealed the
presence of shotgun pellets, 3 lead pellets were found during the post-mortem examination of a
male from the Rocky Mountain population in January, 1984, that had died from disease (Snyder
et al. 1992), and a pellet was found in the foot of a dead whooping crane in Michigan in 2004.
Whooping cranes of the AWBP occasionally associate with sandhill cranes during migration and
RMP birds frequently associated with sandhill cranes. Hunting of sandhill cranes and snow
geese occurs in and adjacent to areas used by migrating and wintering AWBP whooping cranes.
Hunters may misidentify and shoot whooping cranes as these species. Sandhill crane hunting
seasons in Canada and the United States in the migration corridor were originally seasonally
timed or geographically limited to protect whooping cranes (Buller 1967, Archibald et al. 1976,
Thompson and George 1987). Recent expansions of sandhill crane hunting seasons offer an
increased potential for overlap with whooping crane migration periods and increased risks to
whooping cranes (Konrad 1987, Brian Johns, CWS, pers. comm.). In some instances, large land
units have been closed to sandhill crane or waterfowl hunting due to the presence of a flock or
flocks of whooping cranes. Quivira NWR in Kansas is closed during most fall migrations
whenever whooping cranes stop-over (David Hilley, Quivira NWR, pers. comm.). Tundra swan
hunts recently initiated in the northern Great Plains (Montana, 1983; North Dakota, 1988; South
Dakota, 1990) also present opportunities for misidentification and accidental shooting of
whooping cranes.
Although occasional shootings do occur, some of these shootings are strictly acts of vandalism.
Sportsmen and other conservationists have played crucial roles in helping whooping cranes (see
Conservation Measures – page 31).
Disturbance: The whooping crane is sensitive to disturbance on the breeding grounds and will
not remain near human activity. However, the egg transfer and banding programs have
demonstrated that cranes will tolerate human intrusion for short intervals. Some disturbances
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cause the birds to leave an area; the effects of others may be more subtle. The public does not
have access to most of the whooping crane nesting habitat, but does have significant access to
whooping crane winter habitat, as these water areas are public domain.
The accessibility of the cranes to humans at Aransas has led to a great number of people coming
specifically to see the cranes. Up to 10,000 people ride whooping crane tour boats and in excess
of 70,000 people visit the refuge annually, many hoping to see the cranes. These interactions
build support for the species both locally and nationally, create awareness of existing threats to
the cranes, and provide educational opportunities. Other human activities in the wintering area
including waterfowl hunting and sport and commercial fishing are undertaken regardless of the
presence of whooping cranes.
Increasing disturbance to whooping cranes on the wintering grounds has been a concern for
many years (T. Lewis In prep.). As the Texas coast is developed, whooping cranes will have
more interactions with people. Cranes are somewhat tolerant of people in carefully operated
boats and land vehicles (Mabie et al. 1989). On the Aransas NWR, whooping cranes responded
negatively to 40% of all disturbances (T. Lewis In prep.). Whooping cranes disturbed for 17
minutes for each hour observed, moved an average of 525 m from human disturbances and were
displaced most often from open bay and wet marsh habitats (T. Lewis In prep.). Airboats, lowaltitude aircraft, and especially helicopters cause disturbance, and cranes are particularly
sensitive to humans on foot (Lewis and Slack 1992). Crane displacement results in short-term or
long-term loss of habitat and social disruption of the flock (T. Lewis In prep.). Furthermore,
disturbance to cranes limits their ability to obtain food resources and thus impacts fitness (T.
Lewis In prep.). Although whooping cranes sometimes may be found close to humans in
familiar situations, it is unknown what levels of stress may be associated with these encounters.
Listing Factor C: Disease or Predation.
Disease/Parasites: Little is known about the importance of diseases or parasites as mortality
factors for wild whooping cranes. Loss of wetlands has concentrated birds using aquatic habitat,
thereby increasing the risk of disease exposure and transmission. For example, avian cholera
epizootics occur fairly regularly in several areas used by cranes; this disease has been confirmed
in one whooping crane. Avian tuberculosis is known to impact the species, and infectious bursal
disease (IBD) has had a major impact on reintroduction programs in Florida in some years.
Additionally, human impacts on the environment and movements around the globe are resulting
in emerging disease problems of possible significance to whooping cranes. For example, West
Nile virus appeared for the first time in North America in 1999 and is now spreading rapidly.
The H5N1 strain of avian influenza that has surfaced globally in 2005 is an emerging threat to
both captive and wild flocks. Coccidia have been found in a whooping crane with an injured
wing captured in WBNP and in whooping crane droppings collected on the Texas wintering
grounds (Forrester et al. 1978), are common in cranes in the Florida release population (Spalding
et al. 1996), and have caused deaths of several whooping crane chicks at PWRC (Carpenter et al.
1980). The defense of large territories and small brood size ensures low density use of the
WBNP natal area, and thereby reduces the likelihood of coccidia oocysts being ingested in
quantities sufficient to cause significant disease. However, the disseminated form of coccidiosis
(DVC) is believed to have contributed to the mortality of 2 released whooping cranes in Florida
(Marilyn Spalding, U. of Florida, pers. comm.) A variety of other parasites has been
documented in released whooping cranes in Florida, but none have been proven to cause
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significant disease (Spalding et al. 1996).
Although wild whooping cranes are presumably susceptible to a variety of infectious and
toxicological diseases, evidence of disease-related mortality is infrequently documented. From
1976 to 1989, the USFWS necropsied or examined 25 whooping crane carcasses found dead in
the field or removed from the wild because of sickness or debility. Of these, nine were diseased.
Seven had avian tuberculosis (Snyder et al. 1997), a subadult crane captured in New Mexico was
suffering from avian cholera (Snyder et al. 1987), and an adult died from acute lead poisoning
(Brand et al. 1992, Snyder et al. 1992). The high incidence of avian tuberculosis indicates that
whooping cranes may be particularly susceptible to this disease.
Predation: Adult whooping cranes generally are not susceptible to predation unless they are
weakened by disease or injury, or are flightless during feather molt. However, eggs and chicks
are predated (Bergeson et al. 2001a). Potential predators in the WBNP nesting ground include
the black bear (Ursus americanus), wolverine (Gulo luscus), gray wolf (Canis lupus), red fox
(Vulpes fulva), mink (Mustela vison), lynx (Lynx canadensis), and raven (Corvus corax). Black
bears and other mammals destroy eggs, and wolves, foxes, and ravens kill chicks (Kuyt 198la,
198lb, Bergeson et al. 2001a). The overall impact of predation on AWBP recruitment remains
uncertain but may be a factor in the 10 year population cycle (Boyce et al. 2005). Predator
control is not considered an appropriate management technique within Canadian National Parks.
Whooping cranes are also exposed to predators during migration (Lewis et al. 1992a). On
numerous occasions, golden eagles disrupted human-led sandhill crane migrations behind trucks
and ultralights. In the west, two attacks on juvenile whooping cranes were documented during
migration. In 2002, a bald eagle killed a whooping crane hatchling in Florida. Bobcats (Lynx
rufus) and alligators (Alligator mississippiensis) are significant predators of reintroduced
whooping cranes in Florida. Bobcat predation appears most severe on individuals that do not
show proper roosting behaviors or use habitat with heavy cover. Bobcats and coyotes also take
cranes that are sick or injured at ANWR. Predation rates are significant in Florida, but appear to
be very low in wild birds in Texas where cranes spend more time in coastal wetlands.
Listing Factor D: The inadequacy of existing regulatory mechanisms.
The whooping crane became endangered primarily from shooting and habitat loss prior to the
enactment of major conservation legislation. The current legal framework (ESA, Migratory Bird
Treaty Act, SARA, and NEPA) should provide for adequate protection and conservation of the
whooping crane and its habitat.
Listing Factor E: Other natural or anthropogenic factors affecting its continued existence.
Multiple factors limit the growth of the AWBP. Some are related to the biological environment
of the whooping crane, others are human-related.
Life History: Delayed sexual maturity, small clutch size, and low recruitment rate preclude
rapid population recovery. Nesting can occur as early as age 3 (Brian Johns, pers. comm.), with
the average age of first egg production at age 5 and the first fertile eggs at 5.4 years (Kuyt and
Goossen 1987). The climate of the current northern breeding grounds may be another handicap
to productivity as the ice-free season is only 4 months long (and may be getting shorter). During
that time, pairs must incubate their eggs for 29-31 days and rear their chicks to flight age in 3
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months. Consequently, unless nest loss occurs early in incubation, there is rarely time to lay a
second clutch and fledge young if the first clutch fails.
Food Availability/Sibling Aggression: About 734 crane chicks were observed to hatch at
WBNP during 1976-2001, and 381 (59% survival) arrived at Aransas the following winter (Brian
Johns, CWS, pers. comm). Factors limiting chick survival are only partially known. Most
mortality occurs soon after hatching, and chicks that fledge have a high probability of
successfully completing their first migration (Kuyt 1976a). Most immediate post-hatching
mortality may be related to sibling aggression and short-term food shortage because eggs hatch
asynchronously and the precocial young are extremely aggressive toward each other. The
dominant chick apparently obtains principal access to food made available by the parents;
consequently brood-size is rapidly reduced during periods of food shortage (Drewien 1973,
Miller 1973, Bergeson et al. 2001b). Prolonged food shortage, possibly related to drought, and
drought-increased predation (Kuyt 1981b), may account for additional mortality.
Climatic Factors: Cold weather and precipitation soon after hatching may lead to loss of
chicks; in particular, pairs with two young often lose one during these periods of adverse weather
(Brian Johns, CWS, pers. comm.). While flooding of nests in WBNP is thought to be rare,
drought is a far greater hazard. During drought, the attractiveness of traditional nest sites is
reduced, food supplies are diminished, and newly-hatched chicks are forced to travel long
distances between wetlands. Drought conditions also increase exposure of eggs and chicks to
terrestrial predators. Whooping cranes are exposed to various natural obstacles and threats
during migration. Snow and hailstorms, low temperatures, and drought can present navigational
handicaps or reduce food and habitat availability. Hurricanes and drought can create problems
on the wintering grounds. A late-season hurricane could place cranes at risk due to high wind
velocities and flooding. Fortunately, the hurricane season ends (November 30) just after most
whooping cranes arrive. Drought at Aransas influences availability and abundance of the natural
food supply by altering salinity of tidal basins and estuaries (Blankinship 1976).
Global warming and associated climate changes constitute a potential threat to whooping crane
recovery. Based on climate records and calculated rates of rises in greenhouse gas concentration
from human activities, models of global climate change suggest that average global surface
temperatures will increase by 1.4 and 5.8ºC (2.5 and 10.4ºF) by the end of this century (National
Academy of Sciences 2005 website:
http://www4.nas.edu/onpi/webextra.nsf/web/climate?OpenDocument). In the Northern
Hemisphere, from 1951 to 1990, average minimum winter temperature rose 2.9ºC, while average
summer maximum temperature rose 1.3ºC (Crozier 2003). In addition to rising temperatures,
other climate factors such as the rising of sea level, flooding of coastal wetlands, drying of
interior wetlands, and intensifying of precipitation events may impact the whooping crane.
Although the frequency of future hurricanes is uncertain, hurricanes are expected to become
stronger and bring more intense rainfall than hurricanes at present, due to increases in sea surface
temperatures (NOAA website: http://www.gfdl.noaa.gov/~tk/glob_warm_hurr.html, updated
March 23, 2006). Coastal wetlands are particularly vulnerable to erosion, changes in salinity and
microclimate conditions, changes in groundwater tables, and habitat loss from expected rises in
sea level and hurricane damage (EPA Global Warming Impacts Coastal Zones website:
http://yosemite.epa.gov/OAR/globalwarming.nsf/content/ImpactsCoastalZones.html).
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Climate change is expected to alter the physiology, distribution, phenology, and adaptation of
organisms (Hughes 2000, Menzel et al. 2001, Stenseth et al. 2002, Peterson 2003, Parmesan and
Yohe 2003). In turn, these processes may affect growth rates, individual size, individual
mobility, overall fitness, reproductive success, and population demographics (Stenseth et al.
2002). Changes in ecosystem functioning, such as cycling of nutrients, and interactions among
whooping cranes and their biotic resources, such as food species, plant communities, predators,
parasites, competitors, and mutualists, are difficult to predict and involve an understanding of an
ecosystem’s resistance and resiliency to interference (Chapin et al. 2000). Habitat specialization
of birds has been associated with sharper declines in population abundance (Julliard et al. 2003,
Peterson 2003, Thomas C. et al. 2004, Thomas J. et al. 2004). Warming temperatures have
caused a northward shift in bird species’ ranges, hastened the timing of winter and summer
activities, and are predicted to decrease biodiversity world-wide (Thomas and Lennon 1999,
McCarty 2001, Thomas C. et al. 2004). For the whooping crane, this could affect current
wintering areas, summering locations, and the timing of breeding and migration. These changes
may alter the extent to which a bird’s life cycle is synchronized with its food supply and nest site
availability.
If climate change results in drier conditions either on the summer or wintering grounds,
whooping cranes would face great difficulties from disruptions to the ecology of those areas.
Any changes that adversely affect the water regime of WBNP could have severe impacts on
whooping crane reproduction. Permanently lowered water tables, for example, would shrink
wetlands, reduce the availability of quality nesting sites, reduce invertebrate food availability,
and allow predators to access nests and young. Chick survival is reduced during dry years in
WBNP (Kuyt et al. 1992). On the winter area, a reduction in rainfall would reduce inflows and
reduce the blue crab population that the cranes rely on for food. Global warming and associated
sea level rise, combined with land subsidence, is projected to be about 17 inches on the Texas
coast over the next 100 years (Twilley et al. 2001). This would reduce suitability of salt marsh
and open water areas, making much of the present acreage too deep for use by whooping cranes
(Tom Stehn, ANWR, pers. comm.).
Loss of Genetic Diversity: As a consequence of the 1941 population bottleneck, the current
population is derived from an estimated 6 to 8 founders, with a loss of 66% of all genetic
material (Mirande et al. 1993, Glenn et al. 1999). Subsequently, the captive population, which is
derived solely from the AWBP, has received this legacy of a reduced gene pool. This high level
loss of genetic diversity may have serious implications for this population.
Genetic theories suggest that small populations can continue to lose genetic diversity with each
generation, and that continued loss of genetic material leads to inbreeding depression and
declining productivity (Jimenez et al. 1994, Frankham 1995, Lacy 1997, Brook et al. 2002,
Woodworth et al. 2002). There is concern that the limited genetic material of the whooping
crane may lead to reduced productivity in WBNP, and may contribute to increasing difficulty in
captive propagation. Limited genetic diversity is a detriment to a population currently threatened
with unprecedented global ecosystem change as well as introduced diseases. The AWBP is
challenged to grow to a level where the creation of new alleles through mutation will offset its
past, current, and future losses in genetic diversity. [A detailed discussion on genetic issues is
presented in Appendix A.]
Red Tide: Red tide is a bloom of phytoplankton (Gymnodinum breve), a microscopic algae that
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historically occurred infrequently on the Texas Coast. In recent years, it has occurred nearly
annually during late summer and fall, lasting for several months. It is not known what factors
are causing the increased number of outbreaks of red tide. A toxin produced by the algae can
concentrate in filter-feeding mollusks, including clams. It has been known to cause bird die-offs
and could pose a significant threat to whooping cranes that feed heavily on clams in mid-winter.
Although red tide has been documented in critical habitat in recent years, no severe outbreaks
have occurred.
Chemical Spills: The only self-sustaining wild population remains vulnerable to extirpation
from a contaminant spill due to its limited wintering distribution along the Gulf Intracoastal
Waterway (GIWW) on the Texas coast. Numerous oil and gas wells and connecting pipelines
are located in bay and upland sites near the cranes winter habitat. Many barges carrying toxic
chemicals travel the GIWW daily through the core of whooping crane winter habitat. A spill or
leak of these substances could contaminate or kill the cranes' food supply, or poison the cranes
(Robertson et al. 1993). Spills that occur in summer, when whooping cranes are absent, could
adversely affect survival by reducing productivity of the environment or leaving a toxic residue.
Gulf Engineers and Consultants, Inc. (1992) assessed threats to the whooping crane and its
habitat from spills of vessel fuels and cargoes. They concluded that the hazard of spill exists, but
the probability of occurrence is low. Catastrophic events such as a large spill are infrequent, and
therefore, difficult to predict. Ratification of the 1993 North American Free Trade Agreement
and industrial growth in South Texas makes increased traffic likely on the GIWW, with a greater
potential for accidents. Thus, the probabilities of occurrence of the most likely spill (1 per 1,075
years) and worst spill (1 per 7,982 years) predicted by Gulf Engineers and Consultants, Inc.
(1992) are likely conservative and may increase over time. The worst spill estimated by the
Environmental Protection Agency (1992) would involve approximately 33,000 barrels of liquids.
During July 1974, 25 to 50 barrels of # 6 crude petroleum leaked from a barge at ANWR.
Nothing could be done to keep the oil from washing into canal banks and emergent vegetation
along 16 km of shoreline between Mustang Lake and Sundown Bay. A barge-loaded dragline,
marsh buggy, and hand labor removed contaminated soil and vegetation over an 18-day cleanup
period. No losses of wildlife were noted, and fortunately the spill was small and occurred during
summer when no whooping cranes were present.
The U.S. Coast Guard (CG) has the lead responsibility for spill response and containment. The
USFWS has response plans for the Gulf of Mexico (USFWS 1979) and specifically for Aransas
NWR (Robertson et al. 1993). It is impossible to provide full protection for the cranes as long as
chemicals are transported on the GIWW through the heart of the winter range. Spills of
hazardous chemicals may limit human approach to only those personnel wearing special
protective suits and breathing apparatus. Spill of gaseous materials could directly kill all cranes
downwind. The Aransas oil spill plan emphasizes rapid response time to limit the amount of
habitat impacted. Minimum response time by refuge staff is 1-2 hours, and 3-4 hours for spill
control specialists. An event occurring at night or in bad weather (the most probable times)
would further slow response. High winds greatly reduce the effectiveness of containment booms
for products floating on the surface.
If crane habitat becomes contaminated, the Aransas oil spill plan calls for hazing cranes away
from the spill area and capturing individuals that become seriously contaminated.
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The response of whooping cranes to spilled materials, and to humans trying to haze the cranes
away, is currently unknown. Since adult cranes are territorial, it is likely not possible to haze
them from their large territories. Food supplies such as grain or milo could be placed on the
edges of crane territories, but the cranes would still return to salt marsh ponds at night for
required safe roosting habitat. Oiled cranes would be captured when possible and cleaned,
although wild cranes are very difficult to capture and susceptible to death from capture
myopathy, especially when young (Tom Stehn, ANWR, pers. comm.).
Whooping cranes on the winter range also are exposed to contaminants associated with runoff
from agricultural and industrial activities and subjected to risks associated with offshore and
onshore gas and oil operations. Nearby Lavaca Bay was closed for multiple years to the
harvesting of fish and crabs because of industrial pollution including high levels of mercury
(Lewis et al. 1992b).
Collisions with Power Lines, Fences and Other Structures: Human settlement in the prairies
brought rural electrification and the fencing of open lands. Currently, the number of power lines,
communication towers, and wind turbines is increasing in the U.S. and may kill as many as 225
million birds annually (Manville 2005).
Collisions with power lines are a substantial cause of whooping crane mortality in migration
(Brown et al. 1987, Lewis et al. 1992a). Collisions with power lines are responsible for the death
or serious injury of at least 44 whooping cranes since 1956. In the 1980s, 2 of 9 radio-marked
whooping cranes from AWBP died within the first 18 months of life as a result of power line
collisions (Kuyt 1992). Of 27 documented mortalities in the RMP, almost 2/3 were due to
collisions with power lines (40.1%) and wire fences (22.2%) (Brown et al. 1987). Twenty
individuals within the Florida populations and 2 individuals in the migratory Wisconsin
population have died hitting power lines.
Currently, an estimated 804,500 km of bulk transmission lines and millions of km of distribution
lines exist in the U.S. (Manville 2005). Whooping cranes can collide with both types of lines
(Stehn, and Wassenich In prep). Additional power line construction throughout the principal
migration corridor will increase the potential for collision mortalities. An Avian Power Line
Interaction Committee (APLIC) composed of 9 investor-owned electric utilities and the USFWS
was established in 1989 to address the issue of whooping crane collisions (Lewis 1997). In
1994, APLIC provided voluntary guidelines to the industry on avoiding power line strikes
(APLIC 1994). At present, the USFWS is working on MOUs that call for the development of
avian protection plans by participating companies to reduce bird strikes (Manville 2005). Tests
of line marking devices, using sandhill cranes as surrogate research species, have identified
techniques effective in reducing collisions by up to 61% (Morkill 1990, Morkill and Anderson
1991, 1993, Brown and Drewien 1995). Techniques recommended include marking lines in
areas frequently used by cranes and avoiding placement of new line corridors around wetlands or
other crane use areas.
Guy wires associated with telecommunication towers (radio, television, cellular, and microwave)
present another collision obstacle to cranes. Such towers have been increasing at an estimated 6
to 8% annually. The USFWS Office at Grand Island, Nebraska, reviewed 260 tower site actions
for Nebraska in fiscal year 2000. The Federal Communication Commission’s (FCC) 1999
Antenna Structure Registry (November 1, 1999) listed 48,000 lighted towers over 60.7 m above
28

Whooping Crane Recovery Plan 2006

ground level and over 68,000 towers total in the United States. They estimated 24 to 38% of the
towers were not properly registered with FCC. In the future, all television stations must be
digitized, adding potentially 1,000 new towers exceeding 305 m height.
An estimated 16,000 new wind turbines may be constructed in the U.S. in the next decade,
adding to the existing 15,000 turbines (Manville 2005). The development of wind farms in the
whooping crane migration corridor has the potential to cause significant mortality. Cranes could
be killed directly by wind turbines or from colliding with new power lines associated with wind
farm development. Management and research are needed to reduce this new threat.
Collisions with Aircraft: One whooping crane was killed in June 1982 during a KC-135 tanker
takeoff from Minot Air Force Base, North Dakota (Harrison 1983). Feather remains were
identified by the Smithsonian Institute. Whooping crane collisions with aircraft are anticipated
to be rare because of the small number of whooping cranes.
Pesticides: There is no evidence that pesticide contamination is a significant threat to whooping
cranes. Whooping crane egg and tissue specimens examined for pesticide residues at PWRC
have shown concentrations well below those encountered in most other migratory birds
(Robinson et al. 1965, Lamont and Reichel 1970, Anderson and Kreitzer 1971, Lewis et al.
1992b). Eggshell thickness, a measure of contaminant exposure, has been measured in eggs
taken from the wild and those in captivity from the 1970s to the present; no evidence of shell
thinning has been detected. However, our knowledge of potential indirect or sublethal effects of
pesticides on whooping cranes is inadequate and poorly understood. The baseline contaminant
impacts research comes from research on other birds including sandhill cranes, but has never
been done on whooping cranes. Contaminants could be impacting the FP, especially since some
of the females in Florida have been found with improperly developed reproductive organs.
CONSERVATION MEASURES
Before the mid-1950s, a few significant events helped protect whooping cranes. The most
important pieces of early protective legislation for whooping cranes were the Migratory Bird
Treaty Act in the United States and the Migratory Birds Convention Act in Canada. These acts
were ratified by the U.S. Congress on December 8, 1916, and by the Canadian Parliament on
August 29, 1917. The Acts assured legal protection for migratory bird species in Canada and the
United States and provided a basis for preventing the hunting of species requiring complete
protection.
The significance of the establishment of WBNP in the Northwest Territories in December, 1922,
was not realized until three decades later when the whooping crane nesting grounds were
discovered there (Allen 1956). WBNP is a vast boreal forest and muskeg area (4,288,542 ha)
designated by the Canadian government (Raup 1933) as a preserve and management area for the
wood bison (Bison bison athabascae). The portion of the Park occupied by nesting whooping
cranes is primarily located northwest of the intersection of the boundaries of Saskatchewan,
Alberta and the Northwest Territories (Kuyt 1978b). The location of the crane summering
grounds allows them to be protected by provincial and territorial wildlife acts as well as the
National Parks Act. The breeding grounds also are designated as a Wetland of International
Importance by the RAMSAR Convention and are an Important Bird Area in Canada. Some of
the Canadian prairie wetlands used regularly by migrating whooping cranes have received
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protection as Migratory Bird Sanctuaries, National Wildlife Areas (NWA), or under the
Saskatchewan Wildlife Habitat Protection Act. Also, several stopover areas are designated as
Important Bird Areas in Canada.
ANWR, purchased for $463,500 for the Bureau of Biological Survey’s refuge program, was
established in 1937 to protect the whooping crane and other wildlife of coastal Texas (Stevenson
and Griffith 1946, Howard 1954). Leroy Denman (San Antonio Loan and Trust) retained
mineral rights. These rights included a clause that used oil and gas royalties to refund to the
government the entire purchase price of the refuge. The Refuge includes 22,148 ha of Blackjack
Peninsula and adjacent properties, and provides essential wintering habitat for whooping cranes.
Matagorda Island (44,606 ha of State and Federal ownership) is managed in conjunction with
ANWR. Adjoining bay waters (5,236 ha) surrounding the Blackjack Peninsula, known as the
Proclamation Boundary, were closed to hunting of migratory birds by Presidential Proclamation
in 1938 for additional protection.
In the U.S., the whooping crane was listed as threatened with extinction in 1967 (Fed. Reg. Vol.
32, Number 48, March 11), and as endangered in 1970 (Fed. Reg. Vol. 35, Number 199, October
13). Both of these listings were “grandfathered” into the Endangered Species Act of 1973
(U.S.C., 1531-1 543; 87 Stat. 884), which resulted in establishing the U.S. Whooping Crane
Recovery Team and facilitated further conservation actions on behalf of the species.
In 1974, the Canada Wildlife Act authorized the federal government to conduct research on
endangered species. In 1976 the Committee on the Status of Endangered Wildlife was
established and the whooping crane was designated as endangered in 1978 (Edwards et al. 1994).
The Species at Risk Act was proclaimed in Canada in 2003, which designated the whooping
crane as endangered and provided for additional protection for cranes and their habitat.
In April, 1985, Bert Tetreault, Director General of the CWS, and Robert A. Jantzen, Director of
the USFWS, signed an MOU entitled Conservation of the Whooping Crane Relating to
Coordinated Management Activities (Lewis 1991). The MOU provides a more formal structure
to the cooperative working relationships that have characterized these 2 nations' joint efforts in
management and research of whooping cranes. Under the new agreement, each Service
appointed an employee to be responsible for inter- and intra-national coordination of whooping
crane management and research. The MOU discusses disposition of birds and eggs, postmortem
analysis, population restoration and objectives, new population sites, international management,
recovery team, recovery plans, and consultation and coordination. The MOU was renewed in
April, 1990, again in October, 1995, and August, 2001. The current MOU was signed by the
USFWS, USGS, CWS, and Parks Canada.
A plan for Federal-State Cooperative Protection of Whooping Cranes was approved in 1985 and
is updated periodically by the USFWS and 13 States where whooping cranes occurred (Lewis
1992). The CWS and 3 Canadian provinces approved the Federal-Provincial Cooperative
Protection of Whooping Cranes in 1987 (Cooch et al. 1988). The plan describes response
options when whooping cranes are observed in hazardous situations due to avian disease
outbreaks, environmental contaminants, or hunting activities, or when whooping cranes are
found injured, sick, or dead. Plan objectives are to provide added protection to whooping cranes,
especially during migration, and to increase the opportunities to recover and rehabilitate birds
found injured or sick.
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Sportsmen and other conservationists have played a crucial role in protecting wetlands used by
whooping cranes throughout the whooping crane migration corridor crossing 2,500 miles of
North America. Duck Stamp funds have helped protect numerous acres of wetlands used by the
cranes. Many sportsmen turn in whooping crane sighting reports to the monitoring network.
Sport hunting programs help disperse waterfowl concentrations, reducing the threat of waterfowl
disease outbreaks that can affect whooping cranes, and reducing instances of waterfowl crop
depredation problems that arise. State hunting programs cooperate to protect whooping cranes
by providing educational materials to hunters to help them identify whooping cranes, and by
implementing hunting closures where necessary. (For more information on conservation
measures, see Appendix C).
Critical Habitat – United States
Critical habitat is defined in the U.S. Endangered Species Act as habitat that contains those
physical or biological features, essential to the conservation of the species, which may require
special management considerations or protection. Critical habitat in the U.S. was designated in
1978 (43 FR 20938-942). Critical habitat is in effect for 5 sites in 4 states. A proposal for
additional areas in the Central Flyway to be listed as critical habitat published in March, 1979,
(44 FR 12382-384) was later withdrawn.
Wintering Grounds: ANWR and vicinity, Texas (Fig. 4), has been designated as critical to the
conservation of the species. At ANWR, the listing of critical habitat has been extremely
important in protecting habitat along the GIWW.
Migration – United States: Cheyenne Bottoms State Waterfowl Management Area and Quivira
NWR, Kansas; the Platte River bottoms between Lexington and Denman, Nebraska; and Salt
Plains NWR, Oklahoma, have been designated as critical to the conservation of the species.
Potential Critical Habitat - Canada
Critical habitat is defined in the Species at Risk Act as “…the habitat that is necessary for the
survival or recovery of a listed wildlife species and that is identified as the species’ critical
habitat in a recovery strategy or in an action plan for the species.” Critical habitat in Canada is
officially designated upon publication of a final SARA Recovery Strategy or Action Plan on the
SARA Public Registry. The location and extent of critical habitat is subject to change pending
new information as identified in the National Recovery Strategy for the Whooping Crane in
Canada.
Breeding Grounds: Potential critical habitat in WBNP includes suitable marshes within the
northeast corner of the park bounded by the Little Buffalo River to the east and south; the north
boundary of the park from the Little Buffalo River to Territorial Highway #5; south along
Highway #5 to 1140 West Latitude; and south at 1140 West Latitude to 600 North Longitude
then southeast to the Little Buffalo River closest to Conibear Lake.
Potential critical habitat outside of WBNP includes suitable marshes adjacent to the northeast
corner of WBNP bounded by the Buffalo River to the west, Highway 6 to the north, and the
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Canadian Shield to the east. Additional habitat for recovery includes wetlands available for reintroductions in other areas and jurisdictions.
The majority of breeding habitat is located in WBNP (Olson and Olson 2003) and is protected
under the Canada National Parks Act. The breeding grounds also were designated as a Wetland
of International Importance by the Ramsar Convention and an Important Bird Area by BirdLife
International. Because of these designations, the potential critical habitat is protected from a
number of anthropogenic threats. It may be threatened however, by climate change that could
result in more severe weather events including drought. Also, increasing atmospheric pollution
may be a concern.
Expansion of the AWBP has led to breeding of whooping cranes outside of WBNP as predicted
by Olsen and Olsen (2003), into adjacent areas of the Northwest Territories without formal
protection. Land uses, such as forestry and agriculture, and activities, such as hunting, could
cause disturbance or change the quality of habitat available for cranes. In these instances
stewardship opportunities will be pursued with the appropriate land managers (DeWandel 2003).
CWS and Parks Canada are currently investigating suitable unoccupied nesting habitat within
WBNP and adjacent areas that may be necessary for the recovery of whooping cranes.
Migration – Saskatchewan Staging Area: During fall migration whooping cranes typically stop
in south central Saskatchewan for several days or weeks. This area of Saskatchewan, which
forms a diamond between Meadow Lake, Swift Current, Estevan, and the Quill Lakes, can be
described as a staging area for whooping cranes. The cranes spend their evenings roosting in
shallow wetlands, while their days are occupied with feeding in harvested agricultural fields,
chiefly wheat and barley (Johns et al. 1997). Fall staging wetlands are primarily on private lands
(85%) (Johns et al.1997). Few wetlands are used repeatedly from one year to the next since most
staging wetlands are ephemeral and their availability to cranes fluctuates annually due to
variations in precipitation. Preferred staging wetlands have the following characteristics:
permanent (32%) or semi-permanent (53%) flooding; soft mud bottoms (83%); sizes from less
than ½ ha to several thousand hectares; average roost site water depths of 13 cm (SD 7.5); and
roost site locations within 2 km of suitable feeding areas (agricultural fields), and over 1 km
from human habitation (Johns et al. 1997). Large wetlands with a secure water supply are
extremely important as staging sites since they provide refuge when ephemeral wetlands are dry.
Threats to the migration/staging habitat include land use changes such as drainage of wetlands.
The Last Mountain Lake and Stalwart National Wildlife Areas and the Last Mountain Lake
Migratory Bird Sanctuary are used repeatedly by cranes and are potential critical habitat for the
survival and recovery of the species. These habitats are already protected under the Canada
Wildlife Act and the Migratory Birds Convention Act.
The South Saskatchewan River and its sandbars between Outlook and Saskatoon and the North
Saskatchewan River between the Maymont and Petrofka Bridges are potential critical habitat for
the survival and recovery of the species. Currently there is no formal protection for this habitat;
however, it is under the jurisdiction of the Province of Saskatchewan and stewardship
agreements with the Saskatchewan Watershed Authority will be investigated.
Several wetland areas exhibit repeated use by whooping cranes and may be considered as
potential critical habitat as well. These specific wetlands and adjacent smaller wetlands in the
vicinity are: Midnight Lake, Witchekan Lake, Blaine Lakes, Radisson Lake, Buffer Lake,
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Muskiki Lake, Quill Lakes, Kutawagan Lake, Luck Lake, Creelman Marsh, and wetlands near
Tribune and Bromhead. Upland areas on provincial crown land associated with some of these
and other known roosting sites for whooping cranes have already been protected under the
Saskatchewan Wildlife Habitat Protection Act.
Due to the ephemeral nature of most prairie wetlands and their use by whooping cranes, it is
difficult to predict which wetlands may be used by whooping cranes at any particular time.
However, wetlands in the migration corridor that meet the criteria listed in Johns et al. (1997)
may be used by whooping cranes at any time. Each of these wetlands may be critical to the
survival and recovery of the species. At the present time these wetlands (including the bed, the
bank, and the boundary) are under the jurisdiction of the Province of Saskatchewan and
stewardship agreements with the Saskatchewan Watershed Authority will be investigated.
Exceptions include wetlands that are wholly surrounded by a single land owner’s property. In
these instances separate stewardship agreements with individual landowners will be investigated.
Summary
Protective legislation, such as the Migratory Bird Treaty Act (US) and the Migratory Birds
Convention Act (Canada) of the early 1900s, followed by the National Parks Act, Canada
Wildlife Act, and Species at Risk Act in Canada and the Endangered Species Act in the US, has
played a crucial role in raising awareness of the whooping crane’s predicament and establishing
the authority to implement conservation measures. As a species with particular breeding,
wintering, staging, and migrating territories, the whooping crane has benefited directly from the
designation of preserved areas, like the WBNP and ANWR, which provide habitat and wetland
resources critical to supporting the whooping crane’s complex life cycle. Critical habitat
continues to be extremely important for the recovery of this species.
Research focusing on understanding whooping crane ecology, building whooping crane
populations, and minimizing threats to the whooping crane has been an integral part of the
whooping crane’s recent history. In the 1970s and 1980s, efforts were focused on building and
improving the productivity of the captive flocks, doing research on the AWBP and maintaining
its growth, and trying to reintroduce an additional population into the wild. Second eggs were
picked up from WBNP and used to increase captive populations and carry out a reintroduction in
the western U.S. In 1993 and 2001, efforts began to reintroduce a non-migratory population in
Florida and a migratory flock in the eastern U.S. Actions already completed or underway are
covered in Appendix C. Continued work is needed to protect the AWBP from increasing threats
from human population growth, development, and climate change, make the reintroductions a
success, increase the size of the captive breeding flock, and maximize genetic diversity of all
populations. Future actions needed to reach recovery are presented in Part II.
RECOVERY TEAM
The Canada/United States Whooping Crane Recovery Team consists of 5 representatives from
Canada and 5 from the U.S. appointed by the CWS and the USFWS, respectively. The team, cochaired by the whooping crane coordinators of the two countries, is responsible for making
recommendations on actions needed to recover the species.
Whooping crane recovery teams were initially formed in 1975 in the U.S. and 1985 in Canada,
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although ad hoc committees were in existence before that. Whooping crane coordinators were
appointed in 1981 in Canada and 1984 in the U.S. In 1995, the separate recovery teams from
both countries were joined as an international team. A Memorandum of Understanding (MOU)
on the conservation of the whooping crane signed in 1985 and renewed periodically governs
recovery actions that are outlined in a recovery plan written by the team.
In the 1970s and 1980s, efforts were focused on building and improving the productivity of the
captive flocks, doing research on the AWBP and maintaining its growth, and trying to
reintroduce an additional population into the wild. Second eggs were picked up from WBNP and
used to increase captive populations and carry out a reintroduction in the western U.S. Actions
already completed or underway are covered in Appendix C. Future actions needed to reach
recovery are presented in Part II.
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PART II. RECOVERY
The following section presents a strategy to recover the species, including objective and
measurable recovery criteria and site-specific management actions to monitor and reduce or
remove threats to the whooping crane, as required under section 4 of the ESA and under section
41 of the SARA. The Recovery Plan also addresses the five statutory listing/recovery factors
(section 4(a)(1) of the ESA) and the short and long term goals of the SARA (section 41(1)(d)) to
the current extent practicable, to demonstrate how the recovery criteria and actions will lead to
removal of the whooping crane from the lists of Threatened and Endangered Species.
RECOVERY GOAL
The goal of this plan is to protect the whooping crane and its habitat, and allow the overall
population to reach a level of ecological and genetic stability so that it can be reclassified to
threatened status (downlisted). The ultimate goal is to recover the whooping crane and remove it
from the lists of Threatened and Endangered Species (delist).
RECOVERY STRATEGY
The recovery strategy involves: protection and enhancement of the breeding, migration, and
wintering habitat for the AWBP to allow the wild flock to grow and reach ecological and genetic
stability; reintroduction and establishment of self-sustaining wild flocks geographically separate
from the AWBP to ensure resilience of the species to catastrophic events; and maintenance of a
captive breeding flock to protect against extinction.
Implementation of recovery actions will continue to reduce existing threats (habitat loss and
degradation, disease, mortality from power lines, loss of genetic diversity), as well as new threats
that may arise. Because of the limited range of the AWBP in both summer and winter (i.e.,
pioneering new habitat is limited to areas adjacent to existing use areas), efforts have been
initiated to reintroduce a second population in Florida and a third population in eastern North
America. These additional populations provide protection against extinction of the species in the
wild, in the event that a catastrophic event impacts the AWBP, or if that flock begins to decline
in size. These reintroduced populations must be geographically isolated from the AWBP so that
potential negative influences of the captive-raised birds do not impact the AWBP. Negative
factors could include disease transmission and behavioral differences, including vocalizations.
Further, reintroduced populations listed as experimental nonessential under Section 10(j) of the
ESA are required to be geographically distinct from existing wild populations.
In order to be genetically viable over the long-term, the whooping crane population must be large
enough so that creation of new alleles through genetic mutation will offset the loss of genetic
material in a small population. Growth of the AWBP and the two reintroduced populations is
expected to increase numbers to a level at which the population should not lose any more genetic
material. However, the effective population size (Ne) required to maintain genetic viability over
the long term needs to be calculated.
RECOVERY POTENTIAL AND RATIONALE
The inherent capacity of whooping cranes to rebound demographically is low due to delayed
sexual maturity (age 3-4 years) and a low reproductive rate (2 eggs in the annual nesting attempt
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with only 1 chick typically fledging). Furthermore, given the many threats to breeding,
migration, and wintering habitat, it is unlikely the whooping crane will ever become abundant.
Nevertheless, if breeding pairs are protected from excessive mortality, a breeding pair’s breeding
experience and longevity can compensate for low reproductive rate. As nesting pairs gain
experience, they become more successful in rearing chicks. At the same time, cranes can
reproduce over a relatively long lifetime: 3 to 5% are predicted to live and remain productive
beyond age 30 years (Mirande et al. 1993).
Threats to whooping cranes have been alleviated to a degree sufficient to allow an average
annual growth of 4.5% for a half century in the AWBP. Some power lines are being marked to
make them more visible, a technique shown to reduce sandhill crane collisions with power lines
(Morkill 1990, Morkill and Anderson 1991, Brown and Drewien 1995), which would also help
reduce whooping crane mortality. The Cooperative Protection Plans implemented by provincial,
state, and federal agencies are believed to reduce losses to shooting and disease (Lewis 1992).
Erosion losses of critical winter habitat along the Gulf Intracoastal Water Way have been
reduced significantly through the use of concrete matting (Zang et al. 1993, Evans and Stehn
1997). Dredged material has been used to create winter habitat (Evans and Stehn 1997). Thus
the whooping crane has responded positively to some conservation efforts.
The present nesting habitat at WBNP may not be as productive as the major historical nesting
wetlands in the prairie grasslands (Brian Johns, CWS, pers. comm.). However, WBNP provides
suitable protected nesting habitats that have supported population recovery from 3 or 4 adult
pairs in 1941 to 73 adult pairs in 2005. Sufficient migratory stopover habitat is available to
support the present population and numbers likely to be attained in the near future. Winter
habitats at Aransas are presently sufficient to support at least 500 individuals (Tom Stehn,
ANWR, pers. comm.). Uncertainty remains concerning possible long-term declines in
ecosystems used by the cranes as a consequence of expanding human populations and their
demands for fresh water, housing, recreation, agricultural production, and industrial products.
Some of the prime historical grassland nesting habitat could be restored in southern Canada and
the northern United States. However, such actions would be costly and would require purchase
of large land blocks and restoration of wetlands.
Based upon overall habitat availability, a positive growth rate, success in captive breeding, and
effective conservation measures, the potential for continued survival of the species and ultimate
recovery is good. Average annual population growth in the AWBP was 4.5% from 1938-1991.
Based on this growth rate, Mirande et al. (1993) projected the AWBP population to reach 500
individuals within 17 years, with no measurable probability of extinction over 100 years.
Currently, 5 captive flocks, those at CZ, ICF, PWRC, SSC, and SAZ are producing offspring.
Captive production has been sufficient to provide 289 birds for the non-migratory reintroduction
experiment in Florida since 1993. In 2001, another reintroduction using captive-produced young
was initiated in the eastern U.S with Wisconsin as the proposed nesting area and western Florida
the wintering site. Continued conservation of this species will require vigilant management and
the interest and concern of an informed public. Therefore, an important component of this Plan
is its focus on outreach and education.
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DOWNLISTING RECOVERY OBJECTIVES AND CRITERIA
This plan sets forth 2 primary objectives and measurable criteria that will allow the species to be
reclassified to threatened (downlisted). These numerical population criteria can only be achieved
if threats to the species are sufficiently reduced or removed, i.e., the population criteria are a
benchmark for threat reduction. Specific actions to reduce these threats are addressed in the
narrative outline (page 55) and are cross-referenced with the listing factors (page 53). Due to the
length of time expected to reach downlisting goals and current information gaps in our
knowledge of the species, it is not feasible to establish delisting objectives and criteria at this
time. Recovery plans undergo periodic revisions, and if appropriate, delisting criteria will be
added at that time. This recovery plan provides recovery actions that will enable us to fill
information gaps and determine delisting criteria in the future.
Objective 1 – Establish and maintain self-sustaining populations of whooping cranes in the wild
that are genetically stable and resilient to stochastic environmental events.
Criterion 1 – Maintain a minimum of 40 productive pairs in the AWBP for at least 10
years, while managing for continued increase of the population. Establish a minimum of
25 productive pairs in self-sustaining populations at each of 2 other discrete locations.
A productive pair is defined as a pair that nests regularly and has fledged offspring. The
two additional populations may be migratory or non-migratory. Multiple populations
provide protection against stochastic, catastrophic events in nature. A single wild
population remains vulnerable to extinction during singular, or a series of, adverse
events, regardless of its size.
Population targets are 160 in the AWBP, and 100 each in the Florida non-migratory
population and the eastern migratory population. These targets are consistent with a
population viability assessment of what is needed to maintain genetic variability for the
population (see Appendix A). All 3 populations must be self-sustaining for a decade at
the designated levels before downlisting could occur. A self-sustaining population is
defined as a stable or growing population that is not supplemented with any additional
reintroductions from captivity.
The AWBP has been maintained at above 40 productive pairs since 1992; however,
additional populations are not yet self-sustaining. An alternative criterion may be applied
for downlisting in the event that attempts to establish additional self-sustaining
populations do not succeed.
Alternative Criterion 1A – If only one additional wild self-sustaining population is reestablished, then the AWBP must reach 400 individuals (i.e. 100 productive pairs), and
the new population must remain above 120 individuals (i.e. 30 productive pairs). Both
populations must be self-sustaining for a decade at the designated levels before
downlisting could occur. This alternative is based on the principle that with the reestablishment of only one additional population separate from the AWBP, then crane
numbers must be higher in both populations than if there are three distinct populations.
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Alternative Criterion 1B - If establishment of second and third wild self-sustaining
populations is not successful, then the AWBP must be self-sustaining and remain above
1,000 individuals (i.e. 250 productive pairs) for downlisting to occur. The Memorandum
of Understanding on Conservation of Whooping Cranes, approved by Canadian and U.S.
federal officials, recognizes a goal of 1,000 individuals in the AWBP population. This
higher number ensures a better chance for survival of the AWBP in the event of a
catastrophic event within its extremely limited range. The target of 1,000 is reasonable
for downlisting given the historical growth of the AWBP and theoretical considerations
of minimum population viability. To ensure sufficient genetic variability, the AWBP
must increase to the level where the creation of new alleles through genetic mutation will
offset the loss of genetic diversity. After reaching the goal of 250 pairs, the population
should gain genetic variation faster than the population loses genetic material.
Objective 2 – Maintain a genetically stable captive population to ensure against extinction of the
species.
Criterion 2 - Maintain 153 whooping cranes in captivity (21 productive pairs). Genetic
analysis suggests that 90% of the genetic material of the species can be maintained for
100 years at this population size (Jones and Lacy 2003). To achieve this, this Plan
recommends having 50 captive breeder pairs of whooping cranes by 2010, including 15
pairs at PWRC, 12 at ICF, 10 at CZ, 10 at SSC, and 3 at SAZ. A breeder pair (as
differentiated from a productive pair) is defined as a pair that breeds or is intended to
breed in the future. Production from CZ, ICF, PWRC, SAZ, and SSC will be the
principal source of birds for release to the wild for reintroduced populations. However,
sources of release birds should be based on the optimal genetic mix to ensure long-term
population viability.
DELISTING CRITERIA
It is not feasible to establish well-defined objectives and criteria for delisting at this time. The
extremely endangered status and the slow reproductive rate of the species dictate that
considerable time will be needed to reach downlisting goals. Considering the historic slow
growth of the AWBP and the challenges of reintroducing populations, downlisting is unlikely to
be reached before year 2035. It is unrealistic to predict the environmental conditions and threats
to the species that will prevail at that time. New threats are expected to manifest and will have to
be overcome before downlisting occurs. Additional information is also needed regarding the
conservation biology of small populations, including impacts of stochastic and catastrophic
events on survival. For whooping cranes, the effective population size (Ne) required to maintain
genetic viability over the long-term needs to be calculated. Appendix A provides detailed
information on genetic issues and conservation of small populations.
De-listing criteria will require the establishment of a population target with a high level of
confidence. Without knowledge of a minimum population size needed to ensure species
survival, it would be unreasonable to provide delisting criteria. Current estimates of the
population needed to ensure survival range widely between 1,000 and 7,000 and would provide
little confidence if a specific numerical target for delisting were set at this time. With additional
knowledge regarding the dynamics and long-term survival of small populations, numerical
population targets can be set to remove the whooping crane from the List of Threatened and
Endangered Species. Recovery action 4.0 addresses the need for this information.
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New information gathered through recovery actions will be incorporated into additional
population viability analysis as the population approaches its downlisting goals. Delisting
criteria will be established at that time, and the overall recovery strategy and actions will be
revised as appropriate. Future revisions of this recovery plan are anticipated, and a delisting goal
for the species will be set prior to downlisting anticipated in 2035.
2003 SARA RECOVERY OBJECTIVES
In Canada, the 1978 COSEWIC designation of the whooping crane as endangered did not
include a formal list of recovery objectives and actions later required under section 41(1)(d) of
the 2003 SARA. The section below describes the recovery objectives and actions proposed
and/or underway.

SHORT-TERM RECOVERY OBJECTIVES
Objective 1:

The short-term recovery objective of 40 productive pairs in the AWBP for 10
consecutive years has been met. To reach the long-term recovery goal of
1000 birds in North America by the year 2035 the AWBP needs to increase to
240 individuals and 70 productive pairs by 2010.

Objective 2:

Increase the captive populations to 45 breeding pairs by 2010.

Objective 3:

Increase FP to 100 individuals and 10 productive pairs by 2010. Establish a
third population containing 80 adults by 2010.

Objective 4:

Analyze banding data and determine the Ne/N ratio for the AWBP.

Objective 5:

Promote education of whooping crane recovery through innovative media
technologies.

LONG-TERM ACTIONS NEEDED
1.

Continue to build the AWBP and protect and manage its habitat to minimize the probability
that a catastrophic event will eradicate this population.

2.

Attain breeder pair and productivity goals at 4 captive facilities in the United States and 1 in
Canada to produce the birds required for reintroductions. Continue research to improve
production of captive flocks.

3.

Establish 2 additional self-sustaining wild populations separate from the AWBP. Continue
research to identify appropriate reintroduction sites and improve reintroduction techniques.
Protect and manage habitat of reintroduced populations.

4.

Continue to use genetic information and advances in conservation biology to effectively
manage flock genetics and determine Ne and revise criteria as warranted.
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5.

Maintain an information/education program.

REDUCTION OR ALLEVIATION OF THREATS TO WHOOPING CRANES
THROUGH IMPLEMENTATION OF RECOVERY ACTIONS
The following section describes recovery actions proposed or underway for recovery of the
whooping crane and identifies the tasks in the Recovery Outline in Part III that specifically
address threats to the whooping crane as they relate to the 5 listing factors.
Listing Factor A: The present or threatened destruction, modification, or curtailment of a species
habitat or range
Habitat destruction and curtailment of the species’ range are addressed in Tasks 1.1 – 1.54
through: population and habitat monitoring on the breeding, migration, and winter grounds;
reduction of collision and disease mortality; public education to prevent accidental shooting;
habitat protection and management; and monitoring and regulation of specific threats and
impacts such as chemical spill, coastal erosion, dredging, changing salinity from water
withdrawal, and changes in in-stream flows. Establishment of two additional wild populations
(Tasks 3–3.4) also addresses this threat through augmentation of the current population and
expansion of whooping crane range in historical habitats. Development and maintenance of a
captive population (Tasks 2–2.4) provides protection against extinction in the wild and produces
birds for reintroduction to the wild.
Listing factor B: Overutilization for commercial, recreational, scientific, or educational purposes
Task 1.3.1 addresses prevention of accidental shooting of whooping cranes. Tasks 1.4–1.4.2
address protection from disturbance. Tasks 5.1-5.3 address public education regarding whooping
cranes.
Listing Factor C: Disease and predation
Disease and predation are important factors in population dynamics of whooping cranes.
Diseases such as avian tuberculosis have been documented in the AWBP, and both West Nile
virus and H5N1 avian influenza virus are emerging new threats of unknown proportion to both
captive and wild populations. Disease research and management are needed to reduce this risk
(Tasks 1.3.2, 2.3.4).
Predation is a significant source of mortality of flightless chicks in WBNP and of reintroduced
populations in Florida. Efforts must be taken to reduce predation where practical, especially in
the reintroduced populations (Tasks 1.3, 3.1).
Listing Factor D: The inadequacy of existing regulatory mechanisms
The CWS and the USFWS believe that the ESA, Migratory Bird Treaty Act, SARA, and NEPA
provide an adequate legal framework for protection and conservation of the whooping crane and
its habitat. However, as the human population continues to grow and development potentially
impinges on whooping crane habitat, governments and their partners must not only fully utilize
these regulatory tools, but continue to develop innovative and voluntary partnerships to protect
whooping cranes throughout their 2,400-mile range (Tasks 1.3 -1.3.3; 1.4 – 1.4.3; 1.5 – 1.5.5).
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Listing/Recovery Factor E: Other natural or human-caused factors affecting its continued
existence
The primary source of mortality for fledged AWBP whooping cranes is collision with power
lines. This threat needs to be analyzed and actions developed to minimize losses (Task 1.3.3).
Collisions with fences and other man-made objects such as towers also need to be reduced (Task
1.3.3).
Although accidental shootings are believed to cause a low percentage of whooping crane
mortality, Federal and State agencies need to continue to educate hunters to minimize and/or
eliminate all such take (Tasks 1.3.1, 5, 5.1). “Take” in the form of harassment is a threat
primarily in winter as human uses of salt marshes increase (fishing, hunting, bird watching,
nature photography) as the human population continues to grow (Tasks 1.4, 1.4.1, 1.4.2).
Current restriction of aircraft flights over summer and winter habitat is successfully reducing
disturbance (Task 1.4.2). The loss of genetic diversity can only be overcome as population
numbers increase to the level where the creation of new alleles through mutation will offset its
past, current, and future losses in genetic diversity (Tasks 2-2.2, 3-4.1).
RECOMMENDED SCALE FOR RECOVERY ACTIONS
Recovery plans are usually produced for individual species. However, habitat management
recommendations in recovery plans often affect numerous wildlife species. Recommendations in
this plan range from specific objectives for crane management to larger scale habitat objectives.
For example, habitat restoration in the Platte River Valley of Nebraska benefits other endangered
species as well as other water birds. Consequently, recovery activities described within this plan
are integrated with larger-scale recovery efforts wherever possible.
ANTICIPATED CONFLICTS OR LOGISTICAL DIFFICULTIES
There are no unique conflicts or logistical difficulties that can be identified at the present time.
There will continue to be challenges of the type that impede new research and untested recovery
techniques. Funding is always a potential constraint in implementing recovery actions.
Competition for government and private sources of funding is increasing at the same time as are
some threats to whooping cranes, including human population growth, development, and climate
change. In addition, the large size and opportunistic use of the migration corridor used by
whooping cranes precludes providing full protection during migration. Because recovery plans
are advisory rather than regulatory in nature, implementation of the recovery actions will depend
upon the commitment of governments and many dedicated partners on both sides of the border.
POTENTIAL IMPACTS FOR OTHER SPECIES/ECOLOGICAL PROCESSES
In general, preservation and management of crane habitats will benefit those species that already
inhabit such sites. For example, protecting freshwater inflow into coastal areas will benefit all
native coastal species. A possible exception may be predator control (e.g., alligator, bobcat,
wolf, fox, raven, and coyote) if it should become necessary in nesting or winter habitats in the
initial stages of reintroduction. A few bobcats and alligators have been removed from
reintroduction sites in Florida. Hunting seasons for whooping crane look-alike species may be
affected by the presence of whooping cranes. These issues are discussed in THREATS AND
REASONS FOR LISTING – Shooting.
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OUTLINE OF RECOVERY ACTIONS TO ACHIEVE OBJECTIVES
1.

Increase the AWBP

1.1. Monitor population numbers, including annual recruitment and mortality.
1.1.1. Conduct aerial surveys in WBNP to determine distribution, productivity,
recruitment and mortality.
1.1.2. Analyze data on egg management and develop a strategy to maximize
size of the AWBP. Develop management options regarding egg
manipulation.
1.1.3. Conduct aerial surveys at ANWR to determine total population numbers,
movements, territories, habitat use, and mortality.
1.2. Monitor movements in migration.
1.3. Reduce mortality.
1.3.1. Prevent shooting.
1.3.2. Diminish losses to disease.
1.3.3. Reduce collisions/mortality.
1.4. Restrict detrimental human activities.
1.4.1. Restrict construction periods.
1.4.2. Restrict aircraft altitude.
1.4.3. Restrict other disturbance.
1.5. Identify, protect, manage, and create habitat.
1.5.1. Identify essential habitat.
1.5.2. Measure food resources in summer, winter, and during migration.
1.5.2.1. Monitor habitat in WBNP, including water levels and crane foods. Expand the
surface-water monitoring network to measure water level fluctuations and their
effect on nesting success. Define specific factors that impact cranes in relation
to water levels in WBNP.
1.5.2.2. Monitor food resources and salinities at ANWR and relate these to energy
budgets of the cranes and winter mortality. Hire a technician to carry out this
task.
1.5.2.3. Complete measurement of availability of migration stopover habitat and
monitor changes over time.
1.5.3. Protect habitat.
1.5.3.1. Maintain WBNP.
1.5.3.2. Ensure long-term protection of migration stopover sites.
1.5.3.3. Maintain ANWR and other NWRs.
1.5.3.4. Prevent contamination of habitat.
1.5.3.5. Prevent erosion of winter habitat at Aransas.
1.5.3.6. Better manage deposition of dredge material.
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1.5.3.7. Maintain freshwater inflows.
1.5.3.8. Maintain appropriate in-stream flow.
1.5.3.9. Monitor global warming.
1.5.4. Manage habitat.
1.5.4.1. Manage fire.
1.5.4.2. Maintain upland water sources.
1.5.4.3. Manage vegetation.
1.5.5. Create wetland habitat.
2. Develop and maintain captive populations.
2.1. Develop more sensitive measures of genetic diversity.
2.2. Increase captive breeders.
2.3. Refine aviculture methods and productivity.
2.3.1. Refine breeding pair management.
2.3.2. Refine incubation procedures.
2.3.3. Refine rearing procedures for reintroductions.
2.3.4. Refine veterinary procedures.
2.3.5. Exchange aviculture information.
2.4. Maintain captive facilities.
3. Establish two additional wild populations.
3.1. Develop release techniques.
3.2. Evaluate and select release sites.
3.3. Establish a non-migratory population.
3.4. Establish a migratory population.
4. Determine Ne for species survival by analyzing banding data to determine the Ne/N
ratio for the AWBP.
5. Maintain and expand information/education programs.
5.1. Develop media products.
5.2. Provide viewing opportunities.
5.3. Implement education programs.
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NARRATIVE OUTLINE FOR RECOVERY ACTIONS TO ACHIEVE OBJECTIVES
1. Increase the AWBP
Reduce mortality and remove habitat constraints that might limit population recovery. The
nesting and winter habitats appear to have potential to support substantially more than the 58
nesting pairs and the associated subadults and young-of-the-year present in 2005 (Johns 1998a,
Brian Johns, CWS, pers. comm., Tom Stehn, ANWR, pers. comm.).
For those birds still identifiable by color marking, determine longevity and record movements in
response to habitat changes. Identify pairs on summer and winter territories to determine adult
survivorship and productivity by recording unison calls and analyzing sonograms as developed
by Dr. Bernard Wessling. Measure chick survival in WBNP in relation to food supply, water
levels, predation, and weather conditions. Analyze data to estimate population size, amount of
habitat, and recruitment needed to achieve recovery goals. Develop management options by
comparing mean annual population growth rates with and without egg manipulation practices.
Periodically update the Population Viability Assessment as new data and improved models
become available.
For the Central Flyway, develop a working group to address issues in the migration corridor.
Issues would primarily include migration monitoring, collisions, shootings and other mortality
factors, loss of habitat, or any needed recovery actions.
1.1. Monitor population numbers, including annual recruitment and mortality.
Conduct aerial population censuses on nesting and wintering areas to determine status and
distribution. Nesting ground surveys will include: numbers of nests, location of territories,
and clutch size (May); habitat conditions, nesting success, and chick survival (June); and
habitat conditions and fledging (August). Weekly winter surveys will determine population
size and number of juveniles, delineate territories, and detect mortality. Annual surveys of
nesting and wintering areas should provide a record of each pair’s annual productivity.
1.1.1. Conduct aerial surveys in WBNP to determine distribution, productivity,
recruitment, and mortality.
Aerial surveys are currently conducted in May to find nests and determine number of eggs
laid, in June to find out the number of chicks that hatched, and in August to count
chicks that fledge.
1.1.2. Analyze data on egg management and develop a strategy to maximize size of the
AWBP. Develop management options regarding egg manipulation.
Controlled scientific studies are needed on the effects of removing one egg from nests in
WBNP.
1.1.3. Conduct aerial surveys at ANWR to determine total population numbers,
movements, territories, habitat use, and mortality.
Flights are generally conducted weekly, fall to spring, at Aransas.
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1.2. Monitor movements in migration.
Continue spring and fall migration monitoring to identify and map migration stopover habitat,
and provide opportunities to protect birds from collisions with power lines, disease outbreaks,
shooting, and to protect traditional migration stopover sites. Continue the whooping crane
reporting network to document sightings. Develop a GIS database depicting all confirmed
sightings categorized by state and by county that can be readily distributed to those whose
management actions may affect migratory whooping cranes.
1.3. Reduce mortality.
Whooping cranes disappear due to unknown causes during most years. Spring and fall
migration periods should receive emphasis to further diminish mortality of fledged birds
(Lewis et al. 1992a). However, management actions need to be taken wherever they can
effectively reduce mortality, regardless of relative rates of losses. Determine mortality
factors, measure impacts, and carry out strategies to reduce losses. Aerial surveys on the
nesting and wintering areas help detect losses and their causes. Determine mortality factors in
WBNP and ANWR on adults and chicks and develop strategies to increase survival. Utilize
satellite telemetry to determine causes of most mortality occurring during migration. Develop
methods to address mortality factors not considered in subtasks below.
1.3.1. Prevent shooting.
Federal, provincial, and state wildlife agencies should continue to follow and update
contingency plans for protection of whooping cranes that appear in hunt areas or other
hazardous situations. Continue to work with provincial and state agencies to minimize
conflicts between sport hunting and whooping cranes. Continue education programs,
including identification brochures, videos, and DVDs, to increase competency of the public
(e.g. hunters) for identifying whooping cranes and their protected status. Create a web site
that offers an identification guide for whooping cranes and look-alike species. Continue
public outreach programs to prevent shootings and inform the public of the need to report
sightings.
1.3.2. Diminish losses to disease.
Develop methods of disease prevention, detection, and treatment for avian tuberculosis,
infectious bursal disease (IBD), West Nile virus (WNV), Eastern Equine Encephalitis
(EEE), and parasites. When possible, prevent whooping crane use of areas where
waterfowl disease outbreaks are underway or have recently occurred. The Contingency
Plan for Cooperative Protection of Whooping Cranes updated in 2006 covers response to
disease incidents. Response will be directed by the Canadian Cooperative Wildlife Health
Centre (CCWHC) in Canada and the National Wildlife Health Center (NWHC) in the
United States. Disease research will determine where prevention and control methods
should be directed, and whether control will involve site modification, inter-specific
separation, individual prophylaxis, or a combination of responses. The Whooping Crane
Health Advisory Team (WCHAT) will continue to provide advice and recommendations to
the Recovery Team on all health issues. Captive breeding centers should formulate
contingency plans using professional standards including quarantines to deal with an
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outbreak of H5N1 avian influenza in their nearby vicinity that has spread exponentially in
recent years.
1.3.3. Reduce collisions/mortality.
Collisions with power lines and fences are a frequent cause of death or injury. Use
telemetry to locate areas receiving high crane use where power lines are a significant
problem.
Monitor the placement and design of all new power lines in areas of known crane use.
When possible, bury new power lines or route around areas frequently used by whooping
cranes making low-level flights. Mark existing problem lines or modify fences to reduce
collisions. Remove unnecessary fences and power lines from traditional stopover sites,
Critical Habitat, National Wildlife Areas, National Wildlife Refuges, and National Wetland
Areas used by cranes. Barbed wire fences should be of no more than 3-strand design.
Visibility should be maximized on any existing structures or those, which of necessity,
must be constructed in whooping crane use areas or flight routes by following USFWS
and/or CWS guidelines to reduce bird strikes.
The USFWS has issued interim guidelines for recommendations on communication tower
siting, construction, operation, and decommissioning. If communication equipment cannot
be co-located on existing towers and a new tall tower is built requiring guy wires, the wires
should have visual markers in place to reduce bird strikes. If possible, towers should be
kept less than 61 m in height with a larger tower base and no guy wires. Tower lights for
aviation safety should have flashing white strobe lights rather than continuous lighting. If
guy wires are unavoidable, the wires should be marked. The Recovery Team should stay
in contact with the Avian Power Line Interaction Committee to stay appraised of new
developments in collision reduction.
The USFWS proactively should engage with the utility industry to address the potential
threat from construction of wind turbines. Until more research is done to assess bird
mortality, wind farms should not be constructed within the primary whooping crane
migration corridor due to the unknown threat they pose.
1.4. Minimize disturbance from human activities.
Cranes need to be protected from disturbance, especially in migration and on wintering areas.
Disturbance can result from activities such as petroleum exploration, mining, hunting, fishing,
bird watching, and boat and airplane traffic. The cumulative effect on cranes should be
evaluated. Sources and intensity of disturbance are expected to increase in the future. Human
activities should be monitored and regulated wherever they cause problems for the cranes.
1.4.1. Coordinate construction projects with periods when cranes are absent.
Conduct seismic exploration, drilling, pipeline activity, dredging, and other development or
construction activities within or near migration and wintering habitat only when cranes are
absent. Accomplish scheduling through federal, provincial, and state permitting
procedures and by agreement with the company or agency involved.
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1.4.2. Restrict aircraft altitude in sensitive areas.
An altitude restriction of 610 m minimum, required by Canadian and U.S. regulations over
nesting and winter habitat, is particularly important in regulating helicopter flights.
Biological survey flights, research, and emergency situations, including unusual weather
conditions, should be the only exceptions to these restrictions.
1.4.3. Restrict other disturbance.
Human activities in crane areas on the wintering grounds include bird watching, hunting
fishing, commercial crabbing, and boat traffic. Levels of activity need to be monitored and
controlled when found to be detrimental to the cranes.
1.5. Identify, protect, manage, and create habitat.
Determine availability of suitable habitat for breeding, staging, migrating, and wintering,
including spatial needs and territories of an expanding population.
1.5.1. Identify essential habitat.
Suitable breeding habitat that is currently unoccupied by whooping cranes should be
identified. Complete the mapping of these habitats using available satellite imagery.
Evaluate the potential of Northwest Territories and Alberta summer habitats to support a
population of 1,000 birds.
Additional study is needed to delineate areas that are important to migrating whooping
cranes. Utilize satellite telemetry to identify additional stopover sites. Describe the unique
characteristics of such habitat. Solicit reports and record sightings of whooping cranes by
qualified observers. Identify food and water requirements of an expanding crane
population in nesting, migration, and winter habitats. Investigate spatial needs of nesting
and wintering adult pairs, family groups, and subadult groups to understand territorial
defense behaviors that influence habitat requirements.
1.5.2. Measure food resources in summer, winter, and during migration.
The food base for cranes on sites utilized by cranes and areas not utilized should be
sampled. Describe the food complex that seems attractive and supports crane needs.
Relate this information to the evaluation of the ability of summer and winter habitats to
support 1,000 whooping cranes. Obtain more information on blue crab populations in the
crane marshes at Aransas. The food needs and energetics of whooping cranes during
migration should be studied.
1.5.2.1. Monitor habitat in WBNP, including water levels and crane foods.
Expand the surface-water monitoring network to measure water level fluctuations and
their effect on nesting success. Define specific factors that impact cranes in
relation to water levels in WBNP.
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1.5.2.2. Monitor food resources and salinities at Aransas and relate to energy budgets of
the cranes and winter mortality.
Availability of food should be studied and related to crane behavior and energetics at
Aransas. Hire a technician to carry out this task.
1.5.2.3 Complete studies of availability of migration stopover habitat and monitor
changes over time.
A project to quantify suitable stopover habitat needs to be completed for the entire
migration corridor and changes monitored over time.
1.5.3. Protect habitat.
The majority (90%) of the whooping crane population nests within WBNP. In 2005 six
pairs of whooping cranes nested outside the boundaries of WBNP. As the population
grows, more birds will begin to nest outside the park. Identify, map, and protect additional
breeding habitat adjacent to WBNP.
Ensure long-term protection of migration stopovers sites, including staging areas in
southern Saskatchewan and traditional stopovers along the Platte River, Nebraska. Ninetyfive percent of the stopover sites in Canada are in private ownership (Johns et al. 1997).
Work with landowners to ensure that habitat remains suitable for cranes. Several
traditional stopover areas along the migration route in the United States have been
designated as critical habitat. Identify, map, and protect additional important migration
stopover areas. Pursue needed protection of stopover sites, including obtaining
stewardship agreements and/or conservation easements. Conservation of stopover habitat
should primarily focus on providing wetland mosaics (Richert et al. In press). Complete
analysis of whooping crane habitat availability in Kansas and Texas.
Protection is also needed for winter habitat required to accommodate an expanding crane
population on public and private lands. The threat of increasing human population growth,
activities, and development that may be detrimental to the cranes and their habitat should
be lessened or alleviated in these areas. In most instances, protection would not
significantly alter current uses. Where non-refuge lands are involved, work with
landowners/managers to ensure that habitat remains suitable for cranes. When necessary
purchase fee title or conservation easements from voluntary sellers all essential marshes
used by whooping cranes during winter. Study range expansion at ANWR and provide
protection, including conservation easements, on areas that a larger whooping crane
population will occupy. Complete protection for 100 hectares of salt marsh and adjacent
uplands on the Johnson Ranch located on Lamar Peninsula. The area used historically for
wintering along the Texas coast, including ANWR and Matagorda Island, has been
declared critical habitat under the ESA. With the population wintering in a larger area, 8
crane territories were located outside critical habitat in the 2004-05 winter. With full
public input, evaluate the need to expand critical habitat boundaries at ANWR and in the
migration corridor to ensure protection of all important U.S. whooping crane habitats.
1.5.3.1. Maintain WBNP.
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Effective management and research is needed on the wintering grounds to maintain the
quality of crane habitat at WBNP. Long-term studies are needed to detect and address
any detrimental changes from climate change or other causes.
1.5.3.2. Ensure long-term protection of migration stopover sites.
Work with landowners to ensure migration habitat remains suitable for cranes. Pursue
stewardship agreements and conservation easements when needed, focusing on
providing wetland mosaics.
1.5.3.3. Maintain ANWR.
Effective management and research is needed on the wintering grounds to maintain the
quality of crane habitat at Aransas. Issues including freshwater inflows, development,
and sea level rise all threaten the long-term suitability of coastal ecosystems.
1.5.3.4. Prevent contamination of habitat.
Preventive measures range from efforts to minimize existing damage to the long-range
efforts to reduce the potential for contamination of habitat. Work with resource
agencies in Texas to ensure that pollution is minimized during the rapid population and
industrial growth that is occurring. Work with the Coast Guard and marine
transportation industry to reduce the risk of chemical spills. Whooping crane protection
should be specified explicitly in contaminant spill contingency plans which involve
state, federal, and provincial agencies, along with local oil spill control groups, in
efforts to contain and clean up leaks and spills which could impact whooping crane
habitat. Ensure that response personnel are sufficiently trained and equipped.
The USFWS should coordinate with the appropriate regulatory agencies in all aspects of
the oil and gas industry within whooping crane habitat. Encourage responsible agencies
to inspect facilities to see that they conform to regulations and, if needed, to modify
regulations to provide protection for cranes. For example, Quivira NWR is an
important stopover site for migrating whooping cranes. The refuge contains numerous
oil and gas wells where spills could occur. However, each production site is surrounded
by a containment levee to ensure site protection if an accident occurs.
Screening for the presence of contaminants in habitats used by whooping cranes
including known food items should be carried out periodically. More research is needed
on the potential indirect or sublethal effects of pesticides on whooping cranes.
1.5.3.5. Prevent erosion of winter habitat at Aransas.
Erosion structures need to be monitored and maintained to remain effective. Other
winter crane use areas need to be monitored for erosion.
1.5.3.6. Better manage deposition of dredge material.
Permit applications for dredging projects should be reviewed carefully and modified if
they are incompatible with whooping crane management objectives. Solutions include
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re-use of existing disposal sites, by removal of dredged material after it dries, and
barging or pumping of dredged material to sites away from the marsh. Continue
experiments to create new crane marsh habitat with dredged materials. Implement the
USACE 50-year Dredge Material Plan, which calls for creation of 654 ha of marsh at 11
sites. Continue research as part of the plan and modify as needed to maximize benefits
to whooping cranes.
1.5.3.7. Maintain freshwater inflows.
Human withdrawal of water from the Guadalupe and San Antonio Rivers and the
Edwards Aquifer threatens productivity of marshes and bays at Aransas. Through
consultation and management, agencies must ensure that stream flows are maintained to
continue productivity of the Texas bay systems used by whooping cranes. Inflows on
the Mission/Aransas watershed also potentially affect critical habitat. Future expansion
of the flock northwards could make inflows critical on the Lavaca/Navidad Rivers.
1.5.3.8. Maintain appropriate in-stream flow.
Maintain suitable stopover habitat on the Platte River, Nebraska, and the South
Saskatchewan River, Saskatchewan, and on other rivers used by migrating cranes, by
ensuring adequate flows that provide quality roosting riverine and wet meadow habitats.
These flows are necessary for scouring invading cottonwoods and willow from the
riverbed. Purchase or lease of lands bordering key roosts may be necessary to protect
the sites from human disturbance and to provide wet meadow habitat that supplies an
important source of protein for whooping cranes.
1.5.3.9. Monitor global warming.
The potential for sea level rise and climate change related to global warming should be
monitored to address possible impacts to whooping crane habitat. Research and
appropriate management response will be needed to protect coastal ecosystems and
nesting habitat.
1.5.4. Manage habitat.
First priority should be given to habitats designated as critical or essential. Essential
habitat is that used by and important to an endangered species, but not given any special
protection or designation by law. Evaluate and improve management practices on NWR,
NWA, Waterfowl Production Area, federal, provincial, and state wildlife areas important
to whooping cranes to develop and maintain habitat. Acquire or develop cooperative
agreements on private lands. Review management practices systematically to determine
benefit or detriment to whooping cranes.
1.5.4.1. Fire management
The effect of fire on nesting and wintering habitat is thought to be beneficial. Parks
Canada Agency should continue to review fire management in WBNP and carefully
manage fire suppression activities that would be detrimental to the crane summering
area (Timoney 1999). Better define the role of fire in maintaining suitable nesting
habitat. Maintain upland prairie savannah habitat used by the cranes at ANWR using
prescribed fire and attract cranes to the uplands by making additional foods available.
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1.5.4.2. Maintain upland water sources.
Maintain freshwater ponds and/or create new ponds on the wintering grounds to ensure
a supply of freshwater for the cranes and to optimize distribution of upland use by
cranes. Human activities on upland areas need to be controlled to minimize disturbance
to cranes at freshwater sources.
1.5.4.3. Manage vegetation.
Manage vegetation in essential or critical roosting habitat on the migration route. This
may require mechanical or chemical removal of established trees or other vegetation
that may be discouraging use by cranes (i.e., the degraded Platte River, Nebraska).
Cranes make significant use of uplands in winter when relatively open feeding
conditions are maintained. Mowing, roller chopping, and prescribed burning can
provide such areas. Control the exotic Chinese tallow tree (Sapium sebiferum) that
invades wetland swales at ANWR with an aggressive herbicide application program.
Continue to develop other habitat management practices that increase the habitat base
available in wintering areas. These techniques should emphasize use in areas that are
most protected from human encroachment.
1.5.5. Create wetland habitat.
On the migration route, wetland restoration may be needed in areas where there has been
extensive loss of crane habitat. On and near the ANWR wintering grounds, enhance the
whooping crane wintering habitat to provide for an expanding crane population. Increase
management activities to provide better use of existing protected areas. Create new habitat
to help compensate for habitat losses and increase the carrying capacity of the wintering
area. Saltwater marsh can be created in open water areas using dredged material.
Lowering of some areas mechanically, to allow flooding by high tides and collection of
runoff, should promote development of salt or brackish marsh areas.
2. Develop and maintain captive populations.
Maintain 45 breeder pairs of whooping cranes at PWRC (15), ICF (12), CZ (10), SSC (5), and
SAZ (3). Birds unable to reproduce can be used for parent-rearing, role models, or education
programs.
2.1. Develop appropriate measures of genetic diversity.
Develop a thorough pedigree history for each producing pair in the captive flocks, outlining
production histories and difficulties encountered, and analyze for genetic inheritance of
deficiencies. Enter data annually into the flock studbook. Identify ways to separate family
lines by exploring the use of anonymous fragment length polymorphisms (AFLP) or other
techniques. Convene a genetics workshop to develop specific genetic plans for the FP and
EMP.
Based on the above actions, research would extend to captive crane populations to: (1) obtain
genetic representatives of as many wild pairs as possible; (2) retain in captivity those birds
that are especially valuable because of their genetic background; and (3) give careful attention
to genetic and demographic considerations to ensure health of the captive population. The
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genetics flock manager(s) of the captive population should make annual analyses of the
genetics and demographics of captive and reintroduced populations. Results of these analyses
could be used to guide selection of eggs for transfer from the wild, selection of individuals for
pairing and maintenance of appropriate population demography. Before additional eggs are
picked up from the wild, a large-scale genetic study is needed in WBNP since information on
the composition of nesting pairs has been lost with the cessation of color-banding in 1988.
Frozen semen banks should be maintained to prevent loss of founder lines. A national serum
bank should be set up to serve as a repository of genetic material for the species.
2.2. Increase the number of captive breeders.
The small captive population of the past placed constraints on productivity and reduced the
potential to form socially and genetically compatible pairs. As more pairs begin egg
production, there will be an increase in offspring available for reintroduction efforts and an
opportunity to enhance the behavioral, demographic, and genetic management of the captive
population.
2.3 Refine aviculture methods and productivity.
Captive breeding centers should optimize the production of whooping cranes in captivity
through the application of proven aviculture techniques described in the Crane Propagation
Manual (Ellis et al. 1996). Research is needed in the fields of reproductive physiology,
genetics, behavior, and veterinary science.
2.3.1. Refine breeding pair management.
Develop and/or refine various procedures used in captive propagation of whooping cranes,
particularly behavioral and physiological management, to maximize productivity of captive
populations. Use research surrogates to accomplish biological research and develop
techniques. Determine optimum techniques for handling, pairing, and inducing crane
reproduction at captive breeding centers. Foster whooping crane production at an earlier
age comparable to that of wild cranes.
2.3.2. Refine incubation procedures.
Whooping crane eggs have greater hatching success when incubated naturally for at least
two weeks. Determine conditions involved in successful artificial and natural incubation to
enhance overall egg hatchability and flock productivity. Sandhill cranes and other cranes
are available and desirable for natural incubation. Improve mechanical incubation to allow
reduction in the numbers of captive cranes used for incubation, resulting in a savings in
costs and pen space.
2.3.3. Refine rearing procedures for reintroductions.
Focus captive rearing techniques and procedures on conditioning the birds for release into
the wild. Birds destined for release into the wild should either be parent-reared by
whooping cranes or isolation-reared using live whooping cranes as models. Whooping
cranes should not be reared by other species. Birds reared for captive breeding would
initially be parent-reared or exposed to proper imprint cues to assure reproduction. When
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possible, expose captive-reared birds to conditions and situations in captivity that they will
encounter in the wild.
2.3.4. Refine veterinary procedures.
Long-term survival and productivity of the captive populations will require healthy flocks.
Proposed protocols are described in the report entitled Whooping Crane Health
Management Workshop (Anonymous 1992). Another workshop is needed and tentatively
planned for 2006. Conduct research at the captive centers, the NWHC, and other partner
centers on the diagnosis, treatment, and prophylaxis of ailments in whooping cranes and
other cranes in order to ensure flock health and minimize mortality. Monitor routine health
practices at all times, and modify as necessary. Record health and provide postmortem
findings and the long-term storage of preserved tissues in a centralized facility. Captive
health research needs include investigation of orthopedic problems, chick developmental
problems, parasite control, drug and vaccine use, emerging infectious diseases such as
WNV, and salmonella pathogenicity.
2.3.5. Exchange aviculture information.
Staff of captive centers should exchange information including annual progress reports on
propagation activities. Propagation and veterinary personnel should meet periodically to
exchange information, jointly address similar problems, and develop implementation plans
and protocols. Cooperation and exchange between captive centers is needed to train new
staff.
2.4. Maintain captive facilities.
All aspects of Task 2 require adequate facilities for the captive whooping crane populations
and surrogate species. All facilities should be maintained in conditions suitable for the
cranes’ health, safety, and productivity so that recovery and research objectives can be
achieved. Captive sites will conform to national animal care guidelines. Once established at
a site, captive pairs should not be moved to another captive facility, as transporting can cause
stress and mortality, and disrupt and/or permanently hinder production (Mirande et al. 1997b).
3. Establish two additional wild populations.
The USFWS and CWS should coordinate their research and management efforts to establish at
least two discrete, self-sustaining populations, each consisting of a minimum of 25 nesting pairs
by year 2035. As long as they meet recovery criteria, these new populations can be either
migratory or non-migratory. Plans call for all releases to be in the eastern U.S., at least through
2010.
It is important to note that much of what is known about the life history, behavior, and ecology
of whooping cranes is based on the small, remnant AWBP. New behaviors or selection of new
habitats may be exhibited by new populations, depending on reintroduction techniques
employed, and/or changes to the current environment, which differs drastically from that of
historical times. These ecological nuances should become evident through time and research.
3.1. Develop release techniques.
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Test techniques for establishing migratory and non-migratory populations. Research and
establish protocols for age of released birds, rearing methods, time of year, pre-release
conditioning procedures, methods for teaching suitable migration behavior, and predator
avoidance training. The number of released birds and post-release monitoring should be
adequate to ensure proper evaluation.
3.2. Evaluate and select release sites.
Evaluate proposed potential release sites based on the biological needs of the whooping crane,
the likelihood of establishing discrete, self-sustaining populations, and the impact of such an
introduction on other resources and programs. Select proposed sites and rank them according
to their biological suitability. Examine proposed release sites and other habitats to be used by
released cranes to determine potential conflicting management problems, e.g., land and water
resource development, habitat degradation, impact on other wildlife species, distribution of
power lines, towers, and fences, disease, predators, and hunting of look-alike species.
Conduct research studies on the suitability of release sites at Marsh Island and White Lake,
Louisiana.
3.3. Establish a non-migratory population.
Continue to test the soft release of whooping cranes, isolation-reared or parent-reared in
captivity, as a means of establishing a non-migratory population in Florida or elsewhere.
Monitor the released birds to gather data on habitat use, movements, mortality factors, nesting
success, and other data crucial to success of a reintroduction. Conduct an ongoing evaluation
of release success. Implement management techniques throughout the range of the new wild
population to increase project success. Management should be designed to minimize
unnecessary conflict with other land and resource uses. If survival and productivity data
indicate a reasonable chance for attaining a self-sustaining population, supplement the Florida
population until it attains 25 nesting pairs.
3.4. Establish a migratory population.
Continue to test various means of teaching captive-produced birds to migrate and survive in
the wild. Supplement this population until 25 nesting pairs are reached. Monitor the released
birds to gather data on habitat use, movements, mortality factors, nesting success, and other
data crucial to success of the reintroduction. Conduct an ongoing evaluation of release
success. Techniques worth investigating include leading birds behind an ultralight or model
aircraft, stage-by-stage migration by truck, or allowing released cranes to follow wild cranes
in migration. Write a management plan for the EMP. Implement management techniques
throughout the range of the new wild population to increase project success. Management
should be designed to minimize unnecessary conflict with other land and resource uses.
4. Determine Ne for species survival by analyzing banding data to determine the Ne/N ratio for
the AWBP.
Determine a minimum population size needed to ensure survival of the whooping crane through
stochastic and catastrophic events while maintaining genetic diversity. Use knowledge from
advances in the conservation biology of small populations, population viability theory,
experience with long-term survival of endangered populations and genetic information to
determine Ne and revise recovery criteria as warranted. An analysis of banding data collected
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from the AWBP from 1977 – 1988 would provide an estimate of productive pairs vs. total
population size.
5. Maintain and expand information/education programs.
Implement information and education programs to further recovery of the whooping crane. Issue
press releases for December population counts at ANWR; spring departure from ANWR, arrival
in Saskatchewan and requests for reports of migration sightings; number of nesting pairs in
WBNP; number of chicks surviving to autumn in and near WBNP; and autumn arrival in
Saskatchewan and other provinces. Events to publicize for reintroduced populations could
include similar significant events including population census estimates, nesting successes,
migration departures, arrivals, and general locations of birds, and requests for migration
sightings. Provide outreach opportunistically at meetings and festivals.
5.1. Develop media products.
Develop and distribute printed and audio-visual media regarding recovery efforts. Target
important segments of the public and specific needs of the recovery program. Encourage
collaboration between the various agencies and organizations that have specific
responsibilities or interests in whooping crane recovery.
5.2. Provide viewing opportunities.
Provide opportunities for the public to view whooping cranes near major use areas wherever
such viewing does not interfere with recovery of the cranes. Provide live whooping cranes
when available for educational displays at zoos. Provide specimen mounts for museums and
educational institutions to further public education and research.
5.3 Implement education programs.
Work with educators to tell the story of whooping crane recovery and promote whooping
crane conservation. Develop appropriate web sites and other methods for providing
information.
INFORMATION NEEDS
Survey Requirements
Aerial population surveys on nesting and winter areas are a continuing need. There remains a
need to identify unoccupied but potential nesting and winter habitat to identify any limitations on
population growth. Some of these habitats may require protection by purchase, lease, or legal
action. Water level surveys and monitoring of food resources are a necessity in WBNP to fully
understand ecological changes and their impact on population trends. Surveys of coastal water
salinity levels, freshwater inflows, and crane food resources will continue to be necessary on the
winter area at Aransas to identify ecological trends. Migration activities must be monitored to
ensure safety of the cranes and evaluate changes in conditions faced on the long semi-annual
journey.
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Biological/Ecological Research Requirements
Causes of mortality in wild and captive cranes should continue to be identified and addressed.
Frequent monitoring of the birds will be required to detect losses. Such monitoring will require
radio tracking or satellite tracking of wild birds in some instances. Further understanding of
migration stopover habitat is needed to refine the effectiveness of habitat augmentation and
management on the Platte River and elsewhere. Additional research is necessary to refine
methods of creating marsh habitat with dredged sediments to ensure long-term benefits to
whooping cranes. For captive populations, research needs include refining means of disease
prevention, prevention of toe, leg, and wing injuries, gaining knowledge on pairing and
promoting early breeding, improvements in use of artificial incubators, improving natural
fertility, genetic management, nutrition of captive birds, and behavioral training to promote
wildness in birds destined for release in the wild. Research is continuing to refine reintroduction
techniques for establishing a second migratory population to promote appropriate migratory
behavior and survival. In 2001 the Whooping Crane Health Advisory Team (WCHAT)
identified the high priority research needs in captivity as: (1) the effect of West Nile virus on
cranes and development of a vaccine; (2) developing a more effective TB test for screening
whooping cranes; and (3) developing a fecal corticosterone test to compare levels of stress
associated with various management techniques in captivity. Research is also needed on IBD in
cranes.
Threat Clarification Research Requirements
Research already identified is needed to further define potential threats. For example, the impact
that anticipated reduced freshwater inflows at ANWR will have on salinity, winter food
resources, and population survival needs to be quantified. Continued research on mortality in
reintroduced populations is another example. Such losses threaten the success of the
reintroductions. Research is also needed to derive techniques to separate family lines so
management of the captive flock can be improved to preserve and increase the genetic diversity
of the flock.
FUTURE CONSIDERATIONS
Additional methodologies for re-establishing a migratory population need to be developed.
Although the ultralight method appears to work well, it is labor intensive, expensive, and not
practical for releasing hundreds of cranes. Also, it is unknown if cranes trained to follow an
ultralight will have subsequent normal breeding behavior. Techniques for releasing juvenile
captive-bred whooping cranes into migratory flocks of whooping or sandhill cranes should be
explored.
The suitability of habitat in Florida is an area of concern. High mortality continues to hinder the
reintroduction of non-migratory whooping cranes in Florida. Two of the 7 ultralight whooping
cranes that followed an ultralight during migration were later killed by bobcats at CNWR in
Florida in the 2001-02 winter. In 2002, the remaining 5 completed a successful migration in
both the spring and fall and summered in the core release area of central Wisconsin. The 5
cranes returned to Florida but most did not remain in salt marsh habitat. Apparently the
ultralight-trained whooping cranes will prefer other habitats over salt marsh habitat in Florida
and may possibly associate with the non-migratory whooping cranes in central Florida.
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Several sites, within the former range of the species, have been evaluated for their potential as
reintroduction sites, including areas in Saskatchewan (Lyon et al. 2005a,b) and Manitoba
(Sommerfeld and Scarth 1998, de Sobrino 1998), and the eastern United States (Cannon 1998,
1999). In 1999, the Canada/United States Whooping Crane Recovery Team agreed that further
refinement of reintroduction techniques is needed prior to placing an experimental flock in
proximity to the existing AWBP. With that in mind, the recovery team made a recommendation
to release whooping cranes in central Wisconsin, with the birds wintering at CNWR in Florida,
with future potential expansion into Manitoba and Louisiana.
Current plans call for all whooping crane releases to take place in the eastern U.S., at least
through 2010. If either of the two eastern populations is not successful, and/or if the habitat in
Florida is not suitable for whooping cranes, then the Recovery Team recommends consideration
of reintroduction sites in Louisiana. In 2001, a committee was formed in Louisiana to
investigate the potential for reintroducing whooping cranes to that state. At least two possible
sites have been identified. Studies done by Cannon (1998) found winter habitat at Marsh Island,
Louisiana, to be highly suitable for whooping cranes. There is also interest in restoring nonmigratory whooping cranes to the vicinity of White Lake, Louisiana, where until 1950, a nonmigratory flock existed. In July, 2002, BP American Production Company donated the 71,130acre White Lake Preserve to the State of Louisiana. It is currently being managed by the
Louisiana Department of Wildlife and Fisheries (LDWF). Returning whooping cranes to this
site has been discussed with LDWF. Based on their historical presence in the state, Louisiana
seems to be a good site for whooping crane reintroduction.
Although the Recovery Team is interested in the idea of establishing a Louisiana population,
there are currently not enough whooping cranes produced annually in captivity to support a
reintroduction effort in that state. Additionally, much planning and coordination with state and
local agencies and other interested parties in Louisiana is required to further these preliminary
discussions.
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PART III. IMPLEMENTATION SCHEDULE
The implementation schedule outlines and prioritizes recovery tasks over the recovery period. It
will be used in the ongoing monitoring of all recovery tasks and will provide the basis for
funding of recovery actions. Tasks are identified under general categories, and all headings are
derived from Part II's Narrative Outline for Recovery Actions to Achieve Objectives. The
schedule ranks objectives and tasks, identifies respective responsible agencies, defines schedules,
and estimates costs in terms of financial resources and person-years for the recovery period.
Tasks must be continually revised as plans move from implementation to completion as a result
of monitoring results and updating information. Each revision will identify additional actions
and studies that will be needed during the recovery period.
Recovery priorities are defined as follows:
Priority 1: An action that must be taken to prevent extinction or prevent the species from
declining irreversibly in the foreseeable future.
Priority 2: An action that must be taken to prevent a significant decline in species population or
habitat quality or some other significant negative impact short of extinction.
Priority 3: All other actions necessary to provide for full recovery (or reclassification) of the
species.
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Cost ($ x 1000)

- IMPLEMENTATION SCHEDULE Action

Task #

Priority

Responsible Party

Program

Cooperator

Duration

Year 1

Year 2-5

Year 6-10

Year 11-30

Conduct Aerial Surveys in
WBNP

111

1

CWS, WBNP

CWS

WBNP

Continuous

25

100

125

600

Analyze Data on Egg
Management

112

3

CWS

CWS

WCRT

Continuous

5

-

-

-

Conduct Aerial Surveys at
ANWR

113

1

USFWS-2

ES, RW

-

Continuous

20

80

100

400

Monitor Movements in
Migration

12

2

CWS, USFWS-2,6

CWS, ES

RW, A, M, S

Continuous

125

500

625

2500

Prevent Shooting

131

2

CWS, USFWS

CWS, USFWS2,3,4,6

ES, RW, A, M, S

Continuous

5

25

32

150

Diminish Disease Losses

132

2

CWS, USFWS

NWHC

WCRT, PWRC,
CCWHC

Continuous

20

90

115

450

Diminish Collisions

133

1

CWS, USFWS

CWS, ES

FCC

Continuous

2

13

180*

60

Restrict Construction Periods

141

2

CWS, USFWS-2

ES

A, M, S, RW,
WBNP

Continuous

5

20

25

100

Restrict Aircraft Altitude

142

2

CWS, PCA, USFWS2

WBNP, RW

FAA, TC

Continuous

2

5

5

10

Restrict other disturbance

143

2

CWS, PCA, USFWS2

WBNP, RW

FAA, TC

Continuous

18

75

95

490

Identify Essential Habitat

151

2

CWS, PCA

CWS, USFWS-2,6

WBNP

Continuous

30

140

312*

100

Monitor Habitat in WBNP

1521

2

WBNP

WBNP

CWS

Continuous

40

160

75

250

Monitor Foods and Salinities
at ANWR

1522

2

USFWS-2

RW, ES

-

Continuous

30

110

125

450

Measure stopover habitat

1523

3

CWS, USFWS

USFWS-2,6

PRT

Continuous

10

50

-

-

Maintain WBNP

1531

2

WBNP

WBNP

CWS

Continuous

100

380

485

25

Protect migration habitat

1532

2

CWS, USFWS

CWS, USFWS-2,6

States

Continuous

100

400

500

2000

Maintain ANWR and other NWR

1533

2

USFWS

USFWS-2,6

PRT

Continuous

290

1140

1465

75

Prevent Contamination

1534

2

CWS, USFWS-2

ES, CG

TNRCC,USACE

Continuous

1

4

5

20
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Prevent Erosion of Habitat

1535

2

USFWS-2

USACE

RW, ES

Continuous

1

4

5

20

Manage Dredge Material

1536

2

USFWS-2

USACE

ES, RW

Continuous

1

4

5

20

Maintain Freshwater Inflows

1537

1

USFWS-2,6

ES, RW

TNRCC,TPWD,
USACE

Continuous

40

160

200

2000

Maintain Instream Flows

1538

2

USFWS-6

ES, PRT

NAS

Continuous

100

400

500

2000

Monitor Global Warming

1539

2

CWS, PCA, USFWS2,

RW, ES

CWS, WBNP,ES

Continuous

2

5

10

20

Fire Management

1541

2

PCA, USFWS

RW, ES

PRT, NAS
WBNP

Continuous

20

80

100

400

Maintain Upland Water Sources

1542

2

USFWS-2

RW

Continuous

2

8

10

40

Manage Vegetation

1543

2

USFWS-2,6

RW

PRT, NAS

Continuous

300

1200

1500

6000

Create Wetland Habitat

155

2

USFWS-2,6

ES, USACE

RW

Continuous

200

800

1000

4000

Develop More Sensitive
Measures of Genetic Diversity

21

2

USGS

-

Continuous

60

240

60

100

Increase Captive Breeders

22

1

CWS, USGS,
USFWS-2,9

ES

all captive centers

Continuous

1400

5600

7000

300

Refine Breeding Pair
Management

231

2

USGS, all captive
centers

-

all captive centers

Continuous

50

200

50

100

Refine Incubation Procedures

232

3

ICF, PWRC

-

all captive centers

5 years

10

40

40

20

Refine Rearing Procedures for
Reintroductions

233

2

PWRC, ICF, OM

-

all captive centers

10 years

10

40

40

100

Refine Veterinary Procedures

234

3

all captive centers,
NWHC

-

-

Continuous

20

80

80

100

Exchange Avicultural
Information

235

3

WCCMT

-

all captive centers

Continuous

5

20

25

40

Maintain Captive Facilities

24

3

USGS, USFWS-9

-

all captive centers

Continuous

150

600

750

3000

Develop Release Techniques

31

2

PWRC, ICF,
USFWS-3,4

-

FL, OM, WCRT

10 years

750

3000

3750

400

60

ICF, PWRC,
NGO, NWHC
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Select Release Sites

32

2

CWS, USFWS-2,3,4

-

WCRT

Do when
needed

-

50

75

100

Establish a Non-Migratory
Population

33

2

USFWS-4,9, FL

-

-

10 years

280

1120

1400

-

Establish Migratory
Population

34

2

USFWS-3,4, WI,
PWRC,ICF, OM

-

States

20 years

2000

8000

10000

40000

Determine Ne for Species
Survival

4

3

CWS, USFWS,
PWRC

-

-

Continuous

-

30

10

10

Develop Media Products

51

3

CWS, USFWS2,3,4,6,9

PA

ICF,PRT PWRC,
WCCA

Continuous

5

20

25

40

Provide Viewing Opportunities

52

3

CWS, FL, WI
USFWS-2,3,4,6

ES, RW

OM

Continuous

5

20

25

40

Implement Education Programs

53

3

CWS,USFWS2,3,4,6,9

WCEP,WCCA

Continuous

5

20

25

40

* Includes 162K for satellite telemetry
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PART IV. CONTACT INFORMATION
LEAD ORGANIZATIONS RESPONSIBLE FOR SPECIES RECOVERY AND KEY
CONTACTS
Brian Johns – Whooping Crane Coordinator
Canadian Wildlife Service
Prairie and Northern Region
115 Perimeter Road
Saskatoon, Saskatchewan
Canada S7N OX4
(306) 975-4109
Brian.Johns@ec.gc.ca
Tom Stehn – Whooping Crane Coordinator
U.S. Fish and Wildlife Service
Aransas National Wildlife Refuge
P. O. Box 100
Austwell, Texas
USA 77950
(361) 286-3559 Ext. 221
Tom_Stehn@fws.gov
CANADA/U.S. INTERNATIONAL WHOOPING CRANE RECOVERY TEAM
MEMBERS
Brian Johns
Tom Stehn

Canadian Wildlife Service
United States Fish and Wildlife Service

Co-Chair
Co-Chair

Canadian Representatives
Sandie Black, DVM
Brian Johns
Deborah Johnson
Stuart Macmillan
Anne Riemer

Calgary Zoo
Canadian Wildlife Service
Northwest Territories Environment and Natural Resources
Wood Buffalo National Park
Saskatchewan Environment
United States Representatives

Dr. George Archibald
Dr. Felipe Chavez-Ramirez
Marty Folk
Dr. John French
Tom Stehn

International Crane Foundation
Platte River Whooping Crane Habitat Trust
Florida Fish and Wildlife Conservation Commission
USGS, Biological Resources Division
U.S. Fish and Wildlife Service
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Contact Information
Dr. George Archibald
International Crane Foundation
E-11376 Shady Lane Road
Baraboo, WI 53913-447
Phone (608) 356-9462
FAX (608) 356-9465
Email: George@savingcranes.org
Sandie Black, DVM
Head of Veterinary Services
Calgary Zoo Animal Health Centre
1625 Centre Ave E,
Calgary AB, T2E 8K2
Canada
Phone (403) 232-9309
FAX (403) 237-8318
Email: SandieB@calgaryzoo.ab.ca
Dr. Felipe Chavez-Ramirez
Platte River Whooping Crane Habitat Trust
6611 West Whooping Crane Drive
Wood River, NE 68883
(308) 384-4633
Email: fchavez@whoopingcrane.org
Dr. John French
U.S. Geological Survey
Patuxent Wildlife Research Center
12011 Beech Forest Road
Laurel, Maryland 20708-4041
Phone (301) 497-5702
FAX (301) 497-5505
Email: jbfrench@usgs.gov
Marty Folk
Florida Fish and Wildlife Conservation Commission
1475 Regal Court
Kissimmee, FL 34744
(407) 348-3009
Email: Marty.Folk@myfwc.com
Brian Johns
Canadian Whooping Crane Coordinator
Canadian Wildlife Service
Environmental Conservation Branch
Prairie and Northern Wildlife Research Centre
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115 Perimeter Road
Saskatoon, Saskatchewan
Canada S7N 0X4
Phone (306) 975-4109
FAX (306) 975-4089
Email: Brian.Johns@ec.gc.ca
Deborah Johnson
Regional Biologist
Wildlife and Fisheries Division
Department of Environment and Natural Resources
Government of the Northwest Territories
Fort Smith, Northwest Territories
Canada X0E 0P0
Phone (867) 872-6449
FAX (867) 872-4250
Email: Deborah_Johnson@gov.nt.ca
Stuart Macmillan
Wood Buffalo National Park
Parks Canada Agency
Box 750
Fort Smith, Northwest Territories
Canada X0E 0P0
Phone (867) 872-7932
FAX (403) 872-3910
Email: Stuart.Macmillan@pch.gc.ca
Anne Riemer
Acting Manager, Ecological Assessment Unit
Resource Stewardship Branch
Saskatchewan Environment
3211 Albert Street
Regina, Saskatchewan
Canada S4S 5W6
Phone (306) 787-1835
Fax (306) 787-0737
E-mail: ariemer@serm.gov.sk.ca
Tom Stehn
U.S. Whooping Crane Coordinator
U.S. Fish and Wildlife Service
Aransas National Wildlife Refuge
P.O. Box 100
Austwell, Texas 77950
Phone (361) 286-3559, ext. 221
FAX (361) 286-3722
Email: Tom_Stehn@fws.gov
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OTHER CONTACTS
Bill Gummer
Regional Director, Prairie and Northern Region
CWS
4999 98th Avenue
Edmonton, AB T6X 2X3
(780) 951-8853
Dave Duncan
Head, Wildlife Management Section
CWS
4999 98th Avenue
Edmonton, AB T6X 2X3
(780) 951-8675
Benjamin Tuggle
Acting Director, Region 2
USFWS
P.O. Box 1306
Albuquerque, NM 87103
(505) 248-6282
Susan Jacobson
Chief, Endangered Species
Region 2 – USFWS
P.O. Box 1306
Albuquerque, NM 87103
(505) 248-6776
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PREPARED BY
Brian Johns
Canadian Wildlife Service
James C. Lewis, Ph.D.
Adjunct Professor
University of New Mexico
4604 Boulder Court NW
Albuquerque, New Mexico
USA 87114
(505) 821-3823
JCLewis@unm.edu
Tom Stehn
U.S. Fish and Wildlife Service
KEY LANDS ON WHICH SPECIES OCCURS AND ASSOCIATED CONTACTS
Canadian breeding grounds; contact Josie Weninger, Superintendent, Wood Buffalo National
Park, Box 750, Fort Smith, Northwest Territories, Canada XOE OPO
Canadian migration staging/stopover areas; contact Brian Johns, Canadian Wildlife Service,
address listed above.
U.S. migration staging/stopover areas; contact Martha Tacha, USFWS, Grand Island Field
Office, Federal Building, 2nd Floor, 203 West Second Street, Grand Island, Nebraska 68801
AWBP wintering area along the Texas Gulf Coast; contact Tom Stehn, Aransas NWR, address
listed above.
Florida non-migratory population; contact Marty Folk, address listed above.
Eastern migratory experimental reintroduction; contact Beth Goodman, Wisconsin DNR, PO
Box 7921, Madison, WI 53707. beth.goodman@dnr.state.wi.us
DATE COMPLETED: July 19, 2006.
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APPENDIX A: MINIMUM VIABLE POPULATION AND GENETICS
Minimum Viable Population
Extinction in small populations has led to the theory of minimum viable population size, defined
as the smallest number of individuals necessary to give a population a high probability of
surviving over a specified time (Primack 1993). Small populations are subject to rapid decline
due to 3 main causes: (1) genetic fluctuations (e.g., genetic drift, inbreeding); (2) demographic
fluctuations (e.g., variations in birth and death rates); (3) environmental fluctuations in predation,
disease, competition, food supply, and natural catastrophes. As the population increases, the
threat of extinction due to stochastic events diminishes, and loss of genetic diversity slows,
thereby increasing species security.
Shaffer (1981) provided a specific technique for determining the minimum viable population
(MVP):
"A minimum viable population for any given species in any given habitat is the
smallest isolated population having a 99% chance of remaining extant for 1,000
years despite the foreseeable effects of demographic, environmental, and genetic
stochasticity, and natural catastrophes,"
(e.g., the smallest population size that can be predicted to have a very high chance of persisting
for the next 1,000 years). In this case, the probability for remaining extant could be set at 95% or
99%, and the time frame could be adjusted to 100 or 500 years. The theory of MVP is simply a
guide to aid in the preservation of a species.
Opinions vary widely as to the population sizes necessary to achieve a minimum viable
population. One rule of thumb is to protect 1,000 individuals of a vertebrate species, because
this number seems adequate to preserve genetic diversity (Shaffer 1981, Salwasser et al. 1984).
Others suggest that an effective population size of 5,000 individuals is needed to retain
evolutionary potential (Lande 1995). More recently, Reed et al. (2003) used population viability
analysis to estimate MVP for a variety of vertebrate species. Their definition of MVP is a
population that has a 99% probability of persistence for 40 generations. Their results indicate
that the lack of long-term studies for endangered species may lead to an underestimation in the
extinction rates for the species. They recommend that recovery/conservation programs should be
designed to support a population of up to 7,000 adults to ensure long-term survival.
Downlisting Based on MVP Criteria
Population sizes sufficient to be referred to as a minimum viable population depend highly on
the effective population size (Ne). The effective population size is the size of a population that
maintains heterozygosity at the same rate of the entire species’ population and is a function of
mating behavior, mutation rate, gene flow, demographics, and population size, among other
factors. As not all breeding adults pass on their genetic material equally and randomly, there is a
difference between the number of breeders and effective population size. When defining the
population size sufficient for downlisting, criteria must account for the difference between the
total population and the breeding population size (i.e., the Ne/N ratio). For the wild whooping
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crane population, breeders comprise approximately 50% of the population. However, as the
effective population will always be less than the number of breeders, proper estimates for Ne will
need to be obtained before the minimum viable population for whooping cranes can be
determined.
Given the data to date, this plan recognizes growth of the AWBP to 1,000 individuals and 250
productive pairs as criteria for downlisting. The Memorandum of Understanding on
Conservation of Whooping Cranes, approved by Canadian and U.S. federal officials, recognizes
a goal of 1,000 individuals in the AWBP population. If two additional self-sustaining
populations can be established in the wild, each with 25 nesting pairs, and with the AWBP
projected to reach 125 nesting pairs by the year 2020, a figure approaching a population of 1,000
whooping cranes may be obtained from these three populations. However due to the uncertainty
surrounding the exact figure required, with suggested values ranging between 1,000 and 7,000,
this Plan does not set a delisting goal for the whooping crane. If additional research into the
exact calculation of a Ne/N ratio for the wild whooping crane population and additional research
with other conservation programs can provide more assurances of the Ne required, a delisting
goal will be set prior to the anticipated downlisting in 2035.
Population Growth and Retention of Genetic Material
A Conservation Viability Assessment (CVA) workshop held in 1991 for the whooping crane was
funded by the USFWS as a cooperative endeavor with CWS, U.S. Whooping Crane Recovery
Team, Canadian Whooping Crane Recovery Team, ICF, The Captive Breeding Specialist Group,
and Species Survival Commission of the International Union for Conservation of Nature. The
final report includes priorities for research and management of the wild and captive populations
as a meta-population to maximize retention of genetic heterozygosity and minimize the risk of
extinction (Mirande et al. 1993). The CVA developed stochastic simulation models to estimate
rates of genetic loss for the wild and captive whooping crane populations. As a consequence of
the 1941 population bottleneck, the current population is derived from an estimated 6 or 8
founders (Mirande et al. 1993, Glenn et al. 1999), with an estimated genetic loss of 66% (Glenn
et al. 1999). Mirande et al. (1993) showed that a loss of 6% to 8% of gene diversity would have
resulted in the first generation following the bottleneck, where generation time is 12 years. It
was estimated that about 87% of the gene diversity that survived the bottleneck has persisted
from 1938 to 1990. In contrast, the captive-hatched descendants have retained about 96% of the
gene diversity present in the post-bottleneck wild flock. As continued loss of genetic material
could lead to inbreeding and declining productivity, the AWBP must increase to the level where
creation of new alleles will offset the loss of genetic diversity.
Several other population viability analysis packages have been tested using whooping crane data
(Mirande et al. 1997a, Brook et al. 1999). Modeling of the AWBP showed the population large
enough to sustain a fairly steady annual growth rate of 0.046 (SD=0.081) over the last 50 years
(Mirande et al. 1997a). The standard deviation is about double the mean growth rate so in many
years the population will decline temporarily even though long-term growth may be good. If this
rate continues, the population will reach 500 birds in 17 years (about 2020) and 1,000 in 33 years
(2035). The population is projected to have a very low probability of extinction over the next
100 years (less than 1%).
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Given the current genetic analyses based on captive pedigrees, an estimated 153 whooping
cranes (21 productive pairs) are needed in captivity to retain 90% of genetic material for 100
years (Jones and Lacy 2003). This Plan recommends having 50 captive breeder pairs of
whooping cranes by 2010, including 15 pairs at PWRC, 12 at ICF, 10 at CZ, 10 at SSC, and 3 at
the SAZ. Production from these five facilities will be the principal source of birds for release to
the wild. However, sources of release birds should be based on the optimal genetic mix to
ensure long-term population viability.
Loss of Genetic Diversity and Estimates of Relatedness
For most of the 1940’s, the AWBP teetered on the brink of extinction. Mitochondrial DNA from
museum specimens collected before and after 1941, when the AWBP declined to 15 birds,
showed a 66% reduction in haplotypes post-bottleneck, with the rarest haplotype before 1940
now the most common (Glenn et al. 1999). Although we lack pre-bottleneck diversity estimates
for nuclear DNA, we realize that similar declines for this genome must have also occurred (Jones
et al. 2002). This is evident from AWBP’s lack of genetic diversity as compared to other cranes.
Compared with a subset of other cranes, an electrophoretic study of blood proteins showed that
whooping crane diversity was less than that known from out-bred populations of Sandhill
Cranes, and greater than that of the Mississippi Sandhill which was known to have undergone a
similar genetic bottleneck (Dessauer et al. 1992). When diversity was compared across other
markers, the whooping cranes were shown to be below average in band sharing of DNA
fingerprints (Longmire et al. 1992), average in polymorphism of the major histocompatibility
complex (Jarvi et al. 1992), and less than average in microsatellite DNA diversity (Jones et al.
2002, Jones 2003). From these studies, it is evident that the extant whooping cranes show an
overall reduction in genetic diversity compared to their pre-bottleneck ancestors and to that of
out-bred cranes. This known diversity reduction, along with the fact that generations of captivity
increase inbreeding and decrease genetic diversity (Woodworth et al. 2002), indicates that
genetic changes within the population threaten to reduce vitality before the population is large
enough for mutation to offset losses in diversity from genetic drift (Frankel and Soule 1981,
Ballou et al. 1995).
In addition to the knowledge of genetic diversity, understanding relatedness among individuals
within the captive whooping crane populations is important to adequately manage the captive
population and to establish viable wild populations (Jones et al. 2002). In addition to pedigree
management, there have been various molecular genetic techniques used in relatedness
estimation. These studies have resolved unknown paternities (Longmire et al. 1992; Jones and
Nicolich 2001), developed a species-specific probe for the whooping crane (Love and Deininger
1992), and identified inter-relatednesses within the captive founder lines (Jones et al. 2002). A
recently developed technique that could provide additional insights into the whooping crane
population is Amplified Fragment Length Polymorphisms (AFLP). Because of the relative
paucity of information in birds in general, and cranes in particular, the usefulness of this
technique in cranes is currently unknown. An AFLP study currently underway at PWRC will
include samples from other crane populations with robust populations and those of reduced
diversity. This comparison across crane species should provide additional understanding of
crane diversity in general and the relative state of genetic diversity of the whooping crane.
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APPENDIX B: SOCIAL AND ECONOMIC CONSIDERATIONS
Numerous books, magazine articles, television programs, and nature documentary films have
been produced about this magnificent bird. Corporations have funded whooping crane research
and recovery efforts and also have used whooping cranes in promoting their environmental
concern. The WCCA, a nonprofit organization, was formed in 1961 to promote conservation of
whooping cranes and to educate the public. Other organizations, such as the NAS and NWF,
have participated in whooping crane research, conservation, and education. The Platte River
Whooping Crane Habitat Maintenance Trust (PRT) was established in 1978 as a nonprofit
conservation organization to protect and enhance habitat for migratory birds in Nebraska, along
the Platte and North Platte rivers, and especially to protect and maintain whooping crane habitat.
Appreciation of whooping cranes also can be expressed in monetary terms. Each year 70,000 to
80,000 people visit ANWR, most during the winter, and spend significant amounts locally on
lodging, gasoline, and supplies (Ellen Michaels, ANWR, pers. comm.). Starting in 1964, 1 tour
boat named the “Whooping Crane” offered weekend day-trips from Rockport, Texas, to view the
cranes along the Gulf Intracoastal Waterway that runs through ANWR. By 1990, 5 boats offered
this opportunity, spanning every day of the week. During 1990-1991, approximately 17,000
people took these tours, paying an average of $20 per ticket, for total seasonal expenditures of
$340,000 (Ellen Michaels, ANWR, pers. comm.). In 2004-05, an estimated 8,500 people rode
commercial tour boats, paying an average of $35 per adult (Bernice Jackson, ANWR, pers.
comm.). The Rockport Chamber of Commerce estimates that whooping crane-related activities
result in annual gross economic benefits of $6 million to the local economy. Port Aransas,
Texas, holds an annual event in February entitled “Festival of Whooping Cranes and Other
Birds”.
An understanding is needed of the secondary socio-economic benefits that Canadians derive
from Canada's biological resources today while providing for the perpetuation of these resources
for future generations. The $11.7 billion spent by Canadian residents and U.S. tourists on
nature-related activities in Canada represents a significant outlay which has important impacts on
the Canadian economy (Filion et al. 1994).
In Calgary, Alberta, in 2003, 1.2 million people visited the Calgary Zoo, where a whooping
crane pair in a wetland exhibit is on display. Entry fees to the zoo are $15.00 for adults and
$7.50 for children (in 2003). Operation Migration, an organization involved in the introduction
of whooping cranes to eastern North America, has an annual budget of $420,000 entirely
directed toward the recovery of the whooping crane. WBNP receives over 1,400 visitors each
year, and many of them come there to see the habitat of whooping cranes and for a possible
chance to see the birds themselves. A recent land transfer to the Salt River First Nation in Fort
Smith has provided the First Nation with the unique opportunity of having Whooping Cranes
nesting on their lands. The First Nation is entertaining the idea of establishing a remote viewing
area that may provide an opportunity for visitors to view whooping cranes. In addition, each
autumn, visitors descend on Saskatchewan in search of whooping cranes. Many of these visitors
stay for several days and a large portion of them are with various tour groups.
In 2001, annual fall whooping crane festivals were started in Tennessee and in central
Wisconsin. In Baraboo, Wisconsin in 2004, 25,092 people paid an entry fee of $8.50 for adults
and $7.00 for seniors to visit ICF where a whooping crane breeding pair in a wetland exhibit is
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among the crane species on display (ICF Education Department, pers. comm.). In several areas
where large numbers of sandhill cranes are viewed by tourists, an additional attraction for
observers is the possibility of sighting whooping cranes. Approximately 80,000 people visit the
Platte River area of Nebraska each year during the peak of spring crane migrations, expending
approximately $15 million (Lingle 1992).
Although whooping cranes no longer occur in the Rocky Mountains, interest in crane festivals
that the whooping cranes played a role in starting remains high. Approximately 160,000 people
annually pay a $3 per vehicle entrance fee to visit Bosque del Apache NWR, New Mexico,
mostly in winter when the sandhill cranes are present (Maggie O’Connell, USFWS, pers. comm.,
2005). The refuge and Socorro Chamber of Commerce also sponsor a 6-day "Festival of the
Cranes" in the fall to promote tourism. The presence of whooping cranes in the past heightened
interest in the crane migration at the Alamosa/Monte Vista NWR in Colorado. Approximately
10,000 people visit the refuge during the peak migration periods, many of these during the spring
Monte Vista Crane Festival. This 4-day festival is estimated to generate about $10,000 per day
in revenue to the local economies (Ann Morekill, Alamosa/Monte Vista NWR, pers. comm.,
1993).
The total value for most endangered species is intangible and difficult to quantify; however, in
recent years economists have developed methods to approximate the value of nonmarket
resources such as endangered species. These methods measure: (1) the value people place on
seeing an endangered species (use value); (2) the value they place on continued existence of the
species for potential future observation value (option value); and (3) the value of simply knowing
the species exists (existence value) (Randall and Stoll 1983). One method of estimating these
values, the contingent valuation method, asks individuals to express their willingness to pay for
nonmarket goods (Stoll 1983). Individuals are asked to estimate their willingness to pay for
observing (use value) or preserving (option and existence value) the species.
Contingent valuation methodologies have been used to estimate the value of whooping cranes.
In written surveys distributed in 1982-83 at ANWR, refuge visitors indicated willingness to pay
an average of $4.47 for an annual permit to visit the refuge and an average of $16.33 per year to
support a private foundation that would be responsible for conservation of whooping cranes. A
mail survey to 4 metropolitan areas outside of Texas indicated that respondents were willing to
contribute an average of $7.13 per year to the same hypothetical foundation. Allowing for
sampling error and non-response bias, the total value of the whooping crane to United States'
residents appears to range between 0.5 billion to 1.5 billion dollars per year (Stoll and Johnson
1984).
Three conclusions can be drawn from this evidence of the economic value of whooping cranes.
First, local economies can realize significant economic benefit from the presence of an
endangered species; these localities need assistance in identifying and capturing these economic
benefits. Second, values for endangered species appear to be directly associated with the public's
knowledge and awareness of the species. Value for the whooping crane derives not only from its
aesthetic qualities and rarity, but probably more directly from its identity as a symbol of the
effort to save species from extinction. This value would not have been realized without
extensive education efforts. Finally, increasing interest in this endangered species, which brings
economic benefits, has raised concerns about the effects of these appreciative uses upon the well
being of the species. The issue of disturbance management is discussed elsewhere in this Plan.
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APPENDIX C: ACTIONS ALREADY COMPLETED OR UNDERWAY
Breeding Grounds Management and Research
Management of Wood Buffalo National Park
Management of WBNP and the crane breeding grounds is not nearly as complex an operation as
management of the increasingly active wintering grounds at ANWR in regards to whooping
crane issues. The breeding range of the AWBP flock is secure from human-induced changes
such as forestry or conversion to agricultural land, because approximately 90% of the nesting
occurs within WBNP. To afford the highest level of protection, the breeding habitat is
designated as a Zone 1 Special Preservation area. The Special Preservation designation
establishes that within that area, there are to be no manmade facilities (except Hwy 5), and
human access is prohibited from April 15 through October, except for park staff and scientists
involved in whooping crane research. Under normal circumstances, habitat manipulation is not
permitted in a Canadian national park. Policy would allow for manipulation of natural processes
only if feasible, beneficial, and urgent to achieve recovery goals. Issues such as global warming,
which may dry out the marshes, and acid rain, are external concerns that may affect the
population and require habitat intervention.
Egg Collection
The management activity that has had the most profound effect on the recovery program has
been the collection of eggs from the wild. These eggs when hatched would form a captive
breeding and release program. The idea of a captive flock of whooping cranes dates back about
50 years (Lynch 1956). Lynch recommended capturing young cranes to serve as a nucleus of
breeders, producing offspring to release back into the wild. This proposal, although passed by
the participants of the Twentieth Federal-Provincial Wildlife Conference, was very controversial.
In an effort to move the captive propagation proposal along, Erickson (1961) analyzed the
Aransas winter population counts from 1938-1960. This analysis revealed 3 important
characteristics of the wild population that were later confirmed by Novakowski (1966): (1)
principal production was apparently derived from a fairly stable cohort of long-lived adults; (2)
among birds returning to Canada, mortality was highest in the subadult cohort; and (3) because
subadult mortality was apparently limiting recruitment into the breeding population, the
population would remain insecure until this mortality was reduced. Based on these findings,
Erickson reiterated Lynch's proposal to bolster the wild population through captive propagation
and the release of captive-produced stock. However, he cautioned that before stock was obtained
from the wild, safe and effective procedures should be developed using sandhill cranes as
research surrogates.
Research results indicated that egg collection was the best method of obtaining wild stock.
These experiments also indicated that nest desertion was negligible and population productivity
was relatively unaffected when single eggs were removed from 2-egg clutches. Others noted
that cranes normally lay 2 eggs but rarely fledge 2 chicks. Observations on the breeding grounds
by Novakowski (1966) confirmed that whooping cranes generally follow this pattern. It
appeared that a single egg could be removed from each 2-egg clutch with the same favorable
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results experienced with sandhill cranes.
The whooping crane population has been artificially augmented through translocation and
captive rearing of wild eggs. The total number of cranes (wild plus captive) was increased by
taking 1 egg from a clutch of 2 and rearing it in captivity (Erickson 1975).
The CWS and the USFWS obtained eggs from nests in WBNP from 1967 to 1971 and in 1974 to
further augment the PWRC population, and in 1975 through 1988 to provide 215 eggs for the
Grays Lake cross-fostering experiment (Table 2). Egg transfers to PWRC were resumed in
1982-1989 and 1991-1996. Egg transfers to ICF began in 1990 and resumed in 1992-1996.
Eggs were shipped to Calgary in 1994 and 1998 and a chick was transferred from WBNP in
1999. The transfer of eggs between nests ended with the last scheduled pickup of eggs in 1996.
Between 1967 and 1998, 242 eggs were taken from WBNP to the captive sites. The transfers in
the 1990s were designed to increase the size and genetic diversity of the captive flock. Chicks
raised from these eggs currently form the nucleus of the breeding flocks being maintained at
PWRC, ICF, and CZ. Egg collections and subsequent propagation efforts have been described
elsewhere (Ellis et al. 1996, Kepler 1976, Kuyt l976a).
Viability testing of eggs during collection was initiated in 1985 with the objective of leaving at
least 1 viable egg in each nest visited. In nests with 2 viable eggs, 1 egg was removed and
placed in nests that contained nonviable eggs or transported to the captive facilities. As a result
of this procedure, the hatching success of tested known live eggs left in nests was 11.7-15.5%
over those of undisturbed nests from 1985-1988 (Kuyt 1993b). However, some of the lower
hatching success among undisturbed eggs/nests probably existed because they were primarily
those of younger, less experienced pairs.
The results of egg collection on the growth rate and overall fitness of the wild AWBP population
are unknown. Erickson (1976) and Kuyt (1976a, 198la, 198lb) noted that egg removals have not
adversely affected the productivity of the wild population. Between 1967 and 1996, the era of
egg pickups, the AWBP increased from 48 to 160, and the number of nesting pairs increased
from 5 to 45. Cannon et al. (2001) agree that although total numbers of whooping cranes, both
captive and wild, can be increased by egg pickup, total numbers of chicks reaching Aransas are
less when eggs are picked up compared to when no eggs are removed. Ellis and Gee (2001)
further noted the potential benefits of removing the second fertile egg from nests. After
reviewing studies by Cannon et al. (2001) and Ellis and Gee (2001), Lewis (2001) concluded that
the data as presented did not support the views of Cannon et al. (2001) and determined that a reanalysis of the existing egg collection data was warranted.
Because of these differing opinions, B. Johns reviewed the data pair by pair and extracted as
much information as possible from original reports and solicited the expertise of Dr. Mark
Boyce, University of Alberta, for the analysis. Mark Bradley (WBNP, pers. comm.) advises that
the data set used has biases, including: non-random nest selection; lack of a control group; not
testing eggs for viability in the early years of collection; limited samples in certain years; and
potential inaccuracies in chick surveys.
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Table 2. Known number of nesting pairs, productivity, and distribution of eggs removed
from Aransas Wood Buffalo Population, 1966-2005.
Year

No. of known
nesting pairsa

No. of
juvenilesb

Max. no. of
nonbreedersc
(including
juveniles)

Destination of eggs removed
from WBNP

PWRCd
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

5g
9g
10
12
15
13
16
14
15
16
16
17
15
19
19
17
17
24
29
28
29
32
31
31
32
33
41
45
28
49
45
51
50
48
50
52
50
61
54
58

5
9
6
8
6
5
5
2
2
8
12
10
7
6
6
2
6
7
15
16
21
25
19
20
13
8
15
16
8
28
16
30
18
17
9
15
16
25
34
30

-h
-h
30
32
27
33
19
21
19
25
37
38
45
38
40
39
39
27
28
41
52
70
76
84
82
66
56
57
77
60
70
84
83
92
80
72
73
72
109
TOTALS
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0
6
10
10(3)i
0
11(2)
0
0
13
0
0
0
0
0
0
0
2
2
3(2)
4(3)
12(10)
12(5)
14j(6)
15(9)
0
16(10)
10(1)
16(1)
0
14(2)
8(1)
0
0
0
0
0
0
0
0
0
178

Grays
Lake
0
0
0
0
0
0
0
0
0
14(3)
15
16
13(2)
19(3)
12(2)
12(2)
14(1)
16
22
23(3)
15(2)
12
12
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
215

ICFe

CZf

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
12(1)
0
11(1)
10(2)
9
10
6
0
0
0
0
0
0
0
0
0
58

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
4
0
0
0
2k
0
0
0
0
0
0
0
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a

Nesting pairs. (Canadian Wildlife Service, Brian Johns, pers. comm.)
Fall arrivals, ANWR and area (U.S. Fish & Wildlife Service 1994; Refuge Manager, ANWR,
pers. comm.).
c
Calculated as following winter's peak population minus number of breeding adults.
d
Patuxent Wildlife Research Center, Laurel, Maryland.
e
International Crane Foundation, Baraboo, Wisconsin.
f
Calgary Zoo
g
Data incomplete.
h
Cannot be calculated, as data on number of known nesting pairs are incomplete.
i
Numbers in parenthesis indicate nonviable eggs or eggs that failed as a result of embryonic
death (1975-1988 data from R.C. Drewien).
j
Excluding one sandhill crane egg.
k
Two eggs from an abandoned nest were picked up opportunistically in May, 1998.
__________
b

Boyce et al. (2005) analyzed colt recruitment in WBNP in relation to egg removal activities
between 1987-1996. The egg collection was never intended to be established with an
experimental design suitable for testing its effect on the population. As such there are inherent
biases associated with the data set, including a bias towards experienced, productive pairs. The
results of the analysis indicated that recruitment of young into the population was higher when
eggs were removed than when eggs were not removed: theta=0.498+0.0012 with removal,
theta=0.355+0.0013 without removal, showing a 25% reduction in survival of chicks without
removal. This advantage of increased recruitment from 1-egg nests is counterbalanced by
occasional survival of both chicks from 2-egg nests.
Boyce and Miller (1985) found a 10-year cycle in whooping crane counts, which held true
through 2002 (Boyce et al 2005). This trend parallels counts of predators (based on lynx fur
returns) in the area (Boyce et al. 2005). There was a strong negative effect between egg
collection and lynx populations, such that collection of eggs during a crashing lynx population
may not be detrimental to the AWBP. This would provide additional offspring for recovery
efforts elsewhere. During years that egg removal did not occur, 10% of recruits were from sets
of twins. One interpretation is that periodically there are very good years and the whooping
cranes can actually raise twins. The analysis revealed that there were no negative consequences
from egg removal, even with the twinning effect.
Boyce et al. (2005) also evaluated egg substitution effects and found that they did not improve
nest success over nests that had no substitutions. This could be due to the nest being situated in a
poor habitat or because the pair was inexperienced.
The recovery team recognizes that collection of eggs has benefited the whooping crane recovery
program by providing stock to establish the captive flocks and providing offspring for release,
thus increasing the total number of whooping cranes and helping to preserve the genetics of the
species. The recovery team believes that data analyses to date do not indicate that egg collection
would increase recruitment in the AWBP over the long term, but could increase recruitment in
selected years. The recovery team would like to document the rate of twinning until 2006
without any egg collection in order to observe the population dynamics through a full 10-year
cycle (1997-2006).
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The genetic master plan indicates that the genetic diversity of the AWBP is well represented in
the captive flocks, hence there would be little to be gained genetically in the captive flocks by
removing additional eggs from WBNP at this time. However, certain pairs in captivity are not
breeding, so it may become important to obtain additional genetic material from WBNP similar
to those pairs. A large-scale study of the genetics of the nesting pairs may have to be undertaken
first since information has been lost on the composition of nesting pairs with the cessation of the
color-banding program in 1988. There may be demographic benefits to egg collections (i.e.
more chicks available for reintroductions), but the recovery team believes that production from
the captive flocks is sufficient to support reintroductions at the present time. The current captive
facilities are at peak manpower and pen capacity for raising existing chicks and would be
strained to handle additional eggs at present. The issue of egg collection should be reevaluated
in 2006 at the completion of 10 years with no collection.
Color Banding
Flightless young whooping cranes were captured and marked with colored plastic leg bands in
WBNP from 1977 through 1988 (Kuyt 1978a, 1979a, Drewien and Kuyt 1979). Banding
whooping cranes in WBNP was halted after 1988, since much information had already been
obtained and the objectives of the original banding program had been met. Also, capturing the
chicks can cause some mortality. Over the 12 years of the banding program, 134 birds were
captured and 2 chicks died (1.5%). As of winter, 2004-2005, 25 of the 217 birds (i.e. 11.5%) in
the AWBP were still individually identifiable by their bands (Tom Stehn, ANWR, pers. comm.).
This marking program provided a wealth of information on whooping crane biology, including
the summering locations of subadults, the dynamics and habitat use of wintering subadult flocks,
age specific survivorship, the age of initial pairing and breeding, juvenile and adult philopatry
and the identification of stopover sites, and wintering and breeding territories used by specific
pairs (Kuyt 1979b, 1981a, 1981b, Bishop and Blankinship 1982, Bishop 1984, Stehn and
Johnson 1987, Johns et al. In press). Other information gained from the banding studies included
the ability to develop a studbook on a fairly large segment of the wild population, tracing the
reproductive histories of many of the birds including mate switches and probable deaths. These
data provide valuable insight into the relatedness and genetic diversity of the wild flock and may
be of assistance in evaluating potential inbreeding effects in the future.
Migration Monitoring
Whooping cranes spend approximately 3 months annually in migration. Although a number of
migration sightings have been reported and compiled over the years (Allen 1952, Sutton 1967,
Walkinshaw 1973, Archibald et al. 1976, Stephen 1979, Asherin and Drewien 1987, Johns 1987,
Asherin et al. 1992), few were confirmed. In order to protect migrating whooping cranes from
disease outbreaks and other potential hazards, and to compile information on the characteristics
and locations of stopover sites, the USFWS initiated the Cooperative Whooping Crane Tracking
Project in 1975. The CWS started a similar program in 1977. This program alerts key personnel
about sightings so that reports can be verified, stopover sites described, and the birds kept under
protective surveillance by State, Provincial, and Federal personnel. This monitoring program is
coordinated with reporting networks of wildlife agencies along the migration corridor.
Whooping crane sightings compiled within the U.S. portion of the migration corridor by the
USFWS (1,352 confirmed sightings, 1943-99) were summarized by Austin and Richert (2001).
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Whooping crane sightings compiled within the Canadian portion of the migration corridor were
summarized by Johns (1992) and Johns et al. (1997) The presence of marked birds from the
banding program conducted in WBNP provided more precise information on migration
chronology, and yielded information on several events that would have otherwise gone
undetected (Stehn 1992a,c).
Radiotelemetry techniques were first tested on cross-fostered whooping cranes in the RMP
(Drewien and Bizeau 1981). Beginning in 1979, flightless young were captured and marked
with plastic leg bands to which miniature radio transmitters (45-60 g) were attached. Local
movements of the radio-tagged birds were monitored on summering and wintering areas, and
several individuals were followed during their fall migration between Grays Lake NWR in
southeastern Idaho and Monte Vista NWR in south-central Colorado. No adverse effects were
noted from capturing, banding, and radio-tagging young whooping cranes (Drewien and Bizeau
1981).
On the basis of these preliminary studies, a cooperative USFWS-CWS-NAS radio tracking
program was initiated for birds in the AWBP to determine various aspects of migration ecology,
including habitat characteristics, behavior, and sources of mortality. During each summer 19811983, small solar-powered transmitters were placed on several prefledged whooping cranes
captured during the color-banding operation in WBNP (Kuyt 1979a, 1979b, 1992). Data were
obtained on 3 southbound and 2 northbound migrations. Most information involved the
individuals or family groups actually being followed, but data also were accumulated on other
migrating whooping cranes encountered during the project.
This successful tracking project resulted in important information concerning migration routes,
migration timing, flight methods and speed, stopover locations and staging areas, habitat use,
social behavior, activity budgets, predator/disturbance reactions, and sources of mortality (Howe
1989, Kuyt 1992). Perhaps the most important result obtained from this tracking project has
been documenting mortalities on the breeding grounds (wolf predation) (Kuyt et al. 1981),
during migration (power line collisions), and on the wintering grounds (predation and disease).
Similar valuable information has been acquired on migration and behavior of whooping cranes in
the RMP (Drewien and Bizeau 1981, Asherin and Drewien 1987, Drewien et al. 1989) and the
EMP (Urbanek et al. In press{b}).
Migration Habitat Management and Research
Suitable stopover habitat is necessary for the birds to complete their migration in good condition.
There has been considerable alteration and destruction of natural wetlands, rivers, and streams,
some of which had served as potential roosting and feeding sites for migrating cranes. There
may be additional areas along the migration route that need to be delineated and protected.
South central Saskatchewan has been referred to as a traditional fall staging area for whooping
cranes (Johns 1992). Habitats used by cranes, in the staging area, were characterized by Johns et
al. (1997). Choice of wetland types for roosting was influenced by a variety of landscape
features both natural and manmade. Roosting wetlands varied in size and type, depending on the
season, in areas of higher than average wetland density. The staging area is in a highly modified
environment with the majority of crane roosts (96% spring, 85% fall) being on private land.
Foraging area use exhibited a similar trend (Johns et al. 1997). Once the cranes leave the fall
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staging area, the remainder of their migration is rapid and stopovers are of shorter duration (Kuyt
1992). There is no equivalent spring staging area.
The USFWS has funded studies of availability of suitable migration stopover habitat within the
AWBP migration pathway in the United States (Stahlecker 1988, 1992, 1997a, 1997b). National
Wetland Inventory (NWI) maps, used in conjunction with aerial photo maps and suitability
criteria (Armbruster 1990), were poor predictors (33% correct) of suitable roosts in Oklahoma,
but good predictors (97% correct) of unsuitability (Stahlecker 1992). NWI map review in
Nebraska was a good predictor of both suitability (63% correct) and unsuitability (73% correct).
Wetlands suitable for overnight roost sites for migrating whooping cranes were available
throughout the migration corridor in the Dakotas and Nebraska (Stahlecker 1997a, 1997b), but
may be limited in Oklahoma (Stahlecker 1992). Similar sampling to evaluate roost availability
in Kansas and Texas should be conducted.
Richert (1999) used Geographic Information Systems (GIS) and remote sensing technologies to
evaluate whooping crane stopover habitat in Nebraska. Confirmed whooping crane sightings,
when compared with habitat selection, suggest that whooping cranes select roost habitat by
recognizing local and larger-scale land cover composition. Habitat selection was influenced by
social group, season, and landscape pattern (Richert 1999).
Based upon recommendations from the Recovery Team, the USFWS initiated a project in 1977
to conduct site evaluations at sites in the U.S. used by whooping cranes during migration. The
site evaluation data base, containing 1,060 evaluations completed between 1977 and 2000, was
summarized by Austin and Richert (2001). Results revealed some new insight into whooping
crane habitat use during migration (e.g., roosting and feeding site characterization).
Based on the large number of sightings along the central Platte River in Nebraska during 18201948, Allen (1952) believed that whooping cranes made that area a major stopover, remaining in
the area for some days. In 1978, the USFWS designated an 88 km portion of the Platte River in
central Nebraska as critical habitat. The National Research Council of the National Academies
of Science (NRC) (2005) reviewed and affirmed the scientific validity of that critical habitat
designation, and the importance of the Platte River to the survival and recovery of the whooping
crane population.
Currently, an average of about 7% of the AWBP population use the central Platte River during
migration, although there is substantial fluctuation in that percentage from year to year (NRC
2005). Additionally, the average duration of stopovers (as reflected by crane use-days) and the
number of confirmed sightings along the central Platte River have increased more than can be
explained by the increase in size of the AWBP (NRC 2005).
The NRC (2005) concluded that “…current habitat conditions along the central Platte River
adversely affect the likelihood of survival and recovery of the whooping crane population.” (p.
183). As a result of reduced channel width, loss of adjacent wet meadows, and encroachment of
the channel by woody vegetation brought on by diversion and storage of water for irrigation and
power generation (USFWS 1981), 128 km of Platte River channel habitat has been lost. In the
remaining 120 km of the Platte River channel that crosses the breadth of the migration path,
there has been a 58 to 87% reduction in channel area due to encroachment of woody vegetation
and approximately 70% loss in the average annual flow since 1930. As much as 97% of suitable
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crane roosting habitat has been lost in some river segments. Woody vegetation is still expanding
and channel width declining on the Platte River (Currier 1997). Over 73% of native grasslands
and wetlands adjacent to the river channel have been lost due to declines in river flows,
construction of drainage systems, and conversion to cropland (Currier et al. 1985). The need to
prevent further deterioration of habitat along the Platte River has been identified (USFWS 1981,
NRC 2005).
A river management plan was prepared by the Biology Workgroup of the Platte River
Management Joint Study, a group of representatives from the USFWS, Bureau of Reclamation,
Corps of Engineers, States of Wyoming, Colorado, and Nebraska, water development interests,
and environmental groups. The plan identified management alternatives that could be
implemented in the Platte River basin as an aid to future management (Platte River Management
Joint Study 1990). Currier et al. (1985) and Strom (1987) described management programs to
preserve, rehabilitate, and restore river habitat. Other research conducted along the Platte River
(Hurr 1983, Wesche et al. 1990, Henszey and Wesche 1993) indicates river discharge and stage
are dominant factors affecting groundwater levels in wet meadow grasslands. Areas for
whooping cranes should be managed to prevent further channel shrinkage and encroachment by
woody vegetation. Reasonable in-stream flows are required to maintain the wet meadows used
by cranes.
The USFWS recommended target flows for the central Platte River, Nebraska, to the Federal
Energy Regulatory Commission (FERC). These recommendations are designed to rehabilitate
and maintain the structure, patterns, processes, and habitat of the central Platte River ecosystem.
Flow recommendations are generally prioritized by time period in the following order: a) pulse
flows during late spring (May and June) and late winter (February and March); b) summer; c)
spring migration; and d) fall migration.
Multiple organizations and agencies continue to be involved in habitat restoration and
management for whooping cranes on the Platte. These include the USFWS, the Nebraska Game
and Parks Commission, the Platte River Whooping Crane Habitat Maintenance Trust (PRT), the
Platte River Bird Observatory at Crane Meadows, the Audubon Society’s Rowe Sanctuary, the
Nature Conservancy, and the National Wildlife Federation. Beginning in the 1980s, restoration
activities have focused on clearing and maintaining river roost sites free of trees and shrubs and
restoring and rehabilitating wetland meadows and marshes adjacent to the river channel. Other
efforts include habitat management done by the Nebraska Public Power District and the Central
Nebraska Public Power and Irrigation District pursuant to conditions of their FERC licenses.
The Nebraska Game and Parks Commission and the Central Platte Natural Resource District
hold instream flow rights that may help provide river roosting habitat during migration periods.
Additional actions intended to improve habitat conditions on the Platte River are currently being
pursued by the states of Wyoming, Colorado, and Nebraska, and the U.S. Department of the
Interior. In 1997 they signed a Cooperative Agreement for Platte River Research and Other
Efforts Relating to Endangered Species Habitats Along the Central Platte River, Nebraska
(Derby and Strickland 2001). The cooperators agreed to implement certain management
activities for four target endangered or threatened species, including the whooping crane and its
federally designated critical habitat. Currently, intensive aerial and ground monitoring for
whooping crane use of the Platte River is being done pursuant to the Cooperative Agreement, at
a cost of more than $100,000 per year.
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The signatories of the Cooperative Agreement are planning to implement a basin-wide Platte
River Recovery Implementation Program (Program) to restore the river to assist in the
conservation and recovery of the target species. Although the signatories anticipated
development and implementation of the Program by the year 2000, negotiation of Program
details are ongoing. Program implementation currently is expected in 2006, following
appropriate environmental reviews. One objective of the Program is to protect or restore 4,047
ha in the first 10-13 years and, ultimately, protect 11,736 ha of Platte River habitat for the
whooping crane, least tern, and piping plover (Derby et al. 2000). It is important that actions
taken reverse the ongoing degradation of the river and loss of crane habitat as described in the
NAS report (National Research Council 2005).
Along the Platte River, roosting habitat suitability criteria (Ward and Anderson 1987,
Armbruster 1990), combined with hydraulic simulations of Instream Flow Incremental
Methodology (IFIM), have been used to identify the relationship between river discharge and
roosting habitat (Platte River Management Joint Study 1990, Ziewitz 1992, Platte River
Management Joint Study 1993). The IFIM consists of a collection of computer models,
including the Physical Habitat Simulation Model and analytical procedures, designed to predict
incremental changes of habitat resulting from incremental changes in river discharge.
Farmer et al. (2004) reviewed the C4R version of the Whooping Crane Habitat Suitability Model
and suggested some improvements. Their suggestions will be considered by the USFWS, along
with recommendations of the NRC (2005) regarding water management using normative flows,
and information collected during the Program and from other sources, to evaluate current
USFWS instream flow recommendations for the central Platte River.
Wintering Grounds Management and Research
Despite intensive studies of whooping cranes on the wintering grounds by Allen in the late
1940s, some important questions remained unanswered. More detailed information was needed
on food habits, food availability in relation to climatic conditions, spatial requirements and
territorial behavior in an expanding population, and on the effects of increasing human activities
in and around the cranes' habitat. With more of this information available, better management
planning and evaluation would be possible.
Potential whooping crane food organisms and related physical factors were studied in 1963 and
1964 by Bill Van Tries and Gordon Folzenlogen of the USFWS. In1970, the NAS assigned
David Blankinship to conduct research on wintering whooping cranes at ANWR and adjacent
areas. Findings on territorial behavior, subadult flocks, adult-young relationships, feeding
ecology, parasites, and other aspects of wintering ecology have been published (Blankinship
1976, Forrester et al. 1978, Bishop and Blankinship 1982, Bishop 1984, Blankinship 1987).
Hunt (1987) studied upland habitats at ANWR to identify environmental conditions associated
with crane use, the effect of management on uplands, and the importance of food items
consumed there. Whooping cranes used portions of upland pastures that were open, close to the
wetland edge, and away from sources of human disturbance. Periodic upland burning increased
visual openness of habitat, oak stem density, and availability of acorns (Hunt 1987).
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Winter territories of whooping cranes on the Texas coast place the birds in close proximity to
several human-induced disturbance factors. These factors included whooping crane tour boats,
boat and barge traffic along the GIWW, recreation and commercial traffic (including hunting,
angling, crabbing, and oystering), photographers, and aerial overflights. In the winter of 198586, Mabie et al. (1989) examined the response of 4 whooping crane family groups on Matagorda
Island to several staged hunting and boating activities. Cranes are somewhat tolerant of people
in carefully operated boats and land vehicles. Direct harassment by airboat caused the only
significant difference in behavior pattern (percent of time alert) when compared to control
observations. The cranes responded to disturbances at distances ranging from 25 to 550 m.
Response ranged from alert posture to walking away to flying away for a maximum distance of
2,150 m. Whooping crane response was generally short-term, with a return to normal behavior
patterns by the second hour of observation. Irby (1990) observed whooping cranes on Welder
Flats for 365 hours, using scan sampling and focal bird sampling techniques, and noted all events
that caused disturbance. Of the 365 hours of observation, cranes spent 47 minutes responding to
non-observer human-induced disturbance. Irby (1990) made several recommendations resulting
from his observations. Barge mooring may represent a dangerous threat. A coordinated plan
needs to be developed to protect the area from pollution, and to designate safe barge mooring
areas. In a study done in the winters of 1989-90 and 1990-91, whooping cranes on the ANWR
responded with a negative reaction to 40% of all disturbances, were disturbed for 17 minutes for
each hour observed, and moved an average of 525 m from human disturbances, and were
displaced most often from open bay and wet marsh habitats (T. Lewis In prep). Airboats, lowaltitude aircraft, and especially helicopters were more disturbing, and cranes were particularly
sensitive to humans on foot (Lewis and Slack 1992). The extent to which whooping cranes were
exposed to disturbance varied among the different use localities. The most recent disturbance
study being done by Kristen LaFever and Dr. Doug Slack of Texas A & M University is
scheduled for completion in 2006.
It is difficult to assess the total impacts of disturbance upon whooping cranes in terms of fitness,
productivity, and survival. Crane displacement results in short-term or long-term loss of habitat,
social disruption of the flock, and limits the ability to obtain food resources and thus impacts
fitness (T. Lewis In prep). Refuge and coastal wetland users should be encouraged to minimize
disturbance to whooping cranes. Damage caused to submerged vegetation by boating activities
should be reduced. Support of private landowners in minimizing disturbance and maximizing
protection should be recognized and encouraged. As the AWBP continues to expand, a decrease
in territory sizes and expansion into new wintering areas is likely to continue. The effects of
increased population density and/or exposure to disturbances could be compounded by an
increase in frequency or severity of disturbance. Levels of disturbance should be monitored on
the wintering grounds and steps taken to minimize detrimental activities.
Management of ANWR is a sizeable and complex operation (Johnson 1976). Prime habitat is
limited and natural foods may be in short supply at times. Two 40-ha fenced enclosures were
developed during 1964-1968, in which various cereal and root crops were grown. Some
whooping cranes used these fields but sandhill cranes and Canada geese (Branta canadensis) ate
most of the food (Shields and Benham 1969). Another management strategy was the diking of a
28-ha impoundment equipped with a high volume, low-lift pump designed to bring large
quantities of saline water and marine life into the basin; the exit of live food items was prevented
by screens at spillway outlets. Limited use by whooping cranes was achieved during 1 winter
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when they were attracted to the site by "bait" grains, but in subsequent years whooping cranes
did not use the artificial impoundment.
During the mid-1960s, whooping cranes were attracted to grains spread for their use. Such
supplemental food has since been avoided because concentrating the birds increases the potential
for a disease outbreak or the spread of parasites, and changes the distribution of the cranes.
Supplemental feeding could be attempted to attract cranes from the tidal areas in certain
emergency situations, such as during oil or chemical spills, or periods of food scarcity.
Chavez-Ramirez (1996) analyzed whooping crane winter foods during the 1992-93 and 1993-94
winters. He evaluated standing biomass of blue crabs, clams, and wolfberries and human and
wildlife competition for these principal foods. The nutritive composition of winter foods was
compared to the commercial rations used for the captive flocks (Nelson 1995, Chavez-Ramirez
et al. 1997).
Prescribed burning is used to reduce height and density of grasses, remove brush, and modify
plant composition on uplands to make them more attractive to whooping cranes. Management in
the past included mechanical cutting and grazing by livestock. Whooping cranes almost
immediately use the burned areas (Hunt 1987). Currently, 15 prescribed burn units averaging
322 ha are located in the crane area at ANWR, with the units burned on a 3-year rotation.
Additional burning is done on Matagorda Island, as well as on private lands on San Jose Island
and Welder Flats.
About 30 freshwater ponds are present on ANWR and Matagorda Island near areas used by
cranes. Cranes drink at upland freshwater ponds where surrounding vegetation is kept low to the
ground and aquatic emergent or floating vegetation is sparse or absent. Such ponds provide a
source of fresh water when coastal waters are highly saline above 23 parts per thousand and may
encourage cranes to utilize upland food resources.
The most complete census of the AWBP is made during winter. Aerial censuses are made
weekly from the time the first whooping cranes appear, approximately twice a month during
mid-winter, and again weekly until the last cranes depart. Flights provide information on
mortality, habitat use, pair formation, territory establishment, and population age structure by
identifying all color-banded birds present. These flights serve to alert the refuge staff to hazards
or harassment of cranes resulting from human activity. If a crane is determined to be "missing,"
then a ground search may be initiated to locate the carcass.
Whooping cranes use marshes bordering Matagorda Island, a barrier island 60.8 km long by 1.2
to 7.2 km wide. In 1942, the Federal government purchased approximately 7,700 ha of Island
uplands, and leased 2,400 ha from the State of Texas, to establish an airbase and bombing range.
In 1971, a Memorandum of Agreement with the USFWS established the Matagorda Island Unit
of ANWR. The upland area was declared excess property by the Air Force in 1975. The
property was transferred to the USFWS as part of the NWR system in 1978. In 1988, the
USFWS and Texas General Land Office exchanged easements and signed a management
agreement that established Matagorda Island State Park and Wildlife Management Area. In
1988, the USFWS purchased 2,232 ha on the south end of the Island. A new agreement between
the USFWS and the State of Texas enabling joint management of the entire island was signed in
1994 and is reviewed every 5 years. It established the Matagorda Island NWR and State Park
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and includes a separation of duties. The USFWS has the lead for wildlife and habitat
management, and Texas Parks and Wildlife Department manage public use.
Additional protection of some winter habitat has been provided by NAS's leasing of Ayres,
Roddy, and a portion of Rattlesnake islands from the State of Texas. The leasing arrangement
substantially reduces the potential for disturbing or harassing cranes wintering in these areas.
Construction of the GIWW in the early 1940s through the heart of marshes on ANWR,
subsequent erosion by wind and boat wakes, and deposition of dredged material, resulted in loss
of 11% of wintering habitat (Sherrod and Medina 1992). In 1983-1984, shoreline erosion along
the GIWW was measured at a loss of 1 m per year, amounting to destruction of 0.8 ha of
whooping crane habitat along 13.6 km of critical habitat shoreline (Stehn 1987). In 1985, the
USACE formed an interagency committee to study the impacts of the GIWW on critical habitat
of whooping cranes. Boats and barges plying the GIWW create wakes and surges that erode
marsh bordering the channel (U.S. Army Corps of Engineers 1988). Ponds and sloughs in the
marsh are destroyed as erosion breaches their margins.
Between 1989-1992, volunteers built walls using more than 57,000 sacks of cement to protect
2,652 m of shoreline. In 1992, USACE used 610 m of interlocking cement mats to stop erosion.
USACE agreed in 1993 to armor approximately 4.8 km of the most critically eroding shoreline,
and to continue to armor 610 m annually until all areas were adequately protected. The
USACE’s Section 216 Study provided a permanent solution to the habitat erosion problem. In
1998-2000, the USACE used flexible cement mats to protect 25.6 km of shoreline at ANWR and
8.3 km at Welder Flats. They also protected 471 m at Welder Flats using geotubes, and
purchased equipment stored on the refuge to respond to an oil spill. Total project costs were
$15.43 million.
Deposition of dredged material from periodic maintenance dredging of the channel has destroyed
additional marsh and, accidentally, created some new marsh. Dredged material disposal sites
along the GIWW have been nearly fully utilized. The problem of future disposal of dredged
material is critical.
In the summer of 1991, Mitchell Energy created a dike around 5 ha of open shallow bay and
filled the area with dredge material. Vegetation was planted in the created shallows and the first
whooping crane use was documented in January 1992. Mitchell Energy constructed additional
marsh acreage in 1993 and 1995 totaling 8 ha. The USACE has evaluated beneficial uses of
dredge material to create new coastal marsh habitat for whooping cranes. In 1995, the USACE
created 2 wetland areas using dredged material totaling 18 ha (Evans and Stehn 1997). The
USACE’s new dredge material disposal plan calls for the creation of 654 ha of marsh habitat
over the next 50 years. The USACE is working cooperatively with other agencies on the design
and location of these new marshes.
Several studies have characterized whooping crane winter habitat. Darnell et al. (1997) studied
influence of landscape features on bird use of marsh habitat created for whooping cranes.
Although the created marshes were successful in providing avian habitat, design modifications
were suggested to increase the similarity of created and natural marshes (Darnell et al. 1997).
Bonds (2000), using GIS and remote sensing, characterized whooping crane territories from
1992-1997. Bonds (2000) recommended land-cover composition of whooping crane areas to be
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50% salt marsh (5-6.5 patches/ha), 30-40% salt marsh open water (10-16 patches/ha), and up to
10% grasslands (8.9 patches/ha).
Vocalizations of whooping cranes have been studied by several researchers. Initial vocal
analysis of alarm calls was not sufficiently accurate (64.4%) to identify individual birds (Carlson
1991), but recordings of unison calls allows for identification of individuals (Bernhard Wessling,
pers. comm.). Wessling (2000) recorded the unison calls for 27 pairs on winter territories at
ANWR in winter 1999-2000. In the summer of 2000, Brian Johns recorded unison calls of 9
pairs on the breeding grounds. Additional calls were recorded in subsequent summers and
winters. From the comparisons, it was possible to identify several of the nesting pairs on their
winter territories (Brian Johns, CWS, pers. comm.).
Health Management
A whooping crane health management workshop was organized in 1992 by the NWHC and ICF.
Participants included the veterinary and wildlife disease specialists working with whooping
cranes. Uniform health management protocols were established for disease monitoring of
captive and wild flocks, and for pre-release and pre-transfer disease screening. Unpublished
information was collated on disease research. Research needs were identified and prioritized
including avian tuberculosis, EEE, and crane herpes. A centralized, computerized database on
whooping crane mortality was initiated. WCHAT was established with clinical and research
veterinarians identified to coordinate input and serve as official advisors to the recovery team.
This Team continues to meet periodically to evaluate progress and address needs. It has
regularly updated the health management protocols, developed plans for a centralized
serum/tissue bank, and provided advice to the recovery team on issues such as new release site
disease assessments, monitoring and control of emerging disease including EEE and West Nile
virus, and selection of new captive facilities.
Captive Propagation
Whooping cranes are propagated to save the genetic material of the species and to establish
additional wild populations. In 1998, the Recovery Team adopted the following allocation of
captive-produced chicks listed in order of priority: maintenance of captive flocks; Florida
releases; Wisconsin/Manitoba releases; off-corridor experiments considered essential to Florida,
Wisconsin, or propagation; education; other approved populations; and other experiments.
Research and Propagation at Patuxent Wildlife Research Center
Before research was carried out at PWRC, successful attempts to propagate whooping cranes
involved only 4 birds - 2 females (Josephine and Rosie) and 2 males (Crip and Pete) (McNulty
1966, Doughty 1989) (Fig. 6). Josephine, who in 1941 was captured and placed in captivity at
Audubon Park Zoo in New Orleans, Louisiana, became the last survivor of the non-migratory,
southwestern Louisiana population. Crip, Pete, and Rosie, flightless due to injuries, were from
the migratory population (McNulty 1966, Maroldo 1980). Three other birds in poor health (1
from Louisiana and 2 from ANWR) were rescued from the wild but all died soon after capture.
Josephine, in captivity from 1941 to 1965, produced 13 chicks. Four lived for more than a
decade but left no survivors and the genetics of the Louisiana non-migratory flock was lost. Pete
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lived for 13 years in captivity but also left no survivors. In 1949, Pete and Josephine nested
unsuccessfully in an enclosure at ANWR. After Pete died at ANWR in 1949, Josephine was repaired with Crip. The pair hatched one chick in 1950 at ANWR but a predator took it a few days
after hatch. After nesting unsuccessfully in 1951, Crip and Josephine were transferred to
Audubon Park Zoo. Josephine died in 1965 and Rosie was paired with Crip. After an
unsuccessful nesting attempt in 1966, they were moved to the San Antonio Zoo in Texas. Rosie,
in captivity from 1956 to 1971, produced 1 line with Crip that survives today (Gee Whiz). Crip,
in captivity from 1949 to 1979, produced 13 chicks with Josephine, 3 with Rosie, and 1 with
Ektu. Ektu, hatched and reared at PWRC from an egg taken from WBNP in 1967, died in 1984,
and produced 1 chick with Crip that died the same year (Fig. 6).
Experimentation with bringing sandhill cranes into captivity began in 1961. Immature lesser and
greater sandhill cranes were captured in 1961 and 1962, respectively, and greater sandhill crane
eggs and downy chicks were collected in 1962. These cranes were housed in temporary facilities
at Monte Vista NWR, Colorado. Initial results of this research indicated that egg collecting was
the safest and most convenient method of obtaining and transporting wild stock (McNulty 1966,
Doughty 1989). In subsequent years, only eggs were taken from the wild at Malheur NWR,
Oregon, and Grays Lake NWR, Idaho, several locations in peninsular Florida, Jackson County,
Mississippi, and central Wisconsin.
A male whooping crane named CAN-US, captured as a chick in WBNP in 1964 with an injured
wing (Novakowski 1965), was the only whooper in the flock. In 1966, U.S. Senator Karl Mundt
sponsored a supplemental appropriation to establish the Endangered Wildlife Research Program
and to develop permanent facilities at the PWRC in Laurel, Maryland. The WCCA was
influential in acquiring the first project funding at PWRC (Erickson 1968). The single whooping
crane, sandhill cranes, and Aleutian Canada geese were transferred to Maryland in spring 1966.
Although some propagation techniques developed for sandhill cranes can be applied to whooping
cranes, the latter have required certain procedural modifications. Whooping cranes are more
difficult to rear than sandhills, and most mortality has occurred within one month of hatching as
a result of bacterial infections, coccidiosis, congenital abnormalities, and leg disorders resulting
from rapid growth (Kepler 1978). All mortalities in the captive flock have been summarized
from 1967 to 1981 (Carpenter and Derrickson 1982) and from 1982 to 1995 (Olsen et al. 1997).
Whooping crane eggs were first produced at PWRC in 1975 when 1 female laid 3 eggs.
Although 2 females produced eggs when they were 5 years old, most captive females have not
laid until they were 7-10 years old (Table 3). At CZ, 1 female produced eggs when she was 4
years old (Dwight Knapik, CZ, pers. comm.) and 2 females when 5 years old. ICF had 2 females
produce eggs at 4 years of age (Mike Putnam, ICF, pers. comm.).
Possible factors responsible for delaying reproduction in the captive flock include photoperiod,
rainfall, rearing conditions, dominance relationships, age of separation of potential pairs from a
bachelor flock, sexual compatibility, inadequate pen size, lack of access to ponds, and stress
associated with handling and disturbance (Kepler 1976, 1978, Derrickson and Carpenter 1982,
Ellis et al. 1996, Mirande et al. 1996). Besides delayed sexual maturity, other factors reduce
reproductive potential in the captive flock. Most birds, after they start, lay eggs every year.
Some pairs lay every other year, some more occasionally, and some lay small or misshapen eggs.
Between 1975 and 2005, the captive flock at PWRC produced 957 eggs (Table 4).
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Figure 6. Whooping crane captive propagation, 1941-1979.
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Table 3. Age of captive whooping cranes when they first produced eggs, Patuxent Wildlife
Research Center, 1975-1993.

Age
(years)
5
6
7
8
9
10

Females
28
22
15
13
10
9

ab

Producing
Femalesc
5
8
8
10
9
9

Percent
Producing
17
36
53
76
90
100

a

Does not include birds transferred between centers before maturation. Transfers delayed egg
production.
b
Females reaching or passing through that age class by 1993.
c
Females producing eggs in that age class.
__________
Breeding pair numbers and egg fertility have been the primary factors limiting annual production
in captivity (Gee and Temple 1978). Successful natural copulations were not observed until
1991 when a full-winged pair laid a fertile egg (Nicolich et al. 2001).
There has been no difference in the number of eggs produced by naturally fertile pairs and
artificially inseminated birds at PWRC. From 1991 to 1999, 8 pairs produced chicks by natural
breeding, but egg fertility (54%) was less than from females artificially inseminated (76%).
Natural fertility, which reduces the risk of injury due to handling, is good in some pairs but
overall is less than in pairs artificially inseminated. Some pairs, although they copulate, fail to
lay a high percentage of fertile eggs or do not reliably lay fertile eggs every year. In these pairs,
artificial insemination before they lay the first egg may increase natural fertility and increase
total fertile production in the captive flock (Bakst 1988). To get fertile eggs from badly
imprinted or handicapped individuals, the females have been artificially inseminated using the
massage technique (Gee and Mirande 1996). To condition pairs to this procedure, collection of
semen from males and the handling of females begin well before laying. After their pubic bones
begin to spread, females are inseminated 3 times weekly and after each oviposition until laying
ceases.
From 1975 through 2005 at PWRC, fertility of eggs (256 of 376) from whooping cranes
artificially inseminated averaged 68%. From 1991, when the whooping cranes began natural
breeding, through 2005, fertility through natural breeding was 64% (268 of 421). In 1999,
PWRC began doing supplemental artificial insemination on a few naturally breeding birds to
increase their rate of fertility. Fertility of eggs produced by these pairs in 1999-2005 was 81%
(43 of 53). From 1975 through 2005, the PWRC flock produced 967 eggs of which 503 were
fertile (52%). Through 2005, from these 503 fertile eggs, PWRC fledged 350 birds (70%). In
addition, between 1975 through 1996, PWRC received 90 fertile whooping crane eggs from
WBNP and from those eggs, 61 chicks fledged (68%).
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Table 4. Size and productivity of the captive whooping crane flock at Patuxent Wildlife
Research Center, 1975-2005.

Eggs retained at PWRC
Year

1975
1976
1977
1978d
1979e
1980
1981
1982
1983
1984
1985
1986f
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

AHYa
Birds
31 Dec.
20
18
19
19
22
22
19
19
25
27
31
36
35
37
30
32
35
36
37
40
37
39
42
40
44
47
53
50
51
50
53

HYb Birds Females
31 Dec.
Laying

Total
Eggsc

No.

Fertile

Hatched

Chicks
Fledged

0
1
2
3
4
0
1
7
10
5
7
2
6
9
2
3
5
13
19
16
35
21
18
27
30
25
15
7
8
4
2

3
5
22
23
21
6
11
28
34
31
13
0
7
15
19
14
21
48
35
48
48
44
55
55
52
51
52
43
51
54
58

3
3
8
8
16
4
11
15
22
21
13
0
7
15
19
14
21
48g
35
48
48
44
55
55
52
51
52
43
51
54
53

2
1
4
8
10
1
5
12
18
16
8
0
3
8
14
5
9
11
16
29
35
27
30
35
32
35
31
27
30
23
18

1
1
3
7
8
0
3
9
14
12
7
0
2
7
9
4
5
9
15
21
31
25
29
30
29
35
29
22
27
21
18

0
1
2
3
4
0
1
6
8
4
6
0
1
3
8
3
2
8
10
18
26
18
18h
27
26
32
25h
20h
26h
19h
17h

889

503

433

350

1
2
4
3
4
2
2
5
5
5
3
0
5
6
5
4
5
8
8
9
8
8
8
10
8
8
10
10
10
13
13

TOTALS 967
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a

AHY = After Hatch Year
HY = Hatch Year
c
Includes 73 eggs transferred to Grays Lake National Wildlife Refuge in 1976-1984. Fertility
determined for unhatched eggs by examination of egg contents. Examination occurred after
full-term incubation and eggs containing no detectable embryo were considered infertile,
therefore, the number of fertile eggs listed is considered a minimum estimate.
d
All eggs retained at PWRC were incubated and hatched under sandhill cranes and chicks were
"foster-parent" reared. All eggs transferred to GL were artificially incubated until transfer.
e
All eggs retained at PWRC were incubated under sandhill cranes and chicks were hand-reared
or foster parent-reared by sandhill cranes. All eggs transferred to GL were incubated under
captive pairs of sandhill cranes at Patuxent until transfer this year and subsequent years.
f
No eggs were produced in 1986. Breeding birds were moved temporarily to pens in summer
1985 during construction of new pens. The birds were moved into the new pens in
November 1985. These movements were believed to be the disturbance that disrupted the
1986 breeding cycle.
g
Six new pairs broke the 19 eggs they produced.
h
In 1997 and 2001-2005, the number of chicks fledged also includes chicks that were shipped
to their release site prior to fledging.
b

__________
From 1993 to 2005, 368 of 641 eggs (63%) from the PWRC flock were fertile. From these 368
eggs, 282 (77%) were fledged or were shipped prior to fledging. Of these, 177 (plus 14
produced from WBNP origin eggs) were sent to the Florida reintroduction. In addition, 7 chicks
(plus 1 of ICF origin) were sent to Idaho and 75 (plus 13 eggs from other institutions) were sent
to Wisconsin for release through ultralight migration reintroduction projects. PWRC avoids
imprinting problems by parent-rearing chicks or hand-rearing them in visual and auditory contact
with a subadult whooping crane imprint model.
Seventy-three whooping crane eggs were transferred from PWRC to Grays Lake between 1976
and 1984. PWRC shipped 22 birds to ICF in 1989 and 11 birds to Calgary in 1992 and 1993 to
help establish other captive flocks. The flock was split several times to reduce the risk of disease
outbreaks decimating the entire captive population.
Hatchability of whooping crane eggs incubated by cranes exceeds that of eggs placed in
incubators, probably because of less than optimum incubation regimes. In 1978, hatchability of
the 8 eggs retained at PWRC and incubated under sandhill cranes was 88%, while only 5 of 11
fertile eggs incubated artificially before their transfer to GL hatched. As a result, since 1979 all
whooping crane eggs at PWRC have been incubated under sandhill cranes or whooping cranes.
Since these modifications were undertaken, hatchability and chick survival (Table 4) has equaled
that observed in eggs and chicks from the AWBP.
A study of the pedigree effect on survival in captivity and in Florida found that some families do
not produce eggs or fertile eggs. Some produce many chicks but few survive well in captivity
and after wild release, some fledge many chicks and they survive well in captivity and after wild
release, and some families carry genetic defects (e.g. scoliosis) (George Gee, PWRC, pers.
comm.).
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Infection with coccidia (Eimeria spp.) has been a major morbidity and mortality factor for chicks
at PWRC, in some years resulting in up to 20% mortality of the hatched chicks (Carpenter et. al
1980). Control programs, including better pen design, improved pen husbandry, pen rotation,
and development and use of new coccidiostats in the feed, have now reduced the mortality to
zero.
A disease outbreak can cause a serious setback to the captive breeding program. In the fall of
1984, 7 whooping cranes in the captive flock at PWRC died from EEE, of which 5 were females.
The January 1985 sex ratio in the surviving adult captive population was 10 males to 4 females.
Sandhill cranes at PWRC also were exposed to the virus, but no mortality occurred (Carpenter et
al. 1987). Whooping cranes appear especially susceptible to EEE; consequently the potential
impact of this disease will be considered when selecting any site for additional whooping crane
populations.
Thirteen of the 32 whooping cranes at PWRC were exposed naturally to the EEE virus and all
developed antibody titers. Ongoing unpublished research has shown that use of an EEE vaccine
protects against infection and should reduce the risk of this disease in the future. Actions taken
in 1985 and continued annually to prevent another outbreak of EEE at PWRC include: (1) a
surveillance and control program for the principal mosquito (Culiseta melanura), vector of the
disease; (2) testing EEE vaccines and developing a more effective vaccine for whooping cranes;
and (3) continuing serological monitoring of the captive flock for antibody titers. Now that the
etiology of the whooping crane deaths at PWRC is known, the disease threat can be minimized
in captivity by initiating appropriate mosquito control measures and the use of EEE vaccines.
However, the long-term efficacy of the vaccine is unknown and annual booster shots are
required. The WCHAT recommended that the breeder cranes at all captive facilities in EEE
geographic areas, including ICF and PWRC, be vaccinated. EEE vaccination research is also
being done to test its usefulness when whooping cranes are released into EEE areas like Florida.
As part of an experimental strategy, chicks transported from PWRC to Florida for release are
vaccinated, but those coming from ICF and other northern captive centers are usually not
vaccinated.
In September-October 1987, a mycotoxin in commercially prepared crane feed poisoned about
240 of the 300 captive cranes at PWRC. Fifteen cranes died (5% of the flock), including 3
whooping cranes. Laboratories found a trichothecene in the feed that may have been the toxic
agent (Valente 1992). A small sample of each commercial food shipment is now fed to
bobwhites (Colinus virginianus) before being offered to cranes. Food consumption, body weight
changes, and mortality in the quail are used to detect toxins in the feed.
WNV, a form of encephalitis newly arrived from Africa and first detected in the New York area
in 1999, has been spreading across the U.S. and Canada. An outbreak of WNV at SSC in August
2002 resulted in the death of 7 out of 18 sandhill crane chicks and the serious illness of one staff
person. The adult whooping cranes were apparently not affected. WNV may pose a threat,
which needs to be assessed, to the cranes at PWRC and to all the whooping crane populations
(Robert McLean, NWHC, pers. comm.). Young chicks with undeveloped immune systems may
be particularly vulnerable. Research on WNV and the efficacy of vaccination in sandhill cranes
was carried out by PWRC and NWHC in 2002. Preliminary results show that sandhill cranes
didn’t die or develop obvious clinical signs when challenged with WNV, but they did have a
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subclinical infection. Vaccination appears to be particularly effective in protecting sandhill
cranes, reducing virus shedding.
Recent significant studies at PWRC include: use of monensin and vaccine as an improved
treatment for disseminated visceral coccidiosis; estimates of diversity in the major
histocompatibility complex; methods to establish migratory crane populations using trucks,
ultralight aircraft, and other techniques; ingested metal treatment (Olsen and Wise 2001), blood
studies (Olsen et al. 2001), experiments involving fertilization timing of artificially inseminated
cranes (Jones and Nicolich 2001; Jones et al. In prep), and comparisons between individual crane
behaviors and survival in Florida (Kreger et al. 2001, Gee et al. 2001). An adaptive management
study of the Florida population is currently underway.
The pen facilities at PWRC were modernized in the early 1990s, but major maintenance and
replacement needs exist at present. These new facilities should help establish breeder pairs on a
territory without the disturbances associated with pen maintenance experienced in earlier
complexes.
Propagation at International Crane Foundation
The ICF is a non-profit conservation organization that works worldwide to conserve cranes and
the wetland, grassland, and other ecosystems on which they depend. The ICF is dedicated to
providing experience, knowledge, and inspiration to involve people in resolving threats to these
ecosystems.
Captive propagation expertise was developed during the 1970s with several crane species,
including whooping cranes (Doughty 1989). ICF employs 30 full-time staff members and 10
additional people on project funding. The Crane Conservation Department, which manages the
whooping crane flock and also assists with the eastern migratory reintroduction, consists of 6
employees. In addition, a veterinarian and veterinary technician provide clinical care to the
captive flock.
In 1989, the U.S. Whooping Crane Recovery Team decided to split the captive flock to reduce
the risk of disease. The ICF received 22 whooping cranes from PWRC and an injured adult male
from the RMP. Two cranes died shortly after their arrival. Two experienced pairs failed to lay
in 1990, probably due to the disruption caused by the move. Cranes, especially whooping
cranes, are sensitive to disturbance and pen changes (Mirande et al. 1997b). Three females laid 9
eggs in 1991, and 1 chick was parent-reared, the start of captive whooping crane production at
ICF. From 1991-2005, the flock at ICF has laid 349 eggs, of which 183 were fertile, 135
hatched, and 108 fledged (Table 5). Fifty-five have been sent to Florida for reintroduction.
Twenty-three were kept at ICF to build the captive flock and for genetic management.
Eggs were also harvested from wild nests in Canada and shipped to ICF to build up the size of
the captive flock or to support reintroductions. In May of 1990, 12 eggs were transferred from
WBNP and 8 fledged to increase the size of the captive flock at ICF to 30. Between 1990 and
1996, 58 eggs from WBNP were transported to ICF, 49 hatched and 41 fledged (Table 6).
Eighteen were sent to Florida for reintroduction, 4 to Idaho, 3 to Calgary, and 16 retained in
captivity for genetic management.
C-20

Whooping Crane Recovery Plan 2006

Table 5. Size and productivity of the captive whooping crane flock at International Crane
Foundation, 1989-2005.
Year

1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
TOTALS

All
Birds,
Jan. 1
23a
21
30
28
37
28
34
34
32
30
30
28
28
28
32
35
35

Females
Laying

Eggs

Fertile
Eggs

Chicks
Hatched

Chicks
Fledged

0
3
3
3
5
5
6
5
6
4
7
5
7
8
8
8

0
9
16
9
14
21
23
23b
22
20
26
21
33
31
40
41

0
2
8
5
6
10
15
13
13
9
12
6
16b
17
21
30

0
2
6
5
6
8
12
8c
11
8
5
5
13c
14
11
21e

0
1
6
5
6
5
10
7
7
7
5
2
11d
12
7
16

349

183
(52.4%)

135
(73.8%)

107
(79.2%)

Chicks
Sent to
Florida
0
0
1
2
4
2
10
7
6
6
4
1
4
8
4
0
59

a

22 birds arrived at ICF in fall of ‘89
3 of these eggs sent to PWRC.
c
3 eggs hatched at PWRC.
d
3 chicks hatched at PWRC and fledged at NNWR.
e
9 hatched at PWRC and 2 at SAZ
b

__________

At ICF, chicks have been parent-reared, hand-reared, or costume-reared. In costume-rearing,
cranes are exposed to the human form only during negative, stressful situations and remain wary
of people. From the time of hatching, costume-reared whooping cranes are exposed to live
whooping crane role models in adjacent pens to avoid imprinting problems.
Significant morbidity and mortality factors for captive whooping cranes at ICF have been
orthopedic problems and metal foreign body ingestion (Langenberg, unpubl. reports to the
Recovery Team). Developmental wing and leg deformities, and handling-associated leg
fractures and joint injuries in chicks have contributed to low fledging or release rates at the ICF
in some years, especially in the early 1990s when production first started (Hartup et al. 2001a).
Changes in handling protocols, information exchange with PWRC and other centers, and
increased experience have decreased the impacts of these chick problems. The ICF flock has
been free of significant infectious disease problems, probably the result of intensive husbandry
practices and regular health monitoring. As the captive whooping crane population ages, the
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incidence of geriatric problems (such as leg joint arthritis) is increasing, and can be a particular
problem in the captive facilities in colder regions, such as the ICF.
Beginning in 1990, closed circuit television proved to be an effective tool for monitoring and
supervising the socialization of new pairs as well as for monitoring pairs that break their eggs.
Through video monitoring, an egg could be retrieved within minutes of being laid. Currently the
ICF has 17 cameras. At least 17 crane pens are wired and ready for cameras, allowing staff to
move cameras as needed. The ICF has acquired software for analysis and storage-retrieval of its
growing collection of video materials.
The number of laying females at the ICF has increased to 8 starting in 2003. The ICF has
facilities to house 12 breeder pairs. Research is ongoing to improve reproduction, rearing
procedures, behavioral management, health care, and other topics that may directly benefit
management and recovery (Gerencser 1997, 1998, Langenberg and Donoghue 1997, Langenberg
et al. 1998, Hartup et al. 2001b, Bowman et al. 2002).
Water and exposure to the wetland environment is incorporated into the rearing of the crane
chicks for release. Pairs that raise young are provided with flooded areas. Isolation-reared
chicks are also provided with pools and flooded areas in their exercise yard. When the cohorts
are formed and the youngest crane is thermo-regulating well, they are moved to larger
enclosures. These pens have ponds approximately 20 by 30 feet in size where the chicks are
encouraged to roost in the ponds overnight.
As part of the ICF’s efforts to improve crane management, work was started on a new isolation
rearing facility on a secluded portion of the property. This new facility moves the cranes from an
area adjacent to the main office complex where it is difficult to isolate chicks from human
sounds, to a low disturbance area. Wetlands in the new facility will allow the cranes access to a
larger area providing wide open vistas with fewer human artifacts. Currently the new isolationrearing facility can house 10 chicks and will eventually house 20 chicks when completed. To
enhance public education efforts, fiber optic cable delivers real time video images from a camera
in the rearing facility to a public display screen.
Since 1989, the ICF has received support from Region 2 of the USFWS to cover costs of
maintaining and breeding its captive whooping cranes. Beginning in 2001, these funds have
been appropriated from the Washington Office of the USFWS. The ICF raises additional funds
from the private sector to support whooping crane conservation, over $300,000 in each of the last
two years. Aside from research and crane management efforts, the ICF emphasizes public
education about cranes, their habitats, and conservation. Roughly 25,000 visitors come to the
ICF each year, where they can see a pair of whooping cranes in a natural wetland setting. In
2005 for the first time, the pair on public exhibit was given a whooping crane chick to hatch and
rear, providing great public viewing opportunities. ICF staff members engage in outreach
activities along the Wisconsin-to-Florida flyway, in Texas, and in other key crane areas,
involving use of crane posters, audio-visual presentations, and Crane Trunks (boxes shipped on
temporary loan to schools and containing a variety of crane artifacts and educational activities).
The ICF also has a school curriculum on crane migration available through registration on its
website.
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Table 6. Hatching and fledging rates of AWBP eggs transferred to International Crane
Foundation, 1990-1996.

Year
1990
1991
1992
1993
1994
1995
1996

Eggs
Received
12
0
11
10
9
10
6c

TOTALS 58

Eggs
Fertile
11
0
10
9
5
10
5

Eggs
Hatched
11
0
10
8a
5
10
5

Chicks
Fledged
8
0
7
7
5
9b
5d

Chicks Sent
to Florida
0
0
6
0
4
8
0

50

49

41

18

a

Four chicks sent to Grays Lake, Idaho; 2 chicks sent to Calgary Zoo.
One chick sent to the Calgary Zoo.
c
One egg arrived with a hole in it, late dead embryo.
d
All chicks retained at ICF for genetic management.
b

__________

Propagation at Calgary Zoo
The Calgary Zoological Society is a non-profit, charitable organization that operates the Calgary
Botanical Gardens and Prehistoric Park in Calgary, Alberta, Canada. The Society houses a wide
variety of living animals and plants, and participates in many threatened and endangered species
breeding programs. In 1988, the CWS called for bids from suitable organizations to manage a
captive breeding flock of whooping cranes. In 1989, Calgary was chosen, and the Calgary
Zoological Society signed an agreement with CWS to serve as the Canadian captive breeding
center.
In 1991, zoo staff visited the ICF for training in captive husbandry. Funding was obtained from
the Nat Christie Foundation in Calgary to build breeding enclosures, a chick-rearing building,
and incubation facility. In November 1992, the first 2 whooping cranes arrived from ICF, with
11 sent from PWRC in 1993. In 1994, the first chick was hatched from a wild egg from WBNP.
In 1995, Hope and Chinook produced the first eggs at Calgary. Chinook, at age 4 years and 14
days, was the youngest female to lay an egg in captivity. In 1996, the same pair produced the
first fertile eggs laid at Calgary. Three chicks were reared to fledging, and were the first released
to the wild at Kissimmee Prairie, Florida, from this facility (Table 7). Between 1996 and 2005,
17 chicks reared at Calgary, all from Hope and Chinook, were shipped to Florida.
From 1995 to 2005, 183 whooping crane eggs have been laid at Calgary; 56 were fertile, 32
hatched, and 24 fledged (Table 7). Four eggs were received from WBNP in 1994 and 2 in 1996,
from which 2 chicks hatched in 1994 and 1 in 1996. From those AWBP eggs, 1 chick fledged
each year. Through 2004, all fertile eggs have been produced by natural fertilization. Artificial
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Table 7. Size and productivity of the captive whooping crane flock at Calgary Zoo, 19922005.

Year

All
Birds

1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

2
13
16
18
18
20
21
21
20
20
19
17
19
19

Females
Laying
0
0
0
2
1
2
2
3
4
6
6
4
6
7

TOTAL

Eggs

Fertile
Eggs

Chicks
Hatched

Chicks
Fledged

0
0
0
5
5
12
10
13
21
28
24
21
22
21

0
0
0
0
5
1
2
6
11
5
6
8
7
9

0
0
0
0
5
1
2
2
6
5
2
3
3
6

0
0
0
0
3
0
2
2
3
3
2
2
3
4

Chicks
Sent to
Florida
0
0
0
0
3
0
2
2
2
3
2
1
2
0

183

56

32

24

17

__________
insemination methods were started in 2003 to increase production with successful fertilization
first achieved in 2005. Eggs are incubated using a combination of natural and artificial methods.
Chicks are reared by parents or by costumed caretakers.
Propagation at San Antonio Zoo
Since April 1956 when an injured whooping crane was received for rehabilitation, the SAZ has
maintained this species in their collection and has successfully bred them in captivity (Lauver
1992). The SAZ is the closest facility to ANWR with expertise in cranes and has taken in cranes
captured from the wild that have been sick or injured. The Recovery Plan calls for 3 breeder
pairs to be kept at the SAZ. They currently hold 5 adult cranes that have produced off-spring for
reintroduction programs. In 2005, SAZ hatched 3 genetically valuable eggs sent to them from
other facilities. The public exhibit that holds one breeding pair was remodeled in 2000 and
includes a stream running through the enclosure. The other whooping cranes are kept offexhibit. The SAZ has worked in close cooperation with the Recovery Team and provides its
own funding for whooping crane propagation activities.
Propagation at Freeport McMoran Audubon Species Survival Center
The Freeport McMoran Audubon Species Survival Center (SSC), a major propagation facility
for the endangered Mississippi sandhill crane located in Belle Chasse, Louisiana, was approved
by the Recovery Team in 1998 to propagate whooping cranes. The facility is needed primarily
as a breeding facility to support ongoing whooping crane reintroduction programs, as well as
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increase capacity of the captive flock to reach the objective of 153 birds, the size recommended
for conservation of flock genetics. The Recovery Plan calls for 10 breeder pairs to be kept at the
SSC.
The SSC received their first whooping cranes in 1998, had their first eggs laid in 2003, shipped
fertile eggs to PWRC for the EMP reintroduction program in 2005, and in March, 2005 held 9
birds. In 2002, a review done to balance the needs of the Mississippi sandhill crane and
whooping crane propagation programs recommended that a new facility be built for whooping
crane propagation. Initial funding was received and land cleared in 2004 with construction
getting underway in 2005. The new facility will have larger pens with ponds to promote
breeding at an earlier age. More funding will have to be obtained to expand the facility to hold
10 breeder pairs. The facility hopes to eventually produce chicks for a whooping crane
reintroduction in Louisiana and do research on propagation issues.
The Audubon Zoo in New Orleans had whooping cranes on exhibit from 1941-1975, including
the female “Josephine” from the non-migratory Louisiana flock who hatched the first whooping
crane chick in captivity in 1956. In November, 2001, a whooping crane shipped to the Audubon
Zoo marked the historic return of the species to the zoo. A new whooping crane exhibit was
dedicated in September, 2004, with a pair on display featured prominently near the zoo entrance.
This is currently a genetically over-represented pair and is slated for display purposes only.
Cross-fostering, Translocation, and Guide-bird Studies at Grays Lake NWR, Idaho
Survival prospects for the whooping crane would be greatly enhanced by establishing additional,
separate populations. The first technique tried was cross-fostering whooping cranes to sandhill
crane foster parents. Whooping crane eggs from the wild or from captive breeders were placed
in sandhill crane nests, and the sandhill cranes incubated, hatched, reared, and introduced the
whooping crane chicks into the wild.
Cross-fostering was tested at Grays Lake NWR (GL) in Idaho, on the western edge of the recent
historical range of the whooping crane, where studies on the greater sandhill crane had been in
progress (Fig. 7)(Drewien 1973, Drewien and Bizeau 1974). From 1975 through 1988, 216
whooping crane eggs were transferred to GL from WBNP, and 73 from PWRC, and placed
under pairs of sandhill cranes. Two hundred and ten eggs hatched and 84 chicks fledged (Table
8) (Drewien et al. 1989, Ellis et al. 1992b). The whooper chicks adapted to dietary and habitat
differences and, in subsequent years, repeated the migration pattern of their foster parents.
High chick mortality was attributed to inclement weather at the time of hatching, poor habitat
and food conditions during some years, and coyote predation (Drewien and Bizeau 1978,
Drewien et al. 1985). Subadult and adult mortality rates were also high; birds were lost to fence
and power line collisions (Brown et al. 1987, Brown and Drewien 1995), disease (Snyder et al.
1987, 1992, Stroud et al. 1986), predation (Windingstad et al. 1981, Drewien et al. 1989), and
other causes. High mortality and the absence of breeding resulted in a relatively small
population that peaked at 33 individuals in winter 1985.
Higher mortality rates among females apparently were the basis for unequal sex ratios among
cross-fostered adults. In research in other locations, it had been documented that wild cranes can
successfully pair with tame or captive individuals (Hyde 1968, Longley 1970, Nesbitt 1979).
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Figure 7. Summer and winter ranges and migration route of the reintroduced Rocky
Mountain whooping crane population. As of 2002, this population ceased to exist, except
for 1 bird in captivity at ICF.
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Table 8. Eggs transplanted, hatched and chicks fledged at Grays Lake, Idaho, 1975-1988.
Origin of
Eggs
Canada

No. eggs transplanted
14a

No. eggs
Hatched
9

No. chicks
Fledged
5

1976

Canada
PWRC

15b
2

11
0

4
0

1977

Canada
PWRC

16
14c

15
5

4
0

1978

Canada
PWRC

13
15d

9
5

3
0

1979

Canada
PWRCe

19

5

12
4

6
2

1980

Canada
PWRC

13
2

10
2

4
1

1981

Canada

12

5

0

1982

Canada
PWRC

14
13

8
11

3
4

1983

Canada
PWRC

16f
12f

15
11

11
8

1984

Canada
PWRC

22g
10f

19
6

10
2

1985

Canada

23h

20

11

1986

Canada

15i

11

2

1987

Canada

12

12

2

1988

Canada

12

10

2

Subtotal

Canada
PWRC

216
73

166
44

67
17

Total

289

210

84

Year
1975
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a

Two of 14 eggs lost to predators.
Four of 15 eggs lost to predators.
c
Three eggs deserted after a snowstorm, one egg lost to a predator.
d
Examination of 10 eggs that did not hatch revealed that 4 were infertile, 2 contained earlydead embryos, and 4 contained late-dead embryos.
e
Poor hatchability of PWRC eggs during the period 1976-1978 was due largely to egg
infertility (11 eggs) and artificial incubation (20 eggs). After 1978, only eggs containing
viable embryos (as determined by flotation) were transferred and all eggs were incubated
under sandhill cranes at PWRC before their transfer.
f
One egg lost to a predator before hatching.
g
Three eggs lost to predators before hatching.
h
Three eggs believed to be infertile or to contain early dead embryos at the time of transfer.
i
Two eggs were eaten by predators and two failed to hatch.
b

__________
Experimentation was started to simultaneously augment the wild cross-fostered population at
Grays Lake NWR with captive-reared individuals, rectify the male-skewed sex ratio, and hasten
the onset of breeding in the wild population. In June 1981, a captive, 3-year-old, parent-reared
female whooping crane was transferred from PWRC to GL and placed on a male whooper's
territory (Drewien et al. 1989). Although the female rapidly adjusted to the wild and associated
periodically with the male, a pair bond was never established. Successful migration seemed
unlikely, so the female was captured and returned to PWRC in October (Drewien and Clegg
1992). The experiment was repeated in 1982. The same female quickly adapted to the wild and
her presence stimulated increased territorial activities by the male (Drewien et al. 1989).
Unfortunately, the male died after becoming entangled in a barbed wire fence. The female was
recaptured and returned to PWRC.
The experiment was repeated in 1989, but in May rather than June. A captive 6-year-old female
from PWRC was placed in a pen on a male's territory at GL. The male exhibited much interest
in the female and after 1 week she was released from the pen. Pairing behavior included unison
calling and copulations. No nesting attempt was made, perhaps because it was somewhat late in
the season. The male molted his flight feathers and secluded himself in the marsh. In early June,
the female abandoned the flightless male but was joined by another wild male. The new pair
remained together for over 4 months. From October 5-15, the male was observed initiating
migratory flights on 5 occasions with the female following. However, the female was unable to
keep up with the male and she always returned to the territory with the male following.
On October 15 the male migrated alone. The only other whooper present, a male, immediately
joined the female for 2 days until he migrated. Six years in captivity apparently made the female
physically incapable of sustaining long flights. Attempts to capture her in late October were
unsuccessful and she disappeared. The behavior of the males at GL demonstrated that they were
highly responsive to the presence of a conspecific female during the breeding season.
During the 1980s it became apparent that during summer older females did not return to GL or
other areas occupied by territorial males. Experiments to enhance pair formation were carried
out from 1986 through 1990 whereby 20 whooping cranes (some females were recaptured
several times) were moved from isolated summer sites and released at GL near male whooping
C-28

Whooping Crane Recovery Plan 2006

cranes (Drewien et al. 1989). Five (2 males, 3 females) were held for 1 to 4 months in a pen
before being released. These experiments contributed to numerous associations and interactions
between both sexes, but no permanent pair bonds developed. The longest associations lasted 2 to
4 months before males and females separated. The cross-fostered females exhibited minimal
response to the presence of males. These results suggested that imprinting problems possibly
existed in whooping cranes raised by sandhill cranes.
Dr. Edward 0. Garton, biometrician at the University of Idaho, modeled the cross-fostered
population to predict when it might become self-sustaining. The model assumed (1) crossfostered females would be breeding at the same rate as the females in Canada and (2) survival of
birds in their first year would be similar to that of first year birds in Canada. Despite these
optimistic and unrealized assumptions, with the future transfer of 30 eggs per year, the
population would only reach 6 nesting pairs after 50 years (Garton et al. 1989). "It is obvious
from all scenarios modeled that egg transplants of less than 30 eggs per year will not suffice to
establish a self-sustaining population in a reasonable period of time. Natural breeding will be
essential to establish a self-sustaining population" (Garton et al. 1989).
At the 1989 meeting of the U.S. WCRT, the team recommended the cross-fostering be
discontinued. Other research continued at GL until 1992, but cross-fostered females appeared
incapable of normal breeding behavior. The average whooping crane at WBNP begins egg
production in its 4th year (Ernie Kuyt, CWS, pers. comm., 1991). By the fall of 1992, crossfostered adult female whooping cranes of ages 4 through 12 years had passed through a nesting
season on 34 occasions without pairing.
In 1992, a wild cross-fostered male whooping crane paired with a female sandhill crane to
produce a hybrid chick. The hybrid wild chick provided additional evidence that cross-fostering
may break down behavioral barriers that normally discourage pairing between the 2 species.
However, isolated cranes from one species may hybridize with the more common species found
in the same area. The hybrid summered in Yellowstone National Park. It never produced
offspring and was believed sterile. It was last seen in spring 1999 and is believed dead.
Sexual imprinting of a foster-reared species on the foster-parent species had already been
confirmed in foster-reared raptors, waterfowl, gulls, finches, and gallinaceous birds (Immelmann
1972, Bird et al. 1985). An investigation of the potential imprinting problem in cranes occurred
at the ICF where sandhill cranes were foster-reared by red-crowned cranes (sample of 1), whitenaped cranes (sample of 2), and Siberian cranes (sample of 1). When given a choice the crossfostered sandhill cranes socialized more with the foster species than with conspecifics. The 2
foster-reared females showed a stronger preference for the foster species than did the 2 fosterreared males (Mahan and Simmers 1992) lending further support to the theory of improper
sexual imprinting, particularly in female cranes, being the reason for failure of pairing in the
cross-fostered whooping cranes at GL.
In 1993, 4 males (9-17 yr old) and 4 females (7-13 yr old) remained in the Rocky Mountains. A
variety of observations suggested that these adults might adopt and rear whooping crane chicks.
Cross-fostered males had built nests, intermittently incubated an empty nest and sandhill eggs
placed in that nest, and assisted neighboring sandhill pairs in raising sandhill and whooper
chicks. Penned male and female whoopers fed and temporarily reared sandhill crane chicks.
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In 1993 and 1994, an experiment was designed to determine if the cross-fostered adults would
adopt and raise whooping crane chicks and teach them migration (Drewien et al. 1997). If
successful, this procedure would overcome the imprinting problems that had prevented
appropriate pairing. Four whooping crane chicks or eggs were provided to the project each year.
Although parent-chick bonds appeared to develop in captivity, adults did not remain with the
chicks after release to the wild. The chicks did not permanently remain with any cranes nor
migrate. Field research was ended after 1994.
In 1997, the remnant Rocky Mountain whooping crane population was designated experimental
nonessential and 4 areas removed from designation as critical habitat to allow greater
management flexibility and to permit crane research to be conducted using ultralight aircraft. In
fall 1997, Kent Clegg flew a mixed flock of 8 sandhills and 4 whooping cranes behind an
ultralight aircraft between Grace, Idaho, and Bosque del Apache NWR, New Mexico. The trip
covered 1,140 km in 9 days. Two of the whooping cranes were lost to predators on the wintering
grounds, and two migrated north in the spring. The cross-fostered population in the Rockies
declined to a single survivor in year 2000 along with one crane from the ultralight experiment.
Both were dead by spring 2002.
Reintroducing a Non-migratory Population in Florida
A November 21, 1975, letter to members of the WCRT from the Florida Game and Fresh Water
Fish Commission suggested the possibility of re-establishing a non-migratory whooping crane
population in the eastern United States. No pure genetic representative of the non-migratory
Louisiana flock remained in captivity. The letter proposed that Florida sandhill cranes might be
used as surrogate parents to instill non-migratory behavior into cross-fostered whooping cranes
with the goal of restoring a non-migratory flock in the Southeast.
In 1977, John Allender (Audubon Park Zoological Garden) and George Archibald (ICF)
submitted a proposal to reintroduce whooping cranes to Louisiana. The proposal was tabled by
USFWS because they did not wish to endorse other reintroduction efforts until the crossfostering project was fully evaluated (letter from Lynn Greenwalt, Director, USFWS, to
Regional Directors, May 1978). Louisiana Wildlife agency personnel were concerned that
critical habitat might be designated within the State as a consequence of a release, a designation
that might place unfavorable constraints on land and hunting management (March 1978 letter of
J. Burton Angelle, Secretary, Louisiana Wildlife and Fisheries Commission to George
Archibald). Resource agency personnel in Louisiana were also concerned that restrictions on
hunting of geese and ducks might be imposed as a consequence of the presence of an endangered
species (Gomez 1992). Federal concerns included the belief that local residents might not be
instilled with a conservation ethic sufficient to permit success of the reintroduction (letter from
D. L. Hall, Special Agent In Charge, USFWS, April 1978).
In 1979, the U.S. Whooping Crane Recovery Team contacted the Florida Commission to ask if
they were still interested in evaluating the feasibility of establishing a non-migratory flock of
whooping cranes. Research was needed to determine whether a migratory crane species, when
reared by non-migratory Florida sandhill crane foster parents, would also be non-migratory. Any
cranes cross-fostered in Florida would potentially be in association with migratory greater
sandhill cranes that nest in the Great Lakes region but winter in southern Georgia and Florida.
Such an association at the time of spring migration might trigger some inherent tendency to
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migrate. Research to address the question began in 1980. One member of each of several
established pairs of Florida sandhill cranes was captured and instrumented with a radio
transmitter. When nesting began, eggs of greater sandhill cranes, obtained from PWRC or from
the wild in Wisconsin or Idaho, were substituted for the pair's natural clutch. Hatching and
rearing of the young were monitored until the resultant chick/chicks were 55 to 60 days old. The
young were then captured, radio-tagged, and plastic leg bands attached. Movements were
monitored through 1 or 2 spring migrations following separation from their parents.
Thirty-four greater sandhill crane eggs were transferred into 23 Florida sandhill crane nests
between 1982 and 1987. From these transfers, 5 young were produced which survived to the age
at which they separated from their parents. Twenty-seven captive-reared young were released (4
cohorts) during 1986 and 1987. They were radio-instrumented and distinctly color banded.
Eighteen survived through at least 1 spring migration and 2 fall migrations. Only southerly
movements by some individuals (60 to 120 km) exceeded normal dispersal of subadult Florida
sandhill cranes. In the 1 instance of the 120 km movement south, the birds returned within 6
weeks to the general vicinity of release. The movements of the dispersing experimental birds did
not differ significantly (P > 0.05), either in direction or date of movement from that of a control
group (Nesbitt and Carpenter 1993). Research results all indicated that migration in sandhill
cranes was learned from their parents and not genetically programmed.
By the mid-1980s, questions began to arise concerning the lack of pairing behavior of whooping
cranes cross-fostered by sandhill cranes. It was desirable to test an alternative reintroduction
technique. Thus, in 1986, releases of captive-reared sandhill cranes began. Four cohorts of
captive-reared greater sandhill cranes were soft-released in Florida during late winter or early
spring (Nesbitt and Carpenter 1993). Concurrently a group of Florida sandhill cranes (1- or 2year-olds) from known natal sites were captured, radio-instrumented, and monitored as a control
to compare dispersal.
In 1983, the U.S. WCRT met to select sites to evaluate for another wild population. Eastern sites
were proposed because they would be discrete from the other wild populations, a requirement of
endangered species re-introductions in the United States. Coastal Louisiana, where whooping
cranes survived as a non-migratory population in the 1940s (McIlhenny 1943), was not
considered due to its proximity to Texas wintering sites and potential conflicts with Louisiana’s
extensive hunting of waterfowl.
Sites selected for evaluation were Seney NWR and adjacent areas in the Upper Peninsula of
Michigan and Ontario, Okefenokee NWR in southern Georgia, and 3 sites in Florida (Lewis and
Cooch 1992). Three-year research projects began in 1984 and final reports on the eastern study
sites were submitted in 1987-88 (Bennett and Bennett 1987, McMillen 1987, Bishop 1988,
Nesbitt 1988). In summer, 1988, the U.S. WCRT recommended that the next reintroduction
establish a non-migratory population in the Kissimmee Prairie of Florida. Reasons the Team
chose to establish a non-migratory population included (1) failure of the cross-fostering
technique in Idaho and (2) lack of any proven technique to establish a migratory population.
Some Florida habitats are similar to habitats historically used in Louisiana. Florida has no goose
or crane hunting so hunting conflicts were unlikely. The Canadian Recovery Team endorsed the
Kissimmee Prairie site in fall 1988. The Director of the USFWS and the Director General of
CWS approved the project in 1989.
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Considerable progress had been made in developing reliable methods for reintroducing captiveproduced cranes to the wild. Releases of isolation-reared sandhill cranes resulted in high postrelease survival both in migratory and non-migratory situations (Ellis et al. 1992a). Isolationrearing refers to rearing the birds separated from visual contact with humans. Ethologist Dr.
Robert Horwich at the ICF developed costume-rearing, and the release of such birds into flocks
of wild cranes, in 1986. These first experimental releases used captive-reared sandhill cranes
(Nesbitt 1979, Drewien et al. 1981, Zwank and Derrickson 1981, Horwich 1986, Bizeau et al.
1987, Leach 1987, Zwank and Wilson 1987, Nesbitt 1988, Horwich 1989, Archibald and
Archibald 1992, Ellis et al. 1992b, Horwich et al. 1992, Urbanek and Bookhout 1992, 1994,
Nesbitt and Carpenter 1993) to test the techniques. Some were soft or gentle releases involving a
gradual transition from life in captivity to the wild. The cranes were placed in large predatorproof enclosures containing food and water. Their wings were brailed to prevent flight (Ellis and
Dein 1991). After an acclimation period of 1-2 weeks, the brails were removed and the cranes
could fly from the pen. Urbanek and Bookhout (1992) noted the need for similar studies on
captive-reared whooping cranes.
The Florida release site, Kissimmee Prairie, consists of approximately 2,000 square kilometers of
flat, open palmetto prairie interspersed with shallow wetlands and lakes (Fig. 8). On private
ranch lands, much of the prairie has been converted to improved pasture. Land ownership
includes 8 large ranches totaling 82,200 ha. Large private holdings range from 2,700 ha to
42,500 ha. Public lands range from 2,955 ha to 43,300 ha. Three Lakes WMA (22,450 ha) was
identified by Bishop (1988) as the preferred release site with the best habitat lying between lakes
Jackson and Kissimmee.
The whooping crane population in Florida was designated experimental nonessential to increase
flexibility of management (Lewis and Finger 1993). Release pens like those used successfully in
releases of the endangered Mississippi sandhill crane (Grus c. pulla), at the Mississippi Sandhill
Crane NWR, were built near Lake Jackson and Lake Marian. In January 1993, the first group of
14 juvenile whooping cranes was transferred to Florida in a soft-release, managed like previous
sandhill crane releases in Mississippi (Ellis et al. 1992b) and Florida. The objective of the first
release was to evaluate release techniques and response of whooping cranes to the Florida
habitat. At regular intervals released birds were recaptured and samples taken to evaluate
exposure to disease and parasites.
Whooping cranes were released in Florida habitats similar to those used by Florida sandhill
cranes (Nesbitt and Williams 1990). Shallow palustrine wetlands were used for roosting,
foraging, loafing, and nesting. They also frequented upland habitats for foraging. Open grassy
fields, usually grazed by livestock and/or used for sod production, provided abundant
invertebrate and vertebrate food items. Live oaks and laurel oaks (Quercus spp.) provided
seasonally abundant acorns. Marsh/pasture ecotones and lake edges provided a diversity of
aquatic, semiaquatic, and upland food resources.
Upon arrival and prior to release from the pens, whooping cranes were examined and treated
with antihelmenthics to reduce the chance for introduction of exotic parasites. Most were
vaccinated for eastern equine encephalitis (EEE) and provided feed containing a coccidiostat.
Three exotic parasites were found in early releases (Spalding et al. 1996), but their occurrence
declined with additional antihelmentic treatment in Florida of subsequent releases.
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Figure 8. The Florida peninsula, showing the primary range of the Florida non-migratory
population.
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Two diseases, EEE and disseminated visceral coccidiosis (DVC) are of particular concern for the
recovery of whooping cranes in Florida. Released whooping cranes are partly protected from
these diseases by the current release protocol. DVC is caused by infection with a protozoan,
Eimeria spp., transmitted by fecal contamination of food. This disease is very prevalent in local
sandhill cranes but illness and mortality are rarely observed in this species. Whooping cranes are
given feed containing a coccidiostat during the time that they are in the pens and while they
continue to use the pen area. Although disseminated granulomatous lesions are frequently found
in whooping cranes killed by bobcats, severe lesions have only been recorded a few times. In
two cases, DVC may have caused mortality, or predisposed birds to predation. Exposure of
chicks to DVC is expected to be high, and research to determine its impact on chicks is needed.
EEE virus is endemic in central Florida, although more common in the panhandle. Transmission
is by mosquitoes but varies greatly from year to year, being more common in wet years. Most
whooping cranes released in central Florida are vaccinated prior to release. The vaccine titer
wanes after about 6 months. Several cranes are believed to have been temporarily ill from EEE
virus and have recovered when given supportive care. Exposure of newly hatched chicks is
likely in years with high transmission. Maternal antibodies may provide some protection in
chicks but more research is needed to elucidate risk factors. The drought in Florida from 19982002 reduced transmission of the disease and also the ability to study it.
From 1993-2005, 289 whooping cranes were released in Florida, mostly as juveniles, and 60
have survived as of August, 2005 (Table 9). Predation by bobcats has been the primary
mortality factor (Nesbitt et al. 1997). Other mortality factors, roughly in order of importance are:
wasting syndrome associated with IBD virus infection (Julie Langenburg, Wisconsin DNR, pers.
comm.), power line collision and electrocution, alligator predation, and ingestion of metal and
other objects (Spalding et al. 1997, Folk et al. 2001).
Egg production started in 1999, with 41 pairs producing eggs through 2005. The first chick was
fledged in 2002. Wetlands in Florida experienced a drought during 1998-2002, reducing the
potential for suitable nesting conditions.
The drought is believed to have increased the dispersal range in recent years. The birds have
ranged over much of peninsular Florida from near the Georgia border (Baker County) to the
latitude of Lake Okeechobee (Palm Beach County) (Nesbitt et al. 2001) (Fig. 8). One pair spent
the summer and fall of 2000 in Michigan, and 1 subadult spent nearly 2 months in Virginia in
2001. Eight other birds (in 2 groups) dispersed from the state in 2000 and 4 were never seen
again. Five subadults were observed in South Carolina in May, 2005. Efforts to track them
down shortly after the initial confirmed report were unsuccessful. One of the 5 was back in
Florida in early September.
The Florida reintroduction has entered an assessment phase, with no additional introductions
planned for 2005. Results of the adaptive management study being conducted by PWRC along
with 2005 production and mortality data will be used in 2006 to determine goals and objectives
for the FP. The WCRT will continue to evaluate the project’s potential for establishing a selfsustaining population.
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Table 9. Number of birds released and surviving in the Florida non-migratory population,
1993–2005.
Year
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005

Number
Released
14
19
19
47
28
22
28
30
21
27
13
16
5

Age

Year end
Population
all < 1year
8
all < 1year
16
all < 1year
25
5=1.5y, 43=<1y 56
all < 1year
60
all < 1year
57
all < 1year
65
all < 1year
82
all < 1year
86
8=1.5y, 19=<1y 85
all < 1year
87
all < 1year
71
all < 1year
59

Number Pairs Nesting
Pairs
0
0
0
0
0
0
1
0
1
0
7
0
10
2
15
3
15
2
16
7
18
7
15
12
15
8

TOTAL 289
a

41

Chicks
Hatched
0
0
0
0
0
0
0
2
0
2
8
4
1

Chicks
Fledged
0
0
0
0
0
0
0
0
0
1a
2
1
0

17

4

First chick to fledge in the U.S. since 1939 in Louisiana.

__________
Research on Reintroducing Migratory Populations
After cross-fostering proved unsuitable as a technique for reintroducing migratory populations of
whooping cranes, the Whooping Crane Recovery Team identified the need for testing other
techniques (U.S. Fish and Wildlife Service 1994). Since then, various modifications of leading
captive-reared cranes with trucks and ultralight aircraft, and coordinated releases with migratory
sandhill populations, have been tested (Nagendran 1992, Urbanek and Bookhout 1994,
Nagendran et al. 1996, Ellis et al. 1997, 2001a, Lewis 1999, Duff et al. 2001a, Urbanek et al. In
press{a}). Some projects utilized isolation-rearing with caretakers in crane costumes and
another project (Clegg et al. 1997, Clegg and Lewis 2001) used group rearing of chicks to
promote proper imprinting. Formerly, aggression was thought to be so severe as to prevent
group rearing.
Cranes can be led long distances behind motorized craft (air and ground), and those led over
most or the entire route will return north in spring and south in fall to and from the general area
of training (Ellis et al. 1997, Ellis et al. 2001b, Duff et al. 2001b, Mummert et al. 2001).
However, they may follow their own route. Groups transported south and only flown at intervals
may not migrate. Trained birds will not home on a captive site where they hatched but rather
will return to the site where they were flown free and began their migration. Cranes can also be
expected to return to the same (or nearby) wintering area the following fall. All birds need not
follow the entire route south to return north if flock mates know the route.
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If cranes are field-reared and are to be introduced into a wild flock, costumes may not be
necessary and cranes quickly learn to avoid humans (Clegg et al. 1997). Crane decoys can be
used to hold cranes at roost sites before and during migration and at the release site after
migration. The threat of losses to predators can be reduced with these decoys by influencing the
cranes selection of roost sites and feeding locations (Clegg et al. 1997, Clegg and Lewis 2001).
If certain protocol restrictions are followed, it is possible to make the costume-reared cranes
exhibit some wild behavior. The most efficient way to make trained cranes wild (e.g., not
approach humans) is to release them after migration with wild cranes.
In the western United States, golden eagle (Aquila chrysaetos) attacks were a problem (Ellis et
al. 1999) both for ultralight-led and for truck-led migrations. Collisions with power lines were a
major problem in the trucking migrations. During the 2 trucking migrations, 3 cranes died and
about 15 non-lethal collisions were observed. However, techniques were developed to diminish
or eliminate these hazards (Ellis et al. 1997).
It appears possible to restore or supplement wild migratory populations of cranes by first leading
small groups from chosen northern to southern sites. Abruptly releasing cranes after migration
results in good survival if they are released individually or released as a group into a large wild
flock (Ellis et al. 2001c, Clegg et al. 1997, Clegg and Lewis 2001).
Proposed Migratory Reintroductions
In 1996, the WCRT decided to investigate the potential for another reintroduction site in the
eastern United States with the intent of establishing an additional migratory population.
Separation between a new flock and the AWBP was an important safeguard against a
catastrophic event impacting both populations, to avoid transmission of disease, crossbreeding
between the 2 populations, and the behavioral influence that cranes reintroduced from captivity
could have on the wild flock (U.S. Fish and Wildlife Service 2001). Also, under Section 10(j) of
the ESA, reintroductions of experimental nonessential populations must essentially be kept
separate from endangered populations.
After a study of potential wintering sites (Cannon 1998), the Team selected the CNWR/St.
Martin’s Marsh Aquatic Preserve near Crystal River, Florida, as the top wintering site for a new
migratory flock. Although the habitat at Marsh Island, Louisiana, appeared to be excellent, its
location closer to the AWBP migration corridor was a key negative factor resulting in the
selection of a site in Florida.
Based on concerns that a reintroduced population in Saskatchewan or Manitoba might mix with
the wild AWBP (Melvin and Temple 1980, Melvin et al. 1990, May 1992, Lyon et al. 1995a,b,
Burke 1996, Hjertaas et al. 1997, deSobrino 1998, Sommerfeld and Scarth 1998), the Team
considered summering areas further to the east of the AWBP migration corridor and requested
the investigation of suitable sites in Wisconsin.
From the beginning, Wisconsin and other eastern flyway States have been and remain extremely
supportive of establishing the EMP. After a list of potential areas was compiled, studies
evaluated 3 potential release sites: Crex Meadows State Wildlife Management Area; central
Wisconsin, including NNWR and several Wisconsin WMAs; and Horicon NWR (HNWR)
(Cannon 1999). The WCRT in September, 1999, recommended that releases start in central
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Wisconsin (Fig. 9). This recommendation was based on the presence of suitable habitat, food
resources, and favorable local attitudes.
A partnership of 9 founder organizations comprised of public agencies and private nonprofit
organizations was formed and referred to as the Whooping Crane Eastern Partnership (WCEP).
Founding members (alphabetically) include:
* International Crane Foundation
* International Whooping Crane Recovery Team
* National Fish and Wildlife Foundation
* Natural Resources Foundation of Wisconsin
* Operation Migration, Inc.
* US Fish and Wildlife Service
* USGS National Wildlife Health Center
* USGS Patuxent Wildlife Research Center
* Wisconsin Department of Natural Resources
The partnership extends beyond the list above. The huge scope of this migration requires united
efforts spanning twenty states, seven of which lie in the migration corridor. WCEP was divided
into sub-teams of Bird, Budget, Outreach, Regulatory, and Flyway teams. A Project Direction
team with key representatives from each agency serves as the final decision making body.
Federal environmental documents were prepared and after publication in the Federal Register in
June, 2001, the eastern migratory population of whooping cranes was declared experimental nonessential under section 10(j) of the ESA. This action provides for greater management flexibility
and reduces the regulatory requirements.
The plan is to release annually 10 to 25 juvenile, captive-reared whooping cranes in central
Wisconsin (U.S. Fish and Wildlife Service 2001). Cranes will be captive-reared to 20-40 days of
age at PWRC or the ICF, before transfer to facilities at the Wisconsin release site, where they
will be conditioned for wild release to increase post-release survival (Ellis et al. 1992b) and
adaptability to wild foods. They will be radio-tagged at release and monitored to discern
movements, habitat use, behavior, and survival. They will be released in the fall and taught to
migrate. Several strategies may be used to teach migration including: (1) leading them by
ultralight aircraft to the chosen wintering site in Florida (Clegg et al. 1997, Lishman et al. 1997,
Clegg and Lewis 2001); (2) releasing them with migrating wild whooping cranes or sandhill
cranes, or (3) some combining of these or other techniques. If initial results are favorable, the
releases would continue for at least 10 years. Experience with the RMP and FP provides insight
that a minimum of 20 years may be needed for attaining self-sustaining populations. Thus, a 20year project duration is listed in the Implementation Schedule.
In fall 2001, 8 cranes started the migration behind an ultralight from NNWR in central
Wisconsin (Table 10). One bird would not follow well enough and was placed daily in a crate
and trucked to the next roost site. The migration included 26 stops, covered 1,987 kilometers,
and took 50 days. The longest flight day covered 154 km, and the longest flight lasted 2.15
hours. The shortest migration leg only lasted 38 minutes. Total flight time of the birds between
Wisconsin and Florida was 35.8 hours. One crane died in Wisconsin hitting a power line at night
after a severe storm blew the pen down and the birds escaped. Bobcats killed two cranes during
the winter at CNWR. The remaining five migrated back on their own to central Wisconsin in
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Figure 9. Eastern United States experimental nonessential population area, with 2001
migration route.
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spring, 2002. Four summered right at or near Necedah NWR, and one female summered about
80 miles to the southeast at HNWR.
In 2002, 17 whooping cranes raised at PWRC were shipped to Wisconsin and trained to follow
ultralight aircraft. One of the young cranes died from injuries received colliding with the
ultralight in migration; the remaining 16 were led to Florida (Table 10). In the fall of 2002, the 5
surviving whooping cranes reintroduced in 2001 migrated south on their own. One spent a
considerable time at Hiwassee Wildlife Refuge in Tennessee before joining another ultralight
whooping crane in Florida, whereas the other 4 returned initially to CNWR. In December 2002,
one had joined the 16 juveniles wintering at the release pen at CNWR, 2 were together with
sandhills about 125 miles northeast of CNWR, and 2 were about 30 miles southeast of the
refuge.
In 2003, 17 whooping cranes raised at PWRC were shipped to Wisconsin and trained to follow
ultralight aircraft. One of the young cranes died from injuries received colliding with the
ultralight during a training flight. Sixteen were led 1,191 miles to Florida in a journey of 54
days, utilizing 20 stopovers. All 21 whooping cranes in the EMP migrated north on their own in
the spring, 2003. One crane got off track but was captured in Ohio and released in Wisconsin.
One crane stopped short and summered in Northern Illinois, and one crane summered in
southeastern Minnesota. Three cranes moved through Wisconsin and just across the border into
South Dakota where they by law stop being classified as experimental nonessential and become
endangered. At the request of the Central Flyway Council, the trio was captured and returned to
Wisconsin. One of the three suffered capture myopathy and was the only mortality of the
summer.
In the spring of 2004, 6 cranes migrated too far to the east and summered in Michigan. Five
were blocked from continuing by Lake Michigan. The other 30 cranes in the EMP returned to
Wisconsin. In fall 2004, 14 juveniles migrated behind the ultralight to Florida, with 13 arriving
safely. One bird died of EEE at the final migration stop. One bird in the fall was direct-released
into a group of older whooping cranes in Wisconsin and successfully migrated to Florida. This
reintroduction technique will be tried with a larger sample size in 2005. In the winter of 200405, the EMP whooping cranes were more scattered. Nineteen older birds wintered in Florida, but
3 wintered in North Carolina, 7 in South Carolina, and 4 in Tennessee. Two of the older cranes
died in the fall migration, and 2 died at CNWR. Two pairs nested in central Wisconsin in spring
of 2005, but eggs were predated. In fall 2005, 19 juveniles migrated behind the ultralight to
Florida. Four birds in the fall were direct-released into a group of older whooping cranes in
Wisconsin and successfully migrated, with 2 wintering in Tennessee and 2 making it to Florida.
In the 2004-05 and 2005-06 winters, a total of 4 of the WCEP cranes spent time in the vicinity of
or closely associated with non-migratory Florida whooping cranes. These associations broke up
and some mixing between the two flocks is not considered to be a problem. In February, 2006,
the EMP consisted of 64 whooping cranes. Releases are planned to continue through at least
2010 until the population reaches a minimum of 100.
Two unanticipated events have occurred during the EMP reintroduction. The release site
selected by the WCRT at CNWR is apparently not suitable whooping crane habitat, but it is an
excellent release site (Urbanek et al. In press{b}). Secondly, older birds returning to the CNWR
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release site may stay if they find pelleted food being given to the juvenile ultralight cranes.
These older birds will disrupt the juveniles which, if not intensively managed, can increase
mortality. As expected, not every crane will summer in central Wisconsin and return to Florida
to winter, although a high percentage has done so.

Table 10. Number of birds released and surviving in the eastern population, 2001–2005.

Year

# Eggs
Hatched

2001
2002
2003
2004
2005
Total

11
18
19
21
33
102

# Young
Sent to
Wisconsin
10
17
17
17
26
87

#
Fledged
8
17
17
16
25
83

#
Starting
Migration
8
17
16
15
24
80

__________
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#
Finishing
Migration
7
16
16
14
23
76

#
Surviving
Winter
5
16
16
13
23
73

Year
End
Total
5
21
36
47
64
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APPENDIX D. SUMMARY OF COMMENTS ON DRAFT RECOVERY PLAN AND
USFWS RESPONSES
On January 11, 2005, the USFWS released the Draft Revised International Whooping Crane
Recovery Plan for a 60-day review and comment period ending on March 11, 2005. Availability
of the plan was announced in the Federal Register (70 FR:1902-1903) and via a news release to
media contacts throughout the species’ U.S. range. Electronic versions of the plan, notice of its
availability, press release, fact sheet, and a questions and answers document were posted on the
USFWS’s national and Region 2 web sites.
In accordance with USFWS policy, an earlier draft was sent out for peer review, and comments
were incorporated into the agency draft. Initial peer review was conducted by Dr. M. Bishop,
Cordova, Alaska. Revisions made to the January, 2005, public draft were peer reviewed at a
meeting held at the 10th North American Crane Workshop in February, 2006. Reviewers were
LeeAnn Linam of TPWD, Walter Sturgeon of WCCA, Kelley Tucker of ICF, and Marty Folk of
FL. Their comments are briefly described at the end of Appendix D, with many items
incorporated into the final plan.
Nearly 600 people were notified via email about the availability of the draft plan. Additionally,
approximately 30 copies and/or CDs of the Draft Recovery Plan were distributed to affected
agencies, organizations, and interested individuals during the comment period.
Twenty-four comment letters and/or emails were received during the official comment period.
All comments, including those of the peer reviewer are on file at the Aransas National Wildlife
Refuge, P.O. Box 100, Austwell, TX 77950.
Some commenters raised similar issues. Most expressed strong support for the conservation of
the species as described in the Recovery Plan. Four were quite critical of specific portions of the
plan.
Many of the comments were incorporated into the approved recovery plan. Information and
comments not incorporated into the approved plan were considered and noted. A synopsis of
comments received is presented below.

COMMENTS AND USFWS RESPONSE
COMMENTS ON PART I – BACKGROUND INFORMATION
1. Comments about updating crane numbers:
Several reviewers wanted numbers to be up-to-date as possible.
USFWS Response: Numbers were not up-to-date because of time elapsed between writing the
Draft Plan and receiving final approval of the document. Population numbers in the Final Plan
were updated through February, 2006.
2. Comment about variability in AWBP numbers over time:
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One reviewer analyzed recruitment rates and noted that although recruitment rates since 1970 are
lower than those between 1938-69, rates have been relatively stable since 1970 and are much less
variable than in earlier times. They noted that the AWBP continues to grow, but at a more
constant, less stochastic rate, whereas the draft text on pp. 25-27 conveyed somewhat of a
concern for population growth.
USFWS Response: The text referred to does not express concern about the continued growth of
the population except for the unexplained drop in recruitment rates. The text states that the
AWBP is likely to continue to grow with a low probability of extinction over the next 100 years.
Other sections of the plan do express concern about the future population because of looming
threats and unprecedented global changes and expanding human pressures on wildlife species
throughout North America.
3. Comment that the impact of egg collection should be assessed:
USFWS Response: The Recovery Team has discussed a study to determine the impact of egg
pickup on the growth rate of the AWBP, but is waiting to collect data through 2006 before
making any decisions involving egg pickup (see p. C-6).
4. Comments about down-listing criteria and lack of de-listing criteria:
Two comments were made supporting the down-listing criteria, including specifically the level
of 250 pairs in the AWBP. Two comments thought the down-listing criteria did not set levels
high enough. One comment thought there should be more than 3 populations established. Four
comments were received saying the species should not be downlisted at the present time. One
comment specifically supported not having any delisting criteria at the present time.
USFWS Response: A misleading news story that ran in south Texas made people think the
USFWS was contemplating downlisting the species in the near future. This definitely is not the
case – the Draft Plan states that the expected date to reach downlisting criteria is approximately
2035. The downlisting criteria are primarily an indicator that the species is making significant
progress towards recovery. Downlisting would not remove legal protections from the species, as
it would then be listed as threatened. Thus, the population targets set to recommend downlisting
seem reasonable.
5. Comments about Critical Habitat:
Three comments addressed Critical Habitat (CH). The Canadian Wildlife Service (CWS)
modified the previous section on CH to reflect a refinement of their definition of CH that came
out after the draft plan was distributed. Another reviewer asked if the areas listed that “may be
considered critical at some time in the future” referred to areas in Canada only. A third comment
cautioned that private landowners affected should be a part of any discussion involving changes
in CH.
USFWS Response: All revisions from the CWS were incorporated. Areas that may be
considered critical sometime in the future refer to Canadian areas only. This was clarified by
separating the discussion of CH for Canada and the U.S. The Narrative Outline (Section 1.5.2)
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calls for evaluation of the need to expand CH boundaries at ANWR and in the migration corridor
to ensure protection of all important U.S. whooping crane habitats. It may seem logical to add
additional CH areas in the U.S, especially at ANWR where multiple whooping crane territories
are now located outside the CH boundary. However, in 30 years of implementing the Act, the
USFWS has found that the designation of statutory CH provides little additional protection to
most listed species, while consuming significant amounts of available conservation resources.
The USFWS’s present system for designating CH has evolved since its original statutory
prescription into a process that provides little real conservation benefit, is driven by litigation and
the courts rather than biology, limits our ability to fully evaluate the science involved, consumes
enormous agency resources, and imposes huge social and economic costs. The USFWS believes
that additional agency discretion would allow its focus to return to those actions that provide the
greatest benefit to the species most in need of protection. If the USFWS receives a petition to
amend CH for the whooping crane, it will go through a public rule-making process with full
public involvement.
6. Comments about inadequate recovery cost estimates:
Two reviewers involved with Platte River issues commented on the inadequacy of the recovery
costs in the Draft Plan. Expenditures for specific management programs along the Platte River
alone exceed the Plan’s anticipated costs for those same programs for the entire flyway.
USFWS Response: Costs in the Draft Plan were incorrectly based primarily on anticipated
Federal dollar expenditures. Cost estimates were revised to reflect total estimated costs for
recovery, including the amounts forecasted to be needed for recovery actions on the Platte River.
7. Comment about funding shortfalls for Recovery Actions that are needed.
One comment was received about the inadequacy of funding made available for recovery.
USFWS Response: Recovery actions implemented by federal agencies are dependent on budget
appropriations. The USFWS can only accomplish its goals for recovery with the assistance and
participation of its many partners.
COMMENTS ABOUT THREATS TO THE SPECIES
8. Comments about freshwater inflows in Texas:
Five comments mentioned the importance of freshwater inflows in Texas to wintering whooping
cranes.
USFWS Response: Comments received were incorporated to provide more details on freshwater
inflow and water rights issues in Texas (see p. 22-23). The Draft Plan was updated to include
relevant issues that had occurred in the past two years that potentially impact Guadalupe River
flows and spring flows that feed the Guadalupe. More emphasis was placed on the difficulties
faced by the estuary during drought years, and information from a recent report (National
Wildlife Federation) 2004 was incorporated.
9. Comments about shootings:
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Three comments addressed the issue of hunting. Much input from the States was received on the
issue of shootings (see pages 23-24). Although hunting was a major factor in the decline of the
whooping crane in the 1800s and early 1900s, reviewers felt that losses today are mostly acts of
vandalism and that the term “shooting” should be used instead. One comment was received
stating that hunting was causing the demise of far too many species.
USFWS Response: The term “shooting” in many places was substituted for “hunting”, including
the heading in the Table of Contents. The USFWS agrees that the use of “shootings” is a more
inclusive term since many of the shootings of whooping cranes that have taken place were
separate from sport hunting programs, or were done illegally in connection with sport hunting
actions. Shootings of whooping cranes only occur occasionally and many are acts of vandalism
not connected with sport hunting. The final plan carefully tries to differentiate between the
historical role of hunting in the decline in whooping crane numbers versus the occasional
shootings that occur at present. More emphasis was placed on the crucial role that sportsmen
and other conservationists have played in helping whooping cranes (see Conservation Measures
– page 31).

10. Comments about the positive role in conservation of hunters and private landowners:
One comment mentioned the positive way hunters and private landowners help whooping cranes.
Positive hunter actions include hunters turning in sighting reports, dispersing waterfowl
concentrations, thus decreasing the threat of disease, and also reducing crop depredation.
USFWS Response: A paragraph was added to the first page of the Introduction to emphasize the
role of private citizens, including sportsmen and sportswomen, in saving the whooping crane. A
paragraph was added under the heading Conservation Measures referred to in the Shootings
section to mention positive aspects of sports hunting for whooping crane recovery.
The sections on hunting were carefully edited to remove any unintended negative slant towards
hunting. However, up to 4 whooping cranes have been shot in the last 2 years, an unacceptable
level of take, so the Plan continues to address strongly the issue of shootings.
11. Comments about unexplained losses:
Two reviewers commented on statements in the draft made about mortality with no known
cause. They cautioned about making implications about these unexplained losses, and especially
attributing them to shooting.
USFWS Response: It is reasonable to take the known causes of mortality and hypothetically
project them in an equal percentage for carcasses that are not recovered (unexplained losses).
However, caution has to be exercised in doing so since there could be many other unknown
factors affecting the population, and detectability of the various causes of mortality could vary
greatly. Thus, wording was changed to reduce speculation involving shooting. A sentence was
added on p. 24 (See Shooting) stating that it is not known what percentage of unexplained losses
can be attributed to shooting.
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12. Comments about genetic issues:
One comment questioned the evidence that limited genetic diversity is hurting the AWBP.
Another pointed out an incorrect use of the term “genetic drift”.
USFWS Response: It is well established that limited genetic diversity is likely to affect
productivity of avian populations. Data are starting to show a trend towards reduced
productivity in the AWBP, but other factors could be involved and the exact role that genetics is
playing is unknown. The text was clarified on pages 27, 36, 38, and 42 and an explanation
given in Appendix A to more clearly differentiate between “genetic drift” and “genetic
mutations”.
13. Comments about power line issues:
One reviewer mentioned that there was no consideration of the economic or technical feasibility
of some of the recommendations made in the plan about reducing the threat of cranes colliding
with power lines. They felt stakeholders were not involved enough in formulating recommended
recovery actions in the Plan.
USFWS Response: The USFWS has worked extensively with electric utility companies on the
issue of avian mortality. A product of this collaboration was the 1994 publication, Mitigating
Bird Collisions with Power Lines: The State of the Art in 1994, which is referenced in the Plan.
The USFWS agrees that more participation by the electric power industry in whooping crane
recovery is needed and is welcomed, and that the USFWS should work hard to facilitate such
interactions.
14. Comments about the threat of wind farms:
Two comments stated the expected growth of wind farms in the migration corridor could be a
major threat to the species. Not only are there unknowns associated with cranes being able to
avoid wind turbines, it is known that construction of transmission lines associated with wind
farms will be hazardous.
USFWS Response: Material was added to the Plan about growing concerns about wind farms in
the section dealing with Threats (See p. 29 - Collisions with Power Lines, Fences and Other
Structures).
15. Comments about migration mortality and the need for another telemetry study:
Three comments dealt with the desire to learn more about mortality that occurs in migration and
location of sites used in migration. A radiotelemetry study could provide data on both topics.
USFWS Response: The Recovery Team has discussed the need for a telemetry study similar to
the one carried out from 1981-1985. The Recovery Team feels that much of the data obtained
from a telemetry study would be very similar to the previous data set. Mortality of
approximately 1% can be anticipated when capturing juveniles to put radios on them, so
significant value would have to be expected from the study to justify expected losses. Without
significant funding sources at present to conduct a telemetry study, there are currently no plans to
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carry out such a study. However, the Recovery Plan leaves open the possibility of future
telemetry studies. The Recovery Team has stated that more data on mortality is needed.
16. Comment about forming working groups to promote interactions among states within
flyways to work on whooping crane issues (2 such comments):
USFWS Response: This comment is similar to an idea previously expressed by the Platte River
Trust to form a working group for the AWBP to deal primarily with migration issues. The
Recovery Team is supportive of such an action and it was added to the Plan’s Task 1 in the
Narrative Outline of Recovery Actions to Achieve Objectives.
17. Comments about the migration corridor map for the AWBP:
One reviewer thought the map depicting the migration corridor (Figure 2) should be re-drawn
from the sighting database using a GIS system.
USFWS Response: This process utilizing a GIS data base has been completed for Texas and
started for the state of Kansas, but has not been completed for the entire flyway. There is
currently inadequate staff and funding to complete this task. An updated map showing
confirmed sightings done by graduate student Tom Wassenich was incorporated as Figure 2 in
the Final Plan.
18. Comments about treatment of Platte River issues:
Two critical comments stated that too much emphasis was put on Platte River issues in the draft
plan since less than 3% of the AWBP stops on the Platte in any single migration. Both pointed
out the apparent inconsistency with the Plan’s mentioning the socioeconomic value of
birdwatchers traveling to see whooping cranes, and yet human disturbance is an issue of concern
to the species. Both mentioned that the Recovery Team should re-evaluate management actions
for the Platte River to ensure they will benefit the population.
USFWS Response: The Platte River serves as a model of river flow requirements for the species
throughout the flyway. Because of the long history of management disputes on the Platte and the
documented degradation of crane critical habitat on the Platte, the plan cannot minimize
treatment of these important issues. The Recovery Team believes that whooping crane use of the
Platte will increase if more habitat is restored as has been documented by whooping cranes that
have utilized cleared portions of the river channel. The recent National Academy of Science
study of the Platte confirmed the general degradation of the riverine ecosystem and the
importance of the Platte River to the species, and tied management efforts providing habitat
along the river with helping the species. That study, which explains the importance of the Platte
River to whooping cranes, was added as a key reference to the Recovery Plan. Bird watching
can be compatible with whooping crane recovery if the public is educated to remain at an
adequate distance from cranes.
19. Comments that the management efforts of many groups along the Platte River should
be recognized:
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USFWS Response: In response to the comments received, additional organizations involved
with Platte River restoration efforts were mentioned in a new paragraph added on page C-9.
20. Comment about inadequate evaluation of impacts to other species along the Platte
River:
Two comments mentioned that recovery actions on the Platte River to help whooping cranes can
end up hurting other wildlife; specifically woodland obligate bird species along the Platte. They
felt the Plan failed to adequately take into account the loss to other species that habitat
modification and enhancement for the whooping crane will cause.
USFWS Response: All wildlife management practices impact species differently. The
conservation of wetlands used by cranes throughout the Flyway, including the Platte River, will
help numerous wetland obligate birds complete their annual migrations. Restoration of the Platte
River ecosystem is consistent with sound ecological principles. The NAS study re-confirmed the
importance of the Platte River to endangered species and the Cooperative Agreement needs to be
carried out in good faith and in a timely fashion to meet obligations of the ESA. Members of the
Platte River Cooperative agreement should assess impacts to all species of concern and
formulate management plans accordingly to counterbalance negative impacts that may occur to
other key species.
21. Comments about the value of whooping cranes:
Two comments expressed that the value of a whooping crane as described in Appendix B was
overstated and failed the common sense test of what people are willing to pay to protect
endangered species. They also felt the number of visitors that actually visit the Platte River to
view sandhills is overstated.
USFWS Response: Information presented on species value is from published scientific literature
based on accepted methodology of estimating values. What people perceive as the value of
something and what they actually would pay are very different. The number of visitors to the
Platte River that view sandhills is taken from peer-reviewed scientific literature. The option to
write and publish a rebuttal or conduct a study challenging these results is open to anyone.
22. Comment about re-organizing Part II so that the section on Reduction or Alleviation of
Threats either followed Downlisting Criteria or preceded Recovery Actions:
USFWS Response: Part II was re-organized extensively with the section on “Reduction or
Alleviation of Threats” put before “Recovery Actions”.
COMMENTS ON REINTRODUCED POPULATIONS
23. Comments on Reintroduced Populations:
Three comments suggested putting more emphasis on and/or incorporating more information on
reintroduced populations. One mentioned that life history information is based on the AWBP,
but in the future may have to reflect differences of behavior and habitat use found in the
reintroduced populations. One comment felt it desirable that recovery actions such as habitat
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management and education efforts should specifically address those actions needed in
reintroduced populations as well as the AWBP.
USFWS Response: Information on reintroduced populations is covered primarily in Appendix
C. A statement that there may be nuances of behavior and habitat use for reintroduced
populations different from the AWBP was added to the Narrative Outline (Section 3.0, p. 54).
An effort to develop a Wisconsin management plan for the EMP is currently underway that will
provide management guidelines for that reintroduced population. Portions of that management
plan can be incorporated into future revisions of the Recovery Plan.
24. Comments about experimental nonessential whooping cranes that move into the
central flyway should remain designated as “experimental nonessential”:
One commenter strongly supported establishing populations distinct from the AWBP. However,
they felt reintroduced whooping cranes designated as experimental nonessential should not
automatically be re-classified as “endangered” if they stray into the central flyway.
USFWS Response: This issue is beyond the scope of the Recovery Plan. At the present time,
legal interpretations of the ESA, including court rulings (January 31, 2005; U.S. District Court in
Portland, Oregon), don’t allow for the kind of flexibility discussed in the comment. The States
could ask the USFWS to work on a more flexible approach. Reintroduced birds classified as
experimental nonessential in some instances can be expected to stray long distances.
25. Comments about the Florida population (FP):
Two comments were made that high mortality rates and continued human development make it
unlikely the non-migratory FP can be successfully reintroduced into Florida.
USFWS Response: The Recovery Team is currently assessing the future of the FP.
26. Several comments supporting the Eastern Migratory Population (EMP):
USFWS Response: The reintroduction of the EMP shows great promise and is currently
receiving great emphasis.
27. Comments of final peer reviewers made February 7, 2006.
The 4 reviewers all felt the plan was very good, comprehensive, and well written. They felt that
threats to the species were adequately portrayed and quite complete. However, their primary
criticism was that in the Recovery Criteria for downlisting to occur, there was no alternative to
growth of the AWBP to 1,000 individuals if two additional populations cannot be reintroduced.
They felt a middle ground was needed, especially given the difficulties currently faced by the
non-migratory population in Florida. In response to this, an additional alternative criterion (1A)
was added to the plan. This alternative provides for downlisting if the AWBP grows to 100 pairs
(400 individuals) and one reintroduced population reaches a goal of 30 nesting pairs (120
individuals). This criterion of 520 individuals in two populations is a middle ground between
having 360 individuals in 3 populations and 1,000 individuals in only one population. The
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numbers follow the principal that more individuals are needed for downlisting to occur if they
are in fewer populations where a single threat may have a greater impact.
The reviewers mentioned numerous items they felt were not adequately covered in the plan.
These included indirect and sublethal impacts of pesticides, positive benefits of human
interactions with whooping cranes, the global spread of the H5N1 bird flu and potential threat
particularly to captive crane populations, some inadequate regulatory mechanisms to protect the
species and additional genetic reasons for egg collection. Corresponding sections of the plan
were modified to meet these concerns. In addition, crane numbers were updated in the final draft
to make them as current as possible.
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ABSTRACT
The number and distribution of whooping cranes were studied on the wintering grounds at
Aransas during the 2008-09 winter. The peak population equaled 232 white-plumaged birds and
38 juveniles totaling 270 cranes. This was 4 birds higher than the 266 cranes present the
previous winter. Mortality between spring and fall, 2008 was estimated at 34 cranes. Record
mortality of 23 cranes was documented at Aransas during the 2008-09 winter. Thus, 57 cranes
(21.4% of the flock of 266), died between spring 2008 and spring 2009.
The peak population of 270 consisted of 140 adults, 92 subadults, and 38 juveniles. At most, 16
cranes were color-marked, representing 6.5% of the population in spring, 2009. The estimate of
70 pairs occupying territories was 2 less than the previous winter. Territories and/or use areas
were located on the Refuge (20), Lamar (4), San Jose (16), Matagorda (24), and Welder Flats
(6). Cranes generally were found on the refuge (72), Lamar (20), San Jose Island (56),
Matagorda Island (90), Welder Flats (27), Austwell farm fields (4), and Oklahoma (1). Record
highs were set in the 2008-09 winter for most cranes on Lamar (23), and Matagorda (100).
Matagorda Island that held 33.3% of the flock has in recent years surpassed the refuge for
supporting the most cranes.
Food resources were considered to be very poor throughout the 2008-09 winter. The fall
wolfberry crop was way below average, and blue crabs were scarce from December through
March. Cranes used open bay habitats and uplands to a much greater extent than usual.
Salinities were high throughout the season so that the cranes were forced to seek out fresh water
to drink. The lack of food was believed to be directly related to the high winter mortality.
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INTRODUCTION / METHODS
This report summarizes whooping crane data collected by the Aransas whooping crane biologist
during the 2008-09 winter. It focuses on the winter distribution of the Aransas/Wood Buffalo
flock.
Aerial census flights are essential for unraveling the total number and distribution of cranes and
documenting mortality. Contract flights were done with Pilot Gary Ritchey of Air Transit
Solutions, Castroville, Texas. Flights were conducted in a Cessna 210 that cost nearly 2.5 times
as much per hour than the Cessna 172 used in previous years. However, the Cessna 210 was a
faster airplane and the crane area could be covered in less time.
Twelve flights were made between November 14 and June 30 with a total air time of 60.4 hours
over the crane area. This was about the same as the previous winter. During most flights, a
precise grid pattern of transects ¼ to 1/3 mile wide, depending on visibility, was flown at a speed
of approximately 110 knots to cover the entire winter range. Color-banded cranes were
identified with the naked eye only occasionally. Techniques used to read color bands from the
air involved a low and slow “landing” approach with the sun at the observer’s back. When all
the cranes were present, a thorough census effort took 7 hours.
Data were also collected by land and bay. Relatively few trips were made by the whooping
crane coordinator in boats or vehicles to monitor cranes. Reports of cranes were turned in by the
Aransas and Matagorda Island staff and volunteers, especially of cranes in unusual locations.
The commercial whooping crane tour boat captains also provided very helpful observations. The
USFWS biologist/pilot during monthly waterfowl census flights also turned in information on
crane use of uplands.
SUMMER – 2008
Wood Buffalo National Park, Canada
Summary
Three summer surveys of the nesting area were carried out successfully in 2008. In May, Brian
Johns and Kathy St. Laurent of the Canadian Wildlife Service (CWS) located a record 66 nests.
In June, the USFWS Partanavia with Pilot Jim Bredy and Biologists Brian Johns of the CWS and
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Tom Stehn of USFWS documented the hatching of 64 chicks, including 12 sets of twins. This
compared with 65 nests with 84 chicks including 28 sets of twins in 2007. Fifty-two of the 66
nests (79%) produced one or more chicks compared with 86% success in 2007. Thus, the chick
production in 2008 resulted from both high productivity and a large number of nests. An
estimated 6 known adult pairs failed to nest but were sighted present on their territories. Thus,
there were a minimum of 72 breeding pairs in the population. This number matched the 72 adult
pairs identified present at Aransas during the 2007-08 winter.
Habitat conditions in Wood Buffalo in June were better than expected with water levels thought
to be good. No wildfires were burning in the Park during the June surveys. The weather during
the June production surveys was exceptionally warm with no cold, wet weather. The moderate
weather conditions favored the survival of the young chicks early on. This high level of
production was expected to raise the size of the Aransas-Wood Buffalo population to a record
280+ in the 2008-09 winter.
2008 Whooping Crane Production Surveys in Wood Buffalo National Park
Whooping crane production surveys were carried out in Wood Buffalo National Park near Ft.
Smith, Northwest Territories, Canada June 17-22, 2008. USFWS Pilot/Biologist Jim Bredy,
Brian Johns and Tom Stehn, the Canada and U.S. Whooping Crane Coordinators, conducted
approximately 20 hours of aerial observations. Surveys were timed soon after most of the chicks
had hatched to try to maximize the number of chicks observed and worked out well with only 3
pairs still sitting on overdue eggs at the end of the surveys. Results were as follows:
1. The 66 nesting pairs found by Brian Johns and Kathy St. Laurent on May surveys were
located and checked for presence of chicks. No additional nesting pairs were located
during the June surveys.
2. The 66 nests located was a record high, 1 more than the 65 nests present in 2007. In
addition, an estimated 6 known adult pairs failed to nest but were sighted present on their
territories, comparable to the 4 pairs that failed to nest in 2007, 10 pairs that failed to nest
in 2006 and the 14 pairs that failed to nest in 2005. It is not known why some pairs fail to
nest. The 72 adult pairs on occupied territories accounted for in Wood Buffalo matched
the 72 territories delineated at Aransas during the 2007-08 winter. An estimated 165
different whooping cranes were seen during the June surveys.
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3. The June surveys in 2008 located 64 chicks, including 12 sets of twins. This compares
with the previous high of 84 chicks and 28 sets of twins in 2007, and 76 chicks with 24
sets of twins in 2006.
Table 1. Peak Production on June Surveys in Wood Buffalo National Park.

#
# of
Year nests young
2008 66
64
B
2007 65
84B
2006 62
76
2005 58
62
2004 54
66
2003 61
45E
2002 50
33E
2001 52
39E
2000 50F
30
1999 48
46
1998 50
48
1997 49
58
1996 44
30
1995 49
45
1994 29
16
14-year average
52
48
A
B
C

D
E

# young twin pairs
# of alive in alive in
# chicks
% of Nests
twins mid-June mid-June at Aransas SuccessfulA
12
79
B
B
B
28
83
27
39
86
C
C
B
24
76
24
45
84
14
55
8
30
83
D
20
60
15
34
85
3
43
2
25
69
5
32
4
16
56
10
38
9
15
56
2
28
1
9
56
10
35
1
17
75
12
32
0
18
72
16
43
4
30
86
G
4
25
0
16
53
G
4
39
0
28
84
G
0
16
0
8
55
11

43

7

23

71

% of nests producing either 1 or 2 chicks (assumes late nests have no production).
Record number
In most cases, pairs were not re-checked for survival of chicks in 2006. In the
low number of pairs checked, no mortality was documented.
One chick wintered with sandhills near Bay City, Texas
Some eggs were still being incubated at end of June surveys.
7

F

G

The identification of R-YbY in June, 2001 helped unscramble nests in a part
of the Klewi. Thus, R-YbY apparently nested in 2000 at 28/00 and was not a
record 51st in 2000.
These were years second eggs were picked up for captive flocks.

5. The weather during the June production surveys was warm with no days of cold, wet weather.
If such weather continues, it should favor survival of the young chicks. The loss of very
young chicks seems correlated with wet, cool weather on the nesting grounds. In most cases,
pairs were not re-checked for survival of chicks in 2008. One pair with twin chicks first seen
on June 18th 1.5 km distant from 2 wolves was re-checked on June 22. The twin family was
still intact.
6. Based on the excellent production in June, approximately 280+ whooping cranes were
expected to reach Aransas in the fall which would surpass the record high of 266 present in
the 2007-08 winter. This increase of the population was anticipated since it is in the growth
portion of the 10-year population cycle that has occurred during the middle of every decade.
7. Chick production in 2008 resulted from both high productivity and a large number of nests.
Fifty-two of the 66 nests (79%) produced either one or two chicks. This was quite high and
Nearly comparable with 86% in 2007 and 84% in 2006, and way above the recent low of 53%
recorded in 1996. Three pairs were still sitting on eggs at the end of the June surveys, but the
eggs were overdue and not expected to hatch. Eleven pairs failed to have any young during
the June surveys. When added to the three pairs incubating overdue eggs, 14 nests were
unproductive
9. Approximately 165 different white-plumaged whooping cranes (62%) were sighted on the
June surveys out of a total maximum population of 266 in Wood Buffalo.
10. Bands were read on 12 banded pairs in the population. Eleven of 12 of the remaining color
bands were seen. The crane that used to appear as nil-GwG was sighted on the surveys with
just an aluminum band below the tibiotarsus on the right leg. The color band on crane
YbY-nil (Boat Ramp pair at Aransas) was not sighted, a band that has lost its outer yellow
color and appears all black. The pair formerly banded as RwR-nil / y/g-Y that had re-paired
together in 2005 was presumably encountered during May and June, 2008, but was not
identified and may just have aluminum bands remaining.
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11. Bands were read on crane r-r at nest # 19. This nesting territory has lots of tall trees and it is
usually very difficult to see color bands. This pair containing a 20-year-old male has
only brought one chick to Aransas, but hatched twin chicks in 2006 and 2007, and had a
single chick in June, 2008.
12. Female W-nil that had lost her mate at Aransas in the 2005-06 winter nested in 2006 and was
at nest 27-07 and nest 22-08 in the female’s traditional S19 nesting territory. This banded
crane had not been identified at Aransas during the 2006-07 winter and must have occupied a
different winter territory. She was observed incubating 2 apparently overdue eggs in June,
2008.
13. Crane R-YbY was identified on its expected CNA at nest 36-07. This banded crane had not
been identified at Aransas during the 2006-07 and 2997-08 winters and must have occupied a
different winter territory.
14. The former radioed crane W-R (1982) that lost her mate in North Dakota in April, 2007 had
apparently re-paired and occupied her traditional summer territory in Wood Buffalo but did
not nest. She nested in 2008 at 61-08 and was observed incubation two apparently overdue
eggs on June 20th. When re-checked on June 22nd, the pair was together away from the nest
and did not have any chicks. By the completion of the June 2008 surveys, no nesting
territories contained just single cranes, indicating that no adult mortality had occurred in the
spring of 2008, or else birds had quickly re-paired.
15. Habitat conditions in Wood Buffalo were quite good, with water levels holding between the
May and June surveys.
16. One wildfire in Wood Buffalo National Park started on 6-20 from a lightning strike but was
not a factor.
17. Survey Totals:

66 nesting pairs checked for production
64 chicks produced, including 12 sets of twins
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18. The winter territories listed below of 29 of the 72 adult pairs found in 2008 are known.
LOB

S-8
K-2
K-15
K-23
S-12 K-3
K-16
S-13 K-5a
K-17
S-15 K-8
K-18
S-19 K-10
K-19
S-22 K-11
K-20
S-28
K-14
K-21
Additional color-banded birds RwR-nil and y/g-Y that repaired in 2005 were found at
nest 16-07 in the Sass River area in June. In 2006, they presumably were present in or
near S9 or S21, but bands had not been detected.
19.

SK-3
SK-6
SK-7

The winter territories listed below of 43 of the 72 adult pairs found in 2008 are unknown.
LOB-2

21.

A-1
A-2
A-6

NY-1
NY-4
NY-5
NY-6
NY-7
NY-8
NY-10
NY-11
NY-?

A-5 SC-1
A-? SC-?
A-8
A-9
A-11

SK-4
SK-9
SK-10

S-2
S-17
S-24
S-26
S-29
S-31
S-32
S-?
S-?

K-8b
K-24
K-28
K-32
K-33
K-34
K-35
K-?
K-?

PC

US-1
US-2
US-?
US-?

The 72 adult pairs on the nesting grounds in 2008 were distributed as follows;
Lobstick 2
Alberta 8
Nyarling 9

Sass 16
Klewi 24
Sass-Klewi 6

Seton Creek 2
Upper Sass 4
Preble Creek 1

Five of the 66 nests were located outside the Park in the Lobstick (n=2) and Nyarling
River (n=3) drainages.
22.

The USFWS Partanavia twin engine aircraft used in the mid-June surveys provides
unmatched visibility and greatly increases safety compared to the use of the Cessna 182
contracted by CWS. CWS biologist Brian Johns does not attempt to get low enough with
this other aircraft to read color bands. Thus, the help and skill provided by the USFWS
aircraft piloted by Jim Bredy, with bands read by USFWS biologist Tom Stehn, is an
important addition to CWS knowledge about the crane nesting areas and provides
10

essential data on flock dynamics. It is essential that an experienced observer continue to
be stationed on each side of the aircraft to find birds and to read bands since birds often
can be approached from only one direction and/or on one side of the plane. The
knowledge of CWS biologist Brian Johns in identifying nesting pairs is superb. The
surveys foster Canada-U.S. cooperation and provide a week for the whooping crane
coordinators from the two countries to exchange ideas and plan future recovery activities.
I thank USFWS- Refuges, the Canadian Wildlife Service, whooping crane challenge
cost-share and migratory bird funds for paying for this worthwhile trip.
Table 2 - June, 2008 Production Surveys Nest Data.
June 2008
Young Nest
1
0801
1
0802
0
0803
1
0804
2
0805
1
0806
0
0807
1
0808
0
0809
1
0810
0
0811
0
0812
1
0813
1
0814
0
0815
1
0816
2 egg 0817
1
0818
1
0819
1
0820
1
0821
1 egg 0822
1
0823
1
0824
1
0825
2
0826
1
0827
2
0828
incub 0829
2
0830
1
0831
1
0832
2
0833
1
0834
1
0835
2
0836

2007
Nest
0701
0702
0703
0704
0705
0706
0707
0708
0709
0710
Pr018
0760
0765
0711
0721
0722
0724
0716
0717
0720
0718
0727
0763
0728
0729
0723
0730
0750
0761
0759
0737
0736
0734
0733
0732

2006
Nest
0601
0602
0658
0605
0604
0606
0607
0608
0609
0610
0611
pair
pair
0612
0620
0622
0621
0617
0616
0613
0614
0618
0615
0660
0623
pair
0659
0649
0626
0625
0641
0640
0639
0638
0637

2005 2004 2003
Nest Nest Nest CNA1 Bands F, M2 Bands Seen
0501 0401 0301 Lob
unb3 unb
0502 0440 0311 Lob2 unb, unb
pair 0402 0302 A-1
ls-nil, unb
0405 0403
A-11 unb,unb
0503 pair 0304 Aunb, unb
0505 pair 0306 A-5
unb, unb raven took 2nd egg
0506 0404 pair A-9
unb, unb
0507 no birds 0308 A-8 unb, unb
0556 pair 0309 A-2
Y-ls, Y-nil Gray-ls, Gray-nil
0508 0441 0206 A-6
G-nil, unb G with white-nil
PCunb, unb
US-1 unb, unb
US-2 unb, unb
0549 0405 0360 US-1 unb, unb
Snil-GwG
nil-hs
0519 0448 0356 S-22 unb,G-hs, unb, G with white
P0305
Sunb, unb
P0205
Sunb, unb
0553 0410 0335 S-28 unb, r-nil r-nil
0406P 0406 0322 S-29 unb,unb
0551 pair 0321 S-26 unb, unb
0517 0409 0320 S-19 W-nil,unb
0552 0408 0314 SK-6 YbY-RwR, unb
nil-RwR
0515 pair 0315 S-12 unb, unb
pair 0413 0316 S-17 unb, unb
0514 0414 0318 S-15 unb, unb
0512 0449 0317 S-24 unb, unb
0539 0450 0342 K-17 WbW-ls, nil-ls
WbW?-nil
0530 0418 0343 K-5a unb, unb
0527 0420 0345 K-16 unb, unb
Kunb, unb
pair 0432 0351 K-15 unb, unb
0532 0417 0327 K-21 R-nil,unb
0523 0429 0326 K-14 unb, unb
0531 0453 0328 K-23 unb, nil-gray
0526 0427 0348 K-19 YbY-nil, unb
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1
1
1
0
1
1
1
1
1
2
1
1
2
2
1
2
1
2
0
1
2
1
1
0
0
1
1
1
1
0

0837 0738
0642 0522 pair 0354 K-10
0838 0739
0634 0535 0438
K-8b
0839 0747
0633 0554 0430 0353 K-24
0840 0742
0632 0536 0423 0331 K-33
0841 0741
0631 0537 0424 0329 K-2
0842 0744
0630 0525 0426
K-32
0843 0743
0629 single
0421 K-3
0844 0746
0628 0538 0439
K-35
0845 Pr063 0636
K-11
0846 0745
0627 0528 0419 0346 K-20
0847 K174P
K0848 Pr072 pair
K-28
0849 0749
0648 0534 0416 0324 SK-3
0850 0748 pair
0533 pair 0325 SK-4
0851 0762
0650 0541 pair0409
NY-9
0852 0751
0651 0540 0434 0338 NY-6
0853 0752
0652 0558
NY-11
0854 0753
0653 0542 pair 0407 NY-7
0855 0754
0654 0543 0435 0339 NY-4
0856 0755
0655 0544 0436 0340 NY-1
0857 0758
0657 0546 0442 0341 K-18
0858 0715
pair
SC0859 0713
0645 0444P 0444 0355 SK-10
0860 0712 0646
0510 0443 0310 SK-9
0861 Pr109 0661
S-13
0862 US136Pr
US0863 0726
0619 0518 pair
S-32
0864 0725
0624 0411P 0411 0319 S-31
0865 0740
0635 0529 0431 0352 K-8
0866 0764 single single 0557
NY-10?

unb, unb
unb, unb
unb, unb
unb, unb
unb, unb
unb, unb
unb, unb
unb, unb
unb, unb
hs-nil, nil-hs
nil-hs
unb, unb
unb, unb
nil-ls, unb
unb, unb 2 wolves at 1.5 km
unb, unb
unb, unb
unb, unb
unb, unb
unb, unb
unb, unb
Lake of the Grave
RwR-YbY, unb
RwR-nil
unb, unb
unb, unb
unb, unb
ls-nil, unb
unb, unb
unb, unb
unb, unb
unb, unb
unb, unb

Known adult pairs that did not nest
pair
pair
pair
pair
pair
pair

0714
0719
0735
pr050
0756
0757

0644
pair
0647
pair
0656

0445P 0445
0407P 0407
0521 0433
0555
0545

0452
0437

0359
0313
0358

SC-1
S-8
K-34
SK-7
pair9 NY-8
0357 NY-5

unb,
unb,
unb,
unb,
unb,
unb,

unb
unb
unb
unb
unb
unb

Other duos observed on May, 2008 surveys
S11-08P
K41-08P
NY69-08P
S15-08P
K55-08P
NY70-08P
S33-08P = Pair 033 in 2007
NN65-08P (north Nyarling)
S49-08P
K56-08P
NB60-08P (north boundary)
S58-08P

Aransas National Wildlife Refuge, Texas
A final aerial survey conducted May 15, 2008 at the Aransas National Wildlife Refuge and
surrounding areas found only a single whooping crane located on a crane territory I call "North
Lamar". This crane was never subsequently reported by anyone all summer so it also apparently
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had been a late migrant. This confirmed that the HY 2004 juvenile “Scarbaby” whooping crane
injured in the spring of 2005 at Aransas had apparently made its second migration north after
failing to migrate in 2005 and 2006.
FALL MIGRATION, 2008
Twenty-eight sightings were recorded in the fall in Saskatchewan. In early October, one
whooping crane in a group of 11 birds near Osler, Sask. was observed with a limp. At times the
bird would lay on its belly and feed or rest. Other times it would walk normally. When it flew it
sometimes held one leg dangling down at about a 20 degree angle. This group of birds stayed
near Osler about 3 weeks. It appeared that the leg injury was something that this bird likely has
had for some time and was not a recent injury. The decision was made to monitor it and if it got
worse a capture would be attempted. The bird was monitored for 3 days and then the entire group
likely migrated on October 25th. As late as October 23-24, 17 whooping cranes in two groups
had still been known present in Saskatchewan. The last documented sighting in Saskatchewan
was a group of 4 at Last Mountain Lake on October 27th.
The migration in the U.S. got underway in late September. The first confirmed report was a
single adult in south central North Dakota in Emmons County on September 30th, although a
probable sighting of 3 had been reported in flight over Bismarck the previous day. Biologists in
the state alerted the media and hunters to the presence of whooping cranes in the general area.
By October 2nd, migrating whooping cranes had proceeded at least as far south as Nebraska but
did not get into Kansas or points further south until after October 18th.
At the end of October, whooping crane sightings were numerous in the U.S. ranging mostly from
Nebraska (7 confirmed sightings October 27-30) to Quivira National Wildlife Refuge (NWR)
and vicinity in Kansas (16 birds) to Salt Plains NWR in Oklahoma (35 whooping cranes present
on October 31st). Quivira NWR was officially closed to hunting on October 28th with signs put
up informing the public. News releases about the closure were sent out to all the news agencies
in the area. Fifty-two whoopers stopped at Quivira NWR in the fall. Two whooping cranes were
present for a long stay from October 30 to November 26 at the nearby Cheyenne Bottoms State
Wildlife Area. Two were at Salt Plains NWR on November 28-29, and two were noted in the
farm fields just north of Aransas December 3rd. Given the group size and timing and with no
other reports coming from the migration corridor, I am guessing these three sightings at
Cheyenne Bottoms, Salt Plains, and Aransas farm fields were all the same crane duo tracked
across 3 states and the last birds reported in migration this fall.
The all-time record for whooping crane use on the Platte River during any migration season was
set during the fall, 2008 with 20 birds observed between October 9 and November 10. The count
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was aided by daily flights by two airplanes - one from Chapman to Minden and the other from
Minden to Lexington - a half hour before sunrise, when whooping cranes were likely to still be at
overnight river roosts. The flights were part of the Platte River Cooperative Agreement
Endangered Species program.
One whooping crane juvenile spent nearly seven weeks near Alma in south central Nebraska
close to the Kansas border. Note that this was not the juvenile from the family group that had
made a migration stopover near Alma. The juvenile was present October 15th – December 5th,
staying at a pond below a cattle feedlot, and feeding in a wheat field. An employee of the feedlot
had eventually called the local game warden who observed the juvenile, making sure it was
walking normally and could fly. The USFWS Cooperative Tracking Office expressed concerns
about water quality in the pond below the feedlot, but the bird looked healthy and was in a nonhunted area, and may have been better off there than elsewhere. It was never seen with other
whooping cranes, and stayed past well past the time when all the sandhills had migrated through
the area. It resumed migration the day after its roost pond froze over despite the presence of
strong southwest winds.
Subsequent sightings of a juvenile whooping crane in the migration corridor presumably were of
the same bird as it moved south. It was sighted around Christmas near the town of Hennessey in
north central Oklahoma (Kingfisher County), but was not reported to a state game warden until
January 8th, 2009. No sandhill cranes were in the area. The whooping crane was monitored and
last sighted January 25th. A wet cold front that passed through the area January 26th brought
freezing rain and colder temperatures which froze over the crane’s roost pond. The weather
presumably pushed the crane out of the area.
A single juvenile whooping crane was next reported at the end of January north of Piedmont,
Oklahoma in Canadian County. This location was about 26 miles south and six miles east of the
Hennessey location, and the bird was observed two to four days after the Hennessey-area crane
disappeared. It presumably was the same crane moving in response to changing habitat
conditions. This was the last known location in Oklahoma for this juvenile crane. One juvenile
whooping crane was confirmed on the Platte River in Nebraska on February 20th that
presumably was the same juvenile that had over-wintered in Oklahoma and probably moved
north with sandhill cranes.
One threat to cranes surfaced in late December, 2008 and mid-January, 2009 near Salt Plains
NWR in northern Oklahoma where a total of 150 sandhill cranes died from eating moldy peanuts
in two incidents. The birds died from fusariotoxin poisoning, a form of mycotoxicosis. USFWS
personnel used propane cannons to scare birds off the moldy peanut fields.
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It was a busy season in Texas for receiving whooping crane migration reports, well above the
norm. Sightings compiled by the 4 State and Federal key contacts listed in the contingency plan
were as follows:

Table 3. Reported confirmed sightings of whooping cranes in Texas during fall, 2008.
Adults:
Date
Juveniles
10-26-08
1:0

State
TX

Location
NW of Axel in Parker County, flying with sandhills
(2:30 PM)

10-26-08

1:0

TX

near Weatherford, Parker County flying with sandhills
(4:00 PM – probably same bird as above)

10-29-08

1:0

TX

10 miles NE of Electra, Wichita County with sandhills

10-31/11-04 4:0

TX

Mad Island WMA, Matagorda County.

11- 03

4:0

TX

central TX, 1 mi. east of McMahan, Caldwell County,
at large impoundment

11-06

1:0

TX

Mad Island Preserve, Matagorda County with sandhills.

11-08

2:0

TX

SW side of Temple, Bell County between I-35 and SH 190

11-08

3:0

TX

9 miles WNW of Waco by arm of Lake Waco in low flight

11- 08

6:0

TX

9 miles south of Goliad, on ground, flushed. Photo taken.

11- 09

1:0

TX

Calallen, Nueces County, in flight with 65 sandhills
2 miles west of intersection of FM 624 and I-37.

Table 4. Reported unconfirmed sightings of whooping cranes in Texas during fall, 2008.
10-30

2:0

TX

Union Grove Wildlife Management Area (WMA)
on Stillhouse Lake in Belton.

11-08

1:0

TX

2 miles north of Tivoli, 2 PM high in flight

11-10

2:0

TX

just north of Electra foraging with sandhills

11-19

1:0

TX

Rio Grande Valley, whooping crane flying with a sandhill,
South of Weslaco over Estero Llano Grande State Par
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ARRIVALS AT ARANSAS IN FALL, 2008
Whooping crane sightings at Aransas in October came from a variety of sources including refuge
staff and volunteers, tour boat captain Tommy Moore, and the general public. Census flights at
Aransas in the fall, 2008 were not started until mid-November to reduce budget expenditures.
Sandhill cranes, a harbinger of fall, always overfly or reach Aransas prior to whooping cranes.
Some of the first sandhill cranes reported in the area were seen over Austwell and over the
Myrtle Foster Unit of Aransas on October 8-9, 2008.
The first whooping crane present at Aransas was reported on the afternoon of October 20th.
USFWS Pilot/Biologists Jim Bredy and Patrick Walther while doing an aerial waterfowl survey
spotted the single crane on the Aransas NWR. The bird was in the East Shore marshes about 1
mile west of Wynne's Cut. The first “arctic” front of the season that had brought north winds to
Aransas on October 17th and good migration conditions to the Flyway the previous 5 days
presumably helped the crane complete the 2,400 mile migration. The October 20th sighting was
just 4 days after the average first whooping crane arrival date of October 16th. The timing of the
crane sighting at Aransas seemed to fit with the southernmost known migration sighting on
October 18th of a whooping crane in northern Oklahoma. The crane areas on San Jose Island
and Welder Flats were not flown since the waterfowl count done by USFWS is only done on
refuge areas. Thus, a few cranes could have been present at Aransas on October 22nd in addition
to the one sighted. In general in 2008-09, up until census flights a reasonable estimate of the
number of cranes present was double the number known present. This is based on areas where
cranes are likely to be seen and reported from boats or vehicles.
The next strong cold front that dropped snow in Nebraska reached Aransas the evening of
October 22nd. It brought great migration conditions with strong north winds on October 23rd.
Aransas staff reported a family group (2+1) in flight over Heron Flats heading south about 3 PM.
These were the 2nd, 3rd and 4th whooping cranes known to be at Aransas. Biology educator Jay
Tarkington of Texas Parks and Wildlife Department (TPWD) reported two cranes crane’s at
Paul’s Mott on San Jose Island on October 25th. After the next cold front hit Aransas early in
the morning of October 27th, two cranes were seen in front of the Mustang Lake observation
tower about 10 AM by refuge birding volunteers. I saw my first flock of several hundred snow
geese and white-fronted geese near Austwell on my way home from work on the 27th.
Aransas staff in boats on October 28th reported 15+1=16 total cranes seen along the GIWW.
With some of those 16 previously reported, this brought the total of whooping cranes at Aransas
estimated at a minimum of 19 + 2 = 21. Many of the cranes were believed to have arrived with
the October 27th strong cold front including the Lobstick pair with a juvenile. The Lobstick
male hatched in 1978 is the oldest known-age whooping crane in the flock and is 30 years old.
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With basically only one part of the winter area surveyed so far, I guesstimated that total numbers
having made it back to the Aransas area probably were a minimum of 42 (twice the number
actually observed).
On October 29th, 2 whooping cranes were seen flying south across the refuge’s North Boundary
Road at 0830 AM. That same day, a Texas Parks and Wildlife Department fisheries biologist
sighted 2+1 flying over the bay close to South Pass Lake high over Matagorda Island at noon.
The family landed somewhere around Panther Point. That sighting brought the total known
present to 23+3 = 26. On October 30, staff driving the length of Matagorda Island sighted
17+1=18 and possibly 4 new whooping cranes on the north half of Aransas NWR. This brought
the known total present to 42+3=45. On October 30th, Carla Grimaldo on Newcomb Bend saw
2 adults. She vocalized a crane call and they fly off towards the Big Tree. They were
presumably numbers 46 and 47 known at Aransas (44+3=47).
Observations made by Tour Boat Captain Tommy Moore on November 1-2 noted more birds had
arrived, with approximately 50+3=53 known present. On November 4th, staff spotted three
whooping cranes at sunrise just west of Salt Creek Bridge in the wide part of creek that forms a
small lake about 200 yards off the highway. They were gone at 8 AM when I drove over to take
a look. They must have come in after dark and roosted at that location. I saw 16 sandhills in the
farm fields on the drive over to Tatton, my first sandhills of the season seen on the ground.
Additional cranes were observed on November 5th and 6th on the south end of Matagorda Island
(n=14), in farm fields along FM 774 (n=4), and on the Johnson Ranch (n=7), which raised the
total known present to 75+6=81. The sighting on Matagorda was made by an Aransas staffer
checking water gauges while driving the levee system on the south end of Matagorda Island. He
tallied 18 adults + 3 juveniles for a total of 21 cranes, including 11 that flushed out of a
freshwater seep. On November 6th, refuge staff sighted 4 whooping cranes in the early morning
in the farm fields along FM 774 south of Austwell along with lots of geese and some sandhill
cranes. Local birder Brush Freeman reported counting 3,500 sandhills on the afternoon of
October 12th along Farm to Market (FM) Roads 2040, 774, and 1684. I guesstimated by
November 6th about 162 whooping cranes were present at Aransas.
November 7th was a big migration day for whooping cranes across Texas as a cold front crossed
the state. I collected information on four Texas sightings made November 8-9 consisting of 2
cranes in Temple, 3 in Waco, 6 in Goliad, and 1 in Calallen. A major cold front reached the
refuge the evening of November 9th bringing strong northwest winds and drizzle before clearing
the following afternoon. One new family group was sighted on the refuge boat ramp burn on
November 10th. The next fronts reached Aransas on November 12th and 14th, the latter being
really strong with lower temperatures.
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The first aerial census of the 2008-09 crane season was conducted November 14, 2008 in a
Cessna 210 piloted by Gary Ritchey of Air Transit Solutions of Castroville, Texas with USFWS
observer Tom Stehn. Flights were not done before this to save budget money. The flight tallied
210 adults and 29 juveniles for a total of 239. This included 4 whooping cranes confirmed
present by others on Heron Flats near the refuge headquarters both the morning and evening on
November 14th, a bit of marsh that I did not check on my aerial census, as well as 4 whooping
cranes that spent the week in the farm fields south of Austwell. The arrival of many of these
cranes was believed to have occurred after the cold front had reached the refuge on November
7th.
With a strong cold front reaching Aransas at 2200 hours on November 14th after the completed
census flight, additional reports brought the estimated Aransas total by noon on November 15th
to 214 + 32 = 246. On the morning of November 15th, arriving whooping cranes on the Lamar
Peninsula were observed and photographed by Crane House guest Vicki Swann who works for
TPWD. The territorial pair with twin chicks arrived about 9 AM on the Johnson Ranch and a
one-chick family also arrived about 5 minutes later. Both families initially joined a group of 9
subadult cranes, setting the record for most cranes documented on Lamar at 16. However, the
territorial twin family within 20 minutes of arrival had asserted themselves and forced the family
to leave the area and started chasing and splitting up the group of subadults.
On November 18th, a subadult whooping crane was seen just north of Aransas in the farm fields
south of Austwell, Texas about 2 miles north of Aransas. The following day, both a juvenile and
subadult were sighted in different farm fields. The juvenile whooping crane was first seen in a
flock of about 600 sandhills. The juvenile remained in the farm fields until December 8th. On
November 19th, it was about 500 yards from a single white-plumaged whooping crane, but at
opposite ends of a sandhill flock. The two whooping cranes flew separately about 10 minutes
apart close to sunset to presumably roost at the Refuge’s Burgentine Lake. It seems likely that
this juvenile had migrated with its parents all the way to the refuge’s Burgentine Lake. In the
commotion within a large flock of sandhill cranes, the juvenile presumably got separated from its
parents that probably flew on to the salt marshes. The farm fields where the juvenile was at is
about 9 miles from the nearest wintering whooping crane territory, so it is unknown whether the
juvenile will continue to winter with sandhills or whether somehow it might encounter its parents
or other cranes if it starts wandering. If not, the juvenile would not know the location of the
flock wintering grounds. In the meantime, it looked healthy.
The next strong “norther” that reached Aransas November 20th brought great migration
conditions November 20-21. A weaker front hit Aransas on November 24th. I observed both
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white pelicans and sandhill cranes migrating overhead that day. Another strong front swept
through Aransas on December 4th. This front brought freezing temperatures to Kansas and
could have brought any remaining whooping cranes still in migration to Aransas.
The cold fronts that reached the Texas coast on November 15, 20 and 24 helped an estimated 27
cranes to reach Aransas between census flights conducted November 14th and November 25th.
By then, sighting reports in the migration corridor had nearly come to a halt. The National
Tracking office in Grand Island, Nebraska reported only 2 whooping cranes still in central
Kansas. The most recent sighting before that was a family group in Nebraska on November
17th. However, it is well documented that some whooping cranes make it to Aransas in
December every year. With the one known sighting in Kansas, it was very likely that low
numbers of additional whooping cranes were in migration since most whooping cranes stop in
isolated areas and never get reported.
The aerial census conducted November 25, 2009 resulted in an estimated peak flock size of 270.
The flock consisted of 232 adults and 38 juveniles. Weather conditions were ideal during the
5.4-hour flight with sunshine and light winds with Darrin Welchert helping Tom Stehn make
crane observations. Located on the flight were 228 adults + 38 juveniles = 266 total, although
the most conservative treatment of the data accounted for 260. This 266 total matched the peak
population in the 2007-08 winter. However, 4 additional birds were added to the estimated flock
size. The additions were 2 birds still in Kansas, a juvenile whooping crane in central Nebraska
and a juvenile whooping crane in the farm fields just north of Aransas.
Table 5. Chronology of Whooping Crane Arrivals at Aransas in fall, 2008.
Adults:
Date
Juveniles Location
Cold front reaches Aransas on October 16th.
10-20
1+0
Sundown Bay marshes
Cold front reaches Aransas on October 22nd.
10-23
2+1
Heron Flats
10-25
2+0
Paul’s Mott on San Jose Island
Cold front reaches Aransas on October 27th.
10-27
2+0
Mustang Lake
10-28
12+1
refuge boat on GIWW
10-29
2+0
north boundary road
10-29
2+1
Panther Pt. on MI
10-30
15+0
Matagorda Island
10-30
4+0
Refuge
10-30
2+0
Newcomb Bend
11-02
6+0
Refuge
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Total Cranes
Estimated Total
Known Present Present*
1+0 = 1

2

3+1 = 4
5+1 = 6

8
12

7+1= 8
19 + 2 = 21
21 + 2 = 23
23 + 3 = 26
38 + 3 = 41
42 + 3 = 45
44 + 3 = 47
50 + 3 = 53

16
42
46
52
82
90
94
106

11-04
11-05
11-05
11-06

3+0
Salt Creek by Highway 35
53 + 3 = 56 112
12+2
south end of MI
64 + 6 = 70 140
7+0
Johnson Ranch
71 + 6 = 77 154
4+0
farm fields s. of Austwell
75 + 6 = 81 162
Cold fronts reach Aransas on November 7, 9 and 12.
11-10
2+1
Boat ramp burn
77 + 8 = 85 170
11-14 210+29
first aerial census
210 + 29 = 239 239
Cold front reaches Aransas on the evening of November 14th.
11-15
4+3
Two family groups (1 with twins)
arrive at 0900 on Lamar.
214 + 32 = 246 246
11-19
0+1
farm fields south of Austwell
215 + 32 = 247 247
Cold fronts reach Aransas on November 20 and 24.
11-25 228+38
second aerial census
224 + 36 = 260 266**
12-03
2+0
in farm fields s. of Austwell
226 + 36 = 262 270
Cold front reaches Aransas December 4th.
* Total estimated present is conservatively calculated as double the number known
present up until the first aerial census is conducted.
** Four additional cranes were subsequently accounted for:
2 subadults in Kansas, 1 juvenile wintering in Oklahoma,
and 1 juvenile in the farm fields just north of Aransas NWR.

Progress of the fall 2008 migration was tracked with census flights at Aransas as follows;

Table 6. Aerial census flights at Aransas during fall, 2008.

Date
Oct. 20
Nov. 14
Nov. 25

# cranes
# Cranes
% of arrived since
Estimated Present Flock last flight Remarks
1 + 0 = 1 0.4%
1
waterfowl census in USFWS aircraft
210 + 29 = 239* 88.5% 238
many arrivals with Nov. 7th cold front
228 + 39** = 267 98.5%
27
three birds still in migration

* Includes 4 whooping cranes that have been using the farm fields south of Austwell.
** Includes solitary juvenile in farm fields south of Austwell.
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FLOCK SIZE
The number and distribution of whooping cranes on the wintering grounds were studied during
the 2008-09 winter. The peak population equaled 232 white-plumaged birds and 38 juveniles
totaling 270 cranes. This was 4 birds higher than the 266 peak population the previous winter.
A record 66 nests that added 38 juveniles to the population was just about negated by the loss of
34 cranes between spring and fall, 2008. Record-high morality during the 2008-09 winter of 23
birds dropped the population to 247 in spring, 2009. Mortality between spring, 2008 and spring,
2009 totaled 57 cranes (34 losses spring-fall + 23 winter), namely 21.4% of the flock of 266 in
spring, 2008.
Table 7. Numerical accounting of the Aransas-Wood Buffalo population
Spring, 2008 population at Aransas
Mortality between spring and fall, 2008
2008-09 wintering juveniles
Mortality during 2008-09 winter
Spring, 2009 flock size

266
- 34
+38
- 23
247

The estimated flock size of 270 was derived from the 266 cranes (including 36 juveniles)
observed on the November 25th census flight added to 4 birds still in migration (2 whiteplumaged birds in Kansas, 1 juvenile in Nebraska, and 1 juvenile in the farm fields just north of
Aransas.
Due to considerable crane movements during the November 25th flight, it was difficult to pin
down the exact number of whooping cranes present. For example, 86 cranes were found in
uplands (45 at fresh water sources and 41 on coastal prairie), and cranes on these areas may be
expected to move back to the marsh. Such movements make it possible to double-count cranes
as well as completely miss cranes. For example, a group of 8 adults, 4 juveniles and 1 subadult
was found at one waterhole on Matagorda Island, and 24 whooping cranes were on a prescribed
burn on Matagorda Island. Crane presence on uplands also made it very difficult to identify
specific territorial cranes since they are not in their marsh territories. Actually, at the end of the
census flight, I erroneously had concluded that 2 family groups had been overlooked at Welder
Flats since 4 family groups had been present on the previous flight and only 2 family groups
were found on November 25th. Thus, I initially thought the flock totaled 276. But since only 2
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family groups utilized Welder Flats for the remainder of the winter, I backed off on my estimate
of peak flock size. Follow-up flights started detecting mortality, so it was difficult to re-confirm
the estimate of 270. We did the best we could. It is possible that duplication had occurred on the
November 25th flight with possibly only 260 present despite the 266 actually counted. However,
the January 29th flight that sighted 260 supported the higher flock estimate of 270 since on that
date, 2 juvenile cranes were not at Aransas and mortality on January 29th was estimated at 7
which accounted for 260 cranes.
The number of cranes actually observed on a census versus the number of cranes estimated
present is shown below. Data are omitted from flights when only a partial census was made or
when cranes were still arriving or departing in migration.
Table 8. Number of Cranes Actually Observed on a Census Versus the Number of Cranes
Estimated Present Taking into Account Mortality
# Cranes
Date

Observed

November 25
December 5
December 29
January 29
February 11
February 24-25

260
229
240
262
229
238

# Cranes

%

Estimated Present Observed Rating of Visibility
266
267
266
258
255
249

97.7%
excellent
85.6%
poor
90.2%
excellent
100.%+ mostly good but duplication
89.8%
good
95.6% very good

Average
93.2%
* apparent duplication of 2 cranes during count.
The average of 93.2% of cranes observed per flight was much lower than the 98.3% average
from the 2007-08 winter. Due to flexible availability of the contract aircraft, census flights were
usually scheduled when visibility was very good. Cloudy days were generally avoided. This
usually allowed a higher percentage of the crane population to be found on nearly every census
flight. The presence of a second observer in the aircraft on some flights also helped. However,
crane use of freshwater, uplands, and burns throughout the 2008-09 winter made counting the
cranes very difficult and lowered the average number of cranes found per flight. It was a chaotic
winter for census work due to the large amount of crane movement and inability to assign cranes
to territories.
MORTALITY
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The number and distribution of whooping cranes on the wintering grounds were studied during
the 2008-09 winter. The peak population equaled 232 white-plumaged birds and 38 juveniles
totaling 270 cranes. This was 4 birds higher than the 266 peak population the previous winter.
A record 66 nests that added 38 juveniles to the population was just about negated by the loss of
34 cranes between spring and fall, 2008. The high losses in the flock between spring and fall
were ironic given the excellent production of juveniles in 2008. There were no clues as to causes
of high mortality between spring and fall other than one bird seen in Saskatchewan in fall, 2008
with a bad limp. The majority of flock mortality is believed to occur during migration periods.
Collisions with power lines in migration are the highest source of known mortality (Lewis et al.
1992), but few carcasses are ever recovered.
Record-high morality during the 2008-09 winter of 8.6% of the flock (23 birds consisting of 17
juveniles and 6 white-plumaged birds) dropped the population to 247 in spring, 2009. The
previous “worst” winter on record was 1990 when 11 out of 146 (7.5%) whooping cranes died at
Aransas. The winter of 1993 showed a 4.9% loss at Aransas (7 out of 143). Winter mortality
over the past 20 years has averaged 1.8%. During that period, there have been 6 winters with
mortality > 2.7% and 14 winters with mortality < 1.1%. Thirty-eight juveniles made it to winter
out of the 41 juveniles located in Canada in mid-August, but only 22 survived to the following
spring. Food sources for whooping cranes at Aransas were at low levels during the winter
primarily due to the drought. Some winter mortality was anticipated, but not to the extent that
occurred. After news articles about the high mortality were printed in the Victoria, Houston
and San Antonio newspapers, the Corpus Christi Caller-Times on March 6 ran an obituary citing
the Associated Press as a source for 18 whooping cranes that died during the winter.
The total loss between spring, 2008 and spring 2009 of 57 birds (21.4% of the flock) was
devastating and will take more than one breeding season for the flock to recover.

Table 9. Population gains and losses between spring, 2008 and spring, 2009.
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# Cranes
Spring, 2008 population at Aransas
266
Mortality between spring and fall, 2008
- 34
Mortality during 2008-09 winter
- 23
Mortality between spring, 2008 and spring, 2009
- 57
Production of 2008 juveniles that wintered
+ 38
Spring, 2009 flock size
247

% of Flock
100.0 %
12.8 % of 266
8.6 % of 270
21.4 % of 266
14.1 % of 266
100.0 %

Table 10. Mortality in the Aransas-Wood Buffalo Population
Flock Size Aprl.-Nov. Aprl.-Nov.
Winter
Peak Winter 12-Month 12-Month
Year In April Mortality % Loss Winter Mortality Flock Size Mortality Mortality (%)
2008 266
34A
12.8 A
2008-09 23
270
57
21.4 A
2007 236
9
3.8
2007-08
0
266
9
3.8
2006 214
22
10.3
2006-07
0
237
22
10.3
2005 215
25
11.6
2005-06
6
220
31
14.4
2004 192
10
5.2
2004-05
2
217
12
6.3
2003 184
15
8.2
2003-04
1
193
16
8.7
2002 174
5
2.9
2002-03
1
185
6
3.4
2001 174
13
7.5
2001-02
2
176
15
8.6
2000 187
16
8.6
2000-01
6
180
22
11.8
1999 183
11
6.0
1999-00
1
188
12
6.6
1998 181
16
8.8
1998-99
0
183
16
8.8
1997 160
8
5.0
1997-98
1
182
9
5.6
1996 157
13
8.3
1996-97
0
160
13
8.3
1995 133
3
2.3
1995-96
1
158
4
3.0
1994 136
11
8.1
1994-95
0
133
11
8.1
1993 136
9
6.6
1993-94
7
143
16
11.8
1992 131
10
7.6
1992-93
0
136
10
7.6
1991 135
11
8.1
1991-92
1
132
12
8.9
1990 141
9
6.4
1990-91
11
146
20
14.2
1989 132
7
5.3
1989-90
5
146
12
9.1
20-Year Average 12.9
7.2 %
A
worst loss in past 20 years.

3.4 (1.9%) 183

16.3

9.0 %

The very low availability of blue crabs and wolfberries at Aransas during the 2008-2009 winter,
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the preferred foods of the whooping crane, was correlated with record high winter crane
mortality. Food supply can often be a limiting factor for wildlife populations. It makes sense
that whooping cranes are going to do better when food supplies are adequate versus when food
supplies are limited. The lack of these key food sources were related to the “exceptional”
drought in south Texas.
A minimum total of 23 whooping cranes (16 juveniles and 7 white-plumaged birds) died during
the 2008-09 winter.
Table 11. Chronology of Whooping Crane Mortality during the 2008-09 Winter.
Date
Dec. 01
Dec. 29
Jan. 08
Jan. 08
Jan. 11

Crane Mortality
two-yr-old male with bad knee captured at Refuge Boat Ramp and died on route to vet.
South Sundown Island juvenile found missing on aerial census.
Unknown # 1 juvenile missing on south end of Matagorda Island.
West Shell juvenile missing on Matagorda Island.
Mustang Slough juvenile** that separated from its parents and was sighted close to
vehicles on the refuge tour loop between December 29th and January 9th before
wandering north of the refuge and disappearing, last seen north of Aransas west of
FM 2040 on Jan. 10th.
Jan. 14 Juvenile carcass ** of R-YbY pair found by Dunham Bay.
Jan. 29 West Brundrett juvenile missing on south end of Matagorda Island.
Jan. 29 East Welder juvenile missing.
Jan. 29 one adult missing on Panther Point uplands on Matagorda Island from 1+1 group
Jan. 29 one adult missing south of Power Lake on Matagorda Island from 1+1 group.
Feb. 11 solitary juvenile** from unknown family on south end of San Jose Island was last
sighted on Jan. 29th census at a dugout.
Feb. 11 Panther Point juvenile missing.
Feb. 11 Pipeline pair juvenile missing.
Feb. 11 S. Sundown Bay juvenile missing.
Feb. 11 one adult missing from 1+1 group at feeder by Cedar Bayou.
Feb. 11 S. Panther Point juvenile missing on Matagorda Island.
Feb. 13 N. Dunham Bay juvenile** found in mouth of an alligator in a North Pt. pasture
dugout.
Feb. 23 N. Brundrett juvenile missing on Matagorda Island.
Feb. 23 lethargic subadult missing in N. Dunham Bay area.
Mar. 02 old pile of white-plumaged feathers found at Upper Pump Canal.
Mar.15 Airport juvenile missing on Matagorda Island.
Mar. 31 Rattlesnake Island juvenile limping badly, then disappeared.
Apr. 01 1+1 grouping west of the airstrip on Matagorda island, confirmed April 7th on their East
Bray territory as 1+1.
** Separated from its parents prior to mortality event
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Mortality of
Running
Adults + juvs Total
Dec.
1
1
2
Jan.
2
6
10
Feb
2
7
19
March
1
2
22
April
1
0
23
Totals 7
16
23
Field observations for some of the losses listed above are provided below.
On February 22, 2009, tour boat professionals Ray Kirkwood and Tommy Moore both saw a
lethargic subadult by itself 50 yards off the GIWW at the north end of the Lobstick territory. It
didn’t change location during the 2-hours that the tour boats were on the refuge that day,
although Tommy Moore did see it move a little. It looked odd. Its neck was drooping and its
bill touching its neck. It appeared to have an indentation on the side of its neck and it was
scrawny. On the afternoon of the 23rd, the bird was missing and presumed dead.
On March 19, tour boat naturalist Ray Kirkwood reported seeing a badly limping juvenile with
its parents in the Rattlesnake Island territory. Refuge staff subsequently confirmed this
observation of a chick with presumably a leg or hip injury. The chick was very dark still and
was not the light-colored juvenile in the new “Pioneering family” at the refuge Boat ramp. The
injured crane was using its wings as a “crutch” to stand on one leg and try to feed, but has also
been mostly lethargic. It was flapping its wings a lot to help with balance or locomotion and was
not putting any weight on its right foot and was having trouble standing. It would move a little
and then drop back down into the marsh. It apparently could still fly since it was seen near the
Refuge Boat Ramp, too far a distance for the family to have walked from its Rattlesnake Island
territory. On March 29th, Ray Kirkwood provided an update.
“We have been seeing the injured juvenile each trip. It has progressed to the point that it can
now put some weight on the foot, so can hobble across the terrain better than it did the week
before. However, I did not see it attempt to eat. It did take a drink March 28 or March 29. It
was preening its feathers, but otherwise looked very lethargic. It is still with its parents.”
I could not find the chick on April 1st from a boat along the GIWW and it was listed as “dead”.
Two birds were noted with leg issues during the 2008-09 winter. In mid-November, one bird in
a subadult group at the Johnson Ranch on Lamar seemed to fly with one leg trailing slightly
lower than normal. On March 14, a limping white-plumaged bird in a pair was reported by a
visitor on a tour loop burn. Neither of these two birds was considered as a mortality.
On March 14th, Tour Boat Captain Tommy Moore noted birds he characterized as “lethargic”.
“The	
   birds	
   we	
   are	
   seeing	
   close	
   (Lobsticks,	
   Scarbaby,	
   and	
   a	
   subadult	
   group	
   of	
   5	
   seem	
  
lethargic.	
   It’s	
   just	
   bugging	
   me.	
   Yesterday,	
   Scarbaby	
   just	
   stood	
   there	
   for	
   about	
   10	
  
minutes	
   with	
   fluid	
   (water?)	
   continuously	
   dripping	
   from	
   his	
   beak.	
   I	
   almost	
   tried	
   to	
   call	
  
you	
  but	
  he	
  started	
  hunting	
  again	
  and	
  I	
  figured	
  that	
  was	
  a	
  good	
  sign.”	
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Carcass Recovery
No carcasses were discovered in migration or nesting areas. Mortality at Aransas involved four
carcasses recovered as well as evidence of mortality uncovered on aerial census flights. It
seemed like as the winter went along, additional mortality was discovered on just about every
census. This evidence was based primarily on the distribution of cranes when an adult pair was
seen without its juvenile, or if an adult in a family group was considered missing, leaving a
grouping of 1 adult +1 juvenile. Thus, the over-winter mortality estimate of 23 birds (8.6% of
the flock) is a minimum figure.
Information on specific causes of mortality during the 2008-09 winter was obtained on the two
intact carcasses recovered.
First Carcass
The first bird recovered occurred on December 1st when a whooping crane was found hock
sitting in an upland area close to a freshwater dugout near the boat ramp on the Aransas NWR. It
was unable to stand and did not move when approached. After capture, it had difficulty holding
its head up. I picked up the crane, placed it in a shipping crate, and drove it to the closest
veterinarian in Port Lavaca. It was not struggling at all, and appeared to be very emaciated. The
crane died en route which I expected given the birds incredibly weakened state.
The bird was shipped to the National Wildlife Health Center in Madison, Wisconsin that
afternoon and necropsied the next day using a very thorough necropsy protocol established
specifically for whooping cranes. The crane was a 2-yr-old subadult male, extremely emaciated,
and only a bad left “knee” that could have contributed to the bird’s death. Attempts to culture
organisms from the knee were unsuccessful. It is possible the knee was badly infected which
could have been making the bird very sick and further limiting its food intake. There was no
other indication of disease. A white-plumaged whooping crane with a severe limp of the left leg
with restricted foraging ability had been observed in Saskatchewan in the 2008 fall migration. It
is possible that was the same bird as the one picked up live at Aransas and had been unable to get
enough food over an extended period of time. The low levels of food availability at Aransas
were presumably too much for the bird and it continued to weaken until it could no longer stand.
The National Wildlife Health center (NWHC) report on the emaciated subadult picked up at
Aransas read;
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“We did not get any Mycoplasma out of the infected joint or fluid and there weren't any
other bacterial species of note in the intestine, liver, or brain. Brain cholinesterase was
normal and no signs of lead so it hadn't been poisoned. We did not isolate any viruses,
including West Nile and avian influenza. We will have to look at the tissues before
making any diagnosis, but emaciation seems to be the most likely cause of death at this
point. I wonder if the joint issue made feeding difficult and/or painful.”
Second Carcass
The second whooping crane carcass recovered was a juvenile that was observed being
aggressively picked on by a territorial male near Dunham Bay on January 13, 2009. Since the
juvenile’s parents flew off during the territorial encounter, I postulated that the juvenile was too
weak to fly off. It was predated with 48 hours of its encounter with the territorial male. The
following is a scenario of what occurred:
January 13th, 2009
A whooping crane juvenile with its parents was observed in an aggressive
interaction with a territorial family group at Aransas NWR by nature guide Ben Freeble on
January 13 in the AM. The chick seemed to be resting an abnormal amount of the time as its
parents were feeding that morning. Usually the juveniles are always foraging when the adults
are foraging. The nature guide at the time assumed the juvenile was just snoozing. The resident
territorial male (the Lobsticks) came and aggressively chased the intruding family that apparently
wintered on San Jose. One of the adults had a large red band on the left leg and had originally
been banded as R-YbY (1987) that was from nest 0833 from K-21. The intruding adults flew
off, but the chick did not fly. It ran off from the aggressive adult male, with wing flapping and a
commotion but no attempt to fly. It could not get away from the aggressive adult that kept after
it. In all, the chick ran for about 40 yards. The chick then permanently disappeared from sight
(down into the marsh grass or down the embankment onto the edge of the bay where it would
have been out of sight), and eventually the aggressive male walked off. The parents of the
juvenile that was chased tried to come back to the marsh, but were very nervous and couldn't
come back due to the presence of the aggressive male defending his territory.
January 14th AM
The nature guide saw the adults but not the chick. This confirmed what he had
suspected the day before; that the chick had been injured. He calls Aransas NWR at 12:30PM on
Jan. 14th.
January 15th AM
28

Aransas NWR launches a boat and recovers the carcass of the juvenile at 10:30
AM after a 20-minute search. The carcass was cooled for several hours and then shipped
overnight to NWHC.
The biggest question in my mind is why didn't, (or why couldn't) the chick fly away from the
aggressive male? The chick must not have been able to fly for an unknown reason when the
attack occurred. Yet the whooping crane family group had apparently flown in to the marsh to
be in the aggressive crane's territory (Lobstick) and had been seen in flight (adults plus juvenile)
in the recent past. What had apparently weakened the chick enough to make it flightless? Food
resources for whooping cranes were very limited this winter. This juvenile was the sixth
suspected death since the whooping cranes arrived this fall, and the second carcass recovered and
shipped to the NWHC.
The NWHC wrote:
We received and necropsied a young whooping crane chick from Tom Stehn today. This
chick was observed being attacked by a territorial male 2 days prior to being found dead.
It was in good postmortem condition with minimal scavenging. It was emaciated. It died
as a result of predation. There was cranial trauma with puncture wounds and blood clots
near the ear (Stehn’s note - note that this trauma was not consistent with wounds inflicted
by another crane). It also had a fractured jaw, fractures between the skull and first
vertebrae, and fractures on either side of rib 8. We reflected back the skin to expose the
wounds if someone wants to take a look at them or give an opinion on the culprit. We are
not sure yet what the predator is.
At my request, samples were taken and shipped to Holly Sellers at U. of Georgia and to Marilyn
Spalding at U. of Florida to have additional tests done for the virus infectious bursal disease
(IBD). At the NWHC in Madison, Wisconsin, Dr. Hon Ip isolated an IBD-like virus from the
juvenile, the first time IBD has ever been isolated from a crane. There was some speculation that
the isolated virus came from a mixture of different organ tissues, so perhaps that is important
rather than just focusing on the bursa. The virus isolated was apparently a different strain, but it
did react with IBDV antisera. It is not yet known if that strain of IBD is pathogenic to whooping
cranes, but it seems probable.
In March, 2009 Felipe Chavez’s crew trapping sandhill cranes on the Platte River in Nebraska
submitted 19 samples to the U. of Georgia for testing for IBD. Test results showed exposure to
IBD from 12 of the 19 samples, a notable result much higher than expected. This demonstrated
that sandhill cranes in the Central Flyway, as is the case with sandhill cranes in the east, have
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exposure to IBD.
Very little work has been done on IBD in cranes, so the disease presumably may have been
epizootically affecting whooping cranes at Aransas in prior years. IBD has been documented in
whooping cranes and other birds including wild turkeys in Florida (Candelora et al. 2008), and
may be present at captive whooping crane breeding facilities. One of the symptoms of IBD is
emaciation, even when the bird is receiving adequate food supplies. However, the particular
strain of IBD isolated from the Aransas whooping crane is different from other known strains, so
how it affected the Aransas crane is speculative. IBD mainly affects juvenile cranes since the
virus grows in the bursa, an out-pocket of the cloaca that is not present in white-plumaged
cranes. Thus, the 7 mortalities of white-plumaged cranes at Aransas in the 2008 winter probably
had nothing to do with IBD. The loss of even 7 whooping cranes ranks 2008 as a high mortality
winter.
Third Carcass
The third carcass recovered was the wing of a juvenile found on February 14th by refuge
biologists during fish sampling at a dugout in the North Point Pasture’s Burn Unit C10 on the
inside of the jay-shaped canal. The remainder of the juvenile was in the mouth of a large
alligator and irretrievable. The wing was rotten indicating the juvenile had been dead several
days. The juvenile from the North Dunham Point family had separated from its parents as
observed on the February 11th census near the dugout mentioned above. What was presumably
the same bird was also reported January 29th on the Point Pasture Road getting grit. In that
instance, the lone juvenile had allowed the refuge truck to approach within 20 meters before
slowly walking off onto burn. Separation of juveniles from their parents at that time of year is
believed indicative of health issues. A juvenile also becomes more vulnerable to predation after
the separation, especially as it is forced to drink fresh water from dugouts.
Fourth Carcass
The fourth carcass recovered during the winter was a scattered pile of feathers found by the
visiting Chinese crane scientists during a crab count on March 2, 2009. While walking along the
narrow bayou that feeds the Upper Pump Canal, the Chinese sighted and identified the feathers
as those from a white-plumaged whooping crane. I went out to the site the following day and
confirmed the identification, made by noting the color of the upper part of the rachis (shaft) of
the black flight feathers which are white in American white pelicans and mostly black in
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whooping cranes. The crane had been dead a long time with only a few shattered bones found.
No legs, skull, beak or feet were found over about a 75 yard area where the feathers were
scattered.
Separation of Juveniles
Two of the 38 wintering juveniles separated from their parents in the fall prior to reaching
Aransas. One juvenile wintered in Oklahoma. The second juvenile made it all the way to the
farm fields south of Austwell where it remained for nearly 2 months (see Unusual LocationsFarm Fields below).
The separation of juveniles from their parents during the winter prior to disappearing was
documented on 4 occasions during the 2008-09 winter. When data from other high mortality
winters were looked at, separation of juveniles prior to mortality was also commonly noted.
On December 29, 2008 during the Christmas Bird Count, Aransas staff reported a solitary
whooping crane juvenile at the refuge boat ramp. No other whooping cranes were nearby. Two
whoopers were far distant by Redfish Slough, but too far off to be associated with the juvenile.
Sandhill cranes were present on the corner of the burn V3 near the Boat Ramp. I found the
juvenile later that day on a census flight at the “Doughnut Hole” dugout south of the Service
Road. This single juvenile was photographed by tourists the following day on the adjacent V3
burn. This was not the solitary juvenile that has been in the farm fields south of Austwell. It
also was not the lone juvenile seen in migration in Nebraska since that juvenile would not know
how to find Aransas. The juvenile seemed healthy enough as it foraged on the V3 burn.
Looking at the crane distribution, the nearest family group from which this juvenile had
presumably separated was Mustang Slough. The Mustang Slough pair on the December 29th
and January 8th census flights was seen without their chick so it seemed likely the separated
chick was from the Mustang Slough territory. Less likely was that the juvenile was from the
South Sundown Island pair seen on the December 29th census flight without their chick since
that territory was located 7 miles south of the Boat Ramp. Confusing the picture even further
was an unbanded family group utilizing the V3 burn and water hole near the Boat Ramp, the
southern end of Mustang Lake, and the strip of salt marsh just north of the refuge Boat Canal.
This was a new family looking like it was establishing a new territory. The coloration of the
juvenile in this unbanded family did not match the plumage of the solitary juvenile on the tour
loop.
During this same time frame, a tourist reported on December 30th seeing a group of 2 adults with
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2 chicks along the tour loop burn. Other reports of this grouping were made December 31st and
January 4th. I attempted to find this 2+2 grouping myself but did not. A video I watched of
them taken by a tourist showed both chicks remarkably close to the adults with no sign of one of
the chicks being temporarily “adopted”. With the only known twin family known present at
Aransas over on the Lamar Peninsula, I postulated that a second family with twin chicks had
arrived late in December. However, when I failed to find this new twin family on the January
8th aerial, I postulated that the separated juvenile had temporarily joined up with a family group.
The separated juvenile continued to feed daily along the tour loop. On January 7th, I went out
and observed the solitary tour loop juvenile that had been named “dark brown” because of its
notably still dark juvenal plumage. Whereas the day before it was reported secreting nasal
fluids, it looked fine and flew strongly when I observed it. It was using the V3 burn, the
uppermost end of Mustang Slough, and the tour loop roadside. It was not very wary of cars and
would allow for a slow approach to within 15 yards. I observed it foraging in dead mowed grass
covering the edge of the pavement. Looking at this same area later, I could find no indication of
what the chick had been seeking. It did not seem to be finding much.
On January 10th, a solitary chick was seen along Farm to Market road 2040 just northwest of
Hooper’s Landing along the stretch of road before reaching the refuge. It was believed to be the
“tour loop” juvenile who was not reported on the tour loop January 10th or 11th.
Separated juveniles seen on census flights included one on the south end of San Jose Island on
January 29th, and one in the refuge’s North Pt. pasture on February 11th which 3 days later was
found in the mouth of an alligator. Also, the juvenile of adult R-YbY had been seen as a single
being attacked by a territorial adult two days before I picked up the carcass by Dunham Bay.
On March 3, 2009 I observed a family group at a dugout next to East Shore Road getting fresh
water to drink. The two adults took flight and left the dugout, but their juvenile stayed behind.
This was atypical behavior. The adults flew to the edge of the marsh, vocalized and then
returned to land at the dugout. The family group soon walked to the road and got grit. The
juvenile walked off into the tall grass and was out of sight, then reappeared 5 minutes later. I left
the area with the family still together standing on East Shore Road.
Diane Johnson remarked that the twin juveniles on her ranch during 2008-09 showed more
independence than usual this winter. How that could be related to food shortages since that
family group has daily access to corn from a game feeder?
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FLOCK COMPOSITION
The peak population of 270 whooping cranes during the 2008-09 winter consisted of 140 adults,
92 subadults, and 38 juveniles. Flock size was 4 birds higher than the 266 peak population the
previous winter. A maximum of 16 cranes in April, 2009 were banded (Table 20). The banded
cranes (maximum of 10 with color bands, 6 with only an aluminum band) totaled 6.5% of the
flock size of 247. The number of marked cranes is expected to increase with a banding program
planned starting in the 2009-10 winter.
Table 12. Banded Cranes in the Aransas-Wood Buffalo Flock
Time Period
April, 2009
April, 2008
May, 2007
Spring, 2006
2004-05 winter
2003-04 winter
2002-03 winter
2001-02 winter
2000-01 winter
1999-00 winter
1998-99 winter
1997-98 winter
1996-97 winter
1996 spring
1995 spring
1994 spring
1992-93 winter
1991-92 winter
1990-91 winter
1989-90 winter
1988-89 winter

Cranes Banded (%)
6.5 (maximum number)
7.9 (maximum number)
8.1 (maximum number)
9.5
11.5
13.4
14.1
15.9
17.8
19.1
20.2
22.0
26.3
28.7
33.8
37.0
40.4
46.6
45.9
49.6
59.4
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Two color-banded birds (R-YbY and W-G) seen in the 2008-09 winter had not been identified
in the 2006-07 or 2007-08 winters at Aransas. R-YbY was seen several times on Bludworth
Island and at the Dry Hole Road feeder by Dunham Bay. The bird presumably wintered on San
Jose Island since it formerly was in the Spalding Lake territory, but I do not know which territory
it has. W-nil was photographed at a refuge feeder and I do not know where this bird winters
since I am not seeing the band during census flights. Very little effort was made in 2008-09
trying to read color bands given the faster speed of the airplane, time limitations on flights, and
the chaos of the distribution pattern lending little time to make extra passes looking at bands. A
bird with only a metal band (nil-hs) was sighted at the M4 feeder on Matagorda Island. This bird
was believed to be one of the Panther Point adults, formerly male RwR-nil (1978). A second
bird with just a metal band (ls-nil) was seen at the A1 feeder on the refuge and could be the
former radioed bird W-R (1982).
WINTER RANGE
The whooping crane winter range has expanded as the flock has slowly increased in number.
Areas flown in a complete census effort are shown in Figure 2. Between the 1984-85 and 200809 winters, even though the basic areas occupied by the cranes remained the same, range
expansion did occur on contiguous marshlands in these areas. Whereas Aransas had little room
for cranes to expand to, the west side of St. Charles Bay, San Jose, Matagorda, and Welder Flats
had tracts of unoccupied marsh adjacent to crane use areas. These are the areas the population
has expanded into. This range expansion is described in a manuscript by Stehn and Prieto
presented at the 11th North American Crane Workshop in September, 2008.
The increased size of the crane range necessitated longer census flights of up to 8.0 hours. Flight
time was limited to 6.0 hours since the pilot had an hour of taxi time to and from San Antonio
and an FAA 8.0 hour flight-hour limit per day. On the refuge, areas flown weekly included
much of the Lamar Peninsula shoreline and interior, across Highway 35 to Newcomb Bend and
marshes north of Holiday Beach. To reduce flight time, the mouth of Copano Creek, the Reserve
at St. Charles, and the Tatton Unit were rarely covered. No crane usage was documented in
2008-09 on the Tatton Unit (Cavasso Creek to Burgentine Lake and Willow Creek). On
Matagorda, it was necessary to search marshes from the south end of the island north all the way
to Pringle Lake, including circling the lake. Some flights also covered the north end of
Matagorda depending on whether the northernmost cranes were located. On Welder, upland
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areas had to be searched, as well as all of Shoalwater Bay and areas as far north as Dewberry
Island to the Army Cut. On San Jose, cranes continued to winter as far south as Allyn's Bight, a
trend first noted in 1994-95.
It is possible that cranes in the future will utilize marshes further to the south on San Jose. They
may use marshes in Redfish Bay such as on Mud Island, although somewhat different black
mangrove habitat starts south of Mud Island just a few miles south of the current crane range. It
is most interesting to note that the current range of the whooping crane starts just north of black
mangrove habitat. A long-range threat to the cranes if the climate gets warmer is range
expansion of black mangrove that is currently limited by hard winter freezes. For decades, its
range has remained south of the whooping crane range. However, black mangrove has spread
noticeably over large acreages of the crane range on the north end of Matagorda Island between
Pringle Lake and Power Lake, covering areas closest to the bay over about a quarter of the total
marsh acreage on that part of Matagorda. I have no idea why it isn’t invading marshes on San
Jose and the southern half of Matagorda, but it must be limited by specific water regimes in those
areas. With continued global warming, the range of the mangrove will likely move north and
decrease the value of the salt marsh for whooping cranes since they do not utilize brushy habitat.
UNUSUAL LOCATIONS
Whooping cranes showed up in unusual places all winter, movements presumably related to food
shortages and the need to seek fresh water to drink.
Heron Flats
In recent years, whooping cranes have occasionally used salt marsh located near the refuge
headquarters at Heron Flats. For over a decade, cranes have been documented on Heron Flats
between 2 and 48 days annually. In 2003-04 and 2004-05, only 2 instances of use each winter
were documented, with 5 recorded instances in 2005-06. This minimal amount of use was
repeated in 2006-07 and 2007-08. For the 2008-09 winter, 4 whooping cranes were observed on
Heron Flats in both the morning and evening of November 14th, 2008. Two cranes were reported
on Heron Flats on December 6th, 2008 by Jim Koby, a USFWS employee in Region 1. These
were the only use documented at Heron Flats during the winter. The reduced wolfberry crop
which sometimes attracts cranes to Heron Flats may have contributed to the low amount of
usage.
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Holiday Beach
Holiday Beach is a small canal-lot community next to Copano Bay on the west side of the Lamar
Peninsula, not far from 2 crane territories located on the east side of the peninsula. Salt marsh
areas are located both north and south of this residential community, with additional salt marsh
to the northwest at the mouth of Copano Creek. A small hunting club uses the Newcomb Bend
marsh south of Holiday Beach, but all members are aware of the presence of a territorial pair of
whooping cranes and occasional subadults. The general public also occasionally hunts south of
Holiday Beach.
In 2008-09, the territorial Newcomb Bend pair spent their second winter claiming the marsh
south of Holiday Beach along the shore to Newcomb Point. This pair roamed extensively during
the winter, often leaving their territory vacant. They also may have “claimed” the feeder and
pond adjacent to Highway 35 on the east side of the highway just north of Holiday Beach. Two
cranes were documented twice on the marshes north of Holiday Beach. On November 25th, the
pair was in the marsh on the Shell Point Ranch, and on December 29th was further to the north
where the marsh starts to turn west towards the mouth of Copano Creek. These two cranes north
of Holiday Beach were probably the Newcomb Bend pair, put also could have been a subadult
duo. No crane use was documented in the interior marshes of Holiday Beach just east of Bellaire
Street during the winter.

North End of Matagorda Island
In 2006-07, a few cranes occasionally used habitat north of the former Bomber Base located on
the north end of Matagorda Island. No use in that area was documented in 2007-08. In 2008-09,
a single crane was sighted on the December 29 and February 24 census flights in the salt marsh
north of the Bomber Base. Additional use probably occurred, but few flights covered that area
due to limited flight time.
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Burgentine Lake and Salt Creek
Some use was documented on the refuge’s Burgentine Lake during the 2008-09 winter. Some of
the whooping cranes foraging during the day in the farm fields south of Austwell would fly
towards the refuge’s Burgentine Lake at sunset where they presumably roosted.
There was also one sighting of 3 whooping cranes on November 4th in Salt Creek close to
Highway 35. The sighting was made just before sunrise by the fire crew of the Aransas NWR on
their way to work. The 3 cranes were about 200 yards west of Highway 35 in a location where
Salt Creek widens out and forms a large pool. The cranes may have landed there after dark the
night before and roosted. It seems unlikely, but not impossible, that cranes would have landed
there in daylight given the traffic on Highway 35 when the cranes could have flown about ¼mile further east and roosted in an isolated portion of Salt Creek. The cranes were gone by the
time I arrived at the site about 0830 AM.
Coloma Creek
On December 5th around mid-morning, a single whooper was seen flying near Colomo Creek
about 1/3 mile west of FM 1289 by expert local birder Brush Freeman. Coloma Creek empties
into Powderhorn Lake and is located southwest of Indianola, Texas and north of the crane area.
The bird was flying south at 300-400 feet and was alone.
Guadalupe Delta
After many years of expectation, the first documented sighting of a whooping crane was made in
the lower salt marsh portions of the Guadalupe Delta. Expert local birder Brush Freeman saw
one whooping crane on the Guadalupe Delta on December 18th. He wrote:
“Here	
   is	
   the	
   rough	
   location	
   of	
   the	
   Dec.	
   18	
   Whooper.	
   	
   It	
   was	
   not	
   very	
   visible	
   for	
   us	
   as	
   it	
  
was	
  down	
  behind	
  reedy	
  stuff.	
  Many	
  geese	
  were	
  nearby.	
  We	
  could	
  not	
  find	
  a	
  vantage	
  point	
  
high	
  enough	
  to	
  get	
  good	
  looks,	
  even	
  from	
  the	
  bed	
  of	
  the	
  truck....	
  Gene	
  (the	
  landowner)	
  says	
  
he	
  gets	
  them	
  on	
  occasion	
  up	
  at	
  the	
  house	
  where	
  a	
  feeder	
  is	
  located.	
  	
  	
  
	
  There	
  is	
  virtually	
  no	
  fresh	
  water	
  out	
  there	
  this	
  year	
  and	
  we	
  were	
  able	
  to	
  drive	
  right	
  to	
  
the	
   mouth	
   of	
   the	
   river.	
   	
   (This	
   is)	
   something	
   we	
   have	
   not	
   been	
   able	
   to	
   do	
   before...The	
  
Guadalupe	
   Delta	
   is	
   very	
   dry,	
   the	
   river	
   coming	
   down	
   moves	
   slowly	
   and	
   would	
   likely	
   be	
   called	
  
a	
   creek	
   in	
   some	
   states.	
   The	
   drought	
   has	
   lessened	
   its	
   flow.	
   Blue	
   Crabs	
   are	
   few	
   and	
   far	
  
between	
  and	
  there	
  are	
  no	
  wolfberries	
  this	
  year.	
  Freshwater	
  pools	
  on	
  the	
  Refugio	
  Co.	
  portion	
  
of	
  the	
  Delta	
  are	
  at	
  a	
  premium	
  and	
  salt	
  concentration	
  is	
  way	
  above	
  the	
  norm	
  in	
  the	
  brackish	
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pools.	
  For	
  the	
  first	
  time	
  ever,	
  we	
  were	
  able	
  to	
  drive	
  right	
  down	
  to	
  Guadalupe	
  Bay,	
  from	
  the	
  
Refugio	
  Co	
  side,	
  on	
  solid	
  dry	
  ground	
  and	
  as	
  a	
  result	
  our	
  area	
  of	
  coverage	
  increased	
  by	
  well	
  
over	
   2X.	
   There	
   were	
   far	
   fewer	
   geese	
   this	
   year,	
   with	
   very	
   little	
   for	
   them	
   to	
   eat.	
   Passerines	
  
were	
  pretty	
  much	
  concentrated	
  within	
  100	
  yards	
  of	
  fresh	
  water	
  (the	
  river	
  or	
  it's	
  channels).”	
  
Even though apparently influenced by a game feeder, this was incredibly exciting news to me.
We've been occasionally doing aerial searches over the Guadalupe Delta for many years now
looking for whooping cranes, and waiting by the phone expecting TPWD to sight a whooper
there. The sighting on 12-18-08 was the first one I know of specifically in the Delta. In the past,
we've had a rare whooper in the salt marshes/farm fields north of Hynes Bay, and whoopers in
flight were spotted once I believe in the vicinity of Alligator Slide Lake and Highway 35. I have
always wondered why whooping cranes have not set up territories on the Guadalupe Delta. I
wonder if the habitat was just different enough from Aransas to make it less suitable since
salinities are much fresher and tall Phragmites reed is present around some ponds. However,
from the air, the habitat looks suitable for whooping cranes, and blue crabs must be present. The
sighting gave credence to the idea that someday wintering whooping cranes may set up territories
on the Guadalupe Delta if the flock continues to grow in number.
The idea of whooping crane use of the Guadalupe Delta was very timely given the Texas nature
Conservancy had just received a $750,000 pledge of funding to pursue an acquisition in the
delta.
Corpus Christi
A whooping crane appeared in Corpus Christi on January 13, 2009, at the end of Wooldridge
Road near Oso Bay. The bird was again at a feeder in Tilda Amaya's yard, the same location in
which a whooping crane had appeared November 4-6, 2005. Mrs. Amaya feeds corn to 50-100
sandhill cranes right outside the fence of her back yard, which backs up to a large grassy, weedy
field. When she spotted the whooping crane, Mrs. Amaya called local birding expert Mel
Cooksey, who could hear over the phone the whooping crane calling. When Mr. Cooksey got to
the site 15 minutes later, the whooping crane had flown with a small group of sandhills and was
not reported subsequently despite searches of the area.
Farm Fields South of Austwell
In the farm fields between Austwell and the refuge, whooping cranes were sighted utilizing
different fields as follows:
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Table 13 – Whooping Cranes in the Farm Fields South of Austwell, TX
Group Dates
Remarks
3+0 Nov. 4
Salt Creek west of Highway 35 next to ANWR just before sunrise.
4+0 Nov. 6-14
Originally only 3 seen on Nov. 6th. Fourth crane present 2 hours later.
1+0 Nov. 18-20
Seen in farm fields along FM 774
0+1 Nov. 19–Dec. 8 juvenile whooping crane by itself
2+1 Nov. 23
presumed new arrival from the migration
2+0 Dec. 2-8
believed to be the 2 late migrants previously sighted in Kansas
2+1 Dec. 9
new arrival or returnee from ANWR marshes? Fly to Burgentine at sunset
4+0 Dec. 15
in farm fields along FM 774 at 1645 hrs.
1+1 Dec. 29
aerial location of 1+1 in Bauer’s Fish Farm impoundment along FM 774.
Adult and juvenile were associated using the same area. Was this the
juvenile split off from its parents just before reaching Aransas.
Impoundment later dried up.
1+0 Dec. 31
One white-plumaged crane along FM 774 seen by volunteer in AM.
2+0 Jan. 6-12
In field near FM 1684/774 intersection.
2+0 Jan. 8
aerial of 2 in Bauer’s Fish Farm impoundment along FM 774.
1+0 Jan. 14
in farm fields along 774.
1+0 Feb. 3
in farm fields along 774.
3+0 Jan 19-Mar. 14 in farm fields along 774 including flooded area near 3035/1684 junction
and Bauer’s Fish Farm impoundment before it went dry.
last sighting of winter in farm fields on March 14.
Sightings of whooping cranes in the farm fields south of Austwell occurred much of the winter
and in different locations. This was just another indication of how unusual the winter was.
Whooping cranes sometimes stop in these areas prior to completing the migration and
occasionally stay for extended periods before moving on to the nearby salt marsh. Sightings in
the farm fields in November that fit this pattern included 4 white-plumaged cranes November 614, one white-plumaged crane November 18-20, and a family on November 23.
A juvenile whooping crane was first seen with sandhill cranes but not with other whooping
cranes in the farm fields along FM 774 on November 19th. Did the parents of this juvenile fly all
the way to Aransas and the juvenile separated in the farm fields just north of the refuge? Or did
the juvenile separate from its parents much earlier in the migration and just happened to follow
sandhill cranes to the farm fields just north of Aransas? I don’t ever recall a juvenile by itself in
the farm fields just south of Austwell before. It is intriguing as to how this happened.
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A sighting on November 20 was interesting. The day before, a juvenile whooping crane was
seen with sandhills but not with other whooping cranes in the farm fields along FM 774. On the
morning of the 20th, a single adult whooping crane was seen along FM 774. At 1645 hours, I
saw 1+0 and 0+1 in same field where the juvenile was seen the day before. They were about 500
yards apart at opposite ends of a flock of 600 sandhill cranes. The cranes were eating waste
corn. Due to the summer drought, some of the corn crop was not harvested and was disked
under, leaving more waste corn in the fields than usual in the fall. The juvenile flew 5 minutes
before sunset towards Burgentine Lake. The adult followed 10-15 minutes later as sandhill
cranes continued to fly to roost towards Burgentine Lake. All the cranes were gone by 15
minutes after sunset. It was clear the adult and juvenile whooping cranes were acting
independently and were not related.
The juvenile in the farm fields was lasted sighted on December 8th. It presumably moved to
another location away from Aransas, or it could have been a mortality. It was not reported
during the rest of the winter.
A trio of subadult cranes wintered in the farm fields south of Austwell Jan. 19th – March 14th.
They often roosted in a shallow flooded corner of a field near the near Farm to Market
3035/1684 road junction. This behavior is very unusual to spend the majority of the winter away
from the salt marsh. I have no idea if this trio ever utilized the traditional Aransas crane area
during 2008-09, but presumably they did but found better conditions in the farm fields. With all
this use going on, I estimated the average crane distribution in the farm fields as 4.
Approximately 600+ sandhill cranes also were present in the farm fields for much of the winter.
The dry 2008 summer had caused some farmers to leave fields unharvested or lightly disked
under, providing sufficient waste grain for the cranes. The sandhills vacated the farm fields the
second week in February as they presumably began moving north to stage on the Platte River in
Nebraska.
Lamar Peninsula
A huge amount of use by whooping cranes at game feeders on the Lamar Peninsula occurred
during the 2008-09 winter. Access to 6 game feeders on Lamar presumably boosted the number
of whooping cranes wintering there to record levels. Twenty whooping cranes were tallied on
the Lamar peninsula on the January 8th, 2009 census flight. The 20 consisted of the twin family
group near the feeder on the Johnson Ranch, a group of 12+2 at an inland freshwater pond on the
Johnsons’, and 2 cranes at a feeder adjacent to Highway 35 just north of Holiday Beach. Other
feeders used were those on several properties just south of the Johnson Ranch entrance gate,
including one between 8 and 12th streets along P13 at Lamar. I had never flown over these areas
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before. The whooping cranes at these latter locations were hard to spot from the census aircraft
since the cranes were in people’s yards under the live oak canopy. A third family group was
present on Lamar associated in large groups of cranes as seen on 4 aerials Jan. 8 - Feb. 24. I
could not ever figure it out, but suspected that they had come from the south end of Matagorda
Island. A record total of 21 whoopers were documented on Lamar on the January 29 census
flight.
The two game feeders adjacent to Highway 35 just north of Holiday Beach were used on
practically a daily basis starting December 5. Traffic jams sometimes occurred with 4-5 vehicles
pulled over with people getting out to view the cranes. Although a family group, a pair, and 7
subadults were noted at various times at the feeders, it seemed as the winter progressed that the
pair believed to be last winter’s Newcomb Bend pair dominated the use at 1 of the feeders,
presumably acting territorial. They were rarely seen on their Newcomb Bend Marsh territory.
One new location to host whooping cranes was a strip of natural bay bottom located southwest of
Goose Island State Park where dredge material had been used to create a marsh protected by a
breakwater. Four cranes were observed January 21, 2009 using the strip of sea-grass covered
bay bottom between the rock breakwater and the existing shoreline. They were walking in the
water looking for food. The tide was very low and they were moving from submerged land to
mud flats and back. Two cranes flew off to the north while two cranes stayed to forage.
There was one sighting made of two whooping cranes flying over the refuge’s hunter check
station to a game feeder just north of the refuge headquarters on December 5. Dr. Felipe
Chavez-Ramirez on Feb. 2nd also heard whoopers north of the refuge when he was staying on the
refuge.
WINTER DISTRIBUTION and LOCATION OF TERRITORIES
Winter territories of paired birds and families were determined by analyzing crane distribution
on the weekly census flights supplemented with ground observations. The criteria used to
delineate winter territories was the use of primarily only one area throughout the winter by two
cranes having a 100% frequency of association, usually without allowing other subadults to join
them. With so much use of uplands and fresh water holes, it was the most difficult winter I have
ever experienced to discern the presence of territories. Subadult duos found regularly in the
same area were treated as adults expected to nest. All other crane groupings were classified as
subadults. There is some subjectivity in differentiating between adults and subadults. A data
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entry was made in a separate notebook whenever a specific crane could be identified by reading
color bands. Color bands on individual cranes were identified 27 times during the winter
compared to only 10 times last winter. The larger data set came from documenting banded
cranes at feeding stations using remote cameras. Records of all color band sightings, including
date, location, and cranes present are kept in the refuge files.
The average winter distribution of the 270 cranes at Aransas was as follows:
Change in total birds
Territories Adults Subadults Chicks Birds
%_ from previous winter
Aransas Refuge
20
40
21
11 72
26.7
- 1
Lamar
4
8
8
4 20
7.4
+ 11
San Jose
16
32
17
7 56
20.7
- 15
Matagorda
24
48
30
12 90
33.3
+ 5
Welder Point
6
12
3
2 27
10.0
+ 0
Other
3
2
5
1.9
+ 4
TOTALS
70
140
92
38 270 100.0
+ 4
The distribution of cranes the 270 whooping cranes in 2008-09 was similar to the previous
winter as adults and subadults generally returning to the same areas every winter. Changes in
total numbers are affected more by which pairs are able to bring chicks to Aransas. The most
notable change in crane numbers occurred on San Jose with a decrease of 15 birds, and on Lamar
where numbers increased by 11 as birds were attracted to game feeders. Also, the presence of 34 subadults wintering in the farm fields south of Austwell was unusual, as were the juvenile in
Oklahoma and the juvenile seen in the fall in the farm fields south of Austwell. The estimate of
70 pairs occupying territories was 2 less than the previous winter. Territories and/or use areas
were located on the Refuge (20), Lamar (4), San Jose (16), Matagorda (24), and Welder Flats
(6). Cranes generally were found on the refuge (72), Lamar (20), San Jose Island (56),
Matagorda Island (90), and Welder Flats (27), farm fields south of Austwell (4) and Oklahoma
(1). Record highs were set in the 2008-09 winter for most cranes on Matagorda (100) and Lamar
(20). Matagorda Island that held 33.3% of the flock has in recent years surpassed the refuge
(26.7%) for supporting the most cranes. Cranes on private lands found on Lamar, San Jose,
Welder Flats and “other” locations in the table above totaled 108, or 40.0% of the flock.
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Seventy territories were delineated in 2008-09 compared with 72 in 2007-08 winter.
winter
2008-09
2007-08
2006-07
2005-06
2004-05
2003-04
2002-03
2001-02
2000-01
1999-00
1998-99
1997-98
1996-97
1995-96
1994-95
1993-94

# of territories
70
72
67
68
70
69
67
68
59
48
51
49
52
50
46
49

The 70 territories at Aransas in 2008-09 were 2 less than the documented 72 pairs in Wood
Buffalo National Park in 2008 (66 nests + 6 pairs that failed to nest) and 2009 (62 nests + 10
pairs failed to nest). Welder Flats had a loss of two territories during the 2008-09 winter.
However, due to the great difficulty in discerning the location of territories in the 2008-09
winter, it is possible a few more territories were present that were not accounted for. The
difficulty in defining territories was caused by food shortages in the salt marsh forcing the cranes
to leave their territories and forage on uplands or in open bay habitat. This made it very difficult
to determine the identity of pairs and family groups and created much uncertainty during the
census count.
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Changes from last winter in the number of territories occurred in the following locations;
Change in # of territories
from 2007-08 winter
Aransas
0
Lamar
+ 1
San Jose
0
Matagorda
- 1
Welder Flats
- 2
Total
- 2

1997-98 98-99
Aransas
18
19
Lamar
4
3
San Jose
9
9
Matagorda 13
14
Welder
5
6
Indianola
0
0
Totals 49
51

Number of Territories
99-00 2000-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09
21
22
21
21
21
20
19
20
20
20
1
1
2
2
2
2
2
2
3
4
9
11
13
14
16
17
15
16
16
16
13
17
22
21
22
24
24
22
25
24
4
8
9
9
8
7
8
7
8
6
0
0
1
0
0
0
0
0
0
0
48
59
68
67
69
70
68 67
72
70

The names of the winter territories and the color banded cranes present are given in Table 20.
The territories are listed in the order they are encountered on aerial census flights, except at
Welder Flats where the territories are listed primarily from west to east. Changes in territories
from the 2007-08 to the 2008-09 winters are listed below and then described in the narrative
section for each wintering area.
Pairs that failed to show up in 2008-09 (loss of 8)
N. Sundown Bay
Grass Island
E. Spalding Lake
W. Welder
Spalding Point
Inlet
S. Matagorda Island
S. Cottonwood Bayou
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New duos from 2007-08 expected
to nest in 2008 (gain of 8)
Result in 2008-09
N. Pipeline Flats (refuge)
showed up again as a duo
Scarbaby (refuge)
showed up again as a duo
N. Dunham Bay (refuge)
showed up with their first chick
Newcomb Bend (Lamar)
showed up again as a duo
Paul’s Mott (San Jose)
showed up again as a duo
H Pond (San Jose)
showed up again as a duo
Cedar Bayou (San Jose)
showed up again as a duo
East Bray
showed up with their first chick
New family groups at Aransas in 2008-09*
S. Mustang Lake family
Feeder territory family on Lamar
Unknown family on Middle San Jose
Unknown family on S. Cedar Bayou
Unknown family on S. end of Matagorda Island
S. Panther Point family
* These are pairs that showed up with a chick for which I had no previous knowledge of
Previous territoriality of a pair.
Eleven pairs arrived with single chicks as expected based on August production surveys, and one
pair arrived with twin chicks as expected. Four pairs failed to bring their August chicks. Eight
pairs showed up without a chick as expected, but four pairs arrived with a chick that had not
been anticipated based on the August surveys. With fewer pairs color banded and the occasional
re-location of territories or re-pairing, it is not surprising that unexpected arrivals occur each
winter at Aransas. The N. Dunham Point pair (K-17) has arrived with only one of the two chicks
they had in August. The second pair (Johnson Ranch) that had twin chicks surviving in August
arrived the morning of November 15th with both chicks! The oldest male known in the flock
(Lobstick, age 30) has once again returned with a juvenile. The territorial pair at Mustang Lake
that is visible from the refuge observation tower does not have a chick but have been seen
consistently by refuge visitors. The pair that got into oil a couple fall migrations ago has
returned with a chick.
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Pairs that brought their August 2008 chicks to Aransas as hoped were Lob (Lobstick),
SK6 (N. Lamar), S-12 (Pipeline), S-15 (Power Lake), S-21 (Panther Point), K-8 (East Welder
Point), K-11 (Allyn’s Bight), K15 (Jay Bird Point), K17 (North Dunham Point - brought 1 of 2
chicks), K20 (Big Tree - brought twin chicks), K-21 (N. Spalding Point with R-YbY), and K-23
(North Cottonwood Bayou)
Pairs that failed to bring their August 2008 chicks as hoped were A6 (Middle Pond), K2
(Middle Sundown Bay), K10 (Ayres Island), and K19 (Boat Ramp).
Pairs that brought unexpected 2008 chicks to Aransas were SK7 (S. Sundown Island) – no
nest had been found in 2008, S8 (S. Sundown Bay) – no nest had been found in 2008), S-22
(Long Reef – no chick had been found in August), and S-28 (Middle Sundown Island with r-r).
Pairs that arrived at Aransas without any 2008 chicks as expected were A1 (Vinson Slough),
A2 (Pat’s Bay), SK3 (Twin Lakes), S-19 (W-nil female with unknown winter territory), K3
(Cottonwood Bayou), K5a (Cottonwood Bayou A), K16 (Shell Reef Old), and K18 (South
Central San Jose).
Known 2008 pairs that failed to arrive at Aransas were S-13 (South Matagorda Island), and
K14 (North Sundown Bay).
The following sections describe changes in the delineated territories and/or unusual movements
by territorial cranes and follow the order of territories listed in Table 1.
Refuge
Twenty territories were located on the refuge’s Blackjack Peninsula, one more than last winter.
Present in 2008-09 were 7 family groups and 13 pairs. Most territory boundaries remained the
same as last winter. Changes included the loss of 1 territory (N. Sundown Bay) and the gain of a
new family group at the south end of Mustang Lake. There was uncertainty whether the S.
Mustang Slough pair was present.
At Mustang Lake, a pair was present just about all winter and visible to refuge visitors except
when they flew to water holes, the nearby V3 burn just north of the Boat Ramp Road or the
feeder by the Boat Ramp Road. On only a few occasions were other cranes present in the
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Mustang Lake territory.
A new unbanded family group established a territory on the south end of Mustang Lake, often
using the marsh just north of the Boat Canal levee. This family after a period of time seemed to
dominant the Boat Ramp Road feeder and presumably kept other cranes away later in the winter
and spring.
The color band on the Boat Ramp female had lost all its yellow outer coating of plastic and
appeared black. It had a whitish ring at the top of the band that could have been the aluminum
“high silver” band. After bring chicks to Aransas 4 years for a row, the pair were unable to do
so in 2008-09.
The Mustang Slough pair, which brought their first chick to Aransas in 1999 but had not brought
a chick since then, finally were Texas parents again. However, the juvenile separated from its
parents and was sighted close to vehicles on the refuge tour loop between December 29th and
January 9th before wandering north of the refuge and disappearing, last seen north of Aransas
west of FM 2040 on Jan. 10th.
I was never sure if a pair was present in the South Mustang Slough territory. On 3 flights, I
recorded the pair as present on its territory, and on two flights I noted a duo in the Rattlesnake
Island territory close to the GIWW, a location that the S. Mustang Slough pair has used in
previous winters. They are listed in Table 20 as a territorial pair, but that is based on only 5
locations.
The unbanded Rattlesnake Island pair of unknown identity in Wood Buffalo subsequent to a
mate change in 2001 brought chicks to Aransas in 2003, 2004 and 2006 and 2008. Their
territory is across from Rattlesnake Island.
The North Sundown Bay territorial pair failed to show up in fall, 2008. The nesting history of
this pair dates back to 1984 in CNA K-14 in the West Klewi. They nested at 34-08 but then
something must have happened to the pair subsequent to nesting. I did not see much evidence of
a single adult on the territory except possibly on December 5th when a single white-plumaged
crane was present. On January 29th and March 15th duos were present, but all those sightings
could have been of subadults or the Ayres Island pair wandering off their territory.
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The N. Pump Canal pair has brought chicks to Aransas in 2006, 2007 and 2008. Previous history
indicates they might be the NY-1 pair on the nesting grounds. The Middle Sundown Bay, Ayres
Island, and Middle Pond pairs all failed to bring chicks to Aransas despite good records of being
productive.
Just as was the case last winter, there was no pair present in the Behind Middle Pond territory,
but the North Pipeline Flats territory contained an unbanded pair. A duo had been in the North
Pipeline Flats territory last the previous winter. For multiple years, the North Pipeline Flats pair
has contained two banded birds (BwB-YbY 1987 male and W- G 1985 female). The banded
male was presumed dead in mid-December, 2005. There was no indication of re-pairing of the
female the rest of that winter. However, Brian Johns of CWS did find a nesting pair occupying
their S-19 territory in 2006, and the presence of the white-banded female was confirmed in June.
In 2006-07, the N. Pipeline Flats territory was basically empty except for up to 6 subadults
present. I didn’t know what had happened to the former female W-nil. Although I never
checked every crane at Aransas for bands, the large white band on this crane is quite visible so I
would have had a chance encountering the bird even if she was in a different territory. In 2007, a
pair once again nested in S-19 and the banded female W-nil was identified on June production
survey flights. This proved that W-nil was alive and had switched winter territories at Aransas in
2006-07. During the 2007-08 winter, I did not encounter this banded female, but minimal effort
was made looking for bands. In the meantime, W-nil had continued nesting on her traditional
nesting territory. On March 1, 2009, the female W-nil was photographed at the A3 feeder on
East Shore Road near the Pump Canal. Perhaps she has a territory on Matagorda Island and was
making a foray to the refuge? I need to find where she winters.
The Pipeline pair continued defending their territory mostly on the north side of the Pipeline.
They did not have a chick with them in 2006 but did bring a chick to Aransas in 2007 and 2008.
The chick was noted missing on the February 11th, 2009 flight and declared dead.
The Middle Sundown Island pair contains banded crane r-r (1988) that now appears with just a
small red band on the left leg. The band was first identified by Tommy Moore on 31 Jan., 2009
and subsequently photographed twice in February at the A4 feeder on the refuge. This colorbanded male crane was first documented nesting in Wood Buffalo in 1998 at the age of 10 in the
East Sass (S-28). They had brought only one chick to Aransas which was in the fall, 1999. But
they were successful at bringing their second chick to Aransas in fall, 2008. I may have to rethink considering this banded male crane pretty much of a deadbeat dad, although at 21 years of
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age, the male has only brought 2 chicks to Aransas.
Table 14. Nesting History of Banded Crane Red-Red hatched in 1988.
Territory
Present
M. Sundown Island

nest #
E. Sass

S-28

29-98
31-99
21-00
12-01
36-02
35-03
10-04
53-05
16-06
17-07
19-08

chick in
Wood Buffalo
unb
unb
unb
twins
unb

chick at
Aransas
unb
unb

Bands
r-r

The South Sundown Island and South Sunday Bay pairs both brought chicks to Aransas in the
fall, 2008. However, both of the chicks died during the winter, documented on the December
29th flight for S. Sundown Island, and the February 11th flight for S. Sundown Bay.
The “Scarbaby” duo apparently established their first territory on Sundown Island in 2007-08.
Scarbaby refers to the Lobstick juvenile hatched in 2004 that had been hit in the head in April,
2005 presumably either by a snake or a raptor. Its upper neck and head had become very
swollen and the bird had nearly died. It recovered, but a scar remained on the back of his head
which makes him individually recognizable. Scarbaby failed to migrate north in 2004-2006, but
finally head north in late spring, 2007. This was the first time that the 2004 Lobstick juvenile
had returned to Canada since it had hatched. In fall of 2007, he returned with a mate and carved
out a territory on Sundown Island. The duo was also observed by Tour Boat Captain Tommy
Moore Christmas week in a territorial encounter with the new N. Dunham Bay pair, but was
forced to retreat after a few days back to Sundown Island. It is interesting that Scarbaby had
unsuccessfully tried to carve out a territory right next to his Lobstick parents. The Scarbaby pair
on aerials was mostly located on Sundown Island or S. Sundown Island. Scarbaby failed to
migrate north in the spring, 2009. He was photographed by fishermen on Bludworth Island
across from north Dunham Bay showing the characteristic black mark on the upper neck visible.
Had Scarbaby’s partner returned to Wood Buffalo leaving Scarbaby behind? That appeared to
be the case, or was the second summering crane its mate? However, the two summering birds
did not always stay together with some days just a single reported.
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The Lakeside pair failed to bring a chick to Aransas in fall, 20080. A new territory located
between Lobstick and Lakeside was carved out in the 2007-08 winter by the N. Dunham Bay
duo. This pair brought a chick to Aransas in 2008-09.
Crane use at Cedar Point was documented on 4 of the 10 winter census flights conducted
between November 14 and April 7. Crane use was heaviest early in the winter, peaking with 6
subadults present on November 25th and 5 subadults on December 5th. This heavier use was
possibly related to the presence of wolfberries. A family group believed to have come over from
San Jose Island was present on Cedar Point Marsh on the January 29th flight. That was the last
documented use there the rest of the winter. Some crane use occurred on the nearby disposal site
on Bludworth Island late in the winter, presumably related to the presence of fresh drinking
water in the disposal site. The Cedar Point Marsh was noted as completely dry on the April 7th
flight. Crane use on Cedar Point had also occurred fairly regularly in the 2007-08, 2006-07 and
2005-06, a sharp contrast to the 2004-05 winter when no crane use was documented on Cedar
Point. It would have been interesting to document the difference in habitat and food resources
during those winters.
The male Lobstick crane was hatched in 1978 and thus has lived 31 years. Its bands have fallen
off, but voice printing several years ago has shown the same male is present. The Lobstick pair
showed up at Aransas with twins in 2003 and 2007 and then brought a single chick with them in
2004, 2005, 2006 and 2008. In total, the Lobsticks have brought 17 chicks to Aransas out of 27
years of nesting. A good productive pair brings a chick to Aransas on average about once every
other year. Thus, the Lobsticks have done better than that and are one of the best whooping
crane parents in the flock, surpassed in productivity only by the Big Tree pair. They should give
parenting lessons to other whooping cranes. Their consistent presence on Dunham Peninsula
close to the whooping crane tour boats makes them very popular since they are frequently very
close to the boats, have become habituated to them, and do not move away. Sometimes they
even seemed to approach the tour boats, possibly as a territorial behavior? Sometimes they
foraged on wolfberries on Bludworth Island or probed presumably for clams in open bay habitat
east of Bludworth. There was no evidence in 2008-09 of the difficulty the male had shown
flying for part of the previous winter.
There was little evidence in 2008-09 of any adult cranes using the former Grass Island territory.
The former pair territorial pair had failed to return to Aransas in the fall, 2007.
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The North Dunham Point pair was consistently located on their territory all winter. They
brought twins to Aransas in 2006-07 and had a single chick in 2008-09. The chick was separated
from its parents on the February 11th flight at a dugout in the North Point Pasture. It was found
in the jaws of an alligator approximately 4 days later by refuge staff doing fish sampling at the
same dugout. The juvenile was presumably sick since it had separated from its parents. I
wonder if infectious bursal disease was involved in the death of the bird. One wing of the
juvenile was recovered. There is no way to know if the juvenile was killed by the alligator or
whether it had been scavenged.
Although both birds of the North Dunham Point pair were still banded in the 2005-06 winter,
during the past three winters I only saw the WbW on the left leg of the one bird and did not see
any metal bands on either bird. However, the mate of WbW-nil is still listed in Table 21 as a
bird that may possibly still have as metal band on its foot.
Some subadult use occurred on Blackjack Point during the winter, with 1 or two birds present on
4 of 10 census flights conducted between November 14th and April 7th. No territorial pair was
present. Multiple years ago, Blackjack Point had been defended by a pair of cranes before they
moved over to San Jose Island where they still have a territory by Allyn’s Bight.
Lamar
This year, 4 adult pairs were present on the Lamar Peninsula, but only 3 of the pairs defended
territories. The number of territories on Lamar has ranged from 2-4 in the past 11 years, dating
back to when there was a territory on the refuge’s Tatton Unit. A record high of 21 cranes were
located on the Lamar Peninsula on the January 29th census. Present that day were 1 family with
twins, 2 single-chick families, 1 adult pair, and separate groups of 4 and 5 subadults. Fifteen of
the 21 birds were at game feeders.
All color bands have fallen off the St. Charles Bay adults, also referred to as the Big Tree pair.
Banded as Y-R (1986) and B-o/y (1986), the pair now appears as nil-high silver and high silvernil. The Big Tree family wintered primarily on the Johnson Ranch marsh that was purchased by
the Texas Nature Conservancy (TNC) and donated to the refuge in December, 2006 as part of the
Lamar Unit of Aransas NWR. The family fed on corn daily at an upland game feeding station.
This supplemental feeding by the landowners for resident game may have a role in making this
the most productive pairs in Wood Buffalo. They (Klewi-20 in Wood Buffalo) have brought
twin chicks 3 times to Aransas in the 12 years since the egg pickup ended (1997-2008), and have
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brought 6 single chicks to Aransas during that same time period. That adds up to having brought
one or two chicks to Aransas 9 out of the last 12 years for a total of 12 chicks. That's part of the
"Wow" that personifies this pair! This has been the most productive pair during the past dozen
years! They were the only pair to bring twin chicks to Aransas in 2008.
The Big Tree family group with twin chicks arrived about 9 AM on November 15th, 2008 aided
by a strong cold front. A single-chick family landed next to them about 5 minutes later that
presumably had migrated with the twin family. The territorial Johnson Ranch male within 20
minutes had re-established his territory, scattering the other family and the 9 subadult cranes that
had been present. The 16 cranes present that morning on the Johnson Ranch set a record high for
most whooping cranes ever on the Lamar Peninsula which was surpassed later in the winter.
The YbY-RwR pair brought a chick to Aransas in 2008. They wintered on their N. Lamar
territory and seemed to roam little, but probably movements off their territory were just not
documented due to the limited number of census flights. They utilized the Big Tree marsh late in
the winter.
The Newcomb Bend territory was first established by an unbanded pair in the 2007-08 winter.
This pair seemed to dominate the feeder on the east side of Highway 35 just north of Holiday
Beach. Their presence often resulted in up to half a dozen cars pulled off the highway watching
them. The crane paired seemed unfazed by these minor traffic jams. They also used the marshes
north of Holiday Beach as well as their Newcomb Point territorial marshes.
One unbanded family group was present on 4 consecutive flights in January and February at
game feeders and/or dugouts with other cranes, but I doubt they had a territory on Lamar and had
presumably started the winter on the south end of Matagorda Island. The identity of this family
group is unknown but they are listed in Table 20 as a Lamar family.
San Jose Island
Sixteen crane territories were located on San Jose Island, the same as last winter. Present were 7
families, 6 pairs, and 3 subadult duos thought to be nesting pairs but that have never brought a
chick to Aransas. Of the 3 subadult duos present dating back to at least the 2006-07 winter
presumed to be nesting pairs, all 3 (Paul’s Mott, H Pond and Cedar Bayou) once again failed to
bring their first chick to Aransas. Two of the families (Middle San Jose and South Cedar Bayou
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in Table 20) had been unexpected with no prior history of having a territory at Aransas.
The Allyn’s Bight pair that brought a chick to Aransas in 2007 and 2008 are the southernmost
cranes on San Jose Island, occasionally in the past ranging close to the Bass Ranch House,
although in the past 4 winters they were never located south of Allyn’s Bight. One adult has lost
all its bands. Its mate was never banded. They were found all winter on San Jose Island and
were never documented roaming back to their former territory on the south end of the Blackjack
Peninsula. They remained on their territory, moving north as far as the South Central pair.
For the past 7 winters (from 2002-03 winter through 2008-09), the South Central pair with
banded female RwR-YbY has stayed on San Jose throughout the winter. They brought twin
chicks to San Jose in 2004 and 2006 and a single chick in 2007, but did not bring a chick in
2008. The South Central territory is located between the Allyn’s Bight pair and the Paul’s Mott
duo. This pair used to have a refuge territory and was once designated as “North Pump Canal”.
In 2008-09, they were frequently located in the uplands near the center island road, so I was
never 100% confident I was looking at the territorial pair when I looked for color bands. The
band was not seen this winter but was assumed present.
A new duo first listed in 2006-07 as a duo expected to nest spent that winter near the shoreline of
Aransas Bay close to Long Reef. In 2007-08, their use shifted just slightly to the south closer to
Paul’s Mott and they were renamed as the Paul’s Mott duo. This territory was maintained
through the 2008-09 winter.
The Long Reef pair brought single chicks to Aransas ever year 2003 through 2005 and brought
twins in 2006. They failed to bring a chick in 2007, but were back being successful parents in
2008. The green 3-inch band on the male is still highly visible but has considerable “white”
showing on it. The high silver band on the right leg was not definitely recorded during the
winter, but was clearly photographed in Kansas during the spring migration, 2008.
The Fenceline and Jay Bird Point pairs situated along Aransas bay between Long Reef and
Spalding Lake both brought chicks to Aransas in 2008. With both having large territories, one
of the two families was overlooked on the last 3 census flights of the winter, but I think the
chicks from both families survived the winter.
The “H Pond” cranes, listed for multiple years now starting in 2002-03 as a duo expected to nest,
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still have not brought a chick to Aransas. They were on half the flights found near the center
island road.
A pair called Spalding Lake used to contain a banded crane R(hs)-YbY that had appeared as
R(hs)-nil. However, the pair present on that winter territory in the 2006-07 through 2008-09
winters was unbanded. However, in June 2007, a crane with a red band with white at the top was
seen on the pair’s traditional nesting territory. Thus, that banded crane R-YbY was still alive and
still banded, but must have been in a different winter territory at Aransas during 2006-07 and
2007-08 (see paragraph on N. Spalding Point pair below).
An unbanded family group was sighted on November 25th and December 29th in or near Vinson
Slough. Were they the family group that moved over to Lamar starting January 8th for the rest
of the winter? Or did the chick of the unknown family die which would have explained why I
did not find them the last 3 months of the winter?
A pair called East Spalding Lake located east and southeast of Spalding Lake brought their first
chick to Aransas in 2003 and followed up with chicks in 2004, 2006 and 2007. They are an
unknown nesting pair in Wood Buffalo and apparently failed to make it to Aransas in fall, 2008.
However, it could be that they are alive and are one of the family groups listed as “Unknown” in
Table 20.
A pair called “Tee Bayou” was first designated as a territorial duo in 2000-01. They initially
wintered near a small inlet in the shape of a “T” off of Spalding Cove. This duo currently
winters inland from Tee Bayou in the interior marsh on San Jose with no part of their territory
touching Aransas Bay. They are often hard to track during the winter because of the presence of
other subadult duos and were only identified on 3 flights during 2008-09. Only in 2004 were
they able to bring a chick to Aransas. They are an unknown nesting pair in Wood Buffalo.
Female ByB-ByB (1985) spent her twelfth winter with an unbanded mate in their Vinson Slough
territory. Color bands have fallen off both legs, so the female now appears as low silver-nil.
However, the metal band has not been seen for two winters. They nest in Alberta in CNA A-1.
They have been observed in 2005, 2006, and 2007 sitting on a nest containing zero eggs. They
have not hatched a chick since 1997. I’m guessing the female may no longer be able to produce
eggs.
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A pair found north of Spalding Cove designated as the Spalding Point pair with a presence dating
back to 2001-02 apparently did not return to Aransas in 2008-09. Or perhaps they did and were
the family group listed as an Unknown in Table 20. This family group spent some time in
various places off of Spalding Bight, and also utilized Cedar Bayou. On January 8th there were
seen walking across a sand bar near the southern end of Cedar Bayou. This was very strange
habitat for whooping cranes to use, so presumably they had flown to fresh water and were
returning to feed in the open shallows of Cedar Bayou.
The North Spalding Point family group has a territory on the northwest end of San Jose. They
were first designated as the North Spalding Point duo in the 2004-05 winter and have a history of
making occasional forays to the southern part of the refuge. In 2008-09 and possibly for the
previous 2 winters as well, the pair may have contained the banded crane R-YbY that was
sighted on 8 occasions on the southern end of the refuge in 2008-09. Tommy Moore first
reported seeing R-YbY on December 4th on Bludworth Island, and it was remotely photographed
at the Dry Hole Road feeder near Dunham Bay on 4 occasions between February 22 and March
7. It was also sighted on Dunham Peninsula. Until that December 4th sighting, R-YbY had not
been recorded at Aransas for the previous two winters, but presumably it had continued to winter
on San Jose Island in 2006-07 and 2007-08. The red band is very dark, nearly maroon, and
difficult to see. R-YbY that had appeared as R(hs)-nil used to be a member of the Spalding Lake
pair. The North Spalding Point pair lost their chick sometime after the January 8th, 2009 flight
when the family had been sighted on San Jose although the band hadn’t been identified that day.
That seemed to match up with the family group containing the banded crane R-YbY that had
their chick killed in Dunham Bay on January 13th. The chick had separated from the parents,
was predated, and an infectious bursal disease-like virus isolated from the carcass (see
Mortality). It is assumed that the red-banded crane is defending a territory on San Jose Island
which I think is N. Spalding Point based on the presence of a family group on that territory
before the loss of their chick and presence of a duo after the mortality. I once tried during the
winter to read bands on that family, but my observation notes for that attempt read as
“unbanded?”. In other words, I didn’t detect a band, but could not confidently say the adults
were unbanded.
The identity of the unbanded East Spalding Cove New family is unknown (see Stehn 2001). The
pair in the CNA formerly occupied by the East Spalding Cove pair, back when banded crane GYbY was present, did not have a chick in 2002, yet the pair I am calling East Spalding Cove
New had a chick with them in the 2002-03 winter. They also brought a chick in 2003, 2004 and
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2005, twin chicks in 2006, and a single chick in 2007, making them a very productive pair. They
did not bring a chick with them in 2008.
The Pat’s Bay pair has successfully brought chicks to Aransas in 2002 through 2006 but failed in
2007 and 2008. I have not gotten good looks at the faded bands in the past 3 winters, and neither
adult is listed as banded in Table 21. It is possible that faded bands are still present.
A duo designated as Cedar Bayou used salt marsh mostly on the west side of Cedar Bayou.
They are designated in Table 20 as a subadult duo that has never brought a chick to Aransas and
have been present starting in the 2001-02 winter. They may or may not have any relation to the
former Cedar Bayou adult pair on San Jose that I lost track of in years past.
Considerable use occurred on the south end of Matagorda Island across Cedar Bayou as cranes
on San Jose went to dugouts and a feeding station on the south end of Matagorda Island. There
was also some use of the shallow channel edges of Cedar Bayou itself, something I had rarely
observed before until the 2008-09 winter. In addition, one family group was twice seen walking
on a sandbar nearer the mouth of the bayou.
Matagorda Island
Present in 2008-09 on Matagorda were 12 single chick families, and 12 pairs and an average of
30 subadults. The number of wintering territories on Matagorda Island (24) was one fewer than
the previous winter. Territories lost from the previous winter were Inlet, South Matagorda
Island, and South Cottonwood Bayou. New territories in 2008-09 were Unknown # 1 and South
Panther Point.
The Airport pair is an unknown pair in Wood Buffalo that brought a chick to Aransas in 2006
and 2008 but not in 2007. The family generally stayed in the marshes on the north side of the
airport. They apparently lost their chick in mid-March.
The North Bray cranes brought twins to Aransas in 2006 and again were successful parents with
a single chick in 2007 and 2008. In 2005, they had brought their first chick to Aransas. They
had first been designated as a territorial duo in the 2001-02 winter. Their winter territory is just
west of Bray’s Cove.
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A new territory first designated as East Bray during the 2004-05 winter is located just east of the
North Bray pair. They brought their first chick to Aransas in 2008.
A duo designated in the 2001-02 winter as the Inlet pair are named for a large indentation in the
Matagorda shoreline. With a history of having brought chicks during 3 winters to Aransas, they
apparently did not show up in fall, 2008.
A territory first designated in 2003-04 as Northeast Bray that winter contained an unbanded
family group. This unknown pair did not bring a chick to Aransas in 2004 or 2008, but did bring
chicks in 2005, 2006 and 2007. Their territory is located on the southwestern-most point on
Matagorda.
Early in the winter, there were two family groups on the south end of Matagorda Island near
Brundrett Lake. I made double sure on the aerials when I located them that they were distinct
family groups and not birds that were double-counted on the census. Maybe one of the family
groups moved over to Lamar in January for the rest of the winter. Maybe one of them lost their
chick and I lost track of them as a duo. It was a very confusing winter and I was never able to
follow what happened to these two family groups both of which were present on November 14th,
2009.
The pair that used to contain two radioed birds on the South Matagorda Island territory
apparently did not show up in fall, 2008. There were no cranes on their known nesting territory
in 2009.
A family group defended a territory on the north end of Brundrett Lake that I referred to as North
Brundrett. However, I lost track of this family group towards the end of the winter. A second
family group next to them I call West Brundrett.
The West Shell Reef pair first designated in the 2002-03 winter as a duo expected to nest brought
their first chick to Aransas in 2004 and followed it up with chicks brought in 2006 and 2008.
They were on the west side of Shell Reef Bayou whenever located during 2008-09.
The Shell Reef New pair brought a chick in 2008 and defended a territory adjacent to San
Antonio Bay west of Shell Reef Bayou.
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A duo first designated as North Shell Reef in 2004-05 had been presumed to be a nesting pair.
They brought their first chick to Aransas in 2006 but were unsuccessful in 2007. I am not sure if
they were present in 2008-09 at Aransas, but are listed as present in Table 20. I only had a
couple of locations of a pair on their former territory close to the levee that forms the northeast
boundary of the Shell Reef Bayou levee system.
I was uncertain whether the Cottonwood and Shell Reef Old pairs were both present in 2008-09
with only a couple locations for each pair since many of the cranes utilized uplands for much of
the winter. However, they are both listed in Table 20 as present. The South Cottonwood pair
was considered as not returning in 2008-09.
The gray band on the North Cottonwood Bayou family was not sighted during the 2008-09
winter but was presumably still present. This band is very difficult to see. They brought chicks
to Aransas in 2007 and 2008 after getting stained plumage possibly from oil during the fall
migration, 2006.
The Central Matagorda pair contains one banded bird that for years appeared as nil-GwG,
originally banded in 1987 as YbY-GwG. This band was not observed in the 2007-08 winter or
2008-09 winters and is considered to have fallen off or the bird died. This pair has not brought a
chick to Aransas since re-pairing in 2003.
An unbanded family group listed in Table 20 spent the latter part of the winter just south of
Panther Point. Perhaps they were one of the unknown family groups on the south end of
Matagorda Island earlier in the winter.
For the fourth winter in a row, banded cranes RwR-nil and y/g-Y were paired up in the Panther
Point territory. Prior to that, both banded birds that had been on adjacent winter territories
presumably lost mates and re-paired with their neighbor. Whereas in 2005, the new pairing had
brought a chick to Aransas, they did not bring a chick again until 2008. Only the former RwRnil is still banded with just an aluminum band above the right “knee”.
It was tough to discern that the Twin lakes pair was present, but they were so listed in Table 20.
A territory is located between Twin Lakes and Power Lake that I call the Lighthouse pair. They
are so named, assuming the same pair is present, because when they first brought a chick to
Aransas in 1995, they spent time on the north end of Matagorda by the Lighthouse. They are an
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unknown nesting pair in Wood Buffalo and did not bring chicks in 2006, 2007 or 2008.
The Boat Ramp Old pair was years ago renamed “Power Lake” and is currently unbanded. In
the past, the pair contained a banded male and wintered at the refuge boat ramp. The pair
brought a chick in 2008 and frequently was found on upland areas.
None of the next 4 territorial pairs on the north end of the crane range on Matagorda Island
brought chicks in 2008. These territories are N. Power Lake, Vee, S. Pringle Lake, and N.
Pringle Lake. It is relatively easy to identify which pair is which since the crane density is low
on that part of Matagorda. The widowed South Pringle Lake adult had apparently re-paired
during the 2007-08 winter. The N. Pringle Lake pair was not observed roaming north on either
side of Pringle Lake as in years past but stayed mostly south of the lake.
Welder Flats
Six crane territories were present on Welder Flats in 2008-09, two less than last winter. Failing
to return were the West Welder and Grass Island pairs. Present were 2 families and 4 pairs.
One duo of presumably two subadults was sometimes located twice directly across from
Fulghum’s Fish Camp and was very approachable. The number of cranes at Welder Flats
averaged about 27. None of the cranes at Welder Flats are known to be color-banded.
An “unknown” pair has been present for several winters that I call the Victoria Barge Canal pair.
They winter on the marshes closest to the Barge Canal and seem to have taken over part of the
former West Welder territory. They have brought a chick with them for 4 years in a row, 20042007, but were unsuccessful in 2008. Their territory is on the Falcon Point Ranch slated for
development.
A family group located west and northwest of Cliburn’s fishing camp was designated the Narrow
Peninsula pair because of a narrow peninsula of salt marsh in their territory. They were first
noted present in the 2001-02 winter. They have consistently used marshes on the “narrow
peninsula”, but this winter also spent time along the GIWW.
The identity of the Central Welder Flats adult pair is unknown. They have successfully brought
chicks to Aransas in 1995, 1999, 2005, 2007 and 2008.
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The East Welder Point pair has a long nesting history in K-8. They are the only pair at Welder
Flats with a known identity in Wood Buffalo. They have brought chicks to Aransas in 2006,
2007 and 2008
The South Shoalwater family utilized lands on both sides of the Gulf Intracoastal Waterway
(GIWW) including Shoalwater Bay. On three flights, they were found in the shallows of the
GIWW relatively close to the small fishing community (Charlie’s Bait Camp), presumably
probing for clams where they are subject to disturbance by boat and barge traffic.
Dewberry Island is a long narrow salt marsh island located on the east side of Shoalwater Bay
between Welder Flats and Port O’Connor. A duo has been present on Dewberry Island since
1996-97. They finally brought their first chick to Aransas in 2003 and additional chicks in 2005,
2006 and 2007. In the 2007-08 and 2008-09 winters, they consistently used the marshes of
Dewberry Island and adjacent bays but stayed further south on Dewberry than in previous
winters. This shift in use was correlated with start of construction in spring, 2007 that continued
during the 2007-08 and 2008-09 winters on the large housing development called “The
Sanctuary” on the uplands closest to Dewberry Island.
SUBADULT USE
An estimated 92 subadults were present in the 2007-08, up 9 from the previous winter. The large
number of subadults bodes well for future production and is a result of the excellent production
years in the middle years of a decade when the population is in the growth phase of the 10-year
population cycle. Finding all 92 subadults was extremely difficult on any one census flight but
was the key to obtaining a high total on a flight. The 92 unbanded subadults as shown below in
the right hand column were generally distributed as follows:
Average Number of Subadults
1998-99 99-00 2000-01 01-02 02-03 03-04 04-05 05-06 06-07 07-08 08-09
Refuge
23
44
24
6
6
12
10
21
16
23 21
West St. Charles
0
0
3
0
1
1
2
1
4
2
8
San Jose
17
9
5
8
13
10
11
12
10
31 17
Matagorda Island 17
5
10
7
13
8
15
18
22
23 30
Welder Flats
5
16
9
4
2
1
5
1
6
4 13
elsewhere in TX
1
1
3
0
0
0
0
1
0
0
3
Totals 63
75
54
25
35
32
43
54
58
83
92
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Matagorda Island led all areas in subadult use with an average of 30 subadults present. This is
an indication that additional territories and flock expansion will occur on Matagorda in future
winters. Aransas held an average of 21 subadults, but had few “empty” spaces left.
Large subadult groups were not present on the wintering grounds in 2008-09, a continuation of
the pattern in recent years. The days of seeing 16 or so whoopers all foraging together seem to
date back from memory to the 1980’s. Subadult group size noted on aerial flights in 2008-09
was predominately 1, 2, or 3.
The largest group size observed during the winter was with a group of 12 + 2 = 14 at a waterhole
/ feeder on the Johnson Ranch on January 8th. Groups of 10 and 6 were also noted on similar
habitat on the Johnson Ranch during other census flights. Large groups seen on San Jose Island
included 11 + 1 = 12 in marsh on the east edge of the Fenceline territory on January 29th, and
groups of 9 and 6 on other census flights. On Matagorda, a group of 9+3=12 was seen at a
freshwater seep on the south end of the island seen November 25th, and groups of 9, 7, and 6 on
Matagorda on the November 14th flight. Large loose associations of up to 10 cranes (and once
15) were observed on prescribed burns on uplands near Panther Point, as well as on the bay edge
just south of Panther Point, but these large “groups” would be short-lived with cranes coming
and going. The loose associations were made up of smaller crane groups using the same habitat.
The largest groups seen on the refuge were 9 cranes in the lakeside territory on November 14th,
and 8 cranes at a dugout along East Shore Road on December 29th.
HABITAT
Summary
Food resources were considered to be very poor during most of the 2008-09 winter. The fall
wolfberry crop was way below average, and blue crabs were scarce from December through
March. Cranes used open bay habitats and uplands to a much greater extent than usual.
Salinities were high throughout the season so that the cranes were forced to seek out fresh water
to drink. The high winter mortality was believed to be directly related to the shortage of food.
The following sections highlight habitat monitoring and crane habitat use observed during the
winter.
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Acorns
The mast crop is an important food source for a variety of wildlife at Aransas. It is especially
important for whooping cranes when other foods are scarce. Quantitative ranking of acorn
production was initiated in 1985 after Howard Hunt’s PhD thesis related whooping crane use of
uplands to acorn abundance following prescribed burns. An assessment of the live oak acorn
crop for years was made annually in mid-September in prescribed burn units scheduled for
treatment. An acorn count in 2008 was not done due to other work commitments of the
whooping crane coordinator. Crane use can occur on refuge burns even in poor acorn years.
Thus, acorn presence or absence is only one of the factors influencing use of refuge burns.
Whether or not acorns were expected to provide a major food sources for whooping cranes in
2008-09, it was still important to conduct prescribed burns based on a 3-year burn rotation
schedule needed to keep running live oak below the height of whooping cranes.
Wolfberries
Wolfberry (Lycium carolinanum) fruits and flowers were counted on a 100-meter transect by
Volunteer Katherine Cullen at the end of the monthly crab surveys as follows:
Table 15. Comparison of Wolfberry Numbers in the Fall of 2007 and 2008.
Date (in 2008)
November 10

Wolfberries
0 flowers, 12 fruits,

Date (in 2007)
Wolfberries
November 1*
653 flowers, 15 fruits,
November 12
416 flowers, 60 fruits,
December 1
2 flowers, 2 fruits,
December 11
1 flower, 117 fruits,
December 30
0 flowers, 0 fruits,
January 9
0 flowers, 33 fruits,
February 09
9 flowers,
0 fruits,
February 13
0 flowers, 0 fruits,
TOTALS* 10 flowers, 14 fruits
417 flowers, 210 fruits
* Data from November 1, 2007 is excluded.
Wolfberries are usually a major food source for whooping cranes in the fall but were noticeably
reduced in number in the fall of 2008. The reduction in the wolfberry crop was evident from
comparing the 0 flowers and 12 fruits found on November 10, 2008 with the 416 flowers and 60
fruits counted on November 12, 2007.
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The marsh vegetation during the first wolfberry count on November 10, 2008 had actually
looked “tramped down”. After so few wolfberries were found on the transect near Middle Pond,
an effort was made to see if this reduction of wolfberries was widespread. Refuge staffer
Jackson noted that wolfberries were scarce at the Boardwalk at Mustang Lake. Observations
made by Tour Boat Captain Moore and Naturalist Kirkwood also noted there were no
wolfberries throughout the marshes along the GIWW. On November 13th, I looked for
wolfberries along the refuge boat canal but only found 2 berries. On Heron Flats in front of the
observation platform, Katherine Cullen and I each walked one transect covering about 200 yards
total. We found a total of 175 berries and 31 flowers, the most seen so far this winter. The
wolfberries were scattered but the moderate production looked much better than on the Middle
Pond transect. On December 3rd, two staff hiked marshes on Matagorda Island and found 7
flowers and no berries. Upon walking additional areas by the Matagorda Boat House, they
counted an additional 14 berries and 1 flower, again notably low.
Dr. Chavez-Ramirez the first week in March, 2009 was surprised by the number of dead
wolfberry plants he found.
“We	
  observed	
  several	
  areas	
  where	
  wolfberry	
  plants	
  had	
  died	
  out.	
  These	
  are	
  areas	
  that	
  
had	
  abundant	
  wolfberry	
  plants	
  and	
  were	
  used	
  as	
  feces	
  collection	
  sites	
  in	
  the	
  past	
  due	
  to	
  
high	
   visitation	
   by	
   whooping	
   cranes	
   during	
   wolfberry	
   fruiting	
   periods	
   (Westwood	
   and	
  
Chavez-‐Ramirez	
  2005,	
  Chavez-‐Ramirez,	
  2006).	
  	
  One	
  of	
  the	
  areas	
  is	
  east	
  of	
  the	
  end	
  of	
  Dry	
  
Hole	
  Road	
  in	
  the	
  Point	
  Pasture	
  and	
  others	
  in	
  the	
  general	
  area	
  of	
  the	
  pump	
  canal.	
  	
  The	
  
causes	
  of	
  such	
  widespread	
  wolfberry	
  mortality	
  are	
  unknown.	
  	
  While	
  this	
  may	
  be	
  due	
  to	
  
natural	
  weather	
  conditions	
  or	
  other	
  natural	
  phenomena,	
  the	
  result	
  is	
  that	
  less	
  wolfberry	
  
plant	
  abundance	
  would	
  equal	
  less	
  wolfberry	
  fruit	
  (food)	
  for	
  whooping	
  cranes	
  and	
  likely	
  
would	
   exacerbate	
   food	
   stress	
   during	
   a	
   year	
   when	
   blue	
   crabs	
   appear	
   to	
   be	
   in	
   low	
  
abundance	
  and	
  of	
  difficult	
  availability.”	
  
The Tour Boat operators noted how the whooping cranes did not feed on wolfberries they way
they normally do in the fall. An email from Tommy Moore on November 11th noted:
The Tour Boat operators noted how the whooping cranes did not feed on wolfberries they way
they normally do in the fall. An email from Tommy Moore on November 11th noted:
“There	
  are	
  no	
  wolfberries.	
  It	
  is	
  like	
  that	
  all	
  over	
  the	
  marsh.	
  I	
  have	
  been	
  watching	
  their	
  
feeding	
   habits	
   and	
   only	
   every	
   once	
   in	
   a	
   while	
   do	
   I	
   see	
   one	
   pluck	
   one	
   from	
   the	
  
vegetation.	
  They	
  are	
  mostly	
  digging	
  for	
  fiddlers	
  is	
  my	
  guess.	
  We	
  watched	
  a	
  single	
  sub-‐
adult	
  on	
  Sundown	
  Island	
  for	
  about	
  15	
  minutes	
  around	
  3pm	
  and	
  he	
  only	
  fed	
  once.	
  	
  I	
  have	
  
not	
  seen	
  a	
  blue	
  crab	
  consumed	
  this	
  year	
  (4	
  trips).	
  We	
  did	
  see	
  a	
  snake	
  eaten	
  on	
  Ayres	
  
Island	
  (N)	
  Looks	
  like	
  a	
  tough	
  year.”	
  
These observations all pointed to very low wolfberry productivity in the fall, 2008. The SAGES
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study done by Texas A & M University found that wolfberry production of fruits was negatively
correlated with high salinities in late summer. This is exactly what happened as the drought
gripped the refuge starting in the summer of 2008 and continued in 2009. In addition, Hurricane
Ike making landfall near Galveston in mid-September, 2008 pushed between 3-4 feet of Gulf
waters into the Aransas marshes. Tides seemed to remain abnormally high throughout the late
summer and fall and were quite high as the whooping cranes began arriving in late October.
Marsh salinities were >30 ppt and measured in the mid-40s in cutoff ponds in the fall, and the
wolfberries didn’t produce their usual crop. In fact, it was the worst wolfberry crop I have ever
seen which is normally a staple in the fall whooping crane diet. Some berries were present, but
they were fewer in number than in previous years.
Blue Crabs
The 2008-09 winter started out as an okay good crab season, but crab numbers in the marshes
dwindled rapidly and were at extremely low levels December through April. Cranes were rarely
observed eating blue crabs throughout the winter and spring. When available, the cranes foraged
some in vegetated marsh habitat looking for fiddler crabs and perhaps snails or insects.
Monthly blue crab surveys were done by refuge volunteer Katherine Cullen walking the marsh
for 1 hour and recording all crabs sighted. Surveys following the methodology of Pugesek et al.
(2008) were not done in late-March due to work load issues for the whooping crane coordinator.
Table 16. Monthly blue crab surveys done in the 2008-09 winter.
# Crabs
Date
Sighted Size Class Tides*
November 10
23** mostly 2 and 3 2.5
December 1
1
unknown
1.0
December 30
0
1.4
February 9
0
0.8
April 1
0
Average 4.8

Salinities
27-31
30-43
27-40
30-40
29-39

Wolfberries
12 fruits,
2 fruits,
0 fruits,
0 fruits,
0 fruits,

0 flowers
2 flowers
0 flower
0 flowers
0 flowers

*

New tide gauge, 1.0 is equivalent to 1.7 on old tide gauge. Bayous walked were shallow, with
numerous whooping crane tracks observed.
** Visibility through water was marginal so crab numbers presumably underestimated.

The average of 4.8 crabs found per survey was extremely low, comparable over the previous 13
years only to the 2000-2001 winter in which 6 cranes died. The 2008-09 winter had moderate
crab numbers in November, but then almost none for the winter and spring. Data shows that
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over the past 14 winters, 10 had moderate blue crab numbers, 2 had abundant crabs, and 2
winters had almost no crabs.
Average # Crabs
Found Per Hour
Winter
On Monthly Surveys
2008-2009
5
2007-2008
27
2006-2007
24
2005-2006
38
2004-2005
48
2003-2004
21
2002-2003
79
2001-2002
30
2000-2001
1*
1999-2000
35
1998-1999
144
1997-1998
45
1996-1997
34
1995-1996
48

Rating
Poor
Moderate
Moderate
Moderate
Moderate
Moderate
High
Moderate
Low
Moderate
High
Moderate
Moderate
Moderate

Remarks
Crabs unavailable Dec. through March
Some crabs were available all winter

*Underestimate - only 2 surveys done
Overestimate.

The low blue crab numbers were a result of the summer drought and lack of inflows. Cut-off
portions of the marsh became hypersaline that provided unsuitable habitat for crabs.
Observations about crane use of blue crabs during 2008-09 made by from experienced observers
are compiled below.
11-11-08 Tour Boat Captain Tommy Moore
“With	
  very	
  little	
  use	
  of	
  wolfberry,	
  my	
  guess	
  is	
  they	
  are	
  mostly	
  digging	
  for	
  fiddler	
  crabs.	
  
We	
   watched	
   a	
   single	
   sub-‐adult	
   on	
   Sundown	
   Island	
   for	
   about	
   15	
   minutes	
   around	
   3pm	
  
and	
  he	
  only	
  fed	
  once.	
  I	
  have	
  not	
  seen	
  a	
  blue	
  crab	
  consumed	
  this	
  year	
  (4	
  trips).	
  We	
  did	
  
see	
  a	
  snake	
  eaten	
  on	
  Ayres	
  Island	
  (N)	
  Looks	
  like	
  a	
  tough	
  year.”	
  
11-29-08 Tommy Moore
“The	
  cranes	
  on	
  the	
  south	
  end	
  of	
  the	
  refuge	
  have	
  been	
  staying	
  on	
  territory..	
  They	
  seem	
  
to	
  be	
  feeding	
  on	
  what	
  I	
  assume	
  are	
  snails.	
  They	
  are	
  picking	
  up	
  something	
  small	
  from	
  the	
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mud	
  but	
  there	
  seems	
  to	
  be	
  a	
  lot	
  of	
  it.	
  We	
  watched	
  two	
  subadults	
  on	
  the	
  island	
  south	
  of	
  
Sundown	
  Island.	
  feed	
  forever	
  in	
  one	
  spot	
  they	
  probably	
  only	
  covered	
  10	
  square	
  yards	
  in	
  
the	
  45	
  minutes	
  we	
  watched	
  them.	
  	
  Other	
  observations	
  are	
  of	
  th4e	
  cranes	
  after	
  pretty	
  
good	
  numbers	
  of	
  fiddlers	
  (digging	
  deep	
  with	
  their	
  bills)	
  and	
  a	
  few	
  blue	
  crabs.	
  I	
  have	
  seen	
  
3	
  snakes	
  eaten	
  this	
  year	
  which	
  I	
  usually	
  see	
  literarily	
  once	
  per	
  year.”	
  
12-15-08 Tour Boat Naturalist Ray Kirkwood

“Based	
  on	
  only	
  2	
  trips	
  made	
  in	
  the	
  last	
  2	
  weeks	
  because	
  our	
  business	
  has	
  been	
  so	
  slow,	
  I	
  
have	
   only	
   seen	
   1	
   family	
   that	
   I	
   could	
   positively	
   say	
   was	
   getting	
   any	
   blue	
   crabs.	
   Those	
  
crabs	
  were	
  fairly	
  large,	
  but	
  there	
  did	
  not	
  seem	
  to	
  be	
  many	
  of	
  them.	
  As	
  I	
  recall	
  the	
  family	
  
only	
  got	
  2	
  –	
  3	
  while	
  we	
  were	
  watched	
  them.”	
  
These observations indicated that the cranes in the fall were foraging much less on blue crabs
than average. Although some blue crabs were found on a count conducted November 10th, the
cranes seemed to be foraging more on fiddler crabs. Although only 1 crab was found on the
December 1st count, the cranes continued to find some blue crabs through mid-December. The
suspected minimal levels of blue crabs and other marsh foods were indicated by the 41 whooping
cranes seen on uplands during the November 14th census flight. This continued on the
December 5th flight with 33 cranes observed at fresh water sources, 19 on burned uplands, 31 on
unburned uplands and shell roads, and 24 in open bay habitat indicative of the lack of blue crabs
and the food stress the population was facing. On the December 5th flight, 6 whooping cranes
were in ponds very close to wild game feeders located adjacent to Highway 35 just north of
Holiday Beach. A blue crab count on December 30 did not find any blue crabs. The Tour Boat
captains in late December only occasionally saw a blue crab being eaten by a crane.
On January 7th I talked with Karen Meador of the TPWD-Fisheries division in Rockport. She
indicated that crab numbers in the bay were low, but not alarmingly so. Some crabs were still
being netted by her survey crews, but commercial harvest was very low and crabbing pressure
was reduced. Based on these observations, I speculated that the whooping cranes had consumed
most of the blue crabs in the marsh, and few crabs were moving from the bays into the marsh as
expected due to low tides draining the marshes. My January 8th census flight report noted:
“Although	
  the	
  Tour	
  Boat	
  Captains	
  occasionally	
  see	
  cranes	
  catching	
  a	
  crab,	
  many	
  of	
  the	
  
birds	
  have	
  switched	
  to	
  eating	
  razor	
  clams	
  in	
  open	
  bay	
  habitat.”	
  
Dr. Felipe Chavez spent the week of February 2nd on the refuge. He noted the additional effort
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required by whooping cranes to find blue crabs to eat. Some of the cranes were foraging on
clams which are much less nutritious. His February 2009 data showed less probes per minute
than either previous good or bad years, suggesting food items availability was lower in all habitat
types relative to previous time periods. Steps per minute were more similar to the previous bad
year and in the case of uplands actually higher in 2009 than the previously recorded bad year.
Dr. Chavez-Ramirez’s preliminary report is provided as an Appendix starting on page 123.
Blue crabs were very low in February, although on February 7th, environmental education Tonya
Nix from a tour boat saw cranes eating small blue crabs in the remaining watered areas of mostly
dried up ponds. A crab counts done on February 9th found zero crabs. On March 14, 2009 T.
Moore noted the cranes still working the marsh were having a very hard time. He reported lots of
looking and probing but not much eating.
In the first week in March, Dr. Felipe Chavez-Ramirez made the following observations
regarding food availability for the cranes:
1. “Chicks	
  observed	
  during	
  field	
  visits	
  retained	
  significant	
  rusty	
  feathers	
  throughout	
  the	
  
body	
  and	
  head.	
  The	
  head	
  usually	
  is	
  the	
  last	
  to	
  change	
  but	
  in	
  previous	
  years,	
  rusty	
  
coloration	
  on	
  the	
  body	
  is	
  almost	
  gone	
  by	
  February.	
  	
  Slower	
  molting	
  of	
  feathers	
  is	
  an	
  
indication	
  of	
  food	
  stress.”	
  
2. “The	
  probing	
  and	
  progression	
  rates	
  of	
  whooping	
  cranes	
  in	
  different	
  habitat	
  types	
  
during	
  March,	
  2009	
  showed	
  less	
  probes	
  per	
  minute	
  than	
  either	
  previous	
  good	
  or	
  
bad	
  years	
  surveyed,	
  suggesting	
  food	
  items	
  availability	
  was	
  lower	
  in	
  all	
  habitat	
  types	
  
relative	
  to	
  previous	
  time	
  periods.	
  	
  Relative	
  food	
  consumption	
  rates	
  were	
  7.1	
  in	
  the	
  
good	
  food	
  winter	
  of	
  1992-‐93,	
  2.8	
  in	
  the	
  bad	
  winter	
  of	
  1993-‐94	
  where	
  the	
  cranes	
  
used	
  up	
  fat	
  reserves,	
  and	
  1.5	
  as	
  measured	
  in	
  March,	
  2009.	
  	
  The	
  2009	
  data	
  showed	
  
less	
  probes	
  per	
  minute	
  than	
  either	
  previous	
  good	
  or	
  bad	
  years,	
  suggesting	
  food	
  
items	
  availability	
  was	
  lower	
  in	
  all	
  habitat	
  types	
  relative	
  to	
  previous	
  time	
  periods.”	
  
On March 14th, Tommy Moore wrote;
“The	
  birds	
  that	
  are	
  still	
  working	
  the	
  marsh	
  are	
  having	
  a	
  very	
  hard	
  time.	
  Lots	
  of	
  looking	
  
and	
  probing	
  but	
  not	
  much	
  eating.”	
  
From photos sent to Marty Folk, Florida whooping crane expert, he noted in mid-March:
“Those	
  birds	
  seem	
  to	
  have	
  a	
  rougher	
  appearance	
  even	
  than	
  those	
  ready	
  to	
  molt.	
  Their	
  
plumage	
  seems	
  rough,	
  but	
  the	
  birds	
  also	
  appear	
  thin	
  (and	
  it	
  takes	
  a	
  lot	
  of	
  weight-‐loss	
  to	
  
make	
  them	
  appear	
  thin).”	
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The low number of blue crabs available to the cranes was believed due to the drought and low
freshwater inflows reaching the bays. This may be a sign of things to come depending on the
impacts of global warming. With blue crabs scarce and the fall wolfberry crop much reduced,
these were the worst conditions I have ever observed for the cranes at Aransas, with some birds
looking thin and with disheveled plumage. Such observations were used to justify the need for
supplemental feeding.
	
  
Conditions for the cranes were noted improving at the end of March, but not because of blue
crabs. Blue crabs were still scarce with zero found on a count done April 1st. On March 30 and
31, I talked with tour boat captains Kirkwood and Moore. The cranes had been observed feeding
in vegetated marsh, probably getting fiddler crabs and perhaps looked a little better. They
seemed to be getting considerable food and were looking better. Kirkwood had seen only 1 crab
taken in 2 weeks, and the crab taken was very large. Moore saw 2 small birds being eaten. In
the past, he has seen small mammals and snakes taken, but never birds.
The cranes on the April 7th flight, for the first time all winter, were nearly all found in the salt
marsh. With blue crabs still scarce due to the continued drought, the cranes were believed to be
feeding on fiddler crabs and getting somewhat of an energy boost just prior to migration.
Whooping crane locations on the flight included 0 on burned or unburned uplands, 2 observed at
man-made fresh water sources, 2 at a game feeder, and only 9 in open bay habitat.
The April 21st census report noted:
“For	
  the	
  first	
  time	
  all	
  winter,	
  all	
  the	
  whooping	
  cranes	
  on	
  today’s	
  flight	
  were	
  found	
  in	
  salt	
  
marsh.	
   	
   The	
   cranes	
   are	
   believed	
   to	
   be	
   feeding	
   on	
   fiddler	
   crabs	
   since	
   blue	
   crabs	
   in	
   the	
  
marsh	
  ponds	
  are	
  still	
  scarce	
  due	
  to	
  the	
  continuing	
  drought.	
  	
  The	
  refuge	
  has	
  discontinued	
  
its	
  program	
  of	
  supplemental	
  feeding	
  with	
  corn	
  since	
  most	
  of	
  the	
  cranes	
  have	
  migrated.”	
  	
  	
  
Long-Term Decline of Blue Crab Populations
I've run across three references to a long-term decline of blue crabs populations as described
below.
1. Sutton and Wagner (2007) in a publication entitled "Stock Assessment of Blue Crab in
Texas Coastal Waters" show a decline occurred from 1982-2005 for the Texas blue crab
population in abundance and total biomass, trawl catch rates, and catch per licensed crab
fisherman. They cite a combination of causative factors including overfishing, shrimp trawl
bycatch, habitat loss, and reduced freshwater inflow.
2. Dr. Paul Montagna at the Harte Marine Institute for Gulf of Mexico Studies in Corpus
Christi mentioned to me that a decline in blue crabs is occurring not just in Texas, but Gulf-wide.
There has been speculation that a 1 degree rise in sea level temperature may be negatively
impacting blue crab populations.
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3. In a March 7, 2009 news story, TPWD fisheries biologist Norman Boyd was quoted;
“Our catch rate has dropped off during the past decade and we've had wet years since then and
we don't see the crab population spiking during those wet years.”
With blue crab the main food of whooping cranes, this long-term decline is troubling and is a
factor to keep in mind when assessing the status of the whooping crane. This does not bode well
for whooping cranes.
Aerial Data on Use of Freshwater, Open Bays, and Prescribed Burns
Whooping crane use of freshwater, open bays, prescribed burns and other upland habitats was
documented on 11 census flights during the 2008-09 winter. Only the flights with a majority of
cranes present are listed below. A judgment on habitat used was made when cranes were seen on
prescribed burns or uplands but also near a source of freshwater. Such observations were usually
tallied as “freshwater use” since the cranes were presumably attracted by the freshwater. This
same dilemma occurred when cranes were standing on bare ground near water holes with game
feeders situated nearby.
Table 17. Habitat Use by Whooping Cranes at Aransas during the 2008-09 winter.
Date of # Cranes # Cranes at # Cranes In # Cranes # On Unburned Farm Game
Aerial Observed Fresh Water Open Bays on Burns
Uplands
Fields Feeders
11-14
239
22
0
11
7
4
11-25
266
45
0
24
41
0
12-05
229
24
3
16
4
0
A
12-29
240
33
24
19
20
2*
B
01-08
234
27
79
6
25
2*
C
01-29
262
27
40
33
16
3*
18
02-11
229
27
13
36
15
3**
23
02-24
238
28
20
9
13
3**
18
03-15
153
7
23
17
33
3***
4
04-07
109
2
9
0
0
0
2
Average 220
24
21
17
17
2
7
Average in
2007-08 249
1.4
10.8
10.8
1.9
0
A

Eleven additional cranes were standing on shell roads

Six cranes at fresh water ponds were also close to game feeders on Lamar.
C Sixteen cranes at fresh water ponds were also close to game feeders on Lamar.
* Located in Bauer’s impoundment in shallow water that is drying up.
** The 3 cranes were in a shallow flooded end of a farm field.
B
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*** The 3 cranes were seen March 12th.
In comparing the habitat use observed on census flights between the 2007-08 and 2008-09
winters, the average number of cranes observed at freshwater was notably higher in 2008-09
(24.0 cranes observed per flight compared to 1.4). Use was also higher of open bays (21
compared to 11), prescribed burns (17 compared to 11), and unburned uplands (17 compared to
2). This data shows how notably exceptional the 2008-09 winter from more typical habitat use
patterns observed.
General patterns of crane use were very apparent at Aransas throughout the 2008-09 winter. The
cranes were forced to seek out fresh water throughout the winter as evidenced by cranes found at
fresh water on all 10 census flights listed above. Cranes moving to and from fresh water
increased the use on adjacent uplands and/or game feeders that were located on refuge roads
and/or on the Lamar Peninsula. Cranes may fly to fresh water and then walk onto upland areas
to forage a bit, or simply to get on higher ground before taking flight back to areas to loaf. These
loafing areas may include shell roads. The aggressive burning program carried out by the refuge
also increased the amount of upland use observed. However, substantial use was made on
unburned uplands. Especially on Matagorda Island, whooping cranes will forage in disturbed
areas, especially areas rooted up by feral hogs. The cranes are presumably going after grubs
and/or tubers. A substantial amount of open bay use occurred December through March as the
cranes probed for clams and invertebrates including blood worms and mud shrimp. The scarcity
of blue crabs resulted in a substantial increase in open bay use and uplands. The winter was
notable also for the number of cranes at game feeders, especially on Lamar. The refuge also
placed game feeders on refuge roads on the Blackjack and Matagorda Island. Habitat use was
mostly unusual throughout the winter as the usual food sources were in short supply due to the
drought, but became more “typical” on the April 7 census flights with cranes back in the salt
marsh with only 2 cranes observed at fresh water and 9 in open bays.
Use of Open Bay Habitat
The use of open bay habitat in 2008-09 was documented on aerial census flights as shown in the
Table 17. Open bay use goes up during the extended periods of lower tides usually experienced
starting in late December through February. However, the percentages of use of open bay
habitat recorded on aerial census flights grossly under-represents use of that type of habitat. That
is because cranes in large shallow tidal flats such as Vinson Slough, Spalding Lake, Mustang
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Slough and Redfish Slough are not counted as being in open bay habitat. However, it is probable
that the cranes in such large tidal flats are foraging on the same foods as cranes in open bay.
Thus, the percent of open bay use shown in the table above is more an indicator of a change in
foraging habits and not an absolute value.
Initial open bay use was noted in early December and continued through March. Use peaked as
observed on the January 8th census flight with 79 cranes found in bays, including 21 feeding in
the edges of the GIWW. The peak was an extreme value compared to most winters. In
comparison, use peaked at 47 cranes in open bays on the March 5th census in the 2007-08 winter
and only 22 cranes on December 13th in the 2006-07 winter. Open bay use overall was high for
notably extended periods in 2008-09. On January 29th, 25 of the 27 cranes observed at Welder
Flats were mostly foraging along the edge of the GIWW. This use was strongly correlated with
the scarcity of blue crabs, with the cranes being forced to find alternate food sources, as well as
low tides, with tides especially low the week of January 22nd. On that day, much of the marsh
on San Jose Island consisted of dry mudflats.
Salinities / Crane Use of Fresh Water
Salinities were measured opportunistically throughout the winter at the refuge boat ramp in both
the bay and adjacent marsh. During 2008-09, salinities throughout the winter were extreme and
above the threshold of 23 ppt that requires cranes to seek freshwater to drink on a daily basis. In
addition, many cutoff marsh ponds were hypersaline measuring above 40 ppt and presumably
were little used by blue crabs. In contrast, conditions last winter had experienced salinities 20
ppt or below throughout. The drought rated as “exceptional” that started in September of 2008
kept its grip on central and south Texas throughout the winter. Salinities measured in midOctober, 2008 in San Antonio Bay at monitoring station GBRA # 1 measured 28 ppt and stayed
high all winter.
The movement of cranes to freshwater made it much more difficult on census flights to get an
accurate count since cranes were always coming and going from the uplands either to forage or
to drink. An average of 24 cranes was found at freshwater ponds on census flights during 200809.
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Prescribed Burns
Prescribed fire is the primary management tool used to help wintering whooping cranes at
Aransas. Since the 1980s the refuge has been burning a minimum of three units on the Blackjack
Peninsula each winter for the cranes. The refuge fire program has made great progress in recent
years renovating upland pastures that had become overrun with brush. Management tools used
have been roller chopping and conducting summer prescribed burns on non-crane units to
maximize brush control. In recent years, more fire has been utilized on the coastal barrier island
grasslands on Matagorda Island.
Prescribed burns were conducted near all the crane wintering areas to provide additional foraging
opportunity. All refuge crane burns scheduled for treatment during the 2008-09 winter were
carried out. In addition, private landowners conducted a series of small burns on San Jose Island
on the Bass Ranch and at Welder Flats on the Falcon Point, Cliburn, and Welder ranches.
Recent burns in those areas were observed on the December 29th, January 29th, and February 11th
census flights.
Prescribed burns done for whooping cranes at Aransas in the 2008-2009 winter included 16 units
totaling 11,542 acres (Fig. 4 and Fig. 5). This was 5 units and 3,875 acres more than done in the
2007-08 winter.

Crane
Date
Acres
Fire Unit Location Response
Nov. 07
654
C1 Refuge
Moderate
Nov. 15
2,158
B7,9,10 M.I.
High
Dec. 11
1,092
C13 Refuge
Moderate
Dec. 16
146
C6 Refuge
Moderate
Dec. 16
185
V3 Refuge
Moderate
Jan. 27
3,129
A5,7,8,9 M.I.
High
Jan. 29
844 C7 Refuge
Low
Feb. 03
2,417 C10,C11 Refuge
Low
Mar. 10
917 D1,D3 M.I.
Very low
April 18-20C 2,548 C1,3,4,6, M.I.
LowD
TOTALS 14,090
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Last Use
Occurrence of Peak Seen (days
Peak # (days post-burn) (post-burn)
11
7
10
24
10
54
A
11
16
7
15
1
13
12
14
109B
38
23
47
A
8
1
95B
6
8
8
A
E
2
5
5
3
1
10D

A
B
C
D
E

Two or three cranes were seen on burn as soon as burn was completed.
Use presumably related to feeder and/or water hole on unit.
Wildfire that burned for 3 days.
Few cranes present on wintering grounds that affected response.
Units are at the extreme north end of the crane range with only a low number of
cranes in the area.

Prescribed burns were done on 6 days on the refuge totaling 5,338 acres on 7 units, and for 3
days on Matagorda Island with a total of 6,204 acres burned in 9 units. In addition, a wildfire on
Matagorda Island burned 2,548 acres after most all the cranes had migrated. With the continuing
food shortages for the cranes, the number of areas burned for the cranes was increased with a
decision to burn units D1 and D3 on March 10. With the initiation of bird nesting in March and
the cranes starting to migrate at the end of the month, burning for the cranes is normally
completed by the end of February. In addition to prescribed burns, a wild fire in mid-April
burned an additional 2,548 acres of upland prairie on Matagorda Island. It was finally contained
on April 20th and allowed to burn out. This burn will benefit the prairie habitat by recycling
nutrients and controlling brush.
County burn bans had been implemented the second week in February as the Keetch-Bryam
Drought Index rose above 575. The index ranges from 0 to 800, with 800 representing extremely
dry conditions. On February 6th, the index for Nueces County was at 667 and San Patricio above
700. Aransas and Calhoun were between 600 and 700. All of Central Texas to the coast was
above 600 (the watershed of the whooper’s critical habitat). The refuge got a waiver from the
burn ban for the March 10th burns on Matagorda Island, citing the special needs of the cranes
during a winter of food shortages. The location of the burn on a barrier island entirely publicly
owned also reduced concerns about fire escape and made it possible for the burn ban to be
waived.
Use of Burns
Observations of cranes on burns were collected opportunistically on the low number of census
flights and by staff during the course of their other duties.
Food availability on burned Matagorda Island uplands has never been studied and research is
needed. Crane response to burns on coastal barrier islands is generally light since there are no
acorns present as forage. However, crane response to the November 15th G4 burn and January
27th A units burns on Matagorda Island was notably high and prolonged. It was presumably
related to the shortage of blue crabs in the marsh, but presumably could have been that food
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items on the uplands were especially numerous. The G4 burns had a peak of 24 cranes utilizing
the burns 10 days post-burn. On the Jan. 29th and February 19th flights, 30 and 38 cranes
respectively cranes were observed foraging on the recent burn of four A units on Matagorda
Island. The February 19th flight was a waterfowl census by RO Pilot/Biologist Jim Bredy who
recorded crane use on burns. The March 10th prescribed burn on Matagorda (different A units)
received little crane use. The location of that burn was on the extreme north end of the crane
range on Matagorda Island where crane density was very low. The area burned on the April 1820 wildfire on Matagorda also received little use since most of the cranes had already started the
spring migration.
In oak brush habitat on the mainland, fire is needed every 3 to 4 years to keep the height of
running live oak below that of a 5-foot tall whooping crane. Cranes will not go into brush that is
above their heads, and need the grass kept low so that there is no concealment for predators
including bobcats and coyotes. In almost all cases, crane use of burns starts the day following a
prescribed burn or even is documented as the fire crews are leaving the area the day of the burn.
All burns throughout the whooping crane range received use by sandhill cranes. Sandhills and
often whooping cranes fly to the burns, foraging primarily on insects, lizards and snakes killed in
the fire, as well as sustained feeding on acorns when the mast crop is abundant. Live oak trees or
brush are not present on the barrier islands on Matagorda or San Jose. Whooping crane use of
burns seems to vary depending on the availability of blue crabs, the cranes preferred food. When
crabs are abundant, burn use by the cranes will be limited and taper off quickly. Also, more
cranes are seen on burned areas if they are forced to make flights to fresh water to drink, often
walking short distances on the burn before or after drinking. Burns may be heavily utilized when
acorns are abundant.
Prescribed burns on the refuge in 2008-09 provided additional food for the whooping cranes.
However, response was rated as moderate or low on all refuge burns. The lack of acorns
probably helped explain this light response. A peak of 15 cranes was documented 1 day postburn on the C6 burn located along East Shore Road. Use of refuge burns tapered off and ended
after 2 weeks. Only with use of burns connected with water holes or feeders was use
documented as long as 109 days post-burn. But having an area around an upland area that the
cranes are visiting is an advantage since it reduces the risk of predation.
Tides
On Sept 13-14, 2008, Hurricane Ike made landfall on the upper Texas Coast near Galveston.
Aransas NWR was totally unaffected by the storm (no wind or rain) other than tides about 3-4
feet higher than normal on the Gulf beaches. The high surf caused some damage to the dunes
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and eroded some levees on the south end of Matagorda island. The refuge boat house received
minor damage. Refuges up the coast on the other side of the storm were not so lucky. The
Texas Chenier Plains Refuge complex (Anahuac, McFaddin, and Texas Point NWRs) situated
east of Houston had all of their buildings destroyed except for their main office in Anahuac.
Even their new "hurricane-proof" office that was under construction was destroyed. McFaddin
Refuge biologist Patrick Walther who lived in a refuge house on stilts ¼-mile from the beach lost
just about everything except what he and his family took with them. Tides seemed to remain
really high at Aransas after the hurricane in the late summer and fall with tidal waters close to
inundating Heron Flats Trail on October 23rd, 2008.
The refuge tide marker at the boat ramp as recorded opportunistically showed a range from 0.8
up to 2.6 during the 2008-09 winter. This marker was a different one from previous years and
readings have to be adjusted upwards by 0.7 feet to compare with previous years. The lowest
reading on the refuge tide marker was on March 2, although tides had been nearly that low back
on December 11th. Tide gauges operated on the south end of Matagorda Island with presumably
a different tide elevation reference showed a tide range from -0.1 up to 2.5 feet on Bray’s Cove
and 0.4 up to 3.5 feet on the San Antonio Bay shoreline at Shell Reef from July 21, 2008 to
January 21, 2009. The highest tide recorded was in mid-November, 2008. In general, extreme
tides either high or low were absent during the 2008-09 winter. However, the salt marshes,
particularly on San Jose Island, remained dry for long periods, especially notable mid-January
through first week in February.
Rainfall
Table 18. Rainfall amounts recorded at a rain gauge at the refuge headquarters.
Month
January, 2008
February
March
April
May
June
July
August
September
October
November
December

Inches of Rainfall
5.27
2.13
1.64
2.37
0.42
0.32
1.59
6.87
0.57
2.60
0.91
0.54
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Total in 2008 25.23
January, 2009
0.66
February
0.18
March
2.25
April
1.42
May
4.29
June
0.61
July
0.00
August
0.13
8-Month Total 9.54
in 2009

Drought
Following rainfall of 62.02 inches in 2007 that was far above average, La Nina took effect and
brought drier than normal weather. Rainfall at the refuge totaled 25.28 inches in 2008, 33%
below the annual average of 37.82 inches.
Aransas had received 6.87 inches of rain in August, 2008, but then someone turned off the
faucet. After having a very active 2008 hurricane season on the Texas coast with three storms
making land fall (Dolly, Edouard, and Ike), a drought characterized by the National Weather
Service as “exceptional” for much of south Texas started in September 2008. “Exceptional” is
the most severe of the five categories on the U.S. Drought Monitor scale. Only 4.62 inches fell
at Aransas September through December, 2008.

The following is from a press release from David Baker, Executive Director of the Wimberley
Valley Watershed Association in October, 2008
As a barometer for the state of the aquifer under the Texas Hill Country, for only the second time in
recorded history, Jacob's Well — quintessential Hill Country swimming hole, and source of Wimberley's
Cypress Creek — stopped flowing on October 20th, 2008. Ongoing drought aggravated by over-pumping
of the shallow Trinity Aquifer and the spread of impervious cover, which prevents rain from soaking into the
ground, is the cause, said David Baker, executive director of the Wimberley Valley Watershed Association.
The spring normally flows at 1,200 to 2,200 gallons a minute, but it had been reduced to a fraction of that
rate for most of the summer and fall until this week, when it stopped. The only other time that happened
was in the summer of 2000, when Jacob's Well was stilled for about three months. It kept flowing through
the drought of record in the 1950s, when Comal Springs in New Braunfels went dry, but back then the area
had nowhere near today's population.
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At the end of November, 2008, the San Antonio Express News stated that San Antonio was
enduring its worst drought in recorded history, with rainfall over the past 15 months even sparser
than that gauged during similar periods in the historic seven-year drought of the 1950s. The
16.15 inches of rain measured since September 2007 was less than any 15-month Septemberthrough-November period since recordkeeping began in San Antonio in 1871. An expanding
swath of the area around San Antonio and Austin already had been classified as in extreme
drought — the next-to-worst category — and forecasters were predicting no end in sight to the
dry spell.
The shortfall of rain continued unabated in 2009. A total of only 14.16 inches of rain fell during
the 12-month period from September, 2008 to the end of August, 2009. With only a bit more
than 1-inch per month during that spell, the refuge got drier and drier, especially in the April
through September heat.
By the end of October, 2009 the Victoria Advocate stated that “the current Texas extreme
drought could rival the record drought of the 1950s if weather conditions don't change soon.”
Canyon Lake on the Guadalupe River reached its lowest level ever since it was created in the
early 1960s.
The weather phenomenon known as La Niña caused these unusual weather events due to the
cooler than normal water in the Pacific Ocean. La Niña is a cyclical cooling of sea surface
temperatures in the central and eastern Pacific Ocean that affects wind, moisture and weather
patterns around half the world. La Niña typically causes a shift in the jet stream that sends
tropical moisture farther north, leaving Texas and the southern United States including South
Texas drier and warmer. The La Niña phase which started in September, 20079 officially ended
in June, 2008 but scientists said the atmospheric circulation continued to be consistent with weak
La Niña conditions. It was the presence of La Niña conditions that resulted in a return to a dry
weather pattern for the latter part of 2007 through the first half of 2009 in central Texas. There
was a brief period of some relief in summer 2008 in parts of central Texas, when rainfall was a
little closer to normal, but then a return to La Niña conditions, as well as a return to severe
drought by late 2008 and the first half of 2009:
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January 2009
Rainfall from September, 2008 through July, 2009 was 19.7 inches below normal for Corpus
Christi. Over the 5-month period from September, 2008 to February 2009, Corpus Christi had
less than five inches of rain, 35% of normal, when they should have had nearly twenty inches.
During that time span, they received less rain each month starting with only 1.94 inches in
normally soggy September to just 0.03 inches of rain in the first 2 weeks in February. That city
had the 4th driest January and 8th driest February on record dating back to the 1800s. The
drought was getting worse at an increasing rate. Refuge rainfall Jan 1-May 31st equaled 7.82
inches.
Victoria went through its driest 2008-09 winter on record, with only 0.74 on an inch falling from
December through February. Normal rainfall for that period is 6.95 inches. Victoria's rainfall for
2008 and the first 3 months of 2009 were 22 inches below normal. From December through
March, 2009 the inflows reaching San Antonio Bay were the lowest recorded since 1956, the
peak of the worst drought on record for Texas. In mid-March, 2009 the river flow at Victoria
was already at about half of the normal level.
At the end of April, 2009, USFWS biologist Patrick Walther while doing mottled duck surveys
noted the following:
“Drought conditions were evident on the entire coastal region of Texas. One flight line
on Matagorda Island NWR did not have any water remaining on the natural wetlands
and only had water on 7 stock tanks along the entire 26+ mile length, with not a single
mottled duck being seen on line.”
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The typical dry summer in south Texas arrived with full intensity. The signs of the drought were
everywhere. The area had several brush fires on a weekly basis. Burn bans were in effect for
most of the Coastal Bend counties. The vegetation appeared more brown than green. On June
23rd, 2009 the U.S. Geological Survey reported that much of the Guadalupe River was running at
less than 10 percent of its normal flow. In August, 80% of Guadalupe River flows were coming
from 2 Hill Country springs.
On July 30, 2009 fishing guide Chuck Naiser was quoted in the Austin American Statesman that
drought was making its presence known as follows:
"The	
  lakes	
  on	
  the	
  islands	
  (Matagorda	
  and	
  San	
  Jose)	
  are	
  completely	
  dry,	
  like	
  a	
  desert.	
  
Usually	
  we	
  have	
  some	
  rain	
  that	
  keeps	
  some	
  water	
  back	
  there	
  but	
  this	
  year	
  there's	
  
nothing.	
  The	
  baitfish	
  and	
  small	
  crabs	
  and	
  stuff	
  aren't	
  there.	
  There	
  isn't	
  enough	
  water	
  to	
  
keep	
  them	
  alive.	
  	
  The	
  grass	
  beds	
  just	
  aren't	
  there.	
  	
  Usually	
  we	
  have	
  fresh	
  water	
  coming	
  
down	
  the	
  rivers,	
  and	
  that	
  triggers	
  the	
  spring	
  growth	
  in	
  the	
  grass,	
  but	
  this	
  year	
  we	
  didn't	
  
get	
  the	
  (flood)	
  water."	
  	
  
Some shorelines had only scattered patches of wigeon grass (ruppia), a popular hiding place for
fish. However, Mark Fisher, science director for the Coastal Fisheries Division at Texas Parks
and Wildlife noted a corresponding increase in other sea grasses.
"We're	
  seeing	
  less	
  Ruppia,	
  but	
  the	
  other	
  species	
  of	
  sea	
  grass	
  are	
  thriving	
  in	
  this	
  salty	
  
water.	
  	
  	
  Aerial	
  photography	
  of	
  Redfish	
  Bay	
  in	
  2007,	
  2008	
  and	
  2009	
  shows	
  no	
  change	
  in	
  
sea	
  grass	
  acreage.	
  	
  However,	
  the	
  island	
  lakes	
  are	
  suffering,	
  thought	
  it's	
  too	
  early	
  to	
  tell	
  
what	
  impact	
  the	
  extreme	
  low	
  water	
  levels	
  will	
  have	
  down	
  the	
  road,	
  especially	
  on	
  
wading	
  species	
  such	
  as	
  whooping	
  cranes.”	
  
At the end of June, 2009 the San Antonio Express news quoted Guadalupe-Blanco River
Authority (GBRA) general manager Bill West.
“The	
  Guadalupe	
  River	
  is	
  under	
  major	
  stress	
  and	
  the	
  Edwards	
  Aquifer-‐fed	
  sources	
  of	
  its	
  
major	
  tributaries,	
  the	
  Comal	
  and	
  San	
  Marcos	
  springs,	
  are	
  dropping	
  like	
  a	
  rock.”	
  	
  
The following April 19, 2009 Houston Chronicle news story by Matthew Tresaugue covered the
impact of the drought on the cranes.

Crane deaths raise alarm about water rights:
23 whoopers died over the winter and biologists blame low river flow.
A	
   record	
   number	
   of	
   whooping	
   cranes	
   have	
   died	
   while	
   wintering	
   	
   long	
   the	
   Texas	
   coast	
  
this	
  year,	
  leaving	
  biologists	
  stunned	
  and	
  once	
  again	
  placing	
  the	
  Guadalupe	
  River	
  at	
  the	
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center	
  of	
  the	
  state’s	
  ongoing	
  battle	
  over	
  water	
  rights.	
  	
  
	
  
A	
   dry	
   spell	
   has	
   reduced	
   the	
   Guadalupe’s	
   flow	
   so	
   severely	
   that	
   the	
   supply	
   of	
   fresh	
   water	
  
and	
  food	
  for	
  the	
  endangered	
  whooping	
  cranes	
  dwindled	
  in	
  San	
  Antonio	
  Bay.	
  As	
  a	
  result,	
  
23	
  whoopers	
  have	
  perished,	
  the	
  deadliest	
  year	
  on	
  record	
  for	
  the	
  majestic	
  bird,	
  federal	
  
and	
  state	
  wildlife	
  officials	
  said.	
  	
  
	
  
The	
   die-‐off	
   has	
   infused	
   a	
   jolt	
   of	
   heightened	
   urgency	
   into	
   the	
   debate	
   over	
   the	
   amount	
  
and	
  timing	
  of	
  flows	
  in	
  the	
  Guadalupe	
  and	
  how	
  to	
  protect	
  the	
  river’s	
  ecosystem	
  and	
  the	
  
Gulf	
   Coast	
   estuaries	
   that	
   depend	
   on	
   fresh	
   water.	
   Historically	
   in	
   Texas,	
   water	
   not	
   tapped	
  
by	
   cities,	
   ranchers	
   and	
   industry	
   and	
   left	
   to	
   run	
   to	
   the	
   Gulf	
   of	
   Mexico	
   has	
   been	
  
considered	
  wasted.	
  	
  
	
  
“It’s	
   not	
   people’s	
   fault	
  that	
  we’re	
  in	
  a	
  drought,”	
  said	
  Tom	
  Stehn,	
  a	
  U.S.	
  Fish	
  and	
  Wildlife	
  
biologist	
   studying	
   the	
   cranes	
   at	
   the	
   Aransas	
   National	
   Wildlife	
   Refuge,	
   their	
   wintering	
  
grounds	
  near	
  Rockport.	
  “But	
  I	
  wonder	
  how	
  much	
  worse	
  we’re	
  making	
  it.”	
  	
  
	
  
The	
   Guadalupe,	
   a	
   300-‐mile-‐long	
   river	
   that	
   stretches	
   from	
   the	
   Hill	
   Country	
   to	
   San	
  
Antonio	
   Bay,	
   has	
   been	
   a	
   battleground	
   before.	
   At	
   one	
   point,	
   a	
   conservation	
   group	
  
labeled	
   it	
   as	
   one	
   of	
   the	
   country’s	
   most	
   endangered	
   rivers,	
   just	
   as	
   water	
   suppliers	
  
considered	
   pumping	
   water	
   near	
   its	
   mouth	
   to	
   quench	
   San	
   Antonio’s	
   growing	
   thirst.	
  	
  
Although	
  that	
  plan	
  is	
  on	
  the	
  shelf,	
  studies	
  are	
  under	
  way	
  to	
  determine	
  what	
  is	
  needed	
  
to	
  sustain	
  the	
  whoopers.	
  The	
  first	
  study,	
  commissioned	
  by	
  two	
  river	
  authorities	
  at	
  the	
  
cost	
  of	
  $2	
  million,	
  is	
  set	
  for	
  released	
  this	
  month.	
  	
  Douglas	
  Slack,	
  a	
  Texas	
  A&M	
  University	
  
biologist	
  who	
  conducted	
  the	
  five-‐year	
  study,	
  wouldn’t	
  comment	
  on	
  the	
  findings	
  before	
  
their	
  release,	
  but	
  said	
  the	
  research	
  didn’t	
  cover	
  the	
  latest	
  and	
  deadliest	
  season	
  so	
  far	
  for	
  
the	
  cranes.	
  He	
  suggested	
  that	
  his	
  work	
  wouldn’t	
  be	
  the	
  final	
  say	
  on	
  the	
  matter.	
  	
  “We’ll	
  
continue	
   to	
   see	
   ups	
   and	
   downs	
   in	
   precipitation,	
   and	
   it’s	
   pretty	
   clear	
   that	
   San	
   Antonio	
  
and	
   Austin	
   won’t	
   stop	
   growing,”	
   Slack	
   said.	
   “Questions	
   of	
   inflows	
   will	
   continue	
  
throughout	
  my	
  lifetime	
  and	
  yours.”	
  
	
  
For	
   Stehn,	
   who	
   has	
   observed	
   the	
   iconic	
   birds	
   for	
   years,	
   the	
   drought	
   has	
   made	
   it	
   clear	
  
that	
  the	
  whoopers’	
  survival	
  depends	
  upon	
  the	
  availability	
  of	
  blue	
  crabs,	
  which	
  account	
  
for	
  nearly	
  90	
  percent	
  of	
  the	
  cranes’	
  diet	
  and	
  need	
  a	
  certain	
  amount	
  of	
  fresh	
  water	
  to	
  
survive.	
  
	
  
The	
   world’s	
   last	
   migratory	
   flock	
   of	
   whooping	
   cranes	
   spends	
   the	
   winter	
   at	
   the	
   Aransas	
  
refuge	
   before	
   leaving	
   every	
   April	
   for	
   a	
   2,400-‐mile	
   journey	
   to	
   Canada’s	
   Wood	
   Buffalo	
  
National	
  Park,	
  the	
  birds’	
  summer	
  home.	
  
	
  
The	
   season	
   began	
   with	
   much	
   promise,	
   with	
   a	
   record	
   270	
   whoopers	
   arriving	
   along	
   the	
  
Texas	
   coast	
   last	
   fall.	
   	
   But	
   reduced	
   fresh	
   water	
   meant	
   fewer	
   blue	
   crabs.	
   By	
   January,	
   with	
  
virtually	
  no	
  blue	
  crabs	
  on	
  the	
  marshy	
  delta,	
  the	
  cranes	
  began	
  to	
  eat	
  clams	
  and	
  smaller	
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fiddler	
  crabs,	
  but	
  those	
  don’t	
  provide	
  as	
  much	
  protein,	
  Stehn	
  said.	
  	
  To	
  supplement	
  the	
  
cranes’	
  diet,	
  refuge	
  managers	
  provided	
  corn,	
  marking	
  the	
  first	
  time	
  since	
  the	
  1950s	
  that	
  
they	
   fed	
   the	
   whoopers.	
   	
   “Usually,	
   when	
   you	
   see	
   a	
   whooping	
   crane,	
   it’s	
   magnificent,”	
  
Stehn	
  said	
  of	
  North	
  America’s	
  tallest	
  bird.	
  Adults,	
  whose	
  bodies	
  are	
  snowy	
  white	
  except	
  
for	
  black	
  wingtips	
  and	
  a	
  red	
  forehead,	
  stand	
  5	
  feet	
  tall	
  with	
  a	
  wingspan	
  of	
  7	
  1/2	
  feet.	
  
“This	
  year,	
  they	
  were	
  looking	
  ratty.	
  The	
  importance	
  of	
  blue	
  crabs	
  to	
  the	
  whooping	
  crane	
  
population	
  is	
  just	
  smacking	
  us	
  right	
  in	
  the	
  face.”	
  
	
  
While	
   the	
   whooping	
   cranes	
   wintered	
   on	
   the	
   coast,	
   the	
   drought	
   became	
   severe.	
   The	
  
inflows	
  for	
  San	
  Antonio	
  Bay	
  from	
  December	
  to	
  March	
  were	
  the	
  lowest	
  since	
  1956,	
  the	
  
height	
   of	
   the	
   worst	
   drought	
   on	
   record	
   for	
   Texas,	
   said	
   Norman	
   Johns,	
   an	
   Austin-‐based	
  
scientist	
   for	
   the	
   National	
   Wildlife	
   Federation.	
   	
   The	
   result:	
   a	
   saltier	
   bay,	
   fewer	
   blue	
   crabs	
  
and	
  several	
  emaciated	
  whooping	
  crane	
  carcasses.	
  
	
  
The	
   challenge	
   ahead	
   is	
   to	
   manage	
   the	
   state’s	
   rivers	
   in	
   a	
   way	
   that	
   enough	
   freshwater	
  
flows	
  into	
  coastal	
  estuaries	
  to	
  provide	
  nutrients,	
  sediments	
  and	
  the	
  proper	
  mix	
  of	
  salt	
  
and	
   fresh	
   water	
   for	
   sustaining	
   scores	
   of	
   species,	
   including	
   the	
   cranes,	
   scientists	
   said.	
   	
   At	
  
the	
   same	
   time,	
   there	
   are	
   new	
   urban	
   demands	
   for	
   water,	
   and	
   increasing	
   pressures	
   on	
  
the	
  Guadalupe.	
  	
  
	
  
State	
  lawmakers	
  recognized	
  the	
  conflict	
  two	
  years	
  ago,	
  passing	
  a	
  bill	
  that	
  requires	
  the	
  
study	
  of	
  what	
  are	
  called	
  environmental	
  flows	
  for	
  every	
  river	
  system	
  in	
  Texas.	
  Although	
  
the	
   new	
   law	
   began	
   the	
   process	
   of	
   preserving	
   water	
   for	
   the	
   health	
   and	
   productivity	
   of	
  
the	
   ecosystems,	
   the	
   outcome	
   isn’t	
   guaranteed.	
   	
   A	
   1998	
   state	
   study	
   found	
   that	
   the	
  
Guadalupe	
  estuary	
  needs	
  1.15	
  million	
  acre-‐feet,	
  or	
  363	
  billion	
  gallons,	
  of	
  fresh	
  water	
  a	
  
year	
  from	
  the	
  river.	
  Some	
  interests	
  have	
  criticized	
  the	
  number	
  as	
  too	
  high.	
  	
  “It’s	
  not	
  high	
  
most	
   of	
   the	
   time,	
   but	
   during	
   a	
   drought	
   we	
   shouldn’t	
   expect	
   it	
   to	
   be	
   available,”	
   Johns	
  
said.	
  “It’s	
  too	
  high	
  during	
  a	
  drought,	
  and	
  that’s	
  when	
  push	
  comes	
  to	
  shove.”	
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REFUGE MANAGEMENT
Supplemental Feeding
In response to a shortage of natural foods faced by the whooping cranes this winter,
supplemental feeding was initiated at the end of January and continuing into April. This decision
was not made lightly since artificial feeding on the refuge last dates back to the 1950s, 1960s and
1970s growing agricultural crops on the refuge to try to help the cranes. Some “bait” had also
put out 1968-1970 in the Pump Canal Impoundment along East Shore Road to attract birds to the
area. In 2009, the decision to start supplemental feeding was made following the loss of an
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emaciated juvenile on January 14th. A bird picked up at the refuge Boat Ramp in early
December, 2008 had also been emaciated. In January, with blue crabs scarce and cranes dying, it
was felt to try to provide some extra calories for the cranes.
On January 21, 2009 six feeders on Aransas NWR and 7 feeders on Matagorda Island NWR that
had been assembled by the refuge Friends group were erected and placed near waterholes at
approximately 3-mile intervals along refuge roads adjacent to the crane marshes on Aransas and
Matagorda Island NWRs. Whole kernel corn was placed in all feeders and spread automatically
at timed intervals during the day. Refuge staff and volunteers made trips to monitor wildlife
usage. Two feeders were moved on January 26th to be closer to water holes and one moved to be
closer to the crane marshes. Remote motion sensing cameras were put in place on January 29th
at all feeders. Feeders were re-programmed by the end of the first week to disperse less corn to
disperse between 2 and 4 lbs of corn per day from each feeder.
The first documented usage occurred at a feeder on Matagorda Island on January 26th with 4
cranes present. Use that day at two additional feeders on Matagorda Island was considered
probable. Three days before, 1 whooping crane had been observed on a firebreak about 50 yards
from a game feeder at the refuge “pipeline” that presumably had visited the feeder. An aerial
census on January 29th documented 2 cranes at a feeder on Aransas and 3 at a feeder on
Matagorda Island. Starting January 30th, cranes were occasionally documented at feeders,
especially the feeder at the refuge boat ramp and one feeder on Matagorda Island. With cameras
put in place January 29th, only one photo of a whooping crane at a feeder had been taken by
February 1st. Five whooping cranes were near feeders on the January 29th census flight. Despite
cranes presumably seeing the spread corn as they make daily flights to water, use of the feeders
during their first week of use was characterized as “light”. Dr. Felipe Chavez, who visited
Aransas March 2-6 to document food shortages in the marsh, found 3 whooping crane scat
containing corn from the feeders.
Overall, the response to the presence of the corn was considered initially to be “light”. However,
it was expected that use would pick up as the cranes get used to the presence of corn. Natural
foods in the marsh remained in short supply in early February. The presence of game feeders so
far has not changed expected crane distribution patterns. Sandhill cranes and grackles were the
two primary avian species observed at the feeders, and feral hog use was considerable despite
staff efforts to shoot them.
Data collected by the remote cameras documented 229 visits by cranes with 712 whooping crane
photos taken. Included in the photos was the first documentation this winter of banded birds Wnil and ls-nil. Whooping crane use of the feeders was considered moderate. An average of only
5 feeders out of the 13 total was visited weekly. Although the feeders were placed outside of
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territories, some cranes may have ended up “claiming” the feeders and perhaps keeping other
cranes away. There were no observations made of the presence of feeders disrupting the
distribution or general foraging activities of whooping cranes.
Other wildlife visited the feeders frequently with most photos taken of feral hogs, grackles, and
sandhill cranes. Raccoons also were able to pick corn from the feeders, and a few of the feeders
were knocked down by hogs. One whooping crane was documented reaching with its bill into
the bottom of the feeder to get kernels of corn. Refuge staffer Carey Strobel shot some hogs at
feeders, but this did not stop other hogs from returning. Dogs were used the week of March 12
to reduce the hog population on Matagorda Island.
We concluded that the feeders provided a supplemental boost of calories for a limited number of
cranes estimated to be up to perhaps 20% of the flock. The supplemental feeding was not a cureall, but we believed it help for some cranes reduce the energy stress they were facing from the
shortage of natural foods.
The adult pair at the Big Tree on Lamar has fed daily on corn for many years and is the most
productive pair in the flock. They have brought more cranes to Aransas than any other pair,
totaling 12 cranes in 12 years (6 singles and 3 sets of twins, 3 years with no chicks). This is only
a sample size of 1 pair, but it seems to tout the benefits of supplemental feeding. The
landowners who put out feed for south Texas wildlife and end up feeding the Big Tree pair are
careful to buy feed that has been tested for mold levels since alflatoxin growing on moldy corn
can even kill cranes at high levels. Two grain samples from refuge feeders sent in for testing
came back with mold levels of only 2-3 parts per billion, a very acceptable level. In 2008-09,
cranes on the Lamar Peninsula visited multiple feeders to feed on corn put out by at least 4
different landowners. Although the Big Tree pair that uses the feeder in front of the Crane
House, a commercial bed and breakfast, is quite tame, this has not seemed to hurt their survival.
A few cranes over the years have also been documented at feeders along the north boundary of
Aransas. There is no evidence that cranes using feeders at Aransas have been attracted to game
feeders in migration or shown additional tameness when in migration.

Table 19. Camera Records of Supplemental Feeding at Aransas
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#
Crane
Week
Feeders Used
Photos
Taken
A
1
11
20
4
44
A1, A3, A6, M1**
2B
28
24
5
73
A1, A3, A4, M1, M5
C
3
19
24
7
50
A1,A3,A4,A6,M1,M5,M6
D
4
28
24
5
100
A1,A2,A3,A4,A6***
5E
39
30
6
127
A1,A3,A4,A6,M4,M5
F
6
23
13
5
76
A1****,A3,A4,A6,M1,M4
7G
13
17
6
21
A1****A4,A6,M1****,M4****,M5****
8H
35
20
5
103
A1,A3,A4,M1,M5
I
9
14
16
6
29
A1,A3,A4,A6,M1***,M5***
10J
20
14
6
62
A1,A3,A4,A6,M1,M5
K
11
9
4
2
27
A6,M11
Totals
239
206
57
712
Average
22
19
5
65
* This is a minimum figure. For example, a single crane that visits a feeder in the
morning and in the afternoon is treated as the same crane.
** Unexplained is a family group of whooping cranes observed by refuge staff at feeder
M6 on Feb. 4th on 3 different occasions that was not photographed by the remote
camera.
*** Probable battery difficulties with camera operation with Matagorda feeders.
****Cranes observed at feeder, but camera batteries failed.
1 Feeder was out of corn and taken down on 3-15
A
Week 1 (Jan. 29 to Feb 4) - Camera cards collected 2-3 and 2-4.
B
Week 2 (Feb 4 to Feb 10) - Camera cards collected 2-9 and 2-10.
C
Week 3 (Feb 11-17) – Camera cards collected 2-16 and 2-17.
D
Week 4 (Feb 18-24) – Camera cards collected 2-23 and 2-24.
E
Week 5 (February 25-March 3) – Camera cards collected 3-2 and 3-3.
F
Week 6 (March 4- March 10) – Camera cards collected 3-9 and 3-10.
G
Week 7 (March 11- March 17) – Camera cards collected 3-16 and 3-17.
H
Week 8 (March 16 – March 25) – Camera cards collected 3-23 and 3-25
I
Week 9 (March 26 – April 1) – Camera cards collected 3-30 and 4-1
J
Week 10 (April 2 – April 6) – Camera cards collected on 4-6
K
Week 11 (April 7 – April 15) – Camera cards collected on 3-13 and 3-15
#
Crane
Visits

Total # of
Different
Cranes

Total #
Feeders
Used

Feral Hog Control
84

After the cranes had left Aransas, a feral hog program was carried out by Animal Services the
week of April 27th on the refuge, Matagorda Island, and the Lamar Peninsula. Aerial gunning
from a helicopter killed 840 hogs (422 on MI, 20 on MFW, and 395 on Blackjack). At a total
cost of $9,500. On the tour loop, shooting started at pace of 42 hogs shot in the first 35 minutes.
The number of hogs on the refuge is simply unbelievable. Helicopter gunning on Matagorda
Island had been initiated a year ago, so the take of 422 hogs this year demonstrates how quickly
they breed and/or re-colonize the island. However, the dramatic reduction in hog numbers on
Matagorda in recent years has greatly reduced the amount of coastal prairie rooted up by the
hogs, especially in prescribed burn areas where the hogs like to concentrate.
Administration
After almost 9 years as manager of Aransas NWR, Charlie Holbrook retired June 3rd, 2008. He
came to Aransas in Sept. of 1999. He was a good leader and enjoyable to have on the refuge.
Numerous professional biologists with connections or interest in whooping cranes make the long
pilgrimage to Aransas. Visitors hosted by the refuge in 2008-09 included the following;
Dec. 02 – Klaus Nigge, photographer for National Geographic, spent time at Crane
House taking photos for a planned magazine article and book.
Dec. 13 – Sandhill Crane biologist Inga Bysykatova from Yakutiva and Bob Dusek of the
National Wildlife Health Center visit. They were accompanied by reporter
Tara Bozick from the Victoria Advocate that wrote a human interest story on
the visiting Russian scientist.
April 2 - The Avian Power Line Interaction Committee (APLIC) holds a meeting in
Rockport which includes a Crane Boat tour. USFWS- Ecological Services
Biologists from North Dakota, South Dakota and Nebraska get to see the cranes.
Feb. 19 – Ten-person delegation of resource managers from China visit Aransas for 3
days.
Feb. 21- March 6: Two Chinese scientists in a refuge exchange program spend 2 weeks
at Aransas participating in refuge surveys and other activities.
February 1-2, refuge technician Darrin Welchert attended a Conservation Action Plan meeting in
Nebraska sponsored by the nature Conservancy. Attendees met to outline issues facing the
cranes in migration.
In March, Tom Stehn was selected to receive a Recovery Champion award from USFWS for
contributions to endangered species.
At the end of May, Tom Stehn and Robyn Cobb (USFWS-Ecological Services in Corpus Christi)
wrote a Whooping Crane Spotlight Species Action Plan, a new planning effort by USFWS aimed
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at measuring progress annually in carrying out recovery actions.
Robert Chaney, a taxidermist in LaWard, Texas, was given two specimens in April to mount for
environmental education purposes. The two juvenile whooping cranes had been struck by
lightning in a pen at Chassahowitzka NWR in Florida in 2007 as part of the eastern migratory
flock reintroduction.
Work continued in 2008 on installing and/or replacing culverts located on the south end of
Matagorda Island in support of marsh restoration. Six salt marsh enhancement and fish passage
projects were completed with 951 acres were opened to fish passage this year. Each site
consisted of three 36 inch culverts, vinyl sheet piling, dead men and rip rap. In Fiscal Year 2007,
grants totaling $398,000 were obtained to continue this project. Grantees included the Coastal
Bend Bays and Estuaries Program, USFWS Coastal Program, North American Wetland
Conservation Act, Friends of Aransas and Matagorda Island National Wildlife Refuge, USFWS
Fish Passage Program, Fish America, Texas Parks and Wildlife Department, the Gulf of Mexico
Foundation, the National Oceanographic and Atmospheric Administration, Tetra Tech Inc., the
Tivoli Independent School District, and Aransas volunteers. These projects were implemented
due to failing culverts that were in need of replacement. In the 1940’s large portions of the
estuarine marsh on a private cattle ranch on the southern end of Matagorda Island were sectioned
off with constructed levees so that they could be drained for cattle production. This condition
persisted until the late 1970’s when Matagorda Island became part of the Aransas National
Wildlife Refuge Complex. The Service installed dozens of culverts throughout the marsh in an
attempt to restore natural flow patterns. Over the years several of these sites have needed
replacement due to siltation, erosion, and culverts collapsing that restricted or eliminated tidal
exchange in the marsh
Work continued in 2008 treating invasive species on Aransas and Matagorda Island NWRs.
Particularly troubling are thousands of Chinese tallow trees that can take over freshwater
wetlands that whooping cranes sometimes utilize. Grants were obtained to help fund this work.
To reduce crane disturbance, "closed" signs to restrict all public access have been placed in
major cuts entering the Aransas Refuge crane marshes. The growing number of boats and
kayaks has increased disturbance to refuge whooping cranes and measures have become
necessary to prevent this intrusion of people into the crane area during winter. This is the
eleventh year that the closures have been in effect. Most fishermen comply with the closure, but
there are always a few boats that trespass. New signs installed in spring, 2006 were left up year
around but indicate the closure is only during the crane season (October 15-April 15). Only
Aransas waters are posted closed during the winter. Refuge waters in all other parts of the crane
winter range are open to the public. Human disturbance is a growing concern as more and more
people settle on the Texas coast.
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Whooping Crane Coordinator Tom Stehn wrote weekly reports on the spring migration for
Journey North, an internet educational group for middle school children based in Minneapolis.
One of the nation's premier Internet-based "citizen science" projects, Journey North enables
students to watch spring sweep across the northern hemisphere by following the migration
patterns of whooping cranes and other species. The free online educational website received a
record 1.4 million visitors in 2007 and received over 20 million hits. The program now reaches
more than 640,000 children in 15,000 classrooms across North America. Widely considered a
best-practices model for education, Journey North is one of the nation’s premiere “citizen
science” projects for children. The whooping crane has always been one of their featured
species.
Tom Stehn provided written updates for newsletters of the North American Crane Working
Group, the Whooping Crane Conservation Association, and the Platte River Habitat Whooping
Crane Trust. Tom attended the Whooping Crane Eastern Partnership fall and winter meetings.
Tom spoke at the Whooping Crane Festival in Port Aransas, Texas in February, 2009 with over
3,000 people attending the 3-day event.
The two whooping crane tour boats running throughout the 2008-09 winter (Black Skimmer and
Wharf Cat) provided excellent opportunities to photograph the cranes. The cranes see these two
boats on nearly a daily basis and allow close approach. The media is directed to these tour boats
because of the opportunities they provide. Records compiled by refuge staff from monthly
reports supplied by the tour boats found that an estimated 6,942 people had gotten rides on the
commercial whooping crane tour boats during the 2008-09 winter. This was 1,989 fewer people
than the previous winter. Tourism was down in general. Small charter boats also can be hired
specifically for photography for folks wanting to spend more time in the crane area. A total of 9
kayaks involved with either nature observation or fishing were seen during the November 14th
census flight. This is the most I’ve ever seen, indicative of the growth of this activity along the
Texas coast.
Work continued on writing the refuge’s Comprehensive Conservation Plan (CCP) throughout
2008. Environmental reviews were nearing completion by the close of 2009.
The Whooping Crane Coordinator’s salary in FY 2009 was paid directly from refuge funding.
His additional travel and recovery budget of $75,000 were funded again this year using a
challenge cost-share grant under a federal Cooperative Conservation Initiative to complete
projects in conjunction with states, local communities, businesses, landowners and other
partners. The International Crane Foundation provided in-kind matching funds for the grant for
which I am deeply grateful. Use of cost-share money was necessary because of lack of funding
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in the USFWS Region 2 Endangered Species program.
RESOURCE ISSUES
Species Status
Every year, USFWS reports to Congress on the status of all endangered species. In 2007, I
changed the status of the whooping crane from “increasing” to “stable” based on what I
perceived as growing threats. Even though whooping crane numbers at that time were
continuing to increase, threats to the winter range had become imminent. By October, 2009 I
changed the status to “decreasing”. Fifty-three Aransas-Wood Buffalo whooping cranes had
died in the past year (21.3% of the flock). Resource threats at Aransas had all worsened, ranging
from land development, reduced freshwater inflows, and sea level rise, as well as wind
development and power line construction in the migration corridor. Biologists from the Corpus
Christi Ecological Services office and me gave a briefing to the Regional Director of USFWS in
Albuquerque in June 4th, 2009. Much fruitful discussion ensued about the predicament the
whooping crane faces and what steps are needed to promote recovery.
Cedar Bayou
Cedar Bayou is a natural opening between the Gulf of Mexico and the bay systems and coastal
marshes that make up the critical habitat of the whooping crane. This pass has a long history of
opening and closing. However, the water dynamics at Cedar Bayou have been changed
drastically by man making it less likely that the bayou can remain open. With the construction of
the GIWW and deep ship channels constructed north of Port O’Connor and at Port Aransas,
much of the flow from the Guadalupe River moves south, now exiting the bay at Port Aransas
rather than moving out through Cedar Bayou. This increases siltation rates in Cedar Bayou. The
pass will silt in even faster if substantial inflows from the Guadalupe River aren't preserved.
An open Cedar Bayou boosts bay productivity. This pass is very important for organisms
including shrimp and crabs that move between the bays and Gulf to complete their life cycle. To
maximize blue crab numbers in whooping crane critical habitat, Cedar Bayou must be open so
that spawning females can more easily travel out into the Gulf. Crab eggs hatch in the Gulf and
go through many larval stages as they are carried by currents back into the bays. Unfortunately,
it is very hard to quantify to what degree crabs and other marine life in the bays decrease when
Cedar Bayou is closed. Organisms including crabs will follow the currents, travel great distances
and move through the passes at Port Aransas and Port O’Connor to populate the marshes within
88

whooping crane critical habitat. However, it would definitely be better if Cedar Bayou was kept
open.
Cedar Bayou was last re-opened by dredging in 1995. It slowly silted shut but then had reopened following storm events in September, 2003 with Hurricane Claudette. Since then, flows
through the bayou had been reduced due to siltation, and flows stooped getting into Vinson
Slough that feeds the extensive marshes on San Jose Island, a change from flows over at least the
past 27 years even when Cedar Bayou had been closed. Bayou closure was gradual since late
2006 with the Bayou apparently closed for a while in August of 2007, but then re-opened with
minimal flows. By the last week in January 2008, the bayou was completely closed with no
waters reaching the Gulf and has remained shut through 2009.
Although Hurricane Ike in
September, 2008 brought storm tides to Aransas in excess of 3 feet, Cedar Bayou did not re-open
as the storm turned to the north and hit the upper Texas coast near Galveston.
A citizens group called Save Cedar Bayou, Inc. continued their efforts to get Cedar Bayou reopened. This has been a multi-year effort to get permission and funding to dredge the bayou.
An ongoing engineering study started in 2004 by Coast and Harbor Engineering for the dredging
entered the permitting phase in 2006, but a permit application submitted to the Army Corps of
Engineers was withdrawn after numerous objections from resource agencies and requests for
additional information to assess environmental impacts. A lack of funding for new studies
delayed the project in 2007 and additional grants were applied for to do additional environmental
studies and write more assessment documents.
In February, 2009 Save Cedar Bayou Inc. re-submitted their permit application. Removed from
the project was the use of dredge material to create a delta just off-shore from the mouth of the
bayou. Instead, in order to lessen the impact on essential fish habitat, sands would be placed
along on the beach on San Jose Island just south of Vinson Slough. Agency comment letters
received in May from USFWS, National Marine Fisheries Service, and the Environmental
Protection Agency were all negative and recommended against granting a permit. Representing
the Whooping Crane Recovery team, I wrote in support of the project to meet the March 26th
response deadline. This caused some internal agency difficulty since this was a different
position from the Ecological Services office in Corpus Christi, and USFWs is supposed to speak
with one voice. However, I felt that Ecological Services had not coordinated properly with the
refuge nor incorporated Recovery Team views in the official agency response to the dredging
application. Ecological Services emphasized that the applicant for the project had still not
initiated the scientific studies needed to support their belief that the project would be proven to
have more positive than negative effects as required under NEPA. Additionally, there were
many other issues including impacts to threatened and endangered species such as sea turtles (in
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and out of the water ), whooping crane critical habitat, occupied and proposed piping plover
critical habitat , Essential Fish Habitat, mitigation for unavoidable impacts, and water quality
concerns.
In August, Aransas County Judge Mills held a public meeting to learn about why the proposed
dredging project had been dragging on for years. He hopes to re-open the bayou starting in May,
2010. Local support for the re-opening remains strong with considerable angst against the
agencies involved. I made a short statement representing USFWS. An additional meeting with
all the agencies represented was held in early October. Most state and federal political offices
were represented, including the governor’s office with strong support expressed by State
Representative Todd Hunter. None of the agencies expressed opposition to the dredging,
although some felt additional information and surveys such as seagrass presence were needed.
Save Cedar Bayou, Inc requested the Corps make a decision based on additional information
submitted at the end of September, 2009. It will be interesting since I don’t know if mitigation
plans were addressed adequately.
Crab Traps and Closures
Over many decades, abandoned commercial crab traps had literally been scattered throughout
Texas bays. These abandoned traps continued catching fish, crabs and the occasional
diamondback terrapin for many months and even years until the trap wire rusted through, a
tremendous waste of the resource. Abandoned traps also posed a navigation hazard to sports
fishermen. Starting in 2002, a Texas Parks and Wildlife Department (TPWD) regulation has
provided a 9-day period in February when all crab traps had to be removed from public waters.
During that period, it became legal for anyone to pick up traps. Outside of that time period, only
TPWD wardens could legally pick up traps, even if clearly abandoned. With the new regulation
in place, the pickup organized by TPWD of 25,974 abandoned crab pots on the Texas coast the
past 8 winters has greatly reduced the number of abandoned traps.
In 2009, the one-day public trap pickup organized by TPWD on February 21st removed 1,237
traps from San Antonio and Aransas bays with a total of 1,927 traps picked up on the entire
Texas coast. One hundred and four people in 33 boats worked the two bays in the whooping
crane area. The weather on the pickup day this winter was much better than for the pickup
organized the previous year when 687 traps were picked up in the whooping crane area. About 3
times as many people volunteered to help in 2009 compared to 2008. Only low numbers of traps
remain in some of the most hard to reach areas of the coastal crane marshes. This program has
been very successful with fewer abandoned traps currently in the water catching crabs, fish, and
getting tangled on boat props.
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Feb. 20- Mar. 1, 2009
Sabine Lake
Galveston Bay
Matagorda Bay
San Antonio Bay
Aransas Bay
Corpus Christi Bay
Upper Laguna Madre
Lower Laguna Madre
Totals
ACTRP
Sabine Lake
Galveston Bay
Matagorda Bay
San Antonio Bay
Aransas Bay
Corpus Christi Bay
Upper Laguna Madre
Lower Laguna Madre
Totals

#
traps
16
446
179
1048
189
22
27
0
1927
2002
438
3214
526
2131
1392
283
86
8070

#
#
volunteers vessels
1
2
5
21
3
8
30
96
3
8
3
13
1
3
0
0
46
151
2003
266
1091
522
1558
407
4
10
3858

2004
128
1264
452
1537
114
72
3
1
3571

2005
140
1193
117
629
255
47
55
73
2509

2006
23
1113
109
206
384
33
4
50
1922

2007
31
1748
202
363
308
163
1
0
2816

2008
61
476
50
561
126
1
26
1301

2009
16
446
179
1048
189
22
27
0
1927

Totals
1103
10545
2157
8033
3175
337
378
246
25974

Following the one-day clean-up effort organized for the public, the Refuge, with help from
USFWS Special Agents, used 2 airboats the week of February 23rd to pick up 411 abandoned
crab traps in the crane area. Numbers included 275 traps picked up on Matagorda Island and 136
traps picked up on San Jose Island primarily between Long Reef and Allyn's Bight. One day, the
two visiting Chinese biologists helped with the pickup.
Refuge staff also posted “closed to crabbing” all waters within the boundary of Matagorda Island
National Wildlife Refuge, including marshes and interior lakes. Signs were placed in most
entrances to the marsh to mark this permanent closure. Letters were sent to licensed crabbers in
the area, TPWD game wardens were briefed on the posting, and briefing documents prepared for
the USFWS Regional Office in Albuquerque. After the posting, some confusion and hubbub
arose from sports fishermen erroneously thinking the waters had been closed to sports fishing.
Commercial fishing has never been allowed on National Wildlife Refuges, so this effort was
simply a decision to start enforcing the law. Only a few fishermen will be affected as the
number of commercial crabbers in the crane area has continued to decline. The action should
make additional blue crabs available for the whooping cranes, and should stop crab traps from
being placed in the shallow marshes and later abandoned when tides become too low to check
traps resulting in the traps being abandoned.
In the spring, Refuge staff held two meetings with TPWD about a proposed expansion of the
crab closure zone in all marshes being used by the whooping cranes. Also proposed was a
closure 300 feet out from the marshes in the shallow parts of the bays where whooping cranes
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may forage. With crabbing currently prohibited on Aransas and Matagorda Island NWRs, the
proposal would affect marshes on San Jose Island and Welder Flats as well as bay edges
throughout the crane area. A proposal along these lines had been rejected about 10 years ago,
but with the struggles of the cranes this winter and continued decline in blue crab populations,
now may be the time to pass additional regulations. The original proposal was scaled back to the
current crane range and excluded areas the cranes may expand into in future. Also, the proposed
closure would be seasonal in nature only for when the cranes are on the Texas Coast from
October 15th through April 15th.
Freshwater Inflows
Water issues continued to receive a tremendous amount of attention in Texas and are of great
concern for whooping cranes. Data show that the health and survival of the endangered
whooping crane flock is directly related to freshwater inflows from the Guadalupe and San
Antonio rivers. The two rivers emerge from underground springs near San Antonio and run 250
miles southeast where they join before entering San Antonio Bay and flow into whooping crane
critical habitat north of Aransas. When inflows are high, blue crabs, the primary food of the
whooping crane, are usually abundant. Inflows carry sediments and nutrients which increase bay
productivity and boost crab populations. Inflows also lower bay and marsh salinities which also
benefits blue crabs since fewer predators on blue crabs occur in less saline waters, thus boosting
blue crab survival. Inflows also maintain salinity levels below 23 parts per thousand needed for
drinking water by whooping cranes. Inflows are the most beneficial in spring through early fall
when blue crabs are more actively growing and reproducing.
Inflows are reduced over historic levels and may already be insufficient in times of drought.
Some climate change models predict inflows to be reduced by about 20% if temperatures
increase by 2 degrees centigrade and precipitation is reduced 5%. The Texas Water
Development Board projects in 40 years an 8% reduction in blue crab populations due to reduced
inflows as the human population grows and takes more water from the Guadalupe and San
Antonio Rivers. Without implementation of effective legislation, the bays and whooping cranes
will suffer from insufficient inflows, particularly in drought years. An analysis by Dr. Norman
Johns of the National Wildlife Federation (NWF) found that if a repeat of the 1950’s worst year
drought occurs and current water rights are fully utilized, that because of all the water
appropriated since that time, there would only be 28% of river water reaching the bays compared
to the drastic low flows that occurred during the 1950s. Furthermore, NWF found that flows
would be below the state-established salinity threshold for 24 consecutive months with full
permit usage, compared to the worst historic period of 14 months below the salinity threshold.
Twenty-four consecutive months of elevated salinities could severely impact shrimp, oysters,
blue crabs and fish and wildlife, including whooping cranes which depend upon them. Recent
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research based on tree rings has shown several historic droughts even worse than in the 1950s.
Conservation Flow Water Right
In the summer of 2008, the San Marcos River Authority’s (SMRF) October, 2007 appeal of their
application for an instream water right of 1.13 million acre-feet for the Guadalupe River was
dismissed by the Federal Court in Corpus Christi. The Court basically ruled that Senate Bill 3
prohibited granting an in-stream water right since the bill specifically established a methodology
for addressing inflow needs. SMRF disagreed since their application had preceded Senate Bill 3.
The date that water rights are obtained is crucial in Texas law. They also wanted to ensure that
water is left in the river and not pumped out and sold. But this matter which has lasted over 7
years is apparently over and unfortunately was a loss for conservationists. I consider a
mandatory minimum conservation flow to be critical for whooping cranes.
Environmental Flows Allocation Process
The Senate Bill 3 Environmental Flows Allocation Process for establishing minimum inflows for
the whooping crane area got started in the fall, 2009. The two bay/basin areas to be addressed
next are;
1. the Colorado & Lavaca Rivers/Matagorda & Lavaca Bays area and
2. the Guadalupe, San Antonio, Mission & Aransas Rivers/Aransas & San Antonio Bays
area)
Stakeholders will be appointed at a meeting of the Environmental Flows Advisory Group on
September 30, 2009. Federal entities which can be scientific advisors to the process cannot be
voting stakeholders. The Advisory Group will also receive progress reports on the work of the
Texas Environmental Flows Science Advisory Committee and the two Bay/Basin Expert Science
Teams that are currently developing environmental flow regimes for the Sabine/Neches
Rivers/Sabine Lake area and the Trinity/San Jacinto Rivers/Galveston Bay area.
Edwards Aquifer Recovery Implementation Plan
As set up by the 2007 state water act, a process was started called the Edwards Aquifer Recovery
Implementation Plan (EARIP) for determining the sustainable levels of pumping from the
aquifer. In the same legislation, the pumping cap was raised during normal times from 400,000
acre-feet to 572,000 acre-feet. As part of the agreement to increase the pumping cap, lawmakers
required the RIP to be conducted and completed by the end of 2012. RIPs are voluntary, multistakeholder initiatives developed by USFWS that seek to balance water use and development
with the recovery of federally listed species.
This EARIP is aimed to create a long-term plan ultimately signed by the U.S. Secretary of the
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Interior and eligible for congressional funding. It is designed to resolve the current chaos and
adjust pumping levels for the aquifer based on sound science. Such programs, conducted in
consultation with the U.S. Fish and Wildlife Service, have been successfully used in other parts
of the country to work out sticky water use and endangered species issues. About 70
stakeholders, scientists and other interests held numerous meetings to devise scientifically based
and defensible recommendations on sustainable pumping caps and drought management
strategies EARIP stakeholders include water utilities, cities, groundwater conservation districts,
agricultural users, industrial users, environmental organizations, individuals, river authorities,
downstream and coastal communities, and state and federal agencies.
Successful completion of the plan will help ensure a stable water supply, implement measures
that will contribute to the recovery of endangered species, and minimize the likelihood of
continued federal court litigation regarding the use of the Edwards Aquifer. The derived strategy
would maintain sufficient spring flows for the 8 endangered invertebrate species found in San
Marcos, Comal, and other Texas Hill Country springs. The primary threat to these species is the
intermittent loss of habitat from reduced spring flows. Spring flow loss is the combined result of
naturally fluctuating rainfall patterns, regional pumping, and drawdown of the aquifer. These
spring flows are also crucial for downstream water uses such as cities that get their water supply
from the Guadalupe River. During drought, spring flows can make up as high as 80% of the
river flow. Thus, maintaining adequate spring flows is a crucial issue for whooping cranes that
need inflows that are correlated with bay productivity. The species were at the heart of a 1991
federal lawsuit that forced the region to start moving toward controlling Edwards Aquifer use
because of the threats to endangered species in aquifer-fed streams. Since then, the impact of
pumping on communities and the economy downstream has been more fully acknowledged.
Having a recovery plan approved by U.S. Fish and Wildlife, which is the goal of the process,
will help pumpers defend their actions against future litigation. To develop the HCP document
which will be submitted to the USFWS, the EARIP will have to make difficult decisions
regarding how the aquifer must be managed and other actions that must be implemented to
satisfy the requirements of the federal Endangered Species Act while balancing the region’s
water needs. The results of scientific studies undertaken will be available to aid the EARIP in
reaching these decisions. The EARIP has elected to use a facilitator to assist them in addressing
the obstacles that have previously prevented the region from successfully resolving the tension
between species protection and water needs.
On April 21, 2009 Department of the Interior Secretary Salazar announced that the Edwards
Aquifer Recovery Implementation Program Habitat Conservation Plan (HCP) had been awarded
$1,063,125 through the Cooperative Endangered Species Conservation Fund which supports land
acquisition and conservation planning for endangered species. The fund provides grants to states
to support the development of HCPs through funding of baseline surveys and inventories,
document preparation, outreach and similar planning activities. Secretary Salazar noted that
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“These grants provide state agencies the resources they need to help protect and conserve listed
species and to empower landowners and local communities to be good stewards of the vital
habitat that makes the recovery of imperiled species possible.” As of July, 2009 the stakeholders
themselves had provided over $775,000 towards developing the plan and studying the impacts of
aquifer management, flooding, recreation, and other activities on the listed species. The Texas
Legislature recently appropriated up to $1.69 million to the Texas Water Development Board to
assist in completing activities necessary to meet state and federal requirements.
The scope of the HCP will provide protection throughout the entire range of the eight federallylisted species in the springs and their encompassing Edwards Aquifer. The primary threat to
these species is the loss of habitat from reduced spring flows. However, it has not been decided
by the stakeholders if the whooping crane will be a part of the EARIP. Regardless, the HCP
must be reviewed under Section 7 of the Endangered Species Act (ESA) before USFWS can
approve it.
Lower Guadalupe Water Supply Project
Another water issue that could greatly impact whooping cranes is the Lower Guadalupe Water
Supply Project (LGWSP). This project would construct off-channel reservoirs near the mouth
of the Guadalupe River and impound water near the mouth of the Guadalupe River and pump it
back to a 10-county area in the upper end of the watershed for the growing population in the
Texas Hill country. Plans for this project changed radically in 2005 with the project reduced in
size and less reliance put on groundwater as a water source. In 2007, project developers for the
LGWSP continued environmental studies that included the Texas A & M University (TAMU)
inflow / blue crab / whooping crane SAGES study at Aransas. With the completion of these
studies, I assume the project is still an option for future development.
Excelon Nuclear Power Plant
In September, 2008 Exelon Nuclear submitted its license application to the Nuclear Regulatory
Commission to build and operate two nuclear reactors 12 miles south of Victoria. The
Guadalupe-Blanco River Authority agreed to supply Exelon from an existing unutilized water
right with 75,000 acre-feet of water per year from the Guadalupe River, more than 7 times the
amount of water the city of Victoria uses annually.
Texans for a Sound Energy Policy Alliance, a group started by the O’Connor family that owns
land next to the proposed nuclear sites, urged residents to question how two nuclear reactors
would affect the future of the Guadalupe River Basin. Opponents claimed the proposed plant
would create a water shortage that would forever change the river.
Well-known environmental lawyer Jim Blackburn was retained by the alliance to look into water
issues. He met with USFWS officials all the way from Tom Stehn and Dawn Whitehead at the
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field level to Regional Director Dr. Benjamin Tuggle and pushed the idea of claiming a federal
water right for the purpose of carrying out the mission of the refuge, namely protecting the
whooping crane. Mr. Blackburn expected to file a law suit by the end of 2009 over the issue of
water use permits and whooping cranes.
On June 30th, 2009 Exelon announced they were putting the proposed nuclear plants on the back
burner. Instead, the company bought itself a two-decade window to weigh its options by
announcing it will seek an early site permit instead of a construction and operating license.
Unforeseen U.S. economic woes, unpredictable energy prices and a lack of ample federal loan
guarantees threw a reactor-sized wrench into those plans. Their project had not been placed in
the top tier for federal funding. However, the move showed Exelon hadn't given up on the
project. An early site permit, if granted, gives a federal stamp of approval to the proposed
Victoria County location. The process requires about three years of federal study. The Nuclear
Regulatory Commission will evaluate factors such as site safety, environmental impact and
emergency planning. If Exelon one day chooses to build the plant, some data from the early site
permit can be used toward the construction and operating license. The company is not walking
away from the Victoria site. They are simply extending the decision time for several years. The
company renewed recently its water reservation agreement with the Guadalupe-Blanco River
Authority. Exelon extended its agreement - a reservation of 75,000-acre-feet of water per year for another year. The one-year agreement costs Exelon $1.1 million. In the meantime, Exelon
continued its hostile bid to take over NRG Energy, which proposes to build two new reactors in
Bay City. The city is home to the South Texas Project, an operational nuclear power plant.
Land Development
Increasing commercial and residential development pressures in whooping crane habitat in
Aransas and Calhoun counties make the need for habitat protection measures paramount for the
recovery of these species. The rapid growth of the Coastal Bend is illustrated by the fact that the
population of Rockport has grown more than 38% since 1990, according to current U.S. Census
figures. Without protecting additional lands, whooping cranes will not have additional winter
areas to support flock expansion and recovery goals may never be reached. In addition, the
growing demand for water threatens freshwater inflows at Aransas that are needed to maintain
abundant blue crab populations, the primary food source for whooping cranes.
Although the economic recession slowed down land development projects in the crane area, all
was not quiet. Projects that the USFWS was involved with in the 2008-09 winter are described
below.
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The Sanctuary – Construction continued on this canal lot housing development near Port
O’Connor that had been started in 2007. Before then, whooping cranes had occasionally been
documented using this property. In the 2007-08 and 2008-09 winters, the territorial crane pair
on Dewberry Island across from the development seemed to shift their use area further to the
south to stay well clear of the construction activity. However, I made very few observations of
these cranes during both winters due to the reduced number of census flights.
Falcon Point Ranch - A second 700-acre canal lot housing development has been proposed on
Falcon Point Ranch on a property near Seadrift that includes some whooping crane critical
habitat in the whooping crane use area at Welder Flats. USFWS-Ecological Services was
consulted in regards to impacts to endangered species. This development would remove 136
acres of upland whooping crane critical habitat, but would stay out of the much larger salt marsh
area on the property where the cranes spend nearly all their time during the winter. The
developer had proposed measures to minimize impacts. The developer applied for a Section 404
Wetlands permit to the Corps of Engineers. The Service requested that the Corps require formal
consultation under the ESA. A decision from the Corps was pending as of October, 2009 for this
proposed development.
The Reserve at St. Charles / The Boardwalk – Service awareness of this project had begun in
2007 when approached by Belaire Environmental about a proposed canal lot subdivision on Hail
Point located on the former Cabanis Ranch just north of Goose Island State Park across from
Aransas NWR. The applicant divided the project into two entities and wanted them treated
separately during environmental review. Land clearing of the property was done in the spring,
2008 prior to applying to the Corps of Engineers for a wetlands permit, and just prior to the April
15th date when development is usually allowed to proceed in the crane area. This property is
occasionally used by whooping cranes, but clearly of the land made use much less likely. With
limited flight time, I never surveyed this piece of property during 2008-09. In May of 2009,
development plans were formally presented to the Corps of Engineers and the Service requested
formal consultation under the Endangered Species Act (ESA). The lawyer for the project, Alan
Glen, met with USFWS staff at the Corpus Christi field office on October 6th, 2009 to discuss
procedural matters including environmental review, mitigation, and a request to build 3 piers.
Housing construction was expected to start shortly. The Service will request formal consultation
which had not yet been initiated as of October, 2009.
Big Tree Ranch - In March 2008, Horizon Environmental contacted USFWS about building a
canal subdivision on the 160-acre Big Tree Ranch. This property is located immediately south of
the Lamar Unit of the Aransas NWR on the west side of St. Charles Bay and surrounds the
historic largest live oak tree in Texas that is a part of Goose Island State Park. The development
would build homes on up to ½-acre lots. A scoping meeting was held with the Corps of
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Engineers to review procedures needed for obtaining permits, including a review of anticipated
impacts to endangered species. The development will impact whooping crane use on the
adjacent Lamar Unit of the Aransas NWR, as well as use of shallow open bay habitat in St.
Charles Bay. Survey work was started in May, 2008 and a field visit made by the Service.
However, I heard nothing further in the 2008-09 winter about this project.
Shell Point Ranch – This property located immediately north of Holiday Beach had been looked
at by several developers over the past couple years. Preliminary advances made to protect it with
conservation dollars were unsuccessful. The property is very low in elevation, and has one small
20-acre marsh and one larger marsh adjoining Copano Bay. A low number of whooping cranes
have occasionally used these marshes. In October, 2008, I responded to a request for a
compilation of all whooping crane use documented on the property. After a formal presentation
of the project to the Corps of Engineers in May of 2009, an additional site visit was made by the
Service to provide additional comments on the development. Although plans were changed to
not destroy the two pieces of marsh, the developer would not include meaningful buffers needed
to limit disturbance to whooping cranes. A revised Biological Assessment was submitted to the
Corps of Engineers in October, 2009. The Service may request formal consultation under the
ESA.
Land Protection
Whooping cranes already use wetlands and adjacent upland habitats on private lands outside of
Aransas and Matagorda island NWRs. Some of these areas are included as designated Critical
Habitat; others are not. Real estate development pressures are rapidly increasing along these
formerly isolated salt marshes along the bay shores, and permanent protection of the crane’s
habitat is essential in the near term in order for the species to reach long-term recovery goals.
Additional lands must be protected in the next 10 years or it will be too late.
To try to conserve key lands currently used by whooping cranes as well as set aside lands
expected to be used in the future, conservationists undertook some actions to try to counter the
rapid development. The Texas Nature Conservancy (TNC) has carved out a strong partnership
with USFWS and is working hard to protect key pieces of real estate to help whooping cranes.
However, no large pot of funds has been set aside for this urgent need. Instead, TNC has had to
apply for individual grants whenever a piece of property becomes available. This slows the
acquisition process and can discourage landowners not willing to wait several years before a
transaction can be completed. However, working closely with foundations, corporations, and
other NGO's, TNC did raise $207,000 in private funding to help protect whooping crane habitat
that will compliment future federal aid.
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On December 18, 2008 TNC closed on a 2,162-acre easement on the John Welder property. The
easement will protect wintering habitat that supports approximately 3 or 4 whooping crane pairs.
This was really great news. Of all the areas needing protection for whooping cranes, this was my
number one priority since it had the most documented whooping crane use occurring on it.
Thanks go to Mark Dumesnil, Jeff Francell, and their colleagues at TNC for their outstanding
work on this easement, and to 5 generations of Welders for their past stewardship of this habitat,
and commitment to protect it for future generations. TNC also continued negotiating on the
neighboring piece of property owned by Jay Cliburne, although negotiations had broken down by
September, 2009 over the valuation of the land.
Prior to these recent efforts, TNC had been the driving force in protecting the Big Tree Ranch on
the Lamar Peninsula, now a unit of Aransas NWR after TNC donated it to the Service. Before
that, TNC purchased the Wynne ranch on the south end of Matagorda Island and then turned
around and sold it to USFWS.
In December 2008, TNC received a grant of $740,425.00 for purchasing the Swan Point Ranch
in the Guadalupe Delta. A Service news release was sent out in mid-December, 2008 as follows;
	
  

H.	
  Dale	
  Hall,	
  Director	
  of	
  the	
  U.S.	
  Fish	
  and	
  Wildlife	
  Service,	
  announced	
  that	
  Texas	
  will	
  receive	
  a	
  
federal	
  grant	
  of	
  $740,425	
  from	
  the	
  2009	
  National	
  Coastal	
  Wetlands	
  Conservation	
  Grant	
  Program	
  
to	
  be	
  matched	
  with	
  partner	
  funds	
  to	
  complete	
  a	
  $1	
  million	
  project.	
  	
  	
  Texas	
  Parks	
  and	
  Wildlife,	
  
with	
   assistance	
   from	
   The	
   Nature	
   Conservancy,	
   will	
   acquire	
   a	
   conservation	
   easement	
   on	
  
approximately	
   3,500	
   acres	
   of	
   coastal	
   habitats	
   in	
   the	
   Guadalupe	
   River	
   Delta	
   in	
   Refugio	
   County.	
  	
  
Blue	
  crabs,	
  a	
  main	
  food	
  source	
  for	
  the	
  endangered	
  whooping	
  crane	
  that	
  winters	
  on	
  the	
  Texas	
  
mid-‐coast,	
  inhabit	
  the	
  wetlands	
  on	
  the	
  property.	
  	
  In	
  addition	
  to	
  the	
  cranes,	
  many	
  other	
  species	
  
of	
  fish	
  and	
  migratory	
  birds	
  use	
  the	
  forested	
  and	
  emergent	
  wetlands.	
  	
  The	
  project	
  site,	
  Swan	
  Lake	
  
Ranch,	
  is	
  part	
  of	
  the	
  San	
  Antonio	
  Estuary	
  ecosystem	
  and	
  will	
  make	
  a	
  significant	
  contribution	
  to	
  a	
  
corridor	
   of	
   protected	
   lands.	
   	
   There	
   are	
   148,000	
   acres	
   of	
   land	
   nearby	
   held	
   in	
   conservation	
   by	
  
Texas	
  Parks	
  and	
  Wildlife,	
  the	
  Service,	
  Guadalupe	
  Blanco	
  River	
  Trust	
  and	
  private	
  landowners.	
  
	
  
The	
   grant	
   program	
   is	
   designed	
   to	
   acquire,	
   restore	
   or	
   enhance	
   coastal	
   wetlands	
   and	
   adjacent	
  
uplands	
  to	
  provide	
  long-‐term	
  conservation	
  benefits	
  to	
  fish,	
  wildlife	
  and	
  their	
  habitat.	
  	
  "Coastal	
  
wetlands	
   provide	
   valuable	
   habitat	
   for	
   many	
   fish	
   and	
   wildlife	
   species,	
   help	
   keep	
   our	
   oceans	
  
cleaner,	
   and	
   serve	
   as	
   buffers	
   to	
   protect	
   coastal	
   communities	
   from	
   storms	
   and	
   flooding"	
   Hall	
  
said.	
  	
  "The	
  Service’s	
  National	
  Coastal	
  Wetlands	
  Conservation	
  Grant	
  Program	
  is	
  a	
  great	
  example	
  
of	
   a	
   voluntary	
   approach	
   to	
   habitat	
   conservation.	
   	
   By	
   providing	
   technical	
   and	
   financial	
   assistance	
  
to	
   our	
   partners,	
   we	
   are	
   able	
   to	
   enlist	
   their	
   help	
   in	
   conserving	
   coastal	
   areas	
   threatened	
   by	
  
development	
  and	
  predicted	
  sea-‐level	
  rise	
  resulting	
  from	
  climate	
  change.	
  	
  	
  
	
  
The	
  National	
  Coastal	
  Wetlands	
  Conservation	
  Grant	
  Program	
  is	
  administered	
  by	
  the	
  U.S.	
  Fish	
  and	
  
Wildlife	
   Service	
   and	
   funded	
   under	
   provisions	
   of	
   the	
   1990	
   Coastal	
   Wetlands	
   Planning,	
   Protection	
  
and	
  Restoration	
  Act,	
  drawing	
  from	
  Sport	
  Fish	
  Restoration	
  Act	
  revenue	
  money	
  generated	
  from	
  an	
  
excise	
  tax	
  on	
  fishing	
  equipment	
  and	
  motorboat	
  and	
  small	
  engine	
  fuels.	
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Gulf Intracoastal Waterway (GIWW)
Required maintenance dredging of stretches of the GIWW running through the Aransas NWR
was carried out in 2008. Most of the dredging occurred at both ends of the refuge where the
canal enters Aransas and San Antonio bays. Some dredge materials were placed in Beneficial
Use Sites D opposite Mustang Slough and Beneficial Use Site J near Dunham Bay.
Oil and Gas
Oil and gas exploration in much of the critical habitat is limited to April 15 - October 15 when
the cranes are in Canada. The 2008 and 2009 summers were notably quiet in regards to oil and
gas exploration on the refuge. On Matagorda Island, 2 wells located by Pringle Lake were
capped and abandoned by Darcy Energy, who sold a salt water disposal well to Davis Gulf Coast
(DGC), as well as a 12.6 mile long, 4-inch pipeline that runs along middle road and connects to
the Northern Natural Gas pipeline near Panther Point. A workover rig brought in from August
12 to October 10, 2008 by Davis Gulf Coast on the south end of the Island near Cedar Bayou
failed to renovate that well.
In late November, 2008 a gas well owned by Capco spilled a small amount of condensate and a
lot of leaking natural gas into San Antonio Bay close to the refuge. The GLO oil response team
handled the incident which was relatively minor. In early October, 2009 a production test of the
well by Panther Point somehow led to a spill at Panther Point.
No seismic operations were conducted in whooping crane critical habitat in 2008 or 2009,
although permits were requested for a vast exploration west of the crane critical habitat to the
west of Copano Bay. One company expressed interest and did a site visit on a proposed well on
the former Wynne Ranch on the south end of Matagorda Island in the summer of 2009.
Sea Level Rise
Sea level rise from global warming became a buzz word for USFWS with the election of the
Obama administration. A conference focused on climate change impacts to coastal areas held in
Austin, Texas in August, 2009 provided much useful information. Waters along the Texas coast
have been rising ever since records were kept at the first Texas water level gauge installed in
Galveston in 1922. The rising waters have resulted from a combination of seas level rise and
land subsidence as minerals and water are pumped from the ground. Sea level has been rising
3.1 mm/year between 1993 and 2003 with a longer-term average of 2 mm/year. In places along
the Texas coast, the combined effect has been > 6 mm per year with land subsidence accounting
for 4 mm drop per year. As waters have risen, gulf beaches have been retreating between 0.6 - 2
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meters and the side of the barrier islands touching bays have also been retreating over 62% of the
Texas coast. This makes it even more important to carry out a land protection initiative for
whooping cranes.
In the spring of 2009, scientists increased the forecast rate of projected sea level rise as described
in the following Associated Press article.

Scientists warn seas to rise faster than expected
Tuesday, March 10, 2009
By JAN M. OLSEN, Associated Press Writer
COPENHAGEN — Top climate scientists warned Tuesday that sea levels could rise 20-39

inches, twice as much as previously projected as they presented the latest research on
global warming. A 2007 report by the Intergovernmental Panel on Climate Change
predicted a sea level rise of 7 to 23 inches (18 to 59 centimeters) by the end of the
century. But scientists meeting in Copenhagen dismissed those estimates as too
conservative, saying new data suggests that sea level rise could exceed 39 inches (1
meter) and is unlikely to be less than 20 inches (50 centimeters). "This means that if the
emissions of greenhouse gases is not reduced quickly and substantially even the bestcase scenario will hit low-lying coastal areas housing one-tenth of humans on the planet
hard," organizers said in a statement at the three-day congress hosted by the University
of Copenhagen. The melting of polar ice sheets and of glaciers are two big factors that
will affect sea levels, they added. "Unless we undertake urgent and significant mitigation
actions, the climate could cross a threshold during the 21st century committing the world
to a sea level rise of meters," said John Church of the Centre for Australian Weather and
Climate Research.
The conclusions of the conference will be presented to politicians meeting in
Copenhagen in December to discuss a new global agreement on greenhouse gas
emissions to replace the Kyoto Protocol, which expires in 2012. IPCC chairman
Pachauri said scientists can analyze the dangers associated with global warming, but
that it's up to politicians to do something about it. "I am afraid that it is something that
involves value judgment on the part of policy makers, and I am afraid that they shied
away from it," he told the conference. "It is time to take action."

Some scientists predicted that if the Greenland ice sheet were to melt entirely, a sea level rise of
6-7 meters may occur.
To project the effects of sea level rise at Aransas, USFWS scientists stationed in the Washington
office are working on a Sea Level Affecting Marshes Model (SLAMM) to project changes on
coastal areas.
Wind Farms
The development of wind farms is occurring at a rapid pace in the Central Flyway. Many of the
best wind sites are located in the whooping crane migration corridor. Multiple wind farms have
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already been built, and it is important to analyze the potential impact of literally tens of
thousands of wind turbines that will be placed in the whooping crane migration corridor in the
coming years. The majority of the wind farms do not require federal permits and thus there is no
nexus for the companies to consult with USFWS under the Endangered Species Act (ESA).
However, the projects must avoid “take” of endangered species under Section 10 of the
Endangered Species Act. I’m concerned that potential impacts to whooping cranes need to be
fully evaluated, minimized, and mitigated for. Environmental consultants are concluding that
there will be no direct take of whooping cranes from individual projects; an analysis which I
believe is flawed. The impact of wind turbines to whooping cranes is unknown but could
adversely impact the species. For the totality of wind energy development, there is a very
definite issue of “take”. Wind farms have the potential to directly kill whooping cranes either
from the turbines themselves, associated power line development, or could result in “take” of
habitat if whooping cranes tend to avoid wind farms. If they avoid them, the wind farms would
be taking hundreds of square miles of migration stopover habitat away from the cranes. The
National Academy of Science Report in 2004 on Platte River endangered species report stated
unequivocally the threat to whooping cranes if migration habitat is lost.

At the urging of USFWS at meetings held in Denver and Houston as well as regular conference
calls, 11 of the largest wind development companies joined together to work on endangered
species issues on a range-wide basis. With the support of the State of Oklahoma, the industry
group applied for and received a total of $1,080,990 to assist in the development of a landscape
level, multi-species HCP. The HCP will be designed to avoid and minimize impacts to
endangered and threatened species associated with wind energy development. It will encompass
the whooping crane migration route in the U.S. and their wintering grounds, along with a
significant portion of current and historic habitat of the lesser prairie-chicken. This multi-species
HCP will be the first of its kind to involve alternative fuel sources while protecting imperiled
species. The grants were awarded through the Cooperative Endangered Species Conservation
Fund under the HCP Planning Assistance Program that provides grants to states to support the
development of HCPs through funding of baseline surveys and inventories, document
preparation, outreach and similar planning activities.
The Service in April, 2009 finalized a wind development/whooping crane issue paper that
provided information to wind developers about anticipated whooping crane impacts and
compliance issues with the ESA.
The Service was approached by several companies involving projects next to the whooping crane
winter range. The Palpalote project was built in a year’s time with turbines placed on
agricultural lands southwest of Taft, Texas that started operating in October, 2009. This is
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outside the normal winter range of the whooping crane, but an occasional whooping crane could
be in the area either coming in from migration or spending time with wintering sandhills. Other
projects are expected to be planned and built in the coming years. Impacts need to be considered
in the range-wide HCP bei8ng developed.
Avian Power Line Interaction Committee (APLIC)
Communications continued in 2008 and 2009 between the Service and APLIC on measures that
might be implemented to reduce the threat that continued power line expansion in the migration
corridor poses for whooping cranes. This may be a major component of the wind development
HCP with efforts made to mark key sections of line since collision with power lines is the
number one known source of mortality for fledged whooping cranes. This issue was discussed in
the wind development/whooping crane issue paper finalized by USFWS in April, 2009.
Early on in my meeting with wind companies, I talked of two possible scenarios for offsetting
anticipated impacts of wind farms. These were to set aside whooping crane migration stopover
habitat in perpetuity to counter potential loss of habitat from wind farm construction, as well as
to mark all new power lines as well as existing power lines to offset the threat of whooping
cranes colliding with a wind turbine or power lines built to support wind development. In the
course of all these discussions, I was able to suggest to all Ecological Services offices that
marking new power lines was not enough of an offset since whooping cranes still collide with
marked lines. Existing lines need to be marked as well so that there is no net increase in the
threat of collision. The focus on marking existing lines would be on lines near known whooping
crane stopover locations and/or within 50-miles of the migration corridor center line. Hopefully
all lines within one mile of a wetland would be marked since the collision threat is greatest near
wetland stopover sites.
RESEARCH and PUBLICATIONS
Human Disturbance of Whooping Cranes at Aransas and Matagorda Island NWRs.
The following manuscript was published in the Proceedings of the 10th North American Crane
Workshop:
Thom Lewis and D. Slack. 2008. Whooping cranes and human disturbance: an historical
perspective and literature review. Folk, M. and S. Nesbitt, editors. Proceedings of the
10th North American Crane Workshop. North American Crane Working Group.
Gambier, Ohio, USA.
This manuscript dates back to field work completed by former graduate student Thom Lewis in
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1991, but results were not written up in a timely fashion. In 2007, Thom Lewis analyzed data
and wrote a preliminary draft report on his study of human disturbance of whooping cranes at
Aransas and Matagorda Island. The data is needed by the refuge to better manage the issue of
human disturbance of whooping cranes. Whooping Crane Coordinator Tom Stehn continued to
communicate with Mr. Lewis several times a quarter to check on his progress and urge Thom to
finalize the draft report. Statistical refinement of the data set needed to be done. By the end of
the 2009, Thom had reconstituted some data sets and given then to a statistician for analysis.
Final Report and Recommendations for Restricted Sampling Effort
of Blue Crabs at Aransas NWR, Texas
The following manuscript was published in the Proceedings of the 10th North American Crane
Workshop:
Pugesek, B, M. Baldwin, and T. Stehn. 2008. A low intensity sampling method for
assessing blue crab abundance at Aransas NWR and preliminary results on the
relationship of blue crab abundance to whooping crane winter mortality. Folk, M. and S.
Nesbitt, editors. Proceedings of the 10th North American Crane Workshop. North
American Crane Working Group. Gambier, Ohio, USA. Pages 13-24.
Their study had been initiated in the 1997-98 winter as a way to develop methodology to get an
accurate estimate of the blue crab population available in the marshes for the whooping cranes.
Field work was completed in the spring, 2001. Analysis showed that doing crab counts on 3
consecutive days in mid-March was a reliable indicator of crab populations throughout the
winter season. Results indicate adult (but not juvenile) whooping crane mortality is inversely
related with blue crab availability.
Aerial Census Techniques for Whooping Cranes on the Texas Coast
The following manuscript was published in the Proceedings of the 10th North American Crane
Workshop:
Stehn, T. and T. Taylor. 2008. Aerial Census Techniques for Whooping Cranes on the
Texas Coast. Folk, M. and S. Nesbitt, editors. Proceedings of the 10th North American
Crane Workshop. North American Crane Working Group. Gambier, Ohio, USA. Pages
146-151.
In 2007, Tom Stehn completed a paper with pilot Dr. Tom Taylor on aerial census techniques for
whooping cranes at Aransas. Tom wrote up techniques he had learned in counting the cranes at
Aransas over the past 23 years.
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Whooping Crane Collisions with Power Lines
The following manuscript was published in the Proceedings of the 10th North American Crane
Workshop:
Stehn, T. and T. Wassenich. 2008. Whooping crane collisions with power lines: an issue
paper. Folk, M. and S. Nesbitt, editors. Proceedings of the 10th North American Crane
Workshop. North American Crane Working Group. Gambier, Ohio, USA. Pages 25-36.
Tom Stehn completed the paper with graduate student Tom Wassenich from Southwest Texas
University. The paper documents the known loss of 45 whooping cranes to power line strikes
in North America from 1956 to 2006. It also calculates the derived centerline of the whooping
crane migration corridor and defines 100-mile and 200-mile wide corridor boundaries. Power
line strikes remain the number one cause of mortality of fledged whooping cranes in the
Aransas-Wood Buffalo population. More needs to be done to reduce these losses.
A retrospective of whooping cranes in captivity
The following manuscript was presented at the 11th North American Crane Workshop held in
Wisconsin Dells, Wisconsin in September 2008. The paper was subsequently peer reviewed
with final edits made and submitted in May, 2009 for publication.
Barrett, C. and T. Stehn. 2009. A retrospective of whooping cranes in captivity. In
Press: Proceedings North American Crane Workshop 11:00-00.
The manuscript provides the history of whooping cranes in captivity, a numerical annual
tabulation of captive crane numbers, and a perspective on the role of captive propagation in
whooping crane recovery.
Changes in winter whooping crane winter territories and range 1950-2006
The following manuscript was presented at the 11th North American Crane Workshop held in
Wisconsin Dells, Wisconsin in September 2008. It was subsequently peer reviewed with final
edits made and submitted in September, 2009 for publication.
Stehn, T. and F. Prieto. Changes in winter whooping crane winter territories and range
1950-2006. In Press: Proceedings North American Crane Workshop 11:00-00.
The paper describes the expansion of the whooping crane winter range since the 1950s and
postulates that minimum territory sizes are being approached. It then measures how much
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unoccupied habitat is remaining on the central Texas coast to support whooping crane recovery
targets.
San Antonio – Guadalupe Estuary Study (SAGES):
Linking Freshwater Inflows and Marsh Community Dynamics
in San Antonio Bay to Whooping Cranes
A draft SAGES report was completed in April, 2009 and finalized in September. A multifaceted study, Dr. Doug Slack of Texas A & M University had headed up field work at Aransas
aimed at uncovering the relationship between inflows, salinities, blue crabs, productivity of
marsh vegetation, and whooping cranes. Field work for this 7-year, 2 million dollar study had
been completed in the spring, 2006. Funding for the study came from water development
agencies. The refuge supplied housing and logistical support for the students.
The draft report found little acceptance from the scientific community. It basically concluded
that inflows were not related to the well-being of wintering whooping cranes. When blue crabs
were in short supply, the whooping crane switched to alternate foods and did just as well. This
disagreed with previously published studies and flew directly in the face of my data that
indicated cranes died when blue crab numbers dropped. I wrote a 22-page rebuttal based on
observations and data I had collected over my years at Aransas. Other researchers also stated
that many of the assumptions in the model were either wrong or unproven. SAGES asked the
refuge to be allowed to continue the study on crane energetic and marsh hydrology to plug some
of the holes in the original study, but this matter was pending as of October, 2009.
A news release from the Guadalupe-Blanco River Authority as well as an article in the San
Antonio newspaper that described the release of the draft report are given at the end of this report
as appendices B and C (pages 128-132).
Hyperspectral Image Acquisition for the Mission-Aransas National Estuarine Reserve
Researcher Paul Merani visited Aransas in mid-July, 2008 to ground truth aerial photographs for
characterization of habitats at Aransas. Additional field work was completed in October. This
work was being done by the Mission-Aransas National Estuarine Reserve.

Matagorda Island Tide Monitoring Analysis
USFWS Region 2 biologists James Broska and Darrin Welchert during the 2008-09 winter
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placed and operated tide gauges on the south end of Matagorda Island. The gauges were
designed to measure how new culverts enhanced connectivity between the island marsh system
and adjacent bays. Data analysis has been completed for July-December 2008.
SPRING MIGRATION, 2009
Departures from Aransas
I was asked by several folks how the current poor body condition of the cranes might affect their
spring migration. I had no idea how that may affect the timing of the migration which seems to
vary by only about one week from year to year. Low numbers of whooping cranes start leaving
Aransas the last week in March, with the majority of the cranes departing the first 2 weeks in
April. The last of the breeding pairs have all gone by April 21st; a few subadults occasionally
stay into May. I expected the migration to proceed normally, with birds making it all the way to
Wood Buffalo National Park in Canada. However, mortality in the migration could increase if
the birds are in poor shape.
Due to limited budgets, only two census flights were conducted in the spring to quantify
whooping crane departures from Aransas. Thus, little information was available other than some
ground observations. A final flight was conducted June 30th to see if any whooping cranes were
still present.

Date
4-07-09
4-21-09

Cranes Present
103 + 6 = 109
20 + 1 = 21

Total Number
Per cent of
Departed
flock departed
138
55.9 %
226
91.5 %

It was not surprising on the April 7th flight to find over half the cranes gone since whooping
cranes had been confirmed on April 2nd as far north as Nebraska. Normally, a large number of
cranes depart Aransas between April 4-7th. By the time of the April 21st census, some cranes
had reached Saskatchewan. Eight of the 21 cranes located on April 21st were singles. The one
juvenile present was closely associated in a group with 3 white-plumaged cranes. The juvenile’s
parents had presumably started the migration and left “junior” behind. This juvenile crane will
be fine and has the knowledge to make the return migration to Wood Buffalo National Park on
its own or with other subadult cranes.
It seemed that departures from Aransas were on the early side this spring. For example, by
March 27th, a family group had made it all the way to Nebraska, and on March 31st, a group of 5
were at Salt Plains NWR in northern Oklahoma.
Two cranes were seen in migratory flight northwest of the Visitor Center at 11:40 AM on April
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14th. Winds had been unfavorable for migration the previous two days as a Pacific front hit and
brought northwest and west winds. When the winds switched around on the 14th to the east, the
cranes were off.
This seemed to be winter and spring of juveniles separating from their parents. On the April 21st
census, I noted a group of 3 subadults and 1 juvenile on Ayres Spoil. Also, a group of 4+1 had
been in a group on the Johnson Ranch that had apparently started migration on April 21st before
I looked for them on the flight just before noon.
On April 30th, at least 15 whoopers were still at Aransas. Tour Boat Captain Tommy Moore
sighted 10 on a morning trip which included 6 widely separated at Lakeside, and 4 closer to
Sundown Bay in a loosely formed group. Five days earlier, Tommy had noted that Scarbaby and
mate were still present. Peregrine fund researchers also sighted see 1 crane on the Matagorda
Island wildfire area that looked bedraggled with grayish-tinged plumage. On May 2nd, 2 were
seen from the refuge observation tower confirmed by photos, and on May 3rd, 2 were seen on
Matagorda’s Cemetery Creek by a staffer.
On May 28th, four whooping cranes were seen by experienced staff at Aransas NWR along the
Intracoastal Canal that runs through the refuge. They were grouped as a duo, and then about 5
miles away were two singles separated by 100+ yards. These 4 cranes may still migrate, but they
also could spend the summer at Aransas. I always worry that whoopers that oversummer at
Aransas have health issues of some sort. Some cranes that oversummer have survived all
summer; others have died. From an extremely limited sample size, we have never had an oversummering whooping crane grow up to be a breeding adult.
The crane referred to as Scarbaby is a 4 year-old that has over-summered its first 2 years and
then migrated its next 2 years. The first time it over-summered it had been severely injured, hit
in the head by something (snake bite or raptor) in April, 2005 of its year. The male is paired up,
but they haven't brought off-spring to Aransas yet. I certainly expect that bird to be a successful
parent some day.
I did a final census flight on June 30th and did not find any cranes. But it turns out I missed
some. A wind farm construction foreman working over near Taft would occasionally fish the
refuge and reported seeing two whooping cranes. People with him on a later trip took
photographs and the Scarbaby crane was clearly visible. Thus, two whooping cranes oversummered in 2009. One was the Scarbaby crane recognized by the black linear scar on the back
of his heads. Was the other its mate? This was not necessarily the case, since most of the
sightings in the summer were of single cranes. Had one crane survived the summer and the other
died? Refuge staff observed a crane walk up to the Pipeline dugout right as a bulldozer was
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working to clean and deepen the area. It looked in very bad shape; thin and with much
disheveled, grayish-tinged plumage. It drank extensively as the dozer operator shut down and
watched. It then walked back into the oak savannah habitat and did not fly back to the marsh. It
was presumably flightless and struggling to find fresh water which was nearly non-existent from
the summer’s drought. Huge alligators were in all the remaining very small waterholes, so
wildlife would have a hazardous time getting access to drink from some of the tunneled water
holes.
Sightings in the Migration Corridor
Sandhills begin gathering on the Platte River the first week in February. One juvenile whooping
crane was confirmed on the Platte River in Nebraska February 20th-April 14th. Dr. ChavezRamirez reported that it looked “thin”. It was first sighted the day after USFWS Tracking
Project Coordinator Martha Tacha had visited Aransas. Had she put a whooping crane in her
suitcase and carried it back to Nebraska? More likely, this was presumably the juvenile that had
over-wintered in Oklahoma and probably had moved north with sandhill cranes. Sandhills
wintering in Texas start moving north starting in February and have mostly all left Texas by
March 10th. I counted 110 sandhills in the farm fields south of Austwell on February 17th, the
last sighting of the winter in that location. I noted a flock of 34 sandhills starting migration on
March 3rd starting to gain altitude over the refuge’s East Shore Road, and noted 2 sandhills at the
refuge Boat Ramp that same day.
On April 8th, a second solitary juvenile was confirmed on the Platte River along with the
juvenile that had been present since February 20th. The separation of a juvenile from its parents
also apparently occurred at Jensen Waterfowl Production Area (WPA) in southeast Kearney
County, Nebraska the second week in April. A family group had been at Jensen March 27th
through April 10th. It is noteworthy that the family group presumably left Aransas around
March 20th for them to have been present in Nebraska on March 27th. On April 11th, State
biologist Joel Jorgensen saw a lone juvenile bird at Jensen at 12:20 PM, but the adults were
nowhere to be seen! At 1 PM, the sandhill cranes that had been with the juvenile whooper
circled the marsh and took off to the north. Several minutes later, the juvenile whooper did the
same thing; it circled the marsh several times, calling, and then took off by himself, heading
north. Joel followed the whooper with his binoculars until it was a small speck, and was
completely convinced it had continued migration. Then, later that evening, the lone juvenile was
sighted back at Jensen. It was last reported at Jensen on April 14th.
On April 26th – May 2nd, a pair of whooping cranes at LaCreek NWR in South Dakota were
observed leaving the refuge and flying to a pile of corn put out by a landowner near their house
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to feed pheasants. They flew from the refuge about five times a day to feed just 50 yards from
the home. It produced great bird watching, photos and video. The smaller of the two unbanded
birds had an injured leg. She (assumed female) would put weight on the leg, but needed to sit
every fifteen minutes or so and lay down for periods up to 30 minutes. She was eating well and
flew well, but the leg definitely hung down in flight. Refuge staffer Shilo Comeau at LaCreek
NWR thought the bird was doing okay and not too severely hurt. Crane veterinarian Dr. Barry
Hartup at ICF looking at photographs saw that some of the toes on the left foot had deformities
or swelling between the joints, and that the joint between the tarsometatarsus and toes of the left
foot may have been enlarged. The crane may have sustained some trauma to that area. This
would likely resolve over time, but it may set her up for arthritis depending on if there was a
fracture involved.
Between February 20th and May 19th, 38 sightings were confirmed by the USFWS Whooping
Crane Cooperative Project Tracking Office in Grand Island, Nebraska headed up by Martha
Tacha. Sightings were located in Nebraska (n=17), North Dakota (6), Kansas (6), South Dakota
(5), and Oklahoma (4). The largest group size reported 8 adults and 2 juveniles at Quivira NWR
in central Kansas on April 10th.
There was a sighting report and photograph taken approximately May 20, 2009 of what looked to
be an immature whooping crane near Ross River, Yukon Territory in northwestern Canada. The
photo wasn’t ideal but it sure seemed to show an immature whooping crane with a little brown
remaining on the head and neck and starting to get a black face patch. This may be the longest
1-way migration trip ever for a whooping crane.

SUMMER, 2009
Lea Craig-Moore and Kathy St. Laurent in May found 61 nests, 10 other pairs on territories that
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failed to nests, as well as some vacant territories. Water levels looked excellent although it was a
late spring about one week later than average and snow patches made it very hard to find some of
the cranes. A 62nd nesting pair was confirmed on the surveys done in June by Lea Craig-Moore,
Jim Bredy and Tom Stehn of USFWS when a family group with a very young chick was found
in an area where no nests had been located in may. Thus, the 62 nests were just 4 less than the
record 66 nests recoded in 2008. This level of nesting was unexpected since the birds were felt
to be in poor body condition. The June surveys accounted for 52 chicks, (0.84 chicks per nest),
including 10 sets of twins. Forty-two of the 62 nests (73%) produced at least 1 chick which was
equivalent to the average over the past 16 years of 72% nest success. Thus, 2009 looks to be an
average production year. Habitat conditions in Wood Buffalo in mid-June looked good,
although a few ponds were showing dry mud edges.
Summer survival was below average with only 22 chicks found with no twins on the mid-August
fledging surveys. This added up to 0.35 chicks per nest vs. the long-term average of .47 chicks
per nest. Habitat conditions in August were excellent with water levels higher than Canadian
Whooping Crane Coordinator Brian Johns had ever seen them at that time of the year. To
achieve those high water levels, a much higher than average amount of rain had fallen fell during
June (113.6mm or 2.5 times normal) and July (86mm or 1.5 times normal). Although the rain
was welcome it came at a time when the young were still vulnerable to cool wet conditions and
may have contributed to the lower than average survival of chicks to fledging age. The high
water levels will however, ensure that spring 2010 conditions are favorable. Given the
disappointing number of young produced in 2009 combined with the record high mortality at
Aransas during the 2008-09 winter, the population is expected to decline in 2009.

TABLE 20. Territory Names during the 2008-09 Winter with Color Banded Cranes
Present Including Duos that may be Paired.
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REFUGE
#
1
2A
3

4

Name

Color Banded
Adults

Current Appearance

2008 Chicks

Mustang Lake
S. Mustang Lake

unbanded

Boat Ramp (New) YbY-y/g (1987) YbY(worn)-nil
(K19, 36/08, 32/07,37/06,26/05,27/04,48/03,31/02,32/01,
35/00,13/99,18/98,25/97,34/96,12/95,36/93)
Mustang Slough
unknown

5B

unbanded

South Mustang Slough
unknown

6

Rattlesnake Island
unbanded
unknown opposite Rattlesnake Island, possibly NY-4.
brought chick to ANWR in fall of '92 (former female of
S2?)

7

North Pump Canal
unbanded
(NY-1) 56/08,55/07,55/06,44/05,36/04,40/03,
42/01,43/00,12/98,17/97,12/96,36/95,25/94,12/93

8

Ayres Island
(K-10, 37/08, 38/07,42/06, 22/05,55/04*,54/03,26/02,37/01,
32/00,34/99,46/98, 46/97,23/96,39/95,20/94,30/93)
*
Pair brought chick to Aransas, nest not found

9

Middle Sundown Bay
(K-2,41/08,41/07,31/06,37/05,24/04,29/03,29/02,35/01,50/00,
42/99,17/98,24/97,6/96,11/95,29*/94,39/93)
*
Pair brought chick to Aransas, nest not found
A
B

10

New pair with their first chick.
Not sure if pair was present.

Middle Pond
G-YbY (1987)
G-nil
(A-6, 10/08,10/07,10/06,08/05,41-04,pair,06/02,07/01,
47/99,6/98,5/97,20/96,5/95,44/93)
One of the twin chicks died during the 2005-06 winter.
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11C

North Pipeline Flats
Territory formerly contained banded bird W-G (1985) that
nested in S-19 (17/05). Nil-W has moved to an unknown
different winter territory. An unbanded pair
was present in 2007-08 and 2008-09.

12

Pipeline
unbanded
(S-12, 24/08, 28/07,60/06,15/05,pair,15/03,
17/02,10/01,30/99,28/98,37/97,pair,32/95,pair, pair)

13

Middle Sundown Island r(hs)-r (1988) r(hs)-nil
unbanded
(S-28, 19/08,17/07,16/06,53/05,10/04,35/03,36/02,12/01,
21/00,31/99,29/98)

14C

Scarbaby
This unbanded Lobtsick juvenile from 2003 was injured in
April, 2004 and did not make its first migration north
until summer, 2006. He was paired in 2007-08 and 200809 on Sundown Island. Failed to migrate in 2009 as a
single.

15

South Sundown Island
unbanded
(SK-7,pair, pair,47/06,11/05,15/04,61/03,pair,single*,
08/00,21/99,39/98,34/97,43/96,17/95,14/93)
* One adult died during 2000-01 winter.

16

South Sundown Bay
unbanded
(S-8,pair,19/07,pair*,pair,07/04,13/03,pair, 50/01,
18/00,27/99, 30/98,13/97,27/96,43/95,15/93)
arrived as 1 unbanded adult with chick in
fall, 2001. Former banded mate YbY-W (1987)
presumed dead.
* no nest found in 2006, but chick arrived at Aransas

17

Lakeside
unknown
C

Considered a duo expected to nest.

18D

North Dunham Bay
unbandedD
unknown, new territorial duo in 2007-08 between Lobstick
and Lakeside territories.

19

West Dunham Bay / Lobstick RWR-B (1978) nil-nil
unbanded
(Lobstick, 01/07,01/06,01/05,01/04,01/03,12/02,1/01,
113

14/00,4/99,1/98, 01/97,7/96,2/95,1/94,7/93)
20

North Dunham Point

WbW-ByB (1985) WbW-low silver unbanded
B-RwR
nil-low silver
(K-17, 28/08,50/07,49/06,39/05,50/04,42/03,43/02,47/01,
39/99,49/98,50/97*,45/95*,33/91)

LAMAR
21

Big Tree/St. Charles Bay

Y-R (1986)
nil-hs
twins
B-o/y (1986)
hs-nil
(K-20, 46/08,45/07,27/06,28/05,19/04,46/03,49/02,27/01,
40/00,37/99,20/98,23/97,24/96,23/95,13/94,42/93)

22

North Lamar
YbY-RwR (1987) Black-RwR
unbanded
(SK-6, 21/08,18/07,14/06,52/05,08/04,14/03,14/02,11/01,
Or S-26? 9/00,26/99,31/98,12/97,28/96,33/95,17/93,35/92)
Former mate R-GwG died in 2000-01 winter.

23C

Newcomb Bend
unknown, new territorial duo in 2007-08.

24A

Feeder Family

A
C
D

unbanded

New pair with their first chick with no territory.
Subadult duo expected to nest first noticed in 2007-08.
First chick brought to Aransas by this pair.

SAN JOSE
25

Allyn's Bight/former Blackjack Point
unbanded
Unbanded. Formerly y/b-o. Last band fell off in 2003-04.
(K-11, 45/08,pair,36/06,pair,22/04,34/03,28/02,39/00,
15/99,15/98,20/97,5/96,25/95,26/94)
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26

South Central San Jose RwR-YbY (1987) RwR-Black?
(K-18, 57/08,58/07,57/06,46/05,42/04,41/03,41/02,41/01,
42/00,33/99,11/98,16/97,35/95,41/93)
(in the past, wintered occasionally in a trio,
Formerly pair called Mustang Slough, now winters on
San Jose.

27C

Paul’s Mott
unknown, duo first noted in 2006-07.

28

Long Reef
G-GwG (1988)
G-high silver
unbanded
(S-22,2/08,2/07,22/06,19/05,48/04,56/03,35/02,19/01,41/00,
11/99,23/98,39/97,9/96,30a/95,4/94,35/93)

29

Fenceline
unknown

unbanded

30

Jay Bird Point
G-r/w(radio)(1981) nil-nil
unbanded
*
(K-15,32/08,37/07,41/06, pair ,32/04,51/03,19/02,40/01,
33/00,44/99,41/98,10/97,3/96,9/95,5/94,5/93)
* Nest not found in 2005, but brought chick to Aransas.

31C

H Pond
unknown

32

Spalding Lake/
R-YbY (1987) R-nil
N. Spalding Point
No bands seen in 2006-07 or 2007-08, but
R(hs)-nil seen in WBNP in June, 2007 and R-YbY
apparently at N. Spalding Pt with a chick in 2008-09.
(K-21, 33/08,36/07,40/06,17/04,58/03,44/02,38/01,28?/00,
46/99,40/98,29/97,38/96,40/95,9/94,45/93)

33A

unknown in Middle San Jose
unknown
A
C

unbanded

New pair with their first chick.
Subadult duo expected to nest.

34

Tee Bayou
unknown

35

Vinson Slough
ByB-ByB
ls-nil
(A-1, 03/08,03/07,58/06,02/04,02/03,02/02,02/01,01/00,
17/99,2/98?, 2/97,17/96,3/95,2/94,8/93)
Pair recorded as unbanded in 1997. Could female
have died and been replaced by ByB-ByB?
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36
37

North Spalding Point
unknown

E. Spalding Cove
unknown, but used to be A-5.
06/08,06/07,06/06,05/05,pair,06/03,04/02,49/00,
5/99,3/98,3/97,18/96,4/95,8/94,33/93).
No chick seen in WBNP in A5 in 2002, yet chick at
Aransas in 02-03?

38A
39

unbanded

Unknown on South Cedar Bayou
Unknown

unbanded

Pat's Bay

Y-R
(1985)
Y(faded)-low silver
Y-YbY (1987)
Y(faded)-nil
(A-2, 09/08,09/07,09/06,56/05,pair,9/03,5/02,
5/01,5/00,7/99,5/98,15/97,19/96,34/95,34/93)
Y-R nested in '95 with unbanded, but wintered
in 95-96 with Y-nil and nested with Y-nil in 1996.

40C Cedar Bayou
unknown
A
C

New pair with their first chick.
Subadult duo with winter territory denoted as a
Potential nesting pair.

MATAGORDA ISLAND
41

Airport
unknown

unbanded

42

North Bray
unknown

unbanded

43A

East Bray
unknown

unbanded
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44

Northeast Bray
unknown

45

West Brundrett
unknown

unbanded

46

North Brundrett
unknown

unbanded

47

Unknown # 1
unknown

unbanded

48

West Shell Reef
unknown

unbanded

49

Shell Reef New
unknown

50B

Shell Reef North
unknown

51B

Cottonwood Bayou
(K-3, 09/41,43/08,43/07,29/06,single,21/04,32/03,47/02,
28/01, 36/00,47/98,21/97, 25/96, 48/95*,18/94,28/93)

52B

Shell Reef Old
(K-16, ??,30/08,59/07,25/06,27/05,20/04,45/03,24/02,25/01,
26/00,45/99,21/98,32/97,35/96,24/95,12/94, 24/93)
Not sure if they nested in 2009 because not found in May.
A
B

53

unbanded

Pair’s first chick brought to Aransas
Unsure if territorial pair present due to upland use.

Cottonwood Bayou A
K-5, 1/08,1/07,26/06,30/05,18/04,43/03,23/02,26/01,27/00,
K-5a, 38/99,22/98,33/97,26/96,20/95,6/93)

54 North Cottonwood Bayou YbY-Y (1987) Black-Gray(hs)
unbanded
(K-23, 35/08,33/07,38/06,31/05,53/04,28/03,20/02,33/01,
31/00, 12/99,44/98,28/97,15/96,21/95,21/94,27/93)
Former o-W not present starting in 2000-01,
Stained with possible oil in fall migration, 2006.
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55

Central Matagorda
YbY-GwG (1987)
nil-nil
(S-2, ??, pair??,19/06,pair,pair,single,34/02,18/01,22/00,
35/99,25/98,40/97,30/96,31/95,23/94,19/93)

56A

South Panther Point
unknown

57

Panther Point

58B

unbanded

y/g-Y (1987)
y/g-Y(worn) unbanded
RwR-hs(1978)
nil-hs
(S-21,18/08,16/07,*,16/05,pair,12/03,13/02,15/01,15/00,25/99,
32/98, 47/97, 40/96,47/95,21/93)
Re-pairing in 2005 of adults from adjacent winter
territories.
* pair not identified in summer, 2006
Twin Lakes
BwB-GwG (1985) nil-nil?
could be ls on right foot, but never saw band
(SK-3, 49/08,49/07,48/06,34/05,16/04,24/03,08/02,
23/01,10/00,10/98,31/97,21/96,7/95,32/93)

59

Lighthouse
unknown,
single parent family (1+1) in 2000-01 on refuge and M.I.

60

Power Lake = Boat Ramp Old
unbanded
(S-15, 26/08,23/07,pair,14/05,14/04,18/03,
10/02,39/01,23/99,27/98,49/97,11/96,14/95,9/93)
white band believed to have fallen off during Dec. 1999

61

North Power Lake
unknown
A
New pair with first chick brought to Aransas.
B
Unsure if territorial pair present due to upland use.

62

Vee Bayou / North Dunham Bay / or Unknown?
Unknown(formerly SK-2, 45/96,6/95,3/94,3/93)
Nests not found 1997-2001, R-Y bands gone in 2001-02.

63

South Pringle
unknown

64

North Pringle
unknown
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WELDER FLATS
65

Victoria Barge Canal
unknown

66

Narrow Peninsula
unknown

67

Central Welder
unbanded
Unknown, pair brought chick to Aransas in fall ’95 and 99.

68

East Welder Point
unbanded
(K-8, 65/08,40/07,35/06,29/05,31/04,52/03,pair,36/01,48/00,
40/99,45/98,26/97,04/96,10/95,7/94,29/93)

69

South Shoalwater
unknown, not sure if pair present during 1999-2000

70

Dewberry Island
unknown, pair present since 1996-97.
chick died in 2005-06 winter at Aransas.

2008-09 Territory Summary (net loss of 2 from last winter).
Pairs that failed to show up in 2008-09 (loss of 8)
N. Sundown Bay
E. Spalding Lake
Spalding Point
Inlet
S. Matagorda Island
S. Cottonwood Bayou
W. Welder
Grass Island
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New pairs and/or duos in 2008-09 expected to nest in 2009 (gain of 6)
S. Mustang Lake
Feeder territory on Lamar
Unknown family on Middle San Jose
Unknown family on S. Cedar Bayou
Unknown on S. end of Matagorda Island
S. Panther Point
Pairs that brought their August 2008 chick(s) to Aransas
Lob (Lobstick),
SK6 (N. Lamar)
S-12 (Pipeline)
S-15 (Power Lake)
S-21 (Panther Point)
K-8 (East Welder Point)
K-11 (Allyn’s Bight)
K15 (Jay Bird Point)
K17 (North Dunham Point - brought 1 of 2 chicks)
K20 (Big Tree - brought twin chicks)
K-21 (N. Spalding Point with R-YbY)
K-23 (North Cottonwood Bayou)
Pairs that failed to bring their August 2008 chick(s) to Aransas
A6 (Middle Pond)
K2 (Middle Sundown Bay)
K10 (Ayres Island)
K19 (Boat Ramp)
Pairs that brought unexpected 2008 chicks to Aransas
SK7 (S. Sundown Island) – no nest had been found in 2008
S8 (S. Sundown Bay) – no nest had been found in 2008
S-22 (Long Reef) – no chick had been found in August
S-28 (Middle Sundown Island with r-r)
Pairs that arrived at Aransas without any 2008 chicks as expected
A1 (Vinson Slough)
A2 (Pat’s Bay)
SK3 (Twin Lakes)
S-19 (W-nil female with unknown winter territory)
K3 (Cottonwood Bayou)
K5a (Cottonwood Bayou A)
K16 (Shell Reef Old)
K18 (South Central San Jose)
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Known 2008 pairs that failed to arrive at Aransas
S-13 (South Matagorda Island)
K14 (North Sundown Bay)

TABLE 21. WHOOPING CRANE COLOR BANDS / SPRING, 2009
A maximum of 16 cranes in April, 2009 were banded. However, the bands on only 13 birds were read
during the 2008-09 winter. Less emphasis was put on detecting metal bands, especially in the faster
Cessna 210 faced with limited flight hours. Potentially up to 4 of the cranes considered banded may have
lost their bands. The banded cranes (maximum of 10 with color bands, 6 with only an aluminum band)
totaled 6.5% of the flock of 247 in April, 2009. The number of marked cranes may start to increase with a
banding program planned to start in the 20009-10 winter.
Two color-banded birds not identified in the 2006-07 or 2007-08 winters at Aransas (R-YbY and W-G)
were seen in the 2008-09 winter. R-YbY was seen several times on Bludworth Island and at the Dry Hole
Road feeder by Dunham Bay. The bird presumably wintered on San Jose Island since it formerly was in
the Spalding Lake territory, but I do not know which territory it has. . W-nil was photographed at a refuge
feeder and I do not know where this bird winters since I am not seeing the band during census flights.
Very little effort was made in 2008-09 trying to read color bands given the faster speed of the airplane,
time limitations on flights, and the chaos of the distribution pattern lending little time to make extra passes
looking for bands.
Original appearance
B-o/y (1986)
B-RwR
ByB-ByB
G-GwG
G-YbY
R-YbY
RwR-hs
RwR-YbY
r-r
W-G

Current appearance
hs-nil
nil-lsA
ls-nilA
G-hs?
G-nil
R(hs)-nil
nil-hs
RwR-BlackA
r(hs)-nil
W-nilB

Territory
Big Tree
N. Dunham Point
Vinson Slough
Long Reef
Middle Pond
unknown on San Jose
Panther Pt.
South Central San Jose
M. Sundown Island
unknown
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WbW-ByB
WbW-ls?
N. Dunham Point
Y-R (1986)
nil-hs
Big Tree
YbY-RwR
?-black,white N. Lamar
YbY-Y
nil-GrayA
N. Cottonwood
YbY-y/g
Black(hs)-nil Boat Ramp
(W-R)?
low silver – nil Boat Ramp feeder
10 with color bands, 6 with aluminum only
A
B

Band not confirmed present in the 2008-09 winter.
Unknown winter territory.

Following is a list of banded cranes potentially present during the 2008-09 winter. Paired birds refer to a
known nesting pair.
Nomenclature is as follows;
A dash "-" separates the color of the left leg band followed by the color of the right leg band. A
slash "/" indicates one band above another on same leg. Slippage refers to two bands on the
same leg that may have one positioned inside of the other, so that only one may be visible.
Upper case letter = 80mm band. Lower case letter = 40 mm band. R(r)=red, B(b)=blue,
b=black in WbW and YbY, Y(y)=yellow, W(w)=white, O(o)=orange, G(g)=green. Gray refers
to a band that is discolored and appears gray. Bands like WbW indicate an 80 mm white band
with a narrow horizontal black stripe in center. Low silver (ls) refers to a small metal band
above the foot. High silver (hs) refers to a small metal band above the hock (tibiotarsus).
"Worn" refers to portions of color missing from a band. For example, a worn YbY may appear
completely black except for a little yellow on one side. This may be referred to as a "Black"
band. Most observers will overlook YbY bands since they are all extremely worn.
BANDED AS
CURRENT APPEARANCE
NOTES
RWR-nil (1978) nil-high silver
adult male repaired in 2005 with y/g-Y on Panther Point
------------------------------------------------------------W-R ?? (1982) low silver –nil
mate killed in April, 2007 in ND - unsure of color band id
------------------------------------------------------------B-RwR (1985)
nil-low silver
adult male paired with WbW-ByB (1985) on N. Dunham Point.
I did not see band in 2007-08 or 2008-09; uncertain if still banded.
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ByB-ByB (1985)

low silver-nil

W-G (1985)

W-nil

adult female paired with unbanded in Vinson Slough territory.
I did not see band in 2007-08 or 2008-09; uncertain if still banded.
adult female formerly on N. Pipeline Flats territory.
I did not see band in 2006-07 or 2007-08; but band photographed at refuge
feeder in 2008-09. Location of winter territory is unknown.

WbW-ByB (1985) WbW-?
adult female paired with B-RwR (1985) on N. Dunham Point.
----------------------------------------------------------------B-o/y (1986)

hs-nil

adult female paired with Y-R (1986) at Big Tree.

Y-R (1986)

nil-hs

adult male paired with B-o/y (1986) at Big Tree

-------------------------------------------------------------G-YbY(1987)
G(hs)-?
adult female paired with unbanded at Middle Pond.
R-YbY(1987)

R(hs)-nil

RwR-YbY (1987) RwR-Black?

adult with unbanded mate. Used to be on Spalding Lake.
Not seen at Aransas in 2006-07, but seen in WBNP in 2007.
Bird seen on Bludworth and Dunham Bay area in 2008-09.
Presumably winters on San Jose in unknown territory.
adult female with unbanded on South Central San Jose.
Band not seen in 2008-09 winter. Band possibly fallen off.

YbY-RwR (1987) ?-black,white
YbY-Y (1987)

YbY-y/g (1987)

nil-Gray

adult female re-paired with unbanded in 2001 on North Lamar.
adult male re-paired with unbanded on N. Cottonwood Bayou.
Band not confirmed in 20008-09 winter.

YbY(worn)-nil widowed adult female re-paired with unbanded at Boat Ramp, Nov. 1996.

------------------------------------------------------------G-GwG (1988)
G-?
adult paired with an unbanded on Long Reef.
One side of GwG band is almost entirely white.
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r-r (1988)

r(hs)-nil

adult male paired with unbanded on S. Sundown Island.
First documented nesting in 1998.
------------------------------------------------------------Unknown
low silver-nil photographed at Boat ramp game feeder
TOTAL = maximum of 16 banded cranes (10 with color bands, 6 with only metal bands), or 6.5% of the April,
2009 population of 247.
Cranes that either lost their band or died subsequent to the 2007-08 winter.
W-R (1982)

ls-nil

adult female with new mate in 2006, SMI territory
I did not see band in 2007-08; uncertain if still banded.
-------------------------------------------------------------BwB-GwG (1985) nil-ls
Twin Lakes territory.
Y-R (1985)

Gray(?)-ls

Y-YbY (1987)

Y(faded)?-nil

YbY-GwG (1987) nil-GwG

y/g-Y (1987)

g-nil

adult Pat’s Bay female paired with Y-YbY (1987) on San Jose.
I did not see band in 2007-08; uncertain if still banded.
adult Pat’s Bay male paired with Y-R (1985) on San Jose
I did not see band in 2006-07 or 2007-08; uncertain if still banded.
adult paired with unbanded on Central Matagorda.
I did not see band in 2007-08 or 2008-09; uncertain if still banded.
(seen as nil-hs in June, 2008)
adult female repaired with RwR-nil (1978) on Panther Point
I did not see band in 2007-08; uncertain if still banded.

Appendix A
Observations of Whooping Cranes during the 2008-2009
Winter at Aransas National Wildlife Refuge
by Felipe Chavez-Ramirez
Platte River Whooping Crane Trust, Inc
At the request of Biologist Tom Stehn, we visited Aransas
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National Wildlife Refuge 2-6 March, 2009. We gathered
information on whooping crane food intake rates and marsh food
resource conditions. Our objectives were to evaluate whooping
crane feeding and foraging activity and compare conditions
during this winter to previous conditions during which we had
gathered data that could serve as baseline for comparison of
good or bad years. Specifically we wanted to evaluate the
following:
a) Collect data on probing and progression rates in different
habitat types and compare to baseline years.
b) Collect information on food capture rates and compare to
baseline years.
c) Gather time activity budgets and compare to baseline years.
d) Gather information on conditions of food resources and
overall salt marshes.
e) Collect feces sample for analysis of stress hormones
(corticortisone).
f) Collect general observations suggestive of stressed
conditions of whooping cranes.
METHODS
A week was spent in the field during all daylight hours
gathering information opportunistically as whooping cranes were
encountered. In order to streamline information gathering,
cranes encountered were videotaped and the video tapes viewed
later to collect information on foraging behavior, food capture
rates, and time activity budgets. Observations were collected
from the Boat Ramp area southward to the dry well road area of
the Salt Marsh. Four days were spent at Aransas National
Wildlife Refuge (NWR) and one day on Matagorda Island NWR.
An
effort was made to collect observations of whooping cranes in
all possible habitat types. Due to the conditions of the marsh,
little or no open water was present towards the upland side of
the marsh. Salt marsh observations were taken primarily from a
boat supplied by Aransas NWR. Feces were collected from all
accessible areas where cranes had been previously observed which
included salt marsh, upland burns, and areas surrounding the
corn feeders that had been previously installed. Feces from one
family of whooping cranes on Lamar Peninsula known to use a
feeder consistently throughout the winter and several winters in
the past was specifically targeted, as this family is believed
to not be suffering the food stress of the other cranes in the
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area. Comparison of crane stress hormone levels from feces
collected in the traditional salt marsh areas will be compared
with the Lamar family. Feces were analyzed by graduate student
Ingrid Barcelo in laboratory facilities of the University of
Chihuahua, Mexico.
General Observations of Marsh Conditions
The salt marsh areas of Aransas which normally comprise the
majority of individual whooping crane territories had extremely
low water levels. Areas normally inundated and which comprised
open water salt marsh as described in Chavez-Ramirez, (2006)
were dry, some showing mud cracks as deep as 4-5 inches.
This
would mean crabs had moved out towards the bay following
decreasing water levels or, as we observed in several instances,
had burrowed into the substrate.
Digging into the substrate is
common blue crab behavior associated with cold weather events
and apparently also low water levels.
As confirmation of blue
crabs having dug into the substrate, we had several observations
of whooping cranes digging and pulling crabs from below the
surface of dried, open water habitats.
We observed several areas where wolfberry plants had died
out. These are areas that had abundant wolfberry plants and were
used as feces collection sites in the past due to high
visitation by whooping cranes during wolfberry fruiting periods
(Westwood and Chavez-Ramirez 2005, Chavez-Ramirez, 2006).
One
of the areas is east of the end of Dry Hole Road in the Point
Pasture and others in the general area of the pump canal.
The
causes of such widespread wolfberry mortality are unknown.
While this may be due to natural weather conditions or other
natural phenomena, the result is that less wolfberry plant
abundance would equal less wolfberry fruit (food) for whooping
cranes and likely would exacerbate food stress during a year
when blue crabs appear to be in low abundance and of difficult
availability.
Whooping Crane Observations Indicative of Food Stress
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Juvenal Plumage
Chicks observed during field visits retained significant
rusty feathers throughout the body and head. The head usually is
the last to change but in previous years, rusty coloration on
the body is almost gone by February. Slower molting of feathers
is an indication of food stress.
Foraging and Behavior
During the 1990’s when information was gathered, two
consecutive years represented a good versus a bad year for
foraging and energy storage of whooping cranes (Chavez-Ramirez
1996).
Time activity budgets and foraging activity were
documented. In February 2009 we collected the same information
in order to compare to the previous information. Table 22 shows
the probing and progression rates of whooping cranes in
different habitat types during different time periods.
The
February 2009 data show less probes per minute than either
previous good or bad years, suggesting food items availability
was lower in all habitat types relative to previous time
periods. Steps per minute were more similar to the bad year and
in the case of uplands actually higher in 2009 than the
previously recorded bad year.

Food consumption rates –
(Mean # blue crabs captured in 30 minutes)
Good Year 1992-93 winter
7.1
Bad Year
1993-94 winter
2.8
February
2009
1.5
Table 22. Whooping probing and progression rates in Aransas NWR during 2009 and in
two other winters.
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Good year (92- Bad
92)
94)
Salt Marsh Open
Water
Probes/min
24.6 (27.3)
Steps/min
14.3 (9.6)
Bay
Probes/min
22.8 (6.5)
Steps/min
7.9 (13.9)
Uplands
Probes/min
2.2
(0.8)
Steps/min
10.4 (7.1)

year

(93- Feb 2009

42.1 (31.4)
26.1 (13.7)

3.6
25.4

(2.5)
(19.2)

12.2 (2.6)
24.1 (8.3)

7.8
16.7

(5.2)
(9.3)

2.8 (1.2)
27.1 (3.4)

1.1
36.5

(1.4)
(34.0)

Table 23. Time activity budgets of mated whooping cranes during winters of 1992-93 and 1993-94
and 2009 on Aransas salt marsh (per cent).

Behavior Type
Feeding

Aransas
1992-93
1993-94
44.9%
40.6%

2009
33%

Locomotion

31.7

20.9

30.2

Interaction

1.6

1.2

Rest

4.5

14.2

22

Maintenance

0.4

7.2

12.1

18.4

6.8

12

84

64

29

Behavior Type

1992-93

1993-94

2009

Feeding

47.8

29.8

47.2

Locomotion

28.9

38.7

33.4

Alert
N

0

Bay Habitat

Interaction

0

1

0.2
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Rest

6.6

1.5

Maintenance

11.5

14.5

0.4

Alert

7.5

14.5

7.6

84

64

29

N

11.3

Upland Burns
Behavior Type

1992-93

1993-94

2009

Feeding

10.8

12.5

44.3

Locomotion

32.6

41.3

55.7

Interaction

1.9

0

Rest

16.7

1

0

13.5

0

29

0

Maintenance
Alert

6.3
32.5

0

Appendix B
Drought	
  may	
  not	
  affect	
  whooping	
  crane	
  
by	
  Anton	
  Caputo	
  -‐	
  San	
  Antonio	
  Express-‐News	
  	
  
Conventional	
  wisdom	
  holds	
  that	
  the	
  fate	
  of	
  the	
  endangered	
  whooping	
  crane	
  is	
  closely	
  
tied	
  to	
  the	
  ability	
  of	
  the	
  state's	
  rivers	
  to	
  deliver	
  fresh	
  water	
  to	
  the	
  coastal	
  bays	
  and	
  
estuaries	
  that	
  spawn	
  the	
  crabs	
  and	
  other	
  food	
  the	
  birds	
  eat.	
  
But	
  newly	
  released	
  results	
  of	
  a	
  seven-‐year	
  study	
  by	
  Texas	
  A&M	
  University	
  have	
  cast	
  
doubt	
  on	
  the	
  link,	
  much	
  to	
  the	
  consternation	
  of	
  federal	
  biologists	
  who	
  deal	
  with	
  the	
  
critically	
  endangered	
  bird.	
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The	
  study,	
  presented	
  Wednesday	
  to	
  a	
  joint	
  meeting	
  of	
  the	
  Guadalupe-‐Blanco	
  and	
  the	
  
San	
  Antonio	
  river	
  authorities,	
  found	
  that	
  the	
  stately	
  whoopers	
  should	
  have	
  enough	
  food	
  
to	
  sustain	
  them	
  even	
  during	
  dry	
  years	
  that	
  drastically	
  cut	
  down	
  on	
  the	
  amount	
  of	
  water	
  
the	
  Guadalupe	
  River	
  delivers	
  to	
  San	
  Antonio	
  Bay.	
  
Study	
  models	
  showed	
  that	
  even	
  if	
  river	
  flows	
  were	
  cut	
  to	
  as	
  little	
  as	
  10	
  percent	
  of	
  their	
  
historic	
  level,	
  there	
  should	
  be	
  enough	
  of	
  the	
  whooping	
  cranes	
  favorite	
  foods	
  —	
  blue	
  
crab	
  and	
  wolfberries	
  —	
  to	
  support	
  the	
  birds.	
  Field	
  work	
  conducted	
  during	
  the	
  crane's	
  
2004-‐2005	
  and	
  2005-‐2006	
  wintering	
  season	
  also	
  showed	
  that	
  the	
  birds	
  switch	
  to	
  clams,	
  
insects	
  and	
  other	
  food	
  sources	
  when	
  blue	
  crabs	
  are	
  in	
  short	
  supply.	
  
“Whooping	
  cranes	
  are	
  predators	
  and	
  predators	
  eat	
  what	
  they	
  can	
  catch	
  and	
  what's	
  
available,”	
  said	
  Texas	
  A&M	
  University	
  biologist	
  Douglas	
  Slack.	
  “They	
  live	
  in	
  a	
  high	
  
variability	
  environment,	
  and	
  they	
  are	
  capable	
  of	
  switching	
  from	
  one	
  food	
  to	
  another.”	
  
The	
  analysis	
  follows	
  the	
  deadliest	
  year	
  in	
  recorded	
  history	
  for	
  the	
  flock	
  that	
  winters	
  on	
  
the	
  Texas	
  coast.	
  Twenty-‐three	
  of	
  the	
  flock's	
  270	
  birds	
  died	
  this	
  winter.	
  That's	
  the	
  highest	
  
death	
  rate	
  ever	
  for	
  the	
  last	
  wild	
  migratory	
  whooping	
  crane	
  flock	
  in	
  the	
  world.	
  The	
  birds	
  
winter	
  in	
  Texas	
  before	
  making	
  the	
  2,400-‐mile	
  journey	
  to	
  their	
  nesting	
  grounds	
  in	
  
Canada's	
  Wood	
  Buffalo	
  National	
  Park.	
  
“I	
  don't	
  know	
  what	
  killed	
  them,”	
  Slack	
  said.	
  
Biologists	
  with	
  the	
  Aransas	
  National	
  Wildlife	
  Refuge	
  who	
  spent	
  the	
  winter	
  putting	
  out	
  
food	
  and	
  water	
  trying	
  to	
  keep	
  the	
  cranes	
  from	
  starving	
  had	
  a	
  hard	
  time	
  accepting	
  that	
  
the	
  recent	
  drought	
  had	
  not	
  affected	
  the	
  cranes'	
  food	
  supply.	
  
“There	
  is	
  a	
  food	
  source	
  problem,”	
  said	
  refuge	
  manager	
  Dan	
  Alonso.	
  
Tom	
  Stehn,	
  the	
  refuge's	
  whooping	
  crane	
  coordinator,	
  said	
  he	
  had	
  “lots	
  of	
  questions”	
  
about	
  the	
  research.	
  
“This	
  year	
  there	
  was	
  a	
  much	
  more	
  severe	
  food	
  shortage	
  for	
  cranes	
  than	
  the	
  years	
  they	
  
studied,”	
  Stehn	
  said.	
  “They	
  talked	
  about	
  the	
  clams	
  and	
  the	
  other	
  food	
  sources,	
  but	
  the	
  
other	
  food	
  sources	
  do	
  not	
  have	
  the	
  nutrients	
  and	
  calories	
  they	
  need.”	
  
The	
  $2	
  million	
  analysis,	
  called	
  the	
  San	
  Antonio	
  Guadalupe	
  Estuarine	
  System	
  study,	
  was	
  
ordered	
  as	
  part	
  of	
  a	
  now	
  defunct	
  water	
  project	
  to	
  provide	
  lower	
  Guadalupe	
  River	
  water	
  
to	
  San	
  Antonio.	
  The	
  results	
  could	
  be	
  important	
  to	
  determine	
  the	
  needs	
  of	
  bays	
  and	
  
estuaries	
  in	
  the	
  environmental	
  flow	
  planning	
  process	
  mandated	
  by	
  the	
  Legislature	
  in	
  
2007,	
  said	
  San	
  Antonio	
  River	
  Authority	
  General	
  Manager	
  Suzanne	
  Scott.	
  
Slack,	
  though,	
  cautioned	
  about	
  reading	
  too	
  much	
  into	
  the	
  study	
  when	
  considering	
  the	
  
overall	
  health	
  of	
  San	
  Antonio	
  Bay.	
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“The	
  health	
  of	
  San	
  Antonio	
  Bay	
  depends	
  on	
  freshwater	
  inflow	
  and	
  everything	
  that	
  goes	
  
with	
  it,”	
  he	
  said.	
  “If	
  we	
  lose	
  freshwater	
  inflows	
  and	
  we	
  manage	
  only	
  for	
  the	
  whooping	
  
cranes,	
  it	
  could	
  be	
  a	
  disaster	
  for	
  the	
  fishing	
  industry.”	
  

Appendix C
Major Research Gives New Insights into the Needs of Whooping Cranes
By: PR Newswire
Apr. 29, 2009 02:00 PM

- Texas A&M Scientists Release Results of 7-year, $2 million-Study
- Impact to Whooping Cranes Is More Complex Than Previously Thought
SEGUIN, Texas, April 29 /PRNewswire/ -- At a joint meeting of the
boards of directors of the Guadalupe-Blanco River Authority and the
San Antonio River Authority on Wednesday, April 29, 2009, researchers
from Texas A&M University presented the results of a seven-year, $2
million study known as the San Antonio Guadalupe Estuarine System
(SAGES) study.
The report, "Linking Freshwater Inflows and Marsh Community Dynamics
in San Antonio Bay to Whooping Cranes," was prepared by Dr. R. Douglas
Slack, Dr. William E. Grant, Dr. Stephen E. Davis III, Dr. Todd M.
Swannack, Dr. Jeffrey Wozniak, Danielle M. Greer, and Amy G. Snelgrove.
The Texas A&M team investigated the diet, behavior and habitat of
whooping cranes at Aransas National Wildlife Refuge (ANWR) on the
Texas coast around San Antonio Bay, and evaluated the relationship
between freshwater inflows feeding San Antonio Bay and the health of
its endangered whooping crane population. The population of whooping
cranes at ANWR increased from 133 in 1994 to 270 this last winter in
2008 before 23 of them died over the winter.
"What the research showed is that the whooping crane diet and the
impact of inflows and other stimuli on whooping cranes is very
complex," said Slack, professor and associate department head of
Undergraduate Programs, Department of Wildlife and Fisheries Sciences
at Texas A&M.
"Prior to this study, there was little detailed science about the
effects of freshwater inflows on whooping crane ecology," explained
Dr. Lee Wilson, president of Lee Wilson and Associates, an
environmental consulting firm that was retained to ensure the studies
independence. "The premise was that low fresh water inflows would
increase bay salinity, adversely impact blue crabs, and lead to
increased crane mortality. One of the goals of the Texas A&M study was
to evaluate this premise, but also to build a more robust overall
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model of crane habitat and feeding."
The SAGES research, however, indicate that while in the salt marsh,
whooping crane diet consisted of wolfberry fruit, blue crabs, clams,
snails, insects, fiddler crabs, snakes and fish. Wolfberry fruit and
snails and insects were consumed in the highest quantities and
required the least effort to obtain by the cranes during foraging.
Additionally, the research showed that while blue crabs were the most
optimal food for the cranes in relation to protein, clams proved to be
a substantial source of biomass. An adverse effect of salinity on
crabs and cranes was not observed. However, it is recognized that more
research is needed to fully understand the bay and marsh ecosystems.
In summarizing the study, researchers commented that in nearly all
conditions simulated, the food supply for whooping cranes appears to
be more than adequate to meet their energy needs. "During extended
droughts, there are environmental changes to the landscape, and some
of these are related to fresh water inflows. Whooping cranes will be
affected under these extremes as are other wildlife," noted Dr. Todd
Votteler, GBRA project manager for the study.
In an effort to secure the study's objectivity and provide peer review
support to the research team, Wilson recruited a diverse group of
professionals to serve on the SAGES Scientific Advisory Panel. Members
and their affiliations in 2003 and 2004 included Dr. Kenneth Rose and
Dr. Robert Twiley, Louisiana State University; Dr. Fred Sklar, South
Florida Management District; Dr. Edward Rykiel, Washington State
University; Tom Stehn, U.S. Fish and Wildlife Service; Dr. Felipe
Chavez-Ramirez, Platte River Maintenance Trust, Inc.; Dr. Thomas
Minello, National Marines Fisheries Service; Vince Guillory, Louisiana
Department of Wildlife and Fisheries; Dr. Daniel Childers, Florida
International University; Dr. Denise Reed, University of New Orleans;
Brian Johns, International Whooping Crane Recovery Team, Canadian
Wildlife Service; and Tom Wagner, Texas Parks and Wildlife Department.
Slack estimated thousands of hours of fieldwork were completed over
the seven years of research. Similar amounts of time were spent
completing work in the laboratory, university offices and computer
labs at College Station. In addition to the study authors,
participants included two post-doctoral scientists, eight doctoral
students, six masters students and more than two dozen undergraduate
students.
The SAGES study was primarily funded by the Guadalupe-Blanco River
Authority (GBRA) and San Antonio River Authority (SARA). The sponsors
were interested in assessing impacts from the Lower Guadalupe Water
Supply Project (LGWSP) in which GBRA water rights would have been
leased to San Antonio Water System (SAWS) and SARA and water would
have been diverted from near GBRA's Salt Water Barrier in the lower
basin, which is about 11 miles from San Antonio Bay. In considering
whether the water diversion could affect the bay, the entities
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involved in the LGWSP initiated the SAGES study through Texas A&M
University's Department of Wildlife and Fisheries Sciences.
When the LGWSP was canceled in 2006, SAWS discontinued its funding of
the SAGES study. SARA and GBRA continued to fund the study,
recognizing its importance and the potential for other water supply
projects and future growth and economic development needs. Other
monetary funding and in-kind support for the SAGES study was provided
by the Texas Water Development Board, the U.S. Fish and Wildlife
Service, and the U.S. Geological Survey.
Additionally, SARA and GBRA entered into an agreement with researchers
with the University of Texas at Austin to study the San Antonio Bay
estuary system [known as the Estuarine Responses Project (ERP)],
headed by George Ward, research scientist and associate director of
the Center for Research in Water Resources.
"Without having other partners, GBRA and SARA could not afford to fund
both studies simultaneously," Bill West, GBRA general manager said.
"Both of these studies will be important to consider as state
officials try to determine requirements for the environmental flows
process, which was established in Section 2 of the omnibus water bill
(Senate Bill 3) from the 2007 Legislative Session," added Suzanne B.
Scott, SARA general manager.
The GBRA was established by the Texas Legislature in 1933 as a water
conservation and reclamation district. GBRA provides stewardship for
the water resources in its 10-county statutory district, which begins
near the headwaters of the Guadalupe and Blanco rivers, ends at San
Antonio Bay, and includes Kendall, Comal, Hays, Caldwell, Guadalupe,
Gonzales, DeWitt, Victoria, Calhoun, and Refugio counties.
SARA is entrusted to protect and preserve its shared water resources
and, together with its partners, pursue innovative solutions that will
serve generations to come. SARA's district spans Bexar, Goliad, Karnes
and Wilson counties.
A copy of the SAGES report will be available at www.gbra.org and www.saratx.org
SOURCE Guadalupe-Blanco River Authority
Published Apr. 29, 2009
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Comments on SAGES Final
Report
From: Mr. Tom Stehn, of U.S.
Fish and Wildlife Service

June5,2009
Dr.DougSlack
WildlifeandFisheries
TAMU
CollegeStation,Texas77843Ͳ2258

Dr.Slack,


I am writing to provide comments on the draft SAGES report presented in Seguin, Texas on April 29, 2009.
Your study has provided valuable new information on some topics including wolfberry production and blue
crab recruitment. However, I disagree with your conclusions about the relationship of inflows, blue crabs and
whooping cranes. I find the SAGES study very misleading mainly because it contains false assumptions and
does not properly account for existing knowledge in the scientific literature.
My comments are presented numerically, with supporting material in 4 appendices.

1. The SAGES study results are contrary to what I have observed during 28 years at Aransas monitoring the
whoopingcranepopulation.

Data collected at Aransas National Wildlife refuge indicates a relationship between marsh salinities, blue crab
populations, and whooping crane survival. In general, when inflows are high and bay and marsh salinities are low, blue
crab populations do well, and whooping crane mortality is low. With reduced inflows and high marsh and bay salinities,
crabs do poorly and whooping crane mortality rises dramatically. This higher mortality makes sense since blue crabs
make up 80-90% of the whooping crane diet when crabs are available (Chavez-Ramirez 1996) and are the predominate
food of whooping cranes (Stevenson and Griffiths 1946, Allen 1952, Blankinship 1976, Hunt and Slack 1987, Nelson
1995, Chavez-Ramirez 1996).


Observations from weekly aerial survey whooping crane distribution data, monthly surveys initiated in the
1990s of blue crab, wolfberries and salinities in the bays and marshes, as well as observations of experienced
personnel, were compiled to characterize what habitats the cranes were using throughout the winter which
relates to general patterns of food consumption. Variables monitored were characterized in comparison with
other winters as high, medium or low for either the entire winter or portions of the winter. Whooping crane
mortality was detected on weekly aerial census flights (Stehn and Taylor 2008).
Data for the past 21 winters separated into winters of high (> 1.5%) whooping crane flock mortality (Table 1),
and low (<1.5%) whooping crane flock mortality is shown below (Table 2). Annual flock mortality is provided
in Appendix 1.


In the last 21 winters, whooping crane mortality was high (> 1.5%) in 7 of those winters. For the 7 winters with
the highest whooping crane mortality; all but one (winter of 1993) had high salinities for much of the winter.
For the winters with crab populations monitored, all (n=5) had low blue crab populations. Five of 6 had notably
high levels of upland use. Wolfberry production ranged from abundant to low, and the amount of clamming
and acorn levels differed depending on the winter. When in a winter of high salinities and low blue crab
populations, this long-term data anticipates that whooping crane mortality will be high. In the winter of 2008
with high salinities, blue crabs and wolfberries, the two major foods of whooping cranes, were both extremely
low and 23 whooping cranes died (8.5% of the flock), the highest winter mortality recorded in the past 21 years.
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Table 1. Habitat conditions associated with high mortality winters (>1.5%) for whooping cranes at
Aransas, 1988-2008.

Winter

%
Salinities
Mortality

Crane Use of
Freshwater

Blue
Crab

WolfBerry

1988

4.3%

High

High

-1

1989

3.4%

High

High

1990

7.8%

High thru Jan.
Lower FebApr.

1993

4.9%

High, 14-26
ppt2, though
usually<23ppt
in connected
ponds

2000

3.3%

2005

2008

1.

2

Acorns Upland
Use

-

Use of
Clams
-

High

High

Scarce

-

-

High

High

High thru
Jan.
Lower FebApr.
Only seen in
December

-

-

-

High

High

Low, small
crabs repopulated
marsh starting
in late Feb.

Abundant

Little
observed

low

Low, but
moderate
use
following
burns

High thru Dec.
Low Jan.-April.

High thru
Dec. Low
after Dec.

Scarce,
especially
in mid-winter

Moderate,
but still
notable part
of diet

Use
noted

scarce

High

2.7%

High

Low

High

High

scarce

Some use
on burns

8.5%

High

Use occurred,
especially 2nd
half of winter
High

Low

Low

High

scarce

High,
especially
on M.I.

Blue crabs were not monitored until 1992 when Chavez-Ramirez started his study. Refuge personnel continued
monitoring blue crabs after his study was completed in 1993.
Parts per thousand (ppt)

A typical pattern of habitat conditions present during all 7 high mortality winters was apparent as follows;
x Blue crabs were in short supply.
x Salinities were high forcing the cranes to seek out fresh water to drink except in 1993 when
salinities were high but generally stayed below the threshold that forces cranes to seek out fresh
water to drink.
x Considerable crane use foraging on clams and invertebrates in open bay habitat was documented,
with some exceptions.
x Considerable foraging occurred on uplands.

2


In an average winter, blue crabs and wolfberries are readily available when the cranes return to Aransas in the
fall. High tides in late September/early October have inundated the marshes and allowed crabs to disperse into
connected and unconnected ponds. Starting in October, wolfberries are flowering and fruiting into December.
Usually sometime in December, the cranes have consumed many of the blue crabs in the marshes, and the
wolfberry crop is well past its peak and over by the end of the year. Starting in late-November, low pressure
systems that reach the coast lower temperatures and bring north winds that blow the bay waters out into the
Gulf. Tides are lowered dramatically. Blues crabs tend to move from the marshes into the open bays as marsh
water levels and temperatures drop. Many crabs seek out deeper water which tends to be warmer than the
shallow marsh waters. Whooping crane food habits shift dramatically to foraging in open bay habitat for clams
and invertebrates in the substrate. During this mid-winter period, much crane upland use may occur, especially
immediately after prescribed burns that provide animal matter killed in the fire (snakes and insects) or makes
acorns on the mainland readily available when the mast crop is sufficient. Upland use also occurs on barrier
islands following prescribed burns, as well as on disturbed soils mostly rooted up by feral hogs with the cranes
foraging on tubers including nutsedges and ground cherries. In late winter, as temperatures and tide levels
increase, blue crabs start moving back into the marshes, and whooping cranes go back to feeding on crabs.
Fiddler crabs may become a larger part of the diet as spring days become warmer and the fiddler crabs are
higher in their burrows due to the higher marsh water levels.
A correlation has been noted between the winters of high whooping crane mortality (1988, 1989, 1990, 1993,
2001, 2005, 2008) and low river flows on the Guadalupe below the level of 1.3 million acre-feet recommended
by TPWD required for a health bay/estuary system (R. Sass, Professor of Natural Sciences, Emeritus, Rice
University, unpublished data). Dr. Sass came to the following conclusions:
“1. A high (whooping crane) mortality rate is always accompanied by a low river flow and the resulting
high salinity.
2. A whooping crane response to low river flow (high salinity) is one of excess stress. This condition
does not necessarily lead to death but may be manifested as lack of sufficient bodily fat and protein that will be
exhibited during the spring migration and subsequent poor reproductive behavior...
3. Complete and accurate data on environmental stress that is manifested by poor migratory and
reproductive behavior is hard to generate but may well be a major part of the story on salinity-diet
relationships…”
For the 14 winters with low whooping crane mortality < 1.5%, all had high blue crab populations except during
mid-winter periods. Blue crab populations always decline in late fall and into the winter due to consumption by
whooping cranes, the draining of the marshes from low pressure systems that bring northerly winds that lower
marsh water levels dramatically as bay waters are blown out into the Gulf, and crabs moving to deeper water to
find warmer and deeper water. Thus, blue crab levels are always lower during mid-winter. SAGES should
have focused on crab movements in and out of the marshes since without regular replenishment of blue crabs in
the marsh from crab movements, the cranes will consume most of their available food supply.
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Table 2. Habitat conditions associated with low mortality winters (<1.5%) for whooping cranes at Aransas, 19882008.
Winter

%
Mortality

Salinities

Crane Use
of
Freshwater
Low

Blue
Crab1

Use of
Clams

Acorns

Upland
Use

very high

Low

High

high

1991

0.8%

Low

1992

0.0%

Low

High

High

Low

High

high

1994

0.0%

Moderate
(10-20 ppt2)
High thru
mid-Dec.,
then lower

Medium

High into
Jan., then
low

High

Medium

Low

Low

1995

0.6%

high

High

High in
fall, low in
Jan-Feb,
medium in
spring

Abundant

Moderate

Moderate high

1996

0.0%

High until
mid-March
rains

High thru
mid-Jan.,
then
moderate
Use of
freshwater

High in
fall,
moderate
mid-winter
Blue crab

High

Low

High

Moderate

Wolfberry

Use of
clams

Acorns

Uplands use

Winter

%
Mortality

Salinities

-

WolfBerry

1997

0.5%

Low

None

High in
fall, then
moderate

High

Moderate
use midDec to midFeb.

High

Some use on
burns and hog
rootings

1998

0.0%

Low

Very low

High
except in
mid-winter

Moderate+

Low

moderate

Moderate

1999

0.5%

High

High

Moderate
to high

High

High

High

2001

1.1%

Moderate

Low

High

High

moderate

Moderate

2002

0.5%

Moderate

None

High in
fall, but
then scarce
High in
fall, then
medium
High

High

Low *

High

Low

2003

0.5%

Moderate

Moderate

High in
fall, low
Jan-Feb.
high midMarch

High

Low

High

Low, moderate
on burns
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2004

0.9%

Low

Low

2006

0.0%

High first
half of
winter, then
dropping
below 23
ppt

High
through
Dec., low
after midFeb.

2007

0.0%

Low first
half of
winter,
increase to
20 ppt by
spring

Moderate

High in fall
and spring,
low midwinter
High in
fall, then
moderate

High
except
mid-winter

High

Low to
moderate

Low

Low except
moderate on
burns

High

moderate

High

Moderate

High

Moderate in
mid-winter
but very
high on
March 5
census

-

Moderate on
burns, high on
M.I.
uplands/burns

1

Blue crabs were not monitored until 1992 when Chavez-Ramirez started his study. Refuge personnel continued
monitoring blue crabs after his study was completed in 1993.
2
Parts per thousand (ppt)

The correlation between increased whooping crane mortality occurring when blue crab populations in the
marshes are low invalidates the SAGES conclusion “that food is not an issue for whooping cranes except in the
most extreme conditions.” Without blue crabs and wolfberries available, cranes are forced to eat other foods.
These other foods are not as good at meeting the energy and nutritional needs of wintering whooping cranes
(Nelson 1995). If other foods such as clams, insects, tubers and snails provided everything the whooping cranes
needed, then high levels of mortality would occur in both high and low blue crab winters. My observations
support the observations of other researchers that the key to whooping crane well-being during winter are
adequate blue crab population.
SAGES should look at flock dynamics and habitat conditions at Aransas over more than 2 decades and compare
them with inflow data including possible time lag affects.
2.

The SAGES study results fail to account for the conditions observed during the 2008 winter at
Aransas.

The conclusions of the SAGES study fails to account for the record level of whooping crane mortality during
the 2008 winter (8.5%). Neither of the crane winters in which the SAGES project collected blue crab data were
anything near as bad for the cranes compared with 2008.
CHARACTERIZATION OF THE 2008 WINTER AT ARANSAS

The fall of 2008 had the worst crop of wolfberries I had ever observed at Aransas in the past 28 years. Data
from a transect walked on November 10th, 2008 found only 12 wolfberry fruits and no wolfberry flowers on
one transect about 150 meters long that we have been monitoring for years. The previous November, on the
same transect, we had counted 416 flowers and 60 fruits. The SAGES study concludes that wolfberry
production is negatively affected by high summer salinities, which fits in this case since the area experienced an
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extreme drought and salinities were high. The cranes did not get much benefit from the wolfberry crop in the
fall of 2008. Moderate numbers of blue crabs were available when the cranes first arrived, but numbers quickly
tapered after the cranes started feeding on the crabs. Commercial whooping crane boat captain Tommy Moore
emailed me on November 11th:
“Therearenowolfberries.Itislikethatalloverthemarsh.Ihavebeenwatchingthecranes’feedinghabitsandonly
everyonceinawhiledoIseeonepluckawolfberryfromthevegetation.Theyaremostlydiggingforfiddlercrabsis
myguess.Ihavenotseenabluecrabconsumedthisyear(on4trips).WedidseeasnakeeatenonAyresIsland.
Lookslikeatoughyear.”

A food survey done by refuge personnel on December 1, 2008 found only one blue crab and 2 wolfberries.
Salinities were measured at 30 parts per thousand (ppt) at the refuge boat ramp and 43 in unconnected ponds at
the refuge boat ramp marsh. The same day, an emaciated subadult crane unable to stand was picked up near the
refuge boat ramp. The next blue crab survey on December 30th found zero blue crabs, and that finding was
replicated on monthly surveys the remainder of the winter.
On January 7, 2009, I spoke with Karen Meador of Texas Parks and Wildlife Department (TPWD), Rockport.
She stated that ongoing bay sampling was finding low numbers of blue crabs, but not at alarmingly low levels.
However, commercial blue crab harvest was very low and crabbing pressure was down. Salinities were very
high, measured at 30 ppt in Copano Bay.
From my aerial census flight report on January 8, 2009 I wrote …“Although the Tour Boat Captains
occasionally see cranes catching a crab, many of the birds have switched to eating razor clams in open bay
habitat. The increased amount of crane use in open bay habitat on the flight (n=79 out of 228) is indicative of
the food stress the population is facing.”
Monthly crab surveys done the rest of the winter and spring also failed to find any blue crabs. Although the
whooping crane tour boat captains would occasionally find a whooping crane eating a large blue crab, the
overall consumption of blue crabs was way below the norm and extreme low. The very low availability of blue
crabs and wolfberries during the 2008 winter for the cranes was correlated with record high mortality.
Seventeen juveniles and 6 white-plumaged birds died, a record total of 23 cranes (8.5% of the flock).
Information on specific causes of mortality was obtained on the two intact carcasses recovered. The first bird
captured live died as it was being transported to medical help. A necropsy done by the National Wildlife Health
Lab in Madison, Wisconsin showed the bird was extremely emaciated and only found an injured knee that could
have contributed to the bird’s death. A white-plumaged bird had been seen limping with restricted foraging
ability in Saskatchewan in the 2008 fall migration. It is possible that was the same bird as the one picked up
live at Aransas and had been unable to get enough food over an extended period of time. The low levels of food
availability at Aransas were presumably too much for the bird and it continued to weaken until it could no
longer stand.
The second whooping crane carcass recovered was a juvenile that was observed being aggressively picked on
by a territorial male on January 13, 2009. Since the juvenile’s parents flew off during the territorial encounter, I
postulate that the juvenile was too weak to fly off. It was predated with 48 hours of its encounter with the
territorial male. A strain of infectious bursal disease (IBD) was isolated from the carcass, the first time IBD has
ever been isolated from a crane. Very little work has been done on IBD in cranes, so the disease presumably
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may have been epizootically affecting whooping cranes at Aransas over a long period of time. IBD has been
documented in whooping cranes and other birds including wild turkeys in Florida (Candelora et al. 2008), and
may be present at captive whooping crane breeding facilities. One of the symptoms of IBD is emaciation, even
when the bird is receiving adequate food supplies. However, the particular strain of IBD isolated from the
Aransas whooping crane is different from other known strains, so how it affected the crane is speculative.
IBD mainly affects juvenile cranes since the virus grows in the bursa, an out pocket of the cloaca that is not
present in white-plumaged cranes. Thus, the 7 mortalities of white-plumaged cranes at Aransas in the 2008
winter probably hadhad anything to do with IBD. The loss of even 7 whooping cranes ranks 2008 as a high
mortality winter.
Field observations in the 2008 winter showed a correlation between low blue crab populations and high
whooping crane mortality. Food supply can often be a limiting factor for wildlife populations. It makes sense
that whooping cranes are going to do better when food supplies are adequate versus when food supplies are
limited. SAGES seems to be denying this by suggesting food supplies are more than sufficient in crane
territories. The fact that whooping crane territories appear to be approaching minimum sizes (Stehn and Prieto,
In Review) suggests that territorial whooping cranes must defend a large enough area to maintain an adequate
food supply for the territorial pair and their young of the year. With territories reaching minimum sizes and not
observed to be getting smaller suggests that food is becoming limiting. If the wintering grounds were chock full
of food for the cranes annually and that food was not a limiting factor in all but the most extreme winters, as
stated by the SAGES report, I would expect to be seeing whooping crane territories continuing to get smaller
and smaller until food becomes a limiting resource. Since territories are at or close to minimum sizes already,
this provides evidence that food may be limiting. This is a far different conclusion than that described in the
SAGES report. The inverse relationship between blue crab population size and whooping crane mortality
shown by Pugesek et al. (2008) also provides evidence that food is a limiting factor (see below). I therefore do
not see the relevance of the analysis done on p. 55 that hypothetically “shrinks” the size of whooping crane
territories since there is evidence that this is not happening at Aransas as the cranes continue to slowly expand
their range rather than increase the density of wintering cranes.
3. SAGES study results are contrary to the conclusions of Pugesek et al. (2008). The SAGES report
should attempt to explain this difference.
For an eight-year period starting in 1993, intensive surveys were done by Pugesek et al. (2008) to estimate the
number of blue crabs available to whooping cranes. The winters of 1993 and 2000 were poor crab years; the
remaining six winters all had adequate numbers of blue crabs present. During the two winters with poor crab
numbers, seven and six whooping cranes died respectively. In all six other winters, either zero or one whooping
crane died. This showed a statistically significant inverse correlation between blue crab abundance and adult
whooping crane mortality (Pugesek et al. 2008).
The SAGES report needs to explain why findings from the SAGES study which collected blue crab data only in
2 winters differs from the findings of the 8-year data set of Pugesek et al. (2008). It is a critical oversight not to
have even mentioned the Pugesek et al. (2008) manuscript anywhere in the SAGES report even though I had
emailed the manuscript to SAGES team members. This oversight seems to be characteristic of the SAGES
study in failing to thoroughly review existing literature on many topics of the study including the relationship
between inflows and blue crabs.
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4. Study results from SAGES about whooping crane foods seem in direct conflict with previous crane

research. The discussion section found in scientific manuscripts that should attempt to relate
current findings with previous research is missing in the SAGES report.  Please discuss what field
data you collected to come to different conclusions from previous studies. 


Numerous studies have found blue crabs to be an important food resource for wintering whooping cranes (Allen
1952, Stevenson and Griffiths 1946, Blankinship 1976, Hunt and Slack 1987, Nelson (1995), Chavez-Ramirez
1996). When blue crabs are scarce, the whooping crane population is under stress and does poorly (Nelson
1995, Chavez-Ramirez 1996, Pugesek et al. 2008). Allen (1952) found the diet in fecal samples to be 85% blue
crab. Chavez-Ramirez (1996) found that when available, blue crabs can make up 80-90% of the diet of
whooping cranes. An individual crane can consume up to 80 crabs per day. Blue crabs appear to be the most
important source of energy for wintering whooping cranes contributing between 62% and 97% of overall
energetic intake during different months (Chavez-Ramirez 1996). He did note that blue crabs may become a
limited resource in some years. In October through December 1993, the second winter of his study, a lack of
blue crabs which was only partially offset with an increase in wolfberry consumption, affected the potential for
energy storage throughout the wintering period resulting in negative energy balances through the first half of the
1993-94 winter (Chavez-Ramirez 1996). Studies by Nelson (1995) of whooping crane food items (crabs, clams,
wolfberry, acorns) showed that blue crabs were the highest in protein and nutrition for the whooping cranes.
When crabs are not available, whooping cranes will switch to other foods, but because of the poor nutritive
value of these alternate foods, whooping cranes may actually burn up fat reserves and have a net loss of energy
for periods of the winter (Chavez-Ramirez 1996). Nelson (1996) noted an apparent instance of food shortage
contributing to higher whooping crane mortality from late fall of 1993 to fall of 1994. This negative energy
balance may also have manifested itself in greater than normal over-winter mortality and reduced nesting effort
in the subsequent nesting season where 37% of the adult pairs failed to nest (B. Johns, Canadian Wildlife
Service, unpublished data). This was unusual since normally just about all pairs attempt to nest annually. In
addition, production was reduced from the pairs that did nest (B. Johns, Canadian Wildlife Service, personal
communication). This was believed to have resulted from their reduced fat reserves that had not built up
sufficiently during the previous winter.


A statistically significant inverse correlation between blue crab numbers and increased adult whooping crane
mortality has been documented (Pugesek et al., 2008). It is well known that whooping cranes will eat other
food items when blue crabs are not available, but energy content studies done by Nelson (1996) showed that
blue crabs were higher in protein and lipids than other foods sampled. During most mid-winter periods when
cranes switch their diet to eat clams, Nelson (1996) found that Rangia cuneata was a suboptimal energy and
nutrient resource since it was low in gross energy and protein compared with the other crane foods studied.
From observations made over many winters, I can estimate food availability throughout the winter based on
distribution of the cranes observed on aerial census flights as described by Chavez-Ramirez (1996). For
example, severe food shortages in the 2008 winter changed crane distribution dramatically with greatly
increased amounts of upland use observed, cranes utilizing game feeders, and increased clamming in open bays.
These levels of use are not observed when blue crabs and/or wolfberry are available to the cranes, an indication
that these other foods are suboptimal foods.
The first winter (2004) of the Sages study that did intensive blue crab sampling was a low whooping crane
mortality winter (0.9% of the flock). The second and final winter (2005) of the SAGES study that did intensive
blue crab sampling was a high mortality winter with 6 whooping cranes dying out of a flock of 220 (2.7%).
There were noticeably more crabs present in 2004 compared to 2005. Walking surveys (n=6) found an average
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of 48 crabs/hour in 2004 and 38 crabs/hour in 2005 (T. Stehn, USFWS, unpublished data). Crab surveys done
on 3 consecutive days in March following the methodology of Pugesek et al. (2008) who found that the March
surveys were the best reflection of overall winter crab levels, recorded 3.22 crabs/100 meters in 2004 and 1.43
crabs/100 meters in 2005. Crabs were notably scarce in the second half of the 2005 winter and the crane
population was under stress, a notable difference from the second half of the 2004 winter. The SAGES report
fails to account for this difference and SAGES researches did not detect the way the whooping cranes were
impacted differently in these two winters. Instead, the SAGES report on page vi states “Noneofthestudyresults
indicatedthathabitatconditionsatBlackjackPeninsulaaremarginalforcranesurvivalandwellͲbeing”.


5. The SAGES study fails to analyze existing data sets.


The SAGES study collected two years of field data on crane foods. Existing multi-year data sets should be
analyzed as follows:
a) Analyzeinflowdataandbaysalinitiesinrelationtowhoopingcranemortality.
b) AnalyzeinflowdataincomparisonwithTPWDfisheriesbluecrabsamplingdatafromAransasandSan
Antoniobays.
c) Analyzeinflowdataincomparisonwithcommercialcrabharvestdata.


6. The SAGES study model assumes that blue crab numbers are directly correlated with rising
salinities up to 30 ppt. This assumption is based on laboratory studies and is false!


With the blue crab well documented as the primary food of whooping cranes, one of the most crucial objectives
of the SAGES study was to determine how blue crab numbers in the crane marshes were related to salinities.
Page 42 of the SAGES report states; “In the model we selected, crab density was positively correlated with
salinity, which agrees with Cadman and Weinstein 1988”. On p. vi, the SAGES report states; “Consistent with
prior studies, blue crab abundance tends to increase with bay salinity.” Instead of objectively leaving the
relationship between blue crabs and salinities as an unknown and collecting all possible sources of data to shed
light on this relationship, the SAGES study assumed that more crabs were present when salinities were higher.
This assumption was based on laboratory studies (Cadman and Weinstein 1988) and does not fit field conditions
observed in the winter range of the whooping crane nor data collected by Texas Parks and Wildlife Department
(Longley 1994, M. Fisher, TPWD, personal communication). This assumption made by SAGES is false and
pervades and invalidates the entire SAGES model and study. Neither Longley (1994) or Mark Fisher
(unpublished data) found that blue crabs were more abundant in higher salinities as assumed by the SAGES
study. Texas Water Development Board (TWDB)/TPWD model results for the Guadalupe Estuary predicted a
harvest of 255,500 pounds under MinQ and 379,900 pounds under the higher inflows and lower salinities of
MaxH (Longley et al. 1994). The SAGES assumption did not hold true for all the drought winters I have
observed when blue crabs were scarce. Field sampling shows that blue crab populations usually crash in
periods of drought. Examples of this were the winters of 1989, 1993, 2000, 2005 and 2008. The assumption
needs to be changed in the SAGES model. I expect this would drastically change the conclusions of the
SAGES study.
On October 28, 2004 I talked with Dennis Pridgen, TPWD fisheries biologist in Rockport, Texas. He noted
how zoeal and megalopal stages of blue crabs need high salinities (> 25 ppt) for high recruitment with much of
the spawning occurring in the Gulf of Mexico. After successful development of megalopae, survival of early
crab stages is complicated, based on synergistic effects of salinity, temperature, pollutants, predation, disease,
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habitat and food availability. The first blue crab stage (2 ½ mm) and subsequent stages show the best
abundance and growth when salinities are intermediate (10-20 ppt) (D. Pridgen, TPWD, personal
communication). He also stated that “Inflows between April and July will influence crab survival positively. If
inflows are high during this period, the blue crab population will do well. Thus, April to July inflows are very
important to the whooping crane food base.” Notes I took from the conversation with Mr. Pridgen that were
proof-read and edited by him for accuracy are provided as Appendix 3. Tom Wagner (TPWD Fisheries
biologist, Rockport) in an email written to me January 5, 2005 noted “increased spring salinities will reduce
juvenile blue crab growth, thus reducing energy available to cranes”.
Scientific research in other estuarine systems in general demonstrates a positive relationship between inflows
and blue crab populations. The SAGES study needs to exhaustively research the literature on this relationship,
account for this knowledge in their report, and relate it to their field data collected on blue crabs in 2005 and
2006. Guillory et al. (2000) stated that “juvenile blue crabs are most abundant in low to intermediate salinities
characteristic of middle and upper estuarine waters”. Rounsefell (1964) found “low salinity marsh is an
important nursery habitat for juvenile blue crabs and increased salinities may adversely impact the species” (as
cited in Guillory et al. 2000). Guillory et al. (2000) found “a blue crab recruitment index as correlated with
lagged summer/early fall Mississippi River discharge (positively) and salinity (negatively), whereas commercial
harvests were significantly correlated with unlagged Mississippi River discharge (positively) and salinity
(negatively). They also state that the effects of discharge and salinity on blue crab recruitment and abundance
were probably manifested indirectly through biotic mechanisms such as predation”.
Longley (1994) analyzing a long-term data set reported an inverse relationship between salinities and blue crab
numbers. This totally disagrees with the SAGES assumption in the model that blue crabs prefer higher
salinities, an assumption that is not based on field data collected by SAGES. TPWD data shows that more blue
crabs are generally found not in the highest salinity areas in the estuary but in more moderate salinity areas of 515 ppt (Longley 1994).
Others have written about the implications of a causal relationship between inflows and high blue crab numbers.
(Kretzschamer 1990) calculated that by the year 2040, due to anticipated diversions, a predicted decrease of
555,000 acre-feet of gauged inflows in an average year into the crane’s winter range was projected to cause an
8% decline in blue crab populations (Texas Department of Water Resources 1980), but could have a much
larger impact in drought years (N. Johns 1994).
Texas Water Development Board data indicate natural droughts already threaten the Guadalupe ecosystem.
Without sufficient inflows, wildlife resources, including fish, crabs, and shrimp, all decline. The 1.15 million
acre-feet figure derived by TPWD is often quoted as an amount needed to maximize harvest of 9 marine species
of commercial interest in the bays and estuaries. In the case of blue crabs, more than 1.15 million acre-feet is
needed to produce high blue crab populations. TPWD data clearly show that increased water inflows result in
higher blue crab numbers (Mendoza 2001). Crab survival of all life stages increases when salinities are
generally below 20 ppt. Blue crabs were found to be more abundant in the Guadalupe Estuary in salinities
averaging between 10-25 ppt. A simple inverse relationship exists between blue crab catch rates and mean
salinity within an estuary (Longley 1994). Peak crab counts in the bays occur following periods of flooding. In
San Antonio Bay, the 3 highest blue crab harvest years were all having inflows greater than 3 million acre-feet
annually. Thus, to maximize blue crabs for whooping cranes to eat, managers should maximize freshwater
inflows on the Guadalupe River. Providing for guaranteed minimum inflows to the bay is essential.
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7. The SAGES study needs to comment on how marsh salinity levels could impact growth of sea
grasses and algae in marsh ponds.
Blue crab survival in the marshes is dependent on habitat in which they can hide from predators. Vegetated
habitats are favored by blue crab over un-vegetated habitats (Rozas and Minello 1998). Many of the ponds at
Aransas seem to have little aquatic vegetation growing in them except for algae. I have observed increased
growth of seagrasses and algae during low salinity years in the ponds. Thus, reduced inflows could increase
marsh salinities, reduce growth of seagrasses, and thus limit blue crab populations.


8. The SAGES study needs to relate reduced inflows with the increased time periods that salinities
in unconnected marsh ponds in the crane winter range would exceed 30 ppt.


Long-term crab sampling data compiled in May, 2009 shows blue crab bag seine catch per unit effort in San
Antonio and Aransas bays per salinity zone showed no differences for salinities below 30 ppt, but showed
declining blue crab populations in salinities greater than 30 ppt (Mark Fisher, Texas Parks and Wildlife
Department, unpublished data). If one assumes this to also hold true in the salt marshes, I have observed
multiple drought years at Aransas when marsh salinities in unconnected ponds greatly exceed 30 ppt. Crabs
presumably are avoiding these hypersaline ponds, thus greatly lowering the carrying capacity of the salt
marshes to sustain blue crab populations. I recommend that the SAGES study look at how often reduced
inflows would increase marsh salinities in unconnected ponds above 30 ppt and how that would lower the blue
crab carrying capacity of the marsh.


9. The SAGES study misuses data on the smallest age classes of blue crabs.


Whooping cranes generally do not eat the smallest size classes of blue crabs (<30 mm). This needs to be
factored in to the energetic model. Whooping cranes do not eat blue crabs 11 mm or smaller. I would also
estimate that blue crabs 20 mm or smaller probably don't make up a significant part of the whooping crane diet
either. Whooping cranes are normally seen eating crabs something at least as large as a fiddler crab, or blue
crabs 30 mm in size or greater. Crab densities used in the SAGES model (crabs per square meter) should
exclude all blue crabs <30 mm since they are basically not used by whooping cranes. Although the smallest
sized blue crabs may presumably be a good indication of subsequent recruitment into the larger size classes,
many other bird species prey on very small crabs, and many of these small blue crabs will die at Aransas during
summer when much of the marsh at Aransas dries up.
With blue crabs > 30 mm the main food of the whooping crane, it is essential that the SAGES model be able to
successfully reflect many aspects of blue crab biology. Especially important would be how blue crab
availability for whooping cranes changes during the course of the winter due to many factors including
consumption of crabs by whooping cranes and other wildlife species, movements of blue crabs in and out of the
marshes, and differential availability of blue crabs during periods of colder temperatures as noted by Chavez
(1996). Yet on p. 108, the Sages report states: “Model selection procedures used to explore the density of blue
crabs > 30 mm in size often resulted in non-convergence or excessively large dispersion estimates”.
Danielle Greer also failed to sample crabs in some key “bayou” habitat at Aransas. These bayous consist of
very narrow channels that interconnect marsh ponds. On one blue crab survey in particular, I remember
walking the marsh for over an hour and the only place I finally found crabs was in a bayou too narrow to be
sampled using Danielle’s methods.
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10. The important role of sediments, nutrients and organic matter brought by inflows to the
Guadalupe Estuary is not accounted for in the SAGES study that seems focused on a salinitybased model only.
Blue crabs and bay and marsh productivity are impacted by sediments, nutrients, and organic matter that
are brought to the estuary by inflows (Longley 1994). For SAGES to be making public statements that
inflows can be reduced 90% without hurting the food base of the whooping crane based on their salinitybased model that does not properly account for the importance of sediments, nutrients, and organic matter
in maintenance of bay productivity is very misleading.
11. The SAGES study fails to show the temporal aspects of whooping crane food availability.


Page 70 of the SAGES report states:
“The food supply for cranes appears to be more than adequate to meet their energy needs during the
time period simulated. None of the study results indicated that habitat conditions at Blackjack
Peninsula are marginal for crane survival and well-being. Simulation results for the 11-year period of
1997-2007 found that the metabolic energy present in wolfberry fruit and blue crabs together and in
blue crabs alone, always exceeded the estimated daily energy requirements of four whooping cranes in
each of the three crane territories, except under extreme marsh environment circumstances.”
The SAGES study does not account for seasonal periods of stress for the whooping crane that occur nearly
every winter. Chavez-Ramirez (1996) found major stretches of the 1993 winter when cranes used up existing
energy reserves due to inadequate availability of quality foods. With blue crabs and wolfberries well
documented as the preferred foods of the species, both of these items are normally in short supply in January
and February. The cranes switch to foraging on clams and other benthic invertebrates. Clams and invertebrates
had been present earlier in the winter but were not selected by the cranes. Therefore, one assumes that they do
not “prefer” those foods. Nelson (1995) found these foods to be lower in caloric value and protein compared to
blue crabs. Thus, the SAGES calculations measuring total crane food supply are meaningless when key foods
are not available to the cranes for significant stretches of most winters.
On p. 147-148, the author Danielle Greer noted the change in food habits from wolfberry fruits and blue crabs
to razor clams in mid-winter “when overall food abundance was presumably low”. She noted during the second
half of her final field season that cranes were not able to find blue crabs and switched their food habits to clams
and insects. However, she failed to recognize how atypical this was compared to winters when whooping crane
foods are sufficient and failed to correlate the stressful conditions with the death of 6 whooping cranes during
her second season of field sampling.
12. The SAGES study concludes erroneously that a reduction in wolfberry production will not
harm whooping cranes, with SAGES reasoning that cranes will opportunistically forage on
other foods of sufficient nutrition that are present in adequate numbers in all but the most
extreme winters.
The SAGES study correlates increased summer salinities in the marsh with reduced levels of wolfberry
production in the fall. Wolfberries are fed on heavily by whooping cranes because of their high caloric value
and because they are easily obtained. A reduction in the wolfberry crop due to decreased inflows and higher
marsh salinities could negatively impact significantly the food base available for whooping cranes since
wolfberries are a key component of the whooping crane diet in the fall. In 2008 with the lowest wolfberry crop
I have observed in the past 21 years, the cranes had only limited numbers of wolfberries to consume. The
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cranes initially fed on blue crabs in the fall. As more and more crabs were consumed and crab numbers
declined, the species was in trouble. Continued food stress from the extreme low levels of wolfberry and blue
crab were correlated with the highest flock mortality (8.5%) documented in the last 21 years.
The SAGES model when looking at the density of wolfberry fruits needs to estimate and take into account other
wildlife species including sandhill cranes and raccoons that eat large quantities of wolfberries. In fact, the only
time sandhill cranes forage extensively in salt marsh is when wolfberries are available. Thus, other wildlife
species may significantly lower the quantity of wolfberries available to the whooping cranes.


13. The SAGES study fails to analyze the energetic costs of cranes being forced to leave the salt
marsh to drink.


Cranes are observed leaving the marsh to seek out freshwater to drink when salinities approach or exceed 20
ppt. When marsh and bay salinities exceed 23 parts per thousand (ppt), whooping cranes are forced to make
daily flights to freshwater to drink (Allen 1952, Hunt 1987). Flights are presumably made several times a day,
although the number of times a whooping crane must drink fresh water daily has not been quantified. I have
observed cranes on San Jose Island flying 3 miles to find the nearest fresh water. These flights use up energy,
reduce time available for foraging or resting, and could make the cranes more vulnerable to predation on the
uplands (Tom Stehn, USFWS, Austwell, Texas, personal communication). Thus, inflows are crucial in keeping
salinity levels below the threshold of 23 ppt in coastal marshes used by whooping cranes.
Inflows which mix with Gulf waters help keep salinity levels moderate. The SAGES study should assess how
reduced inflows would increase the energy demands for cranes forced to seek out freshwater sources. There
could presumably also be detrimental physiological aspects for whooping cranes spending the winter in highly
saline environments.



14. SAGES should analyze the spike found in blue crab recruitment in relation to inflow data.

A potentially very significant spike was found by SAGES in blue crab recruitment. Blue crab larval movements
into the marshes were low except during the spikes. The study should comment on what factors may have
caused this spike to occur.
15. Peer review of the SAGES study was inadequate.
The technical advisory committee convened by SAGES in 2003 and 2004 was never consulted again after those
early stages of the study. Thus, the SAGES study received no technical guidance during much of the study’s
duration and especially during the wrap-up. Not knowing who peer-reviewed the draft report, I doubt if anyone
knowledgeable about whooping cranes such as a member of the Whooping Crane Recovery Team was asked to
review the final report before it was released in April, 2009.
16. The report contains errors and inconsistencies, some of which are noted below.
p. 26 - Figures 2.1 and 3.1 are very different even though the text states they are identical. Figure 3.1 which is
wrong shows no link between inflows and whooping crane foods.
p. 43 – Sages assumed that “wind speed was a proxy for water turbidity”. In the multiple surveys done by Mike
Baldwin for the Pugesek et al. (2008) study, and the multiple walking surveys I have conducted, turbidity in the
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narrow bayous seemed mostly related to schools of fish that would stir up the bottom sediments and cloud the
water.
p. 44 – I do not understand why “the sample grid for Boat ramp did not include the large lake within that
territory.” The territorial Boat ramp cranes spend extensive periods every winter foraging in that large lake
known as Redfish Slough.
p. 54 – The date selected by SAGES for whooping crane arrival (October 16) is actually the average date for the
first whooping crane of the fall to arrive (T. Stehn, USFWS, unpublished data). The date of April 7 assumed by
SAGES to be the average departure date is actually about when 50% of the flock has started the migration.
Thus, there is inconsistency in what the two dates selected represent. If SAGES wants to choose a date when
50% of the cranes have arrived in the fall, I would choose approximately November 4th.
p. 108 – “Model selection procedures used to explore the density of blue crabs > 30 mm in size often resulted in
non-convergence or excessively large dispersion estimates”. With blue crabs > 30 mm the main food of the
whooping crane, it is essential that the SAGES model be able to successfully reflect many aspects of blue crab
biology. Especially important would be how blue crab availability for whooping cranes changes during the
course of the winter due to many factors including consumption of crabs by whooping cranes and other wildlife
species, movements of blue crabs in and out of the marshes, and differential availability of blue crabs during
periods of colder temperatures as noted by Chavez (1996).
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Appendix 1. Mortality in the Aransas-Wood Buffalo whooping crane population 1989-2008.

High crane mortality winters at Aransas are designated by red text.
Flock Size Apr-Nov
Year In April Mortality
2008 266
34A
2007 236
9
2006 214
22
2005 215
25

Apr-Nov
Winter
Peak Winter
% Loss Winter Mortality Flock Size
12.8 A 2008-09 23
270
3.8
2007-08
0
266
10.3
2006-07
0
237
11.6
2005-06
6
220

% Winter
12-Month
Mortality
Mortality
8.5% A
57
0%
9
0%
22
2.7%
31

2004
2003
2002
2001
2000

192
184
174
174
187

10
15
5
13
16

5.2
8.2
2.9
7.5
8.6

2004-05
2003-04
2002-03
2001-02
2000-01

2
1
1
2
6

217
193
185
176
180

0.9%
0.5%
0.5%
1.1%
3.3%

1999
1998
1997
1996
1995

183
181
160
157
133

11
16
8
13
3

6.0
8.8
5.0
8.3
2.3

1999-00
1998-99
1997-98
1996-97
1995-96

1
0
1
0
1

188
183
182
160
158

0.5%
0%
0.5%
0%
0.6%

1994 136
11
8.1
1994-95
0
133
1993
136
9
6.6
1993-94
7
143
1992
131
10
7.6
1992-93
0
136
1991 135
11
8.1
1991-92
1
132
1990
141
9
6.4
1990-91 11
146
1989 132
7
5.3
1989-90
5
146
20-Year Average 12.8
7.2 %
3.4 (1.3%) 182.6
A
worst loss in past 20 years.
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0%
4.9%
0%
0.8%
7.5%
3.4%
1.8%

12
16
6
15
22
12
16
9
13
4
11
16
10
12
20
12
16.3

12-Month
Mortality (%)
21.4% A
3.8%
10.3%
14.4%
6.3%
8.7%
3.4%
8.6%
11.8%
6.6%
8.8%
5.6%
8.3%
3.0%
8.1%
11.8%
7.6%
8.9%
14.2%
9.1%
9.0%

Appendix 2. Winter notes on habitat conditions during high whooping crane flock mortality taken from
unpublished file reports written annually by T. Stehn.
1962-63 winter - 4 birds lost, highest as of that date.
1988-89 winter – 6 losses out of 138 (4.3%), the highest ever recorded as of that date.
The winter was notable for the amount of crane use in upland areas and freshwater ponds. Freshwater sources, mostly
dugouts, provided sufficient drinking water for the cranes. Salinities in the salt marsh exceeded 23 ppt for much of the
winter. An abundant acorn crop attracted numerous cranes to feed on the uplands. On the refuge, upland use totaled
17.2% of all aerial locations. In November, interior marsh pond salinities ranged between 40 and 52 ppt. Readings in the
marshes on Matagorda Island were as high as 70 ppt. Salinity measurements in early December found readings in the
GIWW and adjacent bays between 32-35 ppt. These bay levels were extraordinarily high, a result of the continued
drought in South Texas and the resultant lack of freshwater inflows from river systems. San Antonio Bay at the refuge
picnic area was 26 ppt, the lowest level documented. After heavy rains in January, marsh salinities averaged 19 ppt and
the GIWW 23 ppt. The whoopers were observed no longer making flights to fresh water to drink. The lack of rain in
February and March raised salinities, measured March 28 at 25 ppt in the GIWW and bays and an average of 33 ppt in the
marshes. Cranes at freshwater were first observed on March 18. Such visits continued into April.
Some upland use was documented on 12 out of 22 aerial census flights conducted during the winter. Upland use was
observed on all flights between Nov. 21 and March 8. On the refuge, 17.2% of all aerial locations were on uplands.
With an excellent acorn crop, the cranes found an abundant food source. The census flight on March 8 noted the lowest
tides of the winter. Fifty-six of the 124 cranes were located in the bays, presumably eating clams.
1989-90 winter 5 lost out of 146 (3.4%), second highest losses to date.
The winter was notable for the amount of crane use in upland areas for foraging and freshwater ponds for drinking.
Marsh salinities were recorded as high as 46 ppt. An abundant acorn crop attracted numerous cranes to feed on the
uplands. Blue crabs were scarce. A news article in mid-September indicated that the 1989 commercial harvest of blue
crabs was down 80% compared with the previous year. Wolfberry plants on the refuge appeared stressed in summer,
1989, many without leaves. Cranes were seen at freshwater sources throughout the winter.
There was evidence of avian tuberculosis in subadult captured in 1989 winter, and similar disease in chick that died at
Aransas in 1982 winter. Increased levels of oversummering whooping cranes occurred (1 in 1988, same bird again in
1989, 1 in 1991with bird dying during the summer) that could indicate disease issues. Analysis of winter mortality
between 1980 and 1990 indicated higher mortality when the marshes are salty and when the cranes utilize uplands more to
feed on acorns.
1990-91 winter 11 lost out of 141 (7.8%).
In August,1990 a red tide outbreak occurred in the bay but there was no evidence of a connection with subsequent winter
mortality of whooping cranes. Losses were estimated at 3 adults, 3 subadults and 5 juveniles. Most losses (8 out of 11)
occurred during a bad weather stretch in late December through early January along an 8-mile stretch of the refuge. Three
of the losses involved chicks that had at Aransas separated from their parents. One carcass was found, but the cause of
death was not determined.
17


Lots of upland use and use of freshwater ponds was observed. However, little upland use occurred on Matagorda Island.
Lots of acorns were present on refuge uplands. Much upland use occurred through December, but cranes also were
observed catching crabs. No crab counts were done. High marsh salinities < 37 ppt were recorded. Marsh salinities were
lower during Feb-April with cranes drinking directly from marsh.
1993-94

7 lost out of 143 (4.9%).

Five juveniles and 2 white-plumaged birds were lost. One juvenile had separated from its parents and showed abnormal
behavior prior to predation by a bobcat.
Blue crab numbers were down notably compared with the previous winter, but small blue crabs re-populated the marsh
starting in late February that the cranes quickly took advantage of. Small crabs through March provided limited food for
the cranes. Commercial size blue crabs were so scarce in the spring that crab fishermen removed their traps from
Sundown and Dunham bays. Acorn use was low and little clamming was documented. Marsh salinities were somewhat
elevated. Wolfberry crop was abundant. Winter weather was generally mild.
This was the second winter of field work by Chavez-Ramirez and crabs were at very low levels and the cranes overall lost
energy reserves during much of the winter. Food resources were considered marginal. 37% of the adult pairs failed to
nest in the summer of 1994.
Salinities were higher than the previous winter and were measured between 14 and 26 ppt. Summer drought raised
salinities measured in the marsh at 23-26 ppt in early October, but bays were around 15 ppt. High October tides flooded
the marshes and lowered marsh salinities. Marsh salinities dropped below 19 ppt by early November and stayed below
the threshold of 23 ppt throughout the winter when cranes are forced to seek out fresh water to drink. Only occasional use
of cranes drinking freshwater at dugouts was documented in December. Salinities that averaged 19-21 ppt in mid-January
and 18-19 ppt in February dropped to 14 ppt in March. The winter report written by T. Stehn indicated the lack of blue
crabs seemed to be the most significant factor related to crane winter mortality.
2000-01

6 lost out of 180 (3.3%).

Four adults and 2 juveniles died during the winter. Also possibly one subadult died. Only 1 old carcass was found.
Red tide was documented close to crane areas at the end of October.
Food sources were considered poor during the winter. It was a bad blue crab winter for the whooping cranes. Drought
the previous spring and summer with lowered inflows had perhaps lowered blue crab production. Blue crabs were never
abundant and were believed to make up only a small part of the whooping crane diet. Mike Baldwin walking 3 transects
each 1000 meters long found a maximum of 23 crabs over a 3-day period until mid-April when he counted between 30
and 40 crabs per day. Blue crab numbers recorded by Baldwin were the worst since 1997-98, measured at only 0.24 crabs
per 100 meters. They were at low levels all winter, but really scarce in mid-winter. Almost no crabs were available in
December and January, resulting in more cranes foraging on upland areas. Crabs showed a slight increase in numbers at
the end of February and March as tides rose slightly, but crab counts at the end of March indicated only low numbers
present. The cranes spent considerable time off of their traditional territories and moved extensively in search of food,
foraging in uplands or open bays. The amount of upland use was notable. Cranes were observed in unusual locations
including uplands and game feeders, including a San Jose family that came over to Lamar, presumably influenced by
feeders. These alternate foods were not as nutritious as blue crab (Nelson 1995).
A most unusual occurrence of 18 whoopers spent considerable time at Willow Creek and an adjacent game feeder. This
unusual location was considered related to the lack of blue crab food resources. Wolfberries were available in November
and December. Although not quantified, wolfberries were less abundant than in some winters, but still made up a notable
part of the whooping crane diet. Use of open bays was observed January through March. Few acorns were available due
to a poor mast crop. Refuge burns received heavy use initially, but use tapered off.
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For the first half of the winter, salinities were high so that crane use of fresh water sources occurred on a daily basis.
March salinities in October were measured at 30-35 ppt. Refuge rainfall totals in November, January and February
equaled 12.29 inches and lowered marsh salinities enough so that few cranes were observed at freshwater sources JanApril, 2001. March salinities during mid-February crab counts averaged 22.6 ppt but ranged between 15 and 46 ppt.
Data shows that when blue crab populations are low, the cranes do not do well. Blue crabs are believed to be the key
whooping crane food as shown by Chavez-Ramirez (1996). The highest mortality has occurred in the two winters when
the least number of crabs were present (7 died in 1993-94 and 6 in 2000-01).In all other winters 1992-93 to 2000-01, with
more blue crabs available, whooping crane mortality was either zero or one. There is a correlation between low blue crab
numbers and high whooping crane mortality. This makes sense since blue crabs can make up 90% of the crane diet when
available (Chavez-Ramirez 1996).
2005-06

6 lost out of 220 (2.7%).

One adult and 5 juveniles were lost, but no carcasses were recovered. Mortality was higher than average and was
correlated with the shortfall of blue crabs.
Wolfberries were available in November and December with a crop rated as excellent. Quality food resources were
considered good throughout the fall, but declined into winter and were scarce Jan.-April, 2006. Overall, the winter was
rated as fairly poor for blue crab abundance. No spring influx of blue crabs occurred. Drought started in December, 2005
and continued into spring, 2006. Use of clams and invertebrates such as mud shrimp or blood worms in open bay habitat
was observed frequently as tides remained low for extended portions of the winter. Some upland use was made of
prescribed burns, but acorns were scarce.
Salinities started the winter at 16 ppt as measured on Oct. 20th. That was the lowest reading of the winter. Bay salinities
in November and for the rest of the winter were above 20 ppt. Bay and marsh salinities the latter half of the winter
remained above 23 ppt forcing the cranes to seek out fresh water.
2008-09 23 lost out of 270 (8.5%).
63 juveniles and 7 adults/subadults died. Three carcasses found; bad knee on an emaciated subadult found still alive at the
Boat Ramp; Infectious Bursal Disease isolated from an emaciated juvenile (thought to have been flightless due to its
weakened condition) predated by Dunham Bay; scatted piles of white-plumaged feathers found at Upper Pump Canal.
The wolfberry crop was very limited. Blue crabs were present initially, but soon became scarce. The cranes occasionally
found blue crabs all winter, but at greatly increased search effort. Low tides drained marshes for part of winter.
Considerable open bay use was observed. There was remarkably high use of game feeders, including 21 whoopers on
Lamar using feeders and 2 adjacent to Highway 35 north of Holiday Beach. Salinities were high throughout the winter
with the cranes making daily use of fresh water to drink.






19


Appendix3.TomStehn’snotesfromtalk10Ͳ28Ͳ04withDennisPridgen,TPWDfisheriesbiologist,Rockport.

Subject:Timingofinflowstohelpbluecrabs.
Bluecrabsshowalotofvariabilityandadapttoawiderangeofconditions.Bluecrabseggshatch,gorapidlythrough7
zoealstagesandentermegalopalstages.Theseearlystagesareallcarriedbycurrents.Themegalopaethenchange
intowhatarecommonlyknownasbluecrabstages.Thefollowingaregeneralrulesforbluecrablifecycles.
1. Aftertheeggshatch,zoeaeandmegalopalstagesofbluecrabsneedhighsalinitiesabove21pptforhigh
recruitment.Optimalsalinitiesforegghatchingis23Ͳ30ppt;optimalsalinityforzoealmatemorphisisis21Ͳ28.
Survivalwillbelowerifsalinitiesdropbelowoptimal,saylessthan15ppt.Thus,mostfemalecrabsmoveinto
theGulfofMexicotospawnwheresalinitiesareconducivetosurvivalandgrowthofearlylifestagesofcrabs.In
droughtyears,spawningcouldoccurinhighlysalinemarshesorbays,withconditionsokayforsurvivalofearly
lifestages,butgrowthofthefirstbluecrablifestagewouldbelowduetothehighsalinities.

2. Aftersuccessfuldevelopmentofmegalopae,survivalofearlycrabstagesiscomplicated,basedonsynergistic
effectsofsalinity,temperature,pollutants,predation,disease,habitatandfoodavailability.Thefirstbluecrab
(2½mm)stageandsubsequentstagesshowsthebestabundanceandgrowthwhensalinitiesareintermediate
(10Ͳ20ppt).

3. Duringwarmtemperatures,ittakesabout4monthsforcrabstogrowtoreach5cmsize,anapprox.minimum
sizethatcranescaneasilyconsume.Growthratesofbluecrabsaregreatlyreducedduringperiodsofcolder
temperaturesduringwinter.CrabeggsthathatchduringAugust–Octoberwillnothavetimetoallowfor
enoughdevelopmentandgrowthtobeavailableforcranesuntilthefollowingspring(Feb.–April)beforethe
cranesleaveforCanadabymidͲApril.

4. BluecrabsavailableforwhoopingcranesinthefallareonesthatweregenerallyhatchedbetweenAprilandJuly,
plusoldercrabssurvivingfromthepreviousyear.Totalcrabnumberswithindividualsranginginsizefromthe
firstcrabstage(21/2mm)tolargeadults(7inches)aregenerallyhighestinthefall.Thecrabspresentinthefall
providethefoodbaseforthewhoopingcranesduringtheirentirewinterstay,(midͲOctoberthroughmidͲApril),
althoughcrabsthathatchinlatesummerwouldbeavailableinthespring.Crabnumbersinthesaltmarshvary
throughoutthewinter,dependingontidelevels,temperatures,andpredationbywhoopingcranesandother
critters.Crabsgenerallymoveoutintothebaysseekingdeeperwaterduringthecoldertemperatureandlow
tideperiodsfromDecemberintoFebruary.TheywillthenreͲpopulatethemarshes,startinginFebruaryor
Marchastidesriseandtemperaturesincrease.ThecrabseatenbywhoopingcranesinMarchandApril
generallyaresurvivorsfromthespawnduringthepreviousAprilͲJulyperiodwhensurvivalwashighdueto
moderatesalinitiesandhighinflows.Notethatsomeofthecrabsgrowinguptobreedingsizeduringthe
summerwerecarryoversfromspawningthepreviousfall.

5. InflowsbetweenApriltoJulywillinfluencecrabsurvivalpositively.Ifinflowsarehighduringthisperiod,the
bluecrabpopulationwilldowell.Thus,ApriltoJulyinflowsareveryimportanttothewhoopingcranefood
base.

6. Fallrains,includingtropicalsystemsinAugustthroughOctober,willgenerallynotaddtothewhoopingcrane
foodsupplyinthecomingwinter.However,suchfallinflowsareimportantbecausetheylowersalinitiesand
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createanintermediatesalinityregimeinthefallandthefollowingspring,whichgreatlyhelpssurvivalofearly
crabstages(asin#2above).Ifspringsalinitiesaretoohigh,thangrowthofthefirstbluecrabstageswouldbe
low,thusreducingenergyavailabletothecranes.

7. Crabsbreedbetween6Ͳ8monthsoftheyear,withspawningdeterminedbywatertemperature.InTexasthere
maybeapeakinMarchandApril.Ascrabsgrowlargerandreachbreedingsize,somecrabswillbespawningall
thewayfromspringtofall.Femalesthatbreedinthefall(lateOctober)canholdtheireggsuntilthenextspring.
Increasedspawningactivityisnotconnectedwithinflowpulses.Apeakofspawningoccursastemperatures
warmupinthespring.Thelengthofthespawningseasonisdeterminedbywatertemperaturesremaining
beingwarmenough,withlimitedspawningoccurringinwinterinmildwinters.

8. Otherbayspeciessuchaswhiteshrimphavedifferentlifecycles.Thus,thisdiscussionaboutinflowsandcrab
populations,althoughingeneralholdstrueforotherspecies,variessomewhatdependingonthespecies.For
example,Augustrainswouldtendtostillhelpwhiteshrimp.


Appendix 4. The relationship between inflows, crabs, salinities, and whooping cranes.
by:TomStehn,WhoopingCraneCoordinator,U.S.FishandWildlifeService,March,2008
TheproductivityandqualityofcoastalwatersinwinterwhoopingcranecriticalhabitatatAransasisdirectlydependent
onfreshwaterinflowsthatstarthundredsofkilometersinlandfromtheSanAntonio/GuadalupeRiverandflowinto
coastalwaters(TPWD1998).FlowsfromspringscomingfromtheEdwardsAquiferarealsocrucial,especiallyintimesof
droughtwhentheycanmakeup70%ofGuadalupeRiverwater.Thus,theongoingreductionoffreshwaterinflowsdue
tohumanpopulationgrowthisahugethreattothewhoopingcranethatcouldleadtoitsextinction.Thesurvivalofone
endangeredspecies,thewhoopingcrane,andonecandidatespecies,theCagle’smapturtle,aredirectlytiedto
maintenanceofsufficientinflows(Mendoza,2001a).
WhoopingCraneFoodNeeds
Sufficientinflowsarerequiredtoproducethenecessaryfoodforwhoopingcranestosurvive.Inflowsthatcarry
nutrientsandsedimentsandmaintainpropersalinitygradientsintheestuaryareneededtoproducebluecrabsthatare
theprimaryfoodforwhoopingcranes.ChavezͲRamirez(1996)foundthatwhenavailable,bluecrabscanmakeup80Ͳ
90%ofthedietofwhoopingcranes.Anindividualcranecanconsumeupto80crabsperday.StudiesbyNelson(1995)
ofwhoopingcranefooditems(crabs,clams,wolfberry,acorns)showedthatbluecrabswerethehighestinproteinand
nutritionforthewhoopers.Whencrabsarenotavailable,whoopingcraneswillswitchtootherfoods,butbecauseof
thepoornutritivevalueofthesealternatefoods,thewhoopersmayactuallyburnupfatreservesandhaveanetlossof
energyforperiodsofthewinter(ChavezͲRamirez1996).
DatacollectedatAransasNationalWildliferefugeindicatesarelationshipbetweenfreshwaterinflowsontheGuadalupe
River,bluecrabpopulations,andwhoopingcranesurvival.Wheninflowsarehigh,bluecrabpopulationsincreasedueto
enhancedreproductionandsurvival,andwhoopingcranemortalityislow.Withreducedinflows,crabsdopoorlyand
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whoopingcranemortalityrisesdramatically.Thismakessensesincebluecrabsmakeup80Ͳ90%ofthewhoopingcrane
diet.ForaneightͲyearperiodstartingin1993,intensivesurveysweredonetoroughlyestimatethenumberofblue
crabsavailabletowhoopingcranes.Thewintersof1993Ͳ94and2000Ͳ01werepoorcrabyears;theremainingsix
wintersallhadadequatenumbersofbluecrabspresent.Duringthetwowinterswithpoorcrabnumbers,sevenandsix
whoopingcranesdiedrespectively.Inallsixotherwinters,eitherzerooronewhooperdied.Thereisastronginverse
correlationbetweenbluecrababundanceandadultwhoopingcranemortality(Pugeseketal.2008).Inaddition,
followingthepoorbluecrabwinterof1993Ͳ94,37%oftheknownadultpairs(17outof46)failedtonestfollowingtheir
returntoCanada.Thiswasunusualsincenormallyjustaboutallpairsattempttonestannually.Inaddition,production
wasreducedfromthepairsthatdidnest(B.Johns,CWS,personalcommunication).Thiswasallbelievedtohave
resultedfromtheirreducedfatreservesthathadnotbuiltupsufficientlyduringthepreviouswinter.Therefore,the
verysurvivalofthespeciesisdependentonwatermanagementstrategiesthatprovidesufficientinflowsforthebaysto
remainproductive(Mendoza2001b).
WhoopingCraneNeedsforFreshWater
InflowswhichmixwithGulfwatershelpkeepsalinitylevelsmoderate.Whenmarshandbaysalinitiesexceed23parts
perthousand(ppt),whoopingcranesareforcedtomakedailyflightstofreshwatertodrink(Allen1952,Hunt1987).
Theseflightsuseupenergy,reducetimeavailableforforagingorresting,andcouldmakethecranesmorevulnerableto
predationontheuplands(TomStehn,USFWS,Austwell,Texas,pers.comm.).Thus,inflowsarecrucialinkeeping
salinitylevelsbelowthethresholdof23pptincoastalmarshesusedbywhoopingcranes.
StatusofGuadalupeRiverflows:
HumanconsumptionofriverwaterinTexasisagrowingresourceissueastheState’spopulationcontinuestoexpand.
ThisisaveryworrisometrendsinceTexaswaterlawreserveswaterforpeoplebuthasfewerprovisionsforwildlife.
Leavingsufficientwaterintheriverstoprovidebayinflowsisnotexplicitlydesignatedasabeneficialuseofwaterin
Texaswaterlaw.Nationalmediaattentionwasreceivedinspring2001whentheRioGrandeRiverdriedupandflows
nolongerreachedtheGulf.ThisisnottheonlyriverinTexasintrouble.Somanypeopleareusingwaterfromthe
aquiferandtheriversincentralTexas,thatthedownstreamfolksandcreaturesarealreadyseeingwhatmostTexansdo
notwanttoacknowledge;thattheriversarealreadyoverͲappropriated,andabsolutelynooneismindingthestore,
whenitcomestomakingsureanyfreshwaterevermakesittothebaysandestuaries(DianeWassenich,SanMarcos
RiverAuthority,SanMarcos,Texas,pers.comm.).
InflowsontheGuadalupeRiverarealreadyinsufficientandreducedoverhistoriclevelsleadingtoincreasesinmean
salinityanddecreasesinbluecrabs.Aswaterdevelopmentpressuresmount,freshwaterinflowstotheTexasbay
systemsarebeingreduced,andbluecrabpopulationsarebeingadverselyaffected.Thiscouldhaveanalarmingimpact
onwhoopingcranes.Thedeathof6whoopingcranesduringthe2000Ͳ01winteremphasizeshowseriousanissuethis
is.
TheTexasWaterDevelopmentBoard(TWDB)dataindicatenaturaldroughtsalreadythreatentheecosystemofthe
GuadalupeEstuaryandpredictthatinlessthan50yearswithdrawalsofsurfaceandgroundwatersformunicipaland
industrialgrowthwillleaveinsufficientinflowstosustaintheecosystem(CWSANDUSFWS2007).Longbefore
ecosystemcollapseduetolackofinflows,significantadverseimpactstobluecrabpopulationswouldoccur
(Kretzschmar1990).By2040,duetoanticipateddiversions,apredicteddecreaseof555,000acreͲfeetofgagedinflows
(Kretzschamer1990)inanaverageyearintothecrane’swinterrangeisprojectedtocausean8%declineinbluecrab
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populations(TexasDepartmentofWaterResources1980),butcouldhaveamuchlargerimpactindroughtyears
(NormanJohns,NationalWildlifeFederation,Austin,Texas,pers.comm.).Modelingindicatesthatifallexistingwater
rightswereexercisedduringarepeatofthe1950Ͳ1956drought,estuaryinflowswouldbereducedby17%to43%below
currentlevelsandby36%to72%belowhistoriclevels,dependingontheyear(NormanJohns,NationalWildlife
Federation,Austin,TX,pers.comm.,inFitzhughandRichter,2004).Additionally,therearependingwaterright
applicationsformuchoftheremainingunappropriatedwaterintheGuadalupe.
Upstreamreservoirconstructionandwaterdiversionsforagricultureandhumanusereducefreshwaterinflows.Many
existingwaterrightsarecurrentlyonlypartiallyutilized,butgreaterutilizationisexpectedovertime.Waterrights
continuetobegrantedontheGuadalupe,andsomesectionsoftheriverarealreadyoverͲappropriated.Withdrawalsof
surfaceandgroundwaterformunicipalandindustrialgrowtharepredictedtoleaveinsufficientinflowstosustainthe
ecosysteminlessthan50years.Projectionsindicatetheriverwillbesignificantlythreatenedduringperiodsoflowflow
andcouldceasetoflowintothebayifallcurrentlyauthorizedwaterͲusepermitsareutilized(NationalWildlife
Federation2004).
TheSanAntonioandGuadalupeRiversthatemptyintowhoopingcranecriticalhabitatarecalculatedtoneed1.24
millionacreͲfeetperyeartomaintainecosystemsubsistence(TPWD1998).Yetbetween1941Ͳ1976,inflowswereless
thanthatamountin14outof36years,makingitsstatusalreadyprecarious(TDWR1980).In2002,AmericanRivers
namedtheGuadalupeontheirannuallistofthe10mostendangeredriversintheU.S.becauseoftheinflowissue.Ina
reportentitledBaysinPeril,a“Danger”rankingwasgiventoSanAntonioBaybecausedroughtperiodswerepredicted
toincreaseby250%,andyearswithlowfreshwaterpulsesinthespringwerecalculatedtoincrease26%from
naturalizedlevels(NationalWildlifeFederation2004).
TexasWaterDevelopmentBoarddataindicatenaturaldroughtsalreadythreatentheGuadalupeecosystem.Without
sufficientinflows,wildliferesources,includingfish,crabs,andshrimp,alldecline.The1.15millionacreͲfeetfigureis
oftenquotedasanamountneededtomaximizeharvestof9marinespeciesofcommercialinterestinthebaysand
estuaries.Inthecaseofbluecrabs,morethan1.15millionacreͲfeetisneededtoproducehighbluecrabpopulations.
TPWDdataclearlyshowthatincreasedwaterinflowsresultinhigherbluecrabnumbers(Mendoza2001b).Crab
survivalofalllifestagesincreaseswhensalinitiesaregenerallybelow20ppt,andtheveryyoungstagesinthebluecrab
lifecycleshowmuchbettersurvivalwhensalinitiesaremoderate.Bluecrabswerefoundtobemoreabundantinthe
GuadalupeEstuaryinsalinitiesaveragingbetween10Ͳ25ppt.Asimpleinverserelationshipexistsbetweenbluecrabs
catchratesandmeansalinitywithinanestuary(Longely1994).Peakcrabcountsinthebaysoccurfollowingperiodsof
flooding.InSanAntonioBay,the3highestbluecrabharvestyearswereallhavinginflowsgreaterthan3millionacreͲ
feetannually.Thus,tomaximizebluecrabsforwhoopingcranestoeat,managersshouldmaximizefreshwaterinflows
ontheGuadalupeRiver.Providingforguaranteedminimuminflowstothebayisessential.
ManagementActionsandNeeds:
TheSanMarcosRiverFoundation(SMRF)in2000appliedfora1.15millionacreͲfeetwaterrightthatwouldremainin
theriverstoprovideinflowstothebay.Theapplicationwasdeniedin2003butanappealwasgranted,sendingthe
applicationbacktotheTexasCouncilonEnvironmentalQualityforareͲhearing.Thismatterremainsinvolvedin
litigationwiththeoutcomepending.The1.15millionacreͲfeetistherecommendedtargetinflowlevelneededto
maintaintheuniquebiologicalcommunitiesoftheGuadalupeEstuary(TPWD1998)andkeepthebaysproductive
(TPWD1998,Mendoza2001b).Unfortunately,mechanismstoguaranteetheseflowsarenotprovidedbyTexaswater
law,andcriticshavechallengedthesizeofthetargetinflows.Waterdevelopersaresayingthathumanneedsforwater
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aretoogreat,thatthereisn'tenoughwateravailabletoprovidethewateridentifiedbytheTexasParksandWildlife
Departmentstudyneededtosustainthebaysandestuaries,andthisamountofwaterishigherthanthatactually
neededtokeepthebaysproductive.Thisissuehasreceivedmuchattention,andsupportisneededifconservation
flowsareevergoingtobegranted.TheU.S.FishandWildlifeService(USFWS)wrotealetterofsupportfortheSan
MarcosRiverFoundation'sapplicationfor1.15millionacreͲfeetofwaterthatwouldremainintheriverforwildlife.
USFWSbelievesthatprovidingawaterrighttothebays,asproposedbytheSanMarcosRiverFoundation,wouldbea
crucialfirststepinguaranteeingthatthebayswouldcontinuetofunctionecologicallyforalluserstoenjoy(Mendoza
2001b).ItwouldbeprecedentsettinginTexasforawaterrighttobedesignatedasaninflow.
WiththepopulationofTexaspredictedtodoubleinthenext50years,theTexaslegislaturehasinitiatedastateͲwide
waterplanningeffort.However,thereisnodirectmechanisminTexaswaterlawtosecurefreshwaterinflowstothe
baysandestuaries.Basically,thebaysgetwhateverisleftover,andportionsofTexasrivers,includingtheGuadalupe,
arealreadyoverͲappropriated.In May 2007, the Texas Legislature adopted a sweeping plan intended to help ensure the
state's future water supply. The legislation would require basins to develop recommendations to meet instream needs for
specified bays and estuaries. The Texas Commission on Environmental Quality (TCEQ) will be required to adopt these
recommendations as environmental flow standards and give consideration to water permit applicants based on
conservation considerations like water levels, the environment and public need. The measure would establish the
Environmental Flows Advisory Group, made up of appointed members, to oversee the process. This action was hailed by
some Texas environmental groups. However, the amount of needed freshwater inflows will be determined through a
stakeholder process and there is no guarantee how this will all turn out, or how identified instream needs will be met.
USFWSisveryconcernedabouttheimpactsthatplanneddiversionsfromtheGuadalupeRiverwouldhaveon
environmentalwaterneedsforadequateinflowtoSanAntonioBay.Aproposalincludedinthestatewaterplan
proposesadiversionatthemouthoftheGuadalupeRiver,pumpingatleast94,500acreͲfeetannuallybacktoSan
Antonioformunicipaluse.Additionally,astheSanAntonioregiongrows,withpopulationexpectedtodoubleinthe
next50years(SAWS2003),pumpingfromtheEdwardsAquiferintimesofdroughtthreatensspringflows.Toprevent
impactsandavoidtakeofthewhoopingcraneundertheEndangeredSpeciesAct(ESA),USFWShasurgedplannersto
quantifythefreshwaterinflowneedstomaintainbayproductivityandthecriticalhabitatofthewhoopingcraneandto
accountforthoseneedsinfutureversionsoftheStateWaterPlan(Mendoza2001a).Formalconsultationsonflow
reductionsmustensurethatdownstreamwaterneedsaremet(Stehn1998).TheUSFWSmusttakeastrongstandon
theinflow/whoopingcraneissue.OnthePlatteRiverinNebraska,asectionofdesignatedcriticalhabitatusedby
whoopingcranesinmigration,USFWShasdeterminedthatanynewwaterwithdrawalsgreaterthan25acreͲfeet
constitutesajeopardycalltothespeciesundertheESA.Thus,aprecedenthasbeensetforUSFWSaction.All
conservationgroupsneedtodoallintheirpowertoensurethatadequateinflowsfromtheGuadalupeRiverreachthe
bays.
Inflowleveltargetshavenotbeenidentifiedtoadequatelysupportwhoopingcranes.Anywithdrawalofwaterfromthe
SanAntonio/GaudalupeRiversystemisharmfultowhoopingcranes(T.Stehn,USFWS,Austwell,Texas,pers.comm.)
exceptperhapsintimesofflood.Inflowmodelingisneededspecificallyforimpactstobluecrabpopulations.Untilthis
isdone,waterplannerscannotjudgehowmuchharmriverwithdrawalswilldotobluecrabsandthuswhoopingcranes.
Measurestoprotectinstreamflow,fishandwildlifehabitat,andfreshwaterinflowstobaysandestuariesshouldbepart
ofeachregionalwatermanagementplan(Sansom2000).ItisessentialthattheRegionLwaterplanprovidea
mechanismforprovidingadequateinflowstoSanAntoniobayforthehealthandsurvivalofthewhoopingcrane
population.
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Anyenvironmentalanalysisforgroundwateruseshouldincludeadetailedassessmentofpotentialimpactstofishand
wildlifefoundinsprings,streams,rivers,andeveninflowstobaysandestuaries.Anexampleofanareaofconcernis
theEdwardsAquiferandtheimpactsreducedflowswouldhaveonthewhoopingcranefoundintheSanAntonioand
Aransasbays(Mendoza2001a).Especiallyintimesofdrought,groundwaterͲfedspringscanprovide70%oftheinflow
fromtheGuadalupeRiver.ComalandSanMarcosSpringscombinedcanmakeupover30%ofthebaseflowofthe
GuadalupeRiverandnearly70%duringperiodsofdrought(Sansom2000).
Managementactionsneededareto
a)modelinflowsandbluecrabpopulationsfortheGuadalupeEstuaryandrelatetoecologicalneedsof
whoopingcranes.
b)devisestrategiestoconservebluecrabspopulationsbymaintainingrequiredinflows.
c)maintaininflowstokeepmarshsalinitiesbelow23ppt.(Stehnpers.comm.)
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Via E-Mail: sraabe@sara-tx.org
Steven J. Raabe, P.E.
Administrative Agent for Region L
c/o San Antonio River Authority
P.O. Box 839980
San Antonio, Texas 78283-9980

Re:

Draft SAGES Report San Antonio Guadalupe Estuarine System Linking
Freshwater Inflows and Marsh Community Dynamics in San Antonio Bay to
Whooping Cranes

Dear Mr. Raabe:
In the following paragraphs, we have presented our comments on the Draft SAGES
Whooping Crane Study. As will be noted, we have serious concerns with the method and
conclusion of the SAGES Study. We have also included as Attachment 1 some comments and
concerns regarding the SAGES report prepared by Dr. Ronald Sass, Harry C. and Olga Keith
Wiess, Professor of Natural Sciences, Emeritus, Rice University.
In our opinion, the major problem with the SAGES study is the statistical relationships
between salinity and blue crab abundance. The conclusion reached in the SAGES study is
contradicted by most of the literature on Blue Crabs and by an analysis of long term data
collected in San Antonio Bay. The faulty conclusions likely arise from an inadequate
understanding of life history requirements of the crabs and poor study design. The direct result of
these flawed relationships is that the greater the freshwater inflow, the worse off the Blue Crabs
and thus the less food for Whooping Cranes and the opposite that increased freshwater inflow is
detrimental to Whooping Cranes. This finding is strongly contradicted by a review of recent and
longer term responses of the Whooping Crane population to low flows.
Longley (1994) cites over a dozen studies (p. 187-188) and concluded that higher catch
rates are observed from lower salinity areas. (p. 137) Specifically for San Antonio Bay he found
that “juvenile blue crabs are generally most abundant in vegetated habitats in the lower and
middle bay where salinities range from 6 to 25 ppt” Trawl samples show significantly higher
catches both in areas with mean salinities of less than 20 ppt and in areas influenced by the
Guadalupe River flow.” (p. 151 -152) While the Longley report recognized that Blue Crabs
utilize different salinity zones throughout their different life stages (an issue for which the
SAGES study is silent) they also found that “adult males are found in low salinity waters, where
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salinities are less than 10 ppt, while females move to these lower salinity areas to mate and return
to higher salinity areas afterward.” (p 174)
The most recent freshwater inflow study conducted in San Antonio Bay (Pulich et al
1998) analyzed TPWD fisheries independent monitoring data and found the preferred salinity
zone for Blue Crab to be between 5-20 ppt. This range is consistent with the more recent
Matagorda Bay Health Evaluation (BioWest 2008) which reported similar ranges as optimal for
Blue Crab. This finding is further supported in the Gulf State Regional Management Plan for the
Blue Crab Fishery (Guillory et al 2003) which reported summaries for other studies that report
similar preferences for lower and mid range salinities (p. 3-5)
The SAGES study cites a single laboratory study evaluating the effect of salinity on
juvenile blue crab growth (Cadmen and Weinstein 1988). According to the authors of the
SAGES report, one of the findings in Cadmen and Weinstein is that for “salinities below 27 ppt,
blue crabs incur increasing high metabolic demands and osmoregulatory stress with decreasing
salinity.” Notably the abstract for that paper states that optimal growth occurs at 23 ppt though
this finding is not presented in the SAGES report. This study also finds that crabs do most
poorly at low salinity and high temperature though the authors of SAGES do not cite any other
quantitative findings from Cadmen and Weinstein to specify at what low salinity levels these
deleterious effects are manifested nor whether similar harmful effects occur at higher salinities..
While most studies on Blue Crabs and salinity acknowledge that very low salinities (< 1.0PPT in
Holland et al 1971 cited in Longley, 1994) are detrimental to Blue Crab none that we’ve
reviewed suggest that Blue Crabs only benefit from saltier conditions as is presented in the
SAGES report.
So where did the SAGES report go wrong? It would be difficult to say without carefully
reviewing their data, however here are a few ideas. First they do not acknowledge and therefore
do not refute the long list of studies which result in relationships that contradict the one present
in the SAGES report. While they include Guillory 2003 in their references, they don’t mention
any of the studies that he cites that suggest lower optimal salinity ranges. This leads us to
suggest that they did not do a very thorough review of the literature. To completely ignore such
an obviously controversial issue is perplexing.
It appears to us that life stage is an important factor in understanding the effect of
salinity. One theme that seems common is the younger and smaller crabs may have a greater
affinity to higher salinities. This is obviously true of the larval stages since they spawn off shore
as high salinities are required for early life stages. The SAGES report acknowledges that the
samples used to develop the regressions were smaller sub-adults as opposed to the sizes that
Whooping Cranes eat, but they suggest that these sub-adults provide a good estimate of
recruitment into the size classes consumed by cranes. An alternative hypothesis might be that
these higher salinities might lead to lower recruitment into the larger class than would be
achieved by salinities reflective of more accepted description of adult blue crab salinity
preferences.
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The main problem with this study has to do with design. Although samples were taken
monthly, only about two and one half years worth of data where collected. In the second year,
inflows were very low and salinities much higher than normal. The highest densities were
observed in the fall of 2006 during the period of highest salinities, which leads to the conclusion
that higher salinities lead to more blue crabs. This two years worth of data really represents only
two data points corresponding to two seasons during which crabs migrated into the bay. This is
insufficient to develop the regressions presented in this study and overturn without even
acknowledging the overwhelming contradictory finding of most other studiues. Data for the
periods when most crabs are off shore spawning and drifting in as juveniles are not particularly
relevant to this analysis.
Other issues
The inflow salinity regressions would probably be improved by the inclusion of an
antecedent flow term. After conducting the first inflow study on San Antonio Bay (Pulich 1998)
the state agencies recognized this and included a term to account for inflows in the days 30-60
prior to the current day for the inflow studies on all of the other major bays in Texas. An
antecedent salinity term would be even better. The “noise” about the regression equation covers
about 10 ppt and thus simulated salinities do not do as good a job of predicting salinity as they
could. Use of the existing salinity model for San Antonio Bay perhaps recalibrated and validated
using some of the data collected in the present study would be even better.
The salinity regressions fall apart at flows less than about 600 cfs. At low flows they
predict salinities that were deemed by the project team as unreasonably high and thus salinities
are always cut off at 30 ppt if they predict higher than that. Sustained flows less than 600 cfs are
rare in San Antonio Bay however the regressions are not useful predictors for droughts or
potential future low flow scenarios predicted to result from increased diversions.
The study acknowledges that they were unable to develop a complete understanding or
connectivity between the bay and the marsh and instead simply note that there is a correlation
between salinities in the two areas. This is unfortunate and it would seem that a more carefully
designed study could have made more progress on this critical issue.
It is unclear why the analysis focused on smaller sub-adult crabs in the marsh. It is
possible that the larger adults had selected more desirable (lower) salinity conditions for mating
especially in 2006 and thus insufficient numbers were collected to develop relationships for this
age class.
Although not a prominent discussion in the written report, much was made of the ability
of Whooping Cranes to switch from Blue Crabs to Clams or other sources when crabs are scarce.
While this may happen it is not clear that these alternatives will provide satisfactory nutrition.
As a final note we mention that we have not had time to give the energy budget analysis
the attention it needs but at the very least it is woefully simplistic and begs for a careful
evaluation.
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To:Whomitmayconcern
From:RonaldSass,HarryC.andOlgaKeithWiessProfessorofNaturalSciences,
Emeritus,RiceUniversity
Date:7June2009.
Re:SomecommentsandconcernsregardingtheSAGESFinalReport“Linking
FreshwaterInflowsandMarshCommunityDynamicsonSanAntonioBaytoWhooping
Cranes”
TheSAGESorSanAntonioGuadalupeEstuarineSystemprojectwasconductedfrom
2002to2009,althoughactualfielddatadidnotbeginformoststudiesuntil2004and
wasendedin2006.Thestudiesthusspannedtwowintersofwhoopingcraneresidence.
Thestudywascomposedof12corestudies,2complementarySAGESstudiesand3nonͲ
SAGESstudies.Bothempiricalfieldstudiesandmodelcalculationswereperformed.
Someresultsfromtheempiricalstudies:

1. Acleareffectofriverinflowsonthegreaterbayecosystem.Freshwaterinflows
tothebaytendedtoflowinasouthwestdirectionalongBlackjackPeninsulaand
alongtheestuarinemarshesatANWR.
2. Freshwaterinflowwasinverselycorrelatedwithbaysalinity.
3. PatternsofsalinityinSanAntonioBaystronglycorrelatedwithsalinitiesinthe
tidalcreeksofBlackjackPeninsulaandthereforebaysalinitycanbeusedasan
indicatorofmarshsalinity.
4. Salinityleadinguptothelatesummerleafingperiodwasinverselycorrelated
withpeakwolfberryabundance.
5. Attheecosystemlevel,bluecrababundancewassignificantlycorrelatedwith
baywaterlevel,windspeedasmeasuredinthebay,andbaysalinity.
6. Inadditiontobluecrabsandwolfberries,thewhoopingcranedietincluding
snails,insects,snakes,fishandclams.


ͳ

7. Thewhoopingcranesspendapproximately65%ofdaylighthoursforaging.

Conclusionsderivedfrommodelconsiderationspredicted:

1. Theavailablefoodsupplyappearstobemorethanadequatetomeettheenergy
needsofthewhoopingcrane.Noneoftheresultsofthestudyshowthat
conditionsatBlackjackPeninsulaaremarginalforwhoopingcranewellͲbeing.
2. Baysalinityishigherwhenfreshwaterinflowsarelow.
3. Wolfberryabundanceislowerwhenbaysalinityishigh.
4. Consistentwithpriorstudies,bluecrababundanceincreaseswithbaysalinity.

Comments:
Manyofthereport’sempiricalfindingsandmodelpredictionsareconsistentwith
resultsreportedinextantjournalpapersandorganizationaldocumentsaswellaswith
prevailingopinion.OthersareinseriousdisagreementwithwellͲestablishedprevious
findings.RatherthanreviewalloftheSAGESreport,IwillconcentrateonwhatI
considertobethemostimportantintermsofwhoopingcranesurvivalandwellͲbeing.


Therelationshipbetweenriverinflowandbaysalinityisofkeyimportancein

definingthelinkbetweenfreshwaterinflowsandthewellbeingofthewhoopingcrane.
Thereforeitshouldbeverycarefullymeasuredandmodeled.Theexperimental
relationshipbetweensalinityatGBRA1andthe28Ͳdaycumulativedischarge(m3/day)is
showninFigure3.4.Althoughtheauthorsindicatethatsalinityatthissiteisinfluenced
byothervariablessuchaswind,tide,directprecipitation,localrunoff,etc.,themodel
relationshipuseddependedonlyonanempiricalmodelbasedonthedatainFigure3.4.
Onestrikingfeatureofthisfigureistheobservedwidelyvaryingsalinityforthelowest
measureddischarges.Theverylowestflowvaluesshowameasuredsalinityof10–18
ppt.Thisrangeofsalinitiesisnotoptimal(3–15ppt)forthejuvenileoradultbluecrab,
butisnotparticularlyharmfultoeitherbluecraborwhoopingcraneandmaybe



ʹ

referredtoasbeinginthemoderaterange.Documentedeventswhenthemeasured
salinityinthemarshesandbayaremuchhigher(TomStehn,2009)haveresultedinhigh
mortalitywithinthewhoopingcranepopulation.


Theoutertaleofthedata(>109)isdueprimarilytoheavyrainsinlate

November2004andinJulyandAugustof2007.Theseperiodsofhighinfloware
periodsofhighflushingofthebaysystemandshouldresultinsalinitiesnearzeroas
shown.However,thisfacttruncatesthemajorityofthedatatothefirstthirdofthe
graphwherethedistributionofmeasuredsalinitiesisverybroadforaparticularinflow
value,resultinginanuncertaintyinsalinityofatleast±5ppt.Itisobviousfromthe
datathatthereiseitheralowdispersionoftheriverwateratlowfloworthereisalarge
effectofwind,tides,precipitation,etc.onthemeasuredsalinity.Thus,theuseofGBRA
1asameasureoftheoverallbaysystemsalinityatanyparticulartimeishighlysuspect.
Inmyopinion,thisconditioninvalidatesamajorequationinthemodelaswellasany
experimentalobservationsrelyingonthesedataasasourceofsalinityvalues.Thus,
equation1ofthemodelisoverlysimplisticanddoesnottakeintoconsiderationallof
theimportantvariablesȋe.gǤǡ  ǡȌincalculatingsalinity.
Theauthorsrecognizethisproblembyreportingaverylargecalculatedindividual
predictioninterval(dottedredlineonFigure3.4).


Figures3.5and3.6showtherelationshipbetweensalinitiesatGBRA1andthe

tidalcreeksassociatedwiththethreemajorexperimentalwhoopingcraneterritory
sites.Figure3.5isbasedondatacollectedduringtheperiodfrom24Feb2004toFeb
252005.Themonthlyaveragefreshwaterinflowduringthisperiodrangedfrom2,192
cuft/sec(March2004)toahighof23,414cuft/secduringNovember2004.Allsalinities
showninbothfiguresfallbelow25pptwithapredictionintervalof±7ppt.
AmorerevealingcorrelationbetweenthethreeexperimentalsitesandGBRA1
isshowninfigure3.6.Thecorrelationisqualitativelyreasonablebutdiffersinmany
importantaspectsoftiming.InMay2004theGBRA1salinitydropsfrom~15pptto~5Ͳ
10pptagoodmonthbeforethesalinityineachofthethreesitesdropsfrom~15pptto


͵

alowervalueapproaching0pptsalinity.Severalothertimelagsareobviousindicating
thatthereisatimelagaswellasacurrentdifferencebetweenGBRA1andthe
experimentalsites..
Figure3.6showsagreatdealofsimilarityinthemagnitudeandtimechangeof
salinityamongthethreeexperimentalsites.Thisisprobablytobeexpectedbecauseof
thepositionsofthesites(Figure1,thisreport).Allthreesitesarealongtheintracoastal
waterwayandareprotectedfromthemainbodyofwaterinthebaybyanarrowisland
chain.Thiswouldsuggestthatchangesinthewater(salinity,turbidity,flow)mightbe
slowerthaninthemainflowstreammovingfromthefreshwaterinputdownthebayto
thegulf.


Atnotimedidthesalinityriseabove25pptandwasbelow5pptapproximately
halfofthetime.Riverinflowvaluedidnotfallbelow1.58Ͳmillionacft/yrduringthis
measurementperiod.
    ͳǤͳͷ
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QuotingfromSAGES:“3.3.1.2 Evaluation of equations predicting peak wolfberry density
and blue crab density
We first evaluated our [ ] daily blue crab density (Eq. 3) equations by assessing the
reasonableness of predictions of these equations calculated from time-series data on
freshwater inflow to San Antonio Bay from the Guadalupe and the San Antonio Rivers
(used to predict salinities via Eq. 1) and water level and wind…”

Equation3is


BCi,j,t=e(0.3751+b1i+b2j+1.844(wlt)+0.1010(Salt)–0.2597(wst))

wherebisahabitatandsiteparameter,wltiswaterlevel,saltissalinityandwstiswind
speed.Thereportdoesnotevaluatetherelativesensitivityofthecrabdensitywith
respecttotheseveralvariablesused.Themodelisevaluatedbycomparisonofthe
observedbluecrabdensitywiththatcalculated.Thecrabdensitycalculatedisfor
juvenilesofcarapacesize11to30mm.Thissizechoiceisabittroublingbecausethe
preferreddietarysizeforthewhoopingcraneisthatoflargercrabs.Bethatasitmay,
thestudybyDanielleGreeron“PatternsinbluecrababundanceinshallowsaltͲmarsh
andbayhabitatsoftheTexasGulfCoastisconcernednotsomuchonsalinity,butrather
habitattype.
Hermainobjectiveswereasfollows:
1.DocumentspatioͲtemporalpatternsinbluecrababundanceandsizeͲclass
structurewithinandadjacenttosaltmarshatbothfineandlargespatialscales.
2.Investigatetheeffectsofenvironmental(e.g.,freshwaterdischarge,water
temperature,vegetativecover)andrandomeffectsonbluecrababundanceandsizeͲ
classstructure.
Herdatashowcleardifferencesinthecrabdensitythatishabitatdependentand
itseemevidentthattheworkiswelldoneandvalid.Herdensityresultsbythemonth
areinterestinginthattheycovertheperiodfromOctober2004toMarch2006,all
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monthsforwhichthefreshwaterinflowwashigherthanrecommendedbyTexasParks
andWildlifeasstatedabove.Thus,itmaybepostulatedthatsalinityisnotamajor
factorinthedatabutratherhabitattypeisthedominantvariable.Whetherthis
statementistrueorfalsewasnotshownbyanypartoftheSAGESreportandneedsto
beclarifiedbeforeanystatementcanbemadeabouttheeffectsofsalinityoneither
bluecrabdensityorwhoopingcranedietaryviability.Whatthedatadoshowisapeak
crabdensityinallhabitatsinSeptemberandOctoberof2005orimmediatelypriorto
thearrivalofthewhoopingcranefollowedbyasteadydeclineuntilFebruaryandMarch
2006(thelastdatapoints)beforethespringmigrationofthewhoopingcrane.Inother
wordsmuchofthedetailmaybeduetothewhoopingcrane,avariablethatisnot
includedinthemodel!
Summary:


AsinthecaseofallsemiͲempiricalmodel,relationshipsareforcedbythedata

eventhoughthefullimpactoftheunderlyingparametersisnotcompletelyunderstood.
Preconceptionsofwhichparametersarethemostimportantandwhichmaybeignored
haveleadtosomeerroneousconclusions.Themostseriousoftheseisthedependence
ofthevitalityofthewhoopingcraneonriverinflowcausedchangesinsalinity.Several
studieshave,inthepast,stronglysupportedthenegativedependenceofbluecrab
populationdensitywithsalinity.Inaddition,itisstronglysuggestedbyotherdatathat
theyearsofhighwintermortalityareallyearsoflowriverflowduringJulytoOctober
beforethearrivalofthewhoopingcrane.Thiswouldindicatethatlowriverflowis
affectingthegrowthofthenecessarydietarycomponentsofthecrane.Spanningthe
observationalperiodoftheSAGESstudy,riverinflowwashighduringthecriticaltimeof
2004Ͳ05whilewintermortalityofthewhoopingcranewaslow(0.9%)butduringthe
sametimeperiodin2005Ͳ06riverinflowwaslowbutthewhoopingcranemortalitywas
high(2.7%).Thissamepatternhasbeennotedbetweentheyears1988to2009
resultinginthefollowingconclusions:
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Conclusions:
TheSAGESreporthasmanygoodqualitiessuchasthosestudiesrelatingthe
habitatdependenceofbluecrabdensityandthedensityofwolfberrieson
environmentalparameters.Ibelieveontheotherhand,therearesufficient
inconsistenciesbetweentheproposedmodelandthedetailsofthevarious
experimentalobservations,aspointedoutabove,toputthemodelintoseriousdoubt.
Therearebettermodelsrelatingfreshwaterinflowtobaysalinity.Thesemaybe
adaptedtogiveagreaterdegreeofconfidencetosalinitypredictionsthroughoutthe
baysystemandmoremeaningfulcorrelationsamongthevariousdatasetscollected.
Inaddition,althoughtheworkdoneatthethreeorfourexperimentalsitesare
correctlydone,itwouldbemoreusefulintheoverallpictureofthebaysystemto
expandtositesthatarebasicallydifferentfromoneanother.Wehavenoguarantee
thatthewholebaysystemrespondstoenvironmentalforcesinthesamemanneras




doesthoseareasadjacenttotheintracoastalwaterwayandshelteredbythechainof
adjacentislands.
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NATIONAL WILDLIFE HEALTH CENTER
NECROPSY REPORT
CASE 22363

ACC: 001

Submitter's Name, Affiliation Address

Collected:

TOM STEHN

Necropsy Date:
12/2/2008
Prosector: N. Thomas njt
Case Pathologist:

Aransas NWR
P.O. Box 100
1 Wildlife Circle
Austwell, TX 77950

12/1/2008

Staff Pathologist:
FIT: KLS
Legal

Estimate

Nancy J. Thomas
Epizoo #:

2009-039

INV#:

SPECIES: Crane, Whooping
Status

Grus americana
Bandtype:

No band present

Band No.:

Other ID:

Euthanization:

Not euthanized

HISTORY SUMMARY
This bird was found sitting approximately 30 yards from a water hole. The bird's head drooped; it could not stand and did not struggle
when handled. The bird died within one hour after capture.
EXTERNAL/INTERNAL OBSERVATIONS - LABORATORY RESULTS
EXTERNAL:

Weight:

4465 gm

The corneas are partially sunken, but clear. The conjunctiva and oral mucous membranes are pale pink. A moderate number of small, thinbodied lice are present on the feathers of the body and wings. The keel is severely prominent. A minute blood crust is adhering to the skin
on the medial aspect of the right carpal region. Blood is lightly soiling the medial aspect of the tips of the left secondary feathers and the
medial aspect of the left tertiary feathers. The left hock is diffusely swollen and soft; the skin scales are partially sloughing and a small
amount of blood is encrusting, predominantly, the lateral aspect of the region. The region of swelling includes the distal trochlea of the
tibiotarsus and the proximal metatarsal bone. With prying, a 17-mm superficial laceration can be exposed on the lateral aspect of the distal
left tibiotarsal region at the proximal end of the swollen joint. A moderate amount of dried, tan feces are accumulated on feathers
surrounding the vent. The circumference of the muscle over the left mid-tibiotarsal region is narrower by approximately 1 cm than the
circumference over the right mid-tibiotarsal region.
Radiographic exam: Ventrodorsal radiographs of the entire carcass are taken. No metal density foreign material is seen. There is soft
tissue swelling surrounding the left hock joint. The bony gastrocnemius tendons over the tibiotarsus have a slightly indistinct, fuzzy
appearance at their attachment on the left hock joint.
INTERNAL:
There is no subcutaneous or abdominal fat. There is serous atrophy of coronary fat. The pectoral muscles are thin. The heart is distended
with clotted blood, as is the vena cava and other great vessels in the thorax. The liver is homogeneously dark red-brown. The spleen is
small and medium red with bile staining along one capsular aspect. The lungs are diffusely spongy and well aerated. Air sacs are clear.
Kidneys are medium brown with a mild lobular texture. Adrenal glands are dark yellow. Pigmented testes are present; the left is
approximately 3 mm in diameter and 20 mm long. No bursa is found. Small, thin, flat thymic lobes are present bilaterally in the
subcutaneous tissue near the thoracic inlet. The esophagus contains a moderate amount of brown, slightly watery fluid. The
proventriculus and ventriculus contain similar brown, but slightly thicker, fluid along with coarse grit in the gizzard. The gizzard lining is
stained dark brown; it peels easily between the gizzard pads, but no parasites are seen grossly. Intestinal contents consist of a small
amount of slightly thick, pink to brown fluid. The cecae are narrow and contain a small amount of slightly watery, brown fluid. The mucosa
of the colon is congested. The cloaca has a smooth, uniform mucosa. No lesions are seen in the brain, bilateral shoulder, hip or stifle
joints, heart, pericardial sac, heart valves, trachea, air sacs, gastrointestinal mucosa, liver, pancreas, ureters or thyroid glands. The gall
bladder is moderately distended with fluctuant contents; the interior is not examined, but delivered intact to Parasitology.
12/3/08, Examination of the left hock: On the lateral aspect of the swollen left hock, the skin surface has been replaced by blackened blood
crusts in a pyriform pattern approximately 3 cm in length and 1 cm transversally at its widest site. When the crusts are removed, the
underlying tissue is reddened and the adjacent skin toward the caudal aspect of the joint is separated from the underlying tissue; this site is
the margin of the laceration that was seen on external exam. The wound is located over the lateral distal tibiotarsus immediately proximal
to the hock joint. When the skin is removed, the hock joint tissue is thickened, irregularly hyperemic, and there are large foci of green-tan
necrotic material approximately 3 mm in diameter on the lateral proximal aspect of the joint in close proximity to the wound site. On the
interior of the joint, the articular cartilage is generally intact, but slightly dull. Tan, crumbly, fibrinonecrotic material is present within the
joint. The tendons inserting onto the proximal metatarsus at the caudal and medial aspects of the joint, are mottled red-purple and have
large, rubbery, tan, slightly laminated masses of necrotic material that thickly fill the space between bone and tendons. This is most severe
beneath the large "Achilles" tendon where one of the green-tan necrotic sites extends into the tendon sheath at the joint margin.
Organ weights:
Brain: 20.9 gm
Heart: 38.5 gm
left ventricle: 23.2 gm
right ventricle: 6.8 gm
Liver: 150.1 gm
Right kidney: 19.2 gm
22363 001
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Left kidney: 22.2 gm
PRELIMINARY DIAGNOSIS:
Sub-acute trauma resulting in arthritis and tendonitis, left hock;
emaciation.

Sex M

Age Subadult (adolescent)

Body Condition: Poor

PM State: Good

Giz Lead 0

/0

SAMPLES SAVED:
VIROLOGY:

Brain for WNv. Kidney/spleen pool for WNv. Liver and lower intestine for VI. Cloacal swab--AI. Cloacal, tracheal swabs-Archive. Heart blood for serum collection.

MICROBIOLOGY:

Liver, brain for RC. Upper-sm intestine for RC. Lower-sm intestine for RC & SC. Joint swab & joint tissue for
mycoplasma. Joint swab, joint tissue & tendon sheath for RC.

PARASITOLOGY:

1 lung, kidney, gall bladder, GI tract, blood smears and ectoparasites.

CHEMISTRY:

Brain for ChE testing and to save. Liver for Pb.

HISTOPATHOLOGY: Brain, heart, lung, liver, kidney, spleen, pancreas, thyroid gland, adrenal gland w/ testis, aorta, trachea, esophageal-proventricular
junct., proventricular-ventricular junct., duodenum, sm intestine at Meckel's diverticulum, lower-sm intestine, base of cecum, cecum,
skeletal muscle from right and left tibiotarsal region. Separate jar: Spleen, bone marrow, thymus.
Brain: Lipofuscin is present in cytoplasm of brainstem neurons in mild frequency. In greater frequency brainstem neurons contain eosinophilic globules of
varying size in the cytoplasm; the globules have a highly eosinophilic margin and more amphophilic center. A few neurons contain fine eosinophilic
cytoplasmic granules. In a PAS-stained section most large neurons contain numerous fine PAS-positive granules, but the globules are PAS-negative. Cells
that contain globules all have cytoplasmic PAS-positive granules. No lipofuscin or granules are present in Purkinje cells. Vacuolation of white matter in the
cerebellar nuclei, folia, and brainstem is presumed to be artifact, based on axons and autolyzed cell remnants in the vacuoles.
Lung: Occasional microthrombi are present in the capillary bed. Mild lymphocyte aggregates (bronchiolar-associated lymphoid tissue) are present along
tertiary bronchi and perivascularly. Mild pneumoconiosis.
Trachea: The majority of cells in tracheal ring bone marrow are in the myeloid series.
Liver: Sinusoids are lined by small oval red-brown globules (presumed hemoglobin). Kupffer cells contain golden-brown pigment. Mild periportal mononuclear
cells are predominantly lymphocytes. One round cell with numerous small round basophilic cytoplasmic granules is present in a sinusoid.
Aorta: Mild accumulation of small mononuclear cells in the adventitia of small blood vessels within the media and adventitia.
Thyroid, parathyroid: Remnant islands and straps of thyroid tissue, some forming colloid in small follicles, are present in stroma outside of the thyroid capsule.
Pancreas: Ducts are distended by homogeneous eosinophilic fluid.
Spleen: Orange droplets (presumed hemoglobin) of varying sizes are common in the Schweiger-Seidel sheaths and rarely also visible in macrophage
cytoplasm. Globules of dark basophilic nuclear debris are common surrounding the sheaths. Golden-brown pigment is moderate.
Thymus: Many lobes are narrow but small lymphocytes are moderately numerous. Some Hassal's corpuscles contain cornified laminated material and these
are accompanied by granulocytes. Granulocytes are common in interlobular septae and the capsule, particularly concentrated near one pole of the section.
Bone marrow: Is highly vascularized and moderately cellular. Most cells (75-80%) are in the myeloid series.
Small intestine at Meckel's diverticulum: The lumen of Meckel's diverticulum contains a mat of granular eosinophilic material and varied bacteria partially
surrounded by granulocytes. Lymphoid tissue is well developed in Meckel's diverticulum.
Left hock joint: A broad zone of densely cellular exudate in the joint space contains numerous colonies of small, long, thin bacterial rods. Multinucleated giant
cells and fibrinoid material line the outer surface of the exudate; heterophils are commonly distributed among the fibrinoid debris. The synovium is thick and
highly cellular, and synovial cells are large and round. Severe heterophilic infiltration is present in the synovium and clusters of heterophils lie free in the joint
space or within large rafts of fibrin. Loose aggregates of lymphocytes and macrophages are deep in the synovium near the border with dense collagen. Where
loose fibrous stroma is present, heterophils and mononuclear cells have infiltrated with increasing density toward the lumen of the joint. In a cross-section of
the tendon complex from the hock joint, similar but milder inflammation and exudate is present around the tendons, but the tendons are intact. In a
longitudinal section of bony tendon, the synovium is hyperplastic and hypertrophied and has moderate to focally severe, diffuse infiltration of granulocytes;
clusters of granulocytes are free in the tendon sheath but the bony tendons are intact.
Skeletal muscle, right and left tibiotarsal region: Muscle from the left leg has numerous (20-4-%) necrotic and lytic myofibers distributed throughout the
muscle bundles. Necrotic myofibers are randomly distributed and occur individually. The necrotic fibers are mildly mineralized and often accompanied by a
mild increase in mononuclear cells. In the right leg, acutely necrotic myofibers are present less frequently (approx. 10%) and not accompanied by a cell
reaction.
No microscopic lesions are seen in heart, kidney, adrenal gland, testis (inactive), ventriculus, duodenum, small intestine, ceca. Esophagus and proventriculus
are too autolyzed for evaluation.
Morphologic diagnoses:
Severe fibrinonecrotic, heterophilic arthrosynovitis, left hock joint associated with bacterial rods
Moderate peracute necrosis, skeletal muscle of the left leg; mild peracute necrosis, skeletal muscle of the right leg
Possible hemolysis/erythrophagocytosis, spleen, hepatic sinusoids
Possible mild microthrombosis, pulmonary capillaries (suspected disseminated intravascular coagulation)
Mild hemosiderosis (presumed), liver, spleen
Myeloid hyperplasia, bone marrow
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Lipofuscinosis, brainstem neurons
Comment on histopathology: Evidence of hemolysis in the spleen and intravascularly in the liver, along with pulmonary microthrombi, suggest a terminal
hemolytic crisis and disseminated intravascular coagulation (DIC). The cause or significance of the abundance of lipofuscin and lipid breakdown products in
neurons in the brainstem is unknown.
FROZEN:

Spleen for Holly Sellers, U of GA. Frozen for contaminants: Brain from Chem, liver, skeletal muscle, kidney in acid-washed jars.
Heart tissue for possible genetics, stomach contents.

BLOOD SAMPLES:
PHOTOGRAPHS:

Taken.

RADIOGRAPHS:

Ventrodorsal radiographs of entire carcass taken.

CARCASS:

Saved frozen for Whooping Crane Coordinator.

Chemistry
TISSUE
Micro: eswab for RC, After ChE is run, FRZN: for contaminants in AWJ

Brain

Test
001

Result

Cholinest.Activity (ChE)

16.4

Units

CMT

umoles/min/goT

No ChE inhibition. NWHC
Whooping Crane control avg: 15.04
(10) +/- 1.80 .

12/23/2008

TISSUE
FRZN: for contaminants in AWJ

Liver

Test
001

Result

Lead (Pb) - Tissue

<.25

Units

CMT

ppm, wet weight

None detected.

Daniel L. Finley ,

12/31/2008
12/23/2008

Chemistry Technician

MICROBIOLOGY
TISSUE
Intestine, Upper
Acc

Isolate

Result

Serotype

Amount

Comment

Result Date

001

1

Streptococcus sp.

m2

30-Dec-08 bmb

001

2

Escherichia coli

m2

30-Dec-08 bmb

TISSUE
Intestine, Lower
Acc

Isolate

Result

Serotype

Amount

Comment

Result Date
30-Dec-08 bmb

No Salmonella sp. isolated

001
001

1

Streptococcus sp.

m3

30-Dec-08 bmb

001

2

Aeromonas sp.

m3

30-Dec-08 bmb

001

3

Aeromonas sp.

m3

30-Dec-08 bmb

TISSUE
Joint, Exudate
Acc

Isolate

001
001

1ana

& tissue sample (left hock joint)
Result

Serotype

Amount

Comment

Result Date

No mycoplasma sp. isolated

30-Dec-08 bmb

Clostridium sp.

13-Mar-09 bmb

TISSUE
Swab, B (see comments)
Acc

Isolate

001

22363 001

Result

left hock joint eswab
Serotype

Amount

Comment

Result Date
30-Dec-08 bmb

no bacterial growth
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TISSUE
Swab, C (see comments)
Acc

Isolate

left hock joint swab

Result

Serotype

Amount

Comment

001

Result Date
30-Dec-08 bmb

No mycoplasma sp. isolated

TISSUE
Other, tissue A (see comments)
Acc

Isolate

left hock joint tissue "A"

Result

001

1

Enterobacter sp.

001

1ana

Clostridium sp.

001

2

Enterococci sp.

Serotype

Amount

Comment

m1

Result Date
30-Dec-08 bmb
13-Mar-09 bmb

m1

30-Dec-08 bmb

TISSUE
Other, tissue B (see comments)
Acc

Isolate

left hock tendon tissue

Result

001

1

Escherichia coli

001

1ana

Clostridium sp.

001

2

Enterococci sp.

Serotype

Amount

Comment

m1

Result Date
30-Dec-08 bmb
13-Mar-09 bmb

m1

30-Dec-08 bmb

TISSUE
Brain
Acc

Micro: eswab for RC, After ChE is run, FRZN: for contaminants in AWJ
Isolate

Result

Serotype

Amount

Comment

Result Date
30-Dec-08 bmb

no bacterial growth

001

TISSUE
Liver
Acc

FRZN: for contaminants in AWJ
Isolate

Result

Serotype

Amount

Comment

Result Date
30-Dec-08 bmb

no bacterial growth

001

Brenda M. Berlowski-Zier

Report Date

12/30/2008

Microbiology Technician

Parasitology

TISSUE

Acc

Parasite Identification

Other tissue
001 Liver

Amphimerus sp.

trematode

02/12/2009
Updated:

001 fecal

No Parasites Seen

No parasites seen

No coccidia seen.
001 Ceca

02/12/2009
Updated:

No Parasites Seen

No parasites seen

trematode larva

trematode

2/13/2009

02/12/2009
Updated:

22363 001
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02/12/2009
Updated:

001 Intestine

2/13/2009
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001 Intestine

001 Gizzard

001 Blood Smear(s)

Capillaria sp.

No Parasites Seen

No Parasites Seen

02/12/2009
Updated:

2/13/2009

Updated:

2/13/2009

No parasites seen

02/12/2009

No parasites seen

02/12/2009
Updated:

001 Proventriculus

No Parasites Seen

lice, Mallophaga

02/12/2009

001 Kidney

001 Lung

No Parasites Seen

No Parasites Seen

No Parasites Seen

02/12/2009
Updated:

No Parasites Seen

2/13/2009

No parasites seen

02/12/2009
Updated:

2/13/2009

Updated:

2/13/2009

No parasites seen

02/12/2009

No parasites seen

02/12/2009
Updated:

001 Esophagus

2/13/2009

lice

Specimen sent to Rich McKown for identification.
001 Gall Bladder

2/13/2009

No parasites seen
Updated:

001 Skin

ACC: 001

nematode

2/13/2009

No parasites seen

02/12/2009
Updated:

MAURITZ C. STERNER CBE

2/13/2009
02/12/2009

Note: Parasitological data cannot be used for publication without the Parasitologist's knowledge and consent.

Virology
TISSUE

Lab Specimen#:

107638

TRACKING#:

08121006

Intestine, Lower
Acc

Result:

Comment

Results from NVSL

001 no virus isolated

TISSUE

Date:
Lab Specimen#:

107637

08121006

Micro: eswab for RC, After ChE is run, FRZN: for contaminants in AWJ

Brain
Acc

TRACKING#:

Result:

Comment

Results from NVSL

001 WNV Negative

TISSUE

Date:
Lab Specimen#:

107635

TRACKING#:

08121006

Result:

Comment

Results from NVSL

001 no virus isolated

TISSUE
Kidney
Acc

Result:

001 WNV Negative
22363 001

rrl 12/16/2008

FRZN: for contaminants in AWJ

Liver
Acc

te 12/24/2008

Date:
Lab Specimen#:

107633

TRACKING#:

rrl 12/16/2008

08121006

FRZN: for contaminants in AWJ
Comment

Results from NVSL
Date:
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Lab Specimen#:

107636

Result:

Comment

Results from NVSL

001 WNV Negative

TISSUE

Lab Specimen#:

107634

TRACKING#:
be sure to break up clot

Result:

Comment

001 blood serum banked

TISSUE

rrl 12/16/2008

Date:

Blood
Acc

ACC: 001

08121006

FRZN: for Holly Sellers

Spleen
Acc

TRACKING#:

Results from NVSL

7 vials of 1.5mls each good
quality serum banked
Lab Specimen#:

TRACKING#:

rrl 12/3/2008

Date:

08120406

Swab, tracheal
Acc

Result:

Comment

Results from NVSL

001 AI Matrix RT-PCR Screen negative

TISSUE

rrl 12/5/2008

Date:

Lab Specimen#:

TRACKING#:

08120406

Swab, cloacal
Acc

Result:

Comment

Results from NVSL

001 AI Matrix RT-PCR Screen negative

rrl 12/5/2008

Date:
Kristina F. Egstad ,

12/24/2008

Virology Technician

Final Diagnoses (in order of importance)

Topog.

Morph.

Etiol.

1 Subacute laceration, left hock joint, resulting
in

TY9502

M14400

E90020

2 Septic arthritis, left hock joint

TY9502

M41400

E15901

3 Acute and peracute necrosis, skeletal muscle

T13000

M54000

4 Possible terminal disseminated intravascular

T40000

M35100

5 Emaciation

T00010

M70700

Funct.

Disease

Link
RI

of the legs

DC6002

coagulation and hemolysis

COD:

22363 001

COD General:

PRINTED

Other

(

6/29/2011 1:47:36 PM

16

)

NATIONAL WILDLIFE HEALTH CENTER
NECROPSY REPORT
CASE 22410

ACC: 001

Submitter's Name, Affiliation Address

Collected:

TOM STEHN

Necropsy Date:
1/16/2009
Prosector: C. Meteyer
Case Pathologist:

Aransas NWR
P.O. Box 100
1 Wildlife Circle
Austwell, TX 77950

1/15/2009

Staff Pathologist:
FIT: KLS
Legal

Estimate

Carol U. Meteyer
Epizoo #:

2009-039

INV#:

SPECIES: Crane, Whooping
Status

Grus americana
Bandtype:

No band present

Band No.:

Other ID:

Euthanization:

Not euthanized

HISTORY SUMMARY
A juvenile Whooping Crane was found dead on 1/15/09. On 1/13 this juvenile appeared to be resting for an abnormal length of time while
it's parents were feeding. The juvenile was not able to fly off with it's parents when an adult male whooping crane from a territorial family
group became aggressive. The adult male chased the juvenile whooping crane for about 40 yards with wings flapping but the juvenile did
not take flight and was not observed with it's parents on on the following day (1/14/09). Aransas NWR investigated and the carcass of the
dead juvenile was recovered at Dunham Bay mid-morning on 1/15/08 and appeared to have been scavenged.
EXTERNAL/INTERNAL OBSERVATIONS - LABORATORY RESULTS
EXTERNAL:

Weight:

3545 gm

The oral mucosa and conjunctiva are markedly pale. Approximately 1cc of clotted blood is present in the pharynx. There is blood over the
distal neck and back. The pectoral muscle on the right is exposed and partially removed due to scavenging that exposed the keel. There
is loss of skin and muscle over the right tibiotarsal bone close to the stifle joint. There is loss of muscle and skin over the left shoulder.
The tail has been removed secondary to scavenging. In spite of scavenging, the abdominal cavity is still closed and intact. There is no
evidence of fractures on palpation of the wings or legs. The left foot is unremarkable. The skin over the first interphalangeal joint of the
middle digit of the right foot is lacerated exposing the underlying tendon and is associated with a small amount of serosanguineous fluid in
the area. The keel is strikingly prominent and there is marked pectoral muscle atrophy on the intact left side that has not been scavenged.
There is a puncture of the left side of the base of the skull; this is 4 cm caudal to the canthus of the eye. There is hemorrhage over the
head. There is clotted blood in the left ear and there is blood on the feathers of the neck. There is laxity at the base of the skull and there
appears to be disarticulation between the base of the skull and the axis. There is a puncture involving the dorsal-caudal margin of the right
ear with clotted blood in the region. The distance between the two puncture wounds on the left and right side of the head is 4 cm if you
follow the contour of the head. However, the direct line of the wounds is approximately 3 cm. Each puncture hole is approximately 0.8 cm
in diameter. There are additional smaller puncture wounds on the right and left side that might be considered the 2nd incisor of the maxilla
and mandible. The 2nd puncture on right side is 2.5 cm (mid-point to mid-point) from the 1st puncture described as adjacent to the right
ear. There is clotted blood in this smaller (approximately 0.3 cm in diameter) puncture wound. The second puncture wound on the left is
over the fractured temporal mandibular joint this is approximately 1 cm in diameter. I attemped to preserve this area of the skull and the
overlying skin when I removed the brain.
Radiographic exam: Radiographs were taken and show no heavy metal densities. There are no fractures to the peripheral skeleton with
the exception of the region of the head where there appears to be cranial disarticulation with C-1.
INTERNAL:
There is no subcutaneous, intraabdominal or pericardial fat and pectoral muscle atrophy is severe. The tissues are tacky, suggesting
dehydration. The spine has been disarticulated from the skull with hemorrhage at the base of the cerebellum and brainstem. The caudal
ribs 6,7,8 on the left side are fractured. Ribs 6 and 7 on the right side are fractured with disarticulation of the seventh rib at the attachment
of the vertebra. There is a small amount of serous fluid at coronary groove. The heart and heart valves are unremarkable. The lungs are
congested; the airsacs are clear. The liver and pancreas are unremarkable. The esophagus, proventriculus and gizzard are
unremarkable. The gizzard contains scant content with portions of crab claws and snail shells (photos taken and saved frozen for
submitter). The intestinal tract is unremarkable. Remainders of the esophagus, proventriculus, gizzard and intestine were sent to
Parasitology. There is only a small residual thymus at the thoracic inlet. The bone marrow is pale. The testes are immature; they are
bicolored tan and black. The adrenal glands are unremarkable. The kidneys are unremarkable. The bursa is relatively small, but
unremarkable; there is no evidence of edema.
Organ weights:
Brain: 18 grams.
Whole heart: 27.7 gm
Left ventricle with septum: 17.7 gm
Right ventricle: 4.6 gm
Liver: 67.9 gm
Right kidney: 10.8 gm
PRELIMINARY DIAGNOSIS:
Cranial trauma;
22410 001
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emaciation.

Sex M

Age Immature (juvenile)

Body Condition: Emaciated

PM State: Good

Giz Lead

/

SAMPLES SAVED:
VIROLOGY:

Tracheal, cloacal swabs--AI screen. Brain for WNv. Pool of bone marrow/spleen/kidney/thymus/bursa for VI. Serum.

MICROBIOLOGY:

Liver, upper and lower GI tract for RC. Upper and lower GI tract for SC.

PARASITOLOGY:

Liver, kidney, 2 blood smears.

CHEMISTRY:

Liver for Pb.

HISTOPATHOLOGY: Multiple tissues.
Brain, heart, aorta, trachea, thyroid gland, adrenal gland, parathyroid gland: Unremarkable.
Liver: There is moderate hemosiderin-like pigment in hepatocytes, Kuppfer cells. Material resembling RBC breakdown product in sinusoids. Rare clusters of
bacteria in sinusoids and Kupffer cells.
Bone marrow: Poor representation of red cell precursors without obvious progression to mature RBCs. No obvious fat stores.
Thymus: Numerous scattered granulocytes; may reflect involution process.
Spleen: Mild to moderate hemosidering and red cell break-down products most prominent in sheaths of arterioles. Tingible debris is thought to be secondary
to autolysis.
Lung: A well demarkated region of lung section is markedly consolidated with congestion, mild interstitial infiltrate of inflammatory cells and focal hemorrhage.
Bursa: There is depletion of lymphocytes. Some follicles still contain medullary cells but the cortex is uniformly depleted with epithelial cells remaining. There
is no ededma or evidence of current necrosis, although scattered apoptosis is present. Inflammatory cells with bacteria are present in the lumen of some
follicles. This is not uncommon in involuting bursae.
Kidney: Occasional tubules contain early urate material and casts. This is likely due to dehydration.
Vessel by thyroid gland has some changes in tunica adventitia with separation and hyper eosinophilia
Esophagus: Multifocal abscesses, sometimes associated with small bacteria. Larger bacterial rods are colonizing the surface. Although the inflammatory
cells look mostly like eosinophils, there are no obvious parasites.
Proventriculus: Perivascular lymphocytes around myenteric vessels and veins. The imflammation was somewhat suggestive of DVC but organisms were not
seen.
Gizzard: Infection of the deep koilin layer with bacteria, hypereosinophilia of koilin/'necrosis'.
Intestine: Although autolosis is present, the small intestine seems unremarkable. Cecae have inflammation and possible ulceration but autolysis obscures
detail; trematodes are embedded in the mucosa in one area and these trematodes can be seen in the ileum as well..
FROZEN:

Saved froz in foil: Brain (a.w jar), skel muscle, liver, kidney to be sent for contaminants. Froz in separate Whirl-Pac's: Bursa, spleen,
thymus, bone marrow (these go to Dr. Holly Sellers of U. of GA), stomach contents. F/f: Testes for a researcher.

BLOOD SAMPLES:
PHOTOGRAPHS:

taken of stomach content, head and ear.

RADIOGRAPHS:

taken.

CARCASS:

Saved frozen. Carcass & stomach contents to be RTS.

Chemistry
TISSUE
Liver

Test
001

Result

Lead (Pb) - Tissue

<.25

Units

CMT

ppm, wet weight

None detected.

Daniel L. Finley ,

1/23/2009
1/23/2009

Chemistry Technician

MICROBIOLOGY
TISSUE
Lower GI Tract
Acc

Isolate

001

22410 001

Result
Proteus sp.

Serotype

Amount

Comment

m3

Result Date
29-Jan-09 bmb
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TISSUE
Lower GI Tract
Acc

Isolate

Result

Serotype

Amount

Comment

Result Date

001

1

Escherichia coli

m3

29-Jan-09 bmb

001

1-xlt

Salmonella sp.

m3

29-Jan-09 bmb

TISSUE
Upper GI Tract
Acc

Isolate

001

Result

Serotype

Amount

Comment

Result Date

Proteus sp.

m3

29-Jan-09 bmb

m3

29-Jan-09 bmb

m3

28-Apr-09 bmb

001

1

Escherichia coli

001

1-xlt

Salmonella sp.

Saintpaul

TISSUE
Liver
Acc

Isolate

001

Result

Serotype

Amount

Comment

1

Result Date
29-Jan-09 bmb

Proteus sp.

001

m3

Escherichia coli

Brenda M. Berlowski-Zier

29-Jan-09 bmb

Report Date

1/29/2009

Microbiology Technician

Parasitology
Parasite Identification

TISSUE

Acc

Other tissue
001 Esophagus

Eucoleus sp.

nematode

A large number of small (~1 mm) papules or pustules were present throughout the
esophagus.
001 Intestine

Leighia sp.

Schistorophus sp.

Capillaria sp.

nematode

001 Duodenum

Leighia sp.

nematode

Schistorophus sp.

Updated:

trematode

Could not identify further.

22410 001

nematode larvae

3/13/2009

03/13/2009

nematode

3/13/2009

03/13/2009
Updated:

001 Proventriculus

3/13/2009

03/13/2009

Updated:
001 Gizzard

3/13/2009

03/13/2009
Updated:

Examined jejunal scraping and ileal scraping for coccidia; no coccidia were seen.
Contents of jejunum, ileum, and colon were pooled.

3/13/2009

03/13/2009
Updated:

Contents of jejunum, ileum, and colon pooled.
001 Intestine

Updated:

trematode

Contents of jejunum, ileum, and colon pooled.
001 Intestine

03/13/2009

nematode

3/13/2009

03/13/2009
Updated:
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001 Gizzard

Leighia sp.

001 Crop

Heterophyid

03/13/2009

No Parasites Seen

No Parasites Seen

03/13/2009
3/13/2009

trematode

03/13/2009
3/13/2009

Updated:

No parasites seen

Gross and microscopic exams performed.

03/13/2009
Updated:

No Parasites Seen

001 Ceca

3/13/2009

Updated:

Examined kidney squash preps for coccidia; no coccidia were found.

001 Blood Smear(s)

Updated:

No parasites seen

Renicola sp. (kidney trematode)

001 Lung

3/13/2009

03/13/2009

Gross and microscopic exams performed.
001 Kidney

Updated:

trematode

Heterophyidae
001 Liver

ACC: 001

trematode

3/13/2009

No parasites seen

Heterophyid

03/13/2009
Updated:

3/13/2009

Updated:

3/13/2009

trematode

03/13/2009

Heterophyidae.

MAURITZ C. STERNER CBE

03/13/2009

Note: Parasitological data cannot be used for publication without the Parasitologist's knowledge and consent.

Virology
TISSUE

Lab Specimen#:

110740

TRACKING#:

09012304

Intestine, Lower
Acc

Result:

Comment

Results from NVSL

001 no virus isolated

TISSUE

Date:
Lab Specimen#:

110741

TRACKING#:

te 2/6/2009

09012211

Brain
Acc

Result:

Comment

Results from NVSL

001 no virus isolated

TISSUE

Date:
Lab Specimen#:

110742

te 2/6/2009

TRACKING#:

Liver
Acc

Result:

Comment

Results from NVSL

001 no virus isolated

TISSUE

Date:
Lab Specimen#:

TRACKING#:

09090209

In jar

Blood
Acc

rrl 1/29/2009

Result:

Comment

Results from NVSL

001 no antibody titer against IBDC

Date:

rrl 9/11/2009

001 blood serum banked

Date:

te 1/16/2009

TISSUE

Lab Specimen#:

110737

TRACKING#:

09012108

Swab, tracheal
Acc

Result:

001 AI Matrix RT-PCR Screen negative

22410 001

Comment

Results from NVSL
Date:
PRINTED

rrl 1/22/2009
6/29/2011 1:45:19 PM
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TISSUE

CASE 22410
Lab Specimen#:

110736

TRACKING#:

ACC: 001

09012108

Swab, cloacal
Acc

Result:

Comment

Results from NVSL

001 AI Matrix RT-PCR Screen negative

TISSUE

Lab Specimen#:

110743

TRACKING#:

09012604

bone marrow, thymus, bursa pool

Kidney, Spleen pooled
Acc

rrl 1/22/2009

Date:

Result:

Comment

001 infectious bursal disease virus

Results from NVSL

Isolate is neutralized by
antiserum against IBDV. The
serological reagent cannot
distinguish between serotype 1
& 2.

rrl 1/30/2009

Date:

Kristina F. Egstad ,

2/6/2009

Virology Technician

Final Diagnoses (in order of importance)

Topog.

Morph.

1 Predation

TY0100

M14360

2 Severe emaciation

T00010

M70700

3 Virus isolated from bursa; IBDV- like

T69550

COD:

22410 001

Etiol.

Funct.

Disease

Link

L38805

COD General:

PRINTED

Trauma

(

6/29/2011 1:45:19 PM
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EXHIBIT C-13

U.S. FISH AND WILDLIFE SERVICE - SPOTLIGHT SPECIES ACTION PLAN
Common Name: Whooping crane
Scientific Name: Grus americana
Lead Region: Region 2
Lead Field Office: Corpus Christi Ecological Services Field Office (in coordination with
Aransas National Wildlife Refuge)
Species Information:
Status: Endangered
Recovery Priority Number or Listing Priority Number: 2C
Recovery Plan: International Whooping Crane Recovery Plan, 3rd Revision, March 2007
Most Recent 5-year Review: None; scheduled for initiation in FY 2010.
Threats: Although the whooping crane has shown great resilience coming back from a low of 15
birds in 1941 to 247 in spring, 2009, the population continues to face growing threats. Human
population growth will continue to reduce and degrade its suitable migration and winter habitat.
A. Present or threatened destruction, modification, or curtailment of habitat or range:
1. Expanding human developments are causing loss of migration and winter habitat needed
to meet recovery goals for downlisting and/or delisting.
2. At Aransas National Wildlife Refuge (NWR) and throughout the central Texas coast,
decreases in freshwater inflows from water diversions and reservoir construction add to the
following threats:
a. Reduction in available main food items at Aransas NWR, the blue crab (Calinectes
sapidus) and wolfberry (Lycium carolinianum).
b. Increased intervals when winter marsh salinities exceed the threshold of 23 parts per
thousand (ppt) thereby decreasing the availability of fresh drinking water for the cranes.
3. Throughout the migration range of the wild Aransas-Wood Buffalo population (AWBP),
flows needed to maintain riverine migration habitat are being lost.
4. Conversion of prairie habitat for agricultural usage, responsible for much of the original
habitat loss for the species, continues into the present.
B. Overutilization for commercial, recreational, scientific, or educational purposes:
1. Vandalism and migratory bird hunting are causing occasional mortality from shootings
during migration and winter.
2. Human disturbance (boating, hunting, fishing, and photography) reduces fitness of
individual cranes that are displaced from preferred migration or winter habitat.
C. Disease and/or predation:
1. Natural diseases: avian tuberculosis and infectious bursal disease.
a. Disease exposure and transmission risks increase with the decrease in habitat
availability in migration.
2. Introduced diseases: West Nile virus, avian influenza (H5N1).
1

3. Predation of eggs and chicks on the nesting grounds by ravens, wolves, and black bears.
D. The inadequacy of existing regulatory mechanisms:
1. Much habitat is on private lands where proposed developments have no Federal nexus.
2. Federal policies often help to promote development which results in habitat loss for the
cranes. Examples include Federal flood insurance aiding residential development in coastal
salt marshes in the species’ winter range, farm subsidies that encourage land use conversion
in migration range, and Federal tax breaks given to wind-power companies, resulting in
proliferation of infrastructure for wind power generation throughout the range.
E. Other natural or man-made factors affecting continued existence:
1. Currently, extreme climate events, including drought and storms (hurricanes) can:
a. Decrease production on the nesting grounds during dry years from increased predation
and reduced food.
b. Drought in the migration corridor decreases habitat availability.
c. Spring blizzards have potential to cause mortality to whooping cranes in migration.
2. Climate change projections indicate that the central Texas coast has the potential to
become hotter and drier with more droughts. This same scenario would also likely reduce
wetland habitat throughout the migration corridor and on the nesting grounds. At Aransas
NWR, reduced freshwater inflows and increased evaporation due to global climate change
would increase salinity of the marshes and cause decreases in the primary crane foods (blue
crab and wolfberry). If salinities at Aransas NWR more frequently exceed a threshold of 23
ppt, cranes would be forced to seek fresh water to drink. Mangroves are projected to spread
northward through intertidal marshes and decrease the suitability of crane habitat.
Accelerating sea level rise, compounded by land subsidence, is generally predicted to occur
along the entire coastline where the cranes winter, potentially drowning much of the existing
salt marsh and tidal flat habitat.
3. Loss of genetic diversity will continue unless the wild population is able to grow to
approximately 1,000 individuals.
4. Chemicals:
a. Continued barge and boat traffic along the Intracoastal Waterway in Texas, pose a
threat of petroleum product spills.
5. Collision with power lines, fences, aircraft, guyed towers, and wind turbines.
Target: The goal for the next five years is to maintain the species’ status as stable or increasing.
Measures and Actions: To promote recovery of the whooping crane.*
*Necessary to maintain or improve the current status of the species.

Measure

Action

Threat/ Responsible
Listing Parties
Factor

5-Year Cost
(Available
dollars/Source)

Protect 10,000 acres of
winter habitat.

Purchase easements and fee
title lands for 10,000 acres of
occupied winter habitat,
potential habitat and upland
buffer in the next 5 years.

Factors
A,E

$9,000,000

2

USFWS-ES &
Refuges,
Texas Nature
Conservancy,
CBBEP

Section 6 RLA,
CIAP.

Crane habitat will be
restored, enhanced
and/or maintained on
the newly protected
10,000 ac.

Cooperative agreements with
NGO partners and Private
Lands Agreements with
landowners will be used to
restore, enhance, and maintain
the occupied and potential
habitat, as well as the upland
buffer
Determine peak flock size,
number of nests, number of
fledged chicks, and number of
chicks that reach Aransas
during each of the next 5 year
on aerial surveys.

A, E

Determine energetic
balance of whooping
cranes at Aransas.

Refuge technician will collect
and analyze field data.

Factor A

Enhance foraging
opportunities on 5,000
acres/year at ANWR by
prescribed burns.
Projected changes to
habitat at Aransas from
sea level rise (SLR)
will be modeled.

Burn 5,000 acres of uplands
annually.

Run Sea Level Affecting
Marshes Model (SLAMM) for
pertinent area of Texas Central
coast. Support TAMU-CC
research study.

Factor E

USFWS-NWI,
WO, RO
TAMU-CC

Unknown,
estimate
$50,000
USFWS-Coastal
Program $

Migration stopover GIS
database will be
enlarged & updated

Carry out cooperative tracking
project. Update corridor map
annually.

Factor A

USFWS-R6

$100,000.

40 whooping cranes
will be banded and
radio-tracked.

Capture, health check, radio
and track whooping cranes.

Factors
A,C,E

Expanded crane
population monitoring
will take place in
currently occupied, +
newly protected,
breeding & wintering
habitat.

A, E

USFWS-ES and
Refuges, TNC,
Landowners

$275,000

CWS, USFWSRefuges,
TNC,
Landowners

$300,000

USFWS-ANWR

125,000

USFWS-ES,
All PFWP &
Coastal Programs

CWS / USFWSRefuges
funds

Refuge funds
Factor A

USFWS-ANWR

2,000,000
Refuge fire funds

Minimize and mitigate
wind farms impacts.

Collaborate with the wind
industry to write an HCP.

Factor E

Assess the risk of
transfer of IBD into the
AWBP from
reintroductions.

Sample central flyway cranes
for IBD.

Factor C

3

Platte River
Recovery
Program,
Platte River
Trust
USFWS/R2,R6
Wind industry

Platte River
Trust, Platte
River Rec. Prog.

CWS/USFWS
salary costs
$1,200,000
for 2 years
Platte River
Recovery Program
$1,200,000
HCP planning
section 6 grant.
+ FWS salaries
$6,000.
Platte River
Recovery Program

Develop self-sustaining
Eastern Migratory
Population (EMP)

Rear, train, and release cranes
into EMP, manage released
cranes

Factors
D, E

ICF, Operation
Migration,
USFWS-R3, R4,
USGS

Production in the
Wisconsin flock will be
boosted.

Complete research on cause of
nest abandonment, do
management if feasible

Factor A

Clemson U. and
USFWS-R3, ICF,
Operation
Migration

Impacts from harmful
development projects
will be minimized and
mitigated for.

Complete section 7
consultations. In cases where
projects have no Federal
nexus, provide
recommendations to avoid or
minimize impacts from
harmful projects.
Annually carry out StateFederal contingency plan.

Factors
A,D,E

USFWS-ES
USFWS-Refuges

Factor B

USFWS-R2,R6

Support partners (ICF,
Patuxent, SSC, and zoos).

Factors
A,C,E

USGS, ICF,
Zoos,
USFWSWO,R2,R3,R4
USFWS-WO,RO
R2,R3,R4,R6
ICF, Zoos,

Minimize shooting
mortalities related to
migratory bird hunting.
Captive breeding flocks
will be maintained.

Continue education and
public relations
programs.
.

Work with news media, do
public presentations, work
with zoos.

$1,800,000
ICF, OM,
USFWS-R3, R4,
USGS,
fund raising over 5
yrs.
$400,000.
ICF, OM,
USFWS-R3,
annual fund raising
over 5 yrs.
$100,000
FWS salary for ES
and refuge folks

Factor B

$100,000
USFWS salaries.
$8,000,000
Zoos, USGS,
USFWS
$75,000
Existing salaries.

Role of other agencies: The role of other agencies, partners, organizations, and private citizens,
including landowners, is critical to the recovery of the whooping crane. Major groups currently
helping with whooping crane recovery programs include the CWS, State game and fish agencies,
the Nature Conservancy, Operation Migration, USGS Patuxent Wildlife Research Center,
NWHC, ICF, SSC, Calgary and San Antonio Zoo’s, various universities, Whooping Crane
Conservation Association, and the North American Crane Working Group. See abbreviations for
Responsible Parties in the table above.
In addition to those partners with a history of whooping crane recovery involvement, the
USFWS believes that we also need to enlist the help of the Federal Emergency Management
Agency (FEMA), and the National Flood Insurance Program and the Texas Windstorm
Insurance Program because their insurance helps subsidize much of the development that
threatens whooping crane wintering habitat. Pre-empting development in low-lying whooping
crane habitat is a more economically efficient use of disaster relief funds then paying for disaster
relief to the area. The USFWS should invite FEMA to participate in a cooperative effort to
purchase conservation easements from willing sellers on low-lying coastal real estate and inquire
under what circumstances the programs might decline to insure new construction of structures in
identified whooping crane wintering habitat and potential habitat.
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Role of other ESA programs:
To date, section 6 Recovery Land Acquisition and HCP planning funds plus section 7
consultations have been used extensively to promote recovery of the whooping cranes.
Role of other USFWS programs: A spirit of cooperation among all USFWS programs is
necessary for a successful recovery program. Since 1937 when Aransas NWR was established,
the refuge has been in the forefront of recovery efforts for the whooping crane. The USFWS’s
Whooping Crane Coordinator is stationed at Aransas NWR and works closely with the nearby
Corpus Christi Ecological Services Field Office on actions to benefit the crane, including
coordination on section 7 consultations to minimize and mitigate for harmful actions on the
wintering ground, and working with private landowners on habitat protection, restoration, and
enhancement projects. The Whooping Crane Coordinator, and other staff of Aransas NWR, will
take responsibility for expanded population monitoring. Throughout the migration corridor,
refuges can manage their properties to ensure adequate availability of secure and suitable
stopover habitat for whooping cranes.
Other USFWS Ecological Services programs, including the Coastal Program, the Partners for
Fish and Wildlife Program, and the Texas Prairie Wetlands Project, can provide technical and
financial assistance to partner organizations to carry out on-the-ground habitat projects. Other
USFWS Ecological Services Field Offices throughout the species’ migration range also carry out
whooping crane recovery actions via section 7 reviews, assisting with implementation of the
Cooperative Whooping Crane Tracking Project, and other recovery actions. The USFWS’s
Migratory Birds Program works to ensure migratory bird hunting in the U.S. does not jeopardize
the species and Law Enforcement (LE) has taken an active role investigating all incidents
involving cranes.
Additional funding analysis:
In the last two decades, annually funding totaling about $370,000 has been appropriated
specifically for whooping crane programs. These include $165,000 for maintaining a captive
flock at the International Crane Foundation, $150,000 for reintroduction of a non-migratory flock
in Florida, and money for aerial surveys at Aransas NWR ($30,000) plus miscellaneous other
needs ($20,000). Within the last five years, Recovery Land Acquisition grants have been used to
purchase conservation easements on some wintering habitat identified as currently occupied and
needing protection.
Funding from government and non-government sources can be identified as likely sources to
carry out most measures and actions listed below.
Actions Needed to Recover the Whooping Crane for Which Additional Funding is Needed
Measure
Threat Responsible
5-Year
Action
or
Parties
Cost
Listing
($/Potential
Factor
Source)
Protect 40,000 additional
acres of winter habitat.

Purchase easements and
fee title lands for 40,000
acres of occupied winter
habitat, potential habitat
and upland buffer in the
next 5 years.

Factors
A,E

5

USFWS
Texas Nature
Conservancy

$36,000,000
(Section 6
RLA, CIAP,
NRDA

Crane habitat will be
restored, enhanced and/or
maintained on the newly
protected 40,000 ac.

Cooperative agreements
with NGO partners and
Private Lands Agreements
with landowners will be
used to restore, enhance,
and maintain the occupied
and potential habitat and
upland buffer
Capture, health check,
radio and track whooping
cranes.

A, E

USFWS,
TNC,
Landowners

$1,100,000
needed to
enhance
40,000
additional
acres over 5
yrs.

Factors
A,C,E

Platte River
Recovery
Program

Assess the pathology of
infectious bursal disease
(IBD) in whooping cranes.

Conduct field trials on
whooping cranes using
isolated IBD virus

Factor C

USGS-NWHC,
Patuxent

$1,800,000/
years 3-5,
Platte River
Recovery
Program
$60,000.
Hope for
USGS funds.

Production in the Wisconsin
flock will be boosted.

Factor
A

USFWS-R3,
ICF, Operation
Migration

Develop self-sustaining
Eastern Migratory
Population
Captive breeding flocks will
be maintained.

If necessary, move
reintroduction site where
breeding will be
successful.
Rear, train, release and
manage cranes in the
EMP,
Support partners (ICF,
Patuxent, SSC, and zoos).

Cranes will be reintroduced
into Louisiana on an
experimental basis
Do genomic mapping of
whooping cranes

Complete environmental
documents and release 1 or
more cohorts.
Carry out genomic
mapping.

Factor
A

60 whooping cranes will be
banded and radio-tracked.

_____________________________
Field Supervisor

Factors
D, E
Factors
A,C,E

A,E

ICF, OM,
USFWS-R3, R4,
USGS
USGS, ICF,
Zoos,USFWSWO,R2,R3,R4
USFWSR2,R3,R4,LDWF
Univ. of Georgia,
USFWS-R2,
USGS

$175,000.
ICF, OM,
FWS-R3.
Funding
shortfall of
$500,000
Funding
shortfall of
$600,000
$1,500,000,
unknown
sources
$52,000.
Hope for
USGS funds.

________________________________
Date
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Appendix A – Abbreviations
ANWR - Aransas National Wildlife Refuge
CBBEP- Coastal Bend Bays & Estuaries Program,

APLIC – Avian Power Line Interaction Committee
CIAP – Coastal Impacts Assistance Program
CWS – Canadian Wildlife Service
ES – Ecological Services
HCP – Habitat Conservation Plan
ICF – International Crane Foundation
LDWF – Louisiana Department of Wildlife and Fisheries
NRDA - Natural Resource Damage Assessment
NWHC – USGS National Wildlife Health Center
NWI – National Wetland Inventory
OM – Operation Migration
Patuxent – USGS Patuxent Wildlife Research Center
PFWP – Partners for Fish and Wildlife Program
Platte River Rec. Program - Platte River Recovery Implementation Program
R2 – USFWS/Region 2
RLA – Recovery Land Acquisition
SSC – Audubon Species Survival Center, New Orleans
TAMU CC – Texas A & M University, Corpus Christi
USFWS ES – U.S. Fish & Wildlife Service - Ecological Services
USGS – U.S. Geological Survey
WBNP – Wood Buffalo National Park
WC Trust – Platte River Whooping Crane Maintenance Trust, Inc.
WO – USFWS-Washington Office
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Diet, Food Use, and Energetics of
Whooping Cranes

Felipe Chavez-Ramirez
The Crane Trust

Presentation Outline
• Diet items of whooping cranes
• Diet composition at different time periods
• The proportional contribution food items for
wintering whooping over the winter
• Whooping crane food consumption
requirements
• Energetic requirement of captive and wild
whooping cranes

Whooping Crane Food Items
•
•
•
•
•
•
•

Blue Crab
Wolfberry
Horn snail
Marsh periwinkle
Razor clam
Orhopteran insects
Carabidae Insect

•
•
•
•

Rangia clams
Shrimp
Fish
acorns

Whooping Crane Foods: Frequency
Food Item

Allen 1952

Hunt and
Slack 1989

Westwood
and ChavezRamirez
2005, 93-94

Westwood
and ChavezRamirez
2005, 94-95

blue crab

85

61

64

78

acorns

28

3.5

7

0

razor clams

37

38.4

3.5

8.8

Crayfish

22

Cranberry

5

61.6

45.6

51.4

Other
pelecypods

5

Fish

54

1.7

Grass

5

5.2 (veg)

Snails

14

40.4

51

15.2

Insects

5

6.4

7

10.5

Whooping Crane Foods: Volume
Allen 1952

Hunt and
Slack 1989

Westwood
and ChavezRamirez 2005,
93-94

Westwood
and ChavezRamirez 2005,
94-95

Blue crab

58

40.1

31.7

52.4

Acorns

67

2.8

tr

0

Razor clams

71

28.8

0.7

5.5

crayfish

6

cranberry

37

13.7

37.8

37.2

Other
pelecypods

1

fish

1

tr

tr

grass

1

1

Snails

0.2

12.4

16.6

1.1

insects

0.2

0.1

6.1

0.7

Whooping Crane Food Consumption
during winter- 1993-1994
WOLFBERRY FRUIT - % Composition

F = 24.03, 4 = df; P< 0.001

Whooping Crane Food Consumption
during winter- 1993-1994
BLUE CRAB - % Composition

F = 10.34, 4 = df; P< 0.001

Whooping Crane Food Consumption
during winter- 1993-1994
FREQUENCY (wolfberry and blue crab)
100
80
60
40
20
0
NOVEMBER DECEMBER

JANUARY

Wolfberry

FEBRUARY

Blue Crab

MARCH

Whooping Crane Food Consumption
during winter- 1993-1994
ORTHOPTERAN INSECTS - % Composition
100
80
60
40
20
0
NOVEMBER

DECEMBER

JANUARY

FEBRUARY

MARCH

Whooping Crane Food Consumption
during winter- 1993-1994
HORN SNAIL - % Composition

F = 9.46, 4 = df; P < 0.001

Whooping Crane Food Consumption
during winter- 1994-1995
FREQUENCY (wolfberry and blue crab)
100
80
60
40
20
0
NOVEMBER DECEMBER

JANUARY

Wolfberry

FEBRUARY

Blue Crab

MARCH

Whooping Crane percent volume
In feces 1883-84 and 1984-85
Major Food Items Only

1983-84

1984-85

Food Item Early Mid Late Early Mid Late
Clam
Blue crab
Wolfberry

22.8
69
7.6

from Hunt and Slack (1989)

63.5
22.3
tr

91
7.7
tr

tr
21.4
34.1

8.2
35.5
29.4

48.1
32.1
0

Whooping Crane Niche Breadth
Aransas
0.9
Niche Breadth index

0.8
0.7
0.6
0.5

93-94

0.4

94-95

0.3
0.2
0.1
0
Nov

Dec

Jan

Feb

Mar

Food Consumption in Captive
Whooping Cranes
• 4% of body weight (Halibey 1979)
• Assumption 5 kgs. means 240 grams of
commercial food consumed
• Commercial feed = 2530 kcal/kg,
• 240 grams = 607 kcal =
• 2541 kj.

Food Consumption in Captive
Whooping Cranes
• 613 kcal = 2566 kj (Nelson 1995)
• Actual consumption

Food Consumption in Captive
Whooping Cranes
food

G/day

Kj/Day

blue crab

185

2147

wolfberry

133

2306

clam

206

2453

acorn

171

2947

commercial feed

176

3022

From Nelson 1995

Energy Expenditure in Captive
Whooping Cranes
• Based on TAB converted to TEB
• DEE = 421 kcal = 1762 kj

Whooping Crane Energetics

Captive WC 1763 kj/ day (421.3 kcal from Nelson 1995)

Net and Proportional Energy
Consumption by WC in Texas

Protein and Energy Requirements
per day (5kg bird)
Food Item

7.6 g protein
requirements (gr needed
to fulfill)

2106 kj (gr needed to
fulfill)

Blue crab

89

1809

Clams

175

1505

wolfberry

315

948

acorns

420

313

Whooping Crane Feces
• Collected only if
positively identified
based on:
–
–
–
–

Size
General appearance
Content
Surrounding footprints

Fecal Analysis
• Each sample was inspected with dissecting
scope.
• Volume of each item was estimated to the
nearest 5%.
• Frequency: number of times a food item was
present in feces per month
• Mean Percent: average volume of each item
in all samples.

Data Analysis
• Parametric ANOVA
– differences in % composition
• among months
• between sites/years

• Chi-square
– differences in frequency of occurrence of foods
• among months
• between sites/years

Data Analysis
• Food Niche Breadth (FNB): was estimated
for area by winter and month.
FNB= 1/∑pi2 pi=frequency of food item
• Symmetrical Overlap Index: used to
evaluate similarity in diets between winters,
months and areas. Reported values are
multiplied by 100 for ease of interpretation.
• O = ∑piqi/(∑pi2 ∑qi2 ) 1/2

Food Items
• 17 different food items were identified.
• New food items not previoulsy reported:
– Virgin nerite snail (Neritina virginea)
– Harvestment insects (Opiliones)
– Carabidae insects

MATAGORDA ISLAND
WOLFBERRY FRUIT - % Composition

F = 26.21, 4 = df; P< 0.001

MATAGORDA ISLAND
BLUE CRAB - % Composition

F = 4.44, 4 = df; P < 0.001

Matagorda
FREQUENCY (wolfberry and blue crab)

Wolfberry

Blue Crab

MATAGORDA ISLAND
HORN SNAIL - % Composition

F = 5.77, 4 = df; P < 0.001

ARANSAS - WINTER 2
WOLFBERRY FRUIT - % Composition

F = 69.98, 4 = df; P = 0.001

ARANSAS - WINTER 2
BLUE CRAB - % Composition

F = 31.60, 4 = df; P < 0.001

ARANSAS WINTER 2
HORN SNAIL - % Composition

F = 2.46, 4 = df; P = 0.05

ARANSAS - WINTER 2
ORTHOPTE RAN IN SEC TS - % Com position
10
8
6
4
2
0
NOVEMB ER

D EC EMB ER

J ANUAR Y

FE B RUAR Y

M AR CH

ARANSAS
FREQUENCY OF ORT HOPTERAN INSECTS
10 0
80
60
40
20
0
NOVEMBER

DECEMBER

JANUARY

WINTER 1
X 2 = 9.10, df = 2; P < 0.025

FEBRUARY

WINTER 2

MARCH

ARANSAS - WINTER 2
RAZOR CLAM - % Composition

• Whooping cranes opportunistic foragers (3 new
items).
• Wolfberry was important early in winter
• Blue crab was important after Dec-Jan
• Horn snail present but unclear importance as food
item (grit?)
• Upland food consisted of Orthopteran insects
(increased after burns) and trace of acorn
(present after burn)

• Blue crab and wolfberry appear
compensatory.
• Longer period of wolfberry use in MINWR
(larger territories, lower use pressure)
• FNB lower in MINWR

• Unknown: Food item selection in context of
availability
• Are differences in years due to abundance of
secondary items or reduced abundance or
availability of preferred items?
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% VOLUME OF FOOD ITEMS

BLUE CRAB
WOLFBERRY

NOV
0
93

MINWR
DEC
JAN
0
0
85.24
89.42

FEB
25
25

MAR
30.83
0

BLUE CRAB
WOLFBERRY

ANWR WINTER-1
NOV
DEC
JAN
25.63
4.69
30.63
36.88
77.97
47.34

FEB
47.67
0

MAR
70.42
0

% VOLUME OF FOOD ITEMS

BLUE CRAB
WOLFBERRY

BLUE CRAB

NOV
25.63
36.88

ANWR WINTER-1
DEC
JAN
4.69
30.63
77.97
47.34

FEB
47.67
0

MAR
70.42
0

NOV
25.63

ANWR WINTER-1
DEC
JAN
4.69
30.63

FEB
47.67

MAR
70.42

PERCENT VOLUME OF ITEMS FOUND
IN FECES*
Major Food Items Only

1983-84

1984-85

Food Item Early Mid Late Early Mid Late
Clam
Blue crab
Wolfberry

22.8
69
7.6

63.5
22.3
tr

* Taken from Hunt and Slack (1989)

91
7.7
tr

tr
21.4
34.1

8.2
35.5
29.4

48.1
32.1
0

