
FRONTISPIECE.  Ernie Kuyt, retired biologist with the Canadian Wildlife Service, was awarded the fifth L. H. Walkinshaw 
Crane Conservation Award on 27 September 2008 in Lake Delton, Wisconsin. Ernie had a varied career in wildlife which 
included over 25 years of research on whooping cranes on their breeding grounds. He graduated from the University of 
British Columbia in 1957 and began working on caribou with the Saskatchewan Department of Natural Resources. He moved 
to the Canadian Wildlife Service in 1961 and began research into predator-prey relationships between wolves and barren-
ground caribou. Ernie obtained his M.A. on wolf ecology from the University of Saskatchewan in 1970. From 1965 until 
1990 he was the lead biologist with the Canadian Wildlife Service's whooping crane recovery project, and was involved in 
developing a strategy of inter-nest exchange of eggs to enhance productivity of the cranes. Ernie also led the color banding of 
juvenile whooping cranes and followed radio-marked cranes on their 4,000-km long migration between breeding grounds and 
wintering grounds. Ernie banded almost 11,000 birds of over 120 species, including 132 whooping cranes. Ernie not only 
worked with wildlife, he also rigorously reported on his findings. An avid and prolific writer, he published almost 90 papers, 
over 30 of these were on the whooping crane. He coauthored another dozen papers and authored or coauthored over 50 
internal reports for the CWS. Ernie was recognized previously for his research on whooping cranes including being the 
recipient of the Whooping Crane Conservation Association's Honor Award. In addition the Order of Canada was presented to 
Mr. Kuyt on 21 April 1993 for his dedication to preserving the beauty and diversity of Canada's natural environment. Sadly, 
Ernie passed away unexpectedly on 21 May 2010. Up until his passing he continued his involvement in natural history and 
avidly followed the progress of whooping crane recovery. Ernie is survived by his wife Elsie, daughter Pamela (Mike) Stroh, 
and son Jonathan (photo Wood Buffalo National Park, ca. 1975). 
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PREFACE 
 

The North American Crane Working Group (NACWG) is an organization of professional biologists, 
aviculturists, land managers, and other interested individuals dedicated to the conservation of cranes and their 
habitats in North America. Our group meets approximately every 3 years to exchange new information on 
research and conservation of sandhill and whooping cranes and occasionally reports from abroad. Our meeting 
in Wisconsin Dells, Wisconsin, 23-27 September 2008, was no exception. The workshop was ably organized by 
Tom Hoffman, the scientific program was well-constructed by Jane Austin, and George Archibald and Richard 
Urbanek helped to bring together a memorable field day in central Wisconsin. The NACWG Board of Directors 
consisted of President Glenn Olsen, Vice President Felipe Chavez-Ramirez, Secretary Tracy Grazia, Treasurer 
Tom Hoffman, Jane Austin, Marilyn Spalding, and Richard Urbanek. Our technical sessions spanned 2 days and 
included presentation of 38 scientific talks and 16 posters. The papers included in this volume, with some 
exceptions, were presented at the workshop. The papers submitted for publication in the Proceedings are peer-
reviewed according to scientific journal standards. We thank the following referees for their contribution to the 
quality of this volume: 
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SANDHILL CRANES OF COASTAL BRITISH COLUMBIA: RESULTS OF HELICOPTER
SURVEYS AND PRELIMINARY OBSERVATIONS OF HABITAT USE

KRISTA ROESSINGH, Department of Geography, University of Victoria, P.O. Box 3060, STN CSC, Victoria, British Columbia, 
V8W 3R4, Canada 

BRIONY PENN, School of Environmental Studies, University of Victoria, Victoria, British Columbia, V8W 3R4, Canada 

Abstract: A pilot study on sandhill cranes (Grus canadensis) was conducted on the central coast of British Columbia in May
2006, followed by 2 summers of inventory and observation in 2007 and 2008. Fieldwork consisted of gathering local
knowledge of crane locales, helicopter and boat surveys, and observations from blinds. We located 29 nest sites on 14 different
islands and 1 mainland peninsula, as well as several beach foraging areas and bog roost sites. Observed average crane and nest
density in areas of suitable habitat was 0.21/km2 and 0.044/km2, respectively, for 2007 and 2008. Nest and roost sites were
found within 1.25 km of the shoreline, on the inner and outer islands between 51°38' N and 54°00' N where blanket mire
complex occurs. Territory of breeding pairs we observed in the Bella Bella area consisted of beach or estuary, forest and upland
bog, and nearby marshes and lakes. 

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:1-8

Key words: breeding habitat, British Columbia, Canadian sandhill crane, coastal bogs, Great Bear Rainforest,
Grus canadensis rowani.

Three subspecies of sandhill crane occur in British
Columbia: Grus canadensis canadensis, G. c. rowani,
and G. c. tabida. Breeding distributions, population
sizes, and migration pathways are poorly known for all
subspecies in the province (Cooper 1996). Cranes
summering on the British Columbia and central
Alaskan coasts are thought to belong to G. c. rowani
(Canadian sandhill cranes), which generally breed in
parkland and boreal parkland ecoregions of Canada and
Alaska (Herter 1982, Pogson and Lindstedt 1991,
Cooper 1996, Ivey et al. 2005, Johnson et al. 2005).

All subspecies have been blue-listed (considered
vulnerable) in British Columbia since 1998, with the
exception of the red-listed Georgia Depression
population residing in the lower mainland (British
Columbia Conservation Data Centre 2007). This
designation is due mainly to the paucity of information
regarding their population status and lack of protection
for their habitat throughout the province (Cooper
1996).

In 1990 it was estimated that 3,500 cranes migrate
and potentially breed along the British Columbia coast
(Campbell et al. 1990). They form part of the Pacific
Flyway Population of sandhill cranes, which numbers
approximately 25,000 birds. The majority of this
population is made up of lesser sandhill cranes that
summer in southern Alaska and winter in the Central
Valley of California (Tacha et al. 1992). PTT-marked
cranes (reported as G. c. rowani from morphometric
measurements) that summered on the British Columbia

and southern Alaskan coasts in 2002 staged in the
Lower Columbia River region west of the Cascades in
Oregon and Washington. One crane continued on to
winter in California's Central Valley with sandhill
cranes of other subspecies from interior British
Columbia and Alaska (Ivey et al. 2005). Ivey et al.
(2005) recommended that coastal breeding Canadian
sandhill cranes be managed as a separate population,
due to differences in morphology and breeding
distribution from lesser and greater sandhill cranes. Up
to 4,273 birds counted in the fall of 2002 on staging
grounds on the Lower Columbia River may have
represented the nesting population of coastal British
Columbia and southeast Alaska at that time (Littlefield
and Ivey 2002, Ivey et al. 2005).

The coastal islands and adjacent mainland coast
between the northeast of Vancouver Island and Alaska
have been identified as potential habitat for sandhill
cranes, based on ecosystem classification and current
knowledge of habitat preferences, and this area was
included in the range of rowani described by Meine and
Archibald (1996) (British Columbia Ministry of Water,
Land, and Air Protection 2004). Prior to this study there
were no recent nest records for the central and north
coasts of British Columbia, although there are scattered
records from Haida Gwaii, an archipelago separated
from the central and north coasts by a wide strait, and
from the north end of Vancouver Island to the south
(Hearne and Hamel 2003, Cooper 2006, British
Columbia Conservation Data Centre 2007).
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The central and north coast region is currently the
focus of extensive planning under the Central Coast
and North Coast Land and Resource Management Plan
and other regional planning efforts. There is a need for
information on the distribution and habitat
requirements of sandhill cranes in order for these to be
considered in management planning for both protected
and unprotected areas.

A pilot study to establish the scope of a research
project on sandhill cranes on the central coast was
initiated in May 2006. The study consisted of gathering
local knowledge, conducting boat and helicopter
surveys, and observations from blinds to determine the
feasibility of a multi-year study. We repeated helicopter
surveys in May of 2007 and 2008, expanding the
survey area to parts of the north coast in 2008.

Sightings of cranes on the central coast were followed
up by boat and on foot to confirm suspected use sites in
both years. Our objectives were to locate cranes and
their nests and to identify habitat types used by
summering cranes. 

STUDY AREA

The study area (Fig. 1, 51°38' N, 128°05' W-
54°00' N, 130°37' W) lies within the Hecate
Lowlands Ecosection (HEL) of the Coastal Gap
Ecoregion. The HEL is a narrow band of island
archipelago and lowlands along the central and north
coasts of British Columbia with rough, low
topography, convoluted shorelines, and productive
estuaries (Province of British Columbia 1996). The
dominant ecosystem type in the HEL is the Coastal
Western Hemlock very wet hypermaritime subzone,
under British Columbia's Biogeoclimatic Ecosystem
Classification system (Meidinger and Pojar 1991,
Province of British Columbia 1996). Due to the
influences of a hypermaritime climate and mineral-
poor bedrock, large expanses of blanket mire
complex have formed on the outer coast of British
Columbia. The blanket mire complex is a mosaic of
open, shrubby, and woodland bog types, with
vegetation that is distinct from interior and boreal
regions (MacKenzie and Moran 2004). Many islands
in the archipelago feature large productive estuarine
lagoon systems, fringes of old-growth forest (<30 m
tall), and upland mosaics of bog and fen wetlands and
scrub bog forest (Fig. 2, Province of British
Columbia 1996).

This largely intact region is under increasing
pressure from an array of ecological threats,
including industrial logging, oil and gas extraction,
overfishing, aquaculture, mining, sport hunting,
recreation activities, marine traffic, and climate
change (Paquet et al. 2004). The study area is within
the traditional territories of the Heiltsuk,
Kitasoo/Xaixais, Gitga'at, and Gitxaala First Nations,
and Port Simpson and Metlakatla bands of the
Tsimshian First Nation. 

METHODS

Interviews were conducted in Bella Bella and on
neighboring Denny Island over a 3-day period in May
2006 to identify crane locales on the central coast. These
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Figure 1. Study area and survey areas on the north and
central coast of British Columbia.
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No. of nests

Total sightings

No. of cranes sighted

Survey area (km2)

Total time (hrs)

Mean effort

(min/ km2)

Mean no. cranes/km2

Mean no. nests/ km2

Table 1. Results of helicopter surveys for sandhill cranes on the central and north coast of British Columbia. B = bog, E = estuary,
M = marsh, T = total.
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Figure 2. Estuaries on the west coast of Aristazabal Island, with fringe forest and upland bog complex (photo by Briony Penn,
2008).



were marked on laminated 1:50,000 topographic maps,
which were used to navigate as well as to record surveyed
areas during helicopter surveys. Most aerial photography
for the north and central coasts is at a 1:60,000 scale and
dates to the early 1980s or before. There is no landcover
mapping available for this area, however shoreline typing
maps were available and proved useful for locating
estuaries and beaches.

Helicopter surveys were used to locate sandhill
cranes and their nests between 13 and 18 May 2006
(Table 1). Initially, searchers travelled to known crane
locales and surveyed shorelines and estuaries where
crane sightings had been reported. If cranes were
spotted, they landed and surveyed the upland bog and
forest on foot for evidence of cranes. This search
pattern was followed by reconnaissance of coastal areas
with no reported crane sightings. During 14-17 May
2007, we rechecked sites where cranes were located in
2006, and surveyed shorelines and upland bog within
0.5-1.5 km of the shore in new areas of the central coast
by helicopter. Following the nesting period in 2007,
helicopter sightings within a 25-km radius of Bella
Bella were visited by boat and on foot to confirm the
locations of nests and roost sites, as only 2 nests were
seen from the air. Cranes were observed
opportunistically during these surveys, and locations of
cranes, tracks, and droppings were recorded with a
handheld GPS, and vegetation and other site
characteristics were noted. We documented crane
behavior and habitat using video, still photography, and
written notes.

We rechecked crane locales identified in previous
years during 15-21 May 2008. We also covered new
survey areas with high potential, based on habitat
associations and new sightings reports from locals and
mariners. Analysis of satellite imagery (SPOT 5 and
GoogleEarth), shoreline typing maps, and topographic
maps were used to locate high potential habitat for
surveys. Upland wetlands were given priority over
shorelines as the principle objective was to locate nests
and important roost sites. 

An R-44 helicopter was used for surveys in all
years. Flights were based out of Shearwater on Denny
Island for central coast surveys and out of Prince
Rupert for north coast surveys. Reconnaissance surveys
were flown at 100-200 m elevation, and shoreline and
bog surveys were flown at 35-50 m at speeds between
55 and 65 km/hr. Only low altitude surveys were

included in calculations of survey effort. Searchers
flew along shorelines at approximately 100 m,
descended to 50 m at estuaries and inlets, and circled
over nearby upland wetlands. Surveys were done at
mid to low tide levels because shoreline sightings of
cranes appeared to be less frequent at higher tide levels.
Surveys were generally carried out between 0939 hours
and 1730 hours to avoid low solar angles that reduced
visibility. Cranes were observed in situ or when
flushed. When a crane was sighted during the 2007 and
2008 surveys, the helicopter would circle once to check
for a nest (if necessary), and to record the location
using the helicopter's GPS, and then leave the area.
Video and still photographs were taken of the habitat.
Three or 4 people were present in the helicopter at all
times during the surveys to improve detection and to
help with recording and navigation. Permissions were
obtained from all of the First Nations councils whose
territories we planned to visit prior to commencing
surveys in all years.

In 2008, weekly visits to 4 nests with 2 eggs each
were made in the Bella Bella area during May and early
June to ascertain approximate hatching dates. Nest
habitat and diet studies, based on fecal analysis, were also
conducted within a 30-km radius of Bella Bella in 2008
(data not reported in this paper). Fieldwork for these
studies allowed for opportunistic observations from
boats, on foot, and from blinds, which were recorded as
in 2007 and are summarized below.

RESULTS

During the 2006 helicopter survey 18 cranes were
sighted in 7 locations (Table 1, Fig. 1). In the 2007
helicopter survey we counted 56 cranes in 34 separate
sightings. Fifteen sightings were in bogs (16 cranes
total) and the remainder were on beaches or estuaries
except for 1 bird sighted in a sedge marsh. Two nests
with 2 eggs each were observed by helicopter, and 1
nest that was located in 2006 was rechecked on foot
and found to contain 2 eggs. Nine of 13 bog sites
recorded during the helicopter survey were surveyed on
foot after the nesting period, and we tracked cranes
from beach, bog, or forest sightings on foot. In total 15
nests and many roost and foraging sites were identified
on 10 different islands.

In 2008 we located 19 active nests with eggs on 11
islands and 1 on a mainland peninsula during helicopter
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surveys. Sixteen of the nests held 2 eggs, 2 nests held 1
egg, and 1 nest was uncertain.

Bog sightings in all years were generally associated
with nearby estuary sightings when only 1 crane was
seen in the bog. Nests were situated closer to each other
on the outer coast near large lagoon and estuarine
systems. For example, 3 nests were found within 2 km
on the outer coast of Aristazabal Island in 2008,
whereas 2 nests on the north end of Denny Island, an
inner coastal island, were 5.6 km apart. 

We rechecked 9 nest sites in 2008 that had been
active in 2007. Only 2 of the nest sites were still active
in 2008. However 3 nests were found within the same
wetland complex (within 300 m) as the 2007 sites, and
1 nest was 1 km away from a 2007 nest site.

Of the 4 nests that were monitored for hatched
eggs, 3 were vacant in the last week of May, and 1 nest
was vacant in the second week of June, leaving 1 egg
behind. Eggshell fragments were found in all nests and
chicks were later seen nearby.

From helicopter, boat, and foot surveys we found
that crane locales were generally consistent from year
to year. Cranes tended to be found along sheltered
shorelines near estuaries, or in estuaries, where there
was upland bog nearby (within 0.25-1.25 km) and
forest cover in between shoreline and bog. Nest and
roost sites in bog pools also tended to be associated
with nearby (within 500 m) marshes, fens, or lakes,
where tracks, droppings and feathers were often found.

Beach foraging habitat was most commonly gently
sloping pebble or rocky beaches with abundant cover of
rockweed (Fucus spp.) in the intertidal zone, where
cranes were observed (on the ground or from a boat)
feeding on small mussels and periwinkle snails on the
surface of the rockweed. Estuary foraging habitat was
commonly salt marsh with abundant sedges (Carex
spp.), Pacific silverweed (Potentilla anserina pacifica),
and mudflats merging with rockweed-covered beaches.
Cranes on the beach often stopped feeding and
retreated to the forest edge when approached on foot or
by boat. We observed them feeding on salal berries
(Gaultheria shallon) at the forest edge, and loafing in
the forest above the beach at high tide on hot
afternoons. Cranes with young and non-breeding
cranes appeared to share these patterns of habitat use
and behavior.

Bogs where cranes or evidence of crane use were
found almost always had pools with small moss islets

(on average 4 m2 in size). Pools where we found nests
or evidence of roosting (droppings, feathers, and
tracks) were under 1 ha in size, 0.25 m-1.25 m deep
with 0.15-0.75 m of mud and decomposing plant
material, although some nests were found on islets in
small beaver-made lakes. In almost all cases nests were
made of a single layer or layers of twigs laid on the
moss surface.

We observed seasonal shifts in habitat use among
both breeding and non-breeding cranes during boat and
foot surveys. Cranes were reported arriving in the Bella
Bella area in the second week of April in both 2007 and
2008, and 25 cranes were seen together in Beale's
Lagoon, a large estuary system on Cunningham Island
in late April of 2008 (L. Jorgensen, Heiltsuk Nation,
personal communication 2008). In May and June of
2007 and 2008 we commonly saw cranes feeding along
beaches and in estuaries from dawn until dusk, and
typically 1 bird out of a nesting pair could be found
feeding on the beach close to the nest during this time.
These cranes were observed defending trails leading to
nest sites from the forest edge with aggressive or
defensive behavior when approached. Non-breeding
cranes appeared in pairs and in larger groups of up to
15 birds. From June to September crane families with
young were seen feeding on beaches near to nest sites
and using forest trails to walk from beach foraging
areas to upland areas.

Non-breeding cranes were rarely seen on the
shoreline or flying over the water in July, but cranes,
fresh droppings (often containing seeds of Empetrum
nitrum) and tracks were seen in upland bog wetlands
and adjacent forested areas. In August, non-breeding
cranes reappeared at shoreline foraging areas in groups
of varying sizes and resumed feeding in the rockweed
zone and in estuaries. 

DISCUSSION

Observations and sightings suggested a distinctive
pattern of habitat use by breeding pairs including: 
1) upland bogs used for nesting, roosting and foraging,
2) estuaries and beaches used for daytime foraging, 
3) old-growth fringe forest used for escape cover,
sheltered access to nest areas from the shoreline, and
foraging, and 4) upland lakes and wetlands used for
foraging. Non-breeding cranes appeared to use the
same habitat types.
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The rise in the number of sightings during
helicopter surveys each year reflected our increasing
familiarity with the land and seascape and with crane
habitat selection. Survey effort decreased from 2006 to
2008, but the number and average density of cranes
sighted increased. The surveys focused on known crane
locales and on habitat with similar characteristics,
making it difficult to estimate the total number of
cranes nesting on the central and north coast based on
our findings. Visibility of cranes from a helicopter and
their propensity to flush when they are under forest
cover is unknown but probably much lower than when
in relatively open shoreline, estuarine, or bog habitats.
However, a minimum estimate based on our observed
density of 1 crane per 5 km2 and 1 nest per 23 km2 could
be cautiously tendered. This density extended over the
land area within 1 km of the shoreline (the average
width of our surveys) in the Coastal Western Hemlock
very wet hypermaritime subzone of the HEL (5,900
km2) yields an estimate of a minimum of 1,240 cranes
and 260 nests. Cranes were occasionally found nesting
and roosting further inland (up to 1.25 km from the
shoreline) during surveys. Final summer destinations
were up to 6 km inland on north coastal islands in 2002
for PTT-marked cranes tagged in the lower Columbia
River area (Ivey et al. 2005). Our estimate therefore
represents only a portion of the population of the
central and north coasts of British Columbia, and does
not include birds summering in southern Alaska.
Reports of crane sightings gathered from mariners from
2006  to 2008 indicated that cranes occur on most of the
islands on the central and north coasts, where they have
typically been seen in pairs or small groups (<10)
feeding on beaches within or near to estuaries in
sheltered inlets. Cooper (2006) found 16 cranes and 4
nests on the north end of Vancouver Island, in open and
lightly forested sheet bog habitat, at a density of about
1 nest per 20 km2.

Several local people reported that they did not see
cranes before the 1960s, and that their numbers have
increased since then. However cranes appear in at least
1 Heiltsuk Nation tradition, and have a separate name
from the Great Blue Heron in the Heiltsuk dialect (Dr.
E. Windsor, Heiltsuk Nation linguist, personal
communication 2008). Explorers of the late 18th
century saw cranes in the course of their voyages to
Haida Gwaii and along the west coast. One record from
1834 tells of early settlers robbing a crane's nest near

Bella Bella, after failing to shoot 1 of the parents
(Leach 1979). Biologist Ian McTaggart-Cowan and
naturalist/collector Tom McCabe observed sandhill
cranes on the outer islands of the central coast in 
1928. At that time Dr. McTaggart-Cowan noted their
different behavior and habitat use from interior 
cranes, specifically their use of forest trails and 
bog nesting areas (Dr. I. McTaggart-Cowan, personal
communication, 2006). We surveyed 2 areas where he
remembered seeing cranes: Spider Island and Yeo
Island. There were cranes on Spider Island, but we did
not see any on Yeo Island where industrial logging and
associated log dumps (built on estuaries) had altered
the landscape. It is possible that summering sandhill
crane numbers on the coast are still recovering from
population losses suffered by the species in the late
19th and early 20th centuries. Crane densities appear to
be low, while the availability of suitable habitat is high.

The coastal environment of the HEL appears to
meet the needs of sandhill cranes, although they are
typically known as terrestrial birds associated with
wetlands. Their coloring acts as excellent camouflage
on the shoreline, where they exploit protein-rich marine
resources. Cranes appear to use the additional cover
provided by upland bog and scrub forest areas
extensively while molting and with unfledged young.

Forest use by sandhill cranes has been noted in
other parts of British Columbia, including Haida
Gwaii, where nesting cranes have been observed in
logging slash near a mountaintop, and a family was
seen in mature spruce-hemlock forest (Hearne and
Hamel 2003). Cooper (1996) observed cranes with
young in coniferous forests in the Chilcotin-Cariboo
region, which they used for escape cover.

Cranes have also been observed nesting in estuarine
tidal meadows in Haida Gwaii (Hearne and Hamel
2003). Although sandhill cranes in other regions use
bog wetlands for nesting, no other population is known
to forage on marine resources or nest in estuarine
habitat. Sandhill cranes wintering at Aransas National
Wildlife Refuge (ANWR) on the Texas coast foraged in
upland agricultural and natural areas rather than in the
tidally-influenced environments where they roosted
(Tacha et al. 1986, Hunt and Slack 1989). Whooping
cranes feed on mollusks and crustaceans on their
breeding grounds, and use brackish bays, estuaries,
marshes, and tidal flats on their wintering grounds at
ANWR (Johnsgard 1983). The brolga crane of northern
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Australia feeds on mollusks and crustaceans as well,
and breeds in brackish marshes, while the red-crowned
crane of East Asia feeds on aquatic invertebrates and
fish found in coastal salt marshes in winter (Johnsgard
1983).

MANAGEMENT IMPLICATIONS

Under the requirements of British Columbia's
Forest and Range Practices Act, the Ministry of
Environment has established an Identified Wildlife
Management Strategy (IWMS) for the sandhill crane,
which provides management guidelines with respect to
forest and range activities that may negatively affect
the species (British Columbia Ministry of Water, Land,
and Air Protection 2004). The IWMS allows for
protection of critical breeding habitat. Twenty-one nest
sites and 9 roost sites identified in this study have been
proposed for Wildlife Habitat Area designation (WHA)
under the IWMS. The remainder of the nest sites we
located are within conservancy areas or in the Hakai
Recreation Area.

Forest and range activities are restricted in WHAs,
however it is unknown whether the size and design of
WHAs provide adequate protection from logging for
nesting cranes. The IWMS provides for only
approximately 20 ha of operable area (harvestable
timber) to be set aside for each WHA. However, we
found that at least 50 ha of land around the wetlands
were needed to encompass the forest between breeding
wetlands and shoreline foraging areas and to provide a
forested buffer around breeding wetlands. At most
wetland nest and roost sites, the adjacent scrub forest is
currently classed as inoperable, but operability
thresholds may alter as market demand increases for
old-growth red and yellow cedar (Thuja plicata and
Callitropsis nootkatensis) (Banner et al. 2005). The
primary information need identified in the IWMS is the
tolerance of cranes to logging adjacent their breeding
habitat (British Columbia Ministry of Water, Land, and
Air Protection 2004), however we did not find any
cranes in areas with active or recent logging.
Conservancy area designation may not provide
adequate protection for sandhill cranes as some
industrial activities, such as wind farms and
hydroelectric projects, are permitted within specific
conservancies.

We recommend the establishment of guidelines for

protecting sandhill crane habitat within conservancies,
and the expansion of minimum WHA size to 50 ha
outside the wetland area. We also recommend that
sightings we have collected from locals and mariners
be followed up with foot surveys to locate more nests,
and efforts to raise awareness about cranes and their
habitat be continued in coastal communities. 
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BEHAVIOR AND HABITAT USE OF GREATER SANDHILL CRANES WINTERING IN EAST
TENNESSEE

DAVID A. ABORN,1 Department of Biological and Environmental Sciences, University of Tennessee at Chattanooga, 
Chattanooga, TN 37403-2598, USA

Abstract: An increase of eastern greater sandhill cranes (Grus canadensis tabida) stopping over and wintering at the Hiwassee
Wildlife Refuge in east Tennessee has led to overcrowding at the refuge, resulting in crane use of private property. Proper
management is needed to prevent the cranes from becoming a nuisance, increase the suitability of the refuge for waterfowl,
and reduce the likelihood of a disease outbreak. Observations of cranes revealed that cranes spent 83% of their time foraging,
alert, or preening. Sandhill cranes foraged primarily in agricultural and grassy fields, whereas mudflats and shallow water were
used for preening and loafing. Cranes tended to use grassy fields and mudflats in greater proportion to their availability,
whereas agricultural fields and shallow water were underused. The results suggest that management techniques used with
sandhill cranes elsewhere will also support crane populations at Hiwassee. The issue of overcrowding at the refuge, however,
still needs to be addressed.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:9-14

Key words: behavior, Grus canadensis, habitat use, Hiwassee Wildlife Refuge, sandhill cranes, Tennessee.

The eastern population of greater sandhill cranes
(Grus canadensis tabida) breeds in the Great Lakes and
Upper Midwest regions of North America and
traditionally winters in southern Georgia and
peninsular Florida (Meine and Archibald 1996).
However, numbers of eastern greater sandhill cranes
staging and overwintering at the Hiwassee Wildlife
Refuge in eastern Tennessee have sharply increased
over the last 30-40 years. During the 1960s and 1970s
crane numbers ranged from 2 to 400 (DeVore 1980),
and those birds only stayed a few days. More recently,
as a result of crop planting (primarily corn) for
waterfowl, peak numbers of wintering cranes have
reached 14,000 (Fig. 1) with many birds spending most
or all of the winter in the area. This increase has led to
cranes using nearby agricultural and residential areas.
Refuge personnel have received complaints from
landowners on neighboring properties who say that
cranes eat or trample much of the grain they plant for
sale or consumption. Complaints from homeowners
regarding the noise level of the cranes on their
properties, along with the fecal droppings the birds
leave behind, have also been filed. In addition to the
human-crane conflicts, the large numbers of cranes
may be out-competing waterfowl for food at the refuge
and altering their behavior (J. W. Akins, Tennessee
Wildlife Resources Agency, personal communication).
This may increase pressure on waterfowl populations

to find suitable stopover and wintering areas, and it
requires state wildlife managers to provide adequate
habitat and food for both waterfowl and cranes.
Another potential problem that the high density of
cranes at Hiwassee poses is the potential for a disease
outbreak, such as avian cholera (U.S. Fish and Wildlife
Service 1981, Windingstad 1988). While no outbreak
has occurred at Hiwassee or other areas frequented by
the eastern population, given that approximately half of
the eastern crane population may use the refuge, a
disease outbreak or similar event could negatively
affect the population.
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Figure 1. Peak numbers of wintering greater sandhill cranes at
Hiwassee Wildlife Refuge, Tennessee. Data were not recorded
between 1972 and 1986, but small flocks of sandhill cranes
still used the area.



In order to find solutions to all these problems,
information needs to be gathered on length of stay,
local movements, migration patterns, and behavior of
cranes at the refuge (Bailey 1984). To date, no

comprehensive studies have been carried out on the
cranes at Hiwassee. I observed sandhill cranes at
Hiwassee Wildlife Refuge to determine their behavior
and habitat use. Specifically, I investigated activity
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budgets of cranes at Hiwassee, the cranes' habitat use in
relation to habitat availability, and their behavior in
relation to habitat, flock size, and ambient conditions.

STUDY AREA

The Hiwassee Wildlife Refuge is located in Meigs
County, Tennessee (35°24' N, 85°58' W), at the
confluence of the Tennessee and Hiwassee Rivers
(Fig 2). The refuge consists of 405 ha of open fields,
agricultural fields, riverbanks, and ponds. The refuge
is bounded by private property, and some property
owners plant various cereal crops for sale and
consumption. 

METHODS

I recognized 4 habitats on the refuge: agricultural
field, grassy field, mudflat, and shallow water. I defined
agricultural field as any land planted with an agricultural
crop. I did not distinguish between the types of crops
planted. The predominant crop planted is corn, with
lesser amounts of millet and sorghum.  Agricultural fields
comprised 39% of the habitat at the refuge. Grassy field,
which covered 30% of the refuge, was characterized by
open land vegetated with grasses and forbs. I defined
mudflats as any exposed wet ground between the water
and dry land. Mudflats made up 20% of the refuge. The
remainder of the refuge (11%) was shallow water, which
I defined as any water no more than 0.33 m deep. Habitat
availability data were obtained from the Tennessee
Wildlife Resources Agency, and availability was constant
throughout the study period.

I, along with 4 student assistants, collected behavioral
and habitat use data for 4 years from late November to
early March 2001-2004. Observations were made during
daylight hours (0600-1800 EST) to reduce any temporal
bias, although no systematic effort was made to gather a
particular number of samples from a given time period.
To examine crane behavior, I used focal observations
(Altmann 1974) on individual birds. One individual was
arbitrarily selected from a flock and observed for 1
minute using a 605 spotting scope.  Individual observers,
who worked singly and independently, recorded time
spent in alert behavior (standing erect and looking
around), aggression (see Tacha 1988), courtship (see
Tacha 1988), foraging (probing the ground, corn stalks, or

water), loafing (standing on 1 leg or with head tucked into
feathers), preening (feather maintenance), and vocalizing
(contact calls). After the 1-minute period, a crane from a
different flock was selected and the procedure was
repeated. In addition to the behaviors, the age of the
individual being observed (adult or juvenile), the habitat,
flock size, total number of cranes present, and weather
conditions (temperature, wind direction and speed, cloud
cover) were recorded. To assess habitat use, I used scan
sampling (Altmann 1974), whereby flocks of cranes were
scanned and the numbers of cranes in the different
habitats were recorded.

For statistical analyses of the focal observations, I
report the percentage of occurrences among the different
behaviors. The frequency of the different behaviors was
tallied, and a chi-square test was used to identify
differences in the frequency of behaviors in relation to
habitat. Pearson correlation analyses were used to
examine associations between behavior and weather
variables, as well as any relationships between behaviors
and flock size. A G-test was used to analyze the scan
samples, looking for differences between habitat use and
availability. The significance level for all tests was 0.05.

RESULTS

A total of 353 focal observations were gathered.
The cranes exhibited foraging behavior 40% of the
time, alert 33%, preening 10%, and loafing 7%. During
the remainder of the observation time the cranes were
occupied by courtship, aggressive behavior, or
vocalizing behavior. There was a significant difference
in the frequency of behaviors seen in the different
habitats ( 2 = 45.85, P < 0.001) with most of the
foraging taking place in agricultural and grassy fields,
and most of the loafing occurring on mudflats (Table 1).

To test for a temporal bias in the behavioral
observations and diurnal patterns of habitat use, days
were divided into 3 4-hour periods from sunrise to
sunset. Seventy-six behavioral observations were
gathered in the morning (0600-1000 EST), 110
observations were made during midday (1000-1400
EST), and 167 observations were made in the afternoon
(1400-1800 EST). There was no difference in the
proportion of time spent on different activities during
the different time periods ( 2 = 19.08, P = 0.09; Fig. 3).
Thirteen flocks were observed in the morning, 23
flocks during midday, and 19 flocks during the
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afternoon. There was a significant difference in habitat
use over the course of the day ( 2 = 14,285.31, P <
0.001). Cranes used agricultural fields and shallow
water most extensively during the afternoon, and
mudflats most often during the midday.

There were no significant correlations between
behavior and flock size, however there was an effect of
weather conditions on crane behavior (Table 2). Alert
behavior was negatively correlated with temperature
and positively correlated with cloud cover. Preening
was positively correlated with temperature, while
loafing was positively correlated with wind speed.
Finally, courtship and aggressive behavior were both
positively correlated with temperature and courtship
was negatively correlated with wind speed. Because of
the disproportionate number of observations on adult

birds (332 adult, 21 juvenile), no age-related
comparisons were made.

A total of 55 flocks was observed during the study
period, and flock size varied from 9 to 3,000 cranes
(mean +_ SD = 1,788 +_ 1,401). There was a significant
difference in use of habitats by sandhill cranes at
Hiwassee Wildlife Refuge ( 2 = 10,874.35, P < 0.001).
Grassy fields and mudflats were used in greater
proportion than their availability, whereas agricultural
fields and shallow water were underused (Fig. 4). 

DISCUSSION

Sandhill cranes at Hiwassee Wildlife Refuge spent
the majority of their time foraging, alert, or loafing,
which corresponds well with studies of the behavior of
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Forage
Alert
Preen
Loaf
Aggression
Courtship
Vocal

Agricultural field                     Grassy field                    Mudflat                    Shallow water

Table 1. Behavior of wintering greater sandhill cranes in different habitats at Hiwassee Wildlife Refuge, Tennessee. Numbers
represent the percent of total observation time birds spent exhibiting a behavior in a particular habitat.

15.6
9.1
1.9
0.7
1.2
0.4
1.9

16.1
11.9
2.7
1.4
1.1
1.2
0.9

4.7
9.2
3.2
3.7
0.3
0.8
0.3

3.5
4.4
2.4
1.2
0.0
0.0
0.2

Figure 3. Activity budget of greater sandhill cranes during
different time periods at Hiwassee Wildlife Refuge,
Tennessee.

Figure 4. Deviation from expected habitat use by greater
sandhill cranes at Hiwassee Wildlife Refuge, Tennessee.



cranes staging along the Platte River, Nebraska (Krapu
et al. 1984, Sparling and Krapu 1994). Studies of
staging by the mid-continental population of sandhill
cranes have also found that birds did most of their
foraging in agricultural fields and pastures, alert
behavior and loafing were most often seen in grassy
areas, and most preening in pastures (Krapu et al. 1984,
Krapu 1987, Sparling and Krapu 1994).

The results of habitat use in this study differ in
some respects from other studies of eastern sandhill
cranes. Cranes at Hiwassee used agricultural fields
close to expected, while grassy fields were used much
more than would be expected based on habitat
availability. A study of habitat use by eastern sandhill
cranes at Jasper-Pulaski Fish and Wildlife Area (J-P) in
Indiana found that in the fall cranes spent 94% of their
time in agricultural fields and 6% in grassy fields
(Lovvorn and Kirkpatrick 1982). Although birds at J-P
spent much more time in agricultural fields than cranes
at Hiwassee, in relation to habitat availability, cranes at
J-P were only slightly overusing the agricultural areas
and slightly underusing grassy fields. Studies of mid-
continental and Rocky Mountain populations also use
agricultural fields disproportionately to availability and
grassy fields less (Iverson et al. 1987, McIvor and
Conover 1994, Sparling and Krapu 1994, Davis 2001).
One possible reason why cranes at Hiwassee use grassy
fields in greater proportion than has been reported in
other populations is the spatial relationship of habitats
at Hiwassee. Iverson et al. (1987) found that almost all
the variation in the distribution of cranes in Nebraska
could be attributed to the arrangement of the habitats.
Grassy fields at Hiwassee may therefore receive more
use because of their position relative to foraging sites or
roosting areas.

The temporal use of habitats at Hiwassee is
supported by other studies of sandhill cranes. Sparling
and Krapu (1994) found habitat use along the Platte

River changed over the course of the day. Riverine
habitats, such as mudflats, were used in the early
morning. Cranes then used corn fields until about 1000
hr, when they gathered in grasslands. Use of corn fields
increased again from approximately 1600 hr until 1800
hr, at which time the birds returned to riverine habitats.
McIvor and Conover (1994) also found that cranes in
Utah and Wyoming fed heavily in agricultural fields in
the morning, used grasslands during midday for
loafing, then moved back to agricultural fields in the
late afternoon. Despite some of the differences with
other populations, sandhill cranes at Hiwassee exhibit
the general pattern of foraging in agricultural fields in
the morning, loafing in grasslands and mudflats during
midday, and then foraging again in agricultural fields in
the afternoon, especially in the hours preceding
roosting. Some of the differences may be attributable to
the fact that the cranes in this study are a mix of staging
and overwintering birds, whereas the other studies are
strictly staging birds.

Some of the relationships between weather
variables and the cranes' behavior are difficult to
explain, and given the low correlation values the results
may have little biological significance. The negative
correlation between loafing and wind speed could
indicate that the birds are reluctant to move around
when flying conditions are difficult. This may also
explain the same relationship between courtship and
wind speed. Since sandhill crane courtship sometimes
involves leaping and tossing objects into the air (Tacha
1988), high winds may interfere with the proper
expression of the behavior. The positive relationship
between temperature and preening is likely the result of
seasonality. As spring approaches and temperatures
warm, the birds may increase preening in preparation
for migration.

Given some similarities in behavior and habitat use
between eastern greater sandhill cranes at Hiwassee
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Temperature
Wind speed
Cloud cover
Flock size

Alert           Foraging           Loafing           Preening           Vocalizing           Courtship           Aggression

Table 2. Pearson correlation coefficients for the effect of weather conditions and flock size of wintering greater sandhill crane
behavior at Hiwassee Wildlife Refuge, Tennessee.

-0.105
0.014
0.116

-0.012

*

*

0.119
-0.130
-0.070
0.036

*
*

-0.084
0.107
0.026
0.038

*
0.197

-0.030
0.010

-0.028

** 0.155
-0.014
-0.033
0.193

**-0.036
-0.029
-0.039
-0.034

0.063
0.013

-0.066
0.100

* = P < 0.05, ** = P < 0.001.

 



and mid-continental populations of lesser sandhill
cranes, management techniques that have been used
successfully with lesser sandhill cranes may be
effective with the Hiwassee population. Management
of cranes along the Platte River has emphasized
maintenance of grain to provide carbohydrates,
grasslands to provide more protein and calcium rich
foods, and open water and mudflats for roosting (U.S.
Fish and Wildlife Service 1981). However, site-
specific and population-specific conditions need to be
taken into account before an effective management
plan can be implemented at Hiwassee. Such
information would include differences between
wintering versus staging cranes, any differences in the
natural history of the eastern population versus other
populations or between lesser and greater sandhill
cranes, and any differences in landscape context, such
as distance to water, spatial arrangement of habitats,
or degree of urbanization. Maintenance of existing
habitat at Hiwassee will ensure continued use of the
area by staging and wintering cranes. Such
maintenance, however, will not alleviate the
overcrowding at the refuge, and instead will likely
exacerbate it. Cranes utilizing Platte River sites have
much more area in which to disperse, and only use the
area for staging and not for overwintering. The
problem at Hiwassee is the supplemental food source
attracting cranes and prematurely halting their
migration, resulting in too many cranes using a single
area. Methods must be found to encourage sufficient
numbers of cranes to migrate south to their traditional
wintering areas so as not to exceed the capacity of the
refuge.
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POSSIBLE COMPETITION BETWEEN WATERFOWL AND SANDHILL CRANES AT
HIWASSEE WILDLIFE REFUGE, TENNESSEE
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Abstract: As a result of crop planting for waterfowl, numbers of eastern greater sandhill cranes (Grus canadensis tabida)
staging and overwintering at the Hiwassee Wildlife Refuge in eastern Tennessee have sharply increased over the last 30-40
years. Peak numbers of wintering cranes have reached 14,000, and this large increase in crane numbers raises the possibility
that they may be competing with waterfowl for food and space. I examined broad-scale changes in waterfowl numbers using
Christmas Bird Count data, as well as small-scale changes using observations of waterfowl numbers and locations in relation
to cranes on individual days. Preliminary results indicate that declines in Canada goose (Branta canadensis) numbers do not
seem to be related to the increase in cranes, and while numbers of other waterfowl species have not shown changes, some
species tend to remain farther from shore, and hence deeper water, when there are more cranes present. Waterfowl at Hiwassee
may not be able be to deposit as much fat for inclement winter weather, spring migration, or breeding. Competition between
cranes and waterfowl increases the need for wildlife managers to provide more food and habitat for both cranes and waterfowl.
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Numbers of eastern greater sandhill cranes (Grus
canadensis tabida) staging and overwintering at the
Hiwassee Wildlife Refuge in eastern Tennessee have
sharply increased over the last several decades (Fig. 1).
While this might be the result of an overall population
increase, the increase coincides with the start of crop
planting on the refuge. Regardless of its cause, the large
increase in crane numbers has led to a number of
management issues at the refuge, such as crop

depredation and noise complaints on surrounding
properties. Another concern is the potential that the
cranes may be competing with waterfowl for the food
resources on and around the refuge. Corn is a preferred
food of sandhill cranes, Canada geese (Branta
canadensis), and snow geese (Chen caerulescens)
(Krapu et al. 1995, 2005), and in the midcontinental
U.S. this competition has potentially contributed to
reduced fattening in cranes (Krapu et al. 2005). Given
that cranes usually outnumber geese at Hiwassee
(personal observation), it is possible that the reverse
effect could be happening at the refuge. While aquatic
foods make up a smaller proportion of their diet, cranes
may forage on the same fish, invertebrates, and
vegetation (Iverson et al. 1982) as some duck species.
Again, competition for food may result in reduced fat
stores, reduced survival, or other consequences for
either ducks or cranes. I conducted a preliminary
assessment of competition examining broad-scale
population changes in cranes and waterfowl, as well as
the spatial distribution of several duck species in
relation to crane numbers. 

STUDY AREA

The Hiwassee Wildlife Refuge is located in
Meigs County, Tennessee (35°24'N, 85°58'W; Fig.
2). The refuge consists of 405 ha of open fields,
agricultural fields, riverbanks, and ponds. The
refuge is bounded by private property, and some
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Figure 1. Peak numbers of wintering greater sandhill cranes
at Hiwassee Wildlife Refuge, Tennessee. Data were not
recorded between 1972 and 1986, but small flocks of sandhill
cranes still used the area.

1 E-mail: David-Aborn@utc.edu



property owners plant various cereal crops for sale
and consumption. I categorized 4 major habitats on
the refuge: agricultural field, grassy field, mudflat,
and shallow water. I defined agricultural field as any

land planted with an agricultural crop; however, I did
not distinguish between the types of crops that were
planted. The predominant crop planted was corn,
with lesser amounts of millet and sorghum. Of the 4
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Figure 2. Location of Hiwassee Wildlife Refuge, Tennessee.

 



habitats, agricultural fields comprised 39% of the
habitat at the refuge. Grassy field, which covered
30% of the refuge, is characterized by open land
vegetated with grasses and forbs. I defined
mudflats as any exposed wet ground between the
water and dry land. Mudflats make up 20% of the
refuge. The remainder of the refuge (11%) is
shallow water, which I defined as any water < 0.33
m deep. Habitat availability data were obtained
from the Tennessee Wildlife Resources Agency
personnel at the refuge.

METHODS

To examine broad-scale changes in abundance I used
data from the Hiwassee Christmas Bird Count (National
Audubon Society 2007). This count has been conducted
every year on 1 January since 1978, with an average of 21
participants and 48 party hours (1 person counting for 1
hr = 1 party-hr). Thus, the count provides a very
consistent long-term assessment of crane and waterfowl
trends. I downloaded data for sandhill cranes, Canada
geese, mallards (Anas platyrhynchos), northern pintails
(Anas acuta), hooded mergansers (Lophodytes
cucullatus), and ring-necked ducks (Aythya collaris). I
selected these species because they are typically the most
abundant waterfowl species wintering on the refuge. I
conducted linear regression analyses for each species to
look for significant changes in numbers over time. 

To examine finer-scale effects of cranes on waterfowl,
I observed how far the different duck species kept from
shore in relation to crane numbers. I used a random
number table to select 5 days in December 2007 and 5
days in January 2008 for making observations. All
observations were made from the public viewing area (Fig.
2) at Hiwassee to avoid disturbing the birds. The viewing
area is an exposed gazebo that is 280 m from an
impoundment where many waterfowl are commonly seen.
Water depth in the impoundment ranges from 0.01 m
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Figure 3. Annual number of sandhill cranes recorded on the
Hiwassee Christmas Bird Count.
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Figure 4. Annual number of Canada geese (CAGO) and mallards (MALL) recorded on the Hiwassee Christmas Bird Count.

 



along the shoreline to 4 m in the middle of the
impoundment. On each of the selected days I haphazardly
(non-systematically) selected 10 individuals of each of the
focal species and measured their distance from me and my
distance from the nearest shore relative to the individual
using a laser range finder. I later used those distances and
the resulting angle to calculate each individual's distance
from the nearest shoreline. After I had recorded the
distances, I counted the number of cranes in the area. I then
used simple linear regressions to look for trends in distance
and crane numbers on those days.  

RESULTS

Christmas Bird Count data showed there was a
significant increase in crane numbers at Hiwassee from
1978 to 2007 (F = 159.96, P < 0.001; Fig. 3). During
that same period, Canada goose numbers on the refuge
showed a significant decline (F = 12.51, P = 0.002),
while the duck numbers showed non-significant trends
for all species (mallard: F = 0.50, P = 0.486; northern
pintail: F = 1.00, P = 0.327; hooded merganser: F =
2.48, P = 0.130; ring-necked duck: F = 1.37, P = 0.256;
Figs. 4 and 5). To determine if the goose trend was a
local phenomenon, and thus more indicative of an
effect of the cranes, I subsequently examined

Christmas Bird Count trends for Canada geese across
the United States, within the state of Tennessee, and in
Chattanooga, Tennessee, which is about 97 km from
Hiwassee. Nationally and in Chattanooga, Canada
goose populations have increased significantly
(national: F = 22.88, P < 0.001; Chattanooga: F = 6.33,
P = 0.021), while at a state level they have remained
unchanged (F = 2.181, P = 0.155) (Fig. 6). However, in
1990 there was a very high number of geese recorded,
much higher than in the other years. If this point is
removed from the analysis, geese show a nearly
significant negative trend (F = 3.80, P = 0.065). To
further separate the effects of Hiwassee trends, state
trends, and crane numbers, I conducted a backwards
stepwise regression. Results of this analysis indicated
that sandhill crane numbers did not improve the model to
predict goose numbers at Hiwassee, whereas numbers
could be predicted from a linear combination of state
trends and year (Table 1). 

At a finer scale, mallards did increase their distance
from the shoreline when more cranes were present (F =
5.56, P = 0.046). Both hooded mergansers and ring-
necked ducks were also found significantly farther
from shore as crane numbers increased, (hooded
merganser: F = 66.06, P < 0.001, ring-necked duck: F
= 50.24, P < 0.001; Fig. 7). Northern pintails were not
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Figure 5. Annual number of northern pintails (NOPI), hooded mergansers (HOME), and ring-necked ducks (RNDU) recorded on
the Hiwassee Christmas Bird Count.

 



present in sufficient numbers during the sampling days
to include in the analyses. 

DISCUSSION

While initial results suggested that sandhill cranes
were negatively affecting Canada geese, subsequent
analysis indicates that other factors may be
responsible for the decline in goose numbers at
Hiwassee. The most likely explanation is the change
in migratory habits of some subspecies of Canada
geese. The subspecies that winters at Hiwassee is the
giant Canada goose (B. c. maxima), which has shown
a tendency to winter farther north over the last 20
years (Mowbray et al. 2002). This trend, along with
the regression analysis, support the idea that the
decline in goose numbers at Hiwassee is not because
of the cranes, but simply that fewer geese are

wintering in Tennessee. Nonetheless, the large number
of sandhill cranes at Hiwassee could still lead to
competition with geese. This competition could stem
from reduced food availability for the geese, or from
reduced opportunity for the geese to forage if the
cranes actively exclude geese from the fields or
simply occupy so much area that the geese cannot
land. Whichever mode of competition might exist, the
effect on the geese would be reduced energy intake
and increased search times, which, in turn, could result
in reduced fattening. The reduced fat stores could lead
to lower overwinter survival and/or reduced
reproduction. 

Mallard foraging did not seem to be affected much
by cranes. It could be that mallards are simply more
tolerant of the cranes, or that they had other
opportunities to forage. There are several other ponds
on the refuge where mallards congregate, and if there
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Figure 6. National, state, and local Christmas Bird Count numbers for Canada geese.

 



is too much disturbance from the cranes, the mallards
may simply move to another pond. Hooded
mergansers and ring-necked ducks, in contrast, did
seem to alter their foraging in response to crane
numbers. By being forced to forage in deeper water,
both species might face energetic and nutritional
consequences. Hooded mergansers feed on fish,
crayfish, and other aquatic invertebrates (Dugger et al.
1994). While there is no published information on the
diving depth of hooded mergansers (Dugger et al.
1994), a pair of captive hooded mergansers has been
observed diving as deep as 2 m (Kevin Calhoon,
Tennessee Aquarium, personal communication). This
means that mergansers in the impoundment can catch
fish, but might not be able to reach some of the benthic

invertebrates, such as crayfish and snails. As a result,
they may be able to find enough food to survive the
winter and fatten for migration, but if the invertebrates
contain certain nutrients the birds need for breeding,
their reproduction may be compromised. Ring-necked
ducks feed on submerged vegetation and aquatic
invertebrates, and dive as deep as 1.5 m (Hohman and
Eberhardt 1998). As with the mergansers, foraging in
deeper water may put some food out of their reach,
which may reduce overwinter survival, migratory
fattening, and/or reproduction. 

My results are preliminary and correlative, and
should be viewed with caution. There are alternative
explanations for some of the results. For example, the
spacing pattern of the ducks may be due to time of day
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Figure 7. Average distance of 3 duck species to nearest shoreline in relation to sandhill crane abundance: mallards (MALL),
hooded mergansers (HOME), and ring-necked ducks (RNDU).

Constant
Year
Tennessee CAGO CBC
SACR CBC

Group Coefficient                 Standard coefficient                 SE                 F-to-remove                 P

Table 1. Stepwise regression analysis of sandhill crane (SACR) numbers and Canada goose (CAGO) Christmas Bird Count
(CBC) trends.

16690.163
-170.484

0.0104
0.109

-1.105
0.462
0.637

5734.897
62.784

0.00332
0.0688

0.007
0.009
0.132

9.389
8.980
2.517



effects, whereby they are located farther from shore
during certain times of the day. The pattern of crane
activity might also have an influence on the results, as
the cranes display different activities during different
parts of the day (Aborn 2010). Nonetheless, based on
the results from this single location, the large numbers
of sandhill cranes at Hiwassee may be negatively
impacting some waterfowl species. Possible solutions
to reduce competition include providing more food,
increasing the amount of waterfowl habitat, and
reducing crane numbers. Further research is needed,
however, before any management actions are taken.
Additional research is needed on behavioral
interactions between cranes and waterfowl,
particularly Canada geese, as well as foraging rates
and dietary composition of the waterfowl. Managers
will then have more specific information as to the
extent of competition taking place and can therefore
make better informed decisions as to how to resolve it.
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Abstract: Knowledge of harvest in all areas where the mid-continent population (MCP) of sandhill cranes (Grus canadensis)
occurs is critical to managing the population in a sustainable manner. The harvest of MCP in the U.S. has been well documented;
however, the harvest in Canada has received less attention. The Canadian Wildlife Service initiated a National Harvest Survey
program in 1967, but all sampling variables were not directly comparable until 1975. In this paper, we summarize crane harvest
in Canada during the 1975-2006 hunting seasons for Saskatchewan and Manitoba, the 2 provinces with significant sport hunting
harvest of sandhill cranes. There has been a significant decline over the last 3 decades in the number of potential resident hunters,
a decrease in the estimated number of active non-waterfowl hunters, and a decrease in the estimated number of hunter days afield.
Conversely, the number of potential non-resident hunters, active non-waterfowl hunters, and number of hunter days afield in
Saskatchewan began to increase after 1995, the year sandhill crane hunting was opened to non-residents. An increasing trend in
both the number of sandhill cranes harvested and success rate among non-resident hunters, particularly in Saskatchewan, occurred
whereas the number of sandhill cranes harvested and success by residents has remained relatively stable.
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Key words: Canada, Grus canadensis, harvest, Manitoba, mid-continent population, sandhill cranes,
Saskatchewan.

The mid-continent population (MCP) of sandhill
cranes (Grus canadensis) is widely distributed in North
America and extends into the northeastern region of
Siberia. Responsibility for the conservation and
management of the MCP was established by
international treaties signed by the United States with
Great Britain (for Canada in 1916), Mexico (1936),
Japan (1972), and the U.S.S.R (1976, now honored by
Russia). This cooperative management is essential to
maintain the population's long-term stability and to
provide opportunities for recreational and subsistence
harvests. Since hunting seasons for the MCP were re-
established in limited areas in both the U.S. in 1961 and
3 years later in Canada, the areas open for harvest have
gradually expanded to areas in 12 U.S. states, 3
Canadian provinces, and 9 northern and central states
in Mexico (Tacha et al. 1994). In addition, subsistence
harvest occurs in parts of Alaska and Canada.

Since 1966, all migratory game bird hunters in
Canada have been required to annually purchase a
Migratory Game Bird Hunting Permit as well as fulfill
other state or provincial requirements. In 1967, the
annual National Harvest Survey (NHS), initiated by the
Canadian Wildlife Service (CWS), was developed to
collect information needed to manage migratory game

bird species. It is composed of the Harvest
Questionnaire Survey (HQS) and the Species
Composition Survey (waterfowl only) and draws its
sample from the number of permits sold. The HQS
sampling frame includes permit holders that reside in
each of the 23 geographic zones (Fig. 1) and in each of
4 hunter groups that further detect the frequency of
permit renewals over the preceding 2 years (Cooch et
al. 1978). The survey requests information about the
number of days afield for waterfowl and non-waterfowl
hunters as well as the number of birds harvested and
retrieved for 10 species, including sandhill cranes.
However, the survey does not include a ‘diary’ for non-
waterfowl hunters to record daily harvest as it does for
ducks and geese (Gendron and Collins 2007).

Sandhill crane hunting was closed to non-resident
hunters from 1964 to 1987. In 1988, Manitoba allowed
non-residents to hunt sandhill cranes, and
Saskatchewan followed suit in 1995. Between 1988
and 2000, non-resident hunters were required to obtain
a CITES permit to transport their harvested sandhill
cranes across the Canadian border. This requirement
was removed in 2001 when sandhill cranes were
removed from the Canadian CITES list.

In this study, we analyzed the data collected from
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both resident and non-resident hunters in Saskatchewan
and Manitoba and identified trends in hunters and their
success and harvest of sandhill cranes. Summarizing
harvest information from Canada will assist authorities
in their management of the MCP.

METHODS

We obtained harvest information from the CWS
Harvest Surveys website (Gendron and Collins 2007) for
hunting seasons in Canada from 1975 to 2006 when all
harvest variables were directly comparable. The
information was collected from hunters in 3 designated
HQS zones in Saskatchewan and 2 in Manitoba. Data
summarized from hunter survey responses included the

number of potential hunters (both waterfowl and non-
waterfowl), active non-waterfowl hunters, and hunter
days afield. Non-waterfowl hunters were those hunting
snipe (Gallinago delicata), woodcock (Scolopax minor),
coots (Fulica americana), moorhens (Gallinula
chloropus), doves, band-tailed pigeons (Patagioenas
fasciata), rails, and sandhill cranes. Because harvest was
reported by species, we were able to analyze the harvest
of sandhill cranes and enumerate hunters that were
successful in harvesting 1 or more cranes. Information
reported on the permit application about citizenship
allowed us to further separate the overall harvest between
resident and non-residents.

By analyzing variables using simple linear or
exponential regression models, we wanted to determine if
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Figure 1. National Harvest Survey geographic zones in Canada (Gendron and Collins 2007).

 



there has been a trend over time in the number of
potential hunters, active non-waterfowl hunters, sandhill
cranes harvested, and the success of sandhill crane
hunters by both resident and non-resident hunters. The
data was log-transformed so that we could obtain percent
change per year and normalize the residuals. We used a
two-sample t-test, with Satterthwaite's approximation for
degrees of freedom, because of unequal variances and
sample sizes, to test for differences among active non-
waterfowl hunters over time. A two-sample t-test with
equal variances also was used to test for differences in
crane harvest between zones by resident and non-resident
hunters.

RESULTS

Over the last 3 decades there has been a significant
decrease, fitted with a negative exponential linear
model using pooled data (R2 = 0.973, P ≤ 0.001), in the
number of potential resident hunters in Saskatchewan

and Manitoba.  Beginning in 1995, when non-residents
were allowed to hunt sandhill cranes in Saskatchewan,
the number of potential non-resident hunters increased
until 2000, and then leveled off. In Manitoba, the
number of potential non-resident hunters has remained
relatively stable even with the addition of sandhill
crane hunting by non-residents in 1988 (Fig. 2).

The number of active non-waterfowl resident
hunters in the 2 provinces also decreased, from a
combined high of 13,337 in 1978 to a low of 2,119 in
2005 (Fig. 3). In Manitoba, the number of active non-
resident non-waterfowl hunters has remained stable.
However, in Saskatchewan the total number of active
non-waterfowl hunters between 1988 and 1997 (x̄ =
2,518) is significantly lower than in 1975-1987 (x̄ =
5,311; t = 7.91, P < 0.001, df = 13). Since 1998 the total
number of active non-waterfowl hunters in
Saskatchewan has begun to increase (1998-2006: x̄ =
3,398; t = 5.56, P < 0.001, df = 15) from the previous
time period, likely due to the addition of non-resident
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Figure 2. Potential hunters (waterfowl and non-waterfowl) in Saskatchewan and Manitoba, Canada, 1975-2006.

 



hunters.
The number of hunter days afield by all resident

non-waterfowl hunters has steadily decreased in both
provinces from a combined high of 59,960 in 1978 to a
low of 13,272 in 1997. With the addition of non-
resident sandhill crane hunters in 1988 and 1995 for
Manitoba and Saskatchewan, respectively, the total
number of days afield began increasing after 1997
reaching a high of 18,667 in 2006, of which 8,051 were
by non-residents and 10,616 were by residents.

The estimated sport harvest of sandhill cranes in
Canada has nearly doubled over the last 30 years from
5,906 in 1975 to 10,417 in 2006 (Fig. 4, Kruse et. al
2008), primarily due to increases in harvest by non-
residents. Sandhill crane harvest by residents in both
provinces (using the log-transformed values) during
1975-2006 was stable (R2 = 0.843, P = 0.001, B1 <
0.001), indicating that even though the number of
resident hunters declined, the sandhill crane harvest
rate by residents increased. During the period 1988-
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1975
1976
1977a

1978a

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988b

1989
1990
1991
1992
1993
1994
1995c

1996
1997
1998
1999
2000d

2001
2002
2003
2004
2005
2006

Saskatchewan Manitoba

Table 1. Sandhill crane harvest in Saskatchewan and Manitoba, Canada, 1975-2006.

1,012
270

933
1,325

671
476
786
876

2,092
1,658

392
1,212

714
1,536

533
1,108

671
1,377
1,288

664
959

2,821
1,379
1,883
1,808
1,083
1,201

860
1,200
1,239

0
54

89
56
74

261
84
0
0

105
859
147

0
158

0
136
63

114
73
56
57

202
59
22
12
16

257
25
0

54

4,732
1,103

1,799
3,317
1,711
1,300
1,841
2,008
2,356
2,689
3,229
3,631
1,609
2,118
3,014
3,474
1,699
1,766
3,104
1,504
2,071
2,463
1,954
2,344
1,810
1,833
1,490
2,607
1,363
1,352

5,744
1,427

2,821
4,698
2,456
2,037
2,711
2,884
4,448
4,452
4,480
4,990
2,323
3,812
3,547
4,718
2,433
3,257
4,823
2,961
4,621
8,637
7,100
8,645
7,539
6,665
8,111
9,770
8,100
7,729

113
174
315
860
199
440
462
520
233
593
551

1,400
359

1,345
1,328

968
1,528

834
197
326
695

1,143
1133
537
891
526
642
540
631
839
586
591

49
35
52
17

779
451
48

215
144
68

140
262
305
568

1,324
45

221
269
274
184
100
151
136
192
253
174
115
218
602
37
0

510

162
209
367
877
978
891
510
735
377
661
691

1,662
664

1,958
2,652
1,023
1,771
1,221

482
544

1,004
1,351
1,279

889
1,300

805
1,247
1,282
1,474
1,267
1,776
2,688

5,906
1,636

367
877

3,799
5,589
2,966
2,772
3,088
3,545
5,139
6,114
5,144
6,948
4,975
4,835
5,318
5,939
2,915
3,801
5,827
4,312
5,900
9,526
8,400
9,450
8,786
7,947
9,585

11,037
9,876

10,417

0
0

10
0

107
11
34

209
37
0

160
118
94

478
488
241
355

1,139
1,587

45
0
0

22
11
0
0
0

20
10
0

38
11
12
36
0

36
51
0

273
174
605
845

1,937
1,622
1,667
1,308
2,496
2,283
3,034
2,632

22
51

123
48
20

188
21

130
125
351

0
137

63
512
806

2,258
1,751
2,586
2,221
2,295
2,542
3,644
2,503
2,315

Resident

Zone
1Year

Zone
2

Zone
3

Zone
1

Zone
2

Zone
3

Province 
total

Non-resident Resident

Zone
1

Zone
2

Zone
1

Zone
2

Province 
total

Overall 
total

Non-resident

a Season was cancelled in Saskatchewan due to presence of whooping cranes in the area.
b In Manitoba, non-residents allowed to hunt sandhill cranes with CITES export permit.
c In Saskatchewan, non-residents allowed to hunt sandhill cranes with CITES export permit.
d Non-residents are not required to possess a CITES export permit.
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1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977b

1978b

1979c

1980
1981
1982
1983
1984
1985
1986
1987
1988d

1989
1990
1991
1992
1993
1994
1995e

1996
1997
1998
1999
2000f

2001
2002
2003
2004
2005
2006

Saskatchewan Manitoba

Table 2. Season dates and bag limits for sandhill crane hunting in Saskatchewan and Manitoba, Canada, 1964-2006.

1-19 Sep
1-18 Sep
1-17 Sep
1-16 Sep
2-19 Sep
1-13 Sep
1-12 Sep
1-11 Sep
1-9 Sep
2-7 Sep
1-8 Sep
1-6 Sep
1-7 Sep

Season cancelled
Season cancelled

2/4
2/4
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10

1-8 Sep
1-6 Sep
1-5 Sep
1-4 Sep
1-6 Sep
1-11 Sep
2-17 Sep
1-16 Sep
1-15 Sep
1-13 Sep
1-12 Sep
1-18 Sep
2-17 Sep
1-15 Sep
1-14 Sep
1-15 Sep
1-16 Sep
2-14 Sep
1-30 Sep

1 Sep-12 Dec
1 Sep-11 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec

17-22 Sep
15-20 Sep
14-19 Sep
13-18 Sep
14-20 Sep
12-18 Sep
10-23 Sep
10-23 Sep
9-22 Sep
12-20 Sep
11-19 Sep
10-25 Sep
9-24 Sep
14-22 Sep
1-29 Sep
1-30 Sep
10-23 Sep
2-30 Sep
1-30 Sep

1 Sep-12 Dec
1 Sep-11 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec
1 Sep-16 Dec

Season dates Baga

1-19 Sep
1-18 Sep
1-17 Sep
1-16 Sep
2-16 Sep
1-13 Sep
1-14 Sep
1-14 Sep
1-14 Sep
2-14 Sep
1-15 Sep
1-13 Sep
1-11 Sep
1-10 Sep
1-30 Sep
1-30 Sep
1-30 Sep
1-30 Sep

1 Sep-2 Oct
1 Sep-1Oct
1-29 Sep
1-28 Sep
1-27 Sep
1-26 Sep
1-30 Sep
1-30 Sep
1-29 Sep
2-28 Sep

1 Sep-3 Oct
1 Sep-2 Oct
1 Sep-1 Oct

1-30 Sep
2-28 Sep
2-27 Sep

1 Sep-3 Oct
1-27 Sep
1-25 Sep

1 Sep-30 Nov
1 Sep-30 Nov
1 Sep-30 Nov
1 Sep-30 Nov
1 Sep-30 Nov
1 Sep-30 Nov

2/4
2/4
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
4/8
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10
5/10

Season dates BagYear

a Daily bag limit/daily possession limit. 
b Season was cancelled in Saskatchewan due to presence of whooping cranes in the area.
c In 1979 Saskatchewan created 2 hunting districts, North Game Bird District and South Game Bird District, respectively, with differential hunting

season dates.
d In Manitoba, non-residents allowed to hunt sandhill cranes with CITES export permit.
e In Saskatchewan, non-residents allowed to hunt sandhill cranes with CITES export permit.
f Non-residents are not required to possess a CITES export permit.



2000, when non-residents were allowed to hunt
sandhill cranes but were required to obtain a CITES
permit, the trend was not statistically significant for
harvest by all hunters (log-transformed values: R2 =
0.216, P = 0.110, B1 = 0.04). With the removal of the
CITES permit requirement in 2001, the trend for 2001-
2006 (entire harvest in Canada) increased by an
average rate of 4.7% per year (log-transformed values:
R2 = 0.549, P = 0.092). The overall harvest in
Saskatchewan increased by an average rate of 6.6% per
year (log-transformed values: R2 = 0.480, P = 0.013)
since 1995. In Manitoba, though not statistically
significant (R2 = 0.446, P = 0.147, B1 = 0.252), the non-
resident harvest increased by 224%, from 490 in 2001
to 1,587 in 2006.

The CWS uses geographic zones to group harvest
information, which allowed us to analyze the harvest
data spatially. Of the average harvest in the 2 provinces
combined, 86.3% occurred in Saskatchewan (Table 1).
Within Saskatchewan, 97.1% of the average harvest

occurred in the southern portion of the province (Zone
1 = 35.8%, Zone 3 = 61.3%). In Manitoba, the northern
zone (Zone 2) accounted for 23.7% of the harvest
compared to 76.3% for the southern zone (Zone 1). The
number of sandhill cranes harvested by resident hunters
compared to non-resident hunters differed only in
Manitoba (Zone 1: t = 2.92 P = 0.003; Zone 2: t = 2.94
P = 0.003), with more resident hunters harvesting
sandhill cranes than non-resident hunters.

The success of resident hunters who harvested at
least 1 crane per season was stable (x̄ = 1,113) over the
last 30 years. In comparison, the number of successful
non-resident hunters has increased in Manitoba from
15 in 1988 to 287 in 2006, and in Saskatchewan from
106 hunters in 1995 to a high of 1,726 in 2004 (Fig. 5). 

DISCUSSION

Harvest surveys, combined with the annual spring
population index survey, are important tools necessary
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Figure 3. Active non-waterfowl hunters in Saskatchewan and Manitoba, Canada, 1975-2006.

 



to manage the MCP as identified by the MCP
management plan (Central, Mississippi, and Pacific
Flyway Councils 2006). In the early years, the accuracy
of the HQS for sandhill cranes was uncertain because
the survey was not designed to provide precise data on
species not harvested in large numbers. For example, in
1976 only about 15% of hunters responding reported
hunting migratory game birds other than waterfowl
(Cooch et al. 1978). During the years 1974-1976 an
experimental sandhill crane survey was conducted to
obtain improved estimates of the number of sandhill
cranes harvested in Saskatchewan (Smith and Cooch
1978). Comparisons among the experimental survey,
the HQS, and a separate Saskatchewan provincial
survey revealed that harvest was most accurately
represented by the more intensive experimental
sandhill crane survey, whereas the national and
provincial surveys overestimated harvest. However, the

NHS results were deemed acceptable within the stated
confidence limits even though the limits were large due
to a relatively small proportion of resident non-
waterfowl hunters. With the increase in the number of
sandhill crane hunters in Saskatchewan over the last 11
years, there should be a corresponding improvement in
the harvest estimates and smaller confidence limits for
this province.

Analyses of the HQS data for active non-waterfowl
hunters, which included those hunting sandhill cranes,
depicted a significant decrease in the number of
resident hunters in Saskatchewan and Manitoba for the
1975-2006 hunting seasons. These results corroborate
the well-documented decline in resident migratory bird
hunters and corresponding decrease in waterfowl
harvest (Boyd et al. 2002). However, since 1988 the
total number of active non-waterfowl hunters in
Canada began to level off to the current average (1988-
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Figure 4. Harvest of mid-continent population of sandhill cranes in Saskatchewan and Manitoba, Canada, 1975-2006.The season
was closed in Saskatchewan in 1977 and 1978 due to the presence of whooping cranes (G. americana) in the area. Sandhill crane
hunting was opened to non-residents in 1988 in Manitoba and 1995 in Saskatchewan.

 



2006) of 4,690 hunters. This coincided with the
opening of sandhill crane hunting to non-residents in
Manitoba in 1988 and Saskatchewan in 1995. The
number of active non-resident non-waterfowl hunters
has surpassed resident hunters since 2003, perhaps
influenced by the elimination of the CITES permit.
Similarly, the total number of non-resident days afield
increased. Over the last decade there was a significant
increase in the harvest of MCP sandhill cranes and
success by hunters, particularly by non-residents
hunters in the southeast portion of Saskatchewan. In
contrast, the harvest and success by resident hunters
was relatively stable. Of the non-resident hunters, 99%
were comprised of hunters from the U.S. (D. J.
Nieman, Canadian Wildlife Service, personal
communication).

Reliable estimates of harvest and hunting activity
are critical to making informed management decisions.
However, limitations of the HQS for non-waterfowl
species preclude species specific estimates of hunting

activity. Information such as number of permits, active
hunters, and hunter effort, although important, are not
collected for sandhill cranes. Rather, responses are
grouped as non-waterfowl and include sandhill cranes
among other non-waterfowl species. A follow-up
survey similar to the Special Saskatchewan Sandhill
Crane Survey, the U.S. Mail Questionnaire Survey, or
the U.S. Harvest Information Program, would provide
more comprehensive information from hunters. This
would enable sandhill crane hunters to be identified and
sampled at a higher frequency to gather information
about their daily hunting activities, including birds shot
but not retrieved, so that a crippling rate could be
estimated. This information is particularly important in
Canada since sport hunting by non-residents is
increasing. However, obtaining this information would
require a redesign of the survey, which will cost
resources and likely will not be conducted in the near
future.  Further, some harvest information undoubtedly
will remain unavailable, such as the subsistence harvest
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Figure 5. Successful sandhill crane hunters in Saskatchewan and Manitoba, Canada, 1975-2006.

 



by indigenous hunters, because many are exempt from
permit requirements.

Causal factors for the increases observed in harvest
and success by non-resident hunters in Saskatchewan
and Manitoba are difficult to determine. Factors might
include Canada's longer hunting seasons (over the last
decade) and higher bag and possession limits (Table 2).
These factors may be influencing U.S. hunters to hunt
sandhill cranes in Canada, particularly those hunters
who are already in the area to hunt geese. Additionally,
because of the decline in resident hunter numbers, non-
resident hunters may be taking opportunities to hunt in
areas that had been previously occupied by resident
hunters. However, despite these advantages, data are
insufficient to demonstrate positive correlations with
increased crane harvest. Perhaps as in the U.S.,
increased success can be attributed to increased hunter
knowledge of crane behavior, improvements in
equipment (e.g. decoys, calls), and increased
proficiency in hunting skills (Sharp and Vogel 1992).

Annual indices to MCP crane abundance, based on
extensive, spring aerial surveys on major concentration
areas, have been relatively stable since the early 1980s.
However, recent analyses of long-term trends (1982-
2004) indicate that the harvest of the MCP (which
includes the harvest in Canada) has been increasing at
a greater rate (+2.6% per year) than population growth
(+0.7% per year) (Kruse et al. 2008). While abundance
objectives in the MCP management plan are presently
being met, management actions may be necessary to
alter harvest rates if the harvest continues to increase to
the point where annual mortality exceeds recruitment.
Bag limits and season lengths are the primary tools that
managers can use to affect harvest. We suggest further
research into the effects of season lengths and bag
limits in Canada on the overall harvest of the MCP.
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Abstract: The mid-continent population of sandhill cranes (Grus canadensis) is the largest population of cranes in North
America. Hunting seasons for sandhill cranes were closed in 1916 and gradually resumed in Mexico (1940), the United States
(1961), and Canada (1964). As knowledge of the biology of cranes and experience with hunting seasons increased, areas in
which hunting was permitted expanded, and by 1992 all but 2 states (Nebraska and Kansas) in the U.S. portion of the Central
Flyway conducted sport hunting seasons for this population. In 1993 Kansas resumed hunting and initial seasons were limited
to specified geographic areas of the state with relatively restrictive bag limits. Hunting restrictions were influenced by the
presence of whooping cranes (G. americana) and limited public acceptance to the hunting of cranes. As experience with
hunting sandhill cranes in Kansas increased, the number of sandhill crane hunters and the crane harvest nearly doubled.
However, the illegal take of 2 whooping cranes in 2004 prompted a reassessment of the season structure. This resulted in
further delay of the opening date for sandhill crane hunting and the development of additional tools to assist hunters in better
discriminating whooping cranes from other hunted species.
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Sandhill cranes (Grus canadensis) are classified into
6 subspecies; 3 are sedentary (non-migratory) and the
other 3 are migratory (Walkinshaw 1949, Braun et al.
1975). For management purposes, sandhill cranes have
been grouped into 9 populations (Drewien and Lewis
1987, Tacha et al. 1994). The 3 sedentary populations are
relatively small (<7,000-8,000) and are not hunted
(Lewis 1977). Two of the migratory populations, the
Rocky Mountain population of greater sandhill cranes
and the mid-continent population (MCP) are relatively
large (approximately 20,000 and 550,000 birds,
respectively), and have carefully designed sport hunting
programs with a goal to maintain stable population
levels. The Lower Colorado River Valley population is
relatively small (approximately 2,500), but an
Environmental Assessment (U.S. Department of the
Interior 2007) determined that a limited harvest could be
allowed. The MCP occurs in the U.S. portion of the
Central Flyway during the fall and winter and is
composed of 3 recognized subspecies: the lesser (G. c.
canadensis), Canadian (G. c. rowani), and greater (G. c.
tabida) sandhill cranes (Braun et al. 1975, Tacha et al.
1992). During the summer the MCP is distributed from
southwestern Ontario, northwestward across central and
northern Canada, Alaska, and into eastern Siberia (Lewis
1977; Tacha et al. 1994; G. L. Krapu, U.S. Geological
Survey, personal communication). In September, MCP
cranes begin migration to traditional staging areas in the

southern Canadian prairie provinces of Alberta,
Saskatchewan, and Manitoba and in North Dakota
(Lewis 1977). Prairie staging areas provide opportunities
for the birds to assimilate critical nutrients, primarily
from small grain crops, necessary to complete fall
migration and to physiologically prepare for winter
(Madsen 1967, Sugden et al. 1988). In spring, abundant
foods available in the Canadian prairie habitats and
staging areas along the Platte River Valley in Nebraska
facilitate completion of nutrient acquisition to meet
migration demands and to enhance body condition for
nesting (Krapu et al. 1985, Iverson et al. 1987).  

Beginning in 1983 Kansas was included in Federal
frameworks established for the hunting of MCP sandhill
cranes in the Central Flyway; however, a proposal to
have a season in the early 1980s was not approved by the
Kansas Wildlife Commission because of opposition to
crane hunting. A second proposal to initiate sandhill
crane hunting in the late 1980s also was not approved
because of continuing concerns over potential impacts of
sandhill crane hunting to both sandhill and whooping
cranes (G. americana). In the early 1990s, crop
depredation complaints by landowners on milo, corn,
and wheat fields increased in the vicinity of Quivira
National Wildlife Refuge (NWR). In 1993 the increased
depredation concerns coupled with strong sandhill crane
hunter interests prompted biologists in the Kansas
Department of Wildlife and Parks to assemble biological
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information necessary to again propose a season. This
proposal was controversial and again prompted criticism
from anti-crane hunting organizations and individuals.
As a result, the Kansas Wildlife Commission conducted
a series of public meetings to gather public input. Major
criticisms about the initiation of  a hunting season on
sandhill cranes that surfaced during these hearings were
related to: 1) increased potential threats to sandhill crane
subspecies, 2) the use of a Flyway Management Plan that
would not reduce harvests in Kansas even if local
mortality was unacceptably high, 3) hunting activity that
may displace cranes from preferred roosting sites, 4)
beliefs that hunting would not help address increasing
reports of depredation by sandhill cranes in agricultural
fields, 5) increased risk to whooping cranes, and 6)
concerns that an unacceptably large kill of cranes near
Quivira NWR would occur.

After careful consideration of these concerns, the
Kansas Wildlife Commission approved a limited hunting
season in 1993. The resumption of hunting of sandhill
cranes in Kansas followed a 77-year closure following
the 1916 Convention for the Protection of Migratory
Birds. This season and the regulation of annual sandhill
crane harvests through Federal frameworks were guided
by the Management Guidelines for the Mid-Continent
Population of Sandhill Cranes (Central, Mississippi, and
Pacific Flyway Councils 2006).     

In Kansas, as with other states in the Central Flyway,
the resumption of crane hunting followed a gradual
pattern of expansion. Initiation of crane hunts and
expansion of seasons has always come under intense
scrutiny by anti-crane-hunting groups and individuals
and hence have been controversial. The controversy
prompted studies about cranes (Miller 1987), and
resulted in expansion and refinement of cooperative
survey programs. In this paper, we report: 1) history and
changes in sandhill crane hunting seasons in Kansas,
1993-2007, 2) harvests, 3) hunter activity and success, 4)
population status of the MCP, and 5) potential incidental
take of whooping cranes and efforts to reduce such take.

Kansas Hunting Seasons, 1993-2007

The presence of endangered whooping cranes,
patterns of sandhill crane subspecies abundance and
distribution, crop depredations, and harvest levels
influenced hunting season selections during initial
seasons and subsequent expansions of hunting

opportunities. Changes in Kansas crane hunting seasons
during 1993-2007 are summarized in Table 1 and Fig. 1.
The first 2 hunting seasons included a daily bag of 2 with
a possession limit of 4, and was limited to portions of 17
counties. To avoid conflicts with migrating whooping
cranes, the start of the 58-day season was delayed until
the first Saturday in November. Shooting hours were
between sunrise and 1400 hours daily. Non-toxic shot
was required and a fee was charged for sandhill crane
hunting privileges. Initial seasons were more restrictive
than those allowed by Federal frameworks (i.e., the

32       SANDHILL CRANE HUNTING IN KANSAS • Sharp et al. Proc. North Am. Crane Workshop 11:2010

Table 1. Sandhill crane hunting seasons in Kansas, 1993-
2007. Season length = 58 days.

1993 2/4 6 Nov-2 Jan
1994 2/4 5 Nov-1 Jan
1995 2/4 5 Nov-1 Jan
1996 4/4 2 Nov-29 Dec
1997 2/4 1 Nov-28 Dec
1998 2/4 7 Nov-3 Jan
1999 2/4 6 Nov-2 Jan
2000 2/4 4 Nov-31 Dec
2001 2/4 3 Nov-30 Dec
2002 2/4 2 Nov-29 Dec
2003 3/6 1 Nov-28 Dec
2004 3/6 6 Nov-2 Jan
2005 3/6 9 Nov-5 Jan
2006 3/6 8 Nov-4 Jan
2007 3/6 7 Nov-3 Jan

Bag/
possession Season datesYear

Figure 1. Areas open to the hunting of sandhill cranes in
Kansas, 1993-2007.

 



hunting area and shooting hours were constrained, the
bag and possession limits were reduced, and the use of
non-toxic shot was required).

By 2003 a total of 62 counties were open for sandhill
crane hunting. The daily bag/possession limits were
increased from 2/4 to 3/6.  As in previous years, the
season was opened on the first Saturday in November.
The number of counties open for sandhill crane seasons
remained the same for 2004-07 seasons. On the first day
(Saturday, 6 November) of the 2004 hunting season, 2
whooping cranes were shot prior to the sunrise opening of
the season. Numerous discussions between U.S. Fish and
Wildlife Service (USFWS, Migratory Bird Program,
Ecological Services, and Refuges) and state personnel
ensued, and analyses of both sandhill and whooping
crane temporal and spatial use information were
conducted by the Federal and State agencies.
Subsequently, the opening date was delayed until the
Wednesday following the first Saturday in November,
and shooting hours during November were delayed until
1 half-hour after sunrise to reduce the likelihood of
hunters shooting an endangered whooping crane.

Harvests

Sandhill crane harvests in Kansas are estimated
annually by the Harvest Surveys Section staff in the
USFWS, Division of Migratory Bird Management.
MCP harvest is reported in Administrative Reports that
are prepared annually (U.S. Fish and Wildlife Service
2006). During 1993-2003 annual harvest estimates for

Kansas were based on surveys of hunters that were
issued a validated (purchased) Federal Sandhill Crane
hunting permit (Sharp and Vogel 1992). Beginning in
2004 the Harvest Information Program was used to
identify sandhill cranes hunters from which to conduct
surveys (Moore et al. 2002).  

Sandhill crane harvests in Kansas have varied
annually. In 1995 and 1997, increases in harvest
appeared to have resulted from opening additional
counties to hunting; however, adding additional
counties in 2003 did not result in increased harvest
(Fig. 2). In contrast, crane harvests in the remainder of
the U.S. portion of the Central Flyway and in North
America remained relatively stable during the entire
1993-2007 period. Stafford County recorded the
highest annual harvests in Kansas, generally 500 birds
or about 61% of the statewide harvest, followed by
Barton County (28%). Nearly 90% of the state's annual
harvests have consistently come from these 2 counties.

Since 1993, the Kansas and the U.S. portion of the
Central Flyway harvests have averaged approximately
3% and 58%, respectively, of the estimated North
American MCP crane harvest (Table 3). Kansas ranked
third in U.S. portion of the Central Flyway sandhill crane
harvest (1993-2007 mean = 939) behind Texas and North
Dakota during 1993-2007 (Kruse et al. 2008). During
1993-2007, crippling rate estimates were lower than the
rates reported for the rest of the U.S. portion of the
Central Flyway (paired t-test, t = -3.09, P ≤ 0.01, Fig. 3).
Further, linear regression analyses indicated the crippling
rate during this period was declining for the flyway at
0.13% per year (R2 = 0.34, P = 0.02), while the crippling
rate in Kansas showed no trend (R2 < 0.01, P = 0.77).
Factors responsible for the declining trend of crippling
rates in the U.S. portion of the Central Flyway are
unknown, but the use of improved hunting techniques
(e.g., decoys, calls, etc.) and enhanced understanding of
crane behavior have likely contributed to improved
hunter success and reduced crippling losses (Sharp and
Vogel 1992).

Hunter Activity and Success

The number of Federal sandhill crane hunting permits
issued to Kansas hunters increased during 1993-2007
(mean = 957). Charging a fee for crane hunting permits
reduces the number of permits issued to hunters that only
occasionally come into contact with sandhill cranes while
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Figure 2. Average annual harvest (retrieved and unretrieved)
according to the number of counties open for sandhill crane
hunting, 1993-2007.

 



hunting other species (Sharp and Cornely 1997). During
this time, the average number of active hunters (permit
holders that hunted cranes 1 or more times) in Kansas is
422, the third highest in the U.S. portion of the Central
Flyway behind Texas and North Dakota.

During 1993-2007, the number of days afield by
active sandhill crane hunters in Kansas ranged from 2.5
to 3.5 days, which is similar to the days afield spent by
crane hunters in other Central Flyway states.
Successful Central Flyway hunters (i.e., hunters that
harvest at least 1 sandhill crane per season), including
those in Kansas, on average harvested about 2.2 cranes
during the season. The percentage of days (41%) in
which hunters harvested 2 cranes during 1997-2001
was higher than in any other state (Dubovsky and
Araya 2008). This level of success has been maintained
for all hunting seasons.

Population Status

Few studies of MCP population dynamics have been

conducted, but sandhill cranes are long-lived and
probably have the lowest recruitment and highest annual
survival of any game bird in North America (Lewis 1977,
Drewien et al. 1995). In addition, MCP cranes may not
breed until 5 years old (Tacha et al. 1994), and therefore
the potential for overharvest is high, although population
declines may not be immediately evident. Therefore,
sandhill crane harvest strategies must be conservative to
account for these demographics (Lewis 1977, Johnson
1979, Drewien et al. 1995).

Numbers of MCP cranes are unknown, but an index
to population size is estimated annually. The spring
migration period provides the best opportunity to
conduct annual surveys (Benning and Johnson 1987)
because the MCP is concentrated in Nebraska's Central
Platte River Valley. In 1982 intensive photographic-
transect spring surveys estimated the number of MCP
cranes at 509,000 (Sharp and Vogel 1992). Subsequent
annual indices (1983-2004) derived from photo-
corrected surveys, indicate that the spring population
was stable (Kruse et al. 2008). These indices are
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0
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0
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0
0
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0
0
0
0
0
0
2
0
0
2
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0
0
0
6
0
0
6
0
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516

27.5
0.1
0.1
0.2
0.1
0.1
0.1
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0.2
0.7
0.9
1.5
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60.6
2.7
0.1
0.3
2.5
0.1
0.2
0.3
0.1
0.1

Table 2. Sandhill crane sport hunting harvests (retrieved) by countya in Kansas, 1993-2007.

1993County 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007
Mean

%b

a Unknown county harvests are reapportioned according to percentage of known harvests. 
b Mean percent each county contributes to the state harvest total.
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conservative because each year about 10% of the
sandhill cranes counted may occur outside the surveyed
area (Solberg 2008).

The size of the MCP during fall is determined by the
preceding spring population size, annual production, and
summer mortality. Summer mortality has been estimated

at 2% (Miller 1987) and average production was 11%
(Drewien et al. 1995). Using these values, the estimated
annual fall flights during 1993-2007 ranged between
510,000-590,000. From a management perspective, the
relatively constant spring populations observed during
1993-2007 suggested that annual mortality, including

1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
Mean

602
767
990
933

1,167
1,362
1,275

590
1,033
1,067

942
856
471

1,341
516
927

53
54

140
96
58

103
61
61
61
61
91
59
42

111
50
75

655
821

1,130
1,029
1,225
1,465
1,336

651
1,094
1,128
1,033

915
513

1,452
566
998

2.4
3.2
3.3
3.6
3.6
3.8
4.2
2.0
3.1
4.1
2.9
2.8
1.4
4.0
1.4
3.0

18,005
16,201
20,628
17,111
19,766
19,831
16,969
15,504
15,000
13,087
18,335
14,546
18,263
17,631
18,610
17,299

2,252
1,676
2,236
2,011
2,279
2,142
1,717
1,429
1,517
1,187
1,628
1,271
1,800
2,052
1,676
1,792

20,257
17,877
22,864
19,122
22,045
21,973
18,686
16,933
16,517
14,274
19,963
15,817
20,063
19,683
20,286
19,091

75.7
68.8
66.4
66.6
65.5
57.0
58.3
51.4
52.4
51.3
56.0
47.7
55.2
53.9
55.5
58.4

23,417
22,964
30,254
25,103
29,428
33,624
27,925
28,826
27,485
24,391
31,425
29,017
31,819
31,688
32,177
28,636

3,334
3,029
4,161
3,609
4,211
4,901
3,947
4,093
4,014
3,448
4,246
4,165
4,511
4,863
4,389
4,061

26,751
25,992
34,416
28,713
33,640
38,524
32,065
32,919
31,499
27,839
35,671
33,182
36,330
36,551
36,567
32,711

Kansas

Table 3. Annual sport hunting mortality (retrieved and unretrieved) for the mid-continent population of sandhill cranes, 1993-
2007 (Kruse et. al 2008).

North AmericaCentral Flyway

Year Reta Unreta Total % NAa Ret Unret Total % NA Ret Unret Total

a Ret = Retrieved, Unret = Unretrieved or crippled, NA = North America.
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Figure 3. Trend of crippling rates in Kansas and the rest of the Central Flyway, 1993-2007.

 



sport harvest, had been at a level appropriate to maintain
the MCP at objective levels.

Whooping Cranes

As with other sandhill crane hunting seasons in the
Central Flyway, concerns about potential impacts to
Aransas/Wood Buffalo population whooping cranes
were at the forefront of managers' considerations as
these seasons were gradually implemented (Sharp and
Cornely 1997). These concerns influenced
recommendations for season dates and areas open to
hunting of sandhill cranes. In developing the initial
seasons in Kansas, managers considered the fall
distribution of whooping crane sightings and the
temporal distribution of whooping crane use-days (i.e.,
number of birds seen multiplied by the number of days
they were observed) to reduce the exposure of birds to
hunters. In particular managers wanted to ensure that
the majority of whooping cranes had moved through
the state prior to the opening date for sandhill crane
hunting. Ultimately an opening date of the first
Saturday in November (median date = 4 November)
was selected when, on average, 75% of the use-days
had occurred (i.e., 25% of the whooping crane
sightings were yet to occur during the hunting season).
Selecting this date also represented a restriction in
sandhill crane harvest opportunity because many
sandhill cranes typically have migrated through Kansas
by early November. Results from sandhill cranes fitted
with satellite transmitters suggest many cranes already
have left Kansas by mid-November (G. L. Krapu, U.S.
Geological Survey, personal communication). Further,
shooting hours during the Kansas sandhill crane
hunting season began at sunrise (the only state in the
Central Flyway to impose such a restriction) and ended
at 1400 hours to reduce human disturbance to
whooping cranes returning to roost sites in the
afternoon.

Each year, the USFWS conducts a consultation
under Section 7 of the Endangered Species Act to
determine potential effects of migratory bird sport
hunting seasons on endangered species. In the Central
Flyway, potential impacts of sandhill crane hunting on
whooping cranes receive considerable attention
(Canadian Wildlife Service and U.S. Fish and Wildlife
Service 2007). Further, a contingency plan (Central
Flyway Council 2006) was designed to proactively

address situations where whooping cranes are sighted
in areas open to hunting, and contains additional
protective measures to reduce the risk of whooping
cranes being shot. Due to these measures and because
few conflicts between sandhill crane hunting and use of
areas by whooping cranes were apparent, the area in
Kansas where sandhill crane hunting was permitted
was gradually expanded after 1994.

In 2004 a group of goose hunters shot and injured 2
whooping cranes near Quivira NWR in central Kansas.
These cranes later died from these injuries, and this
event prompted a reassessment of the sandhill crane
season in Kansas and the efforts designed to protect
whooping cranes. In reviewing the data, managers
found that whooping cranes were migrating through the
state later and tended to stay in Kansas longer than in
the years prior to Kansas sandhill crane hunting seasons
(Fig. 4). The exposure of whooping cranes to hunting
activity had increased. Analyses of whooping crane
use-days during 1993-2004 indicated that the average
date by which 75% of the sightings had occurred was
now approximately 9 November, compared to
approximately 4 November during 1982-1992 (Fig. 5).
Beginning in 2005 the opening day of sandhill crane
hunting in Kansas was moved from the first Saturday in
November to the Wednesday following the first
Saturday in November (i.e., median date = November
9) to match the date to the original percentage designed
to reduce exposure of whooping cranes to hunters.
Moving the opening date to a mid-week day instead of
a weekend day also had the benefit of reducing hunting
pressure during the initial days of the hunting season
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Figure 4.Temporal description of whooping crane use-days in
Kansas during fall, 1982-1992 and 1993-2004.

 



because typically fewer people hunt during weekdays
compared to weekend days. Shooting hours also were
changed to begin at 30 minutes after sunrise from the
start of the season through 30 November, and at sunrise
from 1 December through the end of the season.

Data analyses also indicated that the number of
whooping crane use-days during fall in Kansas had
increased 136% from 1982-1992 (660) to 1993-2004
(1,556). Sightings were more concentrated on and
adjacent to the Quivira NWR and Cheyenne Bottoms
Wildlife Management Area in Stafford and Barton
counties, respectively, during 1993-2004 (89%) than
during 1982-1992 (75%), where much of the sandhill
crane hunting in Kansas is concentrated (Figs. 6 and 7).  

Information is available on the internet to help
hunters avoid targeting whooping cranes
(www.fws.gov/migratorybirds/CurrentBirdIssues/Sand
hillCranes/SandhillCraneHunters.htm), as well as an
on-line training program designed to improve hunters'
awareness of whooping cranes and to assist hunters in
discriminating between sandhill and whooping cranes
(www.kdwp.state.ks.us/news/Hunting/Migratory-
Birds/Sandhill-Crane). This program was first available
in 2005, and since 2006, hunters have been required to
take this training annually before obtaining a permit to
hunt sandhill cranes in Kansas.

Finally, the shooting of the whooping cranes
prompted a revision of the Whooping Crane

Contingency Plan (Central Flyway Council 2006). The
revision updated contact information for reporting
whooping crane sightings and renewed efforts to
implement all actions in the document.

MANAGEMENT IMPLICATIONS

In 1983 the USFWS established a broad framework
for crane hunting in the Central Flyway to allow states
flexibility for setting seasons within the established
harvest thresholds  (Central, Mississippi, and Pacific
Flyway Councils 2006). Federal frameworks for crane
hunting have remained essentially unchanged for the
MCP since 1983.

Sandhill crane seasons beginning in October in
Kansas would likely result in higher annual harvests
than seasons beginning in early November. The
temporal distribution of crane harvests in Kansas
suggest that sandhill crane numbers are building in late
October, and by mid-November are already declining
in the state (Araya and Dubovsky 2008). Cranes fitted
with satellite transmitters suggest that the mean arrival
date is at the end of October, and the median departure
date is near mid-November (G. L. Krapu, U.S.
Geological Survey, personal communication).    

Historical MCP distribution and traditional use of
fall migration roost sites have been altered due to
hunting pressure, drought, increases in acreage enrolled
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Figure 5. Proportion of fall whooping crane use-days remaining in Kansas relative to Julian day of the year for 2 time periods,
1982-1992 and 1993-2004.



the U.S. Department of Agriculture's Conservation
Reserve Program, and a number of other possible
influences (Central, Mississippi, and Pacific Flyway
Councils 2006). Complaints of depredations by cranes
on agricultural crops have been considered in
developing current population objectives, current
hunting programs, and past expansions in federal
hunting frameworks. These issues should be quantified,
however, and a comprehensive hunting strategy should
be prepared that addresses these concerns throughout
the Central Flyway.  

The MCP is stable and at objective levels and we
foresee this favorable status continuing into the future.
Significant management challenges remain, however,
including: 1) continuing refinement of  international
harvest strategies to maintain a stable population, 2)
maintaining current harvest distribution patterns, 3)
maintaining current subspecies/subpopulation
distribution and abundance, 4) developing a
recruitment survey, 5) improved understanding of
whether harvests alter age structures, 6) ensuring
accurate harvest information including the possibility
of determining subspecies composition of the harvest,
and 7) ensuring compliance with the Whooping Crane
Contingency Plan. 
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CHANGES IN WINTER WHOOPING CRANE TERRITORIES AND RANGE 1950-2006

THOMAS V. STEHN, U.S. Fish and Wildlife Service, P.O. Box 100, Austwell, TX 77950, USA
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Abstract: The whooping crane (Grus americana) winters on the Texas coast primarily in salt marsh habitat. The location of
adult whooping crane winter territories during 9 winters between 1950 and 2006 was derived from aerial census data digitized
onto infrared photos using GIS software. Range expansion, including changes in distribution and size of winter territories, was
analyzed over a 57-year period as flock size increased by 765%. Crane pairs have opted to establish territories in or close to
the traditional winter area rather than moving long distances along the coast. This distribution seems based on the preference
of the male crane to establish a territory as close as possible to its parents. Colonizing occurred to the nearby areas of
Matagorda Island in 1958, San Jose Island in 1969, Lamar Peninsula in 1971, and Welder Flats in 1973. Minimum territory
sizes were calculated to be 101 ha for Aransas National Wildlife Refuge and West St. Charles Bay, 139 ha for Welder Flats,
204 ha for Matagorda Island and Welder Flats, and 304 ha for San Jose Island. Salt marsh habitat was measured to determine
if enough winter area is present to reach recovery targets and to predict expected use patterns for the near future. Based on an
average winter territory size of 172 ha, the current winter range and contiguous areas can support up to 576 whooping cranes.
Additional salt marsh habitat was measured in a 111-km radius from Aransas National Wildlife Refuge. If suitable, this non-
contiguous area could support an additional 580 whooping cranes to reach a total flock size of 1,156. However, with the Texas
coast undergoing rapid development and sea level rise, there is insufficient protected habitat for whooping cranes to reach
recovery targets.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:40-56

Key words: development, Grus americana, territories, whooping crane, winter range.

The only naturally occurring flock of whooping
cranes (Grus americana) winters on the central Texas
coast between Port Aransas and Port O'Connor, Texas,
at Aransas National Wildlife Refuge (NWR) and
vicinity. The year of the endangered whooping crane is
divided between the United States (October-April) and
Canada (April-October). While in Canada, the birds
nest and raise their young in Wood Buffalo National
Park and vicinity on the Alberta/Northwest Territories
border.

Starting in the 1950s, the Aransas NWR conducted
periodic aerial census flights over the coastal marshes
during the period when cranes were present. In many
winters, flights were conducted on a weekly basis.
Crane locations were plotted on maps or more recently
on aerial photos. Surveys documented annual flock
size, productivity, winter range, habitat use, and
mortality.

This study analyses the changes in distribution and
size of winter territories over a 57-year period, and
updates the analysis done by Stehn and Johnson (1987).
It predicts expected patterns of use for the near future
and measures habitat currently available in the winter
area to determine if enough habitat is present to reach
recovery targets.

STUDY AREA

The whooping crane winters in coastal salt marsh
habitat in the San Antonio-Guadalupe and Mission-
Aransas River estuaries. Salt marsh is present on western
portions of the barrier islands of San Jose and Matagorda
and on the edges of the mainland at Aransas NWR,
Lamar Peninsula, and Welder Flats (Fig. 1). Aransas
NWR and Welder Flats are situated across San Antonio
Bay approximately 7 and 9 km, respectively, west of the
crane range on the barrier islands.  The Lamar Peninsula
is located 1.4 km across St. Charles Bay west of Aransas
NWR. The Tatton Unit of the Aransas NWR is located on
the west side of St. Charles Bay immediately north of the
Lamar Peninsula. “West St. Charles” refers to salt marsh
areas on the Lamar Peninsula and/or Tatton Unit. In this
paper, “Aransas” refers to the entire wintering area.
“Aransas NWR” refers only to the portion of the refuge
located on Blackjack Peninsula between San Antonio
Bay and St. Charles Bay.

METHODS

From observations made on periodic census flights of
exclusive use of an area by an adult crane pair or family
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group, whooping crane territories were delineated
following the methodology of Stehn and Johnson (1987).
Locations of a pair were excluded when in a neighbor's
territory or in upland areas. Occasional pairs that roamed
extensively and did not defend a territory were excluded
from the data analysis. Territory locations for the winters
of 1950, 1961, 1971, and 1979 were taken from Stehn
and Johnson (1987). Data were taken directly from
census flight maps for the winters of 1985, 1990, 1995,
2001, and 2006. Winter was defined as the period from
October to April. Territory maps were digitized onto color
infrared aerial imagery and measured using ArcGIS 9.2
software (ESRI, Redlands, CA).

Adult pairs typically returned annually to the same
territories based on information from banded birds (Stehn
and Johnson 1987). Because of small sample size, areas
were added where a territorial pair had been observed in
previous years. For consistency, areas of upland habitat
and bay water too deep for cranes to use were excluded
from delineated territories. In some cases, this
redefinition created territory size smaller from those
presented by Stehn and Johnson (1987) but was a better
indicator of the area of salt marsh actually used.
“Colonization” was defined as the establishment of a
territory in a non-contiguous part of the winter area where

no other territories were present.
We estimated future crane densities using only data

from territorial pairs with adjacent territorial pairs when
calculating average territory size. Larger crane territories
at the ends of the crane range were excluded. Territories
on Aransas NWR and West St. Charles were combined
due to their similar values and small sample size on West
St. Charles. Average minimum territory sizes for each
part of the crane range were taken to be the lowest value
measured between 1950 and 2006, and for the entire
range the lowest value between 1985 and 2006.

RESULTS

Number and Location of Territories

Records from the late 1800s and early 1900s placed
whooping cranes in salt marshes at Aransas on the
mainland and barrier islands (Allen 1952). When Aransas
NWR was established on the Blackjack Peninsula (Fig. 1)
in 1937, a flock of 18 birds wintered on the refuge. A few
of these whooping cranes were occasionally seen on San
Jose and Matagorda Islands and Welder Flats (Stevenson
and Griffith 1946).

When census flights began in 1950, all delineated
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Figure 1. Whooping crane winter area at Aransas.

 



territories (n = 7) were located on Aransas NWR (Stehn
and Johnson 1987) (Table 1). Six of these territories were
spread along the eastern edge of the refuge between
Mustang Lake and Dunham Bay (Fig. 2). One territory
was located on St. Charles Bay on the west side of the
refuge at Egg Point. The number of territories at Aransas
NWR increased progressively to 18 in 1990, but then
increased to 20 in 2006. With much of the contiguous
refuge habitat occupied, the rate of establishment of
additional territories on the refuge slowed as had been
predicted by Stehn and Johnson (1987). Instead, new
crane pairs colonized into nearby non-contiguous areas.

All colonization occurred into suitable habitat close
to the occupied range. Territories in non-contiguous areas
were first established on Matagorda Island in 1958, San
Jose Island in 1969, Lamar in 1971, and Welder Flats in
1973 and have remained occupied to the present time.
The first territories in those areas were located across
open bays 6.7, 1.4, 6.3, and 13.2 km, respectively, to the
closest portions of those areas to Aransas NWR.
Dispersal followed an orderly progression outwards from
the core area.

Colonizing new areas generally does not occur unless
available habitat in an occupied area is becoming limited
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Aransas NWR
W. St Charles  
San Jose
Matagorda
Welder
Totals

7
0
0
0
0
7

8
0
0
1
0
9

11
1
1
4
0

17

10
1
2
3
2

18

15
1
4
6
2

28

18
1
5
9
4

37

17
4
8

16
4

49

19
2

11
17
8

57

20
2

16
22
6 

66

20
3

16
25
8

72

Table 1. Number of whooping crane territories in different parts of the winter range at Aransas.

1950         1961         1971         1979         1985         1990         1995         2000         2006         2007a

a T. Stehn, unpublished data.

Figure 2. Whooping crane territories at Aransas in 1950.

 



with little unoccupied contiguous habitat present. The
percent of occupied habitat at Aransas NWR when
colonization to other areas occurred as reflected by the
ratio of linear distance of occupied marsh to total marsh
available was 79.7% in 1961 and 94.8% in 1971 (Table 2).

The total number of territories for the 9 winters
analyzed increased steadily from 7 to 66 between 1950 and
2006. The flock grew 765% from 31 to 237 birds during
this same time period (Table 3). As the number of
territories in all parts of the wintering area has grown,
increasingly more territories became established in areas
other than Aransas NWR. In 1958, census flights found
consistent use of Matagorda Island with at least 1 territory
present (Aransas NWR files, unpublished data), the first
territory to be documented off Aransas NWR. Territories
on Matagorda have continued to increase from 4 in 1971
to 25 territories in 2007 (Figs. 3-10).

In 1969, with 58 birds in the flock, 1 family group
spent time on San Jose Island, the first territory noted on
that part of the winter range (Aransas NWR files,

unpublished data). A second territory was established on
San Jose in 1979. Territory numbers on San Jose continued
to climb from 4 to 16 between 1985 and 2007. Territories
at Welder Flats have increased from 1 in 1973 to 8 in 2007.
The first territory on Lamar Peninsula was established in
1971. Territories on the west side of St. Charles Bay
peaked at 4 in 1995, with 2 territories on Lamar and 2
territories on the Tatton Unit. Currently, there are no
territories present on the Tatton Unit. Furthermore, the
number of territories on West St. Charles declined to 2 in
2000, the only area where territories are not currently at
peak numbers based on territories delineated during 2007.
A third territory, however, was established on Lamar in
2007.

The percentage of whooping crane territories on
Aransas NWR has decreased from 100% in 1950 to 27.8%
in 2007 (Table 4). The percentage of territories on all other
areas increased, beginning in 1961. In 2007, Matagorda
Island held the most whooping crane territories (34.7%).
San Jose (36.9%) and Matagorda (32.7%) Islands had the
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Aransas NWR
San Jose
Matagorda
Welder

Length of
occupied range in

Length of
available

17.5
4.7
3.0

18.4
4.7

18.1

21.9
12.4
13.2

22.2
12.4
19.8
3.9

23.1
12.4
26.1
9.4

22.6
12.4
26.1
10.8

22.4
19.4
30.6
11.4

23.1
22.6
28.1
21.9

21.2
19.8
32.1
21.4

22.9
24.8
43.1
23.2

23.1
36.7
55.7
26.4

Table 2. Southwest to northeast maximum distance (km) of whooping crane territories in different parts of the winter range.

2007a (km)        habitatb (km) 
1950       1961       1971       1979       1985       1990       1995       2000       2006

a Occupied range includes territories plus areas where subadult crane use occurs. 
b Available habitat includes occupied range plus contiguous unoccupied salt marsh

1950
1961
1971
1979
1985
1990
1995
2000
2006

Average territoryTotal territoryTotal no. Hectares

31
36
59
76
84

146
158
180
237

7
9

17
18
28
37a

49b

57b

66b

2,199
1,901
4,904
3,973
8,121
8,427

14,017
11,145
13,889

314
211
288
221
290
228
286
196
210

157
106
144
110
138
114
143
98

105

Table 3. Number and total size of whooping crane territories at Aransas, 1950 to 2006.

Winter               Flock size                        territories                        size (ha)                        size (ha)                        per adult bird 

a Six adult pairs were excluded due to extensive roaming, no defined territory, or loss of a mate during winter.
b One additional family group was present but did not have a defended area.



highest percentages of occupied range.
The southwest to northeast linear distance between

ends of the crane range in different parts of the
wintering area increased over the years as new
territories were established. From 1950 to 2006, the
linear distance of the crane territories on Aransas NWR
increased from 17.5 km to only 21.2 km while the
number of territories increased from 7 to 20. Linear
expansion was more dramatic on San Jose Island (4.7
to 19.8 km), Matagorda Island (3.0 to 32.1 km), and

Welder Flats (3.9 to 21.4 km).

Size of Territories

Between 1950 and 2006, the total area of territories
increased from 2,199 ha to 13,889 ha (+632%), but did
not rise steadily. Hectares occupied per adult bird varied
between 98 and 157 (Table 3).

As the number of territories increased, the average
winter territory size decreased from 314 ha in 1950 to 210
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Figure 3. Whooping crane territories at Aransas in 1961.

Aransas NWR
W. St Charles       
San Jose
Matagorda
Welder

Species 
rangea in

Species 
rangea in

100
0
0
0
0

88.8
0
0

11.2
0

64.7
5.9
5.9

23.5
0

55.6
5.5

11.1
16.7
11.1

53.6
3.6

14.3
21.4
7.1

48.6
2.7

13.5
24.3
10.8

34.7
8.2

16.3
32.6
8.2

33.3
3.5

19.3
29.8
14.0

30.3
3.0

24.2
33.3
9.1

27.8
4.2

22.2
34.7
11.1

2,622
399

8,576
7,599
4,044

Total 23,240

11.3
1.7

36.9
32.7
17.4

100.0

Table 4. Percentage of whooping crane territories in different parts of the winter range at Aransas and total range in hectares and
percent in 2007.

2007 (ha)       2007 (%)
1950      1961      1971      1979      1985      1990      1995      2000      2006       2007       

a Species range includes territories, as well as areas used by subadults outside of territories.



ha in 2006 (Table 5, Fig. 11). Excluding the “end”
territories, the average size of all territories in 2006 (196
ha) was similar to the average territory size of 182 ha
in 1961 (Table 6). At Aransas NWR, territories
decreased from an average of 313 ha in 1950 to 108
ha in both 1990 and 2006. When the population was
small and available habitat was abundant, adult pairs
roamed over larger areas and defended larger
territories. As crane numbers increased, more
territories were established close to existing
territories and crane movements were restricted by
neighboring pairs defending their own territories.

Crane territories at the ends of the different areas

of the crane range were usually larger next to
unoccupied habitat, with no neighboring pairs on 1
side to restrict movements (Stehn and Johnson 1987).
The average size of territories excluding end
territories was 20.6% smaller than the average size of
all territories (T. Stehn, unpublished data). This was
calculated by averaging the 9 winters in the data set.
Differences ranged between 0.3% less in 1950 and
61.4% less in 1971.

Territory size varied considerably over time in
different parts of the crane winter range. For all years
analyzed, the difference between the largest and
smallest territories was considerable (Table 7). In
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Figure 4. Whooping crane territories at Aransas in 1971.

All areas
Aransas NWR
W. St Charles       
San Jose
Matagorda
Welder Flats

314
314

211
190

381

289
155
389
955
465

221
156
130
436
281
284

290
179
382
580
367
264

216
108
158
493
270
306

279
145
312
436
324
409

195
101
125
350
207
200

210
109
110
338
211
239

Table 5. Average territory size (ha) in different parts of the whooping crane winter range, 1950-2006.

1950             1961             1971             1979             1985             1990             1995             2000             2006
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Figure 5. Whooping crane territories at Aransas in 1979.

Figure 6. Whooping crane territories at Aransas in 1985.
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Figure 7. Whooping crane territories at Aransas in 1990.

Figure 8. Whooping crane territories at Aransas in 1995.
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Figure 9. Whooping crane territories at Aransas in 2000.

Figure 10. Whooping crane territories at Aransas in 2006.

 



2006, the largest territories were predominantly on
San Jose Island, and the smallest average territory
sizes occurred on Aransas NWR (109 ha) where the
habitat was 90.3% occupied (Table 8).

The minimum average territory size appears to
have changed little since 1990. Average minimum
territory size is approaching 101 ha on Aransas NWR
and West St. Charles Bay, 139 ha on Welder Flats,
204 ha on Matagorda Island, and 304 ha on San Jose
Island. Average minimum territory size throughout
the crane range was estimated to be 172 ha. Based on
available contiguous habitat and minimum average
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St. Charles)
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Linear 
(All Areas
(Excluding W.
St. Charles)

Figure 11. Size of whooping crane territories, excluding end territories, in the different wintering areas at Aransas, 1961-2006.

All areasa

Aransas NWR
W. St Charles       
San Jose
Matagorda
Welder Flats

313
313

182
182

177
160

347

158b

156

222
113c

236
179

439
294

172
108

349
221
265

214
122

307
271
213

183
101
125
339
212
139

196
108
110
304
204
159

Table 6. Average territory size (ha) excluding territories on the ends in the different parts of the whooping crane winter range
from 1950 to 2006.

1950             1961             1971             1979             1985             1990             1995             2000             2006

a Excludes West St. Charles Bay from analysis.
b Data excluded in estimating minimum territory size since 10 of the 12 territories were on Aransas NWR where territories are smaller than in all other 

parts of the crane range. 
c Data excluded from analysis since only 1 territory..

1950
1961
1971
1979
1985
1990
1995
2000
2006

Aransas NWR 382  
Matagorda Island 381  
San Jose Island 955  
San Jose Island 499  
San Jose Island 1,002  
Matagorda Island 486  
San Jose Island 1,191  
San Jose Island 717  
San Jose Island 853

Aransas NWR 221  
Aransas NWR 106  
Aransas NWR 76  
Aransas NWR 100  
Aransas NWR 96  
Aransas NWR 24  
Aransas NWR 39  
Aransas NWR 28  
Aransas NWR 38

Table 7. Largest and smallest territory sizes (ha) and location
at Aransas for 9 winters analyzed between 1950 and 2006.

Smallest territory (ha)Largest territory (ha)Winter



territory sizes in each of the different crane areas, the
carrying capacity at Aransas was calculated at 160
territories (Table 9).

Number of Territories in Relation to Total Flock
Size

For the 9 winters analyzed, the ratio of flock size
divided by the number of observed territories averaged
3.6. In those years, with 2 adults in each territory, the
flock consisted of between 45-71% adult cranes and
averaged 56%. The remainder of the flock consisted of
juveniles and subadults 1 to 3 or 4 years of age. 

Carrying Capacity

The estimated total number of territories (n = 160)
multiplied by 3.6 (to derive an average flock size)
suggests there may be capacity for 576 whooping cranes

in the main crane areas and adjacent habitat at Aransas.
Additional salt marsh habitat was measured in a 111-km
radius from Aransas NWR. If suitable, these non-
contiguous areas (totaling 27,729 ha, Table 10) could
support an additional 580 whooping cranes (on 161
territories), yielding a total flock size of 1,156 in the
coastal region.

DISCUSSION

Territory Establishment and Range Expansion

As the crane population increased from a low of 15 in
1941 to 266 in 2007, the size of the winter range slowly
expanded. All pairs have established territories in
proximity to the San Antonio-Guadalupe and northern
portion of the Mission-Aransas River estuaries rather
than moving long distances to other portions of the Texas
coast.

Territories have spread outwards from core areas in
an orderly fashion without large gaps of unoccupied
marsh. There is a strong tendency of the species to
establish territories next to other whooping cranes rather
than to seek isolation. This must be part of the social
nature of whooping cranes even though they carve out,
defend, and maintain exclusive use of a territory in both
summer and winter. Offspring (especially males) from
resident pairs have a strong tendency to establish
territories next to their parents (Stehn and Johnson 1987).
This behavior explains most of the pattern of gradual

50       CHANGES IN WINTER WHOOPING CRANE RANGE • Stehn and Prieto Proc. North Am. Crane Workshop 11:2010

Aransas NWR
W. St Charles       
San Jose
Matagorda
Welder Flats
Totals

2,903
1,892
9,356

10,442
4,147

28,740

101
101
304
204
139
180

29
19
31
51
30

160

Area Total habitat (ha) Estimated minimum average territory size (ha) Total no. of potential territories

San Antonio-Nueces Coastal Basin 14,368
Lavaca-Guadalupe Coastal Basin 1,224
Colorado-Lavaca Coastal Basin 8,266
Brazos-Colorado Coastal Basin 3,871

Total  27,729

Table 10. Expected future winter range expansion into non-
contiguous areas for the Aransas-Wood Buffalo whooping
crane population in Texas.

Area ha

Occupied
Unoccupied
Total Habitat
% Occupied

2,622
281

2,903
90.3

399
1,493
1,892
21.1

8,576
780

9,356
91.7

7,599
2,843

10,442
72.8

4,044
102

4,147
97.5

23,240
5,499

28,740
80.9

135
32

167
100

Table 8. Occupied and adjacent unoccupied contiguous habitat (ha) during the 2006 winter in different areas at Aransas.

Refuge     W. St. Charles     San Jose     Matagorda     Welder Flats     All areas     Carrying capacity (number of territories)

Table 9. Carrying capacity of the habitat in different areas at Aransas for whooping cranes.

 



range expansion seen over the past 72 years. Since cranes
in all of the major crane winter areas have supported
numerous family groups, the number of territories has
increased in all areas. Future range expansion will be
influenced by which pairs successfully bring chicks to
Aransas (Stehn and Johnson 1987), as well as by
availability of unoccupied habitat.

New crane pairs looking to establish a winter territory
fill in the unoccupied “empty” spaces between defended
territories in the crane range if available. If no empty
spaces exist between territories, whooping cranes may
establish a territory in contiguous habitat at the ends of
the crane range where no territories exist. When
contiguous habitat becomes nearly fully occupied, cranes
colonize into nearby non-contiguous areas. New adult
pairs that colonize, rather than establishing territories in
limited space next to other cranes, presumably benefit
from the larger amount of unoccupied habitat available.

From the first territory on San Jose Island's northwest
end, new territories have generally been established
sequentially in adjacent unoccupied salt marsh to the
southwest. At Welder Flats, new territories were generally
established moving in a northeasterly direction from the
initial territory. From the 3 territories present on
Matagorda Island in 1979, the crane range expanded
sequentially in northwesterly and/or southeasterly
directions with multiple new territories. Stehn and
Johnson (1987) predicted correctly that more territories
would become established on Matagorda Island in the
existing occupied range as well as expansion at both ends
of the island's crane range.

The large expansion of the whooping crane winter
range can be illustrated by changes in census flights with
the primary author as observer over the past 26 years.
Flights in the early 1980s were done in a Cessna 150, a
small and slow aircraft that took approximately 3 hours to
cover occupied crane range. Due to the limited
distribution of the cranes at that time, flights on San Jose
only covered the north end of the island, south to Long
Reef. On Matagorda Island, flights did not cover the
extreme south end of the island, nor did they cover the
33.8 km of salt marsh between Panther Point and the
north end of the island since cranes rarely, if ever, used
those areas. In 2006, using a faster Cessna 210, census
flights required 7 hours to cover the occupied range. All
of San Jose north of Allyn's Bight was flown. On
Matagorda, the entire south end of the island was covered
on every flight, along with an additional 26.7 km of

habitat north of Panther Point. Only the extreme north
end of Matagorda Island north of the abandoned military
base was considered unoccupied range, although cranes
have occasionally been sighted there, necessitating
occasional survey flights of the area.

Since most of the coastal salt marshes along the edge
of the mainland and barrier islands lie in relatively narrow
strips, changes over time of the linear distance between
ends of the occupied crane territories often provide a
better picture of range expansion than total territory size.
Most whooping crane territories front on a bay. Only in
the widest portions of San Jose and Matagorda islands are
territories permanently situated in the interior portions of
the salt marsh without open bay habitat. At Aransas NWR
newly established territories have occasionally not
included bay frontage because the new pairs were
presumably not as dominant as established pairs and were
only able to establish smaller territories wherever marsh
was available. Territories on Aransas NWR without
frontage on the bay have not persisted over more than a
few winters.

Minimum Territory Size and Carrying Capacity

Territory size is limited by social interactions as
neighboring cranes defend adjacent territories.
Established territorial pairs do not allow other cranes to
remain in their territory. Pairs normally respond quickly,
flying towards the intruding cranes and driving them out
with a show of aggression. Adjacent crane pairs are very
aware of each others' presence (Stehn and Johnson 1987)
and often unison call at dawn (B. Wessling, Ormecon
International, personal communication). Establishment of
a territory presumably provides the pair with food
resources needed for survival. Upland areas next to
territories that contain additional food resources and
sources of fresh water to drink are typically not defended,
although dominance behavior is frequently observed in
those areas. A pair may use nearby portions of a
neighboring pair's territory if their neighbors are located
at the far end of their territory. At the beginning or end of
migration periods when some territories are vacant,
cranes at Aransas will frequently be located in an adjacent
empty territory (Stehn and Johnson 1987). Adult cranes
are often on a neighbor's territory about 50% of the time
until the territorial pair arrives. Such wandering is rarely
observed when all territorial cranes are present. When in
a neighbor's territory, cranes are not depleting the food
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resources in their own territory, but continue to monitor
their own territory for intruding cranes.

There is evidence that winter territories reach a
minimum size. Crane use has occurred along the refuge's
east shore marshes at least since the late 1930s (Stehn and
Johnson 1987). There have been pairs on the Blackjack
Peninsula at Mustang Lake, Mustang Slough, Sundown
Bay, and Dunham Bay for the length of this study and
have been occupied for at least the past 72 years. Allen
(1952) delineated 14 territories in 1950 that averaged 176
ha in size on Aransas NWR. However, these were not all
permanently defended territories since the population
only contained 7 breeding pairs. Allen had no way of
identifying what were later described as subadult cranes.
Blankinship (1976) mapped 10 territories in the same
area that averaged 176 ha in size during the 1971 winter.
In 1982, territories for that area were smaller, averaging
117 ha with the smallest only 55 ha in size (Stehn and
Johnson 1987). Newly formed pairs, however, are
sometimes not as dominant as long-established pairs and
may initially have smaller territories (Stehn and Johnson
1987). In this study, the average size of territories in that
area reached a low of 101 ha in 2000 and increased
slightly to 109 ha in 2006.

We postulate that with little available habitat
remaining on the refuge, territory size is approaching a
minimum since the number of territories in that area has
increased by only 2 between 1990 and 2007, and territory
size has not changed much since 1982. That new pairs
have expanded to other areas in the crane range, rather
than continue to squeeze into smaller and smaller
territories at Aransas NWR, indicates a minimum average
territory size threshold is being reached. Thus, the almost
fully utilized marshes on the Blackjack Peninsula and
other portions of the wintering area provide insight into
what may be the carrying capacity of coastal salt marsh
for whooping cranes at Aransas.

The estimated minimum territory size at Aransas
NWR of 101 ha averages approximately a third that of
territories on San Jose and a half that on Matagorda.
Differences in average territory size in different parts of
the crane range may indicate differences in quality of
whooping crane habitat. Larger territories might indicate
that habitat in those areas is not as suitable for cranes. The
largest territories for an area in this study occurred in
1990 on San Jose Island approaching 500 ha in size. San
Jose Island consists of large tidal flats, more than half of
which go dry during mid-winter periods of wind-blown

tides, which presumably results in cranes needing larger
territories in those areas. The diversity of habitats on the
east shore of Aransas NWR with bay and upland habitats
nearby provides what seems to be excellent habitat for
cranes, presumably the best at Aransas. This is where the
species wintered when the flock was reduced to only 15
birds in 1941, and where the territories are the smallest.

Territories must be of a sufficient size to support the
occupants and at some point cannot continue to shrink as
has been the long-term trend. The fact that the minimum
average territory size for all parts of the winter range
appears to have changed little since 1990 provides insight
that a minimum average territory size is being
approached. We acknowledge uncertainty as to what the
exact future minimum average territory size will be. The
172-acre figure selected for this paper is close to the
calculated figure of 180 ha and assumes territories may
continue to shrink only a little from their current sizes.

Since the salt marsh habitat has to support subadult as
well as adult whooping cranes, projecting carrying
capacity based on the average minimum territory size of
adult pairs may be an overestimate. Another way to
estimate carrying capacity is to note that the occupied
species range in 2007 of 23,240 ha supported a flock size
of 266 cranes, or 87 ha per bird. Thus, the additional
5,499 ha of adjacent unoccupied habitat would support 63
more birds, for a total flock size of 329 cranes. This is a
lower estimate derived than the 576 cranes (160
territories) based on average minimum territory sizes.
Thus, the current range and contiguous unoccupied
habitat at Aransas will reach carrying capacity at
somewhere between 329 and 576 whooping cranes.
However, any estimate of carrying capacity assumes that
habitat quality will remain the same over time. This is
unlikely given the threats on the Texas coast facing the
species.

Predicted Range Expansion

The amount of contiguous unoccupied habitat in the
different parts of the crane range provides insight as to
where the greatest number of future territories may be
established. In 2006, contiguous unoccupied habitat on
Matagorda Island (2,843 ha) and West St. Charles (1,492
ha) are where the most new territories are likely to be
established. Stehn and Johnson (1987) noted that the
cranes occupied 8,172 ha of salt marsh, or 26.8% of the
available acreage. In 2006, the 23,240 ha of habitat used
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took up 80.9% of the available contiguous habitat, an
indication that carrying capacity is being approached in
contiguous areas.

Another key to predicting the location of future range
expansion is use of an area by subadults (Stehn and
Johnson 1987) which is also indicative of habitat
suitability. Whooping cranes ages 1 to 4 years frequently
use areas next to defended territories. They spend a high
percentage of their time in the vicinity of their first winter
territory, although some wandering occurs between
different parts of the winter range. Subadults may move
several kilometers to where there is a gap between
defended territories until they find an area where they are
not chased by territorial pairs. When in larger groups,
subadults can sometimes persevere and remain next to a
pair's territory, or may use 1 end of a territory if the
territorial pair is at the other end. Subadult cranes
sometimes use areas generally apart from other cranes.

A current example for an area expected to support
whooping crane territories is the extreme north end of
Matagorda Island at the end of the current crane range
where subadult use has been documented occasionally.
Subadult crane use has also been documented on non-
contiguous areas including the Tatton Unit, the mouth of
Copano Creek, the northwest end of Hynes Bay, and by
the town of Indianola.

No crane use has been documented on the south end
of San Jose Island south of the Bass family ranch house,
but the habitat appears suitable. At the end of the fall
migration, cranes occasionally have been documented on
Mudd Island and in Redfish Bay south of the current
range, and across from the south end of San Jose. These
areas may be colonized in the future. Black mangrove
(Avicennia germinans), however, grows extensively in
that area. In the past, the northernmost range of mangrove
stopped just south of the whooping crane winter range,
except for scattered colonies as far north as Galveston,
Texas. Starting in the 1990s, with no prolonged hard
winter freezes to limit the northward spread, mangrove is
now found in portions of the current crane winter range
on northern portions of Matagorda Island. This
presumably makes the habitat less suitable for whooping
cranes, and could increasingly become a major threat to
whooping cranes if predicted climate change reduces
winter freezes at Aransas.

Whooping cranes have never colonized the
Guadalupe River Delta, a 1,815-hectare marsh located
between Aransas NWR and Welder Flats 13.4 km north

of the refuge crane range, where only a few documented
sightings have occurred. The large number of wading birds
and the presence of blue crab in the shallow marshes of the
Guadalupe Delta make it appear to be potential whooping
crane habitat. Stehn and Johnson (1987) speculated that
future flock expansion would occur in that delta, but this
has not yet happened. The area is less saline than the more
brackish marsh at Aransas currently used by whooping
cranes. It also has areas of taller vegetation consisting of
common reed (Phragmites australis) that would limit
visibility. One notable feature of the current range is the
absence of any marsh vegetation that is taller than a
whooping crane, a unique feature compared with most
marshes in the eastern U.S. (F. Chavez, Platte River
Whooping Crane Maintenance Trust, personal
communication). Short vegetation provides excellent
visibility for whooping cranes and protection from
predators. Thus, the Guadalupe Delta may not be as
suitable for whooping cranes as the current range.

Juvenile whooping cranes that have occasionally
become separated from their parents in their first fall
migration have wintered with sandhill cranes in inland
areas in Texas and Oklahoma. In 1985, 1 subadult
whooping crane that had never been to Aransas wintered
partly in brackish marsh habitat 161 km up the coast from
Aransas in Brazoria County, Texas (Lange 1992). This is
the only example of a whooping crane separated from its
parents utilizing brackish marsh habitat, but provides
some evidence that habitat up the coast from Aransas
could support whooping cranes in areas where whooping
cranes occurred historically (Allen 1952). If flock growth
continues, whooping cranes may expand north onto
Matagorda Peninsula in Matagorda County and into
marshes at the mouth of the Colorado River in Colorado
County. The strong tendency for whooping cranes to
establish territories next to other cranes, however, makes
it unlikely that areas far up the coast will be used any time
soon.

Once carrying capacity is reached in the current range
including contiguous unoccupied habitat, additional
dispersal to non-contiguous areas would be anticipated.
Recovery would be aided if the location of these areas
could be predicted. Using aerial infrared photography,
apparently suitable salt marshes were identified beyond
the current crane range. A 111-km search radius from the
refuge's Mustang Lake was used to identify general areas
of suitable habitat. This distance was selected based on
observations made on commercial air flights along the
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coast from Corpus Christi to Galveston. Few large blocks
of suitable habitat occurred beyond a 111-km radius.
Areas identified are not presented on a map since efforts
to protect some of these areas might be hindered during
possible future land negotiations.

From south to north, apparently suitable whooping
crane habitat may be available in the Nueces River Delta
just northwest of Corpus Christi, in Redfish Bay, and on
the northwest portion of Padre Island. In the Lavaca-
Guadalupe Coastal Basin, potential areas north of
Aransas Pass include salt marshes on the edges of Port,
Mission, Hynes, and Copano bays, and in the Guadalupe
River Delta. In the Lavaca-Guadalupe Coastal Basin,
potential habitat is present near Powderhorn Lake,
Indianola, and Carancahua and Keller Bays. Areas of salt
marsh in the Colorado-Lavaca Coastal Basin are located
southwest of the mouth of the Colorado River and on the
mainland west of Matagorda Peninsula, which includes
the Mad Island Nature Preserve. The northernmost
notable amount of suitable habitat is located northeast of
the mouth of the Colorado River as far north as the Big
Boggy NWR in the Brazos-Colorado Coastal Basin.

The Nueces River Delta is located approximately 84
km south of Aransas NWR, whereas the Colorado River
Basin marshes are located 111 km to the north. Thus, the
cranes would have to range along a 195-km stretch of the
coast, compared to 69 km in 2007.

Expansion into non-contiguous areas to the south of
Aransas is less likely than northern areas given the
migration pattern of the species. Whooping cranes at the
end of the migration are rarely found south of Aransas,
and only a few documented sightings are reported as far
south as Flour Bluff, Texas, located on the southern edge
of Corpus Christi. The species thus would have less
opportunity to encounter suitable habitats south of
Aransas. No whooping crane use has ever been
documented in the Nueces River Delta near Corpus
Christi, although portions of that habitat appear suitable
for cranes.

The size of additional non-contiguous areas of
apparently suitable salt marsh habitat totaled 27,729 ha
within the search area. Given enough time and with
continued growth of the whooping crane population, it
seems feasible that someday these areas would support
whooping cranes.  Assuming an average minimum
territory size for these areas of 172 ha, these non-
contiguous areas would provide room for an additional
161 territories, or 580 cranes. Thus, when added to the

current habitat at Aransas plus contiguous unoccupied
habitat that is estimated to support a maximum of 576
cranes, the entire area could in theory support a
maximum of 1,156 cranes. This assumes development of
these non-contiguous marshes and adjacent uplands does
not occur, which is unlikely. Only 1,817 ha of the 27,729
ha (6.6%) where future winter range expansion into non-
contiguous areas may occur are in public ownership and
protected as wildlife areas from future development.

While habitat at Aransas is a major issue for recovery,
habitat on the nesting grounds in Canada does not appear
to be as limited. Wood Buffalo National Park and vicinity
is estimated to be able to support between 185 and 426
new nesting territories in addition to the 72 territories
already occupied. Thus, the carrying capacity of the
nesting area may be somewhere between 257 and 498
territories (Olson and Olson Planning and Design
Consultants Inc. 2003). Multiplying these numbers by 3.6
to derive flock size provides an estimate of carrying
capacity in Wood Buffalo for a flock of between 925 and
1,793 birds before the cranes would disperse  into habitat
further removed from the current nesting area.

Human Development

Rapid human population growth is expected on the
Texas coast. Development pressure next to crane areas
intensified starting in about 2005. Crane salt marshes on
the Lamar Peninsula and Welder Flats are in areas where
development is now occurring. Four canal lot
subdivisions are either currently under construction or in
the permitting phase and will place over 1,500 homes in
or adjacent to areas used by whooping cranes. The
presence of cars, houses, people, and boats next to
occupied crane marshes will remove portions of habitat
from use by the species due to increased human
disturbance. An immediate need is to protect salt marshes
by purchasing lands or conservation easements where
cranes occur or are expected to occur. Upland buffers are
needed next to salt marshes to provide areas for cranes for
foraging and drinking water, and to limit human
disturbance by keeping new houses away from the edges
of the salt marsh. Such buffers would also allow new
marsh to be created as sea level rises. Upland buffers need
to be a minimum of 100 m wide, but ideally would be up
to 1,000 m wide, the distance that human disturbance of
whooping cranes has been documented (T. Lewis, U.S.
Fish and Wildlife Service, unpublished data).
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In 2007, of 23,240 ha of occupied whooping crane
range, 12,811 ha (55.1%) were on private land. Public
land on Aransas NWR, the refuge's Lamar Unit, and
Matagorda Island totaled 10,429 ha (44.9%). These lands
in State or Federal ownership are designated wildlife
areas and are protected from development. Private lands
occurred on San Jose Island, Welder Flats, and portions of
West St. Charles. All of San Jose Island is owned by the
Bass family which has provided an excellent place for
whooping cranes and hopefully will remain so for many
years to come. San Jose is managed as a working cattle
ranch with grazing, mowing, and prescribed burning. The
only developments on the island are the Bass family
ranch house complex, airplane runway, a single road
through the uplands the length of the island, and various
fences, pens, and dugouts for management of cattle. The
ranch house currently marks the southernmost extent of
occupied range on San Jose.

As more people live in south Texas, more hunting,
fishing, bird-watching, and nature photography will
occur in crane marshes, increasing levels of human
disturbance. Airboats and kayaks have allowed people to
traverse shallow water areas. Maintaining water quality
and productivity of the bays in the crane area will be
extremely difficult as the coast becomes intensely
developed and salt marshes are impacted.

The presence of more people on the Texas coast will
also increase the pressure to divert more water for human
consumption from the San Antonio, Guadalupe, and other
rivers. Decreased river inflows will reduce the suitability
of the bays and salt marshes at Aransas for blue crabs, the
primary food of the whooping cranes during winter. It is
essential for the survival of the species that adequate
inflows be maintained to enable the estuary to remain
productive.

CONCLUSIONS

Habitat at Aransas appears to be a key limiting factor
for long-term growth of the whooping crane population.
There is sufficient habitat at Aransas to support a
minimum of 40 mated pairs, a prime objective in the
2007 International Whooping Crane Recovery Plan
(CWS and USFWS 2007). However, there is only enough
available habitat within a 111-km radius of Aransas NWR
to support slightly more than 1,000 whooping cranes, the
threshold number needed to be reached for consideration
of downlisting the species to “threatened” if additional

separate flocks of whooping cranes cannot be established
elsewhere. With suitable habitat at Aransas expected to
limit recovery, it is essential that as many of the existing
marshes as possible receive protection so that the
carrying capacity of these marshes is not reduced by
development. With a target level of 1,000 whooping
cranes expected to take more than 25 more years to
achieve, recovery remains a distant goal. With no de-
listing target set by the International Whooping Crane
Recovery Team, a total population of between 5,000 and
7,000 whooping cranes might be a reasonable estimate
for numbers needed to remove the species from the
Endangered Species list. The winter area needed to
support such population numbers is beyond the scope of
this study, but it is not available within a 111-km radius of
Aransas.

At Aransas, in addition to having sufficient habitat
acreage available, it is imperative that management
efforts maintain the environmental quality of the habitat
(Stehn and Johnson 1987). All marsh areas along the
Texas coast are threatened with sea level rise and land
subsidence, which are ongoing and forecasted to
continue. Marshes on undeveloped areas such as Aransas
NWR and Matagorda and San Jose islands currently have
room to move inland so that total marsh acreage on those
areas may remain relatively constant in this century.
Marshes next to developed areas probably will not be
able to move inland due to bulkheads likely to be built to
protect housing developments. The Texas Nature
Conservancy, in close partnership with other agencies,
has begun trying to purchase upland buffers next to
whooping crane areas to provide room for marshes to
move inland and to limit human disturbance. This effort
needs to be funded, expanded upon, and accelerated
before more of the anticipated development occurs.

Whooping crane habitat at Aransas is threatened by
multiple factors including human development, increased
human disturbance, sea level rise, potential changes in
rainfall patterns, reduction of river inflows at Aransas,
and chemical spills along the Gulf Intracoastal Waterway.
Threats to loss of migration habitat in the migration
corridor are unquantified, but real. These threats include
construction of power lines, loss of migration habitat
from wetland drainage and reduction in river flows, tar
sands development, and introduction of exotic diseases.
Changes in farm programs and new developments
including wind energy may reduce migration habitat
available for whooping cranes. It is imperative that a
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watchful eye be kept on the whooping crane population
for many years to come to continue to allow this species
to progress towards recovery.
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Abstract: In this study we trapped wintering sandhill cranes (Grus canadensis) in Louisiana and fitted them with satellite
transmitters to determine their migration routes. Four of the 6 sandhill cranes with validated locations and a terminus point
used the Central Flyway for spring migration; 2 of these 4 (the only 2 for which we have data) also used the Central Flyway
for fall migration. Two of the 6 birds used the Mississippi Flyway for spring migration. The results of this study suggest that
reintroduced whooping cranes (G. americana) that intermix and migrate with sandhill cranes that winter in Louisiana may
enter the Central Flyway. In addition, the Mississippi Flyway is a viable option to use as a migration route for whooping cranes
if they are reintroduced in Louisiana.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:57-61

Key words: development, Grus americana, territories, whooping crane, winter range.

Louisiana has supported sandhill cranes (Grus
canadensis) both historically and currently. Louisiana's
population of sandhill cranes was extirpated in 1919
(Walkinshaw 1949), but birds began returning in the
1960s. A population of 17-100 birds was found in
central Louisiana, near Cheneyville, in 1966 (Smith
1979); 12 birds were found in southwestern Louisiana
near Holmwood in 1980 (Dewhurst and Zwank 1987).
About 2,200 sandhill cranes, primarily greater sandhill
cranes (G. c. tabida), currently winter in central and
southwestern Louisiana (McGowan 2003). This
includes flocks at Holmwood and Cheneyville.

This study focuses on the concern expressed by the
International Whooping Crane Recovery Team that
reintroduced whooping cranes (Grus americana) could
intermingle with wintering sandhill cranes in Louisiana
and follow them into the Central Flyway. Mixing of an
endangered flock of whooping cranes with a non-
essential experimental flock could introduce diseases
and undesirable behaviors to the wild flock and create
legal difficulties (i.e., management of an endangered
flock and an experimental, non-essential flock). Both
White Lake Wetlands Conservation Area and Marsh
Island Refuge have been proposed as possible
whooping crane reintroduction sites. Holmwood is 129
km from Cheneyville, 48 km from White Lake, and 121
km from Marsh Island, and  Cheneyville is 121 km
from White Lake and 161 km from Marsh Island. As

such, these sites are in relatively close proximity to the
proposed reintroduction sites, and concern over
whooping cranes mixing with sandhill cranes seems
valid.

Little is known about migration patterns of sandhill
cranes wintering in Louisiana, including whether or not
the Central or Mississippi Flyways are used. Although
it is expected that the Mississippi Flyway is a current
migration route of some sandhill cranes, this has not
been verified. This information would be useful not
only to identify potential mixing conflicts with the wild
flock of whooping cranes, but if sandhill cranes do use
the Mississippi Flyway, it would identify potential
migratory pathways to be used in any reintroduction of
migratory whooping cranes to Louisiana. In this study,
we determined the migration routes of a sample of
sandhill cranes wintering in Louisiana, as well as
movements between flocks in Cheneyville and
Holmwood, Louisiana.

STUDY AREA

Holmwood (30°7' 32.99'' N, 93°4' 48.68'' W) is
located in Calcasieu Parish in southwestern Louisiana.
About 62,000 ha of this parish are used for pasture and
8,700 ha are for rice cultivation. Cheneyville
(31°0' 44.35'' N, 92°17' 38.64'' W) is located in Rapides
Parish in central Louisiana. Rapides Parish contains
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46,600 ha of agricultural lands, including 2,700 ha for
corn and 3,000 ha for rice cultivation. In both areas, birds
forage in agricultural fields and pastures, and generally
roost in flooded rice fields (McGowan 2003).

METHODS

We conducted small-scale trapping of sandhill cranes
in southwestern Louisiana during February 2004 and
winter 2004-2005. During winters 2005-2006 and 2006-
2007, we trapped sandhill cranes in Holmwood and
Cheneyville. We captured cranes by placing
monofilament snares (Ivey et al. 2005) in foraging fields
and roost ponds (ACUC Permit # AE13-04).

All trapped birds were restrained by hand, a sock was
placed over their head to minimize visual stimuli, basic
morphometric measurements were recorded, and birds
were fitted with Platform Transmitting Terminal (PTT)
satellite transmitters (95 g; Microwave Telemetry,
Columbia, Maryland) and released. In some instances,
morphometric measurements were not recorded because
of concerns over handling time and potential exertional
myopathy. The Argos satellite system (Collecte
Localisation Satellites 2008) was utilized to determine
locations of PTT-tagged cranes throughout the year. All
locations were initially recorded except when location
estimates were <30 minutes apart. In these cases, the first
location was taken. Locations based on only 1 satellite
were discarded. Only location classes 1-3 (<1,000-m
accuracy) were used in analyses. All locations meeting
these criteria were plotted on aerial photography with
GIS; birds were monitored for the life of the transmitter.

RESULTS

We captured 2 birds in January-February 2005 in
flooded rice fields near Holmwood. One of the 2 birds
was found dead 3 days later, possibly as a result of
exertional myopathy. No birds were captured in winter
2005-2006. In winter 2006-2007, we captured 1 bird in
Holmwood and 5 birds near Cheneyville. 

Interflock Movements

Two birds fitted with transmitters moved between the
Holmwood and Cheneyville flocks. Crane 64285 was
captured on 16 January 2007. On 26 January it moved to
Holmwood, but returned to Cheneyville on 29 January. It

moved back to Holmwood on 25 February and left on
northward migration on 3 March. Crane 64286 was
captured in Cheneyville on 16 February 2007. The bird
moved to Holmwood on 6 March and remained there
until 16 March before beginning its northward migration
on 17 March.

Spring Migration

Sandhill cranes initiated spring migration as early as
21 February and as late as 20 March (Table 1). Four birds
used the Central Flyway during spring migration and 2
used the Mississippi Flyway (Fig. 1, Table 1). At least 3
birds stopped at some point along the Platte River.

We estimate that 4 of the 6 sandhill cranes nested.
Each remained at a single location for 58-100 days
beginning 14 April to 1 May. Two sandhill cranes
exhibited extensive movements during the breeding
season, though 1 crane may have attempted breeding near
Hudson Bay from 13 May to 25 May 2007. The terminus
point for at least 4 of the 6 birds was Manitoba or Ontario,
Canada. The terminus point for 1 bird was northern
Minnesota and 1 was the Upper Peninsula of Michigan.
However, transmitter failure for the latter bird makes it
impossible to determine whether this was the termination
point or simply a stopover point at which the transmitter
failed.

Fall Migration

We were able to determine fall migration patterns for
only 2 sandhill cranes (Fig. 2) due to transmitter failure.
Both birds used the Central Flyway for fall migration.
Crane 39888 was captured near Cheneyville on 28
February 2007 and migrated to Canada. In the following
fall, it wintered through at least 13 January 2008 (the
point of transmitter failure) in Oklahoma. Crane 39889,
which was captured in Holmwood in February 2005,
returned to Holmwood following a stopover from 27
October to 23 December 2006 near Galveston, Texas.

DISCUSSION

The results of this study indicate that sandhill cranes
wintering in central and southwestern Louisiana use both
the Central and Mississippi Flyways during spring
migration. Four of 6 birds fitted with satellite transmitters
used the Central Flyway as a spring migration route. Use
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of the Central Flyway was also observed among both
populations of sandhill cranes. Furthermore, 2 of the 6
birds moved between the Holmwood and Cheneyville
flock on at least 1 occasion. McGowan (2003) also
documented exchange between these 2 flocks. These
results suggest that the flocks are not distinct from each
other.

Unfortunately, data are available for only 2 sandhill
cranes during fall migration, and both sandhill cranes
used the Central Flyway. Krapu and Brandt (2010)

indicated that birds captured in the Platte River all used
the Central Flyway. Ironically, of 133 birds fitted with
satellite transmitters, none migrated to Louisiana.

Louisiana is being considered as a potential
reintroduction site for both resident and migratory
whooping cranes. White Lake Wetland Conservation
Area, near Gueydan, Louisiana, has been proposed as a
potential reintroduction site for a resident flock of
whooping cranes, and Marsh Island Refuge in Vermillion
Bay has been proposed as a potential site for a migrant

64285
64281
64278
39889
64283
64286
39888

Cheneyville
Cheneyville
Holmwood
Holmwood
Cheneyville
Cheneyville
Cheneyville

N
N
Y
N
N
Y
N

21 Feb 2007
2 Mar 2007
3 Mar 2007
5 Mar 2005
10 Mar 2007
18 Mar 2007
20 Mar 2007

20 Apr 2007
13 Apr 2007

n/ab

19 Apr 2005
1 May 2007
16 Jun 2007
21 Apr 2007

N. Ontario
Michigana

N. Minnesota
N. Manitoba

Manitoba
Manitoba

North Dakota to Ontario

Mississippi
Mississippi

Central
Central
Central
Central
Central

Table 1. Spring migration information for 7 cranes captured and fitted with satellite transmitters in Cheneyville and Holmwood,
Louisiana, 2005-2007.

Crane ID Capture location Interflock movement Migration start date Migration end date Terminus point Flyway

a Transmitter failure occurred on 13 April 2007. 
b Movements continued throughout the summer
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Figure 1. Spring migration routes for 6 sandhill cranes trapped at Holmwood and Cheneyville, Louisiana, 2005-2007, and fitted
with satellite transmitters.

 



flock. Our study has 2 implications to the potential
reintroduction of whooping cranes in Louisiana.  First,
there is a potential for reintroduced whooping cranes to
migrate through the Central Flyway if they mix with
wintering sandhill cranes. The risk of mixing may be
greater for a reintroduced migratory flock at Marsh Island
Refuge, as opposed to a resident flock. Marsh Island
Refuge is relatively close to Holmwood and whooping
cranes could also easily move into the vast marshes south
of Holmwood. Secondly, 2 sandhill cranes captured near
Cheneyville used the Mississippi Flyway. We are aware of
no other study that has documented the daily migration
behavior of sandhill cranes through the Mississippi flyway
(i.e., between Louisiana and Wisconsin), although this
route has been suspected from resightings of color-marked
cranes (International Crane Foundation, unpublished
data). Our finding suggests that the Mississippi Flyway
could be a potential migration corridor for migratory
whooping cranes reintroduced to Louisiana.
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SANDHILL CRANE MIGRATION CHRONOLOGY AND BEHAVIOR IN NORTHWESTERN
TEXAS

CARROLL D. LITTLEFIELD,1 HCR 4 Box 212, Muleshoe, Texas 79347, USA

Abstract: Migrant lesser sandhill cranes (Grus canadensis canadensis) were monitored during 1990-2000 in northwestern
Texas as flocks were arriving in autumn and departing in spring; cranes were counted as they passed over an observation point
23 km north of Sudan, Lamb County, Texas. Mean flock size was 34.5 (SD ± 32.6) in autumn and 58.2 (SD ± 45.0) in spring.
Most autumn migrants (69.6%) passed in the afternoon, whereas in spring 94% migrated in the morning (1000-1200 hr).  Peak
period of autumn passage was in October (65%), and in spring all observations were in February-March with the peak usually
in late February.  For arriving cranes headwinds had little influence, but 84% departed when winds were from the southwest.
Retro-migration was recorded during both migration seasons; autumn retro-migration events appeared to be associated with
human disturbance south and southwest of the study site, but in February and March it was associated with weather events to
the north or northeast.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:62-65

Key words: Grus canadensis canadensis, lesser sandhill crane, migration, retro-migration, Texas, weather.

In northwestern Texas the southern high plains
generally support one of the world's largest
concentrations of lesser sandhill cranes (Grus
canadensis canadensis). From mid-October through
February feeding crane flocks frequent new growth
winter wheat, milo, and corn stubble, and occasionally
cotton fields, whereas roost sites usually are in the
shallow-water areas of large saline lakes or, dependent
on water availability, in small freshwater playas
(Iverson et al. 1985, Haley 1983). Cranes begin leaving
the wintering area in early February and most fly north
to a stopover point in the North Platte River Valley of
western Nebraska (Iverson et al. 1987; Folk and Tacha
1990, 1991), then northwest to breeding areas in
western Alaska and northeastern Siberia (Krapu et al.,
2011).

Data on cranes in northwestern Texas have been
collected for several decades, but no information has
been documented on local migration chronology, flock
sizes, or behavior as cranes are approaching or
departing the wintering area. Elsewhere in the western
United States, Stahlecker (1992) discussed autumn and
spring crane migration along the Rio Grande River in
northern New Mexico, and Littlefield (1992) autumn
migration in southeastern Oregon. For the midwestern
and eastern United States, Walkinshaw (1960), DeVore
(1972), and Patterson (1978) reported on spring and
autumn migrant flock sizes, whereas Williams (1970)

and Nesbitt (1975) discussed spring departure for
migrant sandhill cranes from Florida. All of these
studies involved greater sandhill cranes (G. c. tabida);
little or no information has been documented for lesser
or Canadian sandhill cranes (G. c. rowani). My
objectives here are: 1) to summarize lesser sandhill
crane migration in northwestern Texas and 2) provide
information on migration behavior as cranes
approached or departed northwestern Texas wintering
grounds during the period 1990-2000. 

METHODS

My study site was 48 km north-northeast of
Muleshoe National Wildlife Refuge (MNWR),  Bailey
County, Texas (33°57' N, 102°47' W), or 43 km north of
Bull Lake, Lamb County, Texas (33°55' N, 102°29' W);
one or both of these areas are frequently important crane
wintering sites depending on roosting, loafing, and
feeding habitat availability and human disturbance.
Autumn and spring transients were counted as crane
flocks passed through a 4.8-km wide corridor at an
observation point 27 km north of Sudan, Lamb County,
Texas (34°18' N, 102°31' W). This 4.8-km segment was
only a small fraction of an approximately 40-km wide
migration corridor, but was located where cranes coming
or going to MNWR converged in spring or deviated in
autumn from cranes traveling from or to Bull Lake. Both
MNWR and Bull Lake are located within the Muleshoe
saline lake complex of southern Bailey, northern
Cochran, northwestern Hockley, and southwestern Lamb
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counties, Texas (Haley 1983).
Many observations were fortuitous, as migrant cranes

first were heard, then located and counted; however, there
were numerous occasions when flocks were heard, but
never seen. This was a particular problem when birds
were migrating at high altitudes under clear skies. These
were recorded as heard but not seen; cranes migrating at
night were similarly recorded. On autumn days cranes
were tallied at all hours, especially during heavy flights
associated with strong storm systems to the north, or in
spring with clearing skies and southwesterly winds after
several days with unfavorable migratory conditions. En
masse flights were observed in autumn 1990, 1993, 1997,
1999, and 2000 and in spring 1996 and 2000; no data
were collected in spring 1992, and little in 1995, spring
1997, and autumn 1998. During en masse flights, cranes
frequently passed at such rapid rates that counting
individuals in all flocks were impossible, thus selected
flocks were counted and others estimated. Only flocks
where birds were individually counted were used in data
analysis.

Weather conditions were recorded on most days
when cranes were observed, as was direction birds were
traveling and time of passage. Cranes were counted with
75 binoculars as flocks were in forward-flight; unless
small, it was impossible to count individuals in a spiraling
flock. I counted alone. Transients traveling to or from
wintering areas southwest of northwestern Texas could
not be differentiated and were included.

RESULTS AND DISCUSSION

Northwest Texas Annual Crane Chronology

Mean autumn arrival at the study site was 3 October
(SD ± 5.6 days, n = 10 years). Peak of autumn passage
usually occurred between 15 October and 5 November,
with the latest known migrants on 21 December 1998. In
spring, if habitat was available to the north in Castro
County (west of Dimmitt), pre-migratory cranes begin
congregating in mid-January, but it was not until
February before sandhill cranes reached their greatest
abundance (e.g., 30,150 were present on 20 February
2000). Lesser sandhill cranes have been seen leaving
northwestern Texas as early as 8 February, but mean
earliest spring departure during this study was 16
February. Mean late departure date was 24 March (SD ±
15.1 days, n = 10 yrs), and the latest date was a flock

heard on 21 April 1993. 
Larger Canadian sandhill cranes occasionally were

among some southwestern-bound lesser sandhill crane
flocks in October, but generally the subspecies did not
winter; the majority of G. c. rowani likely continued on to
northern Mexico, southeastern Arizona, and western New
Mexico. Canadian sandhill cranes mostly by-passed the
study area in spring, perhaps migrating north up the Rio
Grande Valley of New Mexico (Drewien et al 1996).

Autumn Migration

During 1990-2000, 618 autumn crane flocks ranging
in numbers from 2 to 269 were assessed. For 21,648
cranes individually tallied, mean flock size was 34.5 (SD
± 32.6); 15 additional birds were traveling alone. For
19,570 cranes with known arrival times, 2 were observed
between 0800 and 0900 hours (all times standard); 272
(1.4%, 0900-1000 hr); 1,223 (6.3%, 1000-1100 hr); 1,437
(7.3%, 1100-1200 hr); 2,556 (13.1%, 1200-1300 hr);
2,693 (13.8%, 1300-1400 hr); 2,784 (14.2%, 1400-1500
hr); 3,157 (16.1%, 1500-1600 hr); and 2,434 (12.4%,
1600-1800 hr). Cranes continued to migrate during late
afternoon and near or after sunset; 1,968 (10.1%) were
recorded from 1800 to 1900 hours and 1,044 (5.3%) from
1900 to 2000 hours.

Only 170 (0.9%) cranes were noted migrating in
September. Most migrated in October (12,724, 65%) and
November (6,443, 32.9%).  Few cranes migrated in
December (233, 1.2%). The greatest proportion of
migrating cranes were recorded between 1200-1300
hours in September (52.4%), 1500-1600 hours in October
(19.7%), and 1300-1400 hours (20.9%) and 1400-1500
hours (20.5%) in November. All migrating cranes in
December were recorded between 1400 and 1500 hours.

For 16,796 individuals, 6,176 (36.8%) were traveling
south toward Bull Lake and 10,162 (60.5%) southwest
toward MNWR. In addition, 458 (2.7%) changed travel
direction from south to southeast along their migration
corridor. Perhaps these cranes had strayed off course and
were correcting to reach their traditional wintering
grounds at the Brownfield saline lakes complex, east and
southeast of Brownfield, Terry County, Texas.

Headwinds had little influence on arriving cranes in
autumn. For 21,736 cranes assessed, 12,092 (55.6%)
arrived against headwinds from the southwest quadrate,
7,462 (34.3%) with winds from the northeast quadrate,
1,930 (8.9%) from the northwest quadrate, and 252
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(1.2%) from the southeast quadrate. Strong southwesterly
winds (32-48 km/hr) frequently resulted in birds making
little forward progress, and occasionally migrants were
laterally displaced; on 24 October 1997, 18 were
attempting to fly southwest against 32-56 km/hour west-
southwest winds. When first observed, the flock was 1.6
km north-northwest of the observation point, but after 5
minutes it was 3.2 km southeast, still trying to go
southwest.

For 21,625 autumn transients, 11,538 (53.4%) arrived
under clear skies, 9,095 (42.1%) under partly cloudy
skies, and 992 (4.6%) under overcast skies. For those
migrating when skies were partly cloudy, 6,336 (69.7%)
arrived at high altitudes under high, thin cirrus clouds.

En masse flights frequently occurred when weather
conditions were mild (e.g., 67 flocks totaling 1,931
cranes passed over between 0930 and 1842 hours on 16
October 1990 when the maximum temperature reached
27° C, with 16-32 km/hr southwest winds), whereas other
flights were associated with arctic frontal systems. On 25
October 1993, 1,991 cranes in 50 flocks passed over
shortly before the arrival of an arctic system which
eventually lowered the temperature to -11° C on 29
October. A total of 556 cranes migrated on 18 October
1999 after snow the previous day, and 1,314 rapidly
migrated south to southwest between 0900 and 1604
hours on 6 November before 18 cm of snow,
accompanied by 16-32 km/hour north winds, occurred
the next day. Also, after morning snow on 18 November
2000, 12 flocks totaling 530 individuals migrated
between 1400 and 1432 hours. On 1 occasion, when
minimum temperature dropped to -7° C, 17 cranes,
together with a chevron of 855 snow geese (Chen
caerulescens), were rapidly flying south-southwest
perhaps after their roost site had become frozen on 12
December 1998.

Cranes were occasionally heard migrating at night.
For example, flocks passed 1.5 hours after sunset on 28
October 1991 as an arctic frontal system arrived, and
others were heard during the nights of 9 October 1994
and at 2330 hours on 30 October 1994, apparently
associated with the passage of Pacific frontal systems.

Spring Migration

A total of 311 flocks ranging in size from 2 to 309
were assessed during spring migration. For 16,479 cranes
counted, mean flock size was 58.2 (SD ± 45.0); all were

migrating in February and March. Time of passage was
recorded for 14,673 birds; only 93 (0.6%) were noted
between 0800 and 0900 hours and 521 (3.6%) between
0900 and 1000 hours.  Most cranes migrated between
1000 and 1100 hours (54.0%) and 1100 and 1200 hours
(39.4%). Only 350 (2.4%) were observed after 1300
hours and 23 (0.2%) as late as 1400-1500 hours. Most
migrated between 1000 and 1200 hours in February and
between 1000 and 1100 hours in March.  

From a sample of 13,010 cranes, direction of travel
was north or northeast. North from Bull Lake 2,890
(22.2%) were tallied, whereas 10,120 (77.8%) were
flying from MNWR or points further southwest. None
were noted migrating from the southeast.

Unlike in autumn, wind direction was an important
factor during spring migration. For 28,012 spring
transients, 23,565 (84%) left with winds from the
southwest. 3,147 (11.2%) with south winds, 780 (2.8%)
with northeast winds, and 520 (1.9%) with northwest
winds.

Nearly as many cranes departed under partly cloudy
(high cirrus, 92.9%) as clear skies (48.0% vs. 51.9%,
respectively). Only 992 (4.6%) migrated when skies were
overcast. Spring en masse flights generally occurred with
southwesterly winds and increasing temperatures after a
period of unsettled weather (e.g., cold, overcast, northerly
winds, precipitation).

Retro-migration

Cranes observed retro-migrating in autumn seemed to
be associated with hunting disturbance near Bull Lake or
MNWR (e.g., 1,187 flew NNE between 0832 and 1100 hr
on 23 November 1997). On the other hand, spring retro-
migration usually was associated with late winter storm
systems and sudden cold fronts. Examples include 198
cranes that flew southwest between 1725 and 1745 hours
on 7 March 1991 after a frontal system the previous day
dropped the morning minimum to -5° C, and sleet on 28
February 2001, with 8-16 km/hour northeasterly winds,
apparently provided the stimulus for 212 to return on 1
March at 1600 hours. In March 1998, blizzard conditions
and extreme cold (-26° C) and snow (20 cm) occurred in
Nebraska (Craig 2001); perhaps 113 southwest bound
cranes passing over the Texas study site between 1325
and 1708 hours on 9 March were associated with this
storm. Other retro-migration events also seemed related
to late winter storms. Thus, retro-migration in autumn
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generally appeared to be associated with human
disturbance to the south and southwest, whereas retro-
migration in spring was associated with weather events to
the north and northeast.
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PEDIGREE ANALYSES OF THE MISSISSIPPI SANDHILL CRANE

JESSICA R. HENKEL, Department of Biological Sciences, University of New Orleans, 2000 Lakeshore Drive, New Orleans, LA
70148, USA

Abstract: The genetic status of the critically endangered Mississippi sandhill crane (Grus canadensis pulla) was analyzed
using 2008 studbook data from the U.S. Fish and Wildlife Service managed captive breeding and release program. Since the
captive breeding program was established in 1964, gene diversity has decreased 6%, average mean kinship is at the level of
first cousin, and inbreeding coefficients have been observed as high as 0.375. These high inbreeding levels were correlated
with lower survivorship, and an analysis of the mate suitability of current pairs at the release site revealed poor mate suitability
indices. These factors may be contributing to the low survivorship and poor nest success observed in the wild. Before the
results of this study can be adequately assessed and applied to management strategies, current assumptions regarding original
founder relationships must be improved. I recommend applying molecular genetic analyses of the captive and released
Mississippi sandhill crane population to the results of this study to increase our understanding of the population's genetic
structure, and promote management decisions that result in increased genetic diversity.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:66-71

Key words: captive breeding, Grus canadensis pulla, Mississippi sandhill crane, pedigree analysis.

The Mississippi sandhill crane (Grus canadensis
pulla, MSC) is a critically endangered subspecies of
sandhill crane, found only in Gautier, Mississippi, at
the Mississippi Sandhill Crane National Wildlife
Refuge (MSCNWR) and in captivity. The population of
this non-migratory crane has been supplemented by a
U.S. Fish and Wildlife Service managed captive
breeding program since 1981, when the wild
population numbers dropped below 40 individuals
(Valentine and Noble 1970). There are now
approximately 110 wild cranes on the refuge (S.
Hereford, U.S. Fish and Wildlife Service, personal
communication).

The recovery objective for the MSC is to “maintain
a genetically viable, self-sustaining, free-living MSC
population” (USFWS 1991). To achieve this goal it is
critical that the captive population used to supplement
the wild population be properly managed. Although the
total population on the refuge has increased since the
initiation of the captive breeding and release program,
successful rearing of wild hatchlings has been few, and
the wild population remains heavily dependent on
supplemental captive breeding to remain above 100
individuals. Additionally, the population bottleneck
observed prior to 1965, when the captive breeding
program was first initiated, is likely to have resulted in
a loss of genetic diversity. Molecular genetic studies
that utilized allozyme (Dessauer et al. 1992) and
microsatellite analyses (Jones 2003) reported that
MSCs show nearly half the level of heterozygosity

when compared to other sandhill cranes.
When pedigree information is complete, pedigree

analyses can provide powerful methods for
determining lineage structure, calculating individual
inbreeding coefficients, for resolving genetic
importance of specific individuals to breeding, and for
recording the loss of genetic diversity over time (Haig
and Ballou 2002). These genetic parameters are
determined by estimating losses or changes to genetic
variability relative to a wild founder population, which
is assumed to be unrelated. Pedigree information is
available for all captive cranes and for 73.6% of the
wild cranes in the MSC population. I used this pedigree
information and 3 pedigree analysis programs to
analyze the current genetic status of the captive and
released MSC population. My specific objectives were
to: 1) determine the current pedigree structure of the
total captive and released population, 2) compare
inbreeding to survivorship, and 3) conduct analyses to
make recommendations for future management.   

METHODS

Data.–The data used for this study was collected
from the MSC studbook, current through February 2008
(Savoie 2008). My analysis of the managed population
included all the captive and released individuals. 

Information on released individuals can be difficult to
ascertain when working with a supplemented population,
for instance when leg bands are lost and individuals can
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no longer be identified, or when individuals die without a
carcass being found. Pedigree analysis software assumes
that all individuals reported in the studbook are still alive
until otherwise indicated, resulting in larger population
estimates than actually exist. Therefore, this pedigree
analysis is based on 2 populations: the total population of
captive and released individuals presumed alive, and the
total population of captive and released individuals
known to be alive as of March 2008 (S. Hereford, U.S.
Fish and Wildlife Service, personal communication). 

Analysis Software.–The Single Population Analysis
and Records Keeping System (SPARKS) (Lacy 2004) is
the species management software program used to
manage the MSC population. SPARKS was used for
individual pedigree analyses, and for exporting pedigree
data. 

Population Management 2000 (PM2000, Pollak et al.
2005) was used to measure gene diversity (Lacy and
Ballou 2001), founder genome equivalents, mean kinship
(Ballou and Lacy 1995), and inbreeding. To evaluate the
effect increased inbreeding levels may have on
individuals, I analyzed the relationship between
inbreeding coefficients and the percentage of individuals
surviving past 2 years of age, the age at which MSCs
reach reproductive maturity (Mirande et al. 1996). This
analysis was conducted using statistical software (SPSS
Inc. 2001).

MateRx version 1.9 (Ballou et al. 2001) was used to
evaluate the genetic value of mating different pairs. This
program integrates 4 genetic components into a single
index: the Mate Suitability Index (MSI). The 4
components are: 1) the change in population's genetic
diversity associated with the pairing of 2 individuals, with
preference given to those with low mean kinships; 2) the
difference in mean kinships of the male and female, as it
can be detrimental to pair animals with very different
mean kinship due to the possibility of linking under-
represented alleles with over-represented alleles (Ralls
and Ballou 2004); 3) inbreeding coefficients; and 4)
amount of unknown ancestry in the male and female, as
managers try to exclude individuals with unknown
pedigrees (Ballou et al. 2001). The MSI ranges from 1
(very beneficial to the genetic diversity of the population)
to 6 (very detrimental). Pairs known to exist in the
released population were analyzed for their MSI value,
but captive individuals were analyzed by MateRx to
locate the best possible mate (who would result in the
lowest MSI), independent of whether those birds could

realistically be paired together.

RESULTS

PM2000 reported a presumed population size of 332
individuals, with 31 founders and 274.9 living
descendents (individuals with incomplete ancestries are
tallied as partial genetic individuals). PM2000 also
reported a known population size of 139 individuals, with
31 founders and 115 living descendents (Table 1). This
known population consisted of 97 cranes from the
MSCNWR and 42 captive cranes. Of the cranes at the
MSCNWR, 81 were reared in captivity, and 16 are
unknown individuals (either founders, founder
descendents, or captive-reared individuals who have lost
their leg bands). 

The 31 founders showed variable allelic represen-
tation in the known population (Fig. 1). PM2000 reported
that the proportion of genetic diversity retained from the
original founder population is 0.9403 in the presumed
population, and 0.9400 in the known population, with
founder genome equivalents of 8.37 and 8.34,
respectively. The average mean kinship for the total
presumed population is 0.0597, and 0.0600 for the known
population, with individual mean kinships ranging from 0
to 0.0899 (Fig 2.).

Inbreeding coefficients ranged from 0 to 0.375.
Mean inbreeding of the presumed population was 0.0074,
and was 0.0052 in the known population.  In order to
study the possible effects of this inbreeding on the MSC
captive and released population, I analyzed the
relationship between inbreeding coefficients and the
percent of individuals surviving past 2 years of age.
Inbreeding was significantly negatively correlated with
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N
Founders
Living descendants
Gene diversity
Founder genome equivalents
Mean kinship
Mean inbreeding (F)

332
31 
275

0.9403
8.37

0.0597
0.0074

139
31 
115

0.9400
8.34

0.0600
0.0052

Table 1. Summary of March 2008 Mississippi sandhill crane
captive and released population parameters as reported by
PM2000.

Genetic characteristics

Current total 
population

(presumed alive)

Current total 
population

(known alive)



survivorship (n = 6, P < 0.001) (Fig. 3). 
MateRx analyzed the mate suitability of all possible

pairs (including all presumed individuals) in the captive
and released population. The majority of these pairings
(68%) would be detrimental to the population (MSI > 3)
(Fig. 4). The genetic value of all current mating pairs in
the released population was evaluated by calculating the
mate suitability indices for each pair. Values of these pairs
ranged from 2 to 7, with an average rating of 4.58.
Optimal pairing was analyzed for each captive individual
(Table 2). Despite pairing individuals to produce the

lowest possible MSI, the average MSI for the captive
pairings was 4.19 (slightly detrimental).

DISCUSSION

Nearly 75% of the wild MSC population has been
raised in captivity. An understanding of the population
structure of the captive MSC population is imperative if
the goal of sustaining a non-supplemented wild
population with high genetic diversity is to be achieved.
As predicted, analysis of the presumed population
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resulted in a population size that was much higher than
that of the known population size. Due to several birds
residing on the refuge that have not been identified, the
total MSC population is likely around 150 individuals (S.
Hereford, U.S. Fish and Wildlife Service, personal
communication).

The current population is derived from 31 founders.
Due to unequal breeding of founder lines, many fewer
contributing founders would be needed to produce the
same genetic diversity currently observed in the captive
and released population. Unequal genetic contributions
by founders often leads to greater inbreeding in future
generations and a loss of the genetic diversity originally
present in the founding population (Lacy 1988).  This
study confirmed these outcomes in the captive MSC
population: gene diversity decreased 6% and inbreeding
coefficients were as high as 0.375. Additionally, the mean
kinship of 0.0625 is equivalent to individuals being
related, on average, at the level of first cousin (Ralls and
Ballou 2004).    

The difference observed in mean inbreeding for the
presumed and known population is likely the result of the
inverse relationship between inbreeding and
survivorship. No individuals with inbreeding coefficients
higher than 0.25 survived past the first year of release.
The low survival of individuals with high inbreeding
coefficients also explains the relatively low mean
inbreeding values observed in both populations; although

highly inbred individuals have existed in the population,
they have not survived long enough to reach sexual
maturity.  

The primary assumption of all pedigree analyses is
that founders are unrelated. The probability of related
founders is likely high for the MSC population following
the population bottleneck that occurred before the captive
breeding program was established. Therefore, mean

Proc. North Am. Crane Workshop 11:2010 MISSISSIPPI SANDHILL CRANE POPULATION ANALYSES • Henkel 69

# 
A

ll 
p

o
ss

ib
le

 p
ai

rs
 in

 t
o

ta
l p

o
p

u
la

ti
o

n

# 
C

u
rr

en
t 

re
fu

g
e 

p
ai

rs
MSI Values

9000

8000

7000

6000

5000

4000

3000

2000

1000

0

8

7

6

5

4

3

2

1

0

1 2 3 4 5 6

Total 
population

Current 
refuge 
pairs

Figure 4. Distribution of mate suitability index (MSI) values for
all possible pairings in the presumed population (left-hand y-
axis), and the distribution of MSI values for current refuge
pairs (right-hand y-axis), as reported by MateRX. A value of 1
is very beneficial to the diversity of the population; a value of
6 is very detrimental.

1599
1580
1307
1621
1156
1560
1117
1296
1401
1144
1152
1458
1361
1804

-
-
-
-

1560, 1258
1258, 1117

1560
1144
1560

-
1560, 1117, 1401

-
1081
1242
1128
1759

-
-

1258, 1809
-
-

1137
1258

-
-
-

1758
-

1217, 1774
1217, 1774

-
1217

1138, 1681, 1794
-
-

1774, 1592, 1217, 1708, 1787
1787
1615
1356
1168
1431
1774
1138
1592
1681
1217
1278
1758
1479

-
-
-
-

1794
1163
1708
1322
1135

-
1787

None < 4
None < 4
None < 4

3
None < 4

1
2

None < 4
3
3

None < 4
None < 4

3
1

None < 4
None < 4
None < 6
None < 4

1
2
2
2
1

None < 4
2

None < 4
None < 4
None < 4
None < 4
None < 4
None < 4
None < 4

1
None < 4
None < 4
None < 4

1

Table 2. Pair recommendations for captive individuals based
on MateRX-reported MSI values for those pairings. Note: cer-
tain individuals have no pairings with MSI values less than 4,
indicating that any offspring from that individual would be
considered detrimental to the genetic diversity of the total
Mississippi sandhill crane population.
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kinship and inbreeding coefficients in the captive
population are likely much larger than was observed in
this study. 

Recommendations for Future Management and
Research

Before the results of the pedigree analyses
conducted for this study can be adequately assessed,
current assumptions regarding founder relationships in
the captive and released MSC population must be
improved. This can best be achieved by molecular
analyses, such as microsatellite analysis, as was
accomplished for whooping cranes (Grus americana)
(Jones et al. 2002).  Jones et al. (2002) used micro-
satellite DNA analysis to investigate the genetic
relationships among founders of the whooping crane
captive breeding program by using multi-locus
genotyping to derive relatedness coefficients among
individuals in the population. This research integrated
genetic information into the traditional whooping crane
studbook, allowing managers to breed individuals
based on common or rare alleles within founder lines,
to achieve maximum allelic diversity. Similar work on
the MSC is of critical importance to the improved
understanding of the captive population.

The goal of most captive breeding programs is to
retain 90% gene diversity for 100 years (Frankham et
al. 2002). Current gene diversity is 94% following 43
years of captive breeding. Managers must be careful
with their future pairing decisions for the population
and only breed individuals with the lowest mate
suitability indices. This is especially important when
considering the results of MateRx, which reported that
a majority of all possible pairings would have a
negative effect on the population's gene pool. Most of
the current natural pairings on the refuge also have high
(negative) mate suitability indices. This may be
contributing to the low nest success on the refuge, and
should be an important consideration when eggs are
brought into captivity to be reared. The results of the
MateRx analysis for this study may change, however,
once founder relationships are established. As was
observed following microsatellite analysis of the
whooping crane (Jones et al. 2002), the value of certain
individuals in the population may increase or decrease
depending on the original patterns of relatedness of the
population.
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POPULATION STATUS AND GEOGRAPHIC DISTRIBUTION OF GREATER SANDHILL
CRANES IN THE MID-CONTINENT POPULATION

GARY L. KRAPU, U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Southeast, Jamestown, ND 
58401, USA

DAVID A. BRANDT, U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Southeast, Jamestown, ND 
58401, USA

Abstract: Number and geographic distribution of greater sandhill cranes (Grus canadensis tabida) in the mid-continent
population (MCP) of sandhill cranes were evaluated. G. c. tabida comprised 7 of 133 (5.3%) individuals of 3 subspecies which
projects to 31,579 ± 11,661 (SE) individuals in an estimated spring MCP of 600,000 cranes. From a platform transmitting
terminal (PTT)-marked sample representative of the geographic distribution of G. c. tabida, 10 of 13 (77%) settled during the
breeding season in east-central Canada/Minnesota, including 4 in northwestern Minnesota, 4 in Manitoba (2 at sites near the
Minnesota border), and 2 in Ontario. Three (23%) cranes settled in west-central Canada (1 in Saskatchewan and 2 in Alberta).
From a sample of 16 VHF-radioed G. c. tabida representative of MCP distribution during 2003-2006, 11 (69%) and 5 (31%)
originated from breeding grounds in east-central Canada and west-central Canada, respectively. Eight of 13 (62%) PTT-
marked G. c. tabida settled in transition areas between the temperate prairies, and the mixed woods shield and the boreal plain
ecological regions during the breeding season. Breeding distributions of PTT-marked G. c. tabida overlapped with G. c. rowani
extensively in east-central Canada and Minnesota. All PTT-marked G. c. tabida that settled on breeding grounds in Canada
staged in areas open to sport hunting in Saskatchewan, Manitoba, and North Dakota during fall; mean arrival and departure
dates from staging areas were 7 September and 19 October (n = 12), for an average stay of 40 ± 4 (SE) days. G. c. tabida that
spent the breeding season in Minnesota stayed in Minnesota during fall and experienced less exposure to hunting seasons over
the fall/winter period than cranes breeding in Canada (26%, n = 3, vs. 55%, n = 8). A reduction in G. c. tabida harvest likely
would be required for sandhill cranes to move beyond their current status as an occasional breeder across most of the northern
plains, including the Prairie Pothole Region.   

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:72-82

Key words: breeding distribution, greater sandhill crane, Grus canadensis tabida, hunting mortality, mid-continent
population, migration, population size, wintering grounds.

The mid-continent population (MCP) of sandhill
cranes consists of 3 subspecies based on morphometry:
greater sandhill crane (Grus canadensis tabida), lesser
sandhill crane (G. c. canadensis), and Canadian sandhill
crane (G. c. rowani) (Johnson and Stewart 1973). Of the
3 subspecies, the least information exists for G. c. tabida.
In 1997, a major research project on the MCP was
initiated by the USGS Northern Prairie Wildlife Research
Center at the request of sandhill crane managers in states
of the Central Flyway to gather information needed on
several key population parameters. The primary
objectives were to identify the geographic distribution of
the 3 subspecies of MCP sandhill cranes throughout the
annual cycle, identify length and pattern of stay on fall
staging areas and wintering grounds, and to measure
annual recruitment rates of young into the fall population.
This project provided an opportunity to also gain insight
into numbers and geographic distribution of G. c. tabida
in the MCP.

Historically, G. c. tabida nested throughout the
Prairie Pothole Region (PPR), including major parts of
North Dakota, South Dakota, and southern and central
Saskatchewan and southwestern Manitoba
(Walkinshaw 1949). The subspecies was extirpated
from most of its breeding range in the late 19th and
early 20th centuries due to uncontrolled hunting and
habitat loss (Walkinshaw 1949). Hunting of sandhill
cranes was prohibited following the enactment of the
Migratory Bird Treaty Act in 1918. By the 1940s, G. c.
tabida had begun to recover from population lows and
reoccupy major parts of its former breeding range in the
midwestern and western United States (Littlefield and
Ryder 1968, Drewien and Bizeau 1974, Meine and
Archibald 1996, Schlorff 2005). However, in North
Dakota, South Dakota, and southern parts of Manitoba
and Saskatchewan, few breeding attempts have been
documented over the past 70 years. In North Dakota,
for example, where the species nested widely in the
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19th century (Johnson 1976), only 4 documented
breeding records were reported from 1950 through
2007 (Fields et al. 1974, T. Grant, U.S. Fish and
Wildlife Service, unpublished data). The underlying
cause(s) for sandhill cranes failing to reoccupy much of
their historic breeding range in the northern plains,
including the PPR, have remained poorly understood.

Hunting is the primary known source of mortality
in the MCP (Tacha et al. 1994) and over the past 3
decades, numbers of individuals participating in crane
hunting and harvest have increased markedly (Sharp et
al. 2007). How these additional pressures may have
affected MCP G. c. tabida is poorly understood and has
increased the need for quantitative information on
number and distribution of this subspecies in the MCP.
Our primary objectives were to: 1) estimate number of
G. c. tabida in the MCP, 2) evaluate their current
breeding, fall staging, and wintering distributions, and
chronology of use of these areas, 3) identify fall and
winter use in areas open to sandhill crane hunting, and
4) assess the potential role of crane hunting in
determining the breeding distribution of G. c. tabida in
the northern plains.  

STUDY AREA

The capture and marking of sandhill cranes with
PTTs occurred in the Central Platte River Valley (CPRV)
and North Platte River Valley (NPRV) of south-central
Nebraska between 22 February and 12 April 1998-2003
(Fig. 1). The capture and marking with VHF transmitters
occurred in the CPRV between 20 February and 10 April
2003-2006. Detailed descriptions of the CPRV (U.S. Fish
and Wildlife Service 1981, Krapu et al. 1982) and NPRV
(Krapu et al. 1987) have been published previously.

METHODS

Crane Capture and Marking Strategy 

G. c. tabida were captured and marked with PTTs and
VHF transmitters at sites in the CPRV and NPRV where
virtually the entire MCP gathers along the Central Platte
and North Platte Rivers in late winter and early spring of
each year (Krapu et al. 2011). Capture was in fields,
mostly pastures near water, using concealed rocket-
propelled nets that were fired over cranes (Wheeler and
Lewis 1972) that had been attracted with decoys

(taxidermy mounts) within the capture zone of the net.
Sandhill cranes begin arriving in the CPRV and NPRV in
mid-February, a rapid buildup follows starting in early
March, and the population generally peaks in late March
(Reinecke and Krapu 1986). We scaled our trapping
schedule accordingly by capturing birds throughout the
period they were arriving in Nebraska and with trapping
effort increasing as the percentage of the MCP present
increased. Trapping effort and number of birds captured
and marked were distributed approximately proportional
to the number of birds using each major section of the
river (Krapu et al. 2011). We assumed that subspecies and
breeding affiliations of cranes were captured and marked
in proportion to their abundance in sections of river. Only
1 individual of a subspecies received a PTT from each
successful capture attempt where individuals of more
than 1 subspecies were caught. Trapping was conducted
in the Chapman to Shelton, Shelton to Kearney, and
Kearney to Overton sections of the CPRV, and the
Hershey section of the NPRV during spring 1998-2003.
G. c. tabida receiving PTTs formed a representative
sample of this subspecies in the MCP and were used to
estimate percentage and number of in the MCP.

To supplement information on geographic
distribution of G. c. tabida in the MCP throughout the
annual cycle, 6 birds were trapped and marked with PTTs
in late winter and spring of 2003. Also, fall-staging
distribution was obtained for 16 VHF-radioed G. c.
tabida from a radio-marked sample of the 3 subspecies as
part of studies to estimate annual recruitment rates of
MCP sandhill cranes during 2003-2006. Trapping and
marking of G. c. tabida with PTTs in 2003 and VHF
transmitters in 2003-2006 occurred in the Chapman to
Shelton and Shelton to Kearney sections of the CPRV
relying on a representative sample of each group to assess
geographic distribution. Restricting marking of cranes to
these sections of river was acceptable because satellite
telemetry studies during 1998-2002 had indicated in
spring that nearly all MCP G. c. tabida stage in the
Chapman to Kearney reach of the CPRV (G. Krapu,
unpublished data).

Upon capture of each crane selected to receive a PTT
or a VHF transmitter, a blood sample was drawn from the
metatarsal vein to determine sex. The collected blood was
placed into a storage/lysis buffer (0.1M Tris, 0.1M
EDTA, 5% SDS, 0.01M NaCl, Longmire et al. 1991).
Sex was determined using the PCR methods of Duan and
Fuerst (2001). The following linear measurements (to the
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nearest mm) were taken of all captured cranes: wing
chord, tarsus, and post-nares culmen. Using these
metrics, G. c. tabida were distinguished from G. c.
canadensis and G. c. rowani based on morphological
differences using the discriminant methods of Johnson
and Stewart (1973). In this paper, we report on results
only for cranes classified as G. c. tabida and G. c. rowani
based on their morphometry. Each PTT or VHF
transmitter was attached to the left leg above the tibio-
tarsus using a 2-piece leg band (Ellis et al. 2001). All
capture and marking procedures were approved by the
Animal Care and Use Committee at the USGS Northern
Prairie Wildlife Research Center and conformed to
recommendations of the American Ornithologists' Union
(1997).

PTT Tracking

Two manufacturers supplied the PTTs used in this
study: Microwave Telemetry Inc. of Columbia, Maryland

and North Star Science and Technology LLC of
Baltimore, Maryland. The Argos satellite system (Service
Argos 1996) was utilized to monitor locations of PTT-
tagged cranes. The system consists of UHF receivers
carried on polar-orbiting National Oceanic and
Atmospheric Administration weather satellites which
receive PTT transmissions within their field of view.
Locations are calculated from the Doppler shift in the
received frequency as the satellite passes over the
transmitter. Information is transferred to Earth-based
processing centers which make the data available to users
through personal computers within a few hours of
acquisition. Location, date, time, and an accuracy
assessment are relayed to processing centers with
location information. Data received by Service Argos
were obtained via daily e-mail message and were
compiled to construct the database used. Fancy et al.
(1988) and Harris et al. (1990) provide a more detailed
description of the Argos system and its application in
tracking wildlife.
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Figure 1. Study areas in (A) North Platte River Valley and (B) Central Platte Valley with  sites shown where sandhill cranes were
trapped and marked with PTTs and/or VHF transmitters during late winter/early spring of 1998-2006. Virtually the entire mid-
continent population of sandhill cranes stages during March in the Central Platte River Valley and North Platte River Valley.

 



PTT Location Data

A final dataset of PTT locations was created from
all resolved satellite locations which contained only
those which passed through a stepwise sequential
geospatial algorithm and subjective manual review. All
data were run through the Douglas Argos-Filter
Algorithm version 6.5 (http://alaska.usgs.gov/science/
biology/spatial/douglas.html) developed by David
Douglas (USGS, Anchorage, Alaska) which marks
records for deletion that do not pass the user defined
criteria for inclusion. The resulting output was then
manually scrutinized as a GIS layer and subjective
decisions were made as to the legitimacy of removing
each individually marked as well as unmarked
locations deemed unrealistic or improbable.

During the breeding season (June-August), most
cranes were confined to relatively small areas
indicating a sedentary period in the annual cycle. To
reflect this, a single breeding season ground location
for each PTT-monitored crane was created by
calculating a weighted mean of all breeding ground
locations. Each observation was weighted by a
numeric representation of the Argos Location Class
(LC 3 = 4, LC 2 = 3, LC 1 = 2, LC 0 = 1) to reflect
the decreasing accuracy of these location classes and
to theoretically arrive at a more precise activity
center estimate. 

PTTs were programmed according to 1 of 2
unique duty cycles and transmitted approximately as
follows (number of PTTs of each duty cycle
referenced hereafter = 7 and 6, respectively): once
every 1.5 and 4 days while staging in the CPRV and
NPRV after deployment (March), once every 1 and 4
days from approximately when the cranes departed
from the CPRV and NPRV to their arrival on the
breeding grounds (April through May), once every 4
and 7 days while on the breeding grounds (June
through mid-August), once every 1.5 and 4 days
during fall migration (mid-August through mid-
November), once every 4 and 10 days while at
wintering areas (mid-November through January),
and once every 3 and 5 days for the duration of the
transmissions (North Star PTTs were programmed to
shut off during early June after reaching the breeding
grounds for the second year). The expected life span
of PTTs was projected to be 16 months, which would
enable an evaluation of level of philopatry to

breeding sites used the previous year.

VHF Location Data 

VHF-radioed cranes were relocated by aerial
reconnaissance while on fall staging areas in North
Dakota, southwestern Manitoba, northwestern
Minnesota, and Saskatchewan using pre-selected routes
every 5 days during the fall staging periods in 2003-
2006. Fall staging location indicated whether the bird
had come from a breeding ground in west-central or
east-central Canada based on information gained from
satellite telemetry during 1998-2003 (Krapu et al.
2011). Aerial surveys began in early September and
continued through mid-October to detect arrival of
VHF-marked individuals on fall staging areas. When a
VHF-radioed bird was detected, its location was
relayed to ground crews distributed across major
sandhill crane staging areas in Canada (east-central
Saskatchewan/southwestern Manitoba, central
Saskatchewan, and west-central Saskatchewan),
northwestern Minnesota, and North Dakota. We
attempted to immediately locate each marked crane via
telemetry and obtain a visual observation. Unique radio
frequency and the alpha-numeric symbols on the
plastic leg band on each crane served to distinguish
individuals.

RESULTS

Estimated Abundance

Seven of the 133 (5.3%) cranes from a representative
PTT-marked sample of all 3 subspecies were classified as
G. c. tabida based on their morphological measurements.
With 5.3% estimated to be G. c. tabida in a spring MCP
of 600,000 cranes (Kinzel et al. 2006, Krapu et al. 2011),
we estimate the MCP contained 31,579 ± 11,661 (mean ±
SE) G. c. tabida during 1998-2002.

Breeding Distribution 

The 13 PTT-marked G. c. tabida spent the breeding
season at the following locations: northwestern
Minnesota (n = 4), Ontario (n = 2), Manitoba (n = 4,
including 2 near the Minnesota border), Alberta (n = 2),
and Saskatchewan (n = 1) (Fig. 1). Overall, 8 of the 13
cranes (62%) settled in the transition area between the
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temperate prairies and either the mixed woods shield
(Minnesota, Manitoba) or boreal plain (Alberta,
Saskatchewan) (see Commission for Environmental
Cooperation [1997] for descriptions of ecological
regions). Ten of 13 (77%) of the PTT-marked cranes
spent the breeding season in east-central Canada
(Manitoba, Ontario) and Minnesota, and 3 of 13 (23%)
settled in west-central Canada (Alberta and
Saskatchewan). One G. c. tabida was located near the
west shore of James Bay along the eastern edge of the
Hudson Bay plain, a region inhabited primarily by G. c.
rowani. Of 16 VHF-radioed cranes relocated on fall
staging areas, 11 (69%) and 5 (31%) originated from
breeding grounds in east-central Canada and west-central
Canada, respectively.  

The breeding distribution of G. c. tabida overlapped
extensively with G. c. rowani, particularly in Manitoba
and Ontario (Fig. 1). In Minnesota, 4 of 5 cranes that
settled in the state during the breeding season were G. c.
tabida and the remaining bird was a G. c. rowani. The 3
G. c. tabida that settled in Alberta and Saskatchewan
were located along the southern boundary of G. c. rowani
distribution.

Use of Fall Staging Areas  

Average dates of arrival and departure of PTT-
marked G. c. tabida from fall staging areas were 7
September and 19 October, for an average length of
stay of 40 ± 4 (SE) days (Table 1). G. c. tabida (PTT-
marked sample) spent fall-staging principally in the
following states and provinces: northwestern
Minnesota (n = 4), eastern North Dakota (n = 2),
southwestern Manitoba (n = 3), and eastern and central
Saskatchewan (n = 4). The fall staging distribution of
VHF-radioed G. c. tabida was as follows: eastern and
central Saskatchewan (n = 5), southern Manitoba (n =
4), central and eastern North Dakota (n = 6), and
northwestern Minnesota (n = 1).

Use of Wintering Grounds 

PTTs from 10 of 13 G. c. tabida continued to function
and were tracked to their wintering grounds in the year of
marking and 2 in the second year. Four cranes ultimately
settled along the upper Texas Gulf coast and another
stayed most of winter along the Gulf coast in the state of
Tamaulipas in Mexico (Fig. 3). One bird migrated as far

south as the Texas/Oklahoma border, spending the entire
winter shifting between areas in Kansas and Oklahoma.
Two birds went directly to western Texas and wintered
there. Two cranes were monitored during 2 winters and
exhibited a different pattern each year, i.e., both stopped in
western Texas (Hunting Zone A) during the first year
(2002), but after first spending time in Hunting Zone A in
the second year (2003), both ultimately moved to the
Texas Gulf Coast (Hunting Zone C) (Fig. 2). Two of 3
PTT-marked cranes from Minnesota with transmitters
continuing to function during the first winter migrated to
the upper Texas Gulf coast. One monitored crane from
Minnesota wintered in Zone A during its first winter and
on the upper Texas Gulf coast in year 2.

Exposure to Hunting Seasons 

Fall Staging in Northern Plains.–Over fall and winter,
PTT-marked cranes from breeding sites in Minnesota (n =
3) were exposed to hunting approximately half of the days
(26 vs. 55%)  compared to cranes from breeding grounds
in Alberta, Saskatchewan, Manitoba, and Ontario that
staged in North Dakota, Manitoba, and Saskatchewan (n =
8). Within North Dakota, 97% of crane-use days (n = 8)
during fall staging occurred within Hunting Zone 1 and
3% within Hunting Zone 2 (n = 3) (Fig. 2).

Post-fall Staging.–Six of 11 PTT-marked G. c. tabida
(from a total of 13 migrations; 2 birds were tracked during
2 fall migrations) stopped during fall ≥4 days in Kansas.
Crane duration of stay ranged from 4 to 23 days (11.8 ±
3.2 days) and the birds were exposed to hunting seasons
for 58% of that period. Six of 10 cranes (12 migrations)
stopped in Oklahoma with duration of stay ranging from
3 to 70 days (24.5 ± 10.6 days) and the birds were exposed
to hunting 73% of the time. Cranes that staged in
Minnesota during fall migrated southward through the
western part of the state avoiding exposure to hunting
seasons until arriving in Kansas and Oklahoma (Fig. 2).
After departing the northern plains, exposure rates of
cranes to hunting seasons from breeding grounds in
Minnesota and all other locations were similar (40 vs.
43%).

Wintering Grounds.–Seven of 10 PTT-marked G. c.
tabida spent most of their first winter in Texas (9 of 12
migrations), 2 birds reached Texas in 2 winters and one
did not use Texas for the majority of winter in year 1.
Mean stay by cranes on wintering grounds was 118.9 ± 8.2
days with exposure to hunting seasons during 42% of that
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21428 (2000: BG = West-central Saskatchewan)
Saskatchewan 1 Sep 15 Oct 45 45
North Dakota 19 Oct 19 Oct                   1           1
South Dakota 19 Oct 19 Oct                   1           1

13619 (2001: BG = West side of James Bay, Ontario)
Ontario 1 Sep 6 Sep 6           0
North Dakota 10 Sep 20 Oct                   41            28
South Dakota 24 Oct 24 Oct                     1          0

13617 (2001: BG = Southeast Manitoba along Minnesota border)
Minnesota/Manitoba 1 Sep 9 Oct 39               21
North Dakota 9 Oct 22 Oct          14               10

13622 (2002: BG = South-central Alberta)
Alberta 1 Sep              18 Sep                 18                 0
Saskatchewan 22 Sep        9 Oct                 18                18
North Dakota 13 Oct           13 Oct                  1                  1

13622 (2003: BG = South-central Alberta)
Alberta 1 Sep            20 Sep                20                 0
Saskatchewan 25 Sep              11 October         17              17

13625 (2002: BG = Northwest Minnesota)
Minnesota 1 Sep               18 Oct                 48                 0

13625 (2003: BG = Northwest Minnesota)
Minnesota 1 Sep             13 Oct                 43                 0
South Dakota 18 Oct              18 Oct                   1                 1

21932 (2002: BG = West side, north end of Lake Winnipeg, Manitoba)
Manitoba (1 day in ND)    1 Sep           7 Oct                  37              37
North Dakota 9 Oct        11 Oct                 3                3
South Dakota 12 Oct              12 Oct                      1                1

13647 (2003: BG = Northwest Minnesota)
Minnesota 1 Sep           2 Nov                 63                0
South Dakota 3 Nov               3 Nov                   1                 1

13599 (2003: BG = Northwest Minnesota)
Minnesota 1 Sep               17 Oct                 47                0
South Dakota 19 Oct             23 Oct                   5                0

13601 (2003: BG = Northeast Manitoba)
Manitoba 1 Sep               21 Sep                 21              18
North Dakota 23 Sep                 19 Oct                 27              27
South Dakota 21 Oct                21 Oct                  1                 1

13607 (2003: BG = East-central Alberta)
Saskatchewan 1 Sep                  11 Oct               41               41
North Dakota 12 Oct                  12 Oct                 1                1

13611 (2003: BG = Southeast Manitoba)
Manitoba 1 Sep               28 Sep               28               28
Minnesota 28 Sep              28 Sep                 1                0
North Dakota 28 Sep          23 Oct               26               24
South Dakota 24 Oct           24 Oct                 1                  1

Table 1. Arrival dates, departure dates, length of stay, and number of days 13 PTT-tagged greater sandhill cranes (G. c. tabida) were
known to be exposed to hunting while on fall staging areas in the northern plains from 1 September through departure. Information
in parentheses after crane PTT identification number represents year of migration and location of breeding grounds (BG).

Crane (year)                                                                  Arrival date           Depart date       Length of stay   Days exposed to huntinga

a Only days and contiguous intervals that cranes were known to be located in areas open to hunting and a season was ongoing are included.



period. Overall, exposure to hunting seasons for all cranes
located in Texas (10 birds, 12 migrations) was 41%.
Estimated exposure of cranes to hunting seasons varied by
management unit in Texas with birds in Hunting Zones A,
B, and C being exposed to hunting seasons 62, 22 and
27% of their stay, respectively. One bird made substantial
use of the area closed to hunting but moved back and forth
between Zone C; all use of Zone C except for 1 day
occurred while the hunting season was closed. One crane
departed from its fall staging area in Saskatchewan and
proceeded almost directly to Tamaulipas spending 6 days
in Kansas, and 4 days in Texas before reaching its winter
destination. This bird stayed in Tamaulipas for 104 days
before returning to the Platte River, Nebraska in spring. 

DISCUSSION

Estimated Abundance   

Our estimate that G. c. tabida account for 5.3% of
MCP sandhill cranes is at the upper end of the range of

estimates of 1-5% proposed under the Cooperative
Management Plan (Central Flyway Council 1981). The
small size of the representative sample used to estimate
number of G. c. tabida in the MCP produces wide 95%
confidence limits. Conservatively, using the low end of
the confidence limits, G. c. tabida accounts for 1.5 % of
the MCP.

Breeding Distribution 

Numbers of G. c. tabida in Minnesota have
increased markedly from 1944 and 1977 when an
estimated 10-25 pairs (Walkinshaw 1949) and 150-300
pairs (Henderson 1978), respectively, were estimated to
be present in the state. The 4 of 13 (31%) PTT-marked
birds that formed the sample for Minnesota projects to
9,717 ± 8,247 G. c. tabida occurring in the state during
the 1998-2003 breeding seasons. Given the small size
of our sample of PTT-marked birds, more research is
needed to provide a more definitive estimate on
numbers of cranes present in Minnesota during the
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Figure 2. Distribution of PTT-marked G. c. tabida (n = 13, open circles) and G. c. rowani (n = 36, closed circles) by ecological region
(as defined by Commission for Environmental Cooperation 1997) in central Canada and northwestern Minnesota during the 1998-
2003 breeding seasons.



breeding season. Several other studies also have shown
evidence of growth in number of sandhill cranes
breeding in Minnesota since 1944 (Johnson 1976,
DiMatteo 1992, Provost et al. 1992). 

Less than one-third of PTT-marked G. c. tabida
settled within the temperate prairies ecological region
during the breeding season with most being at the edge
of this region. This pattern suggests the distribution of
this subspecies is now concentrated primarily at the
periphery of their historic prairie breeding range in the
northern plains. In North Dakota, single sandhill crane
breeding records were reported in 1973 (Fields et al.
1974) and 1993 (T. Grant, U.S. Fish and Wildlife
Service, unpublished data), along with 2 pairs during
2007 (T. Grant, U.S. Fish and Wildlife Service,
unpublished data), which indicate cranes continue to
attempt to reoccupy breeding grounds in the state but
with little success. The near absence of sandhill cranes
from the state's breeding avifauna represents a marked
departure from their past status as a plentiful breeder
(Coues 1874:533).

Potential Factors Responsible For Current
Breeding Distribution 

The failure of sandhill cranes to reoccupy their
historic breeding range in the northern plains, and
particularly North Dakota and South Dakota, while
flourishing in northwestern Minnesota, poses a
question of cause(s). Sandhill cranes now breed
across parts of Indiana, Illinois, and Iowa, where only
small remnants of the widespread wetland habitat
remain that once supported the species in these states
(Meine and Archibald 1996). It appears unlikely that
loss of wetland habitat can explain the lack of
breeding by sandhill cranes in the PPR as wetland
habitat that is likely suitable for breeding remains
widespread. In the Dakotas, several major national
wildlife refuges, numerous waterfowl production
areas, scattered state game management areas, and
many privately owned wetlands contain habitat
probably suitable for sandhill crane breeding, but
cranes seldom nest in these states.
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Figure 3. Distribution of locations of PTT-marked G. c. tabida (n = 11) by hunting zone in North Dakota, Kansas, Oklahoma, and
Texas during fall migration and winter. Locations of sandhill cranes from breeding grounds in Alberta, Saskatchewan, Manitoba,
and Ontario are represented by closed circles and from Minnesota by open circles.

 



Evidence suggests mortality rates of MCP G. c.
tabida breeding in Minnesota were lower than
elsewhere because these cranes were not subject to
harvest until after departure from fall staging areas, in
contrast to those that stage in the northern plains.
Most documented mortality of cranes in the MCP is
from hunting with an estimated 33,000 being shot
annually in the United States, Canada, and Mexico
(Sharp et al. 2007). In North Dakota, Saskatchewan,
and Manitoba, estimated retrieved harvest averaged
4,181, 8,138, and 1,506 sandhill cranes during 2000-
2006, respectively (Kruse et al. 2008). G. c. tabida
and G. c. rowani breeding in Saskatchewan,
Manitoba, Alberta, and Ontario stage during fall in
areas where crane hunting seasons are open during
most of their stay based on our findings. In North
Dakota, fall-staging G. c. tabida accounted for an
estimated 60, 28, 35, and 44% of cranes shot by
hunters in Benson, Pierce, Sheridan, and Stutsman
counties, respectively, during 1990-1994 (Kendall et
al. 1997). Distribution of harvest of G. c. tabida
suggests this subspecies and G. c. rowani are being
shot in numbers disproportionate to their percentage
in the MCP (G. Krapu, unpublished data). High
exposure to hunting seasons, a large and
disproportionate harvest in the northern plains, and
high philopatry rates to breeding sites used in
previous years (Krapu et al. 2011) suggest that the
high breeding concentration of sandhill cranes in
Minnesota is due, in part, to a reduced annual
mortality rate.

In the northern plains, exposure of G. c. tabida to
hunting is highest in Saskatchewan where the season
begins on 1 or 2 September with virtually the entire
province open to hunting, a 5-crane bag limit and
large numbers of hunters participating (Central
Flyway Webless Migratory Game Bird Technical
Committee [Compiler] 2006). Manitoba accounts for
only 15% of the combined estimated retrieved
harvest of G. c. tabida and G. c. rowani from
Saskatchewan and Manitoba due, in part, to fewer
hunters. In North Dakota, 97% of use by PTT-marked
G. c. tabida occurred in Hunting Zone 1 where birds
were exposed to hunting most of their stay and bag
limit is set at 3 birds per day. G. c. tabida are at a
disproportionate risk from hunting on fall staging
areas in the northern plains, except in Minnesota,
because they arrive 2-3 weeks earlier than G. c.

canadensis (Krapu et al. 2011).

Conservation Assessment  

Restoring sandhill crane across their historic breeding
range in the northern plains would represent a major
conservation achievement. The potential exists for the
sandhill crane to become a locally common breeding
species across the temperate and semi-arid prairies
ecological regions, including major parts of the PPR.
However, it is unlikely numbers would approach historic
levels given the extensive loss of wetland habitat over the
past 100 years along with other alterations to the
landscape.

Our findings suggest the failure of sandhill cranes to
reoccupy most of their historic breeding range in the
northern plains over the past 60 years probably is caused,
in part, by sufficient harvest to severely limit successful
pioneering into this region. A new management strategy
for sandhill cranes likely will be required if the species is
to be restored as a common breeding bird in the northern
plains. A reduction in annual harvest of G. c. tabida
probably could be achieved while maintaining
widespread sport hunting of sandhill cranes in the
northern plains. Among potential viable options to
increase successful breeding in unoccupied areas
containing suitable breeding habitat would be to delay the
opening of sandhill crane hunting seasons during fall
until after most G. c. canadensis have arrived on fall
staging areas, i.e., the last week of September (Krapu et
al. 2011). This change would shorten the exposure period
of G. c. tabida to hunting and result in greater mixing
with other sandhill crane subspecies before hunting
seasons began reducing take of G. c. tabida. Previous
research has indicated that the harvest of G. c. tabida and
G. c. rowani decline in autumn in most counties in North
Dakota after G. c. canadensis arrive (Kendall et al. 1997).
Another potential option would be to restrict crane
hunting primarily to areas where significant numbers of
sandhill cranes stage in the northern plains. This step
would help to expedite restoration by allowing successful
pioneering cranes to repopulate large areas while still
maintaining widespread hunting opportunities.
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AERIAL SURVEY TECHNIQUES FOR BREEDING WHOOPING CRANES 

BRIAN W. JOHNS, Canadian Wildlife Service, 115 Perimeter Road, Saskatoon, Saskatchewan S7N 0X4, Canada

Abstract: Since the discovery of nesting whooping cranes in Wood Buffalo National Park, the Canadian Wildlife Service has
conducted aerial surveys to monitor the population. Aerial survey techniques have varied over the years; however, they have
generally followed the techniques used by the author since 1991. The technique involves flying a combination of circular
flights and transects over known nesting territories and similar looking marshes likely to contain breeding whooping cranes.
These aerial surveys account for nearly 100% of the breeding whooping cranes each year. 
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Whooping cranes (Grus americana) are listed as an
endangered species in North America (USFWS 1994,
Environment Canada 2007). The remnant wild flock of
whooping cranes nests mainly in Wood Buffalo
National Park in a remote marsh complex along the
Sass and Klewi Rivers (Allen 1956). They were first
observed in the park by a forestry officer who was
returning to Fort Smith by air in 1954. Aerial surveys
have been used since that time to document the
breeding population of whooping cranes in the park
(Novakowski 1966, Kuyt 1995, Johns et al. 2005). This
type of survey is especially useful when the species
under study is thinly dispersed and inhabits remote
locations that are not easily accessible from the ground.

Whooping cranes arrive on the breeding grounds in
late April and the first few days of May. After
reestablishing their territories, the birds select a
wetland to construct a nest. The nests usually take 2-3
days to complete and 2 eggs are laid. Most nests are
initiated before 15 May, and the surveys were timed to
coincide with the peak of incubation. Single birds
incubating on a nest are more easily observed than
single birds out feeding, as evidenced by the fact that
the non-incubating mate from a breeding pair is not
always seen. This paper describes the methodologies
and aircraft used for aerial surveys to locate nesting
pairs, visit nests, and determine hatching and fledging
success. 

STUDY AREA

Whooping cranes nest and summer in the
northeastern portion of Wood Buffalo National Park and
adjacent areas of Alberta and the Northwest Territories.
All nesting occurs within a 90-km 5 90-km block (8,100
km2) west of the community of Fort Smith, Northwest

Territories (60°0.33' N, 111°52.88' W). Most cranes,
however, are found in a 600-km2 area adjacent to the Sass
and Klewi rivers, as well as in a few smaller
concentrations in nearby areas (Johns et al. 2005). The
nesting grounds themselves are comprised of a myriad of
ponds, marshes, and forested ridges in the northernmost
portion of the boreal plains ecoregion (Timoney 1999).

METHODS

On the breeding grounds cranes usually occur singly,
or in territorial pairs, family groups, or small non-
breeding groups of 3-5 individuals. The Canadian
Wildlife Service has carried out aerial surveys over the
whooping crane summer range since 1955. From 1955 to
1965, surveys were irregular, but from 1966 onwards
they have been conducted regularly.  

Locations of whooping cranes and nests were plotted
on 1:15,800 color infrared aerial photographs. Beginning
in 1992, crane locations were also captured as waypoints
on a GPS.  Transects flown were also recorded with a
GPS unit to ensure complete coverage of the census area.

Fixed Wing Aircraft

Fixed wing aircraft were used for breeding pair,
hatching success, and fledging success surveys, as well as
to search for banded birds. Aerial surveys were conducted
in a variety of fixed wing aircraft. Cessna 172 and 185
aircraft were used most often. Flights averaged 3.5 hours
each, and 5-8 flights were required to cover the entire
nesting area for each of the surveys. Flights were
conducted in both morning and afternoon. Observers,
usually 2, but occasionally 1, scanned the marsh and
upland ridges for whooping cranes, which appeared as
large white dots on an otherwise dark, mottled
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background.
To determine nest occupancy, transects of varying

lengths, with widths averaging approximately 1.0 km (0.5
km on each side of the plane), were flown over known
nesting territories occupied in recent years. Flights
covered only appropriate habitat and did not search non-
wetland areas. Wider transects (up to 1.4 km) were flown
over the remainder of the summer range to search for new
nesting pairs. Among years, the precise location of
transects was not fixed and varied depending on the size,
shape, and characteristics of the marsh. When a known
territorial pair was not seen on an initial flight, a second
set of cross transects was flown perpendicular to the
original transect. Circling in ever increasing concentric
circles starting in the center of a known territory was also
used. This combination of techniques ensured that all
known nesting marshes received close to 100% coverage
(Fig. 1).

Rotary Wing Aircraft

Rotary wing aircraft were used to determine clutch
size, visit nests (Kuyt 1995), and capture flightless young.
Bergeson et al. (2001a) captured 2-14 day old hatchlings
while Kuyt and Goossen (1987) captured 60-80 day old
prefledged young. Helicopters have also been used to
observe foraging behavior, search for tracks along
shorelines (after landing, tracks were followed to search
for droppings (Bergeson et al. 2001b), install and monitor
water level gauges, collect feather and egg shell remains
from nests, record unison calls of breeding adults,

measure vegetation parameters at nest sites (Timoney
1999), and install blinds and research camps (Bergeson et
al. 2001b).

RESULTS

Most surveys for breeding whooping cranes have
been in Wood Buffalo National Park; however, they have
also included areas adjacent to the park as well.
Observations were made on 438 aerial census flights over
18 summers (1991-2008) totaling 1,438 flight hours.  

Fixed wing surveys were conducted for breeding
pairs (mean = 24.4 hr/yr), hatching success (mean = 29.9
hr/yr) and fledging success (mean = 13.8 hr/yr). In most
years, all breeding adult whooping cranes were located
(96-100%); these flights were not a sample, but actual,
direct measures of the breeding population. If a pair was
not located in a particular year, it was usually found the
following year.

Helicopters were used to determine clutch size.
Incubating birds would stand when the helicopter was an
average of 417 m (range 50-1,500 m, n = 211) away from
the nest and an average of 122 meters (range 18-306 m, n
= 278) above ground level. When a bird stood it
occasionally moved off the nest a short distance (mean =
5.3 m, range 0-25 m, n = 49). For best viewing of eggs,
the helicopter circled the nest at a mean of 183 meters
(range 150-225 m, n = 52) distant.

Helicopters were also used when there was a need
to land near nests or family groups. Helicopter down
times for various research projects were: 1) 7.7 minutes
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Figure 1. Map of whooping crane nesting marsh in Wood Buffalo National Park Canada, with 3 types of survey flights overlaid
(from actual GPS paths flown, displayed on 1:250,000 scale map).



(range 3-19, n = 113) for testing and collecting eggs
during 1992-1996, 2) 32.8 minutes (range 24-40, n = 6)
for capturing, conducting health checks and attaching
radio transmitters to 2-14-day old young in 1998, and
3) 25.0 minutes (range 15-31, n = 15, E. Kuyt,
Canadian Wildlife Service, deceased, personal
communication) for capturing and banding 60-80-day
old young in 1978 and 1982. 

DISCUSSION

The fixed wing aerial survey techniques developed
by the Canadian Wildlife Service as described in this
paper are suitable for a highly visible species like the
whooping crane. Tundra swans and white pelicans have
been seen in the survey area, but their distribution and
habitat use allows for easy identification and separation
from the cranes. These survey techniques would not be
appropriate for the more cryptically colored sandhill
crane (G. canadensis). 

The surveys were used to determine the entire
breeding population of whooping cranes nesting in and
adjacent to Wood Buffalo National Park. The number of
territorial pairs that were observed closely match the
number of territorial pairs that were observed on the
wintering grounds in Texas (T. Stehn, U.S. Fish and
Wildlife Service, personal communication).

These aerial surveys are not appropriate for
determining total population size of the flock, since
nonbreeding subadults do not all return to the breeding
grounds as first year birds. When not found near the
breeding grounds, subadults summer in the southern
Canadian prairies (Johns 1996) of Saskatchewan,
Alberta, and Manitoba. Subadults also summer elsewhere
in the Northwest Territories and rarely in British
Columbia (Johns et al. 2008). Occasional summer
records also occur further south in the United States (M.
Tacha, U.S. Fish and Wildlife Service, personal
communication).

Use of Fixed Wing Aircraft

Survey height and speed.–The general slope of
uplands and the drainage of nesting marshes are oriented
from southwest to northeast, eventually draining into the
Little Buffalo River. Marshes ranged from a high of 275
m (903 ft) above sea level in the southwest to a low of
175 m (574 ft) in the northeast. Most of the nesting

marshes were at approximately 210 m (690 ft) above sea
level and were forested. The best altitude for observing
cranes was about 245 m (810 ft) above ground level.
Since altimeters are scaled in feet and for simplicity,
pilots maintained an altitude of 1,500 feet (457 m) above
sea level. Occasionally the altitude was adjusted by ±30
m (100 ft) depending on conditions. This altitude was the
best compromise between tree height, crane size, and
visibility out each side of the aircraft. By maintaining a
fixed altitude there was no appreciable difference in size
of the observed cranes from the high to low elevation
areas since marshes were separated by several kilometers
of upland and the transition was gradual. Level flying
increased safety margins for airplane operation.

Pilots were fully engaged with maintaining safe
airspeed, constant altitude, correct transect location, and
circling known territories while maintaining a relatively
smooth flight to prevent observer motion sickness. Once
birds were seen the pilot first circled them while the
observer plotted their location on an aerial photo, and
then flew directly over the birds to obtain a GPS
waypoint. Having more than one observer was therefore
more efficient than having a pilot both observe cranes and
fly the plane.

Survey speed was ultimately determined by the stall
speed of various aircraft types and load capacity (fuel
plus passengers). Where possible an ideal speed of 149-
168 km/hour (80-90 knots or 92-104 miles/hr) was
maintained. This flight speed optimized competing needs
of safety (i.e., fast) and observation conditions (i.e.,
slow).

Determining presence of bands.–Between 1977 and
1988, 134 whooping cranes were banded with colored leg
bands that proved invaluable to monitoring survival and
productivity of the population. To observe banded birds,
a slow descent into the wind just to the side of each bird
was required, such that the low point of the descent (15
m, 50 ft) was just opposite the crane. At this point power
was immediately applied to regain altitude. For best
visibility it was essential to align the aircraft between the
sun and birds to highlight the bands. If the birds were
located where a low pass was too hazardous or where
their legs were obscured, they were left and checked on a
later flight.

Determining clutch size.–Between 1966 and 2002 a
low, power-off landing-like approach into the wind, with
the landing light on and directed straight at the incubating
bird was performed to make incubating cranes stand up
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while the observer counted eggs. Power was then applied
to regain altitude. Because of frequent surveys on both
winter and summer areas, whooping cranes have
increased their tolerance to fixed wing over-flights.
Evidence of habituation was demonstrated by the greater
difficulty in gathering clutch size data from incubating
birds as the study advanced (E. Kuyt, Canadian Wildlife
Service, deceased, personal communication). The birds
became less likely to stand requiring 2 and sometimes 3
passes of the aircraft. In many cases cranes would not
stand. These low passes were unsafe because of possible
engine failure at low altitude or collision with trees and
dead snags. This method of determining clutch size was
abandoned in 1996 because of safety concerns.

Determining presence of young.–Most chicks
hatched by mid-June and surveys of the nesting pairs
were done to determine hatching success. Chicks at this
stage were 20-40 cm tall and difficult to see, so
observation techniques paralleled procedures with
banded cranes, except that the flight path was more over
the birds to enable the observer(s) to look almost straight
down into the vegetation. The observer(s) were looking
for rusty brown chicks between the adults on the edges of
ponds or in the uplands within 5 m of the ponds. As
above, if the birds were obscured or located in a
hazardous place they were left and checked on a later
survey. A second chick survey was done near fledging in
August. At that time chicks were almost adult sized and
easily spotted from higher altitudes. Lower passes were
usually not required.

Use of Rotary Wing Aircraft

Determining clutch size.–Because of the problems
encountered with using a fixed wing to determine
clutch size, and knowing that cranes were intolerant of
helicopters (Kuyt 1968), a new technique was
developed in 2003. The first reaction to a low level
(<200 m above ground level) approach of a helicopter
was for an incubating crane to turn and watch the
approach, then stand over the nest, and eventually walk
off the nest a few meters. If the helicopter continued to
approach and land, such as during egg collections, the
incubating bird would usually walk into the
surrounding tall vegetation or fly off as much as 1 km
(Kuyt 1968). Because such activity provided real
disturbance to cranes, habituation to over-flights was
less likely.

For clutch size determination the incubating bird
needed only to stand. To minimize disturbance while
locating nests, the helicopter approached from the
downwind side facing 45° away from the incubating
crane at 304 m (1,000 ft) above ground level. Once the
nest was found, the helicopter slowly descended
towards the incubating bird, which usually stood when
approached within the 417-m threshold. If the
incubating bird did not stand, the pilot turned the
helicopter towards the nest to direct rotor noise towards
the bird. The increased noise usually caused the bird to
stand and rarely was a second attempt required. Once
birds stood, the helicopter held position and observers
used image stabilized, 105 binoculars to determine
clutch size. Binoculars with a magnification 155

increased the ease in seeing eggs but had too small a
field of view.

Disturbance

Even though cranes have habituated to fixed wing
aircraft over-flights, these monitoring techniques may
not be benign (Stehn and Taylor 2008). Reactions by
whooping cranes to low passes were variable, with
subadult groups being more sensitive than territorial
adults. Low passes usually solicited 1 of 3 reactions by
cranes. They would: 1) stop walking or feeding to
watch aircraft, 2) nervously walk or jump, or 3) bunch
up into a tighter group (typical of a pair or family
group). Disturbance by helicopters is real and in order
to keep disturbance to a minimum, I suggest using the
approach recommendations provided and to keep the
on-ground times for various activities near cranes as
short as possible.

Aircraft Types Used

Fixed wing.–A variety of fixed wing aircraft have
been used over the course of the study, some better
suited than others (Table 1). Aircraft with wheel
landing gear are preferred over those with floats
because of the increased downward visibility. Floats
also increase the stall speed and change the handling
characteristics of the aircraft such that maneuverability
may become difficult under certain wind conditions.

Rotary wing.–A number of different rotary wing
aircraft have also been used during this research, with
some being better suited than others (Table 2). Landing
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gear makes a large difference in the suitability of these
aircraft. High skids are a must, as the sedge (Carex
spp.) and bulrush (Scirpus validus) that are commonly
found at most landing spots are tall and could interfere
with the tail rotor. Floats have been used on some of the
Bell 206 aircraft and although they reduce the useful
load of the aircraft, they increase the number of landing
options, especially during wet years.

CONCLUSION

Aerial surveys have been conducted over the
whooping crane nesting marshes in Wood Buffalo
National Park since 1955, and to date there have been
no cases of nest abandonment or abandonment of
young attributable to this type of survey. The surveys

do cause some disturbance to the birds, notably
helicopters cause more disturbance than fixed wing
aircraft. The recommended altitudes and approaches
are the best compromise for monitoring the population
and for causing the least amount of disturbance. The
use of helicopters to visit nests for testing and
collection of eggs and to capture young has not caused
the abandonment of eggs or young. It is recommended
to use the average helicopter down times as a guide to
reduce or eliminate any potential for abandonment. The
average down times may also be an appropriate
guideline for visiting sandhill crane nests or during
capture of their young.

It is imperative to continue surveys of this
population of whooping cranes and document
population fluctuations and breeding success. Knowing
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Single engine:
Cessna C172
Cessna C180
Cessna C182
Cessna C185 with Robertson STOL kit
Cessna C206
Cessna C207
Cessna C210
Maule M4
Belanca Scout
DeHaviland Beaver

Twin engine:
Partenavia PN68 Observer
Cessna C337

Excellent maneuverability, low stall speed, limited power
Excellent maneuverability, low stall speed, adequate power to weight ratio
Excellent maneuverability, low stall speed, adequate power to weight ratio
Excellent maneuverability, low stall speed, good power to weight ratio
Adequate maneuverability, low stall speed, adequate power to weight ratio
Aircraft is large with reduced visibility and is heavy resulting in increased speed
Adequate maneuverability, low stall speed, adequate power to weight ratio
Excellent maneuverability, low stall speed, cramped rear seat
Excellent maneuverability, low stall speed
Aircraft is large with reduced visibility and is heavy resulting in increased speed

Excellent visibility, good power to weight ratio
Aircraft is large with reduced visibility and is heavy resulting in increased speed

Adequatea

Recommended
Recommended
Recommended
Adequatea

Not recommended
Adequatea

Adequatea

Recommended
Not recommended

Recommended
Not recommended

Table 1. Fixed wing aircraft used for whooping crane surveys in Wood Buffalo National Park, with notes on suitability.

Aircraft type Comments Recommendation

a Adequate: may be used, but there are better choices.

Alouette II
Bell 47 G4
Bell Jet Ranger 206B
Bell Long Ranger 206L
Eurocopter AStar
Bell 205
Hughes MD-500b

Eurocopter EC 120Bb

Not currently readily available
Small useful load capability, not currently readily available
Ideal for small field crew, limited hovering capability
Large and noisy, exceptional hovering capability
Ideal all round machine, exceptional hovering capability
Large and noisy, generally too large
Appears to be ideal for small field crew
Appears to be the best option because of the enclosed tail fan, limited availability

Not recommended
Not recommended
Recommended
Adequatea

Recommended
Not recommended
Appears suitable
Appears suitable

Table 2. Rotary wing aircraft used for whooping crane surveys in Wood Buffalo National Park, with notes on suitability.

Aircraft type Comments Recommendation

a Adequate: may be used, but there are better choices. 
b Has not been used for whooping crane related work, but appears to be suitable.



annual breeding parameters has allowed researchers
and managers to monitor the cranes and effectively
manage issues related to their recovery.
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COUNTABILITY OF SANDHILL CRANES IN AERIAL SURVEYS 
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Abstract: Aerial surveys are used to monitor populations of many wildlife species, including sandhill cranes (Grus
canadensis). In addition to the usual problems of detectability (involving both availability and perceptibility), aerial surveys
of concentrated animals are subject to countability issues; from a rapidly moving aircraft, observers cannot count or accurately
estimate the number of animals in a large group. Calibration is sometimes performed in an effort to adjust aerial counts for
incomplete detectability and countability by calculating the ratio of animals actually in a group to the number in the group
estimated from the aircraft. Here we explore alternative, model-based approaches to the analysis of those adjustment ratios
using aerial survey data of sandhill crane concentrations during 1978-2007 in the Platte River Valley of Nebraska. Ratios
varied by year and by observer. In addition, the ratio varied with the actual size of the concentration. Modeling can be used to
develop improved estimates of the ratio.
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Key words: aerial survey, countability, detectability, Platte River, sandhill crane, sightability.

Aerial surveys are often used to estimate or track
populations of wildlife, particularly large mammals and
birds (Caughley 1974, 1977). Large and conspicuous
animals that are widely spaced over a known area (e.g.,
wintering whooping cranes, Grus americana) pose few
if any special problems in such surveys. Typically,
aerial surveys must overcome two primary concerns:
lack of availability—animals are hidden or emit no
detectable cues, and incomplete detectability—animals
are available for detection, but the observer misses
them (e.g., Johnson 2008). A variety of design and
analytic methods have been devised to address some of
these issues, including distance sampling (Buckland et
al. 1993), multiple-observer sampling (Cook and
Jacobson 1979), and time-to-detection sampling
(Farnsworth et al. 2002, Alldredge et al. 2007).

In some situations a third issue arises, which we
term countability. If the animals are numerous,
observers may find it difficult or impossible to
enumerate all the animals during the brief pass in an
aircraft. Just as availability and detectability can be
confounded in many surveys of birds (Johnson 2008),
countability can be confounded with either of them in
an aerial survey. Problems of reduced accuracy are
likely exacerbated when groups are large, animals are
inconspicuous, or surveying conditions are suboptimal.

These conditions commonly occur during surveys of
the midcontinental population of sandhill cranes (Grus
canadensis). Accuracy of aerial surveys of birds is
highly variable, and causes of such variability are
poorly understood (Frederick et al. 2003). The
objective of this paper is to explore the variation in
countability of this surveyed population and to
determine if there are methods to improve the analysis
of survey results. The ultimate goals would be to
improve accuracy of estimates by better accounting for
countability and possibly to reduce survey effort.
Although we focus on the single situation involving
sandhill cranes along the Platte River, our results are of
greater generality.

METHODS

Of the several populations of sandhill cranes
(Meine and Archibald 1996), the mid-continental
population is by far the largest, encompassing about a
half-million birds (Sharp and Vogel 1992). Although
birds in this population breed from Siberia, through
Alaska and northern Canada, and east to Ontario and
Quebec (G. L. Krapu et al., unpublished data), their
defining characteristic is that they migrate through the
Central Plains of North America. In particular, during
their spring migration most of them stop for a period of
time in mid to late March along the north or central
Platte River valleys of central Nebraska (USFWS 1981,
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Krapu et al. 1987).
Operational surveys of sandhill cranes along the

Platte River have been conducted since 1972 (Ferguson et
al. 1979, Benning and Johnson 1987). The method first
used involved flying an aircraft along the river before
dawn, when cranes are still on their riverine roosts. Two
or 3 days were needed to survey the designated portion of
the Platte River. Problems with this survey method
included frequent poor weather and poor visibility during
the early mornings, difficulties in seeing and counting all
cranes present, and the possibility that some cranes
already may have left their roosts to feed.

A different approach was evaluated in 1978
(Ferguson et al. 1979), which involved conducting
surveys later in the day, when most of the cranes are in
fields in the valley, foraging or resting; the method is still
in use. The 2,174-km2 area of the Platte River and North
Platte River Valleys in which most of the cranes were
thought to occur in was designated the survey area. That
area was divided into 10 strata, based on similarities in
crane densities in roosts along adjacent stretches of river
during previous years.

Each stratum was divided into a number of north-
south transects, each 0.8 km  wide and of various lengths
(range 4.4-25.6 km). A systematic sampling plan was
used. About a fourth of the transects could be surveyed
operationally; thus, a random number between 1 and 4
was chosen, and that-numbered transect and every fourth
one thereafter was included in the sample. Most strata
contained 4 or 5 surveyed transects (range 3-10).

A pilot accompanied by an observer flew an aircraft
along the center line of each sampled transect. The pilot
and observer each attempted to count all sandhill cranes
on his or her side of the aircraft within 0.4 km of the
center line. Densities of cranes were computed for each
transect and projected to the entire stratum. After
multiplying the average density by the area of a stratum,
resulting estimates of population size were added across
all strata.

Observed counts cannot be expected to be exact,
for 2 reasons. First, cranes were rather cryptic,
especially under certain ground and light conditions.
Second, cranes often occurred in large flocks, making
it impossible for observers to count them from rapidly
moving aircraft. So any error reflected both imperfect
detectability and inaccuracy in counting or estimating
sizes of flocks (Fig. 1).

In an attempt to compensate mathematically for such

errors, independent data on countability were obtained.
For this endeavor, a third person in the aircraft
photographed certain flocks of cranes. Efforts were made
to photograph flocks in a range of sizes that were
representative of those observed in the operational
survey. Subsequently cranes in each flock were carefully
counted on large-format photographs. Results were
compared to the number of cranes that the pilot or
observer estimated in the flock. A goal of 50 flocks per
observer each year was established, but often not quite
met due to a variety of logistic constraints (mean per year
per observer was 41 flocks, range 23-56).  

The current adjustment for countability is design-
based; that is, only data from the photographed flocks in
a particular year are used. We explore model-based
adjustment, incorporating explanatory variables such as
observer, year, and flock size. Although distance to object
is a major influence on detectability in many surveys, it
was not recorded in this survey and was not considered
important, due to the large size of objects (sandhill
cranes) and limited maximum range (half-width of
transect, 0.4 km).

Under the current protocol, the ratio of total cranes
counted on photographs to the total estimated in the same
flocks (hereafter, Ratio) by each observer is computed.
Recorded counts are adjusted by multiplying them by this
Ratio, separately for each observer in each year. During
the 1982-2007 period, Ratios averaged 1.27 and ranged
from 0.80 to 2.32.

In general, observers tended to underestimate the size
of flocks, although errors in estimating large
concentrations can be appreciable and in either direction
(Fig. 2). Many Ratios were near 1, with a few somewhat
below 1 and a few even exceeding 2 (Fig. 3). Because of
this asymmetry, we based our analyses on the natural
logarithm of the Ratio. Here we explore 3 new
approaches to the analysis of these countability data.

A Mixed-model Approach

Our first approach involved the notion of fixed and
random effects in linear models (Littel et al. 2006). Fixed
effects are explanatory variables for which the study
includes all values of interest. Random effects are
variables for which the study includes only a portion
(ostensibly randomly chosen) of the values that the
variable can assume. For example, year typically is
treated as a random effect, because inference is desired

90       COUNTABILITY OF CRANES • Johnson et al. Proc. North Am. Crane Workshop 11:2010

 



Proc. North Am. Crane Workshop 11:2010 COUNTABILITY OF CRANES • Johnson et al. 91

Figure 1. Examples of concentrations of sandhill cranes in the Platte River Valley of Nebraska as photographed for comparison
with counts estimated from aircraft, (a) a small flock of 57 fairly detectable sandhill cranes, estimated as 55 from the aerial survey,
(b) concentration of 123 less-detectable sandhill cranes, estimated as only 75 from the aerial survey, (c) large flock of 934 readily
detectable sandhill cranes, estimated as only 400 from the aerial survey. Pen lines and check marks were used to facilitate
counting cranes on the photographs.

(a)

(b)

(c)



for more years than just the ones under study (even
though years certainly are not randomly selected).

The response variable in our models was the
logarithm of Ratio, the ratio of number of cranes counted
on a photograph (Count) to the number estimated from
the aircraft. We modeled the log of Ratio as a function of
the number of cranes counted by the observer (log
Count), year of the survey (Year, a class variable),
observer (Observer, a class variable), and the experience
of the observer (log Experience). Experience was defined
as the number of years an observer had conducted this
particular aerial survey of cranes (e.g., Experience = 1 for
an observer's first year surveying cranes). We further
tested for quadratic effects of log of the Count (log2

Count) to examine whether the log of the Ratio changed
nonlinearly with the log of crane abundance. The 6

observers who surveyed cranes in only a single year
confounded Experience and Observer effects, so we did
not consider models containing both variables; rather, we
treated those models as competing hypotheses in an
exploratory analysis. We compared 2 models that
included Year, log Count, log2 Count, and either Observer
or log Experience effects. We selected the variable
(Observer or Experience) for which the model including
that variable explained more of the variation in the
Ratios.

Observer could justifiably be treated either as a
random effect (i.e., if observers are representative of a
population of potential observers) or a fixed effect (i.e., if
interest is in only particular observers; note that the use of
the same observers in several years suggests they were
not selected randomly). Because neither assumption is
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Figure 2. Counts of sandhill cranes recorded from aerial photographs of selected flocks against the size of the flock as estimated
by observers, (a) pilot and (b) non-pilot, in 2007. Diagonal line represents perfect accord.
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strictly correct, we addressed both possibilities by
conducting 2 parallel analyses (F: Observer fixed, R:
Observer random) and comparing selected models and
coefficient estimates for each.  Year was treated as a
random effect; all other variables were treated as fixed
effects.  

An exploratory analysis revealed that Observer
effects were stronger than any Experience effect,
suggesting that the amount of experience with this
crane survey did not completely account for the
variability among observers. We next proposed 13
biologically plausible model structures a priori; these
formed our candidate model set (Table 1). We
compared models using Akaike's Information

Criterion (AIC; Burnham and Anderson 2002), so that
the model with the lowest AIC value is the one best
supported by the data. Also, ∆AIC measures the
difference between AIC values for a model under
consideration and the model with lowest AIC value.
Our sample size to parameter ratio exceeded 40, so we
did not require the AIC small-sample-size correction
in our analysis (Anderson et al. 2001, Burnham and
Anderson 2002). We assessed the importance of each
explanatory variable by examining its coefficient
estimate along with its associated 95% confidence
interval, and also by summing AIC weights of all
models that included each variable. We model-
averaged parameter estimates unless overwhelming
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1
2
3
4
5
6
7
8
9
10
11
12
13

Year + Obs + log C + log2 C + Obs • log C + Obs • log2 C          
Year + Obs + log C + log2 C + Obs • log C
Year + Obs + log C + Obs • log C
Year + Obs + log C + log2 C
Year + Obs + log C
Obs + log C + log2 C + Obs • log C + Obs • log2 C
Year + log C + log2 C
Year + log C
Obs + log C + log2 C + Obs • log C       .
Obs + log C + log C 
Obs + log C
log C + log2 C
log C  

64
52
52
41
40
39
29
28
27
15
14

3
2

Table 1. Candidate model set for estimating count bias in aerial surveys of sandhill cranes.

Model number Explanatory variables includeda Kb

a Obs represents observer; C is Count, the number of cranes estimated from aerial surveys.
b Number of parameters in the model.
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Figure 3. Ratios (number of sandhill cranes counted on photographs divided by number estimated by aerial observer, by flock,
for (a) pilot and (b) non-pilot during 2007.

 



support (defined as AIC weight > 0.9) existed for a
single model (Anderson et al. 2001).

A Bayesian Approach

Our second approach involved Bayesian hierarchical
modeling. We modeled the log of Ratio as a linear
function of the log Count, the squared log Count, Year
effects, and Observer effects. The major difference
between this Bayesian approach and the mixed-modeling
approach is that the Bayesian paradigm treats all
parameters, not just the “random” components, as having
statistical distributions. Those distributions can reflect
either uncertainty about parameters that are assumed to
be fixed, or actual variation in parameters that are not
assumed fixed.

We used “standard” objective Bayesian modeling in
which we assumed no prior knowledge of any parameter.
We used WinBUGS (Thomas 1994) to perform the
analysis. We ran 50,000 simulations on our model to
obtain parameter estimates, after discarding the initial
60,000 simulations to ensure convergence. We checked
density functions and autocorrelation plots to assess
model convergence.

An Empirical Bayes Approach

Empirical Bayes can be viewed as 1 way of
incorporating prior knowledge or information from
similar situations into an inference problem. For our
purposes, we considered a simple empirical Bayes
estimator of the form

RatioEB(t) = w • Ratio(t) + (1 - w) • Mean Ratio

where RatioEB(t) is the empirical Bayes estimator for a
particular observer in year t, Ratio(t) is the observed value
for that observer and year, Mean Ratio is the overall mean
(or mean from prior years), and w reflects the relative
precision of Ratio(t) versus Mean Ratio:

Accordingly, if Ratio(t) is a good estimator for a
particular observer and year (i.e., Var(Ratio(t)) is
small), w will be near 1 and the empirical Bayes
estimator will be nearly identical to the observed value
for that observer and year. Conversely, if Ratio(t) is

poorly estimated, the empirical Bayes estimator will
be close to the long-term mean, Mean Ratio, reflecting
a lack of confidence in the observed Ratio.

RESULTS

Observers generally tended to underestimate flock size
(all expected Ratios >1; Fig. 4). Treating observer as
random or fixed produced only slightly different best-
fitting models. The most-supported model in both analyses
indicated that the Ratio varied by Year, Observer, and a
quadratic function of log Count. In addition, treating
Observer as a random effect supported interactions
between Observer and linear (∆AIC = 0) and quadratic
(∆AIC = 1.20) effects of Count, whereas there was less
support for those interactions when Observer was treated
as a fixed effect (∆AIC = 4.3 and 5.6, respectively).

Parameter estimates were similar between the best-
supported Fixed and Random models (Table 2). The Year
coefficients ranged from -0.13 (Fixed-effects model: 1985)
to 0.24 (Random-effects model: 1995). Observer
coefficients ranged from -0.29 (Fixed-effects model:
Observer U) to 0.51 (Fixed-effects model: Observer R).

Coefficient estimates and variances for Bayesian
methods were remarkably similar to those from the mixed
models: Year estimates ranged from -0.22 (in 1995) to
+0.14 (in 1985), and Observer estimates ranged from -0.21
(Observer W) to +0.25 (Observer U). Confidence intervals
(95%) for coefficients of log Count and log2 Count did not
include 0. Predicted Ratios followed similar trends as
mixed models (Fig. 4) with observers, on average,
underestimating a representative flock size of 200 birds
(mean Ratio = 1.24), ranging from 0.92 (Observer W in

94       COUNTABILITY OF CRANES • Johnson et al. Proc. North Am. Crane Workshop 11:2010

w =
Var(Mean Ratio)

Var(Mean Ratio) + Var(Ratio(t))

1.5

1.4

1.3

1.2

1.1
0 500 1000 1500 2000

Flock Size

P
re

d
ic

te
d

 R
at

io Observer Fixed

Observer Random

Bayesian

Figure 4. Predicted values of Ratio from various models, with
model-averaged values for fixed-effects and random-effects
models.



1995) to 2.01 (Observer U in 1997).
For most years and observers, empirical Bayes

estimates were very similar to the observed Ratios (Fig. 5).
Substantial differences occurred only when the observed
ratios were rather extreme, greater than about 1.5; in those
instances the empirical Bayes estimates were shifted
noticeably toward the overall average of 1.27. The weights
reflected the fairly high precision of the observed ratios
(average variance was 0.014) in contrast to the substantial
variation among years and observers (variance = 0.108).

DISCUSSION

The spring count of sandhill cranes along the Platte

River is a valuable monitoring tool for an important
population of birds. That such a large fraction of the
entire population is present at the same time enables
managers to estimate its size much more accurately than
most populations, game or nongame. Yet, the aerial
counts of cranes in the Platte River survey are imperfect,
generally lower than actual numbers (as also found by
Frederick et al. [2003] for simulated wading birds and by
Pearse et al. [2008] for waterfowl decoys). Errors were
especially large, and unpredictable, for large flocks of
cranes. Errors, as measured by the difference between
numbers of birds in a flock counted from aerial
photographs and the numbers estimated from an aerial
survey, varied by observer, year, and size of the flock.
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Intercept
log Count
log2 Count
Year

1982
1990
2000
2007

Observer
D
S
E
B

-0.227 (0.14)
0.245 (0.05)

-0.026 (0.01)

0.011 (0.05)
-0.020 (0.05)
-0.092 (0.04)
-0.011 (0.04)

-0.150 (0.08)
-0.211 (0.08)
-0.042 (0.10)
-0.015 (0.08)

-0.436 (0.13)
0.244 (0.05)

-0.025 (0.01)

0.016 (0.05)
-0.023 (0.05)
-0.093 (0.04)
-0.010 (0.04)

-0.378 (0.12)
-0.439 (0.12)
-0.274 (0.14)
-0.218 (0.13)

-0.226 (0.13)
0.243 (0.05)

-0.026 (0.01)

0.013 (0.06)
-0.025 (0.06)
-0.110 (0.05)
-0.020 (0.05)

-0.131 (0.06)
-0.201 (0.05)
-0.035 (0.08)
-0.023 (0.05)

Table 2. Estimates of intercept and regression coefficients (standard errors in parentheses) for the best-supported models of
sandhill crane countability ratio. Years and Observers are arbitrarily selected examples.

Observer random Observer fixed Bayesian
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Figure 5. Differences between empirical Bayes estimates and observed Ratios in relation to observed Ratio.

 



This variability reduces the value of the survey counts
even as an index of population size. Fortunately,
concurrent photography of selected flocks permits an
adjustment to the observed counts to enhance their
accuracy through the use of these ratios. Current analytic
methods involve estimating this ratio separately for each
observer in each year, under conditions similar to those
occurring in the survey year. The current protocol does
not incorporate any adjustment based on flock size, but
efforts are made to sample flock sizes that are
representative of those found during the survey.

The current method is totally design-based; that is, it
is based only on data collected in a particular year by a
particular observer under a prescribed sampling design.
The major assumption is that the design is adequate.
Alternatives to design-based estimators are model-based
estimators, which rely on assumptions about the variable
of interest itself, such as how it relates to other variables.
We illustrated two approaches, mixed models and
Bayesian, to developing such models. The empirical
Bayes approach effectively combines a design-based
estimate with a model-based estimate, essentially getting
the “best of both worlds.”

The mixed-model and Bayesian approaches
generated similar results. Both Year and Observer effects
were included in the best-supported mixed models, and
95% confidence intervals for coefficient estimates in our
Bayesian analysis did not include zero, suggesting that
both variables had some influence on countability. The
ability of observers to count cranes also varied by the size
of the concentration. These results demonstrate the value
of annual countability estimates, obtaining photographs
of crane groups that vary in size and are representative of
those surveyed, and accounting for observer differences.
Coefficient estimates and predicted values were
remarkably similar for both analyses, and either mixed or
Bayesian models could be used in future analyses. The
benefit of the Bayesian approach is its ability to
incorporate prior information into the analysis, which for
long-term datasets such as this could improve precision
and reduce the number of surveys needed.

The empirical Bayes estimates were little different
from the observed Ratios, primarily because sample sizes
on which observed Ratios were based were fairly large,
averaging 41 flocks per observer and year. The only
appreciable differences between empirical Bayes
estimates and observed Ratios occurred when the latter
were extreme; the empirical Bayes procedure shifted

them toward the overall mean. A benefit of empirical
Bayes estimators is that extreme values are somewhat
discounted. Another advantage is that empirical Bayes
estimates could be generated in years in which the
number of photographed flocks was small, or even zero.

The simple empirical Bayes estimator we examined
weighted the observed Ratio, for a particular observer in
a particular year, with the overall average Ratio.
Somewhat more sophisticated estimators could be
developed by weighting the observed Ratio with a
different value. In particular, estimators from the mixed-
model or Bayesian approaches could be used to replace
the overall average Ratio. In a detailed examination of
empirical Bayes estimators for waterfowl populations
based on aerial surveys with some on-the-ground double
sampling, Johnson (1986) found that simple estimates
weighted with the mean performed virtually as well as
estimates weighted with values based on covariates.
Those results, however, may not be general.

Our objective was not to propose a particular
alternative to the estimation method currently in use.
Rather, it was to examine factors that influence
countability and to explore possibilities for improved
estimation of the mid-continental sandhill crane
population, but with potential generalization to other
situations.

In the sandhill crane example, current methods
appear satisfactory, primarily because large numbers
(averaging 41) of photographed flocks were available for
each observer in each year. If photography was
unavailable or samples were small, in any particular year,
methods discussed here would provide viable
alternatives.

With such a long-term data base available (1978-
2007), it is reasonable to ask if there is sufficient structure
in the data to improve the accuracy of adjustments or
even to permit a reduction of data collection in the future.
These changes do not seem warranted until improved
model-based estimators become available. The
alternative models we examined incorporated only non-
mechanistic explanatory variables, such as year and
observer. Without collecting data in a particular year,
determining an effect for that year would be very
difficult.  

Developing mechanistic models of countability bears
investigation. Variables that affect countability in
meaningful ways should be incorporated into the models.
For example, effects due to year probably reflect annual
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differences in ground conditions (partial snow cover
versus open ground, for example) and possibly sunlight
and cloud cover. It may be worthwhile to gather such
information during the course of future crane surveys.
Mechanistic models, which are based on realistic
processes and causal relationships, can be more useful
and general than phenomenological models, which rely
on observed associations among variables. For now,
however, it appears that accurate estimation of this
population of sandhill cranes will require some
photography to help calibrate countability.
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DEVELOPMENT OF THE WHOOPING CRANE TRACKING PROJECT GEOGRAPHIC
INFORMATION SYSTEM 
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Abstract: The highest losses in the Aransas-Wood Buffalo whooping crane population occur during migration. Conservation
and recovery of the endangered whooping crane requires understanding of migration patterns to identify important stopover
areas and potential sources of mortality or disturbance. We converted the Cooperative Whooping Crane Tracking Project
database, containing more than 3 decades of data on whooping crane sightings, to a geographic information system (GIS) to
allow coarse scale spatial analyses of whooping crane migration patterns in the United States portion of the Central Flyway.
At this writing, the geodatabase contains point data for 1,981 confirmed whooping crane sightings through the spring migration
of 2008. Limitations and appropriate uses of the sighting point data are discussed. We compared the distribution of confirmed
whooping crane sightings using a flyway-wide analysis and state-specific analyses. State-specific analyses showed substantial
differences in distribution of whooping crane sightings between states, illustrating potential differences in habitat availability
between states. However, differences in whooping crane distribution between states are confounded to an undeterminable
degree by observer bias, illustrating the need for information on whooping crane migration patterns that is less dependent on
the distribution of observers qualified to confirm whooping crane presence. 
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Key words: Central Flyway, geographic information system, Grus americana, migration, whooping crane.

The whooping crane (Grus americana) is an iconic
symbol for endangered species conservation in North
America. Shooting and loss of breeding habitat with the
conversion of prairies to agriculture were principal causes
of historic declines in the species (CWS and USFWS
2007). The Central Flyway population, the only self-
sustaining population of whooping cranes, numbered 266
cranes in the winter of 2007-2008. The greatest losses to
the Central Flyway whooping crane population occur
during migration (Lewis et al. 1992). Losses during
migration may reach 60-80% of annual mortality even
though the migration period comprises about 9 weeks (17
%) of the year (Lewis et al. 1992, CWS and USFWS
2007).  

The U.S. Fish and Wildlife Service initiated the
Cooperative Whooping Crane Tracking Project (Tracking
Project) in the fall of 1975 to collect information on
whooping crane migration patterns and stopover sites
during migration. In 1985 we integrated the Tracking
Project with the Aransas-Wood Buffalo Population

Whooping Crane Contingency Plan (Contingency Plan),
to enable swift response when whooping cranes
encounter hazards during migration through the Great
Plains. Principal contacts from Federal and State agencies
in each state in the Central Flyway collect information on
whooping crane stopovers during migration. This
information is sent to the Tracking Project Coordinator in
the Nebraska Field Office, USFWS, Grand Island,
Nebraska. The Tracking Project database includes
hardcopy files of whooping crane sighting reports and
digital data in various formats derived from the reports.  

Austin and Richert (2001) summarized information
in the Tracking Project database along with site
evaluation (habitat) information collected between 1975
and 1999. Stehn and Wassenich (2008) illustrated a 320-
km (200-mile)-wide whooping crane migration pathway
in the Central Flyway using Tracking Project data
through 1999. In the fall of 2007, we converted the U.S.
portion of the Tracking Project database to a GIS format
(ArcMap 9.2, ArcGIS 9, ESRI, Redlands, CA).
Conversion of the Tracking Project database to GIS
format enabled flyway wide analyses of whooping crane
distribution during migration. The GIS shapefiles
illustrating the width of the whooping crane migration
corridor are widely used by project proponents and
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Federal and State natural resource agencies to evaluate
potential project impacts (e.g., from power line
construction and wind energy development), to migrating
whooping cranes in the Central Flyway. This paper
facilitates analyses and interpretation of output from the
Cooperative Whooping Crane Tracking Project
Geographic Information System (CWCTP-GIS) by
discussing the source and limitations of the whooping
crane sighting data and the methods used to convert the
Tracking Project database to the CWCTP-GIS.

METHODS

Whooping Crane Sighting Point Data 

As required by the Tracking Project protocol,
whooping crane sightings are reported to State and
Federal agency contacts in each state. The agency
contacts verify the sightings when necessary or when
possible and send a completed sighting report to the
Tracking Project Coordinator in the USFWS Nebraska
Field Office. The Tracking Project Coordinator then
classifies the sighting as confirmed, probable or
unconfirmed based on criteria in the Contingency Plan.
“Confirmed” sightings are made by a qualified observer
such as a wildlife professional or experienced person
expected to be competent in the identification of
whooping cranes (e.g., an experienced bird watcher who
has observed whooping cranes in the past). A sighting is
classified as “probable” when the observer's physical
description of the bird is accurate and the location, timing,
behavior, and number of birds observed are reasonable.
An “unconfirmed” sighting meets some but not all of the
requirements of a “probable” sighting. The Tracking
Project Coordinator maintains a hard copy file and digital
database of all confirmed and probable sighting reports. 

To develop the CWCTP-GIS, we selected confirmed
sightings from the Tracking Project database to reduce
error due to misidentification and to maintain consistency
in general database structure between the CWCTP-GIS
and the master Tracking Project database. All data fields
in the Tracking Project database are also in the spatial
CWCTP-GIS.  

To effectively manage the confirmed sightings in a
GIS, we determined explicit locations for each sighting in
decimal degrees. Our method varied depending on the
form of location information available for each sighting.
Prior to the application of GIS, the Tracking Project

Coordinator estimated latitude and longitude of each
sighting using 1:250,000 scale wall maps and the location
description provided in the sighting report. For this
reason, many of the latitude and longitude descriptions in
the original Tracking Project database were recorded in
degrees and minutes only. Since a majority of the
confirmed sighting reports also included a cadastral
description (township, range, section), we used GIS to
refine the degree-minute locations to a finer scale.  

Most states in the Central Flyway have a GIS layer
that outlines the Public Land Survey System (PLSS) and
includes township, range, and section as attributes in the
data layer. For all whooping crane sightings that included
cadastral data to the section level or finer, we used the
cadastral description to estimate latitude and longitude of
sightings. A GIS technician navigated to the given
cadastral location in ArcGIS and recorded the latitude and
longitude for the approximate center of the section or
quarter section. We identified sightings of this type as
"CadastralSect," "CadastralQuar," or "CadastralHalf” in
the CWCTP-GIS. When cadastral information was not
available to at least the section level, we added 00
seconds to the recorded degrees and minutes of latitude
and longitude and identified this type of sighting in the
CWCTP-GIS as "Historic." When neither cadastral nor
historic location information was available for a sighting,
the GIS technician used the text description of the
sighting location, usually expressed in the record as a
distance and direction from a landmark such as a town or
road intersection. The technician used available GIS
reference layers and the text description of location to
estimate a latitude and longitude for the sighting and
identified these types of records in the CWCTP-GIS as
"Landmark." In very rare cases, the whooping crane
observer provided global positioning system (GPS)
coordinates with their report. We used the GPS
coordinates to describe the sighting location and
identified this type of record as "GPS" in the CWCTP-
GIS. 

After point locations were estimated for each
sighting, we crosschecked the spatial data with location
descriptions using the spatial join feature in ArcGIS. The
sighting location points were joined with the cadastral
layer to compare the cadastral description from the
Tracking Project database to the placement of the points
in the CWCTP-GIS. When we found a discrepancy, we
investigated and corrected the inconsistency using
physical description information in the database or
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hardcopy sighting reports. For sightings where no
cadastral information was reported we investigated them
individually, crosschecking point locations with the text
descriptions of location. When a correction was made, it
was noted for later reference in the "Location–Notes"
field of the CWCTP-GIS.

Migration Corridor Analysis

Using the CWCTP-GIS, we created a set of migration
corridors to show the frequency of sightings by distance
from a calculated centerline for the migration. We
updated the analysis in May 2009, so the migration
corridors are based on 1,981 confirmed whooping crane
sightings in the U.S. portion of the Central Flyway
through the 2008 spring migration. For the 2009 update,
Whooping Crane sightings from Canada were added to
the U.S. data during creation of the migration centerline,
and the line was ended at Aransas to compensate for
distortions that occur in the data as it approaches the U.S.
northern and southern border. Before the migration
centerline was created, 36 atypical sightings were
excluded from the analysis to avoid skewing the path of
the migration corridor (T. Stehn, personal
communication). These atypical sightings included
records from Colorado, Wyoming, Minnesota, Missouri,
and the Texas panhandle. We sorted the remaining 1,945
U.S. sightings and 1,660 Canadian sightings north to
south using their latitude in decimal degrees. For each
sighting in the resulting table, we calculated the average
latitude and average longitude for the nearest 89 sightings
(i.e., the sighting itself, the 44 north of [above] the
sighting, and 44 south of [below] the sighting in the
table). The resulting new set of points represents a
running average of the whooping crane locations. We
used a line to connect the new set of average points to
represent the centerline or average migration route. Using
ArcGIS, we buffered the line in 8-km (5-mile) increments
from 8 to 320 km (5 to 200 miles), creating corridors
from 16 to 640 km (10 to 400 miles) wide. We used these
8-km buffers and the sightings database to calculate the
cumulative number and cumulative percent of sightings
within each buffer.  

Once we calculated the cumulative frequency of
whooping crane sightings at the flyway level, we
repeated the frequency analysis using confirmed
whooping crane sightings in each state. We clipped the
buffer layer to state boundaries and calculated state-

specific cumulative frequency of sightings for each state.

RESULTS

Whooping Crane Sighting Point Data

The CWCTP-GIS contains 1,981 confirmed
whooping crane sightings from the U.S. portion of the
Central Flyway through the spring migration of 2008
(Fig. 1). Confirmed sightings occurred primarily in the
states of Montana (n = 39), North Dakota (n = 442),
South Dakota (n = 180), Nebraska (n = 431), Kansas (n =
431), Oklahoma (n = 242), and Texas (n = 114), with
incidental sightings in Wyoming (n = 1), Colorado (n =
7), Minnesota (n = 5), and Missouri (n = 2).

The CWCTP-GIS is a spatial database containing all
the information in the Tracking Project database, but with
the added utility provided by a spatial dataset. The data is
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Figure 1. Locations of confirmed whooping crane sightings in
the U.S. portion of the Central Flyway through the spring
migration of 2008.



stored as a point feature class in an ArcGIS 9.2 personal
geodatabase. The Tracking Project Coordinator maintains
and seasonally updates the CWCTP-GIS at the USFWS
Nebraska Field Office, Grand Island, Nebraska.

Migration Corridor Analysis 

The percent frequency of occurrence of whooping
crane sightings within various corridor widths (i.e.,
within various distances from the calculated migration
center line) differed between the flyway-wide
whooping crane migration corridor analysis and some
of the state-specific corridor analyses (Fig. 2). For
example, the flyway-wide analysis indicated that
approximately 75%, 85%, and 95 % of the confirmed
whooping crane sightings in the U.S. portion of the
Central Flyway occurred within 48 km, 80 km, and 136
km of the average migration center line (i.e., within a
96-, 160-, and 272-km-wide corridor, respectively). In
contrast, the state-specific analysis for Kansas indicates
that 75%, 85%, and 95% of the sightings in Kansas
occurred within 16, 56, and 112 km of the migration
center line (i.e., within a 32-, 112-, and 224-km-wide
corridor in Kansas). The state-specific corridor in
North Dakota, South Dakota, and Nebraska (to a lesser

extent) is wider than the flyway-wide average corridor,
whereas the state-specific Kansas and Oklahoma
migration corridors are narrower than the flyway-wide
corridor (Fig. 3).

DISCUSSION

Whooping Crane Sighting Point Data  

Limitations inherent with coarse scale GIS analyses
and bias found in any data set of incidental
observations influence the use of the CWCTP-GIS. An
understanding of the following assumptions and
limitations of the data are crucial to correct
interpretation of sighting point layers produced using
the GIS. Other unknown biases also may exist in the
data.

Incidental sightings.–The database is comprised of
incidental sightings of whooping cranes during
migration. Whooping cranes are largely opportunistic
in their use of stopover sites along the Central Flyway,
and will use sites with available habitat when weather
or diurnal conditions require a break in migration.
Because much of the Central Flyway is sparsely
populated, only a small percent of cranes stopping
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Figure 2. Percent of confirmed whooping crane sightings at various distances from calculated average centerline of the migration
corridor based on flyway-wide (solid line) and state-specific analyses of confirmed sightings through spring 2007 in the U.S.
portion of the Central Flyway. Total width of migration corridor is equal to twice the distance from centerline. (Slight variations
occur in the 2009 version due to the inclusion of fall 2007 and spring 2008 migration data.) 200 miles = 320 km.

 



during migration are observed.  Whooping cranes that
are observed may not be identified, those identified
may not be reported, and those reported may not be
confirmed (only confirmed sightings are included in
the GIS database). Based on the crane population levels
and average daily flight distances of cranes during
migration, as few as 4% of crane stopovers are
confirmed annually (T. Stehn, U.S. Fish and Wildlife
Service, unpublished data). Therefore, absence of
documented use by whooping cranes of a given area in
the Central Flyway does not indicate lack of use of that
area by whooping cranes or that various projects in the
vicinity will not potentially adversely affect the
species.

Precision of the data.–An individual sighting is
only as precise as the data collected with the sighting.
When a “cadastral” location (township, range, section,
quarter-section) was provided on the original sighting
form, the geographic point representing that sighting in
the CWCTP-GIS was placed in the center of the
indicated section or quarter-section. These records do
not indicate the exact location of the bird in the section.
The point representing a “CadastralSect” record would
be within 800 m of an actual location of the bird. A
“CadastralQuar” record point would be within 200 m of
an actual location. In addition, only the first location of
the crane group is recorded in the database even though
the group may be observed at multiple locations during

a stopover. Therefore, the CWCTP-GIS cannot be
legitimately used with other available GIS data layers
to measure the distance of observed whooping crane
groups to various habitat parameters or geographic
entities (e.g., wetlands or roads). The CWCTP-GIS is
useful for coarse scale analyses of general migration
patterns.

Bias.–Bias is an inherent characteristic of any data
obtained through incidental sightings. Of the cranes
observed and recorded, relatively more sightings are
documented in and near areas such as national wildlife
refuges where knowledgeable observers are available
to look for cranes and confirm their presence. For
example, approximately 65% of all confirmed sightings
in Oklahoma occur on or within a few miles of Salt
Plains National Wildlife Refuge (NWR). Conversely,
crane use in many areas may not be documented due to
the absence of observers available to confirm the
sightings.  

Migration Corridor Analysis 

The width of migration corridors is narrowed in states
such as Kansas and Oklahoma where a high proportion of
confirmed sightings are reported at a few areas (e.g.,
Quivira NWR and Cheyenne Bottoms Wildlife
Management Area in Kansas, and Salt Plains NWR in
Oklahoma). However, high use by whooping cranes of
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Figure 3. Comparison of whooping crane migration corridors in Nebraska and Kansas using flyway-wide and state-specific analyses
of confirmed whooping crane sightings in the Cooperative Whooping Crane Tracking Project Geographic Information System.

 



areas such as national wildlife refuges is also determined
by habitat management at the refuges, and availability of
alternative suitable habitat in the region. A relatively small
sample size of juvenile whooping cranes marked with
radio transmitters in 1981-1983 were followed during
subsequent migrations through the spring of 1984 (Howe
1989, Kuyt 1992). Flight paths of the radio-marked cranes
were generally more consistent with the wider Kansas and
Oklahoma portions of the flyway-wide corridor than the
narrower state-specific analysis of the migration corridor
in those states. Whooping crane migration corridors based
on percent of confirmed sightings should be interpreted
conservatively, particularly in Oklahoma and Kansas.

MANAGEMENT IMPLICATIONS 

The spatial context of the CWCTP-GIS enables
illustration of the whooping crane migration corridor
based on frequency of confirmed sightings and promotes
broad-scale analyses of whooping crane resources through
the Central Flyway. For example, addition of wetland
resource shapefiles to the CWCTP-GIS enables analyses
of wetland availability throughout the whooping crane
migration corridor. As a result, resource agencies can
target wetland restoration in the Central Flyway to
strategically improve distribution of stopover habitat and
provide the greatest benefit to migrating whooping cranes.
Additionally, CWCTP-GIS facilitates assessment of
cumulative impacts to whooping cranes from various
forms of development within their migration corridor in
the Central Flyway. 

Wind power development and expansion of electric
power transmission lines to support the distribution of
wind-generated power has increased markedly in the last
several years. The wind industry installed 5,249
megawatts (MW) of wind power generation in 2007. By
the end of the third quarter in 2008, the total installed
capacity was 21,017 MW in 35 states, with over 8,000
MW under construction for completion in 2008 or early
2009 (AWEA 2008). Some of the areas of highest
potential for wind energy development lie within the
Central Flyway and the whooping crane migration
corridor. 

Collision with power lines causes the highest known
mortality of flighted whooping cranes (Lewis et al. 1992,
Stehn and Wassenich 2008). Although whooping cranes
migrate well above the height of electric power
transmission and distribution lines, the cranes must

descend nightly to roost in shallow wetlands (Stehn and
Wassenich 2008). The relative probability of whooping
cranes migrating through areas targeted for wind energy
development and knowledge of the whooping crane
habitat availability in areas affected by wind energy
development are crucial to the conservation and recovery
of the species. CWCTP-GIS point files can highlight areas
of documented use but cannot be used alone to determine
absence of whooping crane use or whooping crane habitat.
Wind development and other projects occurring within the
whooping crane migration corridor should be evaluated
for effects to migrating whooping cranes and their habitat.

The Tracking Project Coordinator will update the
CWCTP-GIS following each migration and distribute the
updated sighting location GIS layer to State and Federal
cooperators and USFWS Ecological Services Field
Offices (ESFO) in the Central Flyway. Migration corridor
analyses will be updated as needed and similarly
distributed. Contact information for every ESFO can be
found on the internet at http://www.fws.gov. Federal
regulatory agencies and project proponents should contact
their state ESFO for help in evaluating potential project
impacts to the endangered whooping crane.  
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THE EFFECTS OF ANTICOAGULANT CHOICE AND SAMPLE PROCESSING TIME ON
HEMATOLOGIC VALUES OF JUVENILE WHOOPING CRANES
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Abstract: Blood collected from juvenile whooping cranes (Grus americana) in 2007 and 2008 was divided and placed in
either the anticoagulant lithium heparin (LiHep) or tri-potassium ethylenediaminetetraacetic acid (K3EDTA) for diagnostic
hematology. Thin smears were prepared from the anticoagulated blood in the field with no delay and in the laboratory after a
4-6-hour delay, and then used to determine differential and total leukocyte counts. Manual heterophil and eosinophil counts
were greater in LiHep-treated samples compared to K3EDTA samples (P < 0.05), but there was no difference in the total
leukocyte concentration or differential leukocyte counts between anticoagulants based on blood smears prepared with no delay
(n = 15). Marked differences were noted in relative heterophil (P < 0.05) and lymphocyte (P < 0.05) counts and total leukocyte
(P < 0.05) concentrations of K3EDTA-treated samples processed after the delay (n = 7), suggesting a negative effect on
lymphocyte integrity from the anticoagulant. Microscopically, lymphocytes were more intact and easily differentiated from
thrombocytes in LiHep-treated samples than K3EDTA, but modest thrombocyte clumping in the LiHep samples was a concern.
Either anticoagulant appears adequate for diagnostic hematology in juvenile whooping cranes based on this limited analysis,
but blood smears should be prepared immediately under controlled conditions for best results.
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Key words: anticoagulant, ethylenediaminetetraacetic acid, Grus americana, hematology, heparin, whooping crane.

Historically, the International Crane Foundation (ICF)
has used di- or tripotassium ethylenediaminetetraacetic
acid (K3EDTA) as their anticoagulant of choice for
hematology studies of cranes, except for Balearica sp.,
due to frequent clot formation and/or red cell hemolysis
(Samour 2006). In 2000, ICF veterinary staff began
routinely preparing blood smears immediately after
collection in the field instead of waiting to return to the
laboratory. Observations of lower relative (%)
heterophil to lymphocyte ratios and markedly increased
total leukocyte concentrations became common,
particularly among juvenile whooping cranes (Grus
americana). Hematology results from samples using
smears made after an unavoidable delay (typically 30
min or more) were more often consistent with reference
ranges from captive whooping cranes (Olsen et al.
1996, 2001), which were likely based on samples with
delays in processing.

We hypothesized that whooping crane blood in
contact with K3EDTA for an extended period of time
resulted in degeneration of lymphocytes, thereby
falsely lowering relative lymphocyte counts and the
calculated leukocyte concentrations determined by the
standard indirect method (Dein et al. 1994). We also
hypothesized that an alternative anticoagulant, lithium
heparin (LiHep), may circumvent the potential bias

from delayed blood smear preparation, allowing more
flexibility when working under conditions where a
delay is expected. The objectives of our study were to
compare hematology results between blood samples of
whooping cranes treated with either K3EDTA or LiHep,
and with blood smears prepared with either no delay or
a 4-6-hour delay. Our goal was to begin to determine
optimal hematology techniques for this species under a
variety of conditions.

METHODS

We collected blood samples for hematological
analysis from juvenile whooping cranes (n = 49) during
pre-migration or pre-release health examinations in fall
2007 and 2008. The cranes were being conditioned for
reintroduction at the Necedah National Wildlife
Refuge, Necedah, Wisconsin (Langenberg et al. 2002).
Within 1 minute of manual restraint, blood was
collected via jugular venipuncture and divided into
tubes that contained either dry LiHep
(Aktiengesellschaft, Germany; 35 IU/ml sample) or
liquid K3EDTA (Tyco Healthcare Group, Mansfield,
MA; 3.0 mg/ml sample). The samples were gently
rocked and blood smears were made within 1-2 minutes
post-collection (no delay). The smears were made in
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the field as weather conditions permitted or in a
controlled environment nearby by 2 experienced
veterinary technicians (CK and BR). Blood smears
were prepared using the cover slip to slide technique
(Samour and Howlett 2008), air-dried, and placed in
fixative (JorVet™ DipQuick, Jorgensen Laboratories
Inc., Loveland, CO) for 10 minutes prior to storage. All
samples were then transported to the laboratory on ice
packs for further analysis beginning approximately 4-6
hours following sample collection. In the laboratory,
another set of blood smears were made using the same
methods and fixed (delayed), and then all smears were
stained with DipQuick Stain and examined with a light
microscope. The total granulocyte concentration
(heterophils and eosinophils; H/E concentration) of
each of the divided samples was calculated using the
indirect eosinophil Unopette (Becton Dickinson,
Franklin Lakes, NJ) and hemacytometer method (Dein
et al. 1994, Olsen et al. 1996). The relative (%)
leukocyte counts of each of the divided samples were
determined using the no delay and delayed blood
smears from each anticoagulant when available. The 2
by 2 study design yielded up to 4 total leukocyte
concentrations and differential cell counts from each
blood sample (LiHep-no delay, K3EDTA-no delay,
LiHep-delayed, K3EDTA-delayed).  

Due to significant variation in field conditions
(high humidity) and blood smear quality noted during
the study, we imposed several subjective quality
assurance (QA) criteria for the inclusion of paired
samples from each crane in our analysis. Specifically,
blood smears were first evaluated visually for obvious
water damage and poor slide making technique
(spotting, streaking, non-uniform distribution of
blood). Blood smears that were considered acceptable
were then evaluated microscopically at 405 to
determine if a consistent monolayer was present or if
leukocytes were clumped along the edges of the smear.

The smears were then evaluated at 5005 to assess the
extent of smudged cells and if cell types were
distinguishable. Blood smear pairs were removed from
the study if 1 or both smears demonstrated an
inconsistent monolayer, leukocyte clumping, numerous
smudged cells, or if the observer was unable to
distinguish leukocyte cell types due to poor staining.
Differential counts were performed at 1,0005 on pairs
of QA-rated blood smears by a single non-blinded
observer (BR) to limit inter-observer bias.

The mean, standard deviation, and minimum and
maximum values were calculated for each of the
hematological variables [WBC (5103 /ul), heterophils
(%), lymphocytes (%), eosinophils (%), monocytes
(%), and H/E (5103/ul)] from blood samples with paired
QA-rated smears. The data from samples with smears
prepared with no delay were log transformed to
minimize skew and kurtosis of the distributions. A
paired sample t-test was used to compare the values
from the 2 anticoagulant treatments for each individual
(LiHep-no delay vs. K3EDTA-no delay). The
nonparametric Wilcoxon signed rank test without data
transformation was used to compare values from
samples processed at the 2 time points for each
anticoagulant treatment per individual (LiHep-no delay
vs. LiHep-delayed; K3EDTA-no delay vs. K3EDTA-
delayed). Statistical significance was established at P <
0.05. Data were analyzed using Statview 5.0.1 software
(SAS Institute Inc., Cary, NC).

RESULTS

The mean ± SD H/E concentration from LiHep
samples (10.3 ± 4.3 5 103/µl, range 3.6-25.0, n = 49)
was greater than K3EDTA-treated samples (9.8 ± 4.0
5 103/µl, range 3.2-21.8) (P < 0.05). 

Despite using a standardized technique and
trained personnel, considerably fewer cranes had
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LiHep

EDTA

WBC (5103/µl) Heterophils (%) Lymphocytes (%) Eosinophils (%) Monocytes (%)

Table 1. Descriptive statistics (mean ± SD and range) for hematologic values of paired whooping crane blood samples processed
without delay by anticoagulant (n = 15).

34.8 ± 13.6
(17.4-71.7)

33.2 ± 10.6
(17.1-50.9)

24.7 ± 8.4
(9.0-37.0)

24.5 ± 7.1
(15.0-39.0)

64.4 ± 8.1
(54.0-84.0)

67.0 ± 7.4
(49.0-77.0)

6.0 ± 3.1
(1.0-11.0)

5.0 ± 2.4
(1.0-11.0)

3.3 ± 2.1
(0.0-6.0)

3.7 ± 1.9
(1.0-9.0)



paired, QA-rated, no delay blood smears available for
analysis (n = 15). Samples that failed to meet QA
criteria were distributed approximately equally
between both anticoagulants. There were no
significant statistical differences in heterophil (%),
lymphocyte (%), eosinophil (%), and monocyte (%)
counts, or total leukocyte concentrations between the
anticoagulants from paired no delay blood smears
(Table 1).

A lower number of QA-rated smears from
delayed preparations were available for paired
analysis with the no delay smears from the same
individual crane (n = 7). Table 2 shows the total
leukocyte concentrations, heterophil (%), and
lymphocyte (%) counts of the paired K3EDTA- and
LiHep-treated samples by time of blood smear
preparation (further analysis of eosinophils and
monocytes were not conducted due to their rarity).
Total leukocyte concentrations were lower, heterophil
(%) counts were greater and lymphocyte (%) counts
were lower in K3EDTA-treated samples using
delayed smears than the no delay smears (P < 0.05).
No statistically significant differences were observed
in the hematology measures of LiHep-treated
samples regardless of processing delay.

Microscopic examination of K3EDTA-treated
blood showed rare to minimal clumping of
thrombocytes. Clumps of deeply basophilic staining
thrombocytes at the feathered edge of blood smears
were consistently observed during examination of
LiHep-treated blood. Thrombocytes within the
monolayer of all smears lacked or contained minimal
cytoplasm, and were consistently smaller in size than
lymphocytes.  

Occasionally, it was not possible to distinguish or
identify lymphocytes from K3EDTA-treated smears

due to incomplete cytoplasmic staining or lack of
intact cytoplasm and their similar size to
thrombocytes. The cytoplasm of lymphocytes often
showed tendrils at the cell edges, and the nuclear
chromatin was less densely packed than expected. In
smears of LiHep-treated blood, lymphocytes
contained faint blue cytoplasm with distinct, intact
nuclei.

Heterophils and eosinophils were challenging to
differentiate in smears treated with either anticoagulant,
perhaps due to staining deficiencies or changes to
granular morphology (Lucas and Jamroz 1961). The
color and morphology of intracytoplasmic granules,
however, were typically easier to distinguish in LiHep
than K3EDTA. No basophils were observed in any smear
during the course of the study.

No deficiencies were noted in the staining of
granulocytes using either anticoagulant with the
Unopette system. Rare clumping of leukocytes
containing 2-3 stained granulocytes were observed on
hemacytometers from LiHep-preserved samples. The
K3EDTA-treated samples demonstrated no such
clumping.  

DISCUSSION

The results of our study suggest there are minimal
to no differences in most hematological values from
juvenile whooping crane blood samples exposed to
either LiHep or K3EDTA when blood smears are made
without delay. We found that H/E concentrations of
LiHep-treated samples were greater compared to
K3EDTA-treated samples, possibly due to cell
clumping observed on the hemacytometers. This
difference, however, was not reflected in the total
leukocyte concentrations of the samples, probably due
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No delay

Delayed

LiHep

WBC (5103/µl)        Hets (%)        Lymphs (%)

EDTA

WBC (5103/µl)         Hets (%)          Lymphs (%)

Table 2. Descriptive statistics (mean ± SD and range) for hematologic values of 7 paired EDTA- and LiHep-treated blood samples
by time of blood smear preparation.

21.0a ± 6.3
(15.0-30.0)

48.2a ± 16.6
(23.0-68.0)

40.6a ± 10.6
(20.1-50.9)

22.6a ± 10.3
(8.4-38.4)

70.3a ± 4.7
(65.0-77.0)

43.1a ± 19.1
(21.0-67.0)

32.8 ± 8.4
(17.4-41.5)

31.2 ± 8.8
(19.9-41.4)

25.4 ± 6.1
(19.0-34.0)

29.6 ± 7.6
(20.0-44.0)

65.6 ± 6.0
(57.0-71.0)

61.9 ± 6.6
(50.0-71.0)

aP < 0.05.



to the greater variation in differential leukocyte counts
used in the calculations and possibly due to small
sample size.  

The marked differences in hematological values
between K3EDTA-treated samples with delayed
processing support our hypothesis of an effect on
lymphocyte integrity and bias to the subsequent
calculation for total leukocyte concentration in juvenile
whooping cranes. Artifacts and increased cell
smudging is typically caused by prolonged exposure to
anticoagulant (Campbell 1995). Our microscopic
evaluations suggest that the morphology of the
lymphocyte populations were negatively affected by
exposure to K3EDTA compared to LiHep and would
tend to yield underestimates of lymphocyte differential
counts, especially among blood which is subjected to
processing delays. No negative effects on morphology
of blood cells were observed between these
anticoagulants in Hispaniolan parrots (Amazona
ventralis) (Guzman et al. 2008). There did not appear to
be any particular negative effect on heterophils based
on our observations, only that the altered relative
lymphocyte count would bias the relative heterophil
count upwards. Therefore, slide preparation delay
should be consistent within flock health checks, and
considered when comparing normal values between
studies in whooping cranes.

Immediate preparation of blood smears from
juvenile whooping cranes appears to result in a more
optimal diagnostic specimen and accurate test results,
but must be performed under controlled conditions
whenever possible. We found that despite immediate
processing of samples, most of the blood smears made
for this study did not achieve our QA status due to
water damage from high humidity or temperature
variations that affected uniformity of the smears and
induced mechanical sheering artifact. The majority of
smears that achieved QA status were prepared in a
notably less humid shelter or vehicle. Contingencies
should be made in field protocols to try and maximize
slide quality through the use of chambers or other
controlled enclosures.

In our experience the anticoagulant K3EDTA
normally yields adequate staining of adult whooping
crane blood cells and does not tend to cause clumping
of thrombocytes. In this study subjective observations
of a limited number of K3EDTA-treated samples
contained lymphocytes with less cytoplasmic and

nuclear definition and often appeared as smudged cells
which became unrecognizable with greater delay in
processing. Additionally, we found LiHep-preserved
lymphocytes had maintained cellular integrity and
better staining quality, and were preferred for the
differential leukocyte determinations in this study.
Cellular clumping in LiHep-treated samples, however,
may alter the H/E concentrations determined from
manual counting methods. 

We chose not to test the efficacy of the staining
product used in our study against brand name or in-house
produced stain regimens. We suspect, however, that the
current generic equivalent stain produced only marginal
color differentiation in some cell populations, and that
other preparations may reduce indecision problems when
conducting differential counts. Further studies could
include processing samples (making blood smears) in
controlled environments, utilizing a different staining
method, variations of anticoagulants, and a different slide
making technique to maximize sample sizes. 
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EVALUATING PROPAGATION METHOD PERFORMANCE OVER TIME WITH BAYESIAN
UPDATING: AN APPLICATION TO INCUBATOR TESTING 
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Abstract: :  In captive-rearing programs, small sample sizes can limit the quality of information on performance of propagation
methods. Bayesian updating can be used to increase information on method performance over time. We demonstrate an
application to incubator testing at USGS Patuxent Wildlife Research Center. A new type of incubator was purchased for use
in the whooping crane (Grus americana) propagation program, which produces birds for release. We tested the new incubator
for reliability, using sandhill crane (Grus canadensis) eggs as surrogates. We determined that the new incubator should result
in hatching rates no more than 5% lower than the available incubators, with 95% confidence, before it would be used to
incubate whooping crane eggs. In 2007, 5 healthy chicks hatched from 12 eggs in the new incubator, and 2 hatched from 5 in
an available incubator, for a median posterior difference of <1%, but with a large 95% credible interval (-41%, 43%). In 2008,
we implemented a double-blind evaluation method, where a veterinarian determined whether eggs produced chicks that, at
hatching, had no apparent health problems that would impede future release. We used the 2007 estimates as priors in the 2008
analysis. In 2008, 7 normal chicks hatched from 15 eggs in the new incubator, and 11 hatched from 15 in an available
incubator, for a median posterior difference of 19%, with 95% credible interval (-8%, 44%). The increased sample size has
increased our understanding of incubator performance. While additional data will be collected, at this time the new incubator
does not appear adequate for use with whooping crane eggs.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:110-117

Key words: Bayesian updating, exposed yolk sac, hatching success, incubator, sandhill crane, whooping crane. 

Whooping cranes (Grus americana) are listed as
federally endangered under the U.S. Endangered Species
Act, and as of September 2008 there were fewer than 400
of the birds in the wild, with approximately 150 more in
captivity (T. Stehn, U.S. Fish and Wildlife Service,
unpublished data). Free-roaming whooping cranes exist
in 3 distinct populations, including the naturally-
occurring Aransas-Wood Buffalo population (AWBP),
which breeds at Wood Buffalo National Park, Canada,
and winters at Aransas National Wildlife Refuge on the
Texas coast. The 2 additional populations, including the
Florida non-migratory population in central Florida
(FNMP), and the eastern migratory population (EMP),
which migrates between Wisconsin and Florida, are the
product of reintroductions using chicks hatched in
captivity. 

Captive whooping cranes are located at 5 breeding
centers: USGS Patuxent Wildlife Research Center,
Laurel, Maryland (PWRC); the International Crane
Foundation, Baraboo, Wisconsin; the Calgary Zoo,
Calgary, Alberta; the Audubon Species Survival Center,

Belle Chase, Louisiana; and the San Antonio Zoo, San
Antonio, Texas (CWS and USFWS 2007). The largest
population is located at PWRC, with 64 birds >1 year old
as of July 2008. PWRC has produced whooping crane
chicks for release both to the FNMP from 1993-2004, and
to the EMP from 2001-present. PWRC's annual
productivity is a large determinant of the total number of
birds available for release in any year. It is critical for
meeting release goals that PWRC develop methods to
produce the greatest possible number of healthy chicks
for release. 

To ensure that the methods employed in the captive
breeding of whooping cranes are most likely to produce
the largest numbers of healthy chicks, it is necessary to
regularly evaluate breeding and rearing methods.
However, it is often difficult to achieve rigorous
evaluations (i.e., make rigorous predictions of
management outcomes) for 2 reasons: 1) among
managers there is often interest in avoiding
experimentation with endangered species, especially, as
in this case, with chicks that are needed in a release
program, and 2) sample sizes in a captive setting are often
limited. To address the first issue, PWRC maintains a
flock of sandhill cranes for use as experimental
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surrogates (as well as surrogate egg incubators). To
address the second issue, Bayesian statistical methods
can be used to facilitate learning and decision-making
over time, through Bayesian updating.

Bayesian data analysis differs most fundamentally
from traditional, frequentist methods in the interpretation
of parameter estimates obtained using these methods
(Link et al. 2002). Through the application of Bayes
formula,

and prior information, ¹(θ), the posterior distribution of
the parameter, ƒ(θ|Y), can be estimated and interpreted as
a random variable, rather than as a fixed, unknown
quantity as in the likelihood estimates, ƒ(Y|θ), familiar to
frequentists. The value of this property is that probability
statements can be made about the parameter itself without
requiring the somewhat logically troubling statements
that frequentists must use in their interpretation of
parameter estimates (e.g., correct interpretation of a
frequentist confidence interval relies on invoking many
similarly-calculated intervals; see Link et al. 2002 for
elaboration on this point). In addition, while many
Bayesian analysts invoke noninformative, or flat, priors
and thus obtain posterior estimates that are similar to
frequentist estimates (an approach known as Objective
Bayes), the prior does allow for explicit inclusion of
existing knowledge, and updating of that knowledge with
subsequent data collection. This property is particularly
useful in an iterative management setting, where periodic
management decisions are made based on the current
state of knowledge.  As such, Bayes formula comprises a
critical tool in formal adaptive management (Williams et
al. 2002).  

At PWRC, artificial incubators are critical for
incubating crane eggs. For example, eggs that will
produce chicks that are to be released into the EMP are
incubated artificially during the final portion of
incubation so that they imprint on costumed handlers
and ultralight aircraft (ultralights have been used to
teach chicks the migratory route, Urbanek et al. 2005).
Additionally, incubators can be used to increase
productivity; eggs can be removed from whooping
crane nests and placed in incubators, which encourages
whooping crane pairs to produce an additional clutch.
In 2005, PWRC purchased a new model of incubator as
a potential replacement for existing incubators that,

while reliable at the time, were of an age that
replacement parts were no longer available when and if
repairs were needed. Before using the incubator to
incubate whooping crane eggs, it was necessary to
evaluate its efficacy. Here, we demonstrate the use of
Bayesian updating to inform annual decision-making
about whether a newly purchased incubator should be
adopted for use in the whooping crane breeding
program.  

STUDY SUBJECTS

PWRC maintains a colony of endangered
whooping cranes and a colony of non-endangered
captive sandhill cranes to use as experimental subjects
and surrogate incubators. The sandhill cranes have
been used to test medications (Carpenter et al. 1992)
and vaccines (Clark et al. 1987), equipment (Olsen et
al. 1992), husbandry techniques (Chen et al. 2001) and
release techniques (Ellis et al. 1997). They also serve as
surrogate incubators of whooping crane eggs,
encouraging whooping cranes to lay multiple clutches
annually (Mirande et al. 1996). Experimental protocols
for this work were approved by the USGS Patuxent
Wildlife Research Center Animal Care and Use
Committee. 

The PWRC crane colony is located on lands managed
by the U.S. Fish and Wildlife Service near Laurel,
Maryland. The captive crane colony is located in an area
secluded from public use, with breeding pairs of cranes
housed in chain link pens, in complexes surrounded by
electric perimeter fences. Mechanical incubators and
hatchers are housed in a concrete block, climate-
controlled building within 1 km of the crane pens. 

METHODS

Based on discussions, the crane flock manager
(JNC) developed a decision rule that, if the success rate
of the new incubator was no more than 5% poorer than
the existing incubator, with 95% confidence, the new
incubator would be adopted for use in the whooping
crane breeding program. Success was identified as
hatching of a chick with no health problems that would
preclude it from future release. Until the 5% criterion
was met, additional data collection would be conducted
and, if indications were that the incubator was not
performing well, exploration of additional alternatives
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would be undertaken.

Incubators

The study incubators consisted of an aging
Petersime incubator (Model 4, Petersime Incubator
Company, Gettysburg, OH) and a new Kuhl forced
air incubator (Model AZYSS-600-110, Kuhl
Corporation, Flemington, NJ). Both incubators were
set at a dry bulb temperature of 37.5°C and wet bulb
temperature of 30.6°C, and maintained within 0.3°C
(dry bulb) and 1°C (wet bulb). Incubators were
housed side by side in a room where the temperature
and humidity averaged 26.1°C and 52%, respectively.
An emergency generator automatically provided
power to the incubators in the event of power failure.
Once a week, incubators were cleaned with a
Nolvasan solution (29 mL Nolvasan/3.8 L water) and
fumigated using 17.5g of potassium permanganate
and 35 mL of 40% formalin per 2.83 m3 of incubator
volume for 20 minutes. Eggs that were 5 days or
younger and eggs with a chick in the air cell were
temporarily moved to a different incubator during
fumigation.

The Petersime is a forced-air incubator which
contains a rotating drum, houses 6 egg-storage
drawers and has a total interior volume of 0.91 m3.
Eggs were rotated every 2 hours, at 47° above and
below the horizontal. Temperature was controlled by
a mercury contact thermometer system and humidity
was supplied by water trays. The Petersime incubator
is the primary incubator used in the whooping crane
propagation program, so it contained whooping crane
eggs, in addition to the sandhill crane eggs, during
the experiment. 

The Kuhl, also a forced-air incubator, has 5 egg
trays and an interior volume of 0.68 m3. The top tray
of the Kuhl allowed the eggs to roll slightly during
rotation. These eggs effectively rotated 34° above
and below the horizontal every hour. All other eggs
were held stationary in the trays. Eggs in the other 4
trays were rotated every hour at 25° above and below
the horizontal. Temperature and humidity were
controlled electronically by a Zytron controller
(Humi-Temp Series 516, Zytron Control Products
Inc., Trenton, NJ). Humidity was supplied by an
automatic humidifier (Model HUM.RK, Lyon
Technologies Inc., Chula Vista, CA).

Experimental Design 

In all of the trials, eggs were taken from nests of
sandhill crane pairs located in pens at the PWRC crane
facility and placed in the incubators. Sandhill cranes
begin producing eggs in late February and finish in late
June, and typically produce 2-egg clutches. Because
cranes will produce multiple clutches if their eggs are
removed, in many cases more than 2 eggs were
contributed to the experiment by a pair each year. Eggs
in the incubators were periodically evaluated through
candling to determine fertility and viability. If the egg
was not alive, it was dissected and determinations were
made regarding: 1) whether the egg was infertile, and if
not 2) the age of the embryo at death. Any eggs that
were either infertile or died before they were placed in
the incubators were eliminated from analyses. 

Sandhill crane eggs typically hatch between 28 and
34 days of age (Gabel and Mahan 1996). The hatching
process takes about 48 hours, beginning when the chick
breaks into the air cell and begins audible vocalizing
(peeping), continues to pipping (when the chick begins
making a hole in the shell, ~24 hours later) and is
completed when the chick emerges (Hartman et al.
1987). Once an egg pips at PWRC, it is transferred to a
hatcher, where it is checked frequently throughout the
day.

In 2006, sandhill crane eggs were placed in the
incubators between 0 and 8 days of age. Two-egg
clutches (n = 9) were divided, with 1 egg of each clutch
going into the Kuhl incubator and 1 egg into the
Petersime incubator; eggs were assigned
systematically, with the older of the pair of eggs
assigned first to the Petersime, then to the Kuhl, etc.
Single eggs (n = 6) were placed in the Kuhl. Eggs
remained in the incubators until the embryos broke into
the air cell. At this point, the majority of the eggs were
euthanized. However, a few eggs from each incubator
were allowed to hatch before euthanasia, and it was
noticed that some of the chicks from the Kuhl incubator
had exposed yolk sacs, a potentially critical health
problem. Therefore, it was determined that the
appropriate end-point in additional trials would be after
hatching of the eggs, and the 2006 data were not used
further in these analyses.

In 2007, sandhill crane eggs were placed in the
incubators between 0 and 8 days of age. Two egg
clutches (n = 7) were divided and assigned as in 2006
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and all single eggs (n = 7) were again placed in the
Kuhl. After hatching, chicks were examined by staff
members for any physical abnormalities and then were
euthanized. 

In 2008, sandhill crane eggs were placed in the
incubators between 1 and 11 days of age. Again, 2-egg
clutches (n = 13) were divided and assigned
systematically, with 1 egg from each clutch being
placed in each incubator. However, in 2008 both
incubators also received equal numbers of single eggs
(n = 5 per incubator), with the first available egg
randomly assigned, and additional eggs then
systematically assigned alternately to each incubator.
Again, chicks were allowed to hatch and were
examined before they were euthanized. Another change
in 2008 was that the health evaluation was conducted
by a staff veterinarian (GHO). 

Health Assessments  

In 2008 we implemented a blind assessment
technique: the veterinarian did not know in which
incubator an egg had been incubated. All hatched
chicks were examined as soon after hatching as was
practical and within 24 hours. Chicks were weighed,
then examined starting at the bill, for any visible
abnormalities. Areas examined included the bill,
mouth, eyes, head, neck, wings, legs and feet, thorax,
and abdomen. The umbilical area was examined to
check for an exposed yolk sac or other pathological
conditions. All chicks were ausculated to assess cardiac
and respiratory function. Chicks or embryos that were
found dead were necropsied to determine the time
during incubation of death and the cause of death, if
this could be determined. The position of the embryo
within the egg was recorded. All dead embryos were
cultured for pathogens, usually cultures were taken of
the yolk sac if no obvious infection was present. For
each live-hatched bird, the veterinarian produced an
assessment of whether the bird had any health problems
that would have rendered it unreleasable (i.e., as if it
were part of a cohort that would be released to the
wild).  

Data Analysis 

The number of healthy chicks hatching from fertile
eggs is distributed binomially (n, p) where n is the number

of live fertile eggs placed in the incubator, and p is the
probability of success (i.e., of producing a healthy, normal
chick). We were interested in the difference in p between
the 2 incubators. We begin by computing p for each
incubator. The Bayesian posterior distribution for the
probability of success Pr(p | n, y) is proportional to 

Pr(p | n, y)    Pr(p) • max(£)

where Pr(p) is the prior distribution on p, and where the
maximum log likelihood is the maximum over p
proportional to 

ln £(p | n,y)    y • ln(p)+(n – y) • ln(1 - p).

We began by analyzing the 2007 data with a flat
conjugate prior, distributed as beta(1,1); equivalent to a
uniform distribution on the interval 0-1. A flat or
“uninformative” prior is one that assumes essentially no
knowledge of the value of the estimated parameter at the
outset of the analysis; a flat prior will then produce a
parameter estimate that is very similar to the estimate
produced by traditional likelihood methods. The primary
benefit of a conjugate prior is that the prior and the
posterior are of the same distribution (e.g., beta), which
facilitates Bayesian updating, as the posterior result from
year t can be used as the analysis prior in year t+1. The
posterior from a beta(1,1) prior and a binomial likelihood
is distributed beta(1+y,1+n-y); this was the form of the
posterior probability of success for each incubator after
2007. We then used the 2007 posterior as the prior
probability for the 2008 data, producing a posterior
probability of success for each incubator distributed as
beta(1+y2007+y2008,1+n2007-y2007+n2008-y2008), where 2007
and 2008 indicate the year. 

In this case, the mean and the variance of the posterior
distributions of p can be computed by hand. However, the
distribution of derived parameters describing the
difference between the probabilities of success for each
incubator are not of known form, and so Markov Chain
Monte Carlo methods were used to approximate these
distributions. In particular, we calculated the absolute
difference p Petersime – p Kuhl, as this was the form in which
the flock manager's decision rule was stated (i.e., Kuhl
success probability within 5% of the Petersime). We also
calculated the odds ratio 

p Kuhl/(1 – p Kuhl)
–––––––––––––––––– ,
p Petersime/(1 – p Petersime)

which is frequently reported for data of this type. The odds
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ratio is the relative increase in the odds of successful
hatching (if greater than 1) or decrease in the odds of
success (if less than 1) that the Kuhl incubator would
provide over the Petersime incubator. An odds ratio of 1
would indicate that the incubators offered essentially the
same odds of success. 

Analyses were conducted and results were plotted
using the computational software WinBUGS (Gilks et al.
1996) and the R programming language (Ihaka and
Gentleman 1996). The posterior distributions of
parameters from both 2007 and 2008 data were based on
3 independent Markov chains, with a thinning interval of
2. A total of 7,500 samples from the posterior distributions
were used for inference. Convergence of the chains was
good, with  ̂R ≈ 1.001 for each of the variables in the model
(Gelman et al. 2004 recommend a value < 1.2 to
demonstrate convergence).

RESULTS 

In 2006, of 15 eggs incubated in the Kuhl incubator, 4
were determined to be infertile and were removed. Of the
remaining 11, all of the embryos successfully broke into
the air cell toward the end of incubation. At this point, 8
were euthanized, while the remaining 3 were allowed to
hatch. Two of these chicks hatched with exposed yolk
sacs. Six of the 9 eggs incubated in the Petersime were

fertile; all of the embryos broke into the air cell. Five were
euthanized and 1 hatched successfully. Based on the
abnormal development in the Kuhl chicks, the decision
was then made not to euthanize embryos before hatching
in future trials. Because it was impossible to accurately
assess the desired outcome (i.e., whether a healthy chick
was produced) in all of the 2006 study eggs, these data
were not used in further analyses.

In 2007, 14 eggs were placed in the Kuhl incubator,
and 2 were later determined to be infertile. Of the
remaining 12 eggs, 4 failed to hatch (Table 1). Of the 8
eggs that hatched, 5 chicks were normal, while 2 had
abnormal development of the feet and 1 had an exposed
yolk sac. Seven eggs were placed in the Petersime
incubator, 5 of which were determined to be fertile. One
of these eggs did not hatch, and of the remaining 4, 2
chicks were normal, 1 had deformed feet, and 1 had an
exposed yolk sac. The estimated median of the posterior
distribution of the probability of success,  p̂ Kuhl, was 0.43,
with a 95% credible interval (0.20, 0.68). The posterior
median of  p̂ Petersime was 0.42 (0.11, 0.77). The posterior
median of the absolute difference was -0.006 (-0.41, 0.43;
Fig. 1, solid distribution). The posterior median of the
odds ratio was 1.02 (0.15, 7.51). The large credible
intervals underscored the importance of obtaining more
data.

In 2008, we placed 18 eggs in the Kuhl incubator. Two
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1 Apr
10 Apr
13 Apr
14 Apr
15 Apr
16 Apr
17 Apr
17 Apr
18 Apr
21 Apr
24 Apr
9 May

Petersime

Lay date Date in S/T Fate

Kuhl 

Lay date Date in S/Ta Fate

Table 1. Egg-specific results from the 2007 incubator trial in each of 2 incubators - the new Kuhl incubator and the established
Petersime incubator - at the USGS Patuxent Wildlife Research Center crane facility.

S
S
S
T
S
S
S
T
S
T
T
T

9 Apr
11 Apr
16 Apr
16 Apr
18 Apr
16 Apr
29 Apr
24 Apr
21 Apr
24 Apr
25 Apr
13 May

Abnormalb

Abnormalc

Normal
Normal
Failedd

Failedd

Abnormalb

Normal
Failede

Failede

Normal
Normal

11 Apr
19 Apr
22 Apr
24 Apr
7 May

T
T
T
T
T

16 Apr
24 Apr
25 Apr
24 Apr
13 May

Normal
Failede

Normal
Abnormalc

Abnormalb

a S = egg from single-egg clutch, T = egg from 2-egg clutch. 
b Deformed legs and/or feet.
c Exposed yolk sac.
d Unknown.
e Malpositioned in egg, and/or difficulty in hatching. 



of these eggs were later determined to be infertile, and 1
was determined to have died before being placed in the
incubator. Of the remaining 15 eggs, 7 produced normal
chicks; 5 failed to hatch and 3 had significant health
problems post-hatching that would have rendered the
chick unreleaseable (Table 2). Eighteen eggs were also
placed in the Petersime incubator. Two of these were
determined to be infertile, and 1 had died before being
placed in the incubator. Of the remaining 15, 11 hatched
normally, 2 failed to hatched, and 2 had significant health
problems. The posterior median of  p̂ Kuhl was 0.45 (0.28,
0.63), and the posterior median of  ̂p Petersime was 0.64 (0.43,
0.82). The posterior median of the absolute difference was
0.19 (-0.08, 0.44; Fig. 1, dotted distribution). The posterior
median of the odds ratio was 0.45 (0.14, 1.40). 

DISCUSSION

Based on current results, the Kuhl incubator does not
perform adequately for use with whooping crane eggs.
While the uncertainty is still large, based on the 2008 data

it appears that use of the Kuhl incubator may result in
substantially lower hatching success than use of the
Petersime incubator.

At PWRC, using a combination of surrogate cranes
and artificial incubators is essential to maximizing egg
production because by removing eggs from nests, flock
managers encourage whooping crane pairs to produce
multiple clutches. Typically, eggs are removed from a
whooping crane pair's nest as soon as the clutch is
complete, although for pairs prone to egg-breaking, eggs
are removed immediately after oviposition. When an egg
is removed from a nest, it is disinfected in an iodine
solution, examined for abnormalities, weighed and
measured, and then placed in either an artificial incubator
or the nest of a surrogate. The whooping crane incubation
period is approximately 30 days (Gabel and Mahan
1996), and ideally whooping crane eggs are incubated by
a crane for about 20 of those days, then placed in an
incubator for the last 10 days, although eggs may spend
more time in an incubator if a surrogate nest is not
available. At approximately 10 and 20 days of age, eggs
are examined and weighed to determine viability and rate
of weight loss. After the last examination, eggs are moved
permanently to the artificial incubator, where they are
examined and weighed periodically. If an egg is losing
weight too rapidly, it can be moved to an incubator with

higher humidity to slow the rate of loss. Eggs are removed
from the incubator and placed in a hatcher after pipping.

In our experiment, eggs were placed in artificial
incubators at an average of 5 days, much sooner than
whooping crane eggs are usually transferred. This was
done for 2 reasons. First, in some cases, it is necessary to
keep eggs in the incubators for longer periods, either
because a surrogate nest is not available or occasionally
because an egg has a shell abnormality (thin or cracked
shells) and is not sturdy enough to be safely incubated in
a nest. Second, by increasing the artificial incubation time,
any differences in performance between the 2 incubators
would likely be accentuated, thus increasing the power of
the experiment to detect these differences.

Of a total of 27 eggs incubated in the Kuhl incubator,
9 (33%) died before hatching; in the Petersime, 3 of 20
(15%) died before hatching. Of chicks successfully
hatched, post-hatching abnormalities were present in 6 of
18 (33%) hatched from the Kuhl and 4 of 17 (24%)
hatched from the Petersime. Therefore, the difference in
performance between the 2 incubators appears to be a
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Figure 1. The posterior probability density of the absolute
difference between probabilities of success (p) for the
Petersime and the Kuhl incubators after the 2007 trial (dashed
distribution) and after the 2008 trial (dotted distribution). The
management objective was to have a difference less than 5%
(vertical line) with 95% confidence.

 



function of both higher pre-hatching mortality and
higher post-hatching abnormality in the Kuhl. Egg
mortality can be due to several causes specific to
artificial incubation, including high or low incubation
temperature, improper humidity, improper egg turning,
excessive vibration (i.e., from incubator motor), poor
ventilation of the incubator leading to a carbon dioxide
build-up, and build-up of chemical fumes around the
incubator  (Olsen and Clubb 1997, Olsen 2000). In
addition, mixing eggs from various females in the
warm, humid environment of the artificial incubator
can result in the spread of certain diseases. The two
common post-hatching problems we observed were: 1)
deformed legs and curled toes, and 2) an exposed yolk
sac, either of which also may be due to problems with
artificial incubation (Olsen 2000). 

The factors responsible for reduced hatching success
in the Kuhl incubator are not clear, but additional
experimentation will be designed to determine whether
modifications to the Kuhl could increase its hatching
success. In the near future, flock managers will also be
investigating the availability of other incubator brands on
the market.
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1 Apr
10 Apr
12 Apr
12 Apr
14 Apr
19 Apr
19 Apr
19 Apr
20 Apr
25 Apr
28 Apr
28 Apr
29 Apr
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Petersime

Lay date Date in S/T Fate

Kuhl 

Lay date Date in S/Ta Fate

Table 2. Egg-specific results from the 2008 incubator trial in each of 2 incubators - the new Kuhl incubator and the established
Petersime incubator - at the USGS Patuxent Wildlife Research Center crane facility.
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T
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7 Apr
14 Apr
18 Apr
22 Apr
16 Apr
25 Apr
25 Apr
29 Apr
25 Apr
28 Apr
2 May
2 May
7 May
14 May
8 May

Normal
Abnormalb

Failedc

Normal
Abnormalb,d,e

Failedf
Normal
Normal
Failedg

Abnormalb,d

Failedh

Normal
Normal
Normal
Failedh

22 Mar
5 Apr
9 Apr
11 Apr
12 Apr
15 Apr
16 Apr
17 Apr
20 Apr
22 Apr
26 Apr
26 Apr
2 May
4 May
8 May

S
T
S
T
T
T
S
T
T
T
S
T
T
T
T

1 Apr
10 Apr
16 Apr
16 Apr
14 Apr
22 Apr
22 Apr
25 Apr
25 Apr
28 Apr
29 Apr
2 May
7 May
8 May
14 May

Normal
Normal
Failedf

Normal
Normal
Normal
Normal
Normal
Normal
Normal

Abnormald

Normal
Failedh

Abnormald

Normal
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h Unknown. 



Crane Workshop 8:185-194.

Clark, G. G., J. F. Dein, C. Crabbs, J. W. Carpenter, and D. M. 
Watts. 1987. Antibody response of sandhill and whooping 
cranes to an eastern equine encephalitis virus vaccine. 
Journal of Wildlife Diseases 23:539-544.

Ellis, D. H., B. Clauss, T. Watanabe, R. C. Mykut, M. Kinloch, 
and C. H. Ellis. 1997. Results of an experiment to lead 
cranes on migration behind motorized ground vehicles. 
Proceedings of the North American Crane Workshop 7:114-
122.

Gabel, R. R., and T. A. Mahan. 1996. Incubation and Hatching. 
Pages 59-76 in D. H. Ellis, G. F. Gee, and C. M. Mirande, 
editors. Cranes: their biology, husbandry, and conservation. 
National Biological Service, Washington, D.C., and 
International Crane Foundation, Baraboo, Wisconsin, USA.

Gelman, A., J. B. Carlin, H. S. Stern, and D. B. Rubin. 2004. 
Bayesian data analysis. Second edition. Chapman and 
Hall/CRC, Boca Raton, Florida, USA.

Gilks, W., A. Thomas, and D. Spiegelhalter. 1996. A language 
and program for complex Bayesian modelling. The 
Statistician 43:169-178.

Hartman, L., S. Duncan, and G. Archibald. 1987. The hatching 
process in cranes with recommendations for assisting 
abnormal chicks. Pages 387-397 in J. Lewis, editor. 
Proceedings of the 1985 crane workshop. Platte River 
Whooping Crane Habitat Maintenance Trust, Grand Island, 
Nebraska, USA.

Ihaka, R., and R. Gentleman. 1996. R: A language for data 
analysis and graphics. Journal of Computational and 
Graphical Statistics 5:299-314.

Link, W. A., E. Cam, J. D. Nichols, and E. G. Cooch. 2002. Of 
BUGS and birds: Markov chain Monte Carlo for hierarchical 
modeling in wildlife research. Journal of Wildlife 
Management 66:277-291.

Mirande, C. M., G. F. Gee, A. Burke, and P. Whitlock. 1996. Egg 
and semen production. Pages 45-58 in D. H. Ellis, G. F. Gee, 
and C. M. Mirande, editors. Cranes: their biology, 
husbandry, and conservation. National Biological Service, 
Washington, D.C., and International Crane Foundation, 
Baraboo, Wisconsin, USA.

Olsen, G. 2000. Embryological considerations. Pages 189-212 in 
G. Olsen, and S. Orosz, editors. Manual of Avian Medicine. 
Mosby Inc., St. Louis, Missouri, USA.

Olsen, G., and S. Clubb. 1997. Embryology, incubation and 
hatching. Pages 54-71 in R. Altman, S. Clubb, G. Dorrestein, 
and K. Quesenberry, editors. Avian Medicine and Surgery. 
W. B. Saunders Company, Philadelphia, Pennsylvania, 
USA.

Olsen, G. H., D. H. Ellis, S. E. Landfried, L. J. Miller, S. S. 
Klugman, M. R. Fuller, and C. H. Vermillion. 1992. 
Behavior of sandhill cranes harnessed with different satellite 
transmitters. Proceedings of the North American Crane 
Workshop 6:50-56.

Urbanek, R. P., L. E. A. Fondow, C. D. Satyshur, A. E. Lacy, S. 
E. Zimorski, and M. Wellington. 2005. First cohort of 
migratory whooping cranes reintroduced to eastern North 
America: the first year after release. Proceedings of the 
North American Crane Workshop 9:213-223.

Williams, B. K., J. D. Nichols, and M. J. Conroy. 2002. Analysis 
and management of animal populations. Academic Press, 
San Diego, California, USA.

Proc. North Am. Crane Workshop 11:2010 EVALUATING PROPAGATION METHODS • Converse et al. 117

 



STATUS OF NON-MIGRATORY WHOOPING CRANES IN FLORIDA

MARTIN J. FOLK, Florida Fish and Wildlife Conservation Commission, 1475 Regal Court, Kissimmee, FL 34744, USA
JAMES A. RODGERS, JR., Florida Fish and Wildlife Conservation Commission, Wildlife Research Lab, 1105 S.W. Williston 

Road, Gainesville, FL 32601, USA
TIMOTHY A. DELLINGER, Florida Fish and Wildlife Conservation Commission, 1198 Sherman Avenue, Tavares, FL 32778, USA
STEPHEN A. NESBITT, Florida Fish and Wildlife Conservation Commission, Wildlife Research Lab, 1105 S.W. Williston Road, 

Gainesville, FL 32601, USA
JEANNETTE M. PARKER,1 Florida Fish and Wildlife Conservation Commission, Wildlife Research Lab, 1105 S.W. Williston 

Road, Gainesville, FL 32601, USA
MARILYN G. SPALDING, Department of Infectious Diseases and Pathology, Box 110880, College of Veterinary Medicine, 

University of Florida, Gainesville, FL 32611, USA
STEPHEN B. BAYNES, Florida Fish and Wildlife Conservation Commission, 2250 W. Martin Street, Kissimmee, FL 34741, USA
M. KATHLEEN CHAPPELL, Florida Fish and Wildlife Conservation Commission, 5383 S.W. 123rd Lane, Webster, FL 33597, USA
STEPHEN T. SCHWIKERT, Florida Fish and Wildlife Conservation Commission, Wildlife Research Lab, 1105 S.W. Williston Road, 

Gainesville, FL 32601, USA

Abstract: We soft-released 289 whooping cranes (Grus americana) into central Florida during 1993-2006 in an effort to
establish a non-migratory population. As of September 2008, the population numbered 30 birds (11 pairs), including 12 males
and 18 females. Survival and productivity rates have been lower than expected. Males did not survive past 10 years of age,
whereas females have lived to at least 15 years of age. Most older males died as a result of predation or from colliding with
power lines. We marked power lines and developed a streamlined transmitter to help reduce the number of collisions with the
lines. From 68 nests monitored between 1999 and 2008, 31 chicks hatched and 9 fledged. Since 2002, when the first wild chick
fledged, 3 wild-fledged birds have died and 1 has gone missing and is presumed dead. Florida has undergone several major
droughts since the first nest was initiated in 1999; rainfall and wetland water levels did not meet apparent thresholds necessary
for productivity in 6 out of 10 study years. Loss of habitat was an additional concern. 
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One of the goals of the recovery plan for the
whooping crane (Grus americana) is to establish 2
distinct populations in addition to the remnant population
that breeds in Wood Buffalo National Park, Canada, and
winters at Aransas National Wildlife Refuge, Texas
(AWBP; CWS and USFWS 2005). We began releasing
whooping cranes into central Florida in 1993 in order to
establish a non-migratory population that would serve as
1 of the 2 additional populations needed for species
recovery (Nesbitt et al. 1997).

This was the first-ever use of the soft-release
technique in an effort to reintroduce whooping cranes to
the wild. Soft-release involves holding birds in a pen for
a several-week acclimation period before releasing them
into the wild. In the early years, a number of challenges
were met and overcome (Folk et al. 2008a). Lessons
learned from the Florida project helped pave the way for
future releases, including the reintroduction of migratory

whooping cranes to the eastern U.S. The intent of this
paper is provide an update on this project since the
publication of our last update (Folk et al. 2008a), with a
focus on future direction. 

METHODS

We soft-released 289 whooping cranes into central
Florida during 1993-2006 in an effort to establish a
non-migratory population. The cranes were released
into Osceola, Polk, and Lake counties into habitats
where cattle were actively grazed (Folk et al. 2006a).
These pastures were dominated by low-growing bahia
grass (Paspalum notatum) and interspersed with
shallow marshes that were dominated by maidencane
(Panicum hemitomon) and pickerelweed (Pontederia
cordata). We monitored each bird via VHF radio
telemetry daily for 3-6 months after release and then 2-
3 times weekly thereafter for the life of the bird. We
used aerial telemetry when birds moved beyond their
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normal ranges. 
Birds were monitored more intensively during the

breeding season; nesting birds were visually checked
every 1-2 days. Biweekly over-flights in a Cessna 172
helped us monitor the nesting progress; some nests
were visible only from the air. We collected detailed
nest behavior data with the aid of 12-volt, time-lapse,
VHS video-surveillance equipment. A sample of visible
nests was videotaped so that we could collect
behavioral data and to assist us in determining reasons
for nest abandonment. We visited nests that were
abandoned or incubated past a normal incubation
period to collect information regarding the nest site.
Intact eggs and egg remains were collected for
necropsy. We monitored families until the chicks
fledged or were lost. We captured fully fledged chicks
before they became independent from their parents so
that we could attach transmitters and bands and conduct
brief health checks. We did not capture younger
(prefledged and recently fledged) chicks because we
did not want to compromise their flight capability. At
the time of capture we recorded body mass, a pectoral
mass index (estimated percent of 100% full
musculature), and bill length from posterior nares to
tip. We collected blood and fecal samples and visually
inspected the birds for any abnormalities.

We captured fledged young and previously released
birds for routine transmitter replacement and health
checks using techniques invented for, or enhanced

specifically for, whooping cranes (Folk et al. 1999,
Folk et al. 2006b, Parker et al. 2008). Techniques for
safely capturing and handling the birds included
minimizing the time the birds were restrained.     

RESULTS AND DISCUSSION

Recent Status

As of 3 September 2008, the population totaled 30
birds (11 pairs), and consisted of 12 males and 18
females. The birds were distributed across Polk,
Osceola, Lake, Sumter, Marion, and Citrus counties of
central Florida. 

Survival and Nesting Success 

Survival and productivity rates have been lower
than expected based on data from wild crane
populations (CWS and USFWS 2007). Males did not
survive past 10 years of age, whereas females lived to
at least 15 years of age. Most older males died as a
result of predation or from colliding with power lines
(Spalding et al. 2010).

From 68 nests monitored from 1999 to 2008, 31
chicks hatched and 9 fledged (Fig. 1), for a fledging
rate of 0.13 young/nest. All fledged birds survived to
independence from their parents. The sex ratio of wild-
fledged birds was 2 males to 7 females. Since 2002,
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Figure 1. History of reproductive activity for the non-migratory flock of whooping cranes in central Florida.

 



when the first wild chick fledged, 3 wild-fledged birds
have died and 1 has gone missing and is presumed
dead. Most pairs nested each breeding season except
when marshes were dry because of drought. Florida has
undergone several major droughts since the first nest
was initiated in 1999; rainfall and wetland water levels
did not meet apparent thresholds necessary for
productivity in 6 out of 10 study years. We calculated a
breeding index to describe the level of breeding activity
during each season (Spalding et al. 2009). Rainfall and
marsh water levels before the breeding season were
correlated with this breeding index, but rainfall during
the breeding season was not.

Drought conditions prevailed during the 2007 and
2008 breeding seasons. Of 9 nests, 3 nests hatched 2
chicks, and 2 nests hatched 1 chick. One of the 8 chicks
survived to fledging. It was the ninth chick to fledge in
the wild during the project since the first crane fledged
in 2002. Seven of the 9 nests were built in lakes by 2
crane pairs. Lakes are not typically chosen by cranes
for nesting; prior to 2007, whooping cranes made only
1 (failed) nest attempt on a lake. 

Pair 1291/898 chose a small (5-ha) urban lake in
Lake County for nesting when marshes dried in their
territory. Their primary feeding area was away from the
lake and necessitated flying over paved roads,
including a busy 4-lane highway. Normally the parents
would fly to the feeding area, but because they had a
chick (that would be flightless for ~80 days) we had
concerns they would try to walk there and encounter
the busy highway. We erected 206 m of fence between
the nest marsh and the highway in an effort to prevent
possible automobile collisions. We hoped that even if
the parents hopped over the fence, the chick would
remain on the safe side and prevent all from walking to
the highway. We believed there were enough resources
in and near the nest marsh for raising a chick to
fledging age; therefore, keeping them from walking to
the distant foraging area should not have limited their
ability to raise the chick. As soon as physically
possible, just a few days after the chick fledged, the
family flew to the feeding area across the busy
highway. 

Another pair (772/369) nested in the littoral zone of
Lake Kissimmee when the marshes dried up where they
normally nested. This lake (14,143 ha) is the third
largest lake in Florida and sustains heavy public use.
The pair nested between 2 airboat trails and we

observed heavy airboat traffic near the nest. The eggs,
and more importantly, the incubating adults, were
deemed at risk from an airboat, especially at night
when visibility is poor and the birds would be less able
to avoid the airboats. We decided to remove the eggs to
reduce the threat of an airboat striking the incubating
adults. The fertile eggs were artificially incubated at
Disney's Animal Kingdom, Bay Lake, Florida. There
were no other Florida whooping crane nests that could
potentially accept the eggs, so the eggs were transferred
to the eastern migratory reintroduction project. The
eggs hatched normally and were captive reared, but 1
chick died in captivity while the other survived and
successfully migrated behind ultra-light aircraft.

The pair re-nested in early May after we removed
their first clutch, despite the late date in the breeding
season. We discovered them incubating on 8 May, less
than 100 m from where the previous nest was located.
This time we tried a different approach in trying to
reduce the probability that an airboat would strike the
incubating adults and their eggs. On 11 May we posted
protective signs around the nest to reduce human
disturbance. On 19 May an airboat festival was
centered at a boat ramp 1.6 km from the nest. Before
the event, a wildlife officer visited the local airboat club
and stressed the importance of avoiding the nest area.
On the day of the festival we distributed 130 brochures
describing the reason for the closure. Two wildlife
officers in an airboat and 2 biologists in another airboat
patrolled the edge of the closed zone during the
festival. Most people respected the signs and avoided
the zone. However, several groups of airboats crossed
the closed zone, ran over the nest, and destroyed the
clutch. It could not be determined which boat was
responsible for the act and thus no charges were filed.

In 2008 the pair once again nested on Lake
Kissimmee due to drought. Their first nest was isolated
from human disturbance; the pair hatched 2 chicks but
lost both within 4 weeks. They re-nested on the open
lake and were more susceptible to human disturbance.
Shallow water prevented conventional boats from
disturbing the pair, but airboats could travel the area.
The male had molted his flight feathers at the time of
nest initiation. This was the first time we had
documented a bird molting during incubation.
Normally molting follows the nesting season (Folk et
al. 2008b). We decided to adapt a “wait and see” policy
with regard to taking any protective actions. The
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location of the nest did not permit the use of video
surveillance to document nest attendance. From visits
to monitor the nest, we determined that the pair
appeared to tend their nest quite faithfully despite
interruptions by occasional airboat traffic. Time spent
off the nest seemed greater than what we have observed
at uninterrupted nests, but 1 of the pair always returned
to the nest after the airboat left the vicinity. Upon
checking the nest on day 17 of incubation, the nest was
unattended but the female was nearby. The male had
been missing for 24 hours. The unattended eggs were
very hot to the touch, determined to be nonviable, and
collected for necropsy.

By nesting in atypical, alternate sites such as lakes,
the whooping cranes showed efforts at adapting to
adverse habitat conditions during drought.
Unfortunately, the cranes nesting on lakes were
negatively affected by humans. Even if pairs managed
to hatch chicks during drought, low water levels often
compromised chick survival. In addition, we have
documented that when drought causes water levels to
be extremely low, cattle are able to approach and
disturb nesting cranes. In an extreme case, the female
of a nesting pair apparently was killed by livestock.
During non-drought seasons, when water levels are

higher, cattle more frequently graze at the shallow
edges of marshes, thus serving a valuable ecological
function of keeping vegetation in check. The ecotone at
the marsh-upland interface is one of the most valuable
habitats to cranes (Nesbitt and Williams 1990) and is
prone to becoming overgrown by plants such as wax
myrtle (Myrica cerifera) and fetterbush (Lyonia lucida)
if not intensively managed (grazed or trampled).  

Power Lines  

Collision with power lines is the greatest known
source of mortality for fledged whooping cranes in the
AWBP (Stehn and Wassenich 2008). Whooping cranes
reintroduced in 3 projects (Rocky Mountains, Eastern
Migratory Population, and Florida resident flock) have
also died after striking power lines (Hartup et al. 2010).
Of the 23 times we documented Florida whooping
cranes striking power lines, 18 resulted in death of the
bird. Five cranes collided with lines and survived,
based on the recovery of transmitters with broken leg
bands under power lines and subsequent observations
of the birds that had carried those transmitters.

From 2003 to 2006, 9 deaths took place under 8 km
of high-voltage transmission lines that bisected good
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Figure 2. Firefly Bird Flapper® bird diverter used to mark 8 km of power lines where whooping cranes were striking, central
Florida.



crane habitat in central Florida. Project biologists also
incidentally documented strikes by sandhill cranes
(Grus canadensis pratensis and G. c. tabida), an
American kestrel (Falco sparverius), and a bald eagle
(Haliaeetus leucocephalus) with these lines. At our
request, the utility company marked portions of the
power line in January 2004, March 2005, and June
2005, and completed marking all 8 km in July 2006. At
our request Firefly Bird Flappers® (PR Technologies,
Portland, OR) were used (Fig. 2).  

Another means of management for power line
strikes was to modify our radio transmitters to be more
streamlined at the leading edge, thereby allowing a bird
to slide over a power line without its transmitter
striking the line hard enough to shatter the band (Fig.
3). Cranes, as they fly over obstructions, will
sometimes brush the object with their bodies. The old
transmitters were square at the leading edge and likely
collided with the line as the bird brushed over it
(resulting in shattering of the transmitter band and
possible bird injury or death). The newly designed
transmitter will, upon impact, glide over the line. Since
marking of the problem power lines and deploying the
newly designed transmitter in that area over a 2-year
span, we have not documented any mortalities and have
observed only 1 non-injury contact with the line. 

Future Concerns 

Unfortunately, habitat for both whooping and
sandhill cranes is disappearing from Florida at an

alarming rate. Loss of habitat through development or
alternative use is a serious threat to the state’s crane
populations.  Too few acres of conservation lands are
being actively managed in ways that benefit cranes.
When given a choice, cranes select the most open
habitats available; principally, these are on private
ranch lands. Unless the state acquires more acreage
from these private owners and gives priority to
managing suitable grassland habitats–with an emphasis
on grazing, seasonal burning, and wetland
restoration–the long-term outlook for cranes in Florida
will remain pessimistic.

From 1974 to 2003, suitable habitat in Florida
declined 42% (Nesbitt and Hatchitt 2008). Cranes will
inhabit developed land and are highly visible in urban
areas. We suspected these developed habitats are not
conducive to a self-sustaining crane population because
of the increased mortality associated with a higher
density of roads, power lines, fences, and human
debris, all of which have been identified as sources of
mortality for urban cranes (Folk et al. 2001).
Comprehensive studies of Florida sandhill cranes have
been conducted, but only in rural settings. A dedicated
study is needed to determine the effects of human
development and habitat conversion on cranes so that
we can better anticipate and manage for the long term
existence of the birds.

Preliminary results of population models for
Florida whooping cranes, under various soft-release
strategies, indicate that odds of achieving a self-
sustaining population are extremely low unless the
wild-fledged proportion of the population survives and
reproduces at a much higher rate than birds released in
1993-2006. Major project partners used a structured-
decision-making process as a tool for helping decide
whether future releases should be made into the Florida
flock. The resulting report was presented to the
International Whooping Crane Recovery Team in
September 2008. The Team used the report and other
considerations to recommend that there be no further
releases into Florida, but that studies of the remaining
flock continue in order to maximize knowledge. 

Because of the universal problem of cranes striking
power lines, we recommend that managers consider
adopting the streamlined transmitter design that we
employed for whooping cranes in central Florida. This,
along with marking of power lines in crane habitat,
may reduce power line related injury and mortality.
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Figure 3. Side view of leg-mounted transmitters on half-bands
in the position that they would be carried by a crane flying to
the left. Redesign (bottom transmitter) shows streamlining to
reduce effects of collisions with power lines.
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SURVIVAL, REPRODUCTION, AND MOVEMENTS OF MIGRATORY WHOOPING CRANES
DURING THE FIRST SEVEN YEARS OF REINTRODUCTION 
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Abstract: An effort to reintroduce a migratory population of whooping cranes (Grus americana) into eastern North America
began in 2001. During 2001-2007, 125 juveniles were costume/isolation-reared and released: 106 were led by ultralight aircraft
from Necedah National Wildlife Refuge (NWR), central Wisconsin, to Chassahowitzka NWR, central Gulf Coast of Florida,
on their first autumn migration (ultralight-led or UL). The remaining 19 individuals were released directly on Necedah NWR
during autumn of the hatch year (direct autumn release or DAR). Of 86 UL and 13 DAR cranes that completed their first spring
migration, 72 (84%) and 5 (38%), respectively, returned unassisted as yearlings to central Wisconsin. Yearlings typically
returned to Necedah NWR and then wandered to other spring locations, mainly in southern and eastern Wisconsin, but also to
locations as far as 1,370 km distant. Most yearlings returned to central Wisconsin by early summer, especially males, and
females associated with males. Lake Michigan posed an effective barrier to 16 yearlings that migrated too far eastward during
spring migration. Some of these birds and others were retrieved and translocated. For UL cranes, 48% of returning bird-winters
occurred in a primary wintering area within 88 km of the original release site and an additional 12% at a smaller area of
concentration 82-103 km northward. Other UL and DAR cranes wintered at sites primarily in Florida, South Carolina,
Tennessee, Alabama, or Indiana. Excluding 17 UL juveniles that died in a single weather-related event at the winter release
site in 2007, 40 individuals (37% of those in the population) died during the first 7 years of the reintroduction. The primary
cause was predation (minimally 50%). During 2005-2008, all 22 first nests with eggs failed. Of 2 renests during the same
period, 2 chicks hatched from 1 nest and 1 chick fledged in 2006. Consistent nest failures were mainly synchronous and usually
occurred on warm days. As of September 2008, the population contained a maximum 68 individuals (39 males and 29 females)
including 12 adult pairs.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:124-132

Key words: direct autumn release, Florida, Grus americana, migratory population, reintroduction, reproduction,
survival, ultralight aircraft, whooping crane, Wisconsin.

Only 1 naturally occurring population of whooping
cranes (Grus americana) currently exists. This migratory
population breeds in Wood Buffalo National Park,
Northwest Territories of Canada, and winters on Aransas
National Wildlife Refuge (NWR) on the Texas Gulf
Coast. Attempts to create new populations of cranes by
reintroduction have been limited. An attempted
reintroduction of a migratory population of whooping
cranes in the Rocky Mountains and of a non-migratory
population in Florida have been unsuccessful (Ellis et al.
1992, Folk et al. 2008). Establishment of an eastern
migratory population of whooping cranes began with the
first release of costume/isolation-reared juveniles in 2001
(Urbanek et al. 2005a). This paper provides a broad
overview of the survival, reproduction, and movements

of reintroduced birds during the first 7 years of the
reintroduction.

STUDY AREAS

The core reintroduction area consists of a large
shallow wetland complex in parts of Juneau, Wood,
Jackson, Monroe, Clark, and Adams counties in central
Wisconsin. All ultralight-training and release sites were
on Necedah NWR. The reintroduced whooping cranes
used, for the most part, a relatively direct route between
Wisconsin and wintering areas in the southeastern U.S.
Most birds wintered in Florida, but some also wintered
elsewhere, mainly in Tennessee and South Carolina.
Cranes were led on their first autumn migration by
ultralight aircraft to a release site on Chassahowitzka
NWR, on the central Gulf Coast of Florida. Most
common areas used by wintering birds after their first
winter were inland areas of west-central Florida,
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especially large cattle ranches with associated wetlands
(Fondow 2008). Summer, migration, and wintering
areas used by the population have been previously
described (Urbanek et al. 2005b).     

METHODS

During 2001-07, 125 juveniles were costume/
isolation-reared (Horwich 1989, Urbanek and
Bookhout 1992) and released. Of these, 106 were led
by ultralight aircraft (Lishman et al. 1997, Duff et al.
2001) from Necedah NWR, central Wisconsin, to
Chassahowitzka NWR, central Gulf Coast of Florida,
on their first autumn migration (ultralight-led or UL).
The remaining 19 individuals were released directly on

Necedah NWR during autumn of the hatch year (direct
autumn release or DAR). One of the latter birds had
originally been trained to follow ultralight aircraft, but
did not participate in the ultralight-led migration
because of flight feather problems (Table 1). The DAR
method depended on association of the released
juveniles with older whooping cranes to guide the
former on their first autumn migration.

Eggs for the UL cohorts were hatched and initially
trained to follow ultralight aircraft on the ground at
USGS Patuxent Wildlife Research Center, Laurel,
Maryland. Chicks were transferred to training sites on
Necedah NWR when they were 38-66 days old.
Ultralight-led migration began in early to mid-October
from Necedah NWR. Juveniles were led 2,000 km to a
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HY2001           HY2002           HY2003           HY2004           HY2005           HY2006           HY2007

Ultralight-led

Table 1. Numbers (males, females) and release chronology of reintroduced juveniles, eastern migratory whooping crane
population, 2001-2008. HY = hatch year.

17 Oct

7 (4,3)

4 Dec (1), 
5 Dec (6)

4 Dec (1),
5 Dec (6)

13 Oct

16 (6,10)

30 Nov

3 Dec

16 Oct

16 (11,5)

8 Dec

14 Dec

10 Oct

13 (10,3)

12 Dec

27 Decb

1 (1,0)c

23 Oct

7 Nov

14 Oct

19 (11,8)

13 Dec

9 Jan (1),
10 Jan (6),
11 Jan (11),
19 Jan (1)

21 Janb

4 (1,3)

25 Oct (2),
27 Oct (1),
29 Oct (1)

24 Nov

5 Oct

18 (9,9)

19 Dec (17),
20 Dec (1)

11 Jan (6),
12 Jan (12)

20 Janb

4 (3,1)

20 Oct (2),
21 Oct (2)

28 Oct (2),
30 Nov (2)

1 (0,1)

19 Nov

13 Oct

17 (9,8)a

27 Jan

28 Jan (16),
2 Feb (1)

5 Feb

10 (3,7)

29 Oct (4),
30 Oct (6)

31 Oct (3)d,
6 Nov (6)

a One juvenile sustained an undetermined handling injury, never recovered flight capability, and was eventually removed from the project.
b Juveniles may have been released and then temporarily returned to a top-netted pen 1 or more times in some winters (see Urbanek et al. 2010a).
c Originally reared for UL migration but removed because flight feather problems prohibited sufficient training. 
d One juvenile died between release and migration.

Initiation of migration

Number released

Arrival date at Halpata
holding site

Arrival date at
Chassahowitzka 
release site

Initial release date

Direct autumn release

Number released

Release 
date

Initiation of migration

Natural recruitment

Number fledged

Initiation of migration



release pen in tidal marsh on Chassahowitzka NWR.
This open-topped release pen was expanded from 0.6
ha in winter 2001-2002 to 1.6 ha thereafter. During
2001-2003 the juvenile cranes arrived at the winter
release pen during 30 November-8 December and were
released from a temporary top-netted enclosure 0-6
days later. In 2004, to manage conflicts between the
juveniles and returning adults, caretakers alternately
held and released juveniles from a permanent top-
netted enclosure attached to a corner of the main pen
through mid-winter (Urbanek et al. 2010a). Juveniles
were provided with supplemental feed during their first
winter at the Chassahowitzka pen, and all remained at
that site during their first winter. Beginning in 2005, the
ultralight-led flock stopped at a holding site on Halpata
Tastanaki Preserve, Marion County, Florida, 42 km
north of Chassahowitzka, and remained there until
older whooping cranes had departed to inland sites after
returning to the Chassahowitzka pensite. The juveniles
were then led to the winter release site by ultralight
aircraft. 

Eggs for DAR cohorts were hatched at the
International Crane Foundation, Baraboo, Wisconsin.
Chicks were transferred to a field facility at Necedah
NWR when they were 17-47 days old and released near
older whooping cranes on the refuge in October. The
bird numbering system consisted of a number
designating the individual within a hatch year, followed
by a hyphen, followed by the 2 last digits of the hatch
year, e.g., 27-05 was bird number 27 in hatch year
2005. 

All juveniles were individually marked with
colored plastic leg bands above the tarsal joints. A leg
band-mounted VHF transmitter (164-166 MHz, mainly
lithium battery powered; Advanced Telemetry Systems,
Isanti, MN) was attached to each juvenile. Some
juveniles, usually 3 in each UL or DAR group each
year, also carried similarly mounted satellite
transmitters (platform transmitter terminals or PTTs;
Microwave Telemetry, Columbia, MD; North Star
Science and Technology, King George, VA). Total
weight of either transmitter plus bands on which it was
mounted was 52-55 g. Beginning during the first spring
migration for UL cranes and at time of release for DAR
cranes, birds were tracked by VHF telemetry with
scanner receivers (Advanced Telemetry Systems,
Isanti, MN; Telonics, Mesa, AZ). Most of this tracking
was done from vehicles on the ground, although Cessna

aircraft were sometimes used, especially during
migration and to search for missing birds. Each ground
tracking vehicle was equipped with a through-the-roof,
7-element yagi antenna (Cushcraft Corporation,
Manchester, NH). A dedicated team of 3-4 trackers
continuously monitored released cranes throughout the
annual cycle and geographic range of the cranes.
Resources were apportioned to cover as many birds as
possible with priorities assigned to youngest birds,
those with most variable movement patterns, or nesting
adults. Coordinates of locations were recorded, and
where access permitted, visual observations were made
to document habitat and associations among whooping
cranes and with sandhill cranes (G. canadensis). The
PTTs were used to identify distant search locations in
areas not routinely covered by VHF tracking, and
follow up VHF tracking was performed at these sites as
possible. The PTTs were programmed to transmit more
frequently during youngest age periods and migrations.
On the wintering grounds monitoring effort was
determined by logistics of travel to birds within 100 km
of Chassahowitzka NWR, and being checked at least
twice per week. Other cranes were monitored less
frequently as resources permitted, and cooperators
were often recruited and used to check birds outside of
Florida.

RESULTS

Distribution 

Spring migration of UL juveniles from the winter
release site was self-initiated and began during a
narrow interval between 25 March and 9 April of each
year. Departure dates were more variable for DAR and
older birds but most often occurred during March
(Table 2).

Of 86 UL and 13 DAR cranes that completed their
first spring migration, 72 (84%) UL and 5 (38%) DAR
returned unassisted as yearlings to central Wisconsin.
Yearlings typically returned to Necedah NWR and then
wandered to spring locations, mainly in southern and
eastern Wisconsin, but also to locations as far as 780
km westward (North Dakota) or 1,370 km eastward
(Vermont) (Fig. 1). Yearlings typically returned to
central Wisconsin by early summer, especially males,
and females that were associated with males. Lake
Michigan posed an effective barrier to 16 of the
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UL juveniles
DAR juveniles
No. 6-01 and 7-01 with sandhill cranes
Older birds at Chassahowitzka pensite
No. 16-05 in 2008
All other older cranes

ALL CRANES

Mean start datea n Earliest                         Latest

Table 2. Dates of initiation of spring migration, eastern migratory whooping crane population, 2002-2008.

31 Mar
20 Mar
20 Feb
31 Mar

25 Jun-2 Jul
15 Mar
20 Mar

84
15
7
8
1

162
277

25 Mar
26 Feb

3-14 Feb
27 Mar

13-21 Feb

9 Apr
21-22 Apr
5-6 Mar
8-13 Apr

22-28 Apr

a When exact date of departure was unknown, the midpoint between earliest and latest possible date was used in calculation of mean.

Figure 1. Distribution of the reintroduced eastern migratory whooping crane population, 2001-2008.

 



yearlings that migrated too far eastward during spring
migration. Seven of these yearlings and others were
retrieved and translocated (Zimorski and Urbanek
2010). 

Autumn migration of free-flying birds in the
population began from 22 October to 11 December and
was concentrated in November. Some birds made
significant autumn staging movements (e.g., to
southern Wisconsin) preceding migration. Many
whooping cranes returned to the Chassahowitzka
release site in subsequent winters, including
(minimally) 2, 15, 13, 19, and 22 individuals in winters
2002-2003 to 2006-2007, respectively. These birds
usually remained only briefly before moving to inland
sites for winter. Autumn migration was completed from
November through early January. 

For UL cranes (i.e., juveniles that were led to a
predetermined wintering area), 48% of returning bird-
winters (i.e., 1 bird-winter = 1 bird during 1 winter)
occurred in a primary wintering area within 88 km of
the original release site and an additional 12% at a

smaller area of concentration 82-103 km northward,
near Paynes Prairie State Preserve, Florida (Table 3,
Urbanek et al. 2010a). Other UL and DAR cranes
wintered at sites primarily in Florida, South Carolina,
Tennessee, Alabama, or Indiana (Fig. 1).  

Survival  

Of total individuals released in the population,
63.0% representing 7 year classes were alive as of 30
September 2008 (Table 4). Among UL birds, males had
higher survival (69.2%) than females (55.6%) while
female DAR birds had higher survival (72.7%) than
males (37.5%), although number of released DAR
birds was small. Mortalities were dispersed among
sex/age classes within the annual cycle (Table 5).
Excluding 17 UL juveniles that died in a single
weather-related catastrophic event at the winter release
site in 2007, 40 individuals died during the first 7 years
of the reintroduction (Table 6). The primary cause was
predation (minimally 50%), especially among UL
cranes. Collisions with power lines were also a major
contributor to mortality (37.5%) of DAR cranes.

During the 16-month period from late May 2006
through late September 2007, the annual mortality rate
in the population was 26.7% (Table 7). The annual
mortality rate during the previous history of the
reintroduction was only 7.1%. The increase coincided
with simultaneous drought on both the wintering areas
and in Wisconsin. The drought was especially severe in
west-central Florida and other areas of the southeastern
U.S. The mortality rate decreased to approximate the
earlier rate when water conditions improved in winter
2007-2008 and in Wisconsin during the following
spring and summer. 

Reproduction 

Except for 2 females from hatch year 2001, all
females 4 years of age or older that summered in the core
reintroduction area were paired and on territory with
males. Mean age of first nesting of females (n = 13) was
3.92 years (3-5 years). Mean age of first nesting of males
(n = 13) was 3.85 years (3-6 years). Pairing of males was
limited by shortage of females. During 2005-2008, 24
nests with eggs were produced (Table 8). These nests were
concentrated in 2 major areas on the southern and northern
portions of Necedah NWR. In addition, 1 territory
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Florida total
Florida 
(PWA & PP)
Florida
(other)

Georgia
South Carolina
North Carolina
Tennessee
Alabama
Louisiana
Indiana
Undetermined
Total

Location 2003     2004     2005     2006     2007     2008

Table 3. Winter distribution of reintroduced eastern migratory
whooping cranes as typified by location in mid-February,
2003-2008. Does not include juvenile UL birds overwintering
on protected release area. Number of total from DAR cranes in
parentheses. PWA and PP = Primary Wintering and Paynes
Prairie Areas.

5
3

2

5

19
17

2

1
20

20
18

2

7
3
4

34

33a (2)
22a (1)

11 (1)

3
1e

7 (2)

1
45 (4)

45 (5b)
34 (2)

11 (3b)

2d

4

4 (3)
2
1
4

62 (8b)

26c (2)
21 (2)

5

4

18 (10)
2

1
5

56 (12)

a Includes 1 pair that moved from location in Florida on 1 Feb, and
final wintering area was not determined.

b Includes 1 juvenile that died in Jan.
c Includes 6 birds that were present earlier in winter but final winter

location was not determined (nos. 3-03, 17-03, 9-05, and 12-05 included in
PWA, nos. 13-03 and 18-03 included in other). 

d This pair was observed only once (19 Feb) during the winter.
e This bird moved to South Carolina on ca. 19 Feb.



occurred east of the refuge on Monroe County Flowage,
Meadow Valley State Wildlife Area, and another farther
north in Wood County Forest (Fig. 2).

During 2005-2008, all 22 first nests containing eggs of
14 different pairs failed. Of 2 renests during the same
period, 2 chicks hatched from 1 nest and 1 chick fledged
in 2006. Nest failures were mainly synchronous and
usually coincident with warm, sunny days. Consistent nest
failure is currently the major topic of investigation and
must be resolved if the reintroduction is to succeed.

DISCUSSION

Costume-reared whooping cranes led on their first
migration behind ultralight aircraft subsequently
demonstrated successful migration, homing, habitat use,
pair formation, and territory establishment. Survival was
poor during an extended 1.4-year period of drought that
occurred on both wintering and summer use areas.
However, survival was otherwise comparable to average
annual mortality of white-plumaged whooping cranes in
the natural Wood Buffalo-Aransas population (9.7%
during 1938-2008, B. Johns, Canadian Wildlife Service,
unpublished data). The main cause of mortality, as
discussed earlier by Cole et al. (2009), continued to be
predation with no evidence of disease as a significant risk
factor.
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HY2001           HY2002           HY2003           HY2004           HY2005           HY2006           HY2007           Total

Ultralight-led

Table 4. Survival (number surviving/number releaseda) of reintroduced eastern migratory whooping cranes by hatch year (HY),
as of 30 September 2008b.

2/4
1/3
3/7

3/7

5c/6
2d/10
7/16

7/16

6/11
4/5

10/16

10/16

6/10
3/3
9/13

0/1
-

0/1

9/14

8/11
4/8

12/19

0/1
3/3
3/4

15/23

0/1
-

0/1

2/3
0/1
2/4

1/1

3/6

9/9
6/7

15/16

1/3
5/7
6/10

21/26

36/52
20/36
56/88

3/8
8/11
11/19

1/1

68/108

a One juvenile sustained an undetermined handling injury, never recovered flight capability, and was eventually removed from the project.
b Juveniles may have been released and then temporarily returned to a top-netted pen 1 or more times in some winters (see Urbanek et al. 2010a).
c Originally reared for UL migration but removed because flight feather problems prohibited sufficient training. 
d One juvenile died between release and migration.

Males
Females
Total

Direct autumn release

Males
Females
Total

Natural recruitment

Females

Grand total

Sex/age class Wintera
Spring

migration
Autumn

migrationbSummer

Table 5. Mortalities by sex, age, and location in annual cycle,
eastern migratory whooping crane population, 2001-2008.

a Does not include 17 ultralight-led juveniles that died in winter pen 
mortality event.

b Does not include first migration of ultralight-led juveniles.
c 1 bird with capture myopathy and euthanized is not included.
d Cranes are defined as yearlings as soon as they return from spring 

migration even if they are not quite 1 year old.
e Male found immobile under powerline (no. 8-02) later died in captivity.
f Includes 1 bird salvaged from UL.

Ultralight-led: Released: 56 males, 32 femalesc

Male/juvenile
Male/yearlingd

Male/older

Female/juvenile
Female/yearling
Female/older

Direct autumn release: Released: 8 males, 11 females

Male/juvenile
Male/yearling
Male/older

Female/juvenile
Female/yearling
Female/older

3
1

1
1
2

1

1

1

1

3
7

7

1f

1

1

1
1e

1

2



The major problem currently hindering success of the
reintroduction is lack of reproduction. The cause of the
problem has not yet been confirmed, but synchrony in
nest failure related to weather cues indicates that an
environmental factor or incompatibility affecting

whooping cranes on the breeding area may be responsible
(Urbanek et al. 2010b). Current hypotheses relate to
harassment by black flies (Simuliidae) or to limited food
availability during incubation. Otherwise, normal pair
formation and behavior of breeding pairs does not
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Cause of 
mortality

Winter
area

Spring
migration

Autumn
migrationb Total

Summer
area

Table 6. Mortalities (n = 40) of reintroduced eastern migratory whooping cranes by confirmed or probable causative factor, sex
(number of males, number of females), and location in annual cyclea, 2001-2008.

a Does not include 17 ultralight-led juveniles that died in winter pen mortality event.
b Does not include first migration of ultralight-led juveniles. 
c Does not include no. 35-07, remanded to captivity.
d Includes unknown predator, suspected eagle (n = 1) and suspected canid (n = 3).
e Includes male found alive under power line that later died from unrelated cause in captivity.
f Carcass recovered, but cause of mortality could not be determined.
g Presumed dead.

Ultralight-led: Total released = 88 ( 52 males, 36 females)c

Predation (unidentified predator)d

Bobcat predation
Alligator predation
Powerline collisione

Gunshot
Trauma (source unknown)
Epicardial hemorrhage
Predation of injured bird
Euthanized (capture myopathy)
Undeterminedf

Missingg, no carcass recovered

Direct autumn release: Total released = 19 (8 males, 11 females)

Coyote predation
Predation (suspected canid)
Bobcat predation
Alligator predation
Powerline collision
Aircraft collision

2,3
1,0

1,1

0,1

0,1

0,1

4,4

1,0
1,0
0,1
1,0
0,1
3,1
0,2

0,1
1,0

1,0

1,0

1,0
0,1

1,0
1,0

4,5
3,3
1,0
1,0
1,1
1,0
0,1
1,0
0,1
4,2
0,3

0,1
1,0
1,0
0,1
2,1
1,0

Bird-daysb

No. of mortalities
Mortalities/bird-year

Before 25 May 2006          25 May 2006-25 Sep 2007          After 25 Sep 2007          Total

Table 7. Mortality rates during 3 periods in the eastern migratory whooping crane reintroduction, 2001 through 30 September 2008a.

41,405  
8

0.0706

28,757
21

0.2667

22,863
6c

0.0959

93,025
35

0.1374

a Data conventions: To better capture effects of environmental factors rather than technique on mortality, analysis does not include data prior to first
spring migration for UL juveniles (3 mortalities) or prior to first autumn migration (1 mortality) for DAR juveniles. One bird that was euthanized after 
developing capture myopathy was treated as a removal rather than a mortality. If specific mortality date was unknown, mean of range of possible dates 
or, for closely monitored birds, date of disappearance was used as mortality date. One bird in captivity for 3 weeks was treated as removed from 
population and then re-released. One non-trackable bird not located since October 2007 was counted as alive through the third period.

b Bird-days = Sum of number of days that each bird was alive during period.
c Two of these 6 mortalities were of DAR juveniles that died on migration within 1 week of release, i.e., the directly released juveniles were not yet 

adapted to wild conditions.
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indicate that the problem is due to reintroduction of
costume-reared birds. 

Beginning in 2005, the DAR technique was regularly

used as a less expensive and logistically less complicated
means to supplement numbers of reintroduced birds.
Juveniles released on the summering area by the DAR
technique have so far shown lower survival, migration,
and homing success than UL cranes. Unlike UL cranes,
DAR juveniles are not protected from release through
their first winter; therefore, additional risk of mortality
during this period is evident. Beyond this disadvantage,
the number of released DAR birds has been small, and
the oldest birds were only 3 years old in 2008. Therefore,
additional time and a larger number of birds will be
needed to evaluate this reintroduction method.

MANAGEMENT IMPLICATIONS

Existence of only 1 population of whooping cranes
will keep this species endangered and at risk of loss from
the wild. Recovery goals for the whooping cranes include
establishment of 2 populations in addition to the single
natural population. The reintroduction of whooping
cranes by the costume-rearing/ultralight-led technique
has been successful and should be continued until the
population becomes self-sustaining. The latter goal,
however, will depend on solving the major problem of
nest failure. Water management to specifically minimize
impacts of drought also needs to be implemented where
possible, especially on the breeding grounds. The DAR
method needs to be evaluated as time and number of birds
increase, and improvements in increasing integration into
the existing flock, e.g., by relocating wayward
individuals, should be made.

Costume-reared whooping cranes have proven to be
excellent release candidates capable of adapting to
natural environments and demonstrating appropriate
behaviors in the wild. The technique involving leading
birds with ultralight aircraft, including associated
protection of the birds through the juvenile period, has
been particularly successful. The DAR technique still
requires more numbers of birds and time for evaluation
but also indicates potential for success. These techniques
can play a key role in further management and recovery
of this endangered species.
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Necedah NWR south

Necedah NWR north

Monroe County/Dandy Creek
Flowages, Meadow Valley SWA

Owl Creek, Wood County Forest

Total

Area 2005      2006      2007      2008

Table 8. Number of  whooping crane nests (n = 24) with eggs,
core reintroduction area of central Wisconsin, 2005-2008.

2

2

4

5

1

1

11

3 + 1 
renest

1

1

5 + 1 
renest

2

1 + 1 
renest

1

4 + 1 
renest

Figure 2. Nest locations of eastern migratory whooping
cranes, central Wisconsin, 2005-2008. MCF = Monroe County
Flowage, WCF = Wood County Forest.
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Abstract: Reintroduction of an eastern migratory population of whooping cranes (Grus americana) into eastern North
America began in 2001. Reproduction first occurred in 2005. Through 2008, eggs were produced in 22 first nests and 2 renests.
All first nests failed–50% confirmed due to desertion by the parents and the remaining nest failures also consistent with the
pattern of parental desertion. Nest failures were not related to stage of incubation, and they were often synchronous.
Temperatures in winter and early spring affected timing of nest failure. An environmental factor such as harassment of
incubating cranes by black flies (Simulium spp.) may be responsible for widespread nest desertion.
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Key words: black flies, Grus americana, incubation, nest desertion, reintroduction, reproduction, Simulium,
whooping crane, Wisconsin.

The whooping crane (Grus americana) is a
federally-listed, critically endangered species. The only
currently viable population consists of a naturally
occurring remnant flock that breeds in Wood Buffalo
National Park, Northwest Territories, Canada, and
winters on Aransas National Wildlife Refuge (NWR),
Texas. Recovery of the species depends on
establishment of additional flocks separate from this
existing population. Reintroductions begun in the
Rocky Mountains in 1975 (migratory) and central
Florida in 1993 (non-migratory) have been
unsuccessful. In 1998, after considering factors
including avoiding the Central Flyway and range of the
existing natural population, limited interest elsewhere
in Canada, identification of potential wintering areas in
the eastern U.S., migration routes of sandhill crane
populations, and logistics of reintroduction, the U.S.-
Canadian Whooping Crane Recovery Team (WCRT)
recommended Wisconsin as the next reintroduction
area. The WCRT selected central Wisconsin, with
efforts focused on Necedah NWR, as the specific
reintroduction site in the following year.

The Whooping Crane Eastern Partnership (WCEP)
began reintroduction of this eastern migratory flock of
whooping cranes in 2001. Resulting survival, migration,
and human avoidance behavior of reintroduced cranes

have been adequate to make establishment of a
population possible. Likewise, reproductive behavior has
progressed with almost all females in the core
reintroduction area pairing, occupying established
territories, and egg laying as appropriate for their age
(Urbanek et al. 2010a, 2010b; R. Urbanek, unpublished
data; WCEP annual reports 2007-08). However,
reproductive failure due to nest desertion has appeared as
an unanticipated threat to success of the reintroduction.
This paper describes this problem during 2005-08. 

STUDY AREAS

The core reintroduction area consists of a large
shallow wetland complex in central Wisconsin
(Urbanek et al. 2010b). All breeding territories were
located within this area, mainly on Necedah NWR
(44°04'N, 90°10'W). Ultralight-training and release
sites were on Necedah NWR. Summer, migration, and
wintering areas used by the population have been
previously described (Urbanek et al. 2005b, 2010a).

METHODS

General project methodology has been previously
described (Urbanek et al. 2005a, 2010a, 2010b).
Cranes were costume/isolation-reared (Horwich 1989,
Urbanek and Bookhout 1992a) as juveniles in 2001-05
and led by ultralight aircraft (Lishman et al. 1997, Duff
et al. 2001, Ellis et al. 2003) on their first autumn

1 E-mail: richard_urbanek@fws.gov
2 Present address: 731 Station Road, Nanty Glo, PA 15943, USA
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migration from Necedah NWR, central Wisconsin, to
Chassahowitzka NWR, central Gulf Coast of Florida.
After spending their first winter at a protected release
site where they could move freely from a large, open-
topped pen (Urbanek 2010a), the cranes made the
subsequent spring migrations on their own.

In this paper “first nest” refers to the first nest
containing eggs of each pair in each year; “renest”
refers to any subsequent nest containing eggs. Nest
“failure” indicates that no chicks hatched from the
subject nest. Nest “desertion” refers to a specific type
of nest failure caused by both adults leaving the nest
unattended. 

We monitored breeding pairs and nest activity daily
during each year (2005-08) by standard tracking
methods including VHF telemetry with scanner
receivers (Advanced Telemetry Systems, Isanti, MN;
Telonics, Mesa, AZ) and, where possible, direct visual
observation. We tracked cranes mainly from vehicles
on the ground and supplemented with aerial surveys
from Cessna aircraft. Each ground tracking vehicle was
equipped with a through-the-roof, 7-element yagi
antenna (Cushcraft Corporation, Manchester, NH). We
conducted time-lapse daylight videotape recording at 2
first nests and 1 renest in 2007 and at 3 first nests in
2008. Distance from camera to nest varied from 150 to
450 m.

We positioned cameras on the tops of 3-m-high
poles set along roads or dikes where birds were
accustomed to viewing limited refuge traffic. We used
a vehicle or topographic relief to block visibility of
activity related to servicing the recording equipment.
No cranes ever rose from a nest or exhibited any other
significant disturbance as a result of these activities.

To avoid disturbance of incubating pairs, we did not
approach attended nests during the course of study. The
only 2 exceptions to this protocol were to switch an egg
(later found to be infertile) of a renesting sibling pair
with a viable egg from captivity and to switch an
artificial egg with a viable egg recovered from the
previously deserted nest. Beginning in 2006, we
collected deserted eggs, within 2-6 hours when
possible, and replaced them with wooden (2006-07) or
plaster-filled (2007-08) artificial eggs.

We were able to determine when incubation was
initiated or terminated by either direct observation from
distant vantage points on the ground, visual observation
or radiotracking of adults, or aerial surveys. Nest

initiation was indicated by observation of only 1 crane,
e.g., foraging, when earlier both members of the pair
had been present. In all instances in which existence of
a nest was predicted by this method, a nest was later
confirmed by other methods or by direct examination
after abandonment. Because whooping and other
cranes spend very little time off their nests during
incubation (Allen 1952:182, Walkinshaw 1965), radio
signals or sightings of both cranes away from the nest
for more than 2 hours indicated nest failure or a serious
disturbance problem at the nest.

We placed collected viable eggs in a portable
incubator and transported them to the International
Crane Foundation, Baraboo, Wisconsin, for continued
incubation. They were next transferred to USGS
Patuxent Wildlife Research Center, Laurel, Maryland,
to provide additional chicks for reintroduction. Egg
manipulations have previously been used as a
management tool at Wood Buffalo National Park (Kuyt
1996). In 2008, in an effort to investigate egg
manipulations as a management tool to promote
hatching, we replaced artificial eggs with a viable egg
in 1 nest.

We used pooled t-tests to compare differences in
incubation length between the nesting season following
a cold winter (2008) and nesting seasons of earlier
(warmer winter) years as well as temperature
differences between days of successful incubation and
nest failure. We used multinomial chi-square tests to
determine if nest failure was associated with stage of
incubation as well as describe temporal distribution of
nest failures. In the former test, nests for which
initiation or termination of incubation was not known
within 1 day were not included in analysis. In the latter
test, the first certain date of incubation was used as
initiation of incubation; if termination of incubation
occurred during a range of 2 possible days, the second
date was used. Nests without known termination dates
within specific 5-day intervals during the incubation
period were omitted. As above, it was assumed that a
nest found with an intact egg had been deserted within
the preceding 2 days.

RESULTS

Pairs and Egg Production

Production of the first eggs in the reintroduced
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population occurred in 2005, and through 2008 there
were 24 nesting attempts (i.e., with eggs laid) by 14
different pairs. Date of initiation of first nesting varied
from 3 to 23 April. All 22 first nesting attempts during
these 4 years failed. Termination of incubation varied
from 17 April to 6 May, and incubation ranged from 1 to
29 days (Table 1). Duration of incubation was
significantly longer in 2008 (mean = 21.7 days, SE = 2.2,
n = 8) than in 2005-07 (mean = 8.5 days, SE = 2.1, n =
10) (t = – 4.26, df = 16, P < 0.001) and was associated
with an unusually cold winter with fewer accumulated
degree-days through March in 2008 (Fig. 1).

There were only 2 renesting attempts. One in 2006
was initiated on 23 May, 33 days after failure of the first
nest, and 2 chicks successfully hatched on 22 June. The
other in 2007 was initiated on 14 May, 25 days after
failure of the first nest. This was the nest of a sibling pair
and was abandoned after an attempted replacement of the
single natural egg, later found to be infertile, by 2 non-
costumed humans 26 days after initiation of incubation.

Fate of Eggs

In 2005, 1 nest was found deserted while the adult

pair was 6 km away and off the refuge. No salvage
protocol had been approved for that year; therefore, the
egg was not collected. The egg was absent by the
following morning, possibly taken by raccoons (Procyon
lotor), which are common in the area. Of the remaining
21 first nests during 2005-08, 11 contained no intact eggs
by the time they were examined, and 1 contained 2 eggs
that were found broken on a nearby dike, apparently
carried there by a raven (Corvus corax) or crow (C.
brachyrhynchos), between time of desertion and
opportunity for collection. Collections at the remaining 9
nests yielded the following eggs (intact unless indicated
otherwise): 2 fertile (2 nests), 1 fertile broken and 1
infertile, 1 fertile and 1 infertile, 1 destroyed and 1 late
dead embryo, 1 late dead embryo, 1 fertile (2 nests), and
1 infertile.

When we approached deserted nests, no adults were
in the nesting marsh, and many were off territory and off
refuge, sometimes as far as 16 km away. Although our
intention was to collect eggs within 2-6 hours of
desertion, the exact time of desertion was usually not
known in real time. In addition, multiple nest failures
often occurred nearly simultaneously. Therefore, the
actual retrieval interval was usually longer and resulted in
some eggs lost to scavengers or in dead embryos. The 7
fertile eggs viable at time of collection (2 in 2006, 1 in
2007, 4 in 2008) later hatched in captivity.

Nest Desertion

Results of video surveillance showed vigilant nest
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Table 1. Period and duration of incubation in annual first nests
of whooping crane pairs in the reintroduced migratory
population, central Wisconsin, 2005-08a.

Year 2005 2006 2007 2008 Total

No. pairs 2 5 4 11 22

Initiation date
Mean 17 Apr 8 Apr 13 Apr 13 Apr 12 Apr
Minimum 16 Apr 5 Apr 3 Apr 7 Apr 3 Apr
Maximum 19 Apr 13 Apr 19 Apr 23 Apr 23 Apr

Termination date
Mean 18 Apr 20 Apr 21 Apr 4 May 27 Apr
Minimum 17 Apr 15 Apr 20 Apr 30 Apr 17 Apr
Maximum 19 Apr 27 Apr 21 Apr 6 May 6 May

No. days of incubation
Mean 0.75 11.9 8.0 21.7 14.4
SE 0.25 1.92 5.03 2.22 2.18
Minimum 1 9 2 12 1
Maximum 1 19 18 29 29

a Data conventions: If initiation or termination date was not known
within 2 days, then data for that nest were not included in calculations
(resulted in omission of 1 nest in 2007 and 3 nests in 2008).

Figure 1. Number of accumulated degree-days above 12.8, 5.6, and
0°C (55, 42, and 32°F) during January-March in years of whooping
crane egg production in central Wisconsin, 2005-08 (data from
NOAA weather station, Necedah NWR). Note: There were no days
with temperatures above 12.8°C during January-March 2008.



attentiveness by each monitored pair until near or at the
time of nest desertion. Visual observations of foraging
mates and telemetry were also consistent with these
findings. No evidence was collected that supported
either predators or changes in water levels as
threatening factors or causes of nest desertion.
Likewise, subsequent examination of failed nests and
finding of intact eggs in some nests further eliminated
the likelihood of these factors as a major cause of nest
failure. Of first nests monitored by video (2 in 2007 and
3 in 2008), incubating adults left 3 nests in response to
no threatening stimulus visible on the videotape.
Another pair was not visible while leaving the nest, but
an aerial survey flight later that morning verified the
time frame of desertion. Wind-affected camera
movement confounded interpretation of crane
movements during the remaining desertion, but no
predator presence near the nest was detected. All of
these critical desertions occurred in the morning, with 1
pair also engaging in sporadic inattention to the nest
during the preceding afternoon in each of the 2 years.

There was no significant difference in length of
incubation (days) between first-year (mean = 13.8, SE =
2.7, n = 3) and older breeders (mean = 9.0, SE = 0.5, n =
2) (t = –1.36, df = 3, P = 0.268) in 2006. In 2008,
excluding 4 pairs for which length of incubation was not
known to within 1 day, there was a nearly significant
difference between first-year (mean = 20.0, SE = 2.2, n =
4) and older breeders (mean = 27.2, SE = 1.2, n = 3) (t =
2.56, df = 5, P = 0.051). Insufficient data were available
for comparison in 2005 and 2007.

Patterns of desertion were evident. For 17 nests in
which both initiation and termination of incubation
were known within 1 day, nest failures were distributed

chronologically during the 30-day period of incubation
as follows: 1-5 days (n = 4), 6-10 days (n = 3), 11-15
days (n = 3), 16-20 days (n = 2), 21-25 days (n = 3), and
26-30 days (n = 2). Therefore, nest failure was not
associated with stage of incubation ( 2 = 1.00, df = 5, P
= 0.963).

During the 16 5-day periods which covered the total
periods of incubation during 2005-08, nest failures
occurred in a clumped pattern relative to number of
active nests ( 2 = 837.8, df = 15, P < 0.001). Therefore,
nest failure was not evenly or randomly distributed
through the incubation period, but rather multiple
failures occurred within periods of the same few
calendar days. Dates of these desertion periods were
related to degree-days (Table 2). For 2007 and 2008,
years with pronounced peaks affecting most nesting
pairs, desertion occurred when 538-636 degree-days
had accumulated during the growing season. Note the
result of this factor on length of incubation (Table 1)
because of the very different weather conditions (Fig.
1) in those 2 years. [Addendum: In 2009 the same
pattern recurred. All first nests (n = 12) failed, and peak
desertion of 8 nests occurred 23-24 April at 562-592
degree-days above 0°C (S. Zimorski and E.
Szyszkoski, unpublished data).] Within the range of the
degree-day-related period of desertion, nest failures
also seemed to occur on relatively warm, sunny days
(R. Urbanek, personal observation). 

These patterns indicate that whooping crane nest
failure was precipitated by an environmental factor
which is temperature related and affects numerous
nesting pairs at about the same time. The spring
emergence of black flies (Simuliidae) meets these
criteria as a possible factor.
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Table 2. Relationship between accumulated degree-days
above 12.8, 5.6, and 0°C (55, 42, and 32°F) and modal (peak)
whooping crane nest desertion, central Wisconsin, 2005-08
(data from NOAA weather station, Necedah NWR).

Peak desertion      n/total          Degree-days (above °C)
Year period  desertions 12.8      5.6            0

2005 17-19 Apr           2/2         122-144 311-347  550-598

2006 15-16 Apr           2/5         193-202 243-254   522-538

2007 20-21 Apr       3-4/4      85-97 272-292   538-563

2008 4-6 May 6-7/11      103-124 284-319   590-636

Total 13-15/22       85-202    243-347   522-636

Figure 2. Swarming black flies on eggs in nest of whooping
crane pair on day of desertion, Necedah National Wildlife
Refuge, Wisconsin, 6 May 2008.



Black Flies and Whooping Cranes

We commonly observed black flies during spring in
central Wisconsin. We frequently found them on
whooping crane eggs collected from deserted nests
(Fig. 2). Specimens collected from 1 egg in 2007 were
identified as females of Simulium annulus or a closely
related species (adult females of some species cannot
be distinguished based on external morphology). In
2008, 1 unpaired adult female whooping crane was
available that was imprinted on the costume and could
therefore be approached at close range by a costumed
individual (RPU). Examination of this female revealed
large numbers of black flies under the feathers,
imbedded in the papillae of the crown, and resulting
bleeding wounds (Fig. 3).

In 2008, 2 pairs later resumed incubation of
artificial eggs which had been placed in their nests after
the original clutches were deserted. In 1 case, a
costumed individual (RPU) switched an original live
egg back into the nest. The adults defended the nest, but
after RPU left the marsh, the cranes entered

surrounding willow (Salix spp.) thickets and were
observed in rapid bursts of running with the head in a
recumbent posture. Several opportunities to view the
birds at close range were possible from a vantage point
in a vehicle (this pair was habituated to this vehicle,
which they largely ignored), and RPU noted obvious
irritation and pecking at black flies by the male when
he was not in the willows. At dusk the female returned
to the nest and resumed incubation, but the pair
deserted the nest again early the next morning. RPU
had also noted this nest desertion pattern and similar
movement into willow thickets by the same pair in
2007, but the birds were too distant to discern the role
of black flies.

DISCUSSION

Average annual mortality of white-plumaged
whooping cranes in the natural Wood Buffalo-Aransas
population was 9.7% during 1938-2008 (B. Johns,
Canadian Wildlife Service, unpublished data). With the
exception of a 1.4-year period of excessive mortality
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Figure 3. Black flies feeding on whooping crane, Necedah National Wildlife Refuge, Wisconsin, May 2008. Note blood in feathers,
bleeding wounds, black flies burrowing under feathers, and black flies embedded in papillae of crown. Photo possible at <1 m because
this unpaired adult female was atypically imprinted on the costume and could be closely approached (photo by R. Urbanek).

 



that occurred during drought (Urbanek et al. 2010b),
the survival of reintroduced eastern migratory
whooping cranes has been similar and adequate to
provide the foundation for a viable population, as have
migration, homing, and pre-incubation reproductive
behavior. Widespread nest desertion has, however,
occurred as an unanticipated problem that threatens
natural recruitment.

Factors Dismissed as Primary Causes of Nest
Desertion

Monitoring of nests confirmed that neither
predation nor water level fluctuations were the primary
cause of these extensive nest failures. Because no first
nests were successful and data were limited, evaluating
effect of age or nesting experience on nest success was
inconclusive. The single successful nest (a renest) was
by a pair of second-year breeders; however, they failed
during the following 2 years. 

Non-optimal nesting phenology, in combination with
other factors, might have some effect on nest desertion.
Data compiled by Allen (1952:52-53) for 17 whooping
crane nests (eggs collected from 15) in Iowa (1866-
1894) indicated 14 of the nests active during the first half
of May. Although stage of incubation was not available,
these dates indicate possibility of later nesting of those
whooping cranes than cranes currently in Wisconsin,
even at lower latitudes in Iowa.

Poor body condition of returning birds, due to
inadequate food resources on the wintering grounds,
does not explain the consistent widespread nest failure
among all pairs because most pairs winter at different,
often widely separate, locations (Urbanek et al. 2010b).

Whooping cranes are especially sensitive to human
disturbance. In captivity whooping cranes may skip an
egg laying season (Mirande et al. 1997) or break their
eggs (Puchta et al. 2008). We suspect that a crane
frightened from its nest in the field might inadvertently
puncture its egg with a toenail. However, in this study
we neither approached nor significantly disturbed any
incubating birds on active first nests. Areas including
nests were closed to other human activity. Therefore,
human disturbance was not a factor in these first nest
desertions. 

Aquatic habitats on Necedah NWR are low in
nutrients. This might result in limited availability of
food to whooping cranes during the pre-growing

season and contribute to nest desertion. However, food
shortage, although possibly contributing, does not
explain the widespread and largely simultaneous
desertion.

Normal territorial establishment and formation of
breeding pairs indicated that the problem was probably
not related to reintroduction methods. Likewise, most
nests of costume-reared non-migratory whooping
cranes reintroduced in Florida were incubated full-
term, and no differences were noted in reproduction
between costume and parent-reared cranes (M. Folk,
Florida Fish and Wildlife Conservation Commission,
personal communication; Spalding et al. 2010).  

Black Flies as the Suspected Cause of Nest
Desertion

Duration of incubation was significantly longer
after a cold winter with prolonged below-average
temperatures continuing into early spring. Because the
cranes begin nesting on approximately the same
schedule each year, length of incubation before
occurrence of desertion was dependent on the
preceding weather conditions. The cause of nest
desertion appears to be an environmental factor that
becomes effective after a developmental period
dependent on winter and early spring temperatures. The
milder the winter, the shorter was the incubation period
before nests were deserted. The colder the winter or
greater prevalence of below-average temperatures into
spring, the longer incubation progressed before nest
desertion.

The pattern of nest failure involved coincidental,
often simultaneous, desertion on seasonally warm days.
This pattern was primarily related to 1) previous winter
temperatures and secondarily to 2) conditions suitable
for black fly dispersal from breeding streams to
whooping crane nesting sites. These two factors likely
resulted in a large initial emergence of black flies that
would explain widespread and simultaneous desertion of
multiple whooping crane nests. In the Wisconsin
reintroduction, black flies were observed directly
interfering with incubation duties of 1 whooping crane
pair. Black fly outbreaks, related to spring temperatures,
offered an explanation of widespread and simultaneous
desertion of multiple nests.

Nest desertion due to black fly harassment of other
avian species has been documented (Smith et al. 1998,
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Bukacinski and Bukacinska 2000), and swarms of
black flies have even killed birds (reviewed by Adler et
al. 2004). Simulium annulus, the black fly species
collected in this study, has been recorded feeding on
common loons (Gavia immer) in North America (Adler
et al. 2004, Weinandt 2006, Currie and Hunter 2008)
and on common cranes (Grus grus) in Europe
(Malmqvist et al. 2004, Hellgren et al. 2008). This
species has also been implicated in nest abandonment
by common loons in Wisconsin (Meyer 2005) and the
Upper Peninsula of Michigan (Rasmussen 2008). 

Sandhill cranes (Grus canadensis) in the Great
Lakes region coexist with black flies and successfully
nest (Urbanek and Bookhout 1992b, Urbanek et al.
2005b). Eggs of sandhill cranes in the Upper Peninsula
of Michigan have also frequently been observed
covered with black flies (R. Urbanek, personal
observation) similar to whooping crane eggs in
Wisconsin. Therefore, black flies were not initially
suspected as the cause of whooping crane nest
desertion. Sandhill cranes, however, nest in more
heavily vegetated marshes and in shallower water than
do whooping cranes. Perhaps most importantly,
sandhill cranes in the Great Lakes region paint their
plumage with bog iron. Long thought to be merely
camouflage (Walkinshaw 1949), this painting may
have an insect repellent or blood-feeding deterrent
quality. 

Once black flies were suspected as a cause of nest
desertion, we questioned biologists in the former core
breeding range of whooping cranes (Allen 1952) in
Illinois, Iowa, central and western Minnesota, South
Dakota, North Dakota, Manitoba, Saskatchewan, and
the current breeding area in Wood Buffalo National
Park, Northwest Territories, Canada. The 13
respondents indicated few or no records of mass spring
emergence of black flies such as commonly occur in
Wisconsin and other areas farther east and north. These
results were consistent with the known range of
Simulium annulus (Adler et al. 2004), which abuts the
northeastern side of the former core whooping crane
range (Allen 1952) with minimal overlap.

Black flies lay eggs only in flowing water, typically
in streams and rivers more than 10 m wide, but
occasionally in flows as small as 2 m in width. The
larvae develop during the winter, pupate from late
March into April, and the adults emerge in April or
early May. Females have a typical flight range of 2.5

km, although distances of at least 8 km are possible
(Bennett and Fallis 1971). Date of emergence depends on
development related to late winter and spring
temperatures. A late spring would result in later black fly
emergence and allow many nests to succeed further into
incubation, and this longer period of incubation is what
we observed in 2008. Alternatively, much warmer
conditions had resulted in significantly shorter incubation
and earlier nest failure in 2007. Adults of Simulium
annulus are active for only a few weeks in early spring
during which females feed on blood, reproduce, and then
die. Black flies are not active at night, consistent with
behavior of the affected cranes, which tended to incubate
at night while desertion of nests occurred in daylight.

Black flies were too small to be readily visible on
videotape. In addition, severity of black fly infestation on
whooping cranes was often not apparent by direct
observation of behavioral cues from long distances in the
field. An adult crane imprinted on the costume and that
could subsequently be observed from close range
responded to numerous biting flies by only occasionally
rubbing her crown on her back. This bird was not
committed to sitting on a nest and could move for relief.
Higher-powered viewing optics or video recorders of
higher resolution might have improved visibility of black
flies affecting some crane pairs. However, nest locations
and distances necessary to avoid nest disturbance by
observers still limited visibility, and behavioral responses
of incubating cranes were not necessarily demonstrative
of the severity of infestation. The black fly problem
cannot, therefore, be adequately measured and assessed
by simple observation of cranes in the field.

MANAGEMENT IMPLICATIONS

The 2 renests in 2006 and 2007 occurred after black
fly emergence and proceeded near or full term. However,
renesting is not a viable solution to the nest failure
problem because renesting frequency, as demonstrated by
current nesting records, is too low. In addition, renests
occurring while black flies are still abundant, especially if
emergence is late due to a prolonged winter, might fail for
the same reasons as first nests.

Surveys of adult and larval black flies need to be
performed to determine species identity, distribution, and
abundance in the whooping crane reintroduction area. To
test the nest desertion hypothesis presented in this paper,
numbers of emerging black flies could be experimentally
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suppressed by treatment of streams containing larvae
with a target-specific, precisely applied biological control
agent in late winter or early spring. Effect on whooping
crane reproduction could then be measured. If treatment
was successful and reproduction improved, continued
control of black flies in future years would likely be
necessary to sustain whooping crane reproduction. If
black flies are the cause of nest desertion and they are not
controlled, the reintroduction may fail.
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REPRODUCTIVE HEALTH AND PERFORMANCE OF THE FLORIDA FLOCK OF
INTRODUCED WHOOPING CRANES 
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Abstract: We retrospectively examined the reproductive parameters of 122 breeding-age whooping cranes (Grus americana)
in a reintroduced flock in central Florida from 1992 to 2007. The flock performed poorly when compared with an existing wild
flock for all reproductive parameters when controlled for age. Pairs first formed in 1995, nested in 1999, and the first chick
fledged in 2002. By 2007, 19 of 63 clutches produced 25 chicks, 9 of which fledged. Drought conditions were ruled out as the
sole cause of failure when the drought lessened and productivity increased, but not in all years. We examined adult health,
mortality, gonad size and function, pair formation and duration, egg laying, hatching success, egg size, clutch size, fertility,
and microorganisms cultured from eggs. Annual mortality was high (13%). The tendency for males to be killed when hitting
power lines when females survived may be sufficient to explain the lack of males older than 10 years in this small population.
As much as 65% of birds were delayed or non-reproductive due to morphologic abnormalities of the reproductive tract, pairing
with sandhill cranes, or more commonly, due to unidentified causes. Pair duration was short (2 years). Extreme annual
variability in fertility and hatchability (0-62%) suggest a disease or environmental influence. Captive parent pairs differed in
the average reproductive value of their offspring and in the number of second generation wild offspring produced. The
remaining small flock is at risk of extinction unless changes are made to improve contiguous wetland availability and reduce
the hazards of power lines in these areas. Identification of innate reproductive qualities (behavioral, genetic, and morphologic)
and improving survival behaviors may enhance the quality, and thus performance, of birds released.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:142-155

Key words: egg size, Grus americana, hatchability, mortality, nest success, parentage, power lines, precipitation,
reproduction, water level, whooping crane.

A plan to recover the endangered whooping crane
(Grus americana) to sustainable numbers included the
establishment of 3 independent flocks of 25 breeding
pairs each. Central Florida was chosen to reintroduce a
non-migratory population because it had resident Florida
sandhill cranes (G. canadensis pratensis), was isolated
from the existing wild flock, and because mortality
associated with migration could be avoided (CWS and
USFWS 2007). Introductions of captive-reared birds
began in 1993 but were discontinued in 2006 when there
were 18 pairs, when it became apparent that reproduction
was not as expected (Folk et al. 2005). Initially drought
was thought to be the cause of poor reproduction, but
inconsistent nesting after drought reversal indicated
additional problems. Here we retrospectively evaluate
reproductive health parameters and examine the possible
causes of poor reproduction. In a second paper (Spalding
et al. 2009), we explore the association between
environmental conditions and successful reproduction.

METHODS

Whooping cranes destined for release were raised
in captivity to 6-10 months of age and released into
Osceola, Polk, and Lake Counties in central Florida
(see Fig. 2 in Folk et al. 2005) by the soft release
method (Nesbitt and Carpenter 1993) into suitable
crane habitat near other cranes. Released birds were
reared by the isolation technique of costumed humans
or by captive parents at 1 of 4 institutions: (U.S.
Geological Survey Patuxent Wildlife Research Center
(PWRC), Laurel, Maryland, USA; International Crane
Foundation, Baraboo, Wisconsin, USA; Calgary Zoo,
Alberta, Canada; and San Antonio Zoo, San Antonio,
Texas, USA). Six- to 10-month-old chicks were penned
for 2 weeks in Florida for acclimation, fitted with
radio-transmitters (Nesbitt et al. 1997), and released.
The release sites were large cattle ranches (>400 ha)
with wetland and upland habitat and low human
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3  4   5 6  7  8   9  10 11 12 13 14

70

60

50

40

30

20

10

0

N
u

m
b

er
 o

f b
ir

d
s

Age (years)

Females Males

3   4  5  6   7  8  9   10   11 12 13 14

Age (years)

Number of birds

Pairs

Clutches laid

Clutches
hatched
Chick fledged

Figure 2. Adult female (left) and male (right) whooping crane survival and reproductive performance based on age. Numbers of
birds surviving, paired, laying eggs, hatching chicks, and fledging chicks for each age are illustrated.

 



density. Primary habitats used by cranes included
shallow marshes with emergent vegetation and adjacent
grasslands where vegetation was kept low by grazing,
burning, and mowing. Peninsular Florida is occupied
by about 5,000 Florida sandhill cranes, listed as
threatened by the State of Florida (FFWCC 2008) and
serves as wintering grounds for approximately 20,000
greater sandhill cranes (G. canadensis tabida).

The population examined was limited to the 122
(57 males and 65 females; 119 captive-reared, 3 wild-
fledged) whooping cranes that survived through their
first possible breeding season at 3 years of age. We also
examined reproductive tracts from younger birds for
developmental problems. Health data, including a
physical examination, weight, and collection of blood
and feces, were obtained prior to and upon arrival in
Florida, prior to release, and when cranes were
recaptured for changing radio-transmitters or were
injured or sick. They were monitored 3 to 7 times
weekly from the ground or air to determine when
incubation began and hatching occurred. Birds that
died were examined as soon as possible to determine
cause of death and reproductive condition. Those that
went missing and were not found for 1 year were
presumed to have died at the time that they went
missing. Tissues were fixed in 10% neutral buffered
formalin, and hematoxylin and eosin-stained tissue
sections were prepared and examined. The largest
follicle in the ovary was measured using a micrometer
or assigned a value of 200 µm for grossly observed
minute follicles. The diameter of the testicle was
measured to the nearest mm, and the degree of
spermatogenesis was ranked from 1 to 5 (1 = inactive,
no spermatogonia [sperm precursor cell], 2 = few
spermatogonia, 3 = abundant spermatogonia with no
mature sperm, 4 = few mature sperm, 5 = abundant
mature sperm with sperm in the vas deferens).

Birds were considered delayed or unproductive if
they failed to hatch a chick during their lifetime and
each was placed in subcategories depending on their
highest achievement (Table 1). Those that died or were
less than 6 years in 2007 and failed to demonstrate
pairing activity were considered too young to evaluate
and were assumed to perform in similar proportions as
older birds. Thus the percentages obtained for the older
birds were applied to the flock as a whole.

Reproductive performance for pairs was based on
the highest achievement per season. We recorded the

first observed date of incubation and clutch size if
visible. Nests either: 1) hatched, 2) failed prior to
expected hatch date (pre-hatch failure), or 3) failed to
hatch after 34 days of incubation (incubation-failure).
Hatching of an egg or presence of a visible embryo was
used to indicate the “fertility” of the pair, the clutch,
and the eggs.

Unhatched eggs were collected. The fertility of
eggs containing no visible embryo was unknown since
a small embryo could not be detected in an autolyzed
egg. We used the term “no embryo” rather than
infertile, realizing that calculations of fertility may be
underestimated. Eggs were measured using calipers at
the widest length and width and water displacement of
intact eggs was used to measure volume. Egg contents
and embryo tissues were cultured for aerobic and
anaerobic bacteria (University of Florida, College of
Veterinary Medicine, Gainesville, FL) and histologic
slides prepared as described above.

Reproductive achievements of 8-year-old females
were compared between 13 females in the Florida flock
and 23 females in the wild Aransas National Wildlife
Refuge/Wood Buffalo National Park population
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Productive
Fledged
Hatched chicks

Unproductive
Never hatched
Never laid
Never paired
SHC associated

< 6 YEARS OLD 
Alive 
Dead

TOTAL

Males

6 YEARS OR OLDER

Females
Males
and 

Females

% of
total
flock

Estimated
% of older

flocka

Table 1. Numbers of reintroduced whooping cranes in Florida
that were productive (fledged or hatched chicks) or that were
delayed or unproductive, 1992-2007.
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9
10

16
11
5
4

9
36
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16
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19
9
7

-
-

100

a Birds not surviving to their sixth year were considered too young to
evaluate. Assuming that they were likely to behave similarly to older birds,
the percentages listed for the older birds would be equivalent to those of the
entire breeding flock.



(AWBP, banded 1977-1988, Brian Johns and Lea
Craig-Moore, personal communication). Productivity
was calculated as an average of the number of fledged
young-of-the-year per 100 adults in the flock.

In order to evaluate the contribution of the captive
pairs (G1 = first generation) we devised a scoring
system to designate the reproductive value (RV) of
each released crane (G2 = second generation). Only
those 9 G1 pairs that had 4 or more G2 offspring
surviving to breeding age were evaluated. Beginning in
their third year, G2 offspring were given 2 points for
each stage attained: unpaired = 2, paired = 4, embryo
produced = 6, hatched = 8, and fledged chick = 10
(G3). If a bird failed to move to the next stage within 2
years or regressed to an earlier stage, then 1 point was
removed from the score for each year until 2007 or the
year the bird died. For example, a bird surviving to 7
years and pairing after 5 years received a 3 (unpaired at
3 years = 2, paired at 5 years = 4, no eggs at 7 years =
3). For each G1 pair the G2's final RVs were averaged.
The calculated RVs were also used to compare
performance of isolation-reared with parent-reared
techniques.

Analysis of variance was used to model mean egg
volume per clutch as a response to clutch order across
years (first vs. later) and incubation initiation date of
failed vs. hatched nests. Logistic regression was used to
relate egg volume with hatch/fail and fertile/no
embryo. Fisher's exact test was used for the clutch size
contingency table analysis. A Wilcoxon nonparametric
1-way analysis of ranks was used to compare the RV of
isolation-reared to parent-reared released birds.
Because this was an exploratory post-hoc examination
of existing data, we present P values, but consider
trends even when P values are > 0.05. Statistical
analyses were performed using SAS/STAT(r)
procedures (SAS version 9.1.3, SAS Institute Inc.,
Cary, NC). 

RESULTS 

The Florida population of re-introduced non-
migratory whooping cranes performed poorly in all
stages of reproduction when compared with age-
matched females in the AWBP; the greatest differences
were in hatching and fledging (Table 2). Productivity
was also considerably lower (3.1) than the more mature
AWBP. The reproductive flock size peaked at 56 birds

in 2003, and declined to 41 by 2007 (Fig. 1). The first
egg was laid in 1999, the first chick hatched in 2000,
and the first chick fledged in 2002; 9 chicks were
fledged by 2007. The mean age of females in the flock
was still increasing (mean = 7.9 years) in 2007, but
males peaked at a mean of 6.3 years old in 2002.
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8-yr-old femalesa

Paired
Clutch laid
Hatch
Fledge
Fertile

Mean productivity
Mean age at first 

hatch (yr)
Annual adult mortality (%)

Florida

Number 
n = 13

% Number 
n = 28

%

AWBP

Table 2. Comparison of reproductive performance (8-year-old
females), productivity (mean no. of fledged young per 100
breeding age adults), age of first hatch, and survival of the
Aransas-Wood Buffalo population (AWBP) and the
reintroduced Florida population. Eight-year-old females were
used for the reproductive performance. Dashes indicate no
data available.
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Figure 3. The age structure of the reproductive flock of
whooping cranes in Florida in 2007.

a Achievement of females in the population by the time they reach 8
years of age. Data from AWBP, banded 1977-1988 (Brian Johns and Lea
Craig-Moore, personal communication).

b Averaged over 55 years (Drewien et al. 1995).
c From Kuyt and Goossen (1987).
d 1950-1986 (Lewis 1995).



Mortality 

Of the 122 birds reaching breeding age 71% (46/65)
of females and 79% (45/57) of males died by 2007.
Mean age of mortality was similar between sexes
(males = 5.95 years, females = 5.24 years). Mean
annual mortality after 1999 was 13% for all birds 3-10
years old, but declined to 1.9% for females 10-14 years
old. No males survived beyond 10 years of age (Figs. 2
and 3). 

Mortality was highest during the nesting season
(Fig. 4). In most cases birds went missing, especially
females (Fig. 5). Of 12 cranes killed by bobcats, 9

(75%) were males. Fourteen birds presumably died
from predation while flightless during molt in the
summer. Based on injuries, location, and loss of
transmitters, 25 whooping cranes were believed to have
struck power lines; none of the 12 females died,
whereas 7 of the 13 males died directly or from
sustained injuries. 

Unproductive Birds 

Sixty-five percent of the breeding age birds were
estimated to be delayed or unproductive (no chicks
produced). In most cases the reason was not known,
except for birds associating with sandhill cranes, and those
with poorly developed reproductive tracts (estimated at
4% and 10%, respectively). Five birds (4%) associated
with sandhill cranes during the nesting season, but only 2
males actually nested with them. One hybrid clutch failed
to hatch; another hybrid pair hatched twins, but did not
fledge them. One male that initially associated with
sandhill cranes later produced a fledging with a whooping
crane.

Carcasses were in sufficient condition to evaluate
gonad size for 23 females and 35 males, but only 3
females and 10 males were of breeding age (Fig. 6).
Gonads from 12 females and 26 males (3 females and 8
males >3 years old) were also examined microscopically.
Follicles >1 mm occurred only in breeding-age females in
September, December, and January. Enlarged testes (>5
mm diameter) were only found in males older than 1 year
and during December to May. The testes diameter of
males <3 years old did not increase over 4 mm, but the
appearance of sperm in the testes and vas deferens
occurred from December to May even in males without
increased testes diameter and as young as 8 months old
(February). 

Six of 58 birds examined (10%) had small gonads for
their age or season. They included 2 young females (16
and 20 months), 2 young males (10 and 11 months), a 14-
month-old bird DNA-sexed female that lacked gender-
specific gross and microscopic characteristics, and a 9-
year-old molting post-nesting male (June) with immature-
appearing testes lacking spermatogenesis that failed to
hatch a clutch of no-embryo eggs and also failed 2
previous seasons. None of the birds shared the same
parents. Additionally, the testes of an 8-month-old male
that died from wasting syndrome (mentioned above) in
February were seasonally small, but there was evidence of
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Figure 4. The month of mortality for breeding age male and
female whooping cranes in Florida, 1995-2007.
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Figure 5. The cause of mortality for breeding age whooping
cranes in Florida, 1995-2007. The last category includes birds
that also appear in other categories that were known to be
molting.



early spermatogenesis. 
Disease was never identified as a cause of clutch

failure. A 10-year-old male, the parent of 2 fledged chicks
from previous seasons, died acutely from eastern equine
encephalitis shortly after 2 failed nesting attempts in May
2005. Twenty-three birds (most HY2001) had clinical
signs of wasting syndrome shortly after their release that
was likely associated with infectious bursal disease virus
(Spalding et al. 2008). Only 5 survived to enter the
breeding age flock; none of them demonstrated fertility.

Pairing and Nesting 

The number of pairs in a season peaked at 18 in
2004, the same year that the proportion of pairs to nest
(80%) was highest (Fig. 1). The ratio of males to
females was initially near 1:1, but shifted to a female
bias (1:1.27) by 2007. Mean age of first pairing was
4.26 years (range 2-8 years) for males and 4.11 years
(range 3-10 years) for females. By 2007, 77 pairs had
formed (including 2 males paired with sandhill cranes).
Individuals paired as often as 4 times. Sixty-one pairs

separated (34 due to the death of 1 or both of the birds
(5 during active nesting or chick rearing), 24 due to 1
or both members of the pair switching mates, 1
dissolution of the pair, and 16 pairs were still active. Of
77 pairings, 18 (23%) demonstrated evidence of
fertility. Four unsuccessful birds became successful
(hatched a clutch) by changing mates, 1 remained
unsuccessful with 4 different mates. Pairs lasted an
average of 2.03 years (n = 77, range 1-6 years), non-
laying pairs 1.48 years (n = 39, range 1-5 years), egg-
producing pairs 2.69 years (n = 16, range 1-5 years),
pairs hatching a chick 3.17 years (n = 6, range 1-6
years), and pairs fledging chicks 2.60 years (n = 6,
range 1-9 years). Intraspecific and conspecific
aggression disrupted 4 clutches; there were 2 cases of a
new male displacing a paired male and the existing
eggs were broken.

Sixteen males (28%) and 15 females (25%)
demonstrated fertility. Evidence of fertility in nesting
females increased from 66% for first time nesters to
88% for nesting females 10 years of age or older. The
mean age that fertility was first demonstrated was 6.17
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years (n = 17, SE = 0.39, range 4-9 years) for males and
7.14 years for females (n = 14, SE = 0.58, range 4-10
years). 

Clutches were laid in 63 nests by 26 females (39%
of breeding age females). Five were second and 2 were
third clutches of the season. The most productive
female laid 10 clutches in 7 years. The mean age for
laying the first clutch was similar for males (mean =
5.72 years, range 3-10 years) and females (mean = 5.71

years, range 3-11 years). The percentage of pairs to
hatch a clutch was highest in 2006 (43%, Fig. 7). The
year that the most females laid (82%, 2004) was also
the year that significant incubation-failure (73% of
nests) occurred. Individual females laid as often as 7
consecutive years. Clutch size averaged 1.68 eggs (n =
44, range 1.33-2.00 eggs). The mean date for initiation
of incubation was 15 March (range = 27 January-27
May, renest range = 11 February-9 May). Clutches that
hatched were laid on the average 20 days earlier (mean
= 10 March, n = 19, range = 29 January-15 May) than
clutches that failed (mean = 31 March, n = 40, range =
27 January-27 June; ANOVA, F = 5.54, df = 1,57, P
<0.03). When the nesting season was divided into three
equal portions, 56% (24 January-6 March), 45% (7
March -17 April) and 13% (18 April-27 May) of the
clutches hatched. 

Examined Eggs 

Information was obtained from 41 eggs from 27
clutches (3 were incubated and hatched, 2 were hybrid
eggs, 2 were examined in the field). Evidence of
fertility was found in 20/41 eggs (14/27 clutches, 52%).
Three of 7 eggs from clutches that hatched contained
embryos. Of 14 pairs of eggs examined, 13 were either
both with, or both without, embryos. Nine eggs had
embryos that were fully developed (4 hatched in
captivity), 9 were mid-development, and 2 in early
stages of development. One near-term embryo was
malpositioned with the head on the wrong side such
that it could not pip the shell. Another near-term
embryo in a cracked egg had bacterial pneumonia and
enteritis, likely due to the cracked shell. 

Eggs (excluding hybrids) averaged 10.27 5 6.17 cm
(n = 30, range 9.54-11.98 5 5.49-6.84 cm) (Fig. 8).
Mean egg volume (excluding hybrids) for all eggs was
204.3 ml (n = 31 from 20 clutches, range 151-250 ml).
The two hybrid eggs were smaller (9.3 5 5.8 and 9.15

5.7 cm, 150 and 145 ml). The mean length, width, or
length/width ratio did not differ significantly between
eggs with and without embryos, but volume tended to
be greater in eggs containing embryos (216.2 vs. 199.6
ml, Table 3). Mean volume of eggs in the first clutch
laid (naive female) were smaller than eggs laid in
subsequent clutches. Bacteria were cultured from 19
eggs, 9 with an embryo and 10 without an embryo.
There was no indication that any of the species cultured
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were the cause of failure. Apparent fertility was
significantly greater in pre-hatch failure nests (8/11,
72%) than in incubation-failure nests (4/12, 33%)
(Fisher's exact test, P = 0.01). Incubation-failure
clutches were incubated earlier (mean = 22 March) than
pre-hatch-failure clutches (mean = 4 April).

Clutch Outcome 

Twenty-four (41%) of 59 clutches (4 of the total 63
clutches were excluded because they were collected)
failed prior to the full 34 days of incubation (pre-hatch
failure). Ten clutches were abandoned (2 with eggs
remaining in the nest), 4 clutches were thought to be
disturbed (2 by airboats), 4 flooded, 4 were disturbed
by cranes (2 by whooping cranes, 2 by sandhill cranes),
1 was abandoned when the marsh dried, and 1 was
abandoned in a drying marsh when the female was
killed by a cow. Fifteen of 59 clutches (25%) were
found with the eggs missing or shell on the nest; some
may have been due to egg predation. 

Sixteen of 59 (27%) clutches failed after full
incubation (incubation-failure). Of the 8 clutches with
no embryo (of 12 clutches examined), 3 were from
first-time nesting pairs, 1 was a sandhill/whooping
crane hybrid pair, and 4 were experienced nesters.
Incubation-failure clutches were not more frequently
first-time clutches when compared with other clutches
(Fisher's exact test, P = 0.77).

Hatched Clutches 

Twenty-six chicks hatched from 19 clutches (30%,

19/63 clutches). The clutches that hatched were laid by
11 females (17% of females). No association between
clutch size and fertility of the egg was found. The
proportion of pairs that hatched a clutch varied among
years (Fig. 7). The mean age of first hatching a chick
was slightly greater for females than males (6.91 and
6.21 years, respectively, range 4-10 years). Twins
hatched on 7 occasions. The oldest surviving sibling
chick died by 12 days of age. Mean age at death for the
chicks that did not fledge was 24 days (range 1-77
days). Among the 16 pairs nesting more than 1 time
during this study, 7 of 8 that hatched clutches, and all
of those that fledged chicks, did so on their first
attempt. Only 1 pair first failed and then later hatched a
clutch. No significant association was found between
experience level and clutch size.

Nine of the 19 (47%) clutches that hatched resulted
in a fledged chick (14% of all clutches), from 6 pairs (5
females and 6 males). The mean age for first fledging a
chick was slightly older for adult females (7.4 years,
range 4-10 years) than males (6.0 years, range 4-8
years). None of the manipulated clutches resulted in
fledged chicks. Two male and 7 female chicks fledged.
Eight of 9 fledglings survived and 3 entered the
reproductive flock by 2007.

Parentage and Captive Rearing Method

The 4 G1 (captive first generation) pairs with the
largest proportion of high scoring G2 offspring
produced 5 of the 9 wild-hatched G3 chicks, but also
produced a similar number of low-scoring G2 chicks
(Table 4). The G1 grandparents of the other 4 G3 chicks
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Fertile nest
Nest no embryo

First clutch
Later clutches

Hatchedb

Failed

Egg volume (ml)                                           Clutch size (frequency)

Nest category Mean SE n P valuea 1 egg        2 eggs         n P valuea  

Table 3. Whooping crane egg volume and clutch size based on fertility, nesting experience, and nest outcome.

216.2
199.6

182.1
216.5

215.5
206.0

6.4
6.6

4.1
4.5

5.9
5.9

10
10

5
15

4
16

0.12
-

0.0003
-

0.44
-

5
4

5
9

3
6

20
7

14
17

12
15

25
11

19
26

15
21

0.41
-

0.75
-

0.70
-

a P values based on logistic regression for egg volume and on Fisher exact test for clutch size.
b Hatched eggs were all collected eggs for management purposes.



were not evaluated because they produced fewer than 4
G2 offspring. The 4 G1 pairs with the lowest scoring
G2 offspring did not produce any high score G2
offspring, nor did their G2 offspring fledge any G3
chicks. The proportion of G2 offspring exhibiting
fertility exceeded 50% for the top 4 G1 pairs, but for
the lowest 4 G1 pairs, only 1 of their 27 G2 offspring
demonstrated fertility. Among the G2 offspring of low
scoring G1pairs were 2 females that switched partners
annually or biannually with 7 males over the course of
3 and 6 years, never producing eggs. Of the 7 males
involved in these short term pairings, 5 subsequently
sired chicks with other females. 

Mean reproductive performance was similar for
parent-reared (RV = 2.74, n = 19, SE = 0.89, range = -
9-8), and isolation reared (RV = 2.48, n = 103, SE =
0.31, range = -6-10, Wilcoxon's 2-sample non-
parametric, Z = 0.88, P = 0.38).

DISCUSSION

Reintroduced whooping cranes in Florida performed
poorly across several reproductive measures, especially
hatching and fledging chicks in a comparison of similar-
aged females from the AWBP. The combined high
mortality of breeding age birds, large proportion of
delayed or non-productive birds, flock immaturity, and
poor hatching and fledging rates in most years explain the
low productivity (3.1%, number of chicks/100 adults per
year, 2002-2007). Other reports of productivity vary due

to different methodologies and are poorly comparable:
AWBP (13.9%, over 55 years and based on fall/winter
post-migration observation, Drewien et al. 1995), Florida
sandhill cranes in north central Florida (35%,
observations at independence in winter/early spring,
1977-1989, Nesbitt 1992), Florida sandhill cranes in
south-central Florida (27.7%, before independence, July-
December, 1973-1979, Layne 1983). 

We identified 3 characteristics that best explain the
poor productivity: 1) adult mortality, especially of older
males, 2) a high proportion of delayed and non-
productive birds, and 3) poor hatching in some years. At
the time of this review, the reintroduced flock had begun
a slow decline in size and there were fewer males than
females. Although reproduction could improve as the
flock matures and wild-hatched chicks come of age, a
model suggests that the population is unlikely to sustain
adequate numbers to survive (Moore et al. 2008). 

Mortality 

Annual mortality of the AWBP was highest during
migration (Lewis 1995); in Florida most occurred
during the nesting season. Female mortality frequently
involved disappearance, whereas males more often
died from power line collision and bobcat (Lynx rufus)
predation. Female “disappearance” may indicate a
different cause of death than for males. Hiding birds
(injury, sick, or molt), dispersing, or birds killed or
scavenged by alligators (Alligator mississippiensis) are
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A
B
C
D
E
F
G
H
I

Captive pair 
(G1)

Number of 
offspring (G2)

Mean RV of 
offspring (G2)

Number of 
high score 
RV>5 (G2)

Number of 
low score 

RV< 2 (G2)

Number of 
fertile offspring 

(G2)

Number of 
wild-fledged chicks

(G3)

Table 4.The contribution of 9 captive pairs (G1 = first generation) to the G2 offspring released in Florida that became members of the
breeding flock.The calculated reproductive value (RV) for each G2 was averaged for each G1 pair. Also, for each G1 pair the number
of high and low scoring G2 offspring, number of fertile G2 offspring, and number of G3 wild fledged chicks are listed.

5
5
4

15
19
8
7
5
7

4.40
3.60
3.50
3.27
2.53
2.50
1.86
1.00
1.00

2
1
2
3
4
2
1
0
0

2
2
1
5
6
4
4
3
4

4
5
3
8
4
0
1
0
0

7a

1
0
1
3a

0
0
0
0

a 3 and 1 chicks, respectively, were counted twice because they were counted as the offspring of both the male and female of brother/sister pairs.

 



less likely to be found than those that die from bobcat
predation or power line strikes where the carcass is left
on dry land. Flight feather molt of both genders occurs
every 2-4 years from early April to late June, and
results in about 44 days of flightlessness (Folk et al.
2008) during which birds may be more vulnerable to
predation. Immaturity, lack of predator avoidance
training, and inappropriate habitat selection may put
captive-raised cranes at greater risk for predation than
wild-raised birds. 

Power line strikes were recorded for both genders,
and although females were injured hitting power lines,
death was only recorded for males (Miller et al. 2010).
Males may fly ahead of females, hitting power lines
first, but we have no observations to test this
hypothesis. The power line mortalities of males are
conservatively estimated at 11%, a number sufficient to
explain the loss of older males. 

Annual mortality declined in older females, but this
was not the case for males, which continued to decline
at the same rate resulting in a complete absence of
males older than 10 years. The magnitude of this
phenomenon seems to be unique to the resident Florida
flock. Annual survival of resident Florida sandhill
crane females was also higher than males
(females/males = 0.918/0.884, Tacha et al. 1992),
whereas for both migratory whooping cranes
(0.78/0.86, Lewis 1995) and migratory greater sandhill
cranes (0.78/0.87, Tacha et al. 1992), males had higher
annual survival. Further research is needed to explain
why male whooping crane mortality would be higher in
Florida, or in resident populations.

Unproductive Birds and Fertility 

We estimated that 65% of birds released were either
reproductively delayed, or, in the case of some,
incapable of reproducing due to unknown causes,
morphologic or functional disorders of the reproductive
tract, or pairing with sandhill cranes. Captive raised
chicks lack experience with bonding, nesting, and
chick rearing behaviors. Behavioral dysfunction,
genetic or endocrine disorders, environmental toxins,
hormonally active toxins (Fry and Toone 1981, Berg et
al. 1999), poor adaptation to climate/habitat, and
inappropriate and limited mate choice could all be
contributing factors. Unproductive pairs may also
occur when 1 member of the pair is infertile, masking

the potential fertility of the mate and resulting in an
underestimation of fertile birds. Some may later pair
with fertile birds and produce young.

Overall infertility did not appear to be a significant
problem in any of the flocks, with the exception of the
cluster of incubation-failure clutches in Florida
whooping cranes during 2004 and 2005 (see Spalding
et al. 2009). The apparent fertility of first-time nesters
was slightly lower than older nesters.

Little is known about the reproductive physiology
of wild whooping cranes. The season for semen
collection at PWRC is 16 March to 14 May with a peak
at 30 March to 26 April (Mirande et al. 1996). Sperm
were present in the testes of released Florida whooping
cranes from December to May in our limited sample
with earliest appearance as young as 8 months of age.
Sperm production was also noted in some birds prior to
enlargement of the testes. 

Pairing and Nesting 

Pairing age was delayed by 1 to 2 years when
compared to the AWBP (first egg at 5 years and the first
fertile egg at 5.4 years, Kuyt and Goossen 1987) and
Florida sandhill cranes (modal 5 years, Nesbitt 1992).
Kuyt (1981) estimated that about 80% of AWBP pairs
nested each year and that 60% of adults produce
nestlings. In 2004, 82% of pairs nested in Florida;
however, fledging never exceeded 25% of pairs. 

Pairings of whooping cranes in Florida were of
shorter duration than in the AWBP, and infrequently
productive. Factors influencing pair duration included
mortality of mates, limited mate choices due to the
skewed sex ratio, lack of older experienced males,
limited encounters with potential mates due to
population size and distribution, disrupted pairing due
to intraspecific (and interspecific) competition for
mates, and pairing with sandhill cranes. Speculative
factors include inexperience with pairing behavior due
to rearing method, and unproductive pairs may be less
likely to remain together. Nesbitt and Wenner (1987)
reported frequent short-term pairings in sub-adult
Florida sandhill cranes prior to establishment of a long-
term bond and successful nesting. Contrary to these
findings, all whooping crane pairs in Florida that
fledged chicks did so on their first attempt. This
suggests that reproductive capability may be innate
rather than learned. 
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Whooping cranes that nested earlier in the season
were more likely to hatch a chick than those nesting
later. Nesting dates for whooping cranes were nearly
identical to the range of the Florida sandhill crane (late
January to 22 May, Nesbitt 1988). Extremes of
incubation, December to August, are mentioned in
some older papers for Florida sandhill cranes (Bent
1926, Walkinshaw 1973). Early nesters may avoid the
higher temperatures and dryer marshes that can occur
later in the season and the potential for flooding from
early tropical storms. Nesbitt (1988) noted that Florida
sandhill cranes, however, had greater success in
hatching clutches later in the season. This difference in
timing needs further investigation. 

The size of eggs did not differ significantly from
previously reported mean measurements of wild eggs
(9.84 5 6.24 cm, Bent 1926; 10.06 5 6.29 cm,
Stephenson and Smart 1972; and 10.13 5 6.29 cm,
Stephenson and Smart 1972). Wild-laid eggs appear to
be larger than captive-laid eggs, but 1 published
account was based on eggs from a single captive pair at
San Antonio Zoo, San Antonio, Texas (mean = 9.42 5
6.08 cm, Stephenson and Smart 1972). We found that
the volume of fertile eggs was greater than those with
no embryo, and eggs laid by novice females were
smaller than those laid by experienced females. These
findings were based on non-randomly collected eggs
and need to be confirmed. Egg volume was a more
sensitive measure of the size of the egg since weight
varies during incubation, and length 5 width do not
take into account the variability in shape. 

Nest Outcome 

Only 30% of clutches hatched, substantially below
the expected rate for the AWBP (60%, Kuyt 1981), but
not dissimilar from the Florida sandhill crane (38%,
Nesbitt 1988). Low hatchability due to environmental
limitations characteristic of Florida may be the reason
for a small, but sustained, population of resident
sandhill cranes in Florida. The most common type of
failure, pre-hatch failure (41% of clutches) was
attributed to a variety of factors ranging from flooding
to drought to human disturbance and interference by
other cranes, and was relatively constant from year to
year. Human-related disturbance was often difficult to
document, but could be roughly estimated at less than
10% of clutches. Egg predation is difficult to assess

(nests with shells or missing eggs); however, no more
than 24% of clutches failed in this way. It is surprising
that more clutches are not taken by alligators which are
common in Florida wetlands. Cattle were rarely a
problem unless the nesting marsh dried. We had
insufficient data to evaluate causes for failure to fledge,
but a few pairs were able to repeatedly fledge chicks. 

Incubation-failure clutches (fully incubated)
represented a significant proportion of failed clutches
and were characterized by: 1) high inter-annual
variability, 2) low apparent fertility, and 3) smaller egg
volume. We found no evidence that these clutches
failed due to timing of nesting, location of nest, disease,
or experience of the female. The variations in apparent
fertility of clutches, hatchability, and fledging success
suggest the influence of annually fluctuating factors
such as climate or disease. 

Diseases that cause early embryo mortality could
not be confidently ruled out as a cause for incubation-
failure clutches. Bacterial culture of egg fluids did not
result in the isolation of a consistent pathogen of
concern; however bacterial overgrowth in autolytic
eggs might prevent such a finding. A new and
incompletely characterized “wasting syndrome” of
young cranes, believed to be caused by infectious
bursal disease (IBD) virus, causes emaciation,
immunosuppression, and death in young cranes. This
virus is not known to be vertically transmitted in the
chicken (hen to egg). Titers to IBD virus are highly
prevalent in subadult and adult sandhill and whooping
cranes in Florida (Spalding et al. 2008, Candelora et al.
2010). Immunosuppression and subsequent
predisposition to infection with other diseases occurs in
domestic chickens and also appears to occur in cranes.
Two release groups of young cranes were particularly
impacted by wasting syndrome, and the survivors of
the outbreak would have first nested in 2004. Only one
of the incubation-failure clutches was parented by a
wasting syndrome survivor, making this an unlikely
sole cause for incubation-failure. One male and 4
females recovered from wasting syndrome and
exhibited no evidence of fertility. There is insufficient
information currently to implicate IBD virus as a cause
for infertility or early embryo mortality. 

Parentage 

We found no difference in reproductive performance
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between isolation- and parent-reared chicks raised in
captivity and released in Florida. Both rearing
techniques differ considerably from the wild learning
experience. Exposure to “captive” parents may enhance
the nesting and parental interaction experience of the
chick, but lack of predator avoidance behavior by
parents protected by confinement may make chicks
more susceptible to predation. 

The released offspring with high RV scores were
not evenly distributed among the captive parent pairs.
Several captive pairs produced both high and low
scoring offspring, whereas others produced offspring
with only low RV scores. Identification of the pairs that
consistently produce non-productive offspring should
allow managers to increase the success of released
birds by eliminating them from release cohorts. Further
evaluation of these captive pairs may reveal genetic,
physiologic, or behavioral problems that are being
passed on to their offspring. The presence of non-
productive birds is problematic because they can
prevent potentially productive mates from being
successful. The finding that some pairs are better at
producing productive offspring than other pairs is not
unexpected and has been noted in other species. Nesbitt
(1992) found that 26% of adult Florida sandhill cranes
produce 62% of young. 

We found that whooping cranes released into
Florida varied significantly in their potential to
reproduce. Being able to identify traits conducive to
reproductive success, and improving the quality of
birds to be released, should lead to greater success for
the project. This is especially true when generation
time can prolong the time necessary to evaluate the
release effort. Survival in the presence of bobcats is
likely learned by chicks observing appropriate adult
response to a predator. Power lines present a more
difficult problem to solve. Although placing markers on
the lines can help to deter some strikes, they can only
be a partial solution. 

The presence of delayed and unproductive birds in
the flock equally limits productivity. More intense
management of the flock by removal or exclusion of
unproductive birds will likely improve productivity.
Research directed at identification of individual birds
and genetic lines more likely to be productive would be
necessary to meet this objective. 

Climate associated variability in nesting, fertility,
hatchability, and fledging is addressed in Spalding et al.

(2009). Other aspects of reproductive health are poorly
understood due to limited or lack of data in this study,
such as the influence of infectious disease, nest
microclimate and incubation behavior on hatchability,
and could be studied in the Florida sandhill crane. 

The future survival of the Florida whooping crane
population depends upon the ability of wild-fledged
chicks to reproduce with a higher rate of success than
their parents, their ability to overcome current low
numbers, especially of males, and the preservation of
suitable wetlands without hazardous power lines across
them.  Although introduced resident whooping cranes
in Florida reproduced very poorly when compared to
the wild AWBP, it may be more appropriate to compare
them with the Florida sandhill crane which is also
resident and therefore exposed to similar habitat-
related limitations on reproduction. Egg collections and
other reproductive health information could lead to
more rapid answers to unanswered questions in this
study due to the inability to obtain of appropriate
samples. Such a comparison may elucidate and clarify
some of the reasons for the poor productivity of
whooping cranes released in Florida. 
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LEG PROBLEMS AND POWER LINE INTERACTIONS IN THE FLORIDA RESIDENT
FLOCK OF WHOOPING CRANES 

JAIMIE L. MILLER, Department of Infectious Diseases and Pathology, College of Veterinary Medicine, University of Florida, Box 
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Abstract: We retrospectively reviewed a database with over 1,800 health entries from 296 captive-reared whooping cranes
(Grus americana) released in central Florida and 10 wild-fledged chicks from 1992 to 2007. Fifty percent of the study
population (n = 306) had 1 or more leg problems that were placed into 4 broad categories: power line interactions (n = 39),
other trauma (n = 94), deformities (n = 43), and miscellaneous conditions (n = 106). More males (n = 26, 67%) had power line
interactions than females (n = 13, 33%). The majority of these 39 birds died (57%), while the rest recovered from an injury
(20%), went missing (7%), or survived with no apparent injury (16%). Twenty-two of the 44 (50%) recorded power line strikes
involved the leg-mounted transmitter. Most minor leg problems in the other trauma category were observed at arrival or
quarantine examinations; no major injuries occurred as a result of >800 handling or capture events. Birds arriving in Florida
with toe deformities, short legs, or a leg rotation had no difference in survival or reproductive value when compared to the
general population. All categories except for deformities contained birds with injuries associated with mortality. The most
mortality related injuries were a result of power line interactions. Among the 149 birds with leg problems, 44 cranes (29%,
14% of all birds) had injuries sufficient enough to be associated with mortality. Birds that survived leg injuries lived longer
than birds with no previous injury prior to death.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:156-165

Key words: deformities, Florida, Grus americana, leg injuries, monofilament line, power lines, radio transmitters,
whooping cranes.

The reintroduced resident flock of whooping cranes
(Grus americana) in Florida was established in an
attempt to satisfy a goal of the species recovery plan
(CWS and USFWS 2007). Four breeding centers were
involved with captive rearing cranes for release into this
flock (Nesbitt et al. 1997). Problems involving the legs
are a continual concern for captive-reared cranes
(Wellington et al. 1996), but their importance following
release is not known. Kelley and Hartup (2008) identified
potential risk factors for leg and toe deformities,
including rearing method, egg source, egg laying order,
and relative weight change during the first and second
weeks of age. Here we analyzed a database of health
records from 306 wild-fledged and captive-reared
whooping cranes to determine the prevalence of leg
problems and power line interactions, and their
significance to health and survival in the wild. We also
evaluated the survival and reproduction of birds released
with pre-existing leg and toe deformities.

METHODS

Our study population consisted of 306 whooping

cranes: 296 birds reared in captivity and released into
the wild at 6 to 10 months of age (155 males and 141
females) and 10 wild-fledged birds (2 males and 8
females) from 1992 to 2007. Cranes were reared in
captivity at Patuxent Wildlife Research Center
(PWRC), Laurel, Maryland; International Crane
Foundation (ICF), Baraboo, Wisconsin; the Calgary
Zoo, Calgary, Alberta; and the San Antonio Zoo, San
Antonio, Texas. Captive-reared birds were examined
upon arrival in Florida and a leg-mounted transmitter
was attached to either the left or right leg to track the
birds for further monitoring. After a pre-release
examination 2 weeks after arrival, birds were soft-
released (Nesbitt et al. 1997) in 3 central Florida
counties (Lake, Osceola, and Polk). The birds were
frequently monitored to obtain location, health status,
breeding status, and to observe behavior. We captured
birds by 10 methods in order to replace transmitters and
gather health data (Folk et al. 2005). All relevant health
data were stored in a database which contained over
1,800 records of field observations, captures, and
necropsy reports.

We searched the database for key words indicating
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possible leg problems or power line interactions. All
conditions noted at the arrival examination and
thereafter were considered. Birds <1 year of age were
considered chicks, while birds 1 to <3 years of age
were subadults and those ≥3 years of age were adults.
Conditions were placed into 4 broad categories: power
line interactions, other traumatic injuries, deformities,
and miscellaneous conditions. Birds could be placed in
multiple categories based on the problems diagnosed
and were included in each category total but were only
counted once for the total injured population.
Percentages refer to the percent of total population
unless stated otherwise.

We defined a power line interaction as either direct
evidence that a bird hit the power line, such as finding
a dead or injured bird or its transmitter under a power
line, or when a bird died from other causes such as
predation, but was believed to have been previously
injured from striking a power line in the area. For
example, a bird with a broken wing within sight of a
power line that was killed by a bobcat several days later
was considered as a power line interaction.

Other traumatic injuries included leg dangle (leg is
dropped from normal flight position), hip dislocation,
leg fracture, fence and vehicular collision, lameness,
monofilament line entanglement, and/or wounds.
Wounds included abrasions, lacerations, and sores.
Injuries sustained during capture or handling were also
included in this category. 

Deformities included toe deformities, short legs,
rotated tarsometatarsus, or any combination of the 3
that were present upon arrival in Florida. An ANOVA
test was used to determine the effects of developmental
deformities on survival and reproduction for birds ≥3
years of age using age at death or age in 2007 for
surviving birds and the reproductive value of the bird.
The reproductive value was calculated as per Spalding
et al. (2010). 

Miscellaneous conditions included birds with
defects of the integument (calluses, cracked skin,
crusts, dermatitis, dry skin, hyperemia, scabs, scars,
sloughing skin, and avulsed skin), swelling (arthritis,
bruises, cellulitis, edema, hemorrhage, and myositis, as
well as generalized swelling), and miscellaneous toe
problems (lost or missing toes or toenail injuries,
pododermatitis, chondroma, and undiagnosed nodules). 

An injury was considered related to death if it
directly led to mortality or if it predisposed the bird to

predation. If the injury did not meet these criteria, it
was considered to be unrelated to mortality. A Kaplan-
Meier survival analysis was used to gauge the survival
of birds with injuries to birds with no recorded injury.
An ANOVA test was used to evaluate leg problems and
the source (PWRC, ICF, other, or wild) and rearing
method among birds reared in isolation, by surrogate
parents, as a combination of the 2, or by wild parents
(Nagendran et al. 1996).  

RESULTS 

We determined 50% (154/306 birds; 78 males, 76
females) of the flock had 1 or more leg problems. We
categorized these as power line interactions (39/306,
13% of total population), other trauma (94/306, 31%),
deformities (43/306, 14%), and miscellaneous
conditions (106/306, 35%). 

Power Line Interactions 

Thirty-nine whooping cranes had 44 power line
interactions (Table 1). More males (n = 26, 67%) than
females (n = 13, 33%) collided with power lines. The
majority of these 39 birds died (57%), while the rest
recovered from an injury (20%), went missing (7%), or
survived with no apparent injury (16%). Four birds had
multiple (2 to 3) power line interactions. Two males
and 1 female died as a result of their second interaction
and another female was still alive in 2007 after 3
interactions. The transmitter or the transmittered leg
was involved in 22 (50%) of the 44 individual power
line interactions. Seventeen cases involved the
transmitter being separated from the leg. The
transmitter was involved twice for 1 bird, the first
encounter causing a wound on the tarsometatarsus of
the transmittered leg and the second causing lameness
of the transmittered leg. All 8 instances of electrocution
involved male birds; 3 were chicks, 3 were subadults,
and 2 were adults (Fig. 1). Most of the female power
line mortality was among subadult birds; in fact, no
adult females died as a result of power line interaction.
Five birds remained alive in 2007 following
interactions with power lines. These birds include 2
males with no injuries, 2 females with temporary wing
injuries, and a female with 3 power line interactions (1
wound on the tarsometatarsus of the transmittered leg,
short-term lameness of the non-transmittered leg, and
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short-term lameness of the transmittered leg).
An increase in the number of power line strikes

occurred from 2003 to 2005 (Fig. 2). There were 23
interactions during those 3 years; 14 interactions were
recorded the previous 10 years (1993-2002). There
were 13 interactions in Lake and Sumter counties from

the same power line, resulting in 6 dead or missing
birds from 2003 to 2005. These all involved
transmission lines (>115 kV) located between roosting
and foraging sites. The increase was attributed to birds
roosting and foraging on opposite sides of power lines
based upon observations of sites used and flight
patterns. 

Other Trauma

Seventy-two whooping cranes had other traumatic
injuries (Table 2). Two female birds observed dangling a
leg while in flight (Fig. 3) were still alive in 2007, while
the others either died from bobcat predation or went
missing within a few months after injury. No cause for
these leg deviations where found at post mortem
examination. One of the surviving birds no longer had a
leg dangle but did have a recurring limp in the opposite
leg. The other bird's condition remained unchanged. 

One (1%) female bird suffered a hip dislocation after
getting caught in a fence as a subadult. The hip
displacement resolved in transit to the University of
Florida Veterinary Medical Center (VMC) and this bird
was released after a short period of treatment while a
laceration healed. This bird sustained no other injuries
until 10, 12, and 13 years of age, when a right digit 2 curl,
lameness, and left digit 3 swelling, respectively, were
observed. This bird was alive in 2007 and fledged 2
chicks.

Nine (3%) whooping cranes were recorded with leg
fractures (Table 3). Five of the 6 (83%) single leg fractures
involved the transmittered leg. Of 5 birds with leg
fractures, 3 that were hospitalized and 1 left alone in the
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Sex                               Age

M     F        Chick         Subadult         Adult
Power line interaction      Total birds      % of  total population       Total instances

Table 1. Summary of whooping crane power line interactions in central Florida, 1992-2007.

14
8
7
6
3
3
2
1

39a

5
3
2
2
1
1
1

<1
13

9
8
5
3
2
1
1
0

26

5
0
2
3
1
2
1
1

13

3t1

3
0
2t1

1t1

0
0
0
9

8t3

3
3t3

1t1

2t2

2
1
0

20

3t1

2t1

4t4

3t2

0
1
1t1

1t1

15

14
8
7
6
3
3
2
1

44

Collision trauma
Electrocution
Survived uninjured
Lameness
Missing
Wing injury
Leg fracture
Leg wound
TOTAL

Figure 1. Gender and age of whooping cranes that died from
trauma or electrocution when colliding with power lines in
central Florida, 1992-2007.

Figure 2. Number of whooping crane power line interactions
in central Florida, 1993-2007.

a Birds with multiple conditions were only counted once.
tn Number of birds with injuries involving the transmitter.

 



wild died, while 1 that remained in the wild without
intervention survived and reproduced. Seven (2%)
whooping cranes have collided with either a vehicle or a
fence (Table 4). In addition there were other cases of fence
collision or entanglement that did not involve injury to the
legs. Twenty-one (7%) whooping cranes were observed in
the field with lameness (Table 5).  All 5 (2%) whooping
cranes reported with monofilament line entanglement
were females (Fig. 4). Aside from the injuries listed in
Table 6, all 5 birds recovered from the monofilament line
entanglement. 

Most of the wounds observed were in chicks (10 at the
arrival examination and 27 at pre-release examination);
remaining wounds occurred in 6 subadults and 6 adults.

Proc. North Am. Crane Workshop 11:2010 LEG PROBLEMS IN FLORIDA RESIDENT WHOOPING CRANES • Miller et al. 159

Sex                               Age

M     F        Chick         Subadult         Adult
Other trauma                    Total birds      % of  total population                                                                                    Total instances

Table 2. Summary of whooping cranes with other (non-power line) traumas in central Florida, 1992-2007.
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a Birds with multiple conditions were only counted once.
cn Number of birds with a capture-related injury.
tn Number of birds with an injury involving the transmitter.

Wounds
Lacerations
Abrasions

Lameness
Leg fracture
Fence and vehicular 

collisions
Fence collision
Vehicular collision

Leg dangle
Monofilament line 

entanglement
Hip dislocation
TOTAL

Sex Age               Fracture location                 Fracture cause                                            Outcome

Table 3. Details of whooping crane leg fractures in central Florida, 1992-2007.

Subadult
Subadult

Adult
Chick

Subadult
Subadult

Adult
Adult
Adult

Bilateral tarsometatarsust

Left tibiotarsust

Bilateral femurst

Right tarsometatarsust

Right tarsometatarsust

Bilateral tarsometatarsust

Left tibiotarsust

Left tarsometatarsus
Bilateral femurst

Power line
Power line
Struck by golf ball
Unknown
Entangled in cow feeder
Vehicular collision
Unknown
Unknown
Unknown

Euthanized
Died-corn aspiration in captivity for fracture repair
Died-anesthesia complications
Found dead
Died-anesthesia complications
Euthanized
Bobcat predation 21 days later
Healed with bones overriding and fledged 1 chick
Found dead

t Transmitter leg involved.

Female
Female
Female
Male
Male
Male
Male
Male
Male

Figure 3. A whooping crane with a leg deviating from normal
flight position.



The location of these wounds varied and some birds had
multiple wounds noted. One adult female sustained a
laceration on a toe during capture. The transmitter was
responsible for 4 instances of minor leg wounds.

There were 9 capture or handling related injuries. One
male bird and 2 wild-fledged female chicks had an
avulsed toenail during hand captures. Another adult
female had a laceration on a toe from the netting used in a
clap trap capture. Five chicks (3 males and 2 females) had
torn toenails due to handling prior to release. Three birds
were still alive in 2007 including a wild-fledged chick.

The remaining birds died due to causes not associated
with either their capture or handling injury.

Deformities 

The deformities category included 43 (14%) chicks
with toe deformities (n = 28), short legs (n = 11), and/or
rotated tarsometatarsus (n = 12) found at either the arrival
or pre-release examinations (Table 7). Although
whooping cranes with toe deformities tended to have a
lower index of reproductive value than the general

160       LEG PROBLEMS IN FLORIDA RESIDENT WHOOPING CRANES • Miller et al. Proc. North Am. Crane Workshop 11:2010

Sex Age                  Object of collision                                           Outcome

Table 4. Details of whooping crane fence and vehicle collisions in central Florida, 1992-2007.

Subadult
Subadult

Adult
Adult
Adult

Subadult
Adult

Fence
Fence
Fence
Fence
Fence

Vehicle
Vehicle

Hip dislocation (resolved), fledged 2 chicks
Found dead near fence
Bird uninjured, transmitter found near fence
Found dead near fence
Found dead near fence
Euthanized due to bilateral leg fractures
Found dead in middle of highway with multiple fractures

Female
Female
Female
Female
Female
Male
Male

Sex Age            Leg                    Lameness cause                                                        Outcome

Table 5. Details of whooping crane lameness in central Florida, 1992-2007.

Chick
Chick

Subadult
Subadult
Subadult
Subadult
Subadult

Adult
Adult
Adult
Adult
Adult
Adult
Chick
Chick

Subadult
Subadult
Subadult
Subadult

Adult
Adult
Adult
Adult

Rightt

Rightt

Rightt

Rightt

Leftt

Leftt

Left
Leftt

Leftt

Leftt

Leftt

Left
Right
Leftt

Leftt

Rightt

Leftt

Right
Leftt

Leftt

Left
Leftt

Right

Died 1 year later from power line collision
Still alive
Lameness resolved
Bobcat predation 2 days later
Lameness resolved
Found dead
Bobcat predation >5 years later
Lameness resolved
Lost transmitter, still lame (2007)
Died-corn aspiration in captivity for leg fracture repair
Still alive
Still alive
Still alive
Lameness resolved
Lameness resolved
Bobcat predation 20 days later
Went missing >4 years later
Lameness resolved
Still alive
Bobcat predation 21 days later
Lameness resolved, fledged 1 chick
Died ~2.5 years later from EEE
Went missing 3 months later

Power line interaction
Unknown
Monofilament line entanglement
Unknown
Monofilament line entanglement
Unknown
Unknown
Monofilament line entanglement
Unknown
Power line interaction
Power line interaction
Unknown
Power line interaction
Unknown
Power line interaction
Unknown
Power line interaction
Unknown
Unknown
Power line interaction
Re-injured healed fractured leg
Unknown - chip out of transmitter band
Unknown

Female
Female
Female
Female
Female
Female
Female
Femalea

Female
Female
Femalea

Female
Femalea

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male

a Same bird with 3 separate instances of lameness.
t Transmitter leg involved.



population, there was no statistical difference (P > 0.05).
Those with short legs or leg rotations also did not differ
from the reproductive value of the general population (P
> 0.05). Overall, birds with leg deformities had no
statistical difference of survival rate than the general
population (P > 0.05).  

Miscellaneous Conditions 

Eighty-five (28%) whooping cranes were observed

with miscellaneous conditions (Table 8). Calluses, scabs,
and scars were the most reported defect in the integument
and were most often a minor injury due to the transmitter
wearing on the skin of the hock. Pododermatitis was
found in 4 (1%) chicks, prior to their release. Two (1%)
male whooping cranes have been seen with chondromas
(cartilage tumors). One wild-fledged chick with an 8-
mm-round chondroma on the tarsus was partially
biopsied and the remaining mass regressed to a small scar
within 2 years. The other chondroma was a 15151 cm
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Figure 4. A wild-fledged whooping crane with monofilament line entanglement that included the antenna of the transmitter and
caused swelling of the foot (A); close up of entanglement (B).

Sex Age                  Entanglement location Outcome

Table 6. Details of whooping crane monofilament line entanglement in central Florida, 1992-2007.

Chick
Subadult
Subadult
Subadult

Adult
Adult

Left legt and foot
Right tarsometatarsust

Left tarsometatarsust

Left tarsometatarsus
Left legt

Left tibiotarsus

Swelling and lameness (both resolved)
Swelling and lameness (both resolved)
Swelling and lameness (both resolved), lost 2/3 left hallux
Swelling (resolved)
Swelling (resolved), scarring on leg
Swelling (resolved)

Female
Female
Femalea

Female
Femalea

Female

a Same bird with 2 separate instances of monofilament line entanglement.
t Transmitter leg involved.

Sex                               Age

M     F        Chick         Subadult         Adult
Total birds      % of  total population       TotalCondition

Table 7. Summary of whooping crane deformities in central Florida, 1992-2007.

36
12
10
50a

12
4
3

16

17
3
2

20

19
9
8

30

31
9

12
52

3
1
0
4

2
0
0
2

36
12
10
58

a Birds with multiple conditions were only counted once.

Toe deformities
Rotated tarsometatarsus
Short legs
TOTAL



raised white nodule with a crusted center found on the
tarsus of a subadult male that had been killed by a bobcat.
Two (1%) whooping cranes had undiagnosed nodules. A
male chick had a proliferative epithelial lesion that
resembled avian pox on the right digit 2 at the time of
release. A female adult had 2 similar occurrences, 1 lesion
on the foot that resolved, and 1 lesion near the hock 4
months later that also resolved.

Injury Relation to Mortality, Source, and Rearing
Method 

Of the 149 whooping cranes with leg problems and
power line interactions, 118 (79%) have died. Forty-four
(29%, 14% of total population) had injuries severe
enough to be associated with mortality (Fig. 5). These
birds were in the following categories: power line

interactions (n = 28), other trauma (n = 15), and
miscellaneous conditions (n = 1). Birds in the other
trauma category included 2 birds with a leg dangle, 4 leg
fractures, 6 fence and vehicle collisions, and 3 instances
of lameness. The bird from the miscellaneous conditions
category lost its foot below the tarsal joint and
subsequently went missing shortly thereafter. No
mortalities were associated with deformities; however,
such an association would be unlikely to be observed.
Birds were only released with deformities considered
unlikely to influence survival. Except for captures to
repair fractured legs, no serious capture or handling
injuries occurred. Three birds died during hospitalization
to repair or treat leg fractures. Two died from
complications of anesthesia and 1 suffocated from
aspiration of corn. The remaining birds either had
injuries not considered related with mortality (n = 73,
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Sex                               Age

M     F        Chick         Subadult         Adult
Condition Total birds      % of  total population       Total instances

Table 8. Summary of whooping crane miscellaneous conditions in central Florida, 1992-2007.

40
33

3
3
2
1
1

44
15

9
9
8a

3
3
2
1
1
1

17
14

3
4
2
2

84d

13
11
1
1
1

<1
<1
14
5
3
3
3
1
1
1

<1
<1
<1

6
5
1
1
1
1

27

16
13
2
2
1
0
0

23
10
3
3
4
2
1
2
0
0
1
9
7
2
2
2
1

41

24
20
1
1
1
1
1

21
15
6
6
4
1
2
0
1
1
0
8
7
1
2
0
1

43

31
23b1,m1,t3

3
2t1

1b1

1
1

30
1b1

8
6
8
3
1
2
0
1
0

13
13c7

0
4
1
1

80

6
5m1,t3

0
0
1m1

0
0
4
1t1

0
0
0
0
2
0
0
0
1
1
0
1
0
1
0

12

13
12b1,m3,t2

0
1
0
0
0

18
13t13

1
3
0
0
0
0
1
0
0
3
1c1

2
0
0
2

36

50
40
3
3
2
1
1

52
15
9
9
8
3
3
2
1
1
1

17
14
3
4
2
3

128

a Six instances of hyperemia found on hips and associated with copulatory mounting.
bn Number of birds with an injury from the aluminum identification band.
cn Number of birds with a capture related injury.
d Birds with multiple conditions were only counted once.
mn Number of birds with an injury from monofilament line entanglement.
tn Number of birds with an injury involving the transmitter.

Swelling
Generalized swelling
Bruises
Cellulitis
Edema
Arthritis
Myositis

Defects of integument
Calluses
Scabs
Scars
Hyperemia
Crusts
Dermatitis
Sloughing skin
Avulsed skin
Cracked skin
Dry skin

Miscellaneous toe problems
Toenail injuries
Lost/missing toes

Pododermatitis
Chondroma
Undiagnosed nodules
TOTAL

 



50% of injured birds, 24% of total population) or were
still alive in 2007 (n = 31, 21% of injured birds, 10% of
total population). Birds with injury were found to
survive longer (mean = 47.2 months) than birds with no
previously recorded injury (mean = 30.7 months) (P <
0.001). We found no indication that source (P > 0.05)
or rearing method (P > 0.05) predisposed birds to leg
problems or power line interactions.

DISCUSSION

Although leg problems were common in the Florida
resident population, only a few types of problems
appeared to be significant to the health and survival of the
birds. Forty-four birds were believed to die from leg-
associated problems or power line interactions. Power
lines were the most common cause for these deaths.
Other manmade hazards associated with whooping crane
mortality included fences, monofilament line, vehicles,
cow feeders and golf balls. Many of these hazards are
associated with birds living in or close to urban areas.
Power lines injure and kill other crane species and other
large birds (Crivelli et al. 1988, Cochrane et al. 1991,
Janss and Ferrer 2000, Sundar and Choudhury 2005) as
well as whooping cranes in other wild flocks (Stehn and
Wassenich 2008).

The greater mortality of males, especially older
males, from power line collision may be due to a male
flying ahead of the female and hitting the line first,
alerting the female, or cushioning the blow; however,

there have been 2 cases were 2 and 3 birds died in a single
event.

Frequent mortality from particular power lines
appears to occur when a line is located between foraging
and roosting sites. Low light and fog conditions between
these sites may contribute to the reasons that the lines are
struck. Poor weather conditions affect the bird's ability to
see and react to an imminent power line collision
(Crivelli et al. 1988, Cochrane et al. 1991, Savereno et al.
1996, Stehn and Wassenich 2008). The consideration of
power line presence when choosing release sites is made
difficult by the rarity of power line-free areas, the rapid
increase in new power lines, and the inability to predict
which roosting and foraging areas will be used by the
birds after release since birds frequently moved large
distances from release sites. 

To combat the problem of power line interactions, the
Florida Fish and Wildlife Conservation Commission
worked with a local power company to place markers
(Firefly Bird Flappers®, PR Technologies, Portland, OR)
on 8 km of the power lines most frequently encountered.
Other studies concur that marking power lines reduce the
number of mortalities (Morkill and Anderson 1991,
Alonso et al. 1994, Stehn and Wassenich 2008). Because
we found 50% of power line interactions involved the
transmitter, we began deploying a new style of
transmitter in September 2006. The new transmitter has
an angled leading edge, unlike the blunt edge of the old
transmitter. The purpose of the new design was to allow
a transmitter to glance off the power line as the bird flies
over instead of catching on the line. By the end of 2007,
13 whooping cranes had been fitted with the modified
transmitters. During the 15 months since using the new
transmitter design, 3 power line interactions have been
recorded, all in birds that had not yet been fitted with a
new streamlined transmitter. 

Contrary to expectation, whooping cranes with
injuries survived longer than birds with no injuries.
Since most mortalities were caused by trauma it does
seem reasonable that birds surviving less severe
traumatic events might survive longer on average than
birds that die from more severe traumatic events with
no prior observed leg problem. The source and rearing
method of a bird have no bearing on whether or not a
bird will become injured.

We found no clear evidence that a specific type of leg
deformity influenced survival or reproductive success.
Limb deformities have been noted in husbandry of
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Figure 5. Injury-related morbidity and mortality in whooping
cranes in central Florida, 1992-2007.

 



captive cranes in general (Olsen and Langenberg 1996)
and for whooping cranes specifically (Kelley and Hartup
2008), and are thought to be the result of dietary or
exercise problems. Changes in diet and increased
exercise appear to have resolved some of these problems
(Kelley and Hartup 2008). Although we never recorded
the death of a crane due to leg or foot malformation, the
documentation of such an occurrence would be difficult.

Capture and handling injury was limited to minor
wounds and toenail loss in a few out of >800 handling
events. By avoiding the handling of young, growing,
birds, which seem much more susceptible to leg injury,
leg injuries were kept to a minimum in this study. Wild-
hatched chicks were not captured or handled until they
were strong fliers (>4 months of age). In our study it was
not clear that intervention by hospitalizing a bird with a
fractured leg resulted in the best outcome. Intervention
for birds with fractured legs never resulted in a releasable
bird, whereas one left in the wild went on to successfully
reproduce. Because the chances for a hospitalized bird to
be released back in the wild are low, we recommend
careful consideration for leaving a bird with a fractured
leg in the field if the conditions warrant any chance for
recovery on its own.

Naturally acquired injuries by wild birds were rare
and less likely to be discovered, whereas interactions with
human-made objects were common enough to have
population level impacts. These findings corroborate
those found earlier for Florida cranes (Folk et al. 2001). 

Chondromas, possibly due to a virus, have
occasionally been seen in sandhill cranes (Grus
canadensis) in Florida and can be severe enough to be life
threatening (Forrester and Spalding 2003). Both of the
lesions on whooping cranes were small and 1 regressed
with time.

A problem requiring management is the
entanglement of legs by monofilament line and bill
entrapment by artificial objects. Although the second is
not a leg problem, both require that the bird be captured
to prevent death or, in the case of monofilament line
entanglement, the loss of a foot. Monofilament line
reclamation and education projects at popular recreation
sites, close observation of birds, and capture and removal
can all help to prevent mortality or limb loss.

In summary, we found that leg problems in wild
whooping cranes were common, and generally those of
significance involved man-made objects such as power
lines, fences, vehicles, and monofilament line. Birds that

were able to survive an injury went on to live longer than
birds with no previously observed injury. Power line
interactions were the most common cause of mortality
and injury for birds with leg injuries and power line
interactions. Line markers and transmitter design changes
were instituted and further observations will be necessary
to determine if mortality is reduced. Intervention to
remove monofilament line was always successful;
however, intervention to resolve a fractured leg was not.
Capture or handling injuries were minimal and no deaths
were associated with those injuries except when birds
were hospitalized for fractured legs. Leg deformities
noted at the arrival or pre-release examinations did not
significantly influence survival or reproduction. Where
and how the birds were reared also did not significantly
affect incurring any future injuries.
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A RETROSPECTIVE OF WHOOPING CRANES IN CAPTIVITY

CINDI BARRETT, 105 Rainbow Drive #542, Livingston, TX 77399, USA
THOMAS V. STEHN, U.S. Fish and Wildlife Service, P.O. Box 100, Austwell, TX 77950, USA

Abstract: Early records of captive whooping cranes (Grus americana) were compiled from historical files kept at the Aransas
National Wildlife Refuge and other literature. Additional early records of captive whooping cranes in Europe were discovered.
Annual numbers and location for all captive whooping cranes were tabulated. Starting in 1949, initial attempts at breeding the
species in captivity were conducted opportunistically with a few injured birds captured from the wild. A captive breeding flock
was started in 1966 at the Patuxent Wildlife Research Center in Laurel, Maryland, from second eggs collected in Canada from
the only remaining wild flock. In 1989, the flock at Patuxent was split to guard against a catastrophic event from affecting the
entire captive population. Currently, breeding occurs at 5 locations. The captive flocks are a safeguard of genetic material
against catastrophic loss in the 266 birds currently in the Aransas-Wood Buffalo population. Captive production is also used
to attempt to reintroduce additional flocks into the wild.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:166-179

Key words: breeding, captive propagation, Grus americana, whooping crane.

The whooping crane (Grus americana) is one of the
most widely known endangered species in North
America. All whooping cranes alive today were derived
from only 15 wild individuals present Aransas National
Wildlife Refuge (NWR), Texas, in the winter of 1941-
42. Early haphazard attempts at propagation from 1949
to 1965 involved a few injured birds obtained
opportunistically from the wild. An official whooping
crane captive breeding program was initiated in 1966 at
the Patuxent Wildlife Research Center (PWRC),
Laurel, Maryland, with eggs and 1 injured wild-caught
bird taken from Wood Buffalo National Park (WBNP)
in the Northwest Territories of Canada (Lewis 1995).
To guard against catastrophic loss at a single location,
the captive flock was split among additional breeding
facilities starting in 1989. One or 2 whooping cranes
have also been placed for display purposes at 5 other
institutions in the United States and 1 in Canada. As of
October 2008, the world's captive whooping crane
population consisted of 152 birds at 10 institutions. All
whooping cranes are currently under joint stewardship
of Canada and the United States through a
memorandum of understanding that serves as an
excellent example of international cooperation to save
a species.

Captive propagation is often needed for organisms
whose future cannot be ensured by conventional
methods of legal protection and habitat management
(Doughty 1989). The goals of the captive flocks are to
protect the genetic material of the species in times of
high risk and support reintroduction programs to

establish additional flocks in the wild. Captive
propagation also allows for the comprehensive
investigation of key physiological or behavioral traits
that can provide clues for the better management of
wild populations and can contribute to education by
enabling the public to view and become knowledgeable
about those species in greatest jeopardy (Carpenter and
Derrickson 1982).

This paper provides a retrospective on whooping
cranes in captivity, ongoing breeding programs, and use
of captive offspring. This paper also compiles all
known records of captive whooping cranes prior to
1936, and provides the first ever annual numerical
record and location of all whooping cranes in captivity.

METHODS

Literature research was done to validate the
existence of captive whooping cranes documented in
Allen (1952). Referenced documents in Allen (1952)
were reviewed and additional leads from literature were
pursued. Electronic mail was sent to a variety of
sources in the eastern United States and Europe. During
this process, additional historical records of captive
whooping cranes were discovered.

The whooping crane studbook (Jones and Lacy
2007) was used to validate the captive population held
since the start of the propagation program. Any bird
living on 31 December of a given year was counted as
being captive for that year. This was consistent with the
methodology used for population tables in the recovery
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plan for the whooping crane (CWS and USFWS 2007).

RESULTS

Early Records of Whooping Cranes in Captivity 

Few whooping cranes were in early zoological
collections (Pratt 1996), and information about them is
limited (Doughty 1989). Validated records of captive
whooping cranes and previously undocumented captive
birds are given in Tables 1 and 2.

Allen's monograph of the whooping crane (1952)
was the first known compilation of captive cranes.
Additional records of captive cranes were found in
Blaauw (1897) and Loisel (1912) and were not readily
available to Allen. Blaauw (1897) documented the
existence of 4 cranes in Europe prior to 1900. They
were all purchased from the same bird dealer in
Antwerp, Belgium.  Whooping cranes were crated and
transported by sailing ships to Europe. Archival records
from the Amsterdam Zoo, now known as ARTIS, show
that there were at least 5 whooping cranes in their
collection starting in 1865 (R. Vleck, ARTIS, personal
communication). Both Lord Lilford and the Duchess of
Bedford were documented to have had whooping
cranes in their avian collections in England (Allen
1952). In preparing this manuscript, 10 whooping

cranes were validated in Europe prior to any captive
breeding attempts. Seven had never been cited
previously in whooping crane literature.

There were at least 13 whooping cranes in captivity
in the U.S. and at least 3 in Mexico prior to 1936.
Several of these birds were kept at private estates in the
early 19th century, copying the manner of European
estates of the time. One was a pet found by farm
children in the upper Midwest (Allen 1952). Prior to
the New Orleans Zoo receiving a crane in 1946, the
only U.S. zoos to have had whooping cranes were the
National Zoo in Washington, D.C., starting in 1897 and
the Bronx Zoo in New York City in 1913. John James
Audubon reported keeping a pet juvenile whooping
crane in Boston that gradually turned from grayish-
brown to white (Audubon 1835). However, Audubon
hypothesized in that same account that sandhill and
whooping cranes were the same species, so it is not
clear whether his pet was a whooping crane.

Early Breeding Attempts 

Due to limited knowledge of physiology and
breeding requirements, early attempts at captive
breeding of whooping cranes were fraught with
mishaps caused by both humans and nature. These
early propagation efforts that involved 4 birds are well
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Number of birds Location Dates     Captured     Death   Years in captivity     References Validation

Table 1. Captive whooping cranes in Europe.

Purchased
as adult

1931

1852
1855
1865
1871

39

1
4
1
3

1892

1851
1851
1864
1868
1868

1866

a Denotes birds previously not documented in the whooping crane literature, 1952-2008.

1

5a

2

2a

Lilford Collection,
County of
Northampton, England

Amsterdam Zoo (aka
Artis Zoo), Holland

Woburn Park
Collection, Woburn,
England

Zoological Society of
London, England

Allen1952

Moody 1931
Astley 1907
Blaauw1897

Allen 1952
Bedford 1907 

Blaauw1897

Moody 1931

Vlek, ARTIS, Amsterdam, 
personal communication.

Mitchell, 2007, Woburn
Abby, Woburn, U.K., 
personal communication.

Palmer, 2008, Zoological
Society of London,
London, U.K., personal
communication. 
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Number of birds           Location Dates     Captured    Death   Years in captivity     References Validation

Table 2. Captive whooping cranes in North America prior to 1966.

T12, R24,
Sec. 18, 
west of 6th
principal
meridian of
Kansas

Hutchinson,
Kansasd

South Dakota

Florida

Minnesota

1910

1923

1929

1888

g

13b

At least 9

16e

3

g

1897

1905c

1914

1913e

1885

1890s

1894

1903

1864

1902

1884

a Denotes birds previously not documented in the whooping crane literature.
b Smithsonian inventory record indicated bird hatched in 1896.
c Smithsonian inventory record indicated bird returned to owner, Dr. C. French, on 17 February 1906.
d Konrad C. Beck managed Riverside Park in Hutchinson, Kansas, starting in 1902. Beck had contacts with trappers and hunters around the world and

was reported to have supplied animals to the Bronx Zoo (NYC), Lincoln Park Zoo (Chicago), and the Zoological Gardens (Hamburg, Germany). Riverside
Park is reported to have had 1,000 birds in residence in special lagoons built for that purpose (Decker 2002).

e Inventory card shows bird “on hand” January 1, 1926. Acquisition date is unclear as McNulty (1966) writes that Dr. William Hornaday wrote of having
a specimen in 1913. The inventory card could reflect this particular bird or a second one added to collection after loss of bird written about by Dr. Hornaday.

f The authors have not been able to validate these citations in Allen (1952).
g Marsh (1910) writes of 1 chick being killed by wild turkeys in his collection. Second chick, he writes survived to adulthood until shot after escaping.
h Allen (1952) records this as several birds; for purposes of this paper the author have chosen to use 2+.

3a

1

1

1

1

2a

2+h

1

1

1

1

1

Washington National
Zoo, Washington, D.C.

Bronx Zoo,
New York

South Dakota Farm

J. J. Audubon Home,
Boston, Mass.

Magwood,
Charleston, S.C.

C. W. Marsh 
Collection, DeKalb, Ill.

Hacienda el Molino,
LaBarca, Jalisco,
Mexico

Hacienda de Buena
Vista, near Jalisco,
Mexico 

G.D. Tilley, Darien,
Conn.

The Grand Prairie,
Dunklin Co., Missouri

Scioto River, Ohio

Manhattan, Riley Co.,
Kansas

Allen 1952
Loisel 1912

Allen 1952
McNulty 1966

Oliver 1948

Audubon 1835

Audubon 1835

Allen 1952

Allen 1952

Allen 1952

Widman 1907
as cited by
Allen 1952

Henninger 1902
as cited by
Allen 1952

Blachly (sic)
1884 as cited
by Allen 1952

S. Hallager, 2007,
Washington National Zoo,
personal communication.

Sheppard, Bronx Zoo,
personal communication.

f

Marsh 1910

f

f

Phillips 1912

f

f

f



chronicled (McNulty 1966, Doughty 1989, CWS and
USFWS 2007). Three of these were injured birds
captured from the Aransas-Wood Buffalo population
(AWBP) (McNulty 1966, Maroldo 1980). The first
whooping crane used for breeding in the U.S. was
named Pete (studbook no. 1000), a crane captured from
the AWBP in June 1936 and held near Gothenburg,
Nebraska, for 11 years. In 1947, he was taken by the
Bureau of Sport Fisheries and Wildlife to the Audubon
Zoo in New Orleans, Louisiana, and paired with
Josephine (studbook no. 1001), an injured
nonmigratory whooping crane captured in Louisiana in
1941 (McNulty 1966, Pratt 1996). Josephine had
remained solitary for her first 8 years in captivity (Pratt
1996) and became the last survivor of the non-
migratory, southwestern Louisiana population. In 1948,
Josephine and Pete were taken to a large salt marsh
enclosure at Aransas NWR where they nested
unsuccessfully in 1949. Pete died shortly thereafter.
Josephine was re-paired with Crip (studbook no. 1002),
an injured flightless wild bird at Aransas NWR. In
1950, the pair hatched 1 chick named Rusty (studbook
no. 1003) at Aransas NWR, but a predator killed it a
few days after hatching. Rusty was the first whooping
crane chick hatched in captivity. After nesting
unsuccessfully in 1951, Crip and Josephine were
transferred to the Audubon Zoo. Chicks subsequently
produced by Josephine and Crip, along with 1 adult
crane transferred from the San Antonio Zoo, San
Antonio, Texas, raised the number of whooping cranes
in New Orleans to a peak of 7 birds in 1964 (McNulty
1966). Josephine died in 1965 after having lived in
captivity for 25 years. She produced 13 chicks with
Crip, 4 of which lived for more than a decade but left
no survivors; the genetic material of the Louisiana non-
migratory flock was lost.  

In the mid-1950s, with only 3 whooping cranes in
captivity, ownership and custody of the birds was being
hotly debated (McNulty 1966). From 1951 to 1963, the
San Antonio Zoo (Lauver 1992) and Audubon Zoo
were the only locations holding captive whooping
cranes. The number and location of all captive
whooping cranes utilized for propagation from 1936 to
2007 are shown in Table 3. The names, pairings, and
fledged offspring of the 4 original captive cranes are
provided in Fig. 1. Offspring from these early attempts
at captive breeding exist today in captive flocks and
reintroduced flocks. 

Events Leading To Establishment of a Captive
Breeding Flock

As the Louisiana wild flock dwindled in the 1940s to
a single captive bird in 1951, the migratory flock
wintering in Texas during that same time period fluctuated
between 15 and 34 birds. To guard against extinction of
the AWBP, plans for propagating whooping cranes
surfaced in the 1950s among Canadian wildlife experts in
Saskatchewan (Lynch 1956, Doughty 1989). Captive
propagation was formally proposed in June 1956 at the
Twentieth Federal-Provincial Wildlife Conference held in
Vancouver, Canada (Pratt 1996). At the meeting, biologist
John Lynch from Louisiana recommended capturing
young cranes to serve as a nucleus of breeders producing
offspring in captivity to release back into the wild. This
proposal, although passed by the participants, was very
controversial and opposed by the National Audubon
Society (McNulty 1966). Later in 1956, the 11th Congress
of the International Union of Zoo Directors directed that a
letter be sent to the U.S. Fish and Wildlife Service
(USFWS) proposing that zoos be designated as possible
breeding sites for whooping cranes as soon as possible
(Dunlap 1991, Pratt 1996).

Starting in about 1959, the Bureau of Sport Fisheries
and Wildlife began to accept the husbandry concepts
espoused by aviculturists (Pratt 1996). By 1962, the policy
of the Bureau intended to take full advantage of the
aviculture talent available in zoological parks and private
aviaries for the propagation of whooping cranes (Pratt
1996). Aviculturists hoped to eventually re-establish the
species by releasing captive-bred individuals directly in
the wild or by transferring eggs or young to be reared by
foster parents (Doughty 1989).

The actual implementation of a captive breeding
program fell initially to Bureau of Sport Fisheries and
Wildlife biologist Ray Erickson (Doughty 1989). Based
on an analysis of the Aransas NWR winter population
counts from 1938 to 1960, Erickson (1961, U.S. Fish and
Wildlife Service, unpublished administrative report)
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 (G. canadensis)
as research surrogates (Erickson 1975).

Experimentation bringing sandhill cranes into
captivity began in 1961-1962. Immature sandhill cranes,
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Year         ANWRa SSCb ICFc DWCCd MVNWRe NEf,g PWRCh SAZOOi Grand total

Table 3. Number and location of whooping cranes at captive breeding centers, 1936-2007. This table does not include display
birds except as noted.

1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

2
2
2

1
1
1
1
1
1
2

2
2
2
2
2
2
4
5
5
5
6
6
6
7
6
5
4
4
4
3
3
3
3
2
2
1 2

3
2
2
2
1
1
1
1
1
1
1
1
21

1
1

1
1
1
1
1
1
1
1
1
1
1

1
6
11
16
13
16
16
16
20
20
19
19
21
22
20
20
27
36
32
38
38
41
46
32

1
1
1
1
1
1
1
1

1
2
2
2
2
1
1
1
1
1
2
2
2
2
2
2
2
2
2
1
1
1
1
1

1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
5
6
6
6
7
7
7
8
7
7
12
17
22
18
20
20
20
23
23
24
24
25
26
24
23
30
39
35
40
40
43
48
54



eggs and downy chicks were taken from the wild in
Oregon, Idaho, Florida, Mississippi, and Wisconsin and
housed in temporary facilities at Monte Vista NWR,
Colorado (CWS and USFWS 2007). This research
indicated that there were many problems associated with
capturing and retaining juvenile sandhill cranes (Doughty
1989). Experiments showed that egg collecting was the
safest and most convenient method of obtaining and
transporting wild stock to reduce the dangers of shipping
cranes long distance, and also lessening the risk of
introducing parasites and diseases into a captive flock
(McNulty 1966, Doughty 1989). Erickson and colleagues
hypothesized that taking 1 egg from a wild clutch would
not compromise the productivity of the wild population
(Doughty 1989). Research done on sandhill cranes
indicated that nest desertion was negligible and population
productivity was relatively unaffected when single eggs
were removed from 2-egg clutches, since cranes normally
lay 2 eggs, but rarely fledge 2 chicks. Observations on the

Canadian breeding grounds (Novakowski 1966)
confirmed that whooping cranes also generally followed
this pattern.

Establishment of the First Whooping Crane
Captive Breeding Facility 

In 1966, U.S. Senator Karl Mundt sponsored a
supplemental appropriation to establish the Endangered
Wildlife Research Program and develop permanent
whooping crane propagation facilities at PWRC (CWS
and USFWS 2007). One reason for locating the crane
propagation facility in Maryland was that the U.S.
Department of Agriculture operated a specialized
breeding center for domestic birds in nearby Beltsville.
Experts used to rearing such birds were able to offer
suggestions about food, incubation schedules, treatment
of diseases, and provide equipment for breeding cranes
and other endangered birds in captivity (Doughty 1989).
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Table 3. Continued.

1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007

2j

2j

4j

5j

7j

9j

10j

9j

9j

10j

29
27
37
29
31
35
34
30
30
29
27
32
35
31
34
38
37
35

4j

14j

14j

16j

15j

18j

21j

21j

18j

17j

16j

17j

17j

20j

22j

22j

35
40
49
56
57
70
62
58
67
71
72
67
55
57
53
54
59
63

1
2
2
3
4
4
4
4
4
6
6
7
10
6
5
6
9
8

65
69
92
102
106
125
115
110
124
129
127
128
123
120
119
127
136
140k

a Aransas National Wildlife Refuge, Austwell, Texas.
b From 1941 to 1976 captive breeding was performed at the Audubon Zoo, New Orleans, Louisiana. The captive breeding flock is currently housed at

the Audubon Species Survival Center, New Orleans, Louisiana.
c International Crane Foundation, Baraboo, Wisconsin.
d Devonian Wildlife Conservation Center, Calgary, Alberta, Canada.
e Monte Vista National Wildlife Refuge, Alamosa, Colorado. 
f Gothenburg Sanctuary, Brady, Nebraska.
g While not a breeding facility, Gothenburg Sanctuary housed a bird used subsequently in captive breeding.
h Patuxent Wildlife Research Center, Laurel, Maryland.
i San Antonio Zoo, San Antonio, Texas.
j This number reflects cranes utilized for breeding and up to 2 cranes for display.
k This number reflects a total of 4 cranes utilized for display purposes.



PWRC is currently part of the U. S. Geological Survey's
Biological Resources Division and funded by federal
appropriations.

A single whooping crane with an injured wing
captured as a juvenile in WBNP in 1964 (Novakowski
1965) was transported to the Monte Vista NWR in
Colorado. In spring 1966, this male crane (named Canus,
studbook no. 1019) was the first whooping crane
transferred to PWRC along with sandhill cranes.

Use of Wild Eggs from WBNP to Build the
Captive Flock 

The Canadian Wildlife Service (CWS) and USFWS
agreed in 1964 to obtain eggs from Canada and take them

to a propagation center to establish a captive flock (Pratt
1996). In all but 4 years between 1967 and 1998, eggs
were taken from wild nests in WBNP and used to build
the captive flocks (n = 206) and support reintroductions
(n = 230) (CWS and USFWS 2007). Egg collections and
subsequent propagation efforts have been described by
Kepler (1976), Kuyt (1976), and Ellis et al. (1996). Egg
transfers in the 1990s were designed to increase the size
and genetic diversity of the captive flock (CWS and
USFWS 2007). Chicks raised from these eggs currently
form the nucleus of the captive breeding flocks.

The removal of 1 egg from wild nests in WBNP was
the key methodology used in establishing a captive flock.
Although the total number of cranes (wild plus captive)
was dramatically increased by taking 1 egg from a clutch

172      WHOOPING CRANES IN CAPTIVITY • Barrett and Stehn Proc. North Am. Crane Workshop 11:2010

Figure 1. Breeding chart of the 4 original captive whooping cranes showing fledged offspring. Number in parenthesesa is the
studbook number of the whooping crane. AIb indicates artificial insemination.



of 2 and rearing it in captivity (Erickson 1975), the effect
of egg removal on the growth rate and overall fitness of
the wild flock has been hotly debated by crane
researchers and has not yet been determined. Erickson
(1976), Kuyt (1976, 1981a, 1981b) and Boyce et al.
(2005) noted that egg removals had not adversely
affected the productivity of the wild population. Cannon
et al. (2001) noted that the total number of chicks
reaching Aransas NWR was less when eggs were
collected compared to when no eggs were removed since
some pairs arrive at the refuge with 2 chicks.

Captive Propagation at Patuxent

The size of the captive flock at PWRC (Fig. 2)
increased as eggs were collected from the wild in WBNP
and shipped to PWRC where they were hatched. CWS
and the USFWS obtained 50 eggs from nests in WBNP
from 1967 to 1974 to establish a breeding population at
the PWRC.  At the end of 1974, 19 whooping cranes were
at PWRC. Egg transfers from WBNP to PWRC were
resumed in 1982-1989 and 1991-1996, and totaled 128
eggs, with 114 retained in captivity and 14 used for the
Florida reintroduction (CWS and USFWS 2007).

The first breeding at PWRC occurred in 1975, when
1 whooping crane female laid 3 eggs (Derrickson and
Carpenter 1982) and hatched 1 chick (Doughty 1989). In
1976, the first chicks from captive-produced eggs at
PWRC successfully fledged (CWS and USFWS 2007).
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%) (CWS and USFWS 2007). With most of the eggs
being used to support reintroductions, the size of the
captive flock at PWRC grew slowly and totaled 63 birds
in December 2007.

Decision to Divide the Captive Flock

In the 1980s, the captive flock at PWRC suffered 2
major setbacks. In 1984, 7 whooping cranes died from
eastern equine encephalitis (EEE), of which 5 were
females. The sex ratio in the surviving adult captive
population was 10 males to 4 females. Whooping cranes
appear especially susceptible to EEE since no sandhill
crane mortality occurred (Carpenter et al. 1987). In 1987,
a mycotoxin in commercially prepared crane feed
poisoned about 240 of the 300 captive cranes at the
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Figure 2. Number of cranes at propagation centers, 1966-2007.

 



center. 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).

In 1989, the then separate Canadian and United States
recovery teams decided to split the captive flock to reduce
the threat of catastrophic events decimating the flock at
PWRC. Since the whooping crane has always been a
species shared by 2 nations, the teams wanted 1 of the
new breeding centers to be located in Canada. Birds from
PWRC were sent to the International Crane Foundation
(ICF) in Baraboo, Wisconsin (n = 22), San Antonio Zoo
(n = 2), and the Calgary Zoo in Calgary, Alberta (n = 13)
(J. Chandler, PWRC, personal communication). Eggs
from WBNP were also taken to the new captive centers
and used to build the captive flock (ICF, n = 36;
Calgary Zoo, n = 6). Starting in 1998, birds from
breeding centers were shipped to the Audubon
Freeport-McMoran Species Survival Center (SSC) in
New Orleans, Louisiana (n = 10).

Display Facilities

Starting in the 1930s and through the mid-1970s,
whooping cranes on public display were located only in
Gothenburg, Nebraska (1936-1946) (Gothenburg Times
1936), Audubon Zoo (1941-1947, 1951-1975), Aransas
NWR (1948-1950), and San Antonio Zoo (1956-1963,
1966-1975). In 1976 and 1977, the remaining whooping
cranes at the Audubon Zoo were moved to initiate the
captive breeding program at ICF. In November 2001, a
whooping crane shipped to New Orleans marked the
historic return of the species to the Audubon Zoo. A new
whooping crane exhibit was dedicated in September 2004
with a pair on display featured prominently near the zoo
entrance.

In recent years whooping cranes with health
problems or genetically over-represented are designated
by the joint international Whooping Crane Recovery
Team (WCRT) as “display” birds and through an
application process are placed at suitable zoos. There are
currently 8 facilities with whooping cranes on public
display: Audubon Zoo, Calgary Zoo, ICF, Milwaukee
County Zoo, San Antonio Zoo, and at 3 facilities in
Florida (Homosassa Springs Wildlife State Park,
Jacksonville Zoo, and the Lowry Park Zoo in Tampa). No
whooping cranes are currently located outside of North
America.

Captive Propagation of Whooping Cranes

Biologists through many years of research developed
techniques for successfully breeding whooping cranes in
captivity (Ellis et al. 1996). Whooping cranes are a
difficult species to breed, much more so than sandhill
cranes (Erickson 1975). Although some propagation
techniques developed for sandhill cranes can be applied
to whooping cranes, the latter have required certain
procedural modifications (Doughty 1989). Most
mortality has occurred within 1 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
at PWRC have been summarized from 1967 to 1981
(Carpenter and Derrickson 1982) and from 1982 to 1995
(Olsen et al. 1997). A similar summary has recently been
published for ICF (Hartup et al. 2010).

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 (Nicolich et
al. 2001). Natural fertility, which reduces the risk of
injury due to handling, is good in some pairs but overall
productivity is increased by using artificial
insemination (CWS and USFWS 2007). Production has
been increased substantially by removing initial
clutches and recycling the females to lay multiple
clutches. Captive birds have in almost all cases first
bred at an older age than their wild counterparts (CWS
and USFWS 2007). Although a few birds in captivity
have bred as early as 4-5 years of age, most captive
females have not laid until they were 7-10 years old.
Possible factors responsible for delayed reproduction in
the captive flock include improper photoperiod,
rainfall, rearing conditions, dominance relationships,
age of separation of potential pairs from a bachelor
flock, sexual incompatibility, 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).
Although most reproductive cranes lay eggs every year,
some females lay every other year, lay occasionally, or
lay small or misshapen eggs (CWS and USFWS 2007).

Population Viability Assessment

A whooping crane population viability assessment
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(PVA) conducted in 1991 evaluated the role of captive
propagation as a component of recovery strategy for the
species and served as a basis for a master plan for the
captive flock. It 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). The PVA also considered: 1)
accelerating the expansion of the captive population with
an adequate number of pairs to provide the numbers of
offspring needed to sustain release efforts, 2) enhancing
preservation of genetic diversity through adequate
representation of the AWBP in captivity through egg
collections to ensure 90% of the genetic diversity
represented in the wild flock survives for 100 years
should catastrophe strike the AWBP, 3) protecting the
population gene pool against fluctuations due to
environmental stochasticity in the wild, 4) providing
birds for reinforcement of wild populations or
establishment of new populations, 5) enhancing
conservation efforts through public education, and 6)
identifying problems or issues needing analysis and
research.

Reintroductions

Three reintroduction experiments have been
supported with eggs produced in captivity and eggs taken
from the wild. From 1975 to 1988, 216 eggs from WBNP
and 73 from captivity were placed in sandhill crane nests
at Grays Lake NWR in Idaho (CWS and USFWS 2007).
The cross-fostered whooping crane young learned the
migration route to New Mexico from their sandhill crane
parents. Whooping cranes in that population peaked at 33
cranes in 1985, and the last bird in the wild died in spring
2002. There was no reproduction in the cross-fostered
whooping cranes except for 1 male (studbook no. 1118)
that paired with a sandhill crane and produced 1 hybrid
offspring. One male captured from this population was
still living in captivity at ICF in 2009 and paired with a
sandhill crane female raised by a pair of captive
whooping cranes.

After the failure of the cross-fostered flock, most
captive chicks were either parent-reared or costume-
reared. To avoid imprinting problems, all costume-reared
chicks were raised in auditory and visual contact with live
white-plumaged whooping cranes and other chicks. In
costume-rearing, cranes are exposed to the human form

only during negative, stressful situations.
Additional reintroductions using birds hatched in

captivity and soft-released into the wild have taken place
in Florida (1993-2005) and in Wisconsin (2001-present).
The whooping cranes in central Florida are non-
migratory, whereas the cranes released in Wisconsin
migrate primarily to the western portions of Florida, with
some individuals wintering in other southeastern states.
Between 1993 and 2007, captive eggs went to the Florida
nonmigratory population (n = 257), and the eastern
migratory population (n = 125). These reintroductions
have so far failed to produce a self-sustaining population,
but have produced second generation wild offspring. The
WCRT is considering trying to restore whooping cranes
to Louisiana wetlands where the species once roamed
(CWS and USFWS 2007).

Growth of the Captive Flock

Prior to collection of wild eggs, whooping crane
numbers in captivity equaled 1 bird (1936-1940), 2 birds
(1941-1955), and 3 to 8 birds (1956-1964). The growth
rate was approximately 10% from 1967 to 1991, a period
when eggs in most years were collected in WBNP and
split between hatching in captivity and being used for the
cross-fostering reintroduction in Idaho. Mirande et al.
(1993) found that the captive population had the ability to
sustain itself without the eggs from WBNP, but its growth
rate was negatively affected by using eggs for
reintroductions prior to stabilizing the captive population.

With the Idaho reintroduction ended in 1989 and no
other ongoing reintroductions, the whooping crane
captive flock doubled in the next 4 years. In 1993, a
reintroduction project to establish a non-migratory
population in Florida began. Modeling indicated that if
the captive population was limited to 100 birds,
production would not be able to consistently meet
targeted goals for releases in Florida (Mirande et al.
1993). As a result, actions were taken to gradually
increase the number of breeding stock in captivity.
Another reintroduced flock was developed in Wisconsin
beginning in 2001. Despite releases during 1993 to 2007,
the captive flock grew to 148 birds by 2007. Overall, the
mean annual population growth rate (1980 through 2006)
was 5.5% (Jones and Lacy 2007). Demographic analyses
show that the captive population without production used
to support reintroductions has the potential to grow at a
rapid rate (26% in 2006), but this kind of growth rate
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would quickly surpass the capacity of the captive holding
facilities (Jones and Lacy 2007).

In 1998 the WCRT adopted the following allocation
of captive-produced chicks listed in order of priority:
maintenance of captive flocks; reintroductions; off-
corridor experiments considered essential to
reintroductions or propagation; education; other
approved populations; and other research experiments
(CWS and USFWS 2007). A studbook is updated
annually (Jones and Lacy 2007) with genetic analysis
done using Sparks 1.4 software (ISIS 1994). Decisions
about pairings, production targets for each pair, and
whether to retain offspring as future breeding stock or use
them in reintroduction experiments are proposed
annually by all the captive flock managers and approved
by the WCRT.

Genetic Issues

As a consequence of the 1941 wild population
bottleneck, the current whooping crane population is
derived from an estimated 6 to 8 founders, with a loss of
66% of all historic genetic material (Mirande et al. 1993,
Glenn et al. 1999). In the wild, about 87% of the gene
diversity that survived the bottleneck has persisted from
1938 to 1990 (Mirande et al. 1993). Between 1980 and
2006, 98% of the existing gene diversity in captivity was
retained (Jones and Lacy 2007).

Given current genetic analyses based on captive
pedigrees, an estimated 153 whooping cranes (21
productive pairs all passing on their genetic material) are
needed in captivity to maintain the flock in good genetic
health and retain 90% of genetic diversity of the original
founders for 100 years (Jones and Lacy 2007,
unpublished report).  With limited availability of
genetically valuable offspring in captivity, the WCRT
recommended building the population slowly to allow
maturation of additional pairings whose offspring are
needed in future. By 2007 the numerical target of 153
whooping cranes in captivity was nearly reached, with
strong emphasis currently placed on maximizing genetic
diversity. Current recommendations are 50 captive
breeding pairs of whooping cranes (defined as pairs that
breed or are intended to breed in the future) by 2010,
including 15 pairs at PWRC, 12 at ICF, 10 at the Calgary
Zoo, 10 at SSC, and 3 at the San Antonio Zoo (CWS and
USFWS 2007). The construction of a new facility at SSC
in 2007 has provided needed facilities to bring the captive

flock up to the recommended size. Production from these
5 facilities will be the principal source of birds for release
to the wild.

DISCUSSION

Early records of captive whooping cranes in Europe
and the United States prior to 1948 confirmed no
breeding of the species. This changed dramatically in
1966 with the establishment of the first official breeding
facility at PWRC as a hedge against possible extinction of
the 1 remaining wild flock. Breeding methodology has
been developed through many years of research,
including multiple clutching and the use of artificial
insemination. Two major remaining hurdles for a highly
productive captive breeding program are the delayed age
of first reproduction of captive cranes and limb
development issues affecting crane longevity.

Growth was never the only goal of the captive flock.
The use of wild eggs and captive-produced eggs for
reintroduction purposes started in 1975, substantially
diminishing growth of the captive flock (Mirande et al.
1993). The WCRT in 1998 wisely made the maintenance
of the captive flock its top priority for use of captive
offspring (CWS and USFWS 2007).

The WCRT recognizes that collection of wild eggs
from WBNP has benefited the whooping crane recovery
program by providing stock to establish the captive flocks
and offspring for release, thus increasing the total number
of whooping cranes and helping to preserve the genetics
of the species. The team believes that data analyses to
date do not indicate that egg collections done every year
would increase total recruitment in the AWBP. However,
egg pickup in selected years, depending on the timing in
relation to the 10-year population cycle, could increase
recruitment of the AWBP in some years (CWS and
USFWS 2007).

Genetic theory suggests that small populations will
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,
Woodworth et al. 2002). A study of the effects of
inbreeding in captive red-crowned cranes (G. japonensis)
showed a decrease in fertility and hatchability (Mirande
et al. 1993). The loss of genetic material may have serious
implications for both captive and wild whooping crane
flocks. Limited genetic diversity is a detriment to a wild

176       WHOOPING CRANES IN CAPTIVITY • Barrett and Stehn Proc. North Am. Crane Workshop 11:2010

 



population currently threatened with unprecedented
global ecosystem change, human development, and
introduced diseases. The AWBP is challenged to increase
in number so that the random mutation rate that creates
new alleles will offset the loss of genetic diversity (CWS
and USFWS 2007). Beginning in the 1990s, birds in
captivity have been bred to maintain maximum genetic
herterozygosity. Although the current goal of the captive
flock is to maintain 90% of genetic diversity over the next
100 years (Jones and Lacy 2007), even meeting this goal
means the genetic base will have declined. Management
efforts need to continue to minimize loss of genetic
material in the captive flock. Genetic studies need to
more accurately measure the genetic diversity of both the
captive and wild flocks to determine if any additional
genetic material exists that could be brought into captivity
or reintroduced back out into the wild.

Successful maintenance of the captive flocks faces
threats. Lessons learned from the past should be applied
to the future of the captive flocks. Politics and lack of
information sharing during the initial attempts at breeding
captive whooping cranes prior to the 1960s should serve
as a reminder that the captive flock can only be
maintained through continual cooperation. Experienced
and specially trained staff must work with the cranes for
multiple years to successfully breed whooping cranes in
captivity. Many of the current whooping crane flock
managers have dedicated their lives to breeding
whooping cranes. Personnel turnover at captive facilities
must not occur rapidly so that knowledge is carefully
passed on to new flock managers. Government needs to
continue to make a long-term financial commitment in
partnership with private entities for maintaining the
captive flock until the species is recovered. Splitting the
entire captive flock amongst the zoo community would at
best be problematical because of the tremendous
difficulties encountered when breeding whooping cranes
and lack of institutional experience and rapid personnel
turnover at some zoos.

With only 247 whooping cranes in the AWBP in the
spring of 2009, the whooping crane remains endangered.
Even though the growth rate has averaged approximately
4.5% for the AWBP over 70 years, unprecedented threats
loom. Habitat is being threatened on the wintering
grounds by housing developments (Stehn and Prieto
2010) and loss of freshwater inflows. Sea level rise is
anticipated to make much of the existing winter marshes
too deep for the cranes to use (CWS and USFWS 2007).

Climate change with expected temperature increases will
dry up wetlands in summer, migration, and winter ranges
unless precipitation also increases. Migration corridor
habitat is threatened with changes in farm programs and
increased construction of obstacles including power lines,
wind turbines, cell towers, and airports (CWS and
USFWS 2007).

With all of the existing threats facing the sole self-
sustaining wild population, it is essential to continue
maintaining a captive flock with a minimum of 21
productive pairs in order to protect genetic material until
the species is considered recovered in the wild (Jones and
Lacy 2007). Effective captive production is also needed
to continue reintroduction programs if newly established
populations can become self-sustaining.
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WHOOPING CRANE TITERS IN RESPONSE TO EASTERN EQUINE ENCEPHALITIS
IMMUNIZATION                                                             

GLENN H. OLSEN, USGS Patuxent Wildlife Research Center, 12302 Beech Forest Road, Laurel, Maryland 20708, USA

Eastern equine encephalitis (EEE) is a viral disease
caused by a vector-borne alphavirus. Various bird
species, primarily native passerines in eastern North
America, act as reservoir hosts without suffering
clinical disease. When outbreaks occur, the disease is
maintained and amplified through a mosquito-wild
bird-mosquito cycle. EEE does not cause morbidity or
mortality in North American passerines, but does cause
mortality in some non-native birds such as pheasants
(Phasianus colchicus) and emus (Dromiceius
novaehollandiae) (Tengelsen et al. 2001) plus horses
(Main 1979) and humans.

Between September and December 1984, EEE
killed 7 of 39 captive whooping cranes (Grus
americana) at the Patuxent Wildlife Research Center
(PWRC), Laurel, Maryland (Dein et al. 1986).
Following this epizootic, all captive whooping cranes
at this facility received annual vaccinations with a
human-licensed EEE vaccine (PE 6 WRAIR strain, The
Salk Institute, Government Services Division,
Stillwater, PA) supplied by the U.S. Army. This
vaccination program proved efficacious, protecting
whooping cranes when another outbreak of EEE was
documented at the facility in 1989 (Olsen et al. 1997).

As a result of increased security measures in recent
years, the source of the human EEE vaccine was no
longer available for the captive whooping crane
vaccination program. In the original testing of sandhill
cranes (Grus canadensis) with EEE vaccines, an
equine-licensed vaccine was also studied (Clark et al.
1987). Since 2000, 2 different equine EEE vaccines
have been used with the captive whooping cranes.
Results using a 1.0-ml intramuscular dose of
Encephaloid M (Fort Dodge Laboratories, Fort Dodge,
IA) were compared with antibody titers produced when
the human EEE vaccine was last used in the late 1990s.
That study demonstrated equal or superior antibody
titers with the Encephaloid M vaccine (Olsen et al.
2005). Unfortunately, Encephaloid M is no longer
marketed by the company. A new combination killed
vaccine with EEE and Western Equine Encephalitis
called Encevac with Havlogen (Encevac, Intervet Inc.,
Millsboro, DE) was chosen as an alternative, but dose
recommendations ranged from the 1.0-ml equine dose

down to 0.25 ml. The objective of this study was to test
the high and low dose recommendations and measure
the resulting antibody titers in whooping crane serum.

In the late summer of 2005, when whooping cranes
normally receive their annual booster vaccination for
EEE and prior to the onset of the fall mosquito season,
blood samples were taken by jugular venipuncture
from all adult whooping cranes in the flock at PWRC.
Blood samples (4-5 ml) were collected in serum
separator tubes (Vacutainer, Becton Dickinson,
Franklin Lakes, NJ), centrifuged, and the serum
collected and stored at -27°C until shipped to the
National Veterinary Services Laboratory, Ames, Iowa,
for EEE antibody titer determination using the
hemaglutination-inhibition test. The lowest titer results
reported were 1:10, which would be interpreted as no
significant titer level. 

Whooping cranes were randomly assigned to 1 of 2
groups, receiving a single intramuscular injection in the
pectoral muscle of either 0.25 or 1.0 ml of Encevac.
Additional blood samples from each group were
collected 3 months after vaccination. In 2006 and 2007,
blood samples were collected from each group during
the late summer prior to whooping cranes receiving
their booster EEE vaccination and again 3 months later.
In 2006 and 2007 the whooping cranes received the
same dose as they were given in 2005. The last blood
samples were collected in the late summer of 2008, 1
year after the last vaccinations with Encevac were
given. A total of 52 whooping cranes ranging in age
from 3 months to 34 years (at the start of the study)
completed the 3 years of the study; 29 of those were in
the group that received the 1.0-ml dose of Encevac and
23 in the group that received the 0.25-ml dose.
Statistical analysis of titers was performed using
analysis of variance (Statistix 8, Analytical Software,
Tallahassee, FL).

Antibody titers ranged from 1:10 to 1:1280 for both
dose levels for prevaccination samples in summer 2005
(Table 1). This was because some cranes had been
previously vaccinated with other products (Olsen et al.
2005). This previous vaccination and possible exposure
to EEE confounds the interpretation of the results from
this study. However, as the cranes were randomly
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assigned to the dose levels tested, any difference due to
dose levels given in the 3 years of this study should
have been detected.

No statistical differences in titers were found
between the 2 dose levels at each time blood samples
were taken. There was a decline in measured antibody
titer for both dose schedules from the levels seen in
summer and fall 2005 to subsequent sampling periods
in 2006, 2007, and 2008. The cause of this is unknown
but might be related to higher titers persisting from the
Encephaloid M vaccine used in the previous year
(2004).

When comparing antibody titers by sex over the 3
years of the study, there were no statistically significant
differences. Initially there were no differences based on
age (summer 2005 pre-vaccination titers, F = 1.52, P =
0.14), but starting 3 months post initial vaccination and
continuing for the remainder of the study, there were
significant differences based on age of the cranes
vaccinated (fall 2005, F = 2.27, P = 0.02; summer
2006, F = 5.55, P < 0.01; fall 2006, F = 4.47, P < 0.01;
summer 2007, F = 4.78, P < 0.00; fall 2007, F = 4.80,
P < 0.01; summer 2008, F = 9.17, P < 0.01). This is
attributed to the persistently high titers of a handful of
older cranes that had been exposed to natural infections
in 1984 and 1989, whereas the general trend among
younger cranes, as has been discussed, was for the titers
to become lower over time. 

Seven cranes were added to the flock, 4 in 2005 and

3 in 2006. All these new cranes received 0.25-ml doses
of the vaccine. Of the 4 cranes in 2005, by the fall of
2005, 2 had no detectable titers (1:10), while 1 had a
titer of 1:40 and the last had a titer of 1:80. In the
summer of 2006, all 3 cranes vaccinated with 0.25 ml
of the vaccine failed to have titers (1:10) when tested 3
months later in the fall. These cranes with the 1:10
titers continued to have the same titer when retested in
the fall of 2007. No naïve cranes were given the 1.0-ml
dose.

The general conclusion is that a dose of 1.0 ml or
0.25 ml Encevac gives similar results measured by
antibody titer. During 2005-2007 EEE was not detected
in either mosquitoes or in young-of-the-year sandhill
cranes whose titers were tested, so natural exposure of
the test birds in those years was unlikely. In the summer
of 2008, mosquitoes carrying EEE were detected at
PWRC. None of the whooping cranes on the study died
from this potential exposure to EEE, but 1 whooping
crane juvenile not on the study did die in 2008. Based
on the previous EEE epizootic in 1984, mortality in the
whooping crane population should have been 18% (7 of
39 died in 1984), or 9 whooping crane deaths among
the 52 whooping cranes on this study. This was thus an
opportunity to test the efficacy of the new vaccine,
similar to what was done in 1989 (Olsen et al. 1997),
and indicated that the new Encevac product continued
to protect whooping cranes from EEE and that a
vaccination program for whooping cranes in EEE
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Date Dose (ml)                 n Mean ± SD                   Min                   Max

Table 1. Descriptive statistics for eastern equine encephalitis antibody titers for whooping cranes vaccinated with Encevac at
0.25 ml or 1.0 ml intramuscularly at the Patuxent Wildlife Research Center, Laurel, Maryland. Blood (serum) for titer determination
was taken each summer just prior to vaccination and again 3 months later in the fall of each year. The final samples were
collected in the summer of 2008, 1 year after the last vaccination.

Summer 2005
Summer 2005
Fall 2005
Fall 2005
Summer 2006
Summer 2006
Fall 2006
Fall 2006
Summer 2007
Summer 2007
Fall 2007
Fall 2007
Summer 2008
Summer 2008

0.25
1.0
0.25
1.0
0.25
1.0
0.25
1.0
0.25
1.0
0.25
1.0
0.25
1.0

23
29
23
29
23
29
23
29
23
29
23
29
23
29

304.4 ± 356.8
401.7 ± 356.5
310.9 ± 410.4
386.9 ± 322.4
120.9 ± 172.4
145.5 ± 231.9
152.6 ± 263.4
149.7 ± 229.8
123.5 ± 149.7
160.7 ± 235.0
153.0 ± 147.4
204.8 ± 254.5
109.6 ± 104.2
167.6 ± 236.7

10.0
10.0
10.0
10.0
10.0
10.0
10.0
20.0
10.0
10.0
10.0
20.0
10.0
20.0

1280.0
1280.0
1280.0
1280.0
640.0

1280.0
1280.0
1280.0
640.0

1280.0
640.0

1280.0
320.0

1280.0



endemic areas, such as Maryland, is still necessary.
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MORBIDITY AND MORTALITY OF CAPTIVE WHOOPING CRANES AT THE INTERNATIONAL
CRANE FOUNDATION 1976-2008

BARRY K. HARTUP, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
JENNIFER N. NIEMUTH, University of Wisconsin, 2015 Linden Drive West, Madison, WI 53706, USA
BRIDGET FITZPATRICK, College of Veterinary Medicine, Nursing and Allied Health, Tuskegee University, Tuskegee, AL 36088, USA
MAUREEN FOX, University of Wisconsin, 2015 Linden Drive West, Madison, WI 53706, USA
CRISTIN KELLEY, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Tracking the incidence of morbidity and mortality in
captive animal collections helps inform husbandry and
preventive medicine programs aimed at improving
population health and viability. Carpenter and Derrickson
(1982) and Olsen et al. (1997) published summary reports
of captive whooping crane (Grus americana) mortality
that served to identify key problem areas for the primary
breeding flock and potential reintroduction programs
involving this endangered species. We expanded on this
approach and conducted an initial evaluation of morbidity
and mortality factors for whooping cranes at the
International Crane Foundation (ICF). The purpose of our
study was to identify overrepresented factors and
investigate management alternatives to prevent or
minimize disease occurrence and mortality, and make
recommendations for more effective use of veterinary
resources in the future.

The medical records of 92 cranes (43 males, 46
females, 3 unknown) were examined for causes of
morbidity and mortality from their time of arrival at ICF.
Subjects departed the flock due to transfer to other
institutions or death. The first brood stock arrived in 1989
from the Patuxent Wildlife Research Center, Laurel,
Maryland, in 3 shipments totaling 22 cranes. From 1990
to 1996, 49 whooping crane eggs collected from wild
nests in Wood Buffalo National Park (WBNP), Alberta,
Canada, were sent to ICF for captive rearing of hatched
chicks. The remainder of the records pertained to
individuals accessioned since 1976 that were transferred
from other institutions or hatched and retained at ICF for
the purpose of captive breeding. Records for all groups
were reviewed through 2008. The records of all chicks
transferred for reintroduction were not included due to
their short time in captivity.

Causes of morbidity and mortality were tabulated by
body system, age, and gender. All morbidity and mortality
events were noted to occur in 1 of 4 age classes: juvenile
(<1 year old), sub-adult (≥1 year to <4 years), adult (≥4
years to <25 years), and geriatric (≥25 years). An instance
of morbidity was defined as any medical condition

requiring treatment, any condition diagnosed by a
veterinarian, or any medical issue suitably severe in extent
to warrant mention in the medical records. Instances of
morbidity were categorized by the primary body system
or location affected, including: beak, cardiac, endocrine,
gastrointestinal, hematologic, immunologic, integumentary,
musculoskeletal, neurologic, ocular, oral, reproductive,
and respiratory. Behavioral morbidity was also included to
account for cases where maladaptive behavior led to the
need for treatment in the absence of an underlying
etiology (e.g., some instances of feather picking). Where
defined by laboratory analysis, a specific etiology was
recorded. Repeat occurrences of the same condition in a
particular bird were noted to be chronic problems, but
only tabulated once per age class. Different conditions
within the same body system or location were tabulated
separately in each age class. Gastrointestinal morbidity
was further classified as subclinical or clinical, due to
routine monitoring for endoparasites and bacterial
diseases of potential pathological and zoonotic concern.
Each occurrence of parasitism or positive bacterial culture
from routine sampling was tabulated separately.

Mortality events were ascribed to 1 of 10 categories:
cardiac, gastrointestinal, iatrogenic, infectious disease,
musculoskeletal, neurologic, renal, respiratory, trauma,
and unknown. Causes of mortality were classified as
primary and secondary where applicable.

The greatest number of morbidity events involved the
gastrointestinal, musculoskeletal, and integumentary
systems (Table 1). Gastrointestinal morbidity was
primarily subclinical and consisted of positive fecal
parasite tests from bi-annual screening or isolation of
Salmonella sp. or Campylobacter sp. from routine fecal
cultures. Clinical gastrointestinal disease was primarily
limited to cloacal prolapses and metal foreign body
ingestion in chicks.   

Over 62% of musculoskeletal morbidity events
occurred in chicks, predominantly among those hatched
from WBNP eggs. Juvenile females were diagnosed with
nearly twice as many musculoskeletal problems as males
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(61 events vs. 32). The most common diagnoses were
developmental in nature and included toe, wing, and limb
abnormalities, but trauma-related musculoskeletal injuries
were also common. Musculoskeletal problems were also
common in adults, most often due to soft tissue injury.

Trauma-associated morbidity of the integument was
most common among subadult and adult whooping
cranes. Conditions included carpal abrasions, avulsed
nails, broken feathers, and other abrasions. Adults also
exhibited several cases of dermatitis or feather loss and/or
poor feather condition.

For adults, problems involving the oral cavity were
common, but most were cases of transient mucosal or
tongue plaques of unknown etiology. Males experienced
more beak morbidity than females (9 events vs. 1),
consisting mostly of fractures from striking fencing
materials during territorial defense. We recorded 24
instances of morbidity in geriatric males (n = 4) and 2 in
females (n = 3), often involving the integument (feather
loss, poor feather condition, and/or breakage) and
musculoskeletal system (soft-tissue injuries, degenerative
joint disease).

The incidence of mortality by primary cause is
presented in Table 2. Musculoskeletal problems were the
leading cause of death in the population, followed by
respiratory problems, traumatic injury and iatrogenic

(usually handling related) causes. Chick deaths were often
associated with fractures. Adult deaths due to respiratory
conditions commonly followed aspiration events. The
subadult and geriatric samples were too small to identify
trends in causes of mortality.

The results of this study are consistent with past
reviews of whooping crane health concerns at other
captive centers (Olsen et al. 1997), except for the low
incidence of clinical infectious diseases.

Subclinical gastrointestinal parasitism is the most
frequently noted medical concern in the captive whooping
crane population at ICF. Some cranes were diagnosed
with the same parasite on multiple occasions despite
apparently effective short-term treatment. Renewed
attention to the timing and use of annual pen rotation and
aggressive treatment of fecal positive cranes has
succeeded in keeping worm burdens and environmental
contamination below the threshold for clinical disease or
pathology.

Musculoskeletal and integumentary injuries and
resulting mortality are prime risks for this population.
Excluding chicks, these problems are most often related to
trauma due to the captive environment and/or capture.
Management should continue to focus on preventing
injuries through improved pen design, careful pairing of
birds, and using the safest capture and handling techniques

Juvenile Subadult Adult Geriatric      All
Body system (n = 62)          (n = 35)           (n = 41)         (n = 7)

Beak
Behavioral
Cardiac
Endocrine
Gastrointestinal

Subclinical disease
Fecal parasite +
Salmonella sp. +
Campylobacter sp. +

Clinical disease
Hematologic
Immunologic
Integumentary
Musculoskeletal
Neurologic
Ocular
Oral
Reproductive
Respiratory
Total events

Table 1. Incidence of morbidity by body system among age classes of captive whooping cranes at ICF, 1976-2008.

1
1
0
0

82

37
5

23
17
0
2

27
95
0
1
4
0

11
224

3
1
0
0

24

20
3
1
0
1
0

24
6
0
0
9
0
1

69

10
2
3
1

114

97
2

12
3
0
1

83
36
1
2

31
5
4

293

1
1
0
0
9

9
0
0
0
0
0
5
5
1
1
2
0
1

26

15
6
3
1

229

163
10
36
20
1
3

138
142

2
4

46
5

17
612
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available for the individual situation (Hartup et al. 2001).
Musculoskeletal problems in chicks are the most

common cause of morbidity and mortality. Cases among
chicks hatched from WBNP eggs may be overrepresented
as they were some of the first whooping crane chicks
reared at ICF and possibly the result of suboptimal
management for the species. Even with changes in
nutrition and exercise regimes, hand-reared chicks still
frequently experience developmental musculoskeletal
problems at a much greater frequency than parent-reared
chicks (Kelley and Hartup 2008). Further work needs to
be done to determine what aspects of parent-rearing
promote proper musculoskeletal development.  

The results of this study confirmed no record of a
disease outbreak and the relative lack of mortality due to
primary infectious diseases in the ICF captive whooping
crane flock. The most common maladies appear to be
artifacts of captivity, involving either self-induced
traumatic injuries or accidental trauma from physical
manipulation by caretakers, with many cases followed by
a myriad of complications during or following surgical
intervention. Future management should focus on
husbandry practices that will reduce these problems.
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Cause of death Juvenile        Subadult      Adult     Geriatric       All

Cardiac
Gastrointestinal
Iatrogenic
Infectious disease
Musculoskeletal
Neurologic
Renal
Respiratory
Trauma
Unknown
Total events

Table 2. Primary causes of mortality among age classes of captive whooping cranes at ICF, 1976-2008.

0
1
2
0
6
0
1
1
2
0

13

0
0
2
0
1
0
0
1
0
0
4

0
0
0
1
2
0
0
3
2
1
9

0
0
0
0
0
0
1
0
0
0
1

0
1
4
1
9
0
2
5
4
1

27
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ENDOPARASITES OF GREATER SANDHILL CRANES IN SOUTH-CENTRAL WISCONSIN

SOMER HARTMAN, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
BETSY REICHENBERG, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
JANE FANKE, Leibniz Institute for Zoo and Wildlife Research, Department for Wildlife Diseases, Alfred-Kowalke-Strasse 17, 

10315 Berlin, Germany
ANNE E. LACY, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
BARRY K. HARTUP, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Windingstad and Trainer (1977) used both fecal
sampling and postmortem examinations to document
the occurrence of parasites in greater sandhill cranes
(Grus canadensis tabida) from Wisconsin in the fall.
We conducted repeated fecal sampling of a well-known
population to expand on results of their study. Our
objective was to determine whether seasonal
differences exist in the prevalence of endoparasites of
Wisconsin sandhill cranes.

We collected 7 to 10 fecal samples approximately
every other week from a consistent roost site on the
Wisconsin River (43°34'52.99''N, 89°36'38.42''W)
near Briggsville, Wisconsin, from 29 May through 25
September 2008. The sample size was based on the
assumption that endoparasite prevalence in this
population was high: a single positive result would

allow us to be 99% certain that the parasite was
prevalent in 50% or greater of the crane population
(Martin et al. 1987). Each anonymously collected fecal
sample consisted of a single, fresh mass. Samples were
collected into plastic bags and kept refrigerated until
analysis (2-24 hours later). Three methods were used to
detect parasites: a standard direct smear of feces in
saline, fecal flotation in sodium nitrate solution
(Ovatector, BGS Medical Products, Inc, Venice, FL.)
(Greiner 1997), and examination of the uppermost
layer of sediment 10 minutes following mixing of the
sample with sodium nitrate. All parasitic ova were
identified based on morphological criteria and
reference keys to parasites of birds (Courtney et al.
1975, Greiner 1997, Forrester and Spalding 2003). The
prevalence of all parasites was summarized by month

Proc. North Am. Crane Workshop 11:2010

Protozoa
Eimeria gruis
Eimeria reichenowi

Helminths
Trematoda

Unidentified ova

Nematoda
Capillaria sp.
Spirurid ova
Strongyloid ova
Gapewormsc

Unidentified larvae/ova

Cestoda
Unidentified segments

Junea July August September Total
n = 27                  n = 21                      n = 24                      n = 17 n = 89

Table 1. Parasites found in fecal samples of greater sandhill cranes (Grus canadensis tabida) in south-central Wisconsin,
2008.

24 (89)b

23

20

7
5
1
1
5

0

(85)

(74)

(26)
(18)
(4)
(4)

(18)

(0)

18
20

16

6
1
1
2 
6

1

(86)
(95)

(76)

(29)
(5)
(5)

(10)
(29)

(5)

22
19

21

4
0
0
3
4

1

(92)
(79)

(88)

(17)
(0)
(0)

(12)
(17)

(4)

17
11

16

5
0
1
0
2

0

(100)
(65)

(94)

(29)
(0)
(6)
(0)

(12)

(0)

81
73

73

22
6
3
6

17

2

(91)
(82)

(82)

(25)
(7)
(3)
(7)

(19)

(2)

a 29 May sample results combined with results from June.
b No. positive (%).
c Similar to Syngamus sp. or Cyathostoma sp. (genera of specimens unidentified).



to identify trends in fecal shedding. The number of
coccidian oocysts was estimated using the flotation
method and counting all oocysts in a single randomly
chosen line of view across the 22 5 22 mm coverslip
while viewing at 200x  (1 line of 22 potential lines of
view), and then multiplying by 22. The mean number
of coccidian oocysts among positive samples was also
calculated at each collection date to provide a
quantitative estimate of shedding among infected
cranes.

A total of 89 fecal samples from 10 sampling dates
were collected and examined. The median number of
roosting cranes counted the evening prior to the sample
collection dates was 96 (range 39-270). Coccidian
parasites were observed in 86 (97%) fecal samples and
in each month during the study (Table 1). Trematodes
were observed in 73 (82%) fecal samples and
nematodes in 42 (47%). We identified 2 species of
coccidian parasites and 3 genera of nematodes from the
samples, but we lacked adult specimens to correctly
identify several parasites to the genus level. Both ova
and larval nematodes were observed, as were 2
unidentified cestode segments, and unidentified
trematode ova (similar to Orchipedum sp. or Strigea sp).
We observed the greatest variety of taxa in fecal samples
collected during July.

Eimeria gruis oocysts were observed in 81 (91%)
and E. reichenowi oocysts were observed in 73 (82%)
of the fecal samples examined. We observed
polymorphism among E. reichenowi-type oocysts,

similar to the findings of Courtney et al. (1975),
Windingstad and Trainer (1977), and Parker and
Duszynski (1986). The number of both E. gruis (range
1-13,662) and E. reichenowi (range 1-9,658) oocysts in
positive fecal samples increased throughout late spring
and early summer (Fig. 1). In comparison to other
studies of endoparasite burden in greater sandhill
cranes, we found a differential seasonal pattern of
shedding and possible transmission among Eimeria
species. Eimeria gruis oocysts increased markedly in
July, peaking at the start of August before declining
steadily to lower levels in September, while the number
of E. reichenowi oocysts declined in fecal samples by
mid-July to levels similar in spring that remained
throughout late summer and fall.

Both E. gruis and E. reichenowi are commonly
found in wild populations of sandhill cranes (Courtney
et al. 1975, Forrester et al. 1976, Windingstad and
Trainer 1977, Parker and Duszynski 1986), and are a
recognized cause of disseminated visceral coccidiosis
(DVC) (Carpenter et al. 1984). Experimental infections
with a mixture of 20,000 sporulated E. gruis and E.
reichenowi oocysts caused extensive lesions and death
in 28 day-old greater sandhill crane chicks (Carpenter
et al. 1984). The maximum number of oocysts we
observed in the fecal samples approached this level
during peak shedding. Temporal peaks in shedding
likely facilitate transmission, but may also increase risk
of disease in susceptible hosts, especially in young
cranes. We suspect most of the cranes sampled in our
study had a degree of immunity to the pathological
effects of coccidian parasites. To date, we have no
confirmed reports of DVC in cranes of any age from
south-central Wisconsin (International Crane
Foundation and Wisconsin Department of Natural
Resources, unpublished data).

Our study shows that parasitism of greater sandhill
cranes on the summering grounds is common.
Windingstad and Trainer (1977) found comparable
occurrence of E. gruis, E. reichenowi, and Capillaria
sp. in their study of cranes in Wisconsin and Indiana
during fall months. Our findings are also generally
comparable to the findings of Forrester et al. (1976)
which were based on fecal and postmortem samples
from wintering greater sandhill cranes in Florida. We
attribute many of the differences to the limits of fecal
analysis for parasite detection compared to full
investigation of the gastrointestinal tract using
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Figure 1. Estimated mean (±SE) counts of Eimeria gruis (•)
and E. reichenowl (s) oocysts from fecal samples of
greater sandhill cranes collected in south-central
Wisconsin, 2008.
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postmortem samples. For example, we failed to
observe Tetrameres grusi by fecal examination, a
parasite frequently recovered from postmortem
analyses.

The significance of helminth parasites for the study
population is unclear. Capillaria has been shown to be
pathogenic in captive-reared Mississippi sandhill cranes
(G. canadensis pulla) following reintroduction to the wild
(Carpenter and Derrickson 1987). Deaths associated with
gapeworm infections have also been described in captive
sandhill cranes (Carpenter et al. 1976). Asphyxiation
caused by gapeworms was previously documented in a
chemically immobilized juvenile greater sandhill crane
from our study area. There is little known about the
morbidity attributable to helminth parasites in wild greater
sandhill cranes, but it is likely not significant since few
deaths have been attributed to them.
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MISSISSIPPI SANDHILL CRANE CONSERVATION UPDATE 2006-2008

SCOTT G. HEREFORD,1 U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, 7200 Crane Lane, 
Gautier, MS 39553, USA

LAUREN E. BILLODEAUX, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, 7200 Crane 
Lane, Gautier, MS 39553, USA

The Mississippi sandhill crane (MSC, Grus
canadensis pulla) is an endangered non-migratory
subspecies found in the wild only on and near the
Mississippi Sandhill Crane National Wildlife Refuge
(MSCNWR) in Jackson County in southeastern
Mississippi (Gee and Hereford 1995). The MSC is
adapted to the wet pine savannas and open pinelands of
the Southeastern Outer Gulf Coastal Plain. By the
1970s, their numbers had decreased to 30-40
individuals including only 5-6 nesting pairs. The fire-
maintained savannas, once a dominant feature of the
landscape, were converted to pine plantations and
human development or had degraded to overgrown
pine scrub. The MSCNWR was created in 1975 to
protect and recover the nearly extinct subspecies,
restore and maintain the savannas, and provide
compatible wildlife-oriented recreation. 

Here we briefly describe continued intensive
MSCNWR conservation measures over the past 3 years
in support of crane recovery (U.S. Fish and Wildlife
Service 1991) and rebuilding of infrastructure after
Hurricane Katrina (August 2005). Management
activities included protection and law enforcement,
prescribed burning, mechanical vegetation removal,
pest plant management, hydrological restoration,
farming, predator management, supplementation, and
public education. 

The 8,000-ha MSCNWR is subdivided into 3 units
and 40 management compartments (Fig. 1), each of
which is on a 2-4 year prescribed burn rotation. To
maintain open savanna, 5,230 ha were burned from
2006 through the spring of 2008, including 54% burned
during the growing season. To restore open savanna,
woody vegetation from 212 ha in 24 areas was removed
using mechanical methods such as chainsaw or
gyrotrack machine. 

To restore hydrology, we cleared 2 citronelle ponds1 E-mail: scott_hereford@fws.gov

Figure 1. Map of the Mississippi Sandhill Crane National Wildlife Refuge.
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or small upland depressions. To provide additional
roost habitat, we created 2 0.2-ha ponds in the Gautier
Unit and expanded 1 in the Fontainebleau Unit to 0.2
ha. All 3 are in new crane pens. For 2 of the ponds, we
installed shallow wells, solar panels, and solar-powered
water pumps to provide year-round water. 

The MSCNWR contains 14 small food plots and 1
larger pasture totaling 57 ha to provide supplemental
food for the MSC. We bush-hogged all areas 2 or 3
times annually. We planted 10 ha with chufa (Cyperus
esculentus) yearly during the summer, including the
Fontainebleau Crop Unit for the first time in several
years. To reduce invasive plant infestation of MSC
habitat, we chemically treated 24 hectares of
cogongrass (Imperata cylindrica) and 250 Chinese
tallow trees (Sabium sebiferum).

The MSC population has been supplemented
annually since 1981. The supplementation program
remains the longest and largest of its kind in the world.
The Audubon Species Survival Center (New Orleans,
LA), and White Oak Conservation Center (WOCC,
Yulee, FL) provided the captive-reared juveniles. We
released 6 cohorts of captive-reared juveniles totaling
27 individuals during the last 3 release years from 5
locations. To date, 414 cranes have been released.

To protect cranes, nests, and young, the U.S.
Department of Agriculture Wildlife Services conducted
4,730 trap-nights of predator control under an
Interagency Agreement in 2006, removing 199
predators including 56 larger predators such as coyotes
(Canis latrans), bobcats (Lynx rufus), and foxes
(Vulpes vulpes, Urocyon cinereoargenteus). No
trapping was conducted in 2007 after the agreement
was discontinued. Refuge staff removed 4 large

predators during 104 trap-nights in 2008.  
We conducted year-round monitoring, including

radio-tracking, visual observations, and an annual nest
census to assess several life history parameters and
MSC response to management. We collected data on
over 4,200 crane observations including 775 radio-fix
locations during the 3-year period. To attach or re-
deploy radio-transmitters, we captured 34 after-hatch-
year cranes and 1 juvenile, including 29 with nooses
and 5 with a coffin trap. Leading known causes of
mortality were trauma (54%) and predation (38%).
There was a documented range expansion as cranes
were first monitored in the Grand Bay National
Wildlife Refuge and farther east in Alabama for the first
time in at least 40 years. The autumn population
remained stable at 100-110 individuals (Fig. 2).

Nests declined nearly 50% in 2006 to 14 during a
prolonged drought after Hurricane Katrina, but
increased to 30 in 2007 and a record 33 in 2008.
Recruitment remained extremely low with only 4
young fledged. Ten new active composite nesting
territories were established. There was the first
recorded nest east of the Pascagoula River in at least 45
years, the first nest on The Nature Conservancy
property between the Gautier and Ocean Springs Units,
and the first fledging from the Fontainebleau Unit.
There were at least 10 new nesting pairs, including the
first 2 pairs from cranes reared at the WOCC. We
documented the first known pair nesting 4 times in a
season, with incubation of the last nest extending into
August. A pair nested inside a new 1-ha acclimation
pen in 2007 and 2008 and fledged a chick both years.
We will consider using small temporary fences around
some future nest sites and monitor results.

Rebuilding of MSCNWR infrastructure in the wake
of Hurricane Katrina continued with over $3.8 million
worth of projects. The replacement of 16 crane
observation blinds was completed. Four 1.0-ha chain-
link crane acclimation pens were constructed to replace
degraded and damaged large pens at original sites in the
Gautier, Ocean Springs, and Fontainebleau Units.
Repairs on the Fire Center and Maintenance Building
were completed. In May 2008, a new 930 m2

Headquarters and Visitor Center opened that includes a
volunteer station, bookstore, auditorium, and exhibit
hall. The first 2 park rangers were added to the staff
which, along with the new visitor facility, added greatly
to visitor services and outreach functions.  
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Figure 2. Mississippi sandhill crane autumn population, 1983-
2008.



Several other notable events occurred in the last 3
years that have an effect on crane conservation. The
non-profit Southeast Wildlife Conservation Group
signed a cooperative agreement with MSCNWR to
provide support to various conservation and education
functions. The U.S. Fish and Wildlife Service
designated MSCNWR as 1 of only 24 “focus” national
wildlife refuges in the Southeast Region because of the
significance of the natural resource values and where
FWS will strive to maintain or enhance field
operations. The MSCNWR Comprehensive
Conservation Plan (U.S. Fish and Wildlife Service
2007) was completed; it will guide management
programs and actions for the ensuing 15 years and
identifies the need to enhance several habitat and
population management projects to increase progress

towards recovery.
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CAUSES OF EMBRYONIC DEATH IN CAPTIVE WHOOPING CRANES

JULIA N. LETOUTCHAIA, College of Veterinary Medicine, Michigan State University, East Lansing, MI 48824, USA
KELLY MAGUIRE, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
BARRY K. HARTUP, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Abstract: In 2001, the International Whooping Crane Recovery Team and the Whooping Crane Health Advisory Team re-
emphasized the need for analysis of embryonic deaths within captive breeding flocks to identify preventable deaths and
promote increased production of chicks for release programs. We conducted a retrospective study of egg necropsy reports to
identify causes of death among developing whooping crane (Grus americana) embryos from captivity. Records from 44 egg
necropsies conducted at the International Crane Foundation (ICF) between 2001 and 2008 were reviewed. The eggs were of
captive origin (ICF, n = 40; Patuxent Wildlife Research Center, n = 3; Calgary Zoo, n = 1). All necropsies included gross
examinations; few were amenable to histopathological analysis due to advanced autolysis. The primary causes of death
included embryo malposition (n = 7, 16%), hemorrhage/trauma (n = 7, 16%), natural incubation failure (n = 5, 11%), artificial
incubation failure (n = 4, 9%), and miscellaneous (n = 2, 5%). Many of the necropsies did not reveal a specific cause of death
(n = 19; 43%). Most of the embryos (n = 24, 54%) died in the last third of incubation. The most common cause of death in
late stage embryos was malpositioning (29% of late stage embryonic deaths). Unfortunately, our study did not reveal many
preventable conditions that would boost hatchability if corrected. The underlying causes of malpositioning are difficult to
discern, as turning rates, position and nest environment may vary between the different species and individual cranes used to
incubate whooping crane eggs at ICF. The occurrence of hemorrhage or traumatic membrane rupture is likely caused by
mechanical stress to the eggs despite the great care of handlers to avoid injury. On a positive note, infectious disease does not
appear to be a risk factor for embryonic mortality in captive whooping cranes at ICF.
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A RETROSPECTIVE SEROLOGICAL SURVEY FOR INFECTIOUS BURSAL DISEASE
VIRUS IN FREE-RANGING SANDHILL CRANES IN SOUTH-CENTRAL WISCONSIN

RICHARD R. SIM, School of Veterinary Medicine, University of Wisconsin, 2015 Linden Drive, Madison, WI 53706, USA
BARRY K. HARTUP, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Abstract: A retrospective serosurvey of resident sandhill cranes (Grus candensis pratensis) in Florida suggested Infectious
Bursal Disease Virus (IBDV, family Birnaviridae) may have been enzootic there as early as 1992, with 13-63% seroprevalence
among age classes and wide geographic distribution of seropositive cranes. The purpose of our study was to describe the
prevalence of antibodies to IBDV serotype 2 in a local population of greater sandhill cranes (G. c. tabida) near Briggsville,
Wisconsin, that overlapped with resident Florida birds in winter during the same time period. Blood samples were collected
June through October between 1996 and 1999 as part of a long-term ecological research project. Samples were from hatch-
year (minimally 6 weeks of age, n = 47) and adult cranes (n = 42). All birds were captured on breeding territories, were banded
with colored leg markers, and were observed periodically post-release. Archived serum samples were tested at the Poultry
Diagnostic and Research Center, University of Georgia, Athens, Georgia, in July 2007.  Serum neutralization titers ≥32 were
considered positive for IBDV exposure. Zero of 47 hatch-year cranes were seropositive for IBDV (geometric mean = 2, titer
range 2-2), while 1 of 42 adult cranes was seropositive (geometric mean = 4.9, titer range 2-64). This adult female, sampled
in September 1999, had 4 2-3 mm oropharyngeal granulomatous lesions and a normal body weight on examination. Though
the oral pathology observed in this crane is similar to previously described lesions associated with an IBDV-associated wasting
syndrome in whooping cranes (Grus americana), similar presentations are associated with other diseases. Her mate and chick
were also captured; both were seronegative. The female was recaptured in September 2000 with a new mate, and both cranes
were seronegative. She was last observed alive in late October that year. These results show that greater sandhill cranes in
south-central Wisconsin were exposed to IBDV serotype 2 as early as 1999, but exhibited much lower seroprevalence
compared to resident Florida sandhill cranes during approximately the same time period. The source of this viral exposure
remains unknown.
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DEMOISELLE CRANES ON AGRICULTURAL LANDS IN THE UKRAINE

YURIY ANDRYUSHCHENKO, Azov-Black Sea Ornithological Station, Melitopol, Ukraine

Abstract: In Eurasia, the western range of the demoiselle crane (Anthropoides virgo) includes the southeast of Ukraine. Here
the species nests, forms flying and pre-migrating concentrations, and participates in migration. The number of demoiselle
cranes in April-June is about 600-700 individuals (200-250 nesting pairs), and toward the end of the year the population can
reach 900-1000 individuals.

Of cranes observed during 2000-2008 in the Crimea, 42.3% of pairs (n = 151) nested on agricultural fields: 21.5% on
virgin land, 16.1% on cropland, and 3.4% on fallow lands. Principal characteristics of the demoiselle crane nesting locations
were wavy relief, scarce herbage, low background herbage, and proximity and accessibility of water (usually 3-5 km distant
or farther), absence of danger, or minimal likelihood of disturbance. The height of herbage around the observed nests averaged
1.35 cm (range 0-75 cm, n = 95), and the density of soil cover by herbage averaged 37.2% (range 0-90%, n = 97). The species
of grassy vegetation was not important to the cranes for nest placement. In agricultural fields, as in the natural steppe biotopes,
the determining factor for them is the presence of herbage, its height and its density; most frequently from complete lack of it
to low and rarefied. 

The capture of insects by the demoiselle crane during the nesting period showed that the food base in the agricultural fields
is no worse than on the steppe. The major threats are the expansion of agricultural areas that are not suitable for nesting (i.e.,
water saturated earth, perennial grasses, and crops in need of frequent cultivation); disturbance of birds by humans during mass
hay harvesting, picnics, disorganized tourism (a disturbance to the daily rhythm of the birds, which disrupts social interaction
between them and leads to the loss of abandoned eggs and nestlings); destruction of eggs and death of chicks from the
onslaught of agricultural technology during cultivation of the fields; the collection of eggs and chicks for trade and for
exchange between bird collectors; and an increase in the number of predators, especially domestic (stray dogs) and
synanthropic Corvidae.
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PRELIMINARY WINTERING COUNTS AND NEW LOCATIONS OF SANDHILL CRANES IN
MEXICO

INGRID BARCELÓ, School of Natural Resources, University of Nebraska-Lincoln; and Platte River Whooping Crane 
Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, NE 68883, USA

EDGAR G. LÓPEZ, Centro de Investigaciones Biológicas del Noroeste, P.O. Box 128, La Paz, BCS 23090, Mexico
FELIPE CHÁVEZ-RAMÍREZ, Platte River Whooping Crane Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, 

NE 68883, USA

Abstract: Sandhill cranes (Grus canadensis) undertake a migration twice a year, when more than 400,000 cranes cross the United
States from the Arctic of North America and Eastern Siberia to the southwest U.S. and north central Mexico. Although the sandhill
crane has been studied intensely, few studies have been done on their Mexican wintering grounds. Little is known about what
proportion of the sandhill crane population migrates to Mexico, and there is even less information regarding its dispersion. During
winter 2007-2008 we surveyed 30 wetlands in the Chihuahuan Desert ecoregion in northern Mexico, recording presence/absence
and number of sandhill cranes. Cranes were present in 53% of the visited sites. In these wetlands we conducted counts at sunset
and sunrise up to a total of 67 counts. Crane counts varied between sites with a maximum of 9,000 individuals in northern
wetlands and a minimum of 3 individuals in southern wetlands. The majority of wetlands were visited once (73%) while the rest
of sites were visited up to 8 times (27%). Cranes were always present in sites visited more than once during the wintering period
(December-January). Noteworthy observations of movement and activity patterns were also recorded during the winter. Our data,
although preliminary, provide new information regarding wintering locations and dispersion in 6 Mexican estates. Our data also
provides the first counts for sandhill cranes in Mexico confirming that the population that migrates to northern Mexico is a large
one, revealing new information regarding the ecological needs of the species
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THE RESPONSE OF NESTING MISSISSIPPI SANDHILL CRANES TO GROWING SEASON
PRESCRIBED FIRES

LAUREN BILLODEAUX, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, Gautier, MS 
36553, USA

SCOTT HEREFORD, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, Gautier, MS 36553, USA
SAMI GRAY, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, Gautier, MS 36553, USA

Abstract: Prescribed burning is the most natural and cost effective method of restoring and maintaining the coastal longleaf pine
(Pinus palustris) savannah ecosystem that provides feeding and nesting areas for the critically endangered Mississippi sandhill crane
(MSC, Grus canadensis pulla). Though growing season burns have shown the greatest results in controlling encroaching shrubs and
pines as compared to dormant season burns, burning in the spring and early summer has the potential to disrupt the nesting activities
of the MSC population.  In order to address both the short and long term needs of this crane population, we make every effort to
burn during the growing season on the MSC National Wildlife Refuge while taking precautions to protect our nesting cranes. We
evaluate factors such as distance to nest, noise disturbance, smoke, age of nest, and usual disturbance of nesting pair before striking
the match.  In the past few years we have learned lessons on the tolerance levels of the nesting MSCs and the possibilities for habitat
management when biologists and fire managers work together for a common result.
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RURAL INHABITANT PERCEPTIONS OF SANDHILL CRANES IN NORTHERN MEXICO
WINTERING AREAS

INGRID BARCELÓ, School of Natural Resources, University of Nebraska-Lincoln; and Platte River Whooping Crane 
Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, NE 68883, USA

JULIA RIVERA LÓPEZ, Facultad de Zootecnia, Universidad Autónoma de Chihuahua, Av. Escorza 900, Chihuahua 31000, 
Chihuahua, Mexico

FELIPE CHÁVEZ-RAMÍREZ, School of Natural Resources, University of Nebraska-Lincoln; and Platte River Whooping Crane 
Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, NE 68883, USA

Abstract: While a large proportion of the sandhill crane (Grus canadensis) population winters in northern Mexico, little
information is available regarding conservation status of wetlands and human dimension issues. We conducted preliminary
interviews of rural inhabitants living near wetlands used by cranes in 3 Mexican estates. One hundred percent of interviewees
affirmed to know cranes, see them regularly (100%), and were capable of describing cranes. Winter is the time most have seen
cranes (78%) with fall being second (20%). Most cranes were observed in lakes (56%), agriculture fields (35%), and cattle
troughs (2%). Most responded to have seen 0-100 cranes (41%), while larger numbers were reported by smaller percentages.
Most interviewees believed cranes eat corn (66%), oats (21%), sorghum (5%), and others items including wheat, insects, and
cow droppings (2% each). Foraging was observed in agriculture fields (83%) with less in lakes (15%). Most did not know
where cranes came from (71%), while smaller percentages said Canada (24%) and the United States (2%). A majority (58%)
said they were not affected by the arrival of cranes, but 43% said they were. The negative effects were described as destroyed
crops (31%), eating corn (23%), and diminished production. Those affected said they could implement scare tactics (70%),
while others suggested harvesting on time (5%), checking crops regularly (5%), and hunting as possible solutions. Most (90%)
said they did not hunt the cranes, 5% mentioned they used to and 3% said they still hunt them. These results offer a glimpse
of the attitudes of rural inhabitants in northern Mexico towards cranes.
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MAMMALIAN NEST PREDATION IN MISSISSIPPI SANDHILL CRANES

ROSE BUTLER, Department of Biological Sciences, University of New Orleans, 2000 Lakeshore Drive, New Orleans, LA
70112, USA

Abstract: Low recruitment is the largest challenge facing the recovery of the critically endangered Mississippi sandhill crane (MSC,
Grus canadensis pulla). Lack of information on nest predation and the impacts of specific nest predator species hinder effective
management to lower nest predation rates. I have completed my first year of a 2-year research project on mammalian predation at
the MSC National Wildlife Refuge in Gautier, Mississippi. I aim to identify common nest predators, determine if nest predation
rates are higher in certain nesting habitats than others, and if different mammalian predators are more common in certain nesting
habitats than others. I also aim to establish if there is a correlation between the most abundant predators in scent surveys and the
most common nest predators. Scent station surveys are used to determine common mammalian predators throughout the refuge. I
ran 7 transects of scent stations for a total of 10 days throughout winter and early spring when mammalian movement was likely
to be highest, using fatty acid tablets as the attractant. The most abundant predator recorded was the coyote (Canis latrans),
followed by the red fox (Vulpes vulpes) and raccoon (Procyon lotor). Nest cameras are used to detect nest predation events and
identify specific predators. Infrared heat and motion sensor digital cameras (Reconyx Rapidfire, Holmen, WI) were installed at 22
of the 32 nests so far this season. Increasing the knowledge on the presence and behavior of mammalian predators on the refuge
and in relation to the nesting sandhill cranes will help develop more effective management to increase recruitment. 
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SANDHILL CRANE STAGING AND WHOOPING CRANE MIGRATORY STOPOVER
DYNAMICS IN RESPONSE TO RIVER MANAGEMENT ACTIVITIES ON THE CENTRAL
PLATTE RIVER, NEBRASKA, USA

FELIPE CHAVEZ-RAMIREZ, Platte River Whooping Crane Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, 
NE  68883, USA

Abstract: The Central Platte River Valley (CPRV) is a critical stopover for migrating whooping cranes (Grus americana) and the
most important staging area for sandhill cranes (G. canadensis) in North America. Due to reduced water flows caused by human
activities, the Platte River no longer follows its traditional hydrograph which consisted of high spring flows that produced scouring
action that eliminated vegetation. To provide adequate crane roosting habitat during stopover and staging periods, annual and
woody vegetation has been mechanically cleared on eastern portions of the CPRV since 1980. Staging sandhill crane riverine
roosting area has decreased since 1950 (160 km) to the present (<80 km) with roosts concentrated on the eastern managed area
(approximately 60 km). Sandhill crane roosting has dramatically decreased in western reaches of the CPRV between 1945 (90% of
population) and 2007 (10% in 2000, <1% in 2007) as a result of woody vegetation encroachment on the river and no management.
Whooping crane stopovers in western areas of the CPRV have decreased over time (80% of total observations in 1950-1979, 17%
in 1980-2005) while increasing proportionally overall in the eastern portion of the CPRV. Individual sections show higher density
and longer permanence of roosting cranes in areas with more intensive channel management. Mechanical clearing is necessary to
recreate the appropriate conditions (open and wide river) for roosting cranes during spring and fall migration.
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CURRENT STATUS OF LESSER SANDHILL CRANES IN YAKUTIA

INGA BYSYKATOVA, Institute of Biological Problems of the Permafrost Zone, Siberian Division, Russia Academy of Science, 
Yakutsk, Russia

SERGEY SLEPTSOV, Institute of Biological Problems of the Permafrost Zone, Siberian Division, Russia Academy of Science, 
Yakutsk, Russia

NIKOLAY VASILIEV, Federal State Scientific Institute of Applied Ecology of the North, Yakutsk, Russia

Abstract: In Yakutia, the sandhill crane (Grus canadensis canadensis) was considered a common bird in 1957 on the Primorie
tundra from the Kolyma River to the Alazeya River. In 1980 the area of the species’ supposed breeding grounds within the Kolyma-
Indigirka interfluve comprised 34,600 km2. In 1984-85, the breeding grounds extended west to the Sundrun River, with the total
area reaching 49,400 km2. At present, the westernmost sandhill crane range is on the tundra along the lower reaches of the Berelekh
River. This region joins the higher density Siberian crane (G. leucogeranus) range, so that the ranges of the sandhill and Siberian
cranes are now not only joined, but even overlap each other for great distances. Over the last 50 years, the western frontier of the
sandhill crane breeding area has moved to the west, so today the species nests, though in small groups, outside the specified
boundary which reaches to the Yana River Delta. The study of the distribution and numbers of sandhill cranes was carried out near
the Indigirka tundra in the Kytalyk Resource Reserve during 1993-2007 on a study area that encompassed 1,314 km2. A landscape
analysis of the habitats used by the sandhill crane was completed. Within the study area, nesting sandhill crane pairs were found on
the dry elevated tundra parts as well as on low wet sites of polygonal tundra. During the study on a thoroughly surveyed site as
large as 1,111 km2, we found 55 pairs (0.49 birds/10 km2) of sandhill cranes along with 11 of their nests, and 43 pairs (0.39 birds/10
km2) of Siberian cranes, along with 40 of their nests.  Distances between both species pairs averaged 2,562 m.
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DEMOGRAPHY OF WHOOPING CRANES IN THE EASTERN MIGRATORY POPULATION 

SARAH J. CONVERSE, U.S. Geological Survey, Patuxent Wildlife Research Center, 12302 Beech Forest Road, Laurel, MD 
20708, USA

RICHARD P. URBANEK, U.S. Fish and Wildlife Service, Necedah National Wildlife Refuge, W7996 20th Street West, Necedah, 
WI 54646, USA

Abstract: The ultimate success of the whooping crane (Grus americana) reintroduction to eastern North America rests on adequate
demographic performance of the population. We are undertaking a population viability analysis (PVA) of the eastern migratory
population in order to evaluate progress toward the fundamental population objective, to better understand the critical demographic
thresholds that must be met to fulfill this objective, and, most importantly, to support management decision-making. The initial
phase in the PVA development process involves estimation of demographic parameters to be used in later population modeling
phases. Multi-state models provide an appropriate analytic framework for estimation, wherein individuals move amongst breeding
states across years, conditional on survival. We describe estimated survival and breeding state transition probabilities in this
population as a function of age, sex, and rearing and release method. We also consider demographic parameters as a function of
genetic indicators, which should inform future decisions about breeding and release in the captive flock. The ability to conduct
critical demographic analyses in this flock is dependent on ongoing collection of monitoring data. Periodic re-evaluation of both
monitoring and modeling methods in the context of management decision-making will be necessary to ensure that management
decisions made regarding this flock are informed by the most reliable available information.
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VIDEO SURVEILLANCE OF NESTING WHOOPING CRANES

TIMOTHY A. DELLINGER, Florida Fish and Wildlife Conservation Commission, 18502 CR 455, Clermont, FL 34715, USA
MARTIN J. FOLK, Florida Fish and Wildlife Conservation Commission, 1475 Regal Court, Kissimmee, FL 34744, USA

Abstract: The primary objective of the whooping crane (Grus americana) recovery plan is to establish and maintain 3 self-
sustaining wild populations, 1 being a non-migratory Florida population. From 1993 to 2005, we released 289 captive cranes
in central Florida, with 31 surviving as of 1 June 2008. From 1995 to 2008 we monitored 68 nests of the Florida population;
from those, only 32 chicks hatched and 9 fledged. It often was not apparent why nests failed, and it was not practical to conduct
labor-intensive observations at nests; therefore, we collected behavioral data using 12-volt VHS video surveillance cameras at
13 nests from 2000 to 2008. We positioned cameras and time-lapse video recorders 200-500 m from each nest. We
programmed 1-3 days/tape of recording to occur from 1 hour before sunrise to 1 hour after sunset. Seven of 13 nests were
successful in hatching chicks, while the remainder failed during the incubation period. Relevant events recorded on the
videotapes included: incubation durations, frequency of adults switching off during incubation, frequency of standing and egg
turning, duration eggs were not incubated while adults were away, and possible causes of nest failure. Summary statistics
relating to these behaviors and also to their possible implications regarding nest survival will be discussed. Video surveillance
was a valuable tool for the efficient gathering of behavioral data at whooping crane nests.

PROCEEDINGS OF THE NORTH AMERICAN CRANE WORKSHOP 11:199

Key words: Grus americana, nesting, surveillance, video, whooping crane.

LONGEVITY RECORDS OF ROCKY MOUNTAIN GREATER SANDHILL CRANES BANDED
DURING 1969-1987 IN IDAHO, MONTANA, UTAH, AND WYOMING

RODERICK C. DREWIEN, Hornocker Wildlife Research Institute, Moscow, ID 83843, USA
WENDY M. BROWN, Hornocker Wildlife Research Institute, Moscow, ID 83843, USA
KENT R. CLEGG, Hornocker Wildlife Research Institute, Moscow, ID 83843, USA

Abstract: Cranes species throughout the world are renowned for their longevity; however, most records are based on
individuals in captivity. We compiled longevity records for wild Rocky Mountain greater sandhill cranes (Grus canadensis
tabida) banded in Idaho, Montana, Utah, and Wyoming during 1969-1987. Our analysis was based on over 180 band
recoveries and over 1,700 visual observations of known-age individually marked birds from 1969 to 2008. We present only
those birds of age >20 years for this summary. Our results yielded 56 birds known to be >20 yrs of age when killed or last
observed. Of 7 band recoveries, 7 birds were shot in hunts and 1 died from entanglement in a barbed wire fence. The oldest
birds were 35 and 37 years of age when recovered. Of 49 birds >20 years since last observed, the oldest had reached 35 years.
Two others marked as adults reached a minimum of 29 years to a maximum of 35 years of age. 
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HABITAT SELECTION OF EASTERN MIGRATORY WHOOPING CRANES ON THEIR
WINTERING GROUNDS

LARA E. A. FONDOW, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA; and University 
of Wisconsin-Madison, A 221 Russell Labs, 1630 Linden Drive, Madison, WI 53706, USA

STANLEY A. TEMPLE, University of Wisconsin-Madison, A 221 Russell Labs, 1630 Linden Drive, Madison, WI 53706, USA

Abstract: As a monitoring technician for the Whooping Crane Eastern Partnership, I (LEAF) noted that birds in years following
release selected wintering habitats that differed greatly from those into which they were initially released. An analysis of the habitat
preferences of these birds was needed in order to determine any possible implications to the reintroduction efforts. During the
winters of 2004-2005 and 2005-2006, I recorded the locations, habitat use, social associations, and behaviors of all migratory
whooping cranes (Grus americana) at known locations in Florida. I used compositional analysis to determine whether habitat use
was random at the following levels: search area versus 95% home range; 95% home range versus core home range, and core home
range versus individual locations. If habitat use was non-random, I then ranked the habitat types in order of selection preference by
whooping cranes and determined whether the selection for or against a particular habitat was significant. At all levels, open pasture
and other rural open lands and freshwater marshes were the highest-ranked habitat types. Whooping cranes' behaviors within the
different habitat types suggest that some habitat types complement each other for various activities while they supplement each
other for other behaviors. Because of year-to-year variation in habitat availability in Florida, it will be important to continue to
monitor habitat selection by this population of birds to determine whether the patterns found in this study are repeated over longer
time periods and how management activities may be altering subsequent selection patterns and survival in the wild.
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ICF CONSERVATION EDUCATION: BRIDGING CRANE CONSERVATION AND THE
INTERNATIONAL EDUCATION COMMUNITY

JOAN GARLAND, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
KORIE KLINK, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Abstract: Education, at multiple levels with audiences in Wisconsin, Florida, Texas, and along the flyways where sandhill
(Grus canadensis) and whooping cranes (G. americana) sometimes find themselves in close quarters with people, is the key
to protecting North America's cranes. The migration of these birds highlights the dependence of cranes and other wildlife on
wetlands along the migration routes. Most of these wetlands are privately owned, so the decisions and conservation outlook
of future generations are critical to the survival of these cranes. The International Crane Foundation's (ICF) conservation
education programs and materials focus on the importance of crane and wetland conservation, and encourage students and
educators to learn about similar issues internationally. Education programs connect teachers with the conservation community
through cross-curricular resources directly linked to academic standards, teaching methods and learning styles, as well as local
conservation challenges and needs. ICF has embraced the opportunity to develop and evaluate programs and resources to
compliment academic standards as well as the needs and pressures of the K-12 classroom teacher. By creating diverse and
cross-curricular learning environments and experiences, the ICF Conservation Education Department is dedicated to bringing
people face-to-face with the challenges and successes of crane conservation and strives to give educators and their students the
knowledge, inspiration, and the tools to commit to contributing to environmental solutions.
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AN INDIVIDUAL WHOOPING CRANE'S FAMILY HISTORY

KARINE GIL, Platte River Whooping Crane Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, NE 68883, USA
FELIPE CHAVEZ-RAMIREZ, Platte River Whooping Crane Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, 

NE 68883, USA
BRIAN W. JOHNS, Canadian  Wildlife Service,115 Perimeter Road, Saskatoon, Saskatchewan S7N 0X4, Canada
THOMAS V. STEHN, U.S. Fish and Wildlife Service, P.O. Box 100, Austwell, TX 77950, USA
ROBIN SILVA, 109 Hollydale Drive, Bryan, TX 77845, USA

Abstract: Between 1977 and 1988, 12 cohorts (134 individuals) of whooping cranes (Grus americana) were banded in Wood
Buffalo National Park (WBNP, Canada-breeding ground) and monitored from Canada to Aransas National Wildlife Refuge
(ANWR, Texas-wintering ground). During 2004, historical data on banded individuals was analyzed to estimate population
parameters and life table of the wild population. This study used information from one of the few banded cranes known to be
alive in 2008 since 1978. A genealogy tree (Family Tree Maker software) was developed from individual RwR-nil to represent
its descendents and relatives, as well as a map (GIS) for geographic distribution. We found that his descendents were: 4 in the
first generation, at least 13 in the second generation, and 4 in the fourth generation. In total 21 descendents arrived to ANWR,
and 3 of them are still alive. We identified that all males in the family selected nesting and winter territories and did not change
territories with new mates. Banded females did. All nests were established in the Sass River nesting area of WBNP, and all
wintering territories were in Matagorda Island, which are close to their parents' territories. History of mates, nesting fate
(success, failures, no nest), number of eggs, chicks, and juveniles were analyzed, as were territory distribution and use of
stopovers. Years of nesting success and failure occurred in synchrony among members of the family. Evidence of potential
inbreeding, adoption, and extended family migration was collected. Information from this family will contribute to studies of
kin selection and inclusive fitness.
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IMPACTS OF GLOBAL AND REGIONAL CLIMATE ON WHOOPING CRANE
DEMOGRAPHY: TRENDS AND EXTREME EVENTS

KARINE GIL, Platte River Whooping Crane Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, NE  68883, USA
WILLIAM GRANT, Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX 77843-2258, USA
R. DOUGLAS SLACK, Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX 77843-2258, USA
ENRIQUE WEIR, Platte River Whooping Crane Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, NE  68883, USA

Abstract: We analyzed long-term demographic and environmental data to understand the role of large scale climatic factors
(the Pacific Decadal Oscillations [PDO]) and environmental factors in 3 regions of North America on natality and mortality
of the remnant migratory whooping crane (Grus americana) population. This is an endangered species that spends winters at
Aransas National Wildlife Refuge (ANWR) in Texas, breeds at Wood Buffalo National Park (WBNP) in Canada and “…uses
Nebraska as a primary stopover”. Long term data (27 years) of demography and environmental factors (PDO index,
temperature and precipitation at WBNP, Nebraska and ANWR, pond water depth at WBNP, freshwater inflow, and net
evaporation at wintering ground) were analyzed. Multiple regression analysis (path analysis) and qualitative analysis
determined mechanisms (trends and extreme events) affecting whooping crane dynamics. Changes in mortality of eggs, chicks,
juveniles during fall migration and at wintering grounds, and adults and subadults at wintering grounds, from April to
November and annually, were correlated with environmental factors from the 3 different regions (except net evaporation at
ANWR and temperature and precipitation in Nebraska during spring migration). Natality variability (brood failure and clutch
size reduction) was explained by PDO, pond water depth in WBNP and environmental factors from the wintering ground that
affected pre-breeding conditions and subsequently reproduction. Qualitative analysis showed synchrony of extreme events at
ANWR and WBNP and extreme effects on whooping crane demography. Direct and indirect effects of these environmental
factors are discussed at the population and individual level.
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METHODS TO REDUCE CROP DEPREDATION BY CRANES IN SIBERIA (TRANS-BAIKAL
REGION)

OLEG A. GOROSHKO, Daursky State Nature Biosphere Reserve, Chita Institute of Natural  Resources, Ecology and Cryology, 
Nizhny Tsasuchei, Chita 674480 Russia   

Abstract: Methods of reducing crop depredation by cranes were tested in Daursky State Nature Biosphere Reserve on the
steppes of southern Siberia. The Torey Lakes and numerous small lakes support autumn gathering of cranes and waterfowl.
Croplands (mainly oats and wheat) attract staging cranes, geese, and ducks. Up to 42,000 demoiselle (Anthropoides virgo) and
1,100 hooded cranes (Grus monacha) (>10% of world populations for these species) can feed in the fields near the reserve and
cause significant damage (up to 70% in some wheat fields). We investigated the problem during 1992-2004 and suggested
various methods to reduce damage. The first suggestion was to move grain fields farther from wetlands (especially from crane
roost sites). Second, cultivate lure fields at locations most convenient for birds (near roosts). Millet and wheat (millet being
better), could be planted in small lure plots (5-10 ha). A third method was to provide alternative food, such as foxtail grass
(e.g., Setaria viridis), and grow it on fallow lands near wheat fields. A fourth suggestion was to adjust the period and
technology of harvest. Experimental trials of our recommendations during 2000-2003 showed good results. At crop fields
moved 10-15 km from roosts, cranes fed 15-30 times less than at fields located 1-2 km from the Torey Lakes. Lure millet fields
attracted cranes, and the birds stayed out of adjacent wheat until after harvest. Before harvest, cranes ate mainly millet and
Setaria viridis (about 90% of diet), with wheat comprising 10%. Cooperative farms cultivated lure fields without government
subsidies, as the lure crop program cost about 1 tenth of the previous damage. 
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THIRTY YEARS OF MORTALITY ASSESSMENT IN WHOOPING CRANE
REINTRODUCTIONS: PATTERNS AND IMPLICATIONS

BARRY K. HARTUP, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
MARILYN  G. SPALDING, Department of Infectious Diseases and Pathology, College of Veterinary Medicine, University of 

Florida, Box 110880, Gainesville, FL 32610, USA
NANCY J. THOMAS, USGS National Wildlife Health Center, Madison, Wisconsin 53711, USA
GRETCHEN A. COLE, School of Veterinary Medicine, University of Wisconsin, 2015 Linden Drive, Madison, WI 53706, USA
YOUNG JUN KIM, Seoul National University, Seoul, Republic of Korea

Abstract: We reviewed postmortem data to identify primary causes of mortality in reintroduced whooping cranes (Grus
americana) and assess their potential for mitigation in future reintroduction efforts. In total, 240 cases from 3 populations were
reviewed for causes of death, including the Rocky Mountain migratory population (n = 24, release dates 1975-1989), the
Florida resident population (n = 186, 1993-2005), and the Wisconsin migratory population (n = 30, 2001-ongoing). Traumatic
injury was the leading cause of mortality among the reintroduced whooping cranes, most commonly from predation (n = 120
or 50%, range 8-58% per project) or collision with fixed structures such as electrical power lines or fences (n = 22 or 9%, range
3-46%). Disease of infectious etiology (including confirmed cases of bacterial, viral, fungal and parasitic infection) was the
second leading cause of mortality (n = 19 or 8%, range 3-17%). The data were limited by the large number of undetermined
causes of death due to scavenging and decomposition of carcasses (n = 64 or 27%, 8-40%). Molting and poor roosting behavior
or habitat quality may have increased the risk of predation in these populations. Preventive measures for power line collisions
(marking devices) are impractical except at significant roost or migration stopover sites. Health evaluations of release
candidates should continue in order to minimize losses from endemic or emerging diseases and prevent the introduction of
novel pathogens into native ecosystems.
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HOME RANGE SIZE AND HABITAT USE OF MISSISSIPPI SANDHILL CRANE COLTS

SCOTT G. HEREFORD, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, 7200 Crane Lane, 
Gautier, MS 39553, USA

TRACY E. GRAZIA, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, 7200 Crane Lane, 
Gautier, MS 39553, USA

JEREME N. PHILLIPS, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, 7200 Crane Lane, 
Gautier, MS 39553, USA

GLENN H. OLSEN, U.S. Geological Survey, Patuxent Wildlife Research Center, 12302 Beech Forest Road, Laurel, MD 20708, USA

Abstract: Recruitment in the endangered Mississippi sandhill crane (Grus canadensis pulla) is minimal, with the population
of 110 sustained by an annual augmentation of captive-reared juveniles. Suitability of available habitat quality is likely
involved in nesting success. Thousands of hectares of pine savanna were restored for crane use, but it is not clear how much
was being used by crane families. We used 3-g subcutaneous transmitters to radio-tag 27 colts over 6 years from 1998 to 2002
and 2004 to determine home range and habitat use. Using a hand-held receiver, H-antenna and standard triangulation, location
data were collected twice daily along with age and habitat type. We used Hawth's GIS Tools to calculate a minimum convex
polygons as an indicator of home range. We collected data on the colts from 23 nests and 16 different territories. There were
1,334 total locations with the number of locations per colt ranging from 3 to 130. The average age at tagging was 11.6 days.
The home range size doubled about every 30 days until fledging: averaging 30 ha for colts 25 days and younger, 63 ha for
colts 26-50 days, and 115 ha for colts older than 50 days. Colts were most often located in savanna habitat accounting for 69%
of use, followed by water (11%), hydric drain (7%), pine flatwoods (6%), agricultural (5%), road (2%), and estuarine marsh
(<1%). For those colts that survived and were tracked past 50 days old, total home range size varied greatly, from 50 to 400
ha, likely indicating habitat quality. Smaller home ranges included open water, savanna, and agricultural habitat. Larger home
range size was observed more frequently in areas including bigger pineywoods tracts. Results support refuge habitat
management goals to restore savanna from pine flatwoods and increase scattered shallow ponds. Additional analyses should
focus on habitat use vs. availability, density-based home range, and further descriptors of successful territories.
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WHOOPING CRANE MIGRATIONAL HABITAT USE OF THE PLATTE RIVER, NEBRASKA,
2001-2006

SHAY HOWLIN, Western EcoSystems Technology, Inc., 2003 Central Avenue, Cheyenne, WY 82001, USA
CLAYTON DERBY, Western EcoSystems Technology, Inc., 2003 Central Avenue, Cheyenne, WY 82001, USA
DALE STRICKLAND, Western EcoSystems Technology, Inc., 2003 Central Avenue, Cheyenne, WY 82001, USA

Abstract: The Platte River Endangered Species Partnership monitored whooping crane (Grus americana) habitat use along the
Platte River between Chapman and Lexington, Nebraska during 11 migration seasons from 2001 to 2006. Daily aerial surveys
took place in the morning from 21 March to 29 April in the spring and from 9 October to 10 November in the fall. Decoy
detection trials were conducted during each of the 11 survey seasons to calculate actual sample inclusion probabilities for crane
groups detected during monitoring flights. The detectability model found significant differences in detectability among strata
(upland or channel), contractor, and altitude of the plane. All crane groups observed in the study area were monitored for
habitat use and geomorphic profiles were measured at channel use locations. The HECRAS model was used to estimate the
water surface differential between the time river profiles were measured and the time of crane group use. The estimated
differential was used to adjust flow-dependent characteristics. Resource selection habitat models documented significant
selection for areas with large proportions of open water, wetted channel and agriculture, and wetted channels with large
unobstructed widths.
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WINTER DISTRIBUTION OF GREATER SANDHILL CRANES MARKED AT BREEDING
AREAS IN CALIFORNIA, OREGON, AND WASHINGTON

GARY L. IVEY, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, Wisconsin 53913, USA; and Oregon State
University, 2600 NW College Way, Bend, OR 97701, USA

JOSEPH D. ENGLER, Oregon Department of Fish and Wildlife, Summer Lake, OR 97640, USA
MARTIN J. ST. LOUIS, Western EcoSystems Technology, Inc., 2003 Central Avenue, Cheyenne, WY 82001, USA
MARK A. STERN, The Nature Conservancy, 821 SE 14th Avenue, Portland, OR 97214, USA
SEAN CROSS, U.S. Fish and Wildlife Service, Modoc National Wildlife Refuge, Alturas, CA 96101, USA

Abstract: Large numbers of greater sandhill cranes (Grus canadensis tabida) have been banded and color-marked at several
important breeding sites in the western U.S. since the late 1960s. Crane color-marking began in the late 1960s at Malheur
National Wildlife Refuge (NWR) in eastern Oregon. Crane marking programs were initiated at Sycan Marsh, Summer Lake
Wildlife Area (both in south-central Oregon), as well as at Modoc NWR in the mid-1980s. In the mid-1990s, a marking
program was initiated at Conboy Lake NWR in south-central Washington. This paper reviews winter records and distribution
of marked birds from these sites within the Central Valley of California, reviews their movements between wintering areas,
assesses their fidelity to wintering sites and discusses conservation implications of this information.
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EVALUATING CHEMICAL DETERRENCE AT TWO SPATIAL SCALES: THE
EFFECTIVENESS OF CHEMICAL DETERRENCE FOR SANDHILL CRANES IN
CORNFIELDS

ANNE E. LACY, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, Wisconsin 53913, USA
JEB A. BARZEN, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Abstract: From 2006 through 2008, 9,10 anthraquinone (sold as Avitec™) was used as a deterrent on planted corn seed in
Minnesota, Wisconsin, and Michigan. ICF conducted field trials in Wisconsin to determine efficacy of Avitec™ to repel sandhill
cranes (Grus canadensis) from germinating corn. We assessed crane use at 2 levels: between and within habitats by crane
population surveys to determine crane use of fields, and corn density surveys to assess possible damage within fields. In
addition, corn seed samples were taken to assess amount of active ingredient on treated corn seeds in the ground. In 2008 the
concentrations of Avitec™ on seed obtained from powder treatments (as compared to liquid treated) were generally lower.
Where concentration of Avitec™ on the corn seeds was adequate (liquid or powder), it successfully deterred crane herbivory
even though crane use of the fields remained high. Non-treated fields had higher damage as crane use increased, whereas
treated fields had low or no damage, even with increased crane use. An effective deterrent is a win-win situation for both cranes
and farmers. Its use protects a valuable crop while allowing cranes to access critical food items in cultivated fields, which also
confers a benefit to the farmer (i.e., consumption of crop pests). Farmers can solve the problem more economically on their
own without handling toxic seed treatments. Successful solutions such as this example are critical for advancing wildlife
conservation on private lands.
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INFLUENCE OF LANDSCAPE FEATURES OF WETLANDS ON NESTING PATTERNS OF
SANDHILL CRANES IN CENTRAL WISCONSIN

SU LIYING, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, Wisconsin 53913, USA
ANNE E. LACY, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, Wisconsin 53913, USA
JEB A. BARZEN, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Abstract: We studied the relationship between landscape features and nesting patterns of greater sandhill cranes (Grus
canadensis tabida) in central Wisconsin for 3 years. Our study covered 9,840 ha, including about 50% agricultural fields, 20%
forest, and 20% wetlands. We analyzed landscape features and nesting patterns at the wetland complex level. Landscape
features included size, shape, and type of cover for each wetland complex. Nesting patterns included nesting density and the
spatial pattern of the nest locations in a wetland among years. Nest density varied among wetland complexes and years. Mean
nest densities in wetlands surveyed were 0.037, 0.033, and 0.047 nests/ha in 2001, 2002, and 2003, respectively. Nest density
in individual wetlands varied from year to year, from 0.00 to 11.24 nests/ha. Mid-sized wetlands (80-120 ha) had similar
means, around 0.05 nests/ha, and had smaller variations in nest density among years in comparison with small wetlands.
Spatial point pattern analysis showed that the spatial pattern of nest locations in the wetlands was not always clustered. Mean
distance between the two closest nests within single wetlands within a year was 227 m (11-666 m, SD = 163 m). The distance
was usually around 120 m for a mid-sized wetland.
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STUDY OF ENVIRONMENTAL VARIABLES AND CONNECTIVITY OF NORTHERN
MEXICO FOR CRANES: CONSERVATION IMPLICATIONS

EDGAR GUSTAVO LÓPEZ-SAUT, Centro de Inverstigaciones Biologicas del Noroeste (CIBNOR),  Mar Bermejo #195 colonia 
Playa Palo de Santa Rita, C.P. 23090, La Paz Baja California Sur, México  

RICARDO RODRIGUEZ ESTRELLA, Centro de Inverstigaciones Biologicas del Noroeste (CIBNOR), Mar Bermejo #195 
colonia Playa Palo de Santa Rita, C.P. 23090, La Paz Baja California Sur, México 

FELIPE CHAVEZ-RAMIREZ, Platte River Whooping Crane Maintenance Trust, 6611 West Whooping Crane Drive, Wood River, 
NE  68883, USA

Abstract:Wetlands are one of the most important ecosystems for biodiversity and as a resource for humans. Humans depend on
wetlands for water and food, but with expansion of urban cores, water overexploitation, and the increase of croplands, wetlands
are at risk. The Chihuahuan desert is an ecoregion important for the economy and development of Mexico. Although there are
many temporal wetlands that support many migratory birds, water in some desert landscapes is being overexploited due to
development. This leads to the desiccation of wetlands important for migratory birds such as cranes. The cranes as a group are
associated with grasslands and wetlands and of the 15 species, 7 are under CITES Appendix I risk. In America there are 2 species,
the whooping crane (Grus americana) and the sandhill crane (G. canadensis). The whooping crane is under extinction risk and
is extirpated from Mexico. The distribution of the sandhill crane at winter sites in northern Mexico is incomplete. Tacha et al.
(1992, 1994) and Meine and Archibald (1996) are the principal studies outlining the distribution of cranes in Mexico. They
described the distribution of sandhill crane to the states of Chihuahua, Durango, and Coahuila, but they did not study the possible
more southern distribution. Chavez-Ramirez (2005) expanded the distribution of the sandhill crane to the south. He included the
states of Zacatecas and San Luis Potosi and other wetlands in Coahuila and Nuevo Leon. In spite of this knowledge, it is important
to evaluate the degree of conservation of wetlands that cranes use in winter and to evaluate new wetlands with potential for the
reintroduction of whooping cranes. In this study, we try to evaluate the environmental parameter of wetlands in northern Mexico
and the connectivity within them for conservation and potential reintroduction of cranes.
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MECHANISMS OF HABITAT SELECTION OF REINTRODUCED WHOOPING CRANES ON
THEIR BREEDING RANGE

KELLY J. MAGUIRE, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
STANLEY A. TEMPLE, University of Wisconsin-Madison, A 221 Russell Labs, 1630 Linden Drive, Madison, WI 53706, USA

Abstract: We examined several mechanisms that influenced the habitat selection of reintroduced whooping cranes (Grus
americana) on their breeding range in the midwestern United States. Visual observations on 56 whooping cranes from 2001
to 2006 provided accurate locations, habitat descriptions, and bird associations. Location information on each bird was mapped
to create home range and to describe the habitat. We found evidence that habitat selection in these cranes resulted from multiple
mechanisms, including habitat imprinting, philopatry, site tenacity, intra-specific interactions, and environmental stochasticity.
The initial home ranges of all cranes contained habitat similar to that in which they were reared. Strong philopatry was seen
in 87% of the first year birds who returned to within 7.2 km of the release site. Site tenacity was significantly stronger after
the second year return with the mean distance between consecutive center of home ranges decreasing (t = 3.136, df = 38, P <
0.003). We found that as population density doubled there was no significant change in the distance between nearest neighbors
(F = 0.038, df = 51, P = 0.847). We also found evidence of environmental stochasticity in a group of cranes that deviated off
course during their initial northward migration. Our work revealed the primary mechanisms of habitat selection used by the
reintroduced whooping cranes, reassuring project managers that their reintroduction techniques will have predictable outcomes
for the locations and habitats used by the new population.  
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FIRST BREEDING RECORDS AND HISTORICAL STATUS OF SANDHILL CRANES IN NEW

ENGLAND

SCOTT M. MELVIN, Massachusetts Division of Fisheries and Wildlife, Rte. 135, Westborough, MA 01581, USA

Abstract: Sandhill cranes (Grus canadensis) nested at 4 sites in south-central Maine between 2000 and 2008 and at single sites
in western Massachusetts and west-central Vermont in 2007 and 2008, continuing their eastward range expansion. Of 13 nests
observed, 5 were in a lacustrine marsh, 2 were in a riverine marsh, and 2 were in beaver-impounded palustrine marshes, all
dominated by cattail (Typha spp.); 2 were in lacustrine fen habitat dominated by sedges (Carex spp.), sphagnum, and
leatherleaf (Chamaedaphne calyculata); 1 was in a lacustrine fen dominated by slender sedge (Carex lasiocarpa), sphagnum,
and cattail; and 1 was in a lacustrine bog dominated by sphagnum, leatherleaf, sweetgale (Myrica gale), and slender sedge.
Fourteen of 16 documented nest attempts hatched 1 or 2 eggs. Dimensions of 10 eggs averaged 90.5 mm (83.2-98.0) 5 61.2
mm (55.2-62.1).  In at least 11 instances, chicks survived to at least 8 weeks of age, including at least 3 2-chick broods. Reports
of sandhill cranes in the 6 New England states have increased in frequency over the past 2 decades. A review of historical
literature suggests that sandhill cranes were common migrants in the northeastern United States at least north to New England
during the 17th and 18th centuries, and may have nested there as well, so recent range extensions may represent re-colonization
of former range.
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THREE WHITE CRANES, TWO FLYWAYS, ONE WORLD

SARA GAVNEY MOORE, China Program, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
JOAN GARLAND, Conservation Education Department, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, 

WI 53913, USA
ZHANG JUAN, Beijing Brooks Education Center, Number Three School of the Deaf, Main Building, North Huayuan Road, 

Beijing, 10083, P.R. China
MARIA VLADIMIRTSEVA, Institute for Biological Problems of the Cryolithozone, 41, Prospect lenina, Yakutsk, 677980, 

Republic Sakha (Yakutia), Russia

Abstract: The International Crane Foundation, together with Beijing Brooks Education Center in China and the Institute for
Biological Problems of the Cryolithozone in Russia, is implementing a multi-year education project targeting local
communities along the eastern crane flyways in the United States and East Asia. The education activities focus on the
importance of wetlands, wildlife, and other natural resources from the perspective of local communities and are designed to
enhance local leadership for education efforts. In the U.S. project activities are integrated with education programs centering
on the eastern migratory whooping crane (Grus americana) population, integrating classroom activities and field trips with
online education activities focusing on cranes and wetland conservation. In East Asia, school curricula provide needed
classroom resources for villages near wetland reserves, while training builds the capacity of local teachers and nature reserve
educators. Project activities link educators and students in the U.S., China, and Russia through educator exchanges, student art
exchanges, environmental education camps, and a project website. Through these activities, students along both flyways in
North America and East Asia learn the importance of their personal actions in effecting change and their connection to global
environmental issues.
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BEHAVIOR COMPARISONS OF TWO REARING PROTOCOLS FOR WHOOPING CRANES
RAISED BY COSTUMED CAREGIVERS AND TRAINED FOR AN ULTRALIGHT-LED
MIGRATION

GLENN H. OLSEN, U.S. Geological Survey, Patuxent Wildlife Research Center, 12302 Beech Forest Road, Laurel, MD 20708, USA
JOHN B. FRENCH, USGS Patuxent Wildlife Research Center, BARC-East, Building 308, 10300 Baltimore Avenue, Beltsville, 

MD 20708, USA

Abstract: Whooping crane (Grus americana) colts are raised at USGS Patuxent Wildlife Research Center, Laurel, Maryland
for the first 40-60 days of a chick's life as part of the Whooping Crane Eastern Partnership (WCEP) ultralight-led
reintroduction. Numbers raised for WCEP are increasing each year. Up to 2005, we raised whooping crane chicks in the
Propagation Building where there are 10 indoor/outdoor pens, 8 full pens, and 2 half-size pens. In 2005 WCEP proposed
increasing the number of colts reared to 20-24, numbers beyond the capacity of the facility. To accommodate this greater
number of chicks, we modified several outdoor pens nearby. Pens were made smaller, protective lower fencing was added, and
heat lamps were installed in the feed sheds. The addition of 6 such pens allowed rearing and training of 22 chicks. Chicks were
placed in these outdoor pens at 25-30 days of age. The purpose of this study is to measure the effects on chick development
and training from the new rearing procedure. 

Our training program is as follows: for the first week colts need to master the arts of walking, eating, and drinking, and
this is the time of the most intense contact with costumed caregivers. Late in week 1 (day 5.8 ± 1.4 days) the colts are taken
for foraging trips with a costumed person. Colts are taken to forage near the ultralight trike to become conditioned to the
machine and the long crane head puppet at a mean age of 7.5 days ± 2.0 days. The next step in conditioning the colt is to begin
circle training with the ultralight. Also in week 2, swimming to increase exercise and prevent leg deformities begins, as well
as socialization with other colts, initiated at a mean age of 10.9 days ± 2.8 days. Exposure to water, also referred to as pond
training, begins in week 2 at a mean age of 8.9 days ± 2.6 days. During week 3 circle pen training continues up to an average
age of 30.8 days ± 3.9 days. Colts receive an average of 3 hours, 13 minutes ± 44 minutes of circle pen training. In week 3 the
colts graduate to open field training. In 2005, colts received an average of 112 minutes ± 64 minutes of open pen training. This
training started at day 31.9 ± 3.4 days. Average age of shipping to Necedah National Wildlife Refuge has remained relatively
consistent.

Focal behavioral observations were collected for 2005 and 2006 with half the colts being raised in 1 facility and half in
the other. We have compared the amount of time spent in each type of behavior and have related behavior to subsequent
survival and wildness for the 2005 releases.
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MISSISSIPPI SANDHILL CRANE CHICKS PRODUCED FROM CRYOPRESERVED SEMEN 

ANAHID M. PAHLAWANIAN, Audubon Nature Institute Center for Research of Endangered Species, New Orleans, LA 70056, USA
MEGAN L. SAVOIE, Audubon Nature Institute Center for Research of Endangered Species, New Orleans, LA 70056, USA
VANESSA PEERY, Audubon Nature Institute Center for Research of Endangered Species, New Orleans, LA 70056, USA
BETSY L. DRESSER, Audubon Nature Institute Center for Research of Endangered Species, New Orleans, LA 70056, USA; 

and Department of Biological Sciences, University of New Orleans, New Orleans, LA 70056, USA
S. P. LEIBO, Audubon Nature Institute Center for Research of Endangered Species, New Orleans, LA 70056, USA; and 

Department of Biological Sciences, University of New Orleans, New Orleans, LA 70056, USA

Abstract: The Mississippi sandhill crane (MSC, Grus canadensis pulla), 1 of 6 subspecies of sandhill cranes, is classified as
critically endangered and was placed on the United States' List of Endangered Fish and Wildlife in 1973. For 13 years starting
in 1996, the Audubon Center for Research of Endangered Species (ACRES) and Freeport-McMoran Species Survival Center
(SSC) in New Orleans have been contributing to the MSC Recovery Program. Through successful captive propagation of
MSCs by use of natural breeding and artificial insemination, more than 150 chicks raised at SSC have been released into the
wild population at the MSC National Wildlife Refuge. 

Starting in March of 2006 and continuing through 2008, ACRES established a long-term project to collect and
cryopreserve semen from sandhill cranes in the captive flock housed at SSC. A total of 268 semen samples from 11 MSC males
were collected and cryopreserved. Using semen from Florida sandhill cranes (G. c. pratensis) as a model, we have attempted
to determine improved methods to freeze and thaw crane spermatozoa. In 2007 and 2008, we inseminated 2 females with
frozen-thawed MSC semen and produced 4 fertile eggs, of which 2 hatched. Two chicks survived to fledge, 1 each from 2007
and 2008. The fledged chick produced from frozen-thawed MSC sperm in 2007 was released into the wild at the MSC National
Wildlife Refuge in January 2008 and continues to thrive. 
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EFFECTS OF CHANGES IN AGRICULTURE AND ABUNDANCE OF SNOW GEESE ON
CARRYING CAPACITY OF SANDHILL CRANES DURING SPRING

AARON T. PEARSE, U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street SE, Jamestown, ND 
58401, USA

GARY L. KRAPU, U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street SE, Jamestown, ND  
58401, USA

DAVID A. BRANDT, U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street SE, Jamestown, ND  
58401, USA

Abstract: The Central Platte River Valley (CPRV) in Nebraska is a key spring staging area for approximately 80% of the mid-
continent population of sandhill cranes (Grus canadensis). Evidence that cranes currently are acquiring fat less efficiently than in
the past along with a large increase in use of the CPRV by snow geese (Chen caerulescens) led us to evaluate waste-corn availability
and index spatial and temporal variation in abundance of sandhill cranes and waterfowl using the CPRV. We also developed a
predictive model to assess impact of changes in availability of corn under past, present, and potential future conditions. Predicted
energy demand of cranes and waterfowl increased 69% from the late 1970s compared to 1998-2007. Availability of waste corn
before crane arrival was 20%, and 68% less during 1998 and 1999 compared to spring 1979, resulting in cornfield area required to
meet energetic demand to increase from 13,838 ha during 1979 to 28,500 ha during 1998 and 80,246 ha during 1999. Future
decreases in carrying capacity and resulting increases in distance of daily foraging flights likely would result in reduced crane use
of the CPRV and a marked reduction in ability of cranes to store fat reserves. Options to increase carrying capacity in the CPRV
for sandhill cranes include restoring degraded roosting habitat for cranes, expanding suitable roosting habitat for snow geese in the
neighboring Rainwater Basin, and promoting land use practices in the CPRV that maximize availability of waste corn.
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WINTERING SANDHILL CRANE DISTRIBUTION AND HABITAT USE PATTERNS AT
BOSQUE DEL APACHE NATIONAL WILDLIFE REFUGE, NEW MEXICO

TANDI L. PERKINS, Wildlife and Fisheries Science, Box 1240B, South Dakota State University, Brookings, SD 57006, USA
LEIGH H. FREDRICKSON, Wildlife and Fisheries Science, Box 1240B, South Dakota State University, Brookings, SD 57006, USA

Abstract: The single most important factor regulating sandhill crane (Grus canadensis) populations is their ability to carry out annual
life cycle events while responding to changing habitat availability and distribution across local, regional, and continental landscapes.
Wetland and cropland resource availability and distribution across the landscape have become increasingly unpredictable. Recent
changes in farming practices, urbanization, and prevailing drought conditions in New Mexico have transformed and reduced dynamic,
heterogeneous landscapes into scattered fragments of the original setting. Concerns are increasing for the cumulative influence of
these often irreversible actions in providing the type of resources needed by cranes at the right time in their annual cycle, in the right
form, and in the right quantities to ensure their continued success. The distributional patterns of wintering sandhill cranes have not
been assessed relative to the type, distribution, and availability of foraging habitats important to cranes. Local and regional
management plans have placed a high priority on the need for information that identifies and assesses the distribution and patterns of
use by sandhill cranes across their range, in light of a changing landscape through land use change and urbanization.
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EASTERN EQUINE ENCEPHALITIS IN FLORIDA WHOOPING CRANES

MARILYN G. SPALDING, Department of Infectious Diseases and Pathology, College of Veterinary Medicine, University of 
Florida, Box 110880, Gainesville, FL 32610, USA

LILLIAN M. STARK, Florida Department of Health, Bureau of Laboratories-Tampa, 3602 Spectrum Boulevard, Tampa, FL
33612, USA

Abstract: Two whooping cranes (Grus americana) that were part of separate projects to reintroduce whooping cranes in eastern
North America died suddenly in Florida following a few days of abnormal behavior. The first case was a semi-captive bird on
ultralight-led migration from Wisconsin to Florida in December 2004. The second case was a molting 10-year-old male and
successful wild breeder that died in May, 2005. Clinical signs were lethargy, abnormal posture, isolation followed by attack
by other birds, collapse, heart murmur, and death. Eastern equine encephalitis virus (alphavirus) was isolated from the liver of
both birds. The most severe lesions were in the intestinal tract and liver. Evidence of exposure in sandhill cranes (G.
canadensis) and other released whooping cranes indicate that summertime exposure is relatively frequent, may cause of
summertime illness, but only occasionally causes death. These 2 deaths followed months of elevated seroconversion rates in
Florida sentinels. Other factors, such as prior exposure, immune status, vaccination, molt or other pre-existing diseases may
put individual birds at greater risk.
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EXAMINATION OF OPPORTUNISTICALLY COLLECTED EGGS LAID BY WHOOPING
CRANES IN FLORIDA

MARILYN G. SPALDING, Department of Infectious Diseases and Pathology, College of Veterinary Medicine, University of 
Florida, Box 110880, Gainesville, FL 32610, USA

MARTIN J. FOLK, Florida Fish and Wildlife Conservation Commission, 1475 Regal Court, Kissimmee, FL 34744, USA
STEPHEN A. NESBITT, Florida Fish and Wildlife Conservation Commission, Wildlife Research Laboratory, 1105 S.W. Williston 

Road, Gainesville, FL 32601-9044, USA

Abstract: We examined 41 whooping crane (Grus americana) eggs or egg remains from 27 nests in the field (n = 4), in the
laboratory (n = 33), or incubated by another pair (n = 1), or in captivity (n = 3). Eggs were collected because the nest was in
danger (2 eggs, 1 nest), abandoned (5 eggs, 4 nests), or failed to hatch after 34 days (27 eggs, 16 nests), or they were removed
for management purposes (5 eggs, 3 nests). Evidence of fertility was found in 18 eggs (12 nests, 44%) of 33 opened. The
remainder were either infertile or died early in development. In 7 cases for which a sibling egg hatched 3 (43%) had embryos
in them. Of the 12 pairs of eggs examined all except 1 were either both with, or without embryos. Five of the embryos were
fully developed, 5 were mid-development, and 7 were in early development stages. One near-term embryo was malpositioned
with the head on the wrong side such that it could not pip the eggshell. One near-term embryo had bacterial pneumonia and
enteritis. Its shell had been cracked. Egg volume was correlated with water levels during the preceding winter, and egg fertility
appeared to be associated with winter rainfall. No evidence of a significant bacterial pathogen was found. Eggs in the first
clutch laid by a female were significantly smaller than eggs laid in subsequent nests. Mean nest egg volume was greater for
fertile nests when compared to those with no embryo (216.2 vs. 199.6 ml).
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PATHOLOGY ASSOCIATED WITH LIGHTNING STRIKE AND DROWNING MORTALITY OF
WHOOPING CRANES IN FLORIDA

MARILYN G. SPALDING, Department of Infectious Diseases and Pathology, Box 110880, College of Veterinary Medicine, 
University of Florida, Gainesville, FL 32611, USA

SCOTT TERRELL, Disney's Animal Kingdom Veterinary Services, 1200 N Savannah Circle, Bay Lake, FL 32830, USA
WILLIAM B. BROOKS, U.S. Fish and Wildlife Service, 7915 Baymeadows Way, Suite 200, Jacksonville, FL 32256-7517, USA

Abstract: Severe thunderstorms associated with a strong front passing through the Gulf Coast of Florida on the night of 1-2
February 2007 resulted in the death of 17 whooping cranes (Grus americana) penned at Chassahowitzka National Wildlife
Refuge. Postmortem examination of 4 of the birds revealed saline fluid in lungs and airsacs consistent with drowning.
Coagulation necrosis and other histologic changes in kidney, peripheral nerve, airsac membranes, and heart muscle further
indicated electrocution and are comparable to other cases of electrocution associated with power-line strikes in Florida.
Aspiration of seawater was the most likely cause of death of birds that were stunned by lightning strike. Tissue changes in
some, but probably not all of the birds, would have resulted in death if they had not drowned. Retrospective examination of
lightning and tidal records support this presumed cause of death. The pathology associated with lightning strikes has only
rarely been illustrated for birds. We provide photos of characteristic lesions and compare them with known power line
electrocution cases. 
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THE DIRECT AUTUMN RELEASE OF WHOOPING CRANES INTO THE EASTERN
MIGRATORY POPULATION: A SUMMARY OF THE FIRST THREE YEARS

MARIANNE M. WELLINGTON, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53919, USA
RICHARD P. URBANEK, U.S. Fish and Wildlife Service, Necedah National Wildlife Refuge, W7996 20th Street West, Necedah, 

WI 54646, USA

Abstract: This paper describes methods used in an experimental direct autumn release of captive produced whooping cranes
(Grus americana) into a reintroduced migratory population in eastern North America. Eighteen chicks (4 in 2005, 4 in 2006,
and 10 in 2007) were eventually released in the vicinity of adult whooping cranes or wild sandhill cranes (G. canadensis).
Chicks were reared by costumed aviculturists using strict isolation-rearing techniques at the International Crane Foundation
(ICF) and then transferred to Necedah National Wildlife Refuge in central Wisconsin. Initially, 23 chicks were transferred from
ICF to Necedah at ages of 17-46 days. Isolation-rearing techniques continued in the field while raising the birds to fledging
and until release in October. Although the same rearing and release methods were used each year, the number of cohorts and
number of birds in each cohort released varied by year. Cranes were color-banded and tracked with VHS and PTT transmitters
throughout their lives. Intervention was required to assist several chicks during their first year's migration. Of released cranes,
83% survived their first fall migration, and 67% survived their first year after release. Results are preliminary, and the effects
of unequal sex ratios in annual cohorts are unclear; however, release of juveniles in groups of 2 has so far been most successful
in facilitating successful first fall migration. 
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THE ROLE OF RETRIEVAL AND TRANSLOCATION IN A REINTRODUCED POPULATION
OF MIGRATORY WHOOPING CRANES

SARA E. ZIMORSKI, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53919, USA
RICHARD P. URBANEK, U.S. Fish and Wildlife Service, Necedah National Wildlife Refuge, W7996 20th Street West, Necedah, 

WI 54646, USA

Abstract: Beginning in 2001, a reintroduction project was initiated using captive-reared whooping cranes (Grus americana)
to establish a migratory flock in eastern North America. From May 2003 to August 2008, 23 of these birds were retrieved and
translocated in 15 separate events. These individuals consisted of 14 cranes that had been led to Florida by ultralight aircraft
on their first autumn migration (UL) and 9 cranes that had been directly released in autumn in Wisconsin (DAR). Of 104 (86
UL and 18 DAR) reintroduced individuals that eventually departed from their release location, 22% were later retrieved 1-3
times. Lake Michigan posed an effective barrier to northward migrating yearlings, and 8 retrieval events were of birds in Lower
Michigan or in other locations that were a direct result of the bird having been in Michigan during their yearling spring and
summer. Three events involved DAR birds (n = 8) that were in inappropriate locations during their first autumn migration, and
in another event 4 UL birds were translocated within Wisconsin because of inadequate human avoidance behavior. Nine
yearlings (6 UL and 3 DAR) in Lower Michigan were not retrieved (retrievals were attempted for only 3 of the birds). The
summer location of released birds influenced the location of return in future years. Concentration of this population in the core
reintroduction area, where probability of pair formation and association with conspecifics was greatest, became a high project
priority. Retrieval and translocation of yearlings to Wisconsin became a critical management tool in the reintroduction. With
1 exception, all translocated birds have successfully returned to the core reintroduction area by 2008, and several have paired
and some nested.
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ASSESSING SANDHILL CRANE FLIGHT ALTERATIONS TO POWER LINES IN SOUTH-
CENTRAL WISCONSIN

KIMBERLY H. NESS, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
ANNE E. LACY, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Abstract:We examined how weather and power line type affected abrupt flight alterations of sandhill cranes (Grus canadensis
tabida) near electric lines in south-central Wisconsin at 4 U.S. Fish and Wildlife Service fall crane roost count sites near the
Wisconsin River in Adams, Columbia, and Iowa counties between September and November 2007. We selected 4 distribution
(10-12 m tall, <50 kV) and 2 transmission lines (>20 m tall, >110 kV) in high crane density areas near corn fields within 1.6
km of either the Wisconsin River or local roosting wetland. We recorded frequencies of 3 types of abrupt flight alterations near
power lines across 1-2 km of electric line at each site. These included “flare” (dropped legs to vigorously fly over the line
within 10 m of wires), “zigzag” (flight parallel, then upwards and over the wire), and “change direction” (flight trajectory
change of 90 or 180 degrees of the wire). During 43 2-hour observations, we recorded 6,001 crane flight alterations within 20
m of power lines. We considered any crane flying within 20 m of power lines at high risk of injury from striking a wire. Most
cranes (37.18%, n = 2,231) flew 11-15 m above power lines; only 11.25% (n = 675) flew 1-5 m above power lines. We tested
flight alterations against weather and power line types using chi-square tests. Although we found that cranes had the same
chance of altering and not altering their flight pattern near power lines in both calm/clear and windy/cloudy weather, when
cranes did alter their flight paths, they were 2.8 times more likely to react abruptly in windy/cloudy weather (  2 = 25.3, P <
0.001, n = 97). However, weather did not directly correlate with how often cranes abruptly reacted, but was likely one of
several factors (e.g. power line type, flight altitude, or season) contributing to frequency of abrupt reactions. Cranes that altered
their flight over more distribution lines (  2 = 73.6, P < 0.001, n = 3,892) and were 2.04 times more likely to abruptly alter their
flight over them (  2 = 8.1, P < 0.004, n = 109). Of cranes that abruptly reacted over both line types, cranes flared more over
transmission lines (  2 = 22.3, P < 0.001, n = 17). We hypothesize cranes need to increase their flight altitude more and possibly
flare to clear transmission lines. In summary, although only 2.1% of cranes (n = 126) abruptly reacted near power lines, they
more abruptly alter their flight patterns depending on power line type. This may indicate a higher collision risk with
distribution lines. By classifying these 3 abrupt crane flight alterations near power lines, we provide a standardized method for
recording crane flight patterns. In response to this pilot study, we are using this observation technique along with recording
digital video of crane flight alterations to identify power lines that pose a collision risk to cranes by concentrating our efforts
on distribution lines. We are currently studying how local landscape-level topography and weather in Wisconsin affect crane
flight alterations.
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