
Cra n e s :
Their Biology, 

Husban dry, and 
Conservat ion

E d i to r s

David H. El l i s

George F. Ge e

C l a i re M. Mi r a n d e

Technical Edito r

Catherine H. El l i s

Copy Edito r

Lorie A. Sh a u l l



i v

Published by the De p a rtment of the In t e r i o r, National Biological Se rv i c e ,
Washington, DC, and the International Crane Foundation, Baraboo, W I .
Printed in cooperation with the U.S. Fish and Wildlife Se rv i c e .

I S B N 0 - 8 8 8 3 9 - 3 8 7 - 3 National Biological Se rv i c e / International Crane Foundation Limited Ed i t i o n

Cata loging in Publication Data

Ellis, David, H., 1945-
Cr a n e s

Includes bibliographical re f e rences and index.
ISBN 0-88839-385-3

1. Cranes (Bi rds) I. Ti t l e .
QL696.G84E44 19 9 6 5 9 8 . 3’1 C 9 5 9 1 1 0 4 0 - 2

Printed in the United States of America, 19 9 6



Authors  and Ad d re s s e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v i i

Fo rewo rd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . i x

Pre fac e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . x i

1 . Crane Bi o lo g y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
George W. Archibald, James C. Lew i s

2 . General  Hu s b a n d ry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Scott R. Swengel, James W. Carpenter

3 . Egg and Semen Pro d u c t i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C l a i re M. Mirande, George F. Gee, Ann Bu rke, Peter W h i t l o c k

4 . In c u b ation and Hatc h i n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Ro b e rt R. Gabel, Thomas A. Ma h a n

5 . Chick  Re a r i n g . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Marianne Wellington, Ann Bu rke, Jane M. Nicolich, Kathleen O’Ma l l e y

A . Ve t e r i n a ry Te c h n i ques  for  Rearing  Crane  Chicks . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Glenn H. Olsen, Julia A. Langenberg

6 . Be h avior  Ma n ag e m e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

Scott R. Swengel, George W. Archibald, David H. Ellis, Dwight G. Sm i t h

A . Imprinting , Attac h m e n t,  and Be h avioral  Deve lopment in  Cr a n e s . . . . . . . . . .   
Ro b e rt H. Ho rw i c h

7 . Re p ro d u c t i ve  Ph y s i o lo g y . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

George F. Gee, Shirley E. Ru s s m a n

8 Medicine and Su rg e ry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

Glenn H. Olsen, Julia A. Langenberg, James W. Carpenter

9 . Genetic  Ma n ag e m e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

C l a i re M. Mirande, George F. Gee, Scott R. Swengel, Christine Sh e p p a rd

1 0 . Re co rd s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

David H. Ellis, Joanna A. Ta y l o r, Claire M. Mirande, Julia A. Langenberg, 
Marianne Wellington, B. H. Powell, Janet L. Mc Mi l l e n

Table of Contents



 . Special Te c h n i qu e s

A . A rtificial In s e m i n at i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

George F. Gee, Claire M. Mi r a n d e

B . Cryo p re s e rvat i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

Timothy L. Ha r g rove, George F. Ge e

C . Sex  De t e r m i n at i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

Scott R. Swe n g e l

D . Re i n t roduction Te c h n i qu e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

Meenakshi Nagendran, Richard P. Urbanek, David H. El l i s

E . Flight Re s t r a i n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

David H. Ellis, F. Joshua De i n

F. Pre d ator and Pest  Ma n ag e m e n t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

Thomas E. Lew i s

 . Fac i l i t i e s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

Scott R. Swengel, Richard W. Be s s e r

 . Eco lo g y,  Status ,  and Conservat i o n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

Cu rt Meine, George W. Arc h i b a l d

Ap pendix .  Equipment and Su p p l i e r s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

In d e x . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .   

v i Table  of  Contents



Authors and Ad d re s s e s

R i c h a rd W. Be s s e r ,     Marble Avenue NE,
A l b u q u e rque, NM     

James W. Ca r p e n t e r , De p a rtment of Su r g e ry and
Medicine, College of Ve t e r i n a ry Medicine, Kansas
State Un i ve r s i t y, Manhattan, KS     

F. Joshua De i n, National Wildlife Health Re s e a rc h
C e n t e r,    S c h roeder Road, Madison, 
WI      -    

Ro b e rt R. Ga b e l, U.S. Fish and Wildlife Se rv i c e ,
Of fice of Scientific Au t h o r i t y,     No rth Fa i rf a x
Dr i ve, Room   , Arlington, VA     

Timothy L. Ha r g rove,     Groveland Farms Ro a d ,
Groveland, FL     

Ro b e rt H. Ho rw i c h , RD  B ox  , Gays Mi l l s ,
W I     

James C. Lewis , U.S. Fish and Wildlife Se rv i c e ,
P. O . B ox    , Albuquerque, NM     

Thomas E. Lewis , St. Vincent National Wi l d l i f e
Refuge, P.O. Box   , Apalachacola, FL     

Thomas A. Ma h a n,  Mu i rfield Place, Ard e n ,
N C     

Janet L. McMi l l e n, Science De p a rtment, Pr i n c e
Ge o r g e’s College, Largo, MD     

Meenakshi Na g e n d r a n ,     Oleander Ave n u e ,
Me rced, CA     

Shirley E. Ru s s m a n , ZCA Ve t e r i n a ry Care Center,
    Mo n t g o m e ry Bouleva rd NE, Albuquerq u e ,
N M     

C h ristine Sh e p p a rd, Curator of Or n i t h o l o g y, Wi l d l i f e
C o n s e rvation So c i e t y,   th St reet and So u t h e r n
B o u l e va rd, Bronx, NY     

Dwight G. Sm i t h , Biology De p a rtment, So u t h e r n
Connecticut State Un i ve r s i t y,    Crescent St re e t ,
New Ha ven, CT     

R i c h a rd P. Ur b a n e k , Seney National Wildlife Re f u g e ,
Se n e y, MI     

Authors at Other In s t i t u t i o n s

George W. Archibald, Ann B u rke, Julia A.
Langenberg, Cu rt Meine, Claire M. Mirande, Scott
R. Swengel, Ma rianne Wellington, Peter W h i t l o c k

International Crane Foundation, E-     Sh a d y
Lane Road, Baraboo, WI     -   , 
Phone: (  )   -   

David H. Ellis, George F. Gee, Jane M. N i c o l i c h ,
Glenn H. Olsen, Kathleen O’M a l l e y, B. H. Powe l l ,
Joanna A. Ta y l o r

Pa t u xent Wildlife Re s e a rch Center, Na t i o n a l
Biological Se rvice, Laurel, MD     -   , 
Phone: (  )   -   





Worldwide, extinction of our flora and
fauna is proceeding at catastro p h i c
rates. We humans are fouling our
p l a n e t a ry nest and making it uninhab-

itable both for many thousands of wild species and
ultimately for ourselves. For utilitarian, aesthetic, and
ethical reasons, we must do all that we can to pre ve n t
extinction. The most important conservation strategy
for most species is habitat pre s e rvation. This almost
always means trying to pre vent or to re verse 
man-caused changes in the enviro n m e n t .

While habitat conservation is the key, captive
b reeding sometimes plays a crucial role. It may then
be possible to release captive - b red animals once their
habitat has been rescued, as has so successfully been
a c h i e ved with the Arabian Oryx in Oman and Jo rd a n ,
and with the Hawaiian Geese bred at the Wi l d f ow l
Trust. Even if no immediate prospect of release can be
f o reseen, endangered species must be maintained in
captivity to pre vent extinction and in hopes that
habitat will one day be ava i l a b l e .

C a p t i ve management is not only a vital conserva-
tion tool in helping to pre vent extinction, but there
a re also many spin-off benefits. The worldwide effort
to propagate and conserve cranes is a shining example.
Not only have there been many successes in re a r i n g
e n d a n g e red cranes, but there has also developed an
international spirit of cooperation between individuals
and institutions in a dozen nations around the world.
In addition to fostering international good-will in this
w a y, the captive cranes provide many opport u n i t i e s
for re s e a rch, answering questions that would be
impossible to re s o l ve in the fie l d .

Sir Peter Scott, CH CBE DSC FRS
Sl i m b r i d g e
October  ,    

Ed i t o r’s No t e :
The natural world lost a premier advocate when 

Sir Peter Scott died on   April     at age  . Hi s
thoughts on endangered species, conservation in
general, and crane propagation in part i c u l a r, continue
to ring tru e .

The first published re f e rence to crane husbandry is
p robably Ma rco Po l o’s account of several species of
cranes (some of which we re more likely phasianids) in
the gardens of Kublai Khan in the late  th Century.
With more than two decades of propagation re s e a rc h
behind us at the International Crane Fo u n d a t i o n
(ICF) and nearly three at the Pa t u xent Wi l d l i f e
Re s e a rch Center (Pa t u xent), crane husbandry for 
most species is now operational. It is finally time to
collect the best of crane avicultural science and
h u s b a n d ry between two cove r s .

Experimentation with crane re i n t ro d u c t i o n
techniques over the last two decades allows us to 
also include a section on this culminating aspect 
of crane conserva t i o n .

David H. El l i s

Fo re w o rd
Ca p t i ve Management and Conserva t i o n





Unbridled, mankind is unique in having the
ability to erase the cranes, one or all, fro m
our world. Iro n i c a l l y, it is also within the
p ower of man to re c o g n i ze the beauty and

w o rth of something not our kin (or stated more cor-
re c t l y, to re c o g n i ze our kinship to a dissimilar species),
to re c o g n i ze and re ve re. This book is dedicated to
these lovely cre a t u res, and to those persons living,
re m e m b e red, and yet unborn who will continue the
s t ruggle to ensure a world rich with cranes.

In the paragraphs that follow, we will cite some of
those whose contributions we re greatest in completing
this volume and in supporting our husbandry effort s .
Others will be mentioned in photo captions and text.
Howe ve r, this act (i.e., citing our fellow work e r s )
should not, in any way, diminish our awareness of,
and appreciation for, the true inspiration for this
volume, namely, the   species of cranes that grace our
planet. This book is a celebration of the magnifi-
cence of these cre a t u res and of man’s efforts to
e n s u re surv i val of each species and each race of
this resplendent gro u p.

As we, the editors, complete the eight ye a r
o rdeal that culminates in publication of this
volume, it is our pleasure to look back and 
thank those who gave of
their time in re v i ew i n g
the chapters, those
who devo t e d
months (often
w i t h o u t
s a l a ry) to
rearing chicks
or caring for
adults, and most of all we thank
those who created and maintained
our programs at ICF and Pa t u xent. In
p a rt i c u l a r, Dr. Ray C. Erickson and Dr.
Ronald T. Sauey deserve our deep appre c i a-
tion. Ray’s foresight led to the creation of
Pa t u xe n t’s endangered species program in the
late    ’s. Ro n’s dedication was essential in

the creation of ICF in    . Without the efforts of
these two and of Dr. George W. Archibald, much 
of the information encompassed in this book would
be as yet unassembled. We also wish to acknowledge 
Dr. H. Randolph Pe r ry, Jr. and Mr. James Harris 
who have shouldered much of the administrative 
load through the years and there by provided the
o p p o rtunity for us to create this vo l u m e .

As editors, we appreciate the work of the authors of
each chapter. Their patience was often exe m p l a ry as
they worked with us in shaping and honing the text.
Se veral gave selflessly in preparing tables, graphics, or
e ven writing text for chapters not their own. Do ze n s
p a rticipated in re v i ew of the book and preparation of
the materials, and all have been thanked personally.
He re we wish to acknowledge those whose contribu-
tions we re extensive. Marie Childress, Cathy El l i s ,
Jennifer Gieg, Kathleen O’Ma l l e y, and Lorie Sh a u l l
spent many hours re v i ewing chapters and pro o fin g
tables, always in quest of the erroneous minutia that
a re so difficult to eradicate. Our appreciation for the
two who led this effort, Cathy Ellis and Lorie Sh a u l l ,
p rompted us to cite their sterling work by including

them on the title page. Ro b e rt R. Gabel, Sa n d y
Houdak, and Linda J. Mi l l e r

ably assisted in the
early re v i ews. 

We thank the
Crane Ta xo n
Ad v i s o ry
Group of the
A m e r i c a n
Zoo and

Aquarium Association for
re v i ewing the manual tow a rd
endorsing it as the offic i a l

h u s b a n d ry guidelines for cranes.
Our librarians, Lynda Ga r rett 

and Wanda Manning at Pa t u xent and Annie
Re i n h a rdt at ICF, assisted us greatly in han-

dling the literature. All unpublished re p o rt s
cited herein (except Ph.D. dissert a t i o n s

Pre f a c e



p roduced in the U.S. which are available thro u g h
Un i versity Mi c ro films, Box    , Ann Arbor, MI
    ) are on file at the Ron Sauey Me m o r i a l
L i b r a ry at ICF.

A l t h o u g h we w i l l n o t c i t e h e re a l l w h o c o n t r i b u t e d
t o e a c h c h a p t e r, we w i s h t o m a k e s p e c i a l m e n t i o n
o f Mi l f o rd Muskett for preparing the maps gratis,
K i n n a rd B o o n e f o r h i s c o m p u t e r g r a p h i c s a s s i s t a n c e i n
s e ve r a l c h a p t e r s , Lye n a Ro m a n ova f o r h e r c o m p u t e r
p ro g r a m m i n g e f f o rt s t ow a rd s a u t o m a t i n g t h e Pa t u xe n t
re c o rd s s y s t e m , Dr. Da v i d H .T h o m p s o n f o r h e l p w i t h
t h e p h o t o g r a p h s , a n d K a t h l e e n O ’ Ma l l e y f o r c o m p o s-
i n g f o r m s a n d e n t e r i n g d a t a f o r t h e re c o rd sc h a p t e r.

Ot h e r s i g n i fic a n t c o n t r i b u t i o n s we re m a d e by t h o s e
w h o p rov i d e d t h e p h o t o g r a p h s a n d i l l u s t r a t i o n s f o r
t h e t e x t . Mo s t g a ve w i t h o u t re i m b u r s e m e n t . In p a rt i c-
u l a r we t h a n k Da v i d R a n k i n ( w h o s u p p l i e d t h e e n d
s h e e t / d u s t j a c k e t p a i n t i n g a t cost), Billi Wa g n e r ( w h o
p rov i d e d the crane l i n e drawings with black zo n e s )
a n d Pa u l Tr i a t a k ( w h o p rov i d e d the crane l i n e
d r a w i n g s without black zo n e s , g r a t i s ) .

Inasmuch as crane conservation has become a
banner cause in conservation around the globe, it is a
fitting, if somewhat belated, act to produce this “how
t o” volume on raising cranes, something that has been
done haphazardly for some species for centuries and
has become operational for most species during the
last two decades.

The Ed i t o r s
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