




Frontispiece. Steve Nesbitt was awarded the 4th L. H. WaLkiNSHaW CraNe CoNServatioN aWard on 10 
February 2006 in Zacatecas City, Zacatecas, Mexico. Steve’s work with Florida sandhill cranes began over 3 decades ago.  
He first published a paper on cranes in 1974, and since has authored or co-authored >65 publications on cranes. Steve, a 
founding member of the North American Crane Working Group, is the world’s authority on Florida sandhill cranes. Steve has 
been active in the conservation of other races of sandhill cranes, including the eastern greater sandhill crane and the Cuban 
sandhill crane. Over 27 years Steve banded 1,093 individual sandhill cranes. Steve was the driving force in Florida for the 
re-establishment of non-migratory whooping cranes. In addition, Steve has published 40 other papers on species such as red-
cockaded woodpeckers and wood storks.  His life’s work (much of which can only be described as of pioneering quality) 
focused on conservation of species threatened with extinction.  Though employed for 34 years by the Florida Fish and Wildlife 
Conservation Commission (previously the Florida Game and Fresh Water Fish Commission), Steve’s conservation efforts go 
beyond Florida’s boundaries.  Steve, through the donation/translocation from the State of Florida, has been instrumental in the 
recovery of the brown pelican and bald eagle. (Photo by Scott Hereford.)

Front Cover: At first light in the Sierra Madre, sandhill cranes fly over pasture lands toward feeding grounds near Laguna de 
Babicora in the Chihuahuan Desert of northern Mexico. Image Copyright Michael Forsberg / www.michaelforsberg.com.

Back Cover: Scenes from the Tenth Workshop in Zacatecas by Marty Folk.
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preFace
 Every 3 years (or thereabouts), the North American Crane Working Group holds a workshop for the exchange 

of information regarding efforts to conserve and better understand America’s two cranes. The papers herein, with a few 
exceptions, were presented in Zacatecas City, Zacatecas, Mexico 7-10 February 2006 at the Tenth North American Crane 
Workshop. When preparing for a trip to Mexico in February, visions of sunny beaches come first to mind. However the city 
of Zacatecas is over 8,000 feet above sea level, so nights were often chilly and the altitudinal changes took a while for us 
flatlanders to adjust to. The charm of the city and warmth of the Mexican people only added to the pleasure and excitement of 
spending four days awash in the ponder of cranes. Logistics for the workshop itself were expertly organized by Felipe Chavez-
Ramirez; he provided the following summary:

The Tenth North American Crane Workshop (NACW), as is customary, was a great way to learn 
from and interact with other crane researchers from North America and other parts of the world. The site 
for this meeting, however was extraordinary: Zacatecas City, Zacatecas, a UNESCO World Heritage site. 
This meeting was the first NACW to take place in Mexico. The NACW was a great success thanks to the 
support and efforts of several dedicated local individuals and organizations. Among our local organizing 
committee we owe our most sincere thanks to Miguel Angel Diaz Castorena, Manuel Macias Patino, and 
Patricio Tavizon for their tireless efforts, interest, and support in having the workshop in their city. When I 
first proposed the idea to them they were immediately interested and volunteered to support in whatever way 
they could, which they did with great dedication to the very end of the activities. I found out that organizing 
a workshop can be difficult work, but our local committee took it all in stride and worked to solve emerging 
problems without a single complaint.

The main element of our workshop, the scientific program, took place in probably the most unique 
setting so far in our workshop’s history. The scientific program took place in one of the exhibit halls of the 
Museo Rafael Coronel housed in the former convent of San Francisco, which dates back to 1567, among 
a series of unique paintings (see back cover for photos). Director of the museum, Miguel Angel Diaz, 
was most gracious in allowing us to use this singularly unique environment for our talks and meetings. 
Additionally, he was always ready to show any of the craniacs around the museum and explain the history 
and culture of the exhibits. Local arrangements such as hotel, registration, and meal arrangements were 
supported by Manuel Macias and other office staff of the Secretaria de Media Ambiente y Recursos Naturales, 
delegacion Zacatecas. The state government offered their support and was well represented in the person 
of Patricio Tavizon, State secretary of Ecology, who was extremely helpful throughout the entire logistics 
of the organization of the workshop. The state government additionally provided wine for our banquet. In 
addition to receiving support from the local SEMARNAT office, we were honored by the presence and 
presentation of Felipe Ramirez Ruiz de Velasco, Director General de Vida Silvestre, from the national office 
of SeMarNat in Mexico City.

We want to make sure that all those local individuals and organizations that assisted with the 
planning and development of the 10th North American Crane Workshop are aware how much we appreciate 
their efforts in making this workshop so matchless and memorable. In addition to the always stimulating 
learning opportunities of these workshops, other good memories remain in those of us who attended the 
Tenth NACW. For example, some experienced for the first time perhaps, the only roving party to occur 
during a workshop through the streets of Zacatecas during the memorable “Callejoneada”. Some will 
remember for a long time the interminable dusty trip to see one of the most southern distribution areas 
of wintering sandhill cranes in the desert spring areas of San Juan de Ahorcados. Several other trips were 
organized and attended by workshop participants in the surrounding areas and local attractions. Thank you 
again, to all those who made these possible for the rest of us. Thank You Zacatecas, and may we walk your 
stone streets again someday.

Marilyn Spalding skillfully organized the paper sessions for the workshop. Jane Chandler, Lara Fondow, Bill Brooks, 
Kristi Candelora, Felipe Chavez-Ramirez, Barry Hartup, Matt Hayes, and Jeannette Parker introduced speakers. Many great 
presentations on a variety of topics were delivered at the workshop. Forty-five papers and seven posters covered nesting 
ecology, genetics, behavior, survival and reproduction, research techniques, whooping cranes, management, physiology, 
diet, health and captive management, distribution, population numbers and ecology. Kristi Candelora was awarded the best 
student presentation for her paper “Infectious Bursal Disease in Wild Populations of Florida Turkey (Meleagris gallopavo) 
and Sandhill Crane (Grus canadensis), Preliminary Findings.” 
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The North American Crane Working Group Board of Directors consisted of President Glenn Olsen, Vice President 
Felipe Chavez-Ramirez, Secretary Tracy Grazia, Treasurer Tom Hoffmann, Jane Austin, Marilyn Spalding, and Richard 
urbanek. Newsletter editors were david and Cathy ellis.
 We acknowledge the yeoman efforts on behalf of the authors and associate editors for bringing forth this crane 
knowledge. We thank Rod Drewien for his assistance with the Mexico perspective on sandhill cranes and for allowing use of 
uniquely appropriate photos from Mexico. Richard Urbanek provided editorial advice on the manuscript. We are honored to 
be able to work with such dedicated biologists who share a common interest in the world’s cranes.

Marty Folk and Steve Nesbitt, editors.

Cranes wintering near Ascension Chihuahua, Mexico (northwest corner of the state), note the cross-fostered whooping crane 
with them. Photo by Roderick C. Drewien.
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Do we neeD such rare birDs?
Stephen A. neSbitt, Florida Fish and Wildlife Conservation Commission, Wildlife Research Laboratory, 1105 S.W. Williston Road, 

Gainesville, FL 32601, USA

ProcEEDINGS of thE North AmErIcAN crANE WorkShoP 10:1-2

 Gruidae is one of the oldest bird families; the genus 
Grus dates back at least 9 million years. Though they may 
have been around a long time, it is unlikely that cranes were 
ever among the most abundant of birds. Several of the 15 
crane species occur today in such low numbers that they are 
considered in danger of becoming extinct. It has been posited 
that at the time of European colonization of North America 
whooping cranes may have numbered 10,000 individuals, so 
whooping cranes have likely always been rare birds. Rare 
has often been used as a synonym for endangered, however 
some organisms are rare by natural occurrence and not 
necessarily about to become extinct as the term rare and 
endangered would imply. It stands to reason, though, that 
those things that occur in low numbers are more liable to 
extinction than those in greater abundance. the amount of 
society’s resources that have been committed to preventing 
the decline or extinction of rare animals has been in the 
billions of dollars; with millions of acres of land and 
thousands of years of efforts being dedicated to this same 
purpose. But to what avail? Aren’t we still losing species 
at an alarming rate? Does the pace of their loss not seem 
to be accelerating? Accompanying the disappearance of 
species from the planet we often hear the cynical drone “why 
bother, they were doomed anyway, otherwise they would not 
have been rare in the first place.” Follow this course of logic 
to its end point and the product of the argument becomes 
appallingly apparent. Would we really be happy sharing the 
planet with nothing other than pigeons, cockroaches, house 
sparrows and rats? Let’s hope not! As humanity’s unkind 
progress overwhelmed those species that had the misfortune 
to be in the way, and before we excuse our insolent sins with 
so cavalier a notion as forgone doom, we should pause and 
fully appreciate what it is we are losing.
 There are those that say the money spent to perpetuate 
rare species might be better spent on species that had not 
reached such a critical point in the equation of demise. Such 
sentiments are most typically espoused by someone other 
than a scientist, and certainly not by anyone consumed with 
the need to know. a mind bent toward understanding things 
would, faced with an inevitable loss, advocate for learning 
as much as possible in whatever time was left. Imagine what 
we will never know about the Labrador duck, the Carolina 
parakeet, or the great auk. What was their place in the fabric 
of life during their time? We can only guess at the answers, 
although we might have known some of the answers with 
more time and a few more minds to ponder. Where might our 
understanding of those lost ones be today? Could we dare to 

hope they might even have been saved!
 From ancient times humans have felt there was 
something extraordinary and remarkable about rare and 
spectacular animals. We’ve imbued them with mystical 
energy, miraculous powers, and invoked their images for 
special occasions. To some extent the culture we live in today 
is a consequence of having developed with rare animals 
among us. The awe and wonder they inspire reverberates in 
our understanding of the world outside and helped to frame 
our collective fears and communal joy.
 Several of the world’s cranes occur in precariously low 
numbers; first among these is the whooping crane, with a 
planetary population that has remained at less than 500 for 
the past century. Those whose job it is to think of such things 
speculate that, at their most abundant, whooping cranes never 
numbered more that a few thousand. Clearly they were always 
rare and, though they have come back from barely more than 
a dozen, they will likely be rare for many human lifetimes to 
come. Here we are presented with a creature that was spread 
so thinly over the landscape that their first interactions with 
mankind all but extinguished their splendor.
 Now we must face the question, can our modern society 
afford the luxury of such ecologically precarious life 
form? If so then how are the costs justified? The easy and 
anthropocentric argument offered for preserving them from 
extinction has been that loss of any one species is just one 
step closer to the end of the human species. This must be 
wrongheaded or, after all the ills we have wrought on the 
planet so far, we should have already seen our end. Some 
may be lulled into believing that technology will intervene 
and provide solutions to excuse our insults. Technological 
intervention may be able to clean polluted water or fouled 
air, but it seems highly doubtful that human technology, no 
matter how advanced our society becomes, will ever be able 
to replace a species with all its ecological marvels intact.
 When we lose one of the finite life forms from the 
planet one outcome that is seldom considered is the spiritual 
impact to human society bereft of yet another of the flavors 
of uniqueness. It is still true, as E.O. Wilson said in 1998, 
that the “psychological benefits of natural ecosystems are 
almost wholly unexplored.” The human animal is a seeker of 
intellectual engagement. Our need for stimulation is one aspect 
of mankind that sets us apart from other prescient creatures. 
Paralleling this requirement for stimulation is a need to feel 
individually special. This need for specialness can take any 
of several forms, but the one that has greatest bearing on the 
argument at hand is having novel experiences.
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DO WE NEED SUCH RARE BIRDS? ∙ Nesbitt

 this is where the inherent worth of having things 
rarely found among us becomes important. An encounter 
with a rare animal and understanding the significance of 
that opportunity is one way to satisfy the need for unique 
experiences. As important as the event, is the knowledge to 
appreciate what they have experienced. The challenge to us, 
as resource professionals, is to insure that the possibility for 
such an experience is never lost and that the understanding of 
the experience and its significance has been made available.
 Unique events interrupt the flow of the regular that can 
threaten to overwhelm us with the commonplace. They add 
unique flavors to a moment, a day, a year and, eventually a 
lifetime. Seeing something rarely glimpsed creates moments 
of wonder which add to our sense of belonging in the world. 
it reinforces our feelings of individual uniqueness. there 
have always been rare animals among us and we will always 

need to have such miracles of nature among us. otherwise we 
will be forced to go about our lives mired in the routine and 
predictable. The cost of preserving what is left to us dynamic 
and thriving should not be measured in dollars only, it should 
be measured against the awful price civilization will pay 
when these efforts fail. Without the regular and unpredictable 
delight of the extraordinary, we run the risk of becoming 
even more unbalanced than we already are. it is society’s 
sanity that suffers when the chance for rare encounters is 
lost.  Though the damage maybe more a psychological than 
physical, there maybe something to the “we could be next” 
argument after all. For with the disappearance of each life 
form we are ourselves somehow diminished. Human kind is 
left just that much less human than we were before. After too 
much has been lost our society may be reduced to the point 
we are no longer recognizable, particularly to ourselves.
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For over 50 years the scientific literature has recognized 
that whooping cranes (Grus americana) were wary birds that 
did not tolerate human disturbance (Stevenson and Griffith 
1946, Allen 1952, Blankenship 1976, U. S. Fish and Wildlife 
Service 1980, 1986, 1994). The U. S. Fish and Wildlife Service 
(USFWS) (1980) reported that whooping cranes avoided areas 
of human disturbance even when the habitat was otherwise 
suitable and declared that additional data were needed on the 
impact of increasing human activities in whooping crane habitat. 
increasing demands for recreational tourism associated with 
this endangered species have raised concerns about the effects 
of these appreciative uses upon the well-being of the species 
(U. S. Fish and Wildlife Service 1994). Human disturbance to 
whooping cranes has been well documented and recent studies 
have quantified some of the impacts of disturbance (Mabie et 
al 1989, Irby 1990, Lewis and Slack 1992).

MethoDs

We reviewed the literature for anecdotal and quantitative 
information on whooping crane reactions to human disturbances 
for the Aransas-Wood Buffalo population. We summarized the 
information by season (breeding, migration and winter) and 
general categories of disturbance (people on foot, vehicles, 
boats and aircraft).

We also report data from personal observations made 
at Aransas National Wildlife Refuge (ANWR). Finally, we 
suggest management alternatives that may help reduce the 
impacts of human disturbance on whooping cranes.

results anD Discussion

We found 15 publications that suggested or stated directly 
that human disturbances impacted whooping cranes in some 
way. Few articles focused on human disturbance, but often 
discussed the topic as an aside to the main theme of the 
manuscript. Although several authors mentioned that certain 
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human activities have minimal impact, most articles reported 
general concern about the negative impacts that human 
disturbance has on whooping cranes. Few articles discussed 
the impacts of human disturbance during the breeding and 
migration seasons. However, many articles discussed concerns 
about human disturbance during the winter season when 
whooping cranes were most easily studied. Several articles 
discussed management options that may reduce the impacts of 
human disturbance. We discuss these and suggest other ways 
to reduce human disturbance to whooping cranes.

The Migratory Bird Treaty Act (MBTA) of 1916 assured 
legal protection for migratory bird species and provided a 
basis for preventing the hunting of species requiring complete 
protection like the whooping crane (U. S. Fish and Wildlife 
Service 1994). The MBTA reduced hunting mortality, 
obviously the most detrimental form of human disturbance 
to individual whooping cranes. The establishment of ANWR 
in 1937 protected whooping cranes from many forms of 
human disturbance by providing a winter sanctuary. ANWR 
and Matagorda Island National Wildlife Refuge (MINWR) 
provide habitat to the majority of whooping cranes that winter 
in Texas. Whooping cranes were officially listed as threatened 
in 1967 and then endangered in 1970. Listing added additional 
protections, but offered little protection from most non-lethal 
human disturbances.

In spite of endangered status, few studies have quantified 
the impacts of human activities on whooping cranes. The 
Whooping Crane Recovery Plan (U. S. Fish and Wildlife Service 
1986) specifically identified the importance of determining the 
cumulative effects of human disturbance on whooping cranes. 
Several studies have documented that human activities impact 
whooping crane distribution and/or behavior during all seasons 
(Thompson and George 1987, Howe 1989, Mabie et al 1989, 
Irby 1990, Lewis and Slack 1992).

Disturbance During breeding season

Although few articles discussed the impacts of human 
activities during the breeding season, all evidence suggested 
that human activities have negative impacts on the species 

1 Present address: USFWS, Division of Migratory Bird Management, 
11510 American Holly Drive, Laurel, MD 20708, USA
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(Allen 1952, U. S. Fish and Wildlife Service 1980, 1994). The 
whooping crane is wary on the breeding grounds and will not 
remain near human activity (U. S. Fish and Wildlife Service 
1994). The U. S. Fish and Wildlife Service (1994) states that 
the remote nature of the breeding grounds of the aransas/Wood 
Buffalo flock of whooping cranes (Wood Buffalo National 
Park, Canada) further suggests that the cranes prefer areas 
with minimum human activities. the u. S. Fish and Wildlife 
Service (1980) also stated that the 1977 Whooping Crane 
Recovery Team considers enforcement of the prohibition of 
public access and low flying aircraft on the breeding grounds 
an important function of the Canadian Wildlife Service. The 
breeding area is designated as a “Special Preservation Area” 
and human access is prohibited from April 15 through October, 
except for park staff and scientists involved in whooping 
crane research (B. Johns, Canadian Wildlife Service, personal 
communication).

Allen (1952) reported that one of the reasons for the decline 
of whooping cranes was agriculture reducing the number and 
quality of wetlands in the northern Great Plains of the United 
States and Canada. The U. S. Fish and Wildlife Service (1994) 
reported that settlement of the mid-continental and coastal 
prairies and “mere human presence”, as opposed to alteration of 
the habitat, may have interfered with the continued use of prairie 
and wetlands by breeding whooping cranes. This suggests 
that human disturbance on the former southern breeding 
grounds contributed to the decline of breeding populations 
and may hinder future recovery in areas with high levels of 
human activity or presence. Managers should take this into 
consideration when planning restoration programs.

Disturbance During Migration

We reviewed two articles that discussed human disturbance 
to whooping cranes during migration. Howe (1989) reported 
that whooping cranes tended to be wary during migration and 
found that the mean distance of whooping crane migration 
stopover roost sites from the nearest road and human habitation 
was 0.5 km and 1.3 km, respectively. Howe (1989) also reported 
that cranes usually ignored fixed-wing aircraft, but reacted 
with alarm to a helicopter. The U. S. Fish and Wildlife Service 
(1994) reported that although whooping cranes will use a 
variety of habitats for foraging and roosting during migratory 
stopovers, they seem to prefer isolated sites away from human 
activities. These articles suggest whooping cranes avoid areas 
close to human activity during migration.

Disturbance During winter

Whooping cranes are more easily and predictably studied 
on the wintering grounds than at any other time in the life 
cycle of this migratory species. Although the impact of human 

disturbance on whooping cranes is the main emphasis of few 
articles, many authors felt it necessary to mention their concerns 
about human disturbance in articles on other topics. Stevenson 
and Griffith (1946) found it difficult to study whooping crane 
behavior because of the bird’s wariness and the desire to keep it 
so. Allen (1952) considered the unnecessary disturbance of the 
natural isolation of the cranes the best policy. Hunt and Slack 
(1989) stated disturbance is one of many factors influencing 
the availability of crane food on ANWR. Irby (1990) felt that 
private ownership and regular patrol strongly influenced levels 
of human disturbance resulting in no long-term or frequent 
disturbances to whooping cranes on his study site.

Disturbance to whooping cranes on the wintering grounds is 
increasing and has been a concern for many years (T. V. Stehn, 
U. S. Fish and Wildlife Service, personal communication). 
Stevenson and Griffith (1946) reported that disturbance of 
whooping cranes has been kept to a minimum and a large 
feeding and resting area was available for their use. However, 
more recently Irby (1990) expected wintering whooping cranes 
to encounter an increasing intensity of human disturbances.

Studies have demonstrated that human disturbances 
frequently impacted whooping cranes by altering behavior and 
displacing whooping cranes from desired habitats (Thompson 
and George 1987, Mabie et al 1989, Irby 1990, Lewis and 
Slack 1992). Studies also document that disturbances cause 
flight in many instances (Bishop 1984, Mabie et al 1989, 
Irby 1990).

Boats. Whooping cranes winter along the Texas coast. 
Wintering sites include ANWR, MINWR and adjacent private 
lands. The Gulf Intracoastal Waterway (GIWW) bisects coastal 
marshes and facilitates boating through whooping crane critical 
habitat. Stevenson and Griffith (1946) expressed that the use of 
areas near the GIWW was dangerous and exposed the cranes 
to the potential of being shot. The GIWW experiences some 
of the heaviest barge traffic of any waterway in the world 
and there is great potential for acceleration in traffic and the 
probability of a significant spill of contaminants in the future 
(U. S. Fish and Wildlife Service 1994). In 1970, one tour boat 
offered weekend day-trips to view whooping cranes from the 
GIWW. By 1990, five boats offered this opportunity, spanning 
every day of the week (U. S. Fish and Wildlife Service 1994). 
Chavez-Ramirez (1996) suggested that significant differences 
in whooping crane time activity budgets between whooping 
cranes on the mainland and those on MiNWr, including 
increased alert behavior at arNW, could be attributed to 
greater frequency and intensity of human activities on aNWr 
vs. MiNWr.

Stevenson and Griffith (1946) reported that the birds only 
allowed approach by motor boat to within 300-400 yards 
without disturbing them. Blankenship (1976) felt that at present 
levels sport fishermen and bird watchers posed no serious 
disturbance as long as they stay in boats, do not harass cranes 
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or try to approach too closely. Blankenship (1976) also stated 
that disturbance was not of great overall importance, but could 
be critical in particular locations, such as along the GIWW. 
Blankenship (1976) reported that barge and recreational boat 
traffic and the associated disturbance to whooping cranes had 
greatly increased on the GIWW. Bishop (1984) reported that 
more often than not, airboats flushed whooping cranes and 
displaced cranes from their location for anywhere from 15 
minutes to several hours. Thompson and George (1987) reported 
that aerial survey data indicated some temporary changes 
in whooping crane use which could be attributed to hunter 
presence and airboat activity. Mabie et al (1989) detected a 
change in alert behavior (defined as cranes avoiding or flushing 
from disturbance) of family groups of whooping cranes caused 
by airboat activity. Blankenship (1976) and the U. S. Fish and 
Wildlife Service (1994) reported that whooping cranes showed 
little concern for barges in the GIWW, however Irby (1990) 
reported whooping cranes walked away to avoid the wakes 
of passing vessels and heavy commercial barge traffic. Lewis 
and Slack (1992) found whooping cranes reacted strongly to 
airboats and tour boats when the activity is less than 1000 m 
away with flushing rates of 38 and 24%, respectively. As boat 
traffic increases, there will likely be a corresponding increase 
in disturbance and its associated impacts.

People on Foot. Bishop (1984) reported that whooping 
cranes will not tolerate human activity on the uplands and it 
was seldom possible to approach on foot and remain within 
one-half mile of the birds without alarming them. Blankenship 
(1976) felt that the major concern of disturbance from hunting 
was the displacement of cranes from their feeding areas. 
Although sample size was small, Irby (1990) also noted that 
hunters emerging from waterfowl blinds caused whooping 
cranes to flush and fly long distances. Chavez-Ramirez (1996) 
stated that whooping cranes were more social in uplands so 
more birds were potentially disturbed.

Vehicles. Stevenson and Griffith (1946) reported that 
whooping cranes allowed approach by auto to within 300-
400 yards without disturbing them. Bishop (1984) stated that 
similar to people on foot whooping cranes in uplands will not 
tolerate vehicular traffic.

Aircraft. Stevenson and Griffith (1946) reported airplanes 
used in training Army and Navy flyers caused disturbance 
to whooping cranes with dispersal to other areas in some 
circumstances. Allen (1952) stated low-flying planes were 
sometimes a hazard to whooping cranes. Similarly, Irby (1990) 
observed an ultra-light craft noticeably disturbed whooping 
cranes and they flushed a half mile and then continued to walk 
away for 11 more minutes. Lewis and Slack (1992) noted 
helicopters less than 1000 m away caused flushing rates of 
50% to whooping cranes.

ManageMent iMplications

Management options should be considered to minimize 
impacts of human disturbance to whooping cranes. Management 
scenarios could include visitor education, monitoring, area 
closures and establishing buffer zones. The isolation and 
protection of the current breeding habitat prevents much human 
disturbance, but managers should be vigilant in ensuring that 
human activity outside of Wood Buffalo National Park does 
not encroach into the area. during migration, education has 
been effective in the past and efforts should continue (Allen 
1952). Education is a management tool that achieves positive 
results and is usually well accepted by the public.

Due to proximity to humans the season when human 
disturbance has the most impact on whooping cranes is winter. 
Allen (1952) reported on the merits of establishing the closure 
of Mustang Lake to fishing over fifty years ago. Recently, six 
narrow openings into the marshes of ANWR have been closed 
seasonally to boats (T. V. Stehn, U. S. Fish and Wildlife Service, 
personal communication). However, no widespread closures 
of important whooping crane use areas have been proposed 
even though the merits of such closures are recognized (U. S. 
Fish and Wildlife Service 1980). A study could be designed to 
determine if closures would be beneficial. To reduce disturbance 
to water birds, ding darling NWr has closed the auto tour route 
on certain days (Klein 1993). Indeed much of ANWR uplands 
were closed to the public, and considering the importance of 
wetland areas to the survival of the cranes, closing access to 
additional wetlands should be seriously considered. these 
closures could be seasonal or daily in nature.

Minimum buffer zones of 100 m have been suggested for 
water birds (Rodgers and Smith 1995, 1997, Erwin 1989). 
indeed, the Canadian Wildlife Service has established buffer 
zones for summering sub-adult whooping cranes (Scobie 
and Faminow 2000). Future studies should determine the 
mean flushing distances for whooping cranes and determine 
appropriate buffer zones for other important situations, 
especially on the wintering grounds.

The visitor center at ANWR provides information to many 
refuge visitors, but the refuge should consider educational 
exhibits to target people not coming to the visitor center. Irby 
(1990) recommended development of signage to inform area 
users as to what whooping cranes look like and restrictions 
to potential disturbances. Kiosks could be located at docks 
where tour boats operate and at local boat ramps. Irby (1990) 
also recommended contacting owners of helicopters and 
ultra-light aircraft to seek cooperation to reduce disturbances 
to whooping cranes. Local airports might be another place 
that informational literature or displays could be effective at 
reducing disturbance to whooping cranes.

Review of the whooping crane literature showed that 
whooping cranes were documented to be wary birds that 
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tend to not tolerate human disturbance. researchers and 
managers have reported the impacts of human disturbance 
on whooping cranes both anecdotally and quantitatively for 
many decades. Managers should consider ways to regulate 
human activity to lessen the impacts of human disturbance 
on whooping cranes.
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The first attempt at using the soft-release technique for 
whooping cranes (Grus americana) was a nonmigratory 
reintroduction to central Florida. Soft-release involved holding 
captive-reared birds in a pen at the release site for a 2 week 
acclimation period prior to release (Nesbitt et al. 2001).  Major 
challenges were encountered early in the history of the project. 
Newly released whooping cranes roosted on dry ground, 
resulting in a high incidence of predation (Nesbitt et al. 1997); 
however, changes in rearing strategy (providing water in pens 
for nocturnal roosting) improved post release survival (Gee et 
al. 2001). Changes in our release methods, such as the use of a 
portable pen system that could easily be deployed where habitat 
conditions were optimal, also improved survival (Nesbitt et al. 
2001). Another problem in the early years of the program was 
that birds ingested metal, principally bits of discarded metal 
from chain link fence construction, and suffered zinc toxicosis 
(Spalding et al. 1997). The portable release-pen system we 
developed (mentioned above) was constructed without chain 
link or other potential sources of metal scrap that cranes could 
ingest. The flock has, however, sustained mortality from other 
human-derived sources, such as from colliding with power 
lines (Folk et al. 2001). The cranes approached breeding age 
during the worst drought in Florida history (1998-2002), and 
the resulting low wetland water levels suppressed nesting 
attempts and success (Folk et al. 2006a). Natural reproduction 
thus far has resulted in 4 chicks fledged into the population. 
The health of some release birds apparently was compromised 
by Infectious Bursal Disease (IBD), a viral disease for which 
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little is known in wild populations of birds (see Candelora et 
al. 2008 for information about on-going research). In this paper 
we provide an update on the reintroduction and summarize 
some of the more recent challenges not covered in previous 
papers.

MethoDs

We soft-released small groups (“cohorts”) of whooping 
cranes (a total of 289 cranes) each winter during 1993-2005 
(Fig. 1) into Lake, Osceola, and Polk counties in central Florida 
(see Fig. 2 in Folk et al. 2006a). We monitored the birds (via 
radio telemetry) daily for the first 3-6 months post release and 
2-3 times each week thereafter for the life of the bird.

results anD Discussion

general

As of January 2006, we had monitored 50 birds (16 pairs) 
in the population (Fig. 1) and estimated that 10 more birds 
had survived but are untrackable. Twenty-five were males 
and 25 were females.

From 47 nests (1999-2005), 4 chicks have fledged and 
survived to independence. [During the same period, within the 
Aransas/Wood Buffalo population (AWBP), 374 nests fledged 
149 young (B. Johns, Canadian Wildlife Service, personal 
communication)].  efforts are underway to determine why 
recruitment has been lower than expected. Factors that could 
cause the apparent low fertility rate include environmental 
conditions, disease, and parental inexperience. Fertility varies 
between years, but is generally lower than that of whooping 
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cranes within the AWBP. In addition, there are individual birds 
that seem incapable of breeding, and vestigial gonads have 
been observed in some cranes.

We captured 149 free-living whooping cranes for routine 
replacement of transmitters and health checks. Of 10 capture 
techniques used (Folk et al. 2006b), the “clap trap” (see 
Parker et al. 2008) became increasingly important because it 
allowed simultaneous capture of multiple individuals. The only 
captures dealt with specifically in this paper were associated 
with translocations (see that section below). The remainder 
of this paper will focus on other long-term challenges faced 
by the project.

power lines

Eighteen birds have died after striking power lines (see 
Stehn 2008). We assumed, based on recovery of transmitters 
with broken leg bands under power lines and subsequent 
observations of the birds that had carried those transmitters, 
that 5 more birds collided with lines and survived. It is not 
unusual to see whooping cranes brush power lines or trees 
with their legs as they pass over them. As the bird brushes the 

object, the transmitter, which hangs down on the leg, likely 
strikes the lines hard enough to shatter the plastic band.

Whooping cranes have died after striking high-voltage 
transmission lines (9 strikes) and lower-voltage lines for 
local power distribution (9 strikes). Seven deaths took place 
within a 2-year period (March 2003-March 2005) along an 
8-km span of high-voltage lines. The birds were roosting on 
one side of the line and feeding on the other, necessitating that 
they fly across the lines at least twice a day. The owner of the 
lines, Progress Energy, was kept apprised of the situation. In 
January 2004 they used visibility markers (yellow spiral type) 
to mark the top “static” lines (smaller-diameter lines that are 
difficult for birds to see and avoid) in select locations. In June 
2005, after we requested that more lines be marked with a 
potentially more effective marker (Firefly Bird Flapper by PR 
Technologies, Portland, OR), Progress Energy marked more 
lines in that problem span.

Dispersals beyond Florida

During the severe drought of 1998-2002 we documented 
an unusually high (in numbers of birds and distance traveled) 
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Figure 1. Number released and year-end population size of the nonmigratory flock of whooping cranes in central Florida.
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dispersal of cranes, undoubtedly related to drying wetlands. 
We saw movements within the state but also, for the first time, 
substantial movements beyond Florida. Sixteen nonmigratory 
whooping cranes have been documented in 5 states other than 
Florida (Table 1). Nine of those birds have not been seen since 
they left Florida.

relationships with sandhill cranes

Soft-released whooping cranes spent time with Florida 
sandhill cranes (Grus canadensis pratensis) and no doubt 
benefited by learning about foraging and roosting sites. 
The 2 species appear to “speak the same language” in that 
they effectively communicate with each other through calls, 
postures, and actions. As expected, on a given social level, 
the larger whooping crane dominated the smaller sandhill 
cranes. Whooping cranes and sandhill cranes commonly shared 
habitats; however, some whooping cranes consistently spent 
more time with sandhill cranes than with conspecifics. Fifteen 
whooping cranes have shown varying degrees of affinity for 
sandhill cranes, ranging from simply spending all their time 
with them to actually attempting to mate and nest with them. 
We describe these birds in chronological order of release.

Male 284 was one of the very first birds released. 
Throughout the years it spent time with both sandhill cranes 
and whooping cranes. It was observed soliciting for copulation 
from sandhill cranes and on one occasion showed “adoptive” 
behavior by feeding a sandhill crane chick. Bird 284 paired 
with several whooping cranes for short periods of time but 
never nested with them. in early 2002 we saw an encouraging 
relationship between 284 (he was approaching 10 years old) 
and the younger whooping crane female 512 (approaching 7 

years of age). However, on 4 April 2002, bird 284 was found 
with a sandhill crane female and her chick (we don’t know 
what became of the sandhill male). Bird 284 consistently 
chased off his whooping crane “mate” and adopted the sandhill 
crane female and chick, feeding the sandhill chick as if it 
were his. From 4 to 26 April 2002, the male whooper was 
always seen with his adopted sandhill family but he was not 
seen thereafter.

Female 394 dispersed from its release site on 1 April 
1994 and began living with sandhill cranes. During numerous 
opportunities for interaction with whooping cranes throughout 
the years, bird 394 showed little interest in them. In 1995, a 
pair of sandhill cranes building a nest tolerated the presence 
of this single whooping crane within the nest marsh. In March, 
bird 394 was observed performing a precopulatory display for 
a couple of sandhill cranes. Later in the spring, bird 394 was 
spending time with a sandhill crane family. In 1996, bird 394 
again was with a sandhill crane family. the bird continued to 
live with sandhill cranes until last seen 11 February 1999.

Female 590 (released late 1995) spent all its time with 
sandhill cranes but never paired. In November 2002, it was 
brought into captivity because of an infection of aspergillosis. 
The bird could not be re-released.

Female 598 (released in early 1996) wandered considerably 
and spent much of its time with sandhill cranes. It was last 
seen in April 1999.

One whooping crane actually nested with a sandhill crane. 
In November 2003, a landowner reported a hybrid pair of a 
male whooping crane with a female sandhill crane. He said 
the pair had been on his property for several years. Male 641 
had been “missing” for several years so we didn’t know the 
history of the pairing, but the landowner reported that the pair 

Table 1. Dispersals of 16 nonmigratory whooping cranes beyond Florida during 2000-2005.

Bird ID Date Age of birds Dispersal to Outcome

Pair 653, 512 Last seen in Fla. 8 Apr 2000; 
Sighted in Ill. 11 May 2000; 
Sighted in Mich. 15 May 2000.

Male: 4 years
Female: 5 years

Spent the summer and fall 
in east central Mich.

Began trip back to Fla. 21 Nov 
2000; Male disappeared over 
Lake Erie; female returned to 
central Fla.

918, 919, 920, 921 26 Jul 2000 1 year Last seen flying into Ga. Never seen again

910, 911, 913, 915 26 Jul 2000 1 year Last seen flying into Ga. All return to central Fla. by 17 
Jan 2001

787 early May 2001 4 year Western va. Returned to its usual group in 
Fla. 27 Jun 2001

1306, 1338, 1340, 
1349, 1350

Between 5 May 2005 and
9 May 2005

2 years Coastal S.C. 1340 returned to Fla. in early 
September 2005; other 4 still 
missing

STATUS OF NONMIGRATORY WHOOPING CRANES ∙ Folk et al.
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nested (unsuccessfully) in 2003. In an effort to pair it with 
a conspecific, we captured and translocated the whooping 
crane 16 km to be near 9 other whooping cranes, including 2 
eligible females. It spent several days around the release site 
but then returned to its sandhill crane mate and territory. the 
hybrid pair was discovered nesting on 11 March 2004. They 
incubated for 84 days, but the nest failed to hatch. He died 
after colliding with a power line in April 2005.

Male 655 (released early 1997) began spending time 
with sandhill cranes in February 1999. It had a long history 
of association with sandhill cranes until its death (collision 
with power lines) in January 2001.

Male 901 (released late 1999) is one of the rare exceptions 
to the rule that once a whooping crane goes off with sandhill 
cranes, it never returns to whooping cranes. Bird 901 lived in 
a housing subdivision with sandhill cranes before returning 
to its release site and getting back together with whooping 
cranes, even taking a whooping crane mate. However, for 
its first nest attempt, male 901 chose to nest with a female 
sandhill crane.

Female 913 (released early 2000) joined sandhill cranes 
on a golf course in Lakeland. We made plans to capture and 
translocate it to a more rural habitat, but at the time of capture 
in April 2002, we found that the bird had sustained a broken 
leg (reportedly from a golf-ball strike). It died while under 
anesthesia during treatment of the leg.

Male 926 (released early 2000) was also spending time 
with sandhill cranes on a golf course. We captured the bird in 
April 2003 and translocated it to a remote site with eligible 
whooping cranes. This male immediately showed interest in 
the whooping cranes and began pairing with one at that time. 
In 2006 it successfully raised a chick to fledging.

Since its release in late 2000, Female 1003 had lived its 
life alone or with sandhill cranes. Male 1006, released at the 
same time as female 1003, joined sandhill cranes and began 
visiting a subdivision and its associated golf course. the 
bird sustained a broken leg and was then killed by a bobcat. 
Female 1007 (released in late 2000) dispersed from the release 
site to live with sandhill cranes and is a candidate for future 
translocation. Male 1010 lived with sandhill cranes after its 
dispersal from its release area. It died after colliding with a 
power line.

Female 1178 (released early 2002) preferred the company 
of sandhill cranes and lived in a densely populated suburban 
area (Brandon, FL). We captured it there and translocated 
it to rural Polk County to be near other whooping cranes. 
It showed little interest in the whoopers and soon moved to 
another suburban area (Lakeland, FL), where it lived near 
sandhill cranes on a golf course. In spring 2005, it was seen 
in a marsh with a pair of nesting sandhill cranes. It died of 
unknown causes in May 2005.

The latest bird to show affinity for sandhill cranes was 

male 1408, released in late 2004. This bird dispersed with its 
cohort 18 km, but when the cohort returned to the release site, 
it remained and began spending time alone or with sandhill 
cranes.

We looked at variables pertaining to these 15 cranes that 
might be associated with this behavior. We saw no evidence 
of a pattern in gender, rearing site, rearing method, release 
site, or release year. Individuals from hatch-years 1992-2004 
have shown this behavior. It does not appear to be a function 
of small population size or availability of potential mates, 
because the birds had conspecifics available to them. It may 
be an artifact of captive rearing, despite the use of mitigating 
techniques (costume or parent rearing).

cranes venturing into urban habitats 

Whooping cranes learned from Florida sandhill cranes 
and sometimes traveled with them. Some whooping cranes 
(subadults especially) followed sandhill cranes into urban 
areas (several cases were mentioned in the previous section). 
Florida sandhill cranes are present in every housing subdivision 
within the core of the population, probably in part due to the 
rapid development of their native habitat by humans. Cranes 
are probably attracted by the open setting (mowed grass) and 
availability of some foods (acorns, earthworms, turf grubs). 
In addition, humans provide feed, thereby enticing cranes to 
urban areas. in 2002, the Florida Fish and Wildlife Conservation 
Commission made it illegal to feed sandhill cranes (Florida 
Fish and Wildlife Code 68A-4.00(3)). Despite the law, cranes 
still inhabit urban areas, perhaps because of the attractions 
mentioned above (open habitat and “natural” food like acorns) 
and the fact that even though bird feeders are elevated above the 
reach of the cranes, the feed is often spilled by other animals 
onto the ground below. In addition, some people continue to 
deliberately feed sandhill cranes.

Cranes in urban areas are probably more prone to problems 
associated with human structures, automobiles, and debris 
(Folk et al. 2001). Several whooping cranes may have died 
as a result of frequenting urban settings: bird 1006 died from 
a broken leg and subsequent bobcat predation, bird 655 from 
a collision with a power line, and bird 913 from being struck 
by a golf ball.

Some urban areas were considered less threatening to 
cranes than others. Low-density urban settings where the 
ratio of green space to human structures is higher, generally 
provided fewer obstacles to cranes. If automobile traffic 
(a major concern) was not an issue, we often opted not to 
intervene with the cranes’ behavior. in situations where there 
appeared to be an elevated threat to the birds, we had several 
options for action, beginning with public education. Fliers 
were handed out, and in some instances, we talked to people to 
encourage them to stop feeding cranes. When these approaches 
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did not ameliorate the problem, we attempted to capture 
the bird(s) for routine health checks and replacement of 
the radio transmitter, knowing that the capture experience 
might haze the group from that setting. In some instances, 
we translocated birds after capture, with varying degrees 
of success. Several returned to urban settings after a few 
days. One very successful translocation was when bird 926 
(living in a golf-course community with sandhill cranes) 
was caught and moved to a rural setting with many other 
whooping cranes. It immediately began pairing up with 
whooping cranes and only briefly visited an urban setting 
before returning to appropriate rural habitats.

translocations

We made 149 captures of free-living whooping cranes, 
principally for replacement of radio transmitters and routine 
health checks. Nine cranes were moved to new locations after 
capture (Table 2). Seven of these moves were, at least in part, 
to promote the formation of pairs. Three translocations were 
successful, resulting in long-term pair bonds. Moving birds 
during the breeding season appeared to increase the chances 
of success.

ManageMent iMplications

Many challenges have arisen during this first attempt 
at reintroduction of whooping cranes by means of the soft-
release method. Some problems have been resolved, and the 
knowledge derived has resulted in dramatic improvements 
in the way cranes are raised in captivity for release into the 
wild. These improvements in husbandry have benefited the 
second, on-going whooping crane reintroduction effort to 
return migratory whooping cranes to the eastern U.S., which 
began in 2001.

We are still trying to understand some challenges facing the 
nonmigratory flock, such as why productivity has been so low. 
The future of this flock is uncertain; our goal now is to achieve 
a better understanding of the limitations to this flock.
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Table 2. Translocations of whooping cranes in central Florida.

Bird Date From To Distance Reasona Outcome

588 10 Dec 1997 Escape Ranch Moss Park 45 km a Bird returned to capture site after 1 week

787 15 May 1998 Smith ranch Escape Ranch 29 km c Bird stayed where desired

475 15 Nov 2001 Crooked Lake Lake kissimmee 41 km a, b Bird returned to capture site after 1 month

926 11 Apr 2003 inverness Okahumpka 37 km a, b Bird stayed where desired and paired

641 7 Nov 2003 Holopaw Lake kissimmee 16 km a Bird returned to sandhill crane mate after 
2 days

1178 13 Nov 2003 Brandon Lake gordon 70 km b Bird moved to a new urban setting

513 13 Jan 2005 Escape Ranch Lake kissimmee 27 km a Bird returned to Escape Ranch after 2 days

512 8 Feb 2005 Lake kissimmee St. Johns Marsh 55 km a Bird stayed where desired and paired

477 2 Apr 2005 Lake kissimmee Escape Ranch 27 km a Bird stayed where desired and paired

a a: Promote pair bond, b: Remove from urban setting, c: Move to new site for health reasons.
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a low intensity saMpling MethoD For assessing blue crab abunDance 
at aransas national wilDliFe reFuge anD preliMinary results on the 
relationship oF blue crab abunDance to whooping crane winter 
Mortality
bRUCe h. pUGeSeK, U. S. Geological Survey, Northern Rocky Mountain Research Center, 1648 S. 7th Street, Montana State 

University, Bozeman, MT 59717, USA
MiChAeL J. bALDWin, U. S. Geological Survey, National Wetlands Research Center, 700 Cajundome Boulevard, Lafayette, LA 

70506, USA
thOMAS v. Stehn, Aransas-Matagorda Island National Wildlife Refuge Complex, P.O. Box 100, Austwell, TX 77950, USA

Abstract: We sampled blue crabs (Callinectes sapidus) in marshes on the Aransas National Wildlife Refuge, Texas from 1997 to 
2005 to determine whether whooping crane (Grus americana) mortality was related to the availability of this food source. For four 
years, 1997 - 2001, we sampled monthly from the fall through the spring. From these data, we developed a reduced sampling effort 
method that adequately characterized crab abundance and reduced the potential for disturbance to the cranes. Four additional years 
of data were collected with the reduced sampling effort methods. Yearly variation in crab numbers was high, ranging from a low of 
0.1 crabs to a high of 3.4 crabs per 100-m transect section. Mortality among adult cranes was inversely related to crab abundance. 
We found no relationship between crab abundance and mortality among juvenile cranes, possibly as a result of a smaller population 
size of juveniles compared to adults.

ProcEEDINGS of thE North AmErIcAN crANE WorkShoP 10:13–24

Key words: Aransas-Matagorda National Wildlife Refuge, blue crab, Callinectes sapidus, feeding ecology, Grus americana, 
mortality, whooping crane.

stuDy area

data collection on crab abundance was conducted in 
the coastal salt marsh along the eastern edge of Blackjack 
Peninsula of the Aransas NWR located on the southeast coast 
of Texas (Fig. 1).  The marsh lies parallel to the Intracoastal 
Waterway and is bordered by dunham and Sundown Bays. 
The vegetation is dominated by Virginia glasswort (Salicornia 
virginica), saltwort (Batis maritima), bushy seaoxeye (Borrichia 
frutescens), Carolina wolfberry (Lycium carolinianum), 
saltgrass (Distichlis spicata), and smooth cordgrass (Spartina 
alterniflora) (Chavez-Ramirez 1996). We established three 
1200 to 1400-m transects (A, B, and C) along the bottoms 
of natural bayous and the edges of ponds in three areas of 
the marsh. Each transect was partitioned into 100-m sections 
in which the entire section was classified as either bayou or 
pond habitat. Bayous were tidal inlets and creeks ranging in 
width from 0.7 m to 31.3 m. Ponds were small bodies of water 
connected to the bay through tidal inlets and ranged from a 
mean diameter of 62.8 m to 504.6 m. Sections were typically 
contiguous with one another; however, several had small breaks 
between them in order to keep each section 100% bayou or 
pond habitat. The number of sections in bayou and pond habitat 
in each transect were: Transect A, 6 bayou, 6 pond; Transect 
B, 12 bayou, 1 pond; Transect C, 10 bayou, 4 pond. Transects 
a and B were located west of Sundown Bay on the southwest 
and northeast sides of the Old Pump Canal, and Transect C 
was located to the northeast of Dunham Bay (Fig. 1). The Old 
Pump Canal is a 1,350 m long channel that runs perpendicular 

Blue crabs (Callinectes sapidus) are an important food 
source for the migratory Aransas-Wood Buffalo whooping 
cranes (Grus americana) during their winter stay at the aransas 
National Wildlife Refuge (NWR), Texas (Stevenson and Griffith 
1946, Allen 1952, Hunt and Slack 1989, Chavez-Ramirez 1996, 
Nelson et al. 1996). Hunt and Slack (1989) reported that crabs 
constituted 42.9% and 40.1% of the total mean volume of 
winter food consumed by whooping cranes during the winters 
of 1983-1984 and 1984-1985 respectively. Chavez-Ramirez 
(1996) found that crabs made up a mean of 90.2% (62-98%) 
and 61.5% (18.4-97.6%) of percent daily energy uptake during 
the winters of 1992-1993 and 1993-1994 respectively. From 
these findings, we hypothesized that a shortage of crabs could 
induce whooping crane winter mortality.

Intensive sampling of crab abundance was conducted from 
September through April, in 1997 through 2001. Our objective 
was to develop from these data a low intensity sampling design 
that could be successfully carried on by refuge staff and pose 
the least disturbance to wintering whooping cranes. Data from 
this sampling design would be sufficient to monitor long-term 
variation in crab abundance and to examine correlations 
between crab abundance and whooping crane mortality. Here 
we provide our data including four years, 2002 through 2005, 
in which we collected data in March using the low intensity 
procedures.



Proc. North Am. Crane Workshop 10:200814 WHOOPING CRANE WINTER MORTALITY ∙ Pugesek et al.

from Sundown Bay into the marsh. Each 100-m section was 
marked with stakes, and its location was recorded to sub-meter 
accuracy using a Trimble GPS Pathfinder® Pro-XR receiver 
global positioning system (GPS) unit. Spatial analyses were 
conducted using arcview 3.3® geographic information system 
(GIS). The shortest distance from each transect to open water 
(i.e., Dunham or Sundown Bay) was 417.6 m for Transect A, 
434.5 m for Transect B via the pump canal and 897.3 m for 
transect C via a natural bayou.

MethoDs

Data collection included recording water temperature and 
surface salinity at the beginning and end of each 100-m section, 
tallying blue crabs and estimating their carapace width (CW). 
Salinity and water temperature were measured using a YSI® 
Model 30 SCT meter (accurate to ±0.1 ppt). Salinity for a 
given transect section was calculated as the average of readings 
taken at the beginning and end of the section. during surveys 
in April 2001, the salinity meter failed. On 16 April, salinity 
readings were taken only from transect a and 2/3 of transect 

B. On 17 April, salinity measurements were recorded by using 
a salinity refractometer (accurate to ± 1.0 ppt). For the rest of 
April, salinity was recorded using a YSI® Model 85 SCTDO 
system (accurate to ± 0.1 ppt). We estimated missing values 
for salinity on the 16th by extrapolating from data collected on 
the 15th and the 17th and the partial data from the 16th (See 
Pugesek and Baldwin 2003). Water temperature was calculated 
as the average for each transect on each calendar day.

Along each transect, crabs were counted and categorized 
according to estimated carapace width: Class 1 (0<CW≤4 
cm), Class 2 (4<CW≤8 cm), Class 3 (8<CW≤12 cm), Class 
4 (12<CW≤16 cm), Class 5 (CW>16 cm), and Undetermined 
(undetermined size).

Field seasons are referred to as Year 1 (Y1)(1997-1998), 
Year 2 (Y2)(1998-1999), Year 3 (Y3)(1999-2000), or Year 4 
(Y4)(2000-2001). We attempted to collect 15 days of data in 
September, prior to the arrival of whooping cranes at Aransas 
NWR, and another 15 days of data immediately after the cranes 
had departed in April. During the months of October through 
March, we planned data collection for three days per month 
to minimize disturbance to cranes present on the refuge. In 
Y1, we were unable to collect data during october because 
of heavy rains and in december and January because of cold 
temperatures and low water levels. In Y2, tropical storms 
Charley and Frances interrupted data collection. As a result 
of heavy rains and storm surge, water in the marsh was very 
high and turbid, preventing us from collecting data until mid-
october, during which only two days of data were collected 
instead of the planned 15 days in September and three days 
in October. In Y3, the only major setback was that the 15 
consecutive days planned for September were postponed until 
october because of high water turbidity. in Y4, data were not 
collected in January because of cold temperatures and low 
water levels, and April data collection was cut short because 
of high and turbid water.

The daily primary water level was recorded using the 
tide gauge at the refuge’s boat ramp. Crab count data were 
collected only when water levels were within a range of 0.5 
m - 0.8 m mean low tide. Sections were excluded when water 
turbidity made it impractical to observe crabs. For any given 
section, the minimum visibility required to collect crab count 
data was that the substrate could be observed at 0.6 m or more 
from the bank. Beginning in Y3, sections were classified into 
two categories according to water clarity: high or adequate. 
Sections were considered high when the entire substrate was 
visible. Sections were adequate if a portion of the substrate 
was obstructed by turbid water but was still clear enough to 
satisfy the minimum visibility requirements.

Crab count data were collected in 2002 (Y5), 2003 (Y6), 
2004 (Y7), and 2005 (Y8) using methods identical to those 
described above. Crabs were counted in transects a and B 
on three dates in the later part of March. Data were collected 

Figure 1. The locations of study transects in Aransas National 
Wildlife Refuge, Texas.
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within the previously described water level ranges. Salinity 
and water temperature data were not collected.

Whooping cranes were censused weekly from mid-October 
through April using the methodology of Stehn and Taylor 
(2008). Mortality was detected primarily when one territorial 
adult or its juvenile disappeared. In the winter of 2001-2002, 
for example, 136 territorial adults and 15 juveniles were 
present, accounting for 151 out of the total flock size of 176. 
Thus, mortality could be readily detected on approximately 
86% of the flock, and this value remains consistent from year 
to year. Mortality goes undetected on the remainder of the 
population. Sub-adult cranes wander among territories and 
will stray on rare occasions off of the usual wintering grounds. 
Also, an adult crane may occasionally lose its mate and re-pair 
as quickly as 72 hr. The exceptional case of rapid re-pairing 
may also cause mortality to be underestimated.

statistical analyses

Environmental variables (i.e., salinity, water temperature, 
habitat type, distance from open water, and water level) were 
analyzed to determine the extent to which they affected crab 
abundance, and would require consideration in developing 
a reduced sampling effort. All among-year analyses of Y1 
through Y4 data were made with only those months sampled 
in every year (i.e., November, February, March, and April). 
Within-year analyses included every month sampled in that 
year. We excluded from analyses those crab counts collected 
at water temperatures below 17°C because previous research 
reported decreased crab activity and a tendency among crabs 
to burrow into the substrate below this threshold (Jaworski 
1972, Adkins 1982, Steele and Perry 1990, Chavez-Ramirez 

and Slack 1995). We used analysis of variance (ANOVA) and 
regression to analyze salinity, water temperature and water level 
data. We used transects as the sampling unit in our analyses of 
salinity, with the exception of the analysis of salinity gradients, 
where the sampling unit was the 100-m section. ANOVAs 
involving water temperature used transects as the sampling 
unit. Regressions involving water temperature and analyses 
of water level used the calendar day as the sampling unit. All 
other analyses used the 100-m section as the sampling unit. 
in some analyses, crab count data did not exhibit a normal 
distribution or homogeneous variance; therefore, count data 
were converted into a categorical variable with three categories 
of crab abundance: low (n = 0), mid (n = 1 or 2), and high (n ≥ 
3). We examined the categorical count data with year, month, 
transect, and habitat variables using log-linear models. All 
variables were modeled with crossed effects with the exception 
of habitat which was nested within transects.

Size classes were combined as necessary for among-month 
comparisons in order to meet the assumption for minimum 
expected frequency required for the chi-square test. Mean 
class size per month was calculated to illustrate the temporal 
shift in crab size within and among years. Comparisons were 
made between data collected at aransas NWr and historical 
crab data (1982-94) on mean length of crabs collected using 
6.1-m trawls by the Coastal Fisheries Division, Texas Parks 
and Wildlife Department (McEachron and Fuls 1996). We 
made comparisons by estimating mean CW of crabs observed 
in Aransas NWR. Each class size was assigned its median 
value (e.g., Class 1 = 20 mm, Class 2 = 60 mm, etc.), and then 
a mean CW was calculated for each month.

Salinity gradients within each transect were examined to 
determine if they affected crab abundance. these analyses 

Figure 2. Mean salinity levels, measured daily at each transect, 
as a function of year and month (ppt).

Figure 3. Mean water temperatures, measured daily, as a function 
of year and month (Co).

WHOOPING CRANE WINTER MORTALITY ∙ Pugesek et al.
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scores to determine whether a relationship existed between 
the magnitude of the salinity gradient and the difference in 
crab abundance.

Data were inspected for violations of statistical assumptions 
and transformed as necessary to meet the assumptions of the 
statistical analyses employed (Sokal and Rohlf 1969).

results

intensive sampling y1 through y4

Salinity levels varied significantly among transects during 
two of the four years (Y1: F2,126 = 33.73, P ≤ 0.001; Y2: F2,84 
= 2.60, P = 0.081; Y3: F2,142 = 0.22, P = 0.806; Y4: F2,67 = 
3.35, P = 0.041). transect C consistently exhibited higher 
mean salinities than the other two transects in all years (Mean 
salinity for Transects A, B, and C respectively: Y1, 9.96, 
11.34, 14.91; Y2, 10.30, 11.86, 12.24; Y3, 25.02, 25.33, 
25.48; Y4, 23.83, 24.93, 29.08). Salinity varied significantly 
among years (F3,256 = 170.78, P ≤ 0.001) and among months 
in each year (Y1: F4,126 = 12.41, P ≤ 0.001; Y2: F6,84 = 45.52, 
P ≤ 0.001; Y3: F7,142 = 27.00, P ≤ 0.001)(Fig. 2). In Y1, Y2, 
and Y4, salinities were highest in early fall and then declined 
through the winter. in Y1 and Y2, salinity levels increased 
in the spring from relatively low fall and winter levels. In 
contrast, salinities were uniformly high throughout most of 
Y3 (Fig. 2). The relatively high salinity levels in Y3 and Y4 
were coincident with drought that the region was experiencing. 
Salinity was least variable during March.

The relationship of salinity to crab abundance was 
negative in Y2, while in Y1, Y3 and Y4, the relationship was 
nonsignificant (Y1: F1,42 = 1.04, r2 = 0.024, P = 0.314, NS; 
Y2: F1,27 = 22.90, r2 = 0.459, P < 0.001; Y3: F1,46 = 3.85, r2 = 
0.077, P = 0.056, NS; Y4: F1,21 = 0.93, r2 = 0.042, P = 0.346, 
NS). No association was found between crab abundance and 
salinity gradients within each transect using regression analysis 
(F1,421 = 0.36, r2 = 0.001, P = 0.550, NS).

Water temperature varied significantly among years, but 
not among transects within a year (Table 1). Among-month 
variation in water temperature was significantly different each 
year with all years exhibiting a general decline in temperatures 
during the winter and then an increase in the spring (Fig. 3). No 
association was found between the daily means of temperature 
and crab abundance in any year using regression analysis (Y1: 
F1,42 = 2.75, r2 = 0.061, P = 0.105, NS; Y2: F1,27 = 0.060, r2 = 
0.002, P = 0.813, NS; Y3: F1,46 = 0.88, r2 = 0.019, P = 0.353, 
NS; Y4: F1,20 = 1.35, r2 = 0.063, P = 0.260, NS).

Water levels varied significantly among months in three 
of the four years and also varied significantly among years 
(Table 2). A small negative relationship existed between water 
levels and crab abundance during Y1 and Y2 (Table 3). Ponds 
did not exhibit a relationship between water levels and crab 

Table 1. Statistical results of 1-way ANOVAs comparing water 
temperature among years, months and transects.

Variable Time df F value P value

Year 3,256 15.54 0.001

Month Y1 4,126 66.30 0.001

Y2 6,84 6.14 0.001

Y3 7,142 14.48 0.001

Y4 6,67 16.71 0.001

transect Y1 2,126 1.75 0.178

Y2 2,84 1.02 0.366

Y3 2,142 2.19 0.116

Y4 2,67 0.58 0.560

Table 2. Statistical results of 1-way ANOVAs comparing water 
levels among years and months.

Year df F value P value

Year 3,86 4.26 0.008

Month Y1 4,42 4.10 0.007

Y2 6,28 1.33 0.284

Y3 7,47 4.20 0.002

Y4 6,22 6.94 0.001

table 3. regression analysis of crab abundance and water levels.

Year df F value r2 value P value

Y1 1,42 9.55 0.194 0.003

Y2 1,27 5.84 0.178 0.023

Y3 1,46 0.30 0.006 0.588

Y4 1,21 1.14 0.052 0.298

were conducted with a subset of the data where data were 
collected on several consecutive or near consecutive days 
(i.e., September 1997, October 1999, and April 1998, 1999, 
2000). We computed the minimum and maximum salinities 
among sections within each transect on each date of data 
collection. a difference score was calculated as the maximum 
minus minimum salinity reading in each transect. a difference 
score was also computed for crab abundance using crab counts 
from the sections with the maximum and minimum salinity 
readings. Regression analysis was performed on the difference 
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abundance; however, a significant negative relationship was 
observed in bayous in Y1 and Y2 (Table 4).

Bayous had high water clarity 65.8% of the time while 
ponds were high 78.3% of the time. Despite variability in water 
clarity, crab abundance did not vary significantly between high 
and adequate sections (F1,137 = 1.20, P = 0.276). We also found 
no relationship between the distance to open water and crab 
abundance (F1,149 = 0.28, r2 = 0.002, P = 0.599).

Log-linear analysis was used to examine the variation in 
crab abundance among years, months, transects, habitat, and 
interactions among those variables. Crab abundance varied 
significantly among years (Tables 5-6). Considering only those 
months sampled in each year, yearly crab densities (crabs/100 
m) in order of decreasing abundance were as follows: Y2 
= 14.1 (SE = 7.59), Y3 = 1.5 (SE = 0.69), Y1 = 1.4 (SE = 
0.59), and Y4 = 0.35 (SE = 0.12). Crab abundance also varied 
significantly among months in every year (Tables 5-6).  All 
four years exhibited a similar pattern in crab abundance with 
numbers spiking in October or November and then declining 

through the winter. By spring, crab abundance increased 
substantially from winter levels, with the exception of Y2, 
which displayed only a slight increase in April. The interaction 
term of year and month was also significant, probably reflecting 
high variability in crab abundance during different year/month 
combinations such as Y2 described above (Tables 5-6). The 
main effect of transect was not significant. We did observe 
significant interaction terms for year and transect and month 
and transect. Both were the result of high variability in crab 
abundance in Transect C. We did not observe a relationship 
between habitat type and crab abundance (Tables 5-6).

Class size varied significantly among years (χ2 12 = 345.02, 
P ≤ 0.001) and among months in each year (Y1: χ2 12 = 337.29, 
P ≤ 0.001; Y2: χ2 18 = 1831.65, P ≤ 0.001; Y3: χ2 12 = 97.21, P 
≤ 0.001) (Fig. 4). Y4 was excluded from the analysis because 
of small sample size (64% of cells had counts < 5). In the Y3 
analysis, december, January, and February were excluded 
because of small sample sizes. Larger crabs were observed in 
Y2 and in Y3. The number of crabs in each size class exhibited 
a similar temporal pattern in each year by declining during 
the winter and increasing in the spring (Fig. 5).

The computed mean CW for each class size for each 
study year was: Y1 ≈ 6.6 cm; Y2 ≈ 7.0 cm; Y3 ≈ 7.0 cm; Y4 
≈ 5.9 cm. Our results fall within the range reported in trawl 
samples in both bays (Aransas Bay: Mean 7.1 cm, Range = 
5.6 - 8.4 cm, n = 12 yr; San Antonio Bay: Mean 7.3 cm, Range 
= 4.7 - 9.3, n = 12 yr).

restricted sampling effort

In order to determine whether a restricted sampling effort 
was sufficient to characterize crab abundance, we compared 
Y1 through Y4 March data from Transects A and B to: 1) April 
data collected in all transects and 2) data collected for the full 
year, November through April. Mean total crabs per section 
for the March transect a and transect B counts combined 
were Y1: 0.4, Y2: 2.4, Y3: 0.6 and Y4: 0.1. Table 7 shows 
the relationship between these counts and yearly counts of 
total crabs, large crabs (Classes 3, 4, and 5) and adult crabs 
(Classes 4 and 5) for three April variables: mean, maximum 
(peak crab numbers), and sum (the number of crabs summed 
over the data collection period) (Note: April data are derived 
from all three transects, A, B, and C). Also provided are 
Kendall’s Tau, a nonparametric correlation that proceeds by 
comparing variables whose observations are ranked in order 
of ascendance and without assumptions of normality. March 
means and April data excluded sections with adequate water 
clarity; however, no substantive differences were obtained 
when sections with adequate water clarity were included in a 
similar analysis and compared to these results.

Given the small sample size, only a perfect match of 
rankings with no ties between March mean total crabs and 

Table 4. Water level effects on crab abundance according to 
habitat type.

Habitat Year df F value r2 value P value

Pond Y1 1,42 2.18 0.049 0.147

Y2 1,27 1.22 0.043 0.280

Y3 1,46 3.64 0.073 0.063

Y4 1,21 0.94 0.043 0.344

Bayou Y1 1,42 14.62 0.258 0.001

Y2 1,27 9.31 0.256 0.005

Y3 1,46 0.18 0.004 0.676

Y4 1,21 1.07 0.048 0.314

Table 5.  Log-linear analysis of crab abundance in relation to year, 
month, transect, and habitat type (bayou or pond).

Source df Chi-Square P value

crab*year 6 237.86 0.001

crab*month 6 102.44 0.001

crab*transect 4 7.73 0.102

crab*habitat(transect) 6 8.80 0.185

crab*year*month 18 156.62 0.001

crab*year*transect 12 35.07 0.001

crab*month*transect 12 29.06 0.004

WHOOPING CRANE WINTER MORTALITY ∙ Pugesek et al.
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April observations of mean, maximum, and sum would result 
in a significant Kendall’s Tau. Rankings of March mean total 
crabs, Y2 the highest, followed by Y3, Y1, and Y4, matched 
perfectly the ranking of mean total crabs observed in April. 
The maximum and sum of April counts had some discordance 
in rankings caused by influxes of very small crabs in some 
years. Considering only large crabs (Classes 3, 4, and 5) in 
the April counts resulted in perfect rankings with March mean 
total crabs in all three measures. Considering only adult crabs 
(size classes 4 and 5) in the April counts yielded slightly 
less favorable results with ranks of mean and sum perfectly 
matched with March mean total crabs, and maximum with 
two matching ranks and two ties.

The relationship between March mean total crabs in 
Transects A and B, and crab counts per section for the entire 
sampling period November through April for all transects 
(A, B, and C) was significant for total crabs, large crabs, and 
adult crabs (Table 8). Listed means excluded sections with 

inadequate water clarity, but significance levels of Kendall’s 
tau remained the same in all cases when analysis included 
sections with inadequate water clarity.

in all analyses, rankings of March mean total crab count 
perfectly matched rankings of counts for total crabs, large crabs, 
and adult crabs. Kendall’s Tau in each case was significant. 
Thus, a low intensity sampling regime using Transects A and 
B counting total crabs for a three-day period produces the 
same rank ordering of years as does sampling for a two-week 
period in April or sampling for the entire period of November 
through April.

We compared March mean total crab counts for Transects 
a and B between years in order to determine how well this 
method would categorize years as high, medium, or poor. 
Included in this analysis are Y5, Y6, Y7 and Y8 data. The 
mean total crab count for Y5 was 0.8, Y6 and Y7, 3.4, and 
Y8, 1.6 crabs per section. Data did not meet the assumptions 
of normality required for analysis of variance. We categorized 

Table 6A. Blue crab abundance (mean crab/100 m; SE) by month and transect, Y1.

Transect September November February March April All Months

a 0.7 (0.09) 1.4 (0.58) 0.2 (0.06) 0.3 (0.11) 1.8 (0.18) 0.9 (0.31)
B 0.3 (0.04) 2.2 (0.65) 0.5 (0.20) 0.6 (0.22) 2.1 (0.25) 1.1 (0.42)
C 0.6 (0.12) 2.7 (0.75) 0.3 (0.09) 0.6 (0.19) 4.1 (0.67) 1.7 (0.75)
a, B and C transects 0.5 (0.09) 2.1 (0.27) 0.3 (0.06) 0.5 (0.07) 2.7 (0.51) 1.2 (0.49)

Table 6B. Blue crab abundance (mean crab/100 m; SE) by month and transect, Y2.

Transect October Nov-Dec Mid-Dec January February March April All Months

a 0.9 (0.27) 43.1 (5.28) 22.0 (4.16) 4.9 (0.88) 9.7 (1.19) 2.8 (0.92) 4.4 (0.36) 12.5 (5.75)
B 1.1 (0.48) 32.6 (2.52) 10.4 (1.80) 10.4 (1.56) 12.2 (1.25) 2.1 (0.52) 4.2 (0.36) 10.4 (4.05)
C 0.3 (0.17) 32.7 (4.05) 26.1 (5.36) 6.9 (1.33) 9.8 (1.32) 7.0 (0.80) 7.7 (0.71) 12.9 (4.45)
a, B and C 0.8 (0.17) 36.1 (2.46) 19.5 (3.33) 7.4 (1.14) 10.6 (0.58) 4.0 (1.08) 5.4 (0.80) 11.9 (4.64)

Table 6C. Blue crab abundance (mean crab/100 m; SE) by month and transect, Y3.

Transect September October November December January February March April All Months

a 1.8 (0.30) 2.2 (0.24) 1.2 (0.21) 0.2 (0.07) 0 (0) 0.04 (0.04) 0.7 (0.16) 2.2 (0.20) 1.0 (0.29)
B 0.5 (0.17) 3.4 (0.23) 2.0 (0.30) 0.1 (0.07) 0.1 (0.04) 0.2 (0.07) 0.6 (0.10) 3.6 (0.28) 1.3 (0.46)
C 0.9 (0.38) 8.4 (0.70) 1.1 (0.28) 0.2 (0.10) 0 (0) 0.3 (0.11) 1.0 (0.32) 4.3 (0.43) 2.0 (0.91)
a, B and C 1.1 (0.38) 4.4 (1.90) 1.4 (0.28) 0.2 (0.03) 0.03 (0.03) 0.2 (0.08) 0.8 (0.12) 3.4 (0.62) 1.4 (0.50)

Table 6D. Blue crab abundance (mean crab/100 m; SE) by month and transect, Y4.

Transect September October November December February March April All Months

a 0.03 (0.03) 0.04 (0.04) 0.03 (0.03) 0.04 (0.04) 0.13 (0.09) 0.03 (0.03) 0.44 (0.10) 0.11 (0.06)
B 0.08 (0.05) 0.08 (0.06) 0.26 (0.10) 0.16 (0.06) 0.17 (0.10) 0.13 (0.07) 0.69 (0.12) 0.22 (0.08)
C 0 (0) 0.05 (0.05) 0.57 (0.20) 0.42 (0.16) 0.13 (0.09) 0.67 (0.19) 0.92 (0.28) 0.39 (0.13)
a, B and C 0.04 (0.02) 0.06 (0.01) 0.29 (0.16) 0.21 (0.11) 0.14 (0.01) 0.28 (0.20) 0.68 (0.14) 0.24 (0.08)
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crab count data as low (zero crabs per section), medium (one 
or two crabs per section), and high (three or more crabs per 
section) and proceeded with categorical analysis of the data 
using Fisher’s Exact Test (Tables 9 and 10). By all measures, 
Y2, Y6, and Y7 had the highest number of crabs and were the 
only years that had more than 25% of sections with three or 
more crabs per section in the March counts. Y1 and Y4, the 
low count years, had zero crabs per section in a very large 
percentage of sections (77.1% and 86.5%). Y3 and Y5 had a 
fairly substantial number of sections (47.3% and 46.1%) with 
at least one or two crabs per section.

Most of the between-year comparisons of the proportions 
of the three categories differed significantly (Table 10). The 
null was rejected in 23 of 28 comparisons indicating that the 
March total crab counts in Transects A and B had sufficient 
statistical power to discriminate between almost all of the years. 
The Fisher’s Exact Test failed to reject the null hypothesis 
in only five pairs of years in which mean total crab counts 
were very similar, Y4 compared to Y1 (means 0.1 and 0.4), 
Y5 compared to Y3 (means 0.8 and 0.6), Y6 compared to 
Y7 (means 3.4 and 3.4), Y2 compared to Y8 (means 2.4 and 
1.6), and Y5 compared to (means 0.8 and 1.6). These results 
suggest that we should categorize the eight years of data as: 
high quality, Y7, Y6 and Y2; medium quality, Y8, Y5 and Y3; 
and poor quality, Y4 and Y1. Since 2003 and 2004 differed 
significantly from the previous high count obtained in 1999, 
it is possible to expand the yearly ranking to include a fourth 
extremely high category.

crab counts and crane Mortality

the March mean total crab count ranged from a low of 0.1 
crabs per section to a high of 3.4 crabs per section (Table 11). 
Crane mortality ranged from zero to four mortalities among 
adults and zero to two mortalities among juveniles.  The 

5A.

5B.

5C. 5D.
Figure 5. Percent of crabs in each class size by month and year: A. Y1: 1997-1998; B. Y2: 1998-1999; C. Y3: 1999-2000;

D. Y4: 2000-2001.

WHOOPING CRANE WINTER MORTALITY ∙ Pugesek et al.



Proc. North Am. Crane Workshop 10:200820 WHOOPING CRANE WINTER MORTALITY ∙ Pugesek et al.

correlation between March mean total crab count and adult 
mortality was significant (Spearman’s rs = - 0.92, P < 0.002). 
the correlation between crab abundance ranking and adult 
mortality was also significant. The Spearman’s rank correlation, 
using the three-category ranking scheme, was rs = - 0.80, P < 
0.02. Adding a fourth category (extremely high) resulted in a 
Spearman’s rank correlation of rs = - 0.86, P < 0.01.

No significant differences were found between March mean 
total crab count and crane juvenile mortality (Spearman’s rs 
= - 0.0, P = 0.99) or between crab abundance rank and crane 
juvenile mortality (Spearman’s rs = -0.01, P = 0.97 and rs = 
0.08, P = 0.85 for the three-rank and the four-rank schemes 
respectively). No significant differences were found between 
March mean total crab count and total (adult plus juvenile) 
crane mortality (Spearman’s rs = - 0.50, P = 0.21) or between 
crab abundance rank and total crane mortality (Spearman’s rs 
= -0.43, P = 0.29 and rs = - 0.42, P = 0.30 for the three-rank 
and the four-rank schemes respectively).

Summing the number of adult cranes observed in the eight 
seasons thus far yields a total of 1053 adults, 8(0.8%) of which 
died during the overwintering period. In total, 160 juveniles 
were observed during this period, 6(3.6%) of which died 
during the overwintering period. The proportion of adult deaths 
was significantly lower compared to that of juvenile deaths 
(Fisher’s exact test, P < 0.01). Ninety five percent confidence 
limits for death during the eight seasons were as follows: adults 
(0.4180 - 1.0367); juveniles (1.7446 - 6.0510).

Discussion

crab abundance and environmental variables

Results indicated that statistical control (e.g. analysis of 
covariance) was unnecessary to remove bias due to ecological 
variables known to influence crab abundance; however, we 
caution the reader that results presented here likely differ from 
those that might have been obtained in a completely randomized 
experimental design. Our objective was to control extraneous 
variation and not to explore the interactions of ecological 
variables. For example, our results on the relationship between 
salinity and crab abundance were restricted to a narrow range 

Table 7. Within-year comparisons of the restricted sampling subset 
of yearly data (March mean total crab counts for Transects A and 
B) with three types of April crab counts (total crab, large crabs, 
and adult crabs) and three variables for each type of count (mean, 
maximum, and sum). Kendall’s Tau and significance level (P) are 
provided for each comparison.

Year Mean Maximum Sum
total crabs

Y1 2.4 42 1365
Y2 5.3 34 1966
Y3 3.7 21 1103
Y4 0.9 7 74

kendall’s
tau and P 1.0 (0.04) 0.33 (0.49) 0.67 (0.17)

Large crabs
Y1 0.5 8 299
Y2 2.5 22 919
Y3 1.3 9 375
Y4 0.2 2 16

kendall’s
tau and P 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

adult crabs
Y1 0.1 3 41
Y2 0.8 6 283
Y3 0.3 3 98
Y4 0.0 1 2

kendall’s
 tau and P 1.0 (0.04) 0.91 (0.07) 1.0 (0.04)

Table 8. Within-year comparisons of the restricted sampling subset 
of yearly data (March mean total crabs for Transects A and B) 
with full year counts, November through April. Kendall’s Tau and 
significance P are provided for each comparison.

Total crabs Large crabs Adult crabs

Y1 1.4 0.4 0.1

Y2 9.8 3.3 0.4

Y3 2.8 0.9 0.3

Y4 0.3 0.1 0.0

kendall’s
tau and P 1.0 (0.04) 1.0 (0.04) 1.0 (0.04)

Table 9. Frequencies and the percentage of yearly total of sections containing low, medium, and high crab counts in March.

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

Low 54 (77.1) 37 (52.1) 28 (50.9) 32 (86.5) 24 (46.1) 14 (25.0) 11 (20.4) 23 (41.1)

Medium 13 (18.6) 16 (22.5) 26 (47.3) 5 (13.5) 24 (46.1) 17 (30.3) 15 (27.8) 20 (35.7)

High 3 (4.3) 18 (25.3) 1 (1.8) 0 (0.0)  4 (7.7) 25 (44.6) 28 (51.8) 13 (23.2)
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of water levels and would likely have differed from a study 
that explored the relationship within the full range of tidal 
conditions.

Salinity was related to crab abundance in only a minor way 
in one year. Other researchers have reported that salinity affects 
blue crab distribution (More 1969, Daud 1979, Hammerschmidt 
1982, Van Engel 1982, Perry and McIlwain, 1986; Cody et 
al. 1992, Steele and Bert 1994). Sherry and Chavez-Ramirez 
(1998) reported a negative correlation between blue crab 
abundance and salinity.

Blue crabs have been described as having gender (More 
1965, Tatum 1982, Perry and McIlwain 1986, Cody et al. 1992, 
Steele and Bert 1994) and age-specific (More 1965, Perry 
and Stuck 1982) differences in salinity preferences. These 
preferences may also change as crabs respond to seasonal cues 
that cause them to migrate to and from the marshes for growth, 
reproduction, etc. Our finding of a weak relationship between 
crab abundance and salinity is likely due to restricted sampling 
conditions.  the narrow range of water levels and turbidity that 
we used for sampling meant that we avoided sampling during 
periods of drought, flooding, and storm surge when conditions 
were relatively unstable or rapidly changing.

Little evidence was found linking water temperature to 
crab abundance. data were excluded from analyses when water 
temperature was at or below 17o C on the basis of a report 
that crab activity at the aransas NWr refuge decreased and 
crabs often burrowed into the substrate at this temperature 
(Chavez-Ramirez and Slack 1995). Others have observed that 
blue crabs become less active at 15o C and often migrated to 
deeper water (Jaworski 1972, Adkins 1982, Steele and Perry 
1990). More (1969) and Jaworski (1972) described crabs 
burrowing into the mud when the water became cold. this 
behavior was observed on numerous occasions when water 

temperatures dropped below 17o C.
Habitat type and distance to open water were not found 

to affect crab abundance. We observed that crabs tended 
to be less common in ponds during periods of low water 
level. Most ponds contained a gentle sloping bottom usually 
devoid of vegetation, with the exception of certain areas 
containing smooth cordgrass. unless the water was at or 
above the vegetation zone, crabs were less likely to inhabit 
those areas. Also, low water levels can potentially reduce crab 
abundance in the marsh through mortality or forced migration 
to deeper waters. Similar observations have been reported in 
Texas (Chavez-Ramirez 1996) and Louisiana (Sherry and 
Chavez-Ramirez 1998). Statistical tests reported here indicated 
that these observations played only a minor role in overall 
crab abundance because of the narrow range of water levels 
selected for sampling.

Since the accuracy of our data depended upon the ability 
to observe crabs, water turbidity could have influenced results. 
in general, increased turbidity and high water levels occurred 
concomitantly. as water levels rose, turbid water from the 
Intracoastal Waterway infiltrated the marsh. These turbid 
waters made detecting crabs more difficult, and bayous were 
usually more susceptible to this problem than were ponds. 
We excluded data from all sections where water turbidity 
made crab counts impractical. Visibility was still an issue at 
times, particularly in the warmer months because of increased 
abundance of large fish, mullet (Mugil cephalus) and red drum 
(Sciaenops ocellatus), and shrimp (Litopenaeus spp.), whose 
activity disturbed bottom sediments. We found no significant 
difference in crab abundance between sections of high and 
adequate clarity.

the decline in crabs throughout the winter may be attributed 
in part to predation by whooping cranes. A similar winter 
Table 11. March mean crab abundance, crab abundance ranking, 
adult crane mortality, juvenile crane mortality, and combined 
adult and juvenile mortality observed during eight years from 
1998 through 2003.

Year Mean crab 
number

Abundance 
ranking

Adult 
mortality

Juvenile 
mortality

Total 
mortality

Y1 0.4 low 1 0 1

Y2 2.4 high 0 0 0

Y3 0.6 medium 1 0 1

Y4 0.1 low 4 2 6

Y5 0.8 medium 1 1 2

Y6 3.4 high 0 1 1

Y7 3.4 high 0 1 1

Y8 1.6 medium 1 1 2

WHOOPING CRANE WINTER MORTALITY ∙ Pugesek et al.

Table 10. Between-year comparisons of the restricted sample 
total crab count categories (low, medium, and high) for all years 
of the study. Fisher’s Exact Test probabilities are provided for 
between-year comparisons in corresponding rows and columns. 
Shaded P-values are not significant.

Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8

Y1 - - - - - - - -
Y2 0.001 - - - - - - -
Y3 0.001 0.001 - - - - - -
Y4 0.464 0.001 0.001 - - - - -
Y5 0.001 0.01 0.417 0.001 - - - -
Y6 0.001 0.01 0.001 0.001 0.001 - - -
Y7 0.001 0.001 0.001 0.001 0.001 0.730 - -
Y8 0.001 0.243 0.002 0.001 0.08 0.047 0.006 -
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decline in crab abundance was reported by Chavez-Ramirez 
(1996). Another factor causing the decline in crab numbers 
during winter could be water temperatures. As described 
earlier, crabs may migrate to deeper waters to avoid cold 
temperatures.

crab size Distribution

Our results on mean class sizes of crabs were consistent 
with those obtained by deep water surveys conducted in the 
refuge area. This result supports a hypothesis that our method 
of sampling crabs reflects the size distributions of crabs found 
in the larger ecosystem. Estimates of mean class size were 
higher during years of high crab abundance and lower during 
years of low crab abundance. the combined effect of crab 
abundance and size further accentuates the disparity in food 
supply for cranes during high quality and low quality years. 
Commercial crab harvesting may affect the size structure of 
crabs at aransas NWr, by removing large adult crabs from 
the population. Chavez-Ramirez (1996) stated that crab traps 
numbering in the hundreds were set in the bays surrounding 
marshes used by whooping cranes.

restricted sampling

The intensive sampling that we conducted, fall through 
spring with three transects, was designed to investigate the 
variability in the system so that we could make informed 
judgments about the time of the year that was best and what 
level of sampling intensity would adequately categorize a 
given year. We encountered difficulty in sampling crabs during 
September and October. Water levels and clarity were extremely 
variable during this period because of storms, including tropical 
storms and hurricanes, in the Gulf of Mexico, and water depths 
were generally high as a consequence of fall equinal tides. 
For this reason, we deemed September through October too 
unreliable to plan seasonal data collection.

November through February was more efficacious for 
reliable data collection, although some negatives were apparent. 
It was during this time period that cranes were wintering in 
the marshes. it would seem logical that this would be the time 
that we would want to measure crab abundance, when it really 
counted for the cranes. However, the cranes themselves posed 
problems in that they might have been consuming crabs in our 
transects and we had no way to measure the precise impact of 
this activity on the crab abundance we measured. also, in some 
years, crabs moved into the marsh and appeared to conduct 
low intensity spawning activities that might upwardly bias 
estimates of crab abundance. Water temperatures during winter 
months might at any time drop below the 17oC threshold that 
caused crabs to burrow into the substrate, thereby reducing their 
movement and observation. Finally, variability in water levels 

and salinity was reduced but not as much as in late spring.
April is arguably the best time to sample crab abundance. 

Each year during this period, the crabs conducted major 
breeding activities in the marsh. Large number of crabs moved 
into the marsh from the Intracoastal Waterway, typically 
resulting in the highest counts of any month. We believe that 
the waters inside the barrier islands, including the intracoastal 
Waterway, acted as a reservoir for the crab population. Our 
measure of crab abundance in the marsh was an indirect 
relative measure of population size in the larger estuarine 
habitat but one that was potentially biased by tidal influences, 
water levels, water temperatures, salinity, and crane foraging 
behavior. the drive to breed and the requirement to mate in the 
marshes may ameliorate the effects of those physical factors 
that influence crab abundance in the marsh. In addition, the 
timing of breeding during April eliminated any bias resulting 
from crane foraging as the cranes had already left the area for 
their breeding grounds in Canada. However, the exact timing 
of spawning is variable from year to year, and we discovered 
that continuous sampling for at least two weeks was required 
to observe a peak in crab abundance. Plans for continuous 
sampling for a two week period could easily be disrupted by 
inclement weather.

For the reasons stated above, we selected late March as 
the best time for sampling. During this period, variability in 
salinity was low (See Fig. 2), and water levels and temperatures 
were stable and reliably within the cutoff levels established 
for optimal sampling (see Methods). Because some of the 
cranes had also recently departed for their breeding grounds 
in Canada, there was less risk of disturbance caused by the 
presence of biologists. Transects A and B were selected because 
crab counts in Transect C tended at times (especially during 
March and April) to be the most dissimilar of the three transects 
(see Table 6). Transects A and B also shared a more common 
physical location in terms of distance to open water, location 
in the marsh, and surrounding vegetative habitats.

crab abundance and whooping crane Mortality

Our study is the first to demonstrate a relationship between 
crab abundance and adult whooping crane mortality. Most 
years ranged from 0 to 2 total adult and juvenile mortalities, 
but mortality climbed to 4 adults and 2 juveniles in the year we 
measured the lowest crab abundance. It is possible, therefore, 
that there exists a critical threshold level of crab abundance 
below which cranes are in danger of suffering inordinately 
high levels of mortality. Further data collection will help to 
verify and delineate dangerous threshold levels if such levels 
exist.

Juveniles were nearly four times more likely to die at 
the wintering grounds than were adults. In spite of a higher 
juvenile mortality rate, we found no significant relationship 
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between juvenile mortality and crab abundance. We offer two 
possible explanations for this finding. First, the number of 
juveniles present each year was less than 16% of the number 
of adults present. The smaller sample of juveniles likely 
provides less opportunity for variation in survival rate to be 
accurately measured. Second, we do not know the extent 
to which parental care provided by adults may compensate 
for low crab abundance. Parents may compensate for low 
crab abundance by feeding juveniles and retaining a lower 
percentage of forage for themselves. Parental care is known 
to result in increased adult mortality in long-lived species 
such as the California Gull (Larus californicus) that have life 
histories similar to that of whooping cranes (Pugesek 1981, 
1983, 1987, 1993, 1995; Pugesek and Diem 1983, 1990). 
California Gulls that feed and care for offspring over a longer 
duration of parental care are less likely to survive. For similar 
reasons, it is possible that adult mortality increases among 
adults with offspring in their care.

While years of mid to high levels of crab abundance 
produce little crane mortality, years of low abundance are 
associated with significant crane mortality. Whooping cranes, 
unlike short-lived species with high reproductive rates, require 
years to mature and produce few offspring per breeding attempt 
over a long life span. As a consequence, even low levels of 
adult mortality can significantly impair the capacity of the 
population to grow or maintain stable numbers relative to 
short-lived species that can quickly recover to their maximum 
carrying capacity. Future research should include continued 
data collection on crab abundance and crane mortality to more 
accurately delineate levels of crab abundance necessary to avoid 
adult and possibly juvenile mortality. In addition, modeling of 
the demographic consequences of winter mortality should be 
employed to determine the potential impacts of future mortality 
events on the viability of the whooping crane population.
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The whooping crane (Grus americana) is one of the most 
widely known endangered species in North America and 
symbolizes the struggle to maintain the vanishing creatures 
of this world. Collision with power lines is the greatest known 
source of mortality for fledged whooping cranes in the Aransas-
Wood Buffalo population (AWBP) that migrate from nesting 
grounds in the Northwest territories, Canada through the 
central U. S. to winter on the Texas coast (Fjetland 1987, 
Lingle 1987, Lewis et al. 1992). Such mortality affects the 
recovery of this endangered species and accentuates the need 
to minimize such losses (Howe 1989). Power line expansion 
in North america remains one of the chief threats to the 
species (USFWS 1994). This paper provides background on 
the issue and seeks to promote actions to reduce whooping 
crane mortality from collisions with utility lines.

Environmental concerns of the public about bird collisions 
have grown with the expansion of electric utilities that has 
multiplied miles of lines to meet increased demand for electric 
power (APLIC 1994). In an attempt to begin addressing both 
collision (specifically whooping cranes) and electrocution 
problems, an ad hoc committee represented by several investor-
owned electric utilities (IOUs), the National Audubon Society, 
and the U.S. Fish and Wildlife Service (USFWS) was created in 
1983. By 1989, a more formal relationship was established with 
the creation of the Avian Power Line Interaction Committee 
(APLIC) composed then of 9 IOUs and USFWS, with technical 
advice from staff of the National audubon Society, Clemson 
University, and the University of Idaho (Lewis 1997). APLIC, 
housed in the iou trade association edison electric institute 
(EEI), Washington, D.C. (Huckabee 1993), has served as a 
clearinghouse for information and communication on avian and 
power line interaction issues. Currently, APLIC is composed 
of electric utilities, utility organizations, and federal agencies 
involved in bird and power line interaction issues.

i would like to thank albert Manville and Wendy Brown of 
USFWS for providing their expertise on the issues and Marty 
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species status

There were once over 10,000 whooping cranes in North 
america that ranged from the rocky Mountains to the atlantic 
Coast and from northern Canada to Mexico (CWS and USFWS 
2007). Population numbers declined to the brink of extinction 
from shooting, the destruction of nesting and migration habitat 
due to drainage of wetlands for farming, and collection of eggs 
and specimens as the species became increasingly rare. In 1941, 
only 15 individuals remained in the AWBP, the only migratory 
population that survived. Since yearly census estimates were 
initiated in 1938, the growth of this population has averaged 
4.5% annually and numbered 215 in spring, 2005.

Until the whooping crane population grows to at least 
1,000 individuals, the species is in a race against time as the 
limited genetic material that survived the bottleneck continues 
to be lost in each generation (CWS and USFWS 2007). Thus, 
it is important to accelerate the rate of species recovery to 
minimize genetic loss. Also, with the very restricted range 
of the AWBP in both summer and winter, chances of species 
survival in case of a catastrophic event would be increased 
if additional populations were established (USFWS 1994). 
Attempts from 1975-1989 to establish a whooping crane 
flock in the Rocky Mountains using cross-fostering with 
whooping crane eggs placed in sandhill crane (G. canadensis) 
nests were unsuccessful, due to high flock mortality and no 
attempts at breeding because of improper sexual imprinting 
of the whooping cranes.

The current range of the whooping crane is shown in Figure 
1. A non-migratory flock in Florida started in 1993 numbered 
about 60 birds in August, 2005. Adults in this flock have paired, 
nested and fledged young, but mortality continues to be high 
and is preventing population growth (CWS and USFWS 2007). 
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An eastern migratory flock started in 2001 that uses ultralight 
aircraft to teach juvenile whooping cranes a migration between 
Wisconsin and Florida numbered 66 birds in August, 2005. At 
that time, there were 481 whooping cranes in North America, 
including the 3 wild flocks mentioned above and 139 birds in 
captivity. Three major captive breeding flocks produce 25-40 
young annually for reintroductions.

problem

Rural electrification in North America resulted in the 

proliferation of power lines into areas traditionally used by 
migratory birds, resulting in substantial whooping crane 
mortality during migration (Brown et al. 1987, USFWS 1994). 
At the present time, with a growing human population in 
the U.S., industrial expansion and public demand for more 
electricity, additional power lines are being installed (Manville 
2005). This will increase the potential for whooping crane 
collision mortalities. the most recent nationwide estimates 
indicate that there are more than 500,000 miles (804,500 km) 
of bulk transmission lines in the U.S. (APLIC 1996, Harness 
1997, Edison Electric Institute 2000). Transmission lines in the 

Figure 1. Current range of the Whooping Crane.
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Table 1. Known mortalities from whooping crane collisions with power lines in North America, 1956–2006.

Aransas – Wood Buffalo flock

# Date State/
Province County Site Died Age Sex Wire Notes

1 May 56 tex. Lampasas – Noa YrL F trans. Clear skies
2 Nov 65 kans. rawlins Ludell Yes a F Distr. (3-wire) Clear skies
3 Apr 67 kans. russell dorrance Yes a F Distr. (3-wire) Clear skies
4 oct 81 Sask. – glaslyn Yesb Juv Distr. (1-wire, 30 ft) in barley
5 oct 82 tex. Coryell oglesby Yes a F Distr. (4-wire, <25 ft) Clear, in corn
6 oct 88 Nebr. Howard St Paul Noc a Distr. (2-wire, 35 ft) Corn granary
7 Oct 89 Nebr. Hitchcock Stratton Yes YrL M Distr. (12kV) Wheat by wetland
8 Oct 97 Sask. – Zelma Yes Sa Distr. (1-wire 14.4kV) Agric. field
9 Apr 02 tex. Comanche deLeon Yes a F distr.

Rocky Mountain flock

# Date State/
Province County Site Died Age Sex Wire Notes

1 May 77 Wyo. uinta Lonetree Yesd Juv M distr. roadside
2 Apr 81 Colo. rio grande Monte vista Yes Juv Distr. (69kV) barley
3 oct 82 Colo. alamosa alamosa Noe a Trans. (115 kV)
4 Mar 83 Colo. alamosa alamosa Yes a F Trans. (115 kV) Hit same line as # 3
5 Apr 84 Colo. alamosa alamosa Yes Juv Distr. (69kV) High wind, barley
6 Apr 84 Colo. Monte vista Nof Juv unk
7 May 84 Colo. Monte vista Yes Juv Possible distr. (69kV)
8 Sept 85 id. Caribou grays Lake Yes Juv M trans. Died 10-2-85 of injuries
9 Apr 86 id. Bancock oxford Slough Yes a M unk Wetland
10 Fall 87 Colo. San Luis valley Yes Juv unk Bird had tuberculosis
11 Mar 89 Colo. San Luis valley Yes a F unk
12 Mar 98 Colo. alamosa Monte vista Yes a F trans.
13 Mar 00 Colo. rio grande Monte vista Yes a F distr.

u.S. carry >115,000 volts/115 kV, with conductors attached 
to either tall wood, concrete, or steel towers. distribution 
lines (those in the U.S. carrying < 69,000 volts/69 kV) are 
constructed on 11-15 m wooden, steel, or concrete poles, 
typically configured with 1, 2, or 3 energized (phase) wires 
and one neutral (grounded) wire. Williams (2000) cited the 
figure of 116,531,289 distribution poles in the U.S. but listed 
no figure for wire length. Because of rapid expansion, new 
development, and jurisdictional issues, no good accounting of 
the total amount of distribution line is available for the U.S.; it 
is certainly in the millions of kilometers (Manville 2005).

Cranes and other birds apparently collide with lines because 
they do not see them in time to avoid them and suffer traumatic 
injury from the collision itself, or from the resulting impact 
of falling to the ground (Brown et al. 1984). Non-conducting 
ground wires, usually installed above conductor wires to 
intercept lightning strikes and prevent power outages, are the 
wires most often struck by birds in flight (Scott et al. 1972, 
Willard et al. 1977, Ward and Anderson 1992). Because 
ground wires are normally 0.9-1.3 cm in diameter and smaller 
than conductor wires, they sometimes appear to be invisible 

because of background or lighting conditions. Consequently, 
birds often see and avoid conductor wires only to strike the 
less visible ground wires (Brown et al. 1987, Faanes 1987, 
Ward and Anderson 1992), and are more prone to strike wires 
mid-span rather than near utility poles (Ward et al. 1986).

Collisions with transmission and distribution power lines 
can be a significant source of mortality for bird populations 
and may kill annually anywhere from hundreds of thousands 
to 175 million birds in the U.S. based on extrapolations by 
Koops (1987) and Erickson et al. (2001). The range of values is 
so large because of poor monitoring of utility lines for strikes 
(Manville 2005). Faanes (1987) observed 7,000 flights of all 
types of birds near prairie wetlands and lakes in North Dakota. 
He observed about a 1% collision rate and estimated 124 avian 
fatalities/km/yr. He also counted dead birds under power lines 
and found 122 dead in the fall and 511 in the spring.

Sandhill cranes, a species closely related to whooping 
cranes that can serve as a surrogate species to study the problem, 
suffer appreciable mortality from collision with power lines 
(Morkill and Anderson 1991). Line collisions resulted in 
36% of the known mortality to fledged sandhill cranes in the 

COLLISIONS WITH POWER LINES ∙ Stehn and Wassenich
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A = adult, JUV = juvenile, SA = subadult, YRL = yearling, F = female, M = male, Trans = transmission line (> 115 kV), Distr = distribution line (< 69 kV), Unk = unknown
a Injured and had to be kept in captivity (named Rosie) and bred.
b Injured bird died while being transported to captivity.
c Bird fell to ground and flew off after 5-10 minutes. Postulated it was 1 of birds that failed to show up on wintering grounds that fall.
d Collision could have been from power line, vehicle, or fence, but believed to be power line.
e Fractured tarsus. Continued migration, but never recovered. Died 20 Jan 1983.
f Upper elbow injury required amputation. Placed in captivity.
g Cause of death considered as probable power line. However, necropsy could not rule out being struck by a car on the roadway next to the power line.
h Three whooping cranes killed in the same incident.
i This major transmission line follows the border of Lake/Sumter County and has been hit in multiple incidents.
j Radio found hanging from power line and bird disappeared indicating mortality.
k Strike occurred at a migration stopover at night when the crane escaped from a pen during a storm.

Florida nonmigratory flock

# Date State/
Province County Site Died Age Sex Wire Notes

1 Jan 97 Fla. osceola Escape Yesg Juv M distr. along dirt road
2h Nov 97 Fla. Brevard Sartori Yes Sa M Distr. (4-wire) By road
3h Nov 97 Fla. Brevard Sartori Yes Sa M Distr. (4-wire) By road
4h Nov 97 Fla. Brevard Sartori Yes Sa M Distr. (4-wire) By road
5 Mar 98 Fla. Lake geraci Yes Sa M distr.
6 Feb 99 Fla. Lake geraci Yes Sa M Distr. (3-wire)
7 Jan 01 Fla. Lake groveland Yes a M Distr. (4-wire)
8 Mar 02 Fla. Polk Lake Wales Yes Juv F distr.
9 Mar 03 Fla. Sumter Bexley Yes Juv M trans.i

10 aug 03 Fla. Polk Lake Wales Yes a M distr.
11 dec 03 Fla. Lake Pruitt Yes Juv F trans.i

12 Nov 04 Fla. Sumter Bexley Yes Sa M trans.i

13j Jan 05 Fla. Lake Pruitt Yes Sa F trans.i

14 Feb 05 Fla. Lake Pruitt Yes Sa F trans.i

15 Mar 05 Fla. Sumter Hi acres Yes Sa F trans.i

16 Mar 05 Fla. Lake Pruitt Yes Sa M trans.i

17 Apr 05 Fla. osceola Holopaw Yes a M trans.
18 Aug 05 Fla. Sumter Pruitt Yes Sa M trans.
19 Dec 05 Fla. Polk Yes a M trans.
20 May 06 Fla. Lake/

Sumter Near Pruitt Yes a M trans.
Wisconsin-Florida migratory flock

# Date State/
Province County Site Died Age Sex Wire Notes

1k oct 01 Wis. green Yes Juv M distri. Windstorm, collision 
at night

2 July 05 Wis. green Lake Yes Sa M trans.

3 dec 06 ind. green Yes a M distr.

Table 1. Continued

Rocky Mountains (Drewien 1973). Archibald (1987) found 
that 2.1% of adults and 13.4% of chicks of red-crowned cranes 
(G. japonensis) were killed striking power lines. Sundar 
and Choudhury (2005) found nearly 1% of sarus cranes (G. 
antigone) were killed annually hitting power lines. Janss and 
Ferrer (2000) estimated mortality from power line collisions for 
a wintering population of common cranes (G. grus) in Spain. 
The collision rate (i.e. number of cranes hitting a power line / 
number of cranes crossing a power line) was 3.93 x 10-5 and 
minimum annual collision mortality was 2.36/km/yr. Morkill 

and Anderson (1991) observed 3.4 sandhill crane collisions / 
km, as reported in Janss and Ferrer (2000). Whooping cranes 
are presumably even more susceptible to striking power lines 
than sandhill cranes (Morkill and Anderson 1991) because of 
their larger body size and wing span, slower wing beat, and 
relative lack of maneuverability. Juveniles are more vulnerable 
to collisions than adults, presumably due to lack of experience 
and flight skills (Ward et al. 1986, Brown et al. 1987, Ward and 
Anderson 1992, APLIC 1994, Brown and Drewien 1995).

Most studies have concluded that collision with power 



Proc. North Am. Crane Workshop 10:2008 29

lines is not a major threat to bird populations but may be 
more of a problem for large birds (APLIC 1994). Crivelli et 
al. (1993) estimated a 1.3-3.5% decrease of dalmation pelicans 
(Pelecanus crispus) in the breeding population from collisions. 
Collisions caused 44% of the mortality of fledged trumpeter 
swans (Cygnus buccinator) in Wyoming (Lockman 1988).

Collisions become biologically significant when they affect 
a bird population’s ability to sustain or increase its numbers, a 
problem that may be especially acute with endangered species 
(APLIC 1994). Whooping crane mortality from striking utility 
lines may be biologically significant to a small, endangered 
population and lower the probability of survival for the entire 
population (Wassenich 2003a). Collisions with power lines 
are known to have accounted for the death or serious injury 
of at least 45 whooping cranes since 1956 (Table 1). Of 18 
documented mortalities of fledged whooping cranes in the 
reintroduced Rocky Mountain population prior to 1987, 8 
(39%) were a result of collisions with power lines (Brown et 
al. 1987) (Table 2). Twenty individuals out of a total of 166 
known causes of mortality (12%) of the nonmigratory Florida 
whooping crane population, and 3 out of 18 cases (17%) of post-
release mortality in the migratory Wisconsin population, have 
been from collisions with power lines (T. Stehn, unpublished 
data). The percentage of whooping crane mortality caused by 

collisions with power lines is hard to extrapolate for the AWBP 
because of the less intense monitoring of that population during 
migration compared to reintroduced flocks. In the 1980s, 2 of 
9 radio-marked juvenile whooping cranes in the AWBP died 
within the first 18 months of life as a result of power line 
collisions, 33% of the total post fledging losses (n = 6) of the 
radioed birds during the study (Kuyt 1992). Five of 13 known 
causes of mortality (38%) for the AWBP between the months 
of April and November, 1950 to 1987 resulted from collisions 
with utility lines (total mortality equaled 133 cranes) (Lewis et 
al. 1992). Extrapolating from the known causes of mortality, 
an estimated 51 of the 133 whooping cranes (38%) may have 
been killed colliding with power lines. Whereas predation 
by bobcats has been the primary source of mortality for the 
nonmigratory Florida whooping cranes, predation of fledged 
whooping cranes is thought to be uncommon in the AWBP 
(CWS and USFWS 2007).

Whooping cranes are no longer radio-tracked in migration 
between texas and Canada and color bands or radios have 
not been placed on AWBP whooping cranes since 1988. 
This is partly because of a mortality rate approaching 1% 
during capture of wild whooping cranes in Canada. Thus, 
data on power line strikes of AWBP whooping cranes are 
being obtained through chance observations as reported by 
the general public and agency personnel, and tabulated by the 
Whooping Crane Migration Cooperative Monitoring Project 
(CWS and USFWS 2007).

crane biology and power lines

Although migration involves only 17-20% of a whooping 
crane’s annual activities, bird deaths are significantly greater 
during migration due to exposure to new hazards in unfamiliar 
environments. Losses during migration may comprise 60-80% 
of annual mortality (Lewis et al. 1992). Whooping cranes 
normally migrate 305-1,829 m above the ground (Kuyt 1992) 
and well above the height of power lines, but stop every night 
to roost in shallow wetlands (Howe 1989). When radiotracking 
whooping cranes in migration, T. Stehn (unpublished data) 
noted cranes were commonly seen at foraging sites with power 
lines nearby. Encounters with power lines usually occur as 
whooping cranes are making short, low altitude flights between 
foraging and roosting areas. These local flights frequently occur 
near sunrise and sunset when light levels are diminished. With 
approximately 12-15 stopovers during each 4,000 km migration 
(Kuyt 1992), whooping cranes have multiple opportunities to 
encounter power lines.

For local flights, the proximity of power lines to locations 
where birds are landing and taking off is critical (Lee 1978, 
Thompson 1978, Faanes 1987). Power lines suspended across 
a river channel near crane roosts present hazardous obstacles 
to cranes flying after dark (Windingstad 1988, Morkill 1990). 

Table 2. Percent causation of known mortality from power line 
strikes of fledged birds in whooping crane populations in North 
America, 1956–2006. 

Whooping 
crane 

population

Number of 
documented 

mortalities from 
power lines

% 
Mortality 
of fledged 

birds

Source

rocky 
Mountain 13 39 Brown et al. 

1987

Florida 
nonmigratory 20 12 Stehn 

unpublished

Wisconsin 
to Florida 
migratory

3 18 Stehn 
unpublished

AWBP 
radioed 
juvenilesa

2a 33 Kuyt 1992

AWBP all 
fledged birdsb 5b 38 Lewis et al. 

1992

a Two of 6 juveniles radioed between 1981-1984 died in power line collisions 
during the course of kuyt’s study.
b Losses that occurred between April and November, 1950–1987.
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Figure 2. Whooping crane 100 and 200-mile migration corridor with location of known power line collision mortalities.
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Power lines dividing wetlands used for roosting from grain 
fields used for feeding caused the most collisions for cranes 
because these circumstances encouraged crossing the lines at 
low altitude several times each day (Brown et al. 1987). Cranes 
frequently flew 10-15 m above the ground between fields; as 
a consequence, 12-m-high transmission lines obstructed their 
typical flight path. No sandhill crane or waterfowl collisions 
were observed where distances from power lines to bird use 
areas exceeded 1.6 km (Brown et al. 1984, 1987).

Birds flying over power lines from adjacent roosting or 
foraging sites have less time and distance to react and avoid 
wires (Thompson 1978, Beaulaurier (1981), Brown et al. 
1987, Scott et al. 1972). Observations of sandhill crane flight 
behavior by Morkill and Anderson (1991) indicated that crane 
flocks reacted more when flying less than 250 m before or 
after crossing a power line and were lower in altitude and 
increased their altitude to avoid the wires, similar to reactions 
of cranes observed by Brown et al. (1987). Flight distance was 
also related to height flown above wires; cranes flying less 
than 250 m before or after line crossing tended to fly 1-5 m 
above the wires, but cranes flying more than 250 m tended to 
fly higher than 6 m above the wires (Morkill and Anderson 
1991). Cranes were not observed to fly under transmission 
lines except occasionally when flushed near a line. Even at 
a 27-m-high study segment, cranes seemed reluctant to fly 
under the lines and instead flew vigorously upwards to cross 
over the wires (Morkill and Anderson 1991).

Cranes reacted more often to marked than unmarked spans, 
and more dead cranes were found under unmarked spans than 
marked spans (Morkill and Anderson 1991). When approaching 
marked spans, cranes commonly increased altitude farther than 

5 m from the wires, suggesting they saw marker balls from a 
distance and avoided them. Cranes flared more often within 
5 m of unmarked than marked spans, as if they were unaware 
of the unmarked wires (Morkill and Anderson 1991).

Collisions can occur under optimal weather conditions. 
One whooping crane at Monte Vista National Wildlife Refuge 
(NWR) in Colorado died apparently in good weather hitting 
a power line that it had crossed numerous times (R. Garcia, 
Alamosa NWR, Colorado, personal communication). However, 
inclement weather is one of the most frequently described 
factors affecting collisions and can increase the probability of 
collisions (Walkinshaw 1956, Avery et al. 1977, Willard et al. 
1977, Anderson 1978). The weather conditions most associated 
with collisions are related to reduced visibility (fog, dense 
cloud cover, and precipitation), and reduced flight control 
(high-velocity winds) (APLIC 1994). Brown and Drewien 
(1995) found that wind was a significant factor increasing 
the frequency of sandhill cranes hitting utility lines. When 
flying in high-velocity winds, birds may be buffeted into 
fully visible power lines with which they are quite familiar, 
but which they cannot avoid because they cannot maintain 
flight control (Brown et al. 1987, Morkill and Anderson 1991, 
Brown and Drewien 1995).

Whooping crane mortality does occur with birds striking 
both high transmission lines as well as low distribution lines 
in rural prairie areas. Manville (2005) found that much of the 
problem of bird collisions is associated with transmission lines. 
Ward and Anderson (1992) found sandhill cranes collided 4 
times more frequently with transmission lines than distribution 
lines, although distribution lines were twice as abundant in 
their study area. Some studies have suggested that distribution 
lines are a greater threat for bird strikes because of their 
smaller size and lower visibility of conductors (Thompson 
1978, Beaularier 1981, APLIC 1994).

For whooping cranes, more collisions have been 
documented on distribution lines (Wassenich 2003a), although 
this could simply reflect a greater frequency of encounters with 
distribution lines. Of the 45 known whooping crane mortalities, 
17 hit transmission lines, 24 collided with distribution lines, 
and 4 were unknown. Exact geographic locations of many 
of the known whooping crane collisions with power lines 
were not recorded, with only general descriptions noted (i.e. 
location from nearest town). Thus, it is not possible to analyze 
the exact type of line or habitat in the vicinity of every known 
collision.

Power line strikes by whooping cranes do not always cause 
serious injury. One collision of a whooping crane in Florida 
was discovered when the bird’s radio transmitter that had been 
attached to a plastic band on its leg was found wrapped around 
a distribution line. The crane subsequently limped for a day 
with a swollen hock but recovered (M. Folk, Florida Fish and 
Wildlife Conservation Commission, personal communication). 

Table 3. Locations of known whooping crane strikes with utility 
lines in North America, 1956-2006.

Location Number

Saskatchewan 2

Colorado 10

Florida 20

texas 3

idaho 2

indiana 1

kansas 2

Nebraska 2

Wisconsin 2

Wyoming 1

total 45
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One of the eastern migratory whooping cranes after being 
flushed by the public hit a distribution line in North Carolina 
in April 2004, but remained airborne and later rejoined the 
other birds it was migrating with (R. Urbanek, U. S. Fish and 
Wildlife Service, personal communication). In 1983, a juvenile 
whooping crane hit a 115 kV line in the San Luis Valley, 
Colorado after being flushed by a landowner checking on his 
irrigation system (Brown et al. 1984). The bird was found 
under the line, struggling to stand, appearing dazed, but was 
able to fly off 30 minutes later and recovered. Increased hazard 
from human disturbance (e.g., flushing birds from farming 
activities, hunting, or intentional hazing of birds depredating 
crops) has been well-documented as a contributing factor to 
collisions (Krapu 1974, Blokpoel and Hatch 1976, Anderson 
1978, Brown et al. 1984, Archibald 1987).

recent research

Wassenich (2003a) compiled and analyzed a database 
consisting of 30 known collisions between 1956 and 2002, 
updating a list initiated by Halvorson (1984). This was done 
in collaboration with T. Stehn as a first step to try to come up 
with a remedy for reducing the high rate of whooping crane/
power line strikes. Subsequent to this list being compiled, 
there have been 15 additional whooping crane/utility line 
strike mortalities between 2002 and 2006 located in Florida 
(12), Indiana (1), and Wisconsin (2) (Table 1). Collisions have 
occurred in 9 states and 1 province, with the most strikes in 
Colorado and Florida (Table 3).

In Colorado, 80% of total losses (n = 10) occurred as cranes 
gathered together for a prolonged stopover during the spring 
migration, a behavior referred to as staging. Whooping cranes 
from the now extirpated Rocky Mountain population would 
spend from 4-6 weeks with sandhills during the spring migration 
in the San Luis valley of Colorado, an area where most strikes 
occurred as power line density increased dramatically due to 
development of center pivot irrigation of agricultural fields. 
The high number of strikes in Florida (n = 20) are from the 
resident Florida whooping crane population that have exposure 
to power lines throughout the year, whereas the AWBP usually 
only has exposure to lines during migration. The AWBP stages 
in the fall in southcentral Saskatchewan.

The difficulty for protecting whooping crane in the AWBP 
comes from deciding which lines to mark for a species with 
a 4,023 by 322 km migration corridor that mostly does not 
use traditional stopover sites (Wassenich 2003a). it is hard 
to predict where whooping cranes will stop. Howe (1989) 
using telemetry data on migrating whooping cranes found 
that “individuals did not use the same stopovers in different 
migrations, and groups migrating independently rarely shared 
stopovers used by other groups”. However, some locations 
considered to be traditional stopover sites are used by small 

groups of whooping cranes nearly annually (Austin and Richert 
1999). Some of these are designated by law as Critical Habitat 
since they are areas considered as required for the survival of 
the species. Examples of critical habitat include Salt Plains 
NWR in Oklahoma, quivira NWR in Kansas, and a 90 km 
stretch of the Platte River in Nebraska.

Collision locations and all known confirmed sightings 
of AWBP whooping cranes in the U.S. (n = 1,100, austin 
and Richert 1999) and Canada (n = 1,600, Brian Johns 2003, 
Canadian Wildlife Service files, Saskatoon, Saskatchewan) were 
placed on a map using ArcGIS for visual analysis (Wassenich 
2003b)(Fig. 2). SPSS 2003 statistical software was used to 
calculate a running median on all migration sighting data points 
to better define the whooping crane migration corridor. From 
the derived centerline of the migration pathway, corridors 
of various widths were defined to determine how many of 
the known collisions and total sightings occurred within that 
given corridor width. results showed that a migration corridor 
100 miles wide (161 km) contained 77% of known collisions 
and 82% of total sightings. Increasing the corridor width to 
200 miles (322 km) accounted for 88% of known collisions 
and 94% of all sightings, an increase of only 12% of total 
sightings (Fig. 2). This type of information could be used to 
target which power lines to mark to more effectively reduce 
whooping crane mortality.

Management actions

Power lines can sometimes be redesigned or altered when 
necessary to reduce collisions. However, marking is neither 
necessary nor appropriate over large areas with low bird-
collision potential (APLIC 1994). Studies have concluded that 
marking lines is a highly effective way to reduce sandhill crane 
collisions in specific problem areas (Morkill 1990, Morkill and 
Anderson 1991, Brown and Drewien 1995) and would also 
be expected to reduce whooping crane mortality (Morkill and 
Anderson 1991). The marking of the overhead ground wire 
has been the focus of research because it appears to be the one 
most often struck by birds in flight (Scott et al. 1972, Willard 
et al. 1977, Brown et al. 1987, Faanes 1987). A review of 
the literature indicated that increasing the visibility of power 
lines by installing markers on the ground wires was the most 
cost-effective and logistically feasible potential method for 
reducing bird collisions (Beaulaurier 1981, Archibald 1987) 
and was the most common modification made by the electric 
power industry to reduce bird collisions (APLIC 1994). Except 
for part of the Brown and Drewien (1995) study, all other 
marking systems discussed below have been installed on the 
unenergized overhead ground wires (APLIC 1994).

Aerial marking spheres, spiral vibration dampers (SVD’s), 
Bird Flight Diverters (BFD’s) and Swan Flight Diverters have 
all been used to significantly reduce collisions (APLIC 1994). 
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The latter 3 devices are similar and made out of high-impact 
polyvinyl chloride in a preformed shape that wraps around the 
ground wire to make it more visible. total bird mortality was 
reduced 57-89% depending on spacing by BFD’s placed on 
overhead ground wires in the Netherlands where it has become 
standard to mark lines in bird-collision zones (Koops 1987). 
Collisions were reduced by 53% for non-passerine species at a 
South Carolina transmission line outfitted with yellow marker 
balls (Savereno et al. 1996) and by 54% for lesser sandhill 
cranes in Nebraska using 1-5 spheres per span (Morkill and 
Anderson 1991). In southwestern Colorado, yellow SVD’s 
installed to cover 27.5% of a span reduced collisions of cranes 
and waterfowl by 61%, while yellow fiberglass square plates 
reduced mortality to the same species by 63% (Brown and 
Drewien 1995). However, the aerodynamic instability of the 
swinging plates proved to be very damaging to the conductors 
(Miller 1990, Brown and Drewien 1995). Yellow plastic tubes 
placed on power lines near Hokaiddo, Japan reduced mortality 
and was a primary factor for the increase in the population of 
red-crowned cranes after 1976 (Archibald 1987).

Brown and Drewien (1995) suggested that color is an 
important factor in marker effectiveness; they selected yellow-
colored Svd’s in their study because Svd’s were highly 
visible in poor light. Yellow has been shown to be useful in 
color-marking system studies because it reflects light longer on 
both ends of the day, and does not blend in with background 
colors as readily as international orange (APLIC 1994). Other 
potentially helpful devices to reduce strikes include bird 
flappers and diverters, such as the Firefly and BirdMark, which 
swivel in the wind, glow in the dark, and use fluorescent colors 
designed specifically for bird vision. More research is needed 
on such devices to test their effectiveness.

A limited study compared the use of an oversized overhead 
ground wire with a conventional overhead ground wire (Brown 
et al. 1987, Miller 1990), however researchers concluded 
that there were no significant effects on crane and waterfowl 
response (APLIC 1994). Removal of overhead ground wires can 
be an effective means of reducing bird collisions (Beaulaurier 
1981, Brown et al. 1987), but in areas of high lightning levels, 
reliability of electrical service is severely jeopardized (APLIC 
1994). The development of polymer insulation and polymer 
lightning arrestors has introduced another option in the removal 
of overhead ground wires (APLIC 1994).

Manville (2005) provided an update on industry efforts to 
minimize avian collisions. “In an attempt to comprehensively 
address the collision problem, APLIC (1994) provided voluntary 
guidance to the industry on avoiding power line strikes. The 
document will be updated once research being conducted by the 
Electric Power Research Institute and others at the Audubon 
NWR, North Dakota, is completed, and results of tests on a Bird 
Strike Indicator and Bird Activity Monitor can be published. 
Other research findings will also likely be included.”

Techniques currently recommended to reduce whooping 
crane strikes include marking lines to make them more visible 
in areas frequently used by cranes (Brown et al. 1987). USFWS 
recommends to avoid placing new line corridors near wetlands 
or other crane use areas, and usually recommends lines should 
be marked when crossing wetlands, or at a minimum distance 
within 0.4 km of a known crane roost or use area (W. Jobman, 
USFWS, Grand Island, Nebraska, personal communication). 
Brown et al. (1987) recommended locating new power lines 
at least 2.0 km from traditional roost and feeding sites based 
on their finding of no collisions observed when roosting and 
foraging sites were more than 1.6 km apart.

additional recommended actions

The following actions recommended for species recovery 
are listed in the Canada-U.S. Whooping Crane Recovery Plan 
(CWS and USFWS 2007):

use telemetry to better document mortality and/or continue •	
to document sightings with the whooping crane reporting 
network to better define areas receiving high crane use and 
locations where power lines are a significant problem.
Monitor the placement and design of all new power lines •	
in areas of known crane use. When possible, bury new 
power lines or route them around areas frequently used 
by whooping cranes. For example, lines have been buried 
at Monte vista National Wildlife refuge in Colorado 
and the Last Mountain Lake National Wetland area 
in Saskatchewan where multiple bird strikes had been 
documented.
Mark existing problem lines to reduce collisions. Visibility •	
should be maximized on any existing structures or those, 
which of necessity, must be constructed in whooping 
crane use areas or flight routes by following CWS and/
or uSFWS guidelines to reduce bird strikes.
Remove unnecessary power lines from traditional stopover •	
sites, Critical Habitat, National Wildlife areas, National 
Wildlife refuges and National Wetland areas used by 
whooping cranes.
The Whooping Crane Recovery Team should make contact •	
with the Avian Power Line Interaction Committee (APLIC) 
to stay appraised of new developments in collision reduction 
and work jointly to ascertain and implement actions to 
reduce whooping crane mortality due to collisions with 
power lines.
With power line strikes the greatest source of mortality 

of fledged whooping cranes, a species still very endangered, 
it is important to try to reduce the current level of mortality. 
The USFWS, working in collaboration with representatives 
of the electric utility industry, desires over the next several 
years to perform the following tasks. The point of contact for 
USFWS will be its Whooping Crane Coordinator.

COLLISIONS WITH POWER LINES ∙ Stehn and Wassenich



Proc. North Am. Crane Workshop 10:200834 COLLISIONS WITH POWER LINES ∙ Stehn and Wassenich

Develop contacts with key members of APLIC and work •	
together to agree upon the most effective actions needed 
to reduce whooping crane mortality. Create a Whooping 
Crane Strike avoidance team to more formally address 
this issue with industry and other stakeholders.

Work with APLIC to better define criteria for which •	
lines need to be marked. Create maps showing the main 
whooping crane migration corridor where lines may need 
to be marked. Define areas where lines do not need to be 
marked, such as highly developed urban areas or areas at 
the edges of the migration corridor.

Spread information about power line strikes being the •	
primary short-term threat to survival of fledged whooping 
cranes in migration. Send out information to uSFWS 
Ecological Services offices, other agencies and industry 
representatives.

Standardize USFWS policy carried out by Ecological •	
Services offices within the whooping crane migration 
corridor to ensure an increased effort to recommend 
marking existing and new lines where needed.

Work with the ecological Services and refuge divisions •	
of uSFWS to concentrate initially on getting lines marked 
within or near Critical Habitat, National Wildlife refuges, 
and Wildlife Management areas. ensure that areas around 
traditional stopover sites are adequately marked.

Monitor the placement and design of all new lines in the •	
whooping crane migration corridor.

Work to gain support to increase the overall percentage •	
of marked lines in the whooping crane migration corridor 
to reduce mortality. Insure that this percentage continues 
to increase even as new lines are constructed.

encourage the electric utility industry and others to fund •	
further research into reducing whooping crane strikes 
that would provide beneficial information for all diurnal 
species.

Use information from this issue paper to help write and •	
implement voluntary Avian Protection Plans for utilities 
in the migration corridor of the AWBP corridor. These 
plans would be utility-specific programs to reduce damage 
caused by avian interactions with electric utility facilities 
and reduce bird strikes. Guidelines for Avian Protection 
Plans are currently available on-line.
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Cranes wintering near Ascension Chihuahua, Mexico (northwest corner of the state). Photo by Roderick C. Drewien.
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Annual peak counts of sandhill cranes (Grus canadensis) 
recorded at Bitter Lake National Wildlife refuge near 
Roswell in eastern New Mexico fell from 54,000 in 1979 
to 6,000 in 1988 (Bitter Lake NWR Annual Narrative 
Reports 1979-1988, Montgomery 1997). Hectares of corn 
and sorghum grown in the region also declined from 2,550 
to 1,740 and 2,833 to 405, respectively and Montgomery 
(1997) concluded that the decline in crane numbers resulted 
from a reduction in available food. This report documents a 
subsequent steady increase in crane numbers during the next 
16 years with a concurrent increase in hectares of corn.

stuDy area

Bitter Lake National Wildlife Refuge (Long. -104.523, 
Lat. 33.392) and the city of Roswell (Long. -104.406, Lat. 
33.489) are in the Pecos River Valley in Chaves County, New 
Mexico, where a northern extension of Chihuahuan desert 
merges with shortgrass prairie. Bitter Lake (a natural playa 
basin) and refuge impoundments, spring-fed shallow ponds 
on the Bureau of Land Management Overflow Wetlands, 
and temporary ponds on private land provided roosting 
sites for migrating and wintering cranes. Within the region, 
alfalfa, corn (98% for silage instead of grain), wheat and hay 
crops, sorghum, cotton, and chile peppers were grown on 
approximately 40,000 ha of irrigated farmland.

MethoDs

From 1989-90 through 2004-05, U.S. Fish and Wildlife 
Service personnel and volunteers made weekly morning 
counts of cranes departing roosts within the refuge 
boundaries and the author made concurrent previous evening 
(arriving) and morning counts at roosts away from the refuge. 
When adverse weather or absence of observers prevented 
scheduled counts, estimates or counts were made on the 
following day. The “fall migration peak” was the highest 
total number counted during fall migration (late October 

1 E-mail: braxtol@cableone.net

trenDs in sanDhill crane nuMbers in eastern new MeXico
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Abstract: Following a 1980s decline in the number of cranes in the Bitter Lake National Wildlife Refuge area of the Pecos River 
Valley in eastern New Mexico, peak fall migration numbers increased from 5,640 in 1989-90 to 15,790 in 2003-04 and 13,650 in 
2004-05. Concurrently, hectares of corn grown for silage to feed dairy cows increased from 1,781 in 1989 to 8,013 in 2003 and 
7,325 in 2004. The population goals of the NM Department of Game and Fish are being met but a downturn in the dairy industry 
could result in a decline in crane numbers.
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Table 1.  Peak crane numbers in the Roswell area and agricultural 
statisticsa for Chaves County, New Mexico: 1989–2004.

Year
Crane peak 
numbers ha of

corn
ha of
alfalfa

Dairy
cowsFall Spring

1989–90 5,640 4,800 1,781 18,211 12,000

1990–91 6,610 6,920 2,428 20,630 19,000

1991–92 8,030 7,160 2,428 22,258 34,000

1992–93 6,760 3,210 2,529 21,449 39,500

1999–94 8,880 7,780 2,752 21,408 49,000

1994–95 6,890 3,950 3,845 18,009 66,000

1995–96 10,350 7,060 3,116 17,762 70,000

1996–97 8,410 8,190 2,307 18,211 70,000

1997–98 10,900 4,390 2,873 15,297 72,000

1998–99 8,070 3,600 3,642 17,402 75,000

1999–00 9,300 7,020 5,059 20,235 76,000

2000–01 9,320 5,340 6,516 20,235 83,000

2001–02 11,000 4,790 5,261 18,211 83,000

2002–03 9,660 4,120 7,042 19,245 86,000

2003–04 15,790 6,860 8,013 12,546 86,000

2004–05 13,650 8,540 7,325 12,546 87,000

bb 449 30 391 -376 4,801

tc 5.221*** 0.302 7.886*** -2.938* 9.469***

aStatistics were obtained from New Mexico agricultural Statistics Service.
bthe symbol b is the regression coefficient.
cStudent’s t test of the significance of b.

* t .05 [1,14] = 2.145. ** t .01 [1,14] = 2.997, *** t .001 [1,14] = 4.140
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through November) and the “spring migration peak” was the 
highest count from the last week of January through March. 
Regression coefficients from linear regression analyses 
of annual fall and spring peak crane numbers, hectares of 
corn and alfalfa, and numbers of dairy cows were tested 
for significance by Student’s t tests. Agriculture data were 
obtained from crop reports published annually by the New 
Mexico agricultural Statistics Service in Las Cruces, NM. 
Associations between crane peak numbers and estimates of 
food production (hectares of corn, and alfalfa) and between 
numbers of dairy cows and food production were tested by 
computing correlation coefficients (Sokal and Rohlf 1969). 
to identify trends during the fall migration, averages of 
weekly counts from 7-13 October through 23-29 December 
were determined for three periods: 1989-1993, 1994-1999, 
and 2000-2004. Regression coefficients of the averages from 
weeks 4-10 November through December were calculated to 
determine if significant declines in crane numbers occurred 
after the fall peak.

results

during the 16 seasons covered in this study the fall 
migration peak numbers increased significantly from 5,640 
in 1989 to 13,650 in 2004 (Table 1).  At the same time the 
spring peak migration numbers did not show a significant 
trend (Table 1). During the same period, dairy cows increased 

from 12,000 to 87,000 (t = 9.469, P < 0.001) and, although 
sorghum is an important crane food resource (Boeker et al. 
1961, Montgomery 1997, Walker and Schemnitz 1985), 
sorghum was a minor crop ( x  = 680 ha) in the study area 
and showed no annual trend or correlations with cranes or 
dairy cow numbers. therefore, sorghum was not included 
in this report.

Hectares of corn planted (98% grown for silage) 
quadrupled during the study from 1,781 to 7,325 (t = 7.886, 
P < 0.001, Table 1). Fall crane peak numbers and numbers 
of dairy cows were positively correlated with ha of corn (r = 
0.758, P < 0.01 and r = 0.762, P < 0.01) and were negatively 
correlated with ha of alfalfa (r = - 0.816, P < .01 and r = - 
0.641, P < 0.01, Table 1).  Spring crane peak numbers were 
not significantly correlated with either ha of corn or alfalfa 
(r = 0.076 and r = - 0.102). Fall migration crane numbers 
typically peaked during the first week of November. Average 
crane numbers in the period 1989-1993 remained relatively 
constant through december, but crane numbers fell by an 
average of 360 per week from November through December 
1994-1999 and by an average of 765 per week during 2000-
2004 (Table 2).  Despite higher peak numbers, the average 
number of cranes (5,640) remaining in the Roswell area at 
the end of December during the years 2000-2004 was less 
than the average (6,106) that remained during the 1989-1993 
period (Table 2).

Table 2.  Average weekly crane numbers (both refuge and off-refuge counts) during three periods: 1989–1993, 1994–1999, and 
2000–2004.  Regression coefficients are for the count weeks 4–10 November through 23–29 December.

Count week
1989 – 1993 1994 – 1999 2000 – 2004
Mean and (SE) Mean and (SE) Mean and (SE)

7 Oct. – 13 Oct. 1, 280 (263) 993 (736) 1,370 (663)
14 Oct. – 20 Oct. 3,193 (901) 2,225 (818) 6,312 (1,052)
21 Oct. – 27 Oct. 3,394 (807) 6,443 (959) 8,626 (835)
28 Oct. – 3 Nov. 6,522 (445) 7,147 (687) 10,442 (1,442)

4 Nov. – 10 Nov. 6,118 (525) 7,745 (884) 10,998 (1,209)
11 Nov. – 17 Nov. 6,480 (285) 7,397 (732) 9,424 (669)
18 Nov. – 24 Nov. 5,754 (1,034) 7,278 (959) 7,864 (927)
25 Nov – 1 Dec. 5,550 (652) 6,953 (705) 7,606 (1,325)

2 Dec.  – 8 Dec. 6,028 (933) 6,727 (960) 7,458 (1,139)
9 Dec. – 15 Dec. 5,860 (863) 6,203 (555) 8,304 (1,386)
16 Dec. – 22 Dec. 6,400 (1,135) 6,603 (942) 6,898 (1,580)
23 Dec. – 29Dec. 6,106 (1,123) 5,218 (548) 5,640 (1,571)

ba 4 -299 582
tb 0.077 n.s. -5.980*** -4.583**

athe symbol b is the regression coefficient for count weeks 4-10 November through 23-29 December.
bStudent’s t test of the significance of b. * t.05 [1,6] = 2.447, ** t.01 [1,6] = 3.707, *** t.01 [1,6] = 5.959 
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Discussion

Mitchusson (2003) suggested that the 1980’s decline in 
crane numbers in eastern New Mexico resulted from a shift to 
areas with more favorable habitat. The 1980’s decline at Bitter 
Lake NWR was correlated with available food (Montgomery 
1997), which is one component of habitat quality. Supporting 
this conclusion was the significant correlation of the steady 
increase in crane numbers from 1989 through 2004 with 
the concurrent increase in hectares of corn grown for silage 
to support the expanding dairy industry in Chaves County. 
Alfalfa fields were important for foraging and loafing, but 
the negative correlation with crane peak numbers during the 
fall indicated this resource was not a limiting factor. Food 
availability may have become a factor during the latter years 
when migrating crane numbers increased. the November 
through December decline, which became more pronounced 
in 2000-2004, suggests that the amount of food in the 
Roswell area was not sufficient to maintain the additional 
numbers for more than several weeks.

ManageMent iMplications

Crane peak numbers were significantly correlated with 
the hectares of corn grown to support the local dairy industry 
as the hectares of corn correlated positively with the number 
of dairy cows. When the dairy industry expanded, the 
number of cranes in the roswell area increased. therefore, a 
downturn in the dairy industry leading to reduced corn silage 
production would likely result in a decline in crane numbers 
if farmers did not switch to another crane food-producing 
crop.  The New Mexico Department of Game and Fish long 
range crane management plan (Mitchusson 2003) called for 
migration and wintering peak populations in the Pecos Valley 
of 10,000 in 2003, 11,000 in 2004, and 15,000 by 2007.  
These goals are currently being met, but if corn production 
falls to late 1980s levels and is not replaced with a similar 

crop, additional supplemental food planted by state and 
federal wildlife management agencies would be necessary to 
maintain the target population numbers. Another possibility 
could be cooperative agreements with farmers to grow food 
specifically for cranes.
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Florida has the largest and most stable population of 
nonmigratory sandhill cranes (Grus canadensis pratensis) 
within the species’ range. Estimates in the 1970s were put at 
4,000 to 6,000 individuals and it was felt the population was 
increasing (Lewis et al. 1977). Since that time, no additional 
information has been collected to refine this estimate or to 
estimate the size of the current population. Lewis et al. (1977) 
speculated that the loss of native crane habitat would be offset 
by increases in clearing of previously unusable habitat for 
livestock grazing. In this paper we report the results of using 
recently available Geographic Information System (GIS) 
analytical techniques and data concerning the distribution of 
the species in Florida to map area and distribution of sandhill 
crane habitat in Florida. our goals were to estimate the extent 
of currently available Florida sandhill crane habitat and to 
compare that data from past years with comparable GIS data. 
Additionally, we hoped to use the data concerning available 
habitat and known home range requirements (Nesbitt and 
Williams 1990) to produce a more current estimate of the 
Florida sandhill crane population.

MethoDs

We knew from previous studies the types and amounts 
of habitats used by Florida sandhill cranes (Nesbitt and 
Williams 1990). We determined areas of occurrence 
statewide from the Florida Breeding Bird Atlas (Kale et al. 
1992). We acquired data to estimate the area of potential 
suitable Florida sandhill crane habitat from the satellite 
land-cover imagery for 2003, provided by Florida Fish and 
Wildlife Conservation Commission (FWC) GIS staff. From 
this file containing 42 potential crane habitat categories we 
extracted the 6 habitats that are used by cranes (Dry Prairie, 
Grasslands, Improved Pasture, Unimproved Pasture, Shallow 
Freshwater Marsh, and Shrub Swamp). Because proximity of 

trenDs in habitat anD population oF FloriDa sanDhill cranes
Stephen A. neSbitt, Florida Fish and Wildlife Conservation Commission, Wildlife Research Laboratory, 1105 S.W. Williston Road, 

Gainesville, FL 32601, USA
JAMeS L. hAtChitt, Armasi Inc. 3966 S.W. 98th Drive, Gainesville, FL 32608, USA

Abstract: To map the areas of potential occupied habitat for Florida sandhill cranes (Grus canadensis pratensis) in Florida we used 
known habitat requirements and confirmed locations of occurrence in combination with a Geographic Information System. Using 
the map of potential habitat resulting from this process, we calculated the changes in the amount and distribution of crane habitat 
in Florida in 10-year increments since 1974. Based on annual home range sizes, age structure, and average flock size, we estimated 
the statewide population of Florida sandhill cranes in 2003 to be 4,594 individuals. Considering the area of crane habitat lost since 
1974, this is 2,548 fewer cranes than should have been present in 2003. Suitable habitat declined an average of 16.6% during each 
of the 10-year increments between 1974 and 2003. Without a concerted effort to preserve and manage habitat for sandhill cranes in 
Florida, the species will not continue to be as common or as widely distributed as it is today.
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crane habitats is as important as type, we created a buffering 
scheme that captured the minimum amounts of wetland and 
grassland habitats needed to make up a yearly home range. 
First we generated a polygon that included all wetlands 
and grasslands of sufficient size to be used by cranes. Then 
we created a 3-km buffer around all the marsh habitats to 
capture nearby grassland habitat; daily movement patterns 
found from previous studies (Nesbitt and Williams 1990) 
indicated that 3 km was about the greatest distance cranes 
would typically travel between roosting site, nesting sites 
and foraging sites. We further refined the wetland habitat 
coverage area to exclude areas more than 0.5 km from an 
interface with one of the grassland habitats. We believed that 
sandhill crane use of wetlands would be minimal beyond 
this distance. The result was a shape file layer that included 
grasslands and wetlands that were within 3 km of each other. 
We then superimposed the Florida sandhill crane area of 
occurrence from the Florida Breeding Bird Atlas (Kale et al. 
1992) on this layer. When we measured the overlapping area, 
we got a statewide estimate of occupied Florida sandhill 
crane habitat (Fig. 1).

For historical habitat coverage we had equivalent land-
cover type data available back to 1974, in roughly 10-year 
increments. We calculated the total area of the 6 pertinent 
habitat categories and compared the percentages of potential 
crane habitat (un-buffered) to the usable (buffered) crane 
habitat in 2003. We compared the un-buffered land-cover 
area for the 3 prior decades with the area from the 2003 data 
and then extrapolated the amount of potential crane habitat 
in each decade, assuming that the buffered to un-buffered 
ratio would have been equivalent. We think this approach 
provides a conservative estimate of how much total crane 
habitat was present for each decade.

The Florida Natural Areas Inventory (FNAI [Florida State 
University, Tallahassee]) provided GIS data on Conservation 
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Lands in Florida. These data (which “includes boundaries 
and statistics for more than 1,600 federal, state, local, and 
private managed areas” [www.fnai.org/conservationlands.
cfm]) could be used to determine how much Florida sandhill 
crane habitat was in public ownership and therefore might be 
available to future crane populations.

We used the occupied Florida crane habitat, mean annual 
home range sizes for 3 social groups (subadults, unpaired 
adults, and paired adults [Nesbitt and Williams 1990]), and 
each group’s proportional contribution to the total adult 
plumage population (paired adults, 46.8%; unpaired adults, 
19.2%; subadults, 34.0% [Nesbitt et al. 2001]) to extrapolate 
a statewide population estimate. The formula we used to 
generate the 2003 population estimate was p = a ∙ r / h ∙ 
s, where p = population estimate, a = hectares of occupied 
habitat, r = rate of each group’s occurrence in the population, 
h = mean home range for each group, and s = the average 
number of cranes of that group that share a home range. For 
paired adults that number was 2, for unpaired adults it was 1, 
and for subadults it was 3.4 (the mean number of subadults 
in 65 flocks [range 1 - 16] that we observed during the 
summer from 1989 through 1992). We estimated the number 
of juveniles in the population based on a mean annual 
production rate of 0.109 juveniles per 100 adult-plumaged 
cranes (Nesbitt et al. 2001).

results

The area of suitable (un-buffered) crane habitat identified 
in 1974 was 53,776.2 sq km. The 1985 coverage was 

44,576.3 sq km, a 17.1% decline in suitable crane habitat 
from 1974. In 1995, suitable crane habitat was 38,528.7 sq 
km, a 13.6% decline from 1985. Suitable crane habitat in 
2003 was 31,180.9 sq km, a 19.1% decline from 1995 and a 
42% decline in suitable crane habitat since 1974 (Fig. 1).

We overlaid the area of occupied range identified in the 
Florida Atlas of Breeding Birds on top of the area of suitable 
habitat to produce an area of occupied suitable habitat of 
20,554.146 sq km (Fig. 2). When we used habitat area in 
the population estimation equation, the number of Florida 
sandhill cranes present in 2003 (based on 2,055,414.6 ha 
of occupied habitat and assuming the area of occupation 
had not effectively changed since the data for the atlas 
were collected) was 4,594. This estimate represents 1,115 
subadults, 887 unpaired adults, 2,152 paired adults, and 438 
juveniles. If we employ the same process based on available 
habitat and assuming an equivalent area of occupied range, 
the hypothetical number of Florida sandhill cranes in 1974 
was 7,142. The 2003 population reflects a 35.7% decline 
over 30 years.

The assumptions we are making (uniform distribution 
and occupation within the suitable habitat) would produce 
a best-case estimate; however, the true population may be 
even lower. Additionally, land-use data on the FNAI website 
in March of 2006 showed that only 12.2% of the occupied 
crane habitat identified from the 2003 imagery was included 
in areas of Conservation Lands. the situation is made worse 
because most of the crane habitat in these conservation 
lands is likely not being actively managed as crane habitat. 
Based on our estimation and assuming that the suitable crane 
habitat currently in conservation lands is of average quality, 
the maximum number of Florida sandhill cranes that are 
being sustained on public land would be no more than 263 
breeding pairs and this is probable too few to guarantee the 
survival of the subspecies in the future.

Discussion

The decline in suitable habitat between 1974 and 2003 is 
striking but understandable given the growth in development 
that has occurred in Florida over that same period. The 
decline in suitable crane habitat averaged 16.6% for each 
10-year increment from 1974 to 2003. It is likely that the 
disparity between suitable crane habitat (and population) 
in 1974 and in 2006 is even more pronounced because the 
human population growth and the attendant rate of habitat 
conversion have, if anything, accelerated between 2003 and 
2006. the future security of the Florida sandhill crane may 
be in jeopardy if this loss of habitat continues. It is likely 
that losses of suitable crane habitat will continue because 
the easiest habitats to develop in central Florida are the open 
grasslands. Currently there is far too little crane habitat in 
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conservation lands to sustain a population at present numbers 
and distribution. In our opinion, it will require 2 to 3 times 
the current amount of publicly owned habitat that is managed 
for cranes to ensure the stability of the Florida’s sandhill 
cranes. Without a concerted effort in Florida to acquire and 
manage suitable crane habitat, the once thriving population 
of Florida sandhill cranes face an uncertain future.
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Figure 2. Potential occupied Florida sandhill crane habitat in 2003.
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Several thousand lesser sandhill cranes (Grus canadensis 
canadensis) considered to be part of the mid-continent 
population of sandhill cranes (Tacha et al. 1994) spend part 
or all of winter in the Middle Rio Grande Valley (MRGV) 
of west-central New Mexico and on and near the Willcox 
Playa Wildlife Area (WPWA) and Whitewater Draw Wildlife 
Area (WDWA) of southeastern Arizona (S. Lawry, personal 
communication). Spring migration routes, locations of spring 
staging areas, and breeding distribution of lesser sandhill cranes 
(lessers) wintering in the MRGV and southeastern Arizona 
have been largely unknown, prompting MCP sandhill crane 
managers to request that we conduct research to gain greater 
insight into these key life history traits. Managers particularly 
sought insight into whether lessers from the Mrgv and 
southeastern Arizona stop in the Central Platte Valley (CPV), 
and/or North Platte River Valley (NPV) of Nebraska during 
spring migration, and if they are present during the annual 
survey that the U.S. Fish and Wildlife Service (FWS) conducts 
on the fourth Tuesday of March each year to estimate size of 
the mid-continent population (Solberg 2002). To help identify 
spring migration routes and breeding distribution of lesser 
sandhill cranes that spend winter in the MRGV and southeastern 
Arizona, we monitored 6 PTT-tagged lessers from departure 

spring Migratory habits anD breeDing Distribution oF lesser sanDhill 
cranes that winter in west-central new MeXico anD ariZona
GARy L. KRApU, United States Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street S.E., Jamestown, ND 

58401, USA
DAviD A. bRAnDt, United States Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street S.E., Jamestown, 

ND 58401, USA

Abstract: Little information exists on the spring migratory habits and breeding distribution of lesser sandhill cranes (Grus canadensis 
canadensis) that winter in west-central New Mexico and southeastern Arizona. To address this question, we captured and attached 
a total of 6 Platform Transmitting Terminals (PTT) to adult lesser sandhill cranes at 2 sites each in west-central New Mexico and 
southeastern Arizona during December 2001 and monitored the birds’ movements to arrival on their arctic breeding grounds. After 
departing from their wintering grounds, 2 of the cranes stopped at Monte Vista NWR in south-central Colorado where they stayed 
for 17 and 23 days. All 6 cranes migrated to Nebraska, where 5 stopped in the North Platte River Valley (2 near Lewellen and 3 
near Hershey) and 1 in the Central Platte River Valley near Kearney (mean length of stay = 24.5 days, range 8.5–33). The migration 
pathways taken to Nebraska by the 6 cranes were, on average, 1,192 km farther than direct flight distances from wintering to 
breeding grounds. Four cranes were present on the surveyed sites in Nebraska on 26 March, when the U.S. Fish and Wildlife Service 
conducted their 2002 crane population census; the 2 cranes that stopped at the Monte Vista National Wildlife Refuge did not arrive 
in Nebraska until about 4 April. From Nebraska, all 6 cranes migrated to western Saskatchewan; 3 later moved to sites in eastern 
Alberta (mean length of stay in Saskatchewan/Alberta = 21 days, range 12.7–28.0). From Saskatchewan and Alberta, the cranes flew, 
with a few brief intervening stops, to breeding grounds located on the Yukon-Kuskokwim Delta in western Alaska (n = 2) and the 
Chukotka Penninsula, Chaun Delta, and Anadyr Delta in northeastern Siberia (n = 4). Use of the Central Platte or North Platte River 
valleys by all 6 cranes was unexpected given the major increase in flight distance required and reflects the exceptional attachment to 
Nebraska staging areas by the mid-continent population of sandhill cranes. Spring migration routes, staging locations, and breeding 
distributions of these 6 cranes suggest that lesser sandhill cranes wintering in west-central New Mexico and in southeastern Arizona 
are affiliated with the Western Alaska/Siberia subpopulation.
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Key words: Arizona, Grus canadensis, migration, New Mexico, North Platte River, sandhill crane, satellite telemetry, Siberia, 
Yukon-Kuskokwim Delta. 

from their wintering grounds to arrival on their breeding 
grounds. Specifically, we documented when they departed 
from their wintering grounds in New Mexico and Arizona, 
their migration routes, locations of major stopovers and length 
of stay at each, and locations of breeding grounds.

MethoDs

We captured and tagged 3 adult lesser sandhill cranes with 
PTTs in the MRGV in west-central New Mexico (1 on Bosque 
del Apache NWR [BANWR], and 2 on private agricultural 
lands about 25 miles north of the refuge near Lemitar) and 
3 in southeastern Arizona (2 on the WDWA near Elfrida and 
1 close to the WPWA near Willcox). The New Mexico sites 
were located in riparian floodplain habitat in the MRGV at the 
northern edge of the Chihuahuan Desert. Bosque del Apache 
NWR contains impounded marshes where the lessers roost, and 
moist soil units and cropland where they feed. The WDWA is 
within the Chihuahuan Desert in southeastern Arizona. About 
50% of the WDWA is floodplain, and cranes roost on wetland 
habitat on the property and forage primarily on agricultural 
lands on surrounding farms. Much of the WdWa is being 
restored to native grassland. The Willcox Playa is a wetland 
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Figure 1. Major movements of 6 PTT-tagged adult lesser sandhill 
cranes monitored by satellite telemetry, starting at capture in 
December 2001 on Bosque del Apache National Wildlife Refuge 
and near Lemitar in the Middle Rio Grande Valley of west-central 
New Mexico (locations represented by black circles and dashed 
lines), and near Willcox and Elfrida in southeastern Arizona 
(locations represented by black squares and solid lines), and 
continuing to arrival on spring staging sites in the Central Platte 
River near Kearney, Nebraska, and along the Northern Platte 
River near North Platte and Lewellen, Nebraska.
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 Figure 2. Spring migration routes of 6 PTT-tagged adult lesser 
sandhill cranes monitored by satellite telemetry during spring 
2002 from departure in the North Platte Valley and Central Platte 
Valley to arrival on breeding sites on the Yukon-Kuskokwim Delta 
in western Alaska (n = 2) and northeastern Siberia (n = 4). 
Clusters of locations in western Saskatchewan and east-central 
Alberta identify where the cranes stopped for several weeks 
before continuing on migration to their breeding grounds. Lesser 
sandhill cranes tagged in the Middle Rio Grande Valley of west-
central New Mexico and southeastern Arizona are represented 
by black circles and dashed lines, and by black squares and solid 
lines, respectively.

within an ancient closed basin and is used primarily for roosting, 
whereas foraging occurs on nearby farms. Trapping sites were 
on private agricultural lands.

We captured sandhill cranes using rocket-projected nets 
following a technique that was first described by Wheeler and 
Lewis (1972). We attracted cranes to capture sites by deploying 
a small flock of decoys, i.e., taxidermy mounts, which were 
positioned to direct cranes to walk or fly to within the throw 
area of the concealed net.  In most cases, capture sites also 
were baited with corn. We concealed nets and rockets under 
vegetation of the type occurring at the site to prevent cranes 
from detecting them. When preparations for trapping were 
complete, the trapping crew moved to blinds located 200–300 
m from the decoy flock to monitor the movement of cranes 
into the throw area of the net.  When the desired number of 
cranes entered the targeted area, the crew triggered charges 

which sent the net over the birds. 
Upon capture, each trapped crane was removed from under 

the net and placed in a burlap bag. We promptly measured 
flattened wing chord, tarsus length, and culmen length post-
nares to minimize handling time. We drew a blood sample 
from the tarsal vein of each crane to establish mtdNa lineage 
(Rhymer et al. 2001, Jones et al. 2004). We then attached 
a standard u.S. Fish and Wildlife Service aluminum band 
on one leg of each captured crane. We next placed a plastic 
band with a 30-g PTT on the other leg of one adult crane at 
each trapping attempt where we were successful. age of 
the crane selected for PTT-tagging was established based 
on plumage characteristics (Lewis 1979). Each PTT was 
received from the manufacturer already fused to the plastic 
leg band. The leg band came in two parts which we glued 
and riveted together above the tibio-tarsus (Ellis et al. 2001). 
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Table 1. Chronology of spring migration of PTT-tagged lesser sandhill cranes captured in early December 2001 in the Middle Rio 
Grande River Valley of west-central New Mexico on Bosque del Apache National Wildlife Refuge and near Lemitar, and near Willcox 
and Elfrida in southeastern Arizona, to arrival on breeding grounds in western Alaska (Alas.) and northeast Siberia (Sib.). Lengths 
of stay by individual PTT-tagged sandhill cranes on spring stopovers in Colorado, in the Platte Valley and North Platte Valley, and in 
western Saskatchewan (Sask.) and Alberta (Alta.) are identified.

Crane number Winter site Spring departure date

Length of stay (days)
Arrival on

breeding siteSouth 
Colorado

Platte/North 
Platte Valley

Sask. / 
Alta.

21559 N.M. 11 March 20.0 13.5 21.5 21 May (Sib.)

21581 Ariz. 11 March – 29.0 21.5 19 May (Sib.)

21582 Ariz. 12 March – 33.0 12.7 14 May (Alas.)

21699 Ariz. 8 March 27.0 8.5 24.5 19 May (Sib.)

21721 N.M. 7 March – 30.5 21.5 13 May (Alas.)

21854 Ariz. 7 March – 32.5 28.0 20 May (Sib.)

The inside surface of each plastic band was constructed with 
sufficient diameter to allow for free movement of the band 
on the leg, and was sanded smooth and lined with closed-cell 
foam to prevent abrasions during band movement. When 
all measurements had been taken, and banding and tagging 
had been completed, each bird was returned to a burlap bag 
until all cranes had been processed. At that time, they were 
released simultaneously.

PTTs were manufactured by North Star Science and 
Technology of Columbia, Maryland, and were programmed to 
a 4-day duty cycle (repeating sequence of 8 hrs transmission 
followed by a 95-hr inactive period). PTT transmissions 
were received by orbiting satellites and then transmitted 
to ground-tracking stations as part of the ARGOS satellite 
data collection system. PTT locations are estimated from 
the Doppler shift in transmitter frequencies received by 
satellites as they approach and then move away from the 
PTT. Accuracy of each location was determined by satellite-
to-PTT geometry during a satellite pass and the stability of 
PTT transmission frequency (Argos, Inc. 1996). 

results

Two of the 3 sandhill cranes tagged in the MRGV (#21699 
and #21721) had not yet completed their fall migration when 
we trapped them in early December 2001. By 20 December, 
crane #21699 had moved to the Estancia Valley about 120 km 

northeast of the capture site near Lemitar, New Mexico, and 
spent the rest of the winter at this location. By 16 December, 
crane #21721 had moved south to near Caballo Reservoir and 
on 24 December was located in southeastern Arizona near 
WDWA where it remained until 7 March (Appendix A). All 
6 cranes began spring migration during 7–11 March 2002 and 
stopped for varying lengths of time in Nebraska (Table 1). Five 
of the cranes migrated northeastward through Colorado while 
en route to Nebraska (Fig. 1). The 4 cranes that wintered in 
Arizona stopped early in spring migration at BANWR (Fig. 1, 
Appendix A).  The 2 cranes that were captured near Lemitar, 
New Mexico, i.e. #21559 and #21699, stopped for 17 and 
23 days at the MvNWr southeast of Monte vista, Colorado 
(Table 1, Fig. 1). One crane that overwintered in Arizona, 
#21721, migrated eastward from BANWR, stopping near 
Roswell in southeastern New Mexico, before flying on to 
the Texas panhandle (Fig. 1, Appendix A). From Texas, this 
crane migrated to central Kansas, stopping at quivira NWR 
(Fig. 1, Appendix A). When they reached Nebraska, 5 of the 
6 cranes settled at sites in the NPRV; 2 near Lewellen at the 
upper end of Lake McConaughy, and 3 near Hershey upstream 
from North Platte (Fig. 1, Appendix A). Crane #21721 settled 
east of Kearney in the CPRV (Fig. 1). The flight paths of the 6 
tagged cranes from their wintering grounds to staging sites in 
Nebraska resulted in these birds, on average, flying an extra 
1,192 km from direct flight paths to the breeding grounds. 
Four of the 6 cranes were in Nebraska on 26 March, the date 

CraNe MigratioN aNd BreediNg diStriButioN ∙Krapu and Brandt
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Table 2. Estimated distances (in km) flown by 6 PTT-tagged 
lesser sandhill cranes between departure from their wintering 
sites in west-central New Mexico and southeastern Arizona to 
arrival on breeding grounds in western Alaska and northeastern 
Siberia are compared to direct line distances between wintering 
and breeding sites. The difference between actual and direct line 
flights for each tagged sandhill crane represents the additional 
cost (in km flown) needed to stop in Nebraska during spring.

Migration distance (km)

Crane 
number Winter site Actual Distance 

line Difference

21559 N.M. 6,150 5,550 600

21581 Ariz. 7,500 6,300 1,200

21582 Ariz. 6,200 5,050 1,150

21699 N.M. 6,250 5,450 800

21721 Ariz. 7,000 5,050 1,950

21854 Ariz. 7,400 5,950 1,350

Mean 6,700 5,558 1,192

of the annual population survey (Solberg 2002). The 2 cranes 
that stopped at MVNWR (crane #21559 and 21699) arrived 
at their Nebraska stopover near Lewellen on about 4 April 
(Appendix A).

all 6 tagged cranes left sites used in Nebraska from 4 to 
15 April and migrated rapidly to western Saskatchewan (Fig. 
2) averaging 4.8 days en route. Three of the cranes after first 
stopping in Saskatchewan moved approximately 150 km 
northwest into eastern Alberta (Fig. 2; Appendix A). Combined 
length of stopovers in Saskatchewan/Alberta averaged 21 days 
(Table 1). All 6 cranes departed from Saskatchewan and Alberta 
staging sites during early to mid-May and flew to breeding 
grounds in western Alaska and Siberia (Fig. 2, Appendix) where 
they arrived on 13–14 and 19–20 May, respectively (Table 
1). of 3 cranes tagged in the Mrgv, 2 migrated to breeding 
grounds on the Chukotka Pennisula in northeast Siberia and 
1 settled on Nelson Island on the Yukon-Kuskokwim (YK) 
Delta near Nightmute, Alaska (Fig. 2, Appendix A). Of the 
3 cranes tagged in Arizona, 2 migrated to breeding grounds 
in northeast Russia (Chaun Delta and near Anadyr), and 1 to 
the Yukon-Kuskokwim Delta near Chevak, Alaska (Fig. 2, 
Appendix A). Mean flight distances (± SD) from their wintering 
grounds in New Mexico and Arizona to their breeding grounds 
in Siberia and Alaska were 6,825 ± 724 km (n = 4) and 6,600 
± 566 km (n = 2), respectively (Table 2).

Discussion

The lengthy increase in flight distances to the breeding 
grounds required for sandhill cranes wintering in New Mexico 
and Arizona to stop in Nebraska reflects the exceptionally strong 
attachment among sandhill cranes in the MCP to sites in the 
CPV and NPV. This pattern presumably has been influenced 
by the highly productive foraging conditions that have existed 
at the Nebraska sites during the past several decades (Reinecke 
and Krapu 1986), and the presence of wide braided river 
channels (Williams 1978), a preferred roosting habitat of 
sandhill cranes (Krapu et al. 1984). Waste corn has been 
sufficient in Nebraska since the 1940s (Krapu et al. 1995) 
to allow lessers to acquire large fat reserves in preparation 
for migration to the breeding grounds and for use during 
reproduction (Krapu et al. 1985), probably enhancing their 
survival and reproductive success.

The extended period that 2 tagged cranes captured near 
Lemitar, New Mexico, spent at MVNWR and adjacent lands 
suggests this site may be an important conditioning site for 
part of the lessers wintering in west-central New Mexico and 
southeastern Arizona. Cranes stopping at the MVNWR arrived 
in Nebraska after the date of the annual spring population 
survey, and were located near Lewellen at the upper end 
of Lake McConaughy which lies outside of the operational 
March sandhill crane population survey area. As a result, 2 of 

the 6 tagged lessers wintering in the Mrgv and southeastern 
Arizona were not available to be counted during the March 
2002 spring population survey.

The finding that all 6 tagged lesser sandhill cranes settled 
on the most western breeding grounds of the MCP in western 
Alaska and Siberia was not surprising given that their wintering 
sites were located at the extreme western edge of the wintering 
range of the mid-continent population. The only previous 
evidence of lessers wintering in west-central New Mexico and 
southeastern Arizona breeding in the western Alaska/Siberia 
region is from a lesser juvenile color-marked while flightless 
during the 1976 breeding season on the Yukon-Kuskokwim 
Delta and later sighted near Lemitar, New Mexico (Boise 
1978). The movement patterns of the 6 lessers we monitored 
are consistent with those of two cranes we captured and tagged 
in the NPV (Krapu and Brandt 2002) that subsequently spent 
the summer in Siberia and western Alaska and over-wintered 
in southeast Arizona. Together, these patterns suggest that 
most MCP lessers wintering in west-central New Mexico and 
southeastern Arizona probably breed in Siberia or western 
alaska, and thus, are affiliated with the Western alaska/
Siberia subpopulation.

acknowleDgMents

This project would not have been possible without 
the assistance of several agencies and individuals. in New 
Mexico, the late John taylor, FWS refuge Biologist at 



Proc. North Am. Crane Workshop 10:2008 47CraNe MigratioN aNd BreediNg diStriButioN ∙Krapu and Brandt

Bosque del Apache NWR, provided logistical support and 
dave Haukos, region 2, FWS, and tim Mitchusson, New 
Mexico Department of Game and Fish, assisted in trapping 
operations. In Arizona, Sam Lawry of the Arizona Game 
and Fish Department and Jack Robinson, a local resident, 
provided logistical support, and Ron Olding and Jim Garrett 
of the Arizona Game and Fish Department assisted in trapping 
operations. We thank Ken Jones for identifying subspecies 
status of captured cranes through analysis of mtDNA from 
blood samples and Rod Drewien, James Dubovsky, and Pam 
Pietz for reviewing and commenting on earlier drafts of this 
manuscript. 

literature citeD

Argos, Inc. 1996. User’s manual. Argos Inc., Landover, Maryland, 
uSa.

Boise, C. M. 1979. Lesser sandhill crane banding program on 
the Yukon-Kuskokwim Delta, Alaska. Pages 229–234 in J. 
C. Lewis, editor. Proceedings of the 1978 Crane Workshop. 
National Audubon Society, Colorado State University Printing 
Service.

Ellis, D. H., P. W. Howey, and G. L. Krapu. 2001. Recommendations 
for the attachment of satellite transmitters. Proceedings of the 
North American Crane Workshop 8:211–212.

Jones, K. L., G. L. Krapu, D. A. Brandt, and M. V. Asheley. 2005. 
Population genetic structure in migratory sandhill cranes 
and the role of Pleistocene glaciations. Molecular Ecology 
14:2645–2657.

Krapu, G. L., and D. A. Brandt. 2002. Delineation of subpopulations 
of mid-continent sandhill cranes and their relative abundance 
based on satellite telemetry. Pages 28–30 in d. d. dolton, 
editor. Migratory Game Bird Research Program, U.S. Fish and 
Wildlife Service, division of Migratory Bird Management, 
denver, Colorado.

Krapu, G. L., D. E. Facey, E. K. Fritzell, and D. H. Johnson. 1984. 
Habitat use by migrant sandhill cranes in Nebraska. Journal of 
Wildlife Management 48:407–417.

Krapu, G. L., G. C. Iverson, K. J. Reinecke, and C. M. Boise. 1985. 
Fat deposition and usage by arctic-nesting sandhill cranes 
during spring. Auk 102:362–368.

Krapu, G. L., K. J. Reinecke, and S. G. Simpson. 1995. Spring-
staging ecology of mid-continent white-fronted geese. Journal 
of Wildlife Management 59:736–746.

Lewis, J. C. 1979. Field identification of juvenile sandhill cranes. 
Journal of Wildlife Management 43:211–214.

Reinecke, K. J., and G. L. Krapu. 1986. Feeding ecology of sandhill 
cranes during spring migration in Nebraska. Journal of Wildlife 
Management 50:71–79.

rhymer, J. M., M. g. Fain, J. e. austin, d. H. Johnson, and C. 
Krajewski. 2001. Mitochondrial phylogeography, subspecific 
taxonomy, and conservation genetics of sandhill cranes (Grus 
canadensis; Aves:Gruidae). Conservation Genetics 2:213–218.

Solberg, J. 2002. Coordinated spring survey of mid-continent 
sandhill cranes. u.S. Fish and Wildlife Service, Bismarck, 
North dakota, uSa.

Tacha, T. C., S. A. Nesbitt, and P. A. Vohs. 1994. Sandhill Crane. 
Pages 77–94 in t. C. tacha and C. e. Braun, editors. Migratory 
Shore and Upland Game Bird Management in North America. 
the international association of Fish and Wildlife agencies, 
Washington d.C., uSa. 

Wheeler, R. H., and J. C. Lewis. 1972. Trapping techniques for 
sandhill crane studies in the Platte River Valley. U.S. Fish and 
Wildlife Service Resource Publication 107.

Williams, G. P. 1978. The case of the shrinking channels–the North 
Platte and Platte rivers in Nebraska. U. S. Geological Survey 
Circular 781.



Proc. North Am. Crane Workshop 10:200848 CraNe MigratioN aNd BreediNg diStriButioN ∙Krapu and Brandt

Appendix A. Detailed temporal descriptions of movements of 6 PTT-tagged lesser sandhill cranes from capture and tagging at Bosque 
del Apache National Wildlife Refuge and near Lemitar in west-central New Mexico, and near Wilcox and Elfrida in southeastern 
Arizona during early December 2001, to arrival on their breeding grounds in western Alaska and northeastern Siberia during May 
2002.

Crane 
Number

Date Description of Activity and Location 
From To

21559 7 December Captured near Lemitar, New Mexico

7 December 1 March Wintering approximately 42 km N. of Bosque del Apache NWR

2 March 10 March Moved to approximately 75 km N. of Bosque del Apache NWR

11 March 28 March at Monte vista NWr, Colorado

31 March Migrating towards Nebraska

4 April 14 April North Platte River near Lewellen Nebraska

15 April 18 April Migrating towards Saskatchewan

19 April 1 May Near Plover Lake in west-central Saskatchewan

2 May 8 May Near Sedgewick, alberta

10 May 17 May Migrating towards Siberia

19 May At breeding grounds on Chukotka Peninsula in Siberia

21699 7 December Captured near Lemitar, New Mexico

7 December 16 december Approximately 42 km N. of Bosque del Apache NWR near capture location

20 december 7 March in estancia valley between the towns of estancia and Moriarty, New Mexico

8 March 31 March at Monte vista NWr, Colorado

4 April 9 April North Platte River near North Platte, Nebraska

10 April 11 April Migrating towards Saskatchewan

13 April 5 May Near Plover Lake in west central Saskatchewan

7 May 11 May Near Fahler, alberta

12 May 19 May Migrating towards Siberia

20 May Breeding grounds on Chukotka Peninsula in northeastern Siberia

21721 9 December Captured on Bosque del Apache NWR

12 december At Bosque del Apache NWR

16 december 20 december Moving south near Caballo reservoir then to uvas valley southwest of Hatch, New Mexico

24 december Near Whitewater Draw State Area south of Elfrida, Arizona

29 December 18 February Near Willcox Playa State Area south of Willcox, Arizona

19 February 28 February At Bosque del Apache NWR, New Mexico

2 March 6 March Southeast of roswell, New Mexico

7 March Migrating northeast through Texas panhandle

8 March 12 March In Kansas, 25 km southeast of Great Bend

15 March 12 April At Platte River near Kearney, Nebraska

13 April 15 April Migrating towards Saskatchewan
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Crane 
Number

Date Description of Activity and Location 

From To

2 May 6 May Near ryley, alberta

7 May 12 May Migrating towards alaska

14 May at breeding grounds 24 km northeast of Nightmute, alaska

21581 15 December Captured at Whitewater Draw State Area south of Elfrida, Arizona

16 december 10 March Near Whitewater draw State area

11 March 15 March Migrating towards Nebraska

16 March 12 April At North Platte River near North Platte, Nebraska

13 April 15 April Migrating towards alberta

17 April 24 April Near Sibbald, alberta

26 April 6 May Near Sedgewick, alberta

7 May 18 May Migrating towards Siberia

19 May at breeding grounds on Chaun delta in northeastern Siberia

21582 14 december Captured at Whitewater Draw State Area south of Elfrida, Arizona

14 december 16 december Near Whitewater draw State area

20 december 27 February Near Willcox Playa State Area south of Willcox, Arizona

28 February 3 March Wandered east toward Roswell, New Mexico then returned back to Willcox Playa Sate Area

5 March 11 March Near Willcox Playa State Area

12 March At Bosque del Apache NWR, New Mexico

15 March 14 April North Platte River near Lewellen, Nebraska

15 April 19 April Migrating towards Saskatchewan

20 April 1 May Near Little Tramping Lake south of Handel, Saskatchewan

2 May 13 May Migrating towards alaska

14 May At breeding grounds on Yukon-Kuskokwim Delta 30 km southeast of Chevak, Alaska

21584 14 december Captured near Willcox Playa State Area south of Willcox, Arizona

15 December 18 February Near Willcox Playa State Area

19 February 22 February At Bosque del Apache NWR, New Mexico

24 February 27 February Near Belen, New Mexico

1 March 5 March Migrating towards Nebraska

6 March 4 April At North Platte River near North Platte, Nebraska

8 April 10 April Migrating towards alberta

12 April 6 May Near Heisler, alberta

7 May 19 May Migrating towards Siberia

20 May at breeding grounds near anadyr in northeastern Siberia

Appendix A. Continued
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teMporal Distribution oF harvesteD MiD-continent sanDhill cranes 
within the central Flyway states During the 1997-2001 hunting seasons
ADRiAnnA C. ARAyA1, U.S. Fish and Wildlife Service, Region 6, Division of Migratory Birds and State Programs, P.O. Box 25486-

DFC, Denver, CO 80225, USA
JAMeS A. DUbOvSKy, U.S. Fish and Wildlife Service, Region 6, Division of Migratory Birds and State Programs, P.O. Box 25486-

DFC, Denver, CO 80225, USA

Abstract: Since 1975, annual harvest estimates for Mid-Continent sandhill cranes (Grus canadensis) have been collected in all 
states for which a hunting season has been authorized by the U.S. Fish and Wildlife Service (Service).  Although these data have 
been used to monitor the harvest of the Mid-Continent population, analyses to promote understanding of the temporal distribution 
of harvested sandhill cranes by individual states throughout the Central Flyway have not been conducted.  For the 1997-2001 
hunting seasons, we collected harvest questionnaires from 4,408 hunters in the Central Flyway who provided information about 
the date, location, and number of harvested sandhill cranes on 12,639 hunt days.  We calculated the number of cranes harvested 
on each date over the 5-year period to identify the temporal distribution of crane harvest throughout the flyway and by state.  The 
greatest proportion of hunt days occurred in North Dakota (37%), Texas (27%), and Kansas (17%), with the remaining proportion 
(19%) occurring in 6 other Central Flyway states.  North Dakota, Texas, and Kansas hunters also harvested the greatest number of 
cranes, comprising nearly 84% of the harvest and providing the richest data sets for analyses.  We fit models to these data to assess 
the potential changes to harvest that may occur if federal framework dates were more restrictive, and possible harvest impacts that 
might result by reducing the number of hunt days available (i.e. season lengths) by weekly segments.  Results from these analyses 
may provide an additional tool for harvest managers to consider in the event that changes in levels of harvest on this population 
are warranted in the future.
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Throughout its range, the Mid-Continent population 
of sandhill cranes (MCP) has traditionally been hunted for 
food and recreation.  In 1916, both the U.S. and Canadian 
governments banned the hunting of cranes because their 
numbers had severely declined, largely as the result of market 
hunting.  In 1961, hunting seasons for sandhill cranes in the 
U.S. were authorized in portions of New Mexico and Texas in 
response to complaints of crop damage on wintering grounds.  
Three years later, Canada initiated its first hunting season in 
Saskatchewan, also to reduce crane depredations on small 
grains (Stephen 1967).  Within the U.S., the MCP occupies 
an extensive portion of the Central Flyway (Fig. 1).  Interest 
in hunting continued to increase within the flyway, and after 
New Mexico and Texas resumed hunting, portions of 7 other 
states were also authorized to establish seasons (Colorado: 
1967; North Dakota, South Dakota, and Oklahoma: 1968; 
Montana and Wyoming: 1972; Kansas: 1993) (Fig. 2).  This 
increase in state and, therefore, hunter participation, led to 
an increase in harvest levels (Sharp and Vogel 1992).  To 
develop estimates of the number of cranes harvested, a permit 
system was implemented in 1975.  Sandhill crane hunters were 
required to obtain a federal sandhill crane hunting permit, or 
in recent years, register as a crane hunter under the Harvest 
Information Program (HIP).  After each hunting season, a 
sample of identified crane hunters was mailed a questionnaire 
asking for information about their hunt season, and estimates 

of harvest and daily bag success were reported for each state 
(Sorensen and Reeves 1976, Martin 2004).  Details of the survey 
design and sampling methodology are provided in Office of 
Migratory Bird Management (1976) and Martin (2004).

During the 1975-2005 seasons, the harvest of MCP 
cranes generally increased (Sharp et al. 2006).  This trend 
has been attributed to the increase in hunting opportunity and 
improved knowledge of crane behavior and hunting techniques 
(Sharp and Vogel 1992).  To better understand the increasing 
trends in harvest levels, we analyzed data from post-season 
questionnaires acquired from Central Flyway hunters for the 
1997-2001 hunting seasons.  We fit statistical models to these 
data to identify temporal distributions of harvested cranes 
within each state and throughout the flyway.  Assuming that 
the 1997-2001 hunting-season structures and associated harvest 
distributions are representative of future years, these models 
may be useful to managers in developing regulatory alternatives 
to achieve desired changes in harvest, should such changes 
be warranted in the future.  Better information on the effects 
of regulations on harvest will enhance our ability to manage 
the MCP within desired levels of abundance.

MethoDs

For the 1997-2001 hunting seasons, we acquired 4,408 
harvest questionnaires from those states having a crane season in 
the Central Flyway (Fig. 2) from the Waterfowl Harvest Surveys 
Section of the Service in Laurel, Maryland.  We encoded all 
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information reported on the questionnaire, including the date, 
number, and location of harvested cranes, into an electronic 
database (Microsoft Access), which ultimately was comprised 
of 12,639 individual hunter-day records.  Responses were 
accepted as presented, and we made no adjustments to the data 
for memory, exaggeration, or other possible biases.  However, 
hunter-reported harvests in states on any date outside the legal 
hunting season dates for cranes were deemed as mistakenly 
and incorrectly documented by the hunter and excluded from 
the data set.  We converted all calendar dates to Julian dates.  

Because Julian dates of the days of the week change each year, 
and daily migratory bird harvests are influenced by the day 
of the week (M. Moore, Harvest Surveys Section, personal 
communication), we adjusted all Julian dates for the 12,639 
recorded hunt days to correspond to the same day of the week 
across years.  We then summed all harvests over the 5-year 
period to identify the temporal distribution of harvested cranes 
throughout the flyway and within each state.

Each year, federal regulations specify the framework dates 
(i.e. the earliest and latest dates on which sandhill cranes can 

Figure 1.  Range of the Mid-Continent sandhill crane population (from Sharp et al. 2006).
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results

Because states generally select their annual hunting season 
dates based on the migration chronology of the MCP as they 
migrate from their northern breeding grounds to their wintering 
areas in the south, the distribution of harvests within the 
Central Flyway tend to follow that chronology.  each year, 
states within the Central Flyway select their hunting seasons 
within the established federal framework dates of 1 September 
to 28 February.  Plotting the information from the harvest 
questionnaires during the 1997-2001 hunting seasons (Fig. 
3), we were able to assess the potential impacts to harvest 
by restricting the federal framework dates.  Changing the 
opening framework date to 1 week later (i.e. 8 September) 
and moving the closing framework date to 1 week earlier 
(i.e. 21 February) suggested that about a 0.2% reduction in 
harvest might be realized.  Restricting the framework dates by 
2 weeks at the opening and 2 weeks at the close of the season 
suggested a 0.8% reduction in harvest.  Changing framework 
dates by 3 weeks at each end of the season suggested a nearly 
4% reduction in overall harvest, whereas a change of 4 weeks 
at each end resulted in a 9% reduction.  Assuming that the 
temporal distribution of harvest would not differ significantly 
if the outside dates were more restrictive, our results suggest 
that a substantial restriction in the federal framework dates 
would be necessary to effect a modest reduction in harvest. 
this result occurs because states tend not to select the earliest 
or latest dates available (Fig. 4).  As expected, harvests in states 
at the northernmost and southernmost portions of the flyway 
would be most impacted, whereas harvests in states situated 
in the middle of the flyway would largely be unaffected unless 
large changes in framework dates were enacted.

The largest proportions of hunt days occurred in North 
Dakota (37%), Texas (27%), and Kansas (17%) with the 
remaining proportion (19%) occurring in 6 other Central 
Flyway states.  Hunters in North dakota, texas, and kansas 
also harvested the greatest number of cranes, collectively 
comprising nearly 84% of the harvest.  Therefore, these states 
provided the richest data sets for developing models (Table 
1) and for estimating potential changes in harvest resulting 
from reducing season lengths within each state by 1 week at 
the beginning of the season, 1 week at the end of the season, 
or 1 week at both ends of the season (i.e. 2-wk reduction in 
season length).

We fit linear or nonlinear models to harvest-distribution 
data for all states in the Central Flyway.  However, the fit 
of the models varied based on the amount of data available 
for each state and the temporal distribution of the harvest.  
Nonlinear models were fairly symmetrical and explained the 
data well for North Dakota (R2 = 0.73, P < 0.01) and South 
Dakota (R2 = 0.70, P < 0.01) (Figs. 5, 6).  North Dakota has 
2 designated hunting areas; however, the season selection 

.
Figure 2.  Areas open for hunting of Mid-Continent sandhill 
cranes in the Central Flyway states, 2005 (from Sharp et al. 
2006).

be hunted) for crane hunting, and each state is allowed to 
select a season within those dates.  Flyway framework dates 
and state-specific season selections within those frameworks 
were available in Sharp et al. (2006).  We used SigmaPlot 
(SPSS Inc. 1999) to fit linear and nonlinear models to the 
data to describe levels and distributions of harvests over all 5 
hunting seasons combined.  Since 1983, generally only minor 
adjustments have been made to season dates, usually in an 
attempt to open and close seasons on a certain day of the week 
(Sharp and Vogel 1992).  Thus, using the distributions of crane 
harvest and associated models, we could assess the amount 
of harvest encompassed by various time periods within the 
framework dates.  assuming that amounts of harvest within 
specified periods would be comparable to those which would 
occur if these periods were closed to hunting, we estimated the 
potential reduction in harvest if framework dates were more 
restrictive (i.e. crane hunting seasons opened later and/or closed 
earlier) and if season lengths within states were shorter.
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dates are nearly identical so data for each were consolidated.  
The model for Montana (Fig. 7) also suggested a symmetrical 
harvest distribution, but the model fit was much poorer (R2 = 
0.36, P < 0.01), likely due to far fewer data points available 
for that state.  For Kansas, the best model (R2 = 0.67, P < 
0.01) suggested a curvilinear decline from the first part of 
November through the end of the calendar year (Fig. 8).  This 
response likely is due to Kansas voluntarily delaying the start 
of their seasons, despite sandhill cranes being in the state, to 
afford additional protection to the endangered whooping crane 
(Grus americana); hunting starts around the time of peak 
crane populations in the state and sandhill crane abundance 
declines thereafter.  texas has 3 hunting areas with different 
season lengths and/or bag limits.  Like kansas, 2 of the areas 
have season-date restrictions that protect the whooping crane 
from being accidentally shot during times when sandhill 
cranes may also be present.  Because the season selections 
within Texas were quite different, we fit models to the data 
in each of the 3 areas separately.  In the western most zone, 
the best-fitting model (R2 = 0.13, P < 0.01) suggested a fairly 
symmetrical harvest distribution with a peak near the middle 
of the season (Fig. 9).  The model that best fit the distribution 
of the southern zone harvest indicated a linear decline during 
the hunting season (R2 = 0.27, P < 0.01).  The model fit for 
harvest in the remaining zone was poor (R2 = 0.02) and was 
not statistically significant (P = 0.17).  We attempted to fit 
several models to the data for Oklahoma, and all fit poorly.  
Based on coefficients of determination, a linear model fit the 
data as well as any nonlinear model we attempted (Fig. 10).  
Nonetheless, the model fit was relatively poor (R2 = 0.14, 
P < 0.01).  We also fit nonlinear models to harvest data for 
Colorado (R2 = 0.08, P = 0.05), Wyoming R2 = 0.07, P = 0.05), 
and New Mexico R2 = 0.21, P < 0.01), but fits generally were 
poor (Figs. 11-13).

Because the model fits to data varied considerably across 
states, and because we wanted to provide information for 
each state in the flyway, we chose not to use model-based 
estimates to predict levels of harvest reductions.  Instead, we 
assumed that reducing the season lengths on each end of the 
season by 1 week would result in proportional reductions in 
harvest equal to actual harvests encompassed by those periods 
observed during the 1997-2001 hunting seasons combined.  
due to the differences in season structure among the 3 crane 
hunting zones in Texas, we estimated reductions for each 
zone independently and then summed the reductions to obtain 
overall percentage changes for the state.  Results suggest that 
the largest percentage reductions in harvest by delaying the 
opening date 1 week would occur in Kansas, Montana, and 
Colorado (Table 2).  However, few birds are harvested in 
Montana and Colorado, so these relatively large percentages 
translate into few birds. the very large reduction in kansas is 
the result of their delayed opening date, so that many sandhill 

0

50

100

150

200

250

240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400 410 420 430

Julian date

C
ra

n
es

 h
ar

ve
st

ed

Figure 3. Temporal distribution of Mid-continent sandhill crane 
harvests in the Central Flyway, 1997-2001.
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Figure 4.  Earliest and latest crane hunting dates selected by 
Central Flyway states during 1997-2001.
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Figure 5.  Model fit to sandhill crane harvest data reported by 
hunters in North Dakota during 1997-2001.
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cranes already are in the state at the time of their season 
opening date.  In contrast, in most other states (except for the 
eastern zone in Texas), season opening dates appear to occur 
prior to large influxes of cranes into the hunt areas.  Thus, 
crane abundance, and hence harvest, builds to peak levels 
sometime during the middle of the hunting season.  in contrast 
to relatively large reductions by removing days from the 
beginning of crane hunting seasons, most states had relatively 
small percentage reductions in harvest if the last week of the 
season were removed (Table 2).  The largest decreases were in 
texas and Wyoming, but estimates for most states were in the 
1% to 5% range.  If both the first and last weeks of the season 
were removed (i.e. a reduction in season length of 14 days), 
the largest declines would be expected in Kansas and Texas.  
If season-length reductions were simultaneously applied in all 
states, potential decreases in harvest might reach 11.5%, 4.4%, 
and 15.9%, respectively, for restricting opening, closing, and 
both ends of the season by 1 week.

Discussion

We note that a basic assumption of our analyses is that 
the temporal distribution of crane harvests for the Central 
Flyway and within each state would be similar if changes to 

Table 2.  Percent reductions in harvests estimated from reducing 
season lengths by 1 week at the beginning of the crane hunting 
season, 1 week at the end of the season, and 1 week at both 
ends of the season, using data on the temporal distribution of 
state-specific harvests observed during 1997–2001.

State
Restriction

Opening date Closing date Both

North dakota -3.9 -2.8 -6.7

South dakota -1.9 -3.9 -5.8

Montana -13.5 -1.4 -14.2

kansas -32.9 -1.2 -34.1

texas -11.3 -9.4 -20.7

oklahoma -11.0 -3.9 -15.0

Colorado -12.5 -4.5 -17.0

Wyoming -3.2 -8.1 -11.3

New Mexico -7.9 -3.0 -10.9

total -11.5 -4.4 -15.9
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Figure 6.  Model fit to sandhill crane harvest data reported by 
hunters in South Dakota during 1997-2001.
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Figure 7.  Model fit to sandhill crane harvest data reported by 
hunters in Montana during 1997-2001.
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Figure 8.  Model fit to sandhill crane harvest data reported by 
hunters in Kansas during 1997-2001.
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framework dates and season lengths are enacted.  the validity 
of our estimates will be affected by the extent to which states 
alter their season selections and bag limits in response to 
changes in framework dates and season lengths, or if hunter 
effort changes as a result of changes to season structures.  
Nonetheless, to our knowledge this paper represents the first 
attempt at describing temporal changes in harvest throughout 
MCP crane hunting seasons.  Thus, we believe our results 
provide a useful starting point for discussions about the effects 
of altering crane hunting framework dates and season lengths 
to effect changes in harvests of MCP sandhill cranes.

regulations, including season lengths and bag limits, assist 
in the conservation of the MCP sandhill cranes.  Estimates 
of annual harvest are an important component in managing 
for a stable abundance, especially because over harvest may 
adversely influence breeding and recruitment rates (Lewis 
1977, Tacha et al. 1985).  Annual indices to abundance have 
been relatively stable since the early 1980s (Sharp et al. 2006), 
but recent analyses of long-term trends (1982-2004) indicate 
that harvests of the MCP have been increasing at a higher rate 
(+2.6% per year, P < 0.01) than population growth (+0.7% per 
year, P = 0.20).  Further, consecutive record-high numbers of 
active hunters in the Central Flyway were estimated during 
the last 3 crane seasons (Sharp et al. 2006).  In a related study, 
analyses of data from the1997-2001 harvest questionnaires 
indicated that successful hunters (i.e. those harvesting >1 crane 
per season) were unable to harvest a crane on far fewer days 
than in the early 1980s, and were much more successful in 
harvesting 2 or 3 birds per day (Dubovsky and Araya 2008).

The Management Guidelines for the MCP state that changes 
to the annual hunting regulations should be considered when 
the 3-year running average of abundance is above or below 
the population objective of between 349,000 and 472,000 
cranes (Central Flyway Council, Pacific Flyway Council, 
and Mississippi Flyway Council  2006).  The most recent 
photo-corrected estimate of MCP abundance for 2005 revealed 
a count of 491,900 cranes and a running 3-year average of 
422,133 birds (Sharp et al. 2006).  However, if diverging trends 
in crane harvest and abundance continue, changes in hunting 
regulations may be necessary to maintain numbers of cranes 
within the management objective.

Our results suggest that restricting opening and closing 
framework dates would be relatively ineffective at reducing 
harvests of MCP cranes because few states select seasons 
that either begin or end near those dates.  in fact, rather large 
changes in framework dates (3-4 weeks at both ends of the 
season) would be needed to effect even modest (4% to 9%) 
reductions in harvest.  additionally, restricting framework 
dates would disproportionately affect states at the northern and 
southern ends of the flyway, whereas states in the middle of 
the flyway likely would see no reduction in harvest.  A more 
efficacious and perhaps equitable way to reduce harvests may 

Table 1.  Number of records (total n = 12,639) with complete 
information for harvests of sandhill cranes of the Mid-Continent 
Population in the Central Flyway, 1997–2001.

State Total records 
in 5 yr

% of 
total

Hunting 
season

Annual 
records

Colorado 110 0.87 1997 39
1998 5
1999 13
2000 0
2001 53

kansas 2,148 17.00 1997 417
1998 486
1999 338
2000 401
2001 506

Montana 313 2.48 1997 26
1998 18
1999 24
2000 129
2001 116

North dakota 4,610 36.47 1997 644
1998 900
1999 607
2000 1,070
2001 1,389

New Mexico 442 3.50 1997 62
1998 63
1999 78
2000 144
2001 95

oklahoma 797 6.31 1997 121
1998 112
1999 182
2000 144
2001 238

South dakota 700 5.54 1997 63
1998 144
1999 124
2000 207
2001 162

texas 3,447 27.27 1997 743
1998 754
1999 586
2000 701
2001 663

Wyoming 72 0.57 1997 4
1998 0
1999 1
2000 28
2001 39

TEMPORAL HARVESTS OF MCP SANDHILL CRANES ∙ Araya and Dubovsky
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manuscript.  Finally, we thank all the crane hunters in the 
Central Flyway who have provided information about their 
hunts over the years. 
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be to reduce season lengths within each of the states.  Just 
a 1-week reduction in season length might result in 4% to 
15% reductions in harvests for each state.  However, many 
combinations of restrictions are possible, all of which suggest 
different magnitudes of changes in harvest.  Managers should 
work cooperatively so that changes in season structures would 
achieve not only desired changes in harvest, but also provide 
mutually agreed to opportunities to harvest cranes among 
states throughout the Central Flyway.

In addition to states in the Central Flyway, MCP cranes 
also are harvested in other parts of its range.  As mentioned 
previously, hunting in Canada resumed in 1964 and estimates 
of retrieved harvests have been monitored in Saskatchewan 
and Manitoba since 1967.  Harvest also occurs in portions of 
the Pacific Flyway in Alaska and in areas where the MCP co-
mingles with the Rocky Mountain Population (RMP) in portions 
of Arizona and New Mexico.  During the last decade, the 
retrieved harvest in these areas has averaged only about 5.5% 
of the total U.S harvest (data from Sharp et al. 2006).  Unlike 
the u.S. and Canada, an annual harvest survey in Mexico does 
not exist.  However, Mexico harvests are assumed to be 10% 
of harvests in the U.S. and Canada (R. Drewien, Wayan, Idaho, 
personal communication).  Thus, except for Canada, harvest 
in these other survey areas is relatively small.  the retrieved 
harvest of MCP cranes in Canada has increased in recent 
years (R2 = 0.82, P < 0.01 during 1993-2005) and currently 
comprises about 35% to 40% of the retrieved continental sport 
harvest annually.  this trend suggests that Canadian harvest 
managers may want to conduct analyses analogous to those 
described herein to determine how changes in their season 
structures may affect MCP crane harvests.
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Figure 13.  Model fit to sandhill crane harvest data reported by 
hunters in New Mexico during 1997-2001.
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Figure 12.  Model fit to sandhill crane harvest data reported by 
hunters in Wyoming during 1997-2001.
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Figure 9.  Model fit to sandhill crane harvest data reported by 
hunters in Texas during 1997-2001.

Figure 11.  Model fit to sandhill crane harvest data reported by 
hunters in Colorado during 1997-2001.

Figure 10.  Model fit to sandhill crane harvest data reported by 
hunters in Oklahoma during 1997-2001.
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Prior to the enactment of the Migratory Bird Treaty of 
1916 between the U.S. and Canada, sandhill cranes (Grus 
canadensis) were traditionally hunted for food and recreation. 
As a result of over-harvesting and habitat destruction that 
severely reduced their numbers, both governments agreed that 
protection was needed for all members of the Gruidae family 
that migrated between the 2 countries. therefore, the u.S. and 
Canada closed the season on the hunting of sandhill cranes. 
This closure remained in effect for 45 years until 1961 when 
the U.S. opened a season on sandhill cranes in New Mexico, 
initially in response to complaints of crop depredations. Interest 
in crane hunting continued to increase and by 1975 the U.S. 
Fish and Wildlife Service (Service) had authorized 8 states 
in the Central Flyway to establish sandhill crane hunting 
seasons. A cooperatively developed plan (Central Flyway 
Council, Pacific Flyway Council, and Mississippi Flyway 
Council 2006) guides the management of the Mid-continent 
population (MCP), including sport harvest. To formulate 
appropriate harvest-management recommendations, managers 
must understand the ability of hunters to harvest cranes, and 
whether that ability is spatially and temporally variable.

To monitor the U.S. annual harvest of the MCP, a permit 
system was implemented in 1975. The permits included a 
hunting diary whereby hunters were asked to record information 
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Abstract: Sport hunting for the Mid-continent population of sandhill cranes (Grus canadensis) in the united States resumed in New 
Mexico in 1961 after a 45-year moratorium. Interest in crane hunting continued to increase and by 1975, 8 states were participating 
in sandhill crane hunting. Currently, hunting seasons have been established in all Central Flyway states except Nebraska. Efforts to 
collect information on the annual harvest of sandhill cranes began in 1975 when hunters were required to obtain federal sandhill crane 
hunting permits. The permits included a hunting diary whereby hunters were asked to record information about their daily hunting 
activity. Some of these hunters were later mailed a questionnaire asking for the information reported on the diary. To assess whether 
success rates had changed since an earlier assessment in 1983-1984 (Miller 1987), we acquired 4,408 harvest questionnaires from 
the 1997-2001 hunting seasons. From the 12,582 days hunters spent afield, we found that on average hunters were unsuccessful at 
harvesting a crane on only 28% of the days hunted. Further, the proportion of days on which hunters harvested 2 or 3 cranes increased 
by 4.7% and 7.8%, respectively. These results corroborate other information suggesting that hunters’ efficiency at harvesting cranes 
has increased. We estimated that the seasonal harvest of cranes would be reduced by 12% to 45% if bag limits were reduced by 
1-2 birds per day in the U.S. The increase in hunting success may be attributed to many factors, including improved techniques 
and equipment by which sandhill cranes are harvested and increased knowledge of crane biology and behaviors by hunters. The 
ability to measure the effect of changing bag limits can be a useful tool for managers to adjust harvests in response to changing 
abundances of cranes.
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about their daily hunting activity. Some of these hunters 
were later mailed a questionnaire asking for the information 
reported on the diary. Miller (1987) analyzed harvest data 
from the 1975-1983 seasons and reported on the success of 
individual hunters. results from the study found that crane 
hunters were unsuccessful at harvesting a crane on 44% of 
the days during the 1983-1984 season. Successful hunters 
reported bagging 1, 2, or 3 cranes on 28%, 15%, and 13% 
of the days hunted, respectively. In a subsequent analysis, 
Sharp and Vogel (1992) reported that crane harvests in the 
Central Flyway increased from 1975 to 1990, and that hunters’ 
seasonal bags also increased until about 1988. Seasonal bags 
were relatively stable from 1987 to 2001 (Sharp et al. 2002) 
but appear to have declined in recent years (Sharp et al. 2006). 
Recent analyses of harvest data suggest a long-term increase in 
the Central Flyway harvest of cranes, although fluctuations in 
the annual number of birds harvested appear to have increased 
since 1990 (Sharp et al. 2006). During 1975-2004, the rate of 
change in harvest (+2.1% per year; P < 0.01) has been greater 
than the increase in the number of active crane hunters in the 
Central Flyway (+0.8% per year; P = 0.02), and the average 
number of days afield reported by those hunters has decreased 
slightly (-0.3% per year; P = 0.09) (Fig. 1). Further, although 
the number of cranes has increased during that time frame, 
the number of active hunters also has increased (Sharp et al. 
2006), resulting in a fairly constant ratio of birds per hunter 
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over time (J. Dubovsky, unpublished data). Thus, increased 
harvest does not appear to be a simple function of the number 
of hunters afield and hunter effort, nor as a result of a greater 
ratio of birds to active hunters in more recent years.

to more intensively assess hunter success and whether 
success had changed over time, we summarized data from 
harvest questionnaires collected from hunters in the Central 
Flyway during the 1997-2001 seasons and compared the 
results to those of Miller (1987). Results from our analyses 
may be useful if in the future changes in bag limits would be 
considered to effect reductions or liberalizations in harvest 
consistent with changes in crane abundance.

MethoDs

Since 1975, all persons hunting cranes in the Central 
Flyway states have been required either to possess a federal 
sandhill crane hunting permit (issued by the Service free-
of-charge, and in unlimited quantities), or more recently, 
to register as a crane hunter under the Harvest information 
Program (HIP). These hunters comprise the universe from 
which a sample is drawn each year and to whom questionnaires 
are mailed asking them to supply information regarding their 
hunts. Details of the survey design and sampling methodology 
are provided in Office of Migratory Bird Management (1976) 
and Martin (2004).

We acquired 4,408 completed harvest-questionnaire cards 
from the Waterfowl Harvest Surveys Section of the Service 
for the 1997-2001 hunting seasons from those states having 
a crane season in the Central Flyway (Fig. 2). We coded each 
hunter’s daily entries, including the location (county and state), 
date, and number of cranes harvested into a digital database. 
During the years of Miller’s (1987) study, only the states of 
Montana, Wyoming, Colorado, New Mexico, North and South 
Dakota, Oklahoma, and Texas had hunting seasons for MCP 
cranes. During 1975-1990, only minor changes were made in 
crane hunting regulations within the Central Flyway (Sharp 
and Vogel 1992). Similarly, regulations in the aforementioned 
states have remained comparable to those in place during 
Miller’s (1987) study (D. Sharp, personal communication). 
However, neither a crane hunting season in kansas nor an 
eastern crane hunting zone in North Dakota (as currently 
defined; the eastern zone extant in 1983 actually was the 
easternmost portion of the current western zone [Sharp and 
Cornely 1997]) existed at the time of Miller’s (1987) study. 
therefore, we excluded data from North dakota’s eastern 
zone and from Kansas when making comparisons to Miller’s 
(1987) results, but we did analyze Kansas data separately from 
the other Central Flyway states.

We analyzed data from 1997-2001 in the same manner as 
Miller (1987). We summarized (PROC FREq, SAS Institute 
1989) the frequency of days in which successful hunters (i.e., 

hunters who harvest >1 crane during the season) reported 
harvesting 0, 1, 2, 3, or more than 3 birds per day. As with 
previous studies (Miller 1987, Sharp and Vogel 1992), responses 
were accepted as presented, and we made no adjustments for 
memory, exaggeration, or other possible biases. Using the 
resulting percentages, we estimated the percent change in 
crane harvest expected if the bag limit were reduced by 1 or 
2 birds per day across the entire flyway and within each state. 
Because areas in the Central Flyway had maximum bag limits 
of 2 birds per day (i.e. 1 zone in Texas and the state of Kansas), 
we summarized data for these areas separately from those 
where 3 birds per day could be harvested. Doing so allowed 
us to predict effects of 1- and 2-bird bag-limit reductions for 
combinations of 3- and 2-bird zones.

We compared our estimates to those presented by Miller 
(1987). Although the latter paper discussed harvest results 
from the 1975-1976 through 1983-1984 hunting seasons, it 
provided information on daily success only for the 1983-84 
season. Thus, we could compare our results from 5 seasons 
to those from only 1 season.

results

Flyway-wide analyses

During the 1997-2001 hunting seasons, 272,055 ( x  = 
54,411) permits were issued (i.e. hunters received Service-
issued permits or were HIP-registered) to hunt sandhill cranes 
in the Central Flyway (Sharp et al. 2006). Martin (1998-2002) 
contacted 17-22% of permit holders annually by questionnaire 
and asked them to report on their daily hunting activity and 
success. An estimated 37,855 (14%) of the permittees were 
active sandhill crane hunters (i.e., hunted cranes on >1 day of 
the crane season), ranging from 6,629 in 1999 to 8,173 in 1998 
and averaging just over 7,500 hunters each year. Of 12,582 
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days afield, we found that hunters (all state data except Kansas 
pooled) were unsuccessful at harvesting a crane on 28% of days 
hunted, representing a 16% increase in success rates compared 
to the 1983-84 season (Table 1). Successful hunters reported 
harvesting 1, 2, or 3 cranes per day on 30%, 20%, and 21% 
of days hunted, respectively. The percentage of days in which 
hunters harvested 1 bird increased slightly compared to 1983-
1984 (30% versus 28%), whereas the percentage of days in 
which 2 birds and 3 birds were harvested increased to a greater 
extent (20% versus 16% and 21% versus 13%, respectively). 
Over the 5 seasons, the greatest proportion of harvested cranes 
came from North Dakota (4,222) and Texas (4,510), which 
comprised over 80% of sandhill cranes harvested.

Using proportions from 1997-2001, we estimated that 
the seasonal harvest of cranes would be reduced by 12% to 
45% depending on the combination of bag limit reductions 
for 3- and 2-birds per day areas (Table 2). That is, if the bag 
limit in 3-birds per day areas were reduced to 2-birds per day, 
but the bag limit in 2-birds per day areas were unchanged, the 
estimated reduction in harvest was 12.6%. However, if bag 
limits were reduced by 2 birds in 3-bird areas and by 1 bird 
in 2-birds areas (i.e., a bag limit of 1 bird per day in all states 
and areas), the estimated reduction in harvest was 45%. 

Because kansas initiated its sandhill crane season in 
1993, we did not use its data to compare results to the earlier 
time frame analyzed by Miller (1987). However, analyses 
of harvest data from Kansas indicated that the proportion of 
days in which successful hunters were unable to bag a crane 
was similar to the pooled value for other states in the Central 

Flyway (30% versus 28%), as was the proportion of days in 
which they harvested 1 bird (29% versus 30%; Table 1). The 
proportion of days in which hunters harvested 2 birds (the 
maximum allowed) was essentially the same as the sum of 
proportions where 2 or 3 birds were harvested in other Central 
Flyway states (41%).

state-specific analyses

The proportion of days in which successful hunters failed 

Table 1. Summary of responses by successful hunters sampled 
by the Mid-continent sandhill crane harvest survey during hunting 
seasons 1997–1998 through 2001–2002, with comparison to 
data from 1983–1984.

State
Days on which bag was reported as:

0 1 2 3 >3
Total 
cranes 
killed

Colorado 38 25 13 3 1 64
Montana 30 46 20 4 0 98
North dakotaa 991 931 673 576 28 4,222
New Mexico 125 127 52 23 1 307
oklahoma 130 177 139 152 0 911
South dakota 152 189 105 86 1 662
texas 695 778 551 801 36 4,510
Wyoming 3 8 4 1 0 19
total 2,164 2,281 1,557 1,646 67 10,793
(%) (28.0) (29.6) (20.2) (21.3) (0.9)
(%)All States, 
1983-84b (43.4) (27.6) (15.5) (13.3) (0.2)
kansasc 516 489 698 2 3 1,911
(%) (30.2) (28.6) (40.9) (0.1) (0.2)

aData for eastern zone deleted because it did not exist when Miller’s (1987) 
study was done.

bFrom Miller (1987)
cKansas initiated its sandhill crane season in 1993, so comparisons were not 

made with results from the earlier time frame analyzed by Miller (1987)

Table 2. Estimated reductions in crane harvests for combinations 
of bag-limit reductions in 3- and 2-birds per day areas based on 
the 1997–2001 Mid-continent hunting seasons.

Current 3-birds per day areas 
reduced to:

2 birds per 
day

1 bird per 
day

Current 
2-birds per 
day areas 
changed to:

2 birds per day -12.6% -36.8%

1 bird per day -20.8% -45.0%

Fig. 2. Areas open to hunting of Mid-continent sandhill cranes in 
Central Flyway states, 2005 (from Sharp et al. 2006).



Proc. North Am. Crane Workshop 10:2008 61

to bag a crane varied by state, with hunters in Colorado having 
the largest proportion (47%) and Wyoming the smallest (19%) 
(Table 3). However, Wyoming had the lowest number of active 
hunters in the Central Flyway (Sharp et al. 2006). Generally, 
hunters in most states were unsuccessful on about 30% of the 
days they hunted. Also, within each state the proportion of 
days in which 1 bird was harvested typically was higher than 
the proportion of days in which 2 birds were harvested, which 
in turn was larger than the proportion for 3 birds. However, 
hunters in Texas reported a very high proportion (28%) of days 
in which the daily limit of cranes (3) was harvested compared 
to the other states, and this proportion was higher than for any 
other category in Texas. The states with the larger proportions 
of days in which hunters harvest multiple cranes also are 
likely to have the largest decreases in harvests if bag limits 
are reduced. our results suggest that the largest reductions in 
state-specific harvests would occur in Texas, Oklahoma, and 
North Dakota (Fig. 3).

as with other states, initial seasons in kansas were more 
restrictive than Federal frameworks allowed (Sharp et al. 
2006). Opening dates were delayed until the first Saturday in 
November, partly to afford additional protection to endangered 
whooping cranes (Grus americana) (D. Sharp, personal 
communication), and the bag limit was 2 sandhill cranes per 
day compared to the 3 cranes per day allowed in the Federal 
frameworks. Shooting hours for cranes also were reduced from 
those allowed in the Federal frameworks, and began either at 
sunrise or one-half hour after sunrise and ended in the early 

afternoon (14:00 hr) rather than sunset. Nevertheless, harvest 
data collected in kansas indicated a high level of harvest, with 
the total number of cranes killed (1,911 during the 1997-2001 
hunting seasons) higher than all states except North Dakota 
(4,222) and Texas (4,510). Therefore, if Kansas reduced the 
bag limit from 2 to 1 bird per day, a 37% reduction in harvest 
might be achieved within the state.

Discussion

During the 45 years when seasons were closed to crane 
hunting, the MCP continued to increase, and eventually take 
(harvest) was allowed by permit in the U.S. in 1961. In 1974 and 
1975, important population and harvest surveys were initiated 
in the Central Flyway to assist in managing the population and 
provide trends for total crane abundance upon which annual 
hunting regulations could be developed. Annual indices to 
abundance have been relatively stable since the early 1980s, 
but recent analyses of long-term trends (1982-2004) indicate 
that the harvest of the MCP (U.S. and Canadian harvests 
combined) has been increasing at a higher rate (+2.6% per year, 
P < 0.01) than population growth (+0.7% per year, P = 0.20) 
(Sharp et al. 2006). An objective of the management for this 
population (Central Flyway Council, Pacific Flyway Council, 
and Mississippi Flyway Council 2006) is to maintain a stable 
abundance of between 349,000 and 472,000 cranes using a 
3-year running average. The spring survey of MCP abundance 
in 2005 revealed a photo-corrected index of 491,200 cranes, 
resulting in a 2003-2005 average of 422,133 cranes (Sharp 
et al. 2006). However, if the disparity in trajectories between 
abundance and harvest continues, at some point crane hunting 
frameworks (i.e. season lengths and/or bag limits) may need 
to be altered to effect changes in harvest levels.

Recent status assessments (e.g. Sharp et al. 2006) have 
documented long-term increases in success rates of hunters, 
and these increases are strongly correlated (r = 0.80, P < 0.01) 
to increases in Central Flyway harvests of cranes. Sharp and 
Vogel (1992) reported that seasonal bags increased from about 
1.4 cranes to about 2.4 cranes during 1982-1986, and remained 
relatively stable at that level until 1990. Subsequent analyses 
indicated that success increased from 1975 until 1987 and was 
relatively unchanged from 1987 through 2001 (Sharp et al. 
2002). Concurrently, harvests increased (P < 0.01) from about 
10,100 birds during the 1970s and early 1980s to about 17,400 
during 1997-2001. Sharp and Vogel (1992) attributed the higher 
success to increased hunter knowledge of crane ecology and 
behavior, improvements in hunting equipment (e.g. decoys, 
calls), and a shift from pass shooting and hunting on roosts to 
decoy hunting in fields. However, a detailed analysis of success 
has not been conducted since the early 1980s. Such knowledge 
is necessary to develop empirically based recommendations 
for changes in season structures, should changes in harvest 
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pressure be necessary to maintain crane abundance at levels 
specified in the management plan.

Assuming that Miller’s (1987) data for 1 hunting season 
is representative of seasons during the early to mid-1980s, 
our results indicate that the increased success of crane hunters 
is due to a reduction in the number of days in which hunters 
fail to bag a crane, and an increase in the number of days in 
which hunters bag 2 or 3 cranes. The proportion of days in 
which hunters bagged 1 crane remained quite similar between 
the early 1980s and the late 1990s. We predict that reducing 
the bag limit by 1 bird per day would result in a decrease in 
flyway-wide harvest of about 13%, and reducing the bag limit 
by 2 birds per day would decrease harvest by 45%; both values 
are slightly larger than those reported by Miller (1987), due 
to the increased success of harvesting 2 or 3 birds in a day 

during the late 1990s. The largest decreases in harvest would 
occur in texas, North dakota, and oklahoma, because these 
states had higher proportions of hunters harvesting 2 or 3 
birds in a day relative to the other states. kansas also could 
have a large influence in reducing the overall flyway harvest 
because the proportion of days in which hunters harvested 2 
birds (the maximum allowed) was higher than any other state 
(41%) and total harvest of cranes was the third highest (1,911) 
after texas and North dakota.

Changing bag limits, season lengths, and framework dates 
are the primary tools managers use to alter harvest pressure. 
We did not attempt to assess effects of changes in framework 
dates or season lengths in this paper, because harvest varies 
temporally among states due to migration chronology of cranes 
(Araya and Dubovsky 2008). State-specific analyses (Araya 

Table 3. State-specific summary of responses by successful hunters sampled by the Mid-continent sandhill crane harvest survey 
during hunting seasons 1997–1998 through 2001–2002.

State
Days on which bag was reported as:

Season or 
Total 0 1 2 3 >3 Total cranes killed

Colorado 1997 24 9 3 1 1 22

1998 0 1 2 1 0 8
1999 7 5 0 0 0 5
2000 0 0 0 0 0 0
2001 7 10 8 1 0 29
total
(%)

38
(47.5)

25
 (31.2)

13
 (16.3)

3
 (3.7)

1
 (1.3) 64

kansas 1997 119 118 169 2 2 475

1998 156 122 176 0 1 481
1999 88 91 158 0 0 407
2000 46 71 69 0 0 209
2001 107 87 126 0 0 339
total
(%)

516
(30.2)

489
(28.6)

698
(40.9)

2
(0.1)

3
(0.2) 1,911

Montana 1997 4 12 6 1 0 27

1998 4 9 1 1 0 14
1999 9 11 3 0 0 17
2000 2 7 2 0 0 11
2001 11 7 8 2 0 29
total
(%)

30
(30.0)

46
(46.0)

20
(20.0)

4
(4.0)

0
(0.0) 98

North dakota 1997 158 167 159 121 6 914

1998 293 250 153 145 7 1,058
1999 166 174 126 118 7 827
2000 146 158 113 103 4 713
2001 228 182 122 89 4 710
total
(%)

991
(31.0)

931
(29.1)

673
(21.0)

576
(18.0)

28
(0.9) 4,222
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and Dubovsky 2008) will provide additional tools to assist 
managers in formulating sport hunting regulations consistent 
with desired crane-abundance objectives.

We did not have data to analyze harvests in Canada 
similarly to our approach in this manuscript. However, harvests 
of cranes in Canada (i.e., Manitoba and Saskatchewan) have 
increased from about 24% of the combined U.S. and Canadian 
sandhill crane harvest during the early 1980s to 36% during 
the early 2000s (data in Sharp et al. 2006). Because of this 
increase, we encourage the analysis of Canadian harvest data 
to produce additional tools that harvest managers may use 
to predict changes in harvest relative to changes in hunting 
regulations.

New Mexico 1997 16 39 4 0 1 54

1998 27 14 6 10 0 56
1999 33 25 11 4 0 59
2000 40 27 15 7 0 78
2001 9 22 16 2 0 60
total
(%)

125
(38.1)

127
(38.7)

52
(15.9)

23
(7.0)

1
(0.3) 307

oklahoma 1997 30 33 23 22 0 145

1998 27 26 23 33 0 171
1999 47 52 41 41 0 257
2000 7 28 26 23 0 149
2001 19 38 26 33 0 189
total
(%)

130
(21.7)

177
(29.6)

139
(23.2)

152
(25.4)

0
(0.0) 911

South dakota 1997 23 20 13 6 0 64

1998 44 52 21 19 1 156
1999 28 29 12 9 0 80
2000 37 50 28 20 0 166
2001 20 38 31 32 0 196
total
(%)

152
(28.5)

189
(35.5)

105
(19.7)

86
(16.1)

1
(0.2) 662

texas 1997 174 179 132 228 9 1,213

1998 203 214 141 169 8 1,050
1999 136 153 107 180 10 953
2000 88 124 94 135 5 741
2001 94 108 77 89 4 553
total
(%)

695
(24.3)

778
(27.2)

551
(19.2)

801
(28.0)

36
(1.3) 4,510

Wyoming 1997 1 3 0 0 0 3

1998 0 0 0 0 0 0
1999 0 1 0 0 0 1
2000 0 2 2 1 0 9
2001 2 2 2 0 0 6
total
(%)

3
(18.7)

8
(50.0)

4
(25.0)

1
(6.3)

0
(0.0) 19
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Abstract: the daursky State Biosphere Reserve (SBR) in southern Siberia includes the torey Lakes, the largest lakes in the 
Trans-Baikal region. The Torey Lakes support tens of thousands of breeding waterbirds and about a million waterbirds during 
migration. Peak numbers of birds staging during fall coincide with grain harvest. Crop fields around the Torey Lakes attract 50,000 
to 70,000 waterbirds, primarily cranes with lesser numbers of waterfowl, causing significant crop damage in fields near Daursky 
SBr. Investigations of the problem have been ongoing since 1992. Field consultation by Cornely and Bouffard in 2001 resulted in 
recommendations to reduce depredations. The consultation was initiated by The International Crane Foundation with funding from 
The Trust for Mutual Understanding, and with support from the Daursky State Biosphere Reserve and the U. S. Fish and Wildlife 
Service. Implementation of the recommendations resulted in a significant reduction of crop damage. Changes in management 
practices implemented included moving main grain fields 10-15 km from roost sites, cultivation of lure crops near roost sites, and 
leaving fallow fields uncultivated to facilitate the growth of green bristlegrass (Setaria viridis), a preferred food item of cranes. The 
program is currently supported by the cooperative farms without government subsidies, as the lure crop program costs about one 
tenth of the previous damage.
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stuDy area

Daursky SBR is located in Transbaikalia (about N 50°00’, 
E 115°30’) in southeastern Siberia adjacent to the Mongolian 
border and 50 km west of the Chinese border (Fig. 1). Daursky 
SBR was established as a State Nature Reserve in 1987, became 
a RAMSAR Site in 1994, and was designated a Biosphere 
Reserve in 1997 (Wetlands International 2003, UNESCO 2005). 
It has also been designated as an Internationally Important Bird 
Area (Goroshko 2000). Daursky SBR, along with Mongolian 
(Mongol-Daguur Strictly Protected Area) and Chinese (Dalai 
Nor Nature Reserve) protected areas comprise the Dauria 
International Protected Area established in 1994 (World Wildlife 
Fund 2001).

Daursky SBR is located within the Daurian-Mongolian 
Steppe Biogeographical Region. Dominant steppe vegetation 
includes grasses such as Stipa baicalensis, S. krylovii, Festuca 
lenensis, and others (UNESCO 2005). Elevations range from 
about 600 to 800 m with flat to slightly rolling relief. Steppes 
include numerous shallow lakes with wetlands that attract 
waterbirds. the climate is dry and continental with average 
annual temperatures ranging from -0.5 to -4°С. Amplitude of 
winter and summer extreme temperatures is 84-93°С (from 
about -45 to 45° C). Amplitude of day and night extreme 
temperatures is 20-30°С. duration of the growing season is 
150-180 days per year. Total annual precipitation is 200-300 
mm, with about 50-70% coming during July and August 
(Wetlands International 2003, UNESCO 2005).

Farmers near Daursky State Biosphere Reserve (hereafter 
SBR) in southeastern Russia have long been pressuring the 
Reserve staff to solve crop depredation problems attributed to 
cranes. Daursky SBR is an important breeding area for white-
naped cranes (Grus vipio) and demoiselle cranes (Anthropoides 
virgo).  It is also an important summering area for these 
species, and for nonbreeding hooded cranes (G. monacha) 
and a few Siberian cranes (G. leucogeranus). the breeding 
and summering birds are joined in fall by large numbers of 
migrants. Peak populations of cranes and waterfowl coincide 
with grain harvest, and damage is considerable at times. Mean 
annual crop damage was about 20% on fields near the Torey 
Lakes with damage as high as 70% in some fields that had the 
heaviest use by cranes. thousands of ducks and geese are also 
present during fall and contribute to depredation problems, but 
complaints focused primarily on cranes. Crop depredations 
in and near Daursky SBR have been investigated since 1992. 
We met in September 2001 to observe peak fall migrations of 
cranes and other waterbirds and to develop recommendations 
for reducing their impacts on crops (Bouffard et al. 2005). 
This paper reports preliminary results of the implementation 
of our recommendations.
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Daursky SBR has a strictly protected core area of 45,700 
ha and a buffer zone of 163,530 ha. The total area including 
Tsasucheisky Bor Nature Protected Area is 267,200 ha. Public 
entrance and public use of any kind are prohibited in the core 
area. More than 2000 people live in 2 villages within the buffer 
zone where limited human activity is allowed; perhaps another 
thousand nomads roam through the area (UNESCO 2005). 
Hunting, pollution, and other threats to flora and fauna are not 
allowed in the buffer zone. The main activities in the buffer 
zone and other areas adjacent to Daursky SBR are livestock 
production (primarily sheep and cattle with lesser numbers of 
horses and camels) and cereal agriculture (mainly wheat and 
oats, more rarely barley, millet, and rape). Three cooperative 
agricultural farms, comprising some 1,448 ha, are located near 
Daursky SBR (Wetlands International 2003). About 20% of 
the steppe of southeastern Transbaikalia has been plowed. 
Until the late 1980s, about 60% of the plowed land was used 
as crop fields and 40% was fallowed for restoration of soil 
fertility. In the 1990s and early 2000s, livestock production 
and agriculture in the region decreased significantly because 
of overgrazing and an economic crisis. Currently, only about 
10% of arable land is used for crops and the remainder is 
fallow and not being worked. Most land is communally or 
government owned (Goroshko 2004).

the daursky SBr includes the torey Lakes. Barun torey 
(570 km2) and Zun Torey (30 km2) are the largest lakes in the 
Trans-Baikal region. The lakes are fed primarily by the Imalka 
and Uldza Rivers that arise in Mongolia. The lakes have no 
outlet and are quite alkaline. the lakes are connected by 2 
channels. Depending on precipitation patterns the lake levels 
can vary significantly, in severe long-term droughts being nearly 
dry (Wetlands International 2003, UNESCO 2005).

The Lakes are an internationally important site for 
waterbirds, supporting tens of thousands of breeding waterbirds. 

They are also an internationally important stopover site for 
about a million waterbirds within 2 major flyways: the East 
Asian-Australasian and the Central Asian-Indian (Goroshko 
2000). Daursky SBR provides habitat for 6 species of cranes. 
It is an important breeding area for white-naped cranes and 
demoiselle cranes, whereas common cranes (Grus grus) and 
red-crowned cranes (G. japonensis) occasionally breed there. 
It is also an important summering area for white-naped and 
demoiselle cranes, plus nonbreeding hooded cranes and a few 
Siberian and red-crowned cranes. The breeding and summering 
birds are joined in fall by 50,000-70,000 other cranes and 
waterfowl (Table 1, 2). Daursky SBR also attracts large numbers 
of swan geese (Anser cygnoides), ruddy shelducks (Tadorna 
ferruginea), and mallards (Anas platyrhynchos), all of which 
nest regionally, and northern nesting species such as greylag 
geese (Anser anser) and bean geese (Anser fabalis). Peak 
numbers of demoiselle cranes and hooded cranes comprise 
>10% of the world populations and the peak number of swan 
geese is >4% of world population (goroshko 2002a). Five 
species of cranes feed in crop fields during autumn migration: 
Siberian, white-naped, common, hooded, and demoiselle. 
Peak populations of cranes and waterfowl coincide with 
grain harvest, with cranes being the most numerous birds in 

Table 1. Peak numbers of selected species during fall migration 
at fields near Torey Lakes in Daursky SBR, southern Siberia, 
during 1995-2004.

Species No. birds
% of world 
population

Siberian crane 32 1

White-naped crane 135 2

Common crane 1,300 < 1

Hooded crane 1,100 12

demoiselle crane 31,200 14

Swan goose 2,369 4

Table 2. Peak numbers of 10 focal species on agricultural fields near 
Torey Lakes in Daursky SBR, southern Siberia in fall, 2002.

Species Date
No. of birds

Counted Estimated

Mallard 03 Sep 7,150 9,800-14,500

great Bustard
(Otis tarda) 03 Sep 5 5

ruddy Shelduck 04 Sep 11,470 11,400-12,100

Swan goose 04 Sep 2,369 2,360-2,400

demoiselle Crane 04 Sep 23,450 26,000-28,000

graylag goose 04 Sep 628 640-710

Hooded Crane 19 Sep 869 1,000-1,150

eurasian Crane 19 Sep 1,225 1,300-1,500

White-naped Crane 19 Sep 68 80-90

Bean goose 19 Sep 65a 80-110a

total 47,299 52,665-60,565

a Incomplete data - census occurred prior to peak of migration of the species.
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crop fields. These migrating birds can cause significant crop 
damage (Goroshko 2003).

Major reductions in the number and area of crop 
fields beginning in the 1990s through the early 2000s have 
concentrated birds and damage to crops in the remaining 
fields increased significantly. According to our observations, 
birds destroyed up to 70% of the crop in some fields. The 
attitude of local farmers toward the staff of daursky SBr and 
the cranes became quite negative and farmers near daursky 

SBR increased the pressure on the Reserve staff to solve crop 
depredation problems. Traditionally, cranes are respected 
and loved birds in transbaikalia, but during the last 10 years 
attitudes toward cranes gradually became more negative. to 
protect crops, farmers often hazed the concentrated birds, but 
the flocks just flew to neighboring fields. All species of cranes 
using the area (except common crane) are protected by law 
(Red book of Russian Federation - Animals 2001). In spite 
of the legal protection, local farmers began to shoot cranes. 

Figure 1. Map of Daursky State Biosphere Reserve and Ramsar Site, located in southern Siberia. Crane depredation problems occurred 
north and west of Lake Barun Torey and on the cape extending into the lake opposite the mouth of the Imalka River. Smaller map 
shows geographic location of Torey Lakes (UNESCO 2005, Wetlands International 2003).

REDUCTION OF DEPREDATIONS IN SIBERIA ∙ Goroshko et al.
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after they found that cranes were edible, local hunters began 
to shoot cranes illegally and use them for food. each year 
illegal shooting of cranes increased. Hunting of migratory bean 
geese feeding at crop fields is traditional and very popular in 
Transbaikalia. Until the 1960s, bean geese were very numerous 
at torey Lakes during migration, but numbers have decreased 
significantly since the 1960s and now bean geese are rare 
migrants in transbaikalia. the reduced numbers of bean 
geese may have contributed to increased shootings of cranes. 
We recorded dead and wounded demoiselle and white-naped 
cranes in fields and have been told that local people also shoot 
hooded and common cranes. Because torey Lakes is one of the 
most important migration stopover sites for cranes in eastern 
asia, serious losses of cranes to shooting is an international 
issue. From Daursky SBR, white-naped and hooded cranes 
fly to southeastern China (Poyang Lake) and to Japan (Izumi), 
red-crowned cranes fly to southeastern China, and demoiselle 
cranes fly to India to winter (Higuchi et al 1994, Kanai et al. 
2000, Higuchi et al. 2004).

MethoDs

We used these observations to document patterns of habitat 
use by field type, species, and whether it was early, peak, or 
late fall migration. We counted cranes and waterfowl feeding 
during morning and evening on agricultural fields located 
around the torey Lakes during the fall migration period 
(August – October). We counted birds in feeding fields using 
8X or 10X binoculars and a 35X spotting scope from high 
points in the terrain. A few days before each census, we studied 
the timing and distribution of feeding cranes by traveling 
throughout the area by vehicle during morning and evening 
feeding periods. We located the areas where cranes were 
concentrating their feeding activities and determined the best 
locations for observers. An optimal vehicle route was planned 
to expedite counts while minimizing disturbance and flushing 
of cranes. When possible we completed counts from hilltops 
on the west side of fields during morning feeding and on the 
east side of fields during evening feeding. If no hills or other 
high spots were available, we counted cranes from the top of 
a vehicle. We completed counts in approximately 2 hrs during 
the most intensive feeding activity.

We collected fecal samples at feeding, roosting, and 
resting sites to investigate crane diet (n = 1,250). Samples were 
compared from fields at different distances from wetlands. We 
also compared samples from fields with different quantities 
of weeds and compared samples from fields with standing 
grain to those with swathed grain. Additional comparisons 
were made among fields planted with wheat, oats, barley, and 
millet. We also checked for variation at different periods during 
the fall. Crane foraging and resting behaviors were observed 
from blinds located in croplands and wetlands. In September, 

2001, Cornely and Bouffard visited daursky SBr to review 
the situation and assist with field investigations. We discussed 
depredation problems and recommended potential methods 
to reduce crop damage with reserve staff and with officials 
from the grain farming cooperatives. Those discussions have 
continued since then by goroshko.

Our recommendations (listed below) were published and 
explained in a brochure (Goroshko 2002b) that was distributed 
widely among farmers in transbaikalia.

1. Planting grain fields further from the wetlands (especially 
roost sites) is the best option to reduce depredations. Since 
cranes can fly some tens of kilometers from roost sites to feed, 
this strategy may work only as long as some food, such as 
lure crops, remains near the lakes.  

2. We recommended cultivation of special lure fields 
located near wetlands used as roost sites. Millet and wheat 
can be planted and fields can be small (about 5-10 ha). The 
recommended configuration of lure fields was long, narrow 
bands. Lure crops should not be harvested; at least until the 
grain harvest is completed.

3. We recommended using millet for lure crops because: a) 
it is preferred by cranes, geese and shelducks; b) if the millet 
is not harvested or is partially harvested and the millet field is 
not plowed during subsequent years, self-seeding millet will 
grow for many years after the initial planting; and c) birds are 
attracted to such fallow fields to feed.

4. Green bristlegrass (Setaria viridis) is a common weedy 
annual grass in fields near Torey Lakes and is a preferred 
crane food item. We recommended that some fallow fields 
with abundant green bristlegrass located near wheat fields be 
left unworked. These fields will attract some of the cranes that 
would otherwise feed in unharvested crop fields.

5. We recommended that the wheat fields located closest to 
wetlands be harvested first. If remote fields are harvested first, 
most birds will continue to feed at unharvested fields located 
near roosting sites. Once harvested these fields will be more 
attractive to cranes, keeping them from unharvested fields.

6. We recommended that standing grain be combined, 
rather than being swathed. It had been common practice to 
swath some fields to allow for more complete drying of the 
seeds before harvest. Cranes feed in swathed grain much 
more than in standing grain. Cranes gather in large numbers 
in fields with swathed grain. They not only feed on the grain, 
they shatter seeds from the heads by walking on the swaths 
and scatter the swaths. as a result of their activities, the harvest 
yield is reduced.

goroshko met with farmers near torey Lakes for 
consultation and assisted them in the selection of best sites 
for lure fields. In 2003, Daursky SBR bought millet seed, 
provided some financial support, and provided consultation 
for farmers near torey Lakes to facilitate cultivation of millet 
lure fields. Goroshko has continued observations following 



Proc. North Am. Crane Workshop 10:2008 69

implementation of these recommendations to assess their 
effectiveness

results

Foraging behavior and crop losses before 
recommendations were implemented

Cranes, geese, and shelducks began to gather in flocks in 
the Torey Depression at the end of July or early August with 
the peak numbers occurring in early September, coinciding 
with grain harvest. Southward departure started in early to 
mid-September and the last migrants left the region by late 
October. Birds used crop fields during the entire time they 
were in the area, feeding in fields during morning and evening 
and resting in fields or wetlands during the middle of the day. 
During 1992-2002, large numbers of cranes concentrated at 
crop fields near Torey Lakes. In 2003-2006, because of severe 
drought, crops were very poor and the birds did not concentrate 
in the SBr area.

Preferred foods were millet, green bristlegrass, wheat, 
barley, and oats. If available, birds fed in fields with preferred 
crop plants. Millet is the preferred crop plant but was rarely 
planted. Because wheat was commonly planted and is a preferred 
food, wheat fields attracted the most birds and suffered the 
most damage. Analysis of fecal droppings showed that cranes 
ate wheat and green bristlegrass seeds in unharvested fields. 
Cranes selected the grass over the wheat. About 50% (range 
10-90%) of the food intake from unharvested grain fields was 
bristlegrass seeds (Goroshko 2002a). the amount of grass in 
diet of birds appeared to be partly related to abundance of the 
grass species in crop fields. Where this grass was common, 
cranes preferred its seeds even when abundant wheat was 
present. Green bristlegrass usually ripens earlier than wheat, 
and birds may select it because it has soft seed heads; the 
unripe wheat seeds available at that time are more difficult to 
eat. even when selecting other food items, cranes still cause 
extensive crop losses in unharvested fields by shattering heads 
and knocking over stems.  In harvested fields, fecal analysis 
showed that cranes consumed mostly waste wheat.

Cranes and waterfowl preferred to feed in shorter 
vegetation. Before harvest began, birds selected wheat fields 
with comparatively short vegetation. Once harvest began, birds 
concentrated mainly in harvested fields. Birds also concentrated 
in fields with swathed crops, which provided both short cover 
and ample food. Both before and after harvest, some birds 
fed in unworked fallow fields, selecting green bristlegrass 
and a self-seeding subspecies of millet (Panicum miliaceum 
ruderale). Worked fallow lands were seldom used by birds 
because they were plowed and harrowed several times over 
the summer in preparation for planting and weed control.

Much of the depredation problem was related to placement 

of the crop fields. Wheat fields on a cape projecting into 
wetlands at Barun Torey Lake experienced the worst damage 
(up to 70%). Most of the feeding cranes were in fields <1 km 
from roost sites. Cranes very rarely visited fields located >5 
km from wetland roost sites. demoiselle cranes roosted on 
pebble beaches, whereas other species of cranes roosted in 
shallow marshes and geese roosted on islands.

effectiveness of Depredation reduction practices

Cooperative farmers used some of the authors’ 
recommendations, resulting in reduced crop depredations 
by cranes. Moving croplands further from roosting areas, 
using lure crops, and changing some agricultural practices 
all combined to reduce depredations. The savings in crop 
damage was sufficient for the cooperative farms to increase 
their profits while paying for all the damage control actions 
themselves.

Since 2000, 1 farming cooperative has been moving fields 
farther from the roosting and resting sites at Torey Lakes (up 
to 15 km from the lake). This process is continuing. According 
to our censuses, cranes use of these fields was 36% of that for 
fields 1-2 km from Torey Lakes. Geese and shelducks usually 
did not visit the fields located >2 km from Torey Lakes.

In 2001, 1 cooperative farm began to develop lure crops 
of millet with very good results. Cranes fed in the millet and 
stayed out of adjacent wheat fields until after harvest. We 
studied the diet of cranes at that area during the entire fall 
migration. Before wheat harvest, cranes ate mainly millet and 
green bristlegrass (about 90% of diet); wheat comprised only 
10% of the diet. Just after initiation of wheat harvest, crane 
diet shifted to about 65% millet and green bristlegrass and 
35% wheat. Cost of production of lure crops (especially self-
seeding millet) was 10%-20% of previous depredation losses. 
Therefore, development of fields for lure crops is profitable 
for farmers even if they do not receive financial support from 
daursky SBr or other sources.

Changing common agricultural practices have reduced 
depredations. Farmers have begun harvesting fields that 
historically had problems first, before significant damage 
occurs. this creates highly attractive feeding areas in harvested 
fields close to roosting areas and in locations that cranes 
traditionally use. Swathing crops is being phased out in favor 
of combining standing crops. Fallow fields close to Torey 
Lakes with good stands of green bristlegrass and/or millet 
are being encouraged.

Discussion

Implementation of our recommendations seems to have had 
good results. Crop depredation at migration staging areas of 
cranes appears to have reduced significantly. It is helping solve 

REDUCTION OF DEPREDATIONS IN SIBERIA ∙ Goroshko et al.



Proc. North Am. Crane Workshop 10:200870

71

crop damage problems while conserving crane populations 
and improving relationships between farmers and Daursky 
SBR. Perhaps this effort may serve as an example for similar 
problems in other locations. We know that depredation problems 
are unlikely to ever be totally resolved. drought conditions 
have apparently resulted in redistribution of cranes during 
fall migration in 2003-2006, so more years of observation are 
needed to fully assess the effectiveness of the new program. It 
appears that significant progress is possible and there is potential 
for more. the daursky SBr will work for the continued 
implementation of these methods to improve the compatibility 
of agriculture with migratory bird conservation in the torey 
Depression and the Daurian steppe ecological region.
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The Rocky Mountain Population (RMP) is comprised 
exclusively of greater sandhill cranes (Grus canadensis tabida) 
that breed in isolated river valleys, marshes, and meadows of the 
U.S. portions of the Central and Pacific Flyways (Drewien and 
Bizeau 1974). The largest nesting concentrations are located in 
western Montana and Wyoming, eastern idaho, northern utah, 
and northwestern Colorado. The RMP migrates through the 
San Luis Valley (SLV), Colorado, and winters primarily in the 
Rio Grande Valley, New Mexico (with smaller numbers that 
winter in the southwestern part of that state), in southeastern 
Arizona, and at about 14 locations in the Northern Highlands 
of Mexico (Fig. 1).

The information provided herein on population status 
and recruitment for the RMP of sandhill cranes was used 
to determine allowable annual harvest of this population of 
sandhill cranes during 1981-2005.

MethoDs

population surveys

During the period of 1984-1996, the RMP was monitored 
at a spring stopover site in the SLV. Aerial counts in the 
SLV conducted during the spring migration suggested that 
the number of RMP cranes was relatively stable (Table 

population status, hunting regulations, anD harvests oF the rocky 
Mountain population oF greater sanDhill cranes, 1981–2005
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Abstract:  The Rocky Mountain Population (RMP) of greater sandhill cranes (Grus canadensis tabida) was not hunted in the 
U.S. from 1916 until 1981, when Arizona initiated the first modern-day season. Hunting programs in the U.S. were subsequently 
expanded to 6 states for the RMP and have been guided by a cooperative flyway management plan, including a harvest strategy, 
which has been periodically updated and endorsed by the Central and Pacific Flyway Councils. From a management perspective, 3 
population parameters have been identified to monitor the status and health of this population: harvest, recruitment, and population 
size. The number of permits that are allocated each year and issued by cooperating state wildlife agencies is determined by a 
formula contained in the Cooperative Flyway Management Plan. Average annual harvests of 443 birds have been reported during 
1981-2005. Aerial population counts conducted in the San Luis Valley (SLV), Colorado, during the spring migration indicated 
that the number of RMP cranes was relatively stable during 1984-1996. In 1995, a cooperative 5-state September pre-migration 
staging-area survey was initiated (as an alternative to the SLV survey) and was designated as the official population survey in 1997. 
The 3-year population index average for 2003-2005 (19,633) was within the established population objectives of 17,000-21,000. 
Annual indices of recruitment (% juveniles), conducted during the fall in the San Luis Valley, Colorado, have averaged 7.9% during 
1972-2005.
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1). However, survey biologists found that these estimates 
contained increasing numbers of the Mid-Continent Population 
(MCP) (Canadian [G. rowani] and lesser [G. canadensis] 
subspecies) of sandhill cranes, which confounded estimates 
of RMP abundance. An adjustment (proportion of lesser to 
greater subspecies) obtained from ground counts was made 
to annually correct for the lesser subspecies (Benning et al. 
1996). Unfortunately, a similar correction could not be made 
for the mid-sized Canadian subspecies, and in 1996 the survey 
was discontinued. In 1997, an attempt was made to count these 
cranes from aircraft during the fall (October) in the SLV, but 
MCP sandhill cranes also were present at that time. Biologists 
concluded that neither a spring nor a fall aerial count in the 
SLV would result in a reliable index to the abundance of RMP 
cranes. As an alternative, a cooperative 5-state September pre-
migration staging-area aerial cruise survey, experimentally 
tested in 1987 and 1992, has been operationally conducted 
during the fall since 1995. It was designated by the Central 
and Pacific Flyway Councils as the official count for the RMP 
in 1997 (Table 2).

A recruitment survey that obtains age ratio (index to 
recruitment) and brood size is conducted annually during the 
fall in the SLV. This survey has been conducted since 1972. 
the methods for this survey are described in drewien et al. 
(1995).
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ManageMent anD harvest regulations

The RMP of greater sandhill cranes was not hunted in the 
U.S. from 1916 until 1981, when Arizona initiated the first 
modern-day season. Since 1982, hunting programs have been 
guided by a cooperative flyway management plan, including 
a harvest strategy, which has been periodically updated and 
endorsed by the Central and Pacific Flyway Councils. Following 
Arizona, other states that initiated seasons included Wyoming 
(1982), New Mexico (1988), Utah (1989), Montana (1992), 
and Idaho (1996) (Table 3). The hunting seasons are guided 
by the federal frameworks as set by the u.S. Fish and Wildlife 
Service. the framework sets the outside dates as between 1 
September and 31 January, the season may not exceed 30 
days, and the bag limit is 3 daily and 9 per season. There are 
additional provisions that pertain to specific states for managing 
the harvest such as monitoring racial composition of the harvest, 
as these sandhill cranes co-mingle with sandhill cranes from 
other populations during the fall and winter.

The RMP Cooperative Flyway Management Plan (Pacific 
and Central Flyway Councils 1997) established population 
objectives, a survey to monitor recruitment, and harvest levels 

that were designed to maintain a stable abundance between 
17,000-21,000 birds. The plan contains a formula for estimating 
allowable annual harvests to achieve the population objectives. 
All sandhill crane hunters in the range of the RMP must obtain 
a permit issued by the cooperating State Wildlife Agency to 
hunt cranes, which provides the sampling frame for independent 
state harvest estimates and allows for assignment of harvest 
quotas by state. Permit allocation by state is variable depending 
on specific hunt objectives for specific areas within states. In 
many areas, harvest estimates are supplemented by mandatory 
check-stations.

results

population surveys

Although operational in 1995 and 1996, the survey was 
still experimental, which resulted in variable timing and 
survey effort. What appears to be lower population estimates 
in 1995 and 1996 is likely more an artifact of inconsistent 
survey effort. The 2005 fall survey resulted in an index of 
20,865 birds (Drewien and Thorpe 2005). The 2005 survey 
was determined to be reliable by survey biologists and the 
resulting 3-year average of 19,633 is within the established 

Table 1. Spring population indices for Rocky Mountain sandhill 
cranes in the San Luis Valley, Colo., 1984 – 1996 (Benning 
1996).

Year Raw 
count

Bias 
adjustmenta

Subspecies 
adjustmentb

Other 
areasc Index

1984 10,962 14,488 13,562 550 14,112

1985 18,393 21,773 20,382 0 20,382

1986 14,031 14,031 13,135 20 13,155

1987 13,561 15,661 14,660 0 14,660

1988 17,510 17,510 16,381 22 16,403

1989 17,302 18,389 17,004 0 17,004

1990 20,851 24,593 21,221 275 21,496

1991 19,990 18,405 16,045 175 16,220

1992 23,516 23,516 19,999 9 20,008

1993 17,576 17,576 16,478 1,260 17,738

1994 17,229 16,036 15,063 203 15,266

1995 25,276 23,390 20,229 0 20,229

1996 23,019 26,379 22,737 1,010 23,747
 a Raw estimate adjusted by photography for estimation bias.
 b Population estimate adjusted to remove the number of lesser sandhill cranes 

(non-RMP cranes).
 c Other areas include N.M., Colo. (areas outside of the San Luis Valley), Ut., 

Wyo., id. and Mont.

Table 2. Fall pre-migration population indices for Rocky Mountain 
Population (RMP) of sandhill cranes obtained by an aerial cruise 
survey (Drewien et al. 2005).

Year Colo. Id. Mont. Ut. Wyo. Total 3-Yr 
Avg

1987a 1,443 10,686 1,447 1,578 2,327 17,481

1992a 3,181 5,801 5,264 2,810 2,241 19,297

1995a 2,284 6,864 3,681 1,528 1,671 16,028

1996a 1,255 8,334 2,974 1,849 2,526 16,938

1997a,b 1,604 8,132 3,595 2,450 2,255 18,036 17,001

1998 1,273 8,067 3,415 2,185 3,262 18,202 17,725

1999 1,102 8,761 3,141 2,292 4,205 19,501 18,580

2000 749 9,337 3,598 2,416 3,890 19,990 19,231

2001 666 7,160 4,585 1,522 2,626 16,559 18,683

2002 1,355 7,698 4,843 1,869 3,038 18,803 18,451

2003 745 7,822 4,964 2,546 3,446 19,523 18,295

2004 1,410 7,152 4,637 2,239 3,072 18,510 18,945

2005 1,052 7,668 5,588 2,646 3,911 20,865 19,633
a Incomplete survey efforts in years prior might have resulted in lower estimates; 

the official count began in 1997.
b In October 1997, a special survey was also conducted in the San Louis 

Valley, Colo., and other areas, which resulted in a total of 27,089 RMP and 
Mid-Continent sandhill cranes being counted.
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Table 3. Estimated retrieved harvests of the Rocky Mountain 
Population (RMP) of greater sandhill cranes during 1981–2005 
(Sharp et al. 2005).

Yr Ut. N.M. Ark. Wyo. Mont. Id. Total Harvest 
Allocationc

1981 20 20

1982 9 143 152

1983 35 154 189

1984 33 101 134

1985 40 138 178

1986 23 195 218

1987 60 190 250

1988 310 40 128 478 1,171

1989 54 483 51 125 713 746

1990 35 79 9 58 181 342

1991 48 47 44 101 240 755

1992 147 39 168 42 396 763

1993 28 297 61 115 45 546 750

1994 34 416 27 150 40 667 754

1995 27 270 33 77 41 448 533

1996 32 236 27 84 49 20 448 487

1997 30 114 22 82 62 136 446 613

1998 34 180 37 93 59 135 538 672

1999 54 198 21 124 71 190 658a 944

2000 69 257 37 163 91 193 810b 1,106

2001 77 288 26 142 87 278 898 1,099

2002 60 160 42 132 51 194 639 808

2003 57 169 34 72 50 146 528 648

2004 53 189 35 124 51 142 594 636

2005 62 236 50 116 49 189 702 806
a RMP sandhill cranes (40) were also taken as part of a research project in 

the San Luis valley, Colo.
b RMP sandhill cranes (20) were also taken as part of a research project in 

the San Luis valley, Colo.
c Use of a harvest allocation formula did not begin until 1988 and in 1997 the 

formula was updated (Pacific and Central Flyway Councils 1997).

Figure 1. Approximate range of the Rocky Mountain Population of 
greater sandhill cranes (adapted from Drewien et al. 2000.)

population objectives (17,000-21,000) (Fig. 2). During 1997-
2005 (i.e., the period in which surveys were operational and 
complete), we found no trend in the abundance of RMP cranes 
counted during the fall survey (P = 0.28). The September pre-
migration survey for the RMP seems to be a good alternative 
to either a spring or fall survey in the SLV because no other 
cranes from other populations are known to co-mingle with 
them during that time.

The proportion of juveniles in fall has averaged 7.9% and 
ranged from 3.4 to 12% during 1972-2005 (Fig. 3). During 
1986-1995, important breeding areas in the Intermountain 
West experienced extremely dry conditions and indices of 
recruitment (% juveniles) were low (generally 4-6%). A 
return to more favorable breeding conditions (i.e. improved 
quality and quantity of wetlands) during 1996-1999 resulted in 
higher index of recruitment rates (8-12%), but drier conditions 
returned and resulted in lower production during 2000-2002. 
There was some improvement in wetland conditions in 2003-
2005 and the index of recruitment rates again increased to 
above-average levels.

Management and harvest regulations

Limited hunting seasons during 2005-2006 resulted in 
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an estimated harvest of 702 RMP sandhill cranes (Table 3), 
which was 18% higher than the previous year. The average 
annual harvest during 1981-2004 was 443 cranes. Based on 
current RMP population and recruitment indices management 
guidelines, contained in the Cooperative Flyway Management 
Plan, a maximum take of 1,321 birds during the 2006-
2007 hunting seasons would be consistent with population 
objectives.

Discussion anD research iMplications

the hunting of sandhill cranes in the u.S. was discontinued 
after the passage of the Migratory Bird Treaty Act of 1918. There 
was a lack of knowledge about the life history characteristics 
of sandhill cranes and no monitoring programs were available. 
a study of marked sandhill cranes allowed researchers to 
delineate RMP nesting areas which were isolated from other 
populations of sandhill cranes (Drewien 1973, Drewien and 
Bizeau 1974). After leaving breeding areas in the northern and 
central Rocky Mountain states (western Montana and Wyoming, 
eastern idaho, northern utah, and northwestern Colorado), 
this population was found to co-mingle with sandhill cranes 
from other populations as it migrated through the San Luis 
Valley, Colorado and wintered primarily in the Rio Grande 
valley, New Mexico, with smaller numbers in southwestern 
New Mexico, southeastern Arizona and the northern Highlands 
of Mexico (Fig. 1). This information allowed sport-hunting 
seasons in the U.S. to resume with the first season in Arizona 
in 1981. The RMP hunting season has gradually expanded into 
Wyoming, New Mexico, utah, Colorado and idaho.

Sandhill cranes have the lowest recruitment (percent 
juveniles in the fall) of any migratory bird species hunted in 
North America (Tacha et al. 1994); however, a limited harvest 
that is consistent with population objectives is appropriate for 

this population. The annual level of harvest and distribution 
of that harvest is determined by use of a formula (based on 
recruitment and population size) contained in the Cooperative 
Flyway Management Plan and the recent harvest levels have 
been consistent with the objective of maintaining a fall 
population between 17,000–21,000. During 1997-2005, the 
average annual harvest in the U.S. for this population was 646 
birds and the population was stable.

Survival rates estimated from leg-banded RMP cranes was 
attempted (Drewien et al. 2000). Although this information 
provided insight into distributions, fidelity, and mortality 
factors, the sample size was inadequate to estimate precise 
survival rates. a study has been initiated to estimate survival 
rates from approximately 10,000 resighting observations of 
RMP color-marked and neck-collared cranes, which may 
increase the precision of survival estimates from the leg-
banded study (Drewien et al. 2002). Further, the researchers 
will attempt to develop a model of recruitment for these 
cranes. The overall goal is to develop a model of population 
dynamics, which would allow improvements in the harvest 
strategy for this population of sandhill cranes.

acknowleDgeMents

Information was compiled with the assistance of a large 
number of biologists; however, we specifically acknowledge 
the contributions of D. S. Benning, R. C. Drewien, P. P. Thorpe, 
and E. L. Boeker for conducting annual aerial population 
surveys and productivity surveys, and J. Bohne for compiling 
harvest information.

literature citeD

Benning, D. S. 1996. Spring Survey - Rocky Mountain Population 

1972 1975 1978 1981 1984 1987 1990 1993 1996 1999 2002 2005

Year

2

3

4

5

6

7

8

9

10

11

12

13

P
ro

p
o

rtio
n

 o
f ju

ven
iles (%

)

Figure 3. Annual indices for recruitment (% juveniles) of the 
Rocky Mountain Population of greater sandhill cranes during 
1972–2005.

12.5

15.0

17.5

20.0

22.5

25.0

1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005

F
al

l p
o

p
u

la
ti

o
n

 in
d

ic
es

 (
th

o
u

sa
n

d
s) Annual Index

3-year average

Objective

Figure 2. Annual and 3-year average of fall pre-migration indices 
of abundances for the Rocky Mountain Population of greater 
sandhill cranes during 1995–2005.

pr
o

po
r

ti
o

n
 o

F 
ju

ve
n

il
es

 (%
)



Proc. North Am. Crane Workshop 10:2008 75

of greater sandhill cranes. Unnumbered Administrative Report, 
u.S. Fish and Wildlife Service, denver, Colorado, uSa.

Benning, d. S., r. C. drewien, d. H. Johnson, W. M. Brown, and e. 
L. Boeker. 1996. Spring population estimates of Rocky Mountain 
greater sandhill cranes in Colorado. Proceedings of the North 
American Crane Workshop 7:165–172.

Drewien, R. C. 1973. Ecology of Rocky Mountain greater sandhill 
cranes. dissertation, university of idaho, Moscow, idaho, 
uSa.

Drewien, R. C., and E. G. Bizeau. 1974. Status and distribution 
of greater sandhill cranes in the rocky Mountains. Journal of 
Wildlife Management 38:720–742.

Drewien, R. C., W. M. Brown, and D. S. Benning. 1996. Distribution 
and abundance of sandhill cranes in Mexico. Journal of Wildlife 
Management 60:270–285.

Drewien, R. C., W. M. Brown, and W. L. Kendall. 1995. Recruitment 
in Rocky Mountain greater sandhill cranes and comparisons 
with other crane populations. Journal of Wildlife Management 
59:339–356.

drewien, r. C., W. M. Brown, d. C. Lockman, W. L. kendall, k. r. 
Clegg, v. k. graham, and S. S. Manes. 2000. Band recoveries, 
mortality factors, and survival of rocky Mountain greater sandhill 
cranes, 1969–99. Report submitted to the U.S. Fish and Wildlife 
Service, division of Migratory Bird Management, denver, 
Colorado, uSa.

drewien, r. C., W. L. kendall, J. a. dubovsky, and J. H. gammonley. 
2002. Developing a survival model for Rocky Mountain Population 
of greater sandhill cranes. Webless Migratory game Bird research 
Program, U.S. Fish and Wildlife Service, Denver, Colorado, 
USA. (Project Abstract).

Drewien, R. C., and P. P. Thorpe. 2005. September 2005 survey of 
the Rocky Mountain Population of Greater Sandhill Cranes. 
Unnumbered Administrative Report, U.S. Fish and Wildlife 
Service, denver, Colorado, uSa.

Pacific Flyway Council and Central Flyway Council. 1982, 1987, 
1991 and 1997. Management Plan of the Pacific and Central 
Flyways for the Rocky Mountain Population of Greater Sandhill 
Cranes. Unpublished Report. U.S. Fish and Wildlife Service, 
Portland, Oregon, USA.

Sharp, D. E., J. A. Dubovsky, and K. L. Kruse. 2005. Status and 
harvests of the Mid-Continent and Rocky Mountain Populations 
of sandhill cranes. Unnumbered Administrative Report, U.S. Fish 
and Wildlife Service, denver, Colorado, uSa.

Tacha, T. C., S. A. Nesbitt, and P. A. Vohs. 1994. Sandhill crane, 
Chapter 6. Pages 77–94 in t. C. tacha and C. e. Braun, editors. 
Migratory shore and upland game bird management in North 
america. international association of Fish and Wildlife agencies, 
Washington d.C., uSa.

STATUS AND HARVESTS OF RMP SANDHILL CRANES ∙ Kruse et al.

Lesser sandhill cranes being processed for hunters, Lagune de Babicora, Chihuahua, Mexico, January 
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ManageMent oF lanDs along the platte river FroM elM creek to leXington, 
nebraska, as crane habitat
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Abstract: To meet Federal Energy Regulatory Commission (FERC) license requirements for the operation of 5 hydroelectric 
power plants on the North Platte and Platte Rivers in Nebraska, the Nebraska Public Power District (NPPD) and The Central 
Nebraska Public Power and Irrigation District (Central) together have become the second largest owners and managers of lands 
for the conservation of endangered species and migratory waterbirds along the central reach of the Platte River. We describe here 
the management activities on the properties, success of the management in achieving objectives, and the response of sandhill 
(Grus canadensis) and whooping cranes (G. americana) to that management. The primary developments and enhancements for 
the Cottonwood Ranch Property are the removal of 200 ha of mature riparian cottonwood (Populus deltoides) and ash (Fraxinus 
pennsylvanica) forest on accretion lands, the conversion of 136 ha of farmland to grassland interspersed with linear wetlands, 
the construction of a 10-ha palustrine wetland within the restored grassland, and 8 ha of vegetation free sand island. Five miles 
upstream of the Cottonwood Ranch Property is Central’s 1,800-ha Jeffrey Island Habitat Area. Similar to the Cottonwood Ranch 
Property, the primary development for the Jeffrey Island Habitat Area is the removal of >146 ha of riparian forest, the construction 
of >7 km of linear sloughs and wetlands, and the creation of >65 ha of barren sand adjacent to the river channel. Central also has a 
long-term conservation management easement on 200 ha located along the North Platte River in Lincoln County, which is owned 
and operated by The Nature Conservancy. Monitoring of cranes on these properties indicates an increase in use of the Cottonwood 
Ranch Property for night roosting by sandhill cranes and a decrease in the number of sandhill cranes using the Jeffrey Island Habitat 
Area as a night roost. Daytime use of all properties by sandhill cranes has been almost non-existent. There is 1 confirmed sighting 
of 2 whooping cranes for 2 days on the Cottonwood Ranch Property in the spring of 2006 and 1 probable sighting of a whooping 
crane on the Jeffrey Island Habitat Area in the spring of 2004.

ProcEEDINGS of thE North AmErIcAN crANE WorkShoP 10:76–85

Key words: Grus americana, Grus canadensis, habitat management, Nebraska, Platte River, riparian forest, riverine, sandhill 
crane, whooping crane.

The central reach of the Platte River in Nebraska is well 
known for its spring concentration of migrating waterbirds 
including sandhill cranes (Grus canadensis), the largest 
concentration of cranes in the world. this reach also has more 
riverine roost sightings of whooping cranes (Grus americana) 
than any other river system in North America (Austin and 
Richert 2001) and was designated as critical habitat in 1978 
(43 Code of Federal Regulations 20938, May 15, 1978). 
Researchers of both whooping cranes (Allen 1952) and sandhill 
cranes (Frith 1976, Tacha et al. 1994) along the Platte River 
supported the idea that a portion of this river should be a 
refuge for cranes. In 1974, the U.S. Fish and Wildlife Service 
(Service) announced plans to establish a 6,070-ha national 
wildlife refuge along the Platte River (Wallenstrom 1976). 
although a national wildlife refuge has not been established 
due to widespread landowner opposition (Faanes 1992), the 
amount of land presently being managed as crane habitat along 
the Platte River far exceeds the originally envisioned refuge, 
with over 8,800 ha currently under management between 
Lexington and Chapman.

Prior to the 1990s, the only significant owners of Platte 
River property managed as crane habitat were traditional 
nongovernmental conservation organizations. The National 
Audubon Society (NAS) in 1974 obtained 315 ha of land along 

the central reach of the Platte River to establish the Lillian 
Annette Rowe Sanctuary, which now encompasses 503 ha 
along the river (Audubon Rowe Sanctuary web page, http://
www.rowesanctuary.org/). In 1978, the Platte River Whooping 
Crane Habitat Maintenance Trust (WCHMT) was developed 
in an out-of-court settlement that permitted the construction 
of the grayrocks dam and reservoir on the Laramie river 
in Wyoming, a major tributary in the Platte River system. 
Grayrocks provides cooling water for Basin Electric’s Laramie 
River Station coal-fired electric generating plant. Over the 
next 20 years, the WCHMT was able to obtain various pieces 
of property along the Platte River so that today they are the 
largest conservation landowners on the central Platte River with 
almost 4,000 ha divided into 9 separate properties (Platte River 
Whooping Crane Trust web page, http://www.whoopingcrane.
org/html/about1.shtml). in addition to the NaS and WCHMt, 
other managed habitat lands along the central Platte River are 
those owned by The Nature Conservancy (1,231 ha) and the 
state of Wyoming (175 ha), both of which are managed, at 
least in part, for crane conservation.

Adding to the land owned and managed for the benefit 
of cranes are properties totaling nearly 2,900 ha owned and 
managed by 2 public power entities. In 1984, the Nebraska 
Public Power District (NPPD) and The Central Nebraska Public 
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Power District (Central) (collectively the Districts) began the 
process of re-licensing their 5 hydroelectric power plants with 
the Federal Energy Regulatory Commission (FERC). These 
plants are located along canals and reservoirs fed by Platte River 
water. In 1997, the FERC issued new licenses to the Districts for 
the operation of the 5 hydroelectric power plants. As part of the 
relicensing, the Districts agreed to provide to the Service 10% 
of Central’s annual water supply in an Environmental Account 
in Lake McConaughy, purchase, develop, and/or enhance as 
habitat for endangered species and migratory waterbirds, a 
total of 2,895 ha of land in 2 blocks located along the Platte 
River within the critical habitat reach, and to monitor species 
response to the habitat enhancements.

Management activities on the Platte River are primarily 
designed to provide and to increase habitat for sandhill cranes, 
whooping cranes and other migratory waterfowl. These activities 
have been on-going for over 30 years (Strom 1987) with an 
objective of being able to achieve the conditions outlined in 

models of sandhill crane habitat (Currier and Ziewitz 1987), 
whooping crane habitat (Ziewitz 1992), and the Platte River 
Joint Study habitat complex (Platte River Joint Study 1990). 
initial management activities focused on clearing vegetation 
from small islands located in wide channels. these activities 
were successful in providing wider unobstructed views (Currier 
1984, Pfeiffer and Currier 2005) and resulted in an increase 
in use of those areas by sandhill cranes (Davis 2003). The 
riparian forest that lined the banks of these wide channels 
was removed with the intent to develop them into riparian 
grasslands and enhance the roost areas even more (Pfeiffer 
and Currier 2005).

To comply with license conditions, the Districts had to 
develop management plans for the properties and file them with 
FERC. Based upon the initial success of previous efforts, the 
management plans for the District’s properties were developed 
using the same concepts as previous management efforts on the 
Platte River. The plans had to have concurrence by the Service 

Figure 1. Location of the Cottonwood Ranch Property, Jeffrey Island Habitat Area, and the diurnal sandhill crane habitat use routes.
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and Nebraska Game and Parks Commission. The properties 
being managed by the districts have much narrower channels, 
higher banks, more accretion lands relative to wetted channel 
width, broader and denser forested areas, and are located 
farther west (upstream) than any of the previously mentioned 
habitat management areas. We describe herein the districts’ 
properties, their management to date, success of management 
in achieving desired land cover types, and the response of 
cranes to that management.

stuDy area

cottonwood ranch property

In 1992, NPPD purchased a 1,092-ha block of land between 
Elm Creek and Overton, Nebraska (Fig. 1) known as The 
Cottonwood Ranch Property; it includes the entire river channel 
for 3.2 km and the north half for an additional 1.6 km. there 
are 3 main channels with a total channel width of 150 m and an 
average channel width in the widest channel of approximately 
70 m. The property included 67 ha of upland grasslands, 108 
ha of riparian grassland, 22 ha of non-riverine wetlands, 50 
ha of irrigated cropland, 134 ha of dryland cropland, 676 ha 
mature cottonwood/ash riparian forest, and approximately 35 
ha of open channel or bare sand.

Management plans for the Cottonwood Ranch Property are 
based upon parameters outlined in the Platte River Joint Study 
(1990). They included the removal of mature riparian forest 
(clearing) along the channels to provide for unobstructed view 
widths equal to or exceeding 350 m. Within this cleared area, 
linear wetlands (sloughs) were dug in an attempt to replicate 
the conditions created in large backwaters and hydrologically 
connected sloughs. Portions of the cleared area were planted 
to native grassland plant species (grassland creation), and the 
rest remains in bare sand that can be transported by sufficient 
flows to offset modeled sediment deficiencies at higher flows 
and provide nesting habitat for least terns (Sternula antillarum) 
and piping plovers (Charadrius melodus).

In addition to the riverine enhancements, non-riverine 
landcover types on this property have been enhanced to improve 
their value as crane habitat. All row-crop areas were restored 
to native grasslands with sloughs interspersed to provide a 
wetland component throughout the area. A palustrine wetland 
that had accumulated sediment and had become encroached 
with cattail (Typha latifolia) and willows (Salix amygdaloides) 
was also restored.

jeffrey island habitat area

Central purchased the Jeffrey Island Habitat Area, a 1,694-
ha block of land along and within the segment of the Platte 
River between Lexington and Overton, Nebraska (Fig. 1). In 

2005, Central purchased an adjoining piece of property of 
approximately 143 ha (Cook Property) for a total of 1,837 ha. 
At the time of purchase, this area consisted of 484 ha of mature 
cottonwood/ash riparian forest, 1,130 ha of upland grasslands, 
and 403 ha of active channel. as with the Cottonwood ranch 
Property, Central developed and implemented a management 
plan to enhance the area for cranes and other migratory 
waterbirds. The major management actions were the same as 
at Cottonwood Ranch Property and included clearing, slough 
development, and grassland restoration.

MethoDs

land Management

The Districts cleared riparian forest and shrub land using 
heavy equipment. Methods used include cutting the trees and 
treating the stumps for regrowth or removing the tree, stump, 
and all, by pushing the entire tree over with large equipment. 
The initial step in either method was to mow or scrape away 
the woody undergrowth of shrubs and small trees. once 
the undergrowth was removed the larger trees were cut or 
pushed over. To remove large trees, the Districts used either 
an equipment mounted tree shear or chain saws. Other large 
standing trees were pushed over with tracked loaders and/
or excavators. Workers piled and burned all the trees and 
woody undergrowth; then buried any remaining stumps or 
other debris.

Depending upon the specific site, the restoration plan 
called for leaving the cleared areas to erode as part of the 
river channel, treating the area with herbicides to create bare 
sand, or seeding for grassland restoration. areas slated for 
grassland restoration were further modified by the addition 
of sloughs. Within the cleared areas and on cropland areas, 
restoration activities created sloughs to provide a wetland 
component. The Districts created sloughs by excavating the 
soil to a depth at, or near, groundwater level. Methods of 
excavation included the use of bulldozers, excavators, tracked 
loaders and scrapers. Methods used were determined by the 
contractor hired. the goal of the slough restoration was to 
have at least 10% of the slough below the groundwater level 
at the time of excavation. the districts built check dams in 
the sloughs approximately every 400 m to create backwaters 
in the slough, thereby increasing the wetted area and resulting 
in each slough having a range of water regimes from small 
areas (~10% of slough area) that are permanent wetlands to 
the entire slough being temporarily filled with water during 
spring snow melt and large rain events.

the districts designed the sloughs with a minimum bottom 
width of 12 m and a maximum bottom width of 50 m; all 
constructed sloughs have 4:1 slopes on the sides so that top 
width varies along with depth. Excavation crews spoiled 
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(placed) the material removed from the slough in nearby 
uplands and spread it so that it did not raise the soil surface by 
more than 30 cm. Workers then seeded all the spoils material 
with a grassland restoration seed mixture.

Restoration of the palustrine wetland utilized excavators, 
scrapers, and bulldozers. First, excavators dug drainage ditches 
to allow the water level to drop and the sediment to dry. Once 
it was sufficiently dry, scrapers removed the built up sediment 
and deposited it on adjacent uplands. In areas that remained 
too wet for scrapers, bulldozers pushed the material to where 
scrapers could be used. The wetland was configured to offer 
a continuum of depths from 0 to 1 m at full capacity, with 
a gentle slope from the shoreline and deepest points in the 
center. All material removed was deposited in adjacent upland 
areas not to exceed a depth of 50 cm and seeded with a high 
diversity grassland seed mixture.

Grassland creation involved seeding previously cropped 
areas and in areas where forest was removed spraying woody 
growth. Seeds of plants found in native grasslands were spread 
using either straight drop or broadcast fertilizer spreaders in 
the deforested areas. Workers seeded disturbed areas from late 
winter through early spring using either commercially available 
seed mixes with at least 17 species of plants or locally obtained 
high diversity seed mixes that contained over 100 species of 
plants. These seeded areas were excluded from grazing for at 
least 2 years and spot sprayed for noxious weeds.

crane response

Monitoring of sandhill crane use on these properties 
consisted of 3 types of surveys. The first type was a spring 
diurnal survey of the properties conducted on a weekly basis 
by biologists driving routes that included the properties as 
well as areas between the 2 properties (Fig. 1) and recording 
where cranes were observed. Surveys were started at least 
2 hours after sunrise and completed at least 2 hours before 
sunset with an effort made to vary survey times. For each 
observation flock size, habitat type and time was recorded and 
the location was plotted on a map. A flock was defined as > 
2 cranes separated by > 100 m from other cranes (Iverson et 
al. 1987). If a flock was in > 1 habitat type it was considered 
2 flocks and individuals in each habitat type were counted. 
The presence or absence of cranes was documented by the 
recording number of cranes and flocks of cranes. This survey 
was not conducted in the fall.

The second survey type focused on counting cranes on 
roosts in the early morning and evening, at the Cottonwood 
Ranch Property, biologists made morning observations of 
birds leaving the roost on either a section of river or the 
palustrine wetland. After sunrise, researchers surveyed sandbars 
throughout the entire length of the property and the shoreline 
of the wetland for evidence of cranes (e.g., tracks, feathers). 

if they found evidence of cranes, the observers returned to 
that area the next morning to conduct the count. the number 
of visits each year to the Cottonwood Ranch Property was 
dependent on weather, access limitations due to high water, 
and the presence of evidence that cranes were utilizing the 
property. This survey at the Cottonwood Ranch Property was 
conducted mainly in the spring but was also done in the fall 
if cranes were sighted on the property while conducting other 
activities. at the Jeffrey island Habitat area, there is a known 
roost that receives consistent use annually, and a minimum 
of 2 visits each spring were made to this site. The observer 
estimated the number of birds in both the evening and morning. 
the observer arrived well before sundown, stayed all night, 
and waited for the birds to leave the roost in the morning to 
minimize disturbance during these surveys.

The third type of crane monitoring, initiated in 2001, was 
a daily flight of the river between 21 March to 29 April and 9 
October to 10 November each year. These flights were made 
primarily to document whooping crane use of the river (Platte 
River Recovery Implementation Program 2006), but were 
to also document any sandhill crane use on the Cottonwood 
Ranch Property.

results

land Management

Management of these properties began in the year 2000 
and continues to date. Approximately 254 ha along 10.0 km 
of river channel have been cleared of vegetation. Both the 
tree cutting and tree pushing methods of removing trees were 
viable. Cost of removing, burning, and burying trees ranged 
from $1,215/ha to $1,800/ha and was more dependent on the 
number and size of trees per acre than the method utilized. 
Clearing has resulted in an area without woody vegetation 
for a width of at least 350 m along this 10-km stretch. The 
clearing has not resulted in an increase in active channel area, 
but has improved unobstructed view in areas where banks 
are low enough to not be a visual obstruction. Within this 
cleared area, the Districts constructed 13.5 km of sloughs. 
under groundwater conditions, similar to those at the time 
of construction, these sloughs create approximately 4.8 ha of 
surface water. The areas provide an additional 50 ha of area 
that has a mesic to xeric gradient. Providing that additional 
habitat should permit colonization of those areas by plants 
and invertebrates not currently found in abundance in those 
reaches of the river. the cost for creating the sloughs ranged 
from $6.00 to $7.75/m of slough. Cost for seeding slough spoil 
areas is incorporated in to seeding costs for the entire area.

The restoration plans provided for the creation of 38 ha of 
grassland on cleared areas. the districts used a high diversity 
seed mixture obtained from local sources on a 12-ha area and 
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seeded the remaining areas with a commercially available seed 
mixture of 17 species. The cost of seeding the cleared areas 
ranged from $245/ha in the low diversity sites to $625/ha in 
the high diversity seeding areas. the low organic content of 
soil in these cleared areas has resulted in sparse grassland and 
large populations of non-native first successional invaders such 
as musk thistle (Carduus nutans) and leafy spurge (Euphorbia 
esula). the control of noxious weeds and woody regrowth 
in these cleared areas has cost from $30 to $275 per hectare 
annually and in some areas over a 5 year period has nearly 
doubled the cost of the original clearing.

Areas cleared but not seeded for grassland creation are kept 
bare or minimally vegetated as potential least tern and piping 
plover nesting habitat or as potential sediment source. Soils on 
these sand areas are more friable than on vegetated areas and 
thus provide a sediment source to offset clean water returns 
to the river during higher flow periods. Control of invasive 
plants on these areas, while equally expensive as the grassland 
restoration areas, is more effective because different methods, 
such as disking or using pre-emergent herbicides, can be used 
without concern over the effects on desirable plant species. 
The Districts have created and maintain 74 ha of barren sand 
and 142 ha of minimally vegetated sand substrate. While least 
terns and piping plovers have been observed occasionally 
on these areas, no nesting has occurred. the districts have 
physically placed approximately 27,000 m3 of sediment in 
to active channel areas and estimated that approximately an 

additional 39,000 m3 have eroded naturally from the banks 
after clearing the vegetation.

in addition to the riverine areas cleared of woodlands on the 
2 properties, there were 136 ha of cropland on the Cottonwood 
Ranch Property that was seeded in May 2002 with 2,700 kg 
of a high diversity mixture of locally obtained seeds at a cost 
of $90.00/ha; this price does not include the cost of seed bed 
preparation. There was little germination and the area became 
infested with Canada thistle (Cirsium arvense) within 3 years. 
the failure of this seeding is likely due to the late seeding date 
and the drought conditions that started in 2001 and continued 
to plague central Nebraska through the 2005 growing season. 
Within this grassland restoration area, 8.5 km of sloughs were 
constructed which contain approximately 7 ha of surface water 
area at normal groundwater levels. the entire area including 
the sloughs was reseeded in fall 2007 with a commercially 
available seed mixture.

in addition to the created sloughs within this restored 
grassland, a natural wetland was restored by removing 
accumulated sediment to a maximum depth of 1 m, creating 
an emergent wetland that is 70% open water and 30% emergent 
vegetation. This is a permanent wetland with a base water 
level maintained by groundwater. The size of this wetland at 
base level is approximately 4 ha and at maximum elevation 
it is 10 ha with a maximum water depth of 1 m. A total of 
60,000 m3 of sediment was removed from the wetland at 
cost of $101,000. Seeding cost of the spoil is included in the 
cropland seeding listed above.

crane response

Weekly survey routes conducted since 1999 show that 
crane use of these properties was never high. Diurnal use 
of the properties basically ceased when the cropland at the 
Cottonwood Ranch Property was removed (Table 1). Of the 
604 flocks of sandhill cranes identified since 1999 through 
the districts’ diurnal sandhill crane monitoring only 11 have 
been on the 2 properties. Our diurnal surveys show that an 
average of 56.1% of all crane flocks identified were in corn 
fields (Table 1), a habitat type that no longer exists on either 
of the managed properties.

Results of ground-based river roost surveys indicated that 
numbers of sandhill cranes roosting at the Jeffrey island Habitat 
area is declining and that some sandhill cranes are starting to 
roost on the Cottonwood Ranch Property (Table 2). The use 
of the Cottonwood Ranch Property by cranes started in the 
same year as the trees were removed near the river banks, and 
crane numbers have slowly been building since. The palustrine 
wetland on the Cottonwood Ranch Property also is used as a 
roost in the years when vegetation in the immediate uplands 
is kept short. Much of the use of this wetland is late in the 
spring migration period and in the fall.

Table 1. Number of flocks of sandhill cranes observed in each 
habitat type on diurnal drive route surveys, 1999-2006.

Year Corn Alfalfa Grasslands Cottonwood 
Ranch Pond

Other 
(soybeans, 

disked, 
feedlots, etc)

1999 47 14 18 7

2000 37 12 8 7

2001 46 2 10 3

2002 18 8 4 3 4

2003 25 13 11 2

2004 70 51 4 14

2005 26 11 7 1

2006 70 30 6 15

totals 339 141 68 3 53
56.1% 23.3% 11.3% 0.5% 8.8%
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Aerial flights of the river have not found any sandhill cranes 
roosting on the Cottonwood Ranch Property. However, on 
several occasions, observers reported sandhill cranes roosting 
on the river during ground observations and that the sandhill 
cranes left the river before the plane arrived. The aerial flights 
have resulted in 1 probable sighting of a whooping crane on 
the Jeffrey Island Habitat Area in the spring of 2004 and 2 
whooping cranes verified as roosting on the Cottonwood Ranch 
Property in the spring of 2006. The 2 whooping cranes on the 

Cottonwood Ranch Property roosted there for 2 nights and 
foraged briefly in the river in the early morning before they 
flew to cornfields located approximately 1.6 km south of the 
river, where they spent both days.

Discussion

Over the past 7 years, NPPD and Central have managed 
lands along 10 km of the Platte River in Central Nebraska in 
an attempt to improve the area as both whooping crane and 
sandhill crane habitat. While other studies (Currier 1984, 
Davis 2003) show an immediate response of sandhill cranes 
to management activities such as clearing, we have observed 
little or negative response by sandhill cranes. Unlike the 
Districts’ properties described here, most other areas managed 
for cranes are areas that already had a large number of sandhill 
cranes utilizing the immediate area or nearby areas. In contrast, 
the areas being managed by the districts have only 1 known 
historical sandhill crane roost site (USFWS 1981, Pucherelli 
1988, Sidle et al 1993). The numbers of sandhill cranes has 
always been low in this area (Faanes and LeValley 1993), and 
continues to be low today (Kinzel et al. 2006). Our findings 
corroborate an earlier assessment by Faanes and Levalley 
(1993), who found no significant change in the number of birds 
between 1957 and 1989 despite large increases in numbers 
of cranes in other areas. Previous habitat management efforts 
focused on wide channels, showed small vegetated islands in 
wide channel (200-300 m) could be converted to mobilized 
islands; however, there was little success with the same efforts 
on “accretion ground” (Pfeiffer and Currier 2005). All the 
areas cleared by the Districts are “accretion ground”. As flows 
in the Platte River decreased and/or stabilized, cottonwood 
trees were able to establish on the bare mineral soils of the 
exposed river bed (Williams 1978, Johnson 1994). Sidle et 
al. (1989) estimates that up to 73% of the active channel area 
from the J-2 Return to Chapman has been converted to wooded 
floodplain. The area that used to be channel and is now wooded 
floodplain is accretion ground. Differentiating between river 
bed and accretion ground as practiced by licensed surveyors 
is based upon vegetative characteristics, with the river bed 
being defined as that area absent permanent vegetation and 
accretion ground having the presence of permanent vegetation 
such as large trees or native grasses (Brown 1991).

Sandhill cranes will roost in channels much narrower than 
exist on the properties (Folk and Tacha 1990); however, most 
channels on the properties do have a wetted width <150 m, 
which Davis (2001) showed that sandhill cranes on the central 
Platte select against. The avoidance of narrow channels on 
the central Platte River could indicate that water depth, and 
not width, is the factor limiting crane use. the use of much 
narrower channels on the North Platte River (Folk and Tacha 
1990) is possible because of much lower flows in that area. 

Table 2. Results of ground-based surveys for sandhill crane use 
of District properties, 1999-2005.

Survey type and 
area Year No. days 

surveyed

No. days 
with 

cranes on 
properties

Peak 
counts

river roost 
surveys
at the 
Cottonwood 
Ranch Property

1999 8 0 0
2000 12 5 400
2001 6 2 400
2002 6 1 100
2003 13 4 1,500
2004 13 2 2,000
2005 20 2 5,000

river roost 
surveys
Jeffrey island 
Property

1999 2 2 7,000
2000 2 2 8,000
2001 1 1 7,000
2002 2 2 7,000
2003 2 2 6,500
2004 2 2 5,500
2005 2 2 3,500

Palustrine 
wetland
surveys at the 
Cottonwood 
ranch 
Property

1999 Not 
restored

2000 Not 
restored

2001 Not 
restored

2002 25 11 2,800
2003 15 0 0
2004 12 2 5,000
2005 21 3 1,000

diurnal Habitat 
use
Surveys

1999 5 2 1,000
2000 3 2 75
2001 2 1 66
2002 5 1 700
2003 3 0 0
2004 5 0 0
2005 5 0 0
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From 1975 to 1998, average March daily flow on the North 
Platte River at North Platte was 15.6 m3/sec while the Platte 
river at overton during the same time frame the average March 
daily flow was 66.4 m3/sec (Stroup et al. 2006). In an attempt 
to address water depth issues, our management is shifting from 
just improving unobstructed views by removing vegetation 
to incorporating the sediment from these cleared areas into 
the channel to increase the wetted width of the channel and 
decrease water depth.

From 2000 to 2004, the average area of channel utilized 
for roosting by sandhill cranes was 80.3 ha (Kinzel et al. 
2006). Two analyses of available habitat based on flows over 
a 48-year time period from 1947 to 1995, but using different 
methods to define suitable conditions for habitat, indicate 
that there is somewhere between 280 ha (Farmer et al. 2005) 
and 1375 ha (DOI 2006) of habitat. Based on these models, 
it appears that in an average year cranes do not utilize all 
available habitat for roosting. However, ranges for all these 
parameters are quite large with varying flows and since our 
management began the Platte River has been in a drought with 
flows well below average. Distribution of cranes may also be 
affected by habitat shortages. analysis of sandhill crane use in 
one of the most heavily utilized sections of river showed that 
at the flows analyzed, there was more water area of suitable 
depth and width then was used by the cranes (DOI 2006). If 
sufficient roosting habitat exists and > 95 % (DOI 2006) of 
the population of mid-continental sandhill cranes already stop 
on the North Platte or central Platte River, interpretation of 
crane response to management becomes complicated. Two 
possible scenarios exist: 1) cranes that currently do not stop 
on the Platte River will be attracted to the management areas 
and stop; or 2) more likely, birds that already utilize the river 
will shift from current use areas to the newly managed areas. 
Faanes and LeValley (1993) documented such a shift in usage 
patterns along the central Platte River and attributed that shift 
to the encroachment of trees in the western sections coupled 
with clearing efforts of the WCHMt in the eastern sections. 
Movement between managed areas is already occurring, 
Kinzel et al. (2006) showed significant decline in birds in 
the section of river between the Highway 10 and gibbon 
bridges, and a corresponding increase in number of birds 
further downstream. Between Highway 10 and gibbon is the 
audubon rowe Sanctuary, a section of river that has been 
extensively managed for over 30 years (Strom 1987), areas 
where the birds moved to have been more recently managed 
by the WCHMT (Davis 2003). The shift in cranes from one 
managed area to another, needs to be evaluated in terms of 
actual benefit or detriment to the cranes before sandhill crane 
use is the measure of management success.

The juxtaposition of diurnal and nocturnal habitat has been 
speculated to be of importance to habitat selection by sandhill 
cranes (Folk and Tacha 1990). Therefore, use of apparently 

suitable roosting habitat may fall short of expectation due to 
lack of appropriate diurnal habitats nearby. Past efforts have 
shown that sandhill crane use is highest in areas with the most 
wet meadow area (Faanes and LeValley 1993, Sidle et al. 
1993). Wet meadows provide sandhill cranes with invertebrates 
(Davis and Vohs 1993), water, and a place for loafing and social 
interactions (Tacha et al. 1992). The Districts converted all 
row crops to grassland interspersed with wetlands at a ratio 
of about 1 ha of wetland to 10 ha of grassland. they also 
converted 38 ha of woodland to grassland. Crane use of these 
grassland areas to date has been nonexistent. For several years 
these grasslands were not managed with the low vegetative 
stature of typically utilized by cranes; therefore, lack of use 
should be looked at with caution. However, these properties 
contain large tracks of native grassland (1,297 ha) which 
also do not receive crane use even when managed for a low 
vegetative stature.

Sandhill cranes stop on the Platte or North Platte River 
during the spring migration to accumulate fat and proteins to 
continue migration and initiate breeding (Krapu et al. 1984, 
Iverson et al. 1987). Waste corn has become the principal food 
resource for sandhill cranes (Reinecke and Krapu 1986). In 
our diurnal surveys, 55% of all cranes seen were in cornfields, 
which is consistent with other studies (Iverson et al. 1987, 
Folk and Tacha 1991, Davis 2001). Recent studies indicate 
that sandhill cranes are storing less fat in Nebraska (Krapu 
et al. 2005a), potentially the result of limited corn supplies 
because of changing cropping practices (Krapu et al. 2004) and 
competition with waterfowl (Krapu et al. 2005b). the districts 
feel there is more than sufficient corn in close proximity to our 
managed properties and thus have eliminated corn production 
on these properties. However, because this line of thought 
relies on the assumption that corn will remain economically 
profitable for farmers in the immediate area, it needs to be 
continually re-evaluated as agricultural practices change.

Whooping cranes utilize many of the same habitat types as 
sandhill cranes. However, because of behavioral differences, 
such as being less traditional than sandhill cranes in their use 
of roost sites (Howe 1989, Johnson and Temple 1980), more 
temporally compacted migrations, and smaller group size 
(Austin and Richert 2005), whooping cranes likely have a 
different process of habitat selection. Evaluating responses of 
whooping cranes to habitat management is difficult and needs 
to be viewed with caution due to their scarcity. the National 
Research Council (2005) reported that over the past 20 years, 
the number of individual whooping cranes stopping on the 
Platte River in any given year ranged from 0 to 17. Without 
overstating its importance, the 1 probable and 1 confirmed 
sighting of whooping cranes on these properties is promising 
and indicates the management activities have been improving 
habitat conditions for whooping cranes. The only previous 
sighting on the properties was 3 adult birds on what is now 
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the western end of the Jeffery Island Habitat Area in the spring 
of 1942 (Austin and Richert 2001).
ManageMent iMplications

Removing riparian forest and creating wet meadow to 
improve crane habitat on the Platte River does not appear to 
result in increased numbers of sandhill cranes in all instances. 
While increased use by sandhill cranes is a measure of 
management success, it also likely indicates a redistribution 
of birds from other managed areas and the benefit of such 
shifts to the cranes themselves needs to be evaluated. there are 
indications (National Research Council 2005) that management 
has increased use of the Platter River by whooping cranes. The 
almost immediate use by whooping cranes of the properties 
managed by the Districts further supports this idea.

the clearing of cottonwood forest to restore channel area 
has been successful in the past (Pfeiffer and Currier 2005) 
and in this study even though crane response to that restored 
channel was not similar. Creation of grassland by removing 
forest and planting to grassland species has met with limited 
success in both our efforts and those of past managers (Pfeiffer 
and Currier 2005) and needs to be evaluated for what benefit 
it provides to cranes. Clearing riparian forests to create habitat 
for cranes removes the rarest land cover type in Nebraska 
(CALMIT 2005). Currently land management along the Platte 
River follows 2 basic models: 1) management should maintain 
existing floral and faunal assemblage and where feasible 
improve conditions for priority species such as cranes, least 
terns and piping plovers, or 2) management should strive for 
historic conditions defined as a wide, braided, treeless river 
surrounded by grass, which provided habitat for priority species 
like cranes, least terns and piping plovers. These different 
models are the result of discriminating views on what historic 
conditions on the river were (National Research Council 2005), 
interpretation of the importance of species use of new food 
sources such as corn (Krapu et al. 2004) and land cover such 
as riparian forest (Sharf 2006), and the feasibility of achieving 
and maintaining management objectives. The feasibility, 
success and other associated issues related to both of those 
models will be evaluated in the currently formed Platte River 
Recovery Implementation Program (PRRIP).

Likewise, past and future management efforts by the 
Districts will become part of the PRRIP and be subjected to 
intensive scientific scrutiny as to the benefits. The PRRIP brings 
several other important components to habitat management on 
the Platte River. First, it has both land and water management 
components that will allow an integration of management 
actions that has not occurred to date. Secondly, the PRRIP 
will have a strong scientific component driven by adaptive 
management concepts that will constantly review management 
actions in terms of actual benefit to species. The PRRIP 
is governed by a committee of stakeholders that has an 

independent science advisory committee to provide guidance 
on the science. The first increment of 13 years has a budget 
of $317,330,000. Additional information on the Platte River 
Recovery Implementation Program can be found at http://
www.platteriver.org/.
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Efforts to establish a population of nonmigratory whooping 
cranes (Grus americana) in Florida began in 1993 (Nesbitt et 
al. 2001). The overall goal for the Florida reintroduction project 
is to establish a population of 25 breeding pairs of whooping 
cranes that are reproducing at a rate consistent with normal 
(self-sustaining) populations. Past studies of the reproduction 
of Florida sandhill cranes (G. canadensis pratensis) indicate 
that about half (56.6%) of the chicks hatched survived to 
the age of natal dispersal (independent of their parents); an 
average of 295 days old (Nesbitt 1992). Nesbitt (1992) found 
that 36% of the chick mortality occurred between time of 
hatching and 10 days of age, but the causes of mortality in 
these chicks were not determined. Studies of greater sandhill 
cranes (G. c. tabida) in Oregon and California reported that 
predators were responsible for 58, 77, and 78% of identified 
cause chick mortality (Littlefield and Lindstedt 1992, Ivey and 
Scheuering 1997, Desroberts 1997, respectively). Similarly 
for Florida sandhill cranes Dusek et al. (2005) found that 
predation was the likely cause of death in 73% of identified 
causes of mortality of the chicks they studied.

The oldest of the whooping cranes experimentally 
introduced to Florida were approaching breeding age by the 
late 1990s, and the first nest with eggs was found in 1999 
(Nesbitt et al. 2001). First time nesting efforts among the 
introduced whooping cranes were often unsuccessful (Folk et 
al. 2005) and this was also true for first-time-nesting Florida 
sandhill cranes (Nesbitt 1992).

The objectives of this study were to evaluate causes of 
death of Florida sandhill crane chicks and to compare those 
results with results of other studies of wild cranes and with the 
results we observed with the whooping cranes experimentally 
introduced to Florida. Also improved understanding of cause 
of mortality for Florida sandhill crane chicks would allow us 
to assess if and how chick survival in the introduced whooping 

survival anD sources oF Mortality in FloriDa sanDhill crane chicks – 
hatching to FleDging
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Abstract: Forty-five pairs of Florida sandhill cranes (Grus canadensis pratensis) were monitored during the nesting seasons 
from 1996 through 1999. Thirty-eight chicks were produced from 25 successful nests. Twenty-one of these survived to fledging 
age. Predation was the source of most (81%) of the mortality for which a cause was determined. Mammals were the primary 
predator. Average age at time of mortality was 27.2 days for the 17 chicks lost.
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cranes differed.

MethoDs

We individually marked, and in some cases radio 
instrumented, members of 30 breeding pairs of sandhill cranes 
in the Gainesville, Alachua County, Florida region during past 
studies. These marked adult pairs were monitored during the 
early nesting season to determine their nest initiation date, as 
closely as possible. We began daily monitoring of the nest as 
the expected hatch date approached.

Newly hatched chicks were captured as soon after hatching 
as possible, when hand capture was comparatively easy. These 
young (<10-days-old) chicks were radio instrumented with 
miniature (2g) transmitters (Advanced Telemetry Systems, 
Isanti, Minn.). These transmitters had an expected life of 10 
days and an effective range of 0.5 km. The transmitters were 
glued to the skin on the back between the wings with skin-
adhering epoxy glue (Titan Corp., Lynnwood, Wash.). After 
the first year of using these transmitters, we learned that gluing 
a piece of cotton fabric to the back of the transmitter before 
we glued it to the bird improved adhesion of the transmitter 
to the bird.

At 10 days of age, the birds were recaptured and a larger 
transmitter (about 5 g) was surgically inserted under the 
skin on the back. This second transmitter was expected to 
last 60 days and had an effective range of 1 km. the method 
of attachment was a modification of one used previously in 
Oregon and California (Ivey and Scheuering 1997, Desroberts 
1997, Stern et al. 1986). The modifications were developed by 
M. Spalding in consultation with G. Olsen (Patuxent Wildlife 
Research Center, USGS) and are described by Spalding et 
al. (2001).

At 60 days of age the birds were recaptured and the inserted 
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transmitter was removed and replaced with a traditional leg-
band-mounted transmitter (Melvin et al. 1983). These latter two 
types of radio transmitter included a sensor that would switch 
into mortality mode (faster transmitter pulse rate) if the bird 
(radio) had not moved in the previous 6 hours. This signaled 
us that the bird had died or the transmitter had come off.

To replace radios that had failed or fallen off in older, more 
mobile chicks we used a different method of capture than the 
one we used for newly hatched chicks. The process involved 
stationing an observer in an inconspicuous position with a 
view of an area where, based on past behavior, the family was 
expected to be feeding. One or more other people served as a 
capture team. The observer and the capture team stayed in voice 
contact using walkie-talkies while the observer watched the 
family’s movements through a telescope. Once the family had 
moved into an area where the chick’s movements could easily 
be observed, the observer would signal the capture team to rush 
the family with the intention of causing the chick to hide. the 
observer would follow the chick and direct the capture team 
to the exact spot where the chick had hidden. This proved to 
be the most effective way of capturing highly mobile chicks, 
because we did not need to random search the chick’s last 
known location and, in the process, run the risk of stepping 
on the hidden chick during the course of the search.

Captures were planned for morning or evening because 
this was the time of day when families are most active, and 
when temperatures would be coolest, so handling would be 
less stressful. We attempted to obtain a blood sample when 
chicks were handled for general health monitoring. also a 
portion of each blood sample was used for gender determination 
(Goodpasture et al. 1992).

Chicks were monitored twice daily (0700 - 1000h and 
1600 - 1900h) to determine if mortality occurred during the 
day or overnight. Twice-daily monitoring continued until the 
chicks could fly well (90 days of age). Monitoring was reduced 
after 90 days to once every 2 or 3 days because mortality after 
fledging was significantly reduced (Nesbitt 1992).

To test the effect of the transmitter or multiple captures 
on survival, we used 9 chicks from 5 pairs as controls. These 
chicks were never captured, but we were able to determine 
the outcome by monitoring their parents. We used a Kaplan-
Meier procedure available in the software package JMP (SAS 
Institute Inc, Cary, North Carolina, USA) to analyze survival 
results.

results

We monitored 42 nests between 17 February 1996 and 
22 May 1999. At least 1 chick hatched in 25 of these nests. 
Eggs in the other 17 nests did not hatch because of flooding 
(31%), infertility (15%), abandonment (15%), predation (8%), 
or unknown causes (31%). Twenty-one of the 38 chicks that 

hatched survived to successfully fledge (Table 1).
Six of the 17 chicks that did not survive were lost to 

unknown causes. Of the other 11 chicks, predation was 
identified as the cause of death for 9 (82%), 1 died as a result 
of snakebite, and the other died after becoming entangled in 
a fence. Avian predators (hawks and owls would be the most 
likely in Florida) were more of a factor in the death of younger 
chicks, while mammalian predators (bobcats [Lynx rufus] and 
coyotes [Canis latrans]) were more likely to take older chicks. 
The median age at death was 17 days (mean age was 27.2 ± 
23.2 SD days, range 4-70 days).

The survival rate to 90 days of age for the 38 chicks that 
hatched was 0.553. Survival rate for males was 0.50, 0.80 for 
females, and 0.45 for gender unknown. These rates did not 
differ significantly from random (P > 0.16). Survival rates to 
90 days for the 29 radio instrumented chicks was 0.48 and 0.78 
for the 9 non-instrumented chicks; these rates did not differ 
significantly from random (P = 0.137). We were particularly 
interested in evaluating any effects our capture, handling, 
and radio attachment might have had on mortality, so we 
compared the 2 survival curves for the radio instrumented 
and noninstrumented chicks using a nonparametric Log-Rank 
test. Again the difference in the 2 curves was not significant 
(P = 0.15).

Discussion

The smaller, limited-life, glue-on transmitters were effective 
on the smaller birds, but only for a few days. three transmitters 
fell off before 4 days, and 2 others fell off before the end of the 
10-day period. Recapturing these birds to apply the inserted 
transmitters was more labor intensive than if the transmitters 
had remained attached. When the transmitters lasted for the 
required 10 days, recapture of the birds for health check and 
replacing the transmitter was a simple procedure. Premature 
transmitter failure was a source of frustration for us and put 
additional stress on the chicks that had to be recaptured.

The type of glue and the attachment method seems to be 
an important consideration in the life of the transmitter. Gluing 
the small piece of material to the transmitter before it is glued 
to the bird was beneficial. Being careful to glue the transmitter 
directly to the chick’s skin also improved the longevity of the 
attachment. We saw no adverse effects associated with the 
inserted transmitters when the birds were recaptured and the 
transmitters removed at 60 days.

Predation was the most frequently identified source of 
mortality. this result is consistent with the conclusions of the 
other studies of sandhill crane chick survival. Both bobcats 
and coyotes occur in the study area and are known predators 
of young and adult cranes in Florida (Nesbitt and Badger 1995, 
Nesbitt et al. 2001). We had suspected that some of the chick 
deaths seen in the past had been the result of inattentive parents; 
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Table 1. Fate of 38 Florida sandhill crane chicks monitored in Florida, 1996 through 1999 nesting season.

Adult
pair ID

Clutch
size

Chick
#

Exp. (E) or
control (C)

Hatch date Gender Age at death 
(days) Cause

BWB 2 1 e 6 Mar 96 Female Fledged

107 2 1 e 5 May 96 unknown 4 unknown

NeW 2 1 e 25 Apr 96 Female 45 Mammal predation

134 2 1 e 1 May 96 unknown 8 unknown

126 2 1
2

e
e

5 May 96
7 May 96

Female
Male

17
17

Avian Predation
Avian Predation

096 2 1
2

e
e

22 May 96
25 May 96

unknown
unknown

6
6

unknown
unknown

CuttLer 2 1
2

e
e

24 May 96
26 May 96

unknown
unknown

20
45

Mammal Predation
Fence Injury

War 2 1
2

e
e

5 May 96
7 May 96

unknown
unknown

10
8

Mammal Predation
Mammal Predation

NeW 2 1
2

e
e

16 Mar 97
18 Mar 97

Male
Female

Fledged
Fledged

CuttLer 2 1
2

e
e

9 Mar 97
10 Mar 97

Male
Female

Fledged
Fledged

126 1 1 e 26 Mar 97 unknown Fledged

134 1 1 e 4 Apr 97 Male 37 Mammal Predation

BWB 1 1 e 21 Apr 97 Male 70 Mammal Predation

107 1 1 e 14 May 97 Female Fledged

096 1 1 e 20 Apr 97 Female Fledged

CuttLer 2 1
2

C
C

10 Apr 98
12 Apr 98

unknown
unknown

67
Fledged

unknown

BWB u 1 C 1 Apr 98 unknown Fledged

BWB 2 1
2

C
C

12 Mar 99
15 Mar 99

unknown
unknown

4
Fledged

unknown

107 2 1
2

C
C

18 Mar 99
20 Mar 99

unknown
unknown

Fledged
Fledged

CuttLer 2 1
2

C
C

21 Mar 99
23 Mar 99

unknown
unknown

Fledged
Fledged

Cato 2 1
2

e
e

20 Mar 99
22 Mar 99

Female
Male

Fledged
Fledged

126 1 1 e 21 Apr 99 Female Fledged

red 2 1 e 22 May 99 Male 60 Snake Bite

134 2 1
2

e
e

3 May 99
5 May 99

Male
Female

Fledged
Fledged

096 2 1
2

e
e

24 Apr 99
26 Apr 99

unknown
unknown

38
Fledged

unknown
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however, desertion or parental neglect was not a factor in any 
of the deaths for which a cause could be identified. Disease or 
parasite infections also were not seen as an important cause 
of mortality among the 38 chicks we studied. Intraspecific 
aggression or sibling aggression was also not detected as 
causes of mortality.

We would not recommend using inserted transmitters 
for any crane chicks < 10 days of age because of the size and 
weight of the radios. We would avoid using the full-sized leg-
band transmitter on any crane chick < 55 days. Though we 
did not find a significant difference in survival between the 
experimental and control group of chicks, one should not ignore 
the possibility of adverse effects whenever we are deciding if, 
when, or how to radio-instrument juvenile cranes.

Based on results from this and earlier studies, the first 
chicks produced by inexperienced pairs of the experimentally 
introduced whooping cranes will likely not survive to fledge. 
It may take a year or more of failure before a pair raises their 
first chick to fledging. We anticipate that the main source 
of mortality for these first chicks will be from predation. If 
disease, parasite infection, or parental neglect were found to 
be major (> 30%) cause of whooping crane chick mortality 
in Florida, then that would be a cause for concern.
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Maintenance of essential habitats is critical for crane 
populations throughout North America (Tacha et al. 1992). 
Because humans frequently alter shallow marshes and 
bogs, which are important sandhill crane (Grus canadensis) 
nesting habitats, land managers and planners need to better 
understand sandhill crane nest habitat preferences and 
whether habitat changes influence nest success. In the Great 
Lakes region, nesting greater sandhill cranes (G. c. tabida) 
have been studied in Ontario (Tebbel 1981), Michigan 
(Walkinshaw 1973, Urbanek and Bookhout 1992), Wisconsin 
(Howard 1977, Bennett 1978), and Minnesota (DiMatteo 
1991, Provost et al. 1992). Herr and queen (1993) and Baker 
et al. (1995) studied greater sandhill crane nesting habitat at 
larger spatial scales. However, only Tebbel (1981), Provost 
et al. (1992), and Baker et al. (1995) attempted to determine 
nest habitat preferences by comparing nests with randomly 
selected sites and only Urbanek and Bookhout (1992) 
assessed whether nest habitat characteristics influenced nest 
success.

Our objectives were to determine: 1) habitat use and 
selection by nesting greater sandhill cranes, 2) nest success 
and causes of nest failure, and 3) factors associated with nest 
success.

stuDy area

This study was conducted during April-July, 1989-1991 
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success in northwestern Minnesota
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Abstract: We studied 62 greater sandhill crane (Grus canadensis tabida) nests in northwestern Minnesota during 1989-1991 to 
document nest habitat use and selection, nest success, and factors associated with nest success. We recorded 15 habitat variables 
at each nest and at a randomly selected site in the same wetland. Nests were in basins 0.01-601 ha (Median = 2.2 ha) and at water 
depths 0-35.7 cm (Median = 9.7 cm). Cattail (Typha sp.) was the dominant vegetation at 58.0% of nests while 21.0% were at 
sites dominated by phragmites (Phragmites australis). Conditional logistic regression models indicated that locations with lower 
concealment indices, lower log sedge (Carex sp.) stem counts, and higher log phragmites stem counts were more likely to be 
associated with nest sites. Estimated nest success was 56% (Apparent), 40% (Mayfield), and 47% (logistic-exposure model). Most 
nest failures appeared due to mammalian predation. Nest depredation appeared to increase as nest initiation dates became later, 
but after accounting for differences in exposure times, this difference was no longer evident. Year had the strongest effect on nest 
success with the lowest success recorded in 1990, a dry spring. Logistic exposure models suggested that nest success tended to 
increase with increasing water depth at the nest site or as concealment indices decreased.
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in portions of Kittson, Marshall, and Roseau Counties of 
northwestern Minnesota. All sites were within the aspen 
parkland landscape region of Minnesota (Kratz and Jensen 
1983) characterized by flat topography with a mosaic of 
agricultural land (primarily small grain or Conservation 
Reserve Program fields), brushlands dominated by willow 
(Salix sp.), forests dominated by trembling aspen (Populus 
tremuloides), and shallow wetlands. Portions of the study area 
are described in further detail in Herr and queen (1993).

MethoDs

We located sandhill crane nests by low-level (10-30 m) 
helicopter searches over shallow wetlands. Three searches 
were conducted in May of 1989 and 1990, but the 1991 
search effort was cut short due to loss of the helicopter. 
Incubating cranes typically flushed a short distance ahead 
of the helicopter and were readily seen. We marked nest 
sites by dropping weighted strips of plastic flagging from the 
helicopter and by plotting locations on aerial photos. Three 
additional nests were reported to us by Minnesota Department 
of Natural Resources personnel. We later relocated nests 
from the ground and marked them with plastic flagging 5 m 
from the nest. At the initial ground visit, we floated eggs to 
determine their incubation stage (Fisher and Swengel 1991). 
We revisited nests shortly after the expected hatch date to 
determine their fate (Urbanek and Bookhout 1992). We 
estimated nest success using the Mayfield method (Klett et 
al. 1986) and also using a logistic-exposure model without 
any covariates (Shaffer 2004). The latter approach provided 
maximum likelihood estimates under the assumption of 
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constant daily survival (and no nest heterogeneity).

habitat Measurements

After nest fate was determined, we recorded 15 
measurements of habitat structure at each nest. We ignored 
any current-year plant growth during these measurements 
because it was not present when nests were constructed and 
would not have been a factor in site selection. We used a 25 
x 99 cm density board divided into 3 equal height increments 
(33 cm) to measure nest concealment (Provost et al. 1992). 
Each height increment was subdivided into 25 6.6 x 5.0 cm 
rectangles. We placed the density board on the nest, orientated 
it to the cardinal directions, and counted all rectangles more 
than 50% visible at a distance of 5 m and viewing height of 1 
m. totals from the 4 directions were averaged and subtracted 
from 25 to yield a concealment index for each of the 3 
height increments. We randomly located a 0.25-m2 quadrat 
within each of 4 strips (1 x 5 m) radiating from the nest in 
the cardinal directions. Within each quadrat, we counted 
residual stems of each herbaceous species. For analysis, we 
pooled herbaceous species into the following categories: 
cattail (Typha sp.), bulrush (Scirpus sp.), phragmites 
(Phragmites australis), sedge (Carex sp.), grass (Poacea 
exclusive of Phragmites), and other. We visually categorized 
the dominant vegetation within a 5-m radius of the nest as 
cattail, bulrush, phragmites, sedge, or grass. We computed 
mean water depth from measurements made 1 m from the 
nest in each cardinal direction. We recorded the number of 
shrub stems >4 mm in diameter that were within 1.5 m of the 
nest and the number of trees >3 cm in diameter within 5 m. 
We estimated basin size and measured distance to the nearest 
upland and distance to the nearest tree.

Immediately after completing habitat measurements 
at a nest, we made the same measurements at a randomly 
selected site within the same wetland basin. random 
sites were selected in two ways. When nests were in large 
wetlands, we placed a transparent grid over an air photo and 
numbered each square falling inside the basin. one square 
was randomly selected and we located the approximate 
center of this square in the wetland. From this point, we 
walked a randomly predetermined direction and distance 
(1-10 m) to a second point that became the random site. In 
small wetlands, which did not show up well on air photos, 
we divided the basin into quarters in the field and randomly 
selected one quarter. From the center of this quarter, we 
walked a randomly predetermined direction and distance (1-
10 m) to the random site.

statistical analyses

our study design for assessing nest site selection was 

analogous to a stratified case-control study, with nest sites 
as cases, random locations as controls, and strata defined by 
the sampled basins (within each year). We used conditional 
logistic regression (CLR) (Breslow et al. 1978, Hosmer 
and Lemeshow 2000, Stokes et al. 2000) to test for habitat 
selection while controlling for stratification variables (i.e. 
year and basin). Heuristically, observations within the 
same strata were treated as matched sets, with regression 
parameters estimated by comparing nest sites and random 
points within strata and then averaging estimated effects of 
covariates across strata. Regression parameters associated 
with each covariate reflect the change in log odds of use 
per unit change in the covariate. Odds ratios, obtained 
by exponentiation of the regression parameters, will 
approximate relative probabilities of use when probability of 
use is low (Compton et al. 2002, Keating and Cherry 2004). 
Odds ratios = 1.0 imply no risk difference, therefore odds 
ratio confidence intervals that do not include 1.0 indicate 
statistically significant relationships between the covariate 
and the probability of use.

The performance of logistic regression models (e.g. in 
terms of bias and precision of regression coefficients and 
reliability of hypothesis tests) is largely dependent on the 
number of events (i.e., paired nests and random sites) per 
variable considered during the analysis, including interactions 
and terms to account for non-linearities (Harrell 2001); 
several studies have suggested a minimum of 10 events 
per variable for obtaining reliable conclusions (Peduzzi et 
al. 1996, Harrell 2001, Steyerberg et al. 2001). Following 
general recommendations for data reduction (Harrell 
2001:66), we eliminated variables that varied little across 
observations (e.g. number of shrub stems and tree stems 
within 5 m of the nest site) or that were highly correlated 
with other predictors (e.g. dominant vegetation category 
was dropped in favor of including stem count densities for 
various vegetation categories). We averaged low, medium, 
and high concealment scores to create a single index, and log 
transformed stem counts (after adding 0.1 to eliminate zeros) 
because these measurements were highly skewed. after data 
reduction, our habitat selection CLr model included the 
following 6 predictors: mean water depth (cm), concealment 
index (higher values indicate more dense cover), and log 
transformed cattail, bulrush, phragmites, and sedge stem 
counts. Prior to fitting the model, we computed variance 
inflation factors using PROC REG (SAS Institute, Inc. 2002) 
to assess potential problems with multicollinearity (Freund 
and Littell 1991). We fit the model using PROC PHREG in 
SAS (Stokes et al. 2000), and used residual diagnostics and 
leverage statistics to assess model goodness-of-fit and to 
check for influential data points (Allison 1995).

We expected nest success to vary according to the age 
of the nest at initial discovery (nests discovered later in 
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the incubation stage had fewer days at risk to succumb to 
predation). We used logistic-exposure models (Shaffer 2004) 
assuming a 30-day incubation period to account for the effect 
of nest age on apparent success rates. When modeling the 
influence of habitat variables, we included 4 nests having 
addled/infertile eggs in the hatched category because all 
were incubated longer than the normal incubation period and 
would have hatched had the eggs been viable. We fit a series 
of single predictor models, including the following variables: 
basin size (ha), distance to nearest upland (m), nest initiation 
date (i.e. date the first egg was laid), mean water depth 
(cm), concealment index, and log stem counts of cattail, 
bulrush, phragmites, or sedge. We estimated odds ratios 
(for the probability of daily nest survival) by exponentiating 
regression parameters, and used SAS macros written by 
T. L. Shaffer (http://www.npwrc.usgs.gov/resource/birds/
nestsurv/index.htm) to rank the models using a second order 
variant of Akaike’s Information Criterion (AICc) (Burnham 
and anderson 2002). Models with aiCc values within 2 
units of the best fitting model are generally interpreted as 
having relatively strong support (Burnham and Anderson 
2002). Given the small sample size relative to the number 
of predictor variables (and also the need to correct for age of 
the nest at discovery), we considered the analysis of factors 
associated with nest success to be exploratory. We used the 
R programming language (R Core Development Team 2005) 
to construct all plots.

results

nest habitat use and selection

We obtained habitat data from 62 greater sandhill crane 
nests (n = 22, 35, and 5 nests in 1989, 1990, and 1991, 
respectively) and an equal number of matched random sites. 
Nests were in wetland basins 0.01-601 ha (Median = 2.2 ha) 
and at water depths 0-35.7 cm (Median = 9.7 cm) (Fig. 1a). 
Water depth at nests averaged 13.8 cm (SE = 2.0), 8.1 cm 
(SE = 1.1), and 11.8 cm (SE = 4.7) in 1989, 1990, and 1991, 
respectively. We recorded water depths of zero at 8 nests. 
two of these were on small islands within marshes. the other 
6 (5 in 1990, a dry spring) were in wetlands that were already 
dry when nests were found in early to mid-May. Distance 
to the nearest upland was 3-245 m and was correlated with 
basin size (r60 = 0.78, P < 0.001) and distance to nearest tree 
(r60 = 0.85, P < 0.001) because trees often lined the upland 
edges of wetlands. Wetlands used for nesting were largely 

Table 1. Plant type occurrence and mean stem counts/0.25-m2 
quadrat at 62 greater sandhill crane nests and 62 random sites 
in northwestern Minnesota, 1989–1991.

Nest sites Random sites

Plant type na x b Se n x Se

Cattail 50 7.71 0.89 53 7.76 0.93

Phragmites 22 4.69 1.61 16 3.29 0.94

Bulrush 17 2.40 1.11 19 4.37 1.25

Sedge 37 5.43 1.15 41 15.40 3.32

Grass 7 0.40 0.18 7 1.42 0.64

 a Number of nests or random sites at which the plant type occurred in 1 or 
more/0.25-m2 quadrats.
 b Mean stem counts/0.25-m2 quadrat.
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Figure 1. Distribution of: (a) water depth and (b) concealment 
index for greater sandhill crane nest sites (N) and random points 
(R) within each dominant vegetation category measured within 
a 5-m radius of the nest or random site. Boxes bound the 25th 
and 75th percentiles, solid lines within the boxes indicate the 
median, and whiskers extend to 1.5 times the interquartile 
range of the observations. Sample sizes in Cattail, Phragmites, 
Bulrush, Sedge, and Grass were (N = 36, R = 33), (N = 13, R 
= 9), (N = 7, R = 5), (N = 5, R = 13) and (N = 1, R = 2), 
respectively.
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free of trees and large shrubs. only 1 nest and 1 random site 
had trees within 5 m. Similarly, only 7 nests and 5 random 
sites had any shrub stems within 1.5 m. Concealment indices 
were quite variable, but were generally lower at nest sites 
than random locations within the same dominant vegetation 
category (Fig. 1b). Cattail was the dominant vegetation 
within a 5-m radius of most nests (58.0%) while 21.0% of 
nests were at sites dominated by phragmites. Sites dominated 
by bulrush, sedge, and grass accounted for 11.3%, 8.1%, and 
1.6% of nests, respectively. Cattail had the highest mean 
stem counts at nests whereas sedge had the highest mean 
stem counts at random sites (Table 1).

estimated odds ratios from the CLr nest habitat 
selection model suggested that locations with higher log 
phragmites stem counts, lower log sedge stem counts, and 
lower concealment indices were more likely to be associated 
with nest sites (Table 2). Water depth and log stem counts of 
cattails and bulrush were not significantly associated with 
the log odds of use as a nest site (i.e. confidence intervals 
included 1.0; Table 2).

nest success

Clutch size was either 1 (7.3%) or 2 (92.7%). Of 62 
nests, 35 (56.5%) hatched, 23 (37.1%) were depredated, 
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 Figure 2. Distribution of nest ages (at discovery) versus (a) Julian nest initiation date and (b) apparent nest success for 53 greater 
sandhill cranes in northwestern Minnesota, 1989-1991. Four nests having addled/infertile eggs were included in the hatched category 
because all were incubated longer than the normal incubation period and would have hatched had the eggs been viable. Nests 
discovered early in the incubation period tended to have later nest initiation dates (a) and lower apparent success rates (b). Nest 
ages and initiation dates were jittered slightly in (a) to allow viewing of multiple observations with the same age and initiation date. 
In (b), boxes bound the 25th and 75th percentiles, solid lines within the boxes indicate the median, and whiskers extend to 1.5 times 
the interquartile range of the observations.

and 4 (6.4%) had infertile or addled eggs. Mayfield nest 
success was 40% (57 nests, 788 exposure days, 95% CL = 
23%, 52%). Nest success estimated using an intercept only 
logistic-exposure model was 47% (95% CL = 30%, 62%). 
Based on evidence remaining at depredated nests (Rearden 
1951, Trevor et al. 1991), it appeared that only 1 nest was 
destroyed by an avian predator (likely common raven, Corvus 
corax or american crow, C. brachyrhynchos). the remaining 
22 nests were likely depredated by mammals. Potential 
local mammalian predators included raccoons (Procyon 
lotor), striped skunks (Mephitis mephitis), red foxes (Vulpes 
vulpes), coyotes (Canis latrans), and gray wolves (Canis 
lupus). ten nests contained no remnants of eggs suggesting 
that the eggs were removed and eaten elsewhere, a pattern 
typical of coyotes (Littlefield 1995) and sometimes red foxes 
(Trevor et al. 1991).

Factors associated with nest success

We estimated dates of nest initiation and age of the 
nest when first discovered for 53 nests. Nest initiation dates 
ranged from 23 April - 29 May. Total nests initiated during 
the last week of April (n = 22) was similar to the number 
begun during the first half of May (n = 23), but nest starts 
dropped off sharply during the latter half of May (n = 8). 
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However, distribution of observed nest initiation dates may 
have been influenced by the number and scheduling of 
helicopter searches (e.g. nests were more likely to be active 
[and hence found] if they were initiated shortly before a 
search was conducted). The percentage of nests that were 
depredated exhibited an increasing trend as nest initiations 
became later (23-30 April = 13.6%, 1-15 May = 34.8%, 
16-29 May = 50.0%). However, nests initiated late in the 
study tended to be found earlier in the nesting cycle (Fig. 
2a) and, as expected, nests found early in the nest cycle had 
lower apparent survival rates (Fig. 2b). After accounting for 
differences in exposure times, we detected no relationship 
between nest initiation date and the daily probability of 
survival (Table 3).

Logistic-exposure models provided some evidence that 
the probability of nest success increased as mean water 
depths (cm) increased and as concealment indices decreased 
(confidence intervals for the odds of survival did not include 
1.0 for either of these variables in their single-predictor 
models; Table 3). However, a model that included a year 
effect [I (year = 1989) = 1 if the nest was initiated in 1989 
and 0 otherwise] had an aiCc value that was over 4 units 
smaller than either of these models (Table 3). In 1989, 19 of 
22 nests (86%) were successful, compared to 13 of 35 (49%) 
in 1990, and 3 of 5 (60%) in 1991.

Discussion

nest habitat use and selection

In our study, greater sandhill cranes primarily nested in 
shallow wetland sites dominated by cattail or phragmites. 
These wetlands varied considerably in size, but generally 
contained few trees or large shrubs. We found that, after 

controlling for concealment index, the probability of a site 
being used for nesting increased as the log stem counts of 
phragmites increased (i.e. while higher concealment indices 
were generally associated with random sites, if 2 sites had 
the same concealment index, the site with more phragmites 
stems was more likely to be a nest site). Further, 35 % of 
nests had phragmites in one or more of the 4 0.25-m2 
quadrats compared to 26% of random points. Although the 
majority of nests were found at sites dominated by cattail 
and no nest had a mean water depth exceeding 35.7 cm, 
our CLr nest habitat selection model did not indicate that 
log stem counts of cattail or water depth were associated 
with nest site selection. However, most wetlands where 
crane nests were found in cattail were dominated by cattail 
throughout the majority of the basin. Thus, there would be 
a high likelihood that the random site in the same wetland 
would also be in cattail. Likewise, the topography in our 
study area was flat and wetlands used for nesting tended to 
be shallow throughout (e.g. no mean depth at random sites 
exceeded 41.5 cm). Therefore, depth at a random site, in 
the same wetland, would likely also be shallow. although 
we did not detect selection for cattail or water depth, we 
cannot rule out the possibility that nest habitat selection was 

Table 3. Effect of habitat variables and nest characteristics on 
daily survival probabilities for greater sandhill crane nests in 
northwestern Minnesota, 1989–1991. Odds ratios estimated 
from logistic-exposure models fit to 37 successful and 14 
depredated nests.

Model (i.e., variable)a Odds ratiob

(95% CL) ∆AICc

I (year = 1989)c 11.3 (1.47, 87.6) 0

Mean water depth (cm) 1.08 (1.0, 1.17)d 4.42

Concealment index 0.89 (0.80, 0.98) 5.24

Log(cattail stems +0.1) 0.65 (0.37, 1.13) 5.46
No habitat variable 
(intercept only model) Na 6.96

Basin size (ha) 1.00 (1.00, 1.00) 7.58

Julian nest initiation date 0.98 (0.93, 1.03) 9.62
Log(phragmites stem 
counts + 0.1) 0.94 (0.74, 1.20) 9.82
Log(sedge stem counts 
+ 0.1) 0.96 (0.75, 1.22) 10.09
Log(bulrush stem counts 
+ 0.1) 1.04 (0.76, 1.42) 10.21

a Only single predictor logistic-exposure models (Shaffer 2004) were 
considered.
b Odds ratio (for the probability of daily survival) resulting from a unit 
increase in the predictor variable.
c I(year = 1989) = 1 if the nest was initiated in 1989 and 0 otherwise.
d CI includes 1.0 due to round-off error.

Table 2. Effect of habitat variables on relative probability of 
nest site selection by greater sandhill cranes in northwestern 
Minnesota, 1989–1991. Odds ratios estimated from a 
conditional logistic regression model fit to 62 nests and 62 
matched random sites.

Variable Odds ratio (95% CL)

Mean water depth 1.0 (0.93, 1.07)

Concealment index 0.77 (0.69, 0.87)

Log(stem counts + 0.1)

Cattail 1.17 (0.82, 1.68)

Bulrush 1.07 (0.80, 1.42)

Phragmites 1.64 (1.06, 2.53)

Sedge 0.68 (0.50, 0.92)
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occurring at a larger spatial scale (e.g. a higher likelihood 
of nests being located in shallow wetlands dominated by 
cattail). Others (Bennett 1978, Tebbel 1981, Urbanek and 
Bookhout 1992, DiMatteo 1991, Provost et al. 1992) found 
that greater sandhill cranes used a variety of wetland habitats 
and dominant plant species for nesting and nest habitat 
selection appears based on vegetative structure rather than 
species composition. Further, greater sandhill cranes appear 
to exhibit variable nesting habitat selection depending on the 
wetland types available. Whereas Tebbel (1982) reported 
that cranes preferred to nest at sites containing Sphagnum 
sp. and leatherleaf (Chamaedaphna calyulata) in an area 
where bogs were prevalent, these plants were not recorded 
in our study nor at nest sites nearby (Provost et al. 1992). In 
our study, cattail, phragmites, and bulrush were the primary 
plant species that provided vertical structural cover at crane 
nests. although sedge was recorded at over half of the nests, 
the probability of a site being used for nesting decreased as 
log stem counts increased. None of our nests were in broad 
expanses of sedge or grass, although some nesting wetlands 
did contain this habitat feature. in our study area, residual 
sedge stems (as well as grass stems) lay close to the ground and 
provided virtually no concealment for an incubating crane. 
The probability of a site being used for nesting decreased 
as concealment indices increased. this counterintuitive 
result may be due, in part, to the fact that cranes collect 
nest construction materials close to their nests (Tacha et al. 
1992) and thereby thin out the nearby vegetation; a pattern 
noted by others (Bennett 1978, DiMatteo 1991, Provost et al. 
1992). On the other hand, cranes in our study clearly did not 
nest in very dense stands of cattail or phragmites. Bennett 
(1978) noted that potential nesting vegetation was avoided if 
its density or height restricted free movement by the cranes. 
Thus, greater sandhill cranes appeared to select nest sites 
that provided some vertical cover (i.e. cattail, phragmites, 
bulrush) for concealment while also allowing the birds a 
view of their immediate surroundings and ease of access to 
and from the nest. Given that most nest predation appeared to 
be caused by mammals, this degree of habitat openness may 
be important to cranes in northwestern Minnesota because it 
allows them to observe potential predators approaching their 
nest in time to react appropriately by flight, distraction, or 
defense.

Factors associated with nest success

We noted that nest success appeared to decrease for 
nests initiated later in the spring. However, these late nests 
typically were found earlier in the incubation period and 
when we accounted for differences in exposure times, the 
relationship between nest initiation date and nest success 
was no longer evident. thus, the observed effect of nest 

initiation date may be an artifact of nests initiated late in the 
study period generally having longer (observed) exposure 
times (Shaffer 2004).

Given our relatively small sample of depredated nests, 
our analyses of factors associated with nest success should 
be viewed as exploratory. Urbanek and Bookhout (1992) 
noted that nests in Michigan cattail marshes suffered greater 
predation than those in sedge marshes, but water depth or 
concealment scores were not associated with nest fate. 
our model with cattail stem density suggested a negative 
effect on the odds of nest survival, although the confidence 
interval was rather wide (reflecting the small sample size) 
and included 1.0. in our study, year had the strongest effect 
on nest success with the lowest success recorded in 1990. 
Further, nest success appeared to increase as mean annual 
water depth increased. 1990 was a dry spring on our study 
area and mean water depths at nests (and random sites) 
were lower that year than either 1989 or 1991. As most nest 
predation in our study appeared to be caused by mammals, 
the lower water depths, and in some cases nesting wetlands 
that dried up during incubation, may have caused nests to be 
more accessible to these predators.

Nest success also appeared to increase as concealment 
indices decreased which initially seems counterintuitive. 
However, the importance of water depth and the lesser 
importance of vegetative concealment, in our study, are 
consistent with studies of nesting waterfowl. Water often 
constitutes a barrier to many mammalian predators (Sargeant 
and Arnold 1984) and overwater-nesting ducks typically 
have higher nest success than upland nesters (Bouffard et al. 
1988, Maxson and Riggs 1996). Further, where mammalian 
nest predators predominate over avian predators, as in our 
study, nest concealment typically is of little importance to 
nest success (Clark and Nudds 1991).

ManageMent iMplications

greater sandhill cranes, in northwestern Minnesota, used 
a variety of wetland habitats and dominant plant species 
for nesting. Within habitat complexes suitable for breeding 
cranes, land managers should provide shallow (i.e. depths < 
about 50 cm) wetlands dominated by cattail, phragmites, and 
bulrush; the predominant plants that cranes use as vertical 
concealment cover at nests. Such wetlands should contain 
varying densities of these plant species as cranes will not 
nest in sites with extremely dense vegetation. Wetlands 
dominated by sedge or grass, other than phragmites, are less 
useful to nesting cranes unless they also contain sizeable 
patches of cattail, phragmites, or bulrush where cranes could 
locate their nest. The majority of the wetland basin should 
be free of trees and large shrubs. Wetland size appears less 
important than water depth and vegetation characteristics. If 
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possible, these wetlands should be in situations where water 
levels can be maintained throughout the nesting season as 
this may reduce nest predation by mammals.
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Collecting data on nesting waterbirds often involves 
some type of potential disturbance to nesting birds, whether 
direct (e.g., handling eggs) or indirect (e.g., walking near 
birds on nests).  Disturbances can result in lower clutch size, 
hatching success, fledging success, or overall reproductive 
success (Ellison and Cleary 1978, Anderson and Keith 1980, 
Åhlund and Götmark 1989, Götmark 1992).  Disturbances 
may also discourage birds from renesting or from initiating 
late nests (Ellison and Cleary 1978, Tremblay and Ellison 
1979).  Alternatively, individual birds may become tolerant 
of human intrusions after repeated exposure (Nisbet 2000).  
Many scientific investigators are aware of the potential impact 
of their activities and seek a balance between minimizing 
disturbance and collecting useful and timely data.  that balance 
may be more difficult to achieve in studies that have multiple 
components, of which nesting is only one.  Understanding the 
responses of nesting birds to various types of disturbances 
is important to ensuring unbiased data and to minimizing 
potential impacts on a nesting population.

although many studies have evaluated the effects of 
human disturbances in anseriformes, Charadriiformes, and 
Pelecaniformes (Götmark 1992), few studies have been 
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Abstract: We examined the response of nesting greater sandhill cranes (Grus canadensis tabida) to research-related activities at 
Grays Lake, Idaho, during 1997–2000.  Data were collected on >500 crane nests from 53 fields that were exposed to variable levels 
of research activity, from fields subjected to only periodic searches for and monitoring of crane nests (crane-only fields) to fields 
subjected to periodic searches for and monitoring of all waterbird nests as well as breeding bird surveys, nocturnal amphibian 
surveys, and other research-related activities (multi-use fields). For each nest, we calculated the visit rate to the field during the 
period the nest was known to be active (hereafter field visit rate) as the number of observer visits to a field while the nest was known 
to be active divided by the number of exposure days of the nest.  The median field visit rate for all years was 0.188 visits/day, which 
would equate to 5.6 visits over the course of a 30-day incubation period.  Length of field visits for most activities averaged 93–155 
min.  Of known responses, most (83.7%) cranes were flushed, but actual frequency of flushing (considering unknown responses 
as not flushed) was likely ~30%.  Frequency of flushing for known responses was highest during nest searches (89.4%) and nest 
checks (87.9%) and lower during bird surveys (68.1%) and other activities (54.3%).  Half of cranes that were observed to flush did 
so when the investigator was between 20 and 80 m away (25 and 75% quartiles, respectively; median = 32.5 m).  Median flushing 
distances tended to be greatest for nests located in very short vegetation, but the response differed between cranes nesting in multi-
use fields and cranes nesting in crane-only fields.  We found no relationship between flushing distance and number of field visits.  
We examined the effects of field visit rate and year on nest survival using logistic-exposure approach and Akaike’s Information 
Criterion to evaluate support for 3 models.  The model including field and year was most supported by the data; we found no 
support for field visit rate as an important variable explaining nest success.
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Key words: greater sandhill crane, Grus canadensis tabida, idaho, investigator disturbance, nest success, research activity.

conducted on gruiiformes or wild cranes.  Several studies 
report responses of foraging cranes to disturbances on staging, 
migration, or wintering areas (Herter 1982, Lewis and Slack 
1992, Burger and Gochfield 2001).  Most nesting studies provide 
only qualitative information on the tolerance of sandhill cranes 
(Grus canadensis) to human disturbances (Walkinshaw 1949, 
1976, 1981; Valentine 1982; Stern et al. 1987).  quantitative 
assessments on the effects of human disturbances to nesting 
cranes are few (Dwyer and Tanner 1992, Nesbitt et al.  2005) 
and have been limited in sample size.

During 1997–2000, we conducted a study at Grays Lake 
National Wildlife Refuge (GLNWR) that included multiple 
research components and associated research-related activities.  
During the nesting season, we conducted periodic nest searches 
for and monitoring of nests of greater sandhill cranes (G. c. 
tabida) as part of a study to evaluate nesting ecology.  On 
12 fields, additional research activities included periodic 
searches and checks for nests of all waterbird species, breeding 
bird surveys, and nocturnal amphibian surveys.  Crew size 
(number of people visiting fields at any one time) also was 
usually higher on these 12 fields.  Varying levels of research 
activities on these fields over 4 years provided the opportunity 
to examine responses of cranes to research activities and to 
evaluate concerns about the impact of research activities on 
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nesting cranes.

stuDy area

grays Lake lies within the Caribou range of the rocky 
Mountains in southeast idaho, at the western edge of the greater 
Yellowstone ecosystem.  at the heart of the grays Lake valley is 
a 5,260-ha shallow montane marsh which is vegetated primarily 
with bulrush (Scirpus spp.) and cattail (Typha latifolia) and 
bordered by temporarily and seasonally flooded meadows.  
Because of its high elevation (1,946 m), the valley is subject 
to prolonged winters and summers characterized by warm days 
and cool nights.  Ranching (cattle, sheep, and hay production) 
is a predominant land use on private and state lands in the 
valley.  Refuge land management included grazing, haying, 
idling, and fall burning.

Most of the interior deep marsh, as well as large areas of 
temporarily and seasonally flooded meadow, are contained 
within GLNWR.  The central portion of this montane wetland 
is a large, contiguous area of permanently and semipermanently 
flooded wetland dominated by bulrush (Schoenoplectus 
tabernaemontani) and lesser amounts of cattail (8,854 ha; 
hereafter interior deep marsh).  The habitats surrounding the 
interior deep marsh are a mosaic of seasonally (2,251 ha) and 
temporarily flooded (3,602 ha) habitats, variously dominated 
by sedges (Carex and Eleocharis spp.), Baltic rush (Juncus 
balticus), tufted hairgrass (Deschampsia caespitosa), kentucky 
bluegrass (Poa pratensis), smooth brome (Bromus inermis), 
and mat muhly (Muhlenbergia richardsonis).  Small stands of 
cattail-bulrush often occurred as patches within the seasonally 
flooded habitat.  Most of these habitats are <1 m deep when 
flooded in spring.  Heavy snowpack each winter results in little 
standing cover of residual vegetation in spring except in cattail 
stands.  Crane nests are predominantly located in wet meadow, 
in Baltic rush (Juncus balticus), and on the outer edge of the 
bulrush-cattail marsh (Drewien 1973, Ball et al. 2003).

The 53 fields (as defined by fencing) used in this study 
ranged in size from 12 to 267 ha and were located along the 
lakeshore.  Twelve fields (805 ha total), owned or managed by 
the U.S. Fish and Wildlife Service (USFWS), were subjected 
to experimentally applied management practices and multiple 
research activities (Austin et al. 2002); hence, we refer to them 
as “multi-use fields.”  These fields were distributed along the 
wet meadow-permanent marsh edge along the north, east, 
and southeast portions of the Grays Lake basin  Other fields 
(20–24 each year; 41 total) were defined as “crane-only fields” 
because the only research activities were searches for and 
monitoring of crane nests.  These fields, also distributed along 
the wet meadow-permanent marsh edge around the entire basin, 
were owned or managed by gLNWr, other federal and state 
agencies, and private landowners, and received various habitat 
management practices, most commonly grazing.  Crane-only 

fields were 3–267 ha ( x  = 60 ha) and multi-use fields were 
24 –112 ha ( x  = 69 ha).  Most fields encompassed a range of 
habitats, from cattail-bulrush stands to temporarily flooded wet 
meadow; some also included upland habitat.  For a detailed 
description of the area, see Austin et al. (2002).

MethoDs

Nest searching was conducted from late April to mid-June, 
1997–2000.  The 12 multi-use fields were searched every 
year; the numbers of crane-only fields searched varied from 
year to year (20–24 each year) due to variation in access to 
private lands and spring weather conditions.  Crane nests 
were located by systematic searching on foot or by canoe, or 
by remote observation using binoculars or spotting scopes; 
some crane nests were found when cranes were flushed by all-
terrain vehicles (ATVs).  Field crews of 2–4 people conducted 
4 systematic nest searches each year on the 12 multi-use 
fields and 1–2 people conducted 1–5 systematic searches on 
crane-only fields, depending on its size and location.  Crane 
nests were visited at 10–20 day intervals until all nesting 
terminated, approximately 15 July.  Some nest checks were 
made from a distance with binoculars or spotting scopes to 
reduce disturbance.  ATVs were used for transportation to 
and from fields and, in multi-use fields, to locate nests of 
ground-nesting birds (including some cranes) with chain 
drags (Higgins et al. 1969).  ATV activity was kept >30 m 
from known crane nests whenever possible, and observers 
approached crane nests on foot.

For each crane nest, we recorded information on nest 
status and nest fate following procedures established by Klett 
et al. (1986) and Northern Prairie Science Center (1995).  
We determined incubation stage by the flotation method 
(Westerskov 1950).  Habitat type of each nest site was classified 
as: 0) upland (graminoids and forbs), 1) semi-wet meadow 
(intermittently-flooded habitat), 2) Baltic rush/spikerush 
(Eleocharis spp.) (hereafter referred to as Baltic rush), 3) 
robust sedge (Carex utriculata and other Carex spp.; hereafter 
referred to as sedge), 4) sedge/cattail/bulrush, 5) cattail/bulrush, 
6) overwater, 7) willow (Salix spp.), or 8) other.  During each 
direct nest visit, we categorized vegetation height based on the 
height of residual and new vegetation above the water (or soil 
surface if the nest was on dry ground) within a 3-m radius of 
the nest; categories were 0–10, 10–30, 30–60, 60–100, or >100 
cm.  Because cranes hatch asynchronously, we continued nest 
visits until the fates of both eggs were determined.  a nest was 
considered successful if at least 1 egg hatched, as determined 
by the presence of chicks, tiny shell fragments, or detached 
membranes within 5 m of the nest platform (Rearden 1951; 
C. D. Littlefield, Muleshoe, TX, personal communication).  
unless the exact initiation or hatch dates were known, nest 
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initiation dates and hatch dates were estimated from incubation 
stage (age of eggs) at the first nest visit, assuming a 30-day 
incubation period (Walkinshaw 1949).

For each field visit where at least 1 active (i.e., laying, 
incubation, or pipping stages) crane nest was present, observers 
recorded the following information:  field number, date, 
observer, research activity (nest search, nest check, bird surveys, 
other), numbers of crane nests known to be active on that date 
in that field, and time of arrival to and departure from the field.  
All but the last parameter was recorded before entering the field, 
based on current nesting data, to ensure that observers were 
aware of every nest present and that all possible responses of 
cranes would be noted.  “Other” research activities included 
nocturnal amphibian surveys, marking transects, or traveling 
through 1 field to reach another.  Data were not recorded for 
field visits related to normal refuge maintenance activities 
such as fence repair.  For each active nest present in the 
field, investigators recorded the nest number and nest status 
(unknown, egg-laying, incubation, destroyed, pipping, hatched, 
or lost) based on nest card data and any nest information 
collected during that visit.  observers also recorded 1) crane 
status upon observer entering or departing the field (unknown, 
on nest, ≤10 m of the nest, 11–50 m from nest, and >50 m from 
nest); 2) whether a crane associated (on or near) with a nest 
flushed during that visit; 3) time when the crane flushed; 4) 
distance from observer to crane if flushed (estimated nearest 
m); and 5) comments.  “Flush” here is defined as a crane 
leaving a nest, whether by walking or flying.

statistical analysis

We used estimated nest initiation and termination dates to 
determine when each crane nest in a field was active (exposure 
days).  these data were then used to ensure that there was 
a record for each active nest whenever a field was visited, 
even if a nest was not directly visited or for dates when we 
were unaware of its existence.  only those records when the 
nest was active (before hatch) were included.  For each nest, 
we calculated the visit rate to the field during the period the 
nest was known to be active (hereafter field visit rate) as the 
number of visits to a field while the nest was known to be 
active divided by the number of exposure days of the nest.  We 
examined the relationship between average flushing distance 
and number of field visits to which a nest was exposed using 
simple regression.  We used a Student t-test for unequal 
variances to compare flushing distances between crane-only 
and multi-use fields.

The effects of field visit rate and year on nest survival 
were examined using the logistic-exposure method described 
by Shaffer (2004).  For this analysis, field visit rate for each 
nest for each observation interval was calculated separately 
as the number of visits to the field during the interval divided 

by interval length.  The logistic-exposure approach assumed 
survival and field visit rate were constant within a nest 
observation interval, but these rates were allowed to vary 
among intervals.  Nest outcome for each observation interval 
was modeled as a binary variable (0 = failure, 1 = success) 
using PROC NLMIXED (SAS 2002).  Field was included 
as a random effect in the model to acknowledge possible 
covariance among nests from the same field each year.  Year 
was included in the model as a fixed effect.  We fit 3 models:  
1) field and year; 2) field, year, and field visit rate; and 3) field, 
year, field visit rate, and the interaction between year and field 
visit rate.  We did not include incubation stage of the nest in the 
models because of inconsistencies in determining incubation 
stages among visits.  We used akaike’s information Criterion 
for small samples (AICc); (Burnham and Anderson 2002) to 
evaluate the support for each of these models.  We computed 
daily nest survival rates (DSRs) for each year using the best 
logistic-exposure model (Shaffer 2004).

results

Over all years and fields, 40.6% of visits to fields were 
nest searches, 32.0% were nest checks, 13.3% were breeding 
bird surveys, and 14.1% were other research-related activities 
(n = 752 visits).  Nest checks in multi-use fields comprised 
a substantially lower proportion of the visits than in crane-
only fields (13% vs. 53%) because nest checks were usually 
done during the more extensive nest searches for all nesting 
waterbirds.  Nest searches and “other” activities (usually 
transect establishment) tended to occur earlier in the year 
(median date = 20 May) than breeding bird surveys or nest 
checks (median dates = 1 June for both).  Field visits for most 
activities averaged >2 hr in length:  breeding bird surveys, x  
= 154 (SE = 7 min, n = 85 visits); nest checks, x  = 93 (SE = 8 
min, n = 136); nest searches, x  = 151 (SE = 7 min, n = 265), 
and other activities, x  = 155 (SE = 13 min, n = 90).

Median field visit rates for all years was 0.188 field visits/
day (range 0.045–3.000; n = 521 nests), which would equate 
to 5.6 visits over the course of a 30-day incubation period.  
Those nests with visit rates ≥1 (n = 12) usually had only 1–2 
exposure days.  Higher field visit rates usually occurred in 
fields that also were used as pass-through areas to other fields.  
As expected, field visit rates were higher in multi-use fields 
(median = 0.240 visits/day; n = 211 nests) than in crane-only 
fields (median = 0.167 visits/day; n = 310 nests), reflecting 
the greater level of research activity in those fields.  Across 
all fields, field visit rates were highest in 1998 and lowest in 
1997 and 2000 (1997 = 0.167; 1998 = 0.267; 1999 = 0.182; 
2000 = 0.167 visits/day), which reflected numbers of waterbird 
nests found and time required to monitor them each year.  
actual direct visits to nests, however, were much lower than 
visit rates to the field; 96% of all nests and 94% of nests that 
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survived to hatch were directly visited 1–3 times, and only 
17 nests were visited 4 times.

Over all years, we recorded 32.4% of cranes as having 
flushed from the nest or from near the nest, 6.3% did not flush, 
and 61.2% were recorded as unknown (n = 2,324 observations).  
Many responses were unknown because activities were far 
from some active nests in the field and crane responses were 
not detected or investigators were quickly passing through a 
field; the few responses detected during nocturnal amphibian 
surveys were audible rather than visual.  Most (87.8%) cranes 
with a known response were first detected on the nest; 1.8% 
were ≤10 m from the nest, 1.8% were 11–50 m away, 2.6% 
were >50 m from the nest, and 6.1% were not observed or 
were at an unknown distance from the nest (n = 901).  Of 
those observations of known response (n = 901), 83.7% of 
cranes were flushed regardless of their location, vis-à-vis the 
nest, when first detected.  Most of the cranes detected on the 
nest flushed (88.1%), as did cranes ≤10 m away from the nest 
(81.3%) or >50 m from the nest (78.3%); however, fewer birds 
observed 11–50 m away from the nest flushed (62.5%).  When 
cranes moved off nests but did not immediately fly away, the 
most common behavioral responses observed were struts and 
ruffle-bow-down displays (Tacha et al. 1992).  Some cranes 
would stay 5–20 m away from the investigator and the nest, 
were obviously very agitated (particularly if young were still 
at the nest) and often vocalized, but there were no reports of 
rushing.  among the more aggressive behaviors, uncommonly 
displayed, were hissing and Directed Walk Threat (Nesbitt and 
Archibald 1981); some cranes crouched and spread their wings.  
If activity at or near the nest was prolonged (e.g., >10 min), 

a crane that had remained in the immediate vicinity usually 
would fly off to another part of the marsh.  We suspect cranes 
sometimes moved off the nest before we detected them and 
then flushed as investigators approached close to the nest.

The frequency with which cranes were flushed varied with 
research activity.  Flushing frequency was highest during nest 
searches (89.4%; n = 526 known responses) and nest checks 
(87.9%; n = 199) and lowest during bird surveys (68.1%; n 
= 91) and other activities (54.3%; n = 81).  Most cranes with 
a known response (94.1%; n = 697) flushed during direct 
nest checks and 28.6% flushed during remote nest checks 
conducted within the field (n = 35).  Other remote nest checks 
were conducted from outside the field and hence were not 
included in field visit data.

the median distance at which cranes were observed to 
flush was 32.5 m (range 5–550 m; n = 471 flushes); half of the 
distances (25 and 75% quartiles, respectively) were between 
20 and 80 m.  Median flushing distances tended to be shortest 
for cranes nesting in open water, upland, and cattail-bulrush 
and greatest in Baltic rush and sedge; however, distances were 
variable (Fig. 1).  A clearer pattern of flushing distances can 
be found relative to vegetation height class, but this appeared 
to be influenced by field type (multi-use vs. crane-only fields; 
Fig. 2).  Flushing distances on crane-only fields were greatest 
in very short vegetation but differed little once vegetation was 
>30 cm.  In multi-use fields, flushing distance was lower for 
nests located in the mid-range of vegetation heights and high 
in very short vegetation and tall vegetation.  overall, mean 
flushing distances during nest searches and checks on multi-
use fields were nearly twice as long as distances on crane-

Figure 2.  Estimated mean flushing distances (± SE) of sandhill 
cranes at Grays Lake, Idaho, during 1997–2000, by field type 
and vegetation height class.
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only fields, where most nest searches and checks were done 
on foot with 1–2 people ( x  = 91, SE = 8 m, n = 124, vs. x   
= 47, SE = 4 m, n = 232; t177 = 4.72, P < 0.001).  Graphical 
examination of flushing distance relative to Julian date and 
vegetation height revealed no apparent patterns.  Nor did we 
find a relationship between the number of visits to which 
individual nests were exposed and flushing distance using 
regression (R2 = 0.002; n = 436).

Of those cranes that were observed to flush (n = 754 
observations), their status when observers left the field was 
largely unknown (45.0%; often flew out of immediate area); 
22.0% were >50 m away from their nest; 15.4% were 11–50 
m away from the nest; 7.8% were near the nest (≤10 m from 
the nest), and 9.8% were back on the nest.  Flushed cranes 
were frequently observed to fly long distances (>300 m), often 
to wet meadow areas where their mate was foraging.  remote 
observations several hours after departing the field or early the 
next day indicated most cranes did return to their nest.  only 6 
of 578 crane nests monitored during this study were verified as 
abandoned following investigator disturbance.  abandonment 
occurred when the investigator visited the nest during egg-
laying or during the first 4 days of incubation.

In the analysis of the effects of field visit rate and year on 
nest survival, the best model included field and year (Table 
1).  aiCc values were very similar between this model and 
the second model (field, year, and field visit rate).  However, 
the second model differs from the first by the addition of 
1 parameter (i.e., field visit rate) and the maximum log-
likelihoods for the 2 models are nearly equal.  therefore, 
although the second model is close, the fit to the data is not 
improved and the model does not support the inclusion of field 
visit rate as an explanatory factor for nest survival (Burnham 
and Anderson 2002:131).  Daily nest survival rate was highest 
in 1998 (DSR = 0.9820) and lower in 1999 (0.9684), 2000 
(0.9672), and 1997 (0.9666).

Discussion

During research activities at Grays Lake, the median field 
visit rate for fields where cranes nested was 0.188 times/day, 
which is equivalent to 5.6 times over the 30-day period of an 
active nest that survives to hatch (Drewien 1973).  However, 
most nests were directly visited only 1–3 times.  Cranes 
most often were flushed during direct nest visits and during 
other research activities.  Some birds may have left their nest 
undetected by observers, leading to underestimating flushing 
occurrence; indeed, a few cranes on nests located next to 
cattail-bulrush were observed to sneak off the nest into the 
taller cover and were not detected by observers nearest the 
nest (W. Smith, U.S. Fish and Wildlife Service, Wayan, Idaho, 
personal communication). We believe, however, this situation 
was not common.  It was not possible to make a complete 
assessment of all responses to field visits by cranes with active 
nests; some crane nests were not found until a later visit, 
and some parts of a field were not visible due to topography, 
vegetation, or distance.  Hence, for a large proportion of our 
visit data, crane response was unknown.  If we assume the 
unknown responses were indeed cranes that were not flushed, 
the frequency with which cranes were flushed is low (32.4% 
flushed).  We suspect the actual proportion of cranes flushed 
from their nest or nest area during field visits was much closer 
to 30% than 80%.  In most situations the large size of fields, 
vegetation height later in nesting, and topography of some 
fields likely minimized the impact of our presence to all but 
those crane nests closest to our activity. 

If the actual flushing frequency is ~30%, it is not surprising, 
then, that inclusion of field visit rate to models of nest success 
was not supported by the model product or outcome.  We 
also had very low occurrences of nest abandonment (1.0%; 
n = 578 nests) or nonviable eggs (2.3% of nests) (Ball et al. 
2003).  Nest abandonment occurred primarily very early in the 
nesting season and for nests found during egg-laying or the 
first 4 days of incubation.  These rates are similar to or lower 
than those reported elsewhere (Drewien 1973:40, Valentine 
1992, Dwyer and Tanner 1992).  Despite many field visits 
associated with multiple research activities during the crane 
nesting period, we did not find field visit rate to be an important 
variable explaining nest success in our study.  However, field 
visit rate, as computed here, probably was not a good measure 
of actual disturbance to a nesting crane.  it did not take into 
account the activity during the visit, visit length, proximity 
of the observer(s) to active crane nests, or visits to adjacent 
fields.  More conclusive evaluation of the impact of direct 
visits to the nest would require a manipulative experiment 
and more detailed information on responses of both members 
of the crane pair, such as indicated by the study of Nesbitt 
et al. (2005).

reduced nesting success related to investigator disturbance 

Table 1.  Logistic-exposure models for nest survival of greater 
sandhill cranes at Grays Lake, Idaho, during 1997–2000, with 
corresponding number of parameters (k), log-likelihood values, 
and Akaike’s Information Criterion (AICc) scores. Models are 
ranked by ∆AICc  values.  Model parameters include field (random 
variable), year, and visit rate.

Model k Log-likelihood AICc ∆AICc

Field, Year 5 −477.660 965.3 0

Field, Year, visit rate 6 −476.743 965.5 0.2

Field, Year, visit rate, 
Year*visit rate 9 −475.424 968.8 3.5
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often is associated with increased predation rates, most 
commonly with avian predators (Götmark 1992).  In some 
studies, avian predators responded to or followed investigators 
(e.g. Veen 1977, Strang 1980, Götmark et al. 1990, Sedinger 
1990) to take advantage of exposed nests.  Although common 
ravens (Corvus corax) are known to depredate crane eggs 
(Tacha et al. 1992) and are common at Grays Lake during 
the nesting period (Austin et al. 2002), we never noted such 
behavior and rarely observed common ravens on or near the 
exposed nests.  Ravens instead seemed to avoid areas with 
human activities, although we did suspect ravens cued into nest 
markers (Greenwood and Sargeant 1995), which were used only 
the first year (Ball et al. 2003).  Other potential predators of 
crane eggs at Grays Lake include coyotes (Canis latrans), red 
fox (Vulpes vulpes), raccoons (Procyon lotor), mink (Mustela 
vison), and American crows (Corvus brachyrhynchos) (Tacha 
et al. 1992); only red fox, ravens, and crows were common 
(Austin et al. 2002).  When observed, these species seemed to 
move out of areas when investigators were present.  Götmark 
(1992) found little or no evidence for increased predation of 
bird nests by mammals as a result of investigator disturbance.  
Thus, we suspect that avoidance responses of predators to 
investigators at Grays Lake may reduce the potential for 
depredation of unattended nests.

We did not examine direct links between levels of research 
activities and success of individual nests because differences 
between apparent and Mayfield nest success rates (Ball et al. 
2003) indicated that we did not find all crane nests despite their 
conspicuousness in most situations.  Alternatively, crane nests 
in dense emergent vegetation may not have been found because 
the cranes did not flush; such nests could have been exposed 
to frequent research activities.  indeed, some cranes nesting in 
dense bulrush-cattail farther into the marsh did not flush until 
observers were <5 m away.  Three field studies have compared 
nest success rates of crane nests monitored remotely to those 
that had been visited during incubation, with differing results.  
Dwyer and Tanner (1992) reported Mayfield nest success was 
higher for nests of sandhill cranes that had been visited during 
incubation than those not visited (41 vs. 64%).  Stern et al. 
(1987) reported that, for 2 of 3 years, apparent nest success 
was higher for remotely checked crane nests compared to those 
directly checked nests (28–49% vs. 17–21%).  However, they 
pointed out that many nests that they would have visited failed 
before they had an opportunity to visit them.  Their findings 
support our concern regarding potential biases of apparent 
nest success and comparisons of nest success on a nest-by-nest 
basis.  Nesbitt et al. (2005) found nest failure rates of Florida 
sandhill cranes (Grus canadensis pratensis) differed slightly 
between nests that were directly inspected and those monitored 
remotely (by air or radio-telemetry; 44% vs. 26%), but these 
rates did not differ statistically.  Time observers spent near 
nests, time cranes spent off the nest, nest age, and whether the 

disturbed crane or its mate returned to the nest were associated 
with probability of nest failure.

The median distance at which cranes flushed was ~30 m, 
but we found few clear patterns explaining flushing distances.  
We suspect flushing distance is influenced by a complex of 
factors including intensity of disturbance (number of people, 
atv vs. foot activity), seasonal changes in vegetation height 
and isolation by water, nest age (Nesbitt et al. 2005), habituation 
of individual cranes to repeated disturbances (Walkinshaw 
1949), and idiosyncratic differences among individual cranes.  
Other studies reported flushing distances of nesting cranes 
that tended to be in the lower range of those found for grays 
Lake.  Sandhill cranes in Florida flushed from their nests 
when approaching investigators were 3 –75 m away (Dwyer 
and Tanner 1992).  In Michigan, Walkinshaw (1949) noted 
that cranes often would not flush from him until he was <5 m 
away.  The absence of long flushing distances in those studies 
probably is related to the greater vertical habitat structure 
(trees and shrubs) and smaller wetland sizes in those areas 
(see Walkinshaw 1949 for habitat description) compared to 
the very open, low-structure habitat at Grays Lake.

Although we did examine differences in crane flushing 
response relative to research activity, we did not quantify the 
intensity of those activities.  Actual disturbance (i.e., causing a 
behavioral or physiological response; Nisbet 2000) to nesting 
cranes probably was greater during nest searches on multi-use 
fields because larger groups of investigators were present (2–5 
people, although only 1 –2 would inspect a nest) and we often 
used ATVs and chain drags during nest-searching, particularly 
later in the season.  In contrast, nest searches on crane-only 
fields were conducted by 1–2 investigators on foot, with 
minimal use of atvs.  Flushing distances were substantially 
higher on multi-use fields during nest searches, suggesting 
greater intensity of disturbance in these fields.  Intensity of a 
potential disturbance likely was lowest when investigators were 
only traveling through a field (and hence quickly passing by or 
passing far from most nesting cranes) or during bird surveys, 
which were point counts conducted entirely on foot.  More 
detailed evaluations of bird responses to research activities 
during nesting would benefit from quantifying features of 
each research activity, such as duration, noise level, number of 
people, transportation type, speed of movements, and proximity 
of activities to nesting cranes.  For example, Burger (1998) 
and Rodgers and Schwikert (2002) found speed of watercraft 
affected flight responses of waterbirds; faster watercraft resulted 
in longer flushing distances.

Our findings suggest a buffer distance of ≥ 50 m between 
known crane nests and investigators would minimize likelihood 
of flushing cranes from nests; a larger buffer distance of 
≥ 100 m would be needed if ATVs are used.  However, 
buffer widths should be flexible, depending on vegetative 
cover and local conditions.  Large buffer widths may not be 
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feasible during some activities such as nest searching when 
full coverage of a field is desired for detecting other nesting 
species.  Alternatively, the flushing distances we found here 
and those noted in Walkinshaw (1949) indicate that more 
intensive search effort is needed to detect nesting cranes in 
heavier vegetative cover.  At Grays Lake, cattail-bulrush often 
occurred in patches <100 m2, but a thorough search through 
each patch was needed to detect a nesting crane because they 
are much less visible and flushed at very short distances.  In 
contrast, we often could readily detect many cranes nesting 
in habitats of low cover from >100 m away, especially early 
in the season before regrowth occurred.

We were able to reduce the incidence of flushing cranes 
from nests by remote nest checks (using binoculars or spotting 
scopes from ≥ 100 m away).  At Grays Lake, remote checks 
proved valuable for checking a nest several hours or 1 day after 
visiting a field to determine whether the crane had returned to 
its nest or abandoned it, and for monitoring nests that otherwise 
may be exposed to high levels of disturbance (e.g., near a travel 
lane).  Some nests cannot be checked remotely because of 
topography or vegetation that limits visibility.  The benefits of 
remote checks should be carefully balanced against the need 
to verify incubation stage, determine egg status (presence and 
viability), or assess nest fate.  We recommend that direct nest 
checks be made every 7–10 days (i.e. 3–4 times during the 
life of a successful nest) in order to obtain reliable data.  Less 
frequent visits, or visits only after the nest is believed to have 
hatched, can result in greater uncertainty in exposure periods 
and thus less accurate estimates of nest survival.  The impact 
of direct nest visits also can be reduced by minimizing time 
spent at or near the nest (Nesbitt et al. 2005).

Research activities may have other impacts on nesting 
waterbirds besides nest success.  research activities or other 
human disturbances may result in greater time spent alert 
or flying and less time foraging, and hence higher energetic 
demands (Belanger and Bedard 1990).  Such impacts may 
be particularly critical for breeding birds that rely on food 
resources on the breeding grounds for egg production, for 
adults with young, or for migrant birds in stopover habitats.  
For territorial species such as sandhill cranes, human activities 
may push birds into adjacent territories, causing additional strife 
or mortality.  Crane chicks entering into adjacent territories 
may be killed by adults (Walkinshaw 1981).  Hence, caution 
should be exercised during the chick-rearing period to minimize 
disruption of foraging activities and displacement of crane 
families into other territories.  However, waterbirds can 
habituate to research activities or other disturbances over time 
(e.g. Burger and Gochfeld 1999, Nisbet 2000).  Habituation may 
have occurred for some cranes at Grays Lake, as exemplified 
by some cranes that nested <20 m from commonly used ATV 
travel routes.  These individuals rarely flushed when ATVs 
passed by but would flush if approached more closely on foot.  

Absence of marked birds prevented more detailed investigation 
of habituation within or among years.

in conclusion, research activities caused many cranes to 
flush from their nest, thus exposing their eggs to potential 
predators and sometimes adverse weather conditions. However, 
our data did not support the inclusion of field visit rate as an 
important variable explaining nest survival.  Also, rates of nest 
abandonment and egg viability in our study were similar to 
other studies.  under different situations, research activities 
may affect crane nest success, particularly if predators become 
more tolerant of human presence and learn to associate human 
activities with exposed nests.  Future investigators should be 
aware of the potential impacts of their activities and try to 
minimize disturbance to nesting birds.  Actions to minimize 
research impacts include limiting the frequency of visits, 
maintaining a minimum distance to active nests, minimizing 
time at or near nests, minimizing intensity of disturbance, and 
using remote nest checks when possible.  Additional research, 
including controls and more comprehensive measures of 
disturbance and response, is still needed to more conclusively 
address issues of human disturbances to nesting cranes.

acknowleDgMents

Funding for this study was provided by the U.S. Fish and 
Wildlife Service and U.S. Geological Survey.  Special thanks 
to M. Fisher and F. Paveglio for their continued support for 
this study.  We appreciated the field work conducted by J. 
Brennan, C. Cain, M. Crabb, r. Crawford, k. dickenson, W. 
Edrington, B. Hanson, A. Henry, K. Kapantais, B. Lorenz, 
T. Michals, B. Mikkelson, P. O’Hearn, C. Pace, T. Perkins, 
W. Pyle, W. Smith, L. Stoby, D. Taylor, A. Wilcox, and A. 
Zmud.  a. Henry also conducted data analyses.  d. granfors 
and A. Zimmerman provided assistance with data processing 
and preliminary analyses.  We thank I. J. Ball, D. P. Knapik, 
A. R. Moehrenschlager, S. Nesbitt, W. Newton, P. J. Pietz, J. 
Shaffer, and r. J. Steidl for their constructive comments on 
earlier drafts.

literature citeD

Åhlund, M., and F. Götmark. 1989. Gull predation on eider ducklings 
Sometaria mollissima: effects of human disturbance. Biological 
Conservation 48:115–127.

Anderson, D. W., and J. O. Keith. 1980. The human influence on 
seabird nesting success: conservation implications. Biological 
Conservation 18:65–80.

Austin, J. E., W. H. Pyle, J. R. Keough, and D. H. Johnson. 2002. 
Evaluation of management practices in wetland meadows at Grays 
Lake National Wildlife Refuge, Idaho, 1997–2000. Final Report 
to U.S. Fish and Wildlife Service-Region 1. U.S. Geological 
Survey, Northern Prairie Wildlife Research Center, Jamestown, 

RESPONSE OF SANDHILL CRANES TO RESEARCH ACTIVITIES ∙ Austin and Buhl



Proc. North Am. Crane Workshop 10:2008 105RESPONSE OF SANDHILL CRANES TO RESEARCH ACTIVITIES ∙ Austin and Buhl

North dakota, uSa.

Ball, I. J., J. E. Austin, and A. R. Henry. 2003. Population and nesting 
ecology of sandhill cranes at Grays Lake, Idaho, 1997-2000. 
Final Report to U.S. Fish and Wildlife Service-Region 1. U.S. 
Geological Survey, Montana Cooperative Wildlife Research 
unit, Missoula, uSa.

Belanger, L., and J. Bedard. 1990. Energetic cost of man-induced 
disturbance to staging snow geese. Journal of Wildlife Management 
54:36–41.

Burger, J. 1998. Effects of motorboats and personal watercraft on flight 
behavior over a colony of common terns. Biological Conservation 
21:231–241.

Burger, J., and M. Gochfeld. 1999. Role of prior human exposure in 
response behavior of Laysan albatrosses, Diomedea immutabilis. 
Bird Behavior 13:23–30.

Burger, J., and M. Gochfeld. 2001. Effects of human presence on 
the foraging behavior of sandhill cranes (Grus canadensis) in 
Nebraska. Bird Behavior 14:81–87.

Burnham, K. P., and D. R. Anderson. 2002. Model selection and 
multimodel inference: a practical information-theoretic approach. 
Second edition. Springer-Verlag, New York, New York, USA.

Drewien, R. C. 1973. Ecology of Rocky Mountain greater sandhill 
cranes. dissertation, university of idaho, Moscow, uSa.

Dwyer, N. C., and G. W. Tanner. 1992. Nesting success of Florida 
sandhill cranes. Wilson Bulletin 104:22–31.

Ellison, L. N., and L. Cleary. 1978. Effects of human disturbance on 
breeding of double-crested cormorants. Auk 95:510–517.

Götmark, F. 1992. The effects of investigator disturbance on nesting 
birds. Current Ornithology 9:63–74.

Götmark, F., R. Neergaard, and M. Åhlund. 1990. Predation of 
artificial and real arctic loon nests in Sweden. Journal of Wildlife 
Management 54:429–432.

Greenwood, R. J., and A. B. Sargeant. 1995. Effects of a commonly 
used nest marker on nest success of ducks in prairie Canada. 
Canadian Field-Naturalist 109:437–440.

Herter, D. R. 1982. Habitat use and harassment of sandhill cranes 
staging on the eastern Copper River Delta, Alaska. Thesis, 
university of alaska, Fairbanks, alaska, uSa.

Higgins, K. F., L. M. Kirsch, and I. J. Ball, Jr. 1969. A cable-chain 
device for locating duck nests. Journal of Wildlife Management 
33:1009–1011.

Klett, A. T., H. F. Duebbert, C. A. Faanes, and K. F. Higgins. 1986. 
Techniques for studying nest success of ducks in upland habitats 
in the Prairie Pothole Region. U.S. Fish and Wildlife Service 
Resource Publication 158.

Lewis, T. E., and R. D. Slack. 1992. Whooping crane response to 
disturbance at the Aransas National Wildlife Refuge. Proceedings 
of the North American Crane Workshop 6:176.

Nesbitt, S. A., and G. W. Archibald. 1981. The agonistic repertoire 
of sandhill cranes. Wilson Bulletin 93:99–103.

Nesbitt, S. A., P. S. Kubilis, and S. T. Schwikert. 2005. Response of 
Florida sandhill cranes to nest inspection. Proceedings of the 
North American Crane Workshop 9:241–246.

Nisbet, i. C. t. 2000. disturbance, habituation, and management of 
waterbird colonies. Waterbirds 23:312–332.

Northern Prairie Science Center. 1995. Collecting and analyzing 
data from duck nesting studies. Jamestown, North Dakota: 
Northern Prairie Wildlife Research Center Home Page. http://www.
npwrc.usgs.gov/resource/tools/nesttool/nesttool.htm (Version 
16JUL97).

Rearden, J. D. 1951. Identification of waterfowl nest predators. Journal 
of Wildlife Management 15:386–395.

Rodgers, J. A., Jr., and S. T. Schwikert. 2002. Buffer-zone distances 
to protect foraging and loafing waterbirds from disturbance by 
personal watercraft and outboard-powered boats. Conservation 
Biology 16:216–224.

SaS institute, inc. 2002. SaS onlinedoc®, Version 9.1. SAS Institute, 
inc., Cary, North Carolina, uSa.

Sedinger, J. S. 1990. Effects of visiting black brant nests on egg and 
nest survival. Journal of Wildlife Management 54:437–443.

Shaffer, T. L. 2004. A unified approach to analyzing nest success. 
Auk 121:526–540.

Stern, M. A., G. J. Pampush, and R. E. Del Carlo. 1987. Nesting 
ecology and productivity of greater sandhill cranes at Sycan Marsh, 
Oregon. Pages 249–256 in J. C. Lewis, editor. Proceedings of 
the 1985 Crane Workshop. Platte River Whooping Crane Habitat 
Maintenance trust, grand island, Nebraska, uSa.

Strang, C. A. 1980. Incidence of avian predators near people searching 
for waterfowl nests. Journal of Wildlife Management 44:220–
222.

Tacha, T. C., S. A. Nesbitt, and P. A. Vohs. 1992. Sandhill crane, Grus 
canadensis. A. Poole, P. Stettenheim, and F. Gill, editors. The Birds 
of North america, No. 31. the academy of Natural Sciences, 
Philadelphia, Pennsylvania, and The American Ornithologists’ 
union, Washington d.C., uSa.

Tremblay, J., and L. N. Ellison. 1979. Effects of human disturbance 
on breeding of black-crowned night-herons. Auk 96:364–369.

Valentine, J. M. 1982. Breeding ecology of the Mississippi sandhill 
crane in Jackson County, Mississippi. Pages 63–72 in J. C. 
Lewis, editor. Proceedings of the 1981 Crane Workshop. National 
audubon Society, tavernier, Florida, uSa.

Valentine, J. M. 1992. Renesting of Mississippi sandhill cranes in 
Jackson County, Mississippi 1965–1989. Pages 173–176 in 
D. A. Wood, editor. Proceedings of the 1988 North American 
Crane Workshop. Florida Game Freshwater Fish Commission, 
Nongame Wildlife Program Technical Report 12. Tallahassee, 
Florida, uSa.

Veen, J. 1977. Functional and causal aspects of nest distribution in 
colonies of the Sandwich tern (Sterna s. sandvicensis Lath.). 
Behavior (Supplement) 20:183–193.

Walkinshaw, L. H. 1949. The Sandhill Cranes. Cranbrook Institute of 



Proc. North Am. Crane Workshop 10:2008106

107

Science, Bulletin 29. Bloomfield Hills, Michigan, USA.

Walkinshaw, L. H. 1976. The sandhill crane on and near Kissimmee 
Prairie, Florida. Pages 14–18 in J. C. Lewis, editor. Proceedings 
of the International Crane Workshop. Oklahoma State University 
Publishing and Printing, Stillwater, Oklahoma, USA.

Walkinshaw, L. H. 1981. The sandhill crane. Pages 151–162 in J. C. 
Lewis and J. Masatomi, editors. Crane research around the World. 
international Crane Foundation, Baraboo, Wisconsin, uSa.

Westerkov, K. 1950. Methods for determining the age of game bird 
eggs. Journal of Wildlife Management 14:56–67.

RESPONSE OF SANDHILL CRANES TO RESEARCH ACTIVITIES ∙ Austin and Buhl

Laguna de Santiaguillo, Durango, Mexico, an important wintering area for cranes and waterfowl. Photo by Roderick C. 
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Though young Florida sandhill cranes (Grus canadensis 
pratensis) can fly by the age of 70 days, families stay together 
until the young are an average of 327 days old (Nesbitt et al. 
2002), so parental investment extends for most of the first year 
of a crane’s life. This protracted period of dependence, which 
extends past the age of nutritional independence, may serve 
to protect the young from having to compete for resources 
(Clutton-Brock 1991). Prolonged parental care may also 
provide the young with protection from predators while they 
continue to mature. Young Florida sandhill cranes do not acquire 
their full adult weight until about 270 days of age (Nesbitt et 
al. 2008) and their adult voice until about 296 days (Nesbitt 
1975). The cost to the parents of this continued involvement 
with their offspring, well after the time when those offspring 
have reached the level of self-sufficiency, is substantial and 
must have an evolutionary advantage. the value of an extended 
period of parental investment, compared to its cost, has not 
been fully explored, but it is likely there is a concomitant 
increased probability that the young will survive to reach the 
age of reproduction.

The behavioral advantage to parents of maintaining an 
association with fledged chicks has been demonstrated in other 
species (e.g., Canada geese [Branta canadensis], raveling 
1970).  In sandhill cranes there may be a competitive benefit 
from an extended period of post-fledging parental association. 
Young of the year, even before they have acquired an adult 
voice or reached their full adult mass, will participate with their 
parents in aggressive encounters on and off the natal territory. 
And an adult pair with young can usually dominate another 
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adult pair without young; even though the now dominant pair 
had been the subordinate pair when both were without chicks 
(Nesbitt personal observations). Biparental care of precocial 
young is typical for cranes, though time spent by each may 
not be shared equally between the sexes. Females invest more 
time in the incubation of the eggs than males (Nesbitt 1988) 
and males spend more time in territorial defense (Tacha et al. 
1992). But is there a difference in how the sexes care for pre- 
and post-fledging age young? If a gender related difference 
in chick care exists in sandhill cranes it could show up as a 
greater probability of a chick’s showing a preference for being 
closer to one parent rather than the other.

To investigate the possibility of differences in parental-
proximity-probability among sandhill crane chicks, we 
monitored family groups as they actively fed. Additionally, 
we were interested to know if the distance between a chick 
and its parents increased as the young approached the age 
when they would separate from their parents. We knew from 
a previous study (Nesbitt et al. 2002) that departure of the 
young from the family unit was more a function of when the 
parents would begin the subsequent year’s nesting efforts than 
the age of the chick. if there are differences in the distance 
juveniles range from their parents as they age, it could give us 
a better understanding of the dissolution of the family bond. 
Consistent gender-related differences in parental proximity, if 
they exist, could be indicative of differences in parental care. 
any knowledge we can gain about chick rearing under natural 
conditions could be applied to release strategies that might help 
improve the post-release survival of captive reared cranes.
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We monitored adult pairs and their chicks on Kanapaha 
Prairie and Paynes Prairie State Preserve in Alachua County, 
north central Florida. The Florida Department of Environmental 
Protection manages Paynes Prairie (7,300 ha) and Kanapaha 
Prairie (650 ha) is privately owned and managed. The crane 
habitat of both areas consists of open grassland and pasture 
mixed with emergent palustrine wetlands dominated by 
pickerelweed (Pontederia cordata) and maidencane (Panicum 
hemitomon) (Cowardin et al. 1979). On higher ground 
surrounding these prairies a wooded rim is dominated by 
live oak (Quercus virginiana).

adult Florida sandhill cranes were individually color 
marked and their gender determined for several previously 
reported studies (Nesbitt 1988, Nesbitt et al. 1992 and 2002). 
We monitored marked pairs with chicks until the chicks left the 
family group in late winter. We knew the actual or approximate 
(± 3 days) hatch date for each juvenile crane in the sample 
population. Sex was determined for 21 of the chicks (see 
Nesbitt et al. 2008) that were banded or radio tagged at some 
time during the course of the study period (before or after 
fledging or occasionally after natal dispersal).

We used 20X or 15-60X telescopes to observe families 
while they actively fed or moved to and from feeding, loafing, 
or roosting sites. Observations periods lasted 30 minutes with 
data recorded every 60 seconds. We noted the gender of the 
nearest parent and ranked the distance between the chick and the 
nearest parent as one of 4 categories: <5 m, >5 to <20 m, >20 
to <100 m, or >100 m. If the chick seemed equally proximate 
to both parents they were scored no preference. Intervals were 
timed using an auto-resetting alarm stopwatch.

To test for a parental-proximity-probability that differed 
significantly from random we used random effects multinomial 
logistic regression (SAS Institute Inc., Cary, N.C., USA), 
with individual modeled as a random effect to account for 
within-bird correlation of multiple observations of the same 
individual. We used the same process to see if the parental-
proximity-probability changed as the chicks aged. We used 
linear regression to evaluate distance to nearest parent in 
relation to days since hatching.

results

From July of 1986 through October of 1993 we made 
233 observations of 46 individual chicks. Sixty-six of the 
observations were of one or both members of 8 twin chick 
broods, and 167 observations were of members of 34 single-
chick broods. We frequently made multiple observations of 
the same chick during the rearing period. The mean number 
of observations of the same individual was 5.1; maximum 
number was 22; and 16 chicks were observed only once. 
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Figure 1. Probability that a Florida sandhill crane chick would be 
less than 5 m from its nearest parent/parents, 1986–1993.
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Figure 2. Probability that a Florida sandhill crane chick would be 
5–19 m from its nearest parent/parents, 1986–1993.
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Figure 3. Probability that a Florida sandhill crane chick would be 
≥ 20 m from its nearest parent/parents, 1986–1993.
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The mean age of the chicks we studied was 195.4 days (SD 
= 91.5). Thirty-two observations were of pre-fledging chicks 
(cranes 8-90 days old), 108 were of chicks that had fledged 
but were still growing (chicks between 91 to 240 days of 
age; Nesbitt et al. 2008), and 93 were of chicks about the age 
when they left the family unit (cranes 241-338 days old; see 
Nesbitt et al. 2002).

the number of observations scored at the largest distance 
from the parents was so low (only 6% of the observations 
contained a score of 4, and only 4% of all 6095 data points 
were scored a 4) that for analysis purposes the 4 and 3 scores 
were combined. After combining the two categories, 44% of 
the observations had distance scores of 3.

to determine if chicks increased the distance they stayed 
from their nearest parent as they age, we modeled the 3 distance 
categories and each chick’s age in weeks (Figs. 1-3). The 
probability that a chick would be <5 m from its nearest parent/
parents decreased after the bird reached 265 day of age (Fig. 
1). The probability of a chick being 5 – 19 m from its nearest 
parent/parents did not change with age (Fig. 2). The probability 
that a chick would be 20 m or farther from its nearest parent/
parents increased after age 265 days, P ≤ 0.0012 (Fig. 3).

Additionally, we examined the proximity probability of 
the chick and its male or female parent. Initially, there was a 
three times greater likelihood that the chick would be closer 
to its female parent than to its male parent (Figs. 4 and 5). 
This tendency of greater proximity probability to the female 
parent persisted until approximately day 180. At this age the 
chicks were more likely to be equidistant from either parents 
(Fig. 6).

Discussion

The reason chicks tended to be closest to their female parent 
for the first 6 months may simply be because the female parent 
was the one doing most of the feeding during this time. this 
would be consistent with the division of roles within the pair 
bond: females doing more of the overall incubation and males 
doing more territorial defense. the most interesting thing we 
found was that the probability of the chick demonstrating a 
preference for being closer to one parent rather than the other 
decreased by about age 180 days. This is well after the age (67 
to 75 days) when chicks have fledged (Tacha et al. 1992) yet 
before the average age (327 days) of natal dispersal (Nesbitt 
et al. 2002). at 180 days old chicks are still increasing in mass 
(Nesbitt et al. 2008, shows that chicks continue to increase 
in mass until about 240 days of age) and presumably still 
have a high nutrition demand. the age of 180 days could be 
an important milestone in the behavioral interactions of a 
chick with its parents and might be indicative of the end of an 
important phase in sandhill crane chick development.

The other age milestone elucidated during this study (265 
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Figure 5. Probability that a Florida sandhill crane chick would 
be closer to the male parent as a function of age in days since 
hatching, 1986–1993.

Figure 4. Probability that a Florida sandhill crane chick would be 
closer to the female parent as a function of age in days since 
hatching, 1986–1993.

Figure 6. Probability that a Florida sandhill crane chick would be 
equidistant to both parents as a function of age in days since 
hatching, 1986–1993.
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days of age) may represent the end of another developmental 
plateau. Perhaps this later age was when chicks gained a level 
of independence from their parent, although still well before 
(by nearly 2 months) the age it was fully ready for life on 
its own.

These two ages may have relevance in captive management 
and reintroduction strategies for cranes, particularly when 
we are augmenting existing or trying to establish new crane 
populations. Age 180 days may be a time when the benefits of 
being reared by their parents cease to increase. Age 265 days 
may be the age when chicks no longer need the protection of 
their parents and might be the best age for releasing captive-
reared cranes into a new environment.

In Florida’s efforts to establish a nonmigratory population 
of whooping cranes (G. americana), our objective was to 
release cranes at an age equivalent to the time when they 
would naturally be separating from their parents. Preliminary 
analysis of post-release survival data for whooping cranes has 
shown better survival odds for chicks released at less that the 
300 days old: the mean age at time of released was 278.8 days 
within a range of 152 to 600 days. Perhaps a captive-reared 
chick’s ability to adapt to a new environment is greatest before 
the age when it would be leaving the company of its parents 
under natural conditions.
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In August 1999, West Nile virus (genus Flavivirus, 
family Flaviviridae) was introduced into North america and 
caused an outbreak of encephalitis in humans, birds, and 
mammals in the New York City metropolitan area (Steele 
et al. 2000, Marfin and Gubler 2001). The virus was first 
identified from wild birds in Wisconsin during August 2001 
from 2 American crows (Corvus brachyrhynchos) recovered 
in Milwaukee County, southeastern Wisconsin (USGS 
NWHC 2001). During 2002, the virus spread from its original 
focus to encompass several southern and central counties, 
including Sauk County, location of the international Crane 
Foundation (ICF).

Serological and clinical findings from the initial 1999 
outbreak of WNV encompassing the Bronx Zoo in New York 
City suggested that a diverse array of captive cranes appeared 
resistant to the virus strain that was introduced (Ludwig et al. 
2002). As the disease spread, mortality in captive cranes was 
limited to sandhill cranes (Grus canadensis) near large urban 
centers with concurrent outbreaks in humans and wildlife. a 
single sandhill crane reportedly died from WNV infection at a 
zoo in Bridgeport, Conn. in fall 1999 (CDC 1999). Mortality 
of 7 Mississippi sandhill crane chicks (G. c. pulla) from New 
orleans, Louisiana in 2002 was attributed to WNv.

Despite a formal safety trial in sandhill cranes of a 
commercial equine WNv vaccine that showed minimal 
risks (West Nile-Innovator, Fort Dodge Animal Health, Fort 
Dodge, Ia.; G. H. Olsen, USGS Patuxent Wildlife Research 
Center, Laurel, Md., personal communication), ICF decided 
to withhold use of the vaccine for two primary reasons. 
Animal care staffers were concerned about physical injury 
risks to the cranes inherent with the 360 handling episodes 
needed to properly immunize the entire ICF flock of nearly 
120 cranes. in addition, Wisconsin state and national 
surveillance data suggested a low risk of exposure in Sauk 
County due to limited numbers of human, domestic animal 
and wild bird cases from outside urban centers. in Wisconsin, 

surveillance For west nile virus at the international crane FounDation 
2000-2004
bARRy K. hARtUp, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA

Abstract: Between 2000 and 2004, serum samples collected annually from captive cranes at the International Crane Foundation 
(ICF) were analyzed for the presence of West Nile virus (WNV) antibodies using a plaque reduction neutralization test. Eighteen 
individual cranes representing 8 species were identified with positive titers (geometric mean = 188, range 40 – 1280, n = 29). 
Whooping cranes (Grus americana) represented the largest proportion of seropositive individuals (33%). Flock seroprevalence 
increased rapidly in 2003 and 2004 to a peak of 10%, representing a four-fold increase following index cases in 2000. None of the 
seropositive cranes, however, showed clinical signs consistent with WNV-related disease during the study. The results suggest that 
exposure of ICF captive cranes to WNV is relatively common and re-affirmed the decision to implement a limited vaccination plan 
for hatch year whooping cranes believed to be at risk of disease from WNV.
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considerably smaller human outbreaks have been limited to 
urbanized areas surrounding the cities of Milwaukee and 
Madison, 90 and 50 miles distant from ICF, respectively. 
therefore, the veterinary staff began serological monitoring 
of the cranes to understand the epidemiology of WNV 
exposure at ICF and inform future management decisions. 
The purpose of this study was to conduct annual serological 
testing to document changes in flock exposure to WNV over 
time and to identify species at risk of potentially developing 
WNV-related disease.

MethoDs

Beginning in 2000, the ICF captive crane flock was 
sampled annually for WNV antibodies from blood collected 
during October physical examinations. Blood was collected 
via jugular venipuncture, placed into serum separator tubes, 
and allowed to clot. Samples were centrifuged within 1 hour, 
and serum was decanted into cryovials for storage at -20o 
or -80oC until analysis. Serum samples from 2000 were 
shipped overnight to the New York State Animal Health 
Diagnostic Center, Ithaca, New York (as part of the National 
Surveillance for WNV in Zoological Institutions program). 
Serum samples from 2001-2004 were taken directly to the 
uSgS National Wildlife Health Center, Madison, Wis. for 
testing.

Both laboratories utilized a plaque reduction 
neutralization test (PRNT) procedure with serial dilutions of 
serum for titer determination of WNV antibodies (Lindsey et 
al. 1976, Beaty et al. 1989). A reduction of 50% viral plaque 
effect at a titer of >40 was considered positive. This test is 
particularly useful in wildlife and exotic animals because 
it does not require species-specific reagents. However, the 
use of this test to specifically detect WNV antibodies is 
complicated by the potential for bias from cross-reacting 
antibodies to St. Louis encephalitis virus (SLEV, a native 
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flavivirus) in test serum. None of the samples in this report, 
except 1 tested at Cornell due to standard procedures, were 
tested against SLEV to rule out false positive results. For 
the analysis, however, I assumed little to no exposure to 
SLEV due to the lack of human cases reported in Wisconsin 
since 1981 (CDC 2007). To my knowledge, the ICF site is 
not an endemic focus of SLEV activity; hence, I believe the 
potential for bias in the serological findings of this study are 
minimal.

The data were summarized by calculating annual 
seroprevalence (no. positive/total no. tested) and the 
incidence of new and repeat seropositive cranes (seropositive 
2 years in a row) in the flock. A chi-square analysis for linear 
trend in proportions was conducted to determine whether the 
flock seroprevalence had increased over the duration of the 
study (CDC 2005).

results

Eighteen individual cranes representing 8 species 
of Gruidae were identified with positive titers for WNV 
antibodies between 2000 and 2004 at ICF (Table 1). The 
geometric mean of the positive titers = 188 (range 40 – 
1280, n = 26). Six females and 12 males were seropositive. 
This difference was statistically non-significant given the 
equal sex ratio of the ICF captive crane flock. All but 2 of 
the seropositive cranes were adults 5 years of age or older. 
The mean age of the flock during the study period was 
approximately 14 years (range 4 months – 41 years); of the 
seropositive cranes, 8 were younger and 10 were older than 
the mean age. A seropositive hatch-year male whooping 

crane (G. americana) was detected in 2003 (hatch year 
cranes were first tested in 2001 and ranged from 4-7% of the 
cranes tested annually). A seropositive 2 year old subadult 
male whooping crane was identified in 2004. Whooping 
cranes represented the largest proportion of seropositive 
individuals (33%), consistent with their overall proportion in 
the captive flock during this time period (~25-30%). Cranes 
of both wild and captive origins were seropositive. None of 
the seropositive cranes showed clinical signs consistent with 
WNV-related disease (Hansen et al. 2008).

The prevalence of cranes positive for WNV antibodies 
increased during the surveillance period (χ2 = 13.8, P < 0.001; 
Table 2). Newly seropositive and repeat seropositive cranes 
were most abundant in 2003 and 2004. Five birds exhibited 
repeat positive test results the year following a positive titer; 
3 birds showed four- to eight-fold decreases in their titers, but 
2 birds showed four-fold increases. One male Siberian crane 
(G. leucogeranus) was seropositive (titer >160) for 3 straight 
years. Two male wattled cranes (Bugeranus carunculatus) 
had low positive titers in 2000 before WNV had officially 
reached Wisconsin, and then showed considerable variation 
in PRNT results in the subsequent 4 years.  The first (#5-
10, captured in eastern Africa in 1979) had titers of 80, <20, 
80, 320, <20, while the second (#5-22, captured in southern 
Africa in 1981) had titers of 40, <20, 20, 160, 20 from 2000 
to 2004, respectively. Only the 2000 titer from #5-10 (80) 
was tested against SLev, with negative results. in addition, 
a female wattled crane housed with #5-22 (#5-21, captured 
in southern Africa in 1974) exhibited a low positive titer of 
40 in 2002.

Discussion

An increasing number of cranes in the ICF captive 
flock were found to have antibodies to WNV following 
the documented arrival of the virus in Wisconsin in 2001. 
Exposure to WNV occurred in 8 species, 3 of the 4 genera 

Table 1. Species distribution of cranes with positive WNV 
antibody tests at the International Crane Foundation 2000-
2004.

Species No. 
positive

No. 
tested

Whooping crane (Grus americana) 6 52

Wattled crane (Bugeranus carunculatus) 3 9

Siberian crane (G. leucogeranus) 3 16

Hooded crane (G. monacha) 2 11

Sarus crane (G. antigone) 1 3

Red-crowned crane (G. japonensis) 1 8

White-naped crane (G. vipio) 1 9

Blue crane (Anthropoides paradiseae) 1 2

Table 2. Annual serological results from WNV surveillance on 
the ICF captive crane flock 2000-2004.

No. 
positive

No. 
new 
pos.

No. 
repeat 
pos.

No. 
tested

% 
positive

2000 2 2 na 84 2.4

2001 0 0 0 112 0.0

2002 3 3 0 119 2.5

2003 9 7 2 121 7.4

2004 12 8 4 119 10.1

WeSt NiLe viruS SurveiLLaNCe ∙ Hartup
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within the family gruidae, was widely distributed among 
cranes used for display and breeding purposes, and did not 
exhibit a significant age or sex predilection based on current 
flock demographics. A few individual cranes showed what 
appeared to be persistent titers, or changes consistent with 
re-exposure with subsequent elevations or waning titers.  
Flock seroprevalence increased rapidly, approximately four-
fold in 2 years following index cases in 2000. unfortunately, 
definitive identification of the first crane to develop an 
elevated titer in response to WNV exposure was complicated 
by the presence of low positive titers in the 3 wattled cranes 
during 2000 and 2002.

I suspect that the antibody present in these wattled cranes 
was either a non-specific cross-reacting antibody, such as 
anti-SLEV (thus providing a false positive test result), a 
waning titer from an antibody response earlier in the year, or 
possibly remnant antibody from historical WNV exposure, 
perhaps dating prior to capture in Africa. The 2000 results 
from #5-10, however, suggest the antibody present was 
specific to WNV or possibly another, unknown flavivirus. 
Unfortunately, no samples exist from earlier in the same 
year to aid in detection of changing titers in these cases. 
Additional testing of these cranes’ banked fall serum samples 
is warranted to at least establish their serological status prior 
to the 1999 introduction of WNV to North America. If the 
wattled crane results reported here from 2000 and 2002 are 
falsely positive, then a single index case occurred during 
2002 in an adult male Siberian crane, distinguished by a 
elevated titer >160. This was followed by a modest increase 
in the number of seropositive cranes in 2003 and 2004.

Our fall sampling strategy after mosquito season 
was designed to maximize detection of rising or waning 
antibody from late summer infections. The seasonal peak 
in transmission of WNV in temperate areas is typically 
from July to October (Gerhardt 2006). The prevalence 
and magnitude of the positive titers reported in this study 
appear consistent with limited, endemic exposures to 
WNV. A small number of wild sandhill cranes sampled in 
nearby Briggsville, Wisconsin during July to September and 
beginning in 2001, first showed antibodies to WNV in 3 of 14 
(21%) cranes captured in 2003 (J. A. Langenberg, Wisconsin 
DNR, Madison, Wis., personal communication).

Despite flock seroprevalence surpassing 10% by 2004, 
no clinical cases of WNV-related disease were documented 
during the study, affirming initial observations that cranes 
in general may be resistant to the introduced strain of 
WNV, excepting perhaps sandhill cranes and/or young or 
compromised birds. Susceptibility to disease and mortality 
from WNv varies markedly for adult and young birds based 
on data from Old World bird species, with higher incidence 
of circulating antibodies commonly found in adults (Rappole 
et al. 2000). Despite being detected in dead specimens of at 

least 138 species of New World birds, low viremias in many 
species suggests that WNV may only be a contributory factor 
in what otherwise are natural deaths (Gerhardt 2006). West 
Nile virus infection may require underlying illness, stress 
or immunocompromise in a crane host to result in death 
(Komar et al. 2003).

There did not appear to be any clusters of seropositive 
cranes in this study that would suggest transmission via direct 
contact, water or mechanical vectors (only 2 pairs exhibited 
simultaneous seropositive tests in both individuals in a 
given year). Meece et al. (2006) described a large outbreak 
of WNV in exotic waterfowl that was likely propagated 
by non-vector routes, particularly waterborne and direct 
contact transmission (facilitated by behavioral factors such 
as agonistic encounters and cannibalism) in overcrowded 
conditions. At ICF, I expect that competent ornithophilic 
mosquito vector(s) such as Culex sp. transmitted the virus to 
the cranes (Hayes et al. 2005), but that the spatial and social 
management of the flock (low host density, distinct pairs 
with large pens, unoccupied buffer space surrounding each 
pair, and limited surface water in bird areas), combined with 
presumably poor host competence for virus amplification 
(e.g., as established experimentally in American coots 
[Fulica americana], Order Gruiformes; Komar et al. 2003), 
limited both vector and non-vector transmission. To date, 
no targeted mosquito control efforts have been considered 
at iCF.

Preventive management of WNV in captive cranes at 
ICF currently includes limited vaccination of hatch-year 
whooping cranes based on concerns regarding susceptibility 
to sub-clinical and overt disease in younger, cohort reared 
cranes with developing immune systems. Vaccination of the 
adult whooping crane flock at ICF should be taken under 
consideration based on the incidence of positive WNV titers 
in this species. Other preventive measures should include 
common sense control of potential mosquito breeding 
sites in crane areas (eliminating unneeded standing water 
in containers or at construction sites etc.) and following 
biosecurity measures between crane pens during daily 
servicing routines (which also aids in preventing potential 
occupational exposures).
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case report

West Nile virus (WNV) is a mosquito-borne flavivirus 
(genus Flavivirus, family Flaviviridae) that was discovered 
in a Ugandan woman in 1937 (Marra et al. 2004). Outbreaks 
of WNV illness have been recorded periodically in humans 
in Africa, the Middle East, Asia, and Mediterranean Europe 
(Zeller and Schuffenecker 2004, Gerhardt 2006) as well as 
wild birds (Malkinson et al. 2002). In August 1999, the virus 
was introduced into North america and caused an outbreak 
of encephalitis in humans, birds, and mammals in and around 
New York City (Marfin and Gubler 2001). West Nile virus 
has since spread rapidly throughout North America (Hayes et 
al. 2005). By 2005, WNV had been detected in all 48 of the 
contiguous united States and much of Mexico, Canada and the 
Caribbean (Farfan-Ale et al. 2004, Austin et al. 2004, Godsey 
et al. 2005, Komar et al. 2005, Beveroth et al. 2006). West 
Nile virus was first isolated in Wisconsin from two American 
crows (Corvus brachyrhynchos) recovered in Milwaukee 
County, southeastern Wisconsin, during August 2001 (USGS 
NWHC, 2001). In the following case report we describe the 
clinical presentation and progression of WNV-associated 
disease in a captive 37 year-old male Florida sandhill crane 
(Grus canadensis pratensis) that began exhibiting abnormal 
neurological signs in September, 2006.

the crane was housed with a similarly aged female in an 
off-exhibit pen at the International Crane Foundation (ICF) 
in rural south-central Wisconsin. The pen included a 15 x 
18 m outdoor grass-covered yard surrounded by chain-link 
fencing that was connected to a 4.2 x 4.2 m indoor enclosure. 
The outdoor portion had 2 inch flight netting across the top 
and tennis netting along the sides to obscure views and reduce 
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Abstract: A 37 year old captive male Florida sandhill crane (Grus canadensis pratensis) housed at the international Crane Foundation 
exhibited abnormal neurologic signs in the fall of 2006. Despite therapy and supportive care, the neurologic signs worsened and 
the crane was euthanized after 6 days. Antemortem and postmortem serum was positive for flavivirus antibody, and a cloacal swab 
was positive for West Nile virus (WNV) by reverse transcriptase polymerase chain reaction (RT-PCR). Pectoral muscle atrophy and 
multifocal myocardial necrosis were observed at necropsy. Histopathologic findings included inflammatory and necrotic lesions 
in sections of brain, spinal cord, eye, heart, blood vessels, lung, air sac, esophagus, ventriculus, intestine, thyroid, adrenal, kidney, 
testicle, and feather follicles. A RT-PCR of brain tissue was positive for WNV. Most of the lesions were consistent with what has 
been described in birds with WNV, but were more severe and broadly distributed. The impact of WNV on captive crane populations 
has been variable. Currently, 13 of 15 crane species held in captive centers in the U.S. have been seropositive for WNV, but 
mortality has been limited to sandhill cranes.
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disturbance from neighboring pairs. The crane was exposed 
to ambient temperature and natural photoperiod. Zeigler 
crane maintenance diet (Zeigler Brothers, Inc., Gardners, Pa.) 
and fresh water were provided ad libitum in rubber buckets 
within the indoor enclosure. the crane’s health history was 
unremarkable except for a chronic malocclusion of the beak 
that was managed with regular trimming. the crane was 
serologically negative for flavivirus antibody 2000-2004.

On 14 September 2006 (day 0) the crane was noted to be 
slightly ataxic. The crane exhibited difficulty balancing, and 
was quiet and unusually nonaggressive. When approached 
by handlers the crane walked into a corner of the outdoor 
pen, gradually lowered itself into sternal recumbency, and 
minimally resisted manual capture. Abnormal findings on 
physical examination included low body weight (~80% 
of seasonal normal) and dull mentation. A complete blood 
count (CBC) and serum chemistry panel revealed heterophilic 
leukocytosis with toxic heterophils (15.2 x 103 heterophils/
µl, 25.3 x 103 leukocytes/µl), hypoalbuminemia (1.3 g/dl), 
hyperglobulinemia (2.3 g/dl), hypophosphatemia (1.1 mg/dl), 
and elevated creatine phosphokinase (1125 IU/L) (see Olsen et 
al. 1996 for reference ranges). These findings were consistent 
with an inflammatory process plus antigenic stimulation in 
addition to suspected anorexia and muscle wasting or exertion. 
Primary differential diagnoses included systemic viral (WNV, 
eastern equine encephalitis [EEE]), and bacterial diseases or 
toxicological insult such as mycotoxicosis.

the crane was treated immediately with 10 ml/kg of 
intravenous lactated Ringer’s solution (LRS), 15 mg/kg 
enrofloxacin (Baytril, Bayer HealthCare LLC, Shawnee 
Mission, kans.) subcutaneously mixed with LrS, and was 
locked into the indoor enclosure with its mate. 
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Due to suspicion of WNV-related disease (rapid onset, 
clinical presentation, seasonality, and the documented upswing 
in WNv cases in Wisconsin at the time in the absence of 
EEE activity), serum was submitted for flavivirus (WNV or 
St. Louis encephalitis virus) neutralizing antibody testing 
(Lindsey et al. 1976), and whole blood and a cloacal swab 
were tested for WNV-specific RNA using reverse transcriptase 
polymerase chain reaction (RT-PCR) (Marshfield Clinic 
Research Foundation, Marshfield, Wis.; Lanciotti et al. 2000, 
Meece et al. 2006). The serum test was positive for flavivirus 
antibody at a dilution of 1:80. The cloacal swab was weakly 
positive for WNV, but whole blood was negative.

The severity of the ataxia increased through day 5 of 
illness. The crane also became progressively weak and unable 
to achieve a standing position or required the use of walls 
or its wings to support itself; the crane fell over on several 
occasions but its posture while recumbent was normal. 
Treatments included bolus therapy of intravenous (until day 
4) or subcutaneous (after day 4) LRS with B vitamins twice 
daily (Vitamin B Complex, Veterinary Laboratories, Lenexa, 
Kans.), enrofloxacin subcutaneously twice daily, 90-150 
ml of blended enteral feeding formula (8 oz Ensure Plus 
(Abbott Laboratories, Abbott Park, Ill.), ¼ cup Zeigler crane 
maintenance pellets, 1 tablespoon Nutrical paste (EVSCO 
Pharmaceuticals, Buena, N.J.) twice daily, and 1 mg/kg 
ketoprofen intramuscularly once daily (Ketofen, Fort Dodge 
animal Health, Fort dodge, ia.).

By day 6 of illness, the crane had developed an intention 
tremor of the head and neck, was severely ataxic, and had 
proprioceptive deficits of the wings when recumbent. Due to the 
progressive neurologic signs and failure to respond to therapy, 
the crane was euthanized humanely. A final CBC and serum 
chemistry panel included marked heterophilic leukocytosis 
(25.06 x 103 heterophils/µl, 38.56 x 103 leukocytes/µl), 
anemia (packed cell volume = 31%), and an elevated aspartate 
aminotransferase (695 IU/L). The carcass was submitted to 
the university of Wisconsin School of veterinary Medicine 
(Madison, Wis.) for necropsy.

Gross necropsy findings included moderate pectoral muscle 
atrophy, chronic, mild to moderate degenerative joint disease 
of both stifle joints, renal neoplastic foci, and acute, moderate 
multifocal myocardial necrosis. The renal neoplasia consisted 
of two raised, smooth, tan nodules that partially extended 
into the parenchyma of the left kidney consistent with benign 
adenomas. The myocardial lesions consisted of a 0.9 cm 
pale focus at the apex of the heart as well as multiple 2-3 
mm pale foci scattered throughout the myocardium. Aerobic 
bacterial cultures of spleen, brain, heart and air sacs yielded 
no significant growth. Serum samples sent to the National 
Veterinary Services Laboratory (Ames, Ia.) were positive for 
neutralizing antibody to WNV at 1:10 dilution, but negative 
for EEE, western equine encephalitis or Venezuelan equine 

encephalitis antibody. A RT-PCR test of brain tissue submitted 
to the Wisconsin Veterinary Diagnostic Laboratory (Madison, 
Wis.) was positive for WNV.

Microscopically, significant disease affected all organs 
examined. Subacute inflammatory and/or necrotic lesions 
were observed in sections of brain, spinal cord, eye, heart, 
blood vessels, lung, air sac, esophagus, ventriculus, intestine, 
thyroid gland, adrenal gland, kidney, testicles, and in feather 
follicles. Most tissues contained mild to moderately severe 
mixed inflammatory cell infiltrates. Nervous system lesions 
included meningoencephalitis, gliosis with vasculitis and 
neuronal satellitosis in the brain, Purkinje cell degeneration and 
necrosis in the cerebellum, spinal myelitis, neuronal satellitosis 
and gliosis, and intestinal ganglioneuritis.  Moderate regional 
lymphoid atrophy and lymphocytolysis was observed in the 
white and red pulp of the spleen. The crane also exhibited 
chronic lesions consistent with advanced age, including 
arteriosclerosis of the major blood vessels, spinal lipofuscin, 
anthracosis in the lungs and air sacs, and testicular atrophy.

Discussion

The majority of the lesions present throughout the tissues 
were consistent with what has been described for WNv infection 
in different species of birds (Steele et al. 2000). Vasculitis 
and necrosis were the most prominent features encountered 
in multiple tissues including the central nervous, peripheral 
nervous, cardiovascular, gastrointestinal, urinary, reproductive, 
ocular, endocrine, integumentary and musculoskeletal systems. 
The lesions present in the brain and spinal cord were consistent 
with the neurological signs present in this case.

the lesions we observed were more severe and broadly 
distributed than unvaccinated adult captive greater sandhill 
cranes (G. c. tabida) infected with 5000 pfu WNV (comparable 
to one mosquito dose) under laboratory conditions.  the 
disease in these cranes was limited to mild weight loss (~4-
8% loss post-infection), and limited histopathological lesions 
including glial and plasma cell clusters in nervous system 
tissue and myocarditis in 2 of 5 cranes (G. H. Olsen, USGS 
Patuxent Wildlife Research Center, Laurel, Md., personal 
communication). The clinical course and pathological changes 
observed in the crane from this report were more similar to 
those described in captive hatch-year Mississippi sandhill 
cranes (G. c. pulla) with acute WNV-related disease (A. Cole, 
Audubon Center for Research of Endangered Species, New 
Orleans, La., personal communication). These cranes exhibited 
weight loss (up to 100g per day) and clinical signs lasting 
2-11 days consisting of vague neurologic signs (ataxia and/
or weakness) progressing to recumbency. Necropsy findings 
in 5 of the 7 birds included nonsupperative encephalitis and 
necrotizing myocarditis.

The impact of WNV on captive crane populations has been 
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variable since the introduction of the virus in 1999. Five of 6 
cranes (83%) from the Bronx Zoo/Wildlife Conservation Park 
collection were seropositive for WNV antibody following the 
New York City outbreak in 1999 (Ludwig et al. 2002). None 
of the cranes showed clinical signs consistent with WNV-
related illness. In October 2004, 10% (12/119) of the ICF 
captive crane flock tested positive for antibodies to flavivirus, 
suggestive of previous exposure (Hartup 2008). Eight species 
were represented from the seropositive birds, including North 
American whooping cranes (G. americana), but not sandhill 
cranes. The seroprevalence within the ICF flock had increased 
gradually over three years since the spread of the virus to 
Wisconsin in 2001; however, no clinical disease associated 
with WNV had been documented in any captive crane at ICF 
until this case in 2006. At present, 13 of 15 crane species in 
captivity in the United States have been reported serologically 
positive for WNV exposure (Travis et al. 2002, USGS NWHC 
2005, Hartup 2007), but mortality has been limited to sandhill 
cranes. A sandhill crane apparently died from WNV infection 
at a zoo in Bridgeport, Connecticut in fall 1999 (CDC 1999). 
The one mass mortality involving captive cranes attributable 
to WNV consisted of loss of seven Mississippi sandhill crane 
chicks from Louisiana in July 2002 referred to above.

It is unclear what factors may have predisposed this crane 
to develop WNV-related disease. The developmental stage (or 
age) of the host is a critical factor in the immune response 
in birds, along with a variety of nutritional, endocrine and 
environmental factors (Kollias 1986). In March 2004, the 
crane’s malocclusion and beak overgrowth was suspected to 
interfere with feeding, leading to a significant loss of weight 
and body condition. We believe the crane’s nutritional status 
was sound throughout August and September 2006 based on 
routine beak trimming performed seven weeks prior to the 
development of clinical signs. The crane was non-reproductive 
for several years, was not molting, and exhibited no apparent 
chronic pathological change in the thyroid or adrenal glands 
that would impact its endocrine function. The pair had a 
stable territory (pensite) in the ICF breeding colony and was 
not subjected to extensive management changes through the 
preceding summer. The crane’s clinical pathologic findings gave 
no indication of organ dysfunction or immune compromise. 

We suspect the crane’s multiple concurrent chronic health 
conditions, though minor individually, along with its advanced 
age, may cumulatively have represented a stressor which 
impacted the effectiveness of the crane’s immune response 
to WNv infection. the authors of the sandhill crane WNv 
vaccine study concluded that healthy cranes may not always 
develop clinical disease from exposure to WNV, but warned 
that stressed or compromised cranes may develop complications 
due to WNV infection (G. H. Olsen, USGS Patuxent Wildlife 
Research Center, Laurel, Md., personal communication). 
Though not unhealthy, the young Mississippi sandhill cranes 

described above may have been more susceptible to WNV-
related disease and mortality due to their developing immune 
systems and captive management compared to the lower 
density adult collection housed nearby that experienced only 
limited illness and no mortality. in addition, sandhill cranes 
may possess a species predilection that increases the risk of 
disease. Sandhill cranes have evolved without WNv in their 
environment and may exhibit greater susceptibility to its 
effects compared with species that have co-evolved with the 
virus (Best et al. 2000). 

Lastly, the infective dose of WNV the crane was exposed 
to remains unknown. In Louisiana, the Mississippi sandhill 
crane chicks may have been exposed to large quantities of virus 
during the extensive outbreak involving humans and animals 
in the New orleans area during 2002.  though Wisconsin 
experienced an upsurge in WNV human and animal cases in 
2006, the magnitude of viral activity in Sauk County (gauged 
by wild bird, veterinary and human WNV cases reported 
to state authorities) where ICF is located appeared similar 
to 2003-2004. The overall number of cases, however, was 
significantly less than previous large-scale human and animal 
outbreaks in more urbanized landscapes such as New York, 
Chicago, and New orleans.

ICF houses more than 120 cranes, including 35-
40 endangered whooping cranes. While there have been 
serologically positive whooping cranes at ICF, there has not 
been a clinical case in this species at the site. At the time of this 
report, adult captive whooping cranes at ICF are not vaccinated 
against WNV. Hatch-year whooping cranes destined for release, 
however, are vaccinated with a killed virus vaccine (West 
Nile-Innovator, Fort Dodge Animal Health, Fort Dodge, Ia.) 
due to concerns about crowding and potential immunological 
susceptibility (Marra et al. 2004). Based on the WNV case 
in a Florida sandhill crane reported here, re-assessment of 
the unvaccinated status of the adult whooping crane flock, 
especially in regards to older, genetically valuable captive 
breeders, may be warranted.
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risk Factors associateD with DevelopMental liMb abnorMalities in captive 
whooping cranes
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Abstract: This retrospective survey identifies potential risk factors for developmental limb abnormalities in whooping crane (Grus 
americana) chicks reared at the International Crane Foundation between 1990 and 2006. We summarized a series of biologically-
relevant pre- and post-hatch variables from this population using in-house aviculture and veterinary records, and then compared 
them between chicks with and without developmental carpal, toe and leg deformities. Chi-square analysis revealed associations 
between 1) rearing style and each type of deformity, 2) egg source and carpal and toe deformities, and 3) the pre-existence of a 
toe deformity and carpal and leg deformities. Multivariate analyses using logistic regression suggest that 1) increased risk of toe 
and leg deformities were highly associated with hand rearing, 2) lower relative weight change in week 1 increased the risk of toe 
deformities, 3) higher relative weight change in week 2 increased the risk of leg deformities, 4) female chicks and chicks from third 
clutch eggs were at increased risk of leg deformities, and 5) increased risk of carpal deformities was observed in chicks from eggs 
collected at Wood Buffalo National Park and in chicks with pre-existing or concurrent toe deformities. This information can be used 
by both aviculture and veterinary staff when making decisions regarding placement, management, and veterinary care to minimize 
the likelihood and impact of developmental limb abnormalities in captive reared whooping crane chicks.
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MethoDs

The study population consisted of 179 whooping crane 
chicks between hatching and 70 days reared at ICF between 
1990 and 2006 following ICF rearing protocols (Wellington 
et al. 1996). In-house records generated by ICF aviculture and 
veterinary staff were reviewed, and selected biological data 
was recovered for each individual. information regarding the 
presence or absence of carpal, toe, and leg deformities was 
recorded. guidelines for diagnosis of these deformities were 
taken from Olsen and Langenberg (1996).

Information was also recovered and organized for the 
following biological values for each chick: clutch (first clutch 
= first or second egg in sequence, and so on), egg source 
(collected from captive-held female = 131 [ICF = 126, USGS 
Patuxent Wildlife Research Center = 3, Calgary Zoo = 2] or 
wild nest from Wood Buffalo National Park [WBNP], Canada 
= 49), assisted hatch (yes/no), gender (male/female), rearing 
method (hand reared [includes costume reared] vs. parent 
reared), fledge status (survived to day 70 or not; 144 chicks 
in this survey fledged), fresh egg weight (g), hatch weight (g), 
weights at weekly intervals from hatch to day 70 (g, 7 ± 1 
day intervals). Chicks that died on the day of hatch were not 
included in the analysis. All eggs taken from WBNP nests were 
assumed to be first clutch eggs based on synchrony of embryo 
development. Relative weight change for the preceding week, 
expressed on a percent basis, was calculated for all surviving 
chicks using the following formula: [(current weight – weight 
from prior week)/weight from prior week] x 100.

Comparisons were made between all variables and chicks 
with and without deformities. Categorical variables were 
evaluated using chi-square tests, and continuous variables 

Developmental limb abnormalities are of particular 
concern in the captive-rearing of whooping cranes (Grus 
americana). Significant resources are often committed to 
correcting these problems, which may result in euthanasia or 
withdrawal of cranes from reintroduction projects. Lateral 
rotation of the distal end of the carpometacarpus, rotational 
and linear toe abnormalities, and long bone rotational and 
angular pelvic limb deformities have been described in 
cranes (Olsen and Langenberg 1996). In this paper, we will 
refer to these conditions as carpal, toe, and leg deformities, 
respectively.

Similar abnormalities have been described in bustards 
(Naldo and Bailey 2001), poultry (Julian 1984, McNamee et 
al. 1998, Leeson and Summers 1988, Bradshaw et al. 2002), 
ratites (Hahulski et al. 1999), parrots (Harcourt-Brown 
2004), raptors (Zsivanovits et al. 2006), flamingos (Zollinger 
et al. 2005), and waterfowl (Smith 1997). Several factors 
have been studied and/or suggested as risks for developing 
limb abnormalities. These include: genetics, growth rate, 
nutrition and/or protein type, exercise, handling, housing, 
rearing style, and infection (Leeson and Summers 1988, 
Curro et al. 1996, McNamee et al. 1998, Hahulski et al. 
1999, Kirkwood 2000, Naldo and Bailey 2001, Bradshaw et 
al. 2002, Harcourt-Brown 2004, Zsivanovits et al. 2006).

The purpose of this study was to identify potential risk 
factors for developmental limb abnormalities in whooping 
crane chicks reared at the international Crane Foundation 
(ICF). This preliminary analysis may be of use for controlled 
research into determining causal relationships between these 
factors and abnormal limb development.
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were evaluated using unpaired t tests. Significance was 
established at P < 0.05. Stepwise logistic regression analysis 
was then used to evaluate the potential predictive association 
of the study variables with the presence of each type of 
developmental limb abnormality (Hosmer and Lemeshow 
1989). Interactions among study variables were excluded 
from the logistic model due to difficulty in their biological 
interpretation. This analysis allowed for examination of an 
odds ratio (OR) for each variable, adjusting for effects of 
all other variables remaining in the model, after stepwise 
removal of non-significant factors (the manual removal limit 
was P > 0.15). Significance was established at P < 0.05. The 
or denotes the observed likelihood of the outcome when an 
individual has been exposed to a particular factor. An OR 
greater than one suggests increased risk or likelihood of the 
outcome (e.g., OR = 2 suggests individuals exposed to factor 
X were twice as likely to experience the outcome Y); OR less 
than one reduced risk or likelihood of the outcome. Statistical 
analyses were conducted using software for microcomputers 
(SAS Institute 1998, CDC 2005).

results

We identified 31 (18%) captive-reared chicks with carpal 
deformity, 86 (49%) with toe deformity, and 51 (29%) with 
leg deformity during this survey. overall summary statistics 
for each variable studied are provided in Table 1. The mean 
fresh egg weight (± SD) for all chicks surveyed was 209.1 
± 17.3g. The mean hatch weight for all chicks surveyed was 
128.7 ± 12.9g. The mean hatch weight of chicks from WBNP 
eggs was 10% larger than the mean hatch weight of chicks 
from captive eggs (t1 = 7.27, P < 0.001).

Mean relative weight changes for all chicks, hand reared, 
and parent reared chicks are shown in Figure 1. Significant 
differences in relative weight change between hand reared 

chicks and parent reared chicks were found in weeks 1, 2, and 
4. In week 1, parent reared chicks showed 42% greater relative 
weight gain than hand reared chicks (t1 = 2.96, P = 0.004). in 
week 2, parent reared chicks had a 30% greater relative weight 
gain than hand reared chicks (t1 = 5.14, P < 0.001). In week 4, 
however, hand reared chicks’ relative weight gains were 20% 
greater than parent reared chicks (t = 3.01, P = 0.003).

The relationships of carpal, leg and toe deformity with 
the categorical variables are shown in Table 2. Cases of carpal 
and toe deformity were significantly more common in chicks 
from WBNP than in chicks from captive sources (χ2

1 = 9.65, 
P = 0.002 and χ2

1
 = 5.01, P = 0.025 respectively). There was 

no statistical difference in the prevalence of these problems, 
however, between 1990 and 1996 when chicks from both 
sources were being raised simultaneously at iCF. rearing style 
was significantly associated with all three developmental limb 

Table 1. Frequency distribution of categorical variables in 179 
whooping crane chicks reared at ICF, 1990–2006.

n (%)

Clutch
First 92 (51)
Second 54 (30)
third 33 (18)

Source
Captive 130 (73)
Wood Buffalo 49 (27)

assisted hatch
No 156 (87)
Yes 23 (13)

gender
Male 85 (49)
Female 89 (51)

rearing
iso/Hand 139 (79)
Parent 38 (21)

Fledged
No 36 (20)
Yes 143 (80)

Carpal deformity
Yes 31 (18)
No 145 (82)

toe deformity
Yes 86 (49)
No 90 (51)

Leg deformity
Yes 51 (29)
No 125 (71)
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Figure 1. Mean weekly relative weight changes of all whooping 
crane chicks by rearing type at ICF, 1990-2006.

LIMB ABNORMALITIES IN WHOOPING CRANES ∙ Kelley and Hartup



Proc. North Am. Crane Workshop 10:2008 121LIMB ABNORMALITIES IN WHOOPING CRANES ∙ Kelley and Hartup

abnormalities. in each case, hand reared chicks were more 
likely to develop limb or toe deformities than chicks that were 
parent reared (carpal χ2

1 = 7.66, p = 0.006, toe χ2
1 = 42.59, P < 

0.001, leg χ2
1 = 8.28, P = 0.004). There also was a significant 

association between the presence of a toe deformity and the 
presence of both carpal and leg deformities (χ2

1 = 7.36, P = 
0.007, and χ2

1 = 4.08, P = 0.043, respectively). Female chicks 
tended to develop leg deformities compared to male chicks 
(χ2

1 = 3.33, P = 0.068).
Odds ratios for variables from the stepwise logistic 

regression models using all available chick records were 
generally consistent with the bivariate results (Table 3). Hand 
rearing was a primary risk factor for the development of toe 
deformities (95% confidence OR = 6.8 – 500.0) in captive 
reared whooping cranes at ICF, while relative weight gain 
during the first week was associated with a slight reduction 
in the likelihood of toe deformity (OR = 0.97 – 0.99). Each % 
increase in relative weight gain during this week corresponded 
with a 2% decrease in risk of toe deformity. The likelihood of 
carpal deformities in the chicks was increased in the presence 

of a toe deformity (OR = 1.1 – 6.3) or when chicks originated 
as a WBNP egg (OR = 1.3 – 6.8). Hand rearing (OR = 1.8 – 
27), coming from an egg of a third clutch (OR = 1.1 – 8.7), 
being female (OR = 1.1 – 5.0), and greater relative weight 
gain during the second week after hatching (OR = 1.01 – 1.02) 
were all potential risk factors for leg deformities in the chicks 
during the study.

Discussion

Developmental limb abnormalities in whooping crane 
chicks have challenged both veterinary staff and aviculturists 
since ICF began captive rearing of whooping cranes in 1990. 
While much has been published that addresses how to manage 
cases of developmental limb abnormalities, little beyond 
speculation exists regarding risk factors for these abnormalities. 
our results show that hand rearing, relative weight change, 
concurrent toe deformities, gender (female) and clutch 
number (third) are potential risk factors for developmental 
limb abnormalities.

Table 2. Analysis of associations between potential risk factors and limb deformities in whooping crane chicks reared at ICF, 1990–
2006).

Carpal deformity Toe deformity Leg deformity

Yes No χ2, P Yes No χ2, P Yes No χ2, P

Clutch 
First 19 70 44 45 24 65
Second 7 47 NS a 23 31 NS 14 40 NS
third 5 28 19 14 13 20

Source
Captive 16 114 9.65, 0.002 57 73 5.01, 0.025 39 91 NS
Wood Buffalo 15 31 29 17 12 34

assisted Hatch
No 26 127 NS 76 77 NS 43 110 NS
Yes 5 18 10 13 8 15

gender
Female 14 75 NS 47 42 NS 32 57 NS
Male 17 65 38 44 19 63

rearing
iso/Hand 30 106 7.66, 0.006 85 51 42.59, <0.001 47 89 8.28, 0.004
Parent 1 37 1 37 4 34

Fledge
No 1 32 5.95, 0.014 14 19 NS 6 27 NS
Yes 30 113 72 71 45 98

Developmental Toe Deformity
No 9 81 7.36, 0.007 n/a b n/a n/a 20 70 4.08, 0.043
Yes 22 64 n/a n/a 31 55

a Non-significant (p > 0.05)
b Not applicable
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Known differences in parent rearing vs. hand rearing may 
be the key to reducing developmental limb abnormalities. 
Amount of exercise as well as type and timing of exercise 
are different between the two groups. Parent reared chicks are 
often on the move as they follow their parents. Hand reared 
chicks are housed singly in pens most of the time and rely 
on their human caretakers for directed exercise. at iCF, both 
parent and hand reared chicks have access to a high quality, 
balanced pelleted food specifically designed for cranes; yet, 
adult cranes often supplement the diets of their chicks with 
insects and other plant and animal matter found in the pens. 
In addition, hand reared chicks are subjected to physical 
restraint by caretakers more often than parent reared chicks 
due to differences in their management (Wellington et al. 
1996). Handling puts stress on chicks’ limbs that could lead to 
injuries and ultimately to developmental limb abnormalities. 
Future studies should be designed to quantify aspects of parent 
rearing in captivity to determine the behavioral, nutritional, 

physiological, and management factors most influential to 
limb development.

Hand rearing has also been attributed to increased incidence 
of developmental limb abnormalities in parrots (Harcourt-
Brown 2004) and raptors (Zsivanovits et al. 2006), and offers 
contrast to our expectations in cranes. In parrots, increased 
exercise in hand reared chicks may influence deformities. 
Parent reared parrot chicks are housed in nest boxes with their 
siblings, for several days or weeks depending on the species, 
and move very little due to the small size of the nest box and 
the presence of their siblings against them. Hand reared parrots 
are often housed singly in plastic tubs for ease of cleaning, 
and removed from the tubs and allowed to stand or even 
walk around during feedings. Hand reared raptors may also 
receive excessive exercise, and in addition may be being fed 
meats in higher quantity and quality than their parent reared 
counterparts. Although the exercise concerns in parrots and 
raptors are opposite from those of cranes, the difficulties in 
mimicking the exercise regimen of parent reared birds in hand 
reared birds are consistent across species.

increased growth rate has been suggested as a risk factor 
for developmental limb abnormalities for several species. 
Decreased growth rate in poultry reduces the incidence of 
developmental limb abnormalities, and feed restriction, 
lighting regimes, exercise, and nutrition contribute to growth 
rate changes (Bradshaw et al. 2002). Ad libitum feeding, 
access to protein or energy rich foods and lack of exercise 
produce an increase in the incidence of limb abnormalities, 
especially among large, long-legged birds (Kirkwood 2000). 
In flamingos, management of leg deformity includes walking 
and hydrotherapy and reduction in daily weight gains by feed 
restriction (Zollinger et al. 2005). Our results suggest relative 
weight gain is a risk factor for leg deformity, specifically 
during the second week following hatch. Weight and relative 
weight change is monitored closely in chicks reared at iCF. 
Relative weight gains exceeding 10-15%/day are considered 
to be a risk for the development of leg deformities in hand 
reared chicks. When gains of this magnitude are detected, 
changes in management follow. the chicks are either fed less 
or exercised more, or both (Wellington et al. 1996).

Weekly weight gains have been recorded for several crane 
species, including Siberian (G. leucogeranus), sandhill (G. 
canadensis), sarus (G. antigone), brolga (G. rubicundus), 
white-naped (G. vipio), and red-crowned (G. japonensis) cranes, 
using data from individuals without leg deformities (Wellington 
et al. 1996). Hand reared whooping crane chicks showed less 
relative weight gain in the first week than any other species of 
crane (limiting the protective effects of relative weight change 
on toe deformities based on our results). By the second week, 
hand reared chick weight gains were similar to other species, 
and the % change is consistent with management goals that 
limit weight gains to <15%/day.

Table 3. Results of logistic regression models for the effects of 
variables on three different developmental limb abnormalities in 
captive reared whooping crane chicks.

Deformity
Coefficient SE ORa 95%CIb

Variable

Carpal
Source (WBNP) 1.10 0.42 3.00 1.31 – 6.85
toe deformity 0.99 0.44 2.68 1.13 – 6.34
Constant -2.49 0.38 ─ ─

toe
Hand rearing 3.98 1.06 52.6 6.76 – 500.0
Weight change 
wk1d -0.17 0.01 0.98 0.97 – 0.99

egg Clutch
Second 0.13 0.45 NSc NS
third 1.16 0.64 NS NS

Constant 0.81 0.30 ─ ─
Leg

Hand rearing 1.96 0.69 7.09 1.84 – 27.03
egg Clutch

Second -0.32 0.44 NS NS
third 1.11 0.54 3.03 1.06 – 8.71

Sex – Female 0.84 0.39 2.32 1.07 – 4.98
Weight change 
wk2 d 0.01 0.01 1.01 1.01 – 1.02

Constant -1.58 0.62 ─ ─
aAdjusted odd ratio.
bConfidence interval.
cNot significant (p > 0.05).
dRelative (%)

LIMB ABNORMALITIES IN WHOOPING CRANES ∙ Kelley and Hartup
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The data are striking for gains exhibited in parent reared 
chicks, which exceeded all other species of crane by the second 
week. These results indicate that parent reared whooping 
crane chicks, which rarely exhibit leg deformities, commonly 
exceed weight gains of 15% per day in the second week of 
development; a trend typically avoided or actively managed 
against in hand reared chicks. The risk (as determined by 
the logistic regression model) is apparently balanced by the 
large preventive effect of parent rearing, which we presume 
to be related to exercise quality that is not replicated in hand 
rearing situations.

Chicks resulting from eggs of third clutches (fifth and 
sixth sequence eggs) and female chicks may be at risk for 
leg deformities. We do not believe that third clutch chicks are 
nutritionally disadvantaged (hatch weight was not significantly 
different compared to second clutch hatchlings). Third clutch 
eggs may also have a higher probability of longer periods of 
artificial incubation, since these eggs arrive later in the season 
when incubating cranes at iCF cannot effectively incubate 
additional eggs naturally. unfortunately, our study did not 
consider incubation parameters as potential risk factors for 
limb deformities because incubation is not consistent among 
eggs at iCF and does not lend itself to statistical analysis. 
Each egg receives a customized incubation regimen based 
on numerous factors such as available natural incubators of 
several species, weather, number of eggs being managed at 
any given time, etc.  third clutch chicks are also likely to be 
concurrently managed with several chicks in the hand rearing 
environment, which may have behavioral or physiological 
consequences (e.g., stress) that impact the development of 
leg deformities. Likewise, females may also be affected by 
social group dynamics; weights of ICF female chicks were not 
significantly different than males until 7 weeks of age (data 
not shown), well after the median onset of leg deformities 
(approximately 20 days of age). More analysis is required 
to discern the impact of gender on leg deformities, such as 
skeletal development and morphology.

We found that the presence of a toe deformity is associated 
with both carpal and leg deformities, though logistic regression 
modeling did not support the latter relationship. We suspect 
that chicks with toe deformities may not inherently exercise 
as much, may alter their food intake (particularly during 
the first week after hatch), and are likely handled more than 
chicks without toe deformities for examinations and treatment 
which could impact activity levels. All of these factors may 
lead to carpal or leg problems and require further study. 
This finding encourages the rapid application of treatment to 
quickly resolve toe deformities, in order to avoid the potential 
negative consequences of chronic treatment. Chicks with toe 
deformities should be monitored closely for leg and carpal 
deformities.

the risk factors of hand rearing, relative weight gains, the 

presence of toe deformities and the inherent factors of gender 
and egg sequence (clutch) should be considered in regards 
to the overall management of whooping crane chicks. We 
recommend that parent rearing should be considered whenever 
possible and/or feasible for optimal growth and development of 
whooping crane chicks. Unfortunately, whooping crane recovery 
efforts demand high numbers of chicks which outnumber the 
availability of parents to rear them, and no effective way has 
been developed to introduce migratory parent reared birds 
to the wild. Therefore, every effort should be made to adapt 
hand reared chick management to emulate parent rearing in 
a captive environment, and to manage factors such as weight 
and toe deformities as closely as possible. Additional studies 
are needed of the dynamics of parent rearing in captivity.
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Laguna de Babicora, Chihuahua, Mexico, 7,000 ft elevation, the most important sandhill wintering area in Mexico, wintering 
up to 50,000 cranes. Photo by Roderick C. Drewien.
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Abstract: We observed feather molt in Florida sandhill cranes (Grus canadensis pratensis) between 1978 and 1997. We report 
data from 4 feather groups: remiges, rectrices, wing coverts and contour feathers. In all feather groups, the median date of ecdysis 
preceded endysis by about 30 days. Endysis in adults was generally later than it was in first- or second-year subadults. Remiges 
grew at a rate of 4.72 ± 1.56 SD mm per day. We estimated that primary and secondary wing feathers were usually regenerated 
within 45 to 70 days.
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The annual replacement of flight feathers in sandhill 
cranes (Grus canadensis) begins after the onset of nesting and 
precedes the replacement of the contour feathers (Tacha et al. 
1992). In Florida the molt of flight feathers begins in April 
and the growth of new contour feathers ends in mid-October. 
The sequence of replacement for various feather tracks and 
difference in timing between age classes and subspecies of 
sandhill cranes has not been thoroughly documented. Personnel 
with the Florida Fish and Wildlife Conservation Commission 
have banded Florida sandhill cranes (G. c. pratensis) for 
more than 30 years (Williams and Phillips 1972, Williams 
and Phillips 1973, Nesbitt et al. 1992). During banding we 
noted the plumage characteristics of each bird we handled 
and found that differences in wing feather molt and wear 
patterns can be used to age birds until after their third year 
(Nesbitt 1987, Nesbitt and Schwikert 2005). We also found 
that plumage characteristics of the birds we handled varied 
among individuals. Here we are reporting our observations 
on the timing and duration of molt among Florida sandhill 
cranes. additionally, we measured growth rates of incoming 
flight feathers in cranes that we recaptured during the molt 
period. Our goal was to describe the sequence, duration, and 
relative timing of flight and contour feather molt in adult and 
subadult Florida sandhill cranes.

MethoDs

We used the oral tranquilizer alpha-chloralose (Bishop 
1991) to capture cranes on and near Paynes Prairie State 
Preserve in north-central Florida (Alachua County; see Nesbitt 
and Williams 1990 for details). We distinguished cranes by age 
class based on previously described plumage characteristics 
(Lewis 1979, Nesbitt and Schwikert 2005). Feathers were 
separated into 4 groups: remiges (primaries and secondaries), 
wing coverts, rectrices, and all other feathers. We originally 
separated incoming and recovered feathers into 16 types (based 

on morphographic origin), but for comparison it was necessary 
to consider only the above 4 groups because we noticed no 
differences in any but these 4 groups.

Any cranes that died during capture or were found dead 
elsewhere were prepared as flat skins so that we could examine 
them for subcutaneous evidence (feathers with attached blood 
sheaths) of ongoing molt. at least once a week during the 
molting season we collected shed feathers at feeding, loafing, 
and roosting sites to document ecdysis. We did not use feathers 
found at bait sites after capture attempts because any birds 
handled during capture could lose feathers unnaturally. The time 
of year when molted feathers were collected corresponded to 
the time when the winter population of greater sandhill cranes 
(G. c. tabida) were absent from the state.

To determine growth rates for primary and secondary 
wing feathers we measured incoming feathers of each bird 
captured, then remeasured the same feathers if that individual 
was recaptured later in the same molt period. To get a standard 
length for fully developed wing feathers, we measured the 
lengths of each wing feather on 3 prepared skins of Florida 
sandhill cranes that died outside the molting period.

Cranes were separated into 3 age groups: first-year subadults 
(birds > 1 but < 2 years old), second-year subadults (birds > 
2 and < 3 years old), and adults (birds 3 years and older). We 
used a 1-way ANOVA with planned pair-wise comparisons 
among age groups using Fisher’s LSD test to compare age 
and timing of endysis as it related to age of cranes. We used 
the median molt date to describe timing of molt and mean 
molt date for comparing chronology in crane age groups and 
feather types.

results

From 1978 through 1997 we handled 408 Florida sandhill 
cranes. Another 35 specimens were prepared as flat skins, and 
we recovered 1,325 shed feathers.
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ecdysis / endysis

timing of ecdysis, based on the recovery of molted 
feathers, was estimated for the 4 groups of feathers (Table 
1). The median date for recovered remiges in north-central 
Florida was 2 June and for recovered remigial coverts it was 
26 June. the median date for recovered contour feathers was 
9 July and for rectrices it was 19 August.

incoming feathers were visible in 283 sandhill cranes 
handled in Florida between 1978 and 1997 (Table 1). The 
median date when incoming remiges were observed was 
29 July; for incoming remigial coverts, it was 6 August; for 
incoming rectrices, it was 11 August; and for contour feathers, 
it was 24 august.

In the prepared skins we examined, replacement of the 
upper neck feathers occurred throughout the year. When 
just neck feathers were considered, the median date when 
incoming feathers were noticed was 30 July (range 1 January 
to 31 december).

We captured 7 individuals more than once while their 
remiges were growing and measured the amount of intervening 
growth that occurred for 11 feathers. the mean growth rate 
was 4.72 ± 1.56 SD mm per day. Using the average length of 
the same mature remex and assuming a constant growth rate, 
from 45 to 70 days were required for an individual feather to 
be replaced, depending on the ultimate length of the feather.

age and timing of Molt

the mean dates when incoming remiges were observed in 
adults, or in first year or second year subadults (Tables 2) did 
not differ significantly (P > 0.20). For the other 3 feather groups, 
the mean dates for incoming feathers were significantly later in 
adults than in first-year subadults (P < 0.001). Adults molted 
remigial coverts and contour feathers significantly later than 
second-year subadults (P < 0.04), but there was no significant 

difference in the mean molt date of rectrices (P > 0.20). The 
mean date when incoming remigial coverts and contour feathers 
were observed was not significantly different between first- 
and second-year subadults (P > 0.20). The mean date when 
incoming rectrices were first noticed was significantly later 
in second- than first-year subadults (P < 0.02).

Discussion

the date when wing molt began did not seem to vary with 
age, although in all age classes, remigial molt began before 
molting of any other feather types. There was an age-related 
difference in the onset of molt for feathers other than the 
remiges: adults began nonremigial molt later than younger 
birds. Wing-feather molt is perhaps the most significant aspect, 
from a survival perspective, of the feather replacement process. 
We found that the replacement of most of the other major 

Table 1. Median, earliest, latest, and mean date of ecdysis (recovered) and endysis (observed) by feathers group (n, number of 
individuals observed or feathers recovered) for Florida sandhill cranes, 1978–97.

Feather type Median day (n) Earliest day Latest day Mean (SD) days

remiges ecdysis
endysis

2 Jun (134)
29 Jul (167)

21 Jan
23 Jan

21 dec
10 Nov

17 Jun (59.4)
25 Jul (53.2)

remigial coverts ecdysis
endysis

26 Jun (124)
6 Aug (255)

19 Jan
25 Feb

31dec
21 dec

7 Jul (77.0)
11 Aug (53.2)

rectrices ecdysis
endysis

19 Aug (16)
11 Aug (116)

8 May
3 May

6 Sept
22 dec

15 Aug (67.2)
21 Aug (72.4)

other contour 
feathers

ecdysis
endysis

9 Jul (1,051)
24 Aug (1,292)

4 Jan
25 Feb

31 dec
31 dec

2 Jul (95.6)
21 Aug (50.8)

Table 2. One-way ANOVA comparison of the timing of incoming 
feathers between adult (A), first- (S1) and second-year (S2) 
subadult Florida sandhill cranes, 1978–97.

Feather
type (n)

Crane 
age Mean day

Age and date
comparison (P)

remiges
(117)

a
S2
S1

24 Jul
29 Jul
10 Jul

A/S1 (0.319)
A/S2 (0.677)
S1/S2 (0.234)

remigial
coverts (142)

a
S2
S1

27 Aug
29 Jul
12 Jul

A/S1 (< 0.001)
A/S2 (0.031)
S1/S2 (0.215)

rectrices
(112)

a
S2
S1

9 Sep
25 Aug
23 Jul

A/S1 (< 0.001)
A/S2 (0.264)
S1/S2 (0.015)

Contours
(217)

a
S2
S1

4 Sep
1 aug
21 Jul

A/S1 (< 0.001)
A/S2 (0.017)
S1/S2 (0.378)

MoLt iN SaNdHiLL CraNeS ∙ Nesbitt and Schwikert
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feather groups (except neck feathers) does not proceed until 
wing molt has begun, so we think that the onset of wing molt 
may set the stage for all subsequent feather replacement.

We found that neck feathers were being replaced throughout 
the year, which may be why the number of residual juvenile 
neck feathers declines throughout the fall and winter of a 
young crane’s first year. It seems that contour-feather molt was 
interrupted during migration and was resumed only after the 
birds reached their winter quarters in Florida. This may explain 
why juvenile cranes from the greater sandhill crane population 
wintering in Florida appear to be inordinately younger than 
juveniles of the nonmigratory population, notwithstanding 
the typically later hatch date for the migratory population (1 
May as compared to 1 April for Florida sandhill cranes). The 
suspension of molt during migration may also help explain why 
the lesser sandhill cranes (G. c. canadensis) appear browner 
in comparison to other subspecies on the wintering grounds 
and were originally named the little brown crane.

the growth rate we estimated for Florida sandhill crane 
wing feathers was 45 to 70 days. This is longer than the length 
of time (38 to 46 days) during which whooping cranes (G. 
americana) remain flightless, during their normally triennial 
simultaneous remigial molt (see Folk et al. 2008), which 
exposes whooping cranes to a much greater risk of predation. 
The Florida sandhill crane pattern of interrupted wing molt 
carried on over several years; in contrast, (Nesbitt and Schwikert 
2005) may be a better feather replacement strategy in Florida’s 
predator rich environment.

timing of ecdysis of wing feathers for Florida sandhill 
cranes in north-central Florida seems to correspond closely with 
the fledging dates of juveniles. The average egg-laying date 
of cranes nesting in north-central Florida is 3 March (Tacha 
et al. 1992). If we assume an average incubation period of 30 
days and fledging occurs 67 to 75 days after hatching (Tacha 
et al. 1992), then fledging occurs about 9 to 17 June. These 
dates generally correspond with the median date we found 
for remigial ecdysis of 2 June (mean date 17 June; Table 1). 
If egg-laying dates of another population of sandhill cranes 
were known and using the days between laying and fledging, 
it should be possible to predict molt initiation dates. The age 
of sandhill cranes from many populations can be determined 
by wing-molt patterns (Nesbitt and Schwikert 2005). Since 
ecdysis, and subsequently endysis, closely track fledging 
dates, an aging technique based on wing molt pattern would 
be applicable after mid-September for sandhill cranes from 
any part of the species’ range.
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Abstract: Molt patterns of wild whooping cranes (Grus americana) are largely unknown, and what knowledge we have has been 
based on scant data. We documented patterns of feather molt in nonmigratory whooping cranes in Florida during 1993-2005. All 
birds replaced flight feathers (remiges) in a synchronous (simultaneous) manner and spent time flightless. It took 38-46 days (mean 
= 44 days, n = 8) for feathers to regrow and birds to regain flight ability. When flightless due to remigial molt, cranes became more 
secretive and spent more time in wetlands during feather regrowth. Most (70%) whooping cranes first molted their remiges at 3 
years of age, 20% at 2 years of age, and 10% at 4 years of age. Birds never molted their flight feathers in consecutive years; instead 
they usually skipped 1 or 2 years between molts. Sets of flight feathers lasted 2-4 years (mean 2.5 years, n = 41). the remigial molt 
was seasonal; flight feathers were shed during 10 April-23 June, and contour plumage was molted later in the year (24 June-23 
October). For 1-2 months in the summer prior to contour-plumage molt, whooping cranes took on a dingy gray appearance, but they 
appeared snowy white in autumn after the contour-feather molt.
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Little is known about the molt of whooping cranes (Grus 
americana). Most data available are for young (<450 days) 
captive birds (Stephenson 1971), which demonstrated that 
juvenile flight feathers are retained throughout this age. 
Older captive whooping cranes undergo a synchronous 
(simultaneous) molt of primary and secondary flight feathers 
(remiges) (Gee and Russman 1996). Whooping cranes of 
the Grays Lake experimental flock apparently underwent 
a simultaneous molt of flight feathers that rendered them 
flightless (R. Drewien personal communication). Data 
regarding remigial molt in the only self-sustaining flock 
(which breeds in and near Wood Buffalo National Park in 
Canada and winters in and near aransas National Wildlife 
Refuge in Texas) are limited to a few opportunistic 
observations of shed primaries and secondaries (<12 per nest 
site) at nests late in the breeding season (B. Johns, personal 
communication).

The reintroduction of a nonmigratory flock of whooping 
cranes into Central Florida (Folk et al. 2008) presented an 
opportunity to collect information on molting in birds that 
were intensively monitored (>2-3 times/week for the life of 
the bird) and captured on a regular basis. Unlike at Wood 
Buffalo National Park, where whooping cranes are typically 

monitored only from the air, Florida’s habitats allowed easier 
access for observations of the birds from the ground.  

MethoDs

We documented remigial molt of 71 whooping cranes by 
observing flight-feather length during routine monitoring of 
the flock from 1993 to 2005. We were unable to see some 
birds’ flight feathers (flight feathers are hidden from view 
when the birds are not flapping or stretching their wings), 
but based on the birds’ behavior, we determined they were 
molting. at the onset of remigial molt, the bird would 
typically undergo a rapid behavioral change. Birds normally 
were accustomed to project biologists and did not respond 
to their presence unless very closely approached. While 
molting, birds would react to biologists’ approach at much 
longer “flushing” distances, typically walking or running 
away from the observer. We observed a subset (n = 8) of 
birds, for which we had complete data representing the time 
from ecdysis to complete regrowth, in order to describe 
the time necessary to regrow flight feathers. We observed 
another subset (n = 30) of birds immediately after their loss 
of remiges (prior to visible regrowth) in order to describe the 
seasonality of remigial molt.

Along with replacement of remiges, we also 
documented molt of body contour feathers. Birds (n = 53) 
handled for radio replacement and health-checks were 
examined for actively growing feathers.
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results

remiges

Each of the whooping cranes we observed underwent 
a synchronous (simultaneous) loss of flight feathers just as 
the new ones were growing in. Birds were observed to have 
either all or none of their flight feathers, and the feathers 
showed uniform wear. on several occasions we noted a 
single secondary feather--a “fresh” feather showing much 
less yellowing and wear than is typical of an older secondary 
feather--that apparently was younger than the other feathers 
(Fig. 1). Some individuals that initially appeared to be 
undergoing partial (incomplete or asynchronous) molts when 
captured were found to have feathers broken off rather than 
partially grown.

Whooping cranes in remigial molt underwent a flightless 
period during the time their flight feathers were regrowing. 
For the 8 birds for which we had well-defined dates of ecdysis 
(feather drop) and regrowth to full-length feathers, this time 
averaged 44 days (SD = 3.57, range 38-46). Cranes were 
reluctant to attempt to fly or even to spread their wings until 
flight feathers were at, or close to, their full length. Habitat 
use changed during remigial molt to include more time in 
marshes and lake edges, especially large marshes with dense 
emergent vegetation.

This behavior was “contagious” in that other members 
of the flock (or pair) that were not molting would take on the 
secretive and more aquatic nature of the molting bird(s), thus 
helping preserve the flock or pair bond. Some pairs separated 
during the molt season but usually reunited after the molt 
was complete.

Most (70%) whooping cranes first replaced their flight 

feathers at 3 years of age (Table 1), whereas a smaller group 
(30%) did so at 2 or 4 years of age. Remigial molt was 
seasonal and coincided with the anniversary of hatch dates 
for the birds; therefore, ages of the birds and their feathers 
were rounded to the nearest year. The second replacement 
of flight feathers most commonly took place at age 5, third 
replacement at age 8, and fourth replacement at age 10. 

We never observed a bird replacing its flight feathers in 
consecutive years; instead they usually skipped 1 or 2 years 
between molts. Length of time between molts varied among 
birds and also varied for the same bird over time. For 71 
whooping cranes we documented 14 different “patterns” of 
time between molts (Table 2). The mean time that a flight 
feather was retained was 2.5 years (n = 41 sets of feathers). 
Twenty-three sets of feathers were retained on the bird for 2 
years, 16 sets for 3 years, and 2 sets for 4 years.

We saw no evidence that nonmigratory whooping cranes 
had any physical problems during feather regrowth. The 
condition and growth of feathers of birds captured after their 
molts were normal, and we saw no evidence of stunting or 
stress-bars that might indicate a nutritional problem. Broken 

Figure 1. Secondary feathers on the right wing of a whooping 
crane show the contrast between the older frayed and yellowed 
feathers and a younger secondary feather (arrow).

Figure 2. Left wing of a whooping crane with portions of 
secondary feathers missing (white area). These feathers were 
broken off under the wing coverts, but the bird could still fly.

FEATHER MOLT OF WHOOPING CRANES ∙ Folk et al.

Table 1. Frequency, by age (in years), of nonmigratory whooping 
cranes undergoing simultaneous molt of flight feathers. The 
modal frequency for each successive molt is shaded.

Age
Molt 2 3 4 5 6 7 8 9 10

First 14
(20%)

50
(70%)

7
(10%)

Second 2
(9%)

11
(48%)

9
(39%)

1
(1%)

third 4
(67%)

1
(17%)

1
(17%)

Fourth 2
(100%)
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flight feathers were rarely seen. However, one unusual case 
involved a bird, captured 4 May 2000, whose secondary 
feathers were broken off under the wing coverts of both 
wings, effectively leaving the bird without any secondary 
feathers (Fig. 2). The bird was still capable of flight and was 
one of 2 birds carrying the same flight feathers for 4 years. 

Ecdysis occurred during late spring to early summer 
(Fig. 3). The timing of the molt in relation to breeding is 
of interest. Our sample size was small, but of 4 pairs of 
whooping cranes that raised chicks to fledging, only 1 bird 
underwent remigial molt that year. This female went flightless 
in late May when the chick was 64 days of age. the female 
regained flight in mid-July after the chick had fledged (106 
days of age). Apparently the periods of flightlessness of the 
adult and chick were overlapping.

contour plumage 

Molt of contour plumage was also seasonal. Whooping 
cranes replaced the contour feathers every year between 24 
June and 23 October (Fig. 4). In the early summer, birds 
began appearing more dingy and “gray” as their plumage 
aged (Fig. 5). By late fall, all whooping cranes were in their 
whitest plumage.

rectrices

Our sample size for data regarding molt of rectrices 
is limited to 3 observations. Those 3 birds were replacing 

Table 2. Age (in years) of 71 whooping cranes undergoing flight 
feather molts. Example: 5 birds molted at 3 and 6 years of age 
in line 8. 

Molt

First Second Third Fourth n

2 10

2 4 2

2 5 2

3 33

3 5 6

3 5 8 2

3 5 8 10 1

3 6 5

3 6 8 10 1

3 6 9 1

3 6 10 1

4 5

4 6 1

4 7 1

total 71
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5
6
7
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Figure 3. Dates that 30 nonmigratory whooping cranes in central Florida experienced remigial ecdysis.
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some rectrices concurrent with replacement of body contour 
feathers. We do not know if they replace some rectrices 
every year.

Discussion

Our findings confirm the somewhat speculative 
information reported by Allen (1952), that whooping cranes 
molt their flight feathers and body feathers at 2 different 
times, and that the birds undergo a flightless period. Erickson 
and Derrickson (1981) reported that whooping cranes first 
molt their primary feathers at 2 years of age and annually 
thereafter. in contrast, our results show that in Florida, only 
a small proportion (20%) of birds undergo their first remigial 
molt at 2 years of age, with most (80%) waiting until 3 or 4 
years of age. also in contrast, we determined that subsequent 
remigial molts were never annual, but usually ocurred every 
2-3 years. Erickson and Derrickson (1981) said that it was 
uncertain whether all individuals become flightless during 
molt of the wing feathers. We found, without exception, that 
all whooping cranes underwent a flightless period during 
remigial molt.  

Molt represents a physiologically demanding time in 
the life of birds (Welty 1982). Whooping cranes showed 
seasonality in both remigial and body contour-feather molts. 
Our data show that the latest day of the year when a whooping 

crane had shed its flight feathers (23 June) nearly coincides 
with the earliest day of the year when we have documented 
that a bird was replacing body-contour feathers (24 June). 
The time between these 2 demanding events probably serves 
to reduce the degree of stress to the body at a given time. 
Both molts took place during the time of year (late spring to 
early fall) when food resources should be most abundant.

In contrast to whooping cranes, Florida sandhill cranes 
(Grus canadensis pratensis) undergo an annual partial molt 
of flight feathers and do not become flightless. The median 
date for remigial ecdysis in Florida sandhill cranes was 2 
June (Nesbitt and Schwikert 2008) and the median date for 
whooping cranes was 30 May. The median date for contour 
feather endysis was 24 august for Florida sandhill cranes 
and 20 August for whooping cranes. Florida sandhill cranes 
and whooping cranes undergo molts at similar times of year, 
but the sandhill cranes molt over a wider range of dates than 
the whooping cranes.

Whooping cranes have been described as “snowy white” 
(Lewis 1995). However, for 1-2 months in the summer just 
prior to molting, many individuals turn a light shade of gray 
(Fig. 5). During that time, the birds lose some consistency in 
the appearance of their plumage and appear rough or dingy, 
perhaps because of the contrast between the outermost 
heavily worn feathers and the fresher interior feathers 
beginning to show through. after molt the birds are back to 
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Figure 4. Dates at which 53 whooping cranes were either actively growing or not actively growing body contour feathers.
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Figure 5. Contrasting appearances of whooping cranes, based 
on age and wear of contour plumage, just prior to contour-
feather molt (bottom photo, adult bird on right) and during the 
rest of the year (top photo adult bird on left). 

a very uniform white color.
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Some of the 6 currently recognized subspecies of sandhill 
cranes (Grus canadensis) are distinguished by morphometric 
variations (Johnson and Stewart 1973, Guthery 1975).  
Population management and harvest decisions based on 
the relative abundance of morphometric differentiation of 
subspecies have been proposed in the past (Stephen et al. 1966).  
More recently, this approach was deemed “not feasible” because 
“... a continuum in size…” precluded reliable differentiation 
among subspecies (Tacha et al. 1985).  Mensural procedures 
have been used to distinguish between gender, subspecies, or 
age in some sandhill crane populations (Nesbitt et al. 1992), in 
other cranes (Swengel 1992), and among some other sexually 
dimorphic species (e.g., tundra swans [Cygnus columbianus] 
Miller et al. 1988).

Regressing mass on some linear index of body size, 
and using the outcome as an index of body condition, is a 
commonly used and accepted predictor of physical status 
(Schulte-Hostedde et al. 2005).  External measurements have 
been used to predict expected mass and health in a variety of 
species (Brown 1996, Berry and Christopher 2001).

Florida has both a population of nonmigratory Florida 
sandhill cranes (G. c. pratensis) and a wintering population 
of migratory greater sandhill cranes (G. c. tabida).  We 
used mensural data to develop a Body Mass Index (BMI) 
for both subspecies.  A similar approach, based on specific 
linear measurements, could produce an expected mass for an 
individual.  Furthermore, a mean BMi of sandhill cranes by 
month, by gender, and by subspecies would show changes in 
the body condition of individuals in a population throughout 

1 E-mail: sanesbitt@cox.net
2  Present address: UF/IFAS Extension, Arcadia, FL 34266, USA
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the year, which could be used for recognizing those that fell 
outside the mass as predicted based on linear measurements.  
the BMi could also be useful for assessing the condition and 
progress of newly released individual whooping cranes (G.  
americana) as they adjust to life in the wild in an attempt to 
establish new populations.  In juvenile sandhill cranes it has 
been determined that the growth of long bones is completed 
at 10 weeks of age (Curro et al. 1994), although juvenile 
cranes do not reach full mass until sometime between 10 
and 12 months later (Walkinshaw 1949, Tacha et al. 1985).  
We will utilize a BMI of developing juveniles to clarify the 
age at which juvenile sandhill cranes in Florida reach their 
mature body mass.

MethoDs

We used alpha-chloralose (an oral tranquilizer; Bishop 
1991) to capture cranes on Paynes and Kanapaha Prairies in 
alachua County Florida. We weighed each bird to 0.01 kg and 
measured the lengths, to the nearest mm, of exposed culmen 
(culmen posterior nares to tip), tarsus, and the unfeathered 
tibia (see Stephen et al. 1966).  We did not consistently record 
additional measurements (e.g. wing cord, mid toe, tail, and 
bill depth at base) that others have reported (Du Mont 1933, 
Johnson and Stewart 1973).  We did not measure wing cords 
because both migratory and nonmigratory sandhill cranes 
studied in Florida replace their wing feathers sequentially over 
a period of years (Nesbitt and Schwikert 2005); therefore, an 
individual’s wing cord measurement would decrease as wear 
reduced wing feather length.  We evaluated the relationship 
between tarsus length and mass in healthy cranes to predict 
an expected range of body mass, based on leg length.  We also 
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used culmen length because it is often easier to measure more 
precisely than tarsus length with a struggling crane.

Juvenile cranes (< 1 year of age) were distinguished 
from older birds based on plumage (Lewis 1979).  Linear 
measurements were taken each time a juvenile crane was 
recaptured during its first year.  Linear measurements in adult 
plumage birds were taken only during the initial capture because 
we assumed their bones had stopped growing.  Mass was 
measured for every bird each time it was handled, irrespective 
of age.  To standardize days-since-hatch for body mass 
measurements of juveniles through their first year, uniform 
hatch dates were chosen based on the average laying dates of 
each population (Tacha et al. 1992) Florida sandhill cranes 
were all given the date of 1 April and greater sandhill cranes 
were given the date of 1 May.  these dates were chosen based 
on the average laying/hatch date of the 2 subspecies we studied 
(Tacha et al. 1992).

in this analysis we did not include data for any cranes that 
appeared sick or were unable to fly when captured, nor did we 
include birds that had obvious physical abnormalities (leg or 
bill deformities; Nesbitt et al. 2005).  We suspected illness, 
injuries, or abnormalities could have affected foraging and, 
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Figure 1. Body mass index (based on tarsus) of developing Florida sandhill cranes captured in Florida, 1974 to 1999 (n = 108).

Figure 2. Handlings by month and subspecies of 1,265 adult 
sandhill cranes captured in Florida, 1974 to 1999.
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therefore, a bird’s mass.  Sex, subspecies, and social status 
(breeding/nonbreeding) was determined based on observations 
of the crane’s behavior (calls, social interactions, nesting, 
and migration) in the natural setting post capture (Nesbitt et 
al. 1992).

We looked for relationships between body mass of male 
and female adult plumage cranes, of both subspecies, and 
length measurements of the culmen, tarsus, and exposed tibia 
for males and females of both subspecies.  We used linear 
regression analysis to look for relationships between increase in 
mass and days-since-hatch for juveniles, and to correlate mass 
with bill length and leg length.  All analyses were performed 
with the use of programs available in JMP, Version 5 (SAS 
institute inc., Cary, North Carolina, 2002).

results

We examined data from 1,265 handlings of 745 individual 
sandhill cranes captured in Florida between 1974 and 1999; of 
these, we determined the subspecies for 452 (217 were Florida, 
235 were greater sandhill cranes).  As was reported in a prior 
study (Nesbitt et al. 1992), tarsus appeared to be a stronger 
predictor of mass for all combinations of subspecies and sex 
than exposed culmen, but we report the results for both.  We 
used the relationship of tarsus length (or exposed culmen) to 
mass to calculate a body-mass index (BMI) using the following 
formula: BMI = (mass [g]/tarsus length [mm] 2) x 105.

The mean BMIs for all the adult plumage Florida sandhill 
cranes were 6.65 (based on tarsus length) and 25.77 (based on 
exposed culmen).  The mean BMIs for all the adult plumage 
greater sandhill cranes were 7.42 (based on tarsus length) and 
24.25 (based on exposed culmen).  The differences in BMI 
for the 2 subspecies are similar to the differences found in 
measurements in a prior study (Nesbitt et al. 1992).

Fifty-one cranes captured and banded as juveniles were 
handled 108 times at ages that ranged from 46 to 447 days 
post-hatching.  Thirty-three of the recapture were cranes < 
12 month old (24 twice, 3 three times).  The mean recapture 
interval was 72.4 days and ranged from 7 to 253 days.  To 
more exactly determine when juvenile sandhill cranes reached 
their approximate adult mass, we plotted BMI (based on tarsus 
length) against days-since-hatching.  The BMI slope appears 
to become asymptotic at about 270 days post hatching (Fig. 
1).

We used handlings by month and by subspecies (Fig. 2) 
and BMI to investigate changes in mass of all adult plumage 
sandhill cranes during the year.  We plotted the mean BMI 
by month and by subspecies (Fig. 3).  We did not observe 
any normal greater sandhill cranes outside of the wintering 
period; consequently, we have no information on variations 
in mass for them between April and late October.  However, 
what information we had (over fall, winter and early spring) 

Table 1. Body measurements and predicted minimum mass 
(lower 95% predicted confidence interval) based on regression 
of tarsus and culmen length against mass for 277 Florida and 
476 greater sandhill cranes with adult plumage handled in 
Florida, 1974 to 1999.

Tarsus length (mm) and predicted minimum normal mass (kg)

Tarsus G. c. pratensis
(adjusted r2 = 0.352)

G. c. tabida
(adjusted r2 = 0.356)

209 2.59 3.03
212 2.65 3.09
215 2.71 3.16
218 2.77 3.22
221 2.83 3.28
224 2.89 3.34
227 2.95 3.40
230 3.01 3.46
233 3.07 3.52
236 3.92 3.59
239 3.18 3.65
242 3.24 3.71
245 3.30 3.77
248 3.36 3.83
251 3.42 3.89
254 3.48 3.95
257 3.53 4.01
260 3.59 4.07
263 3.65 4.13
266 3.71 4.19
269 3.76 4.25
272 3.82 4.31
275 3.88 4.37
278 3.94 4.43
281 3.99 4.49
284 4.05 4.55
287 4.11 4.61
290 4.16 4.67
293 4.22 4.73
296 4.28 4.79
Exposed culmen length (mm) and predicted minimum 
normal mass (kg)

Culmen G. c. pratensis
(adjusted r2 = 0.131)

G. c. tabida
(adjusted r2 = 0.229)

97 2.60 2.58
100 2.67 2.67
103 2.74 2.76
107 2.81 2.85
110 2.89 2.94
113 2.96 3.03
116 3.03 3.12
119 3.11 3.22
122 3.18 3.31
125 3.25 3.40
128 3.32 3.49
131 3.39 3.58
134 3.46 3.67
137 3.53 3.76
140 3.60 3.85
143 3.67 3.94
146 3.73 4.03
149 3.80 4.12
152 3.87 4.21
155 3.93 4.30
158 4.00 4.39
161 4.07 4.48
165 4.14 4.57
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seemed to indicate that annual mass changes in the greater and 
Florida subspecies are dissimilar.  Average BMI for Florida 
cranes began to decline in February; which coincides with the 
onset of the nesting season of adults. the nadir in seasonal 
mass occurred in June.  When we compared the mean BMI for 
Florida cranes in June, July, and August (n = 110), there was 
a 5.5% decrease from November, December, and January (n 
= 32).  The decline in BMI in January compared to December 
and February was likely an artifact of a smaller sample size for 
the winter months (January had fewer recaptures [10] than any 
month).  This same pattern was apparent in both the breeding 
and nonbreeding-age segments of the Florida subspecies.  In 
the greater subspecies, there was a decline in mass subsequent 
to their fall arrival in Florida (October-November) and again as 
spring migration began in late January-mid February.  Though 
slight the decline in relative mass in the spring could have 
been the result of breeding adults (those that would likely 
have a greater proportional increase in body mass) leaving 
early in the migration period and non-breeding birds leaving 
later in the season.

Using the 95% confidence interval for the relationship 
of mass to tarsus length or exposed culmen length we have 
constructed a table (Table 1) of expected masses for a given 
tarsus or culmen length.  an individual crane’s mass and 
tarsus or exposed culmen length can be compared with 
this table to make a relative health assessment for sandhill 
cranes under field conditions.  An individual with a body 
mass that approaches, and particularly one that is below, the 
predicted lower confidence mass value should be considered 
an abnormally light individual.

Discussion

The age at which the juvenile Florida sandhill cranes we 
studied reached their adult BMI (270 days) was similar to the 
age (256 days) when they would begin leaving the company 
of their parents (Nesbitt et al. 2002); this was more than 6 
months after the long bone growth was completed (about 10 
weeks Curro et al. 1994).  The acquisition of adult mass may 
be a more critical feature of fitness for independence than 
physical stature (as measured by bone length) alone.

the decline in body mass we noticed in the Florida 
subspecies took place during the season when nesting adults 
would be occupied with egg laying, incubation, and chick 
rearing (if nesting efforts were successful).  However, we 
noticed the same spring-summer decline occurred in the 
nonbreeding segment of the population.  Mass loss during 
the summer may occur throughout the population and not be 
due only to breeding birds devoting more of their energy to 
nesting and chick rearing than to foraging.  Because we avoided 
attempting to capture families until after the young were 
fledged, the seasonal mass loss among breeding adults could 
have been even more dramatic than we were able to detect.  
Body mass loss during summer may also be a consequence of 
annual molt.  Molting in Florida sandhill cranes begins around 
the mean hatching date, 1 April, and continues through early 
fall (Nesbitt and Schwikert 2005, Nesbitt and Schwikert 2008).  
The migratory subspecies may also experience a decline in 
mass during the summer. other causes of summer weight loss 
could be a physiologic response to the change in temperature 
and changes in food abundance or food quality.

ManageMent iMplications

We report the predicted minimum mass for sandhill cranes, 
given its general body size (as indicated by tarsus length), as 
a tool to assess a crane’s relative physical condition under 
field conditions.  We believe such an assessment would help 
in deciding the disposition of a crane with unusually low body 
mass; decisions such as whether an individual should be taken 
into captivity for treatment or allowed to remain in the field 
could be informed with this assessment process.

In our efforts to reestablish a population of whooping 
cranes in Florida, we have released juvenile cranes transported 
to Florida from captive rearing sites to the north (Nesbitt et 
al. 2001).  Most cranes lost weight during the 2 weeks of pre-
release conditioning following their arrival in Florida (Florida 
Fish and Wildlife Conservation Commission, unpublished 
data) and it would be useful to know with confidence whether 
this weight loss was within the normal range for the species.  
If losses were below the expected minimum then additional 
diagnostic testing and investigation into probable causes of 
weight loss would be warranted.

Figure 3. Change in body mass index by month of 81 adult 
sandhill cranes (55 G. c. pratensis, 26 G. c. tabida) handled 186 
times in Florida, 1974 to 1999.
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the Central Flyway in North america is home to the 
rarest crane species in the world, the whooping crane (Grus 
americana), and the most abundant and widely-hunted crane 
species in the world, the sandhill crane (G. canadensis) 
(Meine and Archibald 1996). Whooping cranes migrate 
through the Flyway during hunting seasons for sandhill 
cranes and geese, leading to a need for special conservation 
actions that prevent accidental shootings of these endangered 
birds.

The states of Texas and Kansas are two of the primary 
states for sandhill crane harvest and whooping crane use 
in the Central Flyway. Since 1975, Texas has ranked first 
in the number of sandhill cranes harvested annually, while 
kansas has usually ranked third since its hunting seasons 
began in 1993 (Table 1) (Sharp et al. 2006). Kansas’ harvest 
is significantly less than that of Texas; however, the presence 
of Endangered Species Act designated Critical Habitat in 
Kansas that is used by whooping cranes annually during fall 
migration heightens the conservation concerns in that state 
(Can. Wildl. Serv. & U.S. Fish & Wildl. Serv. 2005). 

historical protection Measures

Over the years, Texas Parks and Wildlife Department 
(Texas) and Kansas Department of Wildlife and Parks 
(Kansas) have adopted a variety of strategies to ensure 
whooping crane conservation while continuing to allow 
hunting of sandhill cranes. Texas has published side-by-
side illustrations of whooping cranes and sandhill cranes 
in its annual waterfowl and crane regulations digest, while 
Kansas license vendors provide sandhill crane hunters with 
a brochure depicting look-alike species. Kansas hunters who 
purchase their sandhill crane permits online can download 

new hunter eDucation strategies to protect whooping cranes in teXas 
anD kansas
Lee Ann JOhnSOn LinAM, Texas Parks and Wildlife Department, 200 Hoots Holler Road, Wimberley, TX 78676, USA
heLen M. hAnDS, Kansas Department of Wildlife and Parks, Cheyenne Bottoms Wildlife Area, 56 N.E. 40 Road, Great Bend, KS 

67530, USA
JAy RObeRSOn, Texas Parks and Wildlife Department, 4200 Smith School Road, Austin, TX 78744, USA

Abstract: The decline of the whooping crane (Grus americana) has often been attributed primarily to loss of habitat and overharvest. 
Although hunting of whooping cranes is now prohibited, shootings sometimes occur. Recent incidences have prompted the Texas 
Parks and Wildlife Department (Texas) and the Kansas Department of Wildlife and Parks (Kansas) to develop new strategies that 
increase hunter recognition of legal game species and awareness of endangered species concerns. Both agencies have produced 
or updated publications for goose and sandhill crane (Grus canadensis) hunters.  Texas has developed video news releases for the 
general public and a video/DVD for hunter education classes designed to help goose and crane hunters avoid taking protected 
nongame species. Kansas has developed an online test that crane hunters must pass annually before they may purchase a crane 
permit. 
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the brochure.
Hunting seasons are timed to avoid overlap with average 

whooping crane migration dates to the extent possible. In 
texas, hunting seasons for sandhill cranes are delayed until 
most of the whooping cranes have migrated through the 
sandhill crane hunting zones (Thompson and George 1987). 
Temporal separation is more difficult in Kansas, through 
which both species migrate; consequently, during 1993-2004 
Kansas elected to start shooting hours at sunrise, one-half 
hour later than federal requirements, thus providing better 
visibility for proper species identification.

Both states protect whooping cranes by closing selected 
areas to hunting. In Texas, a coastal zone surrounding Aransas 
National Wildlife Refuge is not open to sandhill crane 
hunting at all, and the Light Goose (Chen caerulescens and 
C. rossii) Conservation order hunt closes early in this area. 
Hunting zones are also modified near Kansas’ designated 
Critical Habitat areas (Can. Wildl. Serv. & U.S. Fish & 
Wildl. Serv. 2005). Sandhill crane hunting is not allowed at 
Quivira National Wildlife refuge, and the refuge is closed 
to all hunting when whooping cranes are present. Portions 
of Cheyenne Bottoms Wildlife area are closed to light 
Table 1. Estimated retrieved harvests of sandhill cranes in Texas, 
Kansas, and the Central Flyway, 2000-2005 (Sharp, et al, 2006).

Year Texas Kansas Central Flyway

2000 8,208 590 15,504
2001 6,999 1,033 15,000
2002 7,837 1,067 13,087
2003 11,560 942 18,335
2004 8,715 856 14,546
2005 12,681 475 18,575
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goose and sandhill crane hunting when whooping cranes are 
present.

Both states also take steps to implement the general 
provisions of the Whooping Crane Contingency plan -- 
notifying landowners and hunters, issuing press releases, 
and monitoring whooping crane movements (U.S. Fish and 
Wildlife Service 2006).

historical losses

Whooping crane mortality appears to be greatest during 
migration; however, causes of mortality are known for 
less than 10% of these losses (Lewis et al. 1992). Since 
1950, 30 whooping cranes are known to have died from 
powerline strikes, while 11 are known to have been shot. 
These data include the Aransas-Wood Buffalo flock that 
migrates through the Central Flyway, as well as more recent 
experimental populations (Can. Wildl. Serv. & U.S. Fish & 
Wildl. Serv. 2005). Seven of these shooting deaths occurred 
in the Central Flyway, but only 4 occurred during migratory 
bird hunting seasons; 2 birds were shot by goose hunters in 
texas during legal goose seasons, and 2 others were shot by 
sandhill crane hunters in Kansas (Table 2). A fifth whooping 
crane was killed in 2003 in texas by a hunter who was 
hunting in a closed area prior to the opening of any hunting 
season. 

recent initiatives

Since the shootings in 2003 and 2004, both texas and 

kansas have undertaken new education efforts to increase 
awareness among the general public and the hunting 
community.

texas 

in 2004, texas’s Wildlife diversity, Migratory Bird, 
Hunter Education, and Licensing Programs cooperated to 
create a “White Birds” campaign to make hunters more 
aware of look-alike species. A black-and-white poster 
depicting sandhill cranes, snow geese, whooping cranes, 
and 5 other nongame species was distributed to over 2,000 
license vendors, and the poster artwork was printed in the 
annual waterfowl regulations digest. A 3-minute video news 
release was distributed statewide to inform the public about 
whooping crane migration, conservation, and look-alike 
species. 

In 2005 Texas completed a 17-minute video, reproduced 
in vHS and dvd format, intended for hunter education and 
sportmen’s groups based on the format of the old “Shoot, 
Don’t Shoot” video series. The video, entitled “Be Sure 
Before You Shoot,” presents the viewer with an introduction 
to the conservation issues and then 5 sections composed of 
24 scenes that depict 15 species of light and dark birds in 
flight (Appendix A). The video is intended to help goose and 
crane hunters differentiate between legal game and protected 
nongame species in the field and contains a mnemonic guide 
to learning bird identification (Appendix B). One section 
focuses on whooping crane identification. This video has 
been distributed to hunter education instructors and is being 
used in newly-developed Wing Shooting Responsibility 
Workshops.

kansas

Kansas took immediate preventive measures after the 
shooting incident in their state. one was to further delay 
the earliest legal shooting time for sandhill crane hunting 
to 30 minutes after sunrise in November, when most of the 
whooping crane migration through Kansas occurs. Kansas 
also prepared several new printed materials, including 
a brochure entitled “Whooping Crane Information for 
Migratory Bird Hunters.” The brochure contains color 
pictures of legal game and similar nongame species. A new 
color poster was distributed to license vendors and regional 
offices in the crane hunting counties in 2005, and a new 
page depicting cranes and geese in good light and backlit 
situations was included in the 2005 hunting regulations 
summary booklet.

kansas also created an online sandhill crane hunter 
certification test. Such a test has been used for bear hunters 
in Wyoming (WGF 2002) and swan hunters in Utah (UDWR 

Table 2. Documented whooping crane shootings in the Central 
Flyway.

Year Description

1968 Texas – snow goose hunter shot a wintering whooping 
crane just north of the Aransas National Wildlife Refuge 
(NWR) boundary

1989 Texas – snow goose hunter shot a wintering whooping 
crane off San Jose island near aransas NWr

1990 Saskatchewan – a vandala shot a migrating whooping crane 
in the spring

1991 Texas – a vandal shot a migrating whooping crane in the 
spring in Central Texas

2003 Texas – a hunter in North Texas, hunting outside of any 
legal hunting season and in a closed area, shot a whooping 
crane and several ducks

2004 Kansas – a group of sandhill crane hunters shot two 
whooping cranes near quivira NWR just before shooting 
hours began

 aVandals are defined as individuals who were shooting well outside of any 
other hunting season, apparently without intent to bag legal game.
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2002), but the Kansas test is the first developed for crane 
hunters. It consists of a series of 20 questions interspersed 
among background information about whooping crane 
conservation, identification of cranes and other look-alike 
species, and appropriate shot selection. Hunters are prompted 
until they select correct answers to all questions and must 
print a certificate after successful completion of the test. The 
test was mandatory for all sandhill crane hunters in 2006. it 
was completed by about 1,770 people for the 2006 season.

Discussion

Overharvest during a period of unregulated hunting in the 
19th and early 20th centuries is considered to be one of the 
primary factors causing the original decline of the whooping 
crane. The species has shown a steady population increase 
under protection from harvest (Can. Wildl. Serv. & U.S. 
Fish & Wildl. Serv. 2005). Causes of mortality, especially 
during migration, are poorly understood (Lewis et al. 1992); 
however, shooting, especially by otherwise legal migratory 
bird hunters, has not been documented to occur frequently. 
Nevertheless, loss of adults in a rare, long-lived species is 
worrisome, and if whooping crane populations continue to 
increase, potential for interaction with migratory bird hunters 
will continue to increase. States with migratory bird hunting 
programs should continue to seek innovative measures to 
better educate and instruct crane and goose hunters and 
should frequently assess the effectiveness of those programs. 
Mass media initiatives may also help educate the populace 
at large, develop support for conservation, and deter vandal-
type shootings.
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Appendix A. List of species included in “Be Sure Before You 
Shoot” video quizzes.

Common Name Scientific Name 

American white pelican  Pelecanus erythrorhynchos 
Double-crested cormorant  Phalacrocorax auritus 
Great blue heron  Ardea herodias 
Great egret  Ardea alba 
Little blue heron  Egretta caerulea 
Cattle egret  Bubulcus ibis 
White ibis  Eudocimus albus 
White-faced ibis  Plegadis chihi 
Wood stork  Mycteria americana 
Snow goose  Chen caerulescens 
Greater white-fronted goose Anser albifrons 
Canada goose  Branta canadensis 
Trumpeter swan  Cygnus buccinator 
Northern harrier  Circus cyaneus 
Sandhill crane  Grus canadensis 
Whooping crane Grus americana 

 

 

 

 

 

Appendix B. FLAPSS mnemonic guide to species identification.

F Formation or structure of the flock? Are there enough 
birds to determine if they are flying uniformly together 
such as in a “V” shape or “line”? If not, are there…

l light and dark patterns or distinguishable colors? Are 
they between me and the sun (i.e. in a shadow)? If so, 
what is the… 

A Action or motion of their wings? Is it steady, uniform or 
intermittent with pauses or lulls in shallow-rapid or slow-
deep wing beats? If this does not give you a clue, then is 
the… 

P Pattern of flight - close to the ground or water, undulating 
and wavy or steady? If you still can’t determine what it is, 
then can you hear the…

S Sound of their wings or calls? If not, then be sure to check 
the…

S Shape, silhouette, or profile. Is it ‘pear’, ‘tear-drop’, 
‘arrow-like’, ‘gangly’ or ‘chunky?’
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Whooping cranes have been released into Florida annually 
since February 1993 in an effort to establish a nonmigratory 
flock of whooping cranes in the state (Nesbitt et al. 1997).  
Because this project entails extensive long-term monitoring 
and because whooping cranes can be highly mobile, it is 
necessary to regularly capture birds within the population for 
routine transmitter replacements and health checks.  A variety 
of capture techniques (the trough blind, hoop net, multiple 
snares, simple snare, drop-door walk in trap, drop net, net gun, 
night-lighting, and clap trap) have been used during the course 
of the project, with varying success.  Each of these methods 
is best suited for a certain set of conditions, and none are well 
suited for all conditions (Folk et al. 2005).

The clap trap was first demonstrated in 1998 to the 
Mississippi Sandhill Crane National Wildlife Refuge staff by 
Ali Hussain, a bird trapper from India whose traditional trapping 
techniques proved to be successful and safe for trapping 
Mississippi sandhill cranes G. canadensis pulla (Hereford et 
al. 2001).  We first used the clap trap in Florida on a whooping 
crane in 2001 to capture an injured bird that had a spent shot gun 
hull stuck on its mandible.  Since then, it has become a routine 
capture technique used within the nonmigratory whooping 
crane population.  Herein, we describe the clap trap method 
and its effectiveness in capturing whooping cranes.

stuDy area

Our study was conducted throughout peninsular Florida, 
principally from Dunnellon south to Lake Okeechobee.  Most 
areas frequented by whooping cranes consisted of large, 
privately owned cattle ranches with a wide variety of vegetation 
types, often dominated by nonnative, sod-forming forage 
grasses such as Argentine bahia (Paspalum notatum).  We 
trapped cranes in Lake, Sumter, Osceola, Polk, Volusia, and 
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Abstract: Between March 2001 and April 2005 we captured 28 nonmigratory Florida whooping cranes (Grus americana) with clap 
traps.  Out of the 6 different capture methods we employed, the clap trap accounted for 42% of our birds captured.  Its ability to 
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Marion counties.  We placed all traps in open areas located 
within grazing pastures, residential areas, and once in native 
lakeshore habitat. Specific placement of the clap trap was on 
low-growing, grassy areas free of woody vegetation.

MethoDs

We chose trapping sites within the target crane’s daily 
activity area and set traps in desirable locations the birds 
would notice.  We used corn to lure birds to the specific area.  
if vegetation was more than 24 cm high, we mowed it to make 
placement and performance of the trap more efficient.  We 
removed vegetation that could impede trap performance.  As 
soon as the birds discovered the trap site, we placed a mock 
clap trap and all blinds to be used during capture at the site.  
This was always done prior to capture day to acclimate wary 
birds to new objects or disturbances to the ground.  We also 
placed corn inside the mock clap trap on a regular basis. Once 
birds developed a predictable feeding routine and became 
accustomed to eating from inside the mock trap (typically 
within 1-3 weeks), we attempted a capture.

Normally we set up the clap trap and baited it with corn 
on the morning of the capture attempt, prior to the bird’s 
arrival.  Most often, capture attempts occurred in the early 
morning when birds were hungriest and temperatures coolest.  
We camouflaged the trap by dyeing and painting all of its 
components to reduce detection by target birds.  We also made 
efforts to minimize and hide human presence.  An observer, 
who manually triggered the trap, hid inside a blind (1.2 m x 
1.2 m x 1.2 m) built large enough to allow them to comfortably 
and quietly pull the trap shut.  Additional handlers hid inside 
smaller blinds or vehicles, usually within 9 to 50 m of the 
trap, close enough that they could reach the trap quickly to 
prevent injury or escape of the bird.  The observer made sure 
that no birds were standing on trap components when the trap 
was triggered.  When the target bird was in the appropriate 
position (Fig. 1) with its head down and feeding, the observer 
would trigger the trap.
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We modified each clap trap that we made to meet 
specific needs and varied each slightly in its proportions 
and components.  The number of cranes (1-3) to be captured 
determined the trap’s dimensions, with larger traps being made 
to target more than one crane.

A clap trap for 1–3 cranes consisted of 22.9 m x 1.2 m of 
multifilament nylon gill netting with a mesh size of 89 mm 
and a string diameter of 0.55 mm (Memphis Net & Twine Co., 
Inc.).  We threaded 2 15.2-m x 5-mm braided nylon ropes, 
one on each side, lengthwise through the gill netting along its 
edge.  About 30 cm from each free end of the 2 ropes, we tied 
the rope in a half hitch knot around the end of the gill netting 
to prevent the netting from slipping off of the ropes. We then 
arbitrarily designated one of the ropes the top rope and the 
second as the bottom rope (Fig. 1).  We laid the two ropes 
with the netting attached, touching lengthwise and parallel to 
each other and folded them both at their center points, always 
keeping the top rope lying above the bottom rope.  Where the 
ropes and net were folded at the midpoint, we tied a small loop 
knot in each rope and anchored them together to the ground 
with a 30.5-cm stake.  We did this part of the assembly prior 

to capture day, and it usually took one person approximately 
1-2 hours to complete.

We laid 4 wood dowels, each 1.2 m long and with a 1.3 
cm diameter, within the ropes (Fig. 2).  One end of each dowel 
was anchored into the ground with a 22.9-cm stake (Fig. 2).  
the dowel and stake were attached to each other by a small 
secure string about 5.1 cm long, allowing the dowels to pivot 
while remaining secured to the stake.  the free end of each 
dowel was tied to the top rope (Fig. 2).  The entire bottom 
rope was then anchored to the ground using 22.9-cm stakes 
spaced every 60 cm.  We took care not to accidentally stake 
any gill netting or the top rope to the ground, which would 
prevent the trap from opening.  Two experienced people could 
do this part of the assembly between 1 and 2 hours.  Often 
we would do this step the evening before a capture attempt, 
to save time on the capture morning.  If this step was done 
prior to capture day we would stake all netting to the ground 
so birds would not inadvertently tangle themselves while 
we were not present.  On capture day the stakes securing the 
netting would be removed.

We tied 2 trigger wires to the free ends of the top rope, 

Figure 1.  Drawing of clap trap closing.
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1 on each end (Fig. 2).  A vinyl-coated wire clothesline was 
used for the trigger wire because it did not sag and stayed taut 
when pulled.  The trigger wires ran from each end of the top 
rope directly into a blind that was placed approximately 4 m 
from the trap, at the opposite end of the trap from the anchored 
loop knots.  The trap was then manually pulled closed by the 
observer inside the blind.

When the observer pulled the trigger wires simultaneously, 
each dowel pivoted up rapidly, 90 degrees from the ground, 
carrying the attached top rope and net with it (Fig.1).  The 
bottom rope remained securely staked to the ground, creating 
a tent-like enclosure around the target bird (Fig. 3).  The 
observer held the trigger wires taut, keeping the top of the 
trap closed tightly, until handlers arrived and gained control 
of the captured bird.

No fewer than 3 people were present for each capture 
attempt.  When a single bird was caught, the observer in the 
blind held the trigger wires taut while a second handler gained 
control of the bird and a third person untangled and freed 
the bird.  if a bird was too entangled to be quickly removed 
from the netting, we would cut the netting with scissors to 
reduce handling time.  When 2 or more cranes were caught 
simultaneously, 2 handlers were required for each crane.  

CLAP TRAP SUCCESS ∙ Parker et al.

Figure 2.  Aerial-view drawing of clap trap before being triggered.  The bottom rope and gill netting are lying beneath the top rope.
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Figure 3.  Demonstration of the clap trap’s tent-like enclosure 
after it has been triggered.
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When handlers gained control of all birds, the observer came 
out of the blind and assisted.  We took precautions to make 
sure birds did not overheat by shading them and spraying 
their hocks with water.  We also made sure all gill netting was 
removed before release.

Capture probability was calculated as the proportion of 
all captures in which at least one target bird was captured 
when the trap was triggered.  Individual capture success was 
defined as the proportion of all birds that were in the trap that 
were captured when the trap was triggered.

results

Between March 2001 and April 2005, we captured 66 
whooping cranes using 6 different capture techniques.  More 
cranes were caught with the clap trap method than any other 
individual technique used (Table 1).  We made 28 of 66 
captures with the clap trap, accounting for 42% of total birds 
caught.  We triggered the clap trap a total of 17 times.  Six 
of those 17 times we caught 1 bird, 5 we caught 2 birds, and 
4 we caught 3 birds.  On 2 attempts we caught nothing.  Of 
the 17 attempts made, we caught birds on 15, resulting in an 
88% capture probability.

on 2 occasions, 1 bird was caught and a second bird 
escaped.  On 1 occasion, 2 birds were caught and a third bird 
escaped.  On 12 occasions, we caught all birds in the trap.  
Overall, the individual capture success rate was 85%.

The clap trap can be used more than once to capture the 
same individual.  We have caught 3 birds on two different 
occasions each.  In another instance, a bird escaped the trap, 
and when we made a second attempt 7 days later, it was 
captured.

Three birds sustained minor injuries during capture or 
handling.  one bled slightly from a cut on the inside of its 
right toe, probably from the gill netting.  The second bird had 
a minor cut to the right patagium and a broken contour feather 
near its tail.  The third bird was molting and its flight feathers 
had grown only 5-8 cm in length when it was captured.  Its 
second primary on the right wing appeared floppier than the 

others and had a small amount of blood at its base.  None of 
these injuries resulted in any noticeable long-term effects on 
the birds’ health.  the time it took for us to remove 1 to 3 birds 
from the gill netting ranged from 3 to 9 minutes.

Discussion

The clap trap proved to be an important tool.  One of 
its most appealing features was its ability to safely catch 
multiple cranes at once.  The traps were fairly easy to build 
and inexpensive (each under $40), so we regarded them as 
expendable.  This allowed us to cut birds out of nets quickly, 
reducing their handling time.

Though productive, the clap trap was not perfect.  Traps 
were time consuming to set up, and if we did not take great care 
to set them up properly, the traps would not trigger correctly.  
The birds seemed to notice any changes in the trap site, and on 
numerous occasions, they were reluctant to enter the trap.  To 
ensure a swift trap closure, the trigger blind had to be placed 
close to the trap site which sometimes alarmed wary birds.  
Moving this blind farther than 4 m sometimes created a lag 
time in closure which caused a potential for escape.  Often, 
when capture attempts were arranged, the birds would not 
enter the trap and sometimes would not even show up at the 
trap site.  On a few occasions, target birds were inside the trap 
but we could not trigger it because another bird was standing 
on a part of the rope or gill netting.  Sometimes birds would 
be too close together inside the trap.  This prevented us from 
triggering the trap, to minimize the chance that birds might 
injure each other while trying to escape.  When birds did 
escape, it was always out the top of the trap because of slow 
triggering or improper trap closure.  Livestock interference 
was often a problem.  Livestock would find the bait sites, eat 
all of the bait and trample the trap site in the process.

The clap trap’s safety, low cost, and ability to catch several 
birds in one effort were its primary benefits.  While it can 
be difficult to deploy initially, it became very practical after 
practice and experience.
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Table 1.  Capture techniques used and number of whooping 
cranes caught between March 2001 and April 2005.

Capture technique No. of cranes caught

Clap trap 28
Simple snare 18
Hand grab/run down 12
trough blind 5
Net gun 2
Multiple snare 1
total 66

CLAP TRAP SUCCESS ∙ Parker et al.
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The only remaining natural flock of whooping cranes 
(Grus americana) winters along a 72 km section of the Texas 
Coast located about 80 km north of Corpus Christi. The birds 
arrive in small groups from their Canadian nesting grounds 
between mid-October and mid-December, and depart starting 
the last week in March through early May. Since the fall of 
1950, the U.S. Fish and Wildlife Service (Service) has done 
regular aerial census flights to monitor the flock and determine 
annually the size of the population. Prior to 1950, flights were 
done intermittently partly because of fuel restrictions during 
World War II and restricted air space around an Army Air 
Corps base near the crane area. Flights have generally been 
conducted weekly during fall and spring migration periods, 
and normally 2-3 times per month during mid-winter. In most 
years, the Service has chartered an aircraft and pilot required 
to have a Part 135 certificate and a low level flight waiver 
under Federal Aviation Authority regulations. The pilot also 
must be certified by the Department of the Interior’s Office 
of Aircraft Safety (OAS) and is required to have 200 hours 
low-level prior flight experience as pilot-in-command to 
conduct missions below 152 m. Flights in a few years have 
been curtailed due to lack of a pilot or contract aircraft certified 
by the OAS. In those instances, Service aircraft have filled 
in when available.

Census flights have produced a long-term data set for the 
growth of a small population of endangered birds unparalleled 
in the study of wildlife. The flights are also important for 
determining winter range, habitat use, territory establishment, 
location of subadult use areas, detecting unusual movements 
and mortality, presence and identification of bands, and 
documenting human presence in the crane area. This paper 
describes the specific methodology used by the authors during 
census flights conducted over the past 23 years. The first 
author wishes to express appreciation to Tom Taylor and all 
the other pilots who have conducted these missions safely 
and always with a cooperative spirit, and to the Service for 
funding the flights. The views in this paper are those of the 
authors and do not necessarily reflect the views of the U. S. 
Fish and Wildlife Service.
stuDy area

aerial census techniques For whooping cranes on the teXas coast
thOMAS v. Stehn, U.S. Fish and Wildlife Service, P. O. Box 100, Austwell, TX 77950, USA
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Abstract: The U.S. Fish and Wildlife Service, using aerial surveys, regularly monitors the whooping crane (Grus americana) 
population wintering along the Texas coast. These regular census flights began in 1950 and have produced a long-term data set on 
the growth of a small population of endangered birds. This paper describes the specific methodology used by the authors during 
census flights.
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Whooping cranes are distributed over 22,096 ha of coastal 
salt marsh and bay edges with occasional use on adjacent 
uplands located on the Aransas National Wildlife Refuge 
(NWR), Lamar Peninsula, Matagorda Island National Wildlife 
refuge and State Natural area, San Jose island, and Welder 
Flats (Stehn and Johnson 1987). The whooping crane winter 
range has gradually expanded as flock size has increased. For 
example, flights conducted in the 1982-1983 winter covered 
only a 16-km stretch of Matagorda Island. In 2004-2005, the 
entire 53-km length of Matagorda was flown. Similarly, the 
range on San Jose Island has expanded by approximately 
14.5 km over the same time period, covering 22.5 km of the 
island in 2004-2005.

MethoDs

Aerial surveys were conducted in a Cessna high-wing 
single engine aircraft with usually a single observer. Flights 
from 1982 to 1986 were conducted in a Cessna 150 and were 
approximately 3 hours in duration. Starting in the fall of 1986, 
most flights were done in a chartered Cessna 172. With more 
whooping cranes to find over a larger area, flights in 2004-2005 
took up to 8 hours to cover all areas where cranes might be 
expected to be present. Usually 4-hour flights originating from 
the Aransas County airport in Rockport, Texas were conducted 
in both the morning and afternoon with one stop for lunch and 
re-fueling. Flights were conducted mostly at a speed of  90 
knots at an elevation of 61 m. Crane leg bands were identified 
by making low (15 m) and slow (60 knots) simulated landing 
approaches just to one side of the cranes. The winter range 
was divided into sections, each of which could be covered in 
about 45 minutes.  Transects averaging about 0.4 to 0.5 km 
in width by 8 km in length were flown over the entire known 
winter range. The precise location of transects was not fixed 
and varied weekly depending on a variety of factors. Starting 
in fall 2001, transects were tracked on a GPS unit to ensure 
complete coverage of the census area.

Whooping cranes are identified primarily by their white 
color and large size, with males nearly 1.5 m tall (Lewis 1995). 
Cranes usually occur in small groups (territorial pairs, family 
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groups and subadult groups) which make them much easier 
to find than single birds. Prior to the fall of 1997, locations 
of all whooping cranes observed were plotted on hand-drawn 
maps. Since then, locations were plotted on color aerial infrared 
photographs taken from Texas Digital Ortho quarter quads. 
Crane numbers were denoted either as white-plumaged birds or 
as juveniles. For example, a typical family group was marked 
as “2 + 1”, whereas an adult pair or group of 2 subadults 
was marked as “2”. In the spring, a close approach had to be 
made to suspected family groups to be able to differentiate 
juvenal plumage.

results

Observations were made by the first author on 504 aerial 
census flights over the past 23 winters (1982-1983 through 
2004-2005) totaling 2,470 flight hours. Flights were piloted 
by co-author Dr. Thomas Taylor from fall 1993 through spring 
2005.

Nearly all whooping cranes were located on every census 
flight; usually only a few were overlooked. After we believed 
that all wintering cranes had arrived and prior to the start 
of the spring migration, we determined the percentage of 
whooping cranes located on each census flight out of the total 
estimated present. The total estimated present was the peak 
population size derived minus any known winter mortalities. 
A few whooping cranes occasionally leave the census area for 
portions of the winter (Stehn 1992) and may go unreported, 
thus adding error to the total estimated present in the census 
area. Between the winters of 1988-1989 through 2004-2005, 
the percentage of cranes located averaged 95.3% on 158 
flights. For the same time period, the percentage of cranes 
found on flights throughout each winter (n = 17) averaged 
95.1% and ranged from 89.4% (1993-1994 winter) to 97.9% 
(1996-1997 winter). Food resources were relatively scarce 
during the 1993-1994 winter, resulting in increased movement 
of cranes to unusual locations, making it more difficult to find 
all the birds. During the 1996-1997 winter, food resources 
for the cranes were considered good, with at least a few blue 
crabs available throughout the winter. However, that winter, 
the cranes still left the salt marsh to seek sources of fresh 
water to drink.

Discussion

Factors affecting survey efficiency

Visibility. Sunshine, or at least bright overcast conditions, 
is extremely helpful to increase detectability of white cranes. 
Whooping cranes can often be detected at a distance of >1.6 km 
in sunshine as the bright light reflects off their white feathers. 
on dark overcast days, one has to be much closer to the cranes 

before they are sighted, and more cranes are overlooked. 
However, full sunshine has its drawbacks, since usually one 
cannot see white cranes when looking towards the sun. on 
sunny days, transects are flown at right angles to the sun such 
that the observer always looks away from the sun. this works 
fine when looking out the observer’s side window, but requires 
looking across the cockpit and out the pilot’s side of the aircraft 
on alternate transects. The pilot’s presence blocks visibility, 
necessitating looking partially through a curved portion of the 
windshield and having a reduced field of view and a blind spot 
close to the plane for the observer. The pilot often helps by 
seeing cranes close to the aircraft on his side of the plane, but 
he also has to be looking at instruments, maintaining correct 
transect width by staying on course, looking out for flying birds 
or other aircraft, picking out emergency landing sites every 
few seconds and thus cannot be focused entirely on finding 
cranes. In this situation, it would be very helpful to have a 
second observer in the back seat on the opposite side of the 
aircraft from the first observer. However, a second observer 
has been in the plane only occasionally when graduate students 
have conducted specific research projects.

Visibility usually varies during the course of a day-long 
census flight, making it more likely to overlook cranes when 
visibility decreases. the texas coast sometimes has morning 
fog. High humidity can also limit visibility as a haze builds 
up on the windshield. This necessitates occasional stops to 
clean the windshield. Alternate landing sites utilized in the 
crane range include airstrips on both the north and south end 
of Matagorda island. However, breaks to clean the windshield 
lengthens the time period between covering sections of the 
crane range and potentially slightly increases the chances 
that cranes will move and be counted twice. Census transect 
widths are made narrower when visibility is less, but this 
is not a complete fix, as some birds are still overlooked. 
transects must be narrow enough to enable the observer to 
detect the same cranes on two adjacent transects in order to 
find all the birds.

Coverage. Prior to use of a GPS unit for flight tracking, 
pilots attempted to fly parallel transects primarily by using 
landmarks, maintaining a given heading and making turns of 
equal size. This was very difficult given varying wind speeds 
and directions, especially on windy days. On long narrow 
stretches of marsh, such as on the aransas NWr where transects 
could be made parallel to the Intracoastal Waterway, coverage 
was considered complete. On wide stretches of marsh, such as 
on San Jose island with less obvious landmarks, cranes were 
invariably overlooked due to incomplete coverage. Because 
the whooping crane winter range has expanded so much in 
size over the past 23 years, a GPS unit is now considered an 
essential instrument for conducting a census flight. The GPS 
unit provides course readout to stay on a desired transect. 
However, there can be a delay of up to 8 seconds to obtain 
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actual position from the GPS unit, making it more difficult to 
get on course and accurately mark waypoints. Nevertheless, 
use of a GPS unit for flight tracking has made it much easier to 
maintain parallel transects and obtain compete coverage of all 
marsh areas, and has eliminated discussions held in previous 
years about what areas had been covered. Before departing a 
given section of marsh, the pilot looks at all flight paths shown 
on the GPS screen to ensure complete coverage has been 
achieved. if an area between two transects is considered too 
wide, an additional transect is made to obtain more complete 
coverage.

Factors affecting Detection of birds

Field of View. A Cessna 172 has a blind spot directly in 
front of and below the aircraft created by the location of the 
motor. if light conditions like a dark overcast are such that 
the observer is looking out the front of the aircraft, cranes 
directly in the line of flight must be detected at a considerable 
distance before they are hidden by the blind spot. When light 
conditions are poor, the observer can make mistakes in species 
identification of the birds directly in front of the aircraft. 
Experience has shown that when cranes are overlooked the 
airplane has frequently flown directly above them. A Partanavia 
aircraft with a large “bubble” windshield has greater visibility 
and a much smaller blind spot and would be a much better 
aircraft for crane census flights but is not available locally. 
Use of a helicopter would provide even better visibility, but 
helicopters are much more disturbing to whooping cranes, are 
much more expensive, and have never been used for winter 
population census flights. Helicopters have occasionally been 
used on the nesting grounds to determine the number of eggs 
in nests, and for collection of eggs or banding of flightless 
juveniles (Brian Johns, Canadian Wildlife Service, personal 
communication).

Reduced Visibility While Turning. When the aircraft is 
turning cranes are often overlooked. It is possible to lower 
the wing and make a complete circle around a crane without 
ever being able to see it. transects have to be laid out so that 
all parts of the marsh are covered when flying in a straight 
line. areas where turns are being made are not considered to 
have been effectively searched.

Inefficient Searching. It is very important for the observer 
to continually scan with his eyes rather than having a fixed 
stare at a specific angle from the aircraft because cranes can 
usually be easily identified if the eyes are covering all the 
marsh visible from the plane. However, 8 hours is a long 
time to be trying to locate birds. observer fatigue is a factor 
in not finding cranes, especially on hot days with choppy air 
and bumpy flight conditions that increase air sickness for the 
first author.

Plotting Crane Locations. Cranes can be missed while 

looking down at photographs to plot the location of cranes just 
observed. The action can get fast and furious when plotting 
cranes in the areas of the highest crane density such as on 
Aransas NWR. Sometimes a crane location is memorized 
and the cranes plotted a minute or two later when there is less 
marsh to view or the airplane is making a turn onto the next 
transect, but this necessitates remembering to plot the cranes 
observed. Plotting cranes can be easy in portions of the marsh 
with distinct landmarks, but can be confusing when the marsh 
in a given area appears similar, especially in wider areas on San 
Jose and Matagorda Islands. Plotting is made more difficult 
by variable water levels that change the appearance of the 
landscape which can look quite different from that shown in the 
aerial photographs. Plotted locations are generally considered 
to be accurate to at least 100 meters. efforts have not been 
made to plot the exact location of cranes because cranes often 
walk while foraging and over time cover large stretches of 
marsh. Whenever the observer is not able to quickly plot cranes 
accurately, the pilot is asked to record the GPS location which 
greatly reduces uncertainty by being able to return to the same 
group of cranes. The cranes can then be circled and plotted, or 
found again while on the next transect, providing additional 
time to pick out landmarks. A GPS location is not obtained 
for every crane encountered because the aircraft would have 
to deviate from the transect in order to fly directly over the 
birds to get an accurate location, and, if used alone, the GPS 
location would not be recording the number of cranes or age 
class (adult or juvenile) encountered.

Tunnel Vision. When finding cranes, the observer usually has 
to concentrate on finding that specific location on a photograph 
and plot the birds’ location. While looking to gain an image 
of the specific location, the observer may fail to scan other 
nearby areas and thus overlook additional cranes. Cranes are 
not evenly spaced throughout the wintering area, but seem 
concentrated. Part of this may be due to availability of food 
resources, but also is believed to be, even though adult birds 
are territorial, part of the social interactions of the species.

Presence of Other White Birds and Objects. during the 
course of an 8-hour census flight, thousands of other white 
birds are sighted. These include white pelicans (Pelecanus 
erythrorhynchos), great egrets (Casmerodius albus), snowy 
egrets (Egretta thula), the whitish phase of the reddish egret 
(E. rufescens), and occasional flocks of cattle egrets (Bubulcus 
ibis) on upland areas. At a distance these birds can look like 
whooping cranes. Whooping cranes are differentiated from 
these other birds primarily by their size, tall upright posture 
and straight necks. great egrets or snowy egrets standing on 
a bush or top of a bank can look as tall as a whooping crane. 
Whooping cranes bent over to forage, or those feeding in a 
bayou with tall banks on either side, can look more the height 
of a great egret. White pelicans at a great distance are as bulky 
as whooping cranes and cannot be differentiated initially based 
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on the size of the “white dot” being observed. In flight, white 
pelicans and whooping cranes look very similar unless the beak, 
neck, or legs can be seen. The wing beat of the pelican is just 
a little bit different, especially with the pelican’s characteristic 
flight pattern of flapping the wings 4-5 times and then gliding, 
whereas whooping cranes normally keep flapping. Whooping 
cranes are sometimes found within dense concentrations 
of hundreds of white birds foraging at a concentrated food 
source. In those situations, the large group of birds must be 
approached and looked at carefully. Of all birds encountered 
during census flights, whooping cranes are the least likely to 
take flight at the approach of the airplane at an elevation of 
61 m. Sandhill cranes (Grus canadensis) flush more readily 
than whooping cranes. Great egrets and white pelicans also 
frequently take flight, thus changing the pattern of white dots 
on the landscape, depending on where they land. This can lead 
to uncertainty about whether unidentified white birds seen at 
a distance that are not found on subsequent transects have 
moved or have been overlooked.

Other white objects that can look like whooping cranes 
at a distance include white refuge boundary signs, styrofoam 
or other objects of trash in the marsh. At a distance, it is not 
possible to tell which white objects are whooping cranes. 
The pilot may deviate from a transect to check out a white 
object, or else may get closer to that object on the return 
transect. However, sometimes the target object is not seen 
on the return transect (in the blind spot or up sun from the 
aircraft, or the birds have moved), adding uncertainty to the 
census. Experience indicates it is usually best to immediately 
check out white objects that appear to be cranes and get them 
identified and plotted so as not to lose track of them. However, 
this makes for a more chaotic search pattern, requires flying a 
longer distance, increases the time required to cover a given 
section of marsh, and makes it more difficult for the pilot to 
get back on the original transect.

Crane Movements. Much to the first author’s frustration, 
whooping cranes are mobile during census flights. Cranes may 
make local movements that result in them being overlooked. 
Although cranes usually spend most of their time walking while 
foraging, they sometimes make a short flight to a different 
foraging area. Cranes can fly into an area just covered and 
thus be overlooked, especially when the airplane is at either 
end of a transect. Transects lengths are kept short, averaging 8 
km to try to reduce the amount of crane movement that occurs 
while a particular section of marsh is being covered, and also 
increase the chances that flying cranes may be spotted.

Finding a crane group soon after plotting a group nearby 
may mean the original group of cranes has made a short flight 
to a new location. If a crane sighting is suspected of being a 
duplication of cranes already plotted, the aircraft can fly to 
nearby plotted locations to see if these other cranes are still 
present. Again, this takes time and increases the chance that 

additional crane movements will occur. errors can be made 
if birds are plotted inaccurately. This can lead to uncertainty 
if the same cranes are encountered a second time.

Movements are more frequent when food resources are 
scarce and when cranes are attracted to feed on prescribed 
burns on the uplands. Movements also increase when cranes 
are forced to fly to freshwater ponds to drink, when marsh 
salinities exceed 23 parts per thousand (Allen 1952, Hunt 1987, 
F. Chavez-Ramirez, Platte River Habitat Whooping Crane Trust, 
unpublished data). Additionally, cranes make movements to 
defend their territories. Caution must be used when flying over 
cranes on prescribed burns, since they are more apt to flush, 
especially in the presence of sandhill cranes that are even more 
prone to disturbance than whooping cranes. Aircraft elevation 
over prescribed burns is frequently increased to 91 m to reduce 
the chances of flushing the cranes. In winters when cranes 
are making longer flights to upland areas, these movements 
can cause much confusion and inaccuracy. Movements are 
occasionally so numerous that one would have to repeat 
covering a particular section of marsh to try to get an accurate 
count, but if cranes move great distances, so much of the crane 
area would have to be flown a second time that there is just 
not enough time in the day to do so.

As census flights become longer, chances increase slightly 
that birds will move from one part of the census area to another 
and be double-counted. It is not uncommon for territorial and 
subadult cranes to fly across large bays between different 
parts of the crane range (Stehn 1992). For example, cranes 
fly between San Jose Island and the south half of the Aransas 
NWR (the Refuge), or between Matagorda Island and the 
north half of the refuge. Cranes have also been known to 
fly between Welder Flats and Matagorda Island, and Welder 
Flats and the Refuge. The observer may become suspicious 
that such a movement has occurred if one additional family 
group appears in the crane area or if, for example, a group of 
4 subadults is located on San Jose and later on, a group of the 
same size is found on the Refuge. Sometimes the aircraft can 
go back to prove that the grouping is not a duplicate sighting, 
though often the cranes seen earlier in the day cannot be re-
located and the findings are inconclusive. Areas are usually 
covered in the order of where cranes are most likely to make 
long flights crossing over bays. Doing so lessens the chance 
of this occurring during that portion of a census flight. It is 
not possible to totally eliminate duplication from across-bay 
movements, so it is important to obtain a peak count on 
more than one flight during the winter to establish the peak 
population size.

Cranes occasionally fly to forage in grain fields or pastures 
near wintering areas which can be included on census flights. 
For example, over a 2.5 month period in the 2000-2001 winter, 
up to 21 whooping cranes used salt marsh and adjacent farm 
fields along Burgentine Creek near the northwest corner of 
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aransas NWr. Cranes wintering outside the normal winter 
range go undetected unless reported by other persons. Such 
reports are usually investigated by staff of Aransas NWR or 
Texas Parks and Wildlife Department. In December 2001, 2 
whooping cranes were reported near Indianola, Texas located 
24 km northwest of the known crane range. this area was 
covered on census flights and the pair remained in the area 
for the rest of the winter. In December 2004, a fisherman 
reported a family group of whooping cranes on the north end 
of Matagorda island. this area was covered on subsequent 
census flights, with up to 5 cranes present during the remainder 
of the 2004-2005 winter. Use of these marshes on the extreme 
north end of Matagorda had last been documented in the 
1995-1996 winter.

Whooping crane subadults occasionally go farther away 
and can leave the wintering area for months at a time (Stehn 
1992). In the 1987-1988 winter, 1 color-banded subadult spent 
2 months with sandhill cranes 72 km north of the wintering 
area (Stehn 1992). Whooping crane juveniles occasionally 
get separated from their parents during fall migration and 
end up wintering away from Aransas. These juveniles may 
return the following fall to areas away from aransas, but may 
eventually follow other whooping cranes to Aransas (Stehn 
1992). Once reported, arrangements are usually made with 
other observers to monitor whooping cranes wintering away 
from the traditional area at aransas.

In the spring, cranes may sometimes make soaring flights 
high up on thermals for 10-15 minutes before returning, 
frequently to the same general area. this is believed to be 
a sign of “restlessness” as the migration period approaches. 
On such flights, cranes can be overlooked. If seen in flight, 
cranes are generally followed, with the airplane trying to stay 
well above the cranes until the cranes land. if the cranes are 
lost from sight when in a soaring flight, the airplane quickly 
breaks off the chase to avoid any chance of accidentally 
hitting the cranes.

Single Cranes. It is much more difficult to find a single 
whooping crane than a pair or family group. Fortunately, most 
subadult cranes associate in small groups. The presence of 2 
or more birds increases the chances that at least one will be 
standing upright and clearly identifiable as a crane. With so 
many other white birds in the marsh, a single whooping crane 
will invariably be missed sometime during an 8-hour flight. 
This is especially true during the rare times that a juvenile 
separates from its parents during the winter, since juveniles 
are not pure white and thus harder to locate. Singles that are 
close to other cranes are easy to spot since the observer is 
focused on the area where the group is. Also, a single crane 
may sometimes be found in approximately the same general 
section of marsh for many weeks in a row, making it easier 
to locate. Of the 1,313 crane groupings located during the 
2004-2005 winter that ranged in size from 1 to 7 cranes, 85 

were isolated singles not near other cranes. Thus, 93.5% of 
targets found were groups of 2 or more cranes.

In addition to being aware of factors that influence birds 
being overlooked, one should also consider that two other 
factors can affect successful censusing. these are the observer’s 
knowledge of territories and disturbance.

Knowledge of Territories. Whooping crane adults almost 
always return to the same territories annually (Stehn 1992). As 
the adult cranes return in the fall, the observer creates a written 
checklist of territorial pairs in the order they are expected to 
be encountered on a flight. If a known territorial pair or family 
is overlooked in a given area, additional transects will often 
be flown in their territory. About half the time, the “missing” 
cranes are located, having either flown in from another part of 
their territory, or perhaps having been missed in a blind spot 
on an earlier transect. a few territories, described by Bonds 
(2000) as non-contiguous, consist of two separate areas which 
increase movements for those particular pairs.

Disturbance. Census flights do cause some disturbance. 
However, the disturbance is of short duration (T. Lewis, 
United States Fish and Wildlife Service, unpublished data).  
In general, the cranes have become acclimated to overflights 
of fixed wing aircraft at an elevation of 61 m and the level of 
disturbance for authorized flights is felt to be acceptable. Low 
passes to identify color bands can cause an intense reaction, 
such as whooping cranes running together to form a tighter 
group. Low passes have also been made with the cranes 
simply standing without moving, so reaction is highly variable.  
With only 11.5% of the population currently banded and the 
percentage of banded cranes continuing to decline over time, 
fewer low passes are made each winter.

recoMMenDations anD conclusions

Periodic census flights are essential for determining the 
total number and distribution of whooping cranes during winter. 
With good visibility and the relatively common situation of 
encountering little movement of cranes during a census flight, 
it is possible to make an accurate census of the population. To 
keep from overlooking cranes, it is important to make transects 
narrow enough to detect the same cranes on two adjacent 
transects, giving the observer two opportunities to see every 
crane. By making flights on a weekly basis, it is possible to 
look for distribution patterns that also help to determine the 
total number of birds. It is important to get the high count 
for the winter on more than one flight to more accurately 
determine flock size because cranes do move around and can 
be counted twice during a census. it is recommended that a 
second observer be in the aircraft to increase census accuracy. 
This person could also record detailed habitat use and crane 
behavior.

When multiple census flights are conducted, the flock 
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size determined annually is believed to have an accuracy of 
approximately 99% and is one of the most precise population 
counts done on any wildlife population in the world. As flock 
size increases and the number of color-banded birds decreases, 
the accuracy of the census is expected to decrease.

The annual population census is the most important 
management action done annually to monitor the Aransas-
Wood Buffalo population of whooping cranes. Winter is 
the only time during the year that whooping cranes can be 
accurately counted. The birds are more spread out during 
summer, and the presence of tall trees on the nesting grounds 
makes it much harder to find all the birds. Thus, it is important 
to continue periodic census flights throughout the winter to 
monitor the population, at least as long as it continues to be 
classified as “endangered”. If flock numbers start declining, 
it would be reasonable to assume that threats to the species 
are increasing, and that additional management actions would 
need to be taken.
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winter habitat selection by a reintroDuceD population oF Migratory 
whooping cranes: eMerging patterns anD iMplications For the Future

LARA e. A. FOnDOW,  International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA, and Department of 
Wildlife Ecology, University of Wisconsin-Madison, 218 Russell Labs, 1630 Linden Drive, Madison, WI 53706, USA

Abstract: In an effort to model the reintroduced eastern migratory population of whooping cranes (Grus americana) after the 
remaining wild whooping crane population, biologists selected the salt marshes of Chassahowitzka National Wildlife Refuge 
(NWR), Florida as the winter release site for ultra-light led juvenile cranes due to its similarities to Aransas NWR, Texas. Releases 
began in the fall of 2001, and the 3 subsequent winter seasons have afforded the opportunity to observe whether habitat selection 
by these whooping cranes would be influenced by the pre-selection of salt marsh. Intensive monitoring efforts each winter have 
revealed a dominant early-winter pattern. Young whooping cranes that return to Chassahowitzka NWR eventually abandon (1-10 
days in birds observed to date) the salt marsh in favor of inland areas. A preponderance of birds utilizes private lands, with several 
birds wintering exclusively on cattle ranches. Forming and maintaining positive relationships with private landowners will remain 
an important objective for winter monitoring staff. Another, perhaps more pressing concern is the shifting land-use pattern in 
central Florida. The building boom threatens many of the ranches that the whooping cranes select. This is particularly problematic 
in light of the high level of site fidelity exhibited by older cranes.
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the whooping crane in MeXico:  past, present, anD Future?

MiChAeL S. pUtnAM, International Crane Foundation, P. O. Box 447, Baraboo, WI 53913, USA
RUth pARtiDA LARA, Universidad de Guadalajara, Centro Universitario de la Costa Sur, Ave., Independencia Nacional 151, C. P. 

48900, Autlan de Navarro, Jalisco, MEXICO
SUix DiAz GOMez, Universidad de Guadalajara, Centro Universitario de la Costa Sur, Ave., Independencia Nacional 151, C. P. 

48900, Autlan de Navarro, Jalisco, MEXICO
Anne e. LACy, International Crane Foundation, P. O. Box 447, Baraboo, WI 53913, USA

Abstract: We reviewed ornithological, historic, anthropological, and archaeological records for evidence of whooping cranes 
(Grus americana) in Mexico. Records of whooping cranes in Mexico span 88 years (1863-1951) and cluster in 3 areas. 
Wintering records come from the northern highlands (Durango, and possibly Chihuahua), the central highlands (Guanajuato, 
Jalisco), and northeastern Tamaulipas, where the bird was also found in summer and might have bred. Later records (1970’s 
and 1980’s) of whooping cranes in the northern highlands are from individual birds released into the experimental migratory 
population that formerly migrated from Idaho to New Mexico, USA. Many of the wetlands used by whooping cranes remain 
and, though faced with a variety of threats, are conservation priority areas and some are already protected.

We suggest 3 scenarios by which whooping cranes might return to winter in Mexico.  The first 2 involve dispersal by 
birds wintering at the Aransas National Wildlife Refuge, Texas, USA, by either population growth or ecosystem changes or 
degradation (e.g., climate change, reduced freshwater inflows) at the refuge. Finally, reintroduction of a migratory population 
might target part of Mexico as a wintering area. We encourage investigation of wetlands in Mexico, especially in northeastern 
Tamaulipas for their potential as future wintering areas.

Our preliminary survey of historic Spanish language publications covering the 1500’s to early 1600’s found clear references 
to cranes in which, for example, cranes are described feeding with geese in grain fields. Cranes are mentioned in accounts 
of the DeSoto and Coronado expeditions as well as the travels of Bishop Alonso de la Mota y Escobar. Unfortunately, these 
accounts do not adequately describe the birds for species identification. Only, the Florentine Codex by Fray Bernardino de 
Sahagun provides a description of the sandhill crane (G. canadensis) from near Mexico City at the time of Spanish conquest of 
the Aztecs. Continued searches of early Spanish language publications might yield more information of the historic distribution 
of cranes in Mexico.
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reproDuctive health oF the FloriDa Flock oF introDuceD whooping 
cranes
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, USA

Abstract: We examined the reproductive parameters of the introduced non-migratory flock of whooping cranes in Florida. Of 289 
cranes introduced, 67 males and 65 females survived at least 3 years. The first behavioral pairs appeared in 1995, and eggs were first 
laid in 1999. In total, eggs were laid in 47 nests, 17 chicks hatched, and 4 young fledged by 2005. Severe drought conditions through 
2001 were thought to be the reason for low reproductive nest success. In 2003 nesting conditions improved and 71% of nests with 
eggs, hatched chicks.  During the next 2 years, with continued wet conditions, the proportion of pairs that laid eggs increased, but 
only 17% of those nests hatched.  Embryos could not be seen in most of the decomposed eggs that were examined. In an effort to 
determine the cause for the low reproductive success of the flock, we examined the effects of behavioral pair formation, mortality, 
gonad size and histology, age, egg laying, hatching success, egg size, fertility, and egg microbial culture results on nesting success. 
When compared with the natural wild Aransas/Wood Buffalo flock, the productivity of birds reaching 8 years (100% egg laying, 
hatching, 60% fledging) was very low. When compared with the originating captive flock, however, evidence of fertility was similar. 
Productivity did however, increase in the captive flock beyond 8 years of age. At the time of this report, the reproductive birds in 
the Florida resident flock remain relatively young when compared with the captive flock. Therefore there may be improvement of 
reproductive success as the Florida flock ages.

ProcEEDINGS of thE North AmErIcAN crANE WorkShoP 10:154
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survival, MoveMents, social structure, anD reproDuctive behavior During 
DevelopMent oF a population oF reintroDuceD, Migratory whooping 
cranes
RiChARD p. URbAneK, U.S. Fish and Wildlife Service, Necedah National Wildlife Refuge, W7996 20th Street West, Necedah, WI 

54646, USA
LARA e. A. FOnDOW, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53919, USA

Abstract: An effort to reintroduce a migratory population of whooping cranes (Grus americana) into eastern North america began 
in 2001. During 2001-2004, 53 juveniles were released. All chicks were hatched at Patuxent Wildlife Research Center, Maryland, 
and transferred to Necedah National Wildlife Refuge (NWR), Wisconsin. Chicks were costume/isolation-reared and, with few 
exceptions, trained to follow ultralight aircraft, which led them to Chassahowitzka NWR, Central Gulf Coast of Florida. All 
individuals successfully returned to Central Wisconsin during their first spring migration except for the following: 5 individuals 
that were unable to navigate around Lake Michigan after taking an easterly migration route that terminated in Lower Michigan, and 
1 female that did not return to Central Wisconsin until her second spring migration. A spring wandering period, in which yearlings 
typically explored and settled for several weeks in areas outside Central Wisconsin, followed spring migration. This temporary 
dispersal was more pronounced in females. Males summered in the core reintroduction area, while females not associated with 
males were more dispersed. In addition to the Michigan group noted, distant movements included 3 yearling females that summered 
in South Dakota, 1 female that summered as a yearling in Minnesota and then as a 2-year-old in Michigan, and 3 yearling males that 
staged in Minnesota in autumn. Many whooping cranes associated with sandhill cranes (G. canadensis).

Many older whooping cranes returned to the Chassahowitzka pensite in subsequent fall migrations and then moved inland to 
winter in freshwater Florida habitats. The 2004-2005 winter was characterized by much greater dispersal than previous winters, with 
14 of 34 returning birds wintering in South Carolina, North Carolina, or Tennessee. There were 12 mortalities during 2001-2005. 
These were associated with predation (7), gunshot (2), powerline strike (1), trauma of unknown source (1), and capture myopathy 
(1, euthanized). Mortalities due to predation resulted from bobcats (Lynx rufus) in southeastern U.S. (5), an undetermined predator 
in Wisconsin (1), and predation in Wisconsin of an adult that was roosting on land because of a fractured tarsus. A protective 
protocol was effective in reducing potential predation by bobcats at the Chassahowitzka release site after the first winter. During 
spring 2005, 7 breeding pairs were apparent on or near Necedah NWR. At least 5 of these pairs built nests, and 2 pairs each laid 1 
egg. The young, inexperienced pairs did not adequately attend their nests, and neither egg survived. Four other potential pairs were 
also evident by summer 2005, and prospects were good for increased future reproductive activity.
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Mississippi sanDhill crane conservation upDate, 2003-2005

SCOtt G. heReFORD, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, 7200 Crane Lane, Gautier, 
MS 39553, USA

tRACy e. GRAziA1, U.S. Fish and Wildlife Service, Mississippi Sandhill Crane National Wildlife Refuge, 7200 Crane Lane, Gautier, 
MS 39553, USA

Abstract: The Mississippi sandhill crane (Grus canadensis pulla) is an endangered non-migratory subspecies found on and near 
the Mississippi Sandhill Crane National Wildlife Refuge in southeastern Mississippi. From 2003 to 2005, conservation efforts 
for the recovery of this population included management activities such as protection and law enforcement, restocking, predator 
management, farming, prescribed burning, mechanical vegetation removal, hydrological restoration, pest plant management, and 
education. To maintain open savanna, 1842 hectares were burned annually, with 38% during the growing season. To restore open 
savanna, 506 hectares of woody vegetation were removed using mechanical methods. To bolster the population, we released 17-25 
captive-reared juveniles annually. To protect cranes, nests and young, U.S. Department of Agriculture Wildlife Services conducted 
predator trapping under an Interagency Agreement, resulting in the removal of 15 large predators per year. Crane and habitat 
monitoring assessed life history parameters including radio-tracking, visual observations, and an annual nest census. Recently, 
however, a reduction and turnover in refuge biological staff resulted in reduced monitoring capabilities to radio-track cranes. The 
number of radio-triangulated locations in 2005 was less than a third and that projected for 2006 is 10% of that recorded during 
1997 to 2002. We captured 19 AHY (after hatch year) cranes to band or change out worn or nonfunctional radio-transmitters using 
4 different methods with nooses accounting for 80% of the captures. Leading known causes of crane mortality were predation 
(61%) and trauma (27%). An average of 27 nests was produced from 21 pairs annually during the 3 years. Recruitment remained 
extremely low with less than 3 young fledged per year. The early winter population was 110-125 cranes. Although Hurricane 
Katrina did not directly result in more than a loss of 5-7 cranes, 2 of the dead were breeding females that accounted for 40% of 
the fledged young since 1997. Current research needs focus on increasing recruitment and include assessment of causes of nest 
vulnerability and failure, increasing effectiveness of traditional predator trapping to protect nests and chicks, supplementary non-
lethal predator management, and differences in chick food availability between successful and unsuccessful nest territories.
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1 Present address: Massachusetts Division of Fisheries and Wildlife, 1 Rabbit Hill Road, Westborough, MA 01581, USA
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Factors inFluencing greater sanDhill crane nest success at Malheur 
national wilDliFe reFuge, oregon1

GARy L. ivey, Department of Fisheries and Wildlife, 104 Nash Hall, Oregon State University, Corvallis, OR 97331, USA
bRUCe D. DUGGeR, Department of Fisheries and Wildlife, 104 Nash Hall, Oregon State University, Corvallis, OR 97331, USA

Abstract: We used logistic regression to model the effects of weather, habitat, and management variables on greater Sandhill Crane 
(Grus canadensis tabida) nest success at Malheur National Wildlife Refuge in southeast Oregon. We monitored 506 nests over 9 
breeding seasons. Mean apparent nest success was 72% ± 4% and varied from 51 to 87%. Nest success was lower one year after 
a field was burned and declined with nest initiation date. Nest success was higher during warmer springs, in deeper water, and in 
years with moderate precipitation. Haying, livestock grazing, and predator control did not influence nest success. We suggest the 
short-term consequence of burning on nest success is outweighed by its long term importance and that water level management is 
the most important tool for managing crane nest success. Finally, studies of brood ecology are needed to develop a more complete 
picture of crane nesting ecology.
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1 See Ivey, G. L., and B. D. Dugger. 2008. Factors influencing nest success of greater sandhill cranes at Malheur National Wildlife Refuge, 
Oregon. Waterbirds 31:52-61.
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is the annual March survey oF the MiDcontinental sanDhill crane population 
appropriately tiMeD to reliably estiMate population siZe? 

GARy L. KRApU, U. S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street S.E., Jamestown, ND 58401, 
USA

DAviD A. bRAnDt, U. S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street S.E., Jamestown, ND 58401, 
USA

Abstract: The U.S. Fish and Wildlife Service relies on an annual aerial photo-corrected survey conducted on the fourth Tuesday of 
March each year in the Central Platte River Valley (CPRV) and North Platte River Valley (NPRV) of Nebraska to estimate size of 
the midcontinental population (MCP) of sandhill cranes (Grus canadensis) to help guide population management. Wide unaccounted 
for annual fluctuations in survey counts over the past 25 years have raised concerns that many cranes either have left the Platte 
before the survey, have not yet arrived, or over fly the Platte entirely in some years. As a result, crane managers in the Division 
of Migratory Bird Management of the u.S. Fish and Wildlife Service and states in the Central Flyway requested that we evaluate 
temporal patterns of use of the CPRV in spring, and estimate percentage of MCP cranes present on the survey date each year, and 
assess whether part of the population uses the CPRV and NPRV intermittently. To evaluate length and pattern of stay, we monitored 
a representative sample of radio-marked sandhill cranes (n = 179) from their arrival to departure from the CPRV in year(s) following 
capture and estimated percentages of the population present on each survey date over a 5-year period (2001-2005).  To evaluate 
whether part of the population over flies the CPRV and NPRV in some years we monitored a representative sample of PTT-marked 
sandhill cranes (n = 70) on their spring migration from the wintering to breeding grounds in the year following their capture and 
marking (1998-2002).  Results of the study will provide crane managers with improved insight into the temporal dynamics of use 
of the CPRV and NPRV by the MCP and help establish how reliably the annual March survey tracks population change.
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Distribution anD Dispersion patterns oF sanDhill crane Flocks in the 
platte river valley

bRiAn LORenz, Platte River Whooping Crane Maintenance Trust, Inc., 6611 W. Whooping Crane Drive, Wood River, NE 68883, 
USA

FeLipe ChAvez-RAMiRez, Platte River Whooping Crane Maintenance Trust, Inc., 6611 W. Whooping Crane Drive, Wood River, NE 
68883, USA

Abstract: We evaluated sandhill crane (Grus canadensis) flock distribution and dispersion patterns along the Platte River Valley, 
Nebraska, in 2002-2003. The objectives were to: (a) determine the overall distribution and relationship between roosting and 
foraging flock numbers by bridge segments, (b) evaluate flocking characteristics in relation to abundance of cranes in different 
bridge segments and total abundance, and (c) correlate dispersion patterns and habitat use to period of migration, roost locations, 
and habitat types. Preliminary predictions included: foraging flock dispersions would be correlated with roost locations; greater 
numbers and larger flock sizes will be present in bridge segments with larger roosting flocks; flock sizes varied over time (P < 
0.01) and varied by bridge segments (P < 0.01). Week of migration period negatively (P < 0.001) influenced flock size, while total 
number of cranes present in the area (P < 0.001) and bridge segment (P < 0.01) had significant positive relationships to flock size. 
Mean flock size by bridge segment was positively associated with total cranes in the area. Foraging flock size differed by habitat 
with low grassland supporting the largest (mean = 666.4), followed by corn (mean = 316), high grassland (301.8), wet meadow 
(214.4), and alfalfa (204.9).
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a lanDscape perspective oF whooping crane Migration through nebraska: 
conservation anD ManageMent iMplications

FeLipe ChAvez-RAMiRez, Platte River Whooping Crane Maintenance Trust, Inc., 6611 W. Whooping Crane Drive, Wood River, NE 
68883, USA

ChRiS heLzeR, Central Nebraska Office, The Nature Conservancy, P. O. Box 438, Aurora, NE 68818, USA
pAUL tebbeL, Rowe Audubon Sanctuary, 44450 Elm Island Road, Gibbon, NE 68840, USA

Abstract: Past and current discussions of conservation of whooping crane (Grus americana) stopover habitat in Nebraska have long 
been focused on the Platte River. We evaluated the distribution of whooping crane stopover sites in Nebraska in a broader context to 
(a) determine the distribution of whooping crane stopover sites on the Platte River relative to other landscapes and (b) use whooping 
migratory behavior data to systematically define and explain patterns of stopover clusters. The distribution of stopover clusters 
suggests rainwater basin wetlands and the Platte River may be used interchangeably by migrating whooping cranes. The Rainwater 
Basin and Platte River appear to be particularly significant for spring north migrating cranes as there appears to be a void of wetlands 
between Cheyenne Bottoms and quivira National Wildlife Refuges in Kansas. We propose that whooping crane conservation and 
management actions in Nebraska must take a broader landscape perspective to include the Platte River plus the entire area required 
for whooping cranes to travel during a day. This perspective suggests that we focus conservation and management activities on a 
320-km wide and approximately 240-km long area centered on the Central Valley of the Platte River. We present a strategy to focus 
conservation and management actions to maximize the availability of whooping crane stopover habitat in south-central Nebraska.
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coMMon crane ManageMent in gerMany-Monitoring, protection, anD 
scientiFic work
hARtWiG pRAnGe, German Crane Working Group, Martin-Luther-Universität Halle-Wittenberg Landwirtschaftliche Fakultät, and 

European Crane Working Group Emil-Abderhalden-Straße 28 06108 Halle (Saale), GERMANY

Abstract: About 200,000 common cranes (Grus grus) from northern, middle, and northeastern parts of Europe are migrating on the 
West-European route. In the northeast part of Germany 160,000 cranes stop over simultaneously during migration. This number has 
increased since the early 1980´s by 3-fold. About 60 sites with from 200 to 50,000 cranes are systematically observed from August 
to December by local expert groups. The overnight roosts are in ponds, swamps, and lakes, actively flooded meadows, and brown 
coal mines as well as in shallow backwaters of the Baltic Sea. They have been used year after year. More than 80% of the roosts 
are protected.  Pre-assembly stop-overs are located in small wetlands which the cranes use before finally entering the roost at late 
dusk. These areas also need to be protected. Daily movements are 8-15 km but reach a maximum of 25 km from the roost sites. To 
minimize damage to agriculture, “diversion feedings” or lure crops were established at 6 places in 2004, paid for by government 
and private organizations. Problems can be further reduced by combining these tactics with leaving stubble-fields, early new 
sowing, and actively harassing cranes before they land. Guiding nature tourists with posted information occurs at 17 sites. The sites 
are used by thousands of people and are often led by rangers. Special societies are founded at several larger resting sites with about 
60 members (20-250) on average. Problems often arise, especially with hunters, farmers, and holiday makers. To keep the level of 
disturbances low, the nature conservation, agriculture, hunting, and tourism agencies need to cooperate and develop a local crane 
management plan that would consider the interests of all parties. Scientific work is done at several large roost areas by institutions 
and members of the German Crane Working Group. This includes the yearly monitoring of breeding and roosting areas and the 
ringing (banding) and radio-tracking programs.
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teMporal DynaMics anD Flock characteristics oF sanDhill cranes in the 
platte river valley, nebraska 

FeLipe ChAvez-RAMiRez, Platte River Whooping Crane Maintenance Trust, Inc., 6611 W. Whooping Crane Drive, Wood River, NE 
68883, USA

Abstract: I gathered information on crane flocks in the Platte River Valley during spring staging of 2002-2004. The objective of 
this work was to evaluate hypotheses regarding flock size and formation using sandhill crane (Grus canadensis) flocks observed in 
the Platte River Valley. Specifically, I wanted to: (a) evaluate the effect of period of migration, geographical location, and habitat 
type on flock size, and (b) evaluate predictions regarding ecological theories of flock formation and behavior based on concentrated 
resources, accessibility, social facilitation, and potential predation response. Flock size overall was influenced negatively by period 
of migration (P < 0.001) and positively by geographical location (P < 0.01). Total crane abundance (55%) of flocks were located 
in corn fields, but flock sizes were larger and significantly different (P < 0.001) in low grasslands (mean = 666.4). There were no 
significant differences in flock size among other habitat categories (corn = 316, high grassland = 301.8, wet meadow = 214.4, and 
alfalfa = 204.9). The proportion of cranes foraging in a flock in corn fields decreased over time while it increased in flocks foraging 
in low grasslands. Proportion of cranes resting increased over time in corn fields while it decreased in low grasslands. There was 
a negative relationship between flock size and proportion of cranes foraging in a flock in corn fields but not in grasslands. The 
relationship between observed and predicted patterns (based on ecological flock formation theories) of crane flocks are evaluated 
and discussed. 
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the cuban sanDhill crane as uMbrella species: relationship with plant 
Diversity in threateneD white sanD savannahs

DUniet MARReRO GARCiA, Empresa Nacional para la Proteccion de Flora y Fauna, Ministerio de Agricultura, La Havana, CUBA
JOSe A. OSORiO, Reserva Ecologica los Indios, Empresa Nacional para la Proteccion de Flora y Fauna, Ministerio de Agricultura, Isla 

de la Juventud, CUBA
xiOMARA GALvez AGUiLeRA, Empresa Nacional para la Proteccion de Flora y Fauna, Ministerio de Agricultura, La Havana, CUBA
FeLipe ChAvez-RAMiRez, Platte River Whooping Crane Maintenance Trust, Inc., 6611 W. Whooping Crane Drive, Wood River, NE 

68883, USA

Abstract: This project describes relationships between the Cuban sandhill crane (Grus canadensis nesiotes) distribution and habitat 
use and plant diversity in white sand savannahs, a threatened ecosystem in Cuba. Data are based on habitat use and selection of 
10 radio-tagged sandhill cranes in the Los Indios Ecological reserve, Isle of Youth. We used Arcview and satellite imagery to map 
broad vegetation categories. Within the general Pine-Palm savannahs specific plant communities were characterized using species 
composition and dominant plant life forms. Habitat types most used by cranes for feeding and nesting were also those with highest 
plant species richness and diversity, particularly of shrubs. Habitat used by cranes also had a greater number and proportion of 
endemic plant species. Our results suggest that focusing conservation on areas used by Cuban sandhill cranes may serve to protect 
plant species diversity in the same areas and may help in protecting areas with significant levels of endemic plants.
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sanDhill crane wintering ecology in the sacraMento-san joaquin Delta, 
caliFornia

GARy L. ivey, 1350 S.E. Minam Avenue, Bend, OR 97702, USA
CAROLine p. heRziGeR, P.O. Box 8221, Bend, OR 97708, USA

Abstract: We studied wintering sandhill crane (Grus canadensis) ecology in 2002–2003 in the Sacramento-San Joaquin Delta of 
California, focusing on Staten Island, a corporate farm which was acquired by The Nature Conservancy and managed to promote 
sustainable agriculture that is beneficial to wildlife. Our purpose was to define habitat conservation needs for cranes, including the 
state-threatened greater subspecies (G. c. tabida). research was conducted through intensive surveys by vehicle of crane foraging 
and roosting behavior. We estimated that about 1,500 greaters used Staten Island, which is a significant portion of the Central Valley 
Population of greater sandhill cranes and Staten Island supported 36% of all crane foraging use in the Delta region through the 
entire winter. Use of crops shifted in response to availability, with cranes showing highest preference for wheat. Corn, however, 
was the most important crop through the entire winter. Our estimates of winter home ranges of color-marked greaters averaged 1.7 
km2 ± 0.52 SD (n = 39) while flight distances from roost sites to foraging areas averaged 1.4 km. In contrast, marked lesser sandhill 
cranes (G. c. canadensis) indicated much larger winter ranges (mean 18.6 km2 ± 5.32 SD; n = 39) and foraged much further from 
roost sites. Another relevant finding in our study was strong site fidelity of greaters. Some color-marked greater sandhill cranes are 
known to have used the same local wintering areas for at least 18 years, highlighting the importance of maintaining these traditional 
use areas. Other results demonstrate that crane welfare could be enhanced by provision of crane-compatible crops and roost sites 
in close proximity, implementing crane-friendly agricultural practices, and minimizing disturbance.
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habitat characteristics inFluencing sanDhill crane nest site selection

Anne e. LACy, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913-0447, USA
SU LiyinG, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913-0447, USA

Abstract: The breeding population of greater Sandhill cranes (Grus canadensis tabida) in Wisconsin has greatly increased since the 
population was nearly extirpated in the mid-1930’s (Henika 1936). The International Crane Foundation (ICF) has been studying 
these birds for over 10 years in an area with one of the highest density of breeding cranes in the Midwest; we have calculated a 
nesting density of over 5 pairs/km2 (ICF unpublished data). Prior to this study, little was known about the habitat characteristics that 
may be influencing nest site selection.

We conducted nest surveys by helicopter during the last week of April of 2001-2003 in a 6500 ha study area in Marquette, 
Adams and Columbia counties in south central Wisconsin. Data from nest surveys in 2002 (n = 51) and 2003 (n = 63) were used 
to identify landscape and habitat characteristics that describe nest site selection in each wetland complex surveyed. Data was 
calculated for real nests and random points within each wetland at two levels; at the wetland level and the nest site level. At the 
wetland level we calculated landscape characteristics such as the number and type of habitat patches and amount of edge. For each 
nest point we calculated distance to each of the 13 habitat types. Nest and random points were compared to discern what variables 
best describe nest selection.

Thirteen separate wetland complexes were identified, ranging in size from 280 ha (where 13 nests were found) to 1 ha (where 
1 nest was found). Some of the nests within these complexes were clustered, with a few active nests only 10 m apart. The type and 
distance to the nearest upland (i. e. agriculture vs. forest) differed with each wetland complex, as the shape of each wetland (long 
and narrow, or round) varied along with the land use in the study area. The type and amount of habitat patches in each wetland also 
had an effect on the number and placement of crane nests. However, we have had difficulty showing quantitatively exactly which 
variables influence the nest site selection of these birds. Wetland size was consistently found to be the variable that influences nest 
selection the most, as the larger the wetland was, the more nests were found.

There are 3 major components to the ecology of sandhill cranes that has kept us from effectively detecting what variables 
best describe actual selection of sites for nesting by cranes – there is a strong social component (they are very territorial and 
influence each others’ choice); they are long-lived and remain territorial for a long time so there is a time lag between changes in 
the landscape and how that is reflected in territory changes; and this area is most likely at carrying capacity, so both optimal and 
suboptimal nesting sites are probably occupied.

literature citeD
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selection criteria For iMportant sites For wintering sanDhill cranes in 
the MeXican altiplano
ALbeRtO LAFOn teRRAzAS, Facultad de Zootecnia, Universidad Autónoma de Chihuahua, MEXICO
eDUARDO CARReRA GOnzALez, Ducks Unlimited de México, A.C., MEXICO

Abstract: Conservation of natural resources has increased worldwide, and Mexico shows the same tendency. unfortunately, selection 
criteria for conservation areas and objectives do not always follow a methodology that will allow for optimum selection. In Mexico 
and other countries we have a series of priority sites proposed by experts in various biodiversity areas, based on knowledge of the 
existing biological resources of the site. This results in two situations: more attention and resources are given to certain areas, but no 
resources are invested in sites that could be of equal or greater importance than those currently proposed. This leads to knowledge 
gaps. Ducks Unlimited de Mexico, A.C., and other organizations have taken the task of identifying important sites for conservation 
of wetlands, proposing the application of selection criteria that allow for an impartial selection and the identification of sites that 
require greater attention for management and conservation. This will permit some sites to be selected for financial support. Twelve 
basic selection criteria have been identified, some independent of others, that allow for a quantitative value to be applied to the area 
for waterfowl. These criteria are likely also applicable to sandhill cranes (Grus canadensis). Number of wintering birds, duration 
of wetland, size, isolation, availability in terms of quantity, quality and distance to food, are the criteria for which most points are 
given, while area isolation and associated species and quality of water in wetlands are secondary factors considered. 
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eXtra-pair paternity in sanDhill cranes
MAttheW A. hAyeS, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913-0447, USA
hUGh b. bRitten, University of South Dakota, 414 E. Clark Street, Vermillion, SD 57069, USA
Jeb A. bARzen, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913-0447, USA

Abstract: Although cranes are known for “life-long” pair bonds, exceptions to this rule have been observed (i.e. divorcing pairs and 
individuals re-pairing following the death of a mate). With advancements in genetic techniques, another form of infidelity has been 
observed: extra-pair paternity (EPP; producing young with a bird while being socially paired to another mate) has been documented 
in many avian species. Is this true for cranes as well? Sandhill cranes (Grus canadensis) from a dense breeding population in south-
central Wisconsin were tested for EPP using 6 microsatellite DNA markers. The frequency of EPP ranged between 4.4% (2 of 45 
chicks) and 11% (5 of 45 chicks). The 2 confirmed extra-pair chicks were from different broods of one pair that has been socially 
bonded for a minimum 12-year period. The social male was rejected as the genetic father in both cases. The 3 other cases of EPP 
(twice the social male was rejected as the genetic parent, once the social female was rejected) may be authentic infidelity or mate 
replacement prior to sampling. The range of EPP for this population of sandhill cranes is similar to other species with similar mating 
systems. For the confirmed cases of EPP, the female was able to increase her individual reproductive success without losing her 
territory.
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Mate FiDelity in a Dense breeDing population oF sanDhill cranes
MAttheW A. hAyeS, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913-0447, USA
Jeb A. bARzen, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913-0447, USA
hUGh b. bRitten, University of South Dakota, 414 E. Clark Street, Vermillion, SD 57069, USA

Abstract: The objective of this study was to investigate mate switches observed in a dense breeding population of banded 
Sandhill Cranes (Grus canadensis). Over a 14-year period, 50 of 70 breeding pairs switched mates (71%), with 45 pairs 
switching permanently (64%). Mean mate retention between years was 83%, with an average pair bond lasting 5.7 years 
(range 1-13 years). Most permanent switches occurred following the death or disappearance of a mate, and overall permanent 
divorce (19%; 13 of 70 pairs) and annual divorce rates (6%) were low. Territory retention following mate switches was high. 
Males and females did not differ in their ability to retain their original territory. retaining their original territory after a mate 
switch, however, did not increase reproductive fitness for either sex. Previous reproductive success was not a significant cause 
of divorce, nor did an individual crane’s reproductive success significantly increase following divorce. Five of the 13 divorced 
pairs (38%) fledged at least one chick to fall migration prior to divorcing. Also, 10 of 57 pairs that did not divorce went 5-8 
years without fledging chicks without observation of divorce. There was evidence to suggest that sandhill cranes may choose 
to divorce in response to an opening on a nearby territory. Having a breeding territory may take precedence over reproductive 
success experienced by a pair. If a nearby territory becomes available, a breeding adult sandhill crane in this population may 
have to choose between staying with a current mate (possibly weighing reproductive history) and changing mates and perhaps 
territories to increase reproductive success.
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behavior coMparisons For whooping cranes raiseD by costuMeD caregivers 
anD traineD For an ultralight-leD Migration

GLenn h. OLSen, USGS 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 

20705, USA

Abstract: The successful reintroduction program being run by the Whooping Crane Eastern Partnership using whooping cranes 
(Grus americana) trained to fly behind ultralight aircraft depends on a supply of these trained crane colts each year. The crane 
colts are hatched from eggs contributed by the various partners and trained to follow costume clad humans and ultralight aircraft 
at USGS Patuxent Wildlife Research Center, Laurel, Maryland, USA. After several seasons of raising small numbers of crane 
colts (7-14), we wanted to increase the number of birds being trained, but were restrained by limits in our facilities. By altering the 
established husbandry and training program to allow the use of a recently modified facility, we have increased the number of colts 
raised for this release program. However, we did not know whether the new facility and husbandry regime would significantly alter 
the behavior of the colts. therefore, we have begun a two year study to determine if there are differences in the behavior of cranes 
raised by the two methods, and if any of the differences discovered relate directly to whooping crane survival and migration skills 
in the release program.
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egg breakage by captive cranes at the international crane FounDation

StACy pUChtA, 1701D Eagles Crest Avenue, Apartment 7, Davenport, IA 52804, USA
MiChAeL S. pUtnAM, International Crane Foundation, P.O. Box 447, Baraboo, WI 53913, USA
KeLLy MAGUiRe, International Crane Foundation, P.O. Box 447, Baraboo, WI 53913, USA

Abstract: Captive cranes can break eggs through deliberate destruction, clumsy parental behavior, or accidentally because of thin 
shells. We report on the frequency of egg breakage by pairs of captive cranes at the International Crane Foundation (ICF). Among 
the 15 species of cranes and 1 hybrid female, all except a grey-crowned crane (Balearica regulorum) have broken eggs at iCF. 
Some pairs broke 1/3 or more of their eggs despite efforts by aviculturists to retrieve them before breakage. We compared the 
proportion of broken eggs among 7 species where we have data from >5 individual females and more than 150 eggs per species. 
The total percentage of broken eggs varied by species with Siberian cranes (Grus leucogeranus) having the lowest rate (<1%) and 
whooping cranes (G. americana) having the highest (13%). Similarly, the proportion of egg-breaking pairs varied among these 
7 species from a low 20% of Siberian cranes to 86% of sandhill (G. canadensis) and white-naped (G. vipio) cranes. anecdotal 
and circumstantial evidence suggests that most egg breakage is by deliberate destruction. there is currently an ongoing effort to 
counteract or reform birds that deliberately destroy their eggs.
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inFectious bursal Disease in wilD populations oF turkeys anD sanDhill 
cranes: preliMinary FinDings
KRiSten L. CAnDeLORA1, Florida Fish and Wildlife Cooperative Research Unit, box 110485, building 810, University of Florida, 

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 A. neSbitt2, Florida Fish and Wildlife Conservation Commission, Wildlife Research Laboratory, 1105 S.W. Williston Road, 

Gainesville, FL 32601, USA.  
hOLLy S. SeLLeRS, Department of Population Health, College of Veterinary Medicine, University of Georgia, 953 College Station 

Road, Athens, Georgia 30602, USA.
JeReMy OLSOn3, Department of Wildlife Ecology and Conservation, College of Agricultural and Life Sciences, University of Florida, 

110 Newins-Ziegler Hall, Gainesville, FL  32611, USA.
LARRy peRRin4, Florida Fish and Wildlife Conservation Commission, Wild Turkey Management Program, 5300 High Bridge Road, 

Quincy, FL 32351, USA.
JeAnnette pARKeR5, Florida Fish and Wildlife Conservation Commission, 600 Ohio Avenue, St. Cloud, FL 34769, USA.

Abstract: Captive-reared whooping cranes (Grus americana) released into Florida for the resident reintroduction project experienced 
unusually high mortality and morbidity during the 1997-1998 and 2001-2002 release seasons (Spalding et al. 2008). Infectious 
bursal disease virus (IBDV) serotype 2 is currently under investigation as the factor that precipitated the mortality events. A small 
percentage of whooping cranes have been exposed to IBDV in the captive setting. However, many more are being exposed post-
release, and prevalence of exposure seems to increase with age or length of time the birds are in the wild in Florida (Spalding et al. 
2008).  The goals of this study were to provide baseline data on the potential for exposure of whooping cranes to IBDV from other 
wildlife reservoirs, and to provide information needed to make informed decisions about protocols and management to ensure this 
virus does not impact the recovery of the endangered whooping crane.

First we investigated whether wild exposure was possible by monitoring specific pathogen free chickens on whooping crane 
release sites in central Florida during the 2003-2004 and 2004-2005 release seasons. We determined serum neutralizing antibody 
titers to IBDV serotype 2, and considered titer levels ≥1:32 indicative of exposure. Four of 8 sentinel chickens at a Lake County 
site and 2 of 7 sentinel chickens at a Polk County site became exposed to IBDV serotype 2.

Secondly we investigated what wild bird reservoirs may be involved in post-release exposure by analyzing 222 blood samples 
from wild turkeys (Meleagris gallopavo) and 41 blood samples from sandhill cranes (G. canadensis) in 9 counties in northern and 
central Florida and 2 counties in southern Georgia. Whooping cranes from the resident flock have been observed in all counties 
in Florida where blood samples were collected. Thirteen percent of wild turkeys were exposed to the virus (median = 1:3, range = 
1:0 to 1:256). Seroprevalence (% samples at each site with titer level ≥ 1:32) ranged from 0% to 64%, with only one site having 
no detectable evidence of exposure. Ten percent of sandhill cranes captured were exposed to the virus (median = 1:8, range = 1:0 
to 1:128). Therefore, there appears to be potential for whooping cranes, both resident and migratory, to come in contact with wild 
birds that have been exposed to this virus.

To gain further insight into prevalence of exposure and length of time the virus has been present in wild sandhill cranes of 
Florida, 108 archived serum samples collected in Alachua County (northern Florida) and Osceola County (central Florida) from 
May 1992 to March 1998 were tested for antibodies to IBDV serotype 2. Overall, 46% of samples had titer levels high enough 
to indicate exposure (median = 1:16, range = 1:0 to 1:1024). In Alachua County, 54% of birds were exposed (n = 55, median = 
1:32, range = 1:2 to 1:1024). The earliest evidence of exposure came from samples collected on May 7, 1992. In Osceola County, 
38% of birds were exposed (n = 53, median = 1:16, range = 1:0 to 1:256). The earliest evidence of exposure came from samples 
collected on October 1, 1992. Although we were unable to demonstrate that sandhill cranes in Florida were exposed to IBDV prior 
to the introduction of captive-reared cranes, we did determine that the virus has been present in wild birds of Florida for at least 
16 years.

Preliminary findings from the archived sandhill crane samples suggest that there is an age effect on seroprevalence in the 
population. Sixty-three percent of adult samples (n = 41, median = 1:64, range = 1:4 to 1:1024), 56% of subadult samples (n = 

1Present address: 2150 N.E. Roan Street, Arcadia, FL 34265, USA.
2E-mail: sanesbitt@cox.net
3Present address: 5285 N. Kenansville Road, St. Cloud, FL 34773, USA 
4Present address: 260 Limestone Lane, Crawfordville, FL 32327, USA
5Present address: 5840 Forrests Edge Lane, Glouster, VA 23061, USA
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36, median = 1:32, range = 1:2 to 1:128), and 13% of juvenile samples (n = 31, median = 1:4, range = 1:0 to 1:64) had titer levels 
high enough to indicate exposure. These findings are consistent with chicks having a shorter exposure time and immature immune 
system. The presence of higher seroprevalence and higher titers in older birds suggests that there is constant re-exposure or that 
birds remain carriers of the virus.
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serological survey For inFectious bursal Disease virus eXposure in 
captive cranes
bARRy K. hARtUp, International Crane Foundation, E-11376 Shady Lane Road, Baraboo, WI 53913, USA
hOLLy S. SeLLeRS, Poultry Diagnostic Research Center, College of Veterinary Medicine, University of Georgia, Athens, GA 30602, 

USA

Abstract: Between September 2001 and March 2002, unusually high morbidity and mortality was observed during releases of 
endangered, captive-reared whooping cranes (Grus americana) in central Florida. An ongoing epidemiological investigation has 
implicated infectious bursal disease virus (IBDV; Family Birnaviridae) as the likely etiological agent (Spalding et al. 2008). The 
source of this virus remains unknown. A previous serological survey showed positive antibody titers to IBDV serotype 2 were present 
in small numbers of juvenile and adult whooping cranes at the International Crane Foundation (ICF), Baraboo, Wisconsin and the 
Patuxent Wildlife Research Center, Laurel, Maryland between 1995 and 2003 (Hartup et al. 2004).  The purpose of this study was to 
complete the serological survey of the ICF captive flock by testing the 14 other species of cranes at the facility (including 1  hybrid 
individual) for IBDV serotype 2 neutralizing antibodies.

We used 393 archived serum samples from annual physical examinations of 104 individuals conducted between 1998 and 2002.  
Eighteen of the samples were from hatch-year cranes; the remainder were acquired from cranes 1 to 39 yrs of age (mean = 14 yrs).  
Serum neutralization titers > 32 were considered positive for IBDV exposure (Thayer and Beard 1998).

Twenty-three percent of the cranes tested were seropositive at least once during the study period (titer range 0 – 512). Seropositive 
individuals were identified from 10 of the 14 species tested (Table 1).  One of the 18 hatch-year cranes tested was seropositive.  
Seropositive status varied across years within individuals with a complete serological history.  There was a significant declining 
trend in annual flock seroprevalence during the study (χ2 = 7.9, P < 0.01); peak prevalence was 19.5% in 1998 and declined to a low 
of 1.2% in 2002 (Table 2).  Fifty percent (12/24) of the seropositive individuals had a mate that was also seropositive at least once 
during the study period. There did not appear, however, to be any spatial clusters of seropositive pairs or individuals on the ICF 
grounds; the housing status of seropositive cranes mirrored the proportions of cranes housed on public display or in an off-exhibit 
breeding area.

This data suggests that exposure of captive cranes at ICF to IBDV serotype 2 occurred as early as 1998, was common among 
the species sampled and certain pairs of cranes, showed a diffuse distribution among the housing units, but may have been in decline 
flock-wide by the end of the survey.  The propensity of low titer levels observed in most of the cranes was probably not associated 
with active infection.  None of the cranes, including seropositive individuals, exhibited any of the clinical signs of wasting previously 
associated with IBDV-related disease in whooping cranes.  The results of this study suggest there is potential risk for IBDV serotype 
2 introduction with transfer of seropositive cranes to new exhibits or zoos, or habitat used for re-introduction. Screening cranes 
prior to transfer may be warranted.
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Table 1. Species and numbers of individuals tested and 
seropositive for IBDV antibodies at ICF, 1998–2002.

Species No. 
tested

No. 
positive

Black crowned crane Balearica pavonina 3 1

grey crowned crane Balearica regulorum 3 2

Blue crane Anthropoides 
paradisea 2 0

demoiselle crane Anthropoides virgo 2 0

Wattled crane Bugeranus 
carunculatus 8 3

Sarus crane Grus antigone 7 2

Sandhill crane G. canadensis 
pratensis 14 4

eurasian crane G. grus 2 2

Red-crowned crane G. japonensis 9 3

Siberian crane G. leucogeranus 19 1

Hooded crane G. monacha 8 3

Black-necked crane G. nigricollis 7 0

Brolga G. rubicunda 9 0

White-naped crane G. vipio 10 3

Hybrid G. canadensis x
G. japonensis 1 0

Table 2. Annual flock mean titer and seroprevalence for IBDV 
antibodies in 14 crane species at ICF, 1998–2002.

Year No. 
tested Mean + SE No. positive % 

positive

1998 77 25.6 + 7.9 15 19.5

1999 80 13.5 + 4.0 8 10

2000 78 17.3 + 5.0 12 15.4

2001 77 11.5 + 2.6 11 14.3

2002 81 3.2 + 0.8 1 1.2
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saFety oF west nile virus vaccines in sanDhill crane chicks
GLenn h. OLSen1, USGS Patuxent Wildlife Research Center, 12302 Beech Forest Road, Laurel, MD 20708, USA
KiMbeRLi J. MiLLeR, USGS National Wildlife Health Center, 6006 Schroeder Road, Madison, WI 53711, USA 
DOUGLAS e. DOCheRty, USGS National Wildlife Health Center, 6006 Schroeder Road, Madison, WI 53711, USA
vALeRie bOChSLeR, USGS National Wildlife Health Center, 6006 Schroeder Road, Madison, WI 53711, USA

Abstract: West Nile virus arrived in North America in 1999 and has spread across the continent in the ensuing years. The virus 
has proven deadly to a variety of native avian species including sandhill cranes (Grus canadensis). In order to provide safe and 
efficacious protection for captive and released populations of whooping cranes (G. americana), we have conducted a series of 
four research projects. The last of these was a study of the effects of two different West Nile virus vaccines on young Florida 
sandhill crane (G. c. pratensis) chicks and subsequent challenge with the virus.  We found that vaccinating crane chicks as 
early as day 7 post-hatch caused no adverse reactions or noticeable morbidity. We tested both a commercial equine vaccine 
West Nile – Innovator (Fort Dodge Laboratories, Fort Dodge, Iowa) and a new recombinant DNA vaccine (Centers for Disease 
Control). We had a 33% mortality in control chicks (n = 6) from West Nile virus infection, versus 0% mortality in two groups 
of vaccinated chicks (n = 12), indicating the two vaccines tested were not only safe but effective in preventing West Nile virus 
mortality.
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a wasting synDroMe in releaseD whooping cranes in FloriDa associateD 
with inFectious bursal Disease titers
MARiLyn G. SpALDinG, Department of Pathobiology, Box 110880, College of Veterinary Medicine, University of Florida, Gainesville, 

FL 32610 USA
hOLLy S. SeLLeRS, Poultry Diagnostic Research Center, College of Veterinary Medicine, University of Georgia, Athens, GA 30602, 

USA
bARRy K. hARtUp, International Crane Foundation, Baraboo, WI 53913, USA and Department of Surgical Sciences, School of 

Veterinary Medicine, University of Wisconsin, Madison WI 53706, USA
GLenn h. OLSen, USGS Patuxent Wildlife Research Center, Laurel, MD 20708, USA

Abstract: Whooping cranes (Grus americana) have been reintroduced into central Florida beginning in 1993 until the present. 
Bobcat predation of otherwise healthy cranes in good nutritional condition was the most common cause of mortality. However, 
release cohorts in the years 1997-1998 (14/22 died) and 2001-2002 (14/27 died, 5/27 clinical illness) experienced unusually high 
morbidity and mortality. Positive serum neutralizing titers for infectious bursal disease virus (IBDV) were identified following 
the 2001 event, and an epidemiological study of released birds and the captive source flocks was initiated. Serotype 1 (Lukert and 
Variant A) tests were mostly negative. Serotype 2 testing resulted in many more positives. Polymerase chain reaction positive results 
for IBDV were obtained from two whooping cranes; one that died during the first epizootic in Florida in 1998, and one captive 
bird that died in 2003 at Patuxent Wildlife Research Center. The serotype remains unconfirmed at this time. Virus isolation has not 
been accomplished. The disease was characterized by chronic weight loss in young of the year birds that were actively foraging. 
other observations included granulomatous oral lesions, bill bruising and fractures, anemia, abnormal submissive behavior, and 
infection with Megabacteria and Eimeria. Eight of 10 released cranes with titers > 1:128 had detectable evidence of illness. Older 
birds sharing the same habitat and food remained unaffected. Some sick birds were able to recover and become members of bonded 
pairs. The first seropositive case occurred in 1993. Seropositive birds are not randomly distributed by year indicating differential 
exposure or susceptibility. The prevalence of seropositive birds (titer > 1:32, n = 256, 1993 to 2003) increased from 7% of birds 
leaving captive centers to 33% of birds that had spent 2 weeks in Florida. Significantly more older birds, captured because they 
were clinically ill or to change transmitters, were seropositive (75%). Within the wild flock seroprevalence increased with age. In 
wild birds monitored frequently, fluctuation in titers indicated multiple re-exposures. The source of exposure, whether within the 
whooping crane flock, sandhill cranes, or another species, remains unknown.
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is MagnituDe oF Fat storage by spring-staging sanDhill cranes Declining 
in the central platte river valley, nebraska?

DAviD A. bRAnDt, U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street S.E., Jamestown, ND 58401, 
USA

GARy L. KRApU, U.S. Geological Survey, Northern Prairie Wildlife Research Center, 8711 37th Street S.E., Jamestown, ND 58401, 
USA

Abstract: Proximate analyses of carcasses of sandhill cranes (Grus canadensis) collected in the Central Platte River Valley (CPRV), 
Nebraska, during spring 1999 indicated a marked decline in fat levels from springs 1978 and 1979. Concern that amounts of fat 
cranes stored by their spring departures from the CPRV may have further declined prompted this evaluation.  For our assessment, 
we made use of morphological measurements (culmen post nares, tarsus, flattened wing chord) along with body mass on each of 
810 sandhill cranes that were collected for proximate analysis or captured with rocket nets at widely distributed sites in the CPRV 
during 1978-1979 and 1998-2005. For these birds, we conducted a principal components analysis to develop a body size variable 
when testing the relationship between mass and date. We next evaluated whether masses at arrival and departure and rates of mass 
gain in sandhill cranes differed from previous (1978 and 1979) and current (1998-2005) studies and addressed the implications of 
our findings. 
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a year-long stuDy oF FooD consuMption by captive whooping cranes at 
the international crane FounDation

JeSSiCA J. StOCKinG, International Crane Foundation, P. O. Box 447, Baraboo, WI 53913, USA
MiChAeL S. pUtnAM, International Crane Foundation, P. O. Box 447, Baraboo, WI 53913, USA
nAthAniAL b. WARninG, International Crane Foundation, P. O. Box 447, Baraboo, WI 53913, USA

Abstract: Throughout 2002, we recorded daily food consumption by 12 pairs of captive whooping cranes (Grus americana). For 
7 pairs we recorded food consumption throughout the entire year while there were large continuous gaps in measurements of food 
consumption for 5 pairs that raised chicks that year. Birds received both a maintenance and breeder diet, and for both we converted 
food consumption to energy intake (Joules/g body mass) using the combined fall weights of female and male. We compared 
daily energy intake with 6 meteorological variables (involving temperature, wind speed and humidity), photoperiod (natural and 
artificial) and egg laying using multiple regression. We found mean daily energy intake averaged 411.4 + 141.6 j/g body mass (+ 
SD,  range: 20–1,202). Energy intake was lowest in June and July and highest in March (pre-laying), October and November (pre-
migration and migration). In addition, we examined the signs of the coefficients for each environmental variable among all pairs 
(using sign tests). We found that daily energy intake was negatively correlated with daily mean temperature. Further, we found that 
daily energy intake was positively correlated with both daily minimum and daily maximum temperatures. These last 3 findings 
suggest that whooping cranes, like many other homeothermic animals, have a thermal neutral zone and that temperatures above and 
below the zone require energy expenditure to maintain regular body temperature.  
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RESOluTIONS PASSED by THE
NORTH AMERICAN CRANE WORKINg gROuP

TENTH NORTH AMERICAN CRANE WORKSHOP
ZACATECAS CITy, ZACATECAS, MExICO

7-10 FEbRuARy 2006

FlORIDA CRANE HAbITAT RESOluTION

Florida has the largest population of non-migratory sandhill cranes in the world and winters a significant 
portion of the eastern population of greater sandhill cranes.  And in Florida, efforts are underway to 
introduce migratory and non-migratory whooping cranes.  In order to successfully establish and sustain 
these populations, appropriate habitat needs to be available.  About 40% of Florida’s best crane habitat 
has been lost between 1973 and 2003, and the amount has increased since then.  Because of this, these 
valuable populations of cranes are finding it more difficult to locate suitable habitat.  We the NACWG by 
this resolution request that the Governor and Cabinet of the State of Florida give priority consideration 
to acquiring and managing suitable habitat throughout Florida; for without such efforts these populations 
will decline and no longer be a part of Florida’s legacy to the nation and the world.

HOST RESOluTION

Participants of the Tenth North American Crane Workshop hereby express their thanks and appreciation 
to the local Zacatecas organizing committee, to Miguel Angel Diaz for facilitating our use of the Museo 
Rafael Coronel, to the state of Zacatecas for the support they provide, and to Felipe Chavez-Ramirez for 
bringing this workshop together. The North American Crane Working Group recognizes and is grateful 
for the time and effort spent by all who joined forces to make this workshop among the most memorable 
yet.
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