/ORKSHOP CO-CHAIRMEN

Bod Drewien James C. Lewis
University of idaho U.8. Fish and Widlife

Service

SESSION CHAIRMEN

John VanDerwalker Steve Nesbitt
whooping Crane Habitat Florida Game and Fresh
Maintenance Trust Water Fish Commission
Duane Shroufe Dave Blankinship
indiana Division of National Audubon
Fish and Wildiife Society
George Archibald Jake Valentine, Jr.
international Crane U 8. Fisn and wildiife
Foundaton Service

EDITOR
James C. Lewis

PUBLISHED BY AND AVAILABLE FROM
NATIONAL AUDUBON sSOCIETY
ATTHN: ALEXANDER SPRUNT IV

115 INDIAN MOUND TRAIL
TAVERNIER, FLORIDA 33070



..

searc

o
e

rthern Prairie Re







19
o
3
S

C

il

1
!
i
i
t
{
i
1




@ :x g . ey wy o ey o, o o o~ st ) <y 28] oo el o 2y
Bn o — s o o oy g s W e o0 [ O -
3 - ‘1

i

B . 3 . iy =1 ,, v !
. . . . X Y -
. . B p - W . - I ¥
. . : & ,
. - . ; ¢ - . . . :
. . - 5 N . -
. . - ‘ N
. B B " 1 g . .
. B “ W B .
' B . P B . .
. . . P . Y . B o . -
- “ . I K B B o
. B ) R . . wo-
. . B . Y B
. . . B o . . )
B . B B . - B R & .
, B . . . . -5 ki
. . . B B . 43 - "
B . . o B N e .
. B . “ B B . W @
B - B . . . B £ o 5
. B B . FITR Yo . s - .
N » - B . woos [] B B B il ) . B
. . » " . . Y . 5 o .
[ . B » B - s L Ty e . - pom ) B “
o . . . . o [ B . . s & o .
. . . B oo [ . , 6 0 .
. . . » el EW I - " 43 ) .
. B B [ o -
B . B o) B
B . B we
. . . Q-
. . B 5 .
. » [N
. . . [
B . . - s
» . . R
. . . T3 e
. . . oo
. » . vy
B B . [P
B e B
. e e Sy
. 1) o oo
. i3 oD oo
B [ ed —
B £ < [= .
> (9] [y (9]
» w2 Led Lad
» S
x . o &
A S . £ e
S @ [N ] vpe
] — )
ok o o [y s
25 5 L) p
[l S P fwaln
w9 o
[} -




LY
[$5)

L pom o
o e [N
3 s o

oy

i Lory

T
trodu

Int

[
o

wr o o LE) Loy ) ol
wt W Lo Ivel fom €0 3}

o P o . e

(%)
o
s
S
“J

84
e

pin

NaG

o L)
=3 o o e 26}
L o oy (&S] o

fom
)
o

]

L}

£




10y
o
O




1981 CRANE WORKSHOP: A SYNOPSIS

GEORGE W. ARCHIBALD, Co-founder, International Crane Foundation, Baraboo, WI 53913

At 2,700 m above sea level, beside a lake that reflects the magnificence of the Grand Tetons
and on which trumpeter swans (0Zor buccinutor) float, crane researchers from Canada, Japan, and
the USA, gathered for 3 days to discuss happenings in the world of North America's Gruidae since
our last gathering at Rockport, Texas, in December of 1978. \le roosted at Colter Bay campground,
“crainestormed” (sic) at the University of Wyoming National Park Research Center, and migrated for
a day to Grays Lake Mational Wildlife Refuge to appreciate whooping (Grus americana) and sandhill
cranes (7. canademsis). Qur western comrades Jim Lewis and Rod Drewien organized the meeting and
their warmth and enthusiasm, coupled with the splendors of northwest Wyoming, made it a pleasant
meeting for crane people from Hokkaido to Maryland.

The meeting concentrated on sandhill, whoopers, and captive management, except for a spectac-
ular slide show by photographer-conservationist Tsuneo Hayashida on the red-crowned cranes (G.

Ja: omensie) of northern Japan and a paper by Georae Archibald regarding a possible cross-fostering
of the acutely threatened Siberian crane (4. lenconeranus) by lesser sandhills (G. c. canadensis)
in eastern Siberia.

Extensive research was eloquently presented by Gary Krapu and his team from the Northern
Prairie Wildlife Research Center, U.S. Fish and Wildlife Service, and Tom Tacha et al. of the
Oxlahoma Cooperative Wildlife Research Unit as they elucidated man's understanding of 1 of earth's
greatest and most threatened wildlife spectacles--the spring staging of some 400,000 lesser, Cana-
dian (4. ¢. rowani), and greater sandhills (¢. e. tabida) along 365 km of the Platte River, Nebraska.
During the cranes' several weeks stay in Nebraska, they predominantly feed in cornfields and in-
crease their fat deposits for the Tong trip north to the breeding grounds. At night they roost on
sandbars in the river. But unfortunately, since white settlement, the flow of the Platte has de-
creased by 70% in some river sections, in response to damming of upstream tributaries and water
diversion for irrigation. If the sandbars continue to be covered by fast-growing woody vegetation
as a consequence of reduced water levels, the cranes may be forced to roost in wetlands of the
nearby Rainwater Basin, wetlands that are infested with avian cholera that has claimed the lives of
tens of thousands of ducks and geese in recent spring seasons.

In response to the Platte River crisis, the Whooping Crane Habitat Maintenance Trust was
established to resolve a problem that not only threatens a majority of the sandhill cranes that
nest in Canada, Alaska, and the USSR, but also concerns the whooping cranes of the Wood Buffalo
National Park flock that migrate through Nebraska each spring. linder the skilled direction of
Trust Administrator, John VanDerwalker, critical riparian habitats are being purchased and managed
to benefit cranes. For example, profits from Trust-owned alfalfa and corn crops near the river are
used to bulldoze down trees and brush that cover former crane roosts in the river. A computer model
is being developed to document crane use and habitat changes along a 145-km stretch of the Platte
and extending 8 km on each side of the river, a program from which priorities of conservation action
can be identified in maintaining a proper balance of cropltand, riparian meadow, and roost habitats.

The Platte studies, and parallel research by Jim Lovvorn on the eastern flock of greater sand-
hills that nest in the Lake States, reinforce the axiom that population size is related to food
and protection. A1l migratory subspecies of sandhill crane are increasing by the thousands, undoubt-
edly because they benefit from abundant aleanings in agricultural fields during migration and on
their wintering arounds. In presettlement times these migratory sandhills very likely fed predom-
inantly on seeds and sedge tubers laboriously secured in natural prairie and marshland habitats.
Milo in Texas, and corn in Nebraska, have perhaps eliminated food as a Timiting factor to sandhill
crane populations and, thus, the population increases despite the loss of 16,000 birds annually to
hunters in Alaska and alona the Central Flyway.

Crane migration has been the focus of several studies including the historic radio-tracking of
sandhills migrating from Wisconsin to Florida (reported by Ron Crete and John Toepler in the 1978
Proceedings) and of the Interlake crane population of Manitoba in their passage to the Gulf Coast
of Texas (by Scott Melvin, S. A. Temple, and Douglas Stephan) as described by Scott this year. The
Interlake sandhills migrated during daylight at 19 to 50 km per hour and covered from 48 to 740 km
before stopping to roost at whatever shallow wetlands were along their route.

The telemetry researchers followed the areater sandhill by air and ground, while Dale Herter
and Pam Soine examined the general ecology and roost site selection of subspecies as they passed
through the Copper River Delta of southeastern Alaska and the fertile plains of southwest North
Dakota, respectively. Of the 25,000 lesser sandhills that Littlefield and Thompson reported win-
tering in areas of California, most of the birds are expected to fly through southeast Alaska based
on the observation of 5 California-marked cranes on the Copper Nelta. Lesser sandhills in Alaska
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forage on sedge tubers and other wild plants but cranes passing through North Dakota benefit from
wheat while staging in enormous flocks. Pam Soine developed an excellent methodology for recording
criterion of various shallow wetlands in North Dakota to determine why sandhills chose to roost in
some areas and not in others. Water depth, visibility, and proximity to food were pertinent factors
Pam introduced a new measurement of water called "crane depth."” A modeled crane foot, attached to

a dowel weighted equivalent to the weight of a sandhill, was used to measure how far a crane's foot
sinks in the mud substrate and rests beneath the water surface--an important consideration for a
roosting crane.

Although most reports concerned the migratory sandhills, Jacob Valentine, who retired in
September 1981 after many years of excellent service with the USFWS in Mississippi, brought news
regarding America's most endangered subspecies, the Mississippi sandhills (7. <. :ullz). When
John Aldrich described the race in 1972, there were about 50 cranes left on the pine savannahs of
Jackson County, Mississippi, and their remnant breeding habitat was threatened by the construction
of an interstate highway. A supreme court decision in 1976 declared the construction was destroying
critical habitat. The Nature Conservancy and the U.S. Government then bought and protected addition
al wetlands giving the crane a refuge of 6,480 ha that are now being managed to increase the crane
population. The population has dropped to 30; however, with cropland planted just for the cranes,
old drainage channels blocked, and more dams constructed to produce nesting wetlands, the Tittle
flock is expected to increase. In fact, in 1981, 9 more cranes were added to the flock from cranes
raised at the Patuxent Wildlife Research Center.

Scott Derrickson of Patuxent Wildlife Research Center, lLaurel, Maryland, enthused workshop
participants with his description of the challenging tasks, 1st of inducing Mississippi sandhills
and whoopers at Patuxent to breed in captivity, and then of releasing captivity-reared birds into
the wild. Hand-reared cranes become tame and must always be kept in captivity, whereas chicks
reared by cranes are wild. Rod Drewien and Soctt Derrickson described 2 experiments deveioped
to test techniques for releasing crane-reared captive cranes back into the wild. Initially they
selected 12 greater sandhills pen-reared at Patuxent and released them, without an opportunity to
adjust gradually, with the wild greater sandhills at Grays Lake National Wildlife Refuge in Idaho.
Drewien and Derrickson found that yearling birds adapt best to the wild because of their tendency
to form stronger bonds with the wild cranes than did the 2- and 3-year-old birds. Problems encoun-
tered at Grays lake were avoided in a "gentle release" of pen-reared Mississippi sandhills on the
refuge in Jackson County, Mississippi. The sandhills were wing-brailed and released into a spacious
confine within the habitats of the wild cranes. The brails were removed after the sandhills accli-
mated to their new surroundings. The 9 birds reared at Patuxent have all successfully adapted to
the wild, thus increasing the free population of this endangered subspecies by 23%.

The highlight of endangerment is the whooping crane. Unfortunately, Canadian Wildlife Service
Whooper expert, Ernie Kuyt, was fighting forest fires in Wood Buffalo National Park and was unable
to attend the workshop. However, David Blankinship of the Mational Audubon Society, who follows
the winter Tife of the rare white cranes at the other end of their 4,830-km migration route, pro-
vided an up-to-date report. Since 1977, prefledged whoopers have been captured and color-marked
in Wood Buffalo National Park. Of 29 birds marked between 1979 and 1980, 25 survived their 1Ist
migration and 24 their 1st winter. Of 22 pairs breeding in Canada at the peak in 1980, 15 differ-
ent pairs have brought young to Aransas. Dave and Ernie conjecture that 22 to 25 pairs of whoopers
should be breeding if the drought, which has continued in subarctic Canada for 3 years, stops in
1982. Mary Bishop, also with the National Audubon Society, has been observing the marked subadult
cranes at the Aransas National Wildlife Refuge and has noticed that flock size decreases in late
winter, presumably as subadults pair and disperse. In fact, whoopers mav breed at a much younger
age than formerly helieved. Two pairs at Wood Buffalo in 1980 had members that were 3 years old.

The traditional whooping crane flock continued its slow increase and researchers conclude that
the greatest mortality does not occur in subadult cranes but in paired birds, data that concurs
with Scott Derrickson's data from Patuxent where adult whoopers have a 3-fold higher mortality
than immatures.

International interest has focused on the cross foster experiment in Idaho where, under the
leadership of Elwood Bizeau and Rod Drewien, a new flock of whoopers has been developed by substi-
tuting whooper eggs into the nest of the ubigquitous agreater sandhills. Elwood and Rod provided a
tour of the set of this wildlife drama, Grays Lake Mational Wildlife Refuge, and updated our facts.
Unfortunately embryonic deaths and poor water conditions at Grays Lake claimed the lives of all
whooper chicks in 1981. However, 15 birds raised in other years were accounted for, and 1 terri-
torial male was provided a pen-reared female from Patuxent. Despite use of the gentle release tech-
nique, a strong pair bond did not develop. However, the male indicated a positive response to the
female by doubling the size of his territory, much to the consternation of neighboring pairs of
sandhills.
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By aircraft in 1980 Rod had followed a radio-marked whooper from Grays Lake to Monte Vista
National Wildlife Refuge in Colorado. The bird flew 265 km the 1st day and climbed to an altitude
of 4,025 m. Jon Kaufield reported that cranes spent more time at Monte Vista than at either their
breeding ground (Grays Lake) or wintering turf (Bosque del Apache National Wildlife Refuge). Un-
fortunately 3 whoopers died at Monte Vista through collision with fences and wires and this problem
is not expected to abate.

As usual, Florida's crane researcher, Steve Nesbitt, had an innovative idea to elucidate. Why
not initiate a nonmigratory whooper flock in south central Florida where a political and biological
climate prevails to welcome and provide for the cranes? FEags produced at Patuxent in early spring,
that cannot be substituted into greater sandhill nests in Idaho because the cranes there are not yet
nesting, could be substituted into Florida sandhill (G. c. rratensis) nests in March and April with-
in a 20,250-ha wetland reserve where the subspecies flourishes. Steve has embarked on a 5-year in-
tensive study of greater and Florida sandhills to determine if the former will become nonmigratory
when reared by the latter, data that will better pave the way for efforts to establish sedentary
whoopers.

The potential of captive breeding was evidenced by release of the Patuxent-produced Mississippi
sandhill cranes and the issuance of whooping crane eggs from Patuxent to greater sandhill nests in
Idaho where 3 whoopers are now in the wild as a consequence of captive production. Scott Derrickson
outlined the mortality agents among captive whoopers while Mike Putnam indicated the overall status
of captive management at the International Crane Foundation (ICF) where efforts are being made to
propagate all endangered species of cranes. ICF researcher Shirley Russman outlined our knowledge
of sperm morphology, while John Riley indicated that temperatures of naturally incubated eggs vary
greatly and that perhaps such a regimen might improve the strength of artifically incubated embryos.
Mike outlined a new and somewhat radical cooling technique for the eggs of cold-climate species.

ICF hatchability improved markedly in 1981, perhaps as a result of the cooling and also perhaps be-
cause of a new incubator.

We were sad to Teave our colleagues and the Grand Tetons but were comforted by a suggestion
that we stage with the sandhills in Nebraska in March of 1984. Until then, crane research is
flying.



THE PLATTE RIVER WHOOPING CRANE CRITICAL HABITAT MAINTENANCE TRUST

JOHN G. VanDERWALKER, The Platte River Trust, 2550 N Diers Avenue, Suite H, Grand Island, NE 68801

Abstract: In 1975, Basin Electric Power Cooperative applied for a Section 404 permit to build
Grayrocks Dam. The state of Nebraska and the National Wildlife Federation (NWF) objected, claiming
the diversion and consumption of 23,250 acre-feet of water would damage wildlife habitat in Nebraska
and further threaten the whooping crane (Grus americana) habitat on the Big Bend of the Platie River.
Basin Electric Power Cooperative agreed to provide a $7,500,000 trust fund to be used to preserve
migratory bird habitat in the Big Bend area. Nebraska and NWF then withdrew their objections to
issuance of the permit. The trust was called the Platte River Whooping Crane Critical Habitat Main-
tenance Trust. It is administered by 3 trustees, 1 selected by each of the major parties to the
controversy. The purpose of the Trust is to preserve migratory bird habitat in the Big Bend area

of the Platte River. The priority objective is habitat for whooping cranes. The Trust is develop-
ing a habitat monitoring program for the Big Bend area and has purchased approximately 1,000 ha
(2,500 acres) adjoining 6.5 km (4 mi) of river as part of its program to preserve habitat.

ORIGIN

The Platte River Whooping Crane Critical Habitat Maintenance Trust was the result of an out-
of-court settlement of a suit that involved the Basin Electric Power Cooperative, the state of
Nebraska, and National Wildlife Federation. The controversy arose as a result of Basin Electric's
plan to build a reservoir on the Laramie River, a tributary of the North Platte River, and to divert
water to their coal-fired Laramie River Power Station. The power plant would use approximately
23,250 acre-feet of water annually.

The state of Nebraska and the National Wildlife Federation contended that this diversion and
consumptive use of water would have adverse impacts on Nebraska resources including the migratory
bird habitat in the Big Bend area of the Platte River. This river reach supports 5 to 7 million
migrant brids each year including the Aransas National Wildlife Refuge-Wood Buffalo National Park
flock of whooping cranes. Based on the use of the area by an endangered species, the whooping crane,
and the Endangered Species Act which prohibits a federal agency from taking an action which further
threatens an endangered species, the state of Nebraska and NWF objected to the issuance of a 404
permit for the construction of Grayrocks Dam. They pursued this objection by filing suit against
the Corps of Engineers to prevent the issuing of a permit.

Much of the work on the Laramie River Station had been completed before the advent of the 404
permit requirement. Although the plaintiffs had made their objections to water diversions from the
Platte River system known before, the requirement for a 404 permit provided an effective legal
tever which they used to obtain an injunction against further work on the project. The effective
date of the injunction provided some time for additional negotiations.

Almost no 1, including the plaintiffs, actually wanted construction on this project stopped,
and especially not abandoned. Stoppage of the project would have cost Basin Electric millions of
dollars, many workers would have been put out of work with practically no notice, and local govern-
ments would have been severely impacted. Stopping the project would also cause serious repercus-
sions for the plaintiffs, not the least of which would be increasing pressures for changing or aban-
doning the Endangered Species Act. The reality of the situation dictated a compromise, but it was
not easy to develop. The suit had been bitter, each side was suspicious of the other, and the time
to develop a compromise was short. Fortunately for all sides a compromise was reached and approved
by the court.

One of the major parts of that compromise was the formation of the Platte River Whooping Crane
Critical Habitat Maintenance Trust, commonly called the Platte River Trust. The purpose of this

trust, as described in the court-approved "Trust Declaration" is to ". . . protect and maintain the
migratory bird habitat in the so-called Big Bend area of the Platte River between Overton and Chap-
man, Nebraska." This area contains habitat that is essential to the well-being of whooping cranes,

sandhill cranes (Grus canadensis), and millions of migratory waterfowl. The biological significance
of this area is described by the U.S. Fish and Wildlife Service (1981).

ADMINISTRATION
The Trust is administered by 3 trustees, 1 appointed by each of the principal parties to the
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controversy. The state of Nebraska is represented by Richard E. Spelts, Jr. of Grand Island,
Nebraska; Basin Electric Power Cooperative is represented by James L. Grahl of Bismarck, North
Dakota; and the NWF is represented by John J. Cavanaugh of Omaha, Nebraska. The trustees serve at
the discretion of their respective organizations. Mr. Spelts serves as chairman.

When the Trust was established, the court ordered Basin Electric Power Company to convey to
the Trust a sum of $7,500,000. The payment of this sum to the Trust fulfills Basin Electric Power
Cooperative's obligation to the Trust. No other payments are required.

These funds are invested according to an investment strategy approved by the court. The
trustees are free to use the income from this fund to pursue the purposes of the Trust and may, if
all 3 trustees agree, spend all or part of the principal of the Trust. The Trust Declaration pro-
vides only 1 specific task for the trustees, and that is the development of a habitat monitoring
plan. This preliminary monitoring plan is described by E11is and Shoemaker (this proceedings). The
trustees established the offices of the Trust in Grand Island, Nebraska, and hired an executive di-
rector and a secretary.

OBJECTIVES AND POLICIES

To provide direction to the effort, the Trust developed a set of objectives and a number of
policies.

OBJECTIVES OF THE TRUST

1. Foster the continued existence of that amount of habitat required to meet the need of whooping
cranes stopping in the Big Bend of the Platte River on their spring and fall migrations.

2. Restore and maintain Platte River habitat for the staging needs of the existing population of
greater (G. ¢. tabida), Canadian (¢. e. rowani), and lesser (G. . canadensis) sandhill crane
staging in the Big Bend area of the Platte River.

3. Manage lands under the protection of the Trust in a way that will, within the Timits imposed by
objectives 1 and 2, meet the needs of other migratory birds, particularly endangered or threat-
ened species.

4. Manage Tlands under the protection of the Trust in a way that will maintain existing agricultural
and other traditional uses of the land insofar as such use is consistent with objectives 1, 2,
and 3.

5. Develop and maintain a Platte River migratory bird habitat monitoring program.

6. Provide a local focus for information on the status and importance of the Platte River for
migratory birds.

7. Act as a catalyst to promote research that would improve our understanding of the needs of
whooping cranes and other migratory birds using the Platte River.

The primary objective of the Trust is to provide habitat for whooping cranes that migrate
through the Big Bend area of the Platte River. Providing for the needs of sandhill cranes and
other migratory birds is secondary to this objective; however, in practical biological terms, meet-
ing the needs of whooping cranes accommodates the needs of these other birds.

The reason for objective 4 will become evident after a discussion of Trustees Policies. Objec-
tive 5 is directed to obtaining the information needed to describe the problem and develop action
programs. The success of the Trust is dependent to some extent on public acceptance of Trust pro-
grams; objective 6 is directed toward that end. Much is unknown about Platte River ecology. More
research is needed and although the Trust cannot afford to fund extensive research efforts, it hopes
to facilitate research when it can.

POLICIES OF THE TRUST
It is the policy of the Trust to do the following:

1. Maintain a minimum balance in the Trust's investment protfolio to insure a level of interest



income and earnings sufficient to pay the administrative costs of the Trust. The trustees
shall review this minimum balance annually to determine the need to adjust it to compensate for
the deflated value of the dollar, increased administrative costs, or inadequate earnings.

2. Consider the funding source for land acquisitions on a case by case basis. (This policy may
change after the development of a long-term action plan by the Trust.)

3. Generate all funds for management and maintenance of Trust-protected lands through earnings
from agricultural land-use or user fees.

4. The Trust will maintain the highest agricultural uses of its lands that are consistent with the
needs of whooping cranes and other migratory birds using the area.

5. The recreational, educational, and commercial uses of Trust-protected land will be determined
on a case by case basis. On those lands where such uses are allowed, their management will be
financed in total by user fees or contributions made for that particular use.

6. The Trust will utilize those federal and state assistance programs that can contribute to the
attainment of Trust objectives.

Trust policies tell more about the direction of the Trust than do the objectives. Policy 1
indicates the Trust is intending to operate in perpetuity. Policy 2 will change after a long-range
plan has been developed. This long-range plan will be based on the analyses of habitat need iden-
tified through the use of the habitat model described by Armbruster and Farmer (this proceedings).
Policy 3 states that all Trust-owned properties must be self-sustaining. This means that Trust funds
may be used to purchase land or water but all maintenance costs, including taxes and management costs,
will be paid for by earnings from property or fees charged for particular uses. The Trust presently
owns 2 tracts; 1 is primarily grass and hayland and is used for grazing and haying. These uses will
pay for management and maintenance costs. The 2nd tract is cropland. Although we intend to change
the land-use on this tract, agricultural revenues from the planned use will pay for all costs asso-
ciated with it.

Agriculture is not only the principal economic activity of the Big Bend area of Nebraska, it
is also the basis of its culture. The agricultural land-use ethic is the dominant theme of the
area and good neighbors adhere to this land-use ethic. For this reason, the Trust has adopted Pol-
icy 4. It states the Trust will maintain the highest agricultural uses of its lands consistent
with the needs of whooping cranes, sandhill cranes, and other migratory birds.

Although the Trust wishes to provide for some public use of Trust lands, it believes that
Trust funds should not be used to support these uses. Therefore, the trustees have adopted Policy 5
which states, "all public uses of the area (except guided tours conducted during spring migration)
will be on a fee basis." As a private organization, the Trust can take advantage of several state
and federal programs designed to aid the private landowner. Policy 6 recognizes that such programs
will be used when they are compatible with Trust objectives and policies.

LONG-RANGE PLANNING

The next major step the Trust will take is approval of a long-range plan. This plan will quan-
tify the habitat maintenance goals of the Trust and describe the methods the Trust will use to pur-
sue those goals. In setting the habitat maintenance objectives, the Trust will translate crane pop-
ulation numbers into amounts of habitat required. This quantification will be based on the habitat
model described by Armbruster and Farmer (this proceedings). We envision a basic habitat unit that
will include riverine, wetland, grassland, and cropland elements. A habitat unit will be the small-
est complex that can provide the life requisites for a given number of staging sandhill cranes. The
total habitat requirement will be calculated by dividing this number of staging cranes into the total
population and multiplying the acreage figures in 1 habitat unit by the resulting multiplier. The
Trust will then attempt to protect this amount of habitat in the Big Bend area. The Trust will con-
sider purchase, easements, or long-term leases of land.

Water to maintain flows in the Platte is a critical issue which the Trust is now examining.

No strategies for preserving flows have been adopted.

The Platte River Trust is a unique organization. Many are watching its progress to see if this

kind of mechanism is a viable way of solving environmental problems. We expect to be successful.
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SUSCEPTIBILITY OF THE MIDCONTINENT POPULATION OF SANDHILL CRANES TO AVIAN CHOLERA IN NEBRASKA--A
PRELTMINARY REPORT

GARY L. KRAPU, Northern Prairie Wildlife Research Center, U.S. Fish and Wildlife Service, P. 0.
Box 1747, Jamestown, ND 58401

GARY L. PEARSON, The National Audubon Society, Rural Route 2, Jamestown, ND 58401

Abstract: Large losses of waterfowl to avian cholera have occurred in the Rainwater Basin Area of
south central Nebraska during March of several recent years. These losses, including a verified
Toss of nearly 31,000 waterfowl in 1980, have prompted concern for the welfare of the midconti-
nent population of sandhill cranes (Grus canadensis) during their annual spring stopover along

the Platte River. Specific concerns include the close proximity of infected wetlands to major
crane roosts, crowding of cranes into restricted reaches of river because of widespread channel
shrinkage and associated encroachment by woody vegetation, and the likelihood of a major shift of
cranes to the basin wetlands if habitat conditions continue to deteriorate in the Platte Valley.
This paper reviews available information on the epizootiology of avian cholera in migratory bird
populations and discusses prospects for transmission of avian cholera to the midcontinent sandhill
crane population.

Marked shrinkage of channels of the Platte River during the past 40 years (Williams 1978) and
associated encroachment by woody vegetation (Currier 1981) have confined the midcontinent sandhill
crane population to restricted reaches of riverine habitat during their annual spring stopover in
the Platte River Valley. Nearly 400,000 sandhill cranes gather along the "Big Bend" reach of the
river for several weeks each spring (E. Ferguson, unpubl. manuscript) and occur at densities which
in some areas now exceed 5,000 cranes per 0.8 km of channel (Frith and Faanes, this proceedings).
The present paper was prepared as part of the Platte River Ecology Study to provide an improved
perspective of the potential significance of channel habitat loss to the midcontinent sandhill
crane population. This assessment was prompted by recent major outbreaks of avian cholera in water-
fowl populations using the Rainwater Basin Area in south central Nebraska near reaches of the Platte
River where Targe numbers of sandhill cranes roost.

The authors thank the Director and staff at the National Wildlife Health Laboratory at Madison,
Wisconsin, for their critical review of the manuscript. 1In particular, we wish to thank Dr. M.
Friend and C. Brand for their helpful suggestions. We also wish to thank A. Trout, Manager of the
Rainwater Basin Wetland Management District and his staff, and J. Hurt of the Nebraska Game and
Parks Commission for providing information on avian cholera outbreaks occurring in the Rainwater
Basin Area.

DESCRIPTION OF THE DISEASE

Avian cholera is an infectious disease caused by the bacterium Pasteurella multocida. It has
been reported in a wide variety of domestic and wild birds (Rosen 1971, Heddleston 1972). Outbreaks
in wild birds have most frequently been reported in waterfowl (Rosen 1971), but avian cholera also
has been reported in the bald eagle (Haliaeetus Lleucocephalus) and other raptors (Rosen and Morse
1959, Hunter 1967, Rosen 1971, Rosen 1972). Ten sandhill cranes among a wintering population of
5,600 died in a 1970-71 avian cholera outbreak in California (Rosen 1972). Individual sandhill
cranes have died of avian cholera in Nebraska along the Platte River during the spring of 1975
(James Hurt pers. comm.), and on a Rainwater Basin wetland in the spring of 1977 (Christ Brand
pers. comm.). Avian cholera has not been diagnosed in whooping cranes (Grus americana), but the
wide host range of P. multicoda in birds indicates that whooping cranes must be presumed to be sus-
ceptible to the disease (Zinkl et al. 1977).

In migratory birds, avian cholera typically is an extremely acute disease, with few signs be-
ing evident other than dead birds (Jensen and Williams 1964, Rosen 1971). Few sick birds usually
are seen and they frequently die shortly after signs appear (Rosen and Bischoff 1949, Jensen and
Williams 1964, Rosen 1971, Zinkl et al. 1977). Waterfowl displaying disturbances of equilibrium
and other neurclogical signs may be seen occasionally as outbreaks progress (Rosen and Bischoff
1949, Jensen and Williams 1964, Vaught et al. 1967, Rosen 1971, Zinkl et al. 1977). In commo:n
crows (Corvus brachyrh.nchos), however, avian cholera may occur in a chronic form (Zinkl et al.
1977). Healthy appearing, chronically infected P. rultocida carriers occur in domestic poultry
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and are believed to be important in maintaining the infection and serving as the source of new out-
breaks (Heddleston 1972). Chronically infected carriers may also occur among survivors of avian
cholera outbreaks in migratory birds (Jensen and Williams 1964, Vaught et al. 1967, Donahue and
0Tson 1969, Rosen 1971), and Korschgen et al. (1978) found a low incidence of P. multocida carri-
ers in common eiders (Somateriu mollissiru).

DISEASE DISSEMINATION

Dissemination of P. multocida among birds occurs via nasal exudates which contaminate the
environment, especially food and water (Rosen 1971, Heddleston 1972); feces are a much less signif-
jcant source of contamination (Heddleston 1972). The nasal exudate of diseased birds contains large
numbers of pP. multocida (Rosen 1971, Heddleston 1972) and copious quantities of this material may
drain from the bills of birds immediately upon death (Rosen 1971).

The most common routes of infection for P. multocida in birds probably are by ingestion or in-
halation, with the organism gaining access through the mucous membranes of the mouth, pharynx, and
upper air passages (Heddleston 1972) based on experimental studies of domesticated poultry. Infec-
tion also may occur via the eye (Heddleston 1972). Contaminated water, therefore, is thought to be
an important source of infection, especially for waterfowl (Rosen 1971) but contaminated food also
may be a source (Rosen 1971, Heddleston 1972).

DISEASE OCCURRENCE IN NEBRASKA

The 1st confirmation of avian cholera in migratory birds in Nebraska occurred in waterfowl and
crows in the Rainwater Basin Area in 1975 {Zinkl et al. 1977). An estimated 20,000-25,200 waterfowl
died in the 1975 outbreak in the Rainwater Basin Area (Zinkl et al. 1977), 7,500-8,500 were esti~
mated to have died in the spring of 1976, and 7,500-10,000 in the spring of 1977 (A. Trout, unpubl.
data). Losses in the Rainwater Basin Area were low in the spring of 1978, but 3,100 birds, primar-
ily American coots (Fulica americana), died of avian cholera on Lake McConaughy and at the Swanson
Reservoir in Hitchcock County (Hurt 1978). Losses were low again in 1979, but in the spring of
1980 avian cholera occurred on numerous wetlands in the Rainwater Basin Area and nearly 31,000
dead waterfowl were collected (Friend 1981). Sites of heavy waterfowl mortality and their distri-
bution in relation to sandhill crane staging habitat along the Platte River are shown in Fig. 1.

FACTORS CONTRIBUTING TO CHOLERA OUTBREAKS

Numerous factors have been suggested as contributing to avian cholera outbreaks in birds. In
domestic poultry, withdrawal of feed and water, abrupt changes in diet, and environmental stress
are reported to increase the incidence of avian cholera {Heddleston 1972). Mo correlation, however,
was found between temperature and the mortality rate in the 1949-50 Texas outbreak in migratory
waterfowl, although an apparent correlation was noted with wind (Petrides and Bryant 1951).

Bennett and Bolen (1978) found a correlation between wind velocity, relative humidity, and a
stress repsonse in wintering green-winged teal in Texas. The 1970 outbreak on Chesapeake Bay was
preceded by several weeks of extremely cold weather (Locke et al. 1970). The 1964 outbreak at the
Squaw Creek National Wildlife Refuge was associated with cold temperatures, a corn diet, and lead
poisoning in mallards (H. C. McDougle et al., unpubl. rep.). The 1975 Nebraska outbreak was pre-
ceded by a brief snow storm (Zinkl et al. 1977). However, no cause and effect relationship has
been demonstrated between any of the aforementioned factors and the occurrence of avian cholera.

Nutrition has been suggested as an important factor in avian cholera (Rosen and Bischoff 1950),
and outbreaks in common eiders occur during the nesting season when female eiders may lose up to 50°
of their body weight (Korschgen et al. 1978). Avian cholera apparently also occurs in snow geese on
their Canadian nesting grounds when females undergo weight loss during laying and incubation. How-
ever, diet had no apparent influence in the 1949-50 outbreak in waterfowl in Texas (Petrides and
Bryant 1951) and, in fact, waterfowl dying in avian cholera outbreaks frequently are in excellent
condition with abundant fat deposits (Quortrup et al. 1946, Vaught et al. 1967, Locke et al. 1970,
Zink1 et al. 1977, Wobeser et al. 1979). Rosen (1971) postulated that the improving physical con-
dition of waterfowl in spring as they are preparing to migrate to northern nesting grounds might
be an important factor in preventing winter avian cholera outbreaks in California. However, the
persistence of avian cholera within waterfowl undergoing rapid fat deposition on the spring staging
area in Nebraska would appear to discount this hypothesis.

No consistent correlation exists between the total numbers of birds present and the total mor-
tality in avian cholera outbreaks among migratory birds (Rosen 1969, 1971). Apparently the sever-
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ity of outbreaks is influenced by factors other than population size. However, high bird densities
are presumed to facilitate transmission of contagious diseases (Rosen and Bischoff 1950, Jensen

and Williams 1964), and overcrowding and "concentration" frequently are cited as factors associated
with avian cholera outbreaks in migratory waterfowl (Rosen and Bischoff 1950, Petrides and Bryant
1951, Klukas and Locke 1970). The 1970 outbreak on Chesapeake Bay occurred when sea ducks concen-
trated on shallow portions of the bay after cold weather (Locke et al. 1970).

The maintenance of open water by pumping at the Squaw Creek National Wildlife Refuge concen-
trated an estimated 300,000 waterfowl on small water areas and was thought to be an important factor
in the 1964 outbreak (H. C. McDougle et al. unpubl. rep., Vaught et al. 1967). Late fall flooding
followed by winter drought, which resulted in a decrease in the number and size of water areas and
the concentration of waterfowl, was associated with the Toss of an estimated 37,000 waterfowl in
California in 1970-71 (Rosen 1972). High bird densities were cited as a factor in avian cholera
outbreaks among nesting common eiders (Korschgen et al. 1978).

Low water conditions and spring storms which delayed migration were cited as factors which may
have concentrated waterfowl in Nebraska during the spring of 1975, contributing to an outbreak of
avian cholera (Zinkl et al. 1977). However, Rosen (1969) explains that ". . . population density
is considered important in the transmission of disease per se, but another factor is not the total
population of the waterfowl or of any one species, but rather how locally concentrated they are."
However, studies relating actual bird densities to either total mortality or mortality rate in
migratory waterfowl have not been reported, so the relationship remains unconfirmed.

Another major deficiency in understanding the epizootiology of avian cholera in migratory
birds is the absence of information relating the occurrence and magnitude of outbreaks to the im-
mune status of the populations involved. The pattern of the recent avian cholera mortalities in
migratory waterfowl in Nebraska (an initial severe outbreak in 1975, followed by 2 years of reduced
losses, 2 years of relatively low losses, and then another large outbreak in 1980) may reflect
changes in immunity status among populations involved.
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High losses would be expected in the 1st outbreak, because few individuals would be immune.
Losses in subsequent outbreaks would continue at moderate levels until a substantial portion of the
population had been exposed, followed by a decline in mortality to a very Tow level. As the immun-
ity level of the population waned, or as recruitment replaced the immune birds, a susceptibe popu-
lation might then initiate another large outbreak.

The 5-year interval between the serious outbreaks in 1975 and 1980 is compatible with the fluc-
tuating immune status which would be expected in a migratory waterfowl population. Fluctuating
levels of immunity within migratory bird populations might explain the difficulty of demonstrating
consistent relationships between environmental factors and outbreaks, the variations in mortalities
from year to year independent of total bird numbers, and variations in mortality rates within spe-
cies during different outbreaks.

In view of the Tack of definitive findings showing cause and effect relationships, additional
research is needed to identify the conditions that contribute to spread of the disease in wild
populations of migratory birds.

POTENTIAL IMPLICATIONS TO THE SANDHILL CRANE POPULATION

An assessment of the impacts of changing habitat conditions on the occurrence and magnitude of
outbreaks will necessarily remain conjectural until the combined relationships of environmental
stresses, bird density, habitat utilization, and immunity to avian cholera in migratory birds are
better understood. Nevertheless, certain assumptions are warranted regarding avian cholera in
migratory birds on the Platte River Study Area.

It is evident that avian cholera is now established within the migratory waterfowl and crow
populations which gather in south central Nebraska during early spring. Experience with avian
cholera in migratory waterfowl in Texas and California (Jensen and Williams 1964, Rosen 1971), off
the coast of Maine (Korschgen et al. 1978), in the Chesapeake Bay area (Locke et al. 1970, Purs-
glove et al. 1976), and in Saskatchewan (Wobeser et al. 1979, Friend 1981) indicates that, after a
pattern of outbreaks has been established, the disease can be expected to recur. Avian cholera
has now occurred in migratory waterfowl and coots in Nebraska in each of the last 6 years.

It can also be assumed that all species of birds present are susceptible to avian cholera
including sandhill and whooping cranes, bald eagles, and other raptors (Rosen 1971, Zinkl et al.
1977). Exposure will vary among species and be dependent upon their occurrence on outbreak areas,
the specific subhabitats occupied, food habits, and level of association with and exposure to
infected birds.

With avian cholera established in migratory bird populations using the Rainwater Basin Area,
it can be assumed that habitat changes which would increase the densities of birds or the level of
association between flocks and species of birds, or both, will magnify losses or the occurrence of
the disease in different species. Although high bird densities per se do not cause disease out-
breaks, they may contribute to the development of these outbreaks by increasing the number of car-
riers at a specific location. Shedding of disease organisms into dense concentrations of birds
facilitates transmission of contagious pathogens when suitable environmental conditions exist. If
shrinkage of the wetland habitat base continues in the Rainwater Basin Area, it will very likely
increase the densities of waterfowl on remaining wetlands and increase the potential for transmis-
sion during avian cholera outbreaks.

Wetland habitat destruction in the Rainwater Basin Area also can be expected to increase the
level of association between waterfowl and other species of migratory birds, e.g., whooping cranes
~and possibly sandhill cranes in the future, increasing their exposure to avian cholera. If loss of
Rainwater Basin wetlands results in major shifts of the waterfowl population to the Platte River,
this shift would increase the level of association with the sandhill crane population and increase
its exposure to avian cholera. With inadequate flows in the Platte, the potential for high losses

would exist on the River.

Loss of approximately two-thirds of the river channel as roosting habitat for sandhill cranes
has resulted in high densities of birds on the remaining suitable areas (Frith and Faanes, this
proceedings). Dilution and dispersal of the bacterium varies directly with volume of water pass-
ing through the channel; consequently, reduced flows significantly affect exposure even when num-
bers and distribution of birds do not change. If sandhill cranes moved to the Rainwater Basin Area
in response to loss of roosting habitat on the Platte River their level of association with water-
fowl would increase as would their vulnerability to avian cholera.

Habitat deterioration caused by encroachment of woody vegetation in channels of the Platte
River, if not controlled, will probably cause the sandhill crane population to move from the pres-
ent staging areas. The Rainwater Basin Area, where avian cholera outbreaks have become common in
waterfowl, is a potential alternative stopover site for the cranes. A shift by whooping cranes to
the Rainwater Basin Area has already occurred (Johnson, this proceedings) and knowledge that sand-
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hill cranes readily occupy similar habitat elsewhere along their migration route, plus observations
of flocks of sandhill cranes on certain federally owned waterfowl production areas in the Basin
Area (Harvard, Massie, McMurtry, Clark, Hansen, and Prairie Dog)(A. Trout pers. comm.) adds to

the plausibility of this scenario being realized.

If a reduction occurs in the acreage of harvested corn and other grains, it can be expected to
cause increased bird densities and more frequent association of different species on upland feeding
sites and wetlands where food is most plentiful. Although water appears to be a major vehicle for
transmission of avian cholera in waterfowl {Rosen 1971), transmission may also occur by contaminated
food (Rosen 1971, Heddleston 1972). Contaminated food could become an important source of infection
especially if large numbers of infected waterfowl were to feed in fields being utilized by sandhill
or whooping cranes.

The most serijous threat would exist for both cranes and waterfowl if habitat conditions along
the Platte continue to deteriorate and flows cease during spring. With the combination of high
population densities and high levels of association between populations in a nonflowing channel
environment, avian cholera outbreaks very likely would involve virtually all species, i.e., water-
fowl, cranes, and eagles, with Tittle prospect for control and with mortalities being Timited only
by the natural course of the epizootic.

Maintaining adequate flows in the Platte to meet needs of cranes and waterfowl may represent
the only possible prospect for controlling migratory bird Tosses to avian cholera. However, addi-
tional information is needed before a definitive management plan can be developed to control avian
cholera in south central Nebraska. Research has been proposed by the U.S. Fish and Wildlife Serv-
ice's National Wildlife Health Laboratory to address the problem. These studies would necessarily
involve research on the epizootiology of the disease and studies directed toward gathering ade-
quate base-line information on migratory bird usage and movements in the Rainwater Basin Area and
between the basins and the Platte River.
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INVENTORY OF SANDHILL CRANE ROOSTING HABITAT ON THE PLATTE AND NORTH PLATTE RIVERS, NEBRASKA

CHARLES R. FRITH, U.S. Fish and Wildlife Service, Northern Prairie Wildlife Research Center, James-
town, ND 58401

CRAIG A. FAANES, U.S. Fish and Wildlife Service, Northern Prairie Wildlife Research Center, James-
town, ND 58401

Abstract: Determination of the distribution of roosting sandhill cranes (Grus canadensis) along
the Platte and North Platte Rivers in Nebraska is a prerequisite to fully assess habitat needs and
interpret the significance of existing habitat conditions. During the spring of 1979, an aerial
inventory was conducted to locate all sandhill crane roosting areas and to determine their magni-
tude of use. Fifteen early morning aerial surveys revealed that roosting use occurred on 137 of
406 census areas. One hundred and five of 299 census areas on the Platte River, and 32 of 107 cen-
sus areas on the North Platte River were used for roosting. About 30% of the 105 roosting areas

on the Platte River contained 1 to 1,000 cranes. About 51% of 105 areas were used by 1,001-5,000
cranes, and 18% of the areas contained over 5,000 cranes. Similar analysis of the North Platte
River indicated about 37% of 107 areas contained 1 to 1,000 cranes. About 53% of the areas were
used by 1,001-5,000 roosting cranes, and 9% had over 5,000 roosting cranes. The Mormon-Shoemaker
Islands area had the highest density per kilometer of the major roosting areas along the Platte and
North Platte Rivers.

Portions of the Platte and North Platte Rivers of central Nebraska support the largest known
spring concentration of sandhill cranes on the North American Continent. Frith (1974) compared the
North American range of sandhill cranes to an hourglass with the top being the nesting grounds, the
bottom the wintering area, and the restricted portion the Platte River spring staging area.

U.S. Fish and Wildlife Service (1981) estimated that the maximum size of the sandhill crane
population along the Platte and North Platte Rivers ranged from 306,000 to 541,000 in 1979 and 1980.
Most of these birds are the lesser (4. e. canadensie) and the Canadian (6. e. rowani) subspecies.
Lewis (1977) estimated that of the total continental population of lessers, about 20,000 winter in
California. Of the Tesser and Canadian races, all but the California birds stage annually along
the Platte and North Platte Rivers during March and April. Several thousand greater sandhill cranes
(5. c¢. tabida) also stop along the eastern edge of the Platte River staging area (Guthery and Lewis
1979:122) when migrating between their nesting grounds in Manitoba and wintering area along the
Texas Gulf Coast (Melvin and Temple 1980).

Wheeler and Lewis (1972) and Lewis (1979) reported that the number of sandhill cranes censused
along the Platte River varies annually. Those authors found that sandhill cranes occur primarily
in 3 sections of the Platte River: Grand Island to Lexington, North Platte to Sutherland, and the
west end of Lake McConaughy to Lewellen. The mean number of cranes per Tineal kilometer of river
for the 3 areas was 944, 1,076, and 324, respectively, in 1968.

This report summarizes the results of a study designed to locate all sandhill crane roosting
areas, and to determine the magnitude of use each area received.

STUDY AREA

That portion of the area within the Platte River system used by sandhill cranes and reported
on in this study encompasses the Platte and North Platte Rivers beginning south of Chapman on the
Platte then upstream (west) to Kingsley Dam (Lake McConaughy)} on the North Platte River. A map of
the study area can be found in the article by Faanes and Frank (this proceedings). The study area
lies adjacent to or within the counties of Hamilton, Merrick, Hall, Adams, Buffalo, Kearney, Dawson,
Phelps, Gosper, Lincoln, and Keith. Most of the use area is within the "Big Bend" reach of the
Platte River.

Most land within the study area is in private ownership. Present land use is predominately
agricultural, and includes about 15% riparian woodland, 5% tame pasture, 20% native grassland, and
609 cropland (Reinecke and Krapu 1979). A general description of the hydrology and native vegeta-
tion is provided by Williams (1978) and Currier (1981), respectively.

Procec linge 1981 Jrane Worksho: 14



METHODS

To determine sandhill crane densities and distribution at roosting sites the 468-km reach of
these rivers between Chapman and Kingsley Dam was delineated into 406 0.8-km consecutive units.
Sample areas were plotted on 7.5-minute (U.S. Geological Survey [USGS]) quadrangle maps. Sample
area 1 began at the Chapman Bridge (Merrick County) on the Platte River and sample area 406 ended
at Kingsley Dam (Keith County) on the North Platte River. These census areas were categorized to
correspond to their geographical setting. For example, areas 25 through 59 were referred to as the
Mormon-Shoemaker Islands area.

Prominent geographical Tandmarks and riverine features were transferred from the USGS 7.5-min-
ute quadrangle maps to field data sheets to form navigational and recording aids while conducting
the aerial censuses. A roost site was designated as the entire reach of river between 2 bridges.
This distance varied from 9.6 to 20.9 km along the Platte River and greater distances on the North
Platte River. Our census estimates were made from a Cessna 172 aircraft beginning approximately
30 minutes before sunrise.

RESULTS

Our surveys revealed that sandhill cranes roosted on 137 of 406 sample areas (33.7%). One
hundred and five of 299 sample areas (35.1%) were used for roosting on the Platte River and 32 of
107 sample areas (29.9%) were used on the North Platte River.

On 32 of the use areas (30.5%) between Chapman and Lexington, there were 1 to 1,000 cranes
roosting per area. Fifty-four areas contained 1,001-5,000 roosting sandhill cranes (51.4%), and 19
areas (18.1%) supported over 5,000 roosting sandhill cranes (Table 1). Use was substantially less
along the North Platte River. On 12 areas (37.5%) there were 1 to 1,000 sandhill cranes. Seven-
teen areas (53.1%) supported 1,001-5,000 sandhill cranes and 3 areas (9.4%) had over 5,000 sandhill
cranes.

Table 1. Sandhill crane roosting use of the Platte River from Chapman to Lexington and use of the
North Platte River from its confluence with the South Platte River upstream to Lake McConaughy,
Nebraska, 1979.

Cranes per 0.8 km
Location 1-1,000 1,001-5,000 5,000+ Total

Platte River

Census areas 32 54 19 105
Percent use of area 30.5 51.4 18.1 100.0

North Platte River

Census areas 12 17 3 32
Percent use of area 37.5 53.1 9.4 100.0

Maximum use varied considerably between sample areas within each geographical location. Use
also varied considerably between major roost concentration areas. The Mormon-Shoemaker Islands area
(areas 25-59) had the highest density (2,480 sandhill cranes per kilometer) followed by the Wood
River-Shelton area (areas 62-82) with 1,120 sandhill cranes per kilometer. Other areas such as the
Fort Farm-Killgore Islands (83-107), Kearney-Fort Kearney (108-131), Odessa-E1m Creek (132-147), and
Overton-Jeffrey Island (157-169) had 2,105, 121, 1,425, and 325 sandhill cranes per kilometer, re-
spectively. The Hershey area (areas 311-347) contained 1,197 cranes per kilometer.

DISCUSSION

The future of the sandhill crane resource is dependent on preservation of its habitat along
the Platte and North Platte Rivers. Roosting habitat is restricted to those portions of the river
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that have undergone the least amount of change, primarily vegetative encroachment which increases
permanent vegetation on river islands within the channel. This encroachment phenomenon results

from reducing annual peak flow in the river because of upstream water withdrawal activities (Frith
1974). Because sandhill cranes prefer open areas for roosting, water withdrawal is detrimental

and, if continued, will eliminate areas which are currently used by small numbers of sandhill cranes.
Channel deterioration resulting in reduced roosting habitat within the high density areas such as
Mormon-Shoemaker Islands, Wood River-Shelton, Fort Farm-Killgore Islands, Odessa-Elm Creek, and
Hershey could produce a detrimental effect on the entire population.

Habitat conditions appear to have remained stable before 1880 when intensive irrigation of
surrounding uplands began. Present conditions have changed the habitat considerably along the
Platte and North Platte Rivers. These changes appear to be further restricting sandhill crane use
of the area. Frith {1974) indicated that maximum sandhill crane roost areas were within reaches of
the Platte River that had undergone the least amount of change through vegetative encroachment.
This encroachment appears to be the most serious problem confronting sandhill cranes along the
Platte River (Krapu 1979).

Frith (1974) reported that water withdrawal activities have affected the Platte River in the
past and will continue to affect it in the future. Kroonemeyer (1979) indicated that predevelop-
ment flow of the Platte River at Overton was 2,600,000 acre-feet at the turn of the century, com-
pared to the present average annual flow of about 800,000 acre-feet. The present flow is 69% less
than the predevelopment flow.

Contrasting flow criteria and associated sandhill crane use are evidenced by the conditions
occurring at Brady, Nebraska. The present flow at Brady, 77.2 km upstream from Overton, is esti-
mated to be about 420,000 acre-feet annually, or about 84% less than predevelopment flow (Kroone-
meyer 1979). Near Brady, water is diverted into a series of reservoirs and canals for power pro-
duction and irrigation purposes with a portion being returned to the river above Overton. This
stretch of river downstream to near Overton is now devoid of crane use.

Williams (1978) studied a 480-km reach of river extending from Minatare on the North Platte
River to Grand Island on the Platte River (which includes the Brady to Overton stretch), and found
that most river channels have changed considerably. Changes in the 365-km stretch from Minatare
to Overton differ in magnitude and sometimes in character from the downstream stretch from Overton
to Grand Island. Williams (1978) found that by 1969 the Minatare-Overton reach was only about
0.1 to 0.2 as wide as in 1865. In 1969, the channel in this reach was less braided and slightly
more sinuous than the 1938 channel. From Overton to Grand Island, the 1969 channel was approxi-
mately 0.6 to 0.7 as wide as in 1865, and changes in braiding and sinuosity took place between
1938 and 1969. Williams (1978) concluded that changes in channel width were related to decreases
in water discharge caused primarily by the regulating effects of major upstream dams and the greater
use of river water by man.

The latter statements are supported by recent studies concerning loss of open water and barren
sandbar habitat from 1938 to 1965 or 1969 (U.S. Fish and Wildlife Service, Grand Island, Nebraska,
unpubl. data). These studies compared the loss of open water and barren sandbar habitat within a
21.1-km reach of the North Platte River from near Hershey to near North Platte; a 108-km reach of
the Platte River east of North Platte to near Lexington; and a 143-km reach of Platte River east of
Lexington to Chapman, Nebraska. Losses of open water and barren sandbar habitat along these reaches
of river amounted to about 67%, 81%, and 45%, respectively. These losses of open water and barren
sandbar were replaced almost entirely by woody vegetation.
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MORMON ISLAND CRANE MEADOWS - PROTECTING HABITAT FOR CRANES ALONG THE PLATTE RIVER, NEBRASKA

GARY R. LINGLE, The Nature Conservancy, 2550 N. Diers Avenue, Suite H, Grand Island, NE 68801

Abstract: In December 1979, nearly 810 ha (the Mormon Island Crane Meadows [MICM])} of prime habi-
tat for spring-staging migratory water birds were acquired in Nebraska through a cooperative effort
of The Nature Conservancy (TNC) and the Platte River Whooping Crane Critical Habitat Maintenance
Trust. Through a lease agreement with the Trust, TNC is responsible for developing a management
plan for the site. The specific management objectives are to maintain or enhance the habitat for
whooping cranes (Grus americana) and sandhill cranes (Grus canadensis), and to restore a native
tallgrass plant community. An inventory of the flora and fauna on MICM has to date identified
nearly 1,000 species. A crane observation facility was constructed by the Trust in February 1981
to enable public viewing of sandhill cranes roosting on the river. Plans for the long-term manage-
ment of the upland habitat include a combination of prescribed burning, grazing, and haying. Up-
land habitat manipulation studies will commence in 1982 to analyze the effects of management prac-
tices on crane use and distribution. Riparian crane roosting habitat will be managed by mechanical
control of the woody vegetation in order to maintain open channels and retard encroachment of woody
vegetation.

The Platte River Valley has for many decades been recognized as an important congregation area
for migratory water birds. Estimates of 5 to 9 million ducks and geese, including 70 to 90% of the
midcontinent white-fronted goose (4user albifrons) population, and 80 to 100% of the midcontinental
population of sandhill cranes use the Platte and adjacent wetlands each spring {Kroonemeyer 1979).
The Big Bend region of the Platte is also a major stopping area for the endangered whooping crane
(USFWS 1981). Our understanding of the role the Platte Valley plays as a staging area for cranes
has evolved from the early descriptive observations of Walkinshaw (1956) to the modern technical
methodologies employed by Melvin and Temple (1980 and this proceedings) and USFWS (1987).

Broad-scale efforts to protect the habitat in key portions of the Platte Valley for the well-
being of this international migratory bird resource have largely been unsuccessful (Kroonemeyer
1979). Each year riparian habitat attrition and degradation continues through conversion of meadow
areas to intensive agricultural lands and the encroachment of woody vegetation on river channels
and islands {Williams 1978, Currier 1981, USFWS 1981). Proposed water diversion projects also
threaten to further reduce the meager flows existing in the Platte River system with a potential
net effect of accelerating the current rate of degradation. The saying "Time is of the essence" is
especially applicable if we are to preserve this unique area.

The greatest local spring concentration of sandhill cranes was in a 17.7-km (11-mi) stretch of
the Platte River southwest of Grand Island, Nebraska, in Hall County, including MICM (Frith 1974).
Roosting densities of cranes often reached 10,000 birds/0.8 km (0.5 mi) in this area. Frith (1974)
classified this section, which was comprised of Mormon and Shoemaker Islands, as pristine. TNC
Tearned of an opportunity to purchase a 5.6-km (3.5-mi) segment of river frontage within this pris-
tine area and was anxious to negotiate with the landowner.

I thank all of those who participated in the resource inventory of MICM. Chuck Frith, Mia Hay,
and John VanDerwalker provided some of the observations of crane use of the field control-burned
at Lilian Annette Rowe Sanctuary this year. John Quirk and Russ Hettinger allowed us access to
areas leased for grazing. Mia Hay drafted the figure and Connie Stroman typed the manuscript. Rex
Boner critically reviewed the manuscript.

ACQUISITION

TNC received an option to purchase Mormon Island Crane Meadows (MICM) in April 1979, nearly
8 years after their 1st offer. The price was approximately $1.6 million. In September, TNC con-
tacted the newly formed Platte River Whooping Crane Critical Habitat Maintenance Trust (VanDerwalker,
this proceedings) to seek the funds for acquisition. The Trust agreed to the purchase provided they
retained title to the property. A 5-year lease agreement was established between the Trust and TNC
in which the Conservancy was responsible for developing a long-term management plan for the area.
In December 1979, TNC exercised its option to purchase and transferred the title to the Trust as
part of the lease agreement.

MICM was purchased with an existing grazing lease in effect. This lease expires 14 March 1982.
In the interim, we are developing a management plan which will address research needs, public use,
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Fig. 1. Habitat types of Mormom Island Crave Meadows amd adiacent lands.

and guidelines for future grazing leases. The purpose of this plan is to ocutline and implement
those practices which are compatible with the needs of cranes based on our current understanding of
their ecology. Habitat manipulation studies are scheduled to begin March 1982.

RESOURCE INVENTORY

A standard policy of TNC before on-ground management is to inventory the flora and fauna occur-
ring on the preserve so that management objectives can be tailored for that specific site. Such was
the circumstance with MICM. Seven phases of this work were contracted to 11 professionals in May
1980. Final reports were received from them in June 1981. The 7 categories studied were: (1)
plant community types, (2) floristics, (3) insects, (4) fish, (5) herpetofauna, (6) birds, and (7)
mammals. Voucher specimens were housed at the State Museum at Lincoln, Nebraska.

General upland habitat types include approximately 415 ha (1,026 acres) of wetland meadow,

221 ha (545 acres) of native and tame hay, 42 ha (103 acres) of alfalfa, 23 ha (57 acres) of corn,
and 30 ha (74 acres) of miscellaneous (Fig. 1). The remaining area is accretion land. A total of
262 plant species was collected on the area (Kolstad 1981). No rare or endangered plants were en-
countered. Diversity in the grassland was approximately 14 plant species/m? (Nagel 1981).

One hundred and thirty-five families of insects were collected. This taxa was well represented
and was typical of similar lowland prairie sites (Ratcliffe 1981). The herpetofauna work discov-
ered 10 species. Generally, amphibians were more common than reptiles. The most common amphibians
were striped chorus frogs (Pseudacris triserista) and the plains leopard frogs (Rana Bluiri). Six-
Tined racerunners (Cnemidovhorus sexlineatus) and garter snakes (Thammor his sp.) were the most
abundant reptiles (Ballinger 1980). Thirty-three species of fish (Cochnar and Jenson 1981), 23
species of mammals (Springer 1981}, and 177 avian species (Hay and Lingle 1981) were recorded for
the area. Two federally listed endangered species of birds, the bald eagle (/Hulincotus lrucoce h-
alus) and the peregrine falcon (Falco peregrinus), were observed, both of which are transients. A
maximum of 18 bald eagles was counted in March 1980. The least tern (Sterna allifrons), listed by
Nebraska's state government as threatened, occurs on riverine isliands next to MICM.

Base-1ine data were collected on sandhill crane use of the MICM area between 14 February and
15 April 1981 (Hay and Lingle 1981). The 1st crane arrived on 14 February. Numbers gradually
increased and peaked on 25 March when 31,420 cranes were observed on the wetland meadows. Temporal
aspects of sandhill crane use of MICM, roosting densities and distribution, and factors influencing
crane behavior are discussed in another paper (Hay and Lingle, in prep.).

MANAGEMENT OBJECTIVES

Two management goals must be attained in order to meet the habitat needs for sandhill and
whooping cranes: (1) Maintain low-stature vegetation for feeding and loafing within the upland
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habitat, and (2) maintain open channel conditions for roosting within the riparian habitat. Pre-
scribed burning can be a useful management tool in providing low-stature vegetation for cranes.
Labuda and Butts (1979:151) reported whooping cranes "will exploit recently manipulated (burned,
mowed, grazed) upland grass communities from 1 week to 24 months after the treatment occurs." USFWS
(1981) found sandhill cranes avoided areas with tall, dense cover. In areas where rank growth was
spring burned, sandhill cranes occupied the sites and were feeding on earthworms (USFWS 1981).

Management of the Lillian Annette Rowe Sanctuary of the National Audubon Society near Gibbon,
Nebraska, has provided insight in controlled burning as a management tool for cranes. Cranes were
immediately attracted to approximately 101 ha (250 acres) of grassland following burns in early
April of 1979 and 1980. Two whooping cranes were observed on the 5th day following the burn in
1980 (USFWS 1981). Apparently the availability of a concentrated food source (earthworms in this
situation) caused the cranes to congregate on the burned area. On 24 March 1981 the tract was
burned again; however, the response by cranes was quite different from previous years. Cranes were
not observed using the area on 6 occasions when the tract was checked between 24 March and 11 April
although large numbers of cranes were present in the immediate vicinity. Twenty cranes occupied
the burned site on 3 April. It may be that the extremely dry and mild weather conditions during
the preceding 7 months influenced the Tlocal invertebrates to such an extent that they were not
accessible like they were after the burns in 1979 and 1980. These observations emphasize the need
for several years of study before large-scale management practices are implemented.

Low-stature vegetation in the uplands can be maintained by a combination of mowing, grazing,
and prescribed burning. We plan to experimentally assess the relative value of each treatment in
terms of crane use. After several years of data are collected, upland habitat management will
encompass the best combination of treatments.

The importance of invertebrates in the diet of sandhill cranes has been elucidated by Reinecke
and Krapu (1979) and USFWS (1981). Intensive study of invertebrate populations will be done within
various treatments to complement crane-use data and provide a better understanding of the ecology
of this crane staging area.

The encroachment of woody vegetation in riparian sites has reduced suitable roosting habitat
for cranes (Currier 1981, USFWS 1981). Removal of this woody growth will begin in the summer of
1982 on selected sites bordering MICM. Mechanical methods will be used because lack of fuel pro-
hibits the use of fire and use of chemical methods can be hazardous on a riparian system. Cranes
prefer channels at least 150 m wide and use diminishes when the channel becomes less than 55 m
(USFWS 1981). Mechanical control is a costly undertaking and alternative methods may be applied
on an experimental basis.

A broad goal of TNC is maintenance of the full natural diversity of species and communities
representative of the grassland biome. The existing condition of MICM's grasslands reflects over-
use by cattle and an abundance of introduced plant species. This lowland prairie community along
the Platte Valley is jeopardized by conversion to intensive agricultural land. Another management
objective is to restore and revitalize the grassland to native prairie.

PUBLIC USE

Public use of the area is restricted and is by reservation only. A sandhill crane viewing
facility was constructed by the Trust in February 1981. The bunker-type blind offers visitors a
wide panorama of grasslands and overlooks a major roosting concentration of cranes. A portion of
the funds for the construction of this facility was generously donated by children from 43 states
and 5 Canadian provinces as a result of an article appearing in the March 1980 issue of Ranger Rick
magazine. This structure is dedicated to the children of North America. The facility was open to
the public on a reservation basis from 7 March to 11 April 1981. The interest in observing cranes
was reflected by the enthusiasm and broad geographic origin of the visitors (Table 1). Maintenance
costs were defrayed by donations. The blind will be open again this spring between 6 March and 10
April 1982 by reservation.

We hope to stimulate public awareness and appreciation of the Platte River Valley and to main-
tain MICM in a condition favorable to the tremendous numbers of migratory waterbirds visiting the
area each spring. MICM is just a small step towards reaching those goals and assuring the contin-
uance of this natural spectacle.
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Table 1. Visitor use of the sandhill crane viewing facility, 7 March - 11 April 1981.

Number of Number of
Origin visitors Rank Origin visitors Rank

Alaska 2 10 Nebraska 320 1
Arkansas 2 10 New Jersey 1 1
California 3 9 New York 1 11
Colorado 2 10 North Dakota 1 11
Hawai i 2 10 Ohio 1 11
Idaho 1 11 South Dakota 27 3
I1Tinois 2 10 Washington, D.C. 4 8
Indiana 1 11 Wisconsin 15 6
Towa 31 2 British Columbia 1 11
Kansas 24 5 England 1 1
Massachusetts 2 10 West Germany 1 11
Minnesota 26 4

Missouri 8 7 Total 479
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CHARACTERISTICS OF DIURNAL SANDHILL CRANE FLOCKS IN THE PLATTE RIVER VALLEY, NEBRASKA

CRAIG A FAANES, U.S. Fish and Wildlife Service, Northern Prairie Wildlife Research Center, James-
town, ND 58401

ANTHONY M. FRANK, U.S. Fish and Wildlife Service, Northern Prairie Wildlife Research Center, James-
town, ND 58401

Abstract: During March 1979, extensive observations were made of tne numbers of sandhill cranes
(Grus canadensis) along the Platte and North Platte rivers, from Grand Island to Lexington, and
North Platte to Lewellen, Nebraska. Data were collected on the number of individuals occupying a
legal quarter section (64.8 ha), habitat use, number and size of flocks, and time of observation
in each of 9 census areas. Largest numbers of sandhill cranes occupied the Platte River during
the Tatter 2 weeks of March in 1979. Sandhill cranes apparently occur in largest flocks during
1200-1300 hours. Qur data suggest that future stratified aerial censuses would be best handled if
they were conducted before 1000 or after 1300 hours.

The importance of the central Pilatte River Valley in Nebraska to migrant sandhill cranes has
long been recognized. Because of this importance, numerous field investigations have dealt with
population estimation, feeding ecology, habitat use, and the significance of the area in preparing
cranes for continued migration and for reproductive performance.

Since 1957, the U.S. Fish and Wildlife Service has been actively involved in aerial and ground
census of sandhill cranes. The Tst aerial surveys involved predawn counts of birds occupying the
main roosting areas adjacent to the Platte River. Lewis (1978) believed that this approach was
inadequate because population changes of =25% over several years could not be detected. Because of
the inadequacies involved with predawn counts of cranes, Ferguson et al. (1979) compared the effec-
tiveness of stratified ocular and photographic counting methods. Their aerial survey differed from
earlier attempts because birds were counted from mid-morning to mid-afternoon.

Results of the Ferguson et al. (1979) experiment, and subsequent counts made in 1980 (E. L.
Ferguson, pers. comm.) suggest that more reliable estimates of sandhill crane populations along the
Platte River are attainable with photographic techniques. Sandhill cranes during the day typically
aggregate in huge flocks. Stratified photographic census is conducted when sandhill cranes are in
these large flocks. Several biases can affect count totals because the birds are not randomly dis-
tributed; thus population estimates can vary considerably.

During the spring 1979 staging period, we conducted field work on characteristics of sandhill
crane flocks along the Platte River. OQur results provide information on diurnal periods when sand-
hill cranes form their Targest flocks and have applicability to future aerial photographic censuses.

These data were gathered with the assistance of the several employees of the U.S. Fish and
Wildlife Service in Jamestown, North Dakota, and Grand Island, Nebraska, and the Oklahoma Coopera-
tive Wildlife Research Unit. J. Andrew and D. Johnson commented on an earlier draft of the manu-
script.

STUDY AREA AND METHODS

The study area extended for 230 km along the Platte River between Grand Island and North
Platte, Nebraska, and for 97 km along the North Platte River between North Platte and Lewellen,
Nebraska. The study area was divided into 9 census units. The north-south boundaries of these
areas approximated those of Ferguson et al. (1979). East-west boundaries were marked primarily by
the location of river bridges (Fig. 1).

Field observations of sandhill cranes within each staging area were made during 5-26 March.
These dates were selected to coordinate available manpower and to coincide with typical dates of
peak sandhill crane numbers. Sandhill crane numbers were determined by a systematic ground search
of each quarter section (64.8 ha) within each of the census areas.

Depending on crane densities and size of the census area, each of 14-16 observers was assigned
a portion of the river valley in a staging area. Each census began at 0900 and typically ended by
1400, although some occasionally extended to 1600. The number of sandhill cranes on each quarter
section in a census area was tabulated each date. The number and sizes of flocks, time of day, and
habitat type associated with each flock were recorded. Data were tested for significance using the
GLM procedure in SAS (SAS Institute 1979).
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RESULTS AND DISCUSSION
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Number of Flocks (8) North Platte, and (9) Lewellen.

A flock of sandhill cranes was defined as
any aggregation of birds that was spatially in-
dependent of other birds. Flock sizes ranged from single birds to 1 flock with 10,000 individuals
observed at North Platte on 26 March (Table 2).

Data were collected on 1,665 sandhill crane flocks in 1979. The North Platte and Audubon
South census areas supported 21.0% and 21.9% of the flocks observed (Table 3). The number of
flocks differed significantly among areas (P = 0.001). The greatest number of flocks occurred dur-
ing the period 0900-1100 hours (P = 0.05). The number of flocks decreased rapidly after this per-
jod, as indicated by the significantly different numbers between 1000-1100 and 1100-1200 hours
(P = 0.05). The Towest number of flocks occurred during 1200-1300 hours.

fable 1. Numbers of sandhill cranes (and percentages of total weekly population) by individual
staging area along the Platte River, Nebraska, 1979.

March census date

Staging area 5 12 20 26
Grand Island - Kearney
Grand Island 110 ( 0.1) 805 ( 0.7) 16,340 ( 6.3) 13,612 ( 5.3)
Shelton North 0 618 { 0.5) 6,422 ( 2.5) 17,120 ( 6.7)
Shelton South 10,099 (12.2) 11,516 ( 9.8) 38,562 (14.9) 42,581 (16.6)
Audubon North 19 (<0.1) 540 ( 0.5) 7,223 ( 2.8) 4,671 ( 1.8)
Audubon South 34,766 (42.0) 37,915 (32.4) 69,122 (26.8) 57,359 (22.3)
Overton - Elm Creek
Overton North 0 8,175 ( 7.0) 6,623 ( 2.6) 11,110 ( 4.3)
Overton South 11,964 (14.5) 14,681 (12.6) 25,057 ( 9.7) 11,974 ( 4.7)
North Platte 25,105 (30.3 41,048 (35.1) 85,588 (33.2) 93,750 (36.5)
Lewellen 750 ( 0.9) 1,585 ( 1.4) 3,175 ( 1.2) 4,412 ( 1.7)

Totals 82,813 116,943 258,112 256,589




Table 2. Frequency distribution of sandhill
crane flocks during 0900-1300 hours.

Percent
Flock size Flocks total
1-50 276 26.9
51-100 137 13.3
101-199 125 12.2
200-499 237 23.1
500-750 76 7.4
751-999 39 3.8
1000-1999 100 9.7
2000-2999 21 2.0
3000-4999 9 0.9
5000-9999 6 0.6

Mean Flock Size

Table 3. Number of sandhill crane flocks
observed in each staging area by diurnal
period.

Time

Staging area 0900 1000 1100 1200 1300
Grand Island 26 14 12 1 2
Shelton North 46 29 0 25 3
Shelton South 92 179 66 22 14
Audubon North 2 4 2 9 11
Audubon South 83 148 107 24 a
Overton North 35 125 20 19 a
Overton South 45 42 18 15 2
North Platte 78 72 66 47 84
Lewellen a a 33 23 10

Totais 407 613 224 185 126

% total 24.6 37.0 19.6 11.2 7.6

%No data available.

Mean flock size was significantly different among areas (P = 0.039) as well as among time per-

iods (P = 0.004).
than all the other areas (P = 0.05).

Between areas, Audubon South and Grand Island supported larger mean flock sizes

Our data vary considerably from that of Bliese (1976), because the highest flock frequency we
Bliese noted that in the Gibbon to Overton region,

observed was in the range of 1-50 and 200-500.

about 77% of the flocks were made up of 50 or fewer birds and 84% had less than 100.
26.9% of the flocks contained 50 or fewer birds and 40% had fewer than 100.

We found that
This difference is

probably related to observer variability and different considerations of what constitutes a flock,
rather than actual changes in flock size or the number of flocks over several years.
Largest mean flock size occurred during 1200-1300 hours, and the Towest means occurred before

1000 (Table 4).
(P = 0.05).

During 1200-1300 hours, flock size was significantly different than at other times
Flock sizes during other time periods were generally similar.

Throughout the study

area, flock size increased slowly through mid-morning, peaked at 1200 hours, and then declined

sharply thereafter (Fig. 2).

Changes in diurnal flock size and the number of flocks per area are probably related to

cnhanges in feeding and social requirements during the day.

Table 4. Mean sandhill crane flock size in a
staging area by diurnal period.

Time

Staging area 0900 1000 1100 1200 1300
Grand Island 450 325 495 1000 184
Shelton North 70 130 a 297 478
Shelton South 200 200 336 1019 288
Audubon North 40 333 275 979 152
Audubon South 392 405 644 823 a
Overton North 72 97 278 224 a
Overton South 273 870 426 447 204
North Platte 100 398 474 464 520
Lewellen a a 57 73 124

Mean 177 309 332 592 217

o data available.

Wheeler and Lewis (1972) reported that
sandhill cranes leave primary roost sites along
the river at sunrise and 1st occupy pastures
and hayfields within 0.8 km of the roost. Frit-
zell et al. (1979) reported that use of cropland
(primarily corn) was greatest during early morn-
ing and again in early evening. Sandhill crane
movements during both periods probably corre-
spond with use of corn to replenish energy re-
serves before and after roosting for the night.
Fritzell et al. (1979) reported that hab-
itat use among radio-marked sandhill cranes in-
cluded 68% use of cropland and 18% use of native
grass (in this instance, primarily wet meadows).
Reinecke and Krapu (1979) speculated that sand-
hill cranes occupied cornfields to replenish
depleted energy reserves and then moved to
native grasslands to obtain a protein source.
Miller and Stephen (1966) reported that
spring migrant sandhill cranes at Last Mountain
take, Saskatchewan, exhibited behavior similar
to that which we observed in this study. Al-
though they were working with a much smaller
population of birds (N = 4,647), 93% of the
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Fig. 2. Changes in mean flock size and the number of flocks of sandhill cranes. Mean flock size
18 shown with a solid line, the number of flocks is shown with a dashed line.

sandhill cranes they observed left their roost sites in flocks of <10, but later formed large feed-
ing flocks. Madsen (1967), working with fall migrant sandhill cranes in North Dakota, similarly
observed that the size of flocks leaving the roost was small, but at feeding sites cranes formed
large flocks, particularly around 1200 hours.

Because formation of large flocks among sandhill cranes is apparently widespread and regular,
it may signify more than a random occurrence. These aggregations are apparently commonplace in
bird migration. Wynne-Edwards (1965) referred to such aggregation as epideictic phenomena which
include "displays or special occasions which allow all the individuals taking part to sense or
become conditioned by population pressure." If this is correct, then we suggest that the function
of these aggregations of sandhill cranes may be social stimulation for initiating the next segment
of migration. Large aggregations may also serve to further stimulate breeding adults for the nest-
ing season. However, Madsen's (1967) observations of similar behavior during fall migration may
tend to rule out that possibility.

MANAGEMENT IMPLICATIONS

The importance of the spring aerial sandhill crane census along the Platte River cannot be
overstated. The Platte River Valley is the logical place to obtain the most accurate estimate of
the total because virtually the entire Central Flyway population uses the area.

OQur data suggest that, depending upon the census method to be used, there may be 2 optimal
diurnal periods for conducting aerial sandhill crane censuses. The number of sandhill crane flocks
was typically largest during 0900-1100 hours; consequently, the stratified aerial survey described
by Ferguson et al. (1979) would probably be best conducted during those periods. Censusing of
smaller flocks would yield a more precise estimate of the population by reducing the variance of
the estimates. Hence, intensive censusing is suggested during periods of small flock size.

Stratified aerial surveys conducted during 1100-1300 may result in population estimates with
reduced reliability because the number of flocks during the period is smaller, but mean flock size
is significantly larger. With a greater degree of clumping of sandhill crane numbers during that
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period, the chance of recording smaller flocks decreases. Ferguson et al. (1979) reported that the
probability of counting errors during ocular surveys increases significantly with increased flock
size. However, some past surveys have been conducted to determine the largest number of birds in

a given area during the shortest time period. In the Tatter situation, counting sandhill cranes
during 1100-1300 hours would be most desirable.

Probably the most reliable surveys in the future could be made by using several aircraft simul-
taneously over the entire study area rather than the present situation where oniy 1 aircraft is used
Ideally, future surveys would be conducted with 4 aircraft in 4 areas: Grand Island to Shelton
Bridge; Shelton Bridge to Kearney; Kearney to Lexington; and North Platte to Sutherland. Several
thousand sandhill cranes use the Clear Creek marshes east of Lewellen, and these should be censused
more reqularly in the future. These birds usually gather in large flocks directly adjacent to the
North Platte River during the early afternoon (Faanes, in prep.). Because of this, an aerial sur-
vey could be conducted on the same day as the North Platte survey. Rather than a stratified sample,
most of these birds at Lewellen could be counted by photographing the wet meadows along the river,
and a reliable total count would probably be obtained.
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RELATION OF HYDROLOGIC AND GEOMORPHIC CHANGES TO WILDLIFE HABITAT IN PLATTE RIVER CHANNELS,
SOUTH-CENTRAL NEBRASKA

R. F. HADLEY, U.S. Geological Survey, Box 25046, Denver Federal Center, Denver, CO 80225

T. R. ESCHNER, U.S. Geological Survey, Box 25046, Denver Federal Center, Denver, C0 80225

Abstract: Flow regime and channel morphology in the Platte River basin have changed significantly
since about 1860. Channel widths of the Platte River in the 1970's at 6 locations between Cozad
and Ashland, Nebraska, ranged from 9 to 92% of the 1860 widths. Regulation of flow by onstream
dams and reservoirs, diversions of surface water, pumping of groundwater for irrigation, power gen-
eration, and other uses, have had significant effects on the hydrology of the basin. These changes
also have had, through their effects on channel morphology, cumulative detrimental effects on the
riverine habitat of sandhill cranes (Grus canadensis), whooping cranes (G. americana), and other
migratory birds.

INTRODUCTION

The Platte River and its tributaries, the North Platte and South Platte rivers (Fig. 1), are
typical of streams that originate along the Continental Divide in the Rocky Mountains and flow over
the semiarid to subhumid Great Plains. Much of their flow is derived from spring snowmelt in the
mountains. Most of the streamflow has been appropriated for irrigation of crops, for municipal and
industrial use, and for generation of hydropower. The rivers have been an integral part of the
economy of the region since the mid-19th century.

Migratory waterfowl also use the river and adjacent farmland in the Platte River Valley of cen-
tral Nebraska during their annual migration stopover in March and April. An estimated 70 to 80% of
the world's lesser and Canadian sandhill cranes (G. c. canadensis and G. e. rowanizi) and a small
number of whooping cranes use the river channel and adjacent agricultural land between Shelton and
Grand Island, Nebraska, each year on their way to Canada, Alaska, and Siberia (Williams 1978).
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Concern for the habitat of the sandhill cranes, whooping cranes, and other migratory birds
prompted a study of the Platte River basin that included hydrologic regime, changes that have
occurred in channels since settlement of the basin, and possible effects of these changes on water-
fowl habitat. One of the objectives of the study by the U.S. Geological Survey, begun during 1979,
was to investigate and document historical changes in channels and hydrology since 1860. The pur-
pose of this paper is to summarize the results of that part of the study.

We thank the following members of the Upper Platte River Project who worked with us in collec-
tion of data and in preparation of interpretive reports: J. E. Kircher, M. R. Karlinger, K. D.
Crowley, and A. V. Vecchia, Jr.

STUDY AREA

The South Platte and North Platte rivers originate in the Rocky Mountains of Colorado. After
leaving the mountains, the rivers flow across the plains and form the Platte River at their con-
fluence at North Platte, Nebraska (Fig. 1). The Platte River flows eastward through Nebraska to
the eastern border of the state. The reach of the river that is considered to be critical water-
fowl habitat by the U.S. Fish and Wildlife Service extends from Shelton to Grand Island, Nebraska,
a distance of about 40 km.

HYDROLOGIC CHANGES

Water development within the Platte River basin has had a significant effect on both surface-
water and groundwater hydrology. Use of surface water has changed the flow regime, and pumpage
has caused groundwater levels to decline adjacent to some river reaches.

Large changes have been recorded in flood peaks, mean annual discharge, and lTow flows, as indi-
cated by changes in the shape of flow-duration curves at some gaging stations. Peak flows on the
North Platte River have been decreased by construction of dams (Williams 1978, Kircher and Karlin-
ger 1981). Impoundment of flows in the South Platte River basin has been less extensive than in
the North Platte River basin. As a result, peak flows of the South Platte River have not decreased
significantly with time, except near North Platte, Nebraska (Kircher and Karlinger 1981). The
recorded decreases that have occurred on the South Platte River are from surface-water diversions
upstream from North Platte. Reduction of flood peaks on the North Platte River has caused the
South Platte River flood peaks to become a more significant component of Platte River flood peaks.
Peak flows of the Platte River near Overton, Nebraska, have decreased during the period of record
(1914-80), but the decrease occurred before 1935. Hydrologic records for the Platte River near
Grand Island, available only since 1935, show no significant change in flood peaks. A longer
hydrologic record at Grand Island would be expected to show a decrease of flood peaks similar to
that recorded near Overton.

Annual mean discharges of the North Platte River near North Platte, Nebraska (1895-1980), and
of the Platte River near Overton, Nebraska (1914-80), have decreased during the period of record,
probably as a result of impoundment of water by upstream reservoirs. Annual mean discharge near
Grand Island has increased only slightly since 1935 although annual mean discharge upstream of
Grand Island has changed significantly (Kircher and Karlinger 1981).

The shapes of flow-duration curves, plots of the probability distribution of mean daily flows
at a gaged site, have changed with time for many gaging stations on the Platte River and its major
tributaries (Eschner 1981, Kircher and Karlinger 1981). Slope of the flow-duration curve graphi-
cally represents variability of streamflow, and the position of the curve represents magnitude of
streamflow. The curves for a given station, computed for short intervals of the period of record,
show a reduction in short-duration flows; this reflects construction of dams. An increase in mag-
nitude of long-duration flows has occurred because of temporal redistribution of flow by reservoir
regulation, and return flow to the river, both as surface water and groundwater. These changes
indicate that the flow of the Platte River is becoming less variable and has a greater baseflow
component than it did before regulation by dams (Fig. 2).

The Platte River is in hydraulic connection with Quaternary sediments and with the Ogallala
Formation of Tertiary age, which together comprise the principal aquifer in the Platte River valley
(Lappala et al. 1979). The river acts as a control on the groundwater system and can affect
groundwater Tevels.

Stage changes of the Platte River affect groundwater levels adjacent to the river. Water prob-
ably fiows from the river to the aquifer at all river stages, but the rate of flow is greatest at
high stages and least at Tow stages. The magnitude of stage change, the distance from the river,
and the hydraulic properties of the aquifer all affect the magnitude and rate of changes in ground-
water levels. Changes in the rate of evapotranspiration partly offset the effects of river-stage
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Fig. 2. Selected flow-duration curves, Platte River near Overton, Nebraska (water years 1931-79)
(after Kircher and Karlinger 1981).

variation. As groundwater Tevels rise, evapotranspiration increases, whereas evapotranspiration
decreases when groundwater levels decline.

Groundwater pumpage affects both surface-water and groundwater levels, but the relationship
between pumpage and changes in water levels is complex. Drawdown caused by pumpage can cause en-
hanced flow from the river into the aquifer, resulting in decreased river stage. Return flows from
recharge of applied irrigation water have contributed to the reduction of days of no flow and in-
creased the magnitude of long-duration discharges. Pumpage causes groundwater levels to decline;
however, this decline may result from a change in water-table gradient locally rather than from
appreciable Toss of storage regionally.

Changes in groundwater level have not been uniform throughout the Platte River basin. Net
rises in the elevation of the water table have resulted from seepage of water from canals and res-
ervoirs. Net Towering of the water table has resulted from groundwater pumpage.

MORPHOLOGIC CHANGES

Morphologic changes of the Platte River were documented by measuring channel width at specific
locations on a General Land Office (GLO) map made about 1860, and on 6 sets of aerial photographs
taken during the period 1938-79. Width of the Platte River channel generally has decreased with
time (Table 1). The percentage of the channel, measured from GLO maps, that was occupied by the
river at various times is shown in Fig. 3 for 6 river reaches. It is apparent that the rate of
channel narrowing decreases in a downstream direction. This decrease probably is due to less irri-
gation development in the eastern part of the basin. The Platte River near Ashland, downstream
from the confluence with the Loup River which has not had major hydrologic change, has shown very
little change in channel width.

The rate of width reduction has varied with time. Before 1938, when the 1st aerial photo-
graphs were taken, the rate of channel-width reduction was relatively slow. The channel width
narrowed rapidly from 1938 until about 1955. Since the mid-1950's, the channel-width reduction
generally has been minimal. Channel widths in the 1970's, compared with 1860 widths, ranged from
9% near Cozad to 92% near Ashland (Fig. 3).

Decrease in channel width had occurred by 1938, but it is difficult to determine when the
decreases began. A 1902 station description from a U.S. Geological Survey gage Tocated near Lex-
ington, Nebraska, indicates that the channel width was the same as it was in 1865. Thus, in south-
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Table 1. Channel widths (m) of the Platte River, Nebraska, at selected locations in a downstream
order.

Grand

Year Cozad Overton Kearney Island Duncan Ashland
1860 1,161 1,545 1,484 1,700° 826 594
1938 1,015 890 1,298 704 -- --
1941 -- -- -- -- 600 515
1949 -- -- -- -- -- 539
1950 -- -- -- 643 543 --
1951 204 451 698 -- -- --
1955 -- -- -- -~ -~ 521
1957 113 460 695 664 521 --
1959 -- -- ~- -- -- 533
1963 110 408 308 530 -- --
1964 -- ~- -~ -~ 448 --
1965 -- ~- -- -- - 530
1969 113 387 293 472 -- --
1970 -- ~- -- -- 424 --
1971 -- ~-- -- -- -- 549
1978 -- -- -- -~ 41 --
1979 110 405 247 387 -- --

Channel width from Grand Island, Nebraska, 30-foot topographic quadrangle, 1898.

central Nebraska, morphologic change of the Platte River apparently began sometime between 1902 and
1938.

CAUSES OF HYDROLOGIC CHANGES

The major causes for hydrologic changes in the Platte River basin probably are: (1) Climatic
change, and (2) development of surface water and groundwater for a variety of uses. An analysis
of precipitation statistics for Gothenburg, Kearney, and Grand Island, Nebraska, for 1939-78 shows
large standard deviations among months but no trend indicating climatic change (Vecchia 1981).
Therefore, we assume that most of the streamflow changes are attributable to water development or
to changes in precipitation before 1939.

Water resources of the Platte River basin have been extensively developed. Irrigation began
in the middle to late 1800's and developed slowly until the end of the 19th century. These early
irrigation developments consisted of surface-water diversions; construction of large onstream res-
ervoirs began about 1900. Groundwater for irrigation came into popular use during the 1930's; how-
ever, in the early 1980's, groundwater withdrawals for irrigation far exceeded those of the earlier
period. Municipal use of water also is increasing, but it is only a small component of the devel-
opment within the basin. A1l of these developments have had significant effects on the hydrology
of the Platte River basin.

CAUSES OF CHANNEL MORPHOLOGY CHANGES

Changes in streamflow and sediment transport attributable to water development have been
largely responsible for changes in channel morphology. Basically, the processes involved are an
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enhanced formation of islands and their subsequent attachment to the banks and floodplain, or to
other islands.

The channel during the 1860's generally was broad and open. By 1938, width had decreased at
most locations upstream from Grand Island with the formation of islands. The banks also had
shifted toward the center of the channel as a result of the formation of islands and their attach-
ment to the floodplain. Island attachment resulted from channel abandonment rather than from mi-
gration of the river course. Bars within the river were noted by members of the Long Expedition
in 1820 (James 1823), but these bars were not preserved as islands. Hydrologic changes, which
began with irrigation development and were accelerated by construction of large dams, included a
decrease in flood peaks and fewer days of no flow. Reduction in flood peaks allowed establishment
of vegetation on sandbars by reducing the scour potential. Longer periods of Tow flow probably
provided more favorable conditions for seed germination. One, or both, of these effects increased
the preservation of vegetated islands.

EFFECTS OF HYDROLOGIC CHANGES ON RIVERINE HABITAT

Changes in channel geometry resulting from changes in water-discharge and sediment-transport
characteristics have had a marked effect on the waterfowl habitat along the Platte River in cen-
tral Nebraska. Hydrologic processes that control the riverine environment need to be understood
if habitat is to be maintained and managed effectively in the future. Some of the questions that
need to be answered in order to predict future habitat conditions will be discussed briefly.

Wildlife managers have determined the minimum open-channel width required for roosting sandhill
cranes is approximately 150 m, and the minimum flow depth across submerged sandbars is approximately
0.6 m (C. Frith, U.S. Fish and Wildlife Service, pers. comm., 1981). These conditions exist at many
lTocations in the reach of the Platte River between Shelton and Grand Island, Nebraska, when cranes
are there during March and April. Additional hydrologic studies need to be conducted to determine
if the flow regime in the 1980's will maintain the channel geometry without any further encroachment
by vegetation.



Another aspect of the environment that is vital to waterfowl habitat is the preservation of
wet meadows where migratory birds feed on invertebrates. Observations indicate that groundwater
levels in wet meadows respond directly to changes in river stage. Any lowering of river stage,
even short-term, will affect the subirrigation of these meadows. Field studies need to be con-
ducted to determine the effects of fluctuations in groundwater Tlevels on invertebrate populations.

Water-resources development has had a marked effect on flow regime and channel morphology in
the Platte River and its major tributaries during the past 100 years. There are still many unan-
swered questions, however, about long-term effects of these changes on the riverine habitat of
migratory birds.
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WHOOPING CRANE USE OF THE PLATTE RIVER, NEBRASKA--HISTORY, STATUS, AND MANAGEMENT RECOMMENDATIONS

KURT A. JOHNSON,! Department of Wildlife Ecology, University of Wisconsin, Madison, WI 53706

Abstract: Whooping crane (Grus americana) use of the Platte River in Nebraska was investigated as
part of a study of whooping crane migration conducted by the Department of Wildlife Ecology, Uni-
versity of Wisconsin-Madison. This paper summarizes the results of that investigation. Analysis
of historical and recent sightings indicates that use of the river has probably declined during

the past 30 or more years. This may be due to deterioration of riverine roost habitat quality and
increased human activity near the river. The present-day Platte River is probably a nontraditional
stopover area for migrating whooping cranes because it still affords suitable habitat along a por-
tion of its Tength within the cranes' primary migration corridor but is used infrequently. Deteri-
oration and loss of other potential stopover areas in the region underscores the need to preserve
habitat along the Platte River to provide roost site options for whooping cranes in south-central
Nebraska. A management plan for whooping cranes in the Platte River Valley must be based on knowl-
edge of the cranes' migration corridor, chronology of migration, general migratory behavior, food
habits, feeding habitat, roosting habitat, roosting behavior, and disease susceptibility. The key
to managing whooping cranes along the Platte is habitat acquisition and maintenance. Top priority
for acquisition should be given to riverine habitat for roosting in association with extensive,
nearby "wet meadows" and native grasslands for feeding. Additional management efforts include mon-
itoring habitat quality and whooping crane use of the river and Rainwater Basin area. Studies of
whooping crane habitat use and behavior in the Platte River Valley and avian cholera studies in the
Rainwater Basin area should be the primary research priorities.

Each spring and fall virtually all of the midcontinent population of endangered whooping
cranes cross the Platte River in Nebraska on migration between their nesting grounds in northern
Canada and wintering grounds on the Gulf Coast of Texas. Whooping cranes have been sighted on the
Platte River many times since European settlers Ist entered the region. Thus, biologists who 1st
studied the whooping crane concluded that the river was a major stopping place for the migrants
(Swenk 1933, Allen 1952:94) and proposed that a portion of the river be protected as a refuge for
the resting birds. [In later years, it was suggested that whooping cranes "stage" on the Platte in
the spring in much the same way that sandhill cranes (Grus canadensis) do today (Lewis 1974:96
citing Swenk 1933; Logan et al. 1976 citing Swenk 1933, Allen 1952, and Hi1l 1975, as the basis for
their statements), lending further support to proposals for a refuge. At the time these proposals
were made, however, the overall significance of the Platte River to whooping cranes was not thorough-
1y understood; thus, the proposals lacked the necessary supporting biological data to justify their
implementation.

In recent years, significant changes in the physical character of the Platte River (Frith 1974,
Williams 1978, Currier 1981), an apparent decrease in its use by whooping cranes, and changing use
patterns of sandhill cranes have been viewed with alarm by many conservation groups and public agen-
cies (Logan et al. 1976, Wallenstrom 1976, Kroonemeyer 1979). They have raised the question of
what will happen to the remaining sandhill cranes and whooping cranes if the Platte River is de-
graded to such an extent that it no longer offers suitable habitat. In response to this concern
the U.S. Fish and Wildlife Service, in April 1974, proposed the establishment of a 6,070-ha National
Wildlife Refuge on the Platte (Wallenstrom 1976). The proposal was later withdrawn because of
severe landowner opposition.

The Whooping Crane Recovery Team also acknowledged this concern about habitat deterioration
along the Platte River and listed the Platte as 1 of its "areas of concern” in their Whooping Crane
Recovery Plan (USFWS 1980). The Recovery Team realized there were insufficient data to make eco-
logically sound decisions regarding "critical habitat" (see Federal Register, 15 May 1978 for a def-
inition) for migrating whooping cranes so they included in their Recovery Plan a recommendation for
migration studies. Subsequently, an 87-km {54-mile) stretch of the river from Lexington to Shelton,

Much of this paper was prepared in conjunction with the Platte River Ecology Study while the
author was employed by the U.S. Fish and Wildlife Service, Northern Prairie Wildlife Research Cen-
ter, Jamestown, North Dakota 58401. The author's present address is Department of Biology and Ecol-
ogy Center, UMC 53, Utah State University, Logan, Utah 84322. Views expressed by the author do not
necessarily represent those of the U.S. Fish and Wildlife Service.

Proceedings 1981 Crane Workshop 33

7
(&)



Nebraska, was designated “"critical habitat" by the Secretary of the Interior (Federal Register, 15
May 1978) so that it would not be lost to development before its overall significance to whooping
cranes could be determined.

In April 1978 the 0ffice of Endangered Species, U.S. Fish and Wildlife Service, contracted with
Dr. S. A. Temple, Department of Wildlife Ecology, University of Wisconsin-Madison, to study whooping
crane migration. Objectives of the study were to

1. Suppiement and analyze the existing catalog of information on whooping crane flight lines
and stopovers within the U.S.;

2. Describe the roost sites used by migrating whooping cranes in terms of a general habitat
classification scheme and collect data on roost site characteristics of particular importance to
cranes;

3. Docment the feeding habitats, food habits, general behavior, and migration dynamics of
migrating whooping cranes; and

4. Synthesize the above information to provide an ecologically sound basis for decisions on
“critical habitat” for migrating whooping cranes.

Field work was conducted from June 1978 through June 1979 (Johnson and Temple 1980). This
paper presents the results and conclusions of the study pertaining to whooping crane use of the
Platte River and nearby areas. The results and conclusions presented here are limited by small
sample sizes and the nature of the data (i.e., many of the data were collected through interviews
of inexperienced crane observers, and, thus, have been selectively filtered by untrained eyes and
the passage of time). These limitations necessarily render this a preliminary report.

Drafts of the manuscript have been critically reviewed by Stanley A. Temple, Scott Melvin,
Ross Lock, Gary Krapu, Chuck Frith, James Lewis, John VanDerwalker, George Archibald, Roderick
Drewien, Michael Sutton, and Ron Windingstad. Their comments, suggestions, and corrections have
been extremely helpful.

HISTORY AND STATUS OF WHOOPING CRANES AND THE PLATTE RIVER

Past History

Reports of whooping cranes in the Platte River region came soon after the arrival of European
settlers. Thomas Say, arriving at Fort Calhoun, Washington County, Nebraska, on 19 March 1920, ob-
served that "great flights of geese, swans, ducks, brant, and cranes have been passing up the
(Missouri) river." (Allen 1952). Swenk (1933) believed that the cranes Thomas Say referred to
were whooping cranes even though the observation date was almost 2 weeks before the normal initia-
tion of whooping crane migration through Nebraska. Allen (1952) thought that the "great flights"
were sandhill cranes perhaps accompanied by an occasional whooping crane.

M. Swenk (1933) was the 1st biologist to study whooping cranes in Nebraska; his efforts were
concentrated in the "Big Bend" region of the Platte River. He compiled sightings dating to the
1880's and recorded 93 sightings (involving 998 individual cranes) in Nebraska during the period
1912-1933. Not surprisingly, most of the sightings were from the "Big Bend." The authenticity of
many of the sightings was subsequently questioned by Allen (1952).

Swenk (1933) was 1st to suggest that the Platte River was a major stopping place for migrating
whooping cranes. He based his conclusion on 4 lines of evidence: (1) the large number of sightings
from the Platte River; (2) the lack of sightings from other areas along the migration route; (3} dis-
cussions with old-time hunters who told him that large flocks of whooping cranes commonly stopped
on the Platte each spring and fall; and (4) his "knowledge" that the cranes had an "ancestral habit"
of making a mid-migration stop in the Platte region to rest and feed. Swenk did not explain how he
learned of the cranes' “ancestral habits,” and he knew little about the migration of whooping cranes
outside the Platte River Valley except for a very fragmentary picture he was able to gain from the
literature. Consequently, his conclusion was premature.

A. M. Brooking of the Hastings Museum compiled the Nebraska records for 1934-1944; his efforts
were also concentrated in the Platte River Valley. He published several Tists of observations and
a brief status report on the species (Brooking 1934, 1943a, 1943b, 1944).

In the late 1940's R. P. Allen of the National Audubon Society embarked on a long-term study
of the whooping crane which culminated in 1952 in the publication of his classic monograph The
Whooping Crane. Allen collected firsthand observations and thoroughly reassessed the sightings
reported by Swenk and Brooking; from these he developed a 1ist which he felt represented valid
sightings in Nebraska for the period 1820-1948. Allen eliminated many sightings reported by Swenk
and Brooking because they simply involved too many cranes for the date. His final 1ist totalled
123 sightings, of which 87 occurred in counties along the Platte River. Allen also believed that
the Platte was a major stopping place for whooping cranes on the basis of the same criteria listed
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Table 1. Confirmed sightings of whooping cranes on the Platte River, 1950-Spring 1981 (Johnson
and Temple 1980, USFWS 1975-81, USFWS 1980).

Date Location Number of birds?
4 May 1950 Near the Platte River at Overton (Dawson Co.) TU
20-21 October 1966 9.6 km (6 mi) NE of Phillips (Hamilton Co.)b 3A, 2J
31 October to 1 November 3.2 km (2 mi) E of Minden I-80 interchange 27
1974 (Buffalo Co.)b
20 April 1975 0.8 km (0.5 mi) E of Odessa bridge on Platte 5A

River (Phelps Co.)

29 March 1977 3.2 km (2 mi) E of Highway 10 bridge on 1A
Platte River (Buffalo Co.)

17 and 18 April 1980 1.6 km (1 mi) E of Minden I-80 interchange 2A
and within National Audubon Society refuge
(Buffalo Co.)b

19 April 1980 Flying along river south of Kearney 7A
(Buffalo Co.)

) = birds of unknown age, A = adult, J = juvenile.
b Birds observed on the Platte River.

by Swenk (Allen 1952:94). However, at the end of his study there still remained a fragmentary
picture of whooping crane migration outside the Platte River Valley.

Recent History

From 1950 through spring 1981 there were 7 "confirmed" (see Whooping Crane Recovery Plan for
definition) sightings of whooping cranes on or near the Platte River (Table 1). The sightings
were all between Overton and Chapman, and 6 were within the area designated "critical habitat."
Five sightings were made in spring and 2 in fall. Details of most of these sightings are discussed
elsewhere (USFWS 1981).

Trends in Use of the Platte River by Whooping Cranes

There has been a significant decrease in the number of whooping crane sightings on the Platte
River in recent years. During the period 1890 through 1919 there were 17 sightings on or near the
river (Allen 1952). From 1920 through 1949 there were 65 sightings (Allen 1952), but from 1950
through spring 1981 there were only 7. Although some of Allen's sightings would not be classified
"confirmed" according to the Recovery Team's definition, a downward trend is still evident. Pos-
sible causes for this decline include (1) a change in the population of whooping cranes, (2) a
decrease in the amount of effort to observe and report cranes on the river, (3) reduced visibility
of cranes on the river due to encroachment of woody vegetation, and (4) an actual decrease in use
of the river by whooping cranes.

Changes in the size of the whooping crane population could not have accounted for the decrease
in sightings. The total population of migratory whooping cranes declined steadily from 1890 through
1941, yet there was an increase in sightings along the Platte River during that period. From 1942
through 1981 the population increased nearly 5-fold (USFWS 1980), yet the number of sightings fell
markedly.
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It is difficult to assess whether or not there has been a decrease in efforts to observe and
report whooping cranes along the Platte River in recent years, because a number of unquantified
variables are involved. While Swenk, Brooking, and Allen were actively soliciting firsthand obser-
vations from 1912 through 1948, the number of reports increased through the years, indicating
growing public awareness of the efforts of these biologists. Although biologists have not been
actively soliciting observations in the past several years (the last 5 years may be an exception),
increasing numbers of active bird watchers in the Platte River Valley may have filled this void
(G. Krapu pers. comm.). Personnel of the Nebraska Game and Parks Commission and the U.S. Fish
and Wildlife Service, university researchers, and private refuge managers also have been monitoring
crane activity in recent years. In contrast, some landowners may have become more reluctant to
report sightings in fear of a federal land takeover for a refuge (R. Lock pers. comm.).

Encroachment by woody vegetation has significantly reduced visibility of the river channel in
many areas. This has been only partially offset by improved access to agricultural fields border-
ing the river and increased crane watching activity. Therefore, it seems possible that whooping
cranes now have somewhat less chance of being detected and reported than they did in years past.
The decrease in visibility remains unquantified but is probably small.

Available evidence suggests there probably has been an actual decrease in use of the Platte
River during the last 30 or more years. Although the reasons for the decline are not totally clear,
it appears that changing habitat conditions on the river and increased human activity near the
river may have been responsible.

During the last 50 or more years there has been a significant reduction of river flows (Wil-
liams 1978) which has led, in some areas, to a reduction of river width, an increase in the amount
and density of woody vegetation on the banks, and stabilized and vegetated sandbars in mid-channel
(Frith 1974, Currier 1981, USFWS 1981). Many stretches of the river which formerly offered good
habitat for roosting and loafing have apparently become marginal or unsuitable for use by whooping
cranes.

Human disturbance factors have included the construction and use of Interstate 80 immediately
north of the Platte River, general road traffic near the river, farming activities in areas which
formerly were part of the river channel, gravel pit operations, home construction near the river,
and wildlife observers and researchers. These activities have probably inhibited cranes from using
portions of the river at certain times.

THE SIGNIFICANCE OF THE PLATTE RIVER TO WHOOPING CRANES

The importance of the Platte River to whooping cranes has been the subject of much discussion
in recent years as pressures have increased to divert river flows for other uses. Additional di-
versions will undoubtedly result in further habitat deterioration, thus concern has been expressed
over the welfare of the whooping crane population. Conservationists must know how whoopers pres-
ently use the Platte before they can determine how whooping cranes may be affected by loss of the
river. (Discussions of how the cranes used the river in years before their numbers were so dras-
tically reduced are not appropriate here except as speculation on how the cranes may use the river
in the future when their numbers have increased substantially.) Specifically, the wildlife manager
must know if migrating whooping cranes use the Platte River as a staging area, a traditional stop-
over area, or a nontraditional stopover area.

A staging area is a site where cranes gather during the Tst segment of their fall migration.
Staging areas occur relatively close to the breeding grounds (within the 1st 20% of the migration
route} and are often used every year (Melvin and Temple--this proceedings). Cranes derive 2 pri-
mary benefits from gathering at staging areas--the opportunity to ready themselves physiologically
(by replenishing or adding to their 1ipid reserves) for the next stage of migration (Pitelka 1979)
and social interaction which facilitates learning of the migration route (Melvin and Temple--this
proceedings).

A traditional stopover area is located farther along the migration route (from 30 to 70% of
the distance from the breeding grounds, see Melvin and Temple--this proceedings), is usually used
for an extended period, and is used from year to year (Bellrose and Crompton 1970, Bellrose 1976).
A nontraditional stopover area offers suitable habitat but is used on an infrequent basis and only
when it is encountered by birds Tooking for a place to stop (Johnson and Temple 1980). It is used
opportunistically and usually for short periods of time (overnight or 2-day stops, Melvin and
Temple--this proceedings).

Further deterioration or total loss of the Platte River will have different consequences for
whooping cranes depending on the manner in which they use the river. If the river serves as a
staging area, its loss could have drastic consequences for migrating whooping cranes by denying them
the opportunity to replenish necessary 1ipid reserves or interact socially. If it is used as a tra-
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ditional stopover area, its Toss could also be significant by adversely affecting the survival
ability of cranes needing to rest and feed there. However, if the river is used only as a nontra-
ditional stopover area, its loss may be insignificant, depending upon the availability of other
suitable stopover areas in the vicinity.

It is obvious that whooping cranes do not use the Platte as a staging area because the river
does not occur within the 1st 20% of the fall migration route. There is also little evidence to
suggest that cranes use the river as a traditional stopover area. Whooping cranes migrate as indi-
viduals, pairs, family groups, and small flocks; they are not known to congregate into large flocks
in a limited geographic area as are sandhill cranes (Frith 1974). There is no solid evidence to
indicate that individuals, pairs, families, or small flocks presently use the same area on the river
from year to year. Whooping cranes rarely stay on the Platte River for longer than 5-7 days {Allen
1952), with overnight or 2-day stops being most common (Johnson and Temple 1980). This time inter-
val would most 1ikely be an insufficient period of time for them to replenish lipid reserves.

The present-day Platte River is probably a nontraditional stopover area for whooping cranes.
A1l migrating whoopers of the Aransas-Wood Buffalo population must cross the river because it forms
an east-west transect of their migration corridor; some cranes settle and rest there because it
still offers suitable habitat along a portion of its length. The whooping cranes could probably
adjust to the loss of the Platte River without negative consequences if a sufficient number of other
suitable stopover areas are available in the immediate vicinity. However, other suitable stopover
areas in the region are being lost at a very rapid rate, especially in the Rainwater Basin area
where over 85% of the former wetlands have been drained for agricultural use (Nebraska Game and
Parks Commission 1972; over 92% have been drained as of 1981 according to C. Frith pers. comm.).

As stopover options decline, remaining wetlands assume increasing importance to whooping cranes.
Maintenance of those stretches of the Platte River which still offer suitable habitat (and perhaps
reclamation of some degraded stretches) will help insure that the roosting needs of whooping cranes
are met in south-central Nebraska even if many of the remaining lentic wetlands are drained.

Heavy whooping crane use of wetlands in the Rainwater Basin area should be viewed with alarm
because major outbreaks of avian cholera have occurred in many of the wetlands utilized by whooping
cranes (Table 2). These outbreaks are quite Tikely to increase in frequency and intensity (USFWS
1981) with the continued loss of wetlands and further crowding of waterfowl and crane populations
into those remaining wetlands. Whooping crane use of wetlands in the Rainwater Basin area may con-
stitute a direct threat to their survival because sandhill cranes and presumably whooping cranes
are susceptible to avian cholera (J. Hurt and R. Windingstad pers. comm.). Twice in the last 6
years (spring 1975 and spring 1979) whooping cranes have been "hazed" out of wetlands experiencing
cholera outbreaks (J. Hurt and R. Windingstad pers. comm.); on 1 of these occasions (spring 1975)
the cranes resettled on the Platte River. These incidences underscore the need to preserve
stretches of the Platte as refuges to which whooping cranes can be "hazed" to minimize their expo-
sure to avian cholera. In summary, the most important role of the Platte River appears to be in
providing suitable roost habitat in an environment with low potential for disease outbreaks.

MIGRATION DYNAMICS AND HABITAT REQUIREMENTS OF WHOOPING CRANES IN THE PLATTE RIVER VALLEY

A sound management strategy for any species must be based on a thorough knowledge of that
species' behavior and ecology. For whooping cranes in the Platte River Valley, management must be
based on knowledge of the cranes' migration corridor, chronology of migration, general migratory
behavior, food habits, feeding habitat, roosting habitat, roosting behavior, and disease suscepti-
bility. This section presents a brief summary of current knowledge of these attributes.

Migration Corridor

The whooping crane's primary migration corridor (see Johnson and Temple 1980 for a definition)
through Nebraska averages 160-192 km (100-120 miles) wide and angles approximately 15° west of north.
The eastern edge of the corridor intersects the northern border of the state at 98°45' Tongitude
and the southern border at 98°15' longitude. The western corridor edge intersects the northern
state border at 101°00" longitude and the southern border at 10030' longitude. Eighty-two percent
of all confirmed, post-1949 sightings have been made within the primary corridor; the remaining
sightings have been predominantly to the west {Johnson and Temple 1980). The primary corridor in-
cludes a stretch of the Platte River from near North Platte to just east of Grand Island, and much
of the Rainwater Basin area (Fig. 1).
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Table 2. Confirmed sightings of whooping cranes in the Rainwater Basin area, 1950-Spring 1981
(Johnson and Temple 1980, USFWS 1975-81, USFWS 1980).

Date Location Number of birds
Spring

10 April 1969 6.4 km (4 mi) S and 6.4 km (4 mi) W of 1A
Minden (Kearney Co.) SE4, Sec. 19, TéN,
R15We

8 April 1970 6.4 km (4 mi) S of Upland (Franklin Co.) 2A

11 April 1973 5.6 km (3.5 mi) S and 2.4 km (1.5 mi) E of 2A
Upland (Franklin Co.) Sec. 35 or 36, T4N,
R14W

17-19 April 1975 Funk Lagoon, 4.8 km {3 mi) N and 2.4 km 9A
(1.5 mi) E of Funk (Phelps Co.) Sec. 2,
T6N, R17uWd

8-9 April 1979 Moses Hi1l wetland, 6.4 km (4 mi) NNW of 4A

Holdrege (Phelps Co.) Sec. 3, T6N, R19W@

2 April 1980 8.0 km (5 mi} S and 3.2 km (2 mi) W of 2A
Minden (Kearney Co.)(near NE Sacramento
Basin State Area) NW4%, Sec. 11, T5N,
R15WC

7-8 April 1980 South Funk wetland, 2.4 km (1.5 mi) N and 7A
0.8 km (0.5 mi) E of Funk (Phelps Co.) SEk,
Sec. 16, T6N, R17WC

Fall

17 October 1960 SE Sacramento State Mgmt. Area 2.4 km 2A, 13
(1.5mi} S and 3.2 km (2 mi) W of Wilcox
(Harlan Co.) Sec. 2 and 3, T4N, R17uWa

11 October 1967 Peterson WPA, 4.8 km {3 mi) S of Bertrand 2U
(Gosper Co.) probably Sec. 13, T6N, R21W3

26 October - Bluestem Marsh, 1.6 km (1 mi) S and 6.4 km 2A, 13

10 November 1971 (4 mi) E of Axtell (Kearney Co.), SE%,

Sec. 19, T6N, R15Wa

19 October 1973 2.4 km (1.5 mi) S and 1.6 km (1 mi) E of 3A
Kenesaw (Adams Co.) Sec. 2, T17N, R12WC

25 October 1974 Funk Lagoon, 4.8 km (3 mi) N and 2.4 km 2A
(1.5 mi) E of Funk (Phelps Co.) Sec. 2,
TEN, R17Wa

aWet1ands in the Rainwater Basin area known to have had avian cholera outbreaks.
ba = Adult, J = juvenile, U = unidentified.
CWetlands in the Rainwater Basin area in close proximity to avian cholera outbreak areas.
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Fig. L. Primary migration corridor and "confirmed" sightings (1950-Spring 1981) of whooping cranes
in Nebraska (Johnson and Temple 1980, USFWS 1975-81, USFWS 1980).

Chronology of Migration

The chronology of spring and fall migration through Nebraska was documented by Allen (1952);
data from the years 1950 through 1981 confirm the general pattern. Spring migration proceeds rap-
idly. The majority of cranes are observed between 1 April and 20 April; extreme dates have been
10 March and 15 May. From 1950 through 1981 cranes were seen in Nebraska from 3 April through 4 May.
Juveniles returning north with their parents have been observed from 14-19 April.

During fall migration, most cranes are seen from 10 October through 1 November, with extreme
dates being 22 September and 14 November. From 1950 through 1980 cranes were observed from 3 Octo-
ber through 10 November. The 1st migrants to reach Nebraska each fall are usually individuals,
pairs without young, or small groups of nonbreeders. Family groups begin to arrive around 16 Octo-
ber and sightings peak during 22-27 QOctober. Families have been seen as late as 10 November. From
1950 through spring 1981 there were 7 sightings of whooping cranes on or near the Platte River; 5
were in spring and 2 in fall. Spring dates were 4 May 1950, 20 April 1975, 29 March 1977, 17-18
April 1980, and 19 April 1980. Fall dates were 21-22 October 1966 and 31 October - 1 November 1974.

General Migratory Behavior

Whooping cranes currently migrate as individuals, pairs, family groups, and small flocks. They
are often cobserved in the company of sandhill cranes, usually as individuals. Whooping cranes are
probably primarily diurnal migrants (Johnson and Temple 1980). They depart on migration in the
morning, between I1st Tight and mid-morning, and stop at a wetland between late afternoon and last
l1ight to roost for the night. They may remain at a stopover for a single night or for up to sev-
eral weeks; overnight and 2-day stops appear to be most common (Johnson and Temple 1980).

Food Habits

Little has been documented about the specific food items eaten by migrating whooping cranes,
but it is known that they utilize both plant and animal material. Plant foods have included shoots
of emerging winter wheat, waste milo in cow droppings, and waste milo, barley, wheat, and corn on
the ground (Johnson and Temple 1980). Animal items have included egg masses of frogs and toads,
beetles, small fish, frogs, crayfish, and snakes (Johnson and Temple 1980). Available evidence
suggests that whooping cranes are omnivorous and opportunistic feeders during migration.
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Feeding Habitat

Whooping cranes have been observed foraging in a wide variety of habitats. Fourteen upland
and 10 wetland habitat types were represented among the 120 feeding sites documented by Johnson
and Temple (1980). Eighty-four percent of the sites were in upland habitats and 80% of those
involved agricultural lands. Fields containing emerging small grains or small grain stubble were
the predominant agricultural types used. Utilization of wetland habitats for foraging was gener-
ally associated with sites in the immediate vicinity of evening roosts.

Feeding sites in upland habitats were usually characterized by excellent horizontal visibility
(usually an unobstructed view in all directions for at least 91 m [100 yards] and often for several
hundred meters, although in some circumstances visibility was Timited to less than 91 m in a small
portion of the field of vision), a lack of tall trees and dense shrubbery immediately around the
site, short vegetation (often less than 30 cm [12 inches] high) on the site, limited topographic
relief (usually Tess than 9-12 m [30-40 feet] and often less than 1.5-3.0 m [5-10 feet]), and grad-
ual slopes (usually less than 7-9° and often less than 4-5°)(Johnson and Temple 1980).

Feeding sites in wetland habitats were usually characterized by water less than 0.4-0.6 m
(1.5-2.0 feet) deep, excellent horizontal and overhead visibility, and either very short or very
sparse emergent vegetation (Johnson and Temple 1980).

Roosting Habitat

Johnson and Temple (1980) documented 13 different types used for roosting by migrant whooping
cranes; all involved surface water in some form. Both flowing and standing bodies of water have
been used, and artificial as well as natural wetlands are represented.

Shallow river channels like those of the Platte River are 1 type of roost habitat used by
whooping cranes. An evaluation of 10 documented river roosts identified the following characteris-
tics as usually present (Johnson and Temple 1980).

1. Wide channel - 9 of the 10 sites were between 155 and at least 365 m (170 to at least 400 yards)
wide.

2. Slow flow - a flow rate of approximately 0.4-1.8 mps (1-4 mph) at the roost site, although water
in the main channel may be flowing much faster.

3. Shallow water - all sites were less than 30 cm (12 inches) deep and 6 of 9 sites were 5-15 c¢m
(2-6 inches) deep. Water in the main channel may be considerably deeper.

4. Unvegetated.
5. Fine substrate, usually sand.

6. Good horizontal visibility, usually an unobstructed view from riverbank to riverbank and at
least a couple of hundred meters upstream and downstream (or to a bend in the river). In some
situations visibility is limited to less than the above distances within a small portion of
the field of vision.

7. Good overhead visibility. No tall trees, tall or dense shrubbery, or high banks in the jmme-
diate vicinity of the roost.

8. Close proximity to a suitable feeding site, usually less than 1.6 km (1 mile). In the Platte
River Valley documented feeding sites have been within approximately 4.8 km (3 miles) of the
river.

9. 1Isolation from human developments such as roads, houses, and railroad tracks. Usually the
roost is at least 0.4 km (0.25 mile) from such developments.

10. A certain type of sandbar in the immediate vicinity of the roost. A1l documented roosts had
sandbars nearby although the number and size of the bars varied among sites. Sandbars usually
had the following characteristics in the vicinity of the roost - gradual slope into the water
{often less than 1-2° slope), little topographic relief (often less than 0.3 m [1 foot}), no
banks over a few centimeters high, and little or no vegetation.
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Roosting Behavior -

Whooping cranes loaf on the above-mentioned sandbars and roost in the adjacent shallow, quiet
water. These sandbars may be more secure from the approach of potential terrestrial and avian pred-
ators because the sandbars are away from the river's edge.

Disease Susceptibility

Although no whooping cranes are known to have died from avian cholera it can be speculated
that they are susceptible to the disease because sandhill cranes have occasionally died from it.
Additional studies need to be completed to accurately determine this susceptibility (R. Windingstad
pers. comm. ).

RECOMMENDATIONS FOR MANAGING THE PLATTE RIVER AND NEARBY AREAS FOR WHOOPING CRANES

As is true of other species such as the sandhill crane (Lewis et al. 1977), the key to manag-
ing whooping cranes in the Platte River Valley is habitat acquisition and maintenance. Evidence
presented here and in other reports (USFWS 1981) underscores the need to prevent further deteriora-
tion and Toss of habitat along the Platte River and in nearby areas.

The primary habitats that need to be acquired and managed for whooping cranes are river channel
and native grassland to provide roosting and feeding sites. Priorities for acquisition should be
established as follows. Top priority should be given to river channel habitat within the stretch
from Lexington to Grand Island (R. Lock pers. comm.). Optimal sections of channel should be over
155 m (170 yards) wide, have many bare sandbars, be isolated from human developments, and be close
to suitable feeding habitat. Second priority for acquisition should be "wet meadow" (see Frith
1974 for a definition) and native grassland habitat near the river. Ideally, long stretches of
river channel in association with large tracts of adjacent "wet meadow" and native grassland habi-
tat should be preserved at evenly spaced intervals throughout the Lexington to Grand Island region.
In areas where the latter 2 habitats are not available, tame pasture or cultivated field habitat
should be acquired.

Large wetlands in the Rainwater Basin area should be the next priority for acquisition. Fur-
ther losses of wetland habitat in this area will result in areater crowding of waterfowl and crane
populations and probably increase in outbreaks of avian cholera (USFWS 1981, Krapu and Pearson
this proceedings); this could be disastrous to the whooping crane population. Wetland acquisition
will allow management designed to minimize future outbreaks of cholera (R. Lock pers. comm.).

Fourth priority should be given to acquisition of optimal river channel habitat and native
grasslands outside the Lexington to Grand Island zone but within the primary migration corridor.
Final priority is given to acquisition of degraded river channel habitat within the critical habi-
tat zone with the hope that it can be restored to better condition.

Habitat acquisition efforts should continue to be spearheaded by private conservation organi-
zations such as the Platte River Whooping Crane Habitat Maintenance Trust, The Nature Conservancy,
and National Audubon Society, all of which are currently active in the Platte River Valley (J.
VanDerwalker and R. Wicht pers. comm.)

Management of river channel habitat involves maintenance of water levels and vegetative man-
agement. Water flow regimes must be maintained during spring (late March to early May) and fall
(early October to mid-November) migration periods because whooping cranes need water for roosting
(Johnson and Temple 1980). Water rights may have to be Teased or purchased to insure adequate
flows.

Vegetation management involves preventing the germination and establishment of seedlings on
sandbars, and removing already established vegetation. Germination and establishment can be pre-
vented primarily by maintaining water levels during summer (mid-May to August)(USFWS 1981). Vege-
tation removal can be accomplished by a variety of means including manual clearing, mechanical
clearing, burning, island obliteration (clearing and leveling), herbicide spraying, and water flow
maintenance (Aronson and E171is 1979). Maintaining water flows in late winter would facilitate ice
formation and subsequent flushing of ice during breakup; this would increase scouring and the con-
comitant removal of vegetation from sandbars (EI11lis et al. 1981, R. Lock pers. comm.). The most
promising manipulative techniques in terms of cost, efficiency, and effectiveness are probably
burning and island obliteration (Aronson and ET11is 1979).

To be used by whooping cranes, '"wet meadow" and native grassland habitat must be maintained
in an open condition with short vegetation. This can be accomplished through implementation of
a managed grazing system, periodic controlled burns, cutting, or a combination of these. Telephone
lines, power lines, and fences should be removed or relocated from the vicinity of feeding areas
and between roosting and feeding areas to minimize the potential for collisions.
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River channel, "wet meadow," and native grassland habitat must be monitored periodically to
insure that they are being maintained in optimal condition. A monitoring plan and schedule should
be developed.

The Platte River Valley and Rainwater Basin area must be intensively monitored during both
migration seasons (late March through early May and late September through mid-November) to detect
use by whooping cranes at the earliest possible time. This is very important because cranes using
cholera outbreak areas need to be detected quickly and "hazed" from the area to minimize exposure,
and cranes using the river need to be protected from unnecessary human harassment. Early morning
(before cranes leave their roost) fixed-wing aircraft flights during the migration seasons would be
the most efficient means to detect use on the Platte River. In the Rainwater Basin area, early
evening flights or both morning and evening flights would be desirable to minimize detection time.
Ground monitoring by public agencies (e.g., Nebraska Game and Parks Commission and U.S. fish and
Wildlife Service) would minimize harassment.

To better manage whooping cranes in the Platte River Valley and nearby areas, additional data
are needed on their behavior and ecology. Some data can be collected by monitoring personnel if
they are properly trained. However, sufficient detailed data will only be obtained through radio-
tracking studies; such studies were initiated in fall 1981 (R. Drewien pers. comm.). Comprehensive
studies of the avian cholera problem in the Rainwater Basin area need to be completed so that this
threat to whooping cranes and other water birds is minimized or eliminated. Such studies have been
recently undertaken by the National Fish and Wildlife Health Laboratory (USFWS), Madison, Wisconsin
(R. Windingstad pers. comm.). Management of wetlands in the Rainwater Basin is currently limited
to water level maintenance and retrieval of dead birds (A. Trout pers. comm.). A more detailed
plan should be developed to minimize the avian cholera problem. A contingency plan for "hazing"
whooping cranes from outbreak areas has been implemented cooperatively by the Fish and Wildlife
Service and Nebraska Game and Parks Commission (A. Trout pers. comm.).
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NESTING HABITAT OF SANDHILL CRANES IN CENTRAL ALBERTA

MARTHA J. CARLISLE,! Zoology Department, Morth Dakota State University, Fargo, ND 58105

Abstract: Six sandhill crane (Grus canadensis) nest sites were studied near Fawcett, Alberta, in
June and July 1977. Mean water depth 1 m from nests was 16 cm (range 8-28 cm). Crane nests
occurred a mean of 228 m (107-515 m) from open water and a mean of 50 m (30-79 m) from upland
ridges. Cranes nested successfully 2.33 km from an area of regular human activity, though the mean
was 4.92 km. The nesting area was a mosiac of 4 habitat types: upland ridge, muskeg, open sedge
marsh, and open water. A1l crane nests were located in sedge marshes. Cover values were estimated
for 110 plant species observed in 240 quadrat samples collected along transects at the 6 nests.
Mest sites were compared using community coefficients calculated from relative cover values. HMNests
were an average of 57.1% similar. Qualitative comparisons were made between nesting patterns and
habitat in central Alberta and those described by other authors in other regions.

Available data indicate that sandhill cranes exhibit diversity in nesting habitat. The major-
ity of habitat studies to date have dealt with breeding populations in the United States. Due
largely to the inaccessibility, few studies have been made of sandhill crane nesting grounds in
central and northern Canada. Investigations are, therefore, at the descriptive stage. Quantitative
studies are necessary before variability in crane nesting habitat can be evaluated between and with-
in regions. The purpose of this paper is to provide a quantitative and qualitative description of
the nesting habitat of sandhill cranes in 1 accessible region of central Alberta.

I gratefully acknowledge the financial support received from A. Qeming, of the Alberta Game
Farm, Sherwood Park, Alberta, and the Zoology Department, Morth Dakota State University. [ also
thank J. F. Cassel and J. W. Grier for their guidance, P. J. Soine and C. A. Patton for their excel-
lent field assistance, and 7. C. Tacha for the review and editing of this manuscript.

STUDY AREA

The study area consisted of approximately 150 km? between the Athabasca and Pembina Rivers,
west of Fawcett and Flatbush, Alberta, Canada. This area is locally known as Athabina and is
located in central Alberta, 220 km northwest of Edmonton (Fig. 1).

The study area lies within the boreal forest phytogeographic region as described by Moss
(1955). Athabina is characterized by an undulating topography dissected into well-drained forested
uplands and poorly drained lowlands covered with muskeg, marsh, or open water. The soils on the
uplands are characterized by a thin surface horizon of semidecomposed leaf material which covers a
narrow, leached, sandy A horizon over a base of Aeolian sand. The soils in the muskegs and marshes
are organic.

METHODS

Nesting Patterns

Helicopter, fixed-wing aircraft, and ground searches were used to locate sandhill crane nests
during May 1977. MNests found during aerial and ground searches were visited to gather data on
water depths and nesting patterns. Four water depth measurements were taken at each nest, 1 m from
the nest edge, to allow for any submerged portion of the nest mound. Distances from nests to near-
est open water, upland ridge, and area of regular human activity were measured on the ground or from
aerial photographs.

lpresent address: Delmarva Area Office, U.S. Fish and Wildlife Service, 1825 Virginia Street,
Annapolis, MD 21401.
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Table 1. Distance from sandhill crane nests
in Alberta to nearest human activity, ridge,
and open water.

Distance from nest to

Human Ridge Open water
Site activity (km) (m) (m)
" ’ 1 2.3 45 107
/ 2 8.5 79 129
Peace River %

R < A ) ‘ 3 3.9 45 120
o « 4 5.4 51 515
)\ 5 6.7 30 386
é 6 2.8 47 112
Edmonton % Mean 4.9 50 228

Range 2.3-8.5 30-79 107-515

B Muskeg arcas

@ Athabina study area Sampling of Vegetation

# Calgary

During June 1977, plants from the Athabina
area were collected, identified, pressed, and
filed for future reference. Authorities used
in these and all subsequent identifications
vere Moss (1959) and Cormack (1967).

Between 6 July and 22 July 1977 the nests
on the Athabina area were revisited to gather
information on vegetation. From each nest,
100-m transects were extended in the 4 cardinal
directions. Vegetation was sampled using a total
of 40 quadrats placed at 10-m intervals along
and perpendicular to these transects. Distance and direction of each quadrat from the transects was
randomized using a 2-decimal random numbers table. Quadrat size was 0.25 m2 in the marsh and 100 m?
on the uplands. The percent of ground covered by the shadows of each species (assuming the sun at
zenith) was estimated within each quadrat and a cover code (described by Daubenmire 1968:42-44)
recorded according to ranges of cover. The midpoints of these ranges (0-5%, 5-25%, 25-50%, 50-75%,
75-95%, 95-100%) were used in the subsequent calculations.

Fig. 1. [Location of Athabina study area and
other muskeq areas in Alberta.

Analysis of Vegetation

Each nest site was considered as a unit. Relative cover values {percent of total cover) were
computed by site for each plant species found at that site. These relative cover values were used
as the basis for intersite comparisons using community coefficients (QOosting 1956:77). Relative
cover estimates of individual species were also summed by site according to growth form.

Plant species information was also pooled across nest sites. Plant species were ranked accord-
ing to total average cover values calculated on the basis of the total number of samples examined in
the study (240). The number of sites in which each species was found (presence) was also determined.



. Upland ridge Marsh

N
Muskeg D Open water
@  Nest
Fig. 2. Distribution of habitat tupes within a 10.4 km? area uround sandhill crane nest #2 in
Athabina, Alberta.
RESULTS

Nesting Patterns

A1l crane nests were located in open, wet, sedge marshes and in most circumstances were adja-
cent to a small patch of low, shrubby cover of either bog birch (Betula ~wwila). or glaucous bog
willow (Salix pedicellaris var. hyrojlauca). Distances from the nests to the nearest ridge varied
from 30 to 79 m (Table 1). Distance to open water (lake or stream) varied from 107 to 515 m, and
distance to an area of regular human activity varied from 2.3 to 8.5 km.
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Water depths 1 m from nest mounds averaged 16 cm, and ranged from 8 to 28 cm. In 4 of the 6
marshes studied, the water depths in other portions of the marsh varied 1ittle from the water depths
measured at the nests themselves. At Site 5, however, the water in the majority of the marsh was
about 35 to 45 cm deep, although 4 measurements taken 1 m from the nest averaged only 17 c¢cm. Sim-
ilarly, at Site 6 the water in most of the marsh and up to within 8 to 10 m of the nest was approx-
imately 1 to 1.5 m deep, though the depth at the nest averaged only 22 cm.

Vegetation

The Athabina area was a complex mosaic of habitat types: forested upland ridges, spruce and
tamarack muskegs, open sedge marshes, and open water (Fig. 2). The 50 various-sized lakes (and
also the majority of the crane nests), were concentrated in the eastern half of the area.

The dominant vegetation of the upland ridges varied from moderate to dense mixed stands of
white spruce (Picea glauca), trembling aspen (Povulus tremuloides), and paper birch (Betula papy-
rifera), to monotypic, nearly park-like stands of jack pine (Pinus banksiana). Shrub growth was
most dense under a moderate canopy, and practically absent under dense stands of jack pine or in
xeric, grassy openings which commonly occurred at the ridge crests. Low, wet ridge margins were
dominated by black spruce (Picea mariana) and various willows (Saliz spp.).

Muskegs in the area were of 2 types: spruce muskegs, characterized by dense stands of black
snruce; and more mesic, open tamarack (Larex laricina) muskegs. Shrub cover of Labrador tea
(Ledun groenlandicum) in the spruce areas gradually gave way to swamp birch in the wetter areas.
The floor of both muskegs was comprised of uneven hummocks of graminoids, deadfall, small water-
filled openings, and a thick covering of various bryoids dominated by sphagnum mosses (Sphagnum
spp.). Under more hydric conditions, the open tamaracks gave way to low, sparse shrub cover of
swamp birch, “rary willow (Salix candida), and glaucous bog willow in an otherwise open marsh.

Open marshes were quite similar, dominated by 4 species of sedge (Carex gynocrates, C. lasio-
carra, C. limosa, and C. praejracilis), various forbs, and the sparce, lTow shrubs mentioned above.
Many of the marshes were merely thin, floating mats of dead vegetation.

A total of 240 samples of vegetation was made at the 6 nest sites. No samples fell within
spruce or tamarack muskeg, though an occasional tamarack was found in drier marsh areas. One sam-
ple occurred on open water. The majority of samples occurred in marsh habitat (186 or 77.5%); 33
(13.8%) were located on upland ridges and 20 (8.3%) occurred in border areas (those samples con-
taining both marsh and ridge habitat).

Estimates of relative cover of 110 plant species and other physiographic variables (e.g., open
water, deadfall, and others) were used to describe and compare nest sites. When nest site infor-
mation was pooled to determine relative average cover values, dominant cover types at nest sites
were open water (44.13% AC), dead graminoids (13.45% AC), Srhagnem spp. (10.96% AC), and vegetative
graminoids (10.17% AC)(Table 2). Forbs, graminoids, shrubs, and open water were dominant cover
types at all nest sites (Table 3). Species-specific estimates of relative cover (Carlisle 1979)
were used to calculate community coefficients for nest sites. MNest sites were an average of 57.1%
similar, with a range of 40.4% to 70.5% (Table 4).

DISCUSSION

Nesting Patterns and Breeding Habitat

Descriptions of crane nesting habitat should include not only a general description of the
area, but should emphasize those characters that may be important to nesting cranes. Open water,
upland feeding areas (in acid regions), and a lack of human disturbance are common denominators
in the qualitative studies conducted thus far on sandhill crane nesting habitat in various portions
of the birds' range (Table 5).

Howard (1977:15) states that "the presence of water is the most important single item in crane
nesting habitat." Open shallow water provides important roosting sites for nonincubating and pre-
breeding cranes during the spring and summer in Michigan (Warback 1976). Taylor (1976) reported
that all crane nests in the Upper Peninsula of Michigan were closely associated with water or were
located on unstable bog mats.

Results of this study were comparable with others and indicate that water was important to
nesting cranes. Although cranes were not observed roosting in any of the lakes in Athabina, crane
nests were located an average of 228 m (107-515 m) from open water. None of the nests were located
more than 1 km from open water, and nests were not found on the large marshes northwest of Athabina
which lacked open water.
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Table 2. Plant species and physiographic variables ranked in descending order of percent average
cover, calculated on the basis of all 240 samples, and number of sandhill crane nest sites at which
these plants or characteristics were found.

% No. % No.
average nest average nest
Rank Species cover sites Rank Species cover sites
1 Open water 44.1 6 27 Carex praegractlis 2.5
2 Dead graminoids 13.5 6 28 Picea glauca (adult) 2.4
3 Sphagnwn Spp. 11.0 6 29 Lonicera involucrata 2.3
4 Vegetative graminoids  10.2 6 30 Porulus tremuloides
5 Salix pedicellaris (adult) 2.2 4
var. hypoglauca 6.5 6 31 Triglochin maritima 2.2 5
6 Betula rapyrifera 6.3 6 32 Unknown graminoids
7 Carex lasiocarpa 5.7 6 (hills) 2.2 6
8 Cavex limosa 5.6 5 33 Alnus crisva 2.1 4
9 Vaceinium vitis-idaea 5.5 6 34 Blumus ivmovatus 2.1 5
10 Menyanthes trifoliata 5.3 6 35 Populus tremuloides
11 Carex gynocrates 4.8 6 (sapling) 2.1 5
12 Rosa sSp. 4.1 6 36 Cornus canadensis 2.0 6
13 Aralia nudicaulis 3.9 5 37 Ledun jroenlandicum 1.9 5
14 Vaceinium murtilloides 3.8 5 38 Saliz bebbilana 1.8 6
15 Linnaea borealis 3.8 6 39 Fauiseturm ralustre 1.7 6
16 Potentilla | alustris 3.7 6 40 Ame lanchier alnifolia 1.7 6
17 Arctostaphilos wva-ursi 3.3 6 41 Rubus stri josus 1.4 6
18 Epilobium angustifolium 3.2 6 a2 Prunus rensilvanica 1.4 5
19 Betula punila 3.2 6 43 Galium boreale 1.3 5
20 Deadfall 3.1 6 44 Sheperdia canadensis 1.2 5
21 Picea mariana (adult) 3.1 5 45 Salix 1 seudomonticola 1.2 6
22 Andromeda polifolia 3.0 4 46 Aster laovis 1.1 6
23 Equisetum arvense 2.9 5 47 Dquisetw seirpoides 1.1 4
24 Equisetum fluviatile 2.8 5 48 Pioea mariane (sapling) 1.0 5
25 Cladina Sp. 2.6 5
26 Maianthemun canadense 2.6 4

3See Carlisle (1979) for list of plant species with <1¢ average cover.

In northern Michigan and central Alberta, where marsh water was slightly acid, cranes left the
nest marshes to feed primarily in clearings in the surrounding forest highlands (Walkinshaw 1949:44).
Cranes were flushed from ridge clearings in Athabina on only 4 occasions during 1976-77, despite a
mean distance of crane nests to the nearest dry ridge of only 50 m.

Taylor (1976:46) reported that no cranes found in the Upper Peninsula of Michigan nested near
human activity and that "the size of the nesting bog is Tess important than isolation from human
disturbance." In Athabina, cranes nested no closer than 2.3 km to human activity. However, in
Wisconsin, Howard (1977) found cranes nesting successfully only 0.49 km from human activity. This



Table 3.

Relative cover estimates (% total cover) by growth form, number of species, and sample

size by habitat types, of vegetation samples near 6 sandhill crane nests in Alberta.

% total cover at nest site

Category 1 2 3 4 5 6

Trees

Conifers 5.3 3.6 2.7 5.0 4.8 1.8

Broadleaves 7.9 0.6 1.6 8.8 8.1 3.7
Shrubs 17.3 14.5 14.1 12.7 20.1 8.5
Forbs 32.5 10.2 25.9 25.2 33.4 20.3
Graminoids 18.6 36.1 28.2 18.6 11.5 23.6
Bryoids 5.2 5.7 7.6 7.2 7.6 3.3
General

Open water 11.3 28.8 18.7 19.9 11.5 35.7

Deadfall 1.0 0.6 0.7 1.2 2.0 2.5

Miscellaneous 0.9 -- 0.6 1.4 1.0 0.5
TOTAL 100.0 100.1 100.1 100.0 100.6 99.9
NUMBER OF SPECIES 80 52 66 72 83 57
NUMBER OF SAMPLES

Marsh 29 36 36 29 20 36

Ridge 5 4 1 7 14 2

Border 6 0 3 4 6 1

apparent tolerance of human disturbance may be due to the loss of preferred nesting areas through

drainage of wetlands for agriculture.

Nesting habitat of sandhill cranes in other parts of their range has been described by several

authors (Table 6).

Table 4. Percent similarity of 6 sandhill
crane nest sites in Alberta (expressed by com-
munity coefficients).

Nest % similarity among nest sites
site 1 2 3 4 5

1

2 53.2

3 63.8 67.4

4 61.9 58.7 67.9

5 58.6 42.8 70.5 63.2

6 47.2 60.7 51.8 48.6 40.4
Mean 57.1

Range 40.4-70.5
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The majority of these descriptions are qualitative and can be compared with

this study on that basis. The nest sites de-
scribed in this study appear most similar to
those described in central Wisconsin (Howard
1977), the Upper Peninsula of Michigan (Taylor
1976), and the Yukon-Kuskokwim Delta, Alaska
(Boise 1977). Sphagnum mosses and various spe-
cies of sedges or grasses are common to all
those areas. The least similar nesting area
occurred on dry sand dunes on Banks Island,
Northwest Territories (Walkinshaw 1965a).

Comparison of Nest Sites in Athabina

Coefficients of community, calculated from
relative cover values, were used in this study
to compare nesting sites within the study area.
This coefficient is 1 of many similarity indices
currently used by botanists. Mueller-Dombois
and Ellenburg (1974:278) write:

"Theoretically, the similarity indices
could vary from zero to 100 percent, i.e., from
complete dissimilarity to perfect similarity.



Table 5. Distances from sandhill crane nests to important habitat characteristics in various
regions.

Mean water Mean distance from nest to
depth at Ridge or dry Open water Human activity
Location Authority nest (cm) Tand (m) {m) (km)
Central Alberta This study 16 (8-28) 50 (30-79) 228 (107-515) 4.9 (2.3 minimum)
n=10 n==a5 n==o n==5
Michigan Walkinshaw (1949) 17.52 185 (15-670)
n =37 n =39
Central Wisconsin Howard (1977) 12.6 (0.1-35.7) 280 (11-1,280) 2.7 (0.5-9.0)
n =50 n =50 n = 50
Oregon Walkinshaw (1949)  38.3 (30-52)
n=3
Idaho Walkinshaw (1949) each <50
n=3
Florida Thompson (1970) 25.0 (2.5-99.1)
n = 44
Yukon-Kuskokwim
Delta, Alaska Boise (1977) <50
. The similarity of two replicate stands may be nearer to 75 percent than to 100 percent." Be-

cause of inaccuracies inherent in sampling procedures, a community coefficient of about 75% would
not be uncommon in comparisons of replicate samples of the same area.

The community coefficients calculated for the Athabina area indicate that the cranes' nesting
sites are quite similar. The mean for the 15 site comparisons was 57.1%, with a range of only 40.4%
to 70.5%. These comparisons of the sites as entire units were useful as indicators of similarity
in the area. Carlisle (1979) further analysed variability between sites by grouping samples within
sites according to habitat type and then calculating intersite community coefficients for the marsh,
ridge, and border components of the sites.

Comparisons of community coefficients are needed in the same area with values calculated from
randomly selected marshes where cranes do not nest. Such comparisons would determine if cranes are
actively selecting nest sites based on specific required characters, or if the similarity exhibited
between the nest sites is a reflection of the homogeneity of the region.

Applications to Crane Management

The relative cover values presented in Table 3 can be used in the future as a basis for direct
comparison of nest sites in Athabina with those similarly studied in other portions of the boreal
forest. These comparisons would determine the degree of variability present in nesting habitat of
sandhill cranes in this region and thereby increase our understanding of the cranes' habitat tol-
erances and requirements. Knowledge of these habitat variables is necessary before the ecologist
can evaluate possible future impacts to sandhill crane nesting areas caused by activities such as
0il development, lumbering, peat mining, and draining of wetlands for agricultural purposes.

There are many questions still be be answered regarding the population size, breeding habitat,
and distribution of sandhill cranes within the Canadian boreal forest regions. Few studies have
been made of these areas largely due to the expense involved in large-scale surveys. Habitat in-
formation from this and similar studies could be used to develop a model of nesting habitat param-
eters for sandhill cranes in the boreal forest. This model, combined with advances in remote sens-
ing technology (e.g., the LANDSAT system), could reduce logistics problems by more easily identify-
ing potential breeding areas within the Canadian boreal forests.
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Table 6.

Comparison of sandhill crane nest habitats in various regions.

Location

Authority

General description

Plants adjacent to nest

Central Alberta

Lower Peninsla
Michigan

Upper Peninsula,
Michigan

Malheur NWR,
Oregon

Yukon-Kuskokwim
Delta, Alaska

Central
Wisconsin

Banks Island,
NWT

This study

Walkinshaw (1965b)

Taylor (1976)

Littlefield and
Ryder (1968)

Boise (1977)

Howard (1977)

Walkinshaw (1965a)

Open sedge marsh

Marsh

Sphagnum bog

Open meadows or marshes

Heath-marsh mosaic,
sedge grass meadow

Various wetlands types

Dry sand dunes

Salix pedicellaris or Betula
rumila, Srhagnum Spp., sedges,
and forbs

Cattails (7vpha spp.) and sedges

Sphagnum spp., leather-Teaf
(Chamaedaphne calyculata),
cotton grass (Eriophorum spp.),
black spruce, jack pine

Broad-fruited burreed (Sparganium
eurncarpum), hardstem bulrush
(Seirpus acuta), broad-leaved
cattail (Tupha latifolia),
grasses or forbs

Sphagrnum Spp., Carex lyngbiaet ,
Carex rariflova, Elymus arenar-
ius, Festuca rubra, Arctagrostis
latifolia

Carex rostrata, Sphagnum SPP.,
Seirpus curerinus, Carex lasio-
carpa, Salix sSpp., Typha lati-
folia, Srirea tomentosa, Carex
oligosperma, Calamagrostis cana-
dense

Sparse grasses and sedges
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NESTING OF THE FLORIDA SANDHILL CRANE IN CENTRAL FLORIDA

LAWRENCE H. WALKINSHAW, 5230 Timberlane Road, Lake Wales, FL 33853

Abstract: One hundred and thirty-seven Florida sandhill crane (Grus canadensis pratensis) nests
were observed between 1938 and 1981; 81 were located in ponds less than 4.1 ha and 56 were in
larger wetlands. Sixty nests were in ponds where the great portion of surrounding habitat was pas-
ture; 30 where it was saw palmetto; 6 where it was pine forest; the remainder where the habitat was
a combination of pasture, saw palmetto, pine forest, cypress, bayheads, shrubs, oak hammocks or
cabbage palm hammocks. One hundred twenty-four of 137 nests were built where pickerelweed and
maiden cane grass were the dominant emergent pond vegetation. All except 1 of the nests were in
shallow water.

Egg-Taying was known or estimated (from the hatching date allowing 30 days for incubation) for
9 to 14 nests annually: 3-5 March 1970, 11-12 March 1971, 22-23 February 1972, 15-16 February 1973,
28 February-1 March 1974, 1-3 March 1975, 1-3 March 1976, 30 January-1 February 1977, 3-5 February
1979, 3-5 March 1980, and 1-3 March 1981. During 1977, laying came immediately following the cold-
est period of winter; pond vegetation had been frozen badly and temperatures were still cool. How-
ever, nesting began 1 month earlier than normal. During 1973, 1977, and 1979 excellent precipita-
tion came in the winter months so the ponds were full of water by January. Winter rains apparently
were the factor stimulating nesting. Annual rainfall did not seem as important as the amount of
rainfall from October until January.

Where the outcome was known, 92 of 119 nests were successful (77.3%). Among 224 eggs, 176
hatched and 174 chicks left nests (77.7%). Feral hogs and raccoons were the chief predators. There
were 7 clutches of 1 egg and 114 of 2 eggs (mean 1.94). 1In 82 nests 2 chicks left the nest and in
10 only 1 chick Teft.

Some ranches remain intact, but several have been split in ownership. Four ranches recently
owned by cattlemen are now owned by developers and on 1 ranch 0.1-ha lots have been sold. Ditches
are still dug periodically and many ponds have been drained. On some ranches partial land use has
changed from cattle grazing to sod farming, citrus, and tomato growing. On nearly every ranch the
cranes have lost habitat. Conditions become so severe during drought years that only about 50% of
the paired cranes nest.

Continued studies of the nesting and populations of the Florida sandhill crane have brought
forth much additional information on this subspecies since my earlier report (Walkinshaw 1976).
Most of the field work was carried on the Kissimmee Prairie by motor vehicle or on foot but a heli-
copter was used in March 1976 for 3 hours and in 1981 for 4 hours.

WETLANDS

Central Florida wetlands do not fit exactly into standard wetland classifications; consequent-
1y, the following classification was used:

Type L, Periodic Flooded Plain or Flat.--Soil covered with water or waterlogged during periodic
rainy periods, well drained most of year.

Type £, Grass and Sedge Meadow.--Chiefly maiden cane grass (Panicum hemitomum) with 1ittle shallow
water.

Type 3, Shallow Marsh.-~-Soil normally waterlogged during spring and summer, covered nearly all the
time by as much as 25 cm of standing water with emergent vegetation all over or in patches.

Type 4, Deep Marsh.--Similar to Type 3 but with more than 25 cm of standing water during most of
year. FEmergent vegetation most often in clumps or patches; pickerelweed (Pontedaria lanceolata)
and maiden cane the most common plants. Open water areas often grown to submerged vegetation
such as water hyssop (Bacopa monnieri) and bladderwort (Utricularia - several species).

Type 5, Open water.--Sometimes grown to spatterdock (Nuphar macrophyllum) or waterlily (Nymphaea
odorata), especially along water's edge.

Type 6, Shrub Swamp.--Bayheads, grown to trees (Magnolia grandiflora, M. virginiana, Persea bor-

bonia, Pinus palustris, Acer rubrum), but mostly shrubs such as buttonbush (Cephalanthus

oceidentalis), edlerberry (Sambucus simpsonii), willow (Saliz sp.), waxberry (Myrica cerifera),

fetterbush (Zyonia lucida), and others, with the entire region covered periodically by standing

water.
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Type 7, Wooded Swamp.--Covered with the above trees and grown to tangles of grapevine (Vitis sp.),
poison ivy (Rhus radicans, R. vernix), and a variety of greenbriar (Smilax sp.) with standing
water in places.

For additional subclassifications: (A) - size of wetland Tess than 4.1 ha and (B) size more than

4.1 ha. Alphabetical lower case letters are used as follows if 50% or more of the wetland is bor-

dered by the following: (a) Pastured fields; (b) saw palmetto (Serenoa repens); (c) bayheads;

(d) shrubs; (e) pine forest (Pinus elliottii, P. palustris); (f) oak hammocks, live oak (Quercus

virginiana), water oak (Q. nigra), and other oaks; (g) cabbage palm hammocks (Sabal palmetto);

(h) cypress (Taxodiwm distichwm, T. ascendens); and (i) other vegetation.

Following the above classification, 137 nests have been found as follows: 3Aa (10 nests),
3Ab (2), 3Ba (1), 3Bb (2), 4Aa (50), 4Ab (11), 4Ae (2), 4Ah (1), 4Abe (5), 4Ba (31), 4Bb (15), 4Bab
(2), 4Bc (2), 4Bcd (1), 4Beb (1), and 4Bae (1). Thus 36.5% of nests were found in Type Aa and 77.4%
in the wetland types 3Aa, 4Aa, 48a, and 4Bb.

Nests were found in wetlands where the chief plants in the vicinity were pickerelweed and
maiden cane grass. One hundred twenty-four of the 137 nests were built where these 2 plants domi-
nated the emergent vegetation. 1In all 124 nests these 2 plants were used to construct nests. How-
ever, it was evident the cranes preferred to pull off stalks of maiden cane, if it was nearby, even
though they preferred to build their nests in patches of pickerelweed (Table 1).

Table 1. Predominant vegetation adjacent to Florida sandhill crane nests and materials used in
nest construction.

Predominant vegetation ) a Spegies used predomiqant]y
near nest Times found in nest construction
St. John's wort (Hypericum fasciculatum) 2 2
Arrowleaf (Sagittaria lancifolia) 2 2
Maiden cane (Panicum hemitomm) 21 26
(Panicum woodwardii)b 1 1
Bluestem (4Andropogon floridanus) 2 2
Bulrush (Seirpus sp.) 1 1
Spike rush (Eleocharis equisetoides) 2 2
Water hyacinth (Eichhornia crassipes)c 1 1
Pickerelweed (Pontedaria lanceolata) 89 84
(Juncus effusus) 2 2
(Pontedaria lanceolata and Panicwum hemi tomm) 14 14
Total 137 137

%1n 1 instance an unidentified grass was used, in another nest a mass of flotsam was used,
including water hyssop (Bacopa momnieri). Maiden cane and/or pickerelweed were used in 90.5% of
all nests.

bThis nest was found in a dry habitat at Archbold Biological Station, Highlands County by
their personnel.

“This nest was found by Stephen Nesbitt at Payne's Prairie, Alachua County.
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Table 2. Pond size and water depth where Florida sandhill cranes nested, and distance from nest
to shore.

Mean pond Range in Mean Range in Mean Range in

Wetland size pond size distance to distance to water water
Year status Nests (ha)? (ha) shore (m) shore (m) depth (cm) depth (cm)
1938 Wet 3 17.2 0.8-48.6 46.8 37-58 25.0 20-30
1945 Dry 6 (in Okefenokee Swamp, Ga.) 28.7 0-46
1960 Wet 2 {in Okefenokee Swamp, Ga.) 30.5 0-61
1966-68 Wet 7 4.2 0.6-8.1 62.2 46-85 25.5 10-46
1970 Wet 9 3.2 0.6-10.1 68.4 22-153 44.7 26-63
1971 Dry 9 4.5 0.4-10.1 53.3 35-91 19.5 0-41
1972 Wet 9 3.5 0.2-10.1 54.9 18-122 30.1 0-61
1973 Wet 13 2.4 0.2-8.1 64.0 15-183 32.7 15-45
1974 Dry 16 5.2 0.2-18.2 58.5 11-122 30.4 12-74
1975 Dry 10 3.7 0.4-10.1 44.5 12-107 26.6 0-95
1976 Dry 12 4.4 1.6-8.9 43.2 8-91 17.0 0-41
1977  Slightly wet 8 4.7 0.8-10.1 61.0 46-69 26.6 4-45
1978 Very wet 0
1979 Wet 10 2.0 0.4-6.5 54.5 18-123 35.7 25-49
1980 Wet 10 2.5 0.2-6.5 54.7 9-179 42.8 20-74
1981 Dry 11 5.1 1.0-14.6 62.1 20-65 22.4 15-32
Mean 135b 3.8 0.2-48.6 56.3 8-183 29.6 0-95

8sizes of ponds estimated from topographic maps and aerial photographs. During dry years they
were often smaller. During wet years cranes appeared to use smaller ponds, even in 1938 when ponds
had not yet been drained.

bMean pond size and distance to shore is based on 131 nests; mean water depth is based on
130 nests.

A1l but T of 139 central Florida nests have been built in small ponds and surrounded entirely
or with patches of shallow water and emergent vegetation. Table 2 summarizes water depths when
nesting began, and the size of nesting ponds. The amount of precipitation is also Tisted for the
Lake Wales area (Table 3).

Precipitation is definitely the most important factor determining whether cranes nest and when
they nest in central Florida. Temperature apparently has little effect. Increased daylight length
apparently has some effect because cranes normally begin nesting during the first 2 months of the
year. But the amount of water in the nesting pond or ponds in the territory of a pair of cranes
definitely affects their nesting.

A great majority of ponds were dry in 1981 when I found 11 nests (4 by helicopter), all in
ponds with some water. Eleven pairs were found that showed no signs of nesting; all the ponds on
their territories were dry. I checked the latter ponds in Osceola and Polk Counties from the ground
and also flew over these territories in a helicopter. There was more water in Okeechobee County
wetlands. In some ponds, even with good water, nests were built but eggs were not laid, indicating
that availability of food might influence laying.



Table 3. Precipitation (cm) recorded at Warner Turnguist weather station, Lake Wales, Florida.

Year Jan Feb Mar Apr May June  July Aug Sep Oct Nov Dec Total
1970 5.4 7.3 18.5 5.4 1.7 4.9 112.4
1971 0.4 13.8 2.7 0.9 8.0 21.8 12.9 15.7 7.9 19.1 4.0 3.1 110.6
1972 3.3 13.6 2.6 6.8 7.0 19.6 15.2 14.4 2.6 6.0 6.7 6.5 104.4
1973  16.6 9.1 14.4 15.2 10.1 6.1 22.9 23.3 14.3 1.6 3.9 2.8 140.3
1974 1.2 2.8 1.7 3.1 13.0 36.0 24.9 21.7 13.0 0.6 0.6 4.6 123.3
1975 1.7 6.6 4.3 0.7 18.1 12.5 18.0 24.9 22.5 12.2 4.9 1.8 128.3
1976 2.1 0.8 3.5 5.8 33.0 21.4 17.9 21.9 23.5 7.7 18.5 5.5 161.8
1977 5.6 4.1 4.5 2.8 5.3 4.0 28.8 27.4 17.2 8.6 4.8 4.6 117.8
1978 6.1 9.4 6.5 2.4 23.6 24.3 31.3 10.4 10.5 3.3 2.0 9.1 138.9
1979 17.1 3.0 7.2 4.1 23.7 11.7 13.4 16.1 36.5 0.5 7.1 4.0 144.5
1980 1.0 9.7 4.0 3.9 15.5 10.1 15.8 6.3 3.6 3.4 11.0 2.2 87.1
1981 1.1 9.0 3.0

EGG-LAYING

Egg-laying dates during different years were known or were estimated by backdating from the
hatching dates. Mean laying dates were as follows: 3-5 March 1970, 11-12 March 1971, 22-23 Feb-
ruary 1972; 15-16 February 1973, 28 February-1 March 1974, 1-3 March 1975, 1-3 March 1976 (10 nests),
30 January-1 February 1977 (9 nests), 3-5 February 1979 (14 nests), 3-5 March 1980 (9 nests), and
1-3 March 1981 (8 nests)(Table 4). Egg-laying was earliest during 1977 when 8 of 9 pairs laid their
eggs by 1 February, most of them between 22 and 28 January. The coldest days of winter 1976-77 came
on 19 and 20 January when the temperature was 26° F (-3.3° C). During 1979 the laying period cov-
ered a much wider range, 7 January-28 February (14 records), with the mean being 3-5 February. The
coldest day, 29° F (-1.7° C) was 3 January.

During November 1976, 18.5 cm of rain was recorded at Lake Wales, quite comparable to the
amount of rainfall in the entire region. The ponds were full when the birds began to nest in mid-
January 1977. During December 1978 and January 1979, 26.2 cm of precipitation were recorded and
the ponds were full at the beginning of January 1979. Actual mean egg-laying was only 4 days later
than during 1977, yet the 1980 and 1981 egg-laying was 1 month later, 3-5 March and 1-3 March,
respectively. The rains as recorded in the Lake Wales News for the 1979 nesting season were
7 December 1978 (6.3 cm), and in January 1979, 3 cm on the 12th, 3 cm on the 13th, 7.1 cm on the
14th, 1.5 cm on the 23rd, and 6.6 cm on the 27th. During the same period of 1979-1980 and 1980-1981
there was practically no rainfall; 1981 (Table 5) was the driest year since 1966 and nearly all the
ponds were dry.

EGGS, INCUBATION PERIOD, CLUTCH SIZE, AND HATCHING SUCCESS

Eggs of the Florida sandhill crane are much lighter colored and appear to have fewer spots
than those laid by greater, Canadian, and lesser sandhill cranes (G. canadensis tabida, G. c.
rowant, and G. c. canadensis, respectively). Field measurements of 168 Florida sandhill eggs were
93.5 (80.9-107.6) x 59.8 (53.7-67.0) mm with the standard deviation each year varying between 2.5
to 6.; mm in length and 1.3 to 3.0 mm in width. The mean weight of 55 eggs was 168.7 g (138.7-
233.6).

The position of eggs in nests was recorded many times, or photographs were taken so that the
position and the distance apart could be recorded. In 66 two-egg clutches the eggs averaged 17.1 mm
(0-101) apart. In 27 clutches, the eggs faced the same direction; in 22 clutches they faced oppo-
site directions and in 5 clutches they were at right angles with the small ends together. In 7
clutches they were at right angles with the large end of 1 egg adjacent to the small end of the
other. Within 3 clutches the eggs were almost aligned. Clutch size averaged 1.94 eggs (7 of 1;
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Table 5. Air temperature (°C) and rainfall at Lake Wales, Polk County, Florida, and egg-laying
dates for Florida sandhill cranes, nesting seasons 1976-77, 1979-81.
Mean Mean Date when Rainfall First? Mean®
Month high Tow Mean High Low High Low (cm) laying date laying date
1976
Jan 20.7 8.8 14.7 26.1 0. 7 Jan 9 Jan 2.1 7 Feb 1-3 Mar (13)
Feb 2.1 11.6 17.8 29.4 2 18 Feb 3 Feb 0.8
First
% Mar 29.4 16.7 23.1 31.1 11.1 9 Mar 11 Mar 3.5
Mean 2.0 11.7 17.9 31.1 0.0 9 Mar 9 Jan 6.4
75 days
1976-1977
Nov 23.2  13.2 18.2 28.3 3.9 28 Nov 23 Nov 18.5 22 Jan (2) 30 Jan -
1 Feb (9)
Dec 20.4 10.8 15.6 27.8 1. 12 Dec 23 Dec 5.5
dJan 15.9 6.0 11.2 25.5 -3.3 28 Jan 19,20 Jan 5.6
Feb 21.8 15.3 30.0 1.1 27 Feb 17,18 Feb 4.1
Mean 20.3 9.7 15.0 30.0 -3.3 27 Feb 19,20 Jan  33.4
120 days
1978-1979
Nov 27.5 16.9 22.2 30.0 15.0 29 Nov 13 Nov 2.0 7 Jan 3-5 Feb (14)
Dec 24.5 14.8 19.6 31.7 7.8 8 Dec 13 Dec 9.1
Jan 20.3 9.9 15.1 28.3  -1.7 1 Jan 3 dan  17.1 16 Feb 21 Feb
Feb 20.3 8.1 14.2 26.7 1.1 6 Feb 1,2 Feb 3.0
Mean 21.1 13.3 17.2 31.7  -1.7 8 Dec 3 Jan  31.2
119 days
1980
Dec 22.4  12.7 17.5 28.3 4.4 12 Dec 1 Dec 4.0 18 Feb (2) 3-5 Mar (9)
Jan 21.6 16.0 18.9 26.7 A 11 Jan 6 Jan 1.0
Feb 20.1 8.5 14.9 28.9 0.6 24 Feb 2 Feb 9.7
First
b Mar 24.6 11.6 18.1 30.6 -3.9 12 Mar 3 Mar 3.9
Mean 21.8  12.3 17.1 30.6 -3.9 12 Mar 3 Mar 18.6
106 days
1981
Jan 16.5 4. 10.8 23.9 -3.3 30 Jan 13,14 Jan 1.1 12 Feb 1-3 Mar (11)
Feb 22.9 11.6 17.3 27.8 1.1 22 Feb 4 Feb 9.0
Mar 24.2 12.1 18.1 32.2 5.0 31 Mar 21 Mar 3.0
Mean 21.1 9.5 15.3 32.2  -3.3 31 Mar 13,14 Jan 13.1
90 days
qctual or estimated. Number in parenthesis is number of nests.
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114 of 2) in 121 nests where the completed clutch size was known. Nests with eggs were observed
in the following counties: Alachua, 4 (I was with Stephen Nesbitt); DeSoto, 1; Highlands, 3 (I
was with Fred Lohrer and James Layne); Indian River, 1; Okeechobee, 22; Osceola, 70; Polk, 34; and
Glades, 1.

During 1970 a nest was found with 1 egg on 7 March. The 2nd egg was laid either 8 or 9 March.
The 1st egg hatched 5 April and the 2nd on 6 April (incubation period of 28 or 29 days). Two eggs
found 7 March 1974 hatched 30 days later on 5 and 6 April. In a nest found 1 March 1980 on Hayman
Ranch, near Kenansville, Osceola County, the 2nd egg was laid 3 March and the eggs hatched 1-2
April, 30 days Tater. At a nest found 10 March 1980 in Polk County, the 2nd egg was laid either 11
or 12 March and both hatched 9 and 10 April, 29 days later.

I previously published weights and measurements of chicks (Walkinshaw 1976). They leave the
nest within 24 hours after hatching. Eggs hatched in 92 (77.3%) of 119 nests followed through in-
cubation. In these 119 nests, 224 eggs or chicks were observed; 176 hatched (78.5%) and 174 fledged
(77.7%). Of the 2 chicks that did not survive, 1 was partly eaten by a predator and cause of death
of the other was unknown. There were 82 nests where 2 chicks fledged and 10 where only 1 fledged.
During 1979 a female was found dead in the water beside her nest yet the male hatched the 2 eggs.

I did not know whether he raised the chicks. Among the 48 eggs that did not hatch, 4 were deserted
(2 nests), 2 were broken by adults, 1 was infertile, and 41 were taken by predators. Apparently,
the predators were raccoons (Procyon lotor) and feral hogs, the Tatter especially when pond waters
receded.

Predation was severe during the dry years of 1971 and 1981. Rains came at the right time in
1977 and 1979 and water conditions were ideal. During 1978 there was too much water. I flew over
ranches in Polk and Osceola Counties with the slowest plane available and it appeared that 25% of
the Tand was under water. The ponds were too deep to wade and trails too wet for automobile travel.
During 1976 (3 hours) and 1981 (4 hours), we covered northern Florida by helicopter, even flying
over much of central Okeechobee County in 1976. Dr. James Layne was with me in 1976 and Dr. Miles
Peelle in 1981. For the 1976 flight we thank the Florida Audubon Society and Major Realty, Inc.
of Orlando.

THE RANCHES

The ownership of the Kissimmee Prairie has been very important in conservation of wildlife.
During the 1930's cattle were on free range, there were no fences, and poaching was possible. Now
all ranches are fenced, most gates are padlocked, and all ranches are posted against trespass.
Hunting is carried on at a minimum in most regqions. The ranch owners have proven to be the best
conservationists in central Florida. But some ranches have had difficulties. The effects of prop-
erty taxes, inheritance taxes, inflation, and the reduction in beef prices have been severe. Con-
sequently some ranches have been sold to developers, some owners have sold portions of their ran-
ches, and some have drained ponds to increase their usable acreage. The following has happened.

Osceola County

Alto Adame, Jr., Lake Marian Ranch, Kenansville (Fig.l).--This 12,146-ha ranch is still intact
and managed much as it was in 1970. 1In 1976, twelve pairs of cranes and 3 nests were found; in
1977, nine pairs and 2 nests; in 1979, nine pairs, 2 nonbreeders, and 3 nests; in 1980, eight
pairs, 2 nonbreeders, and 3 nests; and in 1981, only 4 pairs, 3 nonbreeders, and 1 nest. 1In 1970
1 found 19 wetlands, several of which were less than 0.4 ha; in 1981 only 4 of these contained
water.

W. Pau! Hayman Ranch, Kenansville.--This 4,858-ha ranch has not changed much since 1970. In
1938 it was covered extensively with water. During the 1970's a ditch was extended from an earlier
ditch so that 1 pond was drained completely. The-Sunshine Parkway was built across the ranch and
few borrow pits were dug; 1 of these has been used twice for crane nesting. (Ranchers could aid
breeding cranes when they dig watering ponds if they extended them a little and made 1 end shallow.
Shallow areas grow to emergent vegetation which produces adequate cover and the pits normally
retain water even during droughts.) There have been 2 or 3 pairs nesting on this ranch since 1970.
During 1981, three pairs and 2 nests were found. Part of the ranch is now rented to sodgrowers
and this has been used by wintering greater sandhill cranes during several winters.

Three Lakes or Turkey Hammock Ranch along Lake Kissimmee.--This ranch was owned by the Padgett
family in 1970. They sold a large portion to the Florida Fish and Game Commission and it is now a
Wildlife Management Area. Portions of the north end of the ranch are not crane habitat but the
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Fig. 1. Nest and pond locations in the main study area.

crane habitat south of there, including private land, totals about 7,287 ha. During 1976 we sur-
veyed the entire ranch, even along Lake Kissimmee, without finding a crane nest; in 1981 we found

2 nests but saw only about 8 wetlands with water. According to neighboring ranchers, much wildlife
was destroyed when the Wildlife Management Area opened to hunting during the 1970's.

Maxcy-Wilson Ranch, Yeehaw Junction.--This immense ranch of more than 42,500 ha has not
changed since 1970 except in ownership. Pat Wilson is the present owner. The ranch extends from
the Kissimmee River to Highway 441, west to east, and from Highway 60 on the north to the Okeechobee
County line on the south. Some of the higher land has been converted to orange groves, some has
been leased to tomato growers, and some has been changed to sod farming, but much of it is still
used for cattle grazing. During 1976 we surveyed much of the ranch by helicopter and found about
12 wetlands. We only Tocated 3 nests but there could be as many as 25 pairs of cranes.

60



LeRoy Bass-Edwin Rohde Ranch, Yeehaw Junction.--This ranch had much water and many cranes in
1938; 6 pairs and 3 nests in 1976; 4 pairs in 1977; 4 pairs and 1 nest in 1979; 4 pairs, 2 non-
breeders, and 1 nest in 1980; and 4 pairs, 3 nonbreeders, and 3 nests in 1981. Ditches have not
been built recently but an existing ditch was deepened. When the Basses died the ranch was inher-
ited by the Rohdes. To pay inheritance taxes, they sold much of the pine forest and rented a large
portion to tomato growers. The original ranch contained 7,288 ha, but it is split into 3 ranches.
The Rohdes own the largest portion (5,688 ha). There were only 5 wetlands with water in 1981.

Okeechobee County

The Harvis Ranch, Yeehaw Junction.--The original Harris Ranch consisted of 10,883 ha. Sand
roads crossed from the northeast to the southwest and 1 from the center to the northwest. Pete
Fite bought the ranch in 1972 but sold it in 1979-1980. Now it is owned by 4 parties. Alto Adams,
Jr. bought the 9 sections in the northwest corner, the Nature Conservancy purchased 9 sections in
the southwest carner, a Mr. Harvey bought about the same amount in the northern section, and the
remainder was purchased by Lefty Durando.

The Nature Conservancy turned their land over to the National Audubon Society. During 1976
Pete Fite constructed a ditch across the west-southwest portion which drained at Teast 13 ponds,
many of which had been used for crane nesting. But the ditch was not connected to any other so
that it deposited water at its Tower level in greater amounts than previously, benefiting the
southwest region. Twelve wetlands were observed in 1981 on the entire region and 1 nest was found.
Five pairs of cranes and 8 nonbreeders were also observed.

Polk County

The W. D. Crews Ranch, Lake Wales.--Owned jointly by W. D. Crews, Sr. and Jr., this ranch, that
is mostly cattle pastured prairie, contains 1,822 ha. One ditch was extended across the southern
portion in 1979. There were 5 usable wetlands during 1979 and 1980; these were all dry during 1981.
This is 1 of the few ranches found on the ridge, at an elevation of 35.7 to 36.6 m. One nest was
found during 1979 and 1 in 1980. One pair of cranes and 3 nonbreeders were present in 1981.

Lake Kissimmee State Park.--The park (2,035 ha) contains 283 to 404 ha of crane habitat and 1
or 2 breeding cranes between Lakes Kissimmee and Rosalie. A pair with a chick was seen near the
park entrance in March 1979. A flock of 160 greater sandhill cranes wintered there in 1979-1980
(1 bird wore a streamer with number 124 on both wings; the streamer was attached in Wisconsin).
This flock roosted at night in a large wetland in the northwest sector of the park. They returned
in October 1980 but left during the dry 1980-81 winter. The main wetlands extend along the shores
of the Tlakes.

Sam Keen Ranch.--Owned by Gulf American Corporation for purposes of development, this ranch
consists of 6,073 ha and much of it is still grazed by cattle. There is considerable hunting on
the ranch. Three pairs of cranes nested there in 1979 and 2 pairs in 1980. No active nest was
found when we surveyed the ranch by helicopter in 1981. Five wetlands were present and 4 of these
had previously been used for nesting.

Roy Keen Ranch.--There are about 688 ha of cattle pasture used by cranes on this ranch east
of Lake Wales. The only nest was found there in 1971. Since then the nesting pond has been dry.
Normally there are 3 wetlands on the ranch but all were dry in 1981.

Paul Keen FRanch.--Now owned mostly by Gulf American Corporation, the ranch consists of 6,073 ha
of which 2,073 ha is cattle-pastured prairie containing 5 wetlands. Two crane pairs and 1 nest
were found there in 1981 during the helicopter survey.

The Peters Ranch.--Now owned by Gulf American Corporation, it consists of approximately 1,036 ha
on which there are still 3 wetlands. A pair of cranes nested there in 1979 and in 1981. We sur-
veyed it by helicopter in 1981.

River fanch Acres (48 km east of Lake Wales).--Owned by Gulf American Corporation, the
22,041 ha have been subdivided into 0.1-ha lots. The ranch is still pastured by cattle because few
houses have been built. At least 5 paris of cranes nested there during 1967 and 1968 and flocks of
nonbreeders were present. Two of the nest ponds have been drained since 1968 and another has been
lost to approaching developments. One pond should still be present on the edge of the Avon Park
Bombing Range.
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CONCLUSION

Prairie country of central Florida (Okeechobee, Osceola, and Polk Counties) is slowly disap-
pearing because of changing land use, drainage of ponds, and development. During the 1981 nesting
season, even with a helicopter and much work on foot, Hoke Fitzgerald, Jr., Miles Peelle, and I
found only 28 pairs, 11 nests, and 17 nonbreeding cranes on 12 properties totaling 81,630 ha. This
habitat has been the greatest stronghold of the species. As the prairie country disappears, so
does the central Florida crane population.
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BREEDING ECOLOGY OF THE MISSISSIPPI SANDHILL CRANE IN JACKSON COUNTY, MISSISSIPPI

JACOB M. VALENTINE, JR., U.S. Fish and Wildlife Service, P. 0. Box 4305, Lafayette, LA 70502

Abstract: Data on Mississippi sandhill crane (Grus canadensis pulla) reproduction and nesting hab-
itat characteristics were collected in Jackson County, Mississippi, from 1965 through 1981. Eighty-
three nests were found. The largest number of nests found in a season was 8 (1968); 7 were found

in both 1971 and 1977. Only 2 were found in 1980, but 5 were found in 1981. Eleven general breed-
ing areas containing 20 territories were identified. Nine territories appear to be permanently
abandoned and 3 others may be. 1 estimate there are presently 8 to 10 breeding pairs with a total
population of 30 wild cranes plus 9 captive-reared released cranes. The earliest hatching date was
18 April and the Tatest 21 June. The peak of hatching occurred during 1-20 May when 70% hatched.
Nests were found in 4 habitat types: open savanna (47%), swamp edge (36%), pine plantation (11%),
and pine forest edge (6%). The overstory cover was measured on 0.28-ha circular plots (N = 18) sur-
rounding nests. Tree and brush cover ranged from 5 to 26% of the area within swamp edge, 5 to 19%
within pine plantations, and 1 to 8% within savannas. The shortest distance between active nests
was 715 m. Three nests were only 715 to 833 m apart in 1971. The hatching success of 78 wild eggs
was 64% compared to 65% of 49 eqggs incubated in captivity. The mean size for 79 completed clutches
was 1.86 eggs. Crows destroyed 4 eggs from 3 clutches.

The Mississippi sandhill crane was listed as endangered by the Department of Interior in 1973,
after being described as a new subspecies by Aldrich (1972). Early reports include Leopold (unpubl.
1929), McIlhenny (1938), Turcotte (1947), and Walkinshaw (1949, 1960). Life history and the envi-
ronment were described by Valentine and Noble (1970). Valentine and Noble (1976) wrote of the
threats to the crane, the problems created by the construction of Interstate Highway 10, the fed-
eral court case, and the need for a refuge. A status update on the crane, the outcome of the 1iti-
gation, and the establishment of the Mississippi Sandhill Crane National Wildlife Refuge (MSCNWR)
were described by Valentine (1979). A Recovery Plan (1976) was approved by the Fish and Wildlife
Service (FWS) and revised in 1979 (Valentine et al. 1979).

This paper summarizes 18 years of field work that began when I was assigned to evaluate the
effect of the proposed I-10 highway on the crane (Valentine 1963 report in FWS files), and contin-
ued with the plan to reintroduce sandhills into Louisiana (Valentine 1964 report in FWS files).

The objective was to establish a captive flock of cranes whose progeny would be released into the
wild. Searches for nests in Jackson County, Mississippi, began in 1965 and have continued through
1981. Eggs were collected for captive propagation from 1965 through 1977 and again in 1981. No
formal study plan was made; most of the data were collected incidental to collection of eggs,
service on the Recovery Team, and establishment of the refuge.

I thank the many volunteers who have assisted in nest searches; J. D. Schroer, G. Heet, and
B. A. Grabill and the staff of the MSCNWR; and the Mississippi Department of Wildlife Conservation,
particularly R. E. Noble, L. Strong, and W. H. Turcotte, for assistance and support. The Patuxent
Wildlife Research Center staff, especially R. Erickson and J. J. Lynch (both FWS retired), are
thanked for many years of cooperation in the captive propagation work. Special thanks are due to
C. L. Cordes and J. W. Kurth (both FWS) for assistance in field work and analysis of data relating
to characteristics of nest sites.

STUDY AREA

The study occurred within the entire range (41,000 ha) of the Mississippi sandhill crane in
southern Jackson County, Mississippi. The west boundary of the breeding range is the Jackson County
line and the east is the West Pascagoula River. Nesting begins 5 km from the Gulf of Mexico and
extends 19 km north. The area, topography, geology, soils, plant communities, and nesting habitats
have been described by Valentine and Noble (1970) and Valentine (1981). In the early years of the
study all of the cranes were found on private lands that were primarily owned by timber companies.
Most of the nesting habitats are now located on the MSCNWR, established in 1974, which now includes
about 6,800 ha. The crane population probably has always varied with land use and been small because
of the Timited habitat. My population estimate in 1978 (Valentine 1981) was between 40 and 50, but
I now believe there may be as few as 30 (plus 9 released), including 8 to 10 breeding pairs.
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METHODS

Searches for nests were conducted mainly by 1 or more persons walking through forests and
savannas that appeared to be suitable nesting habitat. The nests were found when the crane flushed
from the nest. When disturbed by the searchers, the cranes flushed at distances of 8 to 400 m
(mean 56 m, N = 55). After several eggs had been cracked by the cranes taking flight, we began
clapping our hands or making other noises to give the cranes plenty of time to anticipate our
approach. With experience and knowledge of the area, we concentrated our efforts in places that
had previously contained nests. A total of 1,128 walking man-hours were spent finding 76 active
nests, or about 15 hours per nest. Seven nests were found in 20 hours of helicopter time; no nests
were located in 3 hours of flight in a 1ight plane. Walking search-time per season varied from 15
man-hours in 1972 when 5 nests were found, to 121 hours in 1981 when 5 nests were also found. The
annual average search-time for 18 years was 66 man-hours. The most efficient and economical use of
time and effort was when 1 or 2 experienced persons searched on foot. Aerial surveys were costly
and dense brush and tree cover made it difficult to find nests.

Nests were visited with some regularity several times during the season. The main purpose of
nest searches was to remove for captive propagation 1 egg from each 2-egg clutch. When I believed
all of the nests had been found for that season, the eggs were collected in 1 day, placed in heated
containers, and transported to a propagation station. Measurements were made of the nests, eggs,
water depth, and distances from other nests. The nest locations were marked on aerial photographs.
Hatching dates and success data were collected opportunely.

The space occupied by brush and trees within a circular plot (0.28 ha) was measured in order
to assess characteristics of the overstory. Eighteen nests were studied during 1974 through 1980.
Each nest was the center of a circle with a radius of 30 m. Species, height, and diameter were
recorded for each tree and shrub within the plot. Tree diameter was measured at breast height
(dbh}. The width of the area covered by shrubs and trees was the boundary of the maximum extension
of branches. The percent brush cover within 8 m of the nest was computed separately from the total
cover. Nomenclature of plants follows Radford et al. (1964).

RESULTS

Nesting Habitats

Walkinshaw (1949:146) commented on the ideal nesting conditions maintained in the study area
in 1940 by the prevailing turpentining and light Tumbering land use. He stated that the cranes
nested in areas less open than any other crane habitat he had seen, but cautioned that if the pines
were left uncut they would cover the open areas. I predicted in 1963 (report in FWS files) that
the cranes would be extirpated because of increasing cover resulting from the planting of pine
trees, drainage of wet areas, and fire prevention. Some territories have become too overgrown for
nesting, but others have remained relatively open because of the slow pine growth in wet situations,
and partly because of fires.

Cranes in their North American distribution show a predilection for nesting in open shallow
lakes and marshes, a preference which may be related to territoriality, food needs, and escape
from predators. The Mississippi sandhills may have accommodated to the intrusion of woody cover
because of the lack of predators. The small openings surrounded by forests also provide a great
degree of jsolation.

Except when disturbed, Mississippi cranes are ground-living birds that walk to and from the
nests to feed or to take their turn at incubating eggs. One or more well-defined trails radiated
out from virtually all of the nests. With the exception of man and dogs there are few animals
that would flush a crane from the nest.

There are 4 general nesting habitat types: open savannas, swamp edges, pine plantations, and
pine forest edges. The ground cover, essentially the same in all types, is composed of grasses,
sedges, and an array of wet-acid-soil plants. I consider nut-rush (Scleria baldwinii) as the indi-
cator plant for nesting sites. Among 83 nests, 30 (47%) were found in open savannas, 30 (36%)
along swamp edges, 9 (11%) in pine plantations, and 5 (6%) along pine forest edges.

Measurement of woody vegetation surrounding the nest provides an index of the possible Timits
of tree and shrub density that cranes will tolerate (Table 1). The percent cover was greatest
along swamp edges and ranged between 5 and 35% (mean 17%, N = 5); cover in pine plantations ranged
from 5 to 19% (mean 10%, N = 4), and in unplanted savannas ranged from 1 to 8% (mean 4%, N = 10).
The percent of shrub overstory, which was considered visually more obstructive to cranes, within
8 m of the nest ranged from 0 to 19% (mean 5%) in swamp edges, O to 5% (mean 2%) in pine planta-
tions, and 1 to 5% (mean 1%) in savannas. The shrub cover within 30 m of the nest ranged from a
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Table 1. Total number of trees and shrubs in the overstory cover and the spacial area occupied by
them within 0.28-ha circular plots surrounding 18 Mississippi sandhill crane nests. (Small trees
= <3 cm diameter breast height; large = >3 cm dbh; cover <8 m = within 8 m of the nest.)

Number of trees Number of shrubs
Habitat and N small N Targe Cover area % cover  Cover area Total cover
nest code no. <3 cm >3 cm (m2) N <8'm (m2) (m2) % cover
Swamp edge
4-74 57 21 735 117 0 233 968 35
3-77 173 78 437 50 19 291 728 25
4-76 7 50 198 49 6 88 286 10
1-80 48 62 171 21 0 49 220 8
4-79 8 31 91 19 0 48 139 5
Pine plantation
2-80 335 115 395 49 2 147 542 19
4-78 0 0 0 49 3 237 237 8
3-79 212 0 62 22 0 148 210 7
2-79 167 5 57 59 5 97 154 5
Savanna
4-75 15 10 46 66 5 164 210 7
2-77 120 27 145 47 1 59 204 7
5-74 233 26 87 11 4 53 140 5
4-77 ] 15 27 15 1 122 149 5
1-79 6 16 82 18 1 62 144 5
1-77 52 14 35 28 1 53 88 3
1-76 69 13 40 19 1 27 67 2
5-77 0 3 28 26 1 30 58 1
5-78 0 0 0 14 1 12 12 1

trace to 10% (mean 4%). In 15 of the 18 plots, the area within 8 m of the nest contained less
brush per area than did the total area.

Gallberry (Ilex glabra) was the dominant shrub species in 3 nesting habitats (Table 2), rang-
ing from 38 to 63% (mean 44%). Wax myrtle (Myrica cerifera), black gum (Nyssa sylvatica), and
yaupon (7lex vomitcria) each averaged about 15% of all shrubs. Gallberry averaged 1.5 m in height
with a crown diameter of 1.8 m. Wax myrtle averaged 1.8 m in height and a diameter of 1.8 m.

Black gum averaged 2.4 m in height and 1.5 m in diameter, and yaupon averaged 2.0 m in height and
1.9 m in diameter. Gallberry bushes were most numerous in the pine plantations, which may be a
consequence of site preparation. Gallberry appears to flourish in abandoned croplands and pastures.

The number of individual shrubs within the 0.28-ha plots was greatest in the pine plantations
(range 49 to 62, mean 54). In the swamp edge the number ranged from 19 to 117 with a mean of 51.
The smallest number was in the savannas (range 11 to 66, mean 27). The area of brush cover in the
pine plantations ranged from 97 to 237 m? (mean 157 m2). The brush cover in the swamp edge ranged
from 48 to 291 m? (mean 142 m?). Brush cover was least in the savannas and ranged from 12 to 164 m?
(mean 65 m2).

Savanna (Table 3) was 93% slash pine (Pinus elliottii) and 7% longleaf pine (Pinus palustris).
Swamp edge was 64% slash pine, 30% pond cypress (Taxodiun ascendens), and 6% longleaf pine. Only
slash pine was found in the pine plantations. The mean dbh of large slash pine was 9 cm and the
mean height was 5.6 m (N = 366). Small slash pine (<3 cm dbh) averaged 2.4 m in height (N = 996).
The mean dbh of large lTongleaf pine was 12.7 cm and the mean height was 9.5 m (N = 29). The mean
dbh of large pond cypress was 8.9 cm and the mean height was 6.7 m (N = 102); small cypress aver-
aged 2 m in height (N = 73).

The slash pines were stunted because of poor habitat conditions. Most had been planted, but
there was also some natural regeneration. The long-leaf pine which was indigenous was found mainly
along the edges of the swamp or were old widely disbursed relicts standing in the large savannas.

The ground cover usually consisted of dense Tow-growing plants. Eleuterius and Jones (1969)
listed over 250 species of plants growing in pitcher plant bogs in neighboring Harrison County.

65



Table 2. Shrub species in savanna, swamp edge, and pine plantations within the 0.28-ha circular
plots (N = 18) surrounding Mississippi sandhill crane nests.

Gallberry Wax myrtle Black gum Yaupon Sweet bay Others

Savanna (N = 9)

No. shrubs 99 57 52 12 34 7

% all shrubs 38 22 20 5 13 3
Swamp edge (N = 5)

No. shrubs 84 18 48 49 3 15

% all shrubs 39 8 22 23 ] 7
Pine plantation (N = 5)

No. shrubs 108 22 0 30 6 5

% all shrubs 63 13 0 18 3 3
Total 291 97 100 91 43 27

% 45 15 15 14 7 5

Most common were species of Lycopodiaceae, Poaceae, Cyperaceae, Xyridaceae, Eriocaulaceae, Lili-
aceae, Haemodoraceae, Orchidaceae, Sarraceniaceae, Droseraceae, Polygalaceae, Hypericaceae, Mela-
stomaceae, Lentibulariaceae, and Asteraceae.

Nesting Areas and Territories
Twenty territories were identified within 11 areas. A nesting area was the general location

of 1 or more territories which were more or less contiguous. A territory was defined as the locale
where a pair habitually built their nests. An area and a territory were synonymous in 7 instances.

Table 3. Tree species in savanna, swamp edge, and pine plantations within the 0.28-ha circular
plots (N = 18) surrounding Mississippi sandhill crane nests.

Slash pine Longleaf pine Pond cypress
<3 cm >3 cm <3 cm >3 cm <3 cm >3 cm
dbh dbh dbh dbh dbh dbh
Savanna (N = 9)
No. trees 514 69 2 4 0 0
% all trees 82 11 tr 6 0 0
Swamp edge (N = 5)
No. trees 124 222 7 27 73 87
% all trees 23 41 1 5 14 16
Pine plantation (N = 4)
No. trees 547 125 0 0 0 0
% all trees 81 19 0 0 0 0
Total trees 1,185 416 9 68 73 87
% all trees 64 23 tr 4 4 5




The greatest distance between nesting areas was 25 km and the shortest distance 2.5 km. Eighty-
three nests were found from 1965 through the spring of 1981. The largest number of nests found in
1 season was 8, 7 were found both in 1971 and 1977, only 2 in 1980, but 5 in 1981 (Table 4).

Nests have not been found on 9 territories since 1974, nor on 3 others since 1978. A nest was
found on 1 territory for 10 years in succession, but none since 1977. Another territory held 10
nests over a period of 15 years, but none in 1981, probably because of a late winter fire that
burned the site. There have been gaps of 4 (1973-1976), 5 (1976-1980), and 6 (1975-1980) years
between nesting on a particular territory. In the latter instance, the territory had been opened
up by hand-clearing of pine trees, and a fire may have forced the pair to move from a nearby
territory.

Some assumed causes for abandonment of territories were dense growth of trees and shrubs,
highway and road construction, wildfires, and the death of 1 or both members of the pair. The
absence of a nest for some years on formerly used territories may be a consequence of our failure
to discover a nest despite intensive searches. Another explanation might be that the 1st pairing
was broken, or they had deserted the territory, and in subsequent years another pair moved in. In
1981, we Tocated 9 pairs on or near traditional territories, but found only 5 nests, 1 of which
was a 2nd attempt. The presence of a pair without a nest suggests that we may not be finding all
of the nests or that some cranes do not nest each year.

I found only 12 instances (renestings not included) in 83 nests where more than 1 active nest
was found in the same nesting area during the same year (Table 5). Walkinshaw (1960:42) in 1940
found 2 active nests 152 m apart. The shortest distance between 2 nests in this study was 715 m.
In 1971, 3 nests were only 715 to 833 m apart along the edge of a swamp. All individual territor-
ies were buffered by wide corridors of trees and brush. Only 1 nest was found in a given season
in any 1 of the large open savannas. I presume the Targe size and spacing of the territories are
mainly functions of the small crane population. 1In small savannas surrounded by brush and trees,
the year's nests were close together; however, in large open savannas they were widely spaced.

Nests and Nesting

Most sandhill crane subspecies in North America build their nests in shallow water. The Cuban
crane (G. ¢. nesiotes) prefers dry ground (Walkinshaw 1953) and the lesser sandhill (G. c¢. canaden-
sts) on Banks Island, Northwest Territories, builds a nest of small proportions on nearly bare
sand dunes (Walkinshaw 1965a).

Water at the nest sites in Mississippi ranged from none to 30 cm in depth. Among 77 nest
sites, 38 (49%) were dry on the initial visit, 10 (13%) were moist, and 29 (38%) were wet. During
wet springs (1973 through 1975), all nests {13) were surrounded by water. Early in the season
many nests were in water, but as the season progressed the water disappeared. A few nests that
were in dry sites were later flooded during heavy rains. Only those territories on the edges of
swamps held relatively permanent standing water. I found no reduction in nesting during droughts,
but chick survival may have been adversely affected. During some droughts, standing water was found
only in widely separated roadside ditches or in swamp watercourses, and even these occasionally
dried.

Mississippi crane nests varied from token piles of grass, laid on top of grasses or sedges, to
large structures. They are roughly circular to oblong. Nests in water tended to be large while
the smallest were on dry sites. The largest nest by volume (160 X 120 X 35 cm) was found in a moist
site and the smallest (45 X 45 X 3 cm) was in a dry site. The mean size of 30 nests was 104 X 83 X
11 cm.

An attempt was not made to thoroughly catalog the variety of material used in building the nest.
The nests were composed mainly of stems, leaves, and root material of the plants growing nearby.

The nest was usually laid directly on growing vegetation but sometimes on a low stump or raised tus-
sock. Soil was also added to the plant material. Material was added to the nest during and after
rainstorms, but the process looked perfunctory and did not always protect the eggs from flooding.
Sometimes as many as 5 or more freshly built "start" or "dummy" nests were found near the active
nest.

In at Teast 5 instances, nests were used for than 1 season. One nest was active 3 years in a
row; another was used 1 year, vacant the next year, but occupied again the 3rd year. Three other
nests were occupied for 2 consecutive seasons.

Fire ants (Solencpsis i{nvicta) often occupied active nests and, when the nest was disturbed by
humans, the ants would swarm over the nest and even on emerging chicks. The ants apparently toler-
ated the incubating crane, and chick deaths or injuries were not observed from ant stings.
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Table 4. History of 20 nesting territories in Jackson County, Mississippi, 1965 through 1981.
An X indicates when a nest was found; XX denotes 2 nests, the result of renesting.

Territory name

1965-1976

1977 1978

1981 Total

Browns 1A
Browns 1B
Browns 2
Williams 3
Williams 4
Williams 5
Williams 6
Perigal 7A
Perigal 7B
Perigal 8A
Perigal 8B
Simms 9
Simms 10

Ft. Bayou 11
Bourne 12
Eglin Road 13
Vickers 15
St. Regis 16
Weber 19
Mallette 20

Totals
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Table 5. Distances between crane nests in adjacent territories during the same year, Jackson

County, Mississippi.

Renesting attempts are not included.

Nest numbers

Territories

Distance apart (m)

6-71, 7-71
3-71, 6-71
1-66, 4-66
3-74, 4-74
4-67, 5-67
3-69, 4-69
2-75, 3-75
3-72, 4-72
1-81, 3-81
3-76, 4-76
2-74, 5-74
2-67, 3-67
2-66, 3-66

Williams 5, Williams
Williams 4, Williams
Browns 1A, Browns 2
Williams 4, Williams
Simms 9, Simms 10
Browns 2, Browns 1B
Williams 6, Williams
Browns 2, Browns 1B
Browns 1B, Browns 2
Williams 4, Williams

Browns 2, Browns 1B

Perigalt 8, Perigalt 7

Perigalt 7, Perigalt

715
833
722
856
895
1,257
1,343
1,351
1,414
1,516
1,657
1,673
1,673
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Habitat Destruction and Disturbance

The Mississippi crane generally nested as far as possible from sources of disturbance. In
earlier times, Tumbering, turpentining, and grazing brought people and livestock into the breeding
areas. During the 1950's and 1960's pine tree planting was in full swing in most open savannas and
the crews reported finding nests. Many miles of access roads were built at that time by the timber
companies, often bisecting savannas. With the economic and population growth on the Gulf Coast,
thousands of acres of habitat were destroyed or made uninhabitable by housing and commercial devel-
opments, small farms, and other individual residences. Recently, there has been less disturbance
during the breeding season, but some spring turkey hunting occurred in the northern part of the
breeding range. Incendiary fires and wildfires, usually occurring in the winter and early spring
months, have destroyed nesting territories.

Howard (1977:41) in Wisconsin measured the distance from nests to sources of human activity
to get an index to the seclusion required by nesting cranes. He defined human activity as the
operations around buildings and cranberry marshes, but apparently did not include roads and other
disturbances. This distance ranged from 305 to 5,630 m and averaged 1,714 m. Mississippi cranes
have a difficult time getting away from some source of disturbance. Visual and noise disturbances
from vehicular traffic and highway construction created the greatest problem. The distance from
the nest to a disturbance factor ranged from 63 to 1,200 m.

Interstate Highway 10 was built directly through the breeding range. The right of way and the
excavation of roadbed fill removed 340 ha from the crane habitats and a borrow pit destroyed an
active territory. The pair moved 600 m from the highway, but deserted the area after 2 years.
Another territory located 500 m from the highway, but isolated by forest, remained active through-
out construction and opening of the highway. Cranes nested on 2 occasions within 80 m of county
highways with moderate traffic; again the nests were well hidden by dense pine. Two other nests
were located 63 and 94 m from a Tittle~used vehicular trail. Nests have been found 320 to 510 m
from a large subdivision. Nests have not been found in open savannas adjacent to highways. Intru-
sions by man were minimal in all reguiarly used territories because there was little to attract
people into the area, and forests insulated the nests from traffic noise and movements.

Eggs and Incubation

The mean size of 79 completed clutches was 1.86 eggs. The mean Tength of 40 eggs was 94 cm
(91-105 cm) and the mean diameter was 59 cm (54-68 cm). Walkinshaw (1965a:142) gave measurements
of 172 eggs from Michigan as 94 cm (86-108 cm) X 60.6 cm (54-66 cm). Three eggs were found on the
day of laying and were followed through to hatching, either in the wild or in captivity. The incu-
bation period for a successful hatch was 30 days including the day of Taying, but not including the
day of hatching. The longest period of incubation was at least 52 days at a nest found on 18 April
1979. A rotten egg was removed from the nest on 25 May but the cranes continued to incubate until
8 June when the remaining addled egg was removed. Another pair incubated at least 34 days after
their nest was found before abandoning the rotten egg (1 had been removed earlier). The latest
incubation date without hatching was 27 July 1977 (a renesting).

Phenology

The nesting season for Mississippi cranes is relatively late compared to the Florida subspe-
cies, and also to Michigan and Wisconsin greater sandhills when allowance is made for the differ-
ence in latitude. The hatching dates for 69 eggs in central Florida ranged between 15 February and
21 April, with the average date 25-26 March (Walkinshaw 1976:8). Howard (1977) found hatching in
Wisconsin ranged from 17 May to 17 June, with 70% of the eggs hatching from 19 May to 30 May. I
determined that the peak of hatching occurred 1-20 May in southern Michigan by using Walkinshaw's
1965b:140) data for 40 eggs. My data for Mississippi showed the peak during 1 May through 20 May
when 69% of 49 observed clutches hatched; 12% hatched between 18 and 30 April and 18% between 21
May and 21 June (Fig. 1). The earliest calculated Taying date was 19 March 1977, with hatching on
18 April. The latest hatching date for an egg (considered a 2nd attempt) was 21 June 1966. The
companion egg had been removed and hatched at the J. J. Lynch aviary on 19 June.

Cranes from the Okefenokee Swamp, Georgia, located at about 31 N latitude, nest earlier than
Jackson County cranes. Six eggs collected from Okefenokee National Wildlife Refuge hatched between
15 and 29 April at Patuxent (S. Derrickson pers. comm.) and 9 nests were found during 27 February
and 12 March 1973, with hatching in March and early April (J. Eadie pers. comm.). Three hatching
dates about 20 April 1951 (Walkinshaw 1953:9) and another on 20 May 1904 (Walkinshaw 1949:102) indi-
cate that the Cuban crane is a late nester. Walkinshaw (1949:102) speculated that the reason the
Cuban sandhill nests later than the Florida sandhill is because March and April are usually dry in

Cuba.
62



When the Mississippi cranes begin to nest,
the grasses, sedges, and forbs are in their dry
winter aspect and barely 20 cm tall. During 17
the incubation period pitcher plants (Sarracen-
ia spp.), snake-mouth orchid (Pogonia ophioglos-
soides), grass pink {Calopogon pulchellus), and
fly-poison (dmianthiwn muscactoxricwn) come into
flower and peak. About hatching time, golden-
crest {Lophiola americana) and meadow beauty
(Rhexia alifanus) begin flowering, and red-root
(Zachnanthes caroliniana) begins to flower when
the Tast eggs have hatched. My observations
indicate that the Jackson County crane range
(Tocated about 30°30' N latitude) is phenolog- 3
ically about 2 weeks behind Lafayette, Louisi-
ana (at about 33°15' N latitude). The cooling 1 r_T ]
effect of the Gulf of Mexico during the spring 1120 2130 110 1120 21-31 1-10 11-20
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Presence at the Nest sandhill crane eggs for years 1940 through 1981
based on 49 clutches in captivity and wild. Two
One crane was present at the nest during early records from Walkinshaw (1960) and Gandy
91% of our visits (N = 197); 2 cranes were in and Turcotte (1970).

attendance 29% of the time. On rare occasions,

3 birds were seen fairly close to the nest.

When cranes were not present at the nest, the eggs were either rotten, cracked, destroyed by crows,
or abandoned. Occasionally cranes were near the nest but the eggs were gone, so I assumed that
chicks were in the immediate area.

Hatching Success

Hatching success of 78 wild eggs was 64% (through 1981) compared to 65% of 49 eggs incubated
in captivity (through 1977). Twenty-eight eggs from 23 sets failed to hatch (through 1981). Nine
eggs (6 sets) were addled because of infertility or other reasons, but were being incubated. Seven
nests were deserted (2 contained cracked eggs, 1 had punctured eggs, 4 were deserted for unknown
reasons). The incubating cranes cracked 4 eggs while rising from the nest after being disturbed
by humans. At least 3 eggs were missing from nests and may have been taken by predators or humans.
Some eggs absent from the nest may have hatched but these were not included in my data. Crows
destroyed 4 eggs in 3 clutches. In 2 of these clutches (3 eggs), the crows found the eggs while
the cranes were off the nest because of disturbance by nest searchers. This destruction should be
considered scavenging rather than predation. A sanitary fill dump, now closed, attracted Targe
numbers of crows to the area in the 1970's. One egg was believed pecked by 1 of the cranes soon
after their nest was found. The puncture was Targe and none of the contents had been eaten. Only
9 of 28 eggs that did not hatch could have been infertile, which belies an earlier assumption (R.
Erickson, pers. comm.) based on captive incubation data, that Mississippi crane eggs were less fer-
tile than other subspecies.

Renesting

Three nests were found that indicated that renesting occurred after the 1st clutches were
removed or failed to hatch. 1In all such instances, the new nests were located Tess than 100 m from
the nest that held eggs earlier. I suspect that 2nd clutches are more common than this study
indicates. I rarely searched for nests after I had collected the eggs for captive propagation,
so 2nd nesting attempts were found only accidentally. 1In 1981, I made a deliberate search for re-
nesting in an area where the cranes had destroyed their 1st egg, and I found a 2nd nest with 2 eggs.
The 2nd clutch was laid about 15 days after the Tst clutch had been abandoned.
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Chicks and Recruitment

I observed 10 chicks on the nest and all were apparently healthy and free from debilities. 1In
1-chick broods, the chick remained at the nest from 1 to 3 days. In 2-chick broods, the stay at
the nest was 2 or 3 days for the oldest and 1 day for the youngest. Chicks were not seen after
they left the nest and only a few nonfledged young were observed. Little time was spent in deter-
mining recruitment beyond the chick stage. I was shown (S. Derrickson, pers. comm.) how to recog-
nize subadults and was able to find only 1 bird of the year among an estimated 15 individuals dur-
ing the winter of 1980-1981.

CONCLUSIONS

I believe I can say with some assurance that the population of cranes in Jackson County is
smaller in 1981 than it was in the 1960's and into the 1970's. I can only speculate on the causes,
but the controversy relating to the construction of I-10 created adverse publicity and enmity to-
ward the crane that may have inspired lawless persons to kill some cranes in the wintering grounds.
Fires by arsonists increased dramatically in the late 1970's. The loss of 1 or 2 birds per year
may exceed recruitment.

The Recovery Plan (Valentine et al. 1979) recommends that the MSCNWR be completed. Except for
a number of small tracts the acquisition has been done. There are 2 main goals in breeding hatitat
improvement: reduction of trees and shrubs and the improvement of the water economy. Habitat man-
agement to increase and improve nesting sites includes the harvesting of timber, hand-cutting of
small pine trees, prescribed burning, creation or retention of tree and shrub buffers between actual
territories and improved nesting sites, and planting or encouraging forest growth along federal and
state highways. Runoff of rainfall will be retarded by plugging drainage and roadside ditches and
the construction of 5 water control structures set into raised roads or trails. All of these prac-
tices have been completed or are in progress.

Although a number of formerly used territories have been abandoned because of dense cover,
there appears to be an adequate number of potential or actual nesting sites to satisfy needs
of the present population. The rehabilitation of savannas and other openings on MSCNWR should
provide sufficient nesting habitats to provide for an increasing population. Nine cranes raised
in captivity were released in the refuge in February 1981 and to date {after 8 months) the release
has been a success with no mortality. Additional releases will continue for several years. The
prognosis is that with a larger captive breeding flock and improved propagation techniques the
yearly production for releases will increase and, along with natural wild recruitment, the Missis-
sippi crane population will increase. The population goal for recovery is 80 to 100 cranes.
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MIGRATION ECOLOGY OF SANDHILL CRANES: A REVIEW

SCOTT M. MELVIN, Department of Wildlife Ecology, University of Wisconsin, Madison, WI 53706

STANLEY A. TEMPLE, Department of Wildlife Ecology, University of Wisconsin, Madison, WI 53706

Abstract: This paper summarizes our present understanding of sandhill crane (Grus canadensis)
migration and presents a general model of spring and fall migration between breeding and wintering
areas based on movements between and utilization of staging areas, traditional stopover areas, and
nontraditional stopover areas. Management considerations resulting from an understanding of this
model are discussed. Sandhill cranes are opportunistic in their selection of nightly roosts at non-
traditional stopovers. Under suitable conditions migratory flights generally begin 1.5 to 5.5 hours
after sunrise and continue until 2 hours before to 0.25 hour after sunset. Documented daily flights
are variable in length and have ranged from 48 to at Teast 740 km and lasted for perijods of 1 to
over 10 hours. Ground speeds vary from 22.5 to 82.6 km per hour and are determined primarily by
wind speed and direction. The total distance of each migratory flight is determined by 2 factors:
average ground speed and the length of time the cranes choose to be airborne. Three types of flight
behavior are exhibited: flapping, spiralling, and gliding. Available evidence indicates that the
bulk of migration occurs within 1,600 m of the ground. Sandhill cranes are primarily diurnal
migrants, although migratory flights occasionally continue after dark. The effects of weather and
behavioral stimuli on sandhill crane migration are discussed, as are relationships between hunting
and migration.

INTRODUCTION

Migration by sandhill cranes can be defined as traditional movements made each spring and fall
between areas used for nesting and fledging young and locales used for wintering. Some sandhill
crane populations spend 4 months or more each year in migration, navigating thousands of kilometers
each spring and fall over relatively unfamiliar terrain between breeding and wintering areas. These
semiannual migrations represent important periods in the annual life cycles of sandhill cranes be-
cause they require considerable investments in time and energy, as well as special direction-finding
skills.

The migratory period is of special interest to biologists and resource managers interested in
sandhill cranes. Much of the consumptive (hunting) and nonconsumptive use (bird-watching and pho-
tography) of sandhill cranes occurs during periods of migration. Concentrations of migrating cranes
present unique problems and opportunities with regard to census, harvest regulations, crop depre-
dation problems, and habitat preservation and management. Our accumulated knowledge and understand-
ing of the migration ecology of sandhill cranes can be used as a standard with which to compare and
contrast information on whooping cranes (G. americana) and other species of Gruidae worldwide, whose
migrations are not as well understood. Finally, an increased understanding of the specifics of sand-
hill crane migration contributes to our overall understanding of avian migration in general.

The objectives of this paper are to review and synthesize the presently available information
on several aspects of the migration ecology of sandhill cranes and to relate this knowledge to sand-
hill cranes from Manitoba (Melvin and Temple 1980, Melvin et al. in prep.) and Wisconsin (Melvin
1978).

Summaries of the routes and chronology of sandhill crane migration in North America have been
presented by Walkinshaw (1973) and Lewis (1977). Buller (1967) gives more detailed information on
fall migration through the Central Flyway, as does Lewis (1974) for crane migration in the southern
half of that flyway. Specific data on sandhill crane migration through North Dakota is contained
in Madsen (1967), Johnson and Stewart (1972, 1973), Johnson (1976), and Melvin and Temple (in prep.).
A steadily increasing body of literature on the use of the Platte River in Nebraska by migrating
cranes includes Frith (1974, 1976), Krapu (1979), Lewis (1979, 1979b), Reinecke and Krapu (1979),
Fritzell et al. (1979), and Ferguson et al. (1979).

Early information on the migration of cranes east of the Mississippi was presented by Walkin-
shaw (1960). More recent information on migration routes through Tennessee and Georgia is contained
in Devore (1972) and Patterson (1978). Information on the use of the Jasper-Pulaski Fish and Wild-
1ife Area in northwestern Indiana is contained in Shroufe (1976), Goold (1977), Crete and Toepfer
(1978), Melvin (1978), and Lovvorn (1980). Information on the migration of sandhill cranes from
Florida is found in papers by Williams and Phillips (1972) and Nesbitt and Williams (1979). Data
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on the migration of cranes from Wisconsin are found in Gluesing (1974), Howard (1977), Melvin (1977),
and Bennett (1978). Drewien and Bizeau (1974) have described the migration of sandhill cranes in
the Rocky Mountain states, as have Littlefield and Thompson (1979) for cranes that migrate from Ore-
gon to winter in the Central Valley of California. Boise (1979) presents information on the migra-
tion of cranes that breed on the Yukon-Kuskokwim Delta of Alaska.

Recent radio-tracking studies have contributed greatly to our understanding of sandhill crane
migration. Crete and Toepfer (1978) radio-tracked sandhill cranes during fall migration from east-
central Minnesota and northwestern Wisconsin to Florida and on their reverse migration in spring.
Anderson et al. (1980) also tracked Wisconsin cranes during migration to and from Florida. Melvin
and Temple (1980) tracked cranes during 2 fall and 1 spring migrations between breeding grounds in
the Interlake region of Manitoba and wintering areas along the Gulf Coast of Texas. Drewien and
Bizeau {1981) have radio-tracked cross-fostered whooping cranes and their sandhill crane parents
during fall migrations between Idaho and New Mexico. The findings of these 4 studies, when taken
together and then related to earlier research, have greatly expanded our overall knowledge of sand-
hill crane migration.

MIGRATION MODEL

Our generalized model of sandhill crane migration describes the movements between and utiliza-
tion of 3 categories of migration habitat: staging areas, traditional stopover areas, and nontra-
ditional stopover areas (Fig. 1). Cranes begin the fall migration by gathering in increasingly
larger flocks at 1 or more staging areas, in relatively close proximity to the breeding grounds.
After spending a variable amount of time at these staging areas, they migrate to a traditional
stopover area via a series of daily flights. After a stay of variable length at this traditional
stopover they continue on to the wintering grounds via another series of daily flights. Nontradi-
tional stopover sites are selected opportunistically for nighttime roosting after each day's
flight. The spring migration from the wintering grounds follows essentially the same route as in
the fall, with the cranes stopping enroute at a traditional stopover area which may be the same or
different from the 1 used in the spring. Between their departure from the traditional spring stop-
over and arrival on the breeding territories the birds may linger for a brief period at sites in
the vicinity of those sites used for fall staging.

The use of the term "staging area" varies slightly within the ornithological literature. Dis-
cussing shorebird migrations, Pitelka (1978) defines a staging area as any site where migrating
shorebirds prepare themselves physiologically for their next migrational flight. For waterfowl
migration, however, Bellrose (1972:14, 1980) uses staging area to refer to sites adjacent to breed-
ing areas where ducks or geese gather at the beginning of fall migration. Bellrose's usage is
more nearly analogous to our definition of staging areas for sandhill cranes. Our use of the term
"stopover area," distinct from staging area, follows the usage implied by Fredrickson and Drobney
(1979), i.e., a stopping place along the migration route that is not in proximity to the breeding
grounds.

Staging Areas

Staging areas are sites where sandhill cranes gather during the 1st segment of their fall
migration. These sites occur relatively close to the individual breeding territories, usually no
more than a day's flight away, and within the 1st 20% of the migration route. As such they can be
considered the Tst destinations or "targets" of sandhill cranes during the initial stages of their
fall migrations. These areas are often traditional, because the cranes return to them every year
(Drewien and Bizeau 1974, Bennett 1978). Annual variations in use may occur, however, due to var-
iations in weather patterns, patterns of food availability, water Tevels at roost sites, and human
disturbance.

Most of the movements to staging areas occur in August or September, after the young of the
yvear have fledged. Gradually the family units (2 adults with 1 or 2 chicks) move off the nesting
and chick-rearing territories and begin feeding and roosting with increasingly larger flocks con-
taining other family groups and nonbreeding birds. It is quite likely that groups of nonbreeders
that have been in the vicinity all or part of the summer often comprise the nucleus of these ini-
tial staging flocks (Bennett 1978, Melvin 1978).

Eventually these local flocks may move on to join larger flocks at secondary staging areas,
often traditional sites used every fall, where food resources and roost habitat are more available
or of higher quality. Movements to and between staging areas can occur in any direction and are
not necessarily along a direct line toward the wintering grounds. Lengths of stay at staging areas
are variable and can range from a few days to several weeks.
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Fig. L. A generalized model of sandhill crane
migration in spring and fall. Solid lines indi-
cate flights that are usually made in a single
day; dashed lines indicate flights that require
1 or more overnight stops at nontraditional
stopovers.

Sandhill cranes benefit in at least 2 ways
by gathering at staging areas during the initial
stages of their fall migrations. One of these
is physiological-nutritional in nature. Staging
areas are often located in agricultural areas
where cranes can find abundant food supplies in
both harvested and occasionally unharvested
fields of corn, wheat, oats, or barley. Pas-
tures, hayfields, and natural grasslands also
provide opportunities for feeding and loafing.
Often the initial staging areas at which cranes
gather are located in the agricultural areas
that are closest to the nesting territories.
Waste grain represents a high-quality food
source for juvenile cranes that are still de-
veloping, and for adults and juveniles alike
that are beginning to accumulate energy re-
serves to carry them through the remainder of
the migration.

The 2nd benefit of staging areas is social
in nature. As the cranes congregate in increas-
ingly larger flocks the aggressive territorial
behavior that has kept them dispersed during
the breeding season diminishes, and they begin
to exhibit a gregariousness which will continue
through fall migration, during winter, and
through most of spring migration. By staging
at the beginning of fall migration, sandhill
cranes initiate a mechanism by which migration
routes and traditions of older, experienced
birds can be passed on to less experienced indi-
viduals, especially young of the year on their
1st migration (Hochbaum 1955). Flocking may
also allow cranes to more efficiently exploit
localized and unevenly distributed resources,
such as roosting and feeding sites, along the
migration route (Ward and Zahavi 1973, Alex-
ander 1974). Similar flocking behavior is
observed in many other avian species before and
during migration (Berthold 1975)

Sandhill cranes from Wisconsin, eastern Minnesota, and possibly the Upper Peninsula of Michigan
gather in fall at numerous staging areas in Wisconsin before moving south to the traditional stop-

over at Jasper-Pulaski Fish and Wildlife Area in Indiana.
White River Marsh, Widow Green Creek, Colmstock Marsh, and Endeavor Marsh in south-

areas include:

Some of the larger Wisconsin staging

eastern Wisconsin (Bennett 1978), the Sandhill Wildlife Area and Necedah National Wildlife Refuge

in central Wisconsin {Melvin 1978), and Crex Meadows Wildlife Area in northwestern Wisconsin (Crete
and Toepfer 1978). In southern Manitoba cranes gather at staging areas at Big Grass Marsh, Lundar,
and Gypsumville before moving south to traditional stopover areas in North Dakota (Melvin and Temple
1980). Sandhill cranes in the Rocky Mountains stage in Idaho at Grays Lake National Wildlife Refuge,
Teton Basin, and several other locations, before migrating to the traditional stopover in the San
Luis Valley of southern Colorado (Drewien and Bizeau 1974).

Spring staging in the vicinity of the wintering grounds apparently does not occur. The cranes
have remained in flocks of varying size all winter, and simply migrate directly from these winter
locations toward a traditional spring stopover {Fig. 1). Cranes may return briefly to the vicinity
of fall staging areas as they near the completion of spring migration, particularly if weather con-
ditions prohibit an immediate return to breeding territories. Numbers of birds using these sites
in spring are more variable and generally smaller than in the fall, and lengths of stay are briefer
{Munro 1950, Johnson and Stewart 1972, Melvin 1978).

Traditional Stopover Areas

In contrast to staging areas, traditional stopover areas are located more medially along the
migration route {usually between 25 and 75% of the distance between breeding and wintering grounds)
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and are sites where sandhill cranes stop for extended periods, usually several weeks, during spring
and fall migration. They are considered traditional because they are apparently actively sought
out and utilized by individual birds year after year, rather than being selected opportunistically
and on an irregular basis. Sandhill cranes gather in greater numbers at a traditional stopover
area than at any other point along the migration route, reaching peaks numbering in the 1,000's or
10,000's. At present we believe that individual birds stop at only 1 traditional stopover area
along each seasonal migration route. Future research may reveal exceptions to this among cranes
from breeding areas in Alaska, Siberia, or northern Canada. For example, it is not known if cranes
that utilize traditional fall stopover areas in Saskatchewan (Last Mountain Lake and Quill Lake)
later move on to the traditional stopover areas in North Dakota.

Traditional stopovers provide abundant food supplies and suitable roosting habitat for migrat-
ing cranes. Examples of traditional stopover areas used by different populations of sandhill cranes
in spring or fall include: The Platte River in Nebraska (spring), portions of central North Dakota
(fall), the Jasper-Pulaski Fish and Wildlife Area in northwestern Indiana (spring and fall), and
the San Luis Valley-Monte Vista National Wildlife Refuge in Colorado (spring and fall). These con-
centrations apparently result in considerable intermixing of cranes from numerous breeding subpop-
ulations, as well as offering unique opportunities for censusing and nonconsumptive viewing.

The potential importance of traditional stopover areas such as the Platte River in allowing
cranes to replenish and accumulate energy reserves needed for migration and, in spring, reproduc-
tion has been noted by Reinecke and Krapu (1979) and Lewis (1979a). More recently, Iverson (1981)
working with midcontinent sandhill cranes, has shown that T1ipid levels reach their highest annual
peak toward the end of the birds' spring stopover along the North Platte River. These findings are
supported by earlier work by Lewis (1979a) who found thick fat deposits on cranes collected along
the Platte compared to cranes largely without fat deposits collected on the wintering grounds in
Texas.

We suspect that during spring migration the bulk of 1ipid deposition in most populations
occurs during the time spent at the traditional stopovers. The relative importance of 1ipid depo-
sition at fall staging areas versus traditional stopovers has not yet been clearly defined, but
probably varies between different populations using different migration routes and is dependent in
part on the length of time spent at each location.

Limited data indicate that a majority of sandhill cranes remain at least a month at tradition-
al stopover areas. Lengths of stay may be shorter for certain individuals or subpopulations, par-
ticularly those that arrive relatively late in the migration period. Lengths of stay appear to be
shorter in spring than in fall for some populations. We assume the amount of time that individual
cranes spend at traditional stopovers is governed by the combined influences of weather patterns,
the physiological condition and dietary needs of the birds, and conditions at the stopover (e.g.,
availability and quality of food and roost sites, presence and behavior of other cranes, and fre-
quency of disturbance).

During the fall of 1977, color-marked sandhill cranes from Wisconsin remained at Jasper-Pulaski
Fish and Wildlife Area in Indiana for periods of at least 19 to 50 days (Melvin 1978). Among 24
color-marked individuals, 23 (96%) remained for at Teast 20 days, 79% stayed for at least 30 days,
and 50% stayed for at least 41 days. Most of these birds arrived in early or mid-October. Radio-
tagged cranes from Wisconsin and Minnesota that arrived later, in November, stayed for shorter
periods of 6 to 23 days (Crete and Toepfer 1978, Melvin 1978). Radio-tagged cranes in spring 1978
remained at Jasper-Pulaski for periods of 1 to 17 days (average 12 days)(Crete and Toepfer 1978).
Melvin and Temple (in prep.), working with radio-tagged sandhill cranes from Manitoba, recorded
lengths of stay of 7 weeks or more at traditional fall stopover areas in North Dakota. These Man-
itoba cranes spent shorter periods of 14 to 28 days at the traditional spring stopover along the
Platte River. Drewien and Bizeau (1974) reported that many of the cranes that use the traditional
stopover area in the San Luis Valley, Colorado, remain for a month or more in spring and possibly
also in fall.

Even fewer data are available on turnover rates at traditional stopover areas, primarily due
to the difficulties involved in marking and monitoring a representative sample of any population
from arrival to departure. Limited data from censuses and observations of color-marked and radio-
tagged cranes at the Jasper-Pulaski stopover (Crete and Toepfer 1978, Melvin 1978) and in North
Dakota {Melvin and Temple in prep.) suggest that birds continue arriving until a peak population
is reached, and that relatively few departures occur before that peak is reached. Similarly,
though new arrivals can be expected after a peak has been reached and departures have occurred or
are under way, these late arrivals are probably a small percentage of the total population using
the stopover area. If this assumption is correct, censuses of peak crane numbers at traditional
stopovers will, if timed properly, count a large percentage of the cranes that pass along that
migration route, but will probably always miss some birds that have not yet arrived or have already
departed. Lewis (1979b) has noted that censuses of cranes on the Platte River must take into ac-
count birds that are still to the south or already north of the river.
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It is interesting that traditional stopover areas for a number of subpopulations of sandhill
cranes are not located at convenient "half-way points" along the migration pathway (i.e., equi-
distant between breeding and wintering grounds). Cranes that winter in west Texas and nest in
Alberta, Alaska, or Siberia have from 70 to 85% of their spring migration still ahead of them after
leaving their spring stopover on the Platte River. Cranes that travel 419 km (260 miles) in fall
from breeding grounds in Manitoba to stopover areas in North Dakota must still fly over 2,200 km
(1,366 miles) to reach wintering grounds along the Gulf Coast of Texas. Conversely, cranes on
their spring migration from Florida to central Wisconsin have already completed over 66% of the
journey by the time they reach the traditional stopover at Jasper-Pulaski. We suspect, however,
that these disparities in distances to and from traditional stopovers are the result of the strong
influences of tradition rather than the evolution of some unique migration strategy.

Sharpe (1978) has hypothesized that the use of the Platte River as a traditional stopover orig-
inated during the advance of Wisconsin glaciation, when breeding habitat existed immediately to the
north of the river. He speculates that the Platte served as a temporary refuge to early migrants
when winter conditions persisted on the breeding areas at the face of the glacier, and that this
tradition has persisted to present times.

Although it is possible that events during the Pleistocene played a major role in shaping the
present migration patterns of sandhill cranes, it is also true that more recent influences have
modified these patterns. Losses of wetlands along migration routes have probably acted to concen-
trate cranes at certain staging and stopover areas. Certainly the distances between breeding and
wintering grounds have increased along some migration routes as breeding populations and nesting
areas have receded northward and disappeared from Ohio, Indiana, I11inois, Iowa, and North Dakota.
It may be that some present-day traditional stopover areas such as Jasper-Pulaski or portions of
North Dakota were once fall staging areas located within or in close proximity to sandhill crane
breeding habitat. Walkinshaw (1973) has documented the probable loss of an entire migration path-
way that originally connected breeding populations in eastern Ontario with wintering grounds along
the mid-Atlantic coast.

Nontraditional Stopovers

Nontraditional stopovers are overnight roost sites selected opportunistically by sandhill
cranes at the end of daily migratory flights between breeding and wintering grounds and traditional
stopover areas. They are termed nontraditional because the cranes do not actively seek them out or
return every year, but instead select them opportunistically as they near the end of a day's flight.
Usually the cranes remain only overnight and move on the next day, unless prevented from doing so
by inclement weather.

Long-distance radio-tracking studies have begun to document the wide variability in habitat at
nontraditional stopovers (Anderson et al. 1980, Melvin and Temple 1980, Drewien and Bizeau 1981).

A wide variety of sites may be selected for roosting, including: shallow rivers, natural ponds and
lakes, man-made reservoirs and stockponds, and Types 1, 2, 3, and 4 wetlands (Shaw and Fredine 1956).
Roosting may even occur on dry land. Uplands surrounding wetland roosts can include agricultural
fields, pastures, natural grasslands, and forests. Data are lacking on the characteristics of non-
traditional stopovers in the taiga and tundra regions of Canada and Alaska. The basic criteria for
a nontraditional stopover, however, seem to be simply a site with shallow water and gently sloping
shoreline that is free from disturbance. The fact that cranes often select isolated wetlands and
remain only overnight helps explain why cranes are seldom seen on the ground along many portions

of their migration route. Other characteristics of the wetland site, including size, visibility
from the air, density of emergent vegetation, proximity to woody vegetation, and presence of other
cranes, will of course influence the probability that a particular site will be selected for over-
night roosting.

Although we refer to these stopovers as nontraditional, this term may not be entirely accurate.
Although these sites are not sought out traditionally during each migration, when encountered they
must become part of each crane's memory and thus part of its entire perception of its traditional
migration route (Hochbaum 1955:52). As such, these sites can be recognized and, perhaps, revisited
in later years. This might help to explain a phenomenon observed by Melvin et al. (in prep.) while
radio-tracking flocks of cranes between Manitoba and Texas. On several days the flocks veered to
the east or west from a previous, relatively straight flight path, during the last hour of a day's
flight. These deviations ranged from gradual to abrupt, but usually began before the eventual
roost site could have been visible to the birds. On only 1 occasion did wind direction and veloci-
ty appear to affect the direction of the deviation. It may be that, when a "decision" had been made
within the flock to seek out an overnight roost, 1 or more of the experienced birds acted to guide
the others toward the vicinity of a roost site on a lake, river, or marsh recalled from some pre-
vious migration.
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CHARACTERISTICS OF MIGRATORY FLIGHTS

Until recently it was thought that the bulk of migratory movements by sandhill cranes were
undertaken in single, nonstop flights. Cranes were seldom seen on the ground along known migration
pathways, except at a few traditional staging and stopover areas; consequently, this suggested that
birds flew continuously, day and night, to their destination (Walkinshaw 1960, 1973; Drewien and
Bizeau 1974). Although nonstop day and night flights are made by ducks and geese (Bellrose 1980),
we now know that this is generally not true of sandhill cranes.

Recent radio-tracking studies have demonstrated that most sandhill crane migration proceeds
in a series of daytime flights of variable distance (Crete and Toepfer 1978, Anderson et al. 1980,
Melvin and Temple 1980, Drewien and Bizeau 1981). Daily flights begin in the morning, over a period
from 1.5 to 5.5 hours after sunrise. The mean departure time of 16 flights of sandhill cranes
migrating between Manitoba and Texas was 0943 CST (range from 0819 to 1020, standard deviation of
25.6 minutes)(Melvin et al. in prep.). Nesbitt (1975) noted that 91% of spring departures from
Florida occurred between 0945 and 1115 EST, with a mean time of 1076. An unusually early depar-
ture in November 1978 was reported by Anderson et al. (1980), when cranes began a migration from
northwestern Wisconsin within a half-hour after sunrise.

Sandhill cranes remain airborne each day for periods that vary from 1 to over 10 hours. Migra-
tory flights usually end in late afternoon or early evening (2 hours before to 0.25 hour after sun-
set) when the cranes land to roost for the night (Anderson et al. 1980, Melvin and Temple 1980,
Drewien and Bizeau 1981). Migratory flights may end earlier in the day if the cranes encounter
inclement weather or reach a predetermined destination, such as the breeding or wintering grounds
or a traditional stopover.

We do not know why cranes wait until mid or late morning to begin migration instead of depart-
ing at sunrise. Certainly this behavior does not make efficient use of available daylight, and may
increase the number of overnight stops necessary over the course of a long migration. It may be
that inefficient use o7 caylight is offset by the advantages of waiting several hours until the
air warms and energy-saving thermals begin to form. Brief early-morning feeding periods may be
important to the birds, although we question whether significant contributions to the maintenance
of fat reserves are made by such short feeding forays.

Melvin and Temple (1980) recorded average daily ground speeds of 20 to 83 km per hour (12 to
51 mph) for radio-tagged sandhill cranes migrating through the Central Flyway. Average ground
speeds reported by other workers in North America fall within these limits (Crete and Toepfer 1978,
Anderson et al. 1980, Drewien and Bizeau 1981). Meinertzhagen (1955) estimated ground speeds of
migrating common cranes (G. grus) at 35 to 58 km per hour (22 to 36 mph) under conditions of 1little
or no wind speed and direction.

Sandhill cranes exhibit a wide variability in the distances they fly each day of migration. A
summary of the data from 38 instances in which sandhill cranes were tracked for a complete day's
flight (Crete and Toepfer 1978, Anderson et al. 1980, Melvin and Temple 1980, Drewien and Bizeau
1981, pers. comm.) yields a mean flight distance per day of 267 km (166 miles), with a range of 48
to over 740 km (30 to 460 miles) and a standard deviation of 153 km (95 miles). The distance flown
each day is dependent upon average ground speed maintained during the flight and the number of
hours the cranes choose to remain airborne. Cranes will migrate longer distances each day if they
are able to fly with tailwinds rather than against headwinds. Cranes migrating between Manitoba
and Texas flew from 520 to over 740 km per day (323-460 miles) when aided by tailwinds of 24 to
48 km per hour (15 to 30 mph), compared to only 48 to 258 km per day (30 to 160 miles) when hindered
by headwinds of 8 to 96 km per hour (5 to 60 mph).

Similarly, cranes flew relatively longer distances on days when they took off in mid-morning
and flew until nearly sunset than on days when they took off later in the morning and landed an
hour or more before sunset. Obviously, late take-offs and early landings fail to take full advan-
tage of the number of hours of daylight available for flight.

Proposals to acquire and preserve migration habitat for sandhill cranes must consider the
fact that sandhill cranes are highly variable in the distances they migrate each day and are oppor-
tunistic in their selection of roost habitat at nontraditonal stopovers. Anderson et al. (1980)
stated that roost habitat should be secured at intervals of 250-350 km (155-217 miles) along the
migration route between Wisconsin and Florida for cranes forced to land by inclement weather.
Similarly, Crete and Toepfer (1978) noted that roost habitat spaced 272-384 km (169-238 miles) or
1 "crane-day" flight apart could provide additional stopovers during migration. We believe that
such specific recommendations are unrealistic and will not produce the expected results, i.e., a
stepping-stone migration between a series of evenly spaced stopovers.

The great variability in distances flown each day demonstrates that the concept of an average
daily flight distance is of little practical value. Sandhill cranes will usually remain airborne
until approaching darkness or bad weather forces them to Jand, and our observations indicate that
they will not land earlier in the day simply because they are passing near what appears to us to
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be suitable or even "optimum" roost habitat. Furthermore, cranes that encounter inclement weather
will have 1ittle time or opportunity to seek out and make their way to suitable roost sites. Thus,
we suggest that evenly-spaced roost sites will receive no greater crane use than will an equal
amount of randomly spaced roost habitat Tocated along the same route. We recommend that priority
be given to preserving and improving roosting and feeding habitat at staging and traditional stop-
over areas, because these areas appear to be of greatest physiological and social value to migrat-
ing cranes. With regard to nontraditional stopovers, we should recognize that it is not sufficient
to preserve only a handful of evenly spaced islands of habitat, but should seek to maintain as high
a density of wetland habitat as possible all along each migration route.

F1ight Behavior

Migrating sandhill cranes utilize 3 basic types of flight: flapping, gliding, and spiralling
(Melvin and Temple 1980). Flapping is powered flight with continuous wingbeats, requiring more
energy than gliding or spiralling. Direction of movement is straight ahead during flapping flight,
with the cranes flying horizontally at a relatively constant Tevel above the ground. Ouring glid-
ing flight the cranes hold their wings outstretched and motionless, and glide forward seemingly
effortlessly. Gliding flight is usually accompanied by a gradual decrease in altitude. Various
gradations of flapping and gliding flight, termed "partially powered" flight by Pennycuick et al.
(1979), are also seen, in which bursts of a few wingbeats are interspersed with gliding.

Spiralling flight by sandhill cranes involves soaring in thermals, similar to that described
for a number of avian species (Pennycuick 1972). While holding their wings outstretched and motion-
Tess, or occasionally flapping, the cranes circle continuously and spiral upwards on rising updrafts.
As the cranes spiral up in tight flocks, all of the birds soar in the same direction. This is in
contrast to the pattern of soaring migration of white storks (Ciconia ciconia), described by Penny-
cuick et al. (1979), in which the birds circle indiscriminantly in either direction. In spiralling
flight by sandhill cranes the main direction of movement is circular. While spiraling upward the
cranes make 1ittle if any forward progress on their own, and their ground speed and overall direc-
tion of flight are determined largely by existing wind conditions.

After reaching a certain altitude via spiralling flight, the cranes will proceed forward again
using combinations of gliding and flapping flight. Pennycuick et al. (1979) have described in
detail the use of spiralling, flapping, and gliding flight in migrating common cranes and have ana-
lyzed the energetics and aerodynamics of these types of flight. Presumably these findings are appli-
cable to sandhill cranes, which exhibit similar flight behavior during migration. Spiralling flight
allows the birds to rise 1,000 m or more with minimal energy expenditure, because most of the climb
is produced by rising thermals rather than by powered flight. From the top of the spiral the cranes
can glide forward for great distances with little expenditure of energy. The forward progress of
the birds is slower than if they proceeded by continuous flapping flight, but this disadvantage of
extending the time spent in migration is balanced by a decrease in the total amount of energy
needed to complete the trip.

Sandhill crane migration proceeds via a combination of all 3 types of flight. Steady flapping
flight is used more frequently during periods when thermals are absent, infrequent, or widely scat-
tered, as in early to mid morning, early evening, and on cold or cloudy days. Powered flapping
flight is usually used when cranes are flying at low altitudes above the ground, and is almost
always used in flights between roosts and feeding areas. We have also observed steady, low-altitude
flapping flight when cranes proceeded against strong headwinds.

Spiralling flight is more common during late morning and through the afternoon and on sunny
days when thermals are most prevalent. Birds travel between thermals via combinations of gliding
and flapping flight. Cranes thermaling with tailwinds continue to move in the general direction
of migration, albeit at a slower rate than when in flapping or gliding flight. Cranes spiralling
into headwinds may actually lose ground during the spiral as they are gradually blown backward.

We have observed southward migrating sandhill cranes in Texas flying into southeast to southwest
headwinds of 11 to 24 km per hour (7 to 15 mph), yet still spiralling. Skies were sunny and warm,
probably resulting in excellent conditions for thermals. Although the cranes made slow progress
on these days, alternate spiralling and gliding flight allowed them to migrate for hours against
unfavorable winds with, presumably, a minimum energy expenditure.

When flapping or gliding, flocks of sandhill cranes organize into linear formations, either V-
or J-shaped or single lines. When spiralling flight begins the flock breaks into a less-organized
cluster, with all birds circling gradually upward and in the same direction. Why sandhill cranes
use formation flight is uncertain. Lissaman and Schollenberger (1970) proposed that Canada geese
(Branta canadensis) fly in V-formation to capitalize on upward-rising components of the wingtip
vertex currents generated by the wings of neighboring birds flying to the front and side. Gould
and Heppner (1974) and Williams et al. (1976) have suggested, however, that V-formation flight by
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Canada geese is probably not the result of a simple aerodynamic relationship, but may have behav-
joral components as well. Flight formations may function to maintain flock unity and spacing
between individuals, and perhaps also aid in navigation, by averaging the direction preferences of
individual birds (Hamilton 1967, Heppner 1974). Hamilton (1967) proposed that the V-formation is
advantageous for within-flock communication because it allows a high degree of visual communication
with neighboring birds, at the same time leaving a clear field of view to the front.

Height of Migration

Although the heights at which sandhill cranes migrate are variable, available evidence indi-
cates that the bulk of migration occurs within 1,600 m (5,250 ft) of the ground. Cranes migrating
through the Central Flyway flew from 60 to 1,600 m (197 to 5,250 ft) above the ground, and nearly
75% of the flights were between 150 and 760 m (492 and 2,493 ft) above ground {Melvin and Temple
1980). Heights of migrating cranes reported by Crete and Toepfer (1978) fall within these limits.
Radar observations by Keil (1970) indicated that the altitude of common cranes migrating over
Germany varied between 46 and 1,830 m (150 and 6,000 ft), although observations above 915 m (3,000
ft) were rare. The highest altitude of migrating sandhill cranes observed by Melvin et al. (in
prep.) was 2,073 m {6,800 ft) above sea level. Sandhill cranes migrating through the Rocky Moun-
tains, however, have been recorded over 3,660 m (12,005 ft) above sea Tevel (Drewien and Bizeau
1981).

The height of migrating sandhill cranes may fluctuate continually and by hundreds of meters
during the course of a day's flight {Melvin and Temple 1980, Drewien and Bizeau 1981). These fluc-
tuations appear largely due to: (1) changes in elevation of the ground below, and (2) the effects
of rising thermals utilized during flight.

Nighttime Migration

Reliable information on the extent of nighttime migration by cranes is scarce. Walkinshaw
(1949) felt that crane migration occurred by night and day, and Walkinshaw (1973) and Patterson
(1978) suspected that sandhill cranes flew continuously through the 1st night of spring migration.
Alerstam and Bauer (1973), however, concluded from radar studies that common cranes in Europe
migrated only by day. Madsen (1967) believed that sandhill cranes migrated from his study area in
North Dakota during the night of 2 November 1965, when a cold front with strong northwest winds
moved in. He based this belief on the fact that cranes could not be Tocated on the ground the fol-
Towing morning. Littlefield and Thompson (1979) reported that sandhill cranes from Oregon may fly
through the night in order to complete their relatively short fall migration to the Central Valley
of California.

More recent data, particularly that collected from long-distance radio-tracking studies, indi-
cate that sandhill cranes are primarily diurnal migrants, and only occasionally continue a flight
after dark. A flock containing radio-tagged cranes tracked by Crete and Toepfer (1978) across
Georgia into Florida did not land to roost until 3 hours after sunset (Anderson et al. 1980).
Cranes tracked on a flight from Kansas into Texas continued migration for at least 1.5 hours and
129 km (80 miles) after dark (Melvin and Temple 1980). Anderson et al. (1980) suspected that radio-
tagged cranes migrating across Georgia and into southern Tennessee continued for several hours after
dark. Lewis (1974) reported the arrival of several hundred cranes at Quivera National Wildlife
Refuge, Kansas, during the night of 27-28 October 1969.

Based on the available evidence, we conclude that sandhill cranes are primarily diurnal
migrants. This is supported by numerous observations of migratory flights by radio-tagged cranes
that began after sunrise and were terminated before sunset. Sandhill cranes will, however, occa-
sionally remain airborne into the night to complete flights begun the previous day. Our Timited
observations further suggest that these nocturnal flights occur under conditions of favorable or
calm winds after a daytime flight aided by tailwinds, and that they may be more likely to occur as
cranes approach a predetermined destination.

FACTORS CONTROLLING MIGRATION

There are 2 broad categories of factors that cause migration in birds, including, presumably,
sandhiil cranes. These are ultimate factors and proximate factors (VanTyne and Berger 1976). Ulti-
mate factors are those which have exerted a positive selective evolutionary influence on those birds
that developed migratory behavior. In other words, ultimate factors are those which have made migra-
tory behavior advantageous to a species. For sandhill cranes these probably include abundant wet-
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lands for nesting and reduced competition for food on the breeding grounds during summer, and a
more favorable energy balance due to accessible food supplies and warmer temperatures on the winter-
ing grounds.

Proximate factors are those which stimulate a migratory state or condition in the individual
and which lead to actual migration. Proximate factors can be further grouped as internal or exter-
nal. Certain internal conditions must predispose sandhill cranes to migrate, and then external
factors act as stimuli to initiate migratory behavior. The migratory state in sandhill cranes is
probably regulated internally by neuroendocrinological mechanisms governed largely by changes in
photoperiod, as it is in most other birds (Berthold 1975, Gwinner 1975).

External proximate factors that act to fine tune the timing of migration in sandhill cranes
are weather conditions, particularly wind and cloud cover, and behavioral stimuli from other cranes.
Each of these will be considered separately.

Effects of Weather

Weather influences crane migration in 2 important ways. First, it acts as a stimulus that ini-
tiates migration in birds that are physiologically prepared for it, and it can also have an inhibi-
tory influence by temporarily halting migration. Secondly, weather has a profound effect on migrat-
ing cranes in flight, by either helping them, hindering them, or forcing them to the ground.

Weather has its greatest stimulatory effect on the initiation of fall migration from the breed-
ing grounds, staging areas, and traditional stopovers, and in spring from wintering areas and tradi-
tional stopovers. Fall migration from these sites usually begins under conditions of north or
northwest winds and clear to partly cloudy skies (Melvin et al. in prep)}. The heaviest fall migra-
tions are initiated under conditions of clear skies, strong northwest winds, and cool temperatures
that are usually associated with high-pressure systems. These are similar to fall migration condi-
tions reported for many other species {Richardson 1978).

Heaviest departures in spring occur with clear to partly cloudy skies and south or southeast
winds. Winds with a northerly vector and skies that are at least partly sunny appear to be the
most important of the weather stimuli for fall migration (Melvin et al. in prep). Nesbitt (1975)
has documented the importance of southeasterly winds and at least partly clear skies in stimulating
crane migration from Florida wintering areas. Although ambient temperature may play a role in reg-
ulating migration, we suspect it is Tess a cause of migration than a product of other controlling
factors, e.g., clear skies and cold north winds in fall, and warm southerly winds in spring.

Departures from breeding and wintering grounds, staging areas, and traditional stopovers are
inhibited by rain, snow, fog, unfavorable winds, and low unbroken cloud cover, and migration from
these sites is almost never initiated under these conditions. Unfavorable winds are those without
a north component in fall, or a south component in spring. An exception to this was reported by
Anderson et al. (1980) when a flock of sandhills departed Crex Meadows Wildlife Area in northwestern
Wisconsin during a snowstorm on the morning of 19 November 1978. C(ranes that delay their departure
until very late in the fall may eventually elect to begin migration under less than ideal conditions.

The selective advantages of beginning a migration under conditions of clear skies and favorable
winds are obvious. Flying with a tailwind requires less energy to cover a given distance than under
other conditions and results in a minimum energy cost of transport (Tucker 1974). By waiting for
these conditions to occur the cranes increase their chances of completing all or a major part of at
least the Tst day's flight with energy-conserving tailwinds and without encountering inclement
weather.

Sandhill cranes are less particular about weather conditions after they have begun a migration,
and are more likely to depart from a nontraditional stopover or continue a day's flight under sub-
optimum conditions. Unfavorable winds and lTow overcast may prevent cranes from taking off, but not
always. We have observed cranes remain grounded at nontraditional stopovers under conditions of
100% overcast and threatening rain, and by 8 to 16 km per hour (5 to 10 mph) headwinds. In con-
trast, we have observed cranes begin and continue flights into headwinds as strong as 56 to 96 km
per hour (35 to 60 mph), and have seen them take off soon after cessation of a rain shower and under
continuing Tow, unbroken clouds (Melvin and Temple 1980). Our experience tracking migrating sand-
hill cranes between Manitoba and Texas has been that precipitation and fog will always keep cranes
grounded at nontraditional stopovers. Crete and Toepfer (1978) and Anderson et al. (1980) also
reported that while enroute cranes remained grounded by rain, snow, and fog.

Our observations indicate that airborne cranes are usually forced down by precipitation.
Flights may continue through brief, scattered showers, however, and cranes forced to land by
showers at midday may continue their migration that afternoon if conditions improve (Melvin and
Temple 1980). Cranes may continue to fly all day against headwinds or crosswinds, but will often
land if headwinds are strong, 32 km per hour (20 mph) or more, and persistent. Cranes tracked by
Crete and Toepfer (1978) and Anderson et al. (1980) alsc occasionally migrated into headwinds, par-
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ticularly during spring migration from Indiana to Wisconsin and Minnesota. It may be that sandhill
cranes are more inclined to fly against headwinds during spring migration, when motivated by a
strong urge to complete the migration and reach the breeding grounds.

Behavioral Stimuli

Sandhill cranes exhibit gregarious flocking behavior throughout each migration, and we suspect
that behavioral interactions play an important part in the migration process. Certainly when a
crane has reached a physiological state of readiness, and the initiation of migration has been stim-
ulated by favorable weather conditions, the final impetus to take off and begin a migratory flight
is often provided by the sight of nearby birds adopting a preflight posture and then taking flight
{Voss 1975, Tacha 1981), or of other flocks of cranes passing overhead. Probably the strongest
stimulus to migrate for young of the year on their 1st migration is the sight of their parents and
other nearby birds taking flight.

Vocalizations also seem to play an important part in these behavioral interactions. Cranes in
migrating flocks call to each other constantly, as do cranes on the ground as airborne flocks pass
overhead or descend to land among them. The migration call is a relatively short and high-pitched
call given intermittently by 1 or more members of a migrating flock in flight (Melvin et al. in
prep.). It is audible from great distances, and is often heard by observers on the ground before
a high flying flock becomes visible. Presumably these migration calls serve as a form of communi-
cation within the flocks, and may be analogous to the nocturnal call notes used to maintain con-
tact by migrating flocks of passerines (Hamilton 1962). The sight and sound of a flock of cranes
passing overhead and calling appears to be a stimulus for cranes on the ground to begin migrating
(Melvin et al. in prep.). Conversely, migrating cranes at the end of a day's flight, that are
already predisposed to seek an overnight roost, may be attracted to cranes "unison calling" (Arch-
ibald 1976) from the ground.

Vocalizations and behavioral interactions must also function to aid cranes at staging and stop-
over areas to more efficiently use food resources and roost sites. Groups of cranes follow each
other back and forth between feeding and roosting areas along what often become established flight
lines. The presence of cranes already on the ground and calling often seems to attract cranes in
the air to a particular feeding field or roost site. Madsen (1967) suggested that in North Dakota
only the 1st few cranes to arrive at a particular habitat actually selected that habitat, all others
merely joining them because of their gregarious nature. Feeding and roosting habitat along the
migration route often occurs in a patchy (clumped) distribution, and in unfamiliar areas such
patches may be more efficiently located by cranes that make use of these behavioral interactions
(Ward and Zahavi 1973).

HUNTING AND MIGRATION

Disturbance from hunters may accelerate the migration chronology of sandhill cranes and affect
their distribution at staging and stopover areas. In southeastern Wisconsin the departure of sand-
hill cranes from fall staging areas coincides closely with the opening of waterfowl hunting season
in early October (Bennett 1978). Most of the roost sites at these staging areas are located on
privately owned wetlands, and the cranes are intolerant of the heavy and continual hunter disturb-
ance.

Major crane staging areas in central Wisconsin, in contrast, are Tocated on state and federally
controlled wetlands where cranes are not disturbed on the roosts by hunters. As a result cranes
remain in central Wisconsin longer in the fall, through late October (Melvin 1978). Similarly,
cranes formerly left staging areas in southern Michigan by mid-October as a result of disturbances
from waterfowl hunters. Since the establishment of the Haehnle and Baker sanctuaries at these sites,
and their closure to hunting, the cranes remain into November and sometimes December (Walkinshaw and
Hoffman 1974, Hoffman 1977). 1In 1977 the migration from Minnesota of a radio-tagged crane coincided
with the opening of that state's waterfowl season (Crete and Toepfer 1978). At the Jasper-Pulaski
Fish and Wildlife Area in Indiana, waterfowl hunting from 0.5 hour before sunrise until noon or
sunset every other day in 1979 caused marked avoidance of particular roosts by cranes (Lovvorn 1980).

Sandhill cranes at traditional stopovers in North Dakota may avoid disturbances (and mortality)
from crane hunters by moving to nearby areas where hunter pressure is reduced or absent (Melvin and
Temple 1980). The chronology of migration from North Dakota is not accelerated by hunter distur-
bance, however, presumably because: (1) hunting pressure occurs early in the migration period, when
cranes may be less predisposed to migrate, and (2) high densities of wetlands and relatively low
densities of hunters allow cranes to find secure roosts by moving only short distances.



Certain aspects of crane migration should be considered whenever sandhill crane harvest regqu-
lations are to be established or revised for a given location. Which breeding subpopulations are
using that area, and what is the chronology of their migration (i.e., dates of arrival and depar-
ture and average lengths of stay for a substantial portion of each subpopulation)? Do some sub-
populations arrive substantially earlier or later than others? Is the area primarily used for
staging, a traditional stopover, or nontraditional stopover? Does this use vary for different
subpopulations?

Hunting at fall staging areas will have a greater effect on local birds and probably runs a
greater risk of over-harvesting small, discrete subpopulations than will hunting at a traditional
stopover, where several subpopulations will be intermixed and hunting pressure is presumably evenly
distributed. Hunting pressure et a traditional stopover may not be evenly distributed, however, if
certain groups of birds arrive earlier or later or stay substantially longer than others. Such a
situation has been demonstrated for sandhill cranes from the Interlake region of Manitoba, that
arrive early at traditional stopover areas in North Dakota and are subjected to hunting pressure
that is reduced or absent for cranes that arrive Tater in the fall after part or all of the crane
hunting season (Melvin and Temple in prep.).

It should also be realized that opportunities for sandhill crane hunting will be greater at
locations used for traditional stopovers than at nontraditional stopovers. This is simply because
the former will attract greater numbers of cranes each fall, and they stay for longer periods of
time. This explains why, in the Central Flyway, North Dakota annually harvests 4.5 to 6 times as
many cranes as South Dakota and Oklahoma combined (Sorenson 1979, 1980, 1981). States that might
wish to begin harvesting cranes (e.g., Kansas or Nebraska) or increase their harvest opportunities
by 1iberalizing regulations or initiating habitat management programs to attract more cranes, e.g.,
South Dakota and Oklahoma, should realize that, at present, most cranes are probably using these
states primarily for nontraditional stopovers. This usually means relatively low numbers of cranes
on the ground at any given time, brief stays by most birds that do stop, and unpredictable numbers
of birds at most Tocations from year to year. Thus, such states may not be able to substantially
increase their harvest opportunities by increasing season lengths and bag 1imits or by providing
more migration habitat, as long as traditional migration patterns continue and result in the major-
ity of migrant cranes overflying these states or stoprina only briefly in transit.
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ROOST HABITAT SELECTION BY SANDHILL CRANES IN CENTRAL NORTH DAKOTA

PAMELA J. SOINE,! Zoology Department, North Dakota State University, Fargo, ND 58105

Abstract: Roost habitat selection of migrating sandhill cranes was studied in central North Dakota
during fall 1980. Fourteen variables were measured on 15 roost and 15 nonroost sites. Principal
components analysis reduced the variables to 5 factors which explained 78% of the total variabil-
ity. A discriminant analysis of these 5 factors showed a significant difference (P < 0.001) be-
tween roost sites and nonroost sites, indicating that cranes are not selecting roost sites at ran-
dom. Factor 2, which is highly correlated with average water depth, bottom slope, distance to
nearest shore, and firmness of the bottom substrate, had the greatest discriminating power. This
indicates that the habitat characteristics most important for sandhill crane (Grus canadensis)
roost site selection are large expanses of shallow water that are not close to shore, and a soft
(muddy or silty) bottom substrate.

INTRODUCTION

Sandhill cranes stage in various areas of central North Dakota, primarily Kidder, McLean, and
Pierce counties during fall migration (Johnson 1976). Data collected in recent years suggest the
importance of these areas for Central Flyway populations of sandhill cranes (lISDI 1979, Melvin
and Temple 1980, USDI 1980). For example, cranes have remained up to 7 weeks in Kidder County and
vicinity (Melvin and Temple 1980) and 4 weeks in McLean County (Martha Carlisle, pers. comm.).
Also, peak numbers of cranes in an area in MclLean County were approximately 19,500 and 21,350 in
1978 and 1979, respectively (USDI 1979, 1980).

Two important aspects of these fall staging areas are food availability and evening roost
sites. Migrating sandhill cranes feed in stubble fields and pastures during the day, and congre-
gate to preen and sleep at roost areas during the night. The cranes seem to be attracted to a cer-
tain type of habitat for roost areas. Johnson and Stewart (1972:66) state, "Sandhill Cranes .
are very selective about their habitat while enroute." Most wetlands utilized as roosting sites
in North Dakota seem to have certain common factors which include alkaline lakes in glacial outwash
plains with 1ittle or no emergent vegetation, flat terrain to allow good visibility of approaching
danger, shallow water, and adjacent freshwater fen pockets or man-made dugouts for drinking (John-
son and Stewart 1972, Johnson 1976).

Although these criteria seemed to be important, no definite measurements or analysis had been
made in North Dakota to determine whether these characteristics, tradition, or coincidence influ-
ence use of roost areas. If habitat characteristics are important, there is need for a finer dis-
tinction to determine their relative importance.

The objectives of this study were to determine if roost sites differed from potential roost
areas that were not used, and to determine habitat factors characteristic of roost sites used by
sandhill cranes during their fall migration through Mclean County, North Dakota.

I express my deepest appreciation to the following people for their help throughout the
study: my advisor, Dr. James W. Grier, for his suggestions in all phases of the study; Douglas
Johnson for his help with study design, data analysis, and manuscript review; Water and Power Re-
sources Service biologists Richard McCabe, Glen Gould, Timothy Patton, and Michael Johnson for
their help in many ways and cooperation in the use of their crane roost data; Dr. Gary Clambey,
Dr. Dhanwant S. Gill, David Evans, and Dr. Jeffery Gerst for their suggestions with data analysis;
Mohammed Syamsum for his suggestions on computer problems; John Fleckenstein for his assistance in
the field; Dr. James Brammer for locating funds for field work; and especially to Martha Carlisle,
without whose help, suggestions, and extended efforts this study would have not been possible.

STUDY AREA

The 220-km? study area in central McLean County, North Dakota, extends from the Lake Nettie
National Wildlife Refuge area in the northwest to Blue Lake in the southeast (Fig. 1). It is sit-

lpresent address: North Dakota Natural Heritage Program, North Dakota Parks and Recreation
Department, P. 0. Box 700, Bismarck, ND 58502.
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Fig. 1. Studs area and locarion of major lakes in centrul McLean County, North Dakota.

uated in a glacial outwash plain and has numerous poorly drained, shallow wetlands. Most of the
wetlands can be classified as the palustrine system, emergent wetland, or unconsolidated bottom
class, permanently to seasonally flooded water regime, with alkaline and saline to mixosaline chem-
istry (Cowardin et al. 1979). Most of the upland is idle or cultivated cropland and pasture. Na-
tive vegetation is primarily adjacent to larger wetlands, especially around the chain-of-lakes area
from Lake Williams to Blue Lake.

This vegetation is usually mixed grass prairie, with dominant species being western wheat-
grass (Agropyron smithii), prairie Jnnegrass (koelaria cristata), needle-and-thread (Stipa comata),
blue grama (Bouteloua gracilis), ana needleleaf sedge (Carex stenophulla)(Stewart 1975). Emergent
wetland vegetation is primarily alkali bulrush (Seirpus paludosus), hardstem bulrush (Scirpus
acutus ), phragmites (Phragmites communis), and various sedges (Carex spp.). The dominant species
surrounding alkali lakes are alkaligrass (Puccinellia nuttalliana), saltgrass (Distichlis stricta),
and sea-blite (Suaeda depressa)(Stewart 1975). The upland soils are part of the Ruso-Bowdle-Wabek
association, which consists mostly of moderately coarse to medium soils (USDA 1979).

This area was selected for 1 primary reason--the Water and Power Resources Services conducted
extensive aerial surveys over this area from early September to mid-November, 1980. Six mornings a
week they monitored sandhill crane and whooping crane {Grus americana) usage at sunrise before most
cranes had left the roosts. This information was used to locate all roost sites in the study area.

METHODS

The study was conducted during the fall of 1980, primarily during the peak of fall migration.
Fifteen roost sties were randomly selected where cranes had roosted at least once that season, and
15 nonroost sites were randomly selected where cranes had not, but could potentially roost. Cri-
teria for nonroost site selection were wetlands of at least 2 ha that had water Tess than 30 cm
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deep at least 5 m from shore and which were devoid of extensive emergent and submergent vegetation
The sampling unit for both roost and nonroost sites was a point that was selected randomly at each
site.

Several measurements were taken at each sample point. Water depth and crane depth were mea-
sured with a device that consisted of a 1-inch wooden dowel marked in centimeters, with a 2-inch-
diameter plastic disc on the bottom and weights on the top. The proportion weight:surface area
was adjusted to simulate the step of a crane. The device was set into the water until the plastic
disc was just on top of the bottom substrate to obtain a water depth reading. Then it was allowed
to drop freely into the substrate to obtain a crane-depth reading. Crane depth is a measure of how
much a crane will sink into the bottom substrate. A silty or muddy substrate will have a larger
crane depth than a sandy or gravelly substrate.

Other measurements at the sample point included distance to and height of the nearest vegeta-
tion, distance to and width of the nearest bare shore or exposed sandbar, specific conductance, and
compass bearings to any visible buildings or farmsteads. A portable conductivity meter measured
conductance in mmhos/cm3, and distance to all visible points was set and measured in straight lines
on 7.5-minute USGS quadrangle maps.

There were also several measurements taken outside the sample point in 4 four cardinal direc-
tions. Water depth, crane depth, and height of vegetation encountered were taken at 10-m intervals
up to 50 m. Also, distance to, and slope of, the nearest crest were measured, unless the distance
was greater than 200 m. Distance was paced, and slope was estimated with a Brunton compass.

Derivation of Variables

Fourteen variables, derived from the measurements taken, are listed in Table 1. Height of
crest was derived trigonometrically from hypotenuse length (distance to crest) and degree of the
angle adjacent to the hypotenuse (angle of slope). Average height of crest is the mean at each
site of the height in the 4 directions; average distance to crest is derived in the same manner.
Both are measures of the physiography of the surrounding terrain.

Table 1. Variables derived from habitat measurements at crane roost and nonroost sites in Central
North Dakota.

15 roost sites 15 nonroost sites
Variable Unit Range Mean + SE Range Mean + SE
Average height of crest m 0.0-7.9 2.9 + 0.6 0.4-9.6 2.3 + 0.6
Visibility index m 0.0-106.2 59.0 + 8.9 0.0-148.5 41.1 + 12.6
Average water depth cm 1.0-25.1 10.0 + 1.5 6.9-61.4 25.8 = 3.1
Average crane depth cm 0.3-4.8 2.5+ 0.3 0.0-3.1 1.1 + 0.2
Average bottom slope cm/m 0.0-0.6 0.2 + 0.1 0.2-1.6 0.7 + 0.1
Distance to nearest shore m 8.0-50.0 19.4 = 3.6 1.0-30.0 5.5+ 1.8
Distance to nearest road m 125.0-1900.0 1055.0 + 132.6 50.0-2200.0 721.7 + 158.3
Distance to nearest farm m 400.0-3100.0 1663.3 * 796.2  500.0-2900.0 1541.7 + 228.9
Percent open area % 10.0-100.0 69.3 = 7.3 25.0-85.0 55.7 + 3.8
Distance to vegetation m 0.0-125.0 29.1 + 9.2 0.0-22.0 6.6 + 1.6
Width of bare shore m 0.0-72.5 20.6 + 5.7 0.0-40.0 6.7 + 2.8
Specific conductance mmhos/cm3 2.0-53.0 16.7 + 4.3 3.6-35.0 11.7 = 2.7
Vegetation height cm 2.0-57.5 23.1 = 4.5 2.7-80.0 23.1 + 4.9
Average distance to crest m 90.0-221.0 177.8 = 9.7 86.2-200.0 143.3 + 7.8
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Visibility index indicates the amount of visual isolation from human habitation and hazards
at the site. Human habitation and hazards include visible points such as farmsteads, occupied or
unoccupied buildings, roads, powerlines, and trees. The index is from the formula

VISIN = (G - N) N

where VISIN is visibility index, G is the greatest distance that all points were seen, D is the
distance to a visible point, and N is the number of visible points for a site. For example, a site
that was completely isolated would receive a VISIN of 0, one that had 6 close visible points would
receive a very high number, and 1 that had 3 distant points would receive a number between the
first 2.

The average bottom slope is a measure of how rapidly the water depth changes from the sample
point. It is derived from the formula

(WD, - WD,)

1
BOTSLP = ¢
n d

where WDy is the water depth of the farthest measurement along a transect, WDy is water depth at
the sample point, d is distance to the farthest measure along the transect (from O to 50 m), and

n is the number of transects along each site (from 1 to 4). The absolute value of these measure-
ments was used because a positive change in slope along 1 transect was usually paired with a nega-
tive change in slope along the opposing transect.

Percent area open is an estimate of the amount of area surrounding the sample point that is
devoid of emergent vegetation. Each of 4 transects composed 25% of the area, with all 4 totaling
100%. Five percentage points would be subtracted from 25% for vegetation encountered at each 10-m
sample point along a transect. For example, if vegetation was at 40 and 50 m along 1 transect on
a site, the value for that transect would be 15%. If vegetation was not encountered along the re-
maining transects, the value for that site would be 75% + 15% = 90%.

Water depth and crane depth are the mean of all measurements taken at a site. Vegetation
height is the height of the nearest vegetation. The remaining variables require no explanation.

Multivariate Analysis

Data analysis involved the multivariate techniques principal components analysis (PCA) and
2-group discriminant function analysis (DFA). The Factor Analysis and Discriminant Analysis pack-
aged programs in Statistical Analysis Systems (SAS 1979) were used to perform the analysis on an
IBM 370-158 computer.

PCA is a method that describes the relationships among variables in a data set. New vari-
ables (factors or principal components) are generated that often reduce the dimensionality of the
original data set by explaining a large proportion of the entire variability with fewer of these
new variables than the original. Thus, the new data structure is a set of reduced factors that
are used to explain the relationships among the variables in the original data set. Each new fac-
tor is actually a linear combination of the original variables with weights on each variable that
are used to interpret the factors. Also, these new factors are uncorrelated (orthogonal), which
is often necessary for follow-up tests (Harris 1975).

Two-group DFA is a technique used with a data set that has 2 a priori groups and several pre-
dictor variables. The purpose is to reduce this group of predictor variables into 1 linear compos-
ite (discriminant function) that maximally discriminates between members of these 2 groups. When
this is done, a test can be run to determine if the 2 group centroid differ significantly. Also,
this linear composite can be used to classify old observations into 1 of the 2 groups, or predict
to which groups any new observation belongs (Green 1978).

RESULTS

Table 1 1ists the unit of measure, range, mean, and standard error for roost and nonroost
sites of the 14 variables. The results of the PCA on the 14 variables are shown in Table 2. A
correlation matrix was used in the analysis because many of the variables had very different units
of measure. Five factors had an eigenvalue greater than 1 and were retained. These 5 factors
explained 787 of the total variability in the original data set. They were not interpretable,
however, because most of the variables only had heavy loadings on Factor 1. To solve this prob-
lem, the varimax rotation method was applied to the 5 factors.
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Table 2. Eigenvalues and percent variability Varimax is a rigid rotation that attempts
for 5 retained factors. to maximize the variance within each factor.
The rotated factors are still orthogonal, and
the total amount of variability accounted for
remains unchanged, but the eigenvalue for each
1 2 3 4 5 factor may change. The outcome of the rotation
is a set of factors that are more easily inter-
preted by distributing high loading more evenly

Factor

Eigenvalue 4.49 2.09 1.90 1.44 1.04 among factors (Green 1978).

Percent of total Table 3 shows the results of the varimax
variability 32 15 14 10 7 rotation. The eigenvalues changed for each
Cumulative factor, but the factors are now.interpretab1e.

percent 32 47 61 71 78 Factor 1 describes the surrounding terrain

with a high negative loading on average crest
height, and a high positive loading on the vis-
ibility index. This indicates that sites with
high surrounding terrain are more visually isolated than those with lower surrounding terrain.
Factor 2 is associated with water basin characteristics. It has high negative loadings on water
depth and average bottom slope, and high positive loadings on crane depth and distance to nearest
bare shore or sandbar. Factor 3 can be described as a human disturbance factor with high positive
loadings on distance to nearest farm and distance to nearest road. Factor 4 has high positive load-
ings on percent area devoid of emergent vegetation, distance to nearest vegetation, specific conduc-
tance, and shore width. The positive loadings suggest a strong positive relationship between salin-
ity and vegetation growth, as would be expected. Factor 5 has a high Toading on vegetation height.

The variable average distance to crest was not strongly correlated with any of the first 5 factors.
The DFA was run on the 5 rotated factors, Factor 1 through Factor 5, derived from PCA. This

analysis resulted in a distance between group centroids (D2) of 5.87. The D? is used to calculate

Table 3. Factor loadings after varimax rotation for 5 retained roost habitat factors.

Factor

Variable 1 2 3 4 5
Average height of crest -0.74 0.38 -0.17 -0.13 -0.21
Visibility index 0.79 0.05 -0.20 -0.14 -0.17
Average water depth 0.21 -0.88 -0.11 -0.09 0.10
Average crane depth -0.03 0.84 0.00 0.09 0.20
Average bottom slope 0.10 -0.87 -0.14 -0.28 0.10
Distance to nearest shore 0.41 0.65 0.04 0.18 0.17
Distance to nearest road 0.12 0.13 0.84 0.15 0.20
Distance to nearest farm -0.23 0.06 0.83 0.08 -0.12
Percent open area 0.13 -0.05 0.20 0.83 0.15
Distance to vegetation 0.26 0.37 0.22 0.75 0.08
Width of bare shore -0.07 0.46 -0.22 0.76 -0.25
Specific conductance -0.34 0.14 0.09 0.75 -0.01
Vegetation height -0.00 0.06 0.04 0.03 0.97
Average distance to crest 0.40 0.40 -0.29 0.37 0.24
Eigenvalue 1.83 3.38 1.74 2.72 1.31
Percent of total visibility 13 24 12 20 9

Cumulative percent 13 37 49 69 78




Table 4. Linear discriminant function for 5 an F-statistic (Green 1978). There is a highly
rotated roost habitat factors. significant difference between roost sites and
nonroost sites (F = 21.2, P < 0.007). Thus,
given these factors, cranes are not selecting

Weights roost sites on a random basis in this area.
Roost Nonroost The Tinear discriminant function is shown
Factor site site in Table 4. It is important for 2 reasons.
First, it is used to classify the original ob=
. _ servations into 1 of the 2 groups. In this
2 ﬁzi?zsbas1n character 1.74 -1.74 situation, 14 roost and 14 nonroost sites were
: ’ correctly classified. Secondly, it aids in
1 Surrounding physiography 0.54 -0.54 interpreting which of these factors are most
N ; _ important to the cranes when selecting roost
4 Salinity-vegetation 0.50 0.50 sites. This is done by comparing weights,
3  Human disturbance 0.29 -0.29 which indicate that factor's discriminating
5 Vegetation height -0.10 0.10 power.

Factor 2, water basin characteristics, has
the greatest discriminating power with a weight
of 1.74. Factor 2 is therefore more effective
than any other factor in separating roost sites
from nonroost sites. High negative factor loadings for Factor 2 are average water depth and bottom
slope, and high positive loadings are crane depth and distance to bare shore. A positive weight
allows these signs to remain as such, while a negative weight would reverse the signs. Thus,

roost sites, with a positive weight, have lower average water depth, higher average crane depth,
less steep bottom slope, and greater distance to bare shore than nonroost sites.

The absolute values of the weights for Factor 1 and Factor 4 are nearly equal. Factor 1,
surrounding physiography, has a positive weight for roost sites, which means that roost sites have
a lower crest and higher visibility indices than nonroost sites. Factor 4, the salinity-vegetation
factor, also has a positive weight for roost sites. This factor has a high positive correlation
with distance to nearest vegetation, percent area devoid of vegetation, width of bare shore, and
conductivity. Therefore, roost sites tend to have larger values for these variables than nonroost
sites.

Factors 3 and 5 have much lower discriminating power than the other factors. They both indi-
cate, however, that there is a slight tendency for roost sites to be situated farther from human
disturbance and to have Tower vegetation height.

DISCUSSION

These data indicate that sandhill cranes roosting in the McLean County staging area are not
selecting roost sites randomly or by tradition only. Within the study area, habitat characteris-
tics are important criteria. Tradition may still be a consideration when cranes select the McLean
County area over another area, but further study is necessary to test this hypothesis.

Roost sites are distinct from nonroost sites by certain characteristics. Overall, Factor 2
is the most useful for separating roost sites from nonroost sites. The variables it is highly cor-
related with can be interpreted as being the most important habitat characteristics for roost site
selection. These results show that cranes would prefer roost sites with large expanses of shallow
water a distance from the bare shore, and with a substrate that is soft. This makes intuitive
sense when considering the behavior and gregarious habits of sandhill cranes during fall migration.
Cranes often will Tand on the bare shore or sandbar and walk into the water in the evening, and
walk from the water onto the bare shore in the morning. Also, expanses of shallow water allow the
cranes to roost together in large numbers.

The next criteria important for separating roost sites are the surrounding physiography and
sparse vegetation characteristics associated with high conductivity. The importance of level ter-
rain and good visibility has been suggested by Lewis (1976) in the southern Central Flyway, and by
Johnson {(1976) in North Dakota, and is confirmed by these data. This visibility is enhanced by
sparse vegetation and wide bare shores or sandbars. Roost wetlands sampled by Melvin and Temple
(1980) in Kidder County, however, were more visually isolated than roost sites sampled in my study
area. Seventy-four percent of their roost sites had complete visual isolation from sources of
human disturbance. Only 27% of my roost sites had complete visual isolation from used roads or
occupied buildings. Perhaps this difference is simply due to the inherent difference between
McLean and Kidder County topography.

The reader should keep in mind that this research and analysis is largely exploratory, use-
ful for generating hypotheses and for consolidating habitat measurements into a more workable form
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for further studies (Johnson 1981). Caution is necessary in viewing these results. These statis-
tical methods are merely objective ways of viewing sets of multivariate data (James 1971). In this
situation, they allow us to observe the unmanipulated variables within this study area. The choice
and number of variables, and the location of the study, will obviously affect results and conclu-
sions. There might be other useful factors that I did not consider. Further study in a different
area of the Central Flyway would be a strong complement to this study. This information can be
suggestive only, for the purpose of evaluating habitat loss or arriving at management schemes, and
useful mainly in areas such as North Dakota where roost habitat is not yet very restricted.

Some management implications for McLean County can be suggested. Wetlands with large
expanses of shallow water and soft bottom substrates should be given a higher priority for crane
habitat over those that have only a limited amount of shallow water. Also, wetlands that have low
surrounding physiography and sparse emergent vegetation are better crane habitat than wetlands with
steep banks and dense emergent vegetation in shallow areas.
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FOOD CONTENTS OF SANDHILL CRANES DURING WINTER AND SPRING!

GEORGE C. IVERSON, Oklahoma Cooperative Wildlife Research Unit,2 Oklahoma State University, Still-
water, OK 74078

THOMAS C. TACHA, Oklahoma Cooperative Wildlife Research Unit, Oklahoma State University, Stillwater,
0K 74078

PAUL A. VOHS,3 Oklahoma Cooperative Wildlife Research Unit, Oklahoma State University, Stillwater,
0K 74078

Abstract: Three hundred sandhill cranes (Grus canadensis) from mid-continental North America were
analyzed for food content. Cranes were obtained from western Texas during winter; from Nebraska,
Saskatchewan, and Alaska during spring migration; and on the Yukon-Kuskokwim Delta, Alaska, during
prenesting. Cereal grains (wheat, barley, corn, and milo) made up over 96% of the aggregate volume
of food items from winter through spring migration. The proportion of animal matter in the diet
did not increase during any period.

Our purpose is to compare data on food content of 300 sandhill cranes obtained from wintering
areas in Texas; migration stops in Nebraska, Saskatchewan, and eastern Alaska; and a nesting area
in western Alaska. Previously published studies have been from localized areas and did not evalu-
ate the possible changes in food habits of cranes between wintering and nesting areas. Quantita-
tive information also has not been published concerning food habits of sandhill cranes wintering
in western Texas or in Alaska during spring migration and nesting periods.

METHODS

A total of 300 sandhill cranes killed as a result of trapping efforts in Texas and Nebraska,
or collected for physiological studies in Canada and Alaska, was analyzed for food contents. Cranes
were obtained during January and February 1979, and from November to February 1978-80 near Rich
Lake, Terry County, Texas; during March to mid-April in 1979 and 1980 from the Platte River Valley
near Hershey, Nebraska; in late April 1980 near Last Mountain Lake, Saskatchewan; and in early May
1980 near Delta Junction in interior Alaska and at Clarence Rhodes NWR in western Alaska.

Cranes were frozen in plastic bags within 5 hours of collection. Later, foods were rinsed from
the oral cavity, esophagus, and proventriculus, and the number of individual food items was deter-
mined. Contents from the gizzard were not examined because of the limitations of such an analysis
as noted by Swanson and Bartonek (1970). Excess water was removed from food items, and volume of
each type was determined by water displacement in a graduated cylinder. Data are presented as
frequency of occurrence, aggregate volume (percentage of total volume), and aggregate percentage
(average of volumetric percentages){Swanson et al. 1974).

RESULTS AND DISCUSSION

Texas

Cotton and milo are the primary crops in the high plains of western Texas (Murfield et al.
1979). Sandhill cranes from western Texas relied on waste milo as a primary food source (96% of

1This study was funded by Contract 14-16-0008-2133, Accelerated Research Program for Migratory
Shore and Upland Game Birds, administered by the Central Management Unit Technical Committee and
the Migratory Bird and Habitat Research Laboratory, U.S. Fish and Wildlife Service.

2The Oklahoma Cooperative Wildlife Research Unit has Oklahoma State University, Oklahoma
Department of Wildlife Conservation, U.S. Fish and Wildlife Service, and Wildlife Management Insti-
tute cooperating.

3Present address: O0Office of Cooperative Research Units, USDI-Fish and Wildlife Service,
Washington, D.C. 20240.
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Table 1. Food contents of 300 sandhill cranes obtained during winter and spring 1979 in Texas and
Nebraska and from late fall to spring 1979-80 in Texas, Nebraska, Saskatchewan, and Alaska.

Frequency of Aggregate Aggregate
Location N Food item occurrence (%) volume (%) percentage
Texas
Rich Lake 154 Milo 62.9 96.9 61.3
Solanaceae 3.2 0.7 0.8
Corn 0.6 0.4 0.3
Cotton 1.2 trd 0.2
Acridae 1.2 0.3 0.2
Tenebrionidae 2.6 0.2 0.1
Pentatomidae 0.6 tr tr
Carabidae 0.6 tr tr
Unidentified
invertebrates 1.2 tr tr
Nebraska
North Platte 101 Corn 20.8 87.5 19.5
Alfalfa 6.9 1.1 3.3
Lumbricidae 9.9 1.1 0.3
Carabidae 3.9 0.1 0.4
Acridae 1.0 0.2 tr
Canada
Last Mountain Lake 15 Wheat 46.7 99.5 46.2
Carabidae 13.3 0.2 0.3
Gastropoda 6.7 0.3 0.2
Alaska
Delta Junction 21 Barley 61.9 98.5 59.8
Unidentified
vegetation 4.8 0.9 1.9
Carabidae 14.2 0.4 0.1
Elateridae 4.7 0.1 tr
Odontidae 4.7 tr tr
Clarence Rhode NWR 9 Corn-1ike tubers
(Cyperaceae) 22.2 83.6 19.4
Unidentified
vegetation 11.1 14.9 2.2
Gastropoda 11.1 1.5 0.6

aTr denotes less than 0.1%.

the aggregate volume, Table 1), while cotton seeds were found in only 2 of 154 cranes examined.
Complaints of crane depredation in cotton fields of western Texas have recently been filed (H. W.
Miller, pers. comm.). The low frequency of occurrence of cotton in the diet of cranes examined in
this study suggests that cotton is not an important food source and that widespread depredations of
cotton are not very 1ikely to occur if adequate milo stubble is available.

Animal matter constituted less than 1% of the aggregate volume of foods removed from cranes
from western Texas {Table 1). All animal foods found in cranes (except Pentatomidae and traces of
unidentified invertebrates) from western Texas were from birds collected in November (before the
onset of freezing temperatures).

Qur results agree with Walkinshaw's (1949) general observations that cranes eat milo in west-
ern Texas. However, Guthery (1975) found that sandhill cranes on the Texas Gulf Coast ate primar-
ily native nut-grasses (Cyperus spp., over 50% of diet) while milo made up only 6.8% of the volume
of foods ingested. Animal matter (12% of diet) was a more important food source on the Gulf Coast
where milder winter temperatures probably made animal matter more available than in western Texas.

76



Nebraska

Waste corn from farming practices in the Platte River Valley was the primary food source (97.5%
of the aggregate volume) of cranes staging in Nebraska during spring migration (Table 1). Earth-
worms were the primary animal food consumed. Farmers in the Platte River Valley believed cranes
were helpful in removing potential volunteer corn (W. Maason, pers. comm.), and aerating the soil
in alfalfa fields while probing for invertebrates (G. Summers, pers. comm.).

Lewis (1979) found that corn made up 89% of the volume of qullet contents of 45 sandhill
cranes coliected in the Platte River Valley. Reineke and Krapu (1979) estimated that waste corn
constituted 96% of the dry matter intake of cranes staging along the Platte River. The studies of
Lewis and Reineke and Krapu parallel the estimated 97.5% aggregate volume of corn found in cranes
during this study. Corn is clearly the primary food energy source for cranes staging in the Platte
River Valley.

Saskatchewan

Wheat seeds made up over 99.5% of the aggregate volume of foods recovered from cranes collected
near Last Mountain Lake, Saskatchewan, during spring migration (Table 1). Stephen (1967) found that
grain was present in 93% of 180 sandhill cranes collected in spring and fall 1961-63; wheat was the
dominant grain present. Waste grain was eaten during spring migration in Saskatchewan and farmers
did not complain about cranes removing such grain (C. Jorgenson, pers. comm.). Wheat was the only
vegetative food found in cranes from Saskatchewan during our study and it provided nearly all the
nutrient intake of cranes (energy and protein).

Alaska

Barley seeds constituted over 89% of the aggregate volume of foods in sandhill cranes collected
near Delta Junction, Alaska, during spring migration (Table 1). Sandhill cranes began using the
Delta Junction area recently (Klebesadel and Rested 1981:15). The new Delta Agricultural Project
in the Delta Junction area provided an annual grain crop of barley that attracted cranes during
spring and fall (Pollack 1981:64). Cranes fed on both waste grain from the previous year (barley
stubble fields) and seeds from newly planted barley fields. The agronomic effect of cranes feeding
in newly planted barley fields near Delta Junction should receive further study.

Only 3 of 9 cranes we collected on nesting grounds of the Yukon-Kuskokwim Delta in western
Alaska had any food items present. Plant material (Cyperaceae and unidentified vegetation) made up
98.5% of the volume of these foods (Table 1). Tubers of Cyperaceae constituted nearly 74% of the
aggregate volume of foods ingested by sandhill cranes collected before nest initiation. Little
food (plant or animal) was available during this prenesting period due to 80-90% snow cover.

CONCLUSIONS

Cereal grain was the primary food source (over 96% of the aggregate volume) of sandhill cranes
wintering in western Texas and passing through Nebraska, Saskatchewan, and interior Alaska during
spring migration. Plant materials remain important food items (98% of the aggregate volume) before
nest initiation on the nesting grounds in western Alaska. No shift to high protein animal foods
was detected between wintering and nesting stages of the annual cycle of sandhill cranes. These
data underscore the observation by Iverson (1981) that total protein content of sandhill crane car-
casses did not change from early winter to prenesting periods in 1979-80, and suggest the hypothesis
that energy is the dominant variable in sandhill crane reproductive and survival strategies. Data
from this study also underscore the adaptability of cranes to exploit recent geographic expansion
of cereal grain farming, and the importance of small grains in nutrient acquisition by sandhill
cranes.
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EXPERIMENTAL RELEASE OF CAPTIVE PARENT-REARED GREATER SANDHILL CRANES AT GRAYS LAKE REFUGE, IDAHO

RODERICK C. DREWIEN, Idaho Cooperative Wildlife Research Unit, College of Forestry, Wildlife and
Range Sciences, University of Idaho, Moscow 83843

SCOTT R. DERRICKSON, Endangered Species Research Program, Patuxent Wildlife Research Center,
Laurel, MD 20708

ELWOOD G. BIZEAU, Idaho Cooperative Wildlife Research Unit, College of Forestry, Wildlife and
Range Sciences, University of Idaho, Moscow 83843

Abstract: Eleven captive, parent-reared greater sandhill cranes (Grus canadensis tabida) were
transported from the Patuxent Wildlife Research Center (PWRC), Maryland, to Grays Lake National
Wildlife Refuge (GLNWR), Idaho, and released into the wild on 18 June 1980. Experimental

birds included 5 one-year-olds, 2 two-year-olds, and 4 three-year-olds. All individuals were
marked with color-coded plastic Teg bands and radio transmitters before their release. Prerelease
conditioning to barltey was accomplished at PWRC and birds were released directly into the wild
upon arrival at GLNWR. Information on postrelease behavior, including movements, associations,
activity patterns, and social interactions, was gathered by direct observation and radiotelemetry.
Although most released cranes soon adopted activity patterns similar to wild birds, they spent
proportionately more time foraging and preening, and less time in vigilant behavior than wild
cranes. Associations among released cranes were especially apparent with the 2- and 3-year-olds.
Although all released cranes interacted with wild cranes, only 1 bird formed a discernible associ-
ation with a wild individual. Seven released cranes survived to migrate south in October; however,
only 1 bird was subsequently located on the New Mexico wintering grounds despite intensive ground
and aerial searches. This study suggests that younger cranes are probably better candidates for
release programs, and that preconditioning at the release site might increase survival.

In 1975, a program for parent-rearing young cranes in captivity was initiated at the Patuxent
Wildlife Research Center, Laurel, Maryland. This parent-rearing program consists of hatching and
rearing young cranes in captivity by their natural parents or by foster-parent cranes. The ulti-
mate goal of this program is to produce whooping cranes (&. americana) and Mississippi sandhill
cranes (4. ¢. rulla) suitable for release into the wild.

Preliminary research suggests that captive cranes reared by natural or foster parents may be
better suited for release than are captive, hand-reared cranes. Unlike hand-reared birds which are
tame and show little or no fear of man, parent-reared birds remain wild in captivity, and appear
better able to adjust to wild conditions following their release. For example, between 1971 and
1976, 17 handreared and 1 parent-reared Florida sandhill cranes (G. e. pratensie) from PWRC were
released among wild birds near Gainesville, Florida (Nesbitt 1979). Florida sandhill cranes are
nonmigratory. The parent-reared bird remained in the vicinity of the release area and was the only
Tong-term survivor from this release (S. Nesbitt pers. comm.). Similarly, a captive, parent-reared
greater sandhill crane was released at Grays Lake National Wildlife Refuge, Idaho, among wild sub-
adult greater sandhill cranes in mid-August 1976 without any special prerelease conditioning. This
bird joined the wild flock and migrated south on 17 October, but was not seen thereafter.

The present study was undertaken to obtain additional information on reintroduction techniques.
The specific goals of this project were: (1) to assess the feasibility of directly releasing cap-
tive, parent-reared cranes into the wild with minimal prerelease conditioning; and (2) to compare
the behavior, survival rates, and migration success of the released cranes with wild cranes of sim-
ilar age. Field studies were conducted from June 1980 to August 1981. We especially thank members
of the PWRC staff, including Andrew Canine, Jim Carpenter, Elmer Gentry, Steve Leathery, and Bruce
Williams for rearing, maintaining, and transporting the birds. Desmond Call, Edward Loth, and Ralph
Stoor, GLNWR, assisted us in various aspects of the study. We would also like to acknowledge Keith
Day (U.S. Fish and Wildlife Service YACC program, Soda Springs), Caroline Farr, Nancy Gilbertson,
Steve Somsen, and Kenneth Walker for their participation in data collection. Ms. Farr summarized
portions of the data and wrote a preliminary draft on some aspects of the study. The project was
funded by the U.S. Fish and Wildlife Service.
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RELEASE SITE

The release site is located in the northwestern portion of the refuge in the Grays Lake Outlet
area. The site contains optimum summer and fall habitat for both breeding and nonbreeding sandhill
cranes. Annually, some 250-350 cranes summer within 1.6 km of the release site and 600-800 cranes
stage in the area during September before initiating fall migration.

The area is bordered on the west by rolling hills covered with sagebrush (Arcemiciy sp.) and
grasses. The release site is a large flat consisting of dry and wet meadows which provide feeding
and loafing areas for cranes. An extensive bulrush (Seirnus acutus)-cattail(Ty: ha Lutifs51iz) marsh
interspersed with ponds Ties on the east side of the flats. The marsh provides escape cover and
night roosting sites. The only access to the area is over a 3.2-km nonmaintained dirt road. No
human habitation exists in the vicinity and human disturbance is minimal.

Refuge personnel annually plant a 9.0-ha field in barley near the release site. The field is
periodically baited with supplemental barley to entice cranes and waterfowl to remain on the refuge
until private grainfields in the vicinity are harvested. To enhance the survival of the released
cranes, their diet was converted from the normal pelletized ration to barley several months in
advance of their release. Baiting with barley was continued at GLNWR throughout the postrelease
period.

METHODS

On 17 June, the sandhill cranes were brailed at PWRC. On 18 June, they were shipped via air-
freight from Baltimore, Maryland, to Salt Lake City, Utah, and then trucked 320 km to GLNWR, where
they were released.

Each bird was marked for individual identification with a 7.6-cm-high green plastic leg band
with an alpha-numeric code on 1 leg and a blue or white band with an attached radio transmitter on
the opposite leg. Bands were placed above the tibio-tarsal joints to enhance visibility and signal
transmission.

Radio transmitters in the 164-MHz frequency range were purchased from Telemetry Systems, Inc.
(P. 0. Box 187, Mequon, Wisconsin 53092) and Telonics Inc. (1300 W. University, Mesa, Arizona
85201). Telonics transmitters were powered by batteries and Telemetry Systems transmitters were
powered by batteries supplemented with solar cells. Weights of radio packages {plastic leg band
and transmitter) were 45-65 g for the solar and small battery units, and 65-70 g for the larger
battery-powered units. Antennas were 21-24 cm long and extended down the bird's leg. Battery-
powered transmitters were attached to the plastic leg bands with small screws and the solar-powered
transmitters were epoxied to plastic leg bands.

Information was gathered on released cranes by observation and radio tracking. Crane movements
were monitored with Telonics scanning receivers (Model TR-2, Scanner/Programmer Model TS-1), and
nondirectional whip and directional yagi antennas. Birds were observed with binoculars and spot-
ting scopes. Most observations were conducted from a blind located adjacent to a refuge grainfield
near the release site. In other instances, cranes were observed without cover or from a vehicle.
Most observation periods were confined to morning and evenings when cranes were foraging in or near
the refuge grainfield or in other open areas.

Data recorded included movements, mortality, time budget information on activity patterns,
association with other cranes, incidences of aggressive encounters, and migration. Associations
were determined from the number of occurrences when Patuxent birds were observed together or in
company with other cranes. An association was counted again if at least 15 minutes had elapsed
since it was 1st recorded. Records of agonistic encounters included the aggressor, the attacked
bird, manner of attack, response of the attacked bird, and the outcome. Time budget data were col-
lected by coded behavioral point counts. To provide a comparison, time budget data were also col-
Tected on the activities of 10 color-marked wild cranes frequenting the release site. These birds
were captured as flightless young at Grays Lake between 1977 and 1979 and included 2 three-year-
olds, 5 two-year-olds, and 3 one-year-olds.

Migration success of the released cranes was assessed by surveying fall and spring stopover
sites in Colorado and wintering areas in the Southwest. From late October to mid-November, and
again in March and early April, ground surveys employing radiotelemetry were conducted in the San
Luis Valley, Colorado, the major fall and spring migration stopover area for cranes summering at
Grays Lake NWR (Drewien and Bizeau 1974). A1l principal crane wintering areas in New Mexico,
southeastern Arizona, Muleshoe NWR in Texas, and northwestern Chihuahua, Mexico, were surveyed by
ground or air from November 1980 to February 1981.

Observations of the 10 color-marked wild cranes frequenting the release site and used in the
time-budget analysis were also recorded along the migration route and on wintering areas. These
sightings were used to compare the migration success of wild cranes versus released cranes, and
provided insight into the thoroughness of our surveys along the migration route and on winter areas.
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Table 1. Greater sandhill cranes released at
Grays Lake NWR on 18 June 1980.

Identifi- Release Parental
cation no.  Age Sex group origind
T19 3 M 1 MNWR
T20 3 M 1 BDANWR
121 3 F 1 GLNWR
T22 3 M 1 GLNWR
T23 2 M 2 GLNWR
T24 2 M 2 GLNWR
T25 1 M 2 GLNWR

T26 1 M 3 MNWR
T27 1 F 3 BDANWR
T28 1 M 4 GLNWR
T29 1 M 4 MNWR

®Rreleased birds were derived from Malheur
National Wildlife Refuge (MNWR), Oregon; Bos-
que del Apache National Wildlife Refuge
(BDANWR), New Mexico; and Grays Lake National
Wildlife Refuge (GLNWR), Idaho.

RESULTS

Release of Patuxent Cranes

Twelve cranes arrived at the release site
at 1815 hours, 18 June. One bird died in tran-
sit, possibly from stress related to the long
17-hour trip. The remaining 11 cranes--all de-
rived from western populations of greater sand-
hill cranes {Lewis 1977)--were banded, color-
marked, radio instrumented, and released in 4
groups (Table 1). Birds were released in small
groups due to the delay in processing individu-
als and to their late arrival in the day. The
last group was released at 2115 hours. Ten
birds walked or ran and 1 flew about 200 m to
a nearby wetland where they all stopped to
drink. They then moved east toward the marsh
and disappeared into emergent vegetation.

Movements

ATl transmitters functioned well until 5
August when a Telonics radio on T22 failed. It
was Tater determined that the transmitter
(attached with screws) dropped off the plastic
leg band. We believe the transmitter fell off
T22 while he was in the marsh because a signal
was never received after this date. Telonics
transmitter on T24 failed for unknown reasons
on 3 September.

Eight cranes remained in the immediate vicinity of the release site (Table 2). Most foraged
twice daily in the refuge grainfield, returning to Qutlet Flats during the middie of the day and to

the marsh at night, a distance of about 1 km (Fig. 1).

Six of these birds (720, T21, T22, T23, T24,

and T28) survived and regularly fed in the refuge grainfield until early September (Table 2).

On 3 September, T23 and T28 moved with several hundred wild cranes to feed in private grain-
fields about 7 km north of the release site (Fig. 1, Table 2). Movements of T24 following transmit-
ter failure could not be followed closely; however, this bird was observed with T23 and 728 on 15
September and we believe that all 3 birds remained together continuously following release. From
5 to 11 September, T23 and T28 (and presumably T24) fed in private grainfields each day, and roost-

ed nearby in the Grays lLake Qutlet each night.

Although all 3 birds returned to the Grays Lake

marsh to roost each night after 16 September, they did not return to the release area and refuge
grainfield until 26 September. After this date, T23, T24, and T28 remained in the release area

until they migrated south.

T20, T21, and T22 remained in the release area until 22 September, when they also moved north
to feed in private grainfields. They returned to the release area to roost nightly. Over 600 sand-
hill cranes were feeding in these private grainfields on 22 and 23 September. By 24 September,

T20, T21, and T22 returned to the release area (Table 2) and resumed feeding in the refuge grain-

field until they migrated.

Three birds left the release site soon after they were liberated on 18 June. Two (T19, T25)

moved 2.9 km to South Drainage (Fig. 1).

T19 was last observed near the release site on 20 June,

and T25 on 26 June. Both birds were located in South Drainage on 27 June (Fig. 1, Table 2) where

they remained.

A 1-year-old female, T27, moved the greatest distance during summer (36.1 km), but remained in
Grays Lake Basin. On 20 June, T27 moved west from the release site across the west road and con-

tinued to wander in sagebrush hills to the southwest (aspens west of road, Fig. 2).

On 21 June,

she flew southeast from the sagebrush hills back across the road to South Drainage, a distance of
3.5 km (Fig. 2, Table 2). The bird returned west of the road on 22 June, traveling 2.9 km to Cow
Camp. On 23 June she was found feeding with a scattered group of 7 sandhills on marsh flats (West
Flats, Fig. 2) east of Sharp Curve and 3.4 km from Cow Camp (7.9 km south of the release site).
Radio signals indicated that T27 remained in the vicinity of Sharp Curve from 23 June to 24
August but she was rarely observed. Through mid-July, most radio signals were received from the



Table 2. Movements of Patuxent sandhill cranes released at Grays Lake NWR, 18 June 1980.

Bird identification Movement distance
number Location (km) Dates present
T20, T21, T22 1. Release site ~- 18/6 - 22/9
2. Private grainfields north 6.8 north 22/9 - 23/9
of release site
3. Release site 6.8 24/9 - 06/10
13.6
123, T24, T28 1. Release site -- 18/6 ~ 03/9
2. Private grainfields north 6.8 north 03/9 - 26/9
of release site
3. Release site 6.8 26/9 ~ 06/10
13.6
T19 1. Release site -- 18/6 - 21/6
2. Unknown 22/6 - 26/6
3. South Drainage 2.9 27/6 - 30/7
4, Found dead 3177
T25 1. Release site -- 18/6 - 26/6
2. South Drainage 2.9 27/6 - 30/7
3. Found dead 31/7
T26 1. Release site -- 18/6 - 29/7
2. Found dead 0.0 30/7
T29 1. Release site -- 18/6 - 01/8
2. Found dead 0.0 02/8
T27 1. Release site -- 18/6 - 20/6
2. Aspens west of road 3.7 20/6 - 21/6
3. South Drainage 5.3 21/6
4. Cow Camp 2.9 22/6
5. West flats 3.4 23/6
6. Reservoir area 4.2 12/8 - 24/8
7. Grainfield A 13.1 25/8 - 27/8
8. Grainfield B 0.8 27/8 - 03/9
9. Grainfield C 2.7 03/9 - 09/10
36.1

extensive West Flats (Fig. 2) where over 100 sandhills summered and foraged daily in tall, dry
meadow vegetation which minimized opportunities to observe colored leg bands. After mid-Jduly,
radio signals were received sporadically from the hills northwest of Sharp Curve.

T27 was not sighted until the evening of 11 August when she was observed flying east from the
hills with 1 sandhill to roost in Grays Lake marsh east of Sharp Curve. The following day, T27,
accompanying a wild male, and another pair were Tocated on a ridge 0.5 km Southeast of Reservoir
Area (Fig. 2). The 4 cranes were flushed and T27 followed the male east toward Grays Lake, both
landing about 300 m east of Sharp Curve.

On 25 August, T27 was located in grainfield A on the southeastern side of the refuge, 13.1 km
from Reservoir Area (Fig. 2). On 27 August, T27 moved a short distance north to refuge grainfield
B, and on 3 September she moved north again to the vicinity of refuge grainfield C where she re-
mained until migrating south.

Mortality

Four of 11 released cranes died during the summer: 3 one-year-olds (T25, T26, and T29) and
1 three-year-old (T19) [Table 2]. The remains of 719, T25, and T29 were located on 31 July,
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31 July, and 2 August, respectively. Although the cause of death could not be ascertained for any
of these cranes, we suspect that 2 (T19, T25) may have starved to death. T19 and T25 were never
observed feeding in the refuge grainfield, and apparently foraged exclusively on natural foods
available in the dry meadows near the release site.

T29 was never observed after release, although radio signals were received sporadically from
Outlet Flats. On 2 August, T29 was found buried in a badger hole except for its legs which pro-
truded from the hole entrance. Very little of the carcass remained, and cause of death could not
be determined.

The remaining bird, 726, was found dead on 30 July. Severe cranial wounds suggested that this
bird had been killed by a wild crane. On 20 July, an unidentified 1-year-old PWRC crane was ob-
served during an aggressive encounter with a wild sandhill crane on Outlet Flats. Even though the
released bird retreated and made no attempt to fight back, he was chased and repeatedly pecked on
the back of the head. This observation and similar ones made in captivity support our belief that
the wounds found on the head of 726 were inflicted by a wild crane.

General Activity Patterns

During summer and fall, wild cranes in the release area normally fed twice daily, morning and
evening, at the refuge grainfield. During midday hours, cranes mainly occupied Outlet Flats
and at night moved to the marsh to roost (Fig. 1). Cranes fed on barley in the grainfield; on
Qutlet Flats they foraged on natural foods, preened, and rested. All daily requirements and hab-
itats utilized by the PWRC and wild cranes in the release area, including night roost sites, meadow
loafing and feeding sites, and the grainfield, were located within 130 ha. The maximum distance
between major habitat components utilized by the cranes during their daily activity patterns was
about 1 km. This routine was followed daily until fall migration by most Patuxent and all wild
sandhills in the release area except for a period in September when the birds temporarily vacated
the area and moved north to feed in private grainfields.

Six {720, T21, T22, T23, T24, and T28) of 8 Patuxent cranes which remained at the release site
quickly adopted the daily activity patterns of wild sandhills. Only 2 Patuxent birds (726, T29),
which remained at the release site and later succumbed, failed to adjust to this pattern. Bird T29
was never observed at the refuge grainfield and 726 was observed on only 3 occasions (7, 11, and
12 July).

Little is known about the daily activity patterns of the 3 cranes (T19, T25, and T27) which
departed from the release area; only T27 survived. However, the 3 were not observed in the refuge
grainfield before their departure from the release site, nor was any supplemental food in the form
of grain available in areas where they relocated.

Compared to wild cranes, activities of T27 were very atypical for a few days after her release.
During the morning of 20 June, 727 wandered along westward into the sagebrush-grass uplands where
she roosted that night. By the following morning she was 3.7 km southwest of the release site
(Table 2, Fig. 2) walking aimlessly in the hills. She finally flew southeast toward the marsh on
21 June and continued moving south, roosting that night in a thicket along a small intermittent
drainage. On 22 June, T27 moved to the West Flats near Sharp Curve {Fig. 2) and again roosted
alone in a ditch that night. The following morning, 23 June, T27 finally joined a group of sub-
adult sandhills at West Flats and remained in that vicinity for the next 2 months. She adopted
the activity patterns of a wild bird which she accompanied.

Time Budgets

Data were collected to determine how Patuxent cranes spent their time and to compare their
schedules with those of wild birds. Because time budget information was obtained from a blind at
the refuge grainfield, only those activities observed while birds were at the grainfield are repre-
sented. Undoubtedly, activities on the Qutlet Flats and in the adjacent marsh would differ some-
what from those observed at the grainfield. A total of 5.5 hours of data were collected for 6 birds
(121, T22, T23, T24, T25, and T28) in June and 5.7 hours for 6 birds (720, T21, T22, T23, T24, and
T28) during July and August. In addition, 7.5 hours of activities were recorded for 10 wild color-
marked cranes.

Time budget data for Patuxent cranes were divided into 2 periods for analysis. A convenient
separation occurred between 28 June and 6 July when no information was collected. Data points were
also collected at different time intervals (30 seconds versus 15 seconds) during the 2 periods.
Separation of the data provided a comparison between the period immediately following release and
a later period after the Patuxent cranes had an opportunity to adjust to wild conditions.
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Chi-square analysis indicates a highly significant difference (P < 0.001) in the time distri-
bution of activities by Patuxent and wild cranes. These differences were most marked in the cate-
gories of standing-alert, preening, and walking (Table 3). While in the grainfield, both Patuxent
and wild cranes spent most of their time feeding, with Patuxent cranes expending a Tittle more time
eating than wild birds. The 2nd ranking activity of cranes in the grainfield was standing-alert
behavior (Table 3). When 1st released, Patuxent cranes spent only 9% of their time alert to what
was going on around them; during July-August vigilant behavior increased to 18% of their activities.
In contrast, wild cranes spent 29% of their time in this activity.

Wild cranes and Patuxent cranes when released in June spent an equal amount of time preening
(Table 3). Patuxent birds, however, increased their preening activity in July and August to more
than twice the rate of wild birds. Along with normal feather preening, Patuxent cranes were also
observed manipulating plastic leg bands, radio transmitters, and especially transmitter antennas
with their bills. This activity decreased in July and August as birds became more accustomed to
the bands and transmitters (Table 3). Following release, Patuxent cranes spent nearly 21% of their
time walking around in the grainfield. This activity decreased to 6% in July and August, very close
to the 8% observed for wild cranes (Table 3). A1l other activities, including running, flying, and
calling, took less than 5% of the birds' time (Table 3).

Table 3. Comparison of time spent (number of data points) in various activities by Patuxent sand-
hill cranes and 10 wild sandhill cranes at Grays Lake NWR, Idaho, June-August 1980.

Patuxent cranes® Wild cranes (N = 10)b
19-27 June 7 July - 17 August
Activity Data point % Data point % Data point %

Foraging 407 62.2 838 61.5 1,028 56.9
Standing-alert 59 9.0 247 18.1 480 26.6
Preening 29 4.4 150 11.0 98 5.4
Preening radio

antenna 10 1.5 10 0.7 -- ~-
Other comfort

movements 8 1.2 26 1.9 21 1.2
Walking 135 20.6 82 6.0 138 7.6
Running 0 0.0 1 0.1 2 0.1
Flying 0 0.0 1 0.1 6 0.3
Aggression 0 0.0 2 0.2 5 0.3
Submission 3 0.5 2 0.2 7 0.4
Calling 0 0.0 3 0.2 2 0.1
Other 3 0.5 0 0.0 19 1.1

8Marked cranes in 19-27 June observation period included T21, T22, T23, T24, 725, and T28,
and during 7 July - 17 August observation period T20, T21, T22, 723, T24, and T28. Data points
were collected at 30-second intervals from 19-27 June, and at 15-second intervals from 7 July to
17 August.

bA]] 10 wild cranes were individually color-marked as chicks at Grays Lake NWR between 1977
and 1979.
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Table 4. Associations of Patuxent sandhill cranes at Grays Lake NWR, Idaho, 18 June-5 October
1980.

Identification of Frequency Identification of Frequency
Patuxent birds in Patuxent birds in
groups N % groups N %
120, T21, 122 27 24.5 T22, T23, T24 2 1.8
T23, T24 24 21.8 T21, T22, 723, T24 2 1.8
123, T24, 728 12 10.9 720, T24 1 0.9
T20, T21, T22, T21, T28 1 0.9
T23, T24, T28 10 9.1 T22, T24 1 0.9
T20, T22 8 7.3 T22, T23, T28 1 0.9
T24, 728 4 3.6 720, T21, T22, T28 1 0.9
T21, T22 3 2.7 T20, T21, T23, T28 1 0.9
T22, T23 3 2.7 T20, T23, 124, T28 1 0.9
T20, T21 2 1.8 T20, T22, T24, T28 1 0.9
T22, 128 2 1.8 T20, T21, T22, T23, T24 1 0.9
T23, T28 2 1.8 Total groups 110 99.7

Associations

Two-thirds of all observed associations of the 6 Patuxent cranes which survived and remained
near the release site were confined to 4 groups: (1) three 3-year-olds, T20, T21, and T22; (2)
two 2-year-olds, T23 and T24; (3) two 2-year-olds and a l-year-old, T23, T24, and T28; and (4) all
6 birds together. Remaining associations occurred in 18 different groupings (Table 4).

T26, a 1-year-old that later died, was observed with another Patuxent bird (T24) on only 1
occasion. The 3 other Patuxent cranes which died during the summer (T19, T25, and T29) were not
observed associating with any other cranes.

728, a l-year-old, had a much stronger affiliation with the 2-year-olds than the 3-year-olds,
but this association was not as pronounced as that of the 2-year-olds for each other (Table 4).
T28 became more closely associated with the 2-year-olds in the 2nd month after release. Observa-
tons revealed that the 3-year-olds were strongly associated with each other. The 2-year-olds were
also strongly associated with each other.

The 2 major groups (T20, T21, T22, and T23, T24, T28) associated with each other, but not
strongly, until just before migrating. Excluding the period 30 September-5 October, the 6 birds
were only observed together on 2 other occasions, both in August. However, after many wild cranes
migrated from the release area in late September, the 6 birds stayed together except for short
periods when 1 or 2 individuals temporarily moved some distance away.

Female T27, a 1-year-old which left the release site, associated only with wild cranes; she
was observed on 3 occasions accompanying a wild male. Except for T27, there was no indication that
any of the other Patuxent cranes associated with individual wild cranes for any extended period.
Forty-nine different color-marked wild cranes were identified between June and September near the
release site. Most Patuxent birds were observed in the company of both marked and unmarked wild
birds, but no lasting associations developed.

Agonistic Behavior

Attacks, submission, and retaliation occurred in a variety of forms. An attacking crane might
threaten or stab at another bird with its bill without moving nearer, or it might walk or run a
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short distance to do so. Occasionally, long chases occurred. An attacked crane might maintain its
position, walk, run, fly away, or fight back. When a bird retreated, it sometimes returned quickly
to the area initially occupied. When defending themselves, cranes fought with their bills, wings,
and toenails; often they fought only with their bills, but at other times with a combination of the
above.

Observations of Patuxent cranes during the period immediately following release showed that
they were submissive, tended to avoid aggressive encounters, and remained at the edges or away from
the wild flock while feeding in the refuge grainfield. On 22 and 25 June, T20, T21, and T22 walked
around the periphery of a flock in the grainfield and fed some distance away. On 23 June, T24 was
chased by a wild sandhill while feeding and flew from the grainfield. Cranes T20 and T22 fed among
wild cranes on 27 June, but left the grainfield after being attacked. Younger birds (723, T24, and
T28) fed among wild cranes earlier than the 3-year-olds (720, T21, and T22), but when attacked ran
to the edges of flocks. By mid-July, Patuxent cranes were observed regularly mixing with wild
cranes.

Overall, Patuxent birds lost far more encounters with wild cranes than they won. Between 20
June and 30 September, 79 aggressive encounters were recorded involving Patuxent birds; Patuxent
birds won 20 and lost 59 (Table 5). Generally, the aggressor won the encounter. In the 20 instances
where Patuxent cranes won, they initiated 18 of the encounters. In contrast, in 61 instances where
Patuxent birds were recipients of aggression, they lost 59 times.

Patuxent cranes exhibited increasing aggression toward other cranes as they spent more time in
the wild. Before 26 July, Patuxent birds initiated 5 attacks; after 26 July they were observed ini-
tiating 15 attacks.

Most encounters between wild and Patuxent cranes were relatively mild. In most instances, a
bird would threaten or peck another and the recipient would retreat. Among 79 recorded encounters,
only 5 involved fighting or potentially serious body contact.

Fall Migration

Cranes annually gather each fall at 2 staging areas in Grays Lake Basin before migrating; in
the vicinity of the release site in Grays Lake Qutlet area, and in the southeastern portion of
the refuge between Gravel and Eagle Creeks (Fig. 1). Six Patuxent birds remained at the OQutlet
staging area, and 1 bird (727) moved to the southeastern staging area in late August (Fig. 2).

The 1st crane observed migrating from Grays Lake Teft on 24 September. Large numbers departed
from the outlet staging area during the last few days of September and in early October. By 4
October, only 11 sandhills (including the 6 Patuxent birds) and 1 whooping crane remained in the
area (Table 6).

Crane migrations were monitored daily from 1030 to 1330 hours during early October. Most
cranes normally initiate migratory flights during midday hours. By 1330 hours, 5 October, 11
sandhills, including 6 Patuxent birds, and the whooping crane were at the outlet staging area. At
approximately 1400 hours, after daily monitoring had terminated, the whooping crane and 5 sandhills
were observed leaving (by Refuge Manager E. Loth) and were followed by a 2nd group of 6 sandhills.
Presumably, the 5 sandhills in the group with the whooper were the wild cranes and the 2nd flock of
6 were Patuxent birds. Subsequent radio searches and visual surveys confirmed that the Patuxent
cranes departed Grays Lake during the afternoon of 5 October.

Crane T27 migrated from the southeast staging area on 9 October. Before leaving, T27 made a
preliminary migration start on 6 October; false migration starts are common among wild sandhills
we have observed at Grays Lake. At 1229 hours, 6 October, T27 joined several hundred sandhills in
a soaring flight some 800-1,000 m above the valley. Some cranes in the flock migrated while others,
including T27, returned to the refuge; T27 landed at 1253 hours.

At 1134 hours, 9 October, T27 joined a flock spiraling upward on late morning thermals. A
flock of 28 cranes, including T27, Teft Grays Lake in a southeasterly direction at 1202 hours,
flying at an estimated altitude of 1,000-1,300 m above the valley floor.

Crane T27 was located on 28 October near the south boundary of Monte Vista National Wildlife
Refuge, Colorado. T27 was associating with a wild sandhill, possibly the same male she accompanied
at Grays Lake. She remained in the area through 15 November. The other 6 PWRC cranes were not
Tocated in the San Luis Valley.

Subsequent Observations
Only 1 of the released cranes, female T27, was located on the wintering grounds. She spent

the winter in the central Rio Grande Valley at and in the vicinity of the Bosque del Apache National
Wildlife Refuge, New Mexico, the principal wintering area for sandhill cranes from Grays Lake



Table 5. Aggressive encounters between Patux- Table 6. Numbers of cranes staging before fall

ent sandhill cranes and wild sandhill cranes migration in the Grays Lake outlet area and
at Grays Lake NWR, Idaho, 20 June - 30 Septem- chronology of fall migration, September-October
ber 1980. 1980.
Patuxent crane Wild
identification sandhill Patuxent
number Won Lost Total Date cranes cranes
7198 0 0 0 10 September 566 6
T20 0 8 8 23 September 642 6
T21 0 4 4 29 September 296 6
T22 3 12 15 30 September 162 6
123 4 7 11 1 October 111 6
T24 4 8 12 2 October 64 6
T25 1 3 4 3 October 35 6
T26 0 1 1 4 QOctober 5 6
T27a 0 0 0 5 October 5 6
128 5 7 12 6 October 7 0
Unidentified 3-year-old 2 5 7 7 October 0 0
Unidentified 2-year-old 0 2 2 8 October 0 0
Unidentified 1-year-old 0 1 1

Unidentified - Unknown
age

—_
—
~nNo

Total 20 59 79

9Birds T19 and T27 were never observed in
aggressive encounters.

(Drewien and Bizeau 1974). Repeated observations indicated that T27 had fully integrated with the
wild sandhill cranes which she accompanied. T27 was last observed in March 1981 during the north-
ward migration on and near the Monte Vista National Wildlife Refuge in the San Luis Valley, Colorado;
at that time we observed that the antenna of the radio transmitter was missing, and consequently the
signal could only be received at close range.

Intensive searches of major summering areas used by subadult cranes originating from Grays Lake
in eastern Idaho, western Wyoming, and southwestern Montana have not revealed the presence of T27 or
any of the other 6 released cranes, and consequently their fate at present remains unknown. We are
currently monitoring fall migration staging areas in order to relocate these birds, and will con-
tinue to conduct surveys at the major migration stopover in the San Luis Valley and at traditional
wintering areas in the Rio Grande Valley during the fall and winter of 1981-82.

In comparison, 9 of 10 wild, color-marked cranes which frequented the release site were relo-
cated between November 1980 and August 1981. £Eight of these birds were observed along the migra-
tion route and on winter areas. Another individual was observed back at the release site during
the 1981 summer. Therefore, only 1 of the original 10 wild cranes used as controls has not been
relocated since the 1980 fall migration from Grays Lake.

DISCUSSION

Seven of 11 captive parent-reared cranes released at Grays Lake NWR on 18 June 1980 survived
to migrate in early October. Among 4 birds which died during the summer, 2 left the release site
and did not associate with either wild cranes or Patuxent cranes. Two other cranes that died
remained near the release site, fed in the refuge grainfields rarely, if at all, and associated
with few cranes. In contrast, surviving cranes associated with other cranes and fed regularly in
the refuge grainfield. The only crane that left the release site and survived was a female; this
bird was observed in company with a wild male and other wild sandhills.

These findings suggest that captive parent-reared cranes released at Grays Lake had to associ-
ate with other birds or eat regularly at the refuge grainfield to survive. 1If bird T27 had remained
alone, it is unlikely that she would have survived. Being a female may have added to T27's chances
for survival because she was probably more likely to be found and selected by a wild male. The male
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PWRC cranes, being largely dominated by wild cranes during the 1st weeks of release, would probably
be less likely to be selected or accepted by wild females during that critical period.

Six of 7 cranes which survived remained in the vicinity of the release site. These birds
quickly adopted the daily activity patterns of wild cranes, although they allocated more time to
feeding and less time to vigilant behavior than their wild counterparts. During July and August,
the released cranes spent much more time preening than wild birds. Possibly, preening activity
was a displacement behavior to avoid aggressive encounters with wild cranes. The reduced vigilance
of the released cranes can probably be attributed to their previous 1ife in captivity where food
was always provided and alertness was not needed to avoid predators.

Younger cranes (1- and 2-year-olds) joined and associated with wild flocks earlier than the
3-year-olds. They were also observed joining wild cranes in early September to feed in private
grainfields north of the refgue. In contrast, the surviving 3-year-olds were almost always together
and often by themselves some distance from groups of wild cranes. The trio of 3-year-olds did not
leave the release site until all wild cranes shifted to feeding in private grainfields in late Sep-
tember.

The strong association among 3-year-olds (T20, T21, and T22) for each other and the group of
2-year-olds (723, T24) is understandable because they had ample time to form bonds at Patuxent.

The 3-year-olds, including T19 which died during the summer, had been kept together since August
1978. After their release, only T19 remained alone and failed to associate with its former pen
mates. The two 2-year-olids had also been confined together since July 1978. The association
between the 1-year-old, T28, and the 2-year-olds cannot be explained by their relationships at
Patuxent. Why the T-year-old joined the 2-year-olds and all 6 Patuxent cranes gathered together
before migration is uncertain. It appears that the 6 Patuxent birds never completely integrated
with wild cranes even though they were observed mixing with them throughout the summer and in early
fall. Only the 1-year-old, T27, developed associations with and completely integrated into the
wild flock.

It is interesting that none of the 1-year-olds developed any group associations with each
other after the release as was observed among 2- and 3-year-olds. All 1-year-olds released at Grays
Lake were initially removed from their parents at Patuxent on 26 October 1979 and placed together in
a flight pen. Due to aggression between individuals, the birds were divided into 2 groups on 8
November. Cranes T25, T26, T27, and T29 were left together and crane T28 and the bird which died
in transit to Grays Lake were placed in another pen until they were released in June. The opportun-
ity for bonds to develop between 4 birds (725, T26, T27, and T29) existed, but apparently did not
occur.

Strong ties between individual cranes probably do not develop during their 1st year of life.
Presumably some mechanism operates to prevent the development of strong associations; otherwise
siblings in 2-chick broods might develop bonds for each other. Repeated observations of hundreds
of wild 2-chick broods color-marked in the vicinity of Grays Lake indicate that associations
between siblings are extremely rare after thay are 1 year old.

Based upon the small samples of birds in the 3 age groups, the data suggest that younger
birds are probably better candidates for release programs. They would have less time to become
permanently accustomed to captivity and to each other. The 1- and 2-year-old cranes that survived
appeared to intermingle with wild cranes more successfully than the 3-year-olds. One-year-olds,
which have not formed bonds with each other, appear to be better suited for release programs where
it is desired to add members to the nonbreeding cohort. If experimental releases of paired sand-
hill cranes are planned, 2-year-olds would appear to be good candidates because they would have
time to establish bonds before release and they seem to intermingle more readily with wild birds.

A period of conditioning in flight pens at the release site might aid in reducing mortality; all
losses occurred in the first 5 weeks in this study. Preconditioning in pens at the release site
might also provide cranes with the opportunity to adjust to local conditions, food supplies, and
the presence of wild birds in the vicinity; the released birds might then be more likely to remain
near the release site.

Although 7 of 11 parent-reared cranes released directly into the wild at Grays Lake Refuge
survived the summer period, only 1 of these birds successfully migrated to the wintering area nor-
mally used by the Rocky Mountain population of greater sandhill cranes (Drewien and Bizeau 1974,
Lewis 1977). Even though the other 6 parent-reared cranes associated with wild birds, they never
completely integrated into the wild flock, and subsequently migrated by themselves to an undeter-
mined location. These findings suggest that parent-reared cranes must become fully integrated into
the wild flock if they are to successfully migrate to traditional wintering areas. Additional
investigations are needed to determine how such social integration can be facilitated following
release, so that captive-reared individuals can learn appropriate migratory patterns from their
wild conspecifics.
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GENTLE RELEASE OF CAPTIVE, PARENT-REARED SANDHILL CRANES INTO THE WILD

PHILLIP J. ZWANK, Louisiana Cooperative Wild1ife Research Unit,! Louisiana State University, Baton
Rouge, LA 70803

SCOTT R. DERRICKSON, U.S. Fish and Wildlife Service, Endangered Species Research Program, Patuxent
Wild1ife Research Center, Laurel, MD 20811

Abstract: Nine captive, parent-reared "ississippi sandhill cranes (Grus canadensis pulla) were
transported from Patuxent Wildlife Research Center to the Mississippi Sandhill Crane National Wild-
1ife Refuge and released to augment the native sandhill crane population. The birds were physical-
1y examined, treated with an anthelminthic, and wing-brailed before shipment. Leg-mounted radio
transmitters, and color-coded plastic and numbered aluminum lea bands were placed on each bird
before they were released in a 2-ha release enclosure. Behavior of the penned birds was observed
and recorded during daylight hours. After about 6 weeks of acclimation the birds were recaptured
and their wing brails were removed. Behavior within and outside of the pen subsequently was ob-
served and recorded. Movements were monitored using radiotelemetric fixes. A1l birds survived

the first 5 months after release. Continued monitoring will assess survival and acceptance into
the native population.

In 1975, the Patuxent Wildlife Research Center (PWRC), “aryland, initiated a program in which
selected pairs of greater (Grus canadensis tabida) and Florida (Z. e¢. pratensis) sandhill cranes
were permitted to hatch and raise young. Parent-reared birds are generally considered suitable
for release into the wild; consequently, this parent-rearing program was aimed at preparing these
surrogates to hatch and rear whooping cranes (6. americana) and '"ississippi sandhill cranes.
Naturally, the success of any release program depends ultimately on the number of birds which adapt
to their new environment and survive to reproduce.

Few attempts have been made thus far to release captive-reared cranes into the wild. Between
1971 and 1975, 18 Florida sandhill cranes raised at PWRC were released in suitable habitat near
Gainesville, Florida. Seventeen of these birds were hand-reared, and 1 was parent-reared (Nesbitt
1978). Twelve parent-reared greater sandhill cranes raised at PWRC were released at Grays Lake
National Wildlife Refuge, Idaho, 1 in 1976 and 11 in 1980 (Drewien and Bizeau 1980). Unfortunately,
these translocation experiments have met with 1imited success. This paper reports on a "gentle"
release technique used to translocate parent-reared Mississippi sandhill cranes, and compares the
initial success of this technique to those techniques used in the aforementioned studies.

This work was conducted under cooperative agreement 14-16-0009-80-1036 between the Patuxent
Wildlife Research Center and the Louisiana Cooperative Wildlife Research Unit. We would especially
like to thank A. Canine, J. Carpenter, G. Gee, S. Leathery, and B. Williams for their efforts in
propagating, parent-rearing, and successfully transporting the study birds; E. Bizeau and R. Drewein
of the University of Idaho Cooperative Wildlife Research Unit for providing valuable consultation
and logistic support; B. Grabel, G. Heet, J. Kurth, J. Noble, and Gwen Noble of the "ississippi
Sandhill Crane National Wildlife Refuge (MSCNWR) for preparing the release site, constructing facil-
ities, and assisting in the field; R. Drewien and J. Yalentine for assisting in the release, and
Michelle R. Williams for collecting the field observations used in preparing this report.

RELEASE SITE

A secluded area on the 'MSCNWR was chosen for the release. The access road to the release area
is controlled by locked gates which minimize the possibility of human disturbance. Within the
release area, a 2-ha predator-proof acclimation pen was constructed on a natural wet savanna con-
tiguous to a series of historical nesting and feeding areas. The northern third of the pen and the
stoping upland area adjacent to the north and west side of the pen were prepared as a crop field.
Two feed sheds with hanging feeders containing pelleted feed and shelled corn were placed in the
northeast and northwest quadrants of the pen. The feedsheds, hanging feeders, and food items were

lLouisiana State University, Louisiana Department of Wildlife and Fisheries, U.S. Fish and
Wildlife Service, and Wildlife Management Institute cooperating.
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identical to those available to the birds at PWRC before shipment. Shelled corn was also scattered
on the ground in the vicinity of the feeders to simulate a cultivated field. A small drain flowing
from the sloping uplands was ditched and diverted into the release pen to provide a source of water
and aquatic food.

The remainder of the pen was not disturbed. Vegetation in the undisturbed area consists of
marsh grasses (Aristida spp., Tenium aromaticum, and Xyris spp.) interspersed with bald cypress
(Taxodiwm distichum). Grasses provided potential escape cover and night roosting sites and the
trees provided shade. The area surrounding the pen consists of slash pine (Pinus elliottii) forest,
?atur?1 savanna, and swamp. Native plants found in the area were listed by Valentine and Noble

1970).

"ETHODS

Between 1965-77, eggs were removed from "1ississippi sandhill crane nests in Jackson County,
Mississippi, and transported to PWRC to establish a captive flock. The ultimate goal of this prop-
agation program is to produce stock for augmenting the declining wild population, and for establish-
ing additional populations within the subspecies' former range. This flock currently numbers 25-30
birds, and includes 7 breeding pairs. Various aspects of the PWRC propagation program have been
described by Erickson (1968), Carpenter (1977, 1979), and Derrickson and Carpenter (1981).

In 1979 and 1980, propagation procedures for the Mississippi sandhill cranes at PWRC were mod-
ified to avoid hand-rearing. Althouagh eqgs were still routinely collected after oviposition to
maximize total production, they were placed under Florida, greater, or 'lississippi sandhill cranes
for incubation. These "foster-parents" were subsequently allowed to complete incubation and raise
the young as their own. Human contact was avoided as much as possible during the rearing period.

The full-winged chicks were rendered flightless through the use of vinyl wing brails at approx-
imately 60 days of age. The brails were changed from 1 winag to another at about 14-day intervals to
prevent stiffness from developing in the wrist joint. When the colts were about 120 days of age the
wing brails were removed and they were transferred to large, covered flight enclosures where they
remained until their release. Shelled corn was added to the normal pelleted diet of the cranes se-
lected for translocation in order to precondition these birds to the foods that would be immediately
available at the release site. Before shipment the birds were examined, treated with an anthelmin-
thic (Thiabendazole - see Carpenter 1977), and wing-brailed.

The cranes were subsequently transported by air to Mobile, Alabama, and by truck to the MSCNWR
release site. The cranes were fitted with leg-band-mounted radio transmitters {Telemetry Systems,
Inc., Meguon, Wisconsin, and Telonics, Inc., “esa, Arizona) and marked for individual identification
with color-coded plastic and numbered aluminum leg bands before being released in the holding pen.
Their behavior was observed during daylight hours using a spotting scope and binoculars from an ele-
vated blind constructed approximately 200 m west of the enclosure. The approach to the blind was
concealed to allow undisturbed access. Data were gathered on daily activity patterns, choice of
foods, and associations with released and native cranes.

A small temporary enclosure was constructed in the northwest corner of the pen to facilitate
recapture because the cranes had to have their brails removed after the conditioning period. Bur-
Tap was attached to the fence of the pen and to the walls of the temporary enclosure to reduce the
chances of injury. After the brails were removed and the cranes left the pen, their movements were
monitored by radiotelemetric fixes.

RESULTS

Nine parent-reared Mississippi sandhill cranes (8 young of the year, 1 2-year-old) arrived at
the holding pen at 1600 hours, 19 January 1981. Transmitters and leg bands were attached to only
4 birds before it became too dark to continue. A1l birds were released within the pen with plans
to recapture and mark the remainder of the cranes the following day. Due to inclement weather on
20 January, the recapture was postponed until 21 January, when the remaining 5 cranes were recap-
tured, transmittered, marked, and released in the acclimation pen. Nuring recapture, the upper
mandible of crane 604 was broken approximately 1.5 cm from the tip. The broken portion of the man-
dible was removed and the bill cauterized before the bird was marked and released.

Activities of the Cranes While Brailed

During the first 10 days after release, the brailed cranes generally remained in the southeast
corner of the acclimation pen. This corner was the farthest from the pen's only entrance--the area
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where the cranes were marked and released. The vegetation in the southern half of the pen also
provided security and escape cover. The birds usually Teft this corner only when visiting the
feeders. During these feeding forays, they remained flocked together. Although 2 feeders were
provided, all birds initially fed at the feeder farthest from the entrance gate. The cranes usu-
ally went to the feeders 3 or 4 times daily (early in the morning, approximately 0700 hours; mid-
morning, approximately 1000 hours; mid-afternoon, approximately 1430 hours; and sometimes in the
late afternoon, approximately 1700 hours). During this early postrelease period, the birds pre-
ferred corn to the pelleted food.

After 10 days, the cranes spent an ever-increasing amount of time foraging while use of the
feeders decreased. Cranes then began to utilize more of the acclimation pen and were observed
feeding at the 2nd feeder. Late in the 2nd week, the birds began to shift from the feeders to the
corn that was scattered on the ground; they also began probing the soil of the prepared crop field
near the feeders.

By mid-February, 1 month after their arrival, the brailed cranes fed at the feeders only twice
daily, once in the morning and once during mid to late afternoon. While there, most birds probed
the loose soil and pecked at the corn scattered on the ground rather than foraging from the feeder.
Crane 604, the bird with a portion of its upper mandible missing, continued to use the feeders
after all other birds had greatly reduced this activity. The shorter upper mandible appeared to
impede this crane's ability to probe or grasp food items on the soil surface.

Activities of Birds After Brail Removal

Brails were removed from selected birds at 1-week intervals over a 3-week period beginning in
late February. Brails were 1st removed from cranes 601, 603, and 604. Although capable of flight,
these birds remained within the acclimation pen after the brails were removed. Bird 604, however,
was observed flying from the pen the following day. This crane remained in the savanna to the
south of the pen for the next 2 days and then was again observed in the pen. Cranes 601 and 603
did not leave the pen during the 1st week after brail removal.

When the pen was entered the 2nd week to remove additional brails, all 3 debrailed cranes flew
from the pen. Brails were removed from 602, 605, 607, and 609 the 2nd week. As soon as these birds
were released, they flew from the pen. During the following week, all birds capable of flight were
observed both inside and outside the pen; while outside the pen, however, they remained in the imme-
diate vicinity.

The remaining 606 and 608 were recaptured and debrailed the 3rd week. Brails had not been
removed from these birds the 2nd week because their transmitters were inoperable and were to be
replaced. These last 2 cranes flew from the pen when released.

Even though the transmittered cranes began to spend less time in the holding pen after all
brails were removed, they continued to return daily to feed at the feeders. One feed shed was moved
to the crop field outside the pen, and shelled corn was scattered on the ground around this feeder.
Although the cranes began to use the feeder outside the pen, they also continued to reenter the
acclimation pen to feed.

By early March, the study birds rarely fed at either feeder more than once daily, and then
usually only during the mid to late afternoon. During the remainder of March and in April, cranes
continued to decrease their use of the provisioned feed. When this report was prepared in June
1981, the cranes were rarely observed in the vicinity of the feeders. However, the shelled corn
and prepared pellets were still being provided and will continue to be until crop units are estab-
1ished.

During March, the marked birds shifted their center of activity to a natural savanna approxi-
mately 1 km south of the release site. This savanna is bordered by wooded swamps and an open pine
upland that was recently burned. Telemetric fixes and observations indicated that the marked cranes
were usually located either in the wooded swamp or open pine upland, near the edge of the open
savanna. They remained as a flock in this area through June.

Associations Between Native and Released Cranes

The native population of less than 40 (probably 25-30) Mississippi sandhill cranes ranges over
more than 300 km? of southern Mississippi, reducing the chances for encounters with released cranes.
Native cranes were not observed in the vicinity of the acclimation pen until the 3rd week of obser-
vation, when a pair of native cranes was observed flying over the pen. The released cranes did not
call although they became alert and watched the native cranes.

A pair of native cranes landed in the release enclosure near the feeders 2 days later at
approximately 0900 hours and remained until 1400 hours. For the following 2 weeks, this pair re-
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turned regularly during mid-morning and remained from 1-4 hours, generally landing near the feeders.
While in the pen, the pair was observed feeding on scattered shelled corn and probing in the soil
near the feeders. After 2 weeks the pair began to arrive only in the afternoons, but continued to
feed in the vicinity of the feeders.

During the initial visits, the native cranes associated with the released birds and estab-
lished dominance. After about 1 week the native cranes were seldom observed with the released
cranes, although occasional encounters occurred when the released cranes were moving to the feeding
area. During these encounters the released birds behaved submissively when approached by the
native cranes. Since departing the holding pen, the released birds have been observed flying with
wild cranes on a number of occasions. However, permanent associations do not appear to have been
formed between the native and the captive-reared cranes.

DISCUSSION

As previously mentioned, few attempts have been made to release captive-raised cranes into the
wild. However, the experimental releases that were conducted in Florida and Idaho have provided
valuable information for designing future releases, and have demonstrated that: (1) compared to
parent-reared birds, hand-reared individuals are generally unsuited for release into the wild; (2)
compared with older birds, young birds appear better able to make the transition from captivity to
the wild and to integrate with wild conspecifics; and (3) captive birds are necessarily unfamiliar
with wild conditions (i.e., food items, predators) upon release, and consequently survivorship fol-
lTowing release should be enhanced by implementation of "soft" release procedures, such as prere-
Tease conditioning and initial supplemental feeding. All of these findings were incorporated into
the release protocol for the Mississippi sandhill crane; each is considered in more detail below.

A11 9 captive "parent-reared" Mississippi sandhill cranes translocated to the MSCNWR survived
the first 5 months after release. During a similar postrelease period, none of the 17 hand-reared
Florida sandhill cranes survived; however, the single parent-reared individual (a female) still
survives (Nesbitt 1979, S. MNesbitt, pers. comm.). Similarly, in the Idaho releases 8 of 12 parent-
reared greater sandhill cranes survived to make the southward migration (Drewien and Bizeau 1980).
Consequently, the success of the IMississippi sandhill crane translocation experiment can be partially
attributed to the release of parent-reared captive stock.

Nesbitt (1979) observed that birds reared in captivity by natural parents appeared best suited
for release when compared with hand-reared stock. The results of the Idaho and Mississippi experi-
ments support this observation. However, Nesbitt (1979} also stated that cranes less than 1 year
old generally proved to be unsuitable for release. The results of the Mississippi release show
that parent-reared cranes less than 1 year of age can survive when released into the wild. The
Florida sandhill cranes were only 5 months old when released, but the majority of Mississippi sand-
hill cranes were 8-9 months old at release. This difference may have contributed to the better sur-
vival of the birds in Mississippi because they were released at about the age when the normal
parent-offspring bonds would be terminated (Walkinshaw 1973, Drewien and Bizeau 1978).

In the Idaho release experiment the 1-year-old individuals seemed much more inclined to asso-
ciate and integrate with wild conspecifics, whereas the 2- and 3-year-olds tended to remain aloof
and associated primarily with each other. It seems highly probable, as suggested by Drewien and
Bizeau (1980), that strong ties, which could impede integration with wild conspecifics, do not
develop during the 1st year of life. In the Idaho study, integration into the wild flock was con-
sidered essential because the released birds had not previously migrated. Eight birds did survive
to migrate south but despite intensive searching only a T-year-old female was relocated on the win-
tering grounds. Observations during migration and during winter suggested that complete integra-
tion with wild conspecifics was achieved by this particular individual.

Finally, the acclimation period at the release site appears to have had a strong role in in-
creasing survivorship. The initial Florida release (Nesbitt 1979) and the initial Grays Lake re-
lease (Drewien and Bizeau 1980) were "hard" releases--no special release site conditioning was
undertaken. The 2nd Grays Lake release was preceded by food preconditioning at PWRC, and although
the birds responded to prepared bait sites immediately following release, there was no release site
acclimation period. The 100% survival of the Mississippi birds for the first 5 months compares
favorably with the limited success of the aforementioned hard releases.

Because this paper reports on only the first 5-month postrelease period, the overall success
of the gentle release technique cannot be thoroughly evaluated. However, based on preliminary re-
sults, this methodology should be considered for future releases. Additional releases are now
being planned on an annual basis at the MSCNWR, and these will undoubtedly influence future manage-
ment and conservation efforts for the Mississippi sandhill and other species of endangered cranes.
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MANAGEMENT OF MIGRATORY CRANE HABITAT ON ALAMOSA AND MONTE VISTA NATIONAL WILDLIFE REFUGES

JON D. KAUFFELD, Alamosa-Monte Vista NWR Complex, P. 0. Box 1148, Alamosa, CO 31101

Abstract: The San Luis Valley, Colorado, has long been a major stopover for migrating greater
sandhill cranes (Grus canadensis tabida). The Alamosa and Monte Vista National Wildlife Refuges
(NWR's) within the valley are major concentration areas for cranes. The refuges and surrounding
private land provide roosting, loafing, and feeding habitat for sandhill and whooping cranes (G.
americarz). Cranes are present in the spring from mid-February to early May and in fall from late
August to late November. Cranes spend more time in the valley than in their summer or winter ranges.
The refuges have over 500,000 crane use days per year. Management practices for cranes consist of
flooding meadows and ponds for loafing and roosting habitat, and planting barley, wheat, and field
peas for feed. These practices are compatible with waterfowl management. Refuge personnel also
provide surveillance during waterfowl hunting seasons, monitor sandhill and whooping crane popula-
tions, and provide access for public viewing of these and other bird Tife. A major management
problem is the losses due to collisions with fences and powerlines. Recommendations are made for
crane management.

Throughout recorded history the San Luis Valley, Colorado, has been a major stopover point for
greater sandhill cranes. Valley residents associate the arrival of spring and fall with sandhill
cranes just as some persons associate the arrival of Canada geese (Branta canadensis) with these
seasons in other parts of the United States. The San Luis Valley is a high mountain valley with
elevations varying from 2,280 to 2,380 m. The valley is bordered by the San Juan Mountains to the
west and the Sangre de Cristo Mountains on the east. Mountain peaks exceed 4,260 m on both ranges.
The climate of the valley is dry and cold with annual precipitation averaging 18 cm/year and tem-
peratures reaching 45°C in winter and 32°C in summer. Despite the arid climate, the valley has
abundant groundwater and streamflow from surrounding mountains which produce vast acreages of
flooded natural meadows. These are used extensively by cranes as loafing and roosting areas. Abun-
dant grain, principally barley, provides feed for migrating cranes.

Within the valley, the U.S. Fish and Wildlife Service manages Alamosa and Monte Vista NWR's.
Alamosa NWR is 6 km south of Alamosa, Colorado, on the east side of the valley. The 4,194-ha
refuge consists primarily of natural riverbottom wetland dissected by old oxbows and sloughs of the
Rio Grande River. Monte Vista NWR is on the west side of the valley 10 km south of Monte Vista,
Colorado. This 5,758-ha refuge consists primarily of flooded meadows, ponds, and some cropland.
The refuge has been created by man through extensive dike and pond development. The refuges and
surrounding private lands are major concentration areas for cranes. One other crane concentration
area, almost wholly in private ownership, exists along the Rio Grande River between Monte Vista
and Alamosa.

Since the initiation of the sandhill crane foster-parent program in 1975, whooping cranes
have accompanied sandhills to the valley. In an effort to protect the whooping cranes, the U.S.
Fish and Wildlife Service in 1978 designated both refuges as critical habitat. As a result of the
whooping crane flock and the increase of the greater sandhill crane flock, crane management now
receives a higher priority than in the past.

PERIOD OF USE BY CRANES

Since 1975 refuge personnel have recorded whooping crane use of the valley. Whooping cranes
generally arrive in mid-February and stay until Tate April to early May during spring migration.
During fall migration they are present from early Qctober to mid-November (Table 1). As the whoop-
ing crane population increased from 3 in 1975 to 14 in 1981, the arrival and departure dates have
become more similar to the sandhill crane arrival and departure dates.

During the past years, sandhill crane use has generally preceded whooping crane use by 2 weeks
to 1 month during the fall and by approximately 2 weeks during the spring. The Ist sandhills usu-
ally arrive in late August; they are believed to be a small population (35-50) that nests in north-
western Colorado. After these arrive, sandhill populations gradually increase with peak numbers
being reached in mid to late October. By late November nearly all sandhills have left the valley.
During spring migration sandhills arrive in large numbers (2,000-5,000) in mid-February with pop-
ulations reaching their peak in mid to late March. Most sandhills leave the valley from mid-April
to mid-May, their departure date depending largely upon spring weather conditions. When the com-

Procecdings 1381 Crane W.rkshor 117



bined spring and fall use is considered, sand- Table 1. Whooping crane use of the San Luis
hill and whooping cranes spend more time in the Valley, 1975-1981.
San Luis Valley than they do at their nesting
or wintering areas.

Sandhill crane use presently exceeds Year Date arrived Date departed
500,000 use days/year on Monte Vista NWR and
50,000 use days/year on Alamosa NWR (Table 2). 1975 9 Oct 20 Nov
A use day is 1 crane using the refuge for any 1976 17 Feb 12 May
portion of 1 day. Although Table 2 shows an 5 Oct 17 Nov
increase in use on both refuges, crane popula- 1977 21 Feb 8 Apr
tions have not increased to the extent shown. 5 Oct 19 Nov
Use days recorded from 1976 to 1978 are an 1978 27 Feb 13 Apr
underestimate because at that time refuge per- 1 Oct 28 Nov
sonnel did not survey nighttime roosting popu- 1979 20 Feb 13 Apr
lations which considerably exceed daytime use. 29 Sep 16 Nov

Crane use is heavier on Monte Vista NWR in 1980 8 Feb 10 May
spring than in fall. This difference is a dir- 19 Sep 17 Nov
ect result of management. Refuge meadows are 1981 15 Feb 24 Apr

flooded to provide loafing areas for cranes and
to apply water for waterfowl nesting. "ost ref-
uge grain crops are left standing during fall
and this standing grain is unattractive to cranes and waterfowl. However, grain crops are mowed
during February to provide feed for cranes and waterfowl. Thus, peak populations of sandhills occur
during March and April when 8,000 use the refuge.

Table 2. Crane Use Days on Monte Vista and Alamosa NWR's from 1976-1981

Monte Vista NWR Alamosa NWR
Year Spring Fall Total Spring Fall Total
Sandhill cranes
1976 186,362 94,591 280,953 7,283 16,429 23,712
1977 199,724 181,255 380,979 1,519 7,368 8,887
1978 219,000 155,500 374,500 2,921 19,628 22,549
1979 250,000 138,150 388,150 9,800 31,000 40,800
1980 357,100 152,500 509,600 24,100 29,000 53,100
1981 399,250 60,000
Whooping cranes
1975 35 35
1976 98 7 105
1977 133 14 147
1978 80 130 210
1979 147 70 217 1 64 65
1980 349 101 450 84 35 115
1981 339 30

The situation is different on Alamosa NWR where meadows and sloughs are flooded during the
fall with water diverted from the Rio Grande River. The water is diverted to provide opportunities
for hunting and habitat for waterfow! nesting the next spring. There are no pump wells on Alamosa
NWR; consequently, the only way to provide sufficient water in spring is to flood during fall and
then add water as soon as irrigation ditches flow again in April. Waterfowl and cranes that roost
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on Alamosa NWR generally feed in barley fields on private land southeast of the refuge. Heavy fall
use by cranes and waterfowl, and winter use by waterfowl, leaves these private fields with only
small amounts of feed during spring migration. Consequently, in most years, use of Alamosa NWR in
spring is not as heavy as in fall. Peak populations have reached 2,500 cranes during fall.

Whooping crane use follows much the same pattern as use by sandhills. On Monte Vista NWR use
has increased from 35 use days in 1975 to 450 in 1980 (Table 2). Whooping cranes did not start
using the Alamosa NWR until 1979. The major factor behind the increase is the population increase
of this species due to the foster-parent program.

HABITAT USED BY CRANES

Habitat used by sandhill and whooping cranes on the refuges is similar. Roosting locations
are ponds and sloughs where the birds use water up to 0.3 m deep. Loafing areas are wet meadows
of baltic rush (Juncus balticus), sedges (Carex spp.), spikerush (Eleocharis spp.), greasewood
(Sarcobatus vermiculatus), and a variety of grass species. These meadows do not have to be very
wet to attract cranes; 2 to 4 cm of water is satisfactory. Cranes will sometimes use dry meadows
as long as a ditch with water or a stream is nearby. Although some feeding activity occurs in
meadows, they are primarily used for resting, preening, and other social activities. The other
major habitat used is grainfields during morning and evening. Barley is the primary crop so cranes
use it most frequently, but will also utilize wheat, field peas, and potato fields. Primary feed-
ing activity in potato fields is searching for insects and grubs. Cranes seem to prefer wheat over
barley, and waste grain from wheatfields will be cleaned out rapidly.

Each habitat type is usually used in the course of cranes' daily activities. Cranes leave the
roost at or shortly after sunrise and fly to grainfields to feed. Feeding continues until 0930-
1000 hours and then cranes fly to loafing areas. At about 1530-1600 hours they fly to grainfields
to feed again. About sunset they return to the roost. Weather extremes can cause changes in
activity patterns. On extremely cold days cranes will often spend nearly all day feeding in the
grainfields. On warm days the amount of time spent feeding will often be 1-2 hours less than nor-
mal and more time will be spent at loafing sites.

The distances between roosting, loafing, and feeding areas are important factors influencing
crane use. Optimum habitat in the San Luis Valley has all these components within 1-2 km. Cranes
fly farther to feed only after grain is completely eaten in nearby fields. Ten kilometers is the
maximum distance these cranes have been known to fly from roost to feeding sites.

Although the habitat of surrounding private land is similar to refuge land, different manage-
ment practices create conditions which influence crane use. Some differences are that most of the
meadowland surrounding the refuges is either grazed or hayed, thus privately owned meadows contain
closely cropped vegetation. When these meadows are wet they appear to be more attractive than wet
meadows on the refuges which contain taller vegetation. Refuge meadows are used less by cranes in
fall because we retain the residual cover for duck nesting the next spring. During spring months
refuge meadows are flooded earlier than most meadows owned by private landowners and this makes
refuge meadows more attractive. During fall, even when many cranes may loaf on surrounding ranches,
few of these ranches provide adequate roosting areas like the refuges provide.

CRANE MANAGEMENT PHILOSOPHY AND PRACTICES

Both refuges are waterfowl refuges and many of the management practices designed for waterfowl
also aid cranes. On both refuges as much meadow flooding and filling of ponds as practical is con-
ducted. This is done by pumping groundwater from February through May at Monte Vista NWR and by
diverting water from the Rio Grande during the fall at Alamosa NWR. Flooding of these meadows pro-
vides excellent loafing habitat for cranes and also provides numerous nesting territories for water-
fowl. During the fall at Monte Vista NWR some "crane water" usually will be pumped into areas where
hunting is prohibited to provide loafing habitat specifically for cranes. Refuge personnel are able
to supply roosting habitat by keeping ponds full or nearly full during spring and fall.

At Monte Vista NWR approximately 140 ha (350 acres) of cropland are planted each year to pro-
vide feed for waterfowl and cranes. At Alamosa NWR 32 ha (80 acres) are planted. Each refuge has
more than double the stated acreage in cropland, but the farm fields are rotated every year because
refuge soils are marginal in productivity. Sweet clover, volunteer barley, wild oats, and other
plants are allowed to grow in idle fields and then plowed under the next spring to provide some
organic matter. EFach field is deep chiseled every 3 years to break up the hardpan (crusted soil
surface). The chiseled fields provide cranes access to grubs and other insects and cranes use the
fields for short periods after chiseling.
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If necessary, some of the planted acreage is harvested to provide emergency feed, but most of
the crop is left standing in the fall and then mowed during February to provide spring feed. The
reason for delaying wildlife use of refuge crops is that most of the private cropland is already
harvested when cranes arrive in the fall. There are thousands of acres of stubble fields, surround-
ing both refuges, where cranes can feed. Feeding activity in these fields causes very little con-
flict with private landowners. From 1979 to the present, only 1 depredation complaint was received.
It is our philosophy that cranes and waterfowl should use private fields and it is not necessary
for the refuges to provide their entire feed requirements. Thus, refuge fields are left for spring
feed when many of the surrounding private fields have been picked clean by fall crane use and fall
and winter waterfowl use. We believe that by providing spring feed the refuges provide critical
nutritional needs that are important to crane and waterfowl nesting success during summer months.

During April 1981 refuge personnel surveyed grainfield use on both refuges. Fields at "onte
Vista NWR were essentially devoid of grain. Crane populations during the 1st week of April dropped
from 6,000 to 300 nearly overnight. These cranes moved north to the Rio Grande River for 7-10 days
and then left the valley heading northward. Although spring migration northward was somewhat ear-
Tier this year than in some years, I believe that the precipitous decline in refuge populations was
probably because there was no feed remaining. Approximately 2,300,000 duck use days, 150,000 goose
use days, and 55,000 crane use days had consumed nearly all of 144 ha (359 acres) of 30 bushels/acre
barley, some wheat, and field peas. An estimated 10,770 bushels of barley were available during
the 1980-81 fall and spring period. Crane feed requirements, an estimated 113 g (1/4 1b) to 151 g
(1/3 1b) per day per crane, would consume 25% of the total feed on the refuge with the remainder
used by ducks and geese.

In addition to providing the necessary habjtat components, refuge personnel also perform other
management functions. Weekly counts of sandhill and whooping cranes are conducted on both refuges.
Locations and identities of whooping cranes are recorded. During the past 2 years much of the
whooping crane watching has been taken over by R. Drewien and his assistants. Refuge personnel do
most of the whooper observing before Drewien's personnel reach the valley and after they depart.
Several aerial census flights have been flown during sprina months in an attempt to count the entire
valley population. The San Luis Valley is an excellent spot to monitor the greater sandhill Rocky
Mountain flock because nearly the entire population migrates through the valley.

Both sandhill and whooping cranes are present during waterfowl hunting season. Refuge person-
nel actively patrol during weekends and often during weekdays. The primary focus of law enforcement
is to make our presence knwon in order to deter unlawful activities. To date we have had no prob-
lems with hunters shooting at or killing sandhill and whooping cranes. Each refuge has 60% of the
refuge closed to hunting so birds have a place where they are not harassed. A1l hunters must park
in designated parking areas. During the weekend nearly all hunters are checked as they return to
the parking areas. Approximately 50% of all hunters are checked throughout the hunting season.

Both refuges receive heavy hunting pressure relative to surrounding areas in the valley. As a
result of this pressure, we do not actively try to increase fall crane use on the refuges, and pos-
sibly could not even if so desired. At present, waterfowl hunting is not hurting refuge crane pop-
ulations.

In addition to use by hunters, a 10-km tour route on "onte Vista "WR is provided so that cranes
and other birds can be viewed and photographed. Whooping crane tours are given in the spring, and
several movies and television programs have been made on the refuges. Public use has been heaviest
when cranes have been in the valley, especially since whooping cranes began to use the area.

MANAGEMENT PROBLEMS

Probably the major problem encountered with sandhill and whooping cranes is mortality caused
by collisions with powerlines and fences. Drewien (1976) reported that mortality from collisions
with aerial obstructions was significant; 2 immature whoopers have collided with fences and 1 with
a powerline. All of these accidents have occurred on private land. Sandhill crane deaths from sim-
ilar accidents have occurred on the refuges. Although there are no data on sandhill mortality, it
is fairly common to see dead sandhills under powerlines near grainfields. Most mortality seems to
occur during foggy mornings or in periods of high wind when birds are flying from roosting areas to
grainfields or vice versa. The cost of burying powerlines is prohibitive. Fences cannot be removed
because they are a necessary part of our grazing program, which is our major grassland management
tool. A1l unneeded fences have been removed. Even if all fences and powerlines on the refuges were
removed, it would only be a small portion of the hazards cranes face.

The only other problem which may become more acute in the future is the cropland management
program on the refuges. With the increase of the crane population, the cranes are beginning to take
a significant portion of our feed. In the future, due to budget cuts, we may not be able to ade-
quately feed both cranes and waterfowl.
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CONCLUSIONS AND RECOMMENDATIONS

Based on our experience, the following recommendations are made for other areas that may be or
will become involved in crane management.

1. Waterfowl and crane management appear to be compatible. Good nesting habitat for water-
fowl is also good crane loafing habitat. Management practices such as flooding meadows in the fall,
which do not specifically help waterfowl, can be used to entice cranes into a certain area.

2. Grainfields, roosting areas, and loafing areas should be within 4-5 km of each other and
closer if possible. Optimum habitat in the San Luis Valley has these features within 1-2 km of each
other.

3. Grain should be available in a condition attractive to cranes when they need it most. Any
cropland management program should consider surrounding cropland practices such as harvest time,
fall plowing, and other aspects which will influence grain availability, crane distribution, depre-
dation complaints, and other factors. The less grain available on surrounding private land, the
greater the responsibility of the refuge manager to provide such food.

4. Powerlines, telephone lines, fences, or other aerial obstructions should be kept to a min-
imum. If possible, do not allow new lines to cross areas which receive heavy crane and waterfowl
use. Although the refuges will continue to try to keep mortality to a minimum, it is our philosophy
that some mortality from these and other factors is inevitable. Both sandhill and whooping cranes
have to survive in a modern world. It is impossible for management to remove all hazards.

LITERATURE CITED
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FACTORS AFFECTING TRAP-RELATED MORTALITY OF SANDHILL CRANES!

THOMAS C. TACHA, Cooperative Wildlife Research Unit,2 404 Life Sciences West, Oklahoma State Univer-
sity, Stillwater, OK 74078

PAUL A. VOHS,3 Cooperative Wildlife Research Unit, 404 Life Sciences West, Oklahoma State University,
Stillwater, 0K 74078

DONALD C. MARTIN, Cooperative Wildlife Research Unit, 404 Life Sciences West, Oklahoma State Unjver-
sity, Stillwater, 0K 74078

Abstract: A total of 1,456 sandhill cranes (Grus canadensis) was captured with rocket nets near
Rich and Mound Lakes, Terry County, Texas, in January and February 1979 and 1980. Nearly 5% of cap-
tured cranes was incapacitated during and immediately following net extension. An additional 10%
was processed, released, and Tater found dead near the trap site. The age and sex composition of
cranes released and later found dead did not differ (P = 0.53) from cranes that survived. The pro-
portion of cranes that was released and later found dead varied between trapping attempts (P = 0.006)
but did not vary between trapping Tocations (P = 0.95) or between cranes marked with radio transmit-
ters and cranes marked with neck collars (P = 0.56). Mortality related to trapping was not associ-
ated (P > 0.05) with numbers of cranes captured, hour of day, temperature, wind speed, or a stress
variable. Mortality varied with wind chill (P = 0.02) but the relationship was unclear. The per-
centage death rate was the same (P = 0.66) for cranes released in dry, wet, or muddy conditions.
Time spent under nets before processing did not affect survival of sandhill cranes (P > 0.70).

Sandhill cranes are difficult and expensive to capture in large numbers. Ramakka (1979) noted
10-14% losses while capturing sandhill cranes with rocket nets in Texas. Wheeler and Lewis {1972)
and Ramakka (1979) suggested that trap-related mortality of sandhill cranes could be reduced by
elevating rockets to 45° and by processing and releasing cranes quickly after capture. We tested
the relationship between trap-related mortality of cranes captured with rocket nets, and selected
variables that might be controlled by trapping crews.

We thank G. C. Iversen for field assistance and valuable comments throughout this study.

METHODS

In January and February 1979, 740 cranes were captured at Rich and Mound Lakes, Terry County,
Texas. A total of 715 cranes was trapped during the same period in 1980 at Rich Lake. Six rocket
nets, using 4 rockets per net, were fired over cranes attempting to drink at freshwater springs
(Ramakka 1979). AI1 cranes were marked with a U.S. Fish and WildTife Service (FWS) aluminum Teg-
band and a plastic neck collar. Cranes captured in 1979 were also marked with colored legbands,
and 21 cranes (9 in 1979 and 12 in 1980) were fitted with a backpack radio transmitter. Each crane
was released immediately after handling onto the lake bed that served as a roost for 30,000-120,000
cranes.

Trap-related deaths were divided into immediate or delayed categories for analysis. Nearly 5%
of captured cranes was immediately incapacitated (could not walk or fly from the trapping site) dur-
ing net extension (Table 1). 1In 1980, all incapacitated cranes, and 42 additional cranes were sac-
rificed for later laboratory analysis. An additional 10% of captured cranes that was marked and
released was later found dead during extensive inspections of the lake bed near the trap site. For
purposes of statistical analysis, marked cranes that we found dead were assumed to represent a ran-
dom sample of all marked cranes that died within a week of capture and release. Statistical anal-
yses were performed using the Statistical Analysis System (Barr et al. 1979).

1This study was funded by Contract 14-16-0008-2133, Accelerated Research Program for Migratory
Shore and Upland Game Birds, administered by the Central Management Unit Technical Committee and
the Migratory Bird and Habitat Research Laboratory, U.S. Fish and Wildlife Service.

2The Oklahoma Cooperative Wildlife Research Unit has Oklahoma State University, Oklahoma
Department of Wildlife Conservation, U.S. Fish and Wildlife Service, and Wildlife Management Insti-
tute cooperating.

3present address: Office of Cooperative Research Units, USDI-Fish and Wildlife Service, Wash-
ington, D.C. 20240.
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Table 1. Fates of sandhill cranes captured at Rich and Mound Lakes, Terry County, Texas, in 1979
and 1980.

1979 1980 Total
Status No. % No. % No. %
Alive 658 86.2 602 84.1 1,240 85.2
Immediately incapacitated 40 5.4 32 4.5 72 4.9
Released - found dead 62 8.4 82 11.4 144 9.9
Total 740 100.0 716 100.0 1,456 100.0

After nets were fired and secured over captured cranes, individual cranes were marked and re-
leased at the rate of 1 every 90 sec. The date, time, location, band numbers, marker type (radio
or just neck collar and legbands), extent of dry, wet, or muddy feathers, weight and 3 morphometric
measurements, and age of each crane were recorded. Juveniles were identified by brown feathers on
the nape (Lewis 1979). Sex of all dead cranes was determined by gonadal examination. Weather data
were obtained from the Lubbock Station (within 48 km of trap sites) of the U.S. Weather Service.
Temperature and wind speed were recorded at the time of banding each captured crane.

RESULTS AND DISCUSSION

Initial Incapacitating Injuries

Cranes fatally injured during net extension had, in descending frequency of occurrence, broken
Tegs, wings, and vertebrae, or were otherwise unable to walk or fly from the trapping site. There
was no difference in the proportion of cranes initially fatally injured at either lake where cranes
were trapped in 1979 (x2 = 0.48, df = 1, P = 0.40). The sex ratio of initially fatally injured
cranes was not different from 50:50 (x2 = 1.44, df = 1, P = 0.23), and the age ratio was not dif-
ferent (¥2 =1.73, df = 1, P = 0.21) from the 10% juveniles estimated from field age ratios (Unpubl.
data, Okalhoma Coop. Wildl. Res. Unit.)

Analysis of high-speed 8-mm motion pictures taken during this study revealed that all cranes
at the trap site were airborne before nets were fully extended, regardless of their behavior before
firing of the rockets. Only a small proportion of initially fatally injured cranes were struck
with rockets or the leading edge of the nets. Cranes appeared to be injured most commonly as a
result of being flighted when nets overtook them and brought them sharply to the ground. Rockets
(and ultimately extended nets) angled ahove 45° resulted in most of the cranes escaping capture by
outflying nets. Rockets angled less than 45° tended to decapitate cranes nearest the nets, thus
slowing net extension and allowing other cranes to escape capture. Use of 4 rockets per net rather
than 3 increased the speed of net extension and reduced the percentage of escaping cranes. A 45°
angle minimized escape of cranes and reduced deaths from impact with rockets or the leading edge of
the net.

Cranes Released and Later Found Dead

There was a significant difference between trapping dates in the proportion of cranes released
and later found dead (Table 2). The sandhill crane hunting season was in progress in January in
Texas during both years of this study. Examination of cells in X2 analysis indicated no relation-
ships between trap-related deaths and the months of January and February. Differences in death
rates between trapping attempts were not related to trapping during the sandhill crane hunting
season.

The proportion of sandhill cranes marked, released, and later found dead did not differ between
trap sites at Rich and Mound Lakes (Table 3) despite muddier conditions at the Mound Lake trapping
site. The use of radio transmitters did not result in death rates higher than those of cranes
marked only with neck collars, and age and sex classes were equally vulnerable to trap-related mor-
tality.

The hour of day during which cranes were captured was not associated with the proportion of
cranes released and later found dead (Table 4). Wind speed was not associated with death rates, but
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Table 2. Distribution by date of sandhill cranes marked, released, and later found dead at Rich
and Mound Lakes, Terry County, Texas, in 1979 and 1980.

1979 1980

Julian date Assumed alive Found dead Julian date Assumed alive Found dead
14 22 2 ] 13 1
15 7 0 5 33 3
17 22 4 7 118 17
19 50 4 14 44 2
22 72 15 36 26 1
23 25 4 37 77 13
24 66 4 38 49 9
27 4 1 50 20 9
32 1 53 49 4
33 3 0 54 66 6
38 63 5 57 23 6
39 60 7 58 83 12
40 132 5
42 1m 10

X2 = 21.80, df = 13, P = 0.06 ¥2 = 19,82, df = 11, P = 0.05

Combined years: X2 = 44.85, df = 24, P = (0.006.

Table 3. Distribution by lake, marker type, age, and sex of sandhill cranes marked, released, and
later found dead at Rich and Mound Lakes, Terry County, Texas, in 1979 and 1980.

Variable Assumed alive Found dead x2 P
Lake (1979 only)
Rich 573 52 0.01 0.95
Mound 101 10
Marker type (1979 and 1980)
Radio 18 3 0.37 0.56
Neck collar 1,231 141
Age {1979 and 1980)
Adult 1,099 124 0.39 0.53
Juvenile 151 20
Sex (1979 and 1980) a
Male 31.5 33 0.07 0.80
Female 31.5 30
aExpected values assuming a 50:50 sex ratio in population.

124



Table 4. Associations of environmental vari- Table 6. Comparison of sandhill cranes re-

ables with sandhill cranes marked, released, leased in dry, wet, or muddy condition in Tex-
and later found dead at Rich and Mound Lakes, as (assumed alive) and cranes later observed
Terry County, Texas, in 1979 and 1980 (years to be flighted (data from 1980).
combined).
Condition at time
Variable X2 df P ) of release
Status Dry Wet Muddy Total
Hour of day 14.22 10 0.16
Temperature 38.76 27 0.07 Assumed alive 377 117 107 601
Wind speed 15.78 17 0.54 (63%) (19%) (18%) (100%)
Wind chill 48.16 28 0.01
Stress?d 67.31 52 0.08 Observed alive 109 36 32 177
(62%) (20%) (18%) (100%)
calculated as stress = wind chill - (3 X 3,2 = 0.089, df = 2, P = 0.96 for H_: no

wind chill X wetdry/4) where wetdry = 1 if

crane was wet or 0 if crane was dry. difference between cranes assumed and observed

alive.

the rate of death was associated with the temperature, wind chill, and stress. The highest death
rates appeared to be associated with the mid-ranges of temperatures, wind chill, and stress. Ex-
tremes of these 3 variables did not appear strongly associated with death rates. We believe that
confounding of date with temperature, wind chill, and stress was responsible for the observed sig-
nificant associations, despite pooling data from both years of analyses.

Results of factorial analysis of variance indicated that being wet or muddy, and processing
time, were unrelated to death rates (Table 5). Chi square analysis verified no difference in death
rates among cranes released in a dry, wet, or muddy condition. Cranes released in dry, wet, or
muddy condition (assumed alive) were later observed to be flighted (observed alive) in equal pro-
portions (Table 6). Processing time was directly related to the number of cranes captured, and
there was no association between numbers of cranes captured and the percentage of cranes released
and later found dead in 1979 (r = -0.306, df = 12, P > 0.25) or 1980 (» = -0.015, df = 10, P > 0.80).

CONCLUSIONS AND RECOMMENDATIONS

A program of banding 4,000 sandhill cranes per year in western Texas for 5 years is needed to
accurately assess survival rates of this population. About 4-7% of cranes captured with rocket

Table 5. Effects of being wet and processing time on sandhill cranes marked and released on Rich
Lake, Terry County, Texas, in 1980.

Mean processing time

Dry, wet, or muddy Status Ne time (hours)b SE
Dry Alive 377 0.63 0.027
Dry Dead 52 0.63 0.078
Wet Alive 117 0.67 0.047
Wet Dead 13 0.78 0.178
Muddy Alive 107 0.60 0.040
Muddy Dead 17 0.49 0.094

32 = 0.84, df = 2, P = 0.66 for HO: No difference in proportion of cranes dying after being
banded dry, wet, or muddy.

by _way ANOVA: F = 0.48, P = 0.70.
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nets can be expected to be initially incapacitated during net extension. An additional 5-10% of
cranes released after banding in Texas can be expected to die. We recommend searching both the
lake bed and surrounding upland areas for dead cranes when trapping near salt lakes in Texas. None
of the potentially controllable variables tested in this study could be associated with increased
death rates, and we were unable to delineate alternatives that will reduce current mortality rates.

Our experience indicates that large numbers of sandhill cranes can be captured and marked with-
out distorting age or sex ratios of the population. Banding wet or muddy cranes, processing of
cranes for long periods or banding large numbers of cranes at 1 time, banding during the hunting
season, or marking with radio transmitters could not be associated with mortality expected when
rocket netting sandhill cranes. However, we do not recommend banding at extremely wet or muddy
trapping sites. Wet and muddy conditions at trapping sites can be improved by channelizing shallow
water areas to drain them. Despite the lack of clear associations between trapping mortality and
weather variables, we do not recommend banding during cold (<-5°C) or windy (>40 km/hr) weather.
Birds fatally injured during net extension can be used to monitor annual or seasonal changes in
body condition, parasite or disease prevalence, or other physiological parameters.
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A FUNDING SOURCE FOR SANDHILL CRANE RESEARCH: THE ACCELERATED ESEARCH PROGRAM FOR MIGRATORY SHORE
AND UPLAND GAME BIRDS

RICHARD A. COON, U.S. Fish and Wildlife Service, Migratory Bird and Habitat Research Laboratory,
Laurel, MD 20811

THOMAS J. DWYER, U.S. Fish and Wildlife Service, Migratory Bird and Habitat Research Laboratory,
Laurel, MD 20811

Sandhill cranes (Grus canadensis) in North America are a major migratory bird resource. Both
state and federal research emphasis on cranes began to increase in 1967 when the Accelerated Re-
search Program (ARP) for Migratory Shore and Upland Game Birds was implemented. Additional empha-
sis occurred with the transfer of sandhill cranes to game bird status in increasing numbers of west-
ern states and when the U.S. Fish and Wildlife Service started the sandhill crane foster-parent
program for the endangered whooping crane.

The ARP is a cooperative state-federal program that provides a mechanism for increasing
research efforts not only with sandhill cranes but also with snipe (Capella gallinago), rails
(Rallus spp., Porazana spp.), purple gallinule (Porphyrula martinica), common gallinule (Gallinula
chloropus), morning dove (Zenaida macroura), white-winged dove (Zenaida asiatica), woodcock (Philo-
hela minor), coot (Fulica americana), and band-tailed pigeon (Colwmba fasciata). ARP funds may also
be used for studies on nongame shorebirds, but funds may not be used for endangered species research.
The ARP has funded 113 projects in 41 states totaling $2.4 million through 1980-81.

A T4-member national committee sets program policy and recommends approval or rejection of pro-
posals submitted each year. The chairman of this committee is a member of the Migratory Wildlife
Committee of the International Association of Fish and Wildlife Agencies.

To obtain funds, proposals are prepared and submitted by the originating organization. They
are evaluated and ranked in priority by region. If the proposal is submitted by other than a state
Fish and Wildlife Agency (e.g., a university), it must receive signed approval by that state's Fish
and Wildlife Agency. Proposals are then forwarded to the Technical Committee Chairman for ARP, in
the region where the work is to be done. The regional chairmen are:

West : Mr. Harold Harper, California Fish and Game
Central @ Mr. Ronnie George, Texas Parks and Wildlife
Mr. Jerry Horak, Kansas Fish and Game
Midwest : Dr. James March, Wisconsin Department of Natural Resources

Northeast: Mr. Charles Allin, Rhode Island Division of Fish and Wildlife
Southeast: Mr. Larry Soileau, Louisiana Wildlife and Fisheries Commission.

Proposals should be submitted by 1 October each year to be eligible for the following year's
funds. Annual funding is $175,000 for contract research, pending Congressional appropriation. Of
this, about 33% or $60,000 is available for funding new proposals; the remaining is used to continue
ongoing studies.

The mission of ARP is to gain a better understanding of this group of migratory birds in order
to keep pace with the demands placed on them from a variety of sources. The Program is not only a
mechanism for research funding but for publishing and distributing results of the studies. An
annual report 1ists recently completed studies and active projects being funded. ARP funds were
also used in 1977 to publish a book entitled Manajement of Migratory Shore and Upland Game Birdes in
North Armerica. QOver 9,000 copies have been distributed or sold. The book was reprinted in 1980
and is available from the University of Nebraska Press.

The 1st sandhill crane study funded through ARP was in New Mexico in 1972. Since then, 5
additional studies have been funded: 2 in Oklahoma, and 1 each in Arizona, Indiana, and Alaska.

One of the Oklahoma studies has been completed (Factors Affecting the Platte River Crane Census),
carried out through the Oklahoma Cooperative Wildlife Research Unit. The remaining 4 are ongoing.
The total amount expended on sandhill cranes through ARP is $208,800 through 1980-81, or $14,900
per year. However, in the last 5 years $37,661 has been expended each year. The average cost per
crane project is $34,800. Project duration averages 3.3 years.

Ongoing ARP-funded crane research is under way in 4 states (Table 1). The Alaska crane
research centers around the important Copper River Delta staging area. Objectives of this work are
to determine numbers and distribution, estimate productivity, and evaluate the impact of harassment,
from aircraft and boat traffic on these staging birds. Indiana crane research also deals with a
staging area, the Jasper-Pulaski Fish and Wildlife Area, used by the eastern component of the
greater sandhill crane (Grus canadensie tabida) population. Objectives of this study are to enum-
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Table 1. Past and ongoing crane research funded through the Accelerated Research Program for
Migratory Shore and Upland Game Birds.

State Project costs Principal investigators Duration
New Mexico $ 3,200 James L. Sands 1974-76
Oklahoma 4,480 James C. Lewis 1975-77
Arizona 25,600 David E. Brown 1978-81
Indiana 24,358 James R. Lovvorn 1978-81
Alaska 42,923 Peter G. Mickelson 1978-81
Oklahoma 118,257 James C. Lewis 1976-77
Paul A. Vohs, Jr. 1977-81

erate total numbers of cranes using the area and to determine if there is a potential for the large
numbers of cranes to damage the carrying capacity of the Jasper-Pulaski habitat. Arizona crane
research is examining aspects of crane wintering ecology on the Willcox Wildlife Management Area in
southeastern Arizona. Since 1960, crane numbers at Wilcox have risen from less than 100 to several
thousands, and sound management plans are needed to allow for expanding populations of cranes win-
tering in the Southwest. Finally, the staff of Oklahoma Cooperative Wildlife Research Unit is also
studying crane wintering grounds to determine age at 1st breeding, to study pairing behavior, and to
determine migration routes and breeding areas through observing marked cranes.

General categories of research needs for sandhill cranes are information on breeding biology
and behavior, crane taxonomy including age and sex determination studies, habitat requirements
including tolerance of disturbance as well as habitat inventories, productivity estimates, food
habits including crop depredations, and what type of use the public would 1ike to make of the crane
resource.



SIBERIAN CRANES FOR NORTH AMERICA

George W. Archibald, Co-founder, International Crane Foundation, Baraboo, WI 53913

Abstract: The population of Siberian Cranes (Bugeranus [Grus] leucojeranus) has declined to per-
haps 150 birds. The demographic problem of the species in its native continent, Asia, is attrib-
uted to hunting during migration and encroachment by humans into wintering habitats. Although con-
servation efforts are under way in China, India, Iran, and the USSR, the bleak reality of human
needs may cause the demise of these wild cranes in the near future. The eastern population of
Siberian cranes winters in China and nests sympatrically with lesser sandhill cranes (Grus canaden-
sis canuadevizie) in the USSR. If numbers of Siberian cranes continue to decline, these lesser sand-
hills could easily be used as foster-parents for Siberian crane eggs. Such a foster-parent program
could establish a secure Siberian crane population that would winter in the United States and Mex-
ico, but breed in traditional nesting habitats in the USSR. Problems considered in this proposal
include (1) habitat accommodations for Siberian cranes, (2) the potential interactions between
Siberian cranes and the externally similar whooping cranes (Grus americana), (3) the effect of
sandhill crane hunting on Siberian cranes and international politics, and (4) the opinions against
species introduction. However, the proposal offers another option for the survival of Siberian
cranes, as well as opportunities for expanded cooperation between Asian and North American nations.

STATUS OF SIBERIAN CRANES

The traditional flock of whooping cranes has slowly made a comeback from a low of 18 birds in
1938 to about 80 in 1981. This achievement can be credited to decades of cooperation between the
governments of Canada and the United States, and the activities of private organizations such as
the Saskatchewan Museum of Natural History, the Whooping Crane Conservation Association, Incorpo-
rated, and the National Audubon Society. The large white crane of Asia, the Siberian crane, has
likewise declined from many thousands in the early part of this century to as few as 150 birds in
the 1980-81 winter counts (J. Delacour, 1980 pers. comm.). But unlike the whoopers whose numbers
are now increasing due to international cooperation, the Siberian crane population continues to
decline. Since 1973 the International Crane Foundation (ICF) has made efforts to understand the
biological requirements of Siberian cranes, to identify limiting factors, and to develop conserva-
tion programs with and among Afghanistan, China, India, Iran, and the Soviet Union.

The Siberian cranes breed on the arctic tundra of the USSR in 2 widely separated groups: the
eastern flock nests between the Lena and Indirka Rivers, while the western population frequents
wetlands near the mouth of the Ob River. In recent years Dr. Vladimir Flint, and colleaques from
the Soviet Institute for Nature Conservation in Moscow, have monitored the eastern flock, which
contains most of the birds; the productivity of this flock depends on the weather. As many as 40
widely scattered nests can be found during warm springs while as few as 6 nestings occur during
cold springs. Extrapolating from transect surveys across the great expanses of tundra, the
Soviets also calculated that perhaps as many as 200 birds constitute the eastern population,
although fewer than 100 birds were actually confirmed (Flint 1978).

A tally of the Siberian crane population is most easily taken on the wintering grounds where
the birds flock and occupy a fraction of the space used during the breeding season. The eastern
population of Siberians could therefore best be evaluated by counting the cranes on their wintering
grounds along the Yangtze River in China. Dr. Chou Fu-Chang of the Beijing Institute of Zoology
searched for the wintering cranes from 1978-81. 1t was not until February of 1981, however, that
he found a relict flock of 100 birds wintering in a swampy area along the mid-regions of the Yangtze
River in the northern part of Jiangxe Province. His count matched the Soviet confirmed counts on
the tundra suggesting that, unless Siberian cranes winter elsewhere in China, the eastern popula-
tion numbers half the Soviet extrapolated estimate of 200 birds.

Dr. Chou defined the winter habitat of Siberian cranes in China as an expanse of shallow,
freshwater marshland similar in gross features to wintering grounds of Siberian cranes in India
and Iran (Sauey 1976, 1978a). In west Asia the Siberian cranes are specialized aquatic vegetarians
feeding on the submerged tubers of sedges. The Siberian cranes in China were in company with white-
naped cranes (Zrus virio), a species that feeds on sedge tubers in marshlands on their wintering
grounds in the Republic of Korea. Probably the Siberian cranes in China are also specialized
aquatic vegetarians depending on the natural integrity of acreages of shallow water that support a
large biomass of sedge tubers. The survival of Siberian cranes in China, therefore, is based on
conservation of riparian wetlands near the Yangtze and, of course, protection of cranes from dis-
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disturbance--particularly hunting.

Based on Dr. Chou's findings, China's foremost ornithologist Dr. Tso-hsin Cheng (also at the
Beijing Institute of Zoology) advised the Ministry of Forestry that the wetlands used by Siberian
cranes should be protected as a Nature Reserve, similar to sanctuaries established in northeastern
China for the endangered red-crowned crane (Grus japonensis) and on the Tibetan Plateau for the
Tittle-known black-necked crane (Grus nigricollis). Concurrently, developers in China are con-
structing a series of hydropower dams across the Yangtze River. I do not know if the winter area
of the Siberian cranes is within planned flood pools of the dams. The subadult Siberian cranes
that accidentally migrated to Japan (where most natural wetlands have been converted to agriculture)
would have perished from starvation had they not been captured while in a weakened condition and
revived at zoos (Kawata 1974). This failure of subadult cranes to adapt to upland feeding provides
evidence that the conservation of natural wetlands in China is vital to the survival of Siberian
cranes.

Little is known about the Siberian cranes on their 9,650-km migration between the tundra and
the Yangtze. The cranes are strictly protected by legislation in China, Mongolia, and the USSR,
but conservation laws are often unknown and poorly enforced in back areas. Dr. Flint and his col~
leagues continue their efforts to designate the breeding grounds of the eastern Siberians as a
Nature Reserve to preclude the summer grazing of domestic herds of reindeer in the region. The
reindeer population is increasing and the herds may disturb the nesting cranes, or even trample
their eggs (Flint and Kistchinski 1981).

The western flock is in even greater peril than the eastern Siberians. Their breeding grounds
were not known until a lone prefledged chick was captured there in 1978. The chick was found along
a tributary of the lower reaches of the 0Ob River near the base of the Yamal Peninsula, which juts
out into the Kara Sea. In 1981, Dr. Sasha Sorokin, of the Flint team, conducted an aerial survey
of the area and located 8 Siberian crane nests near the Kunevat River, a tributary of the Ob; a
region that in the near future may be protected as a nature reserve. There may be 2 separate nest-
ing groups in west Siberia, because the western population of cranes winters in 2 locations. One
flock winters in northeastern Iran with a migration route through the Astrahan Nature Reserve on
the Volga River delta, at the northeast corner of the Caspian Sea. A 2nd flock migrates south near
the Aral Sea, then across the Hindu Kush Mountains of Afghanistan, to wintering grounds on the Gan-
getic Plain of northern India.

Dr. V. Y. Vinogradov, of the USSR Bird Banding Center, has observed, during crane migration
periods, several Siberian cranes resting on wetlands of the Astrahan Nature Reserve. These cranes
are believed to be those that winter on wetlands near the town of Feredunkenar on the southeast
Caspian lowlands of Iran because the spring arrival dates of Siberian cranes at the Astrahan Nature
Reserve do not match with the migration dates of Siberian cranes that winter in India.

Until 1978, Siberian cranes were believed extirpated by hunters from their historic winter
range along the Caspian. Ironically, the surviving flock was discovered by ornithologist Mr. Moham-
med Ali Ashtiani in a waterfowl hunting area, where wild ducks are lured into small ponds to be net-
ted and clubbed (Sauey 1978a). Ducks are baited to and are not disturbed at a large flooded field
near the small ponds. Ironically, in February 1978, 12 Siberian cranes were discovered wintering on
the large flooded and undisturbed fields, accidentally protected because the duck hunters did not
want to flush the large flocks of ducks, some of which might be Tured to the small ponds. 1In 1981,
biologists Mr. Mohammed Reza Vazarie and Mr. Heidar Fharatpur of the Iran Department of the Environ-
ment, reported 16 Siberian cranes wintering in Iran--an encouraging increase. The cranes are pro-
tected as long as they remain on wetlands adjacent to the trapping ponds; however, our Iranian col-
leagues report that hunting is widespread in other areas and that cranes could easily be shot.

Likewise, the flock that winters in India is hunted during migration through the passes of the
Hindu Kush Mountains of Afghanistan and Pakistan. Thousands of common (4rus grus) and demoiselle
cranes (Anthropoides virgo) also migrate through the same regions as the Siberians and provide food
and sale items for local people doing subsistance and commercial hunting each spring and autumn.
The cranes are baited within range by living and stuffed decoy cranes, then shot. In fact, our Jst
clue that Siberian cranes migrated through Afghanistan was a report that white cranes were for sale
in a Kabul meat market.

Lake Ab-i-Estada, Afghanistan, is a regular resting area for migrating Siberian cranes. In
late March 1977, Ronald Sauey of ICF identified 56 Siberians at Lake Ab-i-Estada as the individuals
he studied that winter at the Keoladeo Ghana Sanctuary (KGS) near Bharatpur, India (Sauey 1977a).
The current political climate in Afghanistan, particularly in the back areas, is not conducive to
any type of conservation effort, and the hunting pressures are quite 1ikely to increase.

The Siberian crane is best known on its wintering grounds in India. Not only are the birds
protected and thus easily approached, photographed, and studied, but they inhabit 1 of the world's
greatest water bird sanctuaries, the KGS. This refuge attracts thousands of visitors annually to
view, at close range, the great diversity and number of both resident and migratory birds.
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ICF's Ronald Sauey has comprehensively examined the biology of Siberian cranes at KGS since
1974. Much of our understanding of the ethology and winter ecology of the cranes derives from
Sauey's studies and those of his colleague Paul Spitzer (Sauey 1978b, Spitzer 1978). They deter-
mined that the Siberian crane feeds almost exclusively on the tubers of sedges (Cyperus rotundus
and Eleocharie sp.). (. rotundus is also a common weed in agricultural fields in northern India.
Although there is an apparent abundance of the Siberian cranes' preferred food, the sedges must be
covered by shallow water before the cranes will excavate and consume them. Unlike the Targe and
successful Indian sarus crane (Grus antigone antigone) that excavates sedge tubers from dry ground,
the Siberian crane is a more specialized feeder and is never observed outside wetland habitats in
winter. The natural drying of India's wetlands in winter, concomitant with the advance of the arid
season and coupled with the drainage of marshlands for agriculture, limits available habitats for
Siberian cranes. The threat is, of course, less critical than the hunting pressures in Afghanistan
and Pakistan.

CONSERVATION PROGRAMS

The security of the KGS was additionally solidified by the recent transfer of its administra-
tion from state to federal authorities. The Indian Ministry of Agriculture is building a hydrobio-
logical research station near KGS in cooperation with the United States Department of the Interior.
Indira Ghandi is personally interested in wildlife conservation and, at a reception in conjunction
with the 1981 meeting of the Convention on International Trade in Endangered Species (CITES), Amer-
ican wildlife artist, Diane Pierce, presented to the Prime Minister an original oil painting of
Siberian cranes at KGS. Posters will be made from the painting to promote wildlife conservation
throughout India. India's Hindu culture, coupled with conservation interest at top administrative
levels, makes the subcontinent a fertile habitat for wintering Siberian cranes--if problems the
birds face during migration can be circumvented.

Conservationists in China, India, Iran, and the USSR are ardently striving to save the Siberian
cranes. They are to be congratulated on their noteworthy achievements in recent years. Since 1976,
cooperative efforts have been undertaken, through the auspices of the US-USSR Environment Agreement
of 1972, to establish Siberian cranes in captivity at ICF (USA), at the Oka State Nature Reserve
(OSNR) 1in the Soviet Union, and Vogelpark Walsrode in West Germany (Archibald 1980). The propaga-
tion program was modeled after the work of the Patuxent Wildlife Research Center in their success-
ful efforts to propagate whooping cranes in captivity and to restock rare cranes back into the wild.

Through the cooperation of the Vogelpark Walsrode (West Germany) and Hirakawa Zoo (Japan), 3
adult Siberian cranes were imported to ICF. Twenty-three young Siberian cranes also have been es-
tablished at 4 centers (ICF-6, OSNR-13, Vogelpark Walsrode-3, Tama Zoo-1), primarily by collecting
hatching eggs from the eastern population of wild Siberian cranes (Sauey 1977b). Siberian cranes
usually lay a 2-egg clutch, but have never been reported to rear both chicks. Half the eggs are
therefore assumed available for collecting.

In 1981 a chick was hatched and is now being reared from an adult pair of Siberians at ICF.
This landmark event is the 1Ist rearing of a Siberian crane in captivity from an egg laid in captiv-
ity. Most of the captive cranes are subadults. As they reach sexual maturity the captive popula-
tion is expected to grow rapidly, thus providing new options for Siberian crane management.

Unlike the wild Siberian, which nests in early June during the late arctic spring, captive
Siberians held at mid-latitudes nest from late March through mid-May. This season overlaps the
nesting period of the common cranes at mid-latitudes in Asia. The common crane is an abundant bird
breeding through much of the boreal zone from northern Europe to eastern China and wintering from
northwest Africa to Japan. Populations of common cranes that both breed and winter in protected
areas, and that are not hunted during migration, could be selected as foster-parents for Siberian
crane eggs produced in captivity.

To initiate this undertaking, ICF and the Iran Department of the Environment began research in
1975 on common cranes wintering in Arjan National Park in southwest Iran. The park contains excel-
lent potential for Siberian crane wetland habitats and large numbers of common cranes. More than
200 common cranes were color-marked and their breeding grounds were determined to lie between Moscow
and the Ural Mountains and in nearby OSNR. OSNR supports a flock of captive Siberian cranes as well
as more than 50 nesting pairs of wild common cranes. When the captive Siberian cranes produce fer-
tile eggs, the eggs can be substituted into the nearby nests of common cranes to start a new flock
of wild Siberian cranes in west Asia that presumably would winter within the Arjan National Park,
Iran. Recent political developments in Iran have complicated the above program. However, ICF has
resumed communication with Iranian crane researchers and perhaps cooperative programs will resume
in the near future.

In India, ornithologist Prakash Gole is organizing a Crane Study Group to determine, among
other things, the Indian wintering habitats of common cranes that migrate through unhunted passes
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of the Himalaya Mountains in Kashmir and Nepal. Color-marking of these cranes during their migra-
tion will allow identification of the populations on both wintering and breeding grounds and thus
an opportunity to initiate a new and more secure Siberian crane flock via the cross-foster tech-
nique, a flock that winters in India yet avoids the treacherous passage over Afghanistan and
Pakistan.

Despite the optimistic plans for the future of Siberian cranes in Asia, the stark realities of
the 1980's Toom on the horizon. The complexities of cooperative efforts among politically polarized
nations, the pressure from hunting, the acute human population pressures in southern Asia, and the
associated drive to drain wetlands for agriculture, darken the horizon for the 150 cranes.

The sandhill cranes that nest in eastern Siberia and winter in North America, provide an inno-
vative possibility in Siberian crane conservation.

METHODS

Since 1975 Canadian and U.S. biologists have endeavored to establish a 2nd population of migra-
tory whooping cranes by substituting whooping crane eggs into the nests of sandhill cranes at Grays
Lake National Wildlife Refuge, Idaho. The whoopers successfully hatch, fledge, and migrate south
with their sandhill foster-parents.

Particularly during migration and winter months sandhills are largely vegetarian, feeding in
dry agricultural fields, unlike the whooping cranes. Although whooping cranes occasionally feed in
upland dry areas, they prefer shallow wetlands where they are predominantly carnivorous. Surpris-
ingly, the sandhill-reared whooping cranes have "shifted" feeding habitats completely and have suc-
cessfully learned to feed in the sandhills' upland feeding niche. After the immatures become inde-
pendent of their foster-parents they continue to follow the migration path of the Grays Lake sand-
hills, demonstrating that migration is learned in whoopers, and probably also in other crane species.
After reaching sexual maturity several males have now returned to Grays lLake to establish breeding
territories. Unfortunately, in 1980 and 1981 the territorial birds were all males, and females of
breeding age were not available. This problem may be circumvented as young females reach reproduc-
tive maturity, and as captive-reared females are paired to and released with the territorial males.
Biologists believe that sandhill-reared whoopers are not sexually imprinted on sandhills, that they
recognize and are attracted to whoopers, and that they may be breeding in the near future.

A similar methodology could be applied to Siberian cranes and lesser sandhills in eastern Sibe-
ria. More than 30,000 lesser sandhills breed in eastern Siberia. They range from the Bering Sea
as far south and including the Kamchatka Peninsula, and west to the Indigirka River lowlands where
their distribution overlaps that of the eastern population of Siberian cranes. Unlike the Siberians
that winter in southern Asia, the sandhills migrate east across the Bering Sea to Alaska, then south
through central Canada and the Great Plains of the United States to winter primarily in west Texas,
northern Mexico, and the Central Valley of California (Boise 1978).

Siberians and sandhills nest simultaneocusly and in sympatry in northeast Asia, thus making it
possible to easily remove 1 Siberian crane egg from each nest containing 2 eggs and to substitute
the 1ifted egg into a sandhill nest, after having removed the sandhill eggs. The Siberian crane
would be reared by the sandhills among or near Siberian crane pairs rearing chicks hatched from
eggs left undisturbed. But when migrating, the sandhill-reared Siberians would head for North
America while the other Siberians depart for China. Like the sandhili-reared whoopers, the sand-
hill-reared Siberians would be expected successfully to move into the upland feeding niche and to
learn the migration route of the lesser sandhills. The Siberians would be expected to return to
natal areas in Yakutia and thus meet, flock, and perhaps pair with "normal" subadult Siberian
cranes.

Siberian cranes apparently only rear 1 chick per year, although 2 eggs are usually laid; con-
sequently, the foster-parent program might double the productivity of the eastern flock of Siberian
cranes. Each year half of the chicks would learn to feed in upland habitats in North America unlike
the "normal" Siberians that would continue to depend on the Asian wetlands. Perhaps the new winter-
ing population would be much more adaptable, and thus successful, than the traditional Siberians.

DISCUSSION

Crane species that feed in upland agricultural fields in winter are typically successful spe-
cies, whereas species that depend on aquatic habitats in winter are less successful. Will the
Siberian cranes be able to shift to the sandhill niche? The only clue to this concern is derived
from observations of several Siberian cranes that accidentally migrated to Japan and joined flocks
of white-naped and hooded cranes (Grus monacha) at the crane feeding station on Kyushu Island. For
several decades the Japanese Government has sponsored the winter feeding programs for cranes. Sev-

132



eral thousand birds congregate on a few hectares of agricultural Tands where they are fed a variety
of dry grains that are hand-scattered over the field each morning. The Siberian cranes fed on the
grains with the other crane species and in spring they migrated north. The Siberians can survive
on upland foods if they learn to feed through association with crane species that feed in uplands.
This is encouraging evidence that Siberian cranes could survive with lesser sandhills on their arid
winter habitats in North America.

In sharp contrast to the above example, however, are 2 lone subadult Siberian cranes that
wandered to Japan during migration but that did not find flocks of other crane species. These
cranes remained in flooded rice paddies and vainly probed in the mud for sedge tubers. The weak-
ened birds were captured and taken to zoos; otherwise they undoubtedly would have perished. They
did not know how to feed on available upland food items but had continued to unsuccessfully search
for tubers in shallow water habitat.

A 2nd concern is relative to the possible interaction of the Siberian crane and the whooping
crane if they happened to meet during migration. Both cranes are white with black primary flight
feathers and, based on such superficial evidence, they might be mutually attracted. However, recent
studies on the comparative ethology and morphology of cranes indicate that the Siberian crane is
distantly related to species of the genus Grue, shows greatest affinities with the wattled crane
(Bugerarnus carunculatus), and is now classified as Bujeranus (Archibald 1976a, Wood 1979). The
calls of the Siberian crane are soft and flutelike, whereas the Grus typically have harsh, shrill
calls. Likewise the threat postures and dances of the Siberians are highly distinctive from Grus
visual displays. The trachea of rus species coils extensively in the sternum, whereas in the
Siberians and wattled cranes the trachea makes only a slight indentation in the top of the sternum.
These marked differences in behavior and anatomy would undoubtedly help serve as reproductive iso-
lating mechanisms between Siberian cranes and whoopers.

The species also would be geographically isolated in their breeding distribution. Migratory
cranes return to nest in their natal areas. The Siberian cranes are expected to return to north-
east Asia to nest about 11,425 km west of the breeding grounds of the whooping cranes in Wood Buf-
falo National Park (WBNP), Canada. It could be argued that, if pairing occurred during migration
and the pair bond exceeded in strength the drive to return to natal areas to breed, whoopers might
be led to Asia or Siberians to WBNP. Evidence from closely related sandhill crane subspecies that
mix in flocks on migration and on their wintering grounds, yet maintain subspecies identity, indi-
cates that pairing very likely occurs on or enroute to the breeding grounds and not elsewhere
(Tacha pers. comm. 1981). Quite Tikely, pairing in other species Tikewise occurs on the nesting
grounds. This leads 1 to conclude that there is 1ittle risk of interbreeding between whoopers and
Siberians.

The hunting of sandhill cranes in Alaska, Saskatchewan, the Central Flyway States, and Texas
would be a threat to the Siberian cranes.

In the Central Flyway, large flocks of sandhill cranes migrate south in September in advance
of the movements of the whoopers that usually migrate from early October through early November
(Archibald 1976b). Sandhill hunting is opened in advance of the arrival of the whoopers and as
soon as a whooper is observed hunting is discontinued until the whoopers have departed. The Sibe-
rian cranes would migrate in company with the sandhills and thus present possible complications in
the hunting regime. Curbing sandhill hunting might create opposition from some hunters not inter-
ested in crane conservation, and perhaps the security of both the whoopers and Siberian cranes
would be threatened by such persons. Certainly the shooting of Siberian cranes in Canada or the
USA would not be understood in the USSR, China, and India where Siberian cranes are treasured and
protected.

Finally, the introduction of a species into a geographic area to which it was never known to
be native must be approached with care. The Siberian crane will only be introduced as a migrant
and winter visitor. The migration and winter habitat of the lesser sandhill crane consists pre-
dominantly of harvested agricultural fields where there 1is an abundance of food. If the Siberian
crane adapts to the sandhills' niche there will be an abundance of food for both species. Thus
the Siberian crane probably will not compete for resources with North American species.

CONCI USTON

Despite the potential biological problems in this project, the risks may be justified if the
wild Siberian crane populations continue to decline. Certainly a Siberian crane flock breeding on
their traditional breeding grounds in Asia, but wintering in North America, is a preferred option
to extinction of the species in the wild. The lesser sandhills of eastern Siberia provide that
option. To better assure the security of cross-fostered Siberians, the sandhills should be color-
marked in eastern Siberia and then monitored enroute to and through North America. By knowing the
migration route(s) and migration dates of the potential foster-parent population of sandhills, care
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can be taken in North America to mould crane hunting so that it poses a minimal risk to Siberian
cranes. The program offers an opportunity for scientific cooperation and good will between North
American and Asian nations in an age when cooperation amonyg the superpowers is essential to pre-
serve 1ife on earth as it is now known.
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INTRODUCTORY REMARKS

SCOTT L. ELLIS, Environmental Research and Technology, Inc., Fort Collins, CO 80522

THOMAS G. SHOEMAKER, Environmental Research and Technology, Inc., Fort Collins, CO 30522

The Platte River Whooping Crane Habitat Maintenance Trust (Trust) is a private, nonprofit
organization formed to restore and preserve migratory bird habitat in the Big Bend area of the
Platte River in Nebraska. The species of primary interest is the whooping crane (Grus americana);
however, the Trust is charged with protecting habitat for all migratory birds using the Big Bend
area, including sandhill cranes (Grus canadensis), ducks, geese, least terns (Sterna albifrons),
bald eagles (Haliaeetus leucocephalus), and others. The Trust was formed in 1979 as an element of
the settlement of litigation regarding the potential effects of the Grayrocks Dam and Reservoir, in
Wyoming, on the Nebraska habitat of the whooping crane and other migratory birds.

The court settlement which created the Trust allowed the Trustees considerable discretion in
meeting the Trust's purposes. The Trust may fund projects or activities which include, but are
not Timited to, management of crane habitat, acquisition of land or interest in land, conduct of
scientific studies, and acquisition of rights to water or water storage. The settlement, however,
explicitly required the Trustees to do the following:

{a) Establish a written habitat monitoring plan which can be used to describe changes in
riparian, wetland, and island habitat utilized by sandhill and whooping cranes within the Platte
River. The plan shall be reviewed by appropriate federal, state, and private agencies, including
the U.S. Fish and Wildlife Service, and the Nebraska Game and Parks Commission, concerned with the
natural resources of the Platte River in the area;

(b) Institute the habitat monitoring plan under the supervision of a technical steering com-
mittee comprised of qualified ecologists and water resource specialists selected by the Trustees;
and

(c) Prepare habitat monitoring reports for public distribution on a regular basis.

The following 2 papers summarize work conducted to date on fulfilling the requirements stated
above. The Tst paper (Armbruster and Farmer) provides the documentation for a sandhill c¢rane
habitat model for the Platte River. Sandhill crane hahitat requirements and relative importance
were defined using the U.S. Fish and Wildlife Habitat Suitability Index Model methodology.

The 2nd paper (E11is and Shoemaker) explains how the habitat suitability model influences the
content and organization of the Habitat Monitoring Plan. The Monitoring Plan is oriented toward
the use of remote sensing techniques and automated mapping to provide a data base for the monitor-
ing program. The habitat suitability models provide a mechanism for assessing migratory bird hab-
itat quality through time.

These 2 papers were distributed to a group of peer reviewers at a 25 August 1981 evening ses-
sion, organized by John VanDerwalker, Executive Director of the Platte River Trust. The primary
purpose of this session was to review the sandhill crane model assumptions. The authors wish to
acknowledge the very beneficial participation of the reviewers (see List of Participants). Com-
ments received during this session will be incorporated into the next draft of the habitat model.
The authors also thank John VanDerwalker of the Trust for support and guidance in developing these
presentations.

LIST OF PARTICIPANTS

Persons invited to the evening work session were those especially knowledgable about sandhill
cranes that use the Platte Valley Area. The individuals present were George Archibald, Mike
Armbruster, Dave Blankinship, Scott Derrickson, Ken Diem, Rod Drewien, Scott EI11is, Tom Eschner,
Dick Hadley, Ron Kauffeld, Eugene Knoder, Gary Krapu, Jim Lewis, Gary Lingle, Carroll Littlefield,
Tom Mangelson, Duane Schroufe, Len Schuman, Tom Shoemaker, Tom Tacha, Jake Valentine, and John
VanDerwalker.
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DRAFT SANDHILL CRANE HABITAT SUITABILITY MODEL

MICHAEL J. ARMBRUSTER, UU.S. Fish and Wildlife Service, Western Energy and Land Use Team, fFort
Collins, CO 80526

ADRIAN H. FARMER, U.S. Fish and Wildlife Service, Western Energy and Land Use Team, Fort Collins,
0 80526

Abstract: A draft habitat suitability model for sandhill cranes (Grus cansiensis) was developed
for use on the spring staging areas of the Platte River in central Nebraska. The model identifies
grain food, invertebrate food, and roosting requirements as critical habitat components. Grain
food is supplied by cropland cover types (corn and sorghum stubble, and wheat), invertebrate food
by grasslands and alfalfa fields, and roosting requirements by the channel or riverine habitat.
Factors modifying the availability of these resources are identified. The model was developed to
operate on data obtainable from aerial photographs; therefore, most variables are of a spatial for-
mat. Mechanisms are presented for obtaining a single numerical value representing habitat suita-
bility.

A modeling seminar was held 2 and 3 June 1981 in Fort Collins, Colorado, to develop a draft
habitat suitability model for sandhill cranes. Participants included Rod Drewien, University of
Idaho; Chuck Frith and Jim Lewis, U.S. fish and Wildlife Service; Ross Lock, Nebraska Game and
Parks Commission; Tom Shoemaker, Environmental Research and Technology, Inc.; and John VanDerwalker,
Platte River Whooping Crane Habitat Maintenance Trust. The authors served as discussion leaders.
Specific objectives were -

1. To develop a draft habitat suitability model for sandhill cranes in the Platte River
Valley that will operate on remotely sensed data.

2. To document the assumptions of the draft model including those necessary to extend the
model to include whooping crane (urus umericana) habitat requirements.

3. To identify a potential approach for subsequent testing and verification of the model's
performance with actual sandhill crane use data.

The purpose of this report is to document the draft sandhill crane habitat model developed
during the seminar. Whooping crane habitat relationships will be discussed at the end of the
report. This work was requested and partially funded by the Platte River Whooping Crane Habitat
Maintenance Trust through Cooperative Agreement No. 14-16-0009-81-999 with the U.S. Fish and Wild-
1ife Service. We wish to thank the above named participants for their patience and dedication to
the task of developing this model. We also extend our appreciation to G. Krapu for technical
assistance, J. Lewis and P. Sousa for editorial advice, and D. Ibarra and C. Gulzow for typing
earlier drafts of the manuscript.

METHODS

The model described below was developed following the conceptual framework used by the Habitat
Evaluation Procedures Group of the Office of Biological Services, U.S. Fish and Wildlife Service.
It is assumed in this approach that habitat suitability, or a specific area's ability to supply the
1ife requirements for selected species, can be numerically described. This description can be ac-
complished by sequentially subdividing "habitat" into conceptually manageable subcomponents, and
then identifying sets of field-measurable variables and the functional relationships which quanti-
tatively define the species' habitat requirements. Functional relationships in the model are con-
structed so that measured variables are compared to perceived optimum conditions. Optimum condi-
tions are those thought to be associated with the highest actual or potential densities of the
species within a defined area. Comparison of measured to optimum conditions results in an index
for each habitat subcomponent which can be ultimately aggregated into 1 habitat suitability index
(HSI). The HSI can be interpreted as a relative measure of the number of animals that could poten-
tially be supported by the unit of habitat under study.

Model development occurred in 3 phases and is presented here in that same sequence. The
phases are: (1) establishment of model objectives; (2) identification of model variables; and (3)
establishment of the functional relationships between model variables.
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ESTABLISHMENT OF MODEL OBJECTIVES

This introductory phase serves to set the rules, or bounds, for model development and subse-
quent application. Specifically, during this phase model goals are identified and the geographic
area and season of model applicability are defined.

Model Goals

A model, by definition, is a simplification of a complex system. However, if constructed
properly the model can be used to progressively improve our understanding of the system it mimics.
As understanding is acquired, detail can be added until the level of model complexity (i.e., cali-
bration) required to meet original objectives is reached. Thus, a model should have at Teast 2
goals; an acceptable short-term goal that permits improvement of understanding, and an ideal goal
that will meet aobjectives but may require a long-term effort.

Seminar participants identified an acceptable short-term goal as the informal presentation of
their draft model at the 1981 National Crane Workshop to be held in late August in Grand Teton
National Park, Wyoming. The purpose of the presentation was to obtain peer review and input, with
the ultimate goal of an improved and generally acceptable draft working model. Participants iden-
tified a long-term goal as the use of the model to predict the outcome of management activities
designed to maintain or improve sandhill crane habitat along the Platte River. This long-term goal
is pursued through testing the model against crane-use data and by long-term monitoring of crane
responses to management actions.

Geographic and Seasonal Applicability

Participants identified the primary area of model applicability as a 5.6-km band on both sides
of the Platte River between Overton and Chapman, Nebraska. QOther areas were also identified (1) in
the vicinity of Lake McConaughy, near Lewellen, and (2) between Sutherland and North Platte,
Nebraska. The period of model applicability was defined as the time when sandhill cranes use the
Platte River as a spring staging area, mainly 15 March to 15 April. However, collection of some
model variable data could fall outside this time frame.

IDENTIFICATION OF MODEL VARIABLES

The process of simplifying a complex system often translates into decisions concerning what
variables to leave out of the model rather than what variables to include. Study constraints,
including time and money, assisted seminar participants in limiting potential variables for the
draft model. It was decided that the model would operate on data obtainable from aerial photo-
graphs. Any other data would have to come from existing sources, such as flow regime information
from gauging stations operated by federal or state agencies. It was recognized that such restric-
tions could 1imit the model's predictive reliability.

The sequential subdivision of habitat subcomponents into measurable variables is facilitated
through the consideration of simple habitat relationships. 1In this approach, the relationships
between habitat requirements, such as food and water, and the surface cover types from which they
originate, are 1st identified. Next, characteristics of those cover types that in some way relate
to the supply of habitat requirements are identified as potential model variables. Final selection
depends on the modeler's ability to describe the functional relationships of potential model vari-
ables to habitat suitability, and to obtain measured values within study constraints. This process,
as used by the seminar participants, is discussed below along with the appropriate functional
relationships.

Habitat Requirements

Seminar participants identified 3 requirements they considered critical in supplying optimum
spring staging habitat for sandhill cranes along the Platte River. These requirements included
grain food, invertebrate food, and roosting requirements. Food was treated as 2 separate subcom-
ponents in response to studies which have speculated on the synergistic importance of both (Reinecke
and Krapu 1979). It was generally agreed that roost sites were the key habitat subcomponent and
that several measurable variables could be readily identified.
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The importance of loafing requirements (including drinking water) was discussed at length by
seminar participants. It was noted that ideal conditions exist if certain cover types used for
Toafing were located adjacent to or in close proximity to roost sites. However, these same cover
types were also used for feeding. Therefore, the 1st major assumption of the model was that Toaf-
ing requirements woulid never be more Timiting than roosting and feeding requirements; i.e., if
roosting and feeding requirements were met, then loafing requirements would also be met. Thus,
loafing requirements were not formally identified in this model as a critical subcomponent of
spring sandhill crane habitat.

Cover Types

Potential model variables were limited earlier to those values readily obtainable from remote-
ly sensed map data. Seminar participants anticipated that this limitation would require the struc-
turing of most model variables into a spatial format, i.e., the amounts available of particular
cover types supplying habitat requirements, and distances between such points of interest. Thus,
identification of mappable cover types, related to the habitat requirements of sandhill cranes,
became an extremely important task in model development.

The following discussion 1st defines cover types from which previously identified habitat
requirements originate. It then defines an additional cover type identified by seminar partici-
pants as functioning in adjusting the values of those requirements. Values and adjustment factors
will be discussed Tater under model variables.

Cover type origins of habitat requirements.--Seminar participants identified cropland, alfalfa,
grassland, and riverine types as the potential supply sources of at least 1 habitat requirement.

Sandhill cranes obtain grain food from nontilled (stubble} grainfields. Grain food consists
almost entirely of corn, with lesser amounts of sorghum and wheat also taken (Fritzell et al. 1979,
Lewis 1979, Reinecke and Krapu 1979). Therefore, data bases generated from aerial photography must
delineate cropland (corn and sorghum stubble, and wheat) as a major cover type.

Invertebrate food, in the form of earthworms, beetles, grasshoppers, cutworms, and snails,
accounts for approximately 4% of the composite spring diet of sandhill cranes staging along the
Platte River (Reinecke and Krapu 1979). Although this constitutes a relatively small percentage
of the total diet, time budget analyses by Reinecke and Krapu (1979) indicate that cranes expend
over one-half of their daily foraging effort in obtaining this food source. This relatively large
expenditure of effort for so small a percentage of the total diet constituted the basis for inclu-
sion of invertebrate food as a distinct habitat requirement in the draft model.

Reinecke and Krapu (1979) found that invertebrate food was obtained almost exclusively from
grasslands (tame and native) and alfalfa fields. Other researchers working on the Platte have
obtained similar results, but also have indicated the importance of moisture, i.e., the more mesic
sites, or "wet meadows," being preferred by sandhill cranes (Frith 1976, Lewis 1979). Participants
identified alfaifa as a required model cover type, but agreed to postpone any classification of
grassland until it could be determined what level of moisture regime separation (i.e., mesic to
xeric conditions) was possible from aerial photography. It is anticipated that some of the more
mesic grasslands may be distinguishable as the Emergent Wetland-Temporarily Flooded category of
Cowardin et al. (1979:30, the Type 1 of Shaw and Fredine 1956).

Sandhill crane roosting requirements are supplied by the river channel, as modified by the
presence of vegetation (Frith 1974 in Aronson and E11is 1979). Seminar participants agreed on the
need to subdivide within-channel roosting habitat into 3 separate cover types: (1) open riverine--
either open water or bare sand; (2) riverine with vegetation <1 m in height; and (3) riverine with
vegetation >1 m in height.

Cover types which modify the value of habitat requirements.--Seminar participants identified
woody vegetation, subdivided into categories of <1 mor >1 m in height, as cover types which may
modify the value of habitat requirements supplied by the types (cropland, alfalfa, grassland, and
riverine) discussed above.

Model Variables and Their Values

"Contrary to the feelings of many . . . when it comes to modeling complex nature, information
about only a relatively small number of variables is often a sufficient basis for effective models
.« . " (0dum 1971:7). Thus, it became the task of seminar participants to identify and limit
potential model variables to those which not only could be evaluated from aerial photography, but
also would serve to represent in aggregate the quality of value of specific units of habitat for
sandhill cranes. The following discussion presents the sandhill crane habitat requirement variables

138



identified by seminar participants, the Togic and assumptions associated with each, and their respec-
tive values.

Grain food variuablies.--Grain foods occur in croplands predominately used for corn production.
The potential variables considered were tillage regime, type of crop, and amount (area of crop
type). Seminar participants felt the availabiltiy of grain food for sandhill cranes was not a
problem because most areas supported spring-tilled corn. Therefore, it was assumed that the only
significant variable was the area of cropland, and that all croplands support grain of equal value
to cranes. However, technological improvements in harvesting equipment or land-use changes in the
future could alter this situation and precipitate model revisions.

The total area of cropland is not synonymous with the area available for crane use. Cranes
are intolerant of certain human disturbance factors which, if present, render segments of cropland
unavailable. This is a behavioral characteristic manifested as avoidance of an area around the
respective disturbance. For purposes of delineating the available area of grain food, this bio-
Togical relationship can be translated into zones of varying widths around disturbance factors
identified from aerial photos. These zones supply no usable grain food for sandhill cranes. The
disturbance factors and widths of zones identified by seminar participants as supplying no grain
food are presented in Table 1. Note that zone widths vary, reflecting the differential response
of cranes to different types of disturbances.

Finally, participants noted that the presence of a visual barrier between the disturbance fac-
tor and cropland eliminates the avoidance response. A visual barrier is defined as woody vegeta-
tion >1 m in height. Therefore, the existence of the above cover type between a disturbance factor
and cropland makes the entire cropland (up to the visual barrier) available for crane use.

Invertebrate food variables.--Seminar participants discussed the relative abilities of alfalfa
and grassland cover types to supply invertebrate food for sandhill cranes. As discussed previously,
there was a general feeling that the more mesic grassland types were probably better crane habitat,
in terms of invertebrate food, than were either alfalfa or the more xeric grassland types. There-
fore, the mesic areas should be more valuable and have a higher rating or weight than the drier
sites. However, substantiating data for this premise are not available. Participants therefore
agreed to postpone any weighting scheme for cover types supplying invertebrate food until more
information becomes available. Thus, the variable of interest for invertebrate food is the area
of alfalfa and grassland cover types available for crane use.

Seminar participants believed that the human disturbance factors applicable to alfalfa and
grassland cover types were the same as those used to adjust total area of available cropland
(Table 1). However, it was noted that cranes tolerated even less disturbance while using inverte-
brate food cover types. Therefore, the zones of disturbance used to adjust available alfalfa and
grassland are larger. The presence or absence of a visual barrier will also affect the use or
avoidance of alfalfa and grassland types, just as it functioned for cropland. Thus, woody vegeta-
tion >1 m in height is applicable as a visual barrier for alfalfa and grasslands.

Variobles associated with roosting requirements.--Participants identified 3 variables which
characterize the roosting requirements of sandhill cranes. These variables relate primarily to
how the riverine cover type supplies security to the birds while they are using the channel for
roosting. The variables deal with the amount of area available, the depth of water, and the poten-
tial for human disturbances.

Cranes rely heavily on the eyesight of flock members to detect potential danger. This defense
mechanism works best in terrain where potential predators can be detected before the flock is
threatened. This relationship translates into a requirement for some minimum area of unobstructed
view. A visual obstruction for sandhill cranes is vegetation, a stream bank, or any other visually
solid object >1 m in height. Seminar participants felt that cranes require at least 25 m of unob-
structed view in all directions before they will use a channel for roosting. This means that the
minimum area needed for roosting is 25 m in radius, or a minimum unobstructed channel of 50 m. Op-
timum conditions occur when at least 75 m or more unobstructed view exists, or a minimum unobstruc-
ted channel width of 150 m. These estimates are based on actual crane-use data (U.S. Fish and
Wildlife Service 1981).

Sandhill cranes prefer to roost on submerded sandbars within the river channel. Seminar par-
ticipants identified depth of water as an important variable and agreed that the optimum water
depth for roosting ranged from 10.2 to 20.3 cm. Water deeper than 35.6 cm is considered unsuitable
for roosting. Some use of bare sand occurs but it is assumed that it will never be more than one-
half the value of optimum water depths.

Most of the variables identified thus far (e.g., amount of cropland, presence or absence of
vegetation >1 m, or width of unobstructed channel) lend themselves well to interpretation from
aerial photography. This is not true for depth of water. Flow in the Platte is a dynamic variable
changing between months, weeks, day to day, or even hourly. Therefore, depth conditions depicted
by aerial photography at 1 instant in time may be meaningless when extrapolated to the 1-month to
6-weeks period of spring crane use. Participants agreed that values for this variable should be
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Table 1. Types of disturbances resulting in Table 2. Types of disturbances influencing use

avoidance of cover types by sandhill cranes of potential riverine roost sites by sandhill
and the size of affected areas. cranes and the size of affected areas.
Width (m) of affected area® width (m)
Type of Alfalfa and Type of disturbance of affected area
disturbance Cropland grassland
Paved road 100 200 Paved road 400
Gravel road 50 100 Gravel road 200
Private road 10 20 Private road 40
Urban dwelling 200 400 Urban dwelling 800
Single dwelling 50 100 Single dwelling 200
Railroad 100 200 Railroad 400
Commercial Commercial
development 200 400 development 800
Recreational area 50 100 Recreational area 200
Highlines 10 20 Highlines 40
Bridges 100 200 Bridges 400
3Width of a band on both sides of a dis- 3idth of a band on both sides of a dis-
turbance factor, or the radius around a single turbance factor, or the radius around a single
point. point.

obtained from sources other than aerial photography. These data will be obtained from a hydrolog-
ical submodel which integrates flows as measured at various gauging stations, with stream width to
obtain a mean depth for various cross sections of channel. Work is currently underway to develop

the hydrological submodel in cooperation with the U.S. Geological Survey.

Seminar participants identified the potential for human disturbance as the last of 3 variables
characterizing the ability of the riverine cover type to supply roosting requirements. An other-
wise optimum roost site (i.e., optimum unobstructed area and optimum water depths) will not be used
by cranes if located too near a source of human disturbance. Table 2 lists the disturbance factors
which should be considered and their respective zones of influence. It should be noted that, as
with cropland, alfalfa, and grassland, the presence of a visual barrier between the disturbance
factor and the river channel may eliminate the disturbance potential. Visual barriers are woody
vegetation >1 m in height.

Overall Habitat Suitability

The final step in the identification of model variables involves considering the location of
habitat requirements and the relative amounts of cover types supplying these requirements. Qptimum
habitat conditions occur when requirements are in close proximity and the supplied resources (e.g.,
food) are at or above some defined level.

Juxtaposition.--Juxtaposition or the proximity of cover types can be characterized in terms of
distances between the cover types of interest. As noted previously, seminar participants identified
roosting requirements as the key subcomponent of spring staging habitat. Therefore, the focal
point of the model becomes potential roost sites, and any juxtaposition variables should deal with
the location of cover types potentially supplying grain and invertebrate food, i.e., their Tlocation
in terms of distances from roosting sites. Seminar participants felt that optimum juxtaposition
occurs when both grain and invertebrate food sources are located within 1.6 km of the roost site;
between 1.6 km and 5.6 km suitability is assumed to decrease Tinearly. Food resources located 5.6
km from the roost site are assumed to be only one-tenth as valuable to cranes as those located
within 1.6 km.
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Composition.-~-Composition is the relative proportion or percent of an area which provides an
identified habitat requirement (e.g., grain food). Seminar participants agreed that estimates of
optimum percent composition for each habitat requirement needed some type of substantiating data.
Subsequent evaluation of area estimates for various cover types along the Platte River between
Kearney and Grand Island, Nebraska, have provided some relative values for present conditions.
These are extremely gross estimates of optimum percent composition, and are presented here to serve
as a focal point for discussion and future refinement. These estimates are: 55% cropland (grain
food), 35% grassland and alfalfa combined (invertebrate food), and 5% riverine (roosting require-
ments ).

ESTABLISHMENT OF THE FUNCTIONAL RELATIONSHIPS BETWEEN MODEL VARIABLES

Habitat suitability will be evaluated by combining model software with computer capabilities
in order to interpret spatial data. The specifics of such an approach are beyond the scope of this
report; however, such capabilities do exist and require only the interpretation of aerial photog-
raphy, digitization of appropriate cover types, and data entry. In the following section, the func-
tional relationships between previously identified variables are described and a mechanism is pre-
sented for combining these values into a single aggregate index representing habitat suitability for
sandhill cranes. The discussion is basic with an emphasis on concepts rather than the actual mechan-
ics of data manipulation which are largely automated. The functional relationships associated with
habitat requirements, i.e., grain and invertebrate food, and roosting, are presented 1st followed
by a discussion of how juxtaposition and composition considerations will adjust these variables into
a single value for habitat suitability.

Food Relationships

No variables were defined to differentiate quality levels of cropland, grassland, or alfalfa.
The variables of interest for both grain and invertebrate food are simply the usable areas of each
respective cover type supplying these resources after adjustment for human disturbance. Total area
of each type will be compared to the total area of all cover types under consideration within a
defined area. This comparison will yield a relative percent value for each cover type supplying
either grain or invertebrate food. These relative percent values will ultimately be compared to
the optimum percent composition values to obtain a food suitability value for both grain and inver-
tebrate food (see discussion of composition relationships presented below).

Roosting Relationships

The suitability of a given channel segment for roosting by sandhill cranes is a function of
3 variables: the area of unobstructed view, the mean depth of water, and the presence or absence
of disturbance factors within defined distances from the channel. Optimum roosting conditions are
defined as a segment of unobstructed (water, bare sand, or vegetation <1 m in height) channel >150 m
wide having a mean depth between 10.2 and 20.3 cm and free from the human disturbances listed in
Table 2.

In situations where values are other than optimum the relationship between the 3 variables is
assumed to be compensatory whereby a low value for 1 variable is offset by high values for the
athers. However, if any of the values are 0.0, or unsuitable, then the overall suitability of the
site for roosting should be 0.0. Thus, a geometric mean of the 3 variables is the suggested
function:

1
RS = (UA x WD x DF) /3

where RS = roosting suitability of the channel segment under evaluation; UA = index value for unob-
structed area; WD = index value for water depth; and DF = presence or absence of disturbance factors.
Note that UA and WD are expressed as indices with values ranging from 0.0 to 1.0. Optimum values
equal 1.0, while 0.0 represents no habitat potential, or unsuitability. Disturbance factors are
treated differently. Only 2 values are possible for this variable; 1.0 if none of the disturbance
factors Tisted in Table 2 are located within their respective distances of a potential roost site,

or 0.0, if any single or combination of factors exists within their defined distances of the channel.



Juxtaposition and Composition Relationships

The final step in obtaining an overall habitat suitability value for a particular area of inter-
est involves the adjustment of each habitat requirement suitability value {(e.g., RS = roosting suit-
ability) by juxtaposition and composition values. Seminar participants defined optimum conditions
as the existence of adequate grain and invertebrate food within 1.6 km of roosting requirements.

The suitability of food sources is adjusted downward as distances from roosting habitat exceed 1.6
km. Computerized evaluation of distances for cover types serving as potential food sources will
yield adjusted (by the respective juxtaposition value) grain and invertebrate food suitability
values.

The final adjustment before an overall habitat suitability value is obtained involves composi-
tion considerations. Earlier, percent composition values were presented for each of the 3 habitat
requirements. The suitability values for each habitat requirement, adjusted by juxtaposition values
as described above, are summed across all cover types supplying their respective requirements to
calculate the total available amount of each habitat requirement. FEach total is then divided by
the area under study to yield percentage figures (e.g., percent of a defined study area that pro-
vides grain food). These figures are estimates of the usable habitat resources per unit area. The
final operation requires the division of these estimates by optimum percent composition figures
which are estimates of the habitat resources per unit area required to support a perceived optimum
population density of cranes. An index value between 0.0 and 1.0 is obtained for each habitat re-
quirement. It is assumed that the Towest habitat requirement suitability value resulting from these
adjustments represents the overall sandhill crane habitat suitability of the area under study.

DISCUSSION

The purpose of this report has been to document a draft sandhill crane habitat suitability
model developed earlier this year by a group of individuals knowledgable of the species and its
needs while staging each spring along the Platte River in central Nebraska. Critical habitat re-
quirements were identified as grain and invertebrate food, and roosting requirements. These require-
ments are currently provided by croplands, alfalfa fields and grassiands, and the river channel. The
model was developed to operate on data obtainable from aerial photography; therefore, most variables
representing critical habitat requirements are in a spatial format. The final output from the model
is a single value, the habitat suitability index {Fig. 1). This index can be interpreted as a rela-
tive measure of the number of sandhill cranes that could potentially be supported by any specific
unit of habitat.

This report completes the initial documentation of the model. However, there remains the task
of evaluating the models' performance. The reader has undoubtedly identified several areas where
further definition is required. One of these is the area of disturbance factors and visual barriers.
Is there a minimum width required before an assumed visual barrier becomes functional? Recent work
in the eastern United States indicates that distances and visual barriers may be more complicated
than the simple relationships assumed here (Lovvorn and Kirkpatrick 1981). Other questions involve
the size of a study area, the use of exposed sandbars as opposed to submerged bars, and composition
values more in tune with crane energetics. The answers to these and other questions will be pursued
as work is initiated in 1982 to evaluate and ultimately calibrate the model presented in this report.

GRAIN FOOD —— CROPLAND
SPRING N ALFALFA JUXTAPOSITION HABITAT
SANDHILL CRANE SUITABILITY
FOOD COMPOSITION
HABITAT CONSIDERATIONS INDEX
GRASSLAND
ROOSTING AIVERINE

REQUIRMENTS

Fig. 1. Habitat requirements, cover types, and sratial considerations used to describe sandhill
crane habitat.



WHOOPING CRANE HABITAT RELATIONSHIPS

The 2nd objective of the seminar called for the documentation of the sandhill crane model com-
plete with any additional assumptions needed for a model of whooping crane habitat. As seminar par-
ticipants developed the model it became clear that the level of data detail available for sandhills
did not exist for whooping cranes. The 2 species appear to use entirely different strategies for
exploiting resources during migration. There does not appear to be enough data available on whoop-
ing crane habitat requirements during migration to develop a model similar to the draft presented
here for sandhill cranes. Seminar participants identified human disturbance as an important vari-
able to consider but could go no further in identifying other habitat requirements. It appears a
great deal of work is required if we are to understand the habitat needs of migrating whooping
cranes.

Drewien and Bizeau (1981) studied habitat use of whooping cranes migrating from Grays Lake,
Idaho, to wintering grounds in New Mexico. The radio-tagged birds were followed by aircraft. In
the fall of 1981, radio-tagged whooping cranes are being followed from Wood Buffalo National Park,
Canada, to their wintering grounds on the Texas coast. It is hoped that these studies will pro-
vide the Tst of the data required to describe habitat needs of migrating whooping cranes.
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DRAFT HABITAT MONITORING PLAN FOR THE PLATTE RIVER WHOOPING CRANE HABITAT MAINTENANCE TRUST

SCOTT L. ELLIS, Environmental Research & Technology, Inc., Fort Collins, CO 80522

THOMAS G. SHOEMAKER, Environmental Research & Technology, Inc., Fort Collins, CO 80522

Abstract: A draft Habitat Monitoring Plan was developed to meet the management needs of the Platte
River Whooping Crane Habitat Maintenance Trust. The Plan contains the following major elements:

an automated land cover:land use mapping system that is updated by periodic interpretation of new
aerial photography, a map overlay system that permits comparisons of change in land cover types
over time, and habitat suitability models that provide habitat quality ratings for a particular
species (e.g., sandhill crane) on particular river reaches in the Trust management area. Addition-
al habitat suitability models, and a hydrology model (river channel width maintenance) will be
added to the Plan in the future.

The purpose of this presentation is to outline the major elements of the Habitat Monitoring
Plan (HMP) being developed for the Whooping Crane Habitat Maintenance Trust based in Grand Island,
Nebraska.

The purpose of monitoring is to gather ecological data needed to do the following:

1. Evaluate the quantity and quality of existing migratory bird habitat in the Trust's operational
area.

2. Predict trends in the quality and quantity of migratory bird habitat.
3. Periodically measure the quantity and quality of migratory habitat--and compare these measures.

4. Provide information for the Trust's strategic planning efforts.

HABITAT MONITORING PLAN CONTENT

Environmental elements to be monitored are primarily determined by the habitat requirements of
the principal migratory bird species that use the Platte River system. The initial step in defining
crane habitat requirements on the Platte was to develop a habitat suitability model for sandhill
cranes (Grus canadensis) because the habitat requirements of whooping cranes (7. americansz) during
migration are still poorly known. It is assumed that this model, with modifications, will aiso be
valid for whooping cranes. The habitat suitability model for sandhill cranes was developed through
discussions with biologists familiar with the Platte River System (see Armbruster and Farmer, this
proceedings).

The model identifies the major habitat components that supply the needs of sandhill cranes
during the spring staging period on the Platte River. These components are discussed in detail in
the preceding article. Briefly, these components include the following: Food (a) invertebrate
(wet meadows, grasslands) and (b) grain (croplands); roosting sites (a) open river channel (1limited
by minimum unobstructed view, and minimum and maximum water depth).

Constraints on crane feeding and roosting areas include a variety of human disturbances (road,
houses, powerlines), as well as natural visual obstructions (tall trees). Other constraints in-
clude a the maximum distance that cranes must fly between feeding and roosting sites. Based on the
crane habitat components identified above, the focus of habitat monitoring will be directed toward
(1) detecting and predicting changes in quantity and quality of available or potential crane roost-
ing habitat, and (2) detecting and predicting changes in quantity and quality of available crane
feeding habitat. Other factors that influence the content of the monitoring plan include document-
ing the potental for, and success of, applied habitat rehabilitation efforts, and water management
approaches.

HABITAT MONITORING PLAN OPERATIONAL COMPONENTS

The habitat monitoring system for the Platte River consists of a data base, and several analyt-
ical tools that extract and synthesize information for decisionmaking. Figure 1 illustrates the
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relationships among the various components. The characteristics of each of the components are dis-
cussed separately below.

Data Base

The initial data base for the Trust monitoring system will consist of 2 major data types:
land cover maps and numerical data (e.g.., crane census data, river discharge data). A land cover
map data base derived from aerial photography interpretation was chosen for the HMP because of the
following: (1) the large size of the study area (2,072 km? or more), (2) the capability to dis-
criminate important crane habitat elements from aerial photography, (3) the need to measure change
in area of key habitat components over time, and (4) compatability with past and ongoing studies
on the Platte River.

The Tand cover classification system will be developed to meet criteria for existing and
future habitat models and management needs. Land cover maps will be developed from existing and
new aerial photography interpretation, and digitized for computer storage. The map data base will
be updated periodically, depending upon rate of change detected in the river system, and specific
management actions taken to enhance crane habitat.

The numerical data base (e.g., crane census data) is expected to be supplemented by existing
data collection programs (U.S. Fish and Wildlife Service [USFWS] crane population surveys, U.S.
Geological Survey [USGS] stream gaging data). The Trust will initiate its own data collection pro-
grams to help answer specific questions posed by its own activities (e.g., evaluating the effects
of removing vegetation in the river channel).

Analytical Tools

The analytical tools used to manipulate the map data base will consist of 2 elements. The 1st
element is a data management system that can display and compare map content. This data manager is
called a Geographic Information System (GIS). The 2nd element consists of models or criteria for
defining habitat availability for a particular animal.

Geographic Information System

A Geographic Information System is defined as a computerized system for storage, manipulation,
and analysis of geographic (map) data. The GIS is included in the HMP because it will be a criti-
cal tool in the management of the large volume of geographic data associated with the HMP. When
geographic data are input into the computer system they can be easily updated to reflect changing
conditions on the Platte River or changing objectives of the Trust. The GIS has also a number of
powerful analytical tools that will facilitate the habitat quality evaluation based on the Habitat
Suitability Index model and which can be used to evaluate management options.

The intent of the HMP is to provide answers to the simple questions about habitat (habitat
quantity, percent change over time) and to provide analytical tools for answering the more complex
questions of crane-habitat interactions. The 1st step was to develop a crane habitat suitability
model in which assumptions about crane habitat quantities and qualities were expressed. A 2nd
step in this process was to determine the analytical capabilities in a GIS needed to properly as-
sess habitat quality and habitat change over time. Basic analytical capabilities include the
following:

1. Overlay. Needed to document changes in a land cover type or other feature over time. Also
needed to examine relationships between data planes (e.g., land cover type and lTand ownerships).

2. Size. Needed to calculate the area of different cover classes.
3. Distance, Proximity. Needed to examine the geographical relationship between crane habitat
components. This is a critical capability in examining how cranes use habitat resources.

Proximity of habitat components is a key element in the crane habitat suitability model.

4. Interspersion. MNeeded to examine how the juxtaposition of different habitats affects crane
use. Qutput is expressed as frequency/unit area.

5. Buffer. Needed to identify constraints in system (e.g., human dwellings, roads).
6. Composite. Needed to provide numerical weighting of habitat components for habitat quality

evaluations.



Other system characteristics that are needed include:
1. Scale flexibility. Needed to compare data sets entered into the system at different scales.

2. Geographic Flexibility. Needed to Tocate sampling points at any location within the study
area, and to freely modify sampling or study area boundaries.

3. Aggregation-Disaggregation. Needed to combine or separate different classes, depending upon
the types of comparison needed.

Basic output capabilities of the Geographic Information System include the following:

1. Data Tabulation. Needed to provide numerical summaries of habitat quantity, quality, and
extent of change.

2. Map generation. Needed to provide hard copy of stored base maps, and to provide results of
analytical procedures (e.g., shading of certain cover classes to visually represent intersper-
sion; overlay maps to analyze change in size and position of cover classes).

At the present, the USFWS Map Overlay and Statistical System (MOSS)(USFWS 1979) provides the
needed analytical capabilities and was designed to analyze wildlife habitat problems. The MOSS
software system, or a system of comparable capabilities, will be used by the Trust to analyze mon-
itoring data, and to validate the crane model as the model evolves.

Habitat Suitability Index Models

Habitat monitoring will focus on the quality and quantity of available habitat. Assessment
of habitat quality is a difficult, often subjective, process and the goals of the HMP demand ex-
plicit documentation of the assumptions and process used to evaluate relative habitat quality.

The format chosen for preparation and documentation of the habitat quality evaluation criteria

was the Habitat Suitability Index Model or HSI model. HSI models have been developed in recent
years for a variety of species for use in the U.S. Fish and Wildlife Service's Habitat Evaluation
Procedures. The HEP Group, part of the Western Energy and Land Use Team in Fort Collins, Colorado,
was contracted by the Trust to prepare a HSI model for sandhill cranes on the Platte River. Back-
ground data gathering and model documentation were completed by HEP personnel; however, the major-
ity of the model content and structure is based on an intensive 2-day workshop attended by noted
crane researchers and state, federal, and private groups cooperating with the Trust.

A model is generally an abstraction of reality used as a tool to improve both our understand-
ing and predictive capability about functioning systems (Habitat Evaluation Procedures Workbook,
unpublished). 1In this instance, the system of interest is the species-habitat relationships for
sandhill and whooping cranes on the Platte River, Nebraska. The model represents a synthesis of
available information on factors affecting habitat use by cranes in the Trust study area. The HSI
model format was chosen as a vehicle for habitat quality evaluations because it: (1) documents
the habitat quality evaluation process, (2) establishes the Tevel of credibility of the evaluation,
(3) provides a permanent record of the basis for decisions based on habitat quality evaluations,
(4) synthesizes habitat information for cranes on the Platte, (5) provides improvement incentive,
(6) establishes a testable scientific hypothesis, (7) is compatible with the land cover classifi-
cation mapping system, (8) functicns with data that may be obtained from aerial photography inter-
pretations, and (9) supports the planning and habitat management functions of the Trust.

The HST model for cranes focuses on the physical and biological characteristics of habitats
used by cranes for night roosting and feeding. Model variables focus on well-known parameters of
concern to crane biologists, such as visual characteristics of roost sites, the degree of isolation
from human disturbance, interspersion between roosting and feeding habitats, and the optimum mix of
habitat types used by cranes. A more extensive discussion of model assumptions and applications is
supplied in Armbruster and Farmer (this proceedings).

It is the intent of the HMP that other species habitat suitability models will be developed in
the future as management actions in the river are applied and more information is obtained to sup-
port model assumptions.

Platte River Hydrology Models

The relationships between migratory bird habitats and water use in the Platte River ecosystem
are critical factors to consider in the HMP. Several authors (Frith 1974, Williams 1978, Karlinger
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et al. 1981) have discussed the importance of Platte River flow conditions in determining the rate
and direction of vegetative succession patterns within the river channel. The relationships between
river flow, channel pattern, and the availability of crane roost habitat are very complex and have
been the focus of intensive recent study by the USGS. The results of those studies are just begin-
ning to be published so only general statements can be made about water use parameters to be in-
cluded in the HMP. Detailed plans for water monitoring shouid be developed when USGS study results
are published.

Inclusion of river flow parameters in the HMP is based on 2 main considerations. First, the
river and other water areas in the study area are important habitats for migratory birds. However,
these habitats are extremely dynamic and the static picture provided by aerial photographs does not
adequately characterize habitat conditions. Second, river flow is believed to be an important fac-
tor in maintenance of channel width and control of vegetation establishment within the river channel.
Accordingly, river flow at certain periods of time may provide an important indicator of the need
to initiate a habitat monitoring cycle. Recommended water use parameters are discussed below.

Water Jderth relatiomeh?:s.--An important quality of crane roosts is that they be submerged
under less than 45 cm of water. Unfortunately this quality is difficult to measure on aerial photo-
graphs (without extensive correlation to simultaneously taken ground measurements) and fluctuates
greatly with river flow. In the HSI model for cranes it was assumed that water depths are accept-
able in any given reach if channel width criteria are met. This relationship appears generally to
be true considering recent river discharges during the spring staging period, but it should be ver-
ified and monitored in the HMP.

Recent USGS work (Karlinger et al. 1981) demonstrated the application of theoretical equations
which can be used to relate river discharge, channel width, and water depth. It appears that the
same relationships could be used to generate a threshold range of river discharge values which pro-
vide acceptable water depths in channel areas which meet channel width suitability criteria for
crane use. These threshold ranges would need to be calculated for the USGS gaging station at Over-
ton and possibly other gaging stations in the Trust study area. Monitoring efforts would thus con-
sist of comparisons between measured and threshold daily discharge records for each gaging station
for the spring staging period (late February to early May). These comparisons would provide a val-
uable check on a basic assumption of the HSI model for cranes.

Chemmel width relationshivs.--The unobstructed channel width of the Platte River is a key fac-
tor affecting distribution of sandhill cranes. Accordingly, maintenance of channel width is a sub-
ject of critical importance to the management and preservation of crane habitat on the river. The

USGS work mentioned above (Karlinger et al. 1981) was directed at this problem and demonstrated an
approach for calculating river discharge (effective discharge) needed to maintain a predetermined
channel width within specified river reaches. The authors also addressed the question of the re-
quired flow duration for the effective discharge. The process described by the USGS appears to be
a key step in management of crane habitat on the Platte and in the HMP. If effective discharges
and required flow duration are calculated for key reaches on the Platte, these can be considered
threshold values for an indicator system for future channel width changes. River discharge can be
monitored at the appropriate USGS gaging stations and the data used to compare actual discharge to
the threshold values. Failure to meet the threshold flows and duration may then be a triggering
mechanism for initiating renewed habitat monitoring efforts.

HABITAT MONITORING PLAN IMPLEMENTATION
Base-1ine Phase

The HMP is implemented in 2 phases: base-line and future. The base-line phase will require
extensive effort because the elements of the HMP are not currently active at any location. Thus
the base-Tine phase entails work in developing and integrating the HMP elements as well as appli-
cation to an initial data base. Major tasks involved in the base-line phase involve the following:
(1) selection of appropriate group(s) to complete work; (2) acquisition of existing aerial photo-
graphy and land cover maps; (3} revision of MOSS software to best fit overall Trust requirement;
(4) digitization of land cover maps; (5) application of HSI models and map production; (6) valida-
tion of HSI models; (7) development of threshold values for water use parameters; and (8) prepara-
tion of base-T1ine monitoring report.

USFWS Platte River Ecology Study efforts have produced adequate aerial photography coverage
and partial land cover mapping of acceptable technical quality to initiate the land cover data base.
The base-line land cover data base will consist of these products to the extent feasible. Develop-
ment of base-line data for wildlife populations, water, and land use parameters will be based on
the results of the 3-year USGS, USFWS, and Bureau of Reclamation interagency Platte River research
program. Based on the strategic planning needs of the Trust, the base-Tine data acquisition phase
will be initiated in fiscal year 1982.
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Future Applications

Future monitoring efforts will be needed to update data bases used in the base-line analysis
so that a summary of habitat quantity and conditions can be prepared at least on a yearly basis.
However, it is not intended that the entire data base, including aerial photography, be revised
each year. Rather, the design of the system, especially the computer-based GIS capabilities, empha-
sizes the ability to update small portions of the data base at will. This provides the flexibility
to update the data base as needed, according to results of qualitative surveys, knowledge of land
use changes, or interpretation of new aerial photography for a limited part of the study area.

An annual aerial survey will be conducted. The purpose of this survey is to detect signifi-
cant changes in habitat, based on comparisons between observed ground features and previously
mapped features. This survey will be conducted by the HMP Steering Committee or other qualified
group. This group will have responsibility for deciding whether an observed change on the ground
is significant in determining potential crane or migratory bird use. The survey will be conducted
once (or more frequently if conditions warrant) during the growing season when crops are easily
identified. The procedure will consist of flying transects along the Platte River from Overton to
Chapman to document any important changes in land cover since the previous survey. The survey is
intended to be qualitative and will focus on important crane and migratory bird use areas.

If changes observed appear to be significant, a special aerial photography flight over a 1im-
ited area will be scheduled to provide documentation of this change. Land cover maps will be up-
dated from the new photography and revised maps digitized to reflect changes. Depending upon the
magnitude of change observed, reanalysis of crane habitat suitability will be conducted in the
river reaches where change was detected to determine whether habitat suitability index values have
changed.

It is anticipated that the entire land cover data base will be periodically updated, perhaps
at approximately 5-year intervals. This effort would involve obtaining new aerial photography,
interpreting, and digitizing the interpretation. The new mapping will provide a basis for directly
measuring change in land cover, and documenting the degree to which habitat maintenance goals have
been met.

Between major revisions, the annual surveys will provide a continuous update of important
changes observed along the river. To focus monitoring efforts, several factors that affect migra-
tory b1rd hab1tat qua11ty shou)d be cons1dered These factors are discussed briefly below.

PSRN ; = .2 .-=-This is a continuous process that is proceed-
ing at vary1ng rates at d1fferent 1ocat10ns in the Platte River channel. It is recommended that
the entire channel area in the various study areas be remapped and digitized at 5-year intervals
to document the influence of vegetation encroachment on crane roost habitat. This schedule should
be evaluated in terms of Trust information needs and actual rates of change observed in major crane
roost areas

+. . -=-Documenting land use changes ocutside the channel is important in estimating amount
and qua11ty of potential migratory bird habitat. The schedule for this activity should correspond
to that of the channel updates. Major new human disturbances should be added to base maps more
frequently and may require special aerial surveys to photograph selected portions of the study area.
1t is not expected that shifts in general cropping patterns will occur so rapidly that map updates
will be required more often than at approximately 5-year intervals. However, in areas considered
to be of special importance the actions of individuals should be monitored on the ground during
each growing season. If significant land use changes occur (e.g., wet grassland to cropland) it
may be necessary to update the map system.

= o' . -=-Trust rehabilitation efforts in the river channel should be documented on
land cover maps

r eowt oo et Pl --Various changes in surface flow regime may warrant spe-
cial 1and cover mon1tor1ng efforts. These include: large floods, implementation of large water
withdrawals upstream, major drought periods, and major ice jams. Also included are periods which
fail to meet the channel width and vegetation establishment thresholds included in the HMP.
Efforts to monitor vegetation encroachment response to surface flow change will be restricted to
the most improtant crane roosting areas.

Habitat Monitoring Plan Revisions

It is expected that the scope of the HMP will change as migratory bird-habitat interactions
are better understood, as management strategies are developed, and as data management methods im-
prove. The present scope of habitat monitoring is macroscale in its view. It is anticipated that
future microscale (site-specific) monitoring studies will be needed. For example, these could in-
clude monitoring of patterns of vegetation encroachment in response to rehabilitation efforts, or
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in response to varying river surface flows over time. The HMP should also be reviewed for its
utility in providing management information. The Plan must focus on the right issues. This review
should be conducted after the base-Tine data base has been completed, and initial habitat suitabil-
ity index values have been applied to different river reaches.
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THE PAST, PRESENT, AND FUTURE OF THE WHOOPING CRANE IN FLORIDA

STEPHEN A. NESBITT, Florida Game and Fresh Water Fish Commission, 4005 South Main, Gainesville, FL
32601

Abstract: Whooping cranes (Grus americana) have definitely occurred in the southeastern United
States but Florida records, except fossils, are poorly authenticated. There is evidence to suggest
that whooping cranes occurred in Florida, perhaps well into the 20th century. This fact and other
biological considerations have prompted a study of the feasibility of using the resident Florida
sandhill crane (7. canadensis rratensis) as foster-parents to a population of nonmigratory whooping
cranes. A preliminary research project has begun and is projected to continue for the next 3 years
before any decisions are made to proceed with reintroducing whooping cranes to Florida.

Florida supports a population of resident Florida sandhill cranes estimated between 5 and 6
thousand and winters the majority of the eastern population of greater sandhill cranes (G. . tab-
idz), which exceeds 15,000 birds. 1In fact, Florida is the only state with a substantial population
of cranes year-round. It is interesting to speculate on the possibility that whooping cranes
occurred in Florida during the recent past. Pleistocene fossils have been identified from several
sites (Fig. 1)(Wetmore 1937, McCoy 1963, Olson 1972), but there are no recent specimens or sight
records that are entirely acceptable (Howell 1932).

Specimens do exist (Fig. 2) from Waccamaw River (1850), South Carolina (Sprunt and Chamberlain
1949); St. Simmons Island near Macon, Georgia (12 November 1885); and another unspecified location
(Burleigh 1958). Sight records exist for several Alabama locations: Cypress Slough on the Warrior
River before 1890, Prattville in 1899, and winter records for Dauphin Island (Imhof 1962). There
is also a record of a whooping crane seen at Bay St. Louis, Mississippi, on 15 April 1902 (Burleigh
1944)(Fig. 2). The populations of whooping cranes that existed in Louisiana until the 1940's
(Lowery 1974), 1 sedentary and the other migratory, are well known.

The situation for Florida is more uncertain. The earliest allusions to whooping cranes in
Florida by Audubon and others are suspect because there was and still is a tendency to refer to the
sandhill as a "whooping" crane. F. Beverly writing in the Tate 19th century (Hallock 1875) states,
"It is a fact beyond doubt that the whooping crane (Grus umericarus [sic]) is a resident of Florida.
There has been seen for many years upon alligator flats, about twenty miles from Ft. Capron, Indian
River a large white bird as tall as a man, which the native Floridians called a stork." He goes on
to state that young taken "from a nest” and raised for 6 months were "white from the first" but
says '"they agreed exactly with the description of whooping cranes." He emphasized the large size
and loud voice of these cranes, adding some credence to the accounting. What can be made of the
white young taken from a nest? These characters sound very much like a wood stork (Myeteria amer-
Zeanr) which Beverly does not mention among the species that possibly could be confused with the
crane.

Maynard (1881) guotes a Capt. Dummett who assured him that the white whooping crane occurred
on the prairies east of the Kissimmee River and Lake Okeechobee, a report later confirmed by others,
although Maynard never saw the birds himself. A respected field naturalist active in Florida since
1908, 0. E. Baynard stated that the last flock of whooping cranes (14) he saw in Florida was in
1911 near Micanopy, southern ATachua County (Harmon 1954). There is also an account of 2 whooping
cranes reported east of the Kissimmee River on 19 January 1936 (Shaffer 1940).

The most intriguing record of a Florida whooping crane comes from B. 0. Crichlow, a taxiderm-
ist and naturalist, who reportedly shot a whooping crane near St. Marks pond north of St. Augustine,
St. Johns County. A report of this incident and a photograph were published (Hallman 1965) but no
specific date could be given other than the bird was shot in 1927 or 1928. Indirect contact with
Crichlow's son, who was the source for Hallman's article, has produced no clarification of the date
but he does remember seeing the fresh, unmounted specimen which adds to the authenticity of this
Florida record. Otherwise there is no assurance that the bird B. 0. Crichlow had in his collection
could not have been from another location and the "whooper" he shot in 1927 or 1928 referred to a
sandhill crane. There are other word of mouth records referring to whooping cranes in Florida dur-
ing the early 1900's--even reports of white cranes on Paynes Prairie. The more these records are
researched the harder it is to discount the possibility that whooping cranes did occur and perhaps
even were resident in Florida. Undeniably they did occur with some regularity elsewhere in the
Southeast.

With the success to date of the foster-parent project being conducted in Idaho, an interesting
adaptation of the same technique may be possible in Florida. The whooping crane recovery plan rec-
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commends establishing populations of whooping cranes in addition to the 2 currently in existance.
The nonmigratory population of the gulf region no longer exists; consequently, Florida seems to
offer a unique Tocation for reestablishing a nonmigratory populaticn of whooping cranes using the
resident Florida sandhill as foster-parents.

Young cranes, unlike most birds, remain in the company of their parents for almost a full year.
This phase of their 1ife undoubtedly involves learning the acquisition of suc-vival skills. It seems
reasonable to assume migration may be a learned behavior. If this assumption is correct then the
fostering procedures used in Idaho could be used to produce a resident whooping crane population in
Florida. There would be several advantages in using this approach because the young cranes would
not be exposed to the stresses associated with migration and they would remain in closer contact
with conspecifics during their subadult 1ife, which could improve their chances for successfully
pairing and reproducing.
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Before beginning any reintroductions of whooping cranes to Florida, it seems advisable to test
the feasibility of the procedure using migratory greater sandhill eggs hatched and reared by non-
migratory Florida sandhill foster-parents. To do this experiment, we plan to radio-instrument at
least 1 member of up to 12 breeding pairs of Florida cranes on Paynes Prairie {Fig. 1) each year
for the next 3 years. Eggs from as many as 6 nests will be replaced each year with greater sand-
hill eggs produced by captive parents at the Patuxent Wildlife Research Center, or elsewhere.
Foster-reared young and a sample of normal, control young Florida cranes will be captured, color-
marked, and radic-instrumented each year. Their movements will be monitored through at least their
2nd year to determine if the foster young migrate with their genetic cohort or remain in Florida
and behave like their foster cohort.

We began marking Florida sandhill cranes on Paynes Prairie during the fall of 1980 and have
been studying the movement of 2 radio-instrumented subadults and 1 adult female since January 1981
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in order to understand normal movements of Florida sandhill cranes. This knowledge is important to
properly evaluate the success of the fostering experiment with greater sandhill crane young.

During this same period we will be Tooking at potential reintroduction sites in Florida. These
areas will be evaluated to locate not only the best sites but also the most suitable foster-parents.
Potential reintroduction sites will be evaluated based on total amount of suitable habitat, owner-
ship, present and future management status, access, population of Florida sandhill cranes, and sur-
rounding Tand use and its suitability for supporting an expanding population of whooping cranes.
Surveys will be initiated on the prospective areas to census the populations and locate crane nest-
ing territories. Prospective pairs will be trapped and color-marked to evaluate their suitability
as foster-parents. We have Tocated 3 prospective release sites (Fig. 1): Three Lake Ranch, and
J. W. Corbett and C. M. Webb Wildlife Management Areas. These 3 areas are state-owned lands which
consist of over 20,250 ha of usable crane habitat and possess a good resident population of cranes.
We are continuing to look at prospective reintroduction sites. Population and production surveys
will begin in fall of 1981 or spring of 1982.

Based on data derived from these preliminary studies, the Florida Game and Fresh Water Fish
Commission, the U.S. Fish and Wildlife Service, represented by their Whooping Crane Recovery Team,
and the Canadian Wildlife Service will cooperatively decide if they should reintroduce whooping
cranes into Florida. If the decision is to proceed, eggs laid by captive whooping cranes at the
Patuxent Wildlife Research Center (eggs that are usually laid too early to be used for fostering
anywhere else in the country) will be placed in the nests of selected pairs of Florida sandhill
cranes perhaps as early as spring 1984.
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DEVELOPMENT OF MINIMUM STREAMFLOW RECOMMENDATIONS FOR MAINTENANCE OF WHOOPING CRANE HABITAT ON THE
NIOBRARA RIVER, NEBRASKA

THOMAS G. SHOEMAKER, Environmental Research & Technology, Inc., Fort Collins, CO 80522
SCOTT L. ELLIS, Environmental Research & Technology, Inc., Fort Collins, CO 80522

HSTEH W. SHEN, River and Hydraulic Engineering, Inc., Fort Collins, CQ 80523

Abstract: An interdisciplinary study was completed to analyze the potential effects of the Water
and Power Resources Service's proposed Norden Dam on whooping crane (Grus americana) habitat of the
Niobrara River, Nebraska. A primary objective of the study was to develop minimum streamflow rec-
ommendations for maintenance of whooping crane habitat downstream of the proposed dam. The study
focused on interactions between river hydrology and vegetative succession in maintaining existing
habitat conditions. Physical and biological factors which maintain habitat were analyzed to devel-
op minimum streamflow recommendations and to assess future habitat conditions. Recommendations
focused on factors which maintain open channel roost habitat and adjacent wetland feeding habitats.
Principal controlling factors for maintaining channel width and area were identified as high winter
and spring flows combined with ice breakup. Water surface elevation in the river was believed to
control groundwater levels in wet meadows adjacent to the river. Analyses of future conditions pre-
dicted that whooping crane habitat on the Niobrara River would be reduced as a consequence of clear-
water releases from Norden Dam. Such reduction would result from channel degradation which is ex-
pected to extend approximately 21 km from the dam in 100 years. Although minimum flow recommenda-
tions are believed sufficient to maintain habitat conditions below the degradation reach, their
implementation remains problematical because future upstream water uses may reduce river flow below
the specified mimimum. Thus, to meet the recommended minimum flow regime, flexibility will have to
be developed in the dam's regulation plan.

In recent years, considerable attention has been focused on the relationships between water
volume and vegetation successional patterns in riverine systems used by migrant sandhill (Grus can-
adensis) and whooping cranes. Particular attention has been focused on the Platte River, Nebraska,
where encroachment of woody vegetation into the river channel has resulted in degradation of roost
habitat quality and shifts in historical sandhill crane use patterns. Several studies (Frith 1976,
Williams 1978, U.S. Fish and Wildlife Service 1981) have established the linkage between reductions
in flow volume on the Platte and reductions in the quality and availability of crane roost habitat.
These studies have highlighted the need to consider potential downstream effects when planning pro-
posed water development projects. The requirements of the Endangered Species Act add additional
emphasis in situations where whooping crane habitat may potentially be affected.

This paper presents an overview of a study conducted between November 1979 and March 1981 to
investigate the potential effects of Water and Power Resources Service's (WPRS) proposed Norden Dam
and Reservoir (principal components of the 0'Neill Unit) on whooping crane habitats of the Niobrara
River, Nebraska. The Niobrara River Whooping Crane Habitat Study (E11is et al. 1981) was initiated
by WPRS following issuance of a U.S. Fish and Wildlife Service (FWS) Biological Opinion (7 Septem-
ber 1979) that the 0'Neill Unit, as planned, was likely to jeopardize the continued existence of
the whooping crane through destruction or adverse modification of habitat essential to the species.
Fish and Wildlife Service projections of adverse habitat modification were based on 2 phenomena:
(1) water released from the dam would immediately begin to pick up sediments, resulting in loss of
roost habitat through erosion of sandbars and degradation (deepening) of the stream channel, and
(2) flow depletions would allow vegetation encroachment into the river channel, resulting in fur-
ther reductions in roost habitat quality. In its Biological Opinion, FWS offered instream flow
recommendations that assumed that future conditions should closely follow existing patterns. FWS
stated it lacked information to precisely define needed flow regimes.

WPRS initiated the Niobrara River Whooping Crane Habitat Study in response to the need for
additional information to evaluate the potential effects of Norden Dam on whooping crane habitat.
The study was not intended to develop, by itself, an operational plan for the reservoir that would
allow whooping cranes and Norden Dam to coexist, but to provide information which WPRS and FWS
could use to develop additional alternatives for consideration.

The Niobrara River Whooping Crane Habitat Study was funded by WPRS. Work was completed by
Environmental Research and Technology, Inc. (ERT) and subcontractors that included River and
Hydraulic Engineering Inc. (RHE) and Drs. Gustav Swanson and Roderick Drewien. Many other persons
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aided the study by providing information or participating in periodic review meetings. The aid of
these persons is gratefully acknowledged.

STUDY AREA

The proposed Norden Dam and Reservoir are principal components of WPRS' O'Neill lnit, Lower
Niobrara Division, Pick-Sloan Missouri Basin Program, Nebraska. The 0'Neill Unit would provide
irrigation water to 30,800 ha irrigable near the towns of Springview, Atkinson, and 0'Neill, Nebraska
(Fig. 1). Norden Dam would be located approximately 28.8 km northwest of Ainsworth, about 2.8 km
east of the bridge at Norden. An afterbay structure, designed to control streambed degradation imme-
diately below the dam, would be located about 1.6 km downstream. Norden Reservoir would extend up-
stream from the dam approximately 30.6 km when full. Total capacity of the reservoir would be § X
108 m3 (411,000 acre-feet), 1.5 X 108 (125,000) of which would comprise the active conservation pool.

The primary study area included the Niobrara River and adjacent land from the dam site east
approximately 64 km to Highway 137 bridge. Within this area, the Niobrara River is characterized
by a braided channel which ranges from 61 to 549 m wide as it meanders within a broad valley between
bedrock bluffs. There are few vegetated islands or other visual obstructions within the channel and
abundant submerged sandbars provide high-quality crane roosting habitat. Both cropland and meadow
feeding habitats are available nearby, although neither are abundant. The 56-km reach downstream
from the proposed Norden Dam has an established historic record of whooping crane use and is consid-
ered an important migration stopover area. A 48-km portion of this area was proposed as Critical
Habitat for the species (FWS 1978), but the proposal was withdrawn (FWS 1979) following 1978 amend-
ments to the Endangered Species Act.

[y
(9]



INTERDISCIPLINARY
STUDIES

Y
A

EXISTING
SITUATION

HISTORICAL
PERSPECTIVE

A 4

ANALYSIS OF
CONTROLLING
FACTORS

Y

STREAMFLOW
RECOMMENDATIONS

Y

IMPACTS, MITIGATION,
MONITORING

Fig. 2. Comeceptual approach to Niobrara River
Whooping Crane Habitai Study.

STUDY APPROACH

Design of the Niobrara River Whooping Crane
Habitat Study was accomplished jointly by WPRS,
ERT, and RHE with input from FWS and several
state and private entities which were involved
in periodic review meetings. WPRS established
the approximate 1-year time schedule, the major
objectives, and assumptions related to operation-
al constraints of Norden Dam and projections of
future upstream depletions. ERT and RHE devel-
oped their approach within the study outline and
time frame given by WPRS. General assumptions
applied were that the study must be: (1) inter-
disciplinary, because whooping crane use of the
Niobrara River is influenced by many factors in-
cluding the biology of the species, vegetative
characteristics of the river, and hydrologic and
geomorphic conditions; (2) based primarily on
existing data and aerial photography analysis,
given the prescribed time frame; and (3) predic-
tive, within the limitations of available data
on whooping crane ecology and the behavior of
riverine ecosystems.

A general overview of the study approach
is given in Fig. 2. The study team included
crane biologists, a plant ecologist, geomorphol-
ogists, sedimentologists, hydrologists, model-
lers, a computer programmer, and support person-
nel. Major study elements included: review of
whooping crane use and evaluation of potential
crane habitat; determination of vegetative suc-
cessional patterns and vegetation-water regime

interactions; analysis of historic patterns of channel change and factors which influence channel
pattern; development of a sediment transport model for analysis of future channel patterns; prepara-
tion of minimum flow recommendations; development of a simulation model of future reservoir releases;
and prediction of effects of the proposed Norden Dam. Detailed methods for each analysis are includ-
ed in the final report (E11is et al. 1981) along with a description of the interdisciplinary process
used to bring the discipiines together to develop minimum streamflow recommendations and analyze
impacts.
The following sections present major conclusions and recommendations of the study.

WHOOPING CRANE ECOLOGY

The whooping crane ecology portion of the study influenced other study components because
crane needs and habitat requirements determined the focus of hydrologic and vegetation studies.
Studies of crane habitat lacation and quality on the Niobrara were included in the overall study
plan to document existing crane use areas and for possible use in making flow management recommen-
dations. Ideally, whooping crane use areas could be identified from past crane activity on the
river. However, the 6 confirmed sightings of whooping cranes (Table 1) allow few generalizations.
In the absence of more definitive information on actual whooping crane use of the Niobrara, habitat
quality evaluations were completed to describe the relative potential for whooping crane use of var-
ious river reaches. Dr. Drewien's detailed knowledge and experience with sandhill and whooping
cranes were especially helpful in evaluating habitat.

Evaluation of roost habitat quality was completed in successive stages. Characteristics list-
ed by Johnson and Temple {The ecology of migrating whooping cranes. Unpubl. rep. on contract No.
14-16-0009-78-034. U.S. Fish and Wildl. Serv., Off. End. Species, 1980) were qualitatively compared
to conditions on the Niobrara, based on ground and aerial reconnaissance and review of aerial pho-
tography. Results of this analysis are summarized in Table 2. Several characteristics were then
selected from the 1ist for more detailed quantitative analysis, either because perceptible varia-
tions in conditions were noted in the qualitative analysis or because the specific characteristic
seemed subject to potentially significant change resulting from construction or operation of Norden
Dam and Reservoir. Characteristics selected for more detailed evaluation were: availability of
feeding habatit, potential for human disturbance, and visibility or openness of the roost habitat.



Table 1. Summary of confirmed whooping crane sightings on the Niobrara River, 1949-spring 1980.°

Date Location No. of birds Comments

25 Apr 1957 6.4 km W Meadville 3 unknown age  Three birds observed for 4 hours.
Activities included feeding in
shallow waters near sandbars,
loafing on sandbars, and short
flights in response to disturb-
ance. When 1st observed they
used an area estimated at 0.8 km
wide, but were also observed
within 69 m of bank. Food items
taken unknown, but observer spec-
ulated minnows were caught.

19 and 20 Oct 1965 N Bassett, Rock County 3 unknown age Details of sighting unknown.
3 Oct 1969 0.8 km W of Carns 2 adu]tsb Birds seen in flight over Nio-
(S24 T 32N R19W) brara River.
29 Oct 1974- About 1.6-2.4 km E Hwy. 8 adults Birds used bare sandbar and
1 Nov 1974 183 (S19 T32N RI9W) shallow water areas near center

of wide river channel (183-366 m)

foraging in open water, and rest-

ing on sandbar or in shallow water
Jjust off of a sandbar. During ob-
servation period, birds stayed in

same general vicinity and did not

leave to feed.

3 Nov 1977 NW Bassett on Niobrara 3 adults Birds loafing on bare sandbar near
River (SE 1/4 NE 1/4 1 immature center of wide river channel.
$22 T32N R20W) Water depth estimated at 15 cm.

Not observed feeding, but small

grainfields within 4.8 km. Sub-
irrigated wet meadows available

to north. Minnows and crayfish

assumed present in river.

30 Oct 1979 0.4 km upstream of Cornell 6 adults Birds loafing on bare sandbar 1in
Dam, near Valentine 1 immature river.

%Based on material in Johnson and Temple (1980), Whooping Crane Recovery Team (1980), and un-
published sight records.

bReported as 1 bird in Whooping Crane Recovery Team (1980) and as 2 birds in Johnson and
Temple (1980), based on letter from observer.

Feeding habitat evaluations were based on habitat descriptions in the literature and focused
on identification of potential feeding areas which could be influenced by changes in streamflow.
Feeding habitats (e.g., corn and wheat fields, the Niobrara River channel, herbaceous wetlands, and
subirrigated meadows) were mapped and their area calculated for use in future monitoring. In gen-
eral, meadow areas are found in the eastern part of the study area, and croplands in the west. No
portion of the study area had large areas of cropland or meadow in close proximity. Subjective
evaluation of the area led us to conclude that feeding habitat for migrant sandhill and whooping
cranes is limited on the Niobrara, in comparison to other important use areas. Adequate feeding
areas appeared to be present for cranes stopping overnight or for a few days.

Human disturbance potential was rated by evaluating proximity of potential disturbance features
such as roads or houses. A few areas are near frequent sources of human activity, primarily bridge
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Table 2.

Summary of qualitative evaluation of whooping crane roost habitat on the Niobrara River.

, Y-
Evaluation characteristic

1.

Summary of conditionsb

Shallow water

Good horizontal visibility

Good overhead visibility

Devoid of dense emergent or
floating vegetation at the
roost

Devoid of vegetation on the
river bottom

Bottom composed of finely

divided material, usually sand

Isolated from human development

Relatively close to feeding
site

Slow flowing water

. Sandbars present with gradual

slope from water, minimal top-
ographic relief, low banks, and

no low vegetation or unvegetated.

Shallow water areas appear to be abundant throughout the
study area, but this varies with discharge and varies lat-
erally in a river cross section. Analyses were made of
changes in water depth over sandbars with changes in river
flow.

Horizontal visibility within the river channel is excellent
throughout the study area. The river channel is wide and
there are very few vegetated islands which interrupt visi-
bility within the channel. High banks and tall, dense
streamside vegetation do occur, so horizontal visibility is
Timited by channel width. Analyses were made to document
variations in this characteristic.

This characteristic depends on channel width because high
banks and tall vegetation are common. Additional analyses
were made of channel width.

Floating and emergent vegetation were not detected anywhere.
Emergent vegetation does occur at the channel edge in some
areas.

The Niobrara River bottom material shifts constantly. It is
very unlikely that submerged aquatic vegetation occurs with-
in the river channel.

The river bottom is very fine sand.

Most portions of the study area are sparsely populated and
Tack sources of human disturbance; this varies because a
few houses do occur in the river valley and dirt roads fol-
Tow the river in some locations. Areas were documented
where the risk of human disturbance is comparatively high.

The river channel is available as feeding habitat throughout
the study area. Croplands are primarily restricted to the
western two-thirds and nonchannel wetlands occur only in

the eastern third of the study area. Availability of feed-
ing habitat was quantified.

Flow velocity in the Niobrara depends on discharge and lat-
eral position in the river channel. At high flows, the
deep thalweg carries much of the total flow volume at high
velocity. Most of the river channel, however, has shallow
water moving at low velocity.

Sandbar areas are abundant. Most are submerged and appear
to meet the described characteristics. Few sandbars were
noted with vegetation.

dCharacteristics noted are paraphrased from Johnson and Temple (1980) but are consistent with
other Titerature sources.

b

aerial photography.

Subjective evaluation based on April 1980 field reconnaissance and review of April 1980



crossings, but most of the study area is isolated from sources of human disturbance.

Visibility characteristics or the "openness" of roost habitat was considered a key evaluation
factor because future encroachment by vegetation, induced by changes in flow regime, may cause
marked changes in habitat suitability and use (Frith 1976, Lewis 1976). In the study area, visibil-
ity characteristics are generally excellent because the river is wide and the view is unobstructed.
Variable conditions do occur; some reaches are affected by high banks, encroachment of vegetation
from the bank, or the growth of vegetation on sandbars or islands in the channel. A general trend
of increased openness occurs from west to east as river width increases.

During reconnaissance activities in April 1980 these variations in openness of the river chan-
nel were noted as 1 of the few factors affecting relative habitat quality in the study area. Pre-
liminary evaluations of roost quality were made in the field, with the understanding that adjust-
ments in boundaries and ratings would be made using measurements from aerial photography. Prelim-
inary ratings were strictly qualitative and were defined as follows:

1. Unacceptable - Areas that do not provide roost habitat. Very narrow river reaches with a deep
channel and no sandbars; bordered by tall vegetation and high banks.

2. Low - Areas that could be used as roost sites, but probably would not be used because better
habitat exists nearby. Generally narrow reaches at bends, reaches with vegetated islands in
channel.

3. Medium - Generally provide good quality roost sites, but are not the really prime areas. River
width is Tess than in other areas and surrounding terrain or vegetation limits visibility.

4. High - Prime areas. They have abundant sandbars in wide areas of the river. Surrounding topog-
raphy and river banks are generally low and level. Streamside vegetation is generally quite
Tow.

To quantify the "openness" factor within the study area, measurements of unobstructed channel
width were taken at 186 data points covering the entire 64-km reach. Unobstructed channel width
was defined as the bank-to-bank channel width, if islands were absent from the channel, and bank-
to-island, or island-to-island channel width (whichever was greater) when vegetated islands were
present. A simple frequency analysis of unobstructed channel width measurements was completed for
each subjective rating category. There was overlap in the categories because reach boundaries
drawn in the field were rather broad, but ratings generally fit ranges as follows: U-L - <152 m,
M - 152-274 m, and H - >274 m. These ranges were used as criteria for more accurately defining
boundaries between reaches of different quality. Sixty-four distinct reaches were identified and
mapped. Table 3 summarizes the availability of each rating category in linear extent over the
64-km area.

Table 3. Summary of roost quality ratings for Niobrara River study area.

Linear extent of quality rating classes (km)

Roost quah’tya Norden to Meadville Meadville to Hwy 7 Hwy 7 to Hwy 137 Entire
High 3.92 3.66 3.62 21.20
Medium 9.44 7.94 11.90 29.28
Low 3.36 4.56 3.76 11.68
Unacceptable 0.0 1.76 0.0 1.76
Totals 16.72 22.92 24.28 63.92

aRatings were based on relative quality of roost habitat in 64 reaches in the study area. Un-
obstructed channel width was considered a key parameter and ratings generally fit ranges as follows:
U - Unacceptable as roost habitat due to lack of sandbars, not channel width; L - 0-152 m width;
M - 152-274 m width; and H - 274 m and wider.
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Unobstructed channel width data and habitat quality rating categories developed for the Nio-
brara River were compared to similar measurements or ratings in the literature. Measurements were
taken on 4 reaches of the Platte River, Nebraska, which had been rated in 1971 by Frith (1974, 1976)
in terms of the relative degree of vegetative encroachment. Although the Titerature base was sparse,
general conclusions were that sandhill and whooping cranes generally prefer roosts with unobstructed
channel widths in the range of 152 to 183 m or wider. This range closely agrees with the conclusion,
reached during field reconnaissance activities, that High and Medium rated areas would be those most
1ikely to be used as whooping crane roosts.

CHANNEL PATTERN

RHE's study team completed a detailed analysis of geomorphic and hydrologic conditions of the
Niobrara River. Their review concentrated on factors which influence channel pattern, especially
those which act to maintain the wide braided conditions ideal for crane roosts. Investigation of
the channel pattern in the study area relied on aerial photographs taken in 1938, 1954, 1968, and
1980 (2 sets taken in April and September) and 3 river cross-section surveys conducted respectively
in June and August 1979 and April 1980. The discharges at the gaging station near Norden were
28.3 m3/sec and 13.2 m3/sec in April and September, respectively, when the 1980 aerial photographs
were taken. These 2 sets of aerial photographs represent high and Tow flow situations of the Nio-
brara River in the study reach. RHE identified a number of factors which act in combination to
produce existing conditions. The following sections briefly summarize findings which were most
useful in development of minimum streamflow recommendations.

Thalweg Behavior

The Niobrara River is a braided stream in the study reach. By comparing aerial photographs
taken in April and September 1980, it was found that a meandering thalweg (the deepest part of a
river channel) was formed along the entire study reach in April. A thalweg is usually sinuous and
carries a large proportion of total flow at higher velocity than the rest of the channel. The thal-
weg in the study area averaged 61 to 92 m wide, 0.9 to 1.5 m deep, and carried 47 to 84% of total
flow.

This meandering thalweg had almost completely disappeared in September. By mid-December 1980
the thalweg channel pattern had reappeared in a high-flow situation. These observations indicate
that part of the flow concentrates within a rather narrow channel during high flows. 1In contrast,
the flow is much more uniform and covers most of the river cross-section during low flows. By com-
paring all 5 sets of aerial photographs, it was further determined that the thalweg shifted later-
ally within the stream channel during the 1938 to 1980 observation period. In addition to the evi-
dence obtained from the aerial photographs and field observations, careful comparisons were made
between August 1979 and April 1980 cross-sectional measurements. The flow spread to cover the whole
cross section in August 1979 (low flow) and concentrated in a rather narrow width in April 13980
(high flow).

The lateral spreading of flow in the low-flow situation results in a rather small range of var-
iation of water surface elevation with respect to river discharges. Based on the cross-sectional
surveys in June and August 1979 and April 1980, water surface elevation rose only 20.3 cm when the
flow discharge increased about 16.8 m3/sec at a crosssection 59.2 km downstream from the Norden Dam
site. The rate of change of water surface elevation was approximately 0.08 m3/sec.

The shifting of the meandering thalweg at the high-flow condition and the Tateral spreading of
flow at the low-flow condition, provide the river with a mechanism to maintain a wide channel. This
mechanism is especially important for maintaining suitable whooping crane habitat after the closure
of the proposed Norden Dam.

Channel Degradation

Channel degradation (deepening} in the study reach was revealed from 2 lines of evidence. Deg-
radation at a cross section about 1.6 km downstream of the gaging station near Norden was confirmed
by WPRS and estimated at 0.9 m based on water surface elevations measured in 1957 and 1980. Also,

a continuous downward shifting of the stage-discharge rating curve at the gaging station near Norden
was noted between 1960 and 1979, except during an abnormal period of 1962-1966. Washout and recon-
struction of the county bridge at the site of the gaging station caused the river bed to aggrade and
then degrade during 1962 and 1966 and account for the abnormality. The degradation rate was esti-
mated at about 20 cm per year.



Surface water studies revealed that the Niobrara River in the study area has been affected by
depletions due to upstream water resource developments: the Mirage Flats Project and the Ainsworth
Unit. The Mirage Flats project diverted water from the Niobrara River beginning in 1946. The Ains-
worth Unit, which includes Merritt Reservoir on the Snake River, began operation in 1964 and resulted
in a decrease of average annual flow from 26.9 to 22.7 m3/sec.

To analyze the possibility that the operation of Merritt Reservoir caused the observed channel
degradation, we examined the stage-~discharge relation at the gaging station near Sparks, 32.8 km
upstream from Norden. Although the stages fluctuated during the 20 years, there was not enough evi-
dence to show that the stage in general was decreasing or increasing. In short, no degradation was
found at Sparks gaging station.

It is also possible that reductions in river flow caused by Merritt Reservoir storage, or other
factors, could have resulted in channel degradation. Analysis of controlling processes indicated
that winter and early spring high flows, combined with ice, play the most important role in main-
taining river channel shape. To analyze the possibility that upstream water uses significantly re-
duced flows during this critical period, February and March flows from the period of record were
plotted to determine if a downward trend existed. The analysis was inconclusive. Consequently,
the reason for the observed degradation remains unclear. Possible explanations include man-induced
depletions and natural fluctuations in river flows and channel pattern.

Width Change

Changes in channel width were investigated using aerial photographs taken in 1938, 1954, 1968,
and September 1980. The study reach was divided into 159 sections, each about 0.4 km apart, and
the width was measured between the permanent edges of the channel at each section. The results in-
dicated that the channel width increased from 1938 through 1954 and started to decrease between 1954
and 1980. The decrease was found to be greater from 1968 to 1980 than 1954 to 1968. Furthermore,
the decrease in channel width was found to be greater near the Norden Dam site than farther down-
stream.

While investigating reasons for this channel width change, it was noted that channel degrada-
tion occurred during the same period as decrease of channel width. Channel degradation offers a
reasonable mechanism for explaining channel width change.

s Channel bed elevation changes over only a portion of the river cross section.

¢ This drop in channel bed elevation leaves areas at slightly higher elevations on the edge of
the channel.

¢« As the difference in elevation increases, outlying areas are not subject to the overall pat-
tern of thalweg shifting or ice scouring.

» QOutlying, higher elevation areas are invaded by vegetation and are stabilized, decreasing
overall channel width.

Based on this postulated mechanism it was concluded that changes in channel width in the Norden-
Meadville reach since 1954 were due to channel degradation. The reasons for the overall pattern of
widening and narrowing, however, remain unclear as previously noted. Because of the postulated re-
lationship between channel degradation and channel width reduction, the 2 phenomena were quantita-
tively analyzed for calibration of the sediment transport model. During impact assessment, observed
channel width changes were used as the basis for adjusting channel widths when predicting the extent
of degradation caused by the dam.

Sandbar Distribution

The distribution of river sandbar area in relation to submerged depth is an important factor
in evaluating whooping crane habitat. Aerial photographs taken in April and September 1980 were
analyzed to study how sandbar areas vary with the flow condition at different submergence depths.
The overall study reach was subdivided into 10 reaches, each about 6.4 km long. Seventeen cross-
sectional profiles surveyed by WPRS in April 1980 were used to calibrate the colors of the aerial
photographs to the water depths at the cross sections. The submerged depths were divided into 5
groups: unsubmerged, 0-15.4 cm depth, 15.4-30.7 cm depth, 30.7-46.1 cm depth, and depth greater
than 46.1 cm. The area of each individual sandbar belonging to 1 of the 5 groups was recorded for
each section. Based on this information, the total area and the sandbar size distribution were
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calculated for each submergence depth class. Similar procedures were performed using the aerial
photographs taken in September 1980, to determine sandbar distributions at low flow, except that
the colors of the photographs were calibrated by using the profiles of some stable channel cross
sections from those surveyed in April 1980.

These data were aggregated to better reflect crane roost preferences; 0-30.7 cm was thought to
span the range of preferred depths, and 0-46.1 c¢m was considered usable habitat. Results of the
analysis showed an increase in both preferred and total available habitat as flow decreased from
about 28.3 to 13.2 m?/sec. This was attributed to a decrease in deep water areas as the thalweg
filled in and river flow spread over the entire channel.

Ice Effects

Although very Tittle information is available to provide a guantitative analysis of the effects
of ice on river morphology, it is generally agreed that the formation of ice will increase flow re-
sistance, reduce flow velocity, and thus increase the flow depth for the same river discharge. In
braided streams, the increase in depth enhances the lateral spreading of flow. The formation of ice
and the breakup of ice in a shallow river will also erode sandbars and banks, and mechanically re-
move vegetative material.

Quantitative investigations of the effects of ice formation and breakup were not within the
scope of this study. Field reconnaissance was conducted in December 1979, February 1980, and
December 1980 to qualitatively investigate ice-related phenomena. Photographs of the river channel
were also taken weekly from late December through March to document ice buildup and breakup near
Meadville. Based on these efforts and discussions with Tocal residents, it was noted that: (1)
ice forms annually on the Niobrara, usually by December; (2) ice formation may occur several times
during a winter, as weather conditions vary; (3) the major ice breakup period is usually in March,
coinciding with high flows; (4) major ice jams periodically occur in the system and these signif-
icantly raise the river level; (5) freeze-thaw patterns and ice breakup apparently create very
unstable conditions in the channel; and (6) ice and high flow combinations appear to have a high
potential for increasing the mechanical scouring force of the river.

ENCROACHMENT OF VEGETATION

Encroachment of vegetation was analyzed by comparing changes in vegetative community area be-
tween 1954 and 1980. Aerial photography for these 2 periods (and an intermediate period of 1968)
was interpreted, and areas of vegetation cover types calculated (Table 4). The river was divided
into 3 reaches, corresponding to past FWS aerial wildlife surveys. The major trend apparent from
this analysis was a reduction in open channel area in both the Norden-Headville and Meadville -
Highway 7 reaches, and an increase in the Tow shrub category in the same reaches. Channel area
remained essentially constant in the Highway 7 - Highway 137 reach. Low shrub area increased in
this reach, but the increase was nearly balanced by reductions in the tall shrub and riparian wood-
land categories. Changes in land-use categories were attributed to changes in use between photog-
raphy years. For example, reduction in cropland between 1954 and 1968 presumably resulted from con-
version of this land into some other use (e.g., dry pasture, dry hayland).

Analysis of areas where vegetation increased or decreased showed that increases occurred gen-
erally above constrictions in the river, above and below major bends, and downstream from tributar-
ies. The overall pattern was encroachment from the shore. Island formation occurred but extension
of the bank into the channel was the more important change. These data suggested that the river,
at least in the upper portions of the study area, is less effective in reducing vegetation estab-
Tishment and growth on the channel margins. Areas where encroachment decreased were generally small
in size, and frequently occurred where the river had cut toward a bank.

RIPARIAN VEGETATION-RIVER INTERACTIONS

The establishment and growth of shrubs and trees on banks and sandbars affects available whoop-
ing crane roosting habitat on the Niobrara River. The following section discusses the ecological
and physiological characteristics of the 3 major successional phases (herbaceous, shrub, shrub-tree,
Table 5) in relation to major environmental factors that control the extent and rate of successional
change within each phase in the Niobrara system.



Table 4. Area (ha) comparisons of vegetation and land-use types for 3 reaches of the Niobrara
River.

Norden-Meadville Meadville-Hwy 7 Hwy 7-Hwy 137
Area 1954 1968 1980 1954 1968 1980 1954 1968 1980

Subirrigated

meadow - pasture 21.6 36.0 33.2 34.0 16.0 15.2 163.2 96.0 105.2
Subirrigated

meadow - hayed 52.0 29.6 30.8 412.0 421.2 438.8
Dryland hayland 203.6 9.4 32.0 104.0 83.6 99.6
Dryland pasture 23.2 26.4 58.8 106.4 267.6 320.0 32.8 33.6 30.0
Ory grassiand 71.6 88.8 8C.4 26.0 19.2 1.2 36.8 45.6 5.6
Cropland - grains 34.8 40.4 52.4 126.0 28.8 122.4 6.0 8.0
Low shrub 64.0 60.8 131.6 78.8 68.0 138.8 26.4 26.8 78.0
Tall shrub 45.6 34.0 10.4 22.8 63.2 62.0 42.4 33.6 34.4
Riparian woodland 242.4 246.8 269.6 479.6 550.8 510.4 465.2 536.0 469.6
Wetland - shrub 2.4 6.8 3.2 1.6 16.4 16.8 2.0 20.4
Wetland - herbaceous 4.4 3.2 13.2 26.4 28.8
Open channel 542.0 509.6 402.0 732.4 719.2 612.4 705.2 719.2 705.6
Total 1,045.2 1,045.2 1,045.2 1,864.8 1,864.8 1,864.8 2,024.0 2,024.0 2,024.0

Herbaceous-0Open Sandbar

Factors that 1imit the establishment and early growth of woody species which could potentially
increase in dominance, and encroach upon open sandbar habitat, are of critical concern to the main-
tenance of whooping crane habitat. An understanding is required of the adaptations of these woody
riparian species to their habitat. A summary of the literature on germination, establishment, and
flood tolerance of cottonwood and willow in the United States was prepared and the following discus-
sion is abstracted from that review.

Flowering and seed dispersal in cottonwood and willow usually occurs from late spring (May)
through mid-summer (July). Along the Niobrara River in early June, 1980, sandbar willow, peachleaf
willow, and most cottonwoods had shed seeds. Seeds of indigo bush were still green. Cottonwood and
willow seeds, which consist of long fine hairs attached to the seed, are wind-dispersed. Individual
seeds are very small, and enormous numbers are released.

For optimum germination, most cottonwood and willow species require a moist, bare substrate in
full sunlight. The viability of these seeds is very short. In general, if the seed does not land
on a favorable germination site within 5 days after dispersal, it is highly Tikely that the seed
will die. Exposed sandbars in the Niobrara River channel offer ideal germination sites for these
woody species.

Seedlings rapidly develop an extensive root system. Eastern cottonwood may develop a 30-45 cm
tap root and 5-10 lateral shoots 0.6 m long during the Tst growing season (Ware and Penfound 1949).
Seedlings may grow extremely rapidly in height under optimum conditions, sometimes exceeding 1 m
during the 1st growing season. Field observations on the Niobrara indicated that in the absence of
disturbance, 1st-year willow seedlings may attain a height of 0.1-0.2 m; Znd-year seedlings approx-
imately 0.5-0.8 m; and 3rd-year seedlings up to 1.5 m.

Most willow and cottonwood seedlings are highly tolerant of flooding. Seedlings can easily
withstand up to 30 days of inundation. Cottonwood seedlings appear to be less tolerant than willow
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Table 5. Vegetative succession on Niobrara River shoreline and islands.

Years Woody species Species composition
(stem age) height (m) Community (dominants)

0 0 Bare sandbar --

] 0.1-0.2 Herbaceous Ragweed (Ambrosia Spp.),

Spikerush (Eleocharis sp.),
Kentucky bluegrass (Poa pratensis)

2-5 0.1-1.0 Low shrub Sandbar willow (Salix interior),
(early phase) Peachleaf willow (Saliz amygdaloides)
5-10 1.0-2.5 Low shrub Sandbar willow,
(late phase) Peachleaf willow,

Indigo bush (4morpha spp.},
Kentucky bluegrass

10-15 Shrub: 1.0-3.0 Tall shrub Peachleaf willow,
Tree: 2.0-5.0 Red osier dogwood (Cornus stolonifera),
Current (Ribes spp.),
Snowberry (Symphoricarpos sSpp. ),
Cottonwood (Salix sp.),
Green ash (Fraxinus pennsylvanica),
Fastern juniper (Juniperus virginiana)
15-25 Shrub: 2.0-3.0 Riparian Fastern cottonwood (Populus deltoides),
Tree: 6.0-10.0 Woodland Green ash,
Eastern juniper,
Red-osier dogwood
25-40 Shrub: 2.0-3.0 Riparian Green ash,
Tree: 10.0-15.0 Woodland Basswood (777Za spp.),

Eastern cottonwood,
Eastern juniper,
Red-osier dogwood

seedlings, although tolerance may vary with ecotype. Seedlings and mature trees appear to have
anaerobic metabolic pathways which enable the plant to survive in Tow-oxygen environments. Very
sparse populations of cottonwood and willow seedlings observed over most of the sandbar habitats
in the Niobrara River indicated that the scouring action of the river was very effective in Timit-
ing seedling establishment and removing most seedlings that do become established.

Shrub

The transition from low herbaceous-dominated sites to shrub-dominated sites is of primary con-
cern in assessing riparian vegetation stability and the potential impacts of dam construction. The
river-vegetation interaction was examined by measuring the elevation of 20 sampling points and then
relating these sample point elevations to river surface elevations at different discharges, to
determine the possible effects of high and low flows on shrub communities. Four major parameters
{shrub canopy cover, stem density, species composition, and species diversity [number/sample]) were
ordinated against elevation to look at possible trends in response to elevation above the water
surface.

Ordination of shrub stem density against elevation indicated that stem density peaks at approx-
imately 0.6 m above the average water surface elevation, and then declines as shrub communities
mature under tree canopies present on tree-dominated sites. Shrub cover increased with elevation.
Number of woody species sampled increased from an average of approximately 3 to approximately 10
between 0.9 and 1.2 m. This change was interpreted as a transition between sites chronically im-
pacted by high flows, and those relatively unaffected by high flows. Flood-tolerant species (peach-
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leaf willow, sandbar willow, indigo bush) dominate the low shrub phase between 0.3 and 1 m above the
average water surface elevation; these species decrease in importance on sites sampled more than 1 m
above the river water surface. Based on height criteria used in classifying vegetation samples into
vegetation types, density and height of shrub communities often exceed 1 stem/m? and 1 m in average
height at an elevation less than 0.3 m above the water surface elevation associated with a flow of
33.9 m3/sec at the Norden gauge.

A comparison of shrub height with stem age indicated that stem height for several of the dom-
inant riparian species ranges between 1 and 2 m by approximately 5 to 8 years. Willow stands next
to the channel are apparently even-aged, based on the uniformity in stem height over a large area.
This observation suggested that a high flow even probably exerted a widespread and relatively uni-
form suppression effect on shrub communities. Livestock browsing appeared insufficient as a con-
trolling factor because more heterogeneity in shrub height would be expected between individuals
of different species, and between individuals of the same species.

Based on the data discussed above, it is concluded that winter ice combined with high flows
provides the most reasonable explanation for the observed woody species distribution pattern. The
importance of winter ice and high flows in controlling the growth of riparian shrub communities
previously has been suggested by several authors (Johnson 1950, Lindsey et al. 1961, Wilson 1970).
However, there is little documentation in the literature which provides actual measurements of ice
effects on vegetation. This lack of documentation is attributed to the difficulty of sampling,
difficulty in making generalizations about observed interactions in the extremely complex ice-river
channel environment, and the periodicity in important ice buildup events that may span several years.
The following discussion of the ice and high flow controlling factor is based on (1) vegetation sam-
pling data, and (2) gqualitative observations on the Niobrara River during the winter of 1979-1980.
The reasoning used to arrive at an assessment of the relative importance of this factor is as
follows:

* Flood tolerant woody species with stems 5 years or less in age are found at elevations from
0-0.6 m above the water surface elevation; stems 10 years or less are found at elevations of
0.6-1 m above the water surface elevation. These data indicate that shrub communities con-
taining young stems dominate the Niobrara River shorelines. Most of these young stems arise
from massive, mature root systems that form a network below the soil surface. These obser-
vations taken together (young stems, old root systems) suggest that these root systems re-
sprout after disturbance, and that disturbance events are fairly frequent.

* Hydrologic data indicate that river water surface elevation increases very little with large
increases in river discharge. An increase from 25.5 to 42.5 m3/sec typically raises the
water surface elevation 15 cm or less. This relationship is explained by the extremely large
river channel area, and very shallow water depths that predominate.

* The small increase in water surface elevation resulting from high flows is insufficient to
affect the majority of the shoreline shrub communities. Conditions that could raise the
water surface 0.6 m or more could occur only if the river were partially dammed by ice dur-
ing high flows. Evidence exists for ice jams for various river segments (R. Andrews pers.
comm., hydrologist, Water and Power Resources Service, 1980). High water alone is generally

insufficient to severely damage highly tolerant willow stems. Mechanical injury from ice is
more plausible as a controlling factor for significantly reducing shrub height along shore-
lines.

* The river appears to be effective in periodically removing root systems of woody species
rooted along river shorelines. It was assumed that considerable mechanical force is required
to excavate, break up, and remove these woody root systems from the channel. The following
combination of factors would be most effective in accomplishing this process:

--Lateral movement of the channel (thalweg) which would permit undercutting and abrasion of
root systems.

--Abrasion of stems by ice blocks.

--Frequent freeze-thaw cycles that would allow the river flexibility in lateral movement,
and would result in a heterogeneous pattern of sediment deposition and transport, and max-
imum ice movement and jamming.

Shrub and tree seedlings were very scarce on sandbars, thus indicating that the predominant
mode of reproduction is vegetative. The river is effective in preventing establishment of seed-
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1ings during the growing season, and effective in removing young stems during the winter and early
spring high flows.

Shrub-Tree

The mature riparian woodland communities represent the most stable elements in the Niobrara
River riparian system. Soil-binding by the tree root systems and understory woody species resists
erosion by the river. These communities grow on terrain high enough that they are affected by only
the most extreme high water events. Examination of historical changes in vegetative community dis-
tribution indicates that riparian woodland communities are vulnerable to major channel shifts, par-
ticularly on the outside of channel bends. Analysis of aerial photography between 1954 and 1980
showed that riparian woodlands have been undercut and removed by river action. The presence of
mature riparian woodland on small islands in the channel also suggests that the river will occasion-
ally cut behind shoreline riparian woodlands and isolate these stands as islands.

MINIMUM STREAMFLOW RECOMMENDATIONS

A principal objective of the Niobrara River Whooping Crane Habitat Study was to develop mini-
mum streamflow recommendations for maintenance of whooping crane roosting and feeding habitat below
the proposed Norden Dam. Maintenance was defined as insurance that the principal controlling fac-
tors would continue to operate in the Niobrara River system for magnitudes and durations sufficient
to keep the area and quality of key whooping crane habitat components (roost sites and feeding
areas) at levels approximately the same as those that existed in 1980. Emphasis was placed on main-
tenance of roost habitat because it is most directly affected by changes in streamflow.

Analysis of the historical record indicates that there have been both long-term and short-term
fluctuations in important parameters (channel width, channel area). The objective of prescribing
minimum flows in a highly dynamic system such as the Niobrara River was to maintain equilibrium con-
ditions in which habitat losses are balanced by habitat gains. A destabilizing factor (channel deg-
radation) was found to be presently operating within the study reach. The prescribed flows would
not stop this ongoing process, but should, to the best of our understanding, insure that areas that
are at or near equilibrium over the period of record (1938-1980) should not change, on the average,
from 1980 conditions.

In the minimum streamflow analysis, emphasis was placed on limiting the extent of channel deg-
radation due to clearwater releases, maintaining existing channel forming and scouring phenomena,
preventing woody seedling establishment, and providing shallowly submerged sandbar areas for crane
roosts. Minimum streamflow recommendations (Table 6) represent ERT's best judgment of conditions
needed to maintain habitat; however, the behavior of the Niobrara River is not completely under-
stood. Thus, minimum streamflow recommendations cannot eliminate all risks of habitat degradation,
and habitat monitoring is considered a critical part of any plan to implement the recommended mini-
mum streamflow regime.

Channel Degradation

Degradation was estimated to be the process that could and probably would result in a rapid
deterioration in crane roosting habitat in a reach immediately downstream from the afterbay. Based
on observations in the reach below Spencer Dam (east of the study area) and historical trends in
reaches where degradation is known to be occurring, channel widths reduce and shoreline vegetation
rapidly invades into degraded channels. 1In the example of Spencer Dam, the downstream degradation
reach is a narrow, single-threaded stream for several kilometers.

The principal issue considered with respect to degradation was whether the degradation reach
and the degradation depth could be significantly reduced by releasing a constant flow rate over the
entire year instead of varying flow rates. This question was explored by analyzing the degradation
caused by both varying and constant flows in the mathematical sediment transport model. It was
found that the degradation depth for a mean annual flow of 12.3 m3/sec would be approximately 15%
more (total volume) under anticipated varying flows than with constant flow releases, but that the
degradation reach would be extended only 0.37 km farther. Based on this result, it was decided
that releasing a constant flow rate to reduce the degradation was not as important as providing
varying winter flows to maintain proper channel patterns downstream of the degradation reach.



Table 6. Summary
Niobrara River.

of recommended minimum flow regimes to maintain whooping crane habitat on the

Month

Minimum flow
(m3/sec)

Rationale

January

February

1-25 March

29-31 March

April
May

1-15 June
16-30 June

July

August

1-15 September
15-30 September

October
1-15 November
16-30 November

December

11

3

2813

14.

14.
14.

14.

AR INe <IN o ¢]

14.2

Ice formation period. Recommended flow is sufficient
to cover river channel with shallow water, allowing
extensive ice coverage. Decreased flows, in compari-
son to historical record, indicate greater probabil-
ity of ice formation.

Same as January.

Period of ice breakup. Important period for shifting
of thalweg and scouring of river channel. Relation-
ships between scouring "force," river flow, and ice
coverage are not well understood, so approach is to
maintain historic conditions during this critical
period.

Crane use period. Recommended flow increases avail-
able submerged sandbar habitat in comparison to his-
toric flows. Approximately 78% of open channel is
available as crane habitat (0-46.2 cm submergence
class).

Same as last week of March.

First week is end of crane use period. Remainder of
month is seed shed and seed germination period. Rec-
ommended flow is sufficient to cover about 93% of
open channel with water. This assures that there will
be a minimum area of unsubmerged sandbar on which
seeds could germinate and that germination conditions
should not differ significantly from the existing
situation.

Same as May.

End of seed germination period. Flows reduced to
arbitrary level of 2.8 m3/sec. This flow is suffi-
cient to maintain overall braided character of stream.
Aquatic habitats should be maintained.

Same as end of June.
Same as July.
Same as July.

Crane use perjod. Recommended flow increases avail-
ability of submerged sandbar habitat in comparison
to historic flow. Approximately 787 of open channel
is available crane habitat (0-46.2 cm submergence
class).

Same as end of September.
Same as October

River is essentially passive in terms of processes
(vegetation encroachment) which control availability
of crane habitat. Flow should be sufficient to main-
tain braided stream and agquatic habitat.

Same as November.
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Channel Pattern Maintenance

Below areas where active channel degradation is occurring, successful maintenance of suitable
whooping crane habitat depends on the ability of river flow to maintain the wide, braided channel
and to maintain the process of thalweg formation and lateral migration. The shifting of the thal-
weg within the channel width will reduce vegetation encroachment from the banks. The braided
channel will provide shallowly submerged sandbars for whooping crane roosting. Operation of the
reservoir will interfere with the natural river regime; thus it is essential that certain hydrolog-
ical processes, which maintain natural river patterns, be reproduced through future reservoir oper-
ation. It is a well-accepted concept that a river can maintain its pattern and cross section by a
dominant discharge which occurs reasonably frequently. For the study reach of the Niobrara River,
the formation and breakup of ice in the winter months were also found to be important processes in
maintaining the wide, braided, and thalweg-shifting channel. The minimum flow requirements were
therefore estimated based on the assumption that, below the degradation reach, the Niobrara River
would maintain its current channel pattern provided the dominant discharge is achieved annualiy and
the ice formation and breakup processes are preserved in the winter months from January to March.
This goal may be achieved by the following 2 steps:

1. Provide adequate ice coverage over the entire channel width to reduce the vegetation growth
within the channel and to increase the storage of water in the form of ice during January and
February. This accumulated ice formation will provide ice jams during the March breakup. To
ensure the success of this step, the river discharge in January and February should be main-
tained at 11.3 m3/sec or more.

2. Release high flow in March to enhance the river scouring force during ice breakup. This step
is to ensure that the young woody vegetation on the sandbars and bankline will be washed away
and the thalweg will shift laterally within the channel. The river will undercut root systems
of more mature woody plants where the thalweg scours against shorelines and islands. The river
discharge for March is recommended to be 28 m3/sec.

The Niobrara River frequently goes through several freeze-thaw cycles during winter. The min-
imum flow requirement for March should be considered as a flow regime that could be released when-
ever major ice breakup and high flow events occur. However, the total cumulative flow of 28.3 m3/sec
must be met for a period of 25 days. An operational restriction does not allow releases to exceed
inflows; therefore, environmental release cycles will have to closely follow the natural cycles of
high flows during the winter in order for the minimum environmental requirements to be met. This
approach will require considerable flexibility in reservoir operational plans and consideration
of short-term climatic cycles in planning environmental releases.

Woody Plant Establishment

Prevention of vegetational encroachment on the Niobrara depends on maintenance of channel
scouring processes (described above) and on limiting the extent of woody plant establishment.
The approach used for limiting woody species seedling establishment was to maintain flowing water
over the majority of the channel area to ensure that most airborne willow and cottonwood seeds
would land in water and be washed away. The life of these seeds is very short (5 days). As a con-
sequence, water levels sufficient to cover most of the channel area would need to be maintained
through the main seed-shed period {May through mid-Jdune). Based on the aerial photography anaylses
of water coverage at different river flow Tevels, a flow of 14.2 m3/sec would cover most of the
river channel with water, thus 1imiting potential seed germination sites. The area of river channel
covered with water was estimated at 93% at 14.2 m3/sec and 94% at high historic flows of 28.3 m3/sec.

Water Depth Maintenance

Maintenance of suitable water depth at crane roosts was also recognized as a key factor for
maintaining future habitat conditions. Literature review indicated that preferred depths at roosts
are in the neighborhood of 2.5 to 20.3 c¢m (Frith 1976, Lewis 1976, Johnson and Temple 1980) but
that whooping cranes may roost in water up to 46.2 cm deep (Johnson and Temple 1980). Aerial photog-
raphy comparisons of the availability of sandbars within these submergence levels indicated a slight
increase in available habitat as flow decreased from 28.3 to 13.2 m3/sec. This was attributed to
decreases in deepwater areas as the thalweg filled in and river flow spread over the river channel.
Based on these results, a recommended flow level of 14.2 m3/sec was chosen for crane use periods.
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Potential crane use periods were selected as 28 March - 7 May and 12 September - 15 November based
on all confirmed whooping crane sightings in Nebraska and South Dakota for the period 1949 to 1980
(data in Johnson and Temple 1980, Whooping Crane Recovery Team 1980, and unpubl. data provided by
FWS).

Low Flow Periods

Finally, minimum flow conditions were prescribed for periods when the river is essentially pas-
sive in terms of the processes which maintain whooping crane roosting habitat. A recommendation of
2.8 m3/sec was based on considerations that the flows should be sufficient for (1) the river to
meander within the channel, and (2) maintenance of aquatic 1ife. A theoretical analysis showed that
the river channel can migrate laterally at flows to 2.8 m3/sec. The recommendation meets the gen-
eral criteria stated by Tennant (1976) for maintenance of aquatic 1ife. It was recognized that
Tennant's minimum criterion of 10% of mean annual flow is a general approximation and the flow rec-
ommendation was not based strictly on that criterion. Other considerations were as follows.

The importance of the Niobrara River to whooping cranes rests primarily on the quality of its
roost sites because whoopers use a variety of wetland and upland habitats for feeding and will fly
at Teast 1.6 and up to 24 km (Johnson and Temple 1980) from the roost to feed. Other potential
feeding habitat occurs immediately adjacent to the Niobrara River and at greater distances. Because
whooping cranes have been observed feeding in the river itself, it was assumed that a minimum flow
condition should be established to maintain a potential food base. The exact food items taken by
whooping cranes in the Niobrara River are unknown, but it was assumed that small minnows would be
the most likely prey in shallow water near sandbars where the cranes would feed.

Prescription of minimum streamflow for the prey species was difficult because the behavior of
the river at flow conditions lower than 11.3 m3/sec could not be predicted with existing data. How-
ever, flowing water would be maintained at 2.8 m3/sec and aquatic habitat would occur, although its
extent would probably be reduced. The minnow species are adapted to shallow water conditions; con-
sequently, it was assumed they would move into the habitat remaining during the periods of 2.8 m3/sec
flow.

Uncertainties were recognized in the base flow recommendation although previous recommendations
were within that general magnitude. Negotiations during the EIS process resulted in a 2.8 cms min-
imum flow recommendation and the FWS recommended 5.6 m3/sec in its biological opinion (Regan, D. M.
1979. Memorandum from Acting Regional Director, Region 6, U.S. Fish and Wildl. Serv. to Region.
Dir., Lower Missouri Region, Bur. of Rec. regarding Section 7 consultation and biological opinion,
0'Neill Irrigation Unit, Nebraska).

IMPACT ASSESSMENT

Assessments of future changes in whooping crane habitat were completed for "with dam" and
"without dam" scenarios. For the "with dam" situation, impact assessment was based on future
releases from Norden Dam predicted by a simulation model of reservoir operation, and on future
changes in channel pattern predicted by the sediment transport model. Both models assumed 1928 to
1978 was representative of a typical 51-year cycle on the Niobrara. Thus the year 1928 was used
as year 1 and year 52 in the 100-year modeling and predicted river flow was that which occurred in
1928, modified by projected upstream depletion and projected reservoir operation.

Projections of future conditions in the study area accounted for increased depletions in the
system due to an increasing trend in water use in the drainage basin. WPRS estimated future up-
stream depletions in the system at year 2020 and this estimated demand was used as a constant
throughout the simulation runs. Estimates were based on upstream jrrigation developments which
include the Mirage Flats Project, the Ainsworth Unit, and additional increases in groundwater-
irrigated land. Projected reservoir operation was also based on irrigation demand associated with
the 0'Neill Unit and on WPRS design and operation criteria for the reservoir.

Analyses of the "without dam" situations were based on comparisons between predicted future
flow conditions, historical conditions, and minimum streamflow recommendations developed in the
study. Little quantification of expected changes was possible in contrast to the "with dam" situ-
ation, and impacts were expressed in terms of the relative risks associated with changes in river
flow. For the long-term situation, future river flow was predicted over the 100-year period by
substracting the estimated upstream depletions (discussed for the "with dam" situation), from the
actual flow in each year of the 51-year historical record.
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Effects of Norden Dam

In the "with dam" scenario, future hydrologic conditions in the study area would be affected
primarily by the introduction of clearwater releases from the dam and by reductions in river flow
associated with upstream depietions and the 0'Neill Unit. Clearwater releases result in channel
degradation. Flow depletions may negatively influence the processes which control vegetation en-
croachment in the river channel. Although flow depletions may also affect the river channel where
degradation is actively occurring, the latter process is considered to be more important in terms
of the potential severity of the impacts. Accordingly, the analysis separated the river into 2
reaches, 1 immediately below the dam in which degradation would actively occur and a 2nd reach down-
stream which would be unaffected by degradation.

After construction of a dam, sediment normally transported by river flow is deposited in the
reservoir. The trapping of sediment in the reservoir is a function of reservoir size, reservoir
shape, sediment characteristics, and reservoir operation. For Norden Dam, the trapping efficiency
would be approximately 100%. Water in the reservoir would contain almost no sediment; therefore,
when released it immediately begins to erode both the channel bed and banks. The channel bed would
begin to degrade at a reach immediately downstream from the afterbay. As the water released from
the dam moves downstream, it would gradually pick up sufficient sediment so that no further degra-
dation occurred. However, with the passage of time, the slope in the degradation reach would de-
crease due to the greater erosion rate at its upstream end. With the decrease in slope and river
velocity, less sediment would erode from the upstream reaches than during the initial stage and
river flow would begin to erode sediment at locations progressively farther downstream.

Changes in the river in terms of bed degradation and channel width were predicted using the
mathematical model over 100 years of reservoir operation. Summaries of the results of 10 and 100
years are included in Table 7. The maximum channel bed degradation after 100 years would be approx-
imately 11.6 m just below the afterbay (about 1.6 km below Norden Dam site). The degradation pro-
cess would extend approximately 21 km from the Norden Dam site after 100 years.

The direct effects of the clearwater releases from the dam would indirectly affect whooping
crane habitat through loss of wetland feeding habitat and decreases in roost habitat quality. Wet-
land habitats adjacent to the river are directly tied to the groundwater system as it flows into
the Niobrara river channel. Lowering of the bed elevation in the river would lower the groundwater
table and adjacent wetland areas could be dried. A drop in channel elevation of 0.3 m would very
1ikely change sedge and spikerush meadows to a Kentucky bluegrass-dominated meadow containing scat-
tered shrubs; a drop in channel elevation of more than 0.3 m would most 1ikely result in the inva-
sion of indigo bush, sandbar willow, and peachleaf willow into meadow areas. Within the study area,
meadow wetland areas are most abundant in the easternmost reaches. The 0.3-m degradation level
would occur about 21 km below Norden Dam site after 100 years; thus most meadow areas would be un-
affected by the degradation process. However, within the degradation reach, approximately 44 ha
of wetlands would very likely be dried up when the groundwater table was Towered. Abcut 37 ha of
this wetland is considered potential whooping crane feeding habitat.

Table 7. Predicted changes in Niobrara River channel bed elevation and channel width resulting
from the simulated operation of Norden Dam.

Location

(in km from Channel bed degradation (m) Total channel width (m)

Norden Dam) 10-year 100-year Original 10-year 100-year
2.97 -2.76 11.68 358.3 182.1 95.8
4.67 -0.33 9.53 295.2 269.6 102.5
6.94 -0.23 7.17 289.7 272.1 115.3
8.71 -0.16 5.64 160.1 157.4 105.8

11.45 -0.08 3.79 269.3 264.4 146.4

13.71 -0.01 2.62 221.1 220.5 151.6

21.77 -0.00 0.08 268.4 268.4 264.1




Lowering of the riverbed elevation by channel degradation would also influence crane habitat
by decreasing the quality of roost habitat, specifically by creating high banks and encouraging
vegetation encroachment. Increases in depth of about 0.6-0.9 m over only a portion of the entire
river channel leaves higher elevation areas on the channel edge which are not subject to high flows
and ice scouring. These factors in combination are the major source of instability in the river
system and the loss, or reduction, of their effect means that sediment would cease to be shifted in
the channel margins, vegetational invasion would be unchecked by scouring, and outlying areas would
rapidly become stabilized with vegetation. Thus, the degradation process would be expected to re-
sult in a progressive reduction in the width of the river channel and a change from a wide, braided
channel pattern to a more narrow, meandering pattern.

River widths in Table 7 are the most accurate predictions of future change, because these
river cross sections were modelled. Between the individual cross sections, predictions of future
change became less accurate because the channel characteristics at a given point may vary,consid-
erably from those at the measured river range. With this limitation in mind, estimates of future
unobstructed channel widths were made for crane roost quality reaches affected by degradation.
Estimates were made using the degradation-channel width relationship developed for the model, by
interpolating between modelled results for specific river ranges. Based strictly on projections
of unobstructed channel widths, the degradation process would be expected to change 13.2 km of hab-
itat from preferred to low-quality or unacceptable within 100 years. Beyond the degradation reach,
whooping crane habitat could potentially be affected by changes in instream-flow regimes, if these
changes were sufficient to adversely affect the availability of crane habitat, either directly or
through encroachment by vegetation.

Recommended minimum flows were intended as threshold levels for negative impact and as such
were a useful base for comparison of future flow conditions. Projected flows were examined in terms
of the relative risks of adverse change although it was not possible to state gquantitatively the
effects of future flow conditions. Future monthly flow conditions were projected for each year in
the 51-year cycle (Table 8). Projected future conditions would meet or exceed the minimum flow rec-
ommendations for all months except March. This indicates that criteria should be met related to
sandbar availability during crane use periods, maintenance of aquatic environments, prevention of
seedling establishment, and ice formation. Lower than recommended flows in March, combined with a
reduction of the dominant discharge from about 28.3 m3/sec to about 22.7 m3/sec, raised questions
regarding the future ability of the river to (1) maintain its current channel width, and (2} me-
chanically damage invading vegetation through the combined effects of ice and high flow. Further
analysis of projected March flows indicated that there would probably be flow shortages (on the
average) in 31 of 51 years. The severity of impact of these flow reductions was not quantifiable
because higher than recommended flows of shorter duration could maintain the channel as effectively
as the longer duration flow of 28.3 m3/sec--assuming favorable climatic conditions caused ice break-
up to coincide with high flows. However, projected March shortages are considered to represent a
risk that river scouring processes may be insufficient to retard vegetation encroachment into the
channel. If the operational plan is provided with considerable flexibility to release high
flow (28.3 m3/sec) whenever the climatic conditions are favorable for ice breakup, and upstream
inflow is larger than 38.2 m3/sec in the winter months, the risk of faiiing to maintain the channel
pattern would be reduced.

Future Effects Without Dam

Under the "without dam" situation, future changes of the Niobrara River in the study reach will
be caused mainly by the natural fluctuation of the river system and upstream flow depletions. Anal-
ysis of the "without dam" situation was limited because the factors controlling channel width fluc-
tuation (other than degradation) are still poorly understood, and the interaction between surface
flows and ice is a highly variable phenomenon. In the short-term, channel width shrinkage may con-
tinue in the Norden-Meadville reach where bed degradation is known to have occurred; it is expected
that reaches 32-40 km downstream from the proposed dam will most 1ikely remain stable as they have
over the period of record (1938-1980). In the long-term, there will be reductions in flow due to
increased upstream water use (Table 8). As a consequence of these flow reductions, there is a risk
that whooping crane roosting habitat areas will be reduced. The major differences between the "with
dam" and "without dam" situations, under depleted flows, are (1) the relative magnitude of the risks
involved, and (2) the fact that river flow would not be regulated in the "without dam" situation.
The "without dam" situation for March would be closer to historical conditions and was therefore
considered to present Tower risk potential. Unregulated river flow in the "without dam" situation
also offers greater natural flexibility and increased 1ikelihood that higher than recommended river
flows will occur on a daily basis with sufficient frequency to maintain the wide, unvegetated river
channel. In summary, it is believed that though there is some quantifiable risk that the channel
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Table 8. Summary of historical and projected inflows and recommended and projected releases {m3/sec).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

Historical
inflow 25.7 26.2 32.2 28.8 28.5 25.9 21.5 20.3 20.9 23.3 24.4 25.8 25.3

Projected future
inflowd 22.3 23.7 24.3 25.9 23.3 18.0 14.7 13.8 13.7 15.8 17.6 20.8 19.5

Recommended
environmental
release 11.3 11.3 25.9 14.2 14.2 8.5 2.8 2.8 8.5 14.2 8.5 2.8 10.4

Projected
release 15.2 18.4 23.9 22.1 20.1 12.4 3.5 2.9 8.8 14.2 8.

O

5.5 13.0

%Based on historic flow records less projected upstream depletions. Predictions of future
depletions were provided by WPRS.

pattern will change, channel maintenance factors will continue to operate in the system. It was
not expected that the future situation without the dam will have an important effect on downstream
wetland complexes, because water surface elevations will change very little as compared to the
present.

CONCLUSIONS

The Niobrara River Whooping Crane Habitat Study provided information for use in future consul-
tation between WPRS and the FWS. Consultation was still occurring in July 1981. The study pre-
dicted that whooping crane habitat on the Niobrara River would be reduced as a consequence of clear-
water releases from Norden Dam. Such reduction would result from channel degradation that would
be expected to extend approximately 21 km from the dam in 100 years. Minimum flow recommendations
were developed to ensure maintenance of habitat conditions beyond the degradation reach. Based on
current knowledge, recommended flows should be sufficient to maintain desirable crane habitat char-
acteristics. Uncertainties and risks are recognized and a long-term monitoring and mitigation plan
should be implemented if the dam is constructed. Implementation of the minimum flow recommendations
remains somewhat probliematical because future upstream water uses may reduce flow in the river below
the specified minimum. Thus, flexibility will have to be developed in the dam regulation plan to
meet the minimum flow regime recommended in the study. It is recommended that this flexibility be
gained through a 3-year monitoring study of ice-high flow interactions and the effectiveness of var-
ious flow magnitudes and durations in maintaining channel pattern.
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WHOOPING CRANE MORTALITY AT THE PATUXENT WILDLIFE RESEARCH CENTER, 1966-1981

JAMES W. CARPENTER, Endangered Species Research Program, Patuxent Wildlife Research Center, Laurel,
MD 20708

SCOTT R. DERRICKSON, Endangered Species Research Program, Patuxent Wildlife Research Center,
Laurel, MD 20708

Abstract: Causes of whooping crane (Grus americana) mortality from 1966-81 at the Patuxent Wild-
1ife Research Center included: infectious diseases (31.7%), parasitic diseases [primarily dissem-
inated visceral coccidiosis](19.5%), anatomical abnormalities [primarily leg rotation] (19.5%),
intraspecific aggression (7.3%), and miscellaneous conditions (22.0%). The 41 deaths included 28
(68.3%) downy young, 3 immatures (7.3%), and 10 (24.4%) adults. Downy young were more susceptible
to various mortality factors because of low resistance and high susceptibility to the stresses of
captivity. Mortality was seasonal with 36 deaths (87.8%, May-August) being associated with the
period of egg production and rearing of young. Much of the mortality occurred before current man-
agement techniques and rearing methods were developed. Husbandry, disease control, and crane rear-
ing procedures now being used should enhance the survival of captive whooping cranes and their
offspring.

The Endangered Wildlife Research Program was established in 1966 at the Patuxent Wildlife Re-
search Center (Laurel, Maryland) for the scientific study of native endangered species {Erickson
1968). The objectives of the program, to assemble captive breeding stock and to develop effective
methods of propagating stock for restoring wild populations, were directed primarily at species
such as the whooping crane which had not responded adequately to conventional measures taken to
assure their survival. Five years of preliminary research with the sandhill crane (¢. canadensis)
had been completed at Monte Vista National Wildlife Refuge, Colorado, before the site at the
Patuxent Center was selected (Erickson 1975).

Sufficient research had been completed by 1966, at the Colorado field station, to permit under-
taking a major effort to propagate whooping cranes. One whooping crane was transferred from Colo-
rado to Patuxent in 1966 and 1 egg was taken from each of six 2-egg clutches in Wood Buffalo Nation-
al Park, Canada, and translocated to the Patuxent Center in 1967. From 1968-74, 44 additional eggs
were taken from the wild, and the chicks hatched and raised from them formed the nucleus of the
Patuxent flock (Kepler 1978). The main goals of the effort were (1) to maintain birds in captivity
in the event of a catastrophic loss of the wild flock, (2) to produce offspring for release to the
wild, (3) to enable research on captive cranes, and (4) to provide mates for unpaired whooping
cranes at other institutions (Kepler 1978).

The 1st breeding of whooping cranes at Patuxent occurred in 1975 when 1 female laid 3 eggs.
Since then, several additional females have become productive. Many techniques that were developed
with sandhill cranes have been applied to the breeding and rearing of whooping cranes. However,
because whooping cranes are behaviorally somewhat different from sandhill cranes, modifications 1in
propagation techniques have been required and propagation research continues in an effort to
improve conditions for captive pairs and their young (Erickson and Derrickson 1981).

There is little published about captive whooping crane mortality. Therefore, this review was
made of mortality at the Patuxent Center from 1966 to 1 July 1981. Some of the mortality factors
that have been identified are controllable; thus, this review is a useful reference for others who
have or contemplate captive rearing of whoopers or other species of cranes.

METHODS

Most of the whooping crane eggs hatched at Patuxent through 1977 were artificially incubated.
Each egg was checked twice daily and transferred to a hatcher after 28 days of incubation. Within
24 hours after hatching, the chick was placed on a crushed sugar-cane substrate or on indoor-
outdoor carpeting, and maintained indoors under heat lamps. Water was available in gallon-sized
(3.8 1) poultry founts, and feed was initially placed in shallow dishes or in small gravity-flow
poultry feeders. Since 1978, most whooping crane eggs have been incubated and hatched, and the
young subsequently reared by foster-parent pairs of sandhill cranes in outdoor pens.

After the period of most rapid growth and development, the hand-raised chicks were moved out-
doors to the juvenile quarters. These pens are managed on a 3-year rotation system in order to
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reduce the buildup of parasites and bacteria in the soil. Cranes are housed in this area for about
3 months and then moved to subadult enclosures (Erickson 1975).

Both subadult and community enclosures were spacious, each with shade shelters and several
open-fronted shelters which housed 2 hanging-type, gravity-flow poultry feeders (Erickson 1975).
Fresh water was provided by constantly flowing, elevated drinking cups. Cranes generally remained
in the community pens until each selected a mate or was force-paired. Then they were moved into
breeding enclosures (Kepler 1978) which were visually isolated from adjacent pens. Special feeding
and sanitation procedures, quarantine policies, predator and rodent control, pen rotation, removal
of foreign material from pens, and animal examinations have been important aspects of husbandry and
disease control at the Patuxent Center (Carpenter 1977).

For the purposes of this report, cranes were assigned to 1 of 3 age groups based on their
plumage: downy young (<2 months of age); immatures (2 to 12 months); or adults (>12 months of age).
Diagnoses were based on a combination of clinical signs, necropsy results, and microbiologic, para-
sitologic, and histopathologic findings. Postmortem examinations were routinely performed on all
dead birds and essential tissues were preserved for study. Details of the diagnostic procedures
and methods have been reported previously (Carpenter et al. 1976).

RESULTS

Between 1966 and 1 July 1981, 41 whooping cranes (28 downy young, 3 immatures, and 10 adults)
died at the Patuxent Center (Table 1). Infectious diseases, parasitic diseases, anatomical abnor-
malities, and intraspecific aggression resulted in 32 (78.0%) of the deaths. Other causes were
responsible for 9 (22.0%) of the losses. Twenty-seven (65.9%) of the birds died in May-June, 9
(22.0%) in July-August, 2 (4.9%) in January, and 1 (2.4%) each in February, April, and November
(Fig. 1). Sixteen (39.0%) were males, 17 (41.5%) females, and the sex of 8 (19.5%) was undeter-
mined.

Table 1. Mortality in whooping cranes at the Patuxent Wildlife Research Center, 1966-July 1981.

Number of individuals Total
Cause of death Downy young Immature Adult Number %
Infectious disease 12 0 1 13 31.7
Parasitic disease 7 0 1 8 19.5
Anatomical abnormality 5 2 1 8 19.5
Intraspecific aggression 1 0 2 3 7.3
Other 3 1 5 9 22.0
Totals 28 (68.3%) 3 (7.3%) 10 (24.4%) 41 100.0

Infectious Diseases

Infectious agents, particularly bacteria, were the pr1mary cause of the death of 13 (31.7%)
captive whooping cranes, and some bacteria, 1nc1ud1ng E.ocuily Peou e SP., Frorowus SP.,
Klebsiella Sp., Eacillus Sp., S aphylococcas SP., Mlicrococcus Sp., Stre: tococ:us SP., and Salmonsllu
type B, contr1buted to the deaths of others. Peeudomenae Sp., Jtrotocoscus sp., and B hemolytic
E. coli were among bacteria cultured from the 1ungs, air sacs, alimentary tract, and peritoneal
cavity of the 13 cranes. Proteus sp. and Bwelilus sp. were contributing factors or secondary invad-
ers in some of these cases. Except for one 6-year—o1d adult, these cranes were an average of 8.5
days of age at the time of death.

Pneumonia (characterized by consolidation of lung tissue, vascular congestion, and frothy air-
ways) and airsacculitis were the primary factors in the deaths of 6 (14.6%) downy young cranes.
Other primary causes of death associated with infectious agents included pneumonia (1 bird, 2.4%),
airsacculitis (1 bird), enteritis (3 birds, 7.3%), omphalitis (1 bird), and peritonitis (1 bird).

It appears, therefore, that young birds are especially predisposed to infection during hatching
or other environmental stresses.
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Parasitic Diseases

Based on clinical, histopathoiogic, and
electron microscopic findings, the deaths of 15-
5 whooping crane chicks and a 9-year-old fe-
male, all reared in outdoor pens, were attrib-
uted to an overwhelming systemic infection with 13
an intracellular protozoan parasite (Eimeria 12-
sp.). In most of these chicks the coccidia
caused granulomatous bronchopneumonia, hepati-
tis, myocarditis, necrotizing splenitis, and
moderate-to-severe enteritis. In 3 birds the
enteritis was also associated with the presence
of several nematodes or acanthocephalans, or
both.

Death of the adult crane was associated
with a granulomatous enteritis caused by coc-
cidia in the lamina propria, which resulted in
dehydration, renal impairment, and visceral
gout (Carpenter et al. 1980). Concomitant 3-
granulomatous hepatitis associated with the
intracellular protozoan was a factor contribut-
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A low incidence of gapeworm (presumahly
C.athostoma coscorchbae), roundworm, acantocephalan, and coccidial infections was observed in sever-
al other whooping cranes. Although these parasites may have been a contributing factor in a few
instances, they were generally considered incidental.

Anatomical Abnormalities

Anatomical problems were considered the underlying cause in the deaths of 8 (19.5%) cranes;
except for 1 adult, all were between 4 and 67 days of age (4 chicks developed leg and toe problems
within 2 days posthatching). These conditions included perosis, crooked and curled toes, lateral
rotation of the tibiotarsus, spraddle legs, and bilateral tibial subluxation.

In 1967, a calcium-phosphorous imbalance appeared to predispose 1 chick to rotation of the
tibial-femoral joint and a 2nd chick to perosis. Another chick, malpositioned in the egg, hatched
with a twisted neck and displayed central nervous system signs (rolling to the left, staggering,
and head pressing), presumably associated with cerebral edema. The latter bird eventually died
due to dehydration, inability to ingest food, and stress. Most of the 8 cranes died as a result of
stress, chronic debility, concurrent anorexia, and secondary bacterial infections (panopthalmitis,
air sacculitis, septicemia, and toxemia) resulting from impaired ambulation.

Intraspecific Aggression

Intraspecific aggression is a characteristic of most species of animals and generally occurs
during the formation and maintenance of dominance hierarchies, selection of mates, and in acquir-
ing or defending territory, food, or water (Carpenter et al. 1976). Intraspecific aggression fre-
quently manifests itself when birds are moved into a new pen or, more typically, when an individual
accidently enters the pen where a territory has already been established. At the Patuxent Center,
the death of 3 (7.3”) whooping cranes was attributed to wounds inflicted by conspecifics.

One whooping crane chick hatched by sandhill crane foster-parents was apparently killed by the
adult male within 1 day after hatching. This aberrant behavior reflects either the lack of experi-
ence of this male in raising chicks or his extreme aggressiveness.
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An adult female was killed by her mate after 7 years of coinhabiting the same pen and after 5
years of egg production. Penetrating wounds pierced her brain, eyes, neck, and mandible. Because
of their history of compatibility, it was surmised that an underlying factor such as a disturbance-
induced accident had impaired the female and resulted in the male attacking her. Four months later,
a 3-year-old female was placed in an adjacent pen and the birds were frequently observed. After
months of unison calling and apparent compatibility, the male was placed in the female's pen. 0b-
servations indicated that the birds were compatible, frequently unison called, mutually preened,
and eventually displayed courtship and precopulatory behavior during the next 4 months. Then,
without any apparent reason, the male killed this 2nd female.

Other Causes of Mortality

Nine (22.0%) whooping cranes died from causes other than bacterial infections, parasites,
structural abnormalities, or aggression. One bird died from necrosis of the liver and of the
Tymphoid elements of the intestine; etiology of these lesions was not determined. An immature
crane, debilitated by a foreign body penetrating the gizzard, died from anorexia, visceral gout,
and secondary aggression by pen mates.

A chick that apparently hatched in a weakened condition died from secondary trauma from
foster-parents attempting to stimulate it posthatching. Maggot infestation and mild pulmonary con-
gestion contributed to the bird's death. A 7-year-old female died from shock, cloacitis, salphin-
gitis, and a maggot infestation of the perineal region because a crushed egg obstructed the oviduct
and cloaca.

Other mortality factors included: (1) dehydration, starvation, and stress, with secondary
bacterial infection; (2) shock due to hemorrhage from a damaged blood quill; (3) predation, presum-
ably due to a fox; (4) rupture of a major mesenteric vessel; and (5) stress and postsurgical shock
following repair of bilaterial tibial fractures.

DISCUSSION AND CONCLUSIONS

Causes of mortality were determined for 41 whooping cranes that died from 1966 to 1 July 1981
at the Patuxent Wildlife Research Center, and included: infectious diseases (31.7%), parasitic
diseases (19.5%), anatomical abnormalities (19.5%), intraspecific aggression (7.3%), and miscellan-
eous causes (22.0%). Age incidence of mortality consisted of 28 (68.3%) downy young, 3 (7.3%)
immatures, and 10 (24.4%) adults. Downy young were more susceptible to various mortality factors
because of low resistance and high susceptibility to the stresses of captivity (Carpenter et al.
1976). Most of the deaths, therefore, occurred in May and June corresponding with the period of
breeding and hatching.

The clinical, histopathologic, and electron-microscopic findings in whooping cranes infected
with disseminated visceral coccidiosis were similar to those in sandhill cranes at the Patuxent
Center found to be infected with E. reichenow? and £. yruis (Carpenter et al. 1979, Carpenter et al.
1980). Disseminated visceral coccidiosis only resulted in the death of a few sandhill and whooping
cranes between 1966 and 1975 (Carpenter et al. 1976), but has been a more important cause of death
in both species in recent years. These protozoa also have been reported in free-ranging whooping
cranes (Forrester et al. 1978); however, the eimerians represent a special problem for crane chicks
(which are more susceptible to parasites and diseases than older birds) raised in captivity. Be-
cause of the opportunity for a buildup of these parasites in the soil in captivity, parasitism
resulting in extraintestinal movements of these organisms remains a potential health problem for
whooping cranes and sandhill cranes in confinement.

As with other rapidly growing, Tong-Timbed birds, hand-reared whooping cranes appear to be pre-
disposed to leg injuries and abnormalities. Management factors that may contribute to development
of leg problems include incubation temperatures, hatching and rearing substrates, nutrition, ambi-
ent temperature, illumination, external stimuli, and exercise level (Carpenter et al. 1976).
Improvements in hatching, rearing, and feeding programs, however, have greatly reduced the inci-
dence of leg problems in cranes at the Patuxent Center. 1In some situations, daily food or energy
intake of cranes has been Timited to an amount that will avoid excessive weight gains; in other
instances, a chick's activity level has been increased so that excess energy is expended in exer-
cise. Foster incubation, hatching, and rearing of whooping crane chicks by sandhill cranes since
1978 also has provided a useful means of meeting exercise requirements, because chicks follow their
parents through the tall grass in the enclosures in search of insects and other supplementary food
items. None of the foster-parent-reared whooping cranes has developed leg or toe problems. A diet
also has been developed at Patuxent to promote slower growth in sandhill cranes. This diet, formu-
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lated to contain a Tow sulfur amino acid level, appears to be suitable for slowing the growth rate
of hand-raised whooping cranes, thereby reducing the risk of abnormal leg development.

Trauma, consisting of intraspecific aggression, injuries, and accidents, was the most impor-
tant cause of death of sandhill cranes at the Patuxent Center. Aggression was a particular problem
with birds raised in community pens; 18% of the sandhill crane deaths resulted from intraspecific
aggression (Carpenter et al. 1976). However, only 7.3% of whooping crane deaths could be attributed
to intraspecific aggression because whooping cranes are usually raised under more isolated and care-
fully managed conditions.

Husbandry and management practices at the Patuxent Center are continually being evaluated and
improved in response to mortality and morbidity factors in order to maximize productivity and min-
imize Tosses. For example, leg problems have been basically eliminated through foster-parent-
rearing of young, or by exercise and dietary restrictions, and Tosses to extraintestinal coccidia
have been greatly reduced through intensified husbandry and the use of coccidiostats in the feed
and water (Carpenter 1978). During the past 15 years, we have learned a great deal about maintain-
ing and breeding whooping cranes in captivity. Improved success in breeding and maintaining this
species in captivity seems assured because many crane deaths at Patuxent occurred before current
management and rearing methods were adopted.
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DYNAMICS OF SUBADULT FLOCKS OF WHOOPING CRANES AT ARANSAS NATIONAL WILDLIFE REFUGE, TEXAS, 1978-1981

MARY ANNE BISHOP,! National Audubon Society, 721 Pine Street, Rockport, TX 78382

DAVID R. BLANKINSHIP, National Audubon Society, 721 Pine Street, Rockport, TX 78382

Abstract: Subadult flocks of color-banded whooping cranes (Grus americana) were studied on the
wintering grounds at Aransas National Wildlife Refuge, Texas, from 1978-79 through the 1980-81 sea-
son. Subadult flock composition, habitat selection, movements, and intraflock relationships were
examined. In early fall, large aggregations of subadults and unpaired adult cranes often exploited
unusual food concentrations on the refuge burns and in the salt marsh. These aggregations were
temporary and dispersal occurred when the food resource became depleted. Dunham Bay was a tradi-
tional use area for subadult flocks from 1976-77 on. During the 1980-81 winter, flocks were also
found in Sundown and St. Charles Bays. Flock composition was not stable and fluctuated during each
season. Color-banded 3- and 2-year-olds have been observed pairing with unbanded birds.

The subadult stage in the Tife cycle of a whooping crane begins at about 10 months of age when
the young crane is driven off by its parents. From that time until the crane becomes sexually
mature it is considered a subadult. During this subadult stage a whooping crane tends to associate
in small flocks with other subadults and nonbreeding adults. Until recently there were few studies
of the behavior of the subadult whooping cranes in the Wood Buffalo-Aransas population (Kuyt 1979,
Blankinship and Kuyt in this proceedings) because of difficulties in identifying and following indi-
vidual cranes over a period of years. Flocks of apparently nonterritorial whooping cranes have
been observed on the wintering grounds for several years and it has been assumed that these were
birds which had not yet attained sexual maturity (Blankinship 1976).

Since the summer of 1977, prefledged whooping cranes have been individually marked using col-
ored leg bands on their breeding grounds in Wood Buffalo National Park (WBNP), Canada (Kuyt 1978).
During the 1980-81 winter there were 21 color-banded whooping cranes in the Wood Buffalo-Aransas
population including 7 from 1977, 5 from 1978, 5 from 1979, and 4 from 1980. Such a sizable group
of individually identifiable whooping cranes has afforded a unique opportunity to follow in detail
the T1ife cycle of this rare bird.

The National Aubudon Society has since 1970 studied the behavior and habitat use of whooping
cranes wintering on the Texas coast. As a part of this ongoing research, our study has the fol-
Towing objectives: (1) evaluate subadult flock composition, (2) examine subadult intraflock and
interflock relationships, (3) investigate pair formation within flocks, and (4) monitor habitat
selection and local movements of subadult flocks of whooping cranes. We expect to continue this
subadult flock study through the 1981-82 winter. This preliminary report will focus on flocking
behavior and other social interactions during the 1980-81 winter at Aransas National Wildlife Refuge
(ANWR) , Texas.

During 1980-81 this project was funded through contributions to the National Audubon Society
from Conoco Inc., Caesar Kleberg Foundation for Wildlife Conservation, San Antonio Audubon Society,
R. Jenkins, K. Damuth {(deceased), and other individuals. Boat, motor, and other equipment were pro-
vided by the National Audubon Society. We also thank F. Johnson, S. Labuda, and K. Butts of ANWR
and J. Smith of Texas Parks and Wildlife Department for their cooperation and contribution of aerial
survey data: D. Slack of Texas A&M University for his valuable assistance, advice, and review of the
manuscript; Capt. Brown of the MV Whooping Crane for transportation; and J. Campbell and J. Cohea of
St. Charles Marina for their assistance. Special thanks to E. Kuyt and R. Drewien for their efforts
in color-banding the young whooping cranes which made this study possible.

STUDY SITE

Aransas National Wildlife Refuge, located on Blackjack Peninsula 60 km northeast of Corpus
Christi, Texas, consists of approximately 21,862 ha of bay shorelines, salt marsh and flats, grass-
lands, and live oak (Quercus virginianz) and redbay (Prrsex Lorboniu) thickets. Approximately

lpresent address: Department of Wildlife and Fisheries Sciences, Texas A&M University, College
Station, TX 77843.
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7,692 ha of nearby Matagorda Island are presently administered as part of ANWR. Most of the field
work was concentrated in 4 areas (Fig. 1): western shore of Dunham Bay; middle and southern Sundown
Bay: eastern shore of Ayres Island; and eastern shore of St. Charles Bay from Egg Point to Little
Devil Bayou. These shorelines are accessible via a small boat and allow unobstructed, close-up ob-
servation of the cranes.

A1l of the study areas except St. Charles Bay border the Gulf Intracoastal Waterway (GIW). The
whooping cranes are exposed throughout the winter to barges, tugs, oilfield crew and service boats,
commercial fishing boats, and recreational craft. Dunham and Sundown Bays are both shallow (0.15-
0.6 m) thus effectively preventing most larger boats from entering these bays. Sports fishermen
regularly enter the bays in the fall but are rarely seen during winter. The western shore of Ayres
Island borders the GIW. The southern ends of adjoining Ayres and Roddy Islands border Wynne's Cut,
a narrow channel used by crew boats and recreational craft for access to Mesquite Bay. St. Charles
Bay is deeper than the other 3 sites (0.3-1.5 m) and is a popular fishing and hunting area. Season-
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al waterfowl hunting is allowed along the nonrefuge portion of the western shore of St. Charles Bay.
Sports and commercial fishermen operated crabtraps and trotlines along the eastern shore throughout
the season.

Salt marshes associated with each study area are dominated by: Spartina alternifloru, Szli-
cornia SPP., Borrichia frutescens, Monanthochloe littoralis, Disvichlis spiecata, Batis maritima,
and Lyciwn carolinanwn. In the bays, the stout razor clam (Tagelus plebeius) is the most common
bivalve (Harper 1973, this study) and is a primary food item of the cranes while at ANWR. Blue
crabs (Callinectes sapidus) are also available and an important crane food item. Other inverte-
brates consumed by whooping cranes in the marsh include fiddler crabs (Uca spp.) and the pulmonate
snail (Melampus bidentatus)(Allen 1952, this study).

Since 1973-74 ANWR personnel have practiced prescribed burning of upland habitat as a means of
reducing heavy grass cover, controlling shrubby vegetation, and stimulating the new growth of
grasses and forbs. Burned areas on Blackjack Peninsula have been attractive to whooping cranes as
feeding sites. Cranes have been observed feeding on burned acorns and on snails in small ponds on
the burns (this study). Cranes may feed on insects, other invertebrates, and snakes on the burns
(Labuda and Butts 1979).

In late October and early November 1980, approximately 976 ha were burned near St. Charles Bay
(Fig. 1). This was the 1st time that this site had been burned in 2 years. Shortly thereafter,
large numbers of sandhill (Grus canadensis) and whooping cranes were observed feeding on the burns
during aerial censuses (ANWR files). Observations of cranes on the burns were Timited due to the
extreme wariness of the birds in this environment.

METHODS

Behavioral observations of color-marked subadults during the 1978-79 and 1979-80 winters were
made from boats operating in the GIW and in various bays at ANWR. Marked birds were observed 1 to
3 times weekly from a boat or fixed-wing aircraft. Flock composition and movements were determined
from these observations. Daily behavioral observations began the 1st week of November 1980 and,
except for 19-31 December or severe weather conditions, continued through April 1981.

Most observations were made from a chair placed in the water behind a 4.12-m ocutboard boat.
GIW platform markers were used as elevated observation posts to locate birds in the marsh. Obser-
vations were made using a 15-60X zoom telescope and 7 x 35 binoculars.

As previously noted, study birds had been color-banded as prefledged chicks in WBNP by the
Canadian Wildlife Service (Kuyt 1978). Combinations of distinctive color bands allowed ready iden-
tification of individuals and age classes. Two subadult birds, 1 from 1977 and 1 from 1979 were
not banded as chicks and are therefore unidentifiable.

A subadult flock was defined as a group of 2 or more birds, at least 1 of which was banded, in
close proximity to each other and interacting. The method used in observation was focal-animal
sampling. This method records spontanecus and intensive social interactions within a group as well
as flock members' nonsocial behaviors. A record was made of the length of each sample period and,
for each focal individual, the amount of time during the sample that the individual was actually
in view (Altmann 1974, Lehner 1979).

Descriptions of behavioral units were adapted from the ethogram for the red-crowned crane
(Grus Japonensis) devised by Masatomi and Kitagawa (1975), from whooping crane postures described
by Kepler and Archibald (unpubl. manuscript), and from ethological descriptions of sandhill cranes
by Nesbitt and Archibald (1981) and Voss (1976). Each behavior was coded to a combination of
letters and numbers and recorded on a data sheet.

Average flock size and age-class composition were calculated using the high bird count for all
1st 0.5-hour behavioral sampling periods, and all incidental sightings. A1l adult-plumaged, unband-
ed birds were defined as over 4 years old. Therefore, the 2 birds not color-banded, 1 in 1977 and
1 in 1979, if present, would have been categorized as over 4 years old.

RESULTS AND DISCUSSION
1976-77 Through 1979-80 Winter Seasons

Aggregations of 5-10 whooping cranes frequented the western shore of Dunham Bay during 1976-77
and 1977-78 winters from late November until the birds' spring departure the 1st week of April. As

many as 17 birds were observed using a burn in the Point Pasture area (southwest corner of Blackjack
Peninsula) in fall of 1976, but flocks were not seen at nearby Egg Point or Three Islands (Fig. 1).



In early November 1978 a loose aggregation of birds formed in the marsh and sloughs northeast
of Dunham Bay. By 7 December the birds moved to the western shore of Dunham Bay. A group of 6-13
(usually 9-10) birds used the area until late March.

During the 1979-80 winter a flock congregated in a pond on Bludworth Island which contained a
concentration of blue crabs. This activity was 1st noted on 10 November 1979 and peaked around
18 November when 19 birds were observed there including at least 7 of the 13 existing marked birds.
This concentration of whooping cranes slowly began to disperse and by 1 December there was increased
use of sloughs and marshes west of Sundown Bay. Dunham Bay had not consistently attracted flocks
during this early season. By mid December, however, 3 birds began using the western shore of Dunham
Bay. Numbers increased to 6-7 birds in early February and remained at that Tevel until the end of
March.

1980-81 Winter Season

Ten whooping cranes, including 2 with colored bands, were counted on the refuge 14 QOctober
during the weekly aerial census. By the end of October 45 whoopers were present (ANWR files).

Dunham Bap.--Throughout November, field observations were concentrated in Dunham Bay {(Fig. 1)
because it had been a traditional location for subadult flocks. Most of the time, however, only
unbanded pairs were observed on Grass Island (entrance of Dunham Bay), and along the eastern and
western shore of the bay.

During the Tst half of the month small groups of 3, 4, and 5 cranes were observed once each
during 3 days of observations. Only one 2-year-old and two 3-year-olds were positively identified
during this time. A territorial pair was observed chasing the group of 4 at the southern end of
the bay.

During the 2nd half of November, flocks of 3 and 6 were observed only once each during 6 field
days. The flock of 3 included two 1-year-olds and an unbanded bird. These birds were seen here
again in January and stayed in the bay the rest of the season.

Ege Print - Bill Mott Bapou.--Weekly aerial
surveys during November located 10-26 whooping
cranes on the newly burned plots near St.
Charles Bay. On 30 November a large flock of
12-14 whooping cranes, including 7 subadults,
was located in the St. Charles Bay area known
as Egg Point-Bi1l Mott Bayou (BMB)(Fig. 1).

Over the following 2 weeks, flocks ranging
in size from 3-25 were observed along this shore-
254 [ line (Fig. 2). Feeding was the primary activity
\ of the flocks, requiring about 66% of their time.
™ Small and large groups moved up and down the

shoreline, sometimes feeding in water thigh deep.
. A territorial male and his mate chased groups
‘4 back toward BMB when these groups ventured too
close to Egg Point.

The flocks at Egg Point-BMB varied in their
age-class composition (Table 7). Typically more
than 50% of the birds were unmarked, indicating
that they were at least 4 years old. Only a
few of these unbanded birds appeared to be
paired. Among 17 banded subadults in the Wood
Buffalo-Aransas population, all but 3 were ob-
served in these Egg Point flocks during Decem-
ber. The 3-, 2-, and 1-year-olds were approxi-
mately equally represented throughout the
flocks. Certain banded subadults consistently
associated with each other: arriving, feeding,
' T ! resting, and departing together. Later on these
cranes were located on other sites as separate
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An unbanded chick and its parents joined
sime oy dae at Ega Polne- the Egg Point-BMB flock on 4 days. This family
Sairelea Bal:o 30 Novembor- tolerated the nearby presence of another unband-

ed bird. The bird arrived with the family and
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Table 1. Average monthly flock size and percentage age-class composition by location at ANWR from
November 1980 - April 1981.

Flock size Percentage age class
Location N X >4 3 2 1 <1
Durham Bay
November 5 4.6 42 25 13 21 0
December No observations - -- -- -- --
January 13 5.7 51 8 15 23 3
February 3 3.7 53 0 0 47 0
March 1 3.2 33 0 0 67 0
April 10 3.1 33 0 0 67 0
Egg Point
November 1 12.0 42 17 25 17 0
December 11 9.2 51 17 14 16 2
January 3.0 50 50 0 0 0
February 2 4.0 37 10 27 27 0
March No flocks -- -- - -- --
Three Islands
November No observations -- -- -- -- --
December 13 5.2 51 31 15 3 0
January 11 4.5 b5 45 0 0 0
February 2 4.0 37 20 27 17 0
March No flocks -- -- -- -- -
Sundown Bay
November 1 4.0 50 0 25 25 0
December No observations -- ~- -- -- --
January 15 7.8 44 8 29 20 0
February 6 9.2 34 8 38 20 0
March 23 5.1 36 10 35 20 0
April 6 4.5 37 16 24 24 0
Ayres Island
November 1 2.0 50 50 0 0 0
December No observations -- -- -- -- --
January 2 4.0 50 0 25 0 25
February 1 2.0 50 50 0 0 0
March 18 2.2 50 50 0 0 0
April 1 3.0 8 24 34 34 0

always departed immediately after the family. Although the family tended to separate itself from
the other flock members, it was observed mingling with a group of 18 whooping cranes.

On 2 days, groups of sandhills (6-14, and 3) rested on the shoreline in close proximity to
whooping cranes. On both days, 2-year-old whooping cranes pecked at sandhills. Although whooping
cranes and sandhills have been observed together on burn and salt-marsh areas, this is only the 2nd
time the 2 species were observed together on the bay shoreline at ANWR.

From 30 November to 11 December flocks were usually along the shore when observations began.
Small groups, apparently independent of each other, arrived throughout the day flying or walking
from the direction of the burn. However, unknown disturbances on the burn precipitated the arrival
of large numbers of cranes. Departures from the shoreline by 1 group often triggered the departure
of other small groups, occasionally leaving the shoreline devoid of birds for as Tong as 1.5 hours.

On 12 December 1980 the use of Egg Point-BMB shoreline declined drastically. Similarly, few
birds were seen arriving at the burn. After 15 December 1980, except for an unbanded pair at Eqg
Point, whoopers were not observed along the shoreline (Fig. 2).



Three Izlands.--0n 3 December, 4 cranes left the flock at Egg Point-BMB and flew northwest to
a nearby area known as Three Islands. Throughout the rest of the month a flock ranging from 2-13
birds frequented this area. Initially the flock was composed of 4 birds: 2 unbanded, a 3-year-old
and a 2-year-old (Table 2). The 3-year-old was always accompanied by an unbanded bird and they
were observed unison calling.

Flock size increase at Three Islands coincided with the decline in bird numbers at Egg Point-
BMB. A 3-year-old and a 2nd unbanded bird joined the flock; however, their movements were usually
independent of the rest of the flock. Other banded subadults that previously had been observed in
the Egg Point flock joined the Three Island flock, usually for 0.5-3 hours. On 13 December, 12
whoopers roosted at Three Islands but they departed at sunrise.

In January there were large subadult flocks on the refuge at the Three Islands area of St.
Charles Bay, Dunham Bay, and Sundown Bay. At Three Islands the flock composition had shifted to
all 3-year-olds and unbanded birds (Table 1). The 2-year-old that had been observed with an un-
banded bird during December had now joined the Sundown Bay flock. This 2-year-old rejoined the
Three Island flock once in January and once in February.

Throughout January, the Three Island area fluctuated between 1 large flock of 7, and 2 flocks
of 5 and 2. The flock of 5 included two 3-year-olds and 3 unbanded birds. This group regularly
used the nearby burn. They were observed feeding along Egg Point-BMB shoreline, the north shore
of BMB, and north from Three Islands to Little Devil Bayou. Typically this flock joined the 3-year-
old and an unbanded bird who frequented the area from Three Islands north to Little Devil Bayou.
Within this flock there were frequent aggressive encounters. One 3-year-old was the object of most
aggressive attacks. This bird was chased (ground and air) throughout the month by 1 or 2 unbanded
flock members. All flock members unison called often.

In late January, the Three Island flocks began to break up. The flock with the 3-year-old and
an unbanded bird were observed once at Dunham Bay with a 2-year-old and another unbanded bird. On
another occasion this pair joined the large flock in Sundown Bay but Tater flew back to Three
Islands. In February, this pair was no longer seen in St. Charles Bay. It appears that the 3-year-
old, believed to be a male, and an unbanded bird set up a territory on Ayres Island during February.
Throughout March this 3-year-old was observed aerially pursuing birds from Ayres Island over to
adjoining Roddy Island.

The other flock of 5 was last seen the 1st week of February. On 14 February, 1 of the 3-year-
old members and an unbanded bird were joined on the north shore of BMB by 3 birds including 2 from
the Sundown Bay flock. Banded subadults were last observed at Three Islands on 16 February. Two
3-year-olds that had been regular Three Island flock members were not seen again during the remain-
ing season (Table 2).

Erg Point.--The unbanded pair was observed throughout the season in the Egg Point-BMB area.

In January a 3-year-old and unbanded bird were pursued by the Egg Point male until the 2 left the
area. Later in January, the flock of 5 from Three Islands arrived at Egg Point from the burn and
were pursued to Three Islands by this same male. In February, 3 birds including 1 from the Sundown
Bay flock landed on the Egg Point-BMB shore and were immediately chased off by the pair. Beginning
in mid-February only this unbanded pair and sometimes a single unbanded bird were observed in St.
Charles Bay.

Luniam Boeo--During January there were 1-2 flocks of subadults in Dunham Bay. One flock uti-
lized the far northern end of the bay while the other utilized the western shore. Although Dunham
is not a deep bay, the western shore flock did not traverse the width of the bay on foot, but fed
along the western shore. Throughout the season the western shore flock was usually observed at
south Dunham Bay across from Grass Island (Fig. 1).

Sometimes the 2 flocks in Dunham Bay were geographically distinct and did not interact. How-
ever, at other times members of the 2 groups met on the western shore and fed together. As many as
13 birds were together. Large group flight movements were never observed. Birds arrived and de-
parted alone or with 1-3 other birds.

Five banded subadults used Dunham Bay regularly during January: a 3-year-old, two 2-year-olds,
and two l-year-olds. A 3-year-old and a 2-year-old from other flocks were each observed in the bay
with banded subadults on 1 occasion in January.

The northern flock varied in size from 2-10 members. The 3-year-old and an unbanded bird were
members of this northern flock only during January. From February on, these 2 birds were observed
a short distance northeast of Dunham Bay, along the GIW. The two 2-year-olds joined both the
northern and western shore flocks during January. In February, however, these 2-year-olds joined
the Sundown Bay flock. One to 5 unbanded birds were observed in the northern flock, including a
pair from the east side of the bay. This pair never showed signs of territoriality while at the
northern end.

Two 1-year-olds and an unbanded bird made up the core of the western shore flock. This trio
was always observed together, but they were often joined by other birds. Frequently in January,



Table 2.
April 1981.

Number of sightings per month by location for banded cranes at ANWR from November 1980 to

Nov Dec Jan Feb Mar Apr

Nov Dec Jan Feb Mar Apr

1977 Banded
R-Ga
Dunham Bay
Egg Point
Three Islands

R-RD
Egg Point
Sundown Bay
Three Islands

R-W
Dunham Bay
Egg Point
San Jose Island

R-N
Matagorda Island

W-R
Ayres and Roddy
IsTands
Dunham Bay
Egg Point
Sundown Bay
Three Islands

B-R
Bludworth Istand
Dunham Bay
Egg Point
Sundown Bay
Slough west of

Sundown Bay

Three Islands

G-R

Ayres and Roddy
Islands

Dunham Bay

Egg Point

Redfish Slough

Sundown Bay

Three Islands

1978 Banded
RWR-0
Ayres and Roddy
Islands
Egg Point
Sundown Bay

N-RWR
Ayres and Roddy
IsTands
Dunham Bay
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1978 Banded
N-RWR (continued)
Egg Point
Sundown Bay
Three Islands

N-W
Ayres and Roddy
IsTands
Dunham Bay
Egg Point
Rattlesnake Isla
Sundown Bay
Three Islands
sC
Dunham Bay
Sundown Bay

RWR-B
5 Dunham Bay
Egg Point
Sundown Bay
Bludworth Island

1979 Banded
BWB-G/R
Bludworth Island
Dunham Bay
Egg Point
Sundown Bay

7 R/W-BWB
Dunham Bay
Egg Point
Three Islands

5 R-BWB
/ Matagorda Island

BWB-R
5 Dunham Bay
Egg Point
Sundown Bay
Three Islands

BWB-R/W
6 Ayres and Roddy
Islands
Dunham Bay
Egg Point
Sundown Bay
Three Islands

1 5
2 6 16 2
2
1
1
4
nd 5 2
9 4
6 1 1
6
1 2
1
1 1
1 12 7 18 3
1
1
1
1 2
12 7 18 3
1 8 2 11 10
8
1
1 1 1
1 8§ 2 11 10
8
1
1
8
1 8

11

—_— O N
no

dcoTor codes for left-right leg bands.

b

R-R not seen after 16 February 1981.

Bird R-G not seen after 6 February 1987.

“This bird lost its color band and only retains an aluminum band.

1981.

1ap

S not seen after 23 February



2 unbanded birds that are believed to be a newly formed pair, flew over from Grass Island and
joined the trio to feed and rest. Upon arrival there were often threat displays; however, physical
aggression was never observed between the trio and this pair. During January the trio was also
joined by the two 2-year-olds and 1-2 unbanded birds. On 3 days, the unbanded chick that had fre-
quented Egg Point during December was in Dunham Bay with its parents. This time the family was
accompanied by 1 of the 2-year-olds. The family and the 2-year-old fed with both flocks.

February and March behavioral observations in Dunham Bay were restricted to only 2 days each
month. Once in February and again in March the unbanded pair from Grass Island flew over to feed
and rest with the trio on the western shore and in the bordering salt marsh. A single unbanded
bird attempted to feed with the trio 1 day in February. The latter bird was repeatedly chased and
pursued by the unbanded trio member. This was the only time aerial pursuit was observed in Dunham
Bay.

Except for the 2 times that they were joined by the unbanded pair from Grass Island, the trio
was the only flock sighted in Dunham Bay from February through April. The trio was usually observed
along the western shoreline and marshland across from Grass Island. On 4 occasions, however, the
trio was observed feeding in the marsh on the eastern side of Dunham Bay near the GIW. The trio
was last observed in Dunham Bay on 16 April. We helieve that they migrated shortly after this
sighting.

In Dunham Bay, territorial aggression by pairs towards the flock was observed only at the south-
ern end of the bay. There an unbanded pair defended a territory on the western shore, just south of
Grass Island. Territorial encounters involved a unison or guard call by the pair followed by the
male flying north and landing near the flock. The aggressive displays caused the flock members to
immediately exhibit submissive postures or flight behavior.

Sundown Bay.--Sundown Bay had the largest flocks and all 3 subadult age classes were present
from January through the Tst week of April (Table 1). In January flocks ranged from 3-13 birds.
Typically half of these birds were unbanded. Although at times unbanded pairs were flock members,
the majority of the unbanded members were not paired. Among the 3-year-olds only 1 joined the
Sundown Bay flock for the remaining winter. Two other 3-year-olds joined the Sundown Bay flock
for 1 day each. The 2-year-olds, however, were well represented with at least 3 out of a possible
5 in that age class observed as flock members on 7 occasions in January. Two 1-year-olds were
flock members throughout January.

Within the flock there was a tendency for certain birds to feed, rest, and depart together.

A trio that included a 2- and a 1-year-old, and an unbanded bird were always together throughout
the remaining season. During January and February a 3-, a 2-, and a l-year-old, and an unbanded
bird were usually together but were often joined by another 2-year-old and 1-2 unbanded birds.

Mid-January was the only time when 2 subadult flocks were observed in the bay. On 3 occasions
there was a flock at the southern end of the bay mingling with some tolerant unbanded pairs, while
simultaneously another flock was farther north in the usual area. Flocks were observed at the
southern end of the bay 4 times in January, but the rest of the season the flocks always utilized
an area in the central part of Sundown Bay (Fig. 1). This central area was unique from all other
flock areas previously mentioned because it was limited on both sides by aggressive territorial
pairs. The flocks fed along the western shore and across the shallow bay to the western shore of
Sundown Island. The flock usually preferred to feed and rest from mid-bay to the western shore.
This location provided a maximum distance from boat traffic along the GIW.

Peak flock size was reached in Sundown Bay in February. Flocks ranged from 3-15 with as many
as 8 banded subadults observed at 1 time. The two 2-year-olds that had been frequenting Dunham
Bay joined the Sundown Bay flock at the end of January. On 1 occasion all 5 of the 2-year-old age
class were in the Sundown Bay flock. The 3-year-old and two 1-year-olds continued as flock members
throughout this month. One of the 2-year-olds from Dunham Bay Jjoined the Sundown Bay flock until
the flock split up the I1st week of April. Although it interacted with the whole flock it tended to
feed and rest near the trio. However, the 2-year-old trio member pecked and chased (ground and air)
this new flock member during February and again in March.

During the last 3rd of February, two 2-year-olds left the Sundown Bay flock. One was a 2-year-
old that had just recently left Dunham Bay. After 23 February this bird was no longer sighted with
any of the flocks on the refuge (Table 2). The second 2-year-old that Teft the Sundown Bay flock
had been accompanied off and on since December by an unbanded bird. Throughout March and into the
1st week of April this 2-year-old was sighted with an unbanded bird in the area of Rattlesnake
IsTand, just east of Ayres Island.

In March the Sundown Bay flock size decreased to 5-6 as the cranes began to spend more time
in the salt-marsh vegetation. The trio with a 2- and a T-year-o0ld, and an unbanded bird remained
at Sundown and were joined by the 2-year-old from Dunham Bay and an unbanded bird. The 5 were
usually in close proximity to each other; however, the trio continued to fly in and out of the
bordering salt marsh independent of the other 2 birds.
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A 2-year-o0ld and a 1-year-old were last observed in Sundown Bay 9 March. A few days after
their disappearance, the 3-year-old that had usually accompanied these 2 birds also left the flock.
Ten days later these 3 birds were observed in northern Sundown Bay about 1 km from the Sundown Bay
flock. The birds were feeding in the bay with the 3-year-old and unbanded bird from Ayres Island.
When the 5 birds were chased by 2 territorial males, the 3-year-old and 2-year-old flew south to
rejoin the Sundown flock. The 3-year-old fed and rested several 100 m from the flock the rest of
the day and successfully reintegrated back into the flock by the next day. However, the 2-year-old
attempted to feed near the flock and was aerially pursued by the aggressive Z2-year-old trio member.
The 2-year-old left and was not sighted again until 1 April at Ayres Island in the company of the
1-year-old former Sundown Bay flock member.

Dispersion of the Sundown Bay flock occurred during the Ist week in April. The flock had
spent large amounts of time in the bordering salt marsh. On 1 occasion the trio was observed with
3 unidentified cranes in the salt marsh on the Mesquite Bay side of Biudworth Island (immediately
west of Ayres Island).

On 6 April the trio was observed with the 3-year-old in the usual area of Sundown Bay. The
unbanded trio member appeared very nervous and continued to make flight intention movements. At
approximately 1000 hours the 1-year-old trio member suddently flew north, doubled back over the
group and landed in the adjacent salt marsh. The 2-year-old member responded with 2 unison calls
and immediately flew with the unbanded trio member to join the 1-year-old. The 3-year-old, however,
flew northeast and appeared to land over by Ayres Island. The trio was not seen in Sundown Bay
the rest of the day although the area was checked for the next 4 hours. Two days Tater at 0715
hours the trio was observed by personnel at Quivera National Wildlife Refuge in central Kansas.
These birds may have arrived the night before because they departed 3 hours after they were sighted
(Quivera NWR files).

Territorial aggression towards flock members from the males of the adjacent northern and south-
ern territories was observed throughout the 1981 field season. 1In January, territorial aggression
was observed on 6 of 11 observation days. In February and March territorial aggression was observed
on 4 of 5 and 13 of 17 observation days, respectively. These aggression bouts usually occurred 1-3
times during an observational period. On 24 March the territorial male to the north chased a flock
at 6 different times. During the final chasing sequence the flock flew into the salt marsh.

The intraflock aggression usually consisted of the territorial male flying in and continually
chasing flock members. High bows, wing shake bows, adornment walking, head shaking, and displace-
ment preening displays were also observed. Aerial pursuits of flock members were rare. On some
occasions chasing bouts caused flock members to depart from the bay. Usually the flock members
either walked quickly exhibiting submissive postures or flew a short way into the salt marsh. Except
for a few occasions when stationary adornment display was observed, flock members always responded
to territorial males with avoidance or submissive behaviors.

Aures Island.--0Observations at Ayres and adjoining Roddy Islands proved difficult throughout
the season because the cranes usually preferred the inland marsh areas more than the shoreline. In
January, observations were limited to 4 incidental sightings of the unbanded chick, its parents, and
sometimes the 2-year-old from Dunham Bay. In February and March the 3-year-old and an unbanded
bird from Three Islands maintained a territory at the south end of Ayres by Wynne's Cut. In March,
unidentifiable groups of 3 and some solitary birds were observed on the marsh.

On 1 April the 2- and 1-year-olds that had been Sundown Bay flock members until mid-March were
located at the southern end of Ayres in the 3-year-old's territory. A few days later the 2-year-
old from Sundown Bay joined them. These 3 birds were observed 10 April feeding with the territor-
ial 3-year-old and the unbanded bird. Shortly after the latter sighting the 3-year-old and the
unbanded bird apparently migrated. From 14-16 April the two 2-year-olds and the I-year-old were
observed at the southern end of Ayres with the 3-year-old from the Sundown Bay flock. Thereafter
until 25 April only 2 unidentifiable birds were sighted in the area. On 25 and 28 April the 3-year-
0old and the 1-year-old were located together at the north end of Ayres Island. We believe they
migrated shortly thereafter.

CONCLUSIONS

Subadult flocks occupy the same kind of habitat as paired cranes. However, subadult flocks
principally utilize areas undefended by pairs. Although suitable habitat formerly occupied by pairs
was available, it was ignored by the subadults. Instead subadults have preferred traditional sites,
at least since 1976. Some paired cranes will frequently join subadult flocks for a few hours at a
time.

The gregarious nature of subadult whooping cranes is evidenced by the fact that lone subadults
are seldom observed whereas solitary unbanded birds are often observed. There is a tendency for
certain birds to associate with each other over long periods of time. Even in large aggregations
these social bonds were detected when birds consistently arrived, fed, rested, and departed together.



High-intensity aggression such as bill sparring, charging, pecking, and aerial pursuit was min-
imal among flock members. The 2 subadults that were aerially pursued by another flock member con-
tinued to stay with their flocks. This lack of aggression among flock members may be related to
the gregarious nature of the birds and to the apparent abundance of food resources.

Fluctuation in flock size and age class appears to be a result of the seasonal availability of
food on the marsh and pair bonding. When the whooping cranes arrive in early fall, seasonal high
tides have often carried blue crabs into the sloughs and inland salt-marsh ponds. Invertebrates
such as crabs and insects are also more abundant during this warmer weather. Thus, in early fall
and again in spring the cranes tend to exploit the salt marsh and as a result are not as concen-
trated along bay shorelines.

In past years, large aggregations of subadult and unpaired adult cranes have been observed
during the early fall exploiting unusual food concentrations of blue crabs and snails. Large groups
have also been associated with burns in past years. The appearance of large flocks of subadults in
St. Charles Bay this past season was most 1ikely due to the bay's proximity to the controlled burn.
Aggregations in St. Charles Bay and on the burn were temporary and dispersion of whoopers occurred
after the apparent depletion of food resources on the burn.

The possibility of pair bonding among 2nd- and 3rd-year birds may also be responsible for the
change in age classes within the flocks. In 1980-81 most 3-year-olds joined flocks at the beginning
of the season; however, by mid-February only one 3-year-old was still associated with a large sub-
adult flock. Among 2-year-olds a similar pattern was observed when 2 in that age class left the
flocks. It is too early to analyze this pairing process because these subadults have only been
accompanied by unbanded birds that cannot be positively identified. It is also unknown what role
subadult flocks play in pair formation.
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WHOOPING CRANE PRODUCTION AT THE PATUXENT WILDLIFE RESEARCH CENTER, 1967-1981

SCOTT R. DERRICKSON, Endangered Species Research Program, Patuxent Wildlife Research Center,
Laurel, MD 20708

JAMES W. CARPENTER, Endangered Species Research Program, Patuxent Wildlife Research Center, Laurel,
MD 20708

Abstract: Between 1967 and 1974, 50 whooping crane (&ris micricas:) eggs were collected from wild
nests in Wood Buffalo National Park, Canada, and hatched at the Patuxent Wildlife Research Center
in Laurel, Maryland, in order to establish a captive flock. The birds hatched from these eggs
formed the nucleus of the Patuxent flock. The 1st breeding at Patuxent occurred in 1975, when

1 female laid 3 eggs. Since that time several additional females have become productive. From 91
eggs produced between 1975 and 1981, 9 whooping crane chicks have been reared in capt1v1ty, and 3
have been successfully cross- fostered to wild greater sandhill cranes (7. casademsie tabide) in
Idaho. Many of the problems encountered in propagating whooping cranes have been magn1f1ed due to
the small size of the captive flock, and the absence of normal copulatory behavior in adults. Cur-
rent research aimed at rectifying these problems centers on rearing chicks with surrogate sandhill
crane parents, and on improving the reproductive performance of breeding pairs.

By late in the 19th century, the whooping crane was uncommon and its numbers rapidly declin-
ing. This decline continued into the early 20th century, and by 1937 only 2 small breeding popula-
tions remained--a sedentary population in southwestern Louisiana, and a migratory population that
wintered along the Texas coast on the newly established Aransas National Wildlife Refuge. The de-
mise of the Louisiana population in 1948, and the extremely slow growth of the migratory population
between 1937 and 1956, prompted concerned biologists to propose augmenting the wild population
through captive propagation. This proposal generated considerable controversy at that time (Erick-
son 1676) although it is now generally recognized that captive propagation can effectively comple-
ment ~onventional conservation efforts. After 5 years of preliminary studies on sandhill cranes
the Canadian Wildlife Service (CWS) and U.S. Fish and Wildlife Service (USFWS) agreed in 1966 to
collect eggs from breeding pairs in Wood Buffalo National Park (WBNP}, Canada, in order to establish
a captive flock at Patuxent Wildlife Research Center (PWRC) in Laurel, Maryland. The principal
goals of this program have been to maintain birds in captivity to preclude extinction of the species
if there were some catastrophic loss to the wild populations, to foster basic research, and to pro-
duce offspring for release into the wild (Erickson 1968, 1975, Kepler 1978).

The purpose of this paper is to provide a summary of whooping crane production at the PWRC
and an overview of current problems and research directions. Various aspects of sandhill crane
and whooping crane propagation at PWRC have been discussed previously by Erickson (1975, 1976),
Carpenter (1977, 1979), Carpenter et al. (1976), Kepler (1976, 1978), Derrickson and Carpenter
{1981), and Erickson and Derrickson (1981).

ESTABLISHMENT OF THE CAPTIVE FLOCK

Following the discovery of the breeding grounds in WBNP in 1954, the CWS initiated a program
of periodic surveys to identify nest locations, nesting chronology, productivity, and other aspects
of breeding biology (Novakowski 1966, Kuyt 1976a, b). During 1 of these surveys in September 1964
a breeding pair was observed with a single chick with a severely injured wing. This bird--a male
eventually named CANUS--was subsequently captured and transferred to Monte Vista National Wildlife
Refuge in Colorado where preliminary studies on sandhill crane propagation were being conducted by
the USFWS (Novakowski 1965). CANUS and the experimental sandhill flock were transferred to perman-
ent facilities at PWRC after the Endangered Species Research Program was established by the USFUWS
in 1966.

Additional whooping cranes were obtained for the captive flock by removing eggs from wild
nests in WBNP after 16-29 days of natural incubation (x = 22.9, SD = 3.2, N = 40) had been com-
pleted. The eggs were then placed in an incubator suitcase {(Erickson 1981) and transported to
PWRC where the eggs were artificially incubated, and the chicks were hand-reared. The egg collec~
tions and subsequent propagation efforts at PWRC have been previously described (Erickson 1975,
1976, Kuyt 1976b, Kepler 1978}.
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Table 1. Fate of whooping crane eggs transferred from wild nests in WBNP, Canada, to PWRC.

Number of eggs Number of birds lost

Year Taken Fertile Hatched® 1st 6 months Adult plumage
1967 6 6 2 2
1968 10 10 10 3 2
1969 10 8 2 2
1971 11 10 9 6 2
1974 13 11 9 5 2
Total 50 45 41 18 10

Inhatched eggs were opened and examined following full-term incubation: 5 eggs (69-9, 69-10,
71-12, 74-6, 74-8) contained no detectable embryo; 3 eggs (69-12, 71-5, 74-1) contained well devel-
oped embryos which died during tate incubation; and 1 egg (74-12) contained a normal embryo which
died soon after pipping.

bInc]udes 1 wet and newly hatched chick which was removed from the nest (instead of an egg) to
avoid chilling.

Between 1967 and 1974, 50 eggs were taken from the wild (Table 1). Forty-five (90%) of these
eggs were fertile and 41 (91%) hatched. Including CANUS, there are now 13 birds of Canadian origin
in the Patuxent flock, representing 10 of 19 known WBNP territories. Eleven of these birds are cur-
rently located at PWRC and 2 are on loan to the San Antonio Zoo in Texas.

Wild eggs have been cross-fostered to pairs of greater sandhill cranes at Grays Lake National
Wildlife Refuge in southeastern Idaho each year since 1975 (Drewien and Bizeau 1978) in order to
establish a 2nd migratory flock of whooping cranes. The fertility and hatchability of these cross-
fostered eggs have been similar to that recorded while establishing the captive flock (R. C.
Drewien pers. comm.). As noted by Erickson (1976) and Kuyt (1976a), egqg removals from WBNP have
not adversely affected the wild population. Between 1967 and 1989, the Wood Buffalo population has
increased from 48 to 78 and the number of breeding pairs has increased from 9 to 19. The cross-
fostered whooping crane population, which migrates between Idaho and New Mexico, now numbers 15-17
birds.

Additional whooping crane eggs and chicks were obtained from the San Anontio Zoo, but only 1
bird, a female named TEX, survives. TEX was hatched in 1967 and transferred to PWRC when 3.5 weeks
old. Since 1976, she has been on breeding Toan to the International Crane Foundation (ICF), Bara-
boo, Wisconsin. Another female chick, hatched in 1979, was transferred to PWRC but died soon after
arrival as a result of internal injuries believed to have occurred during shipment. Nine of 19
(47¢) whooping crane eqgs received from the San Antonio Zoo between 1968 and 1979 were fertile, but
only 1 egg hatched (Table 2). The small (96-g) spraddle-Tegged chick was unable to stand, and died
2 days after hatching.

WHOOPING CRANE PRODUCTION AT PWRC

The initial concern of the captive program was hatching, housing, and rearing the young cranes.
Whooping cranes have generally proved to be more difficult to raise in captivity than sandhill
cranes. Although many of the propagation techniques originally developed for sandhills have been
directly applied to whooping cranes, a number of procedural modifications have been required (Kep-
ler 1978, Erickson and Derrickson 1981). As is true of captive sandhills at PWRC (Carpenter et al.
1976), the majority (68.3%) of whooping crane mortalities have involved downy young. Bacterial
infections, parasitic diseases, and anatomical abnormalities (principally leg and toe problems)
have accounted for most losses (Carpenter and Derrickson, this proceedings).

Procedures originally used in hatching and rearing whooping cranes at PWRC have been previous-
1y discussed by Erickson (1975) and Kepler (1978). Most chicks were initially raised indoors
either individually or in small groups during the period of most rapid growth and development. The
young birds were subsequently moved to outdoor juvenile quarters, and then to subadult community
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Table 2. Whooping crane eggs transferred from Table 3. Age of 1st breeding of 8 captive

San Antonio Zoo to PWRC. whooping crane females.
No. No. No. Year Year 1st Age
Year Pair eggs fertile hatched Female hatched laid (years)
1968 Crip x Rosie 3 0 0 R11 (LL) 1968 1975 7
1969  Crip x Rosie 4 1 0 R10 (UL) 1968 1977 9
. . R8 (UR) 1968 1977 9
1970 Crip x Rosie 7 5 1 R15 (60A) 1971 1976 5
1978 Crip x Ektu® 1 1 0 R17 (G2} 1971 1979 3
a
1979 Crip x Ektu 4 2 0 BT (12) . 1974 1981 6
R18 (EK2) 1967 1978 11
Total 19 9 ] R20 (TEX)C 1967 1977 10
aFoHowing the death of Rosie in 1971, IFemale died egg-bound with 1st egg (24
Crip remained unpaired until an 8-year-old May 1981).

female of Canadian origin (Ektu, R18) was

b . .
placed on breeding Toan by PWRC in 1976. Laid Tst egg while on Toan to the San

Antonio Zoo, Texas.

“laid st egg while on loan to the Inter-
national Crane Foundation, Baraboo, Wisconsin.

pens. Individuals were transferred from these enclosures to visually isolated breeding pens (17 x
17 m or larger) after each selected a mate or was force-paired (Kepler 1978).

Age of Tst Breeding

Wild whooping cranes have not been marked until recently {Kuyt 1979a, b); consequently, many
aspects of their Tife history and population biology remain unknown. Although it is clear that
adults are potentially long-lived, and that sexual maturity is delayed, the average age of Ist
breeding is unknown in the wild. During the 1980 breeding season, two 3-year-old whooping cranes
were observed as members of breeding pairs in WBNP (E. Kuyt pers. comm.). This suggests that sex-
ual maturity may normally be achieved considerably earlier than originally believed.

At Patuxent, we have not regqularly obtained semen from males until their 4th year, and, al-
though 1 female produced eggs at age 5, most females have not laid until considerably older
(Table 3). A number of factors have been identified as responsible for delaying reproduction in
the captive flock, including rearing conditions, dominance relationships, sexual compatibility,
inadequate pen size, and stress associated with handling and disturbance (Kepler 1976, 1978, Der-
eickson unpubl. data).

Artificial Insemination

Although our productive pairs of whooping cranes exhibit normal precopulatory behavior, and
males regularly attempt to mount their mates, successful copulations have not been observed. Con-
sequently, to obtain fertile eggs, females are artificially inseminated using a variation of the
massage technique (Archibald 1974, Gee and Temple 1978). Because artificial insemination (AI)
nesessarily requires repeated capture and handling, there is always a possibility that reproductive
activities may be adversely affected as a result of injury or stress. For this reason, we no longer
inseminate pairs until poor reproductive performance has been confirmed during initial breeding
attempts. Furthermore, in order to condition pairs to the manipulations associated with this pro-
cedure, we normally begin collecting semen from the males and handling the females well in advance
of egg laying. Females are inseminated as soon as their pubic terminals begin to separate and Al
continues until laying ceases. During this entire period we routinely attempt to Al females 3
times per week and immediately after each oviposition.
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We have not been able to achieve a consistent, high rate of fertility even though fertile
whooping crane eggs are obtained each year using AI. During the past 6 breeding seasons, overall
fertility has ranged from 33 to 83% {average 64%), while the fertility of individual females has
ranged from 0 to 100%. Available evidence suggests that these annual and individual variations
in fertility result from a variety of factors, such as the guality and quantity of inseminated
semen, the site of insemination (cloaca vs. oviduct), and the timing of insemination in relation
to oviposition. Although additional refinements in AI procedures may substantially improve fertil-
ity in the future, fertilization currently remains the biggest bottleneck in propagating large
numbers of whooping cranes in captivity.

Manipulation of Egg Production

Like other cranes, whooping cranes are indeterminate layers, and will renest if their Ist
clutch is removed or destroyed before midincubation. We routinely collect all eggs as they are
laid in order to stimulate renesting and ensure maximum production. Using this procedure, our pro-
ductive females typically lay several clutches each season at intervals ranging from 6 to 20 days
= 11.9, Sb = 4.9, N = 35). Clutch size in captivity has averaged 1.7 (SD = 0.6, range = 1-4,

53), while egg production per female has ranged from 1 to 11 eggs per year (x = 51, SD = 3.0,
18).

At Patuxent, whooping cranes normally begin laying between late March and mid-April, and cease
laying with the onset of hot weather in late May or early June (Fig. 1). We regularly expose sev-
eral of our breeding pairs to artificial photoperiods in order to extend their breeding season. As
previously noted by Kepler (1978), photostimulated pairs tend to lay earlier in the spring and con-
sequently have more time to produce additional clutches before hot weather halts egg production.
During the next few years, we will be conducting a number of experiments on pairs of sandhill cranes
to determine the extent to which production can be enhanced and manipulated with photostimulation.
Results of these experiments will hopefully allow us to exert greater control over whooping crane
production.
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Productivity of the Captive Flock

Eggs were 1st produced at Patuxent in 1975, when 1 female laid 3 eggs.
eral additional females have become productive, and from 5 to 23 eggs have been laid annually. Over
the past 6 years (1975-1981) the captive flock has produced a total of 91 eggs (Table 4).

Fifty-three eggs (58%) have been retained at Patuxent, either because they were known to be
infertile or because they were laid too early to be cross-fostered to wild sandhill cranes at Grays

Lake National Wildlife Refuge (GLNWR) in Idaho.
and 10 (43%) chicks were successfully reared to fledging.

Since that time, sev-

0f the 53, 32 (60%) were fertile, 23 (72%) hatched,
Nine of these 19 chicks still survive.

Between 1975 and 1977, eggs that were retained at Patuxent were machine incubated, and the
chicks that hatched were hand-raised using conventional rearing procedures (Erickson 1975, Kepler
1978). Since 1978, however, whooping crane eggs have been incubated and hatched, and the chicks
subsequently reared by selected pairs of captive sandhill cranes.
been allowed to remain with their foster parents for 4-5 months before being moved to large (16 X
Unlike older birds in the PWRC flock, which were rendered flightless by

33 m) covered flight pens.

pinioning or tenotomy, these birds are being maintained full-winged.

These youn

g whooping cranes have

A new complex of Tlarge (15 x

30 m) covered breeding enclosures, specifically designed to accommodate these "parent-reared" birds,
is currently being constructed.

Table 4. Summary of whooping crane production at Patuxent.

No. of Total

Fggs retained at Patuxent

Eggs transferred to Grays Lake

females no. No. @ Ho. No. No.b No. MNo.
Year Taying eqggs NO. fertile  hatched surviving No. fertile hatched surviving
1975°¢ ) 3 3 2 1 0 0 ) n 0
1976 2 5 3 1 1 [ 2 1 0 0
1977¢ 4 22 8 4 3 1 14 8 5 0
1978¢ 3 23 8 8 7 3 15 11 5 0
1979f 4 21 16 1 8 3 5 4 4 2
1980° 2 6 4 1 0 0 2 2 2 '
19817 2 nooon 5 3 1 0 0 0 0
Totals - 91 53 32 23 9 38 - 16 3

aFerti]ity determined for unhatched eggs by examination of egg contents.
after full-term incubation and eggs containing no detectable embryo were considered infertile;
therefore, the number of fertile eggs is considered to be a minimum estimate.

Examination occurred

bFerti]ity estimates for 1976 and 1977 are based on results of pretransfer candling. In 1977,
of the 14 eggs transferred, 3 were deserted after a snowstorm, 1 was destroyed by a predator, 5
Fertility estimate for 1978 was derived after examination
of unhatched eggs. In both 1979 and 1980, fertility was determined by flotation before hatching.

were infertile or addled, and 5 hatched.

CaAm1 eggs artificially incubated full term or until transfer; all chicks hatched were hand-

raised at PWRC.

Two chicks were successfully raised, but 1 (female 812/3351) subsequently died at 4 years of

€an eggs retained at PWRC were incubated and hatched under sandhill cranes, all eggs trans-
ferred to Grays Lake were artificially incubated until transferred to the wild.

fAH eggs incubated under sandhill cranes; chicks hatched at PWRC were reared by sandhill

crane foster-parents.
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Cross-fostering Eggs to the Wild

Whooping crane eggs have been routinely cross-fostered to wild pairs of sandhill cranes at
GLNWR since 1976 because the principal goal of Patuxent's breeding program is to establish or bol-
ster wild populations with offspring from the captive flock. Thirty-eight eggs have been trans-
ferred: 2 in 1976, 14 in 1977, 15 in 1978, 5 in 1979, and 2 in 1980 (Table 4).

Our original attempts to cross-foster captive-produced eggs to the wild were unsuccessful. Of
the 31 eggs transferred between 1976 and 1978, only 10 (32%) hatched, and none of the chicks sur-
vived. By 1978, we realized that the poor hatchability of eggs resulted from (1) the transfer of
infertile eggs, and (2) the artificial incubation of eggs before shipment. For reasons that are
still uncliear, artificially incubated eggs produced weak embryos and chicks that died either late
in incubation or soon after hatching (Erickson and Derrickson 1981). As a result, in 1979 and 1980,
all whooping crane eggs destined for Grays Lake were incubated under sandhill cranes at Patuxent
before their transfer, and only eggs that contained viable embryos, as determined by flotation
rather than by candling, were shipped. In both years, hatchability and survivorship equalled that
observed in eggs and chicks derived from the wild Wood Buffalo population. Thus far, 3 chicks of
PWRC origin have been successfully fledged at Grays Lake (2 in 1979, 1 in 1980), and all 3 birds
still survive {(R. C. Drewien pers. comm.).

DISCUSSION

Over the past 15 years, we have learned a great deal about rearing, maintaining, and breeding
whooping cranes in captivity. Most of our propagation and husbandry procedures have been extensive-
1y modified, and can now be considered to be in the refinement rather than developmental stage.
Although the PWRC program has demonstrated that sustained propagation in captivity is feasible, and
that offspring from the captive flock can be returned to the wild, a number of important problems
still need to be resolved if the captive flock is to play an important role in the whooping cranes'
recovery. These problems and potential solutions are discussed briefly below.

Size of the Captive Flock

Due to the substantial mortality of chicks during the early years of our program, and the de-
layed reproduction of adults, the captive flock has never been very large. The small size of the
captive flock has already adversely affected our breeding program by placing severe constraints on
our ability to form socially and sexually compatible pairs. Obviously, the size and genetic repre-
sentation of the captive flock needs to be increased as soon as possible (Table 5). We believe
that this could be readily accomplished by securing 2-3 eggs per year from territories in WBNP that
are currently unrepresented in the captive flock. Such a program would not adversely affect the
Grays lLake cross-fostering program, yet would greatly enhance future behavioral, demographic, and
genetic management of the captive flock.

Artificial Insemination

Egg fertility continues to be a major obstacle in our propagation program because we must rely
entirely on artificial insemination. Although many captive pairs of cranes do not copulate success-
fully (Archibald 1974, LaRue 1980), we are uncertain whether this results from inexperience, abnor-
mal rearing conditions during ontogeny, the male's inability to mount and balance following tenot-
omy, or other inhibiting factors. However, preliminary investigations with sandhill cranes suggest
that cranes reared by parents show normal copulatory behavior upon reaching sexual maturity. These
results are especially encouraging when 1 considers that the fertility rate of copulating pairs of
sandhill cranes at Patuxent (85-96%) normally exceeds that obtained by Al (55-80%). We are allow-
ing selected pairs of sandhill cranes to hatch and raise our young whooping cranes.

Rearing Procedures

Whooping cranes have proved to be much more difficult to raise than sandhill cranes (Kepler
1978, Erickson and Derrickson 1981). Beginning in 1978, propagation procedures for whooping cranes
were modified to exclude machine incubation and hand-rearing. Young whooping cranes hatched and
reared by foster-parent pairs of sandhill cranes are much more robust and vigorous than hand-reared
birds, and have not developed leg and toe abnormalities.
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Table 5. Composition of the captive whooping crane flock at Patuxent.?

Origin (wild territory or
captive source - year/

No. Pen Sex Identity sire and dam identity)
1 UL M R7/216 WBNP - 1969/Klewi-unnamed
2 UL F R10/261 WBNP - 1968/Klewi 2
3 UR M R14/265 WBHP - 1968/Klewi 1
4 UR F R8/259 WBNP - 1968/Klewi-unnamed
5 LR M R19/270 WBNP - 1967/Sass 2
6 LR F -/268 WBNP - 1967/Sass 1
7 G2 M R21/CANUS WBNP - 1964/Sass 3
8 G2 F R17/432 WBNP - 1971/Klewi 1
9 H2 M B4/253 WBNP - 1974/Nyarling 1

10 H2 F B3/83 PHRC - 1977/270 x 429

1 12 M B2/254 WBNP - 1974/Klewi 3

12 BY M R4/262 WBNP -~ 1968/Klewi 6

13 10P M B5/391 PWRC - 1976/262 x 263

14 FP-AT F 8251 PWRC - 1978/216 x 261

15 FP-B1 M 8253 PWRC - 1978/265 x 259

16 FP-C1 M 8256 PWRC - 1978/265 x 259

17 FP-B2 M 8403 PWRC - 1979/265 x 259

18 FP-B2 F 3401 PWRC - 1979/216 x 261

19 FP-B2 M 8402 PWRC - 1979/265 x 259

20 RS ?b -- PWRC - 1981/216 x 261

%Three other whooping cranes are currently on breeding loan. Two are at the San Antonio Zoo
(male R13/218, WBNP-1969, Klewi 5; female R6/221, WBNP-1969, Klewi 1); and 1 is at ICF (female
R20/TEX, San Antonio Zoo 1967, Crip x Rosie).

bProbab]y a female.

Foster-parent rearing procedures have been modified and refined annually, and, as a result,
mortality has been reduced substantially. At present, most chicks are being Tost either during
hatching or the 1st 5 days of 1ife. We originally attempted to reduce mortality during this
critical period through increased monitoring of hatching events and physical condition. Unfortu-
nately, this effort proved largely counterproductive, and only increased disturbance of the surro-
gate parents. Preliminary experiments with sandhill cranes suggest that mortality during the afore-
mentioned period can be reduced by removing the egg just before hatching, hatching the chick under
controlled laboratory conditions, and then adopting the chick back to its surrogate parents after
5-10 days. We hope to duplicate this procedure with young whooping cranes during the 1982 breeding
season.

Release Experimentation

One of the principal goals of the Patuxent program is to establish or bolster wild populations
of whooping cranes with offspring from the captive flock. £Eggs derived from our captive breeders
have already been successfully cross-fostered to wild pairs of sandhill cranes at Grays Lake and we
will continue this effort in future years. However, we are additionally testing the feasibility of
releasing subadult cranes directly into the wild. Recent experimental releases of captive, parent-
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reared sandhill cranes into both migratory and nonmigratory populations have shown encouraging
results (Drewien et al. this proceedings, Zwank and Derrickson this proceedings). We intend to con-
tinue and expand this research because these studies will provide valuable information for design-
ing future releases for whooping cranes.
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SPERM MORPHOLOGY IN THE CRANE

SHIRLEY E. RUSSMAN, Graduate Program in Animal Science, University of I11inois, Urbana, IL 61801

PAUL C. HARRISON, Department of Animal Science, University of I1linois, Urbana, IL 61801

Abstract: Semen samples were collected from 11 species and 5 subspecies of male cranes in 17 time
periods during May 1981. Semen samples were fixed to microscope slides and stained. Stained slides
were examined microscopically for general sperm morphological studies and to determine sperm head
dimensions. Photoaraphs were taken of selected sperm and "true" sperm head area was calculated
using a digitizer. Means of sperm head dimensions were calculated in order to compare these among
subspecies and species of cranes. Species' and subspecies' {within these species) sperm head length,
width, approximate head area, and true head area were compared. There were significant species by
time interactions for all of these variables. Sperm head dimensions for most of the species were
different from the red-crowned crane {Crus japowensis) species that was used as a comparison species
because it contained the largest sample of individual birds. Sperm head widths differed less
between species than did sperm head lengths. Digitized sperm head areas revealed that there were
morphoicgical differences in crane spermatozoa.

INTRODUCTION

As the number of endangered species of wild birds increases, so does the need for programs us-
ing captive propagation (Martin 1975). Successful captive propagation in cranes is accomplished by
attaining the correct balance of several important factors. These factors include nutrition, photo-
period, temperature, hygiene, psychological security, proper nesting materials, and sexual maturity,
all of which are important in bringing the birds into full physiological reproductive condition.
Despite the effort to provide or enhance these requirements, pairs of birds in captivity still fail
to reproduce (Gee and Temple 1978). A pair will often engage in all of the preliminary aspects of
breeding but fail to copulate (Cade 1975, Temple and Cade 1977). As a result, artificial insemina-
tion (AI) becomes not only a helpful tool but an essential procedure for propagation of the species
threatened with extinction.

Al is the introduction of semen into the female genital tract by the use of instruments
(Siegmund 1967). It provides a practical way to help solve the problems of infertility in captive
birds. AI is a relatively common practice in poultry and has been used successfully for many years
(Burrows and Quinn 1936). However, Al must coincide with the proper health factors, sexual matur-
ity, nutrition, and photoperiod (Skinner and Arrington 1969). AI used properly is of great impor-
tance to the poultry industry.

Only recently has Al been applied to wild birds such as ducks and geese (Johnson 1954, Watanabe
1957, Kinney and Burger 1960, Lake 1962, Pingel 1972, Skinner 1974), pigeons and doves (Owen 1941),
hawks (Berry 1972, Temple 1972, Corten 1973), eagles (Hamerstrom 1970, Grier 1973), and now cranes
(Gee 1969, Archibald 1974, LaRue 1980, Russman unpubl. rep.). Although AI is helpful, it is really
only the beginning of what must be done to aid in the successful propagation of these endangered
species. The objective of this study was to survey the basic sperm morphological characteristics
of several species of cranes, and to determine any similarities and differences. In performing this
study a foundation will be established for future work in crane sperm morphology.

Literature Review

Sperm morphology is analyzed by classifying and characterizing normal and abnormal cell types
and by measuring various dimensions of normal sperm cells {Shartin 1976). Sperm morphology studies
have been done on a variety of animals. Domestic animals such as bulls and horses have been stud-
jed by Savage et al. (1930). Spermatozoa were 1st studied quite superficially by examining the
male reproductive organs, then by light-microscopy to learn their general morphology, and finally
by electron microscopy to depict even more detail. In spite of these studies on sperm structure,
there is still much to be learned about the true anatomy and physiology of avian spermatozoa, par-
ticularly sperm in the 15 different species of cranes.

Some of the 1st work with avian sperm was by Ballowitz in 1888 (Grigg and Hodge 1949). To
better study the cell he morphologically described the sperm of domestic fowl as having 3 regions:
the head, midpiece, and tail. The head was described as a long, cylindrically shaped body which
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tapered at the anterior end to a small, pointed,
intensely-staining apex which was later de-
scribed (Grigg and Hodge 1949) as the acrosome
(Fig. 1).

Size and shape of avian spermatozoa varies
among different species (McFarlane 1963). Wil-
son (1925) has even suggested that sperm mor-
phology may be used as a taxonomic tool to iden-
tify species of vertebrates and invertebrates.
Khan and Mukherjee (1974), for example, found

morphological differences in sperm head length, breadth, shape, and area among 6 strains of white

leghorn cocks.

The Tength of avian sperm has a large range, varying from 30 to 300 .m {Sharlin et al. 1979).
There is no relationship between the size of the bird and size of the sperm. McFariane (1963)
undertook a comparative survey of the entire class of avian sperm and found that some of the smalil-

er passerines produced some of the largest sperm.

Measurements of total Tength are difficult be-

cause the tail may break or adhere to other particles in the field of view.

The higher the taxonomic level, the greater the variation in sperm morphology. Between orders
there are differences in all major components of sperm such as the acrosome, head, midpiece, and
tail. Between families there are still numerous differences in structural morphology. Qualitative
differences are present between genera. Only quantitative morphological differences were found be-

tween species of 1 genus (McFarlane 1963).

Sperm morphology has not been extensively studied in semen samples collected from nonpoultry,
nondomestic birds (Gee and Temple 1978). Corten (1973, 1974) studied sperm morphology in the gos-



hawk. He differentiated cell types; however, correlations were not made between these types and
any other semen characteristics (Gee and Temple 1978). Bird et al. (1976) studied semen samples in
kestrels and differentiated normal and abnormal spermatozoa in young birds and in the early part of
the breeding season.

Gee (Gee and Temple 1978) studied sperm morphology in captive sandhill cranes at Patuxent
Wildlife Research Center in Laurel, Maryland. They identified 6 cell types in Tive sperm samples
as well as stained smears (Fig. 2A). On a slide on which 877 of the cells were alive, 57 + 18.4%
(+ mean standard deviation) were normal (N) or of average size and without membrane distortions.
Among the remaining live cells, 17.5 + 9.4% were characterized as bent (Fig. 2B) because they were
bent at sharp angles in the head, body, or midpiece; 6 + 4.3% were characterized as having bodies
of greater diameter(s) than the N cells; 1 + 0.02% had more than 1 tail or bodies that were 1.5 or
more times larger than the normals (G); and 5.2 + 5% were partially or totally trapped in a spher-
jcal body (DL). The remaining cells (13%) were dead, and 11.6 + 12.1% of these appeared swollen
and sTightly longer than the normal sperm cells (D); 1.5 + 2.8% appeared abnormal and similar to
the Tive abnormal cells (Gee and Temple 1978). These data were collected throughout the reproduc-
tive season. Gee and Temple (1978) found that these cell types appeared consistently throughout
the collection period; however, there were greater numbers of the abnormal dead type of sperm early
in the season just as had been found in kestrels (Bird et al. 1976).

Sharlin (1976) studied the sperm morphology of 4 species of sandhill cranes (crus cunadensis)
at Patuxent. Sharlin (1976) obtained samples from cranes throughout an entire breeding season and
measured sperm head length in each of the 4 subspecies, in order to evaluate subspecific differences
and to determine whether or not sperm head length could be an appropriate index to predict fecundi-
ty in the sandhill crane (Sharlin et al. 1979). Sharlin et al. found that mean sperm head length
did not vary over weeks for any subspecies. There were significant differences (P < 0.01) in mean
sperm length between individuals within a subspecies and between subspecies (P < 0.01), the former
difference being attributed to random sampling. Sharlin's study stimulated studies of sperm mor-
phology in other species of cranes in order to better propagate these endangered birds; thus, the
idea for this project evolved.

We are grateful to B. C. Wentworth and C. N. Graves for their advice, encouragement, and
friendship. They provided assistance and equipment during field and laboratory work. We also
thank G. Gee and E. Rasch for their ideas and great interest in this project. D. Gianola, R. Fer-
nando, and B. Pudalov donated hours of time for statistical advice. A special thanks to G. W.
Archibald and his hard-working staff, B. Baechler, S. Rogers, C. Baumann, L. Fields, R. Besser, and
M. Putnam at the International Crane Foundation in Baraboo, Wisconsin, who helped make this study
possible.

MATERIALS AND METHODS

Field and Lab Work

Semen samples were collected from 11 species (including 5 subspecies) of cranes every other
morning at 0800 hours throughout an entire breeding season (beginning in February and ending in
June). The crane species and subspecies involved are as follows: Red-crowned, white-naped (.

2l L), whooping (5. americana), common (7. gewe orus), lesser sandhill (v, e. canadensis), greater
sandhill (. = za57 %), Florida sandhill (7. . . petencis), sarus (4. antigone), Indian sarus,
(o o z2:l000), eastern sarus (7. .. e 7)), demoiselle (Awthrorolides virao), Stanley (A.

feew), brolga (4. vui "-o.!:), Siberian (7. lcucopraiaes), and wattled crane (Bugerarus carun-
bl ) .

Official sampling did not begin until March, however, because the male bird might not respond
immediately to sexual stimulation and might even react in a negative manner to any "invasion" of
his territory. For this reason Al is usually started at least 2 weeks before the expected begin-
ning of the breeding season. This preliminary handling of the bird causes him to overcome some of
his nervousness and increases the chances of obtaining a "good" sample at the beginning of the
breeding season. The schedule of sampling corresponded to the artificial insemination program at
the International Crane Foundation in Baraboo, Wisconsin.

The basic collection procedure described by LaRue (1980) and Russman {unpubl. rep.) was fol-
lowed. The semen sample was microscopically examined in the field for sperm quantity, quality, and
motility information. The remaining semen was kept in the syringe, labeled, and placed in a con-
stant temperature thermos to prevent sperm death due to temperature shock, and to avoid any unnec-
essary damage from ultraviolet light. The time of the collection period varied due to weather con-
ditions and bird cooperation; thus elapsed time between the 1st collection and the time of the 1st
smear varied from 90 to 120 minutes. Smears were made following the exact sequence of collection
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so that each sample was treated equally. Smears were prepared as described by Sharlin (1976). The
completely dried smears were then fixed in Bouin's fluid and stained, using a modification of the
staining technigue as described by Sharlin (1976).

Microscopic Examination

A Tight microscope (Zeiss Photomicroscope I11) equipped with an Optivar, to obtain 1600X power,
was used to observe and study the spermatozoa. A disc occular micrometer was placed inside the
right eyepiece and calibrated at 1600X with a stage micrometer in order to measure the cells.

Sperm head length was defined as the distance between the proximal centriole and posterior border
of the acrosome. Sperm head width was defined as the maximum width of the head (1 maximum width
measurement was taken for each sperm, see Fig. 3, right drawing). The spermatozoa are cylindrical
when alive and flattened into a rectangle when dead. These cells were measured dead. Thus,
aprroximate sperm head area was calculated as head length times head width.

True sperm head area was calculated with the use of photography. Photographs of the sperm
were taken with Panatomic-X (FX 135-20) and developed as black and white prints. These prints
were then taken to a Talos Coordinate Digitizer with a Magnavox Orion Microcomputer which can be
used to calculate area in square inches. The sperm head area on the print was calculated by digi-
tizing points outlining the sperm head. To correct for magnification, sperm were measured (head
length and width) before they were photographed and these values were recorded. The same dimen-
sions were also measured on the print. The area of the sperm head is basically that of a rectangle
(sperm cells are flattened out when dead) or length times width. Consequently, the ratio recorded
was area on print:area calculated under the microscope. In this way, a magnification difference
between microscope and print could be calculated. The value per .square inch obtained from the digi-
tizer could be converted to square microns by multiplying by the correction factor of 6.4516 x 108
square microns per square inch. This product was then divided by the magnification ratio as follows
in equation 1:

Area of sperm head = 6.4516 x 108 ym?/square inch x square inches computed by digitizer
Length x width of sperm head on print (um)
Length x width of sperm head in microscope {um)

General morphological characteristics were also studied, such as general uniformity of size
and shape, percentage of abnormal cells, and the effect of and amount of contamination in the sam-
ples. The number of sperm cells to be measured per sample was calculated in the manner of Sharlin
(1976). As a result of following Sharlin's equation, 10 cells were randomly chosen and measured
per slide.

Statistical Analysis

Data were collected from birds during 17 time periods in May 1981 (every other day, beginning
1 May and ending 31 May). The data set can be treated as an incomplete bird by time layout because
not all birds contributed data in each collection. A collection from a particular time was repre-
sented by 10 measured sperm. Dependent variables (sperm head length, head width, approximate head
area, [head length times head width] and true head area [measured by a digitizer]) were described by
the mixed model:

% = um + Si = bh.. = Tk + (ST)ik +

ijk1 ij ik

where Yijkl is the 1th sperm measure taken at the kth time in the jth bird of the ith species or
subspecies, uym is a fixed effect common to all observations, 51 is the effect of the ith species or
K js the fixed effect of the kth time period, (ST)ik

species or subspecies and the kth time period, and eijk1 (0,e2) is the residual associated with the

subspecies, T is an interaction between the ith

observation taken at the kth time in the jth bird of the ith species or subspecies. Fixed effects
and variance components were estimated by the method of Jeast squares (Searle 1971) and by Hender-
son's (1953) Method 3. Computer impTementation was done with the general Tinear model (GLM) pro-
cedure of the Statistical Analysis System {SAS) (Goodnight 1979). This same procedure was also
combined into their prospective species to create another analysis.
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Due to the disproportionality of subclass numbers, an exact test of significance was not avail-
able to evaluate differences among species or subspecies. However, exact tests would be made to
assess differences among time periods and species by time interactions. Significant (a = 0.05)
interaction was taken as evidence of differences among species and subspecies. Within these con-
trasts, single degree of freedom comparisons were made among species and subspecies (1st as species
and subspecies, then with subspecies combined to analyze for species). The standard errors of these
comparisons were calculated by multiplying the model mean square by the square root of appropriate



linear functions of inverse elements of the coefficient matrix. The form of the estimable functions
of the model involved in these comparisons is provided in Russman (1981).

RESULTS

Staining Technique

The procedures outlined in Materials and Methods for smearing, fixing, and staining were fol-
Towed. However, when stained cells were viewed microscopically, they appeared abnormal in compari-
son to those in a Tive state. ATl samples were viewed Tive. There were Z basic types of cells:

1 swollen in appearance similar in shape to that of a bratwurst sausage (as in the S type referred
to by Gee and Temple 1978); the 2nd type was not quite as swollen but did not appear normal. Some
of the swollen-type cells exhibited the "reverse" staining described by Wakely and Kosin (1951).
This was supposed to be a study of seasonal changes in sperm head dimensions, but a proper micro-
scope was not found until 1 month after data collection began. Consequently, this problem had

to be solved quickly in order to obtain a valid survey of sperm head dimensions in the remaining
month. A series of experiments were then undertaken to discover the cause of the swollen cells.

[t appeared that the cells may have been swelling during the drying process. In order to fix
the cells and maintain the correct morphology, a fixative had to be applied while the cells were
still alive and fluid. A drop of semen was placed on the right end of the slide followed by an
equal amount of Bouin's fluid. These were allowed to set for 5 minutes. The slides were then
labelled and the solution allowed to flow down the glass and air dry. When viewed microscopically,
those cells fixed with Bouin's appeared normai and very few, if any, swollen cells could be seen.
This fixative also differentiated the acrosome and midpiece from the nucleus, making the former 2
a darker yellow in color. The slides were then taken through the staining procedure and cells were
normal in appearance.

Sharlin's (1976) stain ratio of 4:1 aniline blue to eosin B was inadequate with the Bouin's
fixing method. Several other ratics were then attempted; the Casarett ratio of 2:1, 1:4, and a 1:1
ratio of aniline blue to eosin B were tested. The final ratio of 1:1 proved to be optimum. On
most cells stained with the 1:1 ratio the nucleus appeared green and the acrosome and midpiece pink,
but some stained with the nucleus green and the acrosome and midpiece a darker green. This staining
procedure allowed proper examination and photographing of cells for samples collected during the
month of May.

Casarett (1953) reported a similar type of differentiation with variations of the eosin B-anj-
line blue stain. The acrosome, midpiece, tail, and nuclear membrane all stained varying shades of
blue and the sperm head nucleus stained a light pink color. Casarett (1953) found the best results
in fairly dilute samples. Thus, the stain reaction must depend on the sperm concentration in the
sample; the concentration of sperm affects the proportion of stain that penetrates each cell.

Stain Reaction

The stain reaction to crane sperm varied from slide to slide just as it did in Sharlin's (1976)
work with sandhill crane semen. Slides were only considered for measurement if they were well-
stained and had easily distinguishable spermatozoa. Very heavily contaminated samples and samples
containing high concentrations of sperm cells did not stain well so we concluded that sufficient
dilution must occur before slide preparation. Again, it appears that the amount of penetration
of the stain depends upon the concentration of cells on a slide, as was noted by Casarett {1953).

Sperm Morphology

The 6 basic types of sperm cells described by Gee and Temp]e_(1978) were noted in this stgdy.
At the beginning of the breeding season, live semen samples examined in the f1¢1d had small rings
of what appeared to be cell fragments or immature, nondeveloped sperm ce]1s (Fig. 3, upper left).
These peculiar rings disappeared as the breeding season progressed. During the 1st part‘of the
breeding season there was also a greater number of bent cells than were present later {Fig. 3, Teft
bottom; Fig. 4, upper left). Later in the breeding season, the nqrma1 (N) type of sperm cell
(Gee and Temple 1978) was the most predominant type collected during May (Fig. 4, center Teft,
Tower left, upper right). The sperm head itself was Tong and narrow with a well-stained acrosome
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and midpiece but the tail did not always stain. This phenomenon was most apparent in the more
highly concentrated samples. In these concentrated samples there was also a greater number of
bent sperm cells (B) as opposed to normal straight sperm cells.



There were several morphological abnormalities in all crane species studied that corresponded
to those described by Gee and Temple (1978). Giant sperm (G) were observed in the samples 0-1% of
the time. The average G sperm head length was 13 um; however, width was the same as in normal sperm
(Fig. 4, center right). Droplet (DL) cells or those sperm trapped or partially trapped in a spher-
ical body were rare (1% of the time). Semen obtained by the massage technique usually contained
some contamination. Although there is only gentle squeezing involved in obtaining semen, urates
from the ureters, fecal matter from the rectum, blood from surface vessels, and lymph from erectile
tissues can be released with the semen (Gee and Temple 1978). These contaminants are harmful to
the sperm cells and can immobilize them within 15 minutes of collection (Gee and Temple 1978).

Bird et al. (1976) discovered that contaminants in semen samples collected from kestrels covered

68% of the microscopic field. Temple (1972) found that by collecting hawk semen using the massage
technique, as opposed to the cooperative technique, there was 6 times more contamination. These
contaminants phagocytize the spermatozoa, filling them at a rapid rate, causing more bent cells,
causing more engulfed or droplet cells, and creating a less than desirable staining reaction (Fig. 4,
lTower right; Fig. 5, left-hand photos).

There were very few swollen cells present on the slides after the change in cell fixation
technique. The few swollen cells that were present were attributed to the effect of contaminants
on the cells. The contaminants caused rapid death; therefore, cell death occurred before proper
fixation. Another result of contamination was deformed cells, those swollen in certain areas of
the cell body (Fig. 3, bottom left).

Abnormalities of the separate sperm entities included: acrosome abnormalities consisting of
enlarged acrosomes that resembled a ball or bulbous mass at the end of the cell (Fig. 5, lower left).
Some acrosomes were also elongated. On 1 extreme they had a small protrusion of the nucleus, while
on the other extreme they had long structures protruding from the nucleus. The nucleus (sperm-head
itself) did not vary a great deal except for the occasional swollen-type or bent heads. In some
samples there appeared to be a great amount of variation in size ranging from abnormally small heads
to abnormally large sperm heads (Fig. 5, upper right). Most tails appeared normal and were 2 to 3
times the length of the sperm head. Some sperm possessed crooked tails or 2 tails and many were
intertwined with each other or broken off (Fig. 5, center right). “Bratwurst" sperm cells are pic-
tured in Fig. 5, Tower right.

Sperm Head Dimensions

Means and standard errors of sperm head dimensions were calculated for the subspecies and spe-
cies of cranes studied (Table 1). Sperm head lengths ranged from 6.5 = 0.18 um for the Indian sarus
crane to 8.1 + 0.97 ym and 8.1 + 0.710 um for the Florida sandhill and demoiselle, respectively. Bird
size does seem to have an inverse relationship with sperm head length. The largest crane, the
Indian sarus, had the smallest sperm, while the smallest existing species, the demoiselle crane,
had the Targest sperm head length (these are only rough estimates inferred from raw means).

The sperm head width ranges from 0.8 + 0.010 um and 0.8 + 0.012 um in the common crane and de-
moiselle, respectively, to 1.0 + 0.019 um in the whooping crane. The approximate sperm head area
ranges from 6.0 + 0.18 um in the Indian sarus to 7.1 + 0.13 um in the brolga (Table 1).

The true sperm head areas, calculated using Equation 1, ranged from 4.9 m in the Indian sarus
to 7.3 + 0.14 um in the white-naped crane (Table 2). Although we must consider the small sample
numbers, the Indian sarus appears to have the smallest sperm. Estimates of variance components are
given in Russman 1981. A species and subspecies by time interaction was significant (P < 0.0001)
(Table 3).

Many of the species had only 1 or 2 birds or a minimal number of sperm per species; consequent-
ly, selective contrasts were made. ATl species and subspecies were compared to the red-crowned
cranes because that species contained the largest sample of individual birds (7). The model used
was previously defined (Russman 1981). A1l species and subspecies were contrasted to the red-crowned
crane. From these contrasts inferences could be made concerning all species tested. The whooping
crane did not warrant analysis because it contained only 1 sample (10 sperm from a frozen semen sam-
ple) from 1 male bird.

Comparisons of subspecies and species showed that sperm head length of the red-crowned crane
was significantly different from all others except the greater sandhill, Stanley, and Siberian
cranes. The Stanley crane was represented by only 1 individual and few samples were available from
Siberian cranes. Head width results revealed differences only with greater sandhill, eastern sarus,
and Indian sarus. Thus, there is much less variability in sperm head width than in head length.
Comparisons of approximate sperm head area showed significant differences with all species except
eastern sarus, Indian sarus, Stanley, and Siberian cranes.

The "approximate" sperm head area gives a better factor with which to measure differences than
just using sperm head length or width (see Russman 1981 for specific estimate values).
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When subspecies were combined and contrasted as species, a species by time interaction was
significant (P < 0.0001)(Table 3). Sperm head length was then significantly different between red-
crowned and all species except Stanley and Siberian cranes. Sperm head width contrasts revealed
less significance than head length estimates. Only the sarus species was different from the red-
crowned crane. A comparison of approximate sperm head area indicated all species except the sarus,
Stanley, and Siberian cranes were different from the red-crowned crane.



Table 1.

Mean head length, head width, and approximate head area of crane sperm.

a Approximate
Crane species Sperm Head length b Head width sperm head
or subspecies  measured (um) C.V. {m) C.V. area (1.m?) C.V.
Red crowned 440 7.5 + 0.052 14.0 0.9 « 0.007 15.5 6.5 - 0.064 19.9
White-naped 330 7.7 = 0.053 12.2 0.9 + 0.008 15.5 6.6 + 0.070 18.9
Whooping 10 6.9 = 0.090 14.5 1.0 + 0.019 19.1 6.9 + 0.140 20.8
Common 150 7.8 + 0.082 14.1 0.8 = 0.010 16.3 6.5 + 0.100 21.2
Sandhill 380 7.7 = 0.060 15.1 0.9 + 0.007 15.3 6.7 =+ 0.073 21.2
Lesser sandhill 80 7.5 « 0.110 12.5 0.9 + 0.014 14.2 6.6 = 0.150 20.4
Greater sandhill 140 7.4 + 0.090 14.4 0.9 + 0.012 15.5 6.5+ 0.110 19.4
Florida sandhill 160 8.1 4+ 0.970 15.1 0.9 ¢ 0.010 15.5 7.0 + 0.120 22.4
Sarus 150 7.1 = 0.100 18.0 0.9 1+ 0.120 16.1 6.7 + 0.140 26.4
Indian sarus 60 7.2 = 0.120 18.2 0.9 + 0.015 17.0 6.9 + 0.170 27.3
Eastern sarus 90 6.5 + 0.180 14.9 0.9 - 0.021 12.4 6.0 = 0.180 16.4
Demoiselle 100 8.1 + 0.700 12.6 0.8 + 0.012 14.5 6.8 + 0.140 20.0
Stanley 80 7.2 + 0.120 15.1 0.9 - 0.140 14.2 6.4 + 0.140 19.4
Brolga 100 8.0 « 0.120 15.4 0.9 = 0.130 14.7 7.1 + 0.130 18.4
Siberian 30 7.7 + 0.180 13.2 0.9 + 0.190 12.2 6.6 + 0.230 19.0
Wattled 50 7.8 + 0.150 13.2 0.9 - 0.220 17.1 7.0 = 0.190 20.0
aMean + standard error of the mean.
bC.V. is the coefficient of variation.
Table 2. Species means of areas calculated from photographs by the digitizer.a
Number of Area meanb

Species sperm measured in Lm? C.v.
Red-crowned 2 6.6 + 0.13 2.8
White-naped 36 7.3+ 0.14 1.
Whooping o -- --
Common 9 5.9 + 0.23 11.4
Sandhill 24 6.6 =+ 0.18 13.1
Lesser sandhill 1 7.1 -- --
Greater sandhill 10 6.7 x 0.13 6.9
Florida sandhill 13 7.0 + 0.13 13.4
Sarus 5 5.9 + 0.30 11.4
Indian sarus 4 6.1 = 0.23 7.7
Eastern sarus ] 4.9 -- --
Demoiselle 26 6.5 + 0.12 9.6
Stanley 2 6.2 + 0.40 9.1
Brolga 1 7.0 + 0.70 33.1
Siberian 10 6.6 + 0.28 13.2
Wattled 36 6.6 + 0.18 16.7

®Means were calculated using Equation 1.

bMean

“Frozen sample from 1 bird deemed not worthy of analysis.

+ standard error of the mean.



Table 3. ANOVA table for all species and subspecies differences for sperm head length, head width,
and approximate head area.

Variable Source DF SAS type IV SS F value PR < F

Species and subspecies differences

Head length SP 12 164.71128178 14.10 0.0001
BRD(SP) 14 95.38157734 7.00 0.0001
T 16 63.15322264 4.05 0.0001
SPxT 88 223.64195932 2.61 0.0001
Head width SP 12 0.74234332 4.43 0.0001
BRD(SP) 14 1.78982928 9.15 0.0001
T 16 2.06824602 9.25 0.0001
SPxT 88 5.55364585 4.52 0.0001
Approximate head area SP 12 62.23539943 3.62 0.0001
BRD(SP) 14 128.93508727 6.42 0.0001
T 16 251.04821441 10.95 0.0001
SPxT 88 540.94169970 4.29 0.0001
Species head length Sp 9 136.34632945 15.40 0.0001
BRD(SP) 17 141.87331635 8.48 0.0001
T 16 88.03684851 5.59 0.0001
SPxT 74 193.02117652 2.65 0.0001
Head width SP 9 0.59947122 4.68 0.0001
BRD(SP) 17 1.89304792 7.83 0.0001
T 16 1.93214718 8.49 0.0001
SPxT 74 4.94031950 4.70 0.0001
Approximate head area SP 9 48.41332606 3.69 0.0002
BRD(SP) 17 125.21526983 5.05 0.0001
T 16 265.70828686 11.39 0.0001
SPxT 74 480.65779787 4.46 0.0001

The same analysis was followed for the true sperm head area calculated using the digitizer.
The sample number was quite small, sometimes 1 sperm was digitized per species. True area was dif-
ferent (P < 0.0001) between species (Table 4). A1l species except eastern sarus, Siberian, and
wattled cranes were significantly different from the red-crowned crane. These results may be because
of small sample size. True sperm head area again showed significant differences (P < 0.0001) when
all subspecies were combined into their own species (Table 4). Individual comparisons revealed that
all species except common, sandhill, Siberian, sarus, and wattled cranes were different (P < 0.0001)
from the red-crowned crane. Thus, 8 out of 14 species were different from the comparison species
(red-crowned cranes)(Table 5).

These data demonstrated that there were differences in sperm morphology among species of cranes,
especially in sperm head length. More contrasts (comparisons) might have exhibited significance if
larger sample numbers had been available. This study will hopefully provide a good foundation for
further studies in crane sperm morphology. From this base-line data, we can develop superior methods
of evaluating fertility, and design techniques for cryogenic preservation of crane semen. These ad-
vances will in turn improve captive management and aid in the successful propagation of these endan-
gered species.



Table 4. ANQVA table for all subspecies and species differences for true sperm head area as cal-
culated by the digitizer.

Variable Source DF SAS type IV SS F value PR < F
Species and subspecies SP 1 23.64449315 4.76 0.0001
BRD(SP) 3 0.02164628 0.01 0.9941
T 10 25.99847834 5.03 0.0001
SPxT 1 0.59978596 1.16 0.2834
Species only SP 9 20.54401109 4.42 0.0001
BRD(SP) 4 1.29061336 0.62 0.6460
T 10 25.99847834 5.03 0.0001
SPxT 1 0.59978596 1.16 0.2834
Table 5. Results of species comparisons using red-crowned cranes as the comparison species.
Variable Significant Nonsignificant Variable Significant Nonsignificant
Head Tength White-naped Stanley Head area
Wattled Siberian Approximate White-naped Sarus
Common Wattled Stanley
Sandhill Common Siberian
Sarus Sandhill
Demoiselle Brolga
Brolga Demoiselle
Head width Sarus White-naped True White-naped Sarus
Wattled Common Siberian
Common Sandhil] Wattled
Sandhill Brolga
Demoiselle Demoiselle
Brolga Stanley
Stanley
Siberian
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NATURAL AND ARTIFICIAL INCUBATION OF CRANE EGGS: IMPLICATIONS FOR CAPTIVE PROPAGATION
JOHN O. RILEY, Department of Zoology, University of Wisconsin-Madison, WI 53706

Abstraer: Temperatures of crane eggs under natural incubation were monitored using thermocouple
wires inserted into the air cells. Similar data were recorded from eggs in a forced-air incubator
at the International Crane Foundation. One egg with a developing embryo and infertile eggs were
monitored. The mean cloacal temperature of common crane (%»us srus) was 40.0°C. Brood patches in
incubating males and females, and nonbreeding cranes were examined and their dimensions and temper-
atures recorded. The mean incubation temperature of a fertile common crane egg was 37.9°C and

that of an infertile common crane egg was 36.3°C. Temperature gradients throughout the eggs var-
jed from 0.32 to 0.43°C for eggs incubated artificially and 7.4°C for eggs under natural incubation.
Temperatures recorded during natural incubation showed variances from 1.98 to 3.31°C and during
artificial incubation from 0.08 to 0.27°C. The importance of temperature variance in embryonic
development is discussed.

As crane species become increasingly threatened, it becomes more crucial to develop the best
techniques possible for captive propagation. The egg production of cranes can be increased several-
fold by removing the eggs from the nest and allowing the cranes to replace the clutch. The eggs
can then be incubated artificially and the young reared in captivity. Several centers {(e.g., Inter-
national Crane Foundation, New York Zoological Society, Vogelpark Walsrode, and Smithsonian Insti-
tution's National Zoo Conservation Research Center) have developed major crane breeding programs.
Several of these centers have experienced difficulties hatching certain species of crane. This
problem has led me to study the natural incubation temperature of several species and to attempt to
determine how this information can be used to improve artificial incubation. This paper describes
the results of my research to date.

This research was funded by grants from the Chapman Fund, Sigma Xi, and the University of
Wisconsin Department of Zoology's Davis Fund. I thank Dr. George Archibald for use of facilities
at the International Crane Foundation and Dr. Warren Porter for use of temperature monitoring
equipment.

MATERIALS AND METHODS

Captive cranes were studied at the International Crane Foundation, Baraboo, Wisconsin. Data
were recorded from May through July 1980 and May through June 1981. Egg temperatures were monitored
with copper-constantan thermocouples. Thirty-six-gauge wires were epoxied to the eggs and run from
the eggs down into the nest litter. From the nest litter, 20-gauge wires Ted approximately 15 m to
the recording device. Internal egg temperatures were monitored with the thermocouple junction in-
serted 0.25 c¢cm into the air cell of the eqg. This wire was inserted through a hole drilled into
the air cell with a 0.16-cm drill bit which had been previously sterilized in 70% alcohol. Brood
patch temperatures and gradients through the eggs were monitored with wires attached to the outside
of the eggs. Eggs were dipped in a warmed germicide solution after vemoval from the nest and all
wires were sterilized in 70% alcohol for 20 minutes before attachment.

In 1980 temperatures were recorded manually in a blind using a West Pyrotest Galvanometer,
Model 9B, accurate to *0.5°C. The temperatures were read every 15 minutes during observation periods
and entered into a field notebook. Cloacal and inner thigh temperatures and brood patch tempera-
tures of nonbreeding male cranes were measured on a Yellow Springs Instrument Company telethermom-
eter with a Tatex-coated temperature probe. In 1981, temperatures in the nest and in the artificial
incubator were recorded automatically every 30 minutes with a Campbell Scientific Data Logger, lodel
CR5, accurate to *0.1°C. Each temperature monitoring device was checked in an ice bath and was
accurate to +0.5°C. The artificial incubator was a forced-air cabinet type set at 37.5°C. Stu-
dent's t-tests were used to compare temperature means. An F-test was used to compare variances.
Significance was set at the 0.05 level.

RESULTS

Both breeding and nonbreeding common cranes had defeathered patches on their breasts during
the normal breeding season {(Table 1). The mean defeathered area of the breeding cranes was signif-
jcantly Tlarger than the defeathered area of the nonbreeders (P < 0.06, T = 2.859). These areas were
calculated by multiplying the maximum length by the maximum width and dividing by 2, assuming a

' o oo
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Table 1. Calculated (maximum Tength X maximum roughly diamond-shaped area. Every other crane
width/2) brood patch areas (cm?) of breeding species subsequently examined at ICF showed a
and nonbreeding common cranes. similar defeathered area. A later examination
on 28 June 1980, after the normal breeding sea-
son of the common cranes at ICF, showed that
the brood patches were in the process of re-

Brood patch area

Category and sex Right Left feathering.
_ Mean brood patch temperatures (Table 2) of
Breeding (X = 29.5) breeding birds were not significantly different
Male 1 19 24 from brood patch temperatures of nonbreeders
Male 2 39 33 (P > 0.05). Mean brood patch temperatures also
Female 2 42 20 were not significantly different from mean clo-
_ acal or mean inner thigh temperatures (P > 0.05).
Nonbreeding (X = 15.4) Table 3 shows internal egg temperatures re-
Male 1 19 20 corded during natural incubation and in an arti-
Male 2 12 NA ficial incubator. Data for the common crane
Male 3 18 8 egq with the live embryo were recorded during

the last 4 days of incubation. Only those

Table 2. Cloacal, brood patch, and inner thigh temperatures of common and white-naped cranes in
captivity.

Body area and X SD
reproductive status Species Individuals Measurements (=C) (°C)
Cloaca Common 7 7 40.0 0.76
Brood patch

Breeding Common 2 58 39.3 0.77

Breeding White-naped 2 10 39.5 0.98

Nonbreeding Common 3 18 40.2 0.71
Inner thigh

Nonbreeding Common 3 3 39.8 0.56

Table 3. Internal temperature of crane eqggs under natural and artificial incubation.

Type of incubation X SD
and egg status Species Eggs Measurements (°C) (°C)
Natural incubation
With Tive embryo Common 1 116 37.9 1.41
Infertile Common@ 1 97 36.3 1.58
With dead embryo Sandhi]]a 1 14 36.5 1.82
Infertile White-naped 1 71 36.5 1.64
Artificial incubation
Infertile Commonb 1 36 37.7 0.52
Infertile Common 1 54 37.2 0.09

These eggs were monitored simultaneously while being incubated by a common crane.

bThe incubator door was not opened while this temperature was being recorded.

a14



Table 4. Temperature gradients through crane eggs being artificially and naturally incubated.

Type of incubation X SD
and egg status Species Eggs Measurements (°C) (°C)

Natural incubation

With 1ive embryo Common 1 50 7.4 1.76
Artificial incubation

Infertile Common 1 37 0.43 0.12

Infertile Common 1 55 0.32 0.08

%The incubator door was not opened while this temperature was being recorded.

recordings taken when the parent was sitting tightly on the nest were used in computing the temper-
ature mean. The infertile common crane egg and the sandhill crane (Grus canadensis) egg with the
dead embryo were incubated simultaneously by a common crane. Mean temperatures of these 2 eggs
were not significantly different (P > 0.05) nor were the variances about the means (P > 0.05). The
mean incubation temperature of an infertile egg incubated by a white-naped crane (Grus vipio) was
similar to that of the infertile common crane egg and the dead sandhill egg (P > 0.05). The vari-
ances of the means were also not significantly different.

The mean incubation temperature of the common crane egg with the live embryo, however, was sig-
nificantly higher (P > 0.05) than either the infertile common egg or the infertile white-naped crane
eqq.

The infertile common crane egg 1st listed under artificial incubation in Table 3 was kept in
an incubator that had the door opened periodically during the observation period. The 2nd infertile
common crane egg listed was monitored in the same incubator but the door was not opened while the
temperature was being recorded. The variance about the mean during this latter period was signifi-
cantly less than the variance when the incubator door was frequently opened (P < 0.001, F = 9.339).
The mean ambient temperatures inside the incubator during these 2 periods, as measured in the vicin-
ity of the eggs being monitored, were identical.

The mean incubation temperatures of both artificially incubated eggs were significantly higher
than the infertile eggs under natural incubation (P < 0.05). The variances about the mean of the
naturally incubated eggs were significanlty greater than the artificially incubated eggs (P < 0.05).

Table 4 shows the differences in mean temperature gradients throughout eggs under natural and
artificial incubation. The mean gradient existing in natural incubation was 7.4°C. The mean grad-
ient of eggs under artificial incubation varied from 0.32°C in the incubator that was not opened
while the temperature was being recorded to 0.43°C in the incubator that was opened periodically
during the recording period.

DISCUSSION

Natural Incubation

The process of heat transfer during artificial incubation of eggs is a much different process
than that in natural incubation. In natural incubation, heat is generally conducted to the egg
from the body of the incubating parent through a defeathered, highly vascularized area--the brood
patch. The heat transfer relationship between the parent and its eggs can be thought of as though
the eggs are an extension of the bird's body core (Drent 1975). The morphological properties of
the brood patch do not raise its temperature, but allow a rapid transfer of heat to the brood patch
area.

The rate of heat transfer is dependent on the temperature gradient from brood patch to eggs
and the area of contact. For heat to be transferred to the eggs, the eggs must be cooler than the
brood patch. Therefore, eggs will cool the brood patch when the parent is sitting on the nest.
This phenomenon is illustrated in Table 2 which shows the brood patch temperatures of common and
white-naped cranes, measured when the birds were sitting on their eggs, to be slightly lower than
the brood patch temperatures of nonbreeding common cranes.



Nonbreeders did develop brood patches. Bailey (1952) discovered that in passerine birds the
seasonal formation of the brood patch was under hormonal control. Lloyd (1965) suggested that be-
havioral cues stimulate the release of hormones responsible for brood patch formation in the Euro-
pean starling (Sturnws vuljaris). 1t appears, however, that behavioral responses to courtship stim-
ulation are not necessary for brood patch development in cranes. Table 2 also shows that the thigh
temperature of nonbreeders is similar to temperatures of their brood patches.

Artificial Incubation

The process of artificial incubation transfers heat by convection. This is a complex process
and the rate of heat transfer is dependent on several variables--egg geometry, surface area, speed
of air flow in the incubator, and orientation of the egg to air flow. Thus, different incubators
vary widely in the range of temperature variation and homogeneity of temperature through the incu-
bator. Incubators are of 2 types--still air incubators in which eggs are warmed by radiating heat
from above, and forced air incubators which maintain a more homogeneous temperature by circulating
warmed air to most parts of the incubator.

The crane breeder is interested in the optimal temperature for development. When investigat-
ing this problem, it is essential to know how and where the temperature has been monitored. Inter-
nal egg temperatures, the upper, lateral, and Tower surfaces of the egg, and the nest air tempera-
ture can be measured. Internal egg temperature can be monitored in the air cell, the center of the
egg mass, or adjacent to the embryo. 1If an artificial egg has been used, that represents a differ-
ent set of considerations. The conductivity of an artificial egg may vary greatly from that of a
natural egg. Also, the artificial egg used in telemetry, although convenient, cannot indicate the
contribution of embryonic metabolism to the egg's temperature.

Table 3 shows internal egg temperatures measured under natural and artificial incubation. The
infertile common crane egg and the sandhill egg with the dead embryo were incubated simultaneously
by a common crane. The sandhill crane egg was approximately 20° Targer than the common crane egg,
but their mean temperatures and their variances about the mean were not significantly different.
This suggests that the incubating adult can compensate for a larger than normal egg, a factor of
interest to those researchers involved in cross fostering experiments.

Embryonic Heat Production

The difference in incubation temperature between an infertile crane egg and 1 with a 1ive
embryo was approximately 1.5 C. This difference was a direct result of embryonic heat production.
Drent (1970) found that embryonic heat production in the herring gqull (Lcrue or.entitus) surpassed
the evaporative heat loss of the egg after 10
days of incubation. A similar influence of em-
bryonic heat production was reported for the
domestic chicken and the domestic duck (Drent
1975). Figure 1 illustrates the relative ener-
getic contribution of embryo and parent herring
gull to the incubation process. The embryo pro-
vides 757 of the total heat energy on the last
day of incubation. Ricklefs (1974) calculates
a similar contribution from the house wren
Parent (Cvosio lires uod ) based on data from Kendeigh

(1940).

In artificial incubation the incubator re-
places the energetic contribution of the parent.
Therefore it seems apparent that the temperature
in the incubator should be reduced toward the
end of the incubation period. Rolnik (1968)
cites numerous references supporting this view.
This is especially important if all the eggs
are at the same stage of development because
. the combined heat output of the embryos can
ineubation in the nerving oull rouo (Teom 5700 considerably raise the temperature in the
lefs 1974). incubator.
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Temperature in the Incubator

If the crane breeder's purpose is to keep the incubator at the mean temperature present during
natural incubation, then the proper action is to maintain the incubator, during the 1st half of
incubation, at the mean natural incubation temperature of an infertile egg. In the latter half of
incubation the embryos will increasingly generate heat and the incubator temperature should be
adjusted so egg temperatures do not exceed the mean temperature recorded from an egg with a Tive
embryo generating metabolic heat. It is worthwhile to note here that, depending on incubator con-
ditions, the temperature measured on the door or ceiling of the incubator may not accurately reflect
the temperatures of the eggs. Temperatures should be measured from the eggs themselves.

Temperature Yariance

The variation in temperature is undoubtedly as important as the mean temperature. Table 3
shows a wide disparity, in variance about the mean, between those eggs maintained in an artificial
incubator and those incubated naturally. Rolnik (1968) cited several investigators who found a
marked increase in artificial hatching success when there were greater variations about the mean
temperature. However, he stated that the more domesticated a species is, the less the embryos of
that species require temperature fluctuations for hatching success. Rolnik {1868:292) further
stated that "frequent fluctuations of temperature are a characteristic feature of the natural devel-
opment of bird embryos. The developing embryos readily adapt to fluctuations of the nest tempera-
ture, and as a result of the long process of natural selection these fluctuations have inevitably
become indispensable for normal development."

It is a well-known fact that the metabolic rate in animals increases exponentially with in-
creasing tempevature. The term Q1g refers to the increase in metabolic rate caused by & 10°C in-
crease in temperature. The recorded Q10 values for the heart rate of avian embryos in the tempera-
ture range of ncrmal incubation were between 1.4 and 1.9 (Bennett and Dawson 1979). Because the
function is exponential, an increase in temperature will cause a Targer change in the metabolic
rate than an equal decrease in temperature. Therefore a wider variance about a mean incubation
temperature will cause a greater net increase in metabolic rate than will a narrow variance about
the same mean. This could be a partial explanation for the advantage of larger temperature vari-
ances in incubating wild bird eggs.

Allowing the temperature of eggs to fluctuate about a mean would then seem desirable. Fre-
quently opening the door and allowing the thermostat in the incubator to cycle above and below its
set point would produce an adequate variance about the mean. Prolonged cooling of the eggs may
have a beneficial effect (Rolnik 1968), but this will alsc lower the mean temperature of the eggs.

Temperature Gradients

Table 4 shows the large difference in temperature gradients through eggs under natural and
artificial incubation. However, this gradient is probably important only in terms of its effect on
the embryo, which in the early stages of development floats on top of the egg mass where the temper-
ature is the highest. As the embryo mass becomes larger, the gradient may play a more important
role.
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DOMINANCE AND SOCIAL BEHAVIOR IN A MIXED SPECIES FLOCK OF CRANES

DEBRA L. VIESS, 7 Mt. Wilson Way, Clayton, CA 94517

fhetraetts From 17 April to 6 July 1979 the behavior of a mixed species flock of cranes was studied
at the International Crane Foundation, Baraboo, Wisconsin. The flock, composed of 16 individuals
and 7 species, formed a well-defined dominance hierarchy: Tinear intraspecifically, and both linear
and triangular interspecifically. Triangularity, a sign of instability, was primarily caused by
the presence of the common cranes (Grus grus), late arrvivals to the flock structure. The alpha
bird was a male brolga (7. rubicunda) who won all encounters with other flock members. Size, age,
and sex were not consistent factors in interspecific dominance. Females were dominant to at least
2 males interspecifically, and the smallest bird in the flock, a hooded crane (7. monacha), was
dominant to several birds much Targer than himself. More aggression was noted interspecifically
than intraspecifically. Hand-reared birds of the same species tended to flock together with the
exception of the white-naped cranes (&. visio). Frequency of stretch-neck-burr, an agonistic-
reproductive behavior common to most flock members, was related to dominance intraspecifically, and
was essentially absent in the sarus (4. antigone), subordinate brolga, and white-naped cranes. The
dominant male brolga and the 2nd ranking sarus female were frequent companions; this and other evi-
dence indicates the possibility of their pairing in the future.

This paper concerns research conducted at the International Crane Foundation (ICF) on a cap-
tive flock of cranes which contained 16 birds of 7 different species (Table 1). The social struc-
ture of the flock was studied regarding dominance and dominance-related behaviors. Sub-groupings
within the flock (i.e., preferential associations between birds) were also quantified. The hetero-
geneity of the flock allowed a comparison between intraspecific and interspecific dominance, and
the testing of several hypotheses: e.g., are size, sex, or hatch history (hand-reared or wild-
caught) an influence on dominance? And finally, since the majority of the birds were hand-reared,
I hoped to discover whether intraspecific subgroupings would occur despite the lack of a parental
model.

Table 1. Spring-summer flock composition, Although a flock of this diversity would
International Crane Foundation, 1979. never occur in the wild, interspecific groups
of cranes do occur in Korea (red-crowned [G.
Species Males:females Jarorensis] and white-naped cranes), India
(sarus and Siberian [/. lcwcoreranus] cranes),
Sarus 5.0 Australia (sarus and brolga cranes), and in the
: United States (sandhill [7. canadensis] and
Brolga 2:0 . y o .
Red-crowned o whooping cranes [q. ;mcrpnawai). Th1s and fur-
Common 3.0 ther research should help to illuminate some of
Sandhill ]:0 the prob1ems of sympatry among cranes.
White-naped 141 [ wish to thank George Archibald and ICF
Hooded 1:0 for making this study possible. Spec1a1 thanks
) to Vickie LaRue and Steve Latta for their help
in gathering data. This paper is dedicated to
the memory of Calvin, the sandhill crane.
METHODS

Flock observations were begun on 17 April 1979 and continued through 6 July 1979. A1l mem-
bers of the flock had been together for at least 1 year before this study. Formerly ranging over
a 4-ha area, in March of 1979 they were confined to a smaller outside pen and barn due to the im-
plementation of quarantine procedures. This Timitation of movement created an ideal situation for
a study, because the entire flock was easily observed.

The study area (Fig. 1) was approximately 30 x 22 m (0.066 ha}, and consisted of a barn open
at 2 ends, and a yard composed of both sand and grass substrates. Four food sources were constant-
ly available, 2 within the barn, and 2 in the yard. Four water sources, a free-flowing trough and
3 large buckets, were also available in the yard. QObservations were made from a woods outside the
eastern perimeter of the enclosure, initially in plain view of the birds, and later from a blind
at the same location. A1l observations were at least 1 hour in duration, and took place at vari-
able times of day.
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Individuals were designated by the use of color bands above the tibiotarsal joint of the right
or left leg. Birds were not color-banded if they were the sole representative of a species, or if
they were the last unbanded member of a species and to band them would create undue stress. Birds
were sexed via the sexually diethic unison call (Archibald 1975). A1l hand-reared birds were
hatched at the ICF.

Dominance interactions were recorded in 2 categories: high intensity (pecks, threats, or
chases), and low intensity (simple displacement). Obhservation of bird behavior before recording
interactions was important for several reasons. Localized locomotion of cranes generally signalled
an impending interaction and allowed the focus of attention to shift to that area; otherwise, a
general visual scan was used. Occasional "free-for-alls" erupted, and interactions were then re-
corded as rapidly and as accurately as possible. COutcomes were not recorded if there was any doubt
about what had occurred. Prior observation of behavior was also important in the recording of dis-
placements, to prevent recording a simple succession {i.e., 1 bird finishes eating and another
moves in) as a dominance displacement.

Certain other crane behaviors, described in the discussion section, were recorded to see if
they could be correlated with dominance. These were dancing, nesting, stretch-neck-burr (SNB), and
unison calling (UC). The social or flocking preferences (subgroupings) of the cranes were deter-
mined by recording all instances of peaceable, close proximity between 2 or more birds.

RESIILTS
Dominance Hierarchy

Table 2 1lists the identification of and the background data on all individual cranes. Indi-
vidual dominance or rank was measured by the number of winning encounters against other flock mem-
bers. Tables 3 and 4 show the outcomes of high and low intensity dominance interactions. Outcomes
were consistent at both levels of a bird's rank. There were fewer high-intensity interactions
(324) than Tow-intensity interactions (548). Cranes in the middie of the hierarchy were more like-
1y to have aggressive encounters than were birds at either end, i.e., H(71) and WW(91) vs. GB(28)
and GC(29). A linear dominance hierarchy was the rule within species. The entire flock formed a
Tinear hierarchy which showed some aspects of triangularity, evidenced in the dominance tables by
those outcomes greater than 1 listed above the diagonal. Triangularity within the hierarchy was
created primarily by the presence of the 3 common cranes, BC, NC, and GC, and partly by NB, a male
brolga.



Table 2. Background data and identification of individuals within the mixed species flock of
cranes.

Species Color band Abbreviation Sex Age Hatch history
Sarus White WS M 2 Hand-reared
Sarus Red RS M 2 Hand-reared
Sarus Green GS F 2 Hand-reared
Sarus Black BS F 2 Hand-reared
Brolga Green GB M 3 Wild-caught
Brolga None NB 1 adu1t? Wild-caught
Sandhill None S M 4 Hand-reared
Hooded None H M 2 Hand-reared
Red-crowned Red RJ M 2 Hand-reared
Red-crowned White WJ M 2 Hand-reared
Red-crowned Black BJ F 2 Hand-reared
White-naped White Wh " 2 Hand-reared
White-naped None NW F 3 Hand-reared
Common Black BC M adult Wild-caught
Common Green GC M adult Wild-caught
Common None NC M adult Wild-caught

dxact age of all adults unknown; they were acquired as adults.

Figure 2 shows a model of the flock dominance hierarchy that for simplicity excludes the com-
mon cranes. A male brolga (GB) was the undisputed alpha bird. RS and WS, both male sarus, were
the 2nd and 3rd ranking birds. The only element of confusion is caused by male brolga NB, who is
subordinate to the 3 top-ranking males and sandhill crane S, but dominant to the 2 female sarus
(GS and BS) and all birds ranked below S. The hierarchy then proceedes in a linear fashion with
the sarus females dominant to S, S dominant to H, and so on, down through BJ, a female red-crowned
crane.

BJ would appear to be at the bottom of the hierarchy. However, the addition of the common
cranes to the dominance model changes her subordinate status, because all of the red-crowned cranes
were dominant to all of the common cranes. The social relationships of the common cranes were
quite convoluted and are modeled separately (Fig. 3). Once again, the hierarchy was linear intra-
specifically. The highest ranking common crane, BC, was dominant to all the birds shown (NC, GC,
H, WW, and NW). NC, the 2nd ranking common crane, was codominant with H, subordinate to BC and WW,
and dominant to NW and GC. And, finally, GC was dominant to H and NW, and subordinate to all the
rest of the flock. All birds not illustrated in the figures were dominant to the common cranes.

The flock was more 1likely to show aggression towards interspecifics than toward members of
their own species (Table 5). Males were consistently dominant to female conspecifics. Females
were dominant to at least 2 other males interspecifically (Table 6); between species, larger size
was also not an assurance of dominance (Table 7). Rank did not appear to be influenced by hatch
history. Wild-caught cranes were found both at the top (GB) and bottom (GC) of the hierarchy.

Behaviors Related to Rank

Priority of access to food and water were the activities most clearly related to rank, and
strictly followed the dominance hierarchy of the flock. Other crane activities generally assoc-
jated with rank, such as the stretch-neck-burr (SNB), unison calling, dancing, and nesting, were
not as distinct (Table 8).

The SNB display appeared to be more of a function of rank within species and related groups
than of rank in the flock. Twelve of the 16 birds performed SNB at least once; frequency of dis-



Table 3. Outcomes of high-intensity dominance interactions. Cranes listed according to rank.
Numbers on the ordinate and abscissa refer to the total number of interactions between the indi-
cated individuals (i.e., 2 between GB and RS, 28 between GB and all other birds).

Dominant

GB RS WS NB GS BS S H WW N¢ RJ WJ BJ BC NC GC

-
6B 0

RS 2 2

WS 5 5

NB 5 4 3 g 1] 22

6S 2 2 3 7

BS 6 1 2 \\\\\\\\ 14

6 S 3001 4 8
=y 2 4 1 2 3 1w 1 2 1 2 |20
T W 13 2 3 2 2 13 25 6 58
2w |10 5 1 9 3 5 3 4 4 1 1 5 | 51
MY 1 31 2 7 4 26
WJ 2 1 37 7 3 4 33

BJ 1 3 1 6 10 1 4 5 31

BC 1 12 2 2 2 13

NC 2 3000 1 12

Ge 1 31 2 4 12 4 3 22

28 28 26 19 19 15 42 51 3 9 12 11 2 16 5 7 =32

Table 4. Qutcomes of Tow intensity dominance interactions. Cranes listed according to rank.

Dominant
GB RS WS NB GS BS S H Wd NW RJ WJ BJ BC NC GC

GB 0
RS 1
WS 1
NB 7 8 6 1 1 30
GS 1 2 P12
BS ] 1 10
8 s 2 1 2 3 8
£ u 9 7 5 8 6 6 3\\\\\ 1 ] 1 4 | 51
'§ WW 1 5 3 9 2 9 9 \\\\\\\\\\\ ) 3 42
R 7 6 5 11 5 12 2 7 7 N 1 2 3 | 68
RJ 8 4 7 9 7 7 9 12 1 \\\\\\\ 64
WJ 8 6 8 7 4 1 8 7 2 2 ™ 63
BJ 7 5 7 1 3 4 9 5 9 1 \\\\\\ 51
BC 7 2 2 3 315 1 ) 33 6 46
NC 7 6 2 2 6 35 7 5 43
GC 5 1 8 2 4 8 2 5 7 2 10 4 58

45 52 60 39

o
o

76 31 35 9 14 15 16 19 7 7 = 548

(=)
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Table 5. Incidence of intraspecific versus
interspecific aggression in cranes.

(3)
9999990@&66@

Intraspecific Interspecific
Species aggression aggression
Sarus 18 102
Brolga 5 64
White-naped 4 154
Red-crowned 6 116
Common 8 76
lodel o ;v:f@;,u Table 6. Interspecific dominance of female
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Sarus  White-naped Red-crowned

play appeared rank-related within the species female female female
group 4xntinwe (brolga, savrus, and white-naped

cranes), and within the hierarchy of the com- Sandhill

mon cranes. SNB was not correlated with domi- male X

nance in red-crowned cranes where WJ, the 2nd-

ranked bird, performed SNB 26 times as opposed Hooded

to 19 for RJ, the Ist-ranked bird. SNB was male X

displayed most frequently by GB, the dominant
male brolga (72). This display was essentially Whi te-naped

absent in the subordinate brolga NB, the 4 sar- male X
us, and the 2 white-naped cranes.
Only 6 members of the flock gave unison Red-~crowned
calls. These were generally given in response males X X
to unison calls of cranes outside of the study
area. Among the few instances of unison call- Common males X X

ing by GB, T was given in response to a sarus
guard call, and 3 were given after crane per-
sonnel had left the enclosure; 2 of these were
duets with WS. The 2 male red-crowned cranes called together 7 times (5 times with the mute female
who would posture and attempt to call, and twice with S). S most frequently (12 times) unison
called by himself. Unison calling did not appear to be rank related with the exception of the ter-
ritorial defense by GB and WS.




Table 7. Relative size of species and incidence of interspecific dominance of smaller cranes over
larger cranes. Number in parentheses designates the species of the individual.

Relative size of species

in descending order Smaller cranes dominant to larger cranes

(1) sarus GB (2) NB (2) S (6) H (7) NW (4) WW (4)
(2) Brolga
(3) Red-crowned WS (1) GS (1) NB (2) RJ (3) RJ (3) RJ (3)
(4) White-naped RS (1) BS (1) RJ (3) Wl (3) WJ (3) WJ (3)
(5) Common GS (1) WJ (3) BJ (3) BJ (3) BJ (3)
(6) Sandhill BS (1) BJ (3) WW (4)
(7) Hooded WW (4) NW (4)

NW (4)

BC (5)

NC (5)

GC (5)

Table 8. Frequency of selected behaviors in individual cranes.

GB NB WS RS GS BS S H WW N RJ WJ BJ BC NC GC

Stretch-neck-burr 72 2 1 11 28 19 26 1 29 13 10
Dance 3 7 36 7 16 6 4 21 19 23 3 6 4 8 3

Nest 2 2 25

Unison call 4 2 14 7 7 5

A1l of the cranes danced, with no apparent correlation to rank. Dancing was displayed in both
aggressive and submissive contexts, but never in a reproductive context. GB, RJ, and NC were the
least 1ikely to dance (3 times each), and WS the most likely (36 times).

Nesting, the only clear-cut reproductive behavior observed, was performed by 3 birds: S, GB,
and BS. S was frequently (25) observed attempting to nest from 25 April until the end of May.
These attempts consisted of pulling straw in towards his feet while making low honking sounds.

The pen location of this behavior varied. GB, the alpha bird, was 1st observed attempting to nest
on 8 May. His behavior consisted of lying on the ground making clucking noises, and pulling straw
in towards his breast. During this time he drove off GS, the highest ranking female sarus, but
allowed BS to approach closely. GB was next observed nesting on 16 May, closely attended by BS,
who purred and gently pulled at BG's back feathers. GB and BS's nesting behavior was not observed
again.

Subgroupings Within the Flock

Table 9 shows flocking preferences of individual cranes. lMutual activities, performed within
1-3 m of another bird, ranged from maintenance behaviors to sharing of food and water. The most
common flock subgroupings were the dominant brolga GB and any or all of the 4 sarus, the 3 red-
crowned cranes, and the 3 common cranes. The 2 brolgas were never observed together, nor were the
2 white-naped cranes. NB, the subordinate brolga, was most often found in the company of NW, a
female white-naped (12), and less often in the company of the sarus (8). NW was most frequently



Table 9. Incidence of preferred association of individuals within the flock, e.g., BS and GB were
observed in mutual activities on 34 occasions.

GB RS WS NB GS BS S H WW NW Rd Wd Bd BC NC GC

.
~.

GB NJ3 14 20 34 10
RS 13 \\\\\\18 318 16
WS 4 18 o~ 23 5
NB 3 \\\\\\\ 3 2 312
GS 20 18 23 3 \\\\\\\ 4 2
BS 3 16 5 4 T~ 2 2

2
S 2\\\\\\\ 2

W 3 2~

NW 10 3 12 2 2 \\\\\\\\

RJ ™~ 41 25
WJ 4 20
BJ 2 2 20 25 o

BC \\\\\\\ 18 18

NC 12\\\\\\\ 12
GC 1212

~.

Total 91 71 60 23 70 65 4 4 5 29 61 66 49 24 30 30

in the company of the 2 brolgas (22), and less frequently with the sarus (7). WW was seldom in

the company of other birds (5). H and S, both sole representatives of their species, were also
Toners. S tolerated the presence of the females BS and BJ on 2 occasions each. H allowed WW and
BJ to share water with him twice on unusually hot and humid days. The red-crowned cranes generally
kept to themselves, except for the female BJ's few instances of sharing wit.. S and H. The common
cranes never associated with birds of other species.

DISCUSSION

Dominance or social hierarchies can be found throughout the animal kingdom (Gauthreaux 1978).
Dominance rank is generally accepted as the set of sustained aggressive-submissive relations among
a group of animals that commonly results in several ranks in a quasi-linear sequence, with occa-
sional triangular or circular elements (Wilson 1975). This definition fails to emphasize the ex-
tremely plastic nature of social relationships. Crook (1970) defined social structure as a dynamic
system expressing interactions of several factors within the ecological and social milieux that in-
fluence spatial dispersal and group tendencies. In other words, social behavior is modified as
warranted by “lie situation.

Dominance hierarchies are thought to be the analogues of territorial behavior, differing in
the sharing rather than the parceling out of resources amongst aggressively organized individuals
(Gauthreaux 1978). Initially created by aggressive interactions, overt or subtle, the established
hierarchy serves to minimize aggression. In his study of Corvids, Lockie (1956) discussed the sur-
vival value of dominance hierarchies due to the conservation of energy to both dominant and sub-
missive individuals. If competition developed over a food item, the subordinate could avoid dam-
age, and the dominant win without a fight.

The concept of dominance can be applied broadly. Dominance has been applied to small or large
groups of individuals, and even to 2 or more competitive species. Gauthreaux (1978) attempted to
classify characteristics that contributed to intraspecific and interspecific dominance hierarchies.
Intraspecifically these were: individual characteristics (aggressive interactions create hierar-
chy within small groups and individual recognition maintains it); class characteristics (supra-



individual characteristics that determine and maintain status, e.g., age, sex, size, display); and
group characteristics (a social unit, such as a family, group size, or aggression). Factors
affecting interspecific dominance were most prcbably species-specific characteristics, which could
be identical to certain class characteristics.

Interspecific dominance hierarchies are often encountered among species belonging to the same
taxonomic group. As a rule, the more related and ecologically similar the species, the more pro-
nounced the dominance interactions. Social species forming the largest, best-organized groups tend
to dominate others (Wilson 1975). Interspecific dominance hierarchies have been studied in both
birds and mammals. Species-specific characteristics were the probable determinants of rank. Morse
(1967) found that interspecific hierarchies were formed, feeding niches were narrowed, and dominant
birds got the most food in a study of mixed-species flocks of songbirds (nuthatches, warblers, and
chickadees).

Cranes embody behavioral scaling, or the adaption of behavior to conditions, when they move
from breeding territory to winter flocks. Although I know of no comprehensive studies on dominance
in crane flocks in the wild, several captive studies have been conducted. Kepler (1976) delineated
a dominance hierarchy within a captive flock of whooping cranes at Patuxent WiTldlife Research Cen-
ter. The birds formed a linear hierarchy, with both individual and class characteristics apparently
being the determinants of rank. Archibald (1975) in the course of his Ph.D. studies defined
another linear hierarchy within a flock of captive common cranes. Brownsmith (1978) observed
interspecific dominance relations between sarus and brolga males at ICF. Brownsmith's observations
indicated interspecific dominance of the larger sarus over the brolgas.

The mixed species flock of cranes that I studied at ICF formed a fairly typical dominance
hierarchy. The hierarchy was primarily linear, with several aspects of triangularity. Although
triangular dominance can be stable (Sabine 1959), more often it is thought to be transitive (Brown
1963). This is probably true of the dominance relationships of the common cranes, who were a major
cause of triangularity within the flock.

The complexity of the common crane social relationships, plus their Tow status within the
flock itself, was probably due to their attempting to enter an established hierarchy. Although all
members of the flock had been free-ranging over the same 4-ha enclosure before being confined to
the quarantine area, the common cranes were never observed associating with the main flock. There-
fore, when placed in the small confine with the other birds, they were probably facing an estab-
lished hierarchy. This phenomenon is termed "social inertia® by Wilson (1975), and he states that
any animal that attempts to change its position in a fixed hierarchy is less likely to succeed than
if those changes were made during formative stages.

Intraspecific dominance was strictly linear, as is typical for small groups of individuals.
Rank was determined primarily through sex (males dominant to females) and individual characteris-
tics (personal courage, energy, and self-assurance). Self-assurance could be a function of prior
experience, as in the case of BC, who had been penned with and dominant to a female common-hooded
hybrid before being added to the flock in 1978. Age was not a factor intraspecifically, either
because conspecifics were all the same age, or as in the case of the white-napes, sex was a greater
influence on rank.

Interspecific dominance was more complex, but shared underlying principles. Although species-
specific characteristics were important, dominance between species was really determined on an
individual basis. Only within the red-crowned cranes were dominance relationships identical inter-
specifically. These birds, although large, ranked poorly within the hierarchy. Red-crowned cranes
have elaborate threat displays (Masatomi and Kitagawa 1975) which serve to minimize aggression
between conspecifics. These highly adaptive postures intraspecifically may have harmed them inter-
specifically, because the other cranes did not threaten in kind but would attack in response.

The high rank of the sarus cranes was undoubtedly due to their large size. Causitive factors
in the rank of the brolgas were probably both size and age. Although somewhat smaller than the
sarus, GB may have maintained dominance through individual characteristics (self-confidence) cou-
pled with class characteristics. NB was the same size and older than GB, but had a crippled wing
that may have affected his confidence, and thus his rank.

Species~specific characteristics are difficult to discuss with a sample size of 1, as was true
of the hooded and sandhill cranes. S ranked particularly high. This may have been due to age (he
was 4) but more probably due to attitude: he was a supremely confident bird, quite aggressive,
with a high rate of success in his encounters (84%). H, although small in stature, was large in
spirit. He also was frequently successful (72%) in his aggressive encounters. Other evidence of
interspecific dominance encounters among hooded cranes indicate that successful aggression towards
larger birds may be a species-specific characteristic. At ICF in 1979, a juvenile hooded crane in
a mixed flock of 7 juveniles was dominant to all the birds, including 3 sarus.

Operative factors influencing rank in the common cranes were difficult to detect due to their
unusual situation. Their Tow status may be artificial and could change in the future.

The white-naped cranes played a particularly interesting role within the flock. Although they
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behaved as a group in their dominance relations (except for interactions with the common cranes)
they never associated with 1 another. WW was the most aggressive bird in the flock, with a poor
record of wins (38%); a centrally ranked male, the majority of his encounters were with adjacent
birds. NW was also involved in many aggressive interactions; however, most (54%) involved high-
ranking birds (GB, NB, RS, GS, BS), because she regularly associated with these dominant cranes.

The fact that the cranes were more aggressive interspecifically than intraspecifically may be
of adaptive significance. The birds were competing for a finite resource (food and water) so it
made sense to fight those cranes with which they did not share genes. Increased interspecific
aggression may have also been related to the misinterpretation of behavioral signals for dominance
and submission, signals precisely sent and received intraspecifically.

Generally speaking, males are dominant to female conspecifics. Brown (1963) noted a reversal
of this in his study of Stellar's jays, but claimed that the female was unusually aggressive and
the male unusually docile. Snyder and Wiley (1976) showed female dominance to males in hawks and
owls, but this was primarily due to sexual size dimorphism. Within the flock of cranes at the ICF,
females were found subordinate to males intraspecifically. Interspecifically, all females were
dominant to at Teast 2 males. Basically, the 1ine of female dominance followed species dominance,
i.e., sarus females dominant to all males except for the brolgas and sarus, the female red-crowned
crane dominant to the 3 commons (all males), and the female white-naped dominant to the 2 male
red-crowned cranes, but not to the common cranes because her dominance relationships were not iden-
tical to those of WW.

Some interesting conclusions can be drawn from the crane behaviors T1isted in Table 8, partic-
ularly from the data on SNB. SNB, or bill-raising (Masatomi and Kitagawa 1975) was a behavior
that Kepler (1975) found to occur only in his alpha male whooping crane. He also observed it to
be correlated with dominance in homosexual pairs of whoopers (1975 pers. comm.). SNB serves both
agonistic and precopulatory functions. In the mixed species flock of cranes, SNB was performed
either standing or sitting, and seldom appeared to be directed at another bird. It occurred most
frequently in the alpha male, GB, but was also present in lesser amounts in most other birds, gen-
erally following intraspecific rank; it was not correlated with absolute dominance in the flock
itself. Interestingly, it was rare or absent in the sarus, subordinate brolga, and white-naped
cranes, although present in significant amounts in all other species. This finding may indicate a
suppression of sexual/agonistic behavior by a dominant bird within the species group 4ntigone
{sarus, brolga, and white-naped cranes). These birds are believed to be closely related groups of
cranes as indicated by similarities in the unison call and comb structure (Archibald 1975). Their
behavior within the flock tends to reinforce their relatedness (e.g., all 3 groups tended to flock
together), a behavior not observed among the other species of cranes studied. It would be advan-
tageous for a dominant male to repress sexual-aggressive manifestations in birds most closely
related to himself (competitors for mates) and to ignore those same behaviors in birds that are
distantly related, and thus not competitors for mates. This is what appeard to be occurring within
the flock.

The frequency of dancing within the flock lends credence to the theory that it was not a sex-
ual behavior. Dancing was performed by all birds, but most frequently within the sarus and white-
naped cranes. Dancing was observed in many contexts. Blankenship (1976) noted dancing as a part
of agonistic displays between male whooping cranes on the wintering grounds. Archibald (1975)
has observed dancing in an ambivalent context: a crane uncertain whether to fight or flee. And,
finally, dancing can be a submissive gesture, imitating the wing-spread of a precopulatory female,
and possibly akin to rump-presenting in primates. This multiplicity of behavioral interpretations
explains why dancing was poorly correlated with dominance.

Unison calling is an agonistic behavior used in formation of pair bonds and in territorial
defense. Within the flock, S most frequently unison called, in keeping with his aggressive nature
and high rank. The 3 red-crowned cranes also tended to unison call despite their Tow status. This
behavior may be correlated with their role in the flock of common territorial defense via threat
postures if a crane caretaker enters the enclosure. However, it was the dominant male GB, some-
times in concert with WS, who unison called after the intruders left. GB, a wild-caught bird,
avoided encounters with humans, which perhaps prevented him from playing the role of territorial
defense observed in a dominant male whooper (Kepler 1976), and limiting him to territorial defense
after the fact.

The nesting behavior of GB and BS has already been described. BS actively sought the company
of GB before and following those behaviors, in preference to all other birds (52% of her flocking
encounters). Although not always tolerated, BS would frequently refuse to leave GB's side when
threatened, merely stopping her behavior and assuming a submissive posture (neck retracted, neck
feathers ruffled). On 3 occasions BS was observed allopreening GB; 2 of these actions were toler-
ated. Twice GB appeared to direct SNB behavior towards BS. All this evidence indicates possible
pair formation between the dominant male brolga and the 2nd ranking sarus female. This is partic-
ularly interesting in view of the hybridization that has been observed between the 2 species in
the wild. It remains to be seen whether these birds will actually mate.
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Common subgroups within the flock followed species or species-group lines. Hand-reared birds
such as the sarus and red-crowned cranes formed intraspecific subgroupings despite the lack of a
parental model. The sandhill crane had no member of his species with which to associate. The
hooded crane was also solitary, but had been frequently observed in the vicinity of a juvenile
hooded crane that was being temporarily housed in the barn. The white-naped cranes never associ-
ated with each other. Unlike the sarus and red-crowned cranes, they also had different hatch
years, which may or may not have been an influence. Chicks of the same hatch year, although phys-
ically separated, were often in visual contact with members of their species. The white-naped
cranes did associate with other cranes within the species group Aut7jone. This was true of NW,
the female, more than WW. The common cranes, wild-caught birds, associated with each other and
no other cranes. The 2 brolgas never associated with each other, but both associated with the
sarus and NW. The intolerance of a dominant male towards a 2nd-ranked male conspecific has been
documented by Lorenz (1952).

CONCLUSIONS

It has been demonstrated that a mixed species flock of cranes will form a dominance hierarchy.
These hierarchies are directly related to priority of access to food and water. Captive management
should allow a sufficient number of food and water sources to prevent stress to low-ranking birds.
Wild populations of sympatric cranes may result in a narrowing of feeding niches. In captivity,
sexual behavior may be suppressed in subordinates of species groups as well as between conspecif-
ics; therefore, closely related species should not be grouped together as adults if they are later
to be used as breeders. Sexual behavior between a male brolga and a female sarus underscores the
problem of hybridization within sympatric Australian populations. Hand-reared birds of the same
species tended to flock together as adults. This may indicate an innate recognition of conspecif-
ics, or be related to conditions of rearing.
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WEIGHT LOSS OF CRANE EGGS
SUSAN ROGERS, Aviculturist, International Crane Foundation, City View Road, Baraboo WI 53913

Abstract: Weight Tosses were analyzed for artificially incubated red-crowned (Grus japonensis) and
white-naped crane (G. vipio) eggs. There was no significant difference in the weight lost by eggs
in different states of fertility. No strong correlations were found between the percent weight Toss
of eggs and the initial egg weight for either species. The egg's initial weight did not affect
hatchability. Most eggs lost 12 to 16% of their initial weight during incubation. Red-crowned

eqgs decreased in hatchability as the percent of weight loss increased from 10 to 16%. The oppo-
site was true of white-naped eggs which increased in hatchability as percent weight loss increased
from 10 to 16%. Weight Toss data from wild and captive sandhills (y. cunadensiz) eggs are similar.

INTRODUCTION

A specific percentage of an egg's initial weight is lost during incubation. This weight is
lost as water passively diffuses through the egg's microscopic pores. Drent (1975) and Rahn et al.
(1979) have found that eggs lose 15-18% of their initial weight. This weight is dependent on sev-
eral variable factors: temperature, humidity, air speed around the egg, and the shell's morphology
(Rolnik 1970). During natural incubation the relationship between these factors changes often and
varies in each species. It is necessary to manipulate these factors during artificial incubation
in order to achieve a high hatchability rate. The mechanisms behind this weight loss are not
clearly understood. This study examines weight Toss data from the International Crane Foundation
(ICF) and from wild sandhill cranes (¢. e. tabida).

I wish to thank Karen Voss for her aid in finding the wild sandhills, Mr. Wilcox for allowing
us to use a blind on his property, Rick Norbheim for his statistical consulting, a special thanks
to Curt Baumann for trudging through the marshes to collect data, and to Theresa Coffey for helping
with final touches.

METHODS AND MATERIALS

ICF has been artificially incubating crane eggs for the past 6 years. I analyzed weight loss
data from the eggs artificially incubated at ICF (1976-81). The analysis of data is divided into
3 sections: (1) variability of the total percent weight loss for crane eggs in different states
of fertility (i.e., fertile hatched=FH, fertile dead=FD, infertile=I), (2) possible correlations
between the total percent weight loss and initial weight of red-crowned and white-naped eggs, (3)
possible factors affecting hatchability--(a) initial egg weight and (b) total percent weight loss.
Section 1 was analyzed using a 1-way analysis of variance (ANOVA) with unequal sample sizes. Be-
cause the sample sizes are small it is only possible to look for general trends in the data.

Weight loss data were collected from wild sandhill cranes nesting at French River Creek Wild-
1ife Area in Columbia County, Wisconsin. Twelve behavior observations were made from 24 March to
28 April, between 0600-0800 hours. Several groups of paired and unpaired cranes were observed and
nest sites were located with a 15X spotting scope and 7x35 field binoculars. Changes in behavior
were used to calculate the onset of incubation. 1 weighed the eggs 1 week after they were laid
using a triple beam balance. Because many nests were inaccessible I was only able to monitor 2
nests. Each egg was weighed once a week until hatching. From this data the egg's total percent
weight loss was calculated and compared with the weight loss data of artifically incubated sand-
hill crane eggs.

RESULTS AND DISCUSSION
Variations in Total Percent Weight Loss

The following data are from eggs artifically incubated at ICF (1976-80). ANOVA tests were
used to calculate correlations in total percent weight loss between (1) breeding years, (2) indi-
vidual cranes, and (3) species in the different states of fertility (FH, FD, I).

The 1st ANOVA tests examine possible variations in the total percent weight loss for breeding
pairs of individual cranes (same species). There is not a significant variation (P > 0.01) between
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Table 1. One-way ANOVA for the total percent
weight loss of FH and I eggs from individual
red-crowned cranes, 1976-80.

Table 2. One-way ANOVA for the total percent
weight loss of I eggs from individual white-
naped cranes during specific years.

Categories St. Categories St.
and female N  Mean Dev. F-ratio P-value and female N Mean Dev. F-ratio P-value
FH eggs I eggs

Zhurka 11 12.5 1.54 0.01 Bette

Lulu 6 12.1 2.14  3.89 <P <

Sauwaka 2 15.9 0.85 0.05 1980 2 12.5 1.48 0.01

1979 8 1.5 1.17 4.87 <P <

I eggs 1976 3 9.6 0.50 0.05

Zhurka 10 12.6 1.75

Lulu 2 1. 2.47 1.45 P > 0.01

Sauwaka 2 14 0.64

years for red-crowned eggs (Table 1).
years for white-naped crane eggs (Table 2).

enough weight.

This indicated that the incubator humidity was too high for the eggs.
this, in 1980 all white-naped crane eggs were moved to a lower humidity incubator.

However, there was a significant variation between breeding
This variation is expected due to changes over the
years in management practices for white-naped eggs.

From 1976-79 white-naped eggs failed to lose
To correct
The results of

this change can be seen in the higher white-naped egg weight losses from 1980 to present and the
insignificant (P > 0.01) results of variance tests that compare the weight Toss of FH, FD, and I

eggs between white-naped and red-crowned cranes.

Sauwaka, a red-crowned female, consistently produced eggs with significantly higher weight

Tosses (Table 1).
(i.e., pore geometry or eggshell thickness).

This difference is probably due to some variation in her egg's shell morphology
Variation in an eggshell's thickness can be due to an
individual female's physiology or her genetics (Klass et al. 1974, Hoffman 1978).
sible explanation for the observed variations in Sauwaka's eggs.

This is a pos-
In 1981 she produced 1 fertile

egg that lost 21% of its initial weight and from which the chick died shortly after being helped

from its shell.

Rolnik (1970) and Murray (1925) report a
change in the percent weight toss of a hen's
egg after the 16th day of incubation. The in-
crease in weight loss is attributed to changes
in embryo metabolism and thinning of the egg-
shell. This means the change is only seen in
fertile eggs. Rahn and Ar (1974) and Rahn et
al. (1979) have determined that eggs lose
weight at a constant rate that is independent
of the embryo's metabolism. This 1oss is requ-
lated by the shell's morphology.

Weight losses for red-crowned and white-
naped crane eggs do not vary significantly
among eggs of differing states of fertility
(Table 3). Sheppard (1980) found similar re-
sults with white-naped eggs at the New York
Zoological Park (Bronx Zoo). If the weight
loss of an egg was dependent on the embryo's
metabolism, there would have been a significant
difference in weight loss between FH, FD, and
I eggs. It has also been observed that eggs at
ICF lose weight in a constant and linear rate.
Data from Sheppard (1980) and Table 3 support
the physiological theories of avian egg weight
Toss discussed by Rahn and Ar (1974) and Rahn
et al. (1979).

From 1976-79, eggs at ICF and the Bronx Zoo
were incubated under the same conditions (37.6°
C and 59° relative humidity). Despite these

Table 3. One-way ANOVA for the total percent
weight loss of red-crowned and white-naped
cranes between FH, FD, and [ eggs, 1976-80.

St.
Categories N  Mean Dev. F-ratio P-value
Red-crowned
cranes
FH 19 12.7 1.98
1 14 12.6 1.82 0.34 P < 0.01
FD 3 13.6 1.17
White-naped
cranes
FH 3 12.5 5.28
I 15 11.5  2.10 0.19 P < 0.01
FD 3 11.9 1.1
White-naped
cranesd
FH 8 17.3
I 5 16.6
FD 6 16.6

%sheppard (1980).



similarities white-naped eggs from ICF lost significantly less weight (Table 3). After the humid-
ity change in 1980 the difference has been decreased, yet still exists. There must be other fac-
tors affecting these eggs which explain these variations.

Drent (1975) found a positive Tinear relationship between the daily water loss and the initial
weight of an egg. Rahn et al. (1979) took this 1 step further and plotted the total amount of water
lost during incubation against the initial weight of an egg. They showed that by the end of incuba-
tion all eggs Toose approximately 15% of their initial weight. From this information Drent (1975)
found a direct relationship between each egg's initial weight, incubation period, shell morphology,
and total percent weight loss. These relationships are seen in the eggs artificially incubated at
ICF (Figs. 1 and 2). Regardless of their initial weight all eggs are incubated either at 37.6°C
and 59% relative humidity or 37.6°C and 497 relative humidity. Most eggs lose 12-16% of their
initial weight (Figs. 3 and 4).

The factors affecting hatchability are important for institutions artificially incubating eggs.
1 examined 2 factors, initial egg weight and total percent weight loss, that could affect hatchabil-
jty. Figures 3 and 4 illustrate the relationship between hatchability and the initial egg weight
for white-naped and red-crowned eggs. Figure 3 indicates that there is no correlation between the
initial weight and hatchability of white-naped eggs; red-crowned eggs (Fig. 4) show a slight trend
toward decreased hatchability with size. The significance and implications of this decrease are
unclear.

Robertson's (1961) and Rolnik's (1955) data support the view that there is no correlation be-
tween percent weight loss and percent hatchability. However, Hays and Spear (1951) believe there
is a correlation. Figure 5 shows a decrease in hatchability of red-crowned eggs as the percent
weight Tloss increases. The exception is the entry at 16-18% weight loss which is an egg from
Sauwaka whose eggs normally have a high percent weight loss. Without the latter entry the trend
is clear. Figure 6 shows an increase in hatchability of white-naped eggs as the percent weight
loss increases. The entries for 1976-79 deviate from this trend because white-naped crane eggs
were then incubated at 59% relative humidity.
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The red-crowned eggs show a decrease in
hatchability as weight Toss increases from 10
to 16 , while white-naped eggs show an increase
in hatchability between this weight loss range.
Note also that the greatest number of red-
crowned and white-naped eggs lose weight within
the 12-14 range. These and other data suggest
that there are differences between the incuba-
tion requirements for white-naped and red-
crowned cranes. This year's hatchability rates
for white-naped and red-crowned eggs have in-
creased noticeably. The eggs are losing weight
within the same range but with a higher hatch-
ability. This suggests the importance of other
variables in the successful hatching of eggs.

I collected weight loss data from wild
sandhills to determine if our range of weight
losses for artificially incubated eggs is with-
in the range of wild cranes. This was the Jst
year I attempted to collect data from wild sand-
hills and I was only able to monitor 4 eggs.
The percent weight losses from wild sandhills
and captive sandhills appear to be similar
(Table 4). This indicates that ICF's artificial
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incubation temperatures and humidities are within the proper range for sandhills but more data needs
to be collected.
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HORMONAL TREATMENT AND FLIGHT FEATHER MOLT IN IMMATURE SANDHILL CRANES

GEORGE F. GEE, U.S. Fish and Wildlife Service, Endangered Species Research Program, Patuxent Wild-
1ife Research Center, Laurel, MD 20708

Abstract: Molt, the production of a new generation of feathers, is a poorly understood physiologi-
cal phenomenon in nondomestic birds. Often in large birds 1ike geese, flight is restricted by
clipping the primary remiges on 1 wing and flight is restored after the molt when the primaries are
replaced. A similar technique would be desirable for use with cranes conditioned for release to
the native habitat. However, immature sandhill cranes (Grus canadensis) did not appear to replace
their primaries annually; therefore, we studied their flight feather molt (from 4 months to 3.5
years of age) and attempted to influence molting. Under natural conditions tail feathers (rectri-
ces) were replaced annually and all secondaries replaced in 2.5-year-old birds. However, replace-
ment of primaries in immature sandhill cranes appears to be a gradual process beginning the 2nd
year; about 33% of the original primaries (present at 10 months of age) persisted in the 3.5-year-
old birds. Pulling out the primaries of immature sandhill cranes induces the growth of new primar-
ies, as is true of many other birds. However, the new primaries were incapable of supporting flight,
fell out repeatedly, and those that remained were often deformed. Pulling the primaries, under the
influence of tranquilizers and anesthetics to relax the feather papillae, also did not induce normal
growth of the replacement primaries. Progesterone (including excessively high doses), thyroxine,
and follicle stimulating hormone, although effective in inducing feather replacement in domestic
poultry, had no effect on crane molt.

Molt is defined as the process whereby birds periodically lose and replace their plumage, out-
ermost Tayers of skin, and other inteaumentary derivatives (Pettingill 1970, Lucas and Stettenheim
1972, Palmer 1972). 1t is believed that the process of feather loss is passive; new feathers push-
ing old ones from their feather follicles in a defined manner (Watson 1963). These waves of feath-
er growth {rates of feather loss vary, accelerate and subside, and progress from 1 feather tract to
others) are related to the reproductive cycle, age of the bird, and the deqree of molt (Pettingill
1970, Lucas and Stettenheim 1972, Palmer 1972). Feather renewal appears to be under both endocrine
and spontaneous, cyclical control of the feather papillae (Juhn 1963). However, the "fright phe-
nomenon," the casting of feathers when birds are handled or streesed, is still Targely unexplained
(Stettenheim 1972, Ree 1973). The gonadal stercids and several hypophyseal, thyroidal, and adrenal
hormones have been implicated in the control of feather arowth (Payne 1972). Although molt can be
induced without using endocrine products, most methods for inducing molt affect endocrine function
{Anonymous 1955, Farner 1961, Ishioaki et al. 1972, Gavrilov 1974, Boersma 1975).

Management of large captive birds requires methods of restricting or controlling flight with-
out excessively confining physical activity. Often birds are rendered flightiess by pinioning,
tenotomy, tenectomy, or use of wing brails (restraints){/1iller 1973). However, wings of those in-
tended for introduction to the wild must be managed in a way which will not interfere with their
ability to fly when released. The primaries of 1 wing can be trimmed back to the tips of the co-
verts to restrict flight. When desired, flight capability is quickly restored to most birds by
pulling out the shortened primaries. fRenerally, new feathers are in place in less than 8 weeks
{Griswold 1974). However, we found that pulling shortened primaries from sandhill cranes to
induce new feather qrowth was unsatisfactory because replacement occurs unpredictably over as long
as 3 years. Thus, our young cranes raised for release must be held in large, relatively expensive
covered pens so that they will be able to fly when released.

Lack of a clear understanding of molt and feather replacement patterns in cranes and factors
influencing them has hindered the development of less expensive methods for controlling flight of
captive cranes. Several reports state that cranes may molt in any single year (1) all primary
remiges, (2) all secondary remiges, (3) some of 1 and all of the others, and {4) some of 1 and
none of the others (Walkinshaw 1949, Littlefield 1970, Nrewien 1973, Lewis 1974)}. !ost reports
concerning crane molt are based upon the examination of 1ive wild birds or museum specimens. Ages
of these birds and their reproductive condition were estimated because actual and reproductive his-
tory were unavailable. In a recent study of live birds and museum specimens, Lewis (1979) reported
that cranes do not replace all remiges annually or even in alternate years. He found crane wings
bearing primary feathers with as many as 3 different aaes. Because of this incomplete information
concerning feather replacement in immature sandhill cranes and the need for a better way of restrict-
ing flight of captive cranes, studies were undertaken with captive immature sandhill cranes to exam-
ine the sequence of flight feather replacement and to explore procedures for inducing replacement of
remiges and rectrices.
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MATERIALS AND METHODS

Two flocks of 30 immature sandhill cranes each were randomly divided into 5 groups for 3 years
to study the effects of hormone treatment upon flight feather molt and to observe flight feather
replacement. Flock 1 (10-month-old birds) was treated with hormones in the spring and Flock 2 (3~
month-old birds) was treated with hormones in the fall. FEach flock was held in a 96- x 96-m field
equipped with automatic waterers and gravity-flow poultry feeders. The flight feathers on all
birds were identified by tattoo using a combination of dots and colored dyes. The primaries on the
right wing of all birds were removed 1 week after the start of the study. Each group of € birds
was randomly assigned to 1 of 5 experimental treatments and identified with color-coded, numbered
leg bands within each flock.

Group 1 was treated with intramuscular (IM) injections of thyroxinel plus progesterone2, group
2 with IM injections of progesterone, qroup 3 with subcutaneous (SQ) injections of progesterone at
the base of the primaries, aroup 4 with IM injections of progesterone plus IM injections of follicle
stimulating hormone3 (FSH), and group 5 served as untreated controls (Table 1).

Table 1. Hormone treatments used in an attempt to induce molt in captive immature sandhill cranes.?

b

Group Treatment DosageC Time of injection
1 Thyroxine 14 mg I" breast Start of study
Progesterone 80 mg I breast 7 days after start of study
80 mg IM breast 14 days after start of study
2 Progesteraone 80 mg IM breast 7 days after start of study
80 mg IM breast 14 days after start of study
3 Progesterone 80 mg SQ, multiple 7 days after start of study
injections at base
of primaries, 40 mg
per wing
Repeat above 14 days after start of study
4 Progesterone 80 mg I breast 7 days after start of study
FSH 20 mg IM breast 7, 8, 9, 10, 11, and 12 days
each day after start of study
Progesterone 80 mg IM breast 14 days after start of study
20 mg IM breast 14, 15, 16, 17, 18, and 19
each day days after start of study
3 Untreated controls

4F1ocks consisting of 10-month-old and 3-month-o0ld sandhill cranes were used for this work.
bPrimaries on right wing pulled out 7 days after start of study in all 5 groups.

CDosage rates (mg/kg body weight) were similar to those used with domestic poultry and some
other nondomestic species (Harris 1956, Juhn 1963, Ringer 1965, Payne 1972).

INo. 14666 L~(-)Thyroxine. Fisher Scientific Co., 711 Forbes Ave., Pittsburgh, PA 15219.
Mention of commerical items does not constitute endorsement of the item by the author or the U.S.
Fish and Wildlife Service.

2Repository Progesterone, 50 mg/ml. Darby Drug Co., Inc., 100 Banks Ave., Rockville Center,
NY 11571.

3Repository FSH, 50 mg/ml. Darby Drug Co., Inc., 190 Banks Ave., Rockville Center, NY 11571.
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The flight feathers on each bird were examined beginning the 5th week of the study in each
flock, every 2nd week for the next 4 months, and each fall for the next 2 years. The birds were
observed for anatomical and behavioral abnormalities. Records were maintained on new undyed fea-
thers that replaced marked or removed feathers on each crane.

RESULTS AND DISCUSSION

Immature sandhill cranes required 1 year or longer to replace their rectrices, required more
than 2 years to replace secondaries, and more than 3 years to replace all primaries (Table 2). The
rectrices were replaced during the summer and early fall months. The order of tail feather replace-
ment {from the outside in or from the center out) was unclear because some rectrices were acciden-
tally lost during handling. A few new secondaries were discovered during the 1st and 2nd years
(possibly replacement of feathers lost during handling). The secondaries nearest the body were the
1st to be replaced, singularly, or in groups of several feathers. A few primaries were replaced
in birds that had reached 2 years of age and more than 66% of the primaries were replaced in birds
that had reached 3 years of age. However, none of the birds in this study (17 in excess of 3 years
01d) replaced all their postjuvenal primaries. There was a tendency for primaries over the distal
radius-ulnar to be replaced before those farther out on the wing. New feathers were often separated
by 1 or more of the old primaries; consequently, molt of the primaries did not proceed in any clear-
ly defined order.

Table 2. Flight feather molt (postjuvenile feathers rep1aceda) in immature sandhill cranes.

Right winab Left wing
Age Number Number Number Number Number Number
(months) birds primaries secondaries rectrices primaries secondaries
Flock 1°
11 30 5.8 + 3.3 g) 0 0 0
13 30 5.2 £ 2.5 0.9 + 1.5 3.7 £ 2.2 0.1 0.4 0.7 £ 1.7
28 21 6.7 + 3.5 19.9 = 0.3 12.0 + 0.0 2.9 2.2 17.8 £ 5.2
38 17 6.3 + 3.2 20.0 + 0.0 12.0 + 0.0 8.1 +2.3 20.0 + 0.0
Flock 27
4 30 4.4 + 3.1 0 0 0 0
6 28 4.5 + 2.9 0 0 0 0
16 21 6.0 + 3.0 3.4 + 2.6 M1+ 2.7 0 2.8 +2.9
28 19 6.3 + 3.4 20.0 + 0.0 12.0 + 0.0 2.4 + 2.6 20.0 + 0.0

8Sandhill cranes have 10 primary and 20 secondary remiges, and 12 rectrices. Feathers
replaced at time of inspection.

bPrimaries on right wing removed 7 days after start of study.

CHorta1ity was greater than anticipated due to an extraintestinal coccidial infection.
dRep]acement primaries deformed, lost repeatedly throughout study.

€Ten months old at beginning of experiment.

fThree months old at beqginnina of experiment.

Investigators of sandhill crane molt report a partial to complete replacement of flight feath-
ers annually (Walkinshaw 1949, Littlefield 1970, Nrewien 1973, Lewis 1974). Lewis (1979) reported
primaries of 3 different ages on the same wing of some sandhill cranes, possibly 3- or 4-year-old
sandhills as in this study. Assumina cranes molt all primaries annually after they are 4 years of
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age, birds observed with all new primaries should either be less than 2 years of age or adults more
than 4 years old. Cranes with primaries of 2 ages would most Tikely be 2 to 3 years old, and those
with primaries of 3 ages would likely be 3 to 4 years old. A study similar to our study with adult
breeders and nonbreeders (4 or more years old) should be conducted.

Pulling primaries from the right wing of each of our cranes induced growth of new primaries;
however, the replacement feathers were abnormal. Replacement feathers varied in form from a bloody
stump or deformed quill to a nearly normal primary. The majority of the primaries on the right
wing were lost and replaced repeatedly throughout the study; some of the primaries were still miss-
ing, and others were still deformed 2.5 years after the oriainal feathers were removed. In Flock 1,
an average of 6.7 primaries was replaced through natural processes on the left wing. In Flock 2,
an average of 6.2 feathers was replaced 1 year after the oriainals were removed and before any were
replaced through the natural processes on the opposite wing.

The number of flight feathers replaced in hormone-treated sandhill cranes was similar to the
number that were replaced in untreated controls (Tables 3 and 4). Although not part of this study,
no unusual feather Toss was noted from other parts of the body in the hormonal-treated aroups (1-4).
The numbers of primary and secondary feathers on the Teft wing and secondaries on the right wing
(sum of data from Tables 3 and 4) replaced during the 3 months following treatment were small: 8§
in group 1, 2 in group 2, 10 in group 3, 2 in group 4, and 9 in group 5 (control). Also, hormone
treatment did not appear to influence replacement of primaries removed from the right wing (sum of
data from Tables 3 and 4) during the 3 months following treatment: 66 in aroup 1, 57 in group 2,
56 in group 3, 37 in group 4, and 66 in aroup 5. Although the hormones used did not induce molting
in sandhill cranes, their use at similar dosages has been reported to induce molt in domestic poul-
try and some other birds (Harris 1956, Ringer 1965, Payne 1972). The crane appears to be another
of many nondomestic birds that do not molt in response to some exogenous hormones {Harris 1956,
Payne 1972).

In a related study at Patuxent, in an attempt to relax feather papillae and reduce the trauma
in removing the primaries, tranquilizers and anesthetics were administered to cranes previously
administered a high level of progesterone (2,300 mg in 7 weeks). The use of the relaxing agents
showed some marginal improvement in the number of 'normal appearina" replacement primaries, but
large doses of progesterone were as ineffective as those used in this study.

SUMMARY AND CONCLUSION

Methods to restrict flight of cranes usually render the birds flightless for life (e.qg., pin-
joning) or for prolonged periods (e.g., trimming primaries to tips of coverts on 1 wing), or reqguire
propagation in covered pens. A method is needed to induce the rapid replacement of flight feathers
in sandhill cranes.

Treatment with progesterone, thyroxine, and FSH (all known to induce molt in some other birds)
failed to induce molt of flight feathers in immature sandhill cranes at the Patuxent Center. Me-
chanical removal of primary feathers resulted in abnormal feather development in their place.

It is possible that feather removal by pulling could be modified with the use of agents to
relax the feather follicle and reduce trauma to the aerminal tissues, to permit replacement by nor-
mal primaries. There appears to be no satisfactory method for controlling flight of captive cranes
utilizing the process of molting and feather replacement. There appears to be no practical alter-
native to large covered pens for raising immature sandhill cranes destined for release in their
native habitat.
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Table 3. The lack of hormonal effect on flight feather molt (postjuvenile feathers replaced)
in immature sandhill cranes of Flock 1.2

Right winqb Left wing
Age Number Number d Number Number Number Number
(months) birds® primaries secondaries rectrices primaries secondaries

Group 1: Progesterone and thyroxine

1 6 7.7 + 2.9 0 0 0 0

13 6 5.7 + 1.7 7.3 + 0.8 3.7 + 2 0 1.0 £ 2.

28 4 7.8 + 1.7 20.0 + 0.0 12.0 + 4.0 + 4.9 19.5 £ 1.

38 3 7.0 £ 3.0 20.0 + 0.0 12.0 + 0.0 6.7 + 3.0 20.0 + 0.
Group 2: Progesterone

1M 6 7.0 + 2.0 0.2 + 0.4 0 0 0

13 6 5.0 + 3.3 0.2 £+ 0.4 4.5 + 1 0 0.2 + 0.4

28 5 6.4 + 4.3 18.6 + 0.5 12.0 + + 1.3 19.8 £ 0.4

38 4 7.8 + 1.7 20.0 + 0.0 12.0 + + 1.9 20.0 # 0.0
Group 3: Progesterone - SQ

11 6 3.2 + 3.1 n 0 0 0

13 6 6.7 + 2.8 1.3 + 1.7 3.8 + 2 0 0.3 £ 0.5

28 4 5.2 + 3.6 20.0 =+ 0.0 12.0 + 0.0 5+ 1.9 20.0 =

38 3 4.3 £ 2.5 20.0 + 0.0 12.0 + 0+4.0 20.0 ¢

Group 4: Progesterone and FSH

11 6 4.5 + 2.7 0 0 0 0

13 6 3.3 £ 2.2 0.3 +0 3.8+ 2.6 0 0

28 5 6.2 + 4.8 20.0 = 12.0 = 3.0 22 12.2 £ 9.7
38 5 £.8 + 4.6 20.0 # 12.0 + 7.2 2 20.0 = 0.0

Group 5: Control

11 6 6.7 + 3.8 .8 +1.6 0 0 0

13 6 5.2 + 1.7 5+ 1.2 2.7 + 2.6 0.3 0.8 0.5 1.
28 4 8.0 + 3.4 20.0 + 0.0 12.0 1 .8 2 17.8 £ 2
38 2 4.0 + 1.4 20.0 + 0.0 12.0 + 8.5 £ 2.1 20.0 ¢

8Flock was 10 months old at beginning of study. Feathers replaced at time of inspection.
bPrimaries on right wing removed 7 days after start of study.
CMorta]ity was greater than anticipated due to an extraintestinal coccidial infection.

dRep]acement primaries deformed, lost repeatedly throughout study.



Table

4. The lack of hormonal effect on flight feather molt (postjuvenile feathers replaced)

in immature sandhill cranes of Flock 2.8

Right wingb Left wing
Age Number Number Number Number Number Number
(months) birds primaries secondaries rectrices primaries secondaries
Group 1: Progesterone and thyroxine
4 6 6.7 £ 3.5 0 0 0 0
6 5 6.4 +2.4 0.2 £ 0.4 0 0 0
16 4 8.5 * 1.7 5.5 = 3. 12.0 ¢ 4] 2.5 2.
28 3 9.0 £ 1.0 20.0 * 0.0 12.0 ¢ 3.7 £ 3.2 20.0 £ 0.0
Group 2: Progesterone
4 6 4.8 £ 2.6 0 0 0 0
6 5 5.4 +2.4 0 0 0 0
16 5 6.4 £1.8 3.6 + 2. 10.2 = 4.0 0 2.6 3.
28 5 6.4 £2.3 20.0 + 0.0 12.0 £ 0.0 1.6 £ 2.5 20.0 £ 0.0
Group 3: Progesterone SQ
4 6 2.8 +3.1 0 0 0 0
6 6 2.7 3.1 n 0 0 0
16 3 3.3 £ 4.0 3.0 # 9.0 2 5.2 N 3.7 #
28 3 3.0 + 4.4 20.0 £ 12.0 + 0.0 3.0 + 3.0 20.0 = 0
Group 4: Progesterone and FSH
4 6 3.0 = 3.0 0 0 0 0
6 6 2.8 + 2.7 0 0 0 0
16 3 6.7 +3.2 2.0 2. 12.0 + 0 2.7 £2.3
28 3 7.0 £4.4 20.0 + 0. 12.0 ¢ 3.3 £+ 2.5 20.0 * 0.0
Group 5: Control
4 6 4.8 +2.6 0 0 0.2 £0.4 0
6 6 5.8 + 2.6 0 0 0.2 £0.4 0
16 6 6.2 £ 3.0 3.5 £2.2 12.0 £ 0.0 0.2 £ 0.4 2.8 £ 3.1
28 5 6.2 +3.6 20.0 * 0.0 12.0 ' 0.0 0.2 *+ 3.0 20.0 % 0.0

8Flock 2 was 3 months old at beginning of study. Feathers replaced at time of inspection.
bPrimaries on right wing removed 7 days after start of study.

CMorta]ity greater than anticipated due to an extraintestinal coccidial infection.
dRep1acement primaries deformed, lost repeatedly throughout study.
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HERPESVIRUS IN CRANES: A NEW DISEASE

BETH BAECHLER, International Crane Foundation, City View Road, Baraboo, WI 53913

Abstract: Three mysterious epizootics occurred in geographically separated captive crane flocks in
the period 1973-79. The cause of death of the 46 affected cranes, in Austria and the United States,
appears to be a herpesvirus and the disease has been named Inclusion Body Disease of Cranes. Six
crane species were involved in the deaths and six other species were exposed but all individuals
survived. Future infection of crane flocks by a virulent virus or other etiological agent could
produce sudden and devastating losses within the world's endangered crane populations.

Seven of the 15 species of cranes in the world are presently endangered due to loss of habitat,
overhunting, and warfare. In an effort to save cranes from extinction, conservationists have estab-
lished several facilities for captive breeding of cranes. The organizations operating these facil-
ities are dedicated to establishing breeding stocks of cranes, gathering information about crane
biology and ecology, and protecting habitat. Little is known about diseases of cranes; a circum-
stance recently regretted by crane enthusiasts when an unexplainable lethal virus suddenly appeared
in captive flocks. As a consequence of 3 mysterious epizootics in geographically separated captive
crane flocks, more disease research is presently underway.

The 1st such disease outbreak occurred in Safari Park of Vienna, Austria, in the winter of
1973-74. Nineteen cranes suddenly died within 15 days. In March and April of 1978, 22 of 50 non-
breeding cranes died at the International Crane Foundation (ICF) in Baraboo, Wisconsin. The 3rd
die~off happened at a private aviary in Rhode Island, in September of 19738, where 5 of 10 cranes
were lost within a week. There have been no further epidemics, but occasional mysterious deaths
in captive crane flocks add to concern that a pathogenic agent may still be active. In all epidem-
ics mentioned, the cause of death appears to be a previously unknown virus. After histopathology
of the birds infected at ICF and Vienna, a new herpesvirus was isolated which is currently being
investigated.

The establishment of crane breeding facilities has required importation and exportation of all
crane species to various locations around the world. Therefore, we need to know the answers to
gquestions such as: Where does the herpesvirus come from? Was each outbreak caused by the same
virus? What is the mode of transmission? Does transovarial transmission of the virus occur? Does
it persist in a dormant state ready to appear again in the future? How does the pathogen compare
to other avian herpesviruses?

This paper describes circumstances surrounding the 3 epizootics, and reviews research that is
being conducted to understand pathogenesis of the new herpesvirus.

THE EPIZOOTICS

While George Archibald, ICF director and cofounder, was making a routine inspection of ICF, a
young Stanley Crane {(Anthroroi.les raralises) walked up to him, shuddered, fell to the ground, and
died. Shortly thereafter, more birds were found dead. These deaths occurred too close together to
be mere happenstance, and suggested the possibility of an infectious agent. Careful observation
was started on all birds and those appearing the Teast bit abnormal were hospitalized, given medi-
cation, and force-fed, but to no avail.

This dramatic experience indicates that advance warning of the virus is practically nonexistent.
Clinically a crane 1st appears normal, 2 days Tater becomes lethargic, anorexic, and soon dies.

The ICF cranes that died were kept in a large area of open field and woodland, making it impossible
to identify an intruder that might have carried in the virus.

When ICF's outbreak was compared to that in Vienna, I found that the caretakers in Vienna re-
ported behavior by sick cranes which was similar to that observed at ICF: separation from the
flock, inactivity, inappetence, and diarrhea, followed by death within 2 days. The Vienna flock
had been housed in heated buildings due to cold weather.

In the Rhode Island aviary, the birds were housed in separate areas and showed signs of leth-
argy and anorexia. It should be noted that cranes at ICF and Rhode Island were housed outdoors so
that mechanical means of transmission could have introduced and spread the virus. A mouse, rat,
or bird could have carried the disease agent on its body in feces, mucous, or a similar excretion.
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The outbreak at ICF necessitated involvement of the National Wildlife Health Laboratory (NWHL)
of the United States Fish and Wildlife Service. Virologists isolated a viral agent from pooled
livers and spleens taken from the deceased birds, then tentatively named the pathogen Inclusion
Body Disease of Cranes (IBDC)(Docherty and Henning 1980)}. The IBDC pathogen was identified as a
herpesvirus on the basis of its ability to form intranuclear inclusion bodies, ether sensitivity,
nucleic acid type, and cytopathic effect on embryoc fibroblasts of 15-day-old Pekin ducks and 10-
day-old white leghorns.

The number of crane species affected by the virus was greater at ICF than in Vienna or Rhode
Island. The infected crane species that died were red-crowned (7run ur onensis), hooded (4.
monachus ), sandhill (7. -ansdensic), and Stanley. Cranes that tested positive for antibodies after
the outbreak include the common (7. Srws), sarus (/. mt?d }, East and West African crowned
(Buleariesr vemlorum and B. ravonina), demoiselle (Anthro: oides virio), white-naped (G. virio),
hooded, sandhill, and red-crowned. The Vienna Safari Park only exhibited 2 species, the demoiselle
and East African crowned cranes, and all of these cranes subsequently died. Similar circumstances
existed at Rhode Island where only demoiselle and East African crowned cranes were housed; half of
the flock died.

These findings generate several observations and questions. First, 14 species were exposed to
the virus at ICF. Why did all the species of cranes at ICF not succumb to the disease? 1Is the
virus more pathogenic to certain species? Only 4 species housed at ICF died during the outbreak,
50 it appears that species immunity is a very likely possibility.

Another aspect is the closeness of housing in relation to die-offs. The birds at ICF are kept
in 4 different areas; the outbreak occurred in the nonbreeder area although cranes in the 3 breed-
ing units were also affected to a lesser degree. Neutralizing antibody was found in cranes from
all 4 areas. The deaths in Rhode Island cranes also occurred in separate areas of the aviary, which
leads an observer to believe the virus is highly transmissible.

Demoiselle cranes died in Vienna but not at ICF, although at ICF they produced antibodies to
the virus. Could the cranes have been exposed to different strains of virus or was the body chem-
istry of the deceased birds simply less resistant? Perhaps a comparison of necropsy reports will
help clarify the character of the virus or viruses involved.

The pathomorphological characteristics of the disease were established primarily through study
of the Tiver, spleen, and kidney. Necropsy reports on the cranes in Vienna indicated the livers
were slightly to moderately swollen and friable. Numerous grayish-yellow necrotic foci were detect-
ed. The kidney and spleen were swollen and contained necratic foci. Focal necrosis was also pres-
ent in the digestive tract, bone marrow, and thyroid, but the most significant findings were histo-
logical. Inclusion bodies of type A as described by E. V. Cowdry were found near the necrotic foci.
Electromicroscopically the virus could be identified as a Herpes virus (Burtscher and Grunbery 1979).

ICF necropsy reports were similar; affected tissue contained inclusion bodies, and the liver,
spleen, and kidney were very friable. Unfortunately, postmortem changes and freezing of the Rhode
Island cranes prevented complete necropsy, and inflamation of the intestinal tract was the only
lesion detected. As a result, histopathology to Took for intranuclear inclusion bodies could not
be adequately performed. The structure of the virus seems to be the same in at least 2 of the out-
breaks, but nothing has been definitely proven. Morphological similarities of IBDC also exist with
herpesvirus infections in cormorants, owls, falcons, pigeons, storks, and Patcheco's Parrot Disease
(Burtscher and Grunberg 1979).
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CHARACTER OF HERPESVIRUSES

The herpesvirus structure is that of a nucleic acid enclosed in a shell of protein. The pro-
tein, or capsid, is capable of determining the susceptible hosts of the virus by binding with spe-
cific host-cell receptor sites. Herpesviruses are adapted to particular cells and, therefore,
require a long period for growth and duplication. Transmission is usually by direct contact with
the source, i.e., secretions from the respiratory tract, lesions, and excretory system.

Types of cell destruction or cytopathogenic effect (CPE) are often characteristic of certain
kinds of herpesviruses. Three common features of cells infected by most of the types of herpesvi-
ruses are convolution of the nuclear membrane; viral envelope acquisition obtained by budding from
cellular membranes, usually from the inner nuclear membrane; and inhibition of cell-specific pro-
tein synthesis. A virus infection gradually phases out the cell's production of its own proteins
and induces virus-specific protein synthesis. Productive infections invariably lead to cell death
(Kaplan 1973).

Intranuclear inclusion bodies are characteristic cellular lesions that form as a result of
herpesvirus infection. There are types A and B cellular Tesions. Type A inclusions, which may be
related to a crane herpesvirus (Burtscher and Grunberg 1979), are single homogenous pleomorphic
bodies occupying the central portion of the nucleus and eventually causing cell destruction. Nuc-
lear alterations are the result of an infection of any of the herpesviruses.



Use of the electron microscope has revealed many alterations induced by interactions between
viruses and cells. One aspect characteristic of herpesviruses is that the infected cells tend to
fuse or clump. Polykaryocytosis, the formation of multinucleated cells called polykaryocytes or
syncytia, is a quite prevalent result of herpesvirus infections (Kaplan 1973). Polykaryocytosis may
occur early or late after infection, depending on the period of maximum virus replication with which
it coincides. The degree of polykaryocyte formation depends mostly on the genetic makeup of the
virus, but may be partially affected by the host cell.

Herpesviruses seem to be ubiquitous. When an infection occurs the virus probably remains with
the host for 1ife in a latent form. Infections can be reactivated by nonspecific stimuli years
after the initial infection. Herpesviruses may produce little or no illness in their specific host
species but give rise to a commonly fatal disease if they cross host species barriers (Kaplan 1973).
In its Tatent form, infectious virus cannot be detected or recovered, and is not produced. Environ-
mental stimuli, however, are capable of inducing both production and shedding of the virus. Such
virus production may soon be followed by clinical illness and these relapses may occur repeatedly.
Intermittent shedding of virus is a recognized phenomenon of herpesviruses.

Mutations occur readily in a virus. There are many differences in subgroups of herpesviruses,
even within a particular strain. Subgroups differ in properties such as virulence, cytopathology,
ability to alter cell membranes, host range, altered physical and chemical properties, altered plaque
types, and intracellular development (Kaplan 1973). It is not easy to work with a herpesvirus be-
cause usually the researcher deals with very small amounts of isolated virus. After repeated pas-
sages in tissue culture, while attempting to strengthen the isolate, the researcher also risks the
chance of forming virus mutants.

CURRENT RESEARCH

Research continues despite difficulties of dealing with herpesviruses. (nce researchers thought
duck plague (DP, duck virus enteritis) virus, also a herpesvirus, and IBDC virus were similar. In
the past decade, there have been a series of seemingly unrelated outbreaks of DP in captive waterfow]l
(Burgess et al. 1979). DNuck plague now appears to be distinct from IBDC because DP virus antisera
does not cross-neutralize (Docherty and Henning 1980). DP virus still poses problems in the study
of IBDC virus because tissue culture (in muscovy, mallard [Auas : 71z wiimehos] or pekin duck cells),
that is needed to grow large quantities of high titered virus, may be already infected with DP.
Fortunately, it is possible to separate the 2 if they are accidentally present in the same culture.

The NWHL virologists investigated 95 live-trapped sandhill cranes from Wisconsin and Indiana
in 1976 and 1977 to check for IBDC in wild populations (Docherty and Henning 1980). None of the
crane sera had neutralizing antibodies to IBDC virus, thus suggesting that crane herpesvirus is
nonexistent in this particular flock of sandhills. However, more testing would better support this
assumption. NWHL virologists also showed that adult American coots (Fulica gericina) and white
pekin ducklings up to 17 days old are susceptible to IBDC virus after inoculation, and that 64-day-
old muscovy ducks and 16-day~-old white leghorn chicks are not susceptible. Among the ducklings
exposed to IBDC virus, 1 of 4 inoculated intraperitoneally died, whereas all 4 inoculated intra-
muscularly (IM) died. Conaested livers, spleens, and kidneys were characteristic of all birds that
died.

From those cranes that were in the approximate vicinity of the ICF outbreak, blood and cloacal
swab samples were taken repeatedly for 12 months by NWHL personnel. Meutralizing antibodies to the
virus were found in many of the cranes. Some of the titers remained constant and some decreased,
but others fluctuated. Reasons for this variation have not yet been determined. Cranes housed at
an assumed safe distance from the outbreak were later discovered to have antibodies present in their
system. These cranes were never exposed to the cranes which died or had shown antibodies, and they
had previously tested negative for herpesvirus or its antibody. It is unclear why they exhibited
antibodies later.

To further study the ICF IBDC virus, the Veterinary Science Department at the University of
Wisconsin-Madison has undertaken a project to develop a sensitive diagnostic test. By experimenta-
tion with captive cranes previously exposed to the virus at ICF, and with those which were not ex-
posed, they hope to develop the ELISA test (Enzyme-Linked Immunosorbant Assay) to determine if these
birds are now carriers and shedders of the virus, and learn how the virus exists in its Tatent state.
It would then be possible and advantageous to monitor cranes for IBDC in the wild and in other cap-
tive situations.

The ELISA test was chosen for its highly sensitive measurements of antigen and antibody Tevels.
Use of antibodies labeled with an enzyme for high sensitivity of immunologic tests has only recently
been developed (Enzyme-Immunoassay, EIA), but has been found fairly successful in its specificity,
cost-effectiveness, and time element. Its development will hopefully equal or exceed such test
systems as serum neutralization, immunofluorescence, and radioimmunoassay. The most frequent and
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substantial application of ELISA involves antibody:antigen measurements, although measurements also
include haptens, macromolecular hormones, bacterial toxins, and steroids.

Besides serum assays, EIA has been applied to cerebrospinal fluid, urine, and milk (Wisdom
1976). The use of ELISA in virology was 1st reported for its detection and measurement of rubella
antibody. It was again efficient and reliable in the assay of antibody to herpes simplex virus.
Frequently it is used for detection of viruses in trees and plants, and is advantageous for detec-
tion of minute amounts of snake venom and its antibody. EIA tests have also been applied to hog
cholera, trichinosis, and bovine brucellosis (Saunders et al. 1977). Hence, EIA has proven valuable
for detecting antibodies to viral, parasitic, and bacterial disease elements.

The 1st step in developing the diagnostic test required isolation of the virus from infected
animals to use as stock virus. This was done by the NWHL personnel. Presently Dr. JoAnn Schuh,
investigator at the Veterinary Science Department, is using this stock to grow Targe quantities of
high titered virus in tissue culture. Highly purified preparations of virus are essential for suc-
cessful use of ELISA. The method used for obtaining these preparations will most 1likely be ultra-
centrifugation, although methods of ultrafiltration may also be tested. Other problems dealt with
are finding a steady supply of cells which are sensitive enough to cause good plaqueing, and ascer-
taining that the cells are not already infected with duck plague.

When applied to IBDC virus, ELISA may be used to detect both antigen and antibody levels. The
indirect ELISA procedure tests for antibody in a specimen, whereas the Double Antibody Sandwich
Method indicates the amount of antigen present. The latter method will be adapted to IBDC 1st, and
proceeds as follows. Specific antibody will be used to coat test tubes by passive adsorption.
After any excess is washed away, the substance to be tested is added, and any antigen that is pres-
ent will bind to the antibody. A 2nd washing will remove the substance if antigen is not present.
The next step requires use of an enzyme-labeled specific antibody to bind to the 2nd site on the
antigen. This antibody is prepared by injecting purified virus inoculate into lab animals other
than cranes to obtain antiserum.

Through dialysis, the immunoglobulins are purified from the serum, and then labeled with an
enzyme. After another wash, an enzyme chromogenic substrate is added which contains a color prop-
erty that the enzyme-labeled specific antibody will bring out by freeing itself from the antigen
and attacking the substrate. The intensity of the liberated chromogen is directly proportional to
the amount of antigen present in the test specimen. If color is absent, it is presumed that the
enzyme-Tabeled specific antibody found no antigen with which to bind itself and, thus, washed away.

During the process of developing ELISA, cranes at ICF that were previously exposed to IBDC are
being cloacally swabbed monthly to detect any shedding of virus. Swabs are taken weekly throughout
the breeding season because it is possible that stress at this time may induce shedding of virus.
There has been a limited supply of cells on which to cultivate virus and, because ELISA is at an
infant stage, most of the swabs are now frozen in fetal bovine serum. Crane herpesvirus is culti-
vated primarily in embryonated eggs and in tissue culture cell suspensions in flasks or in mono-
layers on glass surfaces, but when individual cranes are available the virus is extracted from in-
fected tissue.

At ICF's annual health check, all cranes are swabbed and blood is taken to determine presence
of virus and antibody to IBDC. Until ELISA can be adapted, the methods used for diagnosis are
virus and serum neutralization tests. These tests are based on the fact that noticeable activity
of the virus, whether it be CPE in cell culture, lesions, or death in embryonated eggs or animals,
can be inhibited by specific antibody serum to that virus. For example, to identify virus using
virus neutralization, an equal amount of virus plus several serums containing specific antibodies
to different viruses are mixed separately and incubated. A host system is inoculated with this
mixture, incubated, and observed for signs of CPE. If there is a mixture where cytopathic changes
do not occur, it is assumed that the virus is neutralized and the isolate can be identified by that
particular serum. Unfortunately, a crane might harbor a very Tow level of herpesvirus that this
test is not sensitive enough to determine. The Tlack of test sensitivity affirms the need for a
reliable diagnostic method.

By studying offspring of cranes exposed to IBDC it may be possible to discover whether trans-
ovarial transmission of the virus occurs. In a recent study, a 7-month-old common crane, hatched
from a female that tested positive for IBDC antibody, was kept in isolation to observe possible
shedding of the herpesvirus. After repeated bleedings and swabbings that tested negative for anti-
body and virus isolates, the chick was given Cyclophosphamide, an immunosuppressive agent, to at-
tempt to induce shedding if it was harboring very low levels of virus. Evidence of virus was still
not apparent so the chick was exposed to a passage of the stock virus.

Approximately 0.3 ml of virus was incoulated IM in the breast. Materfowl are most susceptible
to fatal infections via the IM route (Spieker 1978). Close observation showed a decrease in the
chick's appetite and an increase in Tistlessness. By the 4th day, green feces were apparent, indic-
ative of excess bile from 1iver nonfunction. After 7.5 days, the chick died. A necropsy revealed
diffuse multifocal necrosis, congestion, and enlargement of the liver. The spleen was enlarged and



the gastrointestinal tract full of bile. There was not enough time for the chick to develop anti-
bodies; however, a liver suspension did cause typical herpesvirus CPE. Tissue was frozen for a
future attempt to find evidence of crane herpesvirus and subsequently reisolate it from fresh tissue.

In future experiments with cranes, modes of transmission and virulence will also be investi-
gated. Aerosols and drinking water are possible ways for exposing different cranes to the herpes-
virus.

LONG-RANGE EFFECTS

Currently, combat against crane herpesvirus appears to be well under way at ICF. Prevention
rather than control of the virus receives daily attention because all captive cranes appear healthy.
Maintaining a sanitary environment (i.e., daily cleaning of shelters, caretaker use of foot baths,
and other techniques), providing fresh feed and water, adequate individual bird space, daily obser-
vations, and annual health checks all contribute to successful crane management. As an added pre-
caution, any bird possibly exposed during the 1978 outbreak is housed in an area separate from
breeding facilities. Noone can approach the vicinity of the unexposed cranes without Tst showering
and changing clothes. New crane arrivals also will be placed in quarantine for 2 weeks before being
housed on the new ICF property not previously exposed to IBDC.

In terms of conservation, it is jmportant to consider the future survival of wild crane popu-
Tations. Unchanged since the Eocene, 1 or many crane species might be eliminated by an epizootic
in the wild. Interference and development of natural areas by man has been creating adverse condi-
tions for a bird that remains particular about its habitat. Lesser and Canadian sandhill cranes
(G. e. canadeneis and ;. e. rowe>) annually migrate north from Texas and Mexico to their staging
grounds on sandbars of the Platte River in Nebraska. Over the past century the Platte's flow has
rapidly diminished due to diversion for irrigation, for cooling power plants, and upstream impound-
ments.

For protection, the cranes will roost only on open sandbars in broad channels of shallow water,
with access to nearby wet meadows and cornfields where they feed. These requirements 1imit the
roosting grounds to oniy about 125 km of the total river distance between Grand Island and Suther-
land, Nebraska. Fortunately, Nature Conservancy and the Platte River Whooping Crane Critical Hab-
itat Maintenance Trust are combining efforts to preserve the area's migratory bird habitat. For
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