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PREFACE 

The 1984 E lk  Workshop, hosted by the  A lber ta  F i sh  and W i l d l i f e  
D i v i s i o n  a t  t he  Chateau Lacombe i n  Edmonton, was attended by 119 
r e g i s t r a n t s  from a very wide v a r i e t y  o f  agencies, organizat ions,  and 
i n t e r e s t  groups. Forty-seven people a1 so enjoyed the hospi t a l  i ty ,  
in fo rmat ion ,  and s i g h t s  prov ided a t  E lk  I s l a n d  Nat ional  Park and the  
cooperat ive A1 b e r t a  F i  sh and W i  1 d l  i fe/Un ivers i  t y  o f  A1 be r ta  ungul a t e  
research s t a t i  on. 

Workshop Format. I n  o rgan iz ing  t h i s  workshop we were very uncer ta in  
how bes t  t o  serve the  needs o f  the  con t i nen t ' s  e l k  manaqers. We were 
urged t o  ensure a re laxed atmosphere w i t h  t ime f o r  a l l  t o  quest ion and 
discuss. We were a l so  s t imu la ted  t o  seek a broad i n fo rma t ion  exchange on 
a1 1 aspects re1 a t i  ng t o  e l  k . The i n i t i a l  announcement sol i c i  t e d  papers 
espec ia l l y  on two t ime ly  themes ,"Nui sance Elk Management Techniques" and 
"Commercial Husbandry o f  Elk" .  It was hoped t h a t  t he  papers submitted f o r  
these would form the  bas is  o f  two panel discussions, w i t h  considerable 
i n p u t  from the  f l o o r ,  and these would be a focus o f  t he  1984 meeting. - 
Submissions f o r  the  f i r s t  t o p i c  were few, and these were incorpora ted  
i n t o  the regu la r  paper sessions. There were a l so  few submissions on the  
second t o p i c ,  b u t  Bob Hudson p icked up the  r e i n s  and organized a 
s t imu l  a t i  ng panel d i  scussi on aimed a t  the  c u r r e n t  A1 be r ta  s i t u a t i o n ,  and 
t h i s  brought much d iscussion from the  f l oo r .  As w i l l  be seen i n  these 
Proceedings, there  was a 1 arge number of i n t e r e s t i n g  papers submitted on a 
wide v a r i e t y  o f  top ics ,  and these formed the  major p a r t  o f  t h i s  workshop. 

The bu l k  o f  t he  workshop took on a conference format, w i t h  a 
d i f f e rence .  Speakers were a1 1 owed 20 minutes f o r  t h e i r  p resenta t ions  
fol lowed by 10 minutes f o r  quest ions and discussion. While t h i s  format 
(versus a s t r i c t  workshop w i t h  d iscussion groups and t o p i c s  t o  be worked 
on) al lowed f o r  a much wider s e l e c t i o n  of t o p i c s  t o  be presented, i t  d i d  
n o t  a l l ow  f o r  indepth e labo ra t i on  o r  d iscussion from the  f l o o r  on these 
top ics .  

A s a t i  s fac tory  workshop might  i n c l  ude th ree  presenta t ion  formats - 
(1 )  a panel discussion, ( 2 )  a s t r i c t  workshop session, and ( 3 )  a session 
w i  t h  re1 axed, conference-sty1 e presentat ions on broadly re1 ated t o p i c s  
fol lowed by 112-1 hour o f  guided d iscussion on those top ics .  

E lk  Status Reports. As d i r e c t e d  by the  1982 Workshop, Bob Hernbrode 
prepared, c i  r c u l  a ted t o  the respect ive  aqencies, c o l l  ated, and presented 
the-  resul  t s  o f  a quest ionnaire on the  s ta tus  o f  - e l  k i n  ~ o r t h  America. A 
summary o f  t h i s  ma te r i a l  i s  i n c l  uded i n  these Proceedings. Th is  p r o j e c t  
trimmed several hours o f  verbal ,  r e p e t i t i v e  presentat ions a t  the  workshop 
down t o  j u s t  a few minutes and a few pages o f  summary p l u s  a subs tant ia l  
document f o r  d i s t r i b u t i o n  t o  the  agencies. 

Prev ious ly  the  verbal s ta tus  repo r t s  from each s t a t e  and prov ince 
have i nc l  uded summaries o r  comments and d i  scussi ons on new -techni ques, 
problem areas, and con t rove rs ia l  subjects.  These impor tan t  mat ters w i  11 
now appear be fore  the group on l y  if a s p e c i f i c  pane1 discussion, workshop 
session, o r  paper p resenta t ion  deals w i t h  them. A1 though some of t h i s  
d iscussion simply w i l l  n o t  now occur, there  now i s  more t ime a v a i l  ab le  i n  



t he  o the r  p a r t s  o f  t h e  workshop f o r  such mat te rs ,  and attendees are 
s t rong l y  encouraged t o  t a c k l e  these impor tan t  t o p i c s  i n  more d e t a i l  by way 
o f  a paper, a panel, o r  a workshop session. 

Business Meeting and 1986 E l k  Workshop. Oregon volunteered t o  hos t  
t he  1986 Western States and Prov inces E l k  Workshop. The business meeting 
discussed t h e  format  o f  t h e  present  meeting (see a l s o  the  Workshop 
Summary) and concluded t h a t  we would g i ve  f u t u r e  organizers no formal 
i n s t r u c t i o n s  b u t  would leave t h e  format  o f  t h a t  meet ing i n  t h e i r  hands. 

, 
Acknowl edgements. For much-needed ass i  stance wi t h  the  organi z a t i  on 

and execut ion o f  t he  workshop I w i  sh t o  thank t h e  f o l l  owing: t he  s ta f f  a t  
t he  Chateau Lacombe; Travel  A1 ber ta ;  Edmonton Tourism and Convention 
Au tho r i t y ;  s t a f f  and students o f  t he  U n i v e r s i t y  of A lbe r ta  Department of 
Animal Science (especi a1 l y  Bob Hudson and Lu i  g i  Morgant i  n i  and Department 
o f  Zoology; E l k  I s 1  and Nat ional  Park s ta f f ,  i n  p a r t i c u l a r  Chuck Bly the;  
our banquet speaker, Val Gei s t ;  and my col leagues a t  the  Wild1 i f e  Branch 
of A1 b e r t a  F i s h  & W i l  d l  i f e  D i v i s i o n ,  e s p e c i a l l y  B i  11 Hal 1 , Gerry Lynch, 
El  don Bruns, B i l l  Glasgow, Haro ld Carr, Mike Watson, Reg Arbuckle, Bruce 
T r e i  chel , B i  11 W i  shar t ,  Debbie Kne l l  e r ,  Denise , Pesce, Per Anderson, and 
Laurie-Ann DeBl o i  s who typed the  f i n a l  manuscript .  My thanks, a1 so, t o  
those who presented papers, p a r t i c i p a t e d  i n  t he  panel d iscussion and f i e l d  
t r i p ,  and otherwise c o n t r i b u t e d  t o  making t h i s  a very i n f o r m a t i v e  and 
enjoyable gather ing.  

R. Wayne Nel son 
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Te r re l  1 Johnson Get ty  Min ing P.O. Box 217 
Company Y ampa, Col orado 80483 

John Kansas 

Doyal K e l l e r  

3523-40th St., S.W. 
Calgary, A1 b e r t a  T3E 3K3 

Groundbirch, B.C. VOC 1TO 
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A. Kolenosky A1 b e r t a  A1 b e r t a  Envi  ronmental Centre 
Environmental  Box 4000 
Centre V e g r e v i l l  e, A1 b e r t a  TOB 4L0 

Rick Kunel i us Ban f f  Na t i ona l  Parks Canada 
Park Box 900 

Banf f ,  A1 b e r t a  TOL OCO 

Elmer Kure A l b e r t a  F i s h  & R. R. # 1  
Game Assoc. I n n i s f a i l  , A1 b e r t a  TOM 1AO 

E r i c  Langshaw Yoho Nat iona l  c /o  The Super in tendent  
Park Parks Canada 

Box 99 
F i e l d ,  B.C. VOA 1GO 

Randy Lee A l b e r t a  F i s h  & 2401-22 St.  Nor th  
W i l d l i f e  Lethbr idge,  A1 b e r t a  T1H 4Y9 

Te r r y  N. Lonner Montana F i  sh, Montana F i  sh, W i l  d l  i f e  Parks 
W i l d l i f e  & Box 5  
Parks Montana S ta te  U n i v e r s i t y  

Bozeman, MT 59717 

Tom Luc ia  Idaho Dept. of  Idaho Dept. of F i s h  & W i l d l i f e  
F i s h  & W i l  d l  i f e  S t a r  Route Box 120 

Preston, Idaho 83263 

Bar ry  Lunseth NOVA Corp. NOVA, An A l b e r t a  Corpora t ion  
P.O. Box 2535 S t a t i o n  M 
Calgary,  A1 b e r t a  T2P 2N6 

Gerry Lynch A1 b e r t a  F i s h  & A l b e r t a  F i s h  & Wild1 i f e  
W i l d l i f e  Main F l o o r ,  N. Petroleum P l  aza 

9945-108 S t r e e t  
Edmonton, A l b e r t a  T5K 2C9 

Jack Lyon U.S. F o r e s t  F o r e s t r y  Science Lab 
Serv ice  Drawer 7  

M i  ssoul a, Montana 59806 

B ren t  Markham A1 b e r t a  F i s h  & A l b e r t a  F i s h  & W i l d l  i f e  
W i l d l i f e  Main F loo r ,  N. Petroleum Plaza 

9945-108 S t r e e t  
Edmonton, A l b e r t a  T5K 2C9 
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John D. Massie C a l i f .  Dept. 4352 Greenholme #14 
F i sh  & Game Sacramen to ,  Cal i f o r n i  a  95842 

L l  ewe1 l y n  U. o f  A1 be r ta  4709-106 S t r e e t  
Matthews Edmonton, A1 be r ta  T6H 2S7 

Bob McFetridge A1 b e r t a  F i s h  & A1 b e r t a  F i s h  & Wi ld l  i f e  
W i l d l i f e  P.O. Bag 900-38 

Peace River,  A1 b e r t a   OH 2x0 

Dennis Meleshko Zoology, -U. of Dept. o f  Zoo1 ogy 
A1 be r ta  U n i v e r s i t y  o f  A1 b e r t a  

Edmonton, A1 b e r t a  T6G 2E9 

Phi 11 i p  M i  n ton Grass1 ands Grass1 ands Nat ional  Park 
Nat ional  Park Val Marie, Saskatchewan 

SON 2T0 

Richard Moccasi n  Cochin, Saskatchewan SOM OLO 

L u i g i  Morgant in i  Animal Science, Dept. o f  Animal Science 
U. o f  A1 b e r t a  Uni v e r s i  t y  o f  A1 be r ta  

Edmonton, A1 b e r t a  T6G 2P5 

Wayne Nelson A lber ta  F i sh  & A lber ta  F i s h  & Wild1 i f e  
W i l d l i f e  Box 1450 

S t .  Paul , A1 be r ta  TOA 3A0 

Tony Net te  A1 b e r t a  F i sh  & A1 be r ta  F i s h  & W i l d l i f e  
Wild1 i f e  Box 388, Mountain Ridge P l  aza 

Rocky Mountai n  House, A1 be r ta  
TOM 1TO 

J im Nicho ls  A1 be r ta  F i s h  & A1 b e r t a  F i s h  & Wild1 i f e  
W i l d l i f e  Main F loor ,  N. Petroleum Plaza 

9945-108 S t r e e t  
Edmonton, A1 b e r t a  T5K 2C9 

Marie N i e t f e l d  Animal Science c/o Dept. o f  Animal Science 
U. o f  A1 b e r t a  U n i v e r s i t y  o f  A1 b e r t a  

Edmonton, A1 be r ta  T6G 2P5 

Jack O'Nei l  Ar izonaGameh A r i z o n a G a m e & F i s h  
F i  sh Box 754 

Pinetop, AZ 85935 



L loyd  01 denburg Idaho Dept. F i s h  Bureau o f  Wild1 i f e  
& Game Idaho Dept. o f  F i s h  & Game 

600 South Wal nut ,  Box 25 
Boise, Idaho 83707 

Chr is  D. Olsen Animal Science, Dept. o f  Animal Science 
U. o f  A1 be r ta  310 Ag/For Centre 

Uni v e r s i  t y  o f  A1 b e r t a  
Edmonton, A1 b e r t a  T6G 2P5 

Roy Ozanne Edmonton F i s h  & 14304-79 S t r e e t  
Game Edmonton, A1 b e r t a  T5C 1K3 

Orval Pal 1 A lbe r ta  F i s h  & A1 b e r t a  F i s h  & W i l d l i f e  
W i l d l i f e  #200 Sl oane Square, 

5920-1A S t .  SW 
Cal gary , A1 b e r t a  T2H O G 1  

Tom Parker Idaho Dept. of Idaho Dept. o f  F i sh  & Game 
F i s h  & Game Box 456 

Salmon, I D  83467 

Ron Paul s Syncrude Canada 10030-107 S t r e e t  
L td .  Edmonton, A1 b e r t a  T5J 3E5 

Ross Peck Guide O u t f i t t e r s  Box 6397 
Assoc. o f  B.C. F o r t  St.  John, B.C. V1S 4H8 

Wi l l i am P h i l l i p s  Dept. o f  Rural Dept. o f  Rural Economy 
Economy, U. of U n i v e r s i t y  o f  A1 b e r t a  
A1 b e r t a  Edmonton, A1 b e r t a  T6G 2H1 

Ken Rebizant U n i v e r s i t y  o f  Box 5 
Manitoba Tevl on, Manitoba ROC 3B0 

- - 

L y l  e Renecker Animal Sci ence , 310 Ag/For Centre 
U. o f  A lbe r ta  Dept. o f  Animal Science 

Uni v e r s i  t y  o f  A1 b e r t a  
Edmonton, A1 b e r t a  T6G 2P5 

Shawn J .  R i l e y  Montana F i s h  & P.O. Box 1120 
Game Thompson F a l l s ,  MT 59873 

B l a i r  R i  pp i  n A1 b e r t a  F i s h  & Box 1836 
W i l d l i f e  St. Paul, A lbe r ta  TOA 3A0 
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Michael Samuel F i s h  & W i l  d l  i fe F i s h  & Wild1 i f e  Dept. 
Dept., Univ. o f  Idaho 
U. o f  Idaho MOSCOW, Idaho 83843 

Ken Schmidt A l b e r t a F i s h A  A l b e r t a F i s h & W i l d l i f e  
W i l d l i f e  General Del i v e r y  

Nordegg , A1 b e r t a  TOM 2H0 

Goetz Schuerhol z Transameri ca P.O. Box 69 
Envi ronmen t a l  Duncan B.C. V9L 3x1 
Consul t a n t s  Ltd.  

Mike S c o t t  Idaho Dept. of Idaho Dept. o f  F i sh  & Game 
F i s h  & Game HCR85, Box 84 

Bonners Fer ry ,  I D  83805 

George Sco t te r  Canadian 4115 Aspen D r i v e  West 
W i  1 d l  i f e  Serv ice Edmonton, A1 b e r t a  T6J 285 

Bruce L. Smith Nat ional  E l k  P.O. Box C 
Refuge , Nat ional  E lk  Refuge 
U.S. F i s h  & Jackson , Wyomi ng 83001 
W i  1 d l  i f e  Serv ice 

K i r b y  Smith A1 b e r t a  F i s h  & A1 b e r t a  F i s h  & W i l d l i f e  
W i l d l i f e  Box 1390, Chanking Bldg., 

4926-1st Avenue 
Edson, A1 b e r t a  TOE OPO 

Douglas Smithey Bureau o f  Land P.O. Box 641 
Management, U.S. Nor th Bend, Oregon 
Dept. o f  t he  97459 
I n t e r i o r  

K i t  St. Cyr Box 157 
I r v i n e ,  A lbe r ta  TOJ 1 V O  

Harry S te l f ox  A lbe r ta  F i s h  & 6232-127 S t r e e t  
W i l d l i f e  Edmonton, A1 b e r t a  T6H 3W9 

John G. S te l  f ox  Canadian Canadian W i  1 d l  i f e  Serv ice 
W i  1 d l  i f e  Serv ice #1000, 9942-108 St.  

Edmonton, A1 b e r t a  T5K 255 



Graham Tayl o r  Montana F i  shy Montana F i  shy W i  1 d l  i f e  & Parks 
W i l d l i f e  & Parks 8695 H u f f i n e  Lane 

Bozeman, MT 59715 

Stacy Tessaro A g r i c u l t u r e  Animal Path01 ogy Lab 
Canada 116 Ve te r i  nary Road. 

Saskatoon, Sask. S7N 2R3 

Don Thomas, Canadian Canadi an W i  1 d l  i f  e Serv ice 
W i l  d l  i f e  Serv ice 1000, 9942-108 S t r e e t  

Edmonton, A1 b e r t a  T5K 255 

Derek T i 1  son Waterton Box 141 
Nat ional  Park Waterton Park, A lbe r ta  TOK 2MO 

Bruce Tre iche l  A1 b e r t a  F i s h  & A1 b e r t a  F i s h  and Wi ld l  i f e  
W i l d l i f e  Main F loo r ,  N. Petroleum Plaza 

9945 - 108 S t r e e t  
Edmonton, A1 b e r t a  T5K 2C9 

Gary T r o t t i  e r  Canadian Canadi an W i  1 d l  i f e  Serv ice 
W i l  d l  i f e  Serv ice 1000, 9942-108 S t r e e t  

Edmonton, A1 b e r t a  T5K 255 

Joseph Vogt Michigan Dept. W i l d l i f e  D i v i s i o n  
o f  Natura l  Dept. o f  Natura l  Resources 
Resources Lansing, Michigan 48909 

Angus L o r i n  Ward Rocky Mtn. 222 South 22nd S t r e e t  
Fo res t  & Range Laramie, Wyoming 82070 
Exp. S ta t i on ,  
U.S. Fores t  
Serv ice 

B i  11 Watki ns Animal Science, Dept. o f  Animal Science 
U. o f  A1 b e r t a  Univ. o f  A1 b e r t a  

Edmonton, A lbe r ta  T6G 2P5 

M i  ke Watson A lbe r ta  F i s h  & A1 b e r t a  F i s h  & Wild1 i f e  
W i l d l i f e  Main F l  oor, N. Petroleum Plaza 

9945-108 S t r e e t  
Edmonton, A1 b e r t a  T5K 2C9 
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Ron Weather i l l  A1 be r ta  F i sh  & 
W i l d l i f e  

Dwight Welch Animal Science, 
U. o f  A1 b e r t a  

Percy W i  ebe Parks Canada, 
Cal gary 

Rob Wiel gus 

B i  11 W i  s h a r t  A lber ta  F i s h  & 
W i l d l i f e  

Paul M. Woodard Fores t  Science, 
U. o f  A1 b e r t a  

John G. Woods Parks Canada 

Mike Yeager Arizona Game & 
F i sh  

Pat  Young A lber ta  F i s h  & 
Wi1 d l  i f e  

A1 be r ta  F i s h  & W i  1 d l  i f e  
Main F loor ,  N. Petroleum Plaza 
9945-108 S t r e e t  
Edmonton, A1 b e r t a  T5K 2C9 

Dept. o f  Animal Science 
Univ. o f  A1 be r ta  
Edmonton, A lber ta  T6G 2P5 

1721 3201- 40 Ave. S.W. 
Calgary, A1 b e r t a  T3E 6W1 

319 - 21 Ave. S.W. 
Calgary, A1 b e r t a  T2S 067 

A1 b e r t a  F i s h  & W i l  d l  i f e  
Main F1 oor,  N. Petroleum Plaza 
9945-108 S t r e e t  
Edmonton, A lber ta  T5K 2C9 

Dept. o f  Fores t  Science 
U n i v e r s i t y  o f  A1 b e r t a  
Edmonton, A lbe r ta  T6G 2H1 

P.O. Box 599 
Revel stoke, B .C. VOE 2SO 

Arizona Game & F i sh  
P.O. Box 387 
Pinetop, AZ 85935 

A l b e r t a F i s h & W i l d l i f e  . 
3 r d  F loor ,  Parkland Sq. 
4901-48 S t r e e t  
Red Deer, A lber ta  T4N 6M4 
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1984 ELK WORKSHOP PROGRAM 

Tuesday, Apri  1 17. 

8:15 - WELCOME AND OPENING REMARKS. 
B i l l  Hal 1 . A1 b e r t a  F i s h  & W i  1 d l  i f e ,  Edmonton. 

8:45 - CURRENT STATUS OF ELK I N  NORTH AMERICA. 
Bob Hernbrode. Col orado D i  v i  s i  on o f  W i  7 d l  i fe, 

10:OO - TECHNICAL SESSION - E f f e c t s  o f  Disturbances. 
CHAIRMAN: Gerry Lynch. A lbe r ta  F i s h  & W i l d l i f e ,  

Edmonton. 

10:OO - The Response o f  E lk  and Mule Deer t o  Firewood Gathering on 
the  Medicine Bow Range i n  Southcentral  Wyoming. 

A. L o r i n  Ward. Rocky Mtn. Fo res t  & Range Experiment 
S ta t i on ,  Lararni e , WY . 

10:30 - Roosevel t E lk  and B l a c k - t a i l e d  Deer Response t o  H a b i t a t  
Changes Related t o  Old-growth Fo res t  Conversion i n  
Southwestern Oregon. 

Doug1 as A. Smi they & Michael J. Wisdom. Bureau o f  Land 
Management, Coos Bay, OR. 

W i l l i am W. Hines. Oregon Dept. o f  F i sh  & W i l d l i f e ,  
Char1 eston, OR. 

11:OO - E lk  Concentrat ions i n  Areas Closed t o  Hunting. 
W .  Daniel  Edge, C. Les Marcum, & S a l l y  L. 01 son. 

School of Fores t ry ,  Univ. o f  Montana, M i  ssoula, MT. 

11:30 - E lk  Status/Problems i n  Idaho. 
L l  oyd E. 01 denburg. Idaho Dept. o f  F i  sh & Game, Boi se 

13:OO - TECHNICAL SESSION - H a b i t a t  Use, Foraging, & Techniques. 
CHAIRMAN: E l  don Bruns. A lbe r ta  F i s h  & Wild1 i f e ,  Rocky 

Mountain House, A1 be r ta .  

13:OO - H a b i t a t  U t i l i z a t i o n  by East Kootenay E l k  Populat ions. 
Goetz Schuerhol z. Transamerica Envi ronmental Science 

Consultants,  Duncan, B.C. 

13:30 - Assessment o f  Three E l k  Winter  Ranges i n  A lber ta :  an 
Appra isa l  . 

L u i g i  Morgant in i .  Dept. o f  Animal Science, Univ. of 
A1 ber ta ,  Edmonton. 

Eldon Bruns. A1 b e r t a  F i s h  & W i l  d l  i f e  D i v i s i o n ,  Rocky 
Mountai n House, A1 be r ta .  

14:OO - Modeling E l k  H a b i t a t  Use by P r o b a b i l i t y .  
Te r r y  N. Lonner. Dept. of F ish,  W i l d l i f e  and Parks, 

Bozeman, MT. 
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14:30 - A Ten ta t i ve  Model o f  E lk  H a b i t a t  Se lec t ion .  
L. Jack Lyon. Fo res t  Science Lab, Missoula, MT. 

14:45 - Foraging Ecology o f  Wapit i  i n  t h e  Boreal Mixed-wood 
Forest ,  Centra l  A1 ber ta .  

Mar ie Ni e t f e l  d. Dept. of Animal Science, Univ. of 
A1 ber ta ,  Edmonton. 

15:30 - D iges t i ve  E f f i c i e n c y  of Wapi t i  w i t h  V a r i a t i o n  i n  D i e t :  a 
Comparative Approach. 

L y l e  A. Renecker. Dept. o f  Animal Science, Univ. of 
A1 ber ta ,  Edmonton. 

16:OO - Methodology f o r  the  Determinat ion o f  DAPA (2,6 
d i  ami nopimel i c ac i  d) i n Feces o f  Large Ruminants. 

Bruce B. D a v i t t  & Jack R. Nelson. Dept. o f  Fo res t r y  & 
Range Mgmt., Washington S ta te  Univ., Pullman, WA. 

16:30 - A r t i  f i c i  a1 Breeding o f  Capt ive Wapi t i  . 
J .C. Haigh. Western Co l l  ege o f  Veter inary  Medicine, 

Univ. o f  Saskatchewan, Saskatoon. 

19:OO - Banquet. Guest Address - "The Great Newcomer - E lk " .  
Val Gei s t .  Facul t y  of Envi ronmental Design, Uni v. 

of Cal gary , Cal gary , A1 ber ta .  

Wednesdav. A ~ r i  1 18. 

8:30 - PANEL DISCUSSION - Commercial Husbandry of E lk .  
CHAIRMAN: Bob Hudson. Dept. o f  Animal Science, Univ. of 

A1 ber ta ,  Edmonton. 

8:30 - In t roduc t i on :  E lk  Farming - Bob Hudson. 

9:15 - Mixed Species Game Ranching. 
Elmer Ghostkeeper, A1 b e r t a  Federat ion of Met i  s 
Set t lement  Associat ions,  Edmonton. 

10:OO - L e g i s l a t i v e  Cont ro ls  and Enforcement. 
J im  Nichols ,  A lbe r ta  F i s h  & W i l d l i f e ,  Edmonton. 

10:30 - Soci a1 & Environmental Imp1 i c a t i o n s .  
Val Geis t ,  Facu l t y  of Environmental Design, Univ. o f  -- 

Cal gary . 
11 :00 - D i  scussion. 

13:OO - TECHNICAL SESSION - E lk  Hunters, Research Techniques, 
Morta l  i t y  , and D i  s t r i  b u t i  on. 

CHAIRMAN: B i l l  G l  asgow, A1 b e r t a  F i sh  & W i l d l i f e ,  Red 
Deer. 



13:OO - An A lbe r ta  E lk  Hunter P r o f i l e .  
W.L. Adamowicz & W.E. P h i l l i p s .  Dept. of Rural 

Economy, Univ. o f  A lber ta ,  Edmonton. 

13:30 - A Regional Cooperative DAPA Research and ilevelopment 
Program. 

Jack R. Nelson & Bruce B. D a v i t t .  Dept. o f  Fo res t r y  & 
Range Mgmt., Washington Sta te  Univ., Pullman. 

14:OO - V i s i b i l i t y  Bias i n  Ae r ia l  Surveys. 
M.D. Samuel , M.W. Schlegel , & E.O. Garton. Col lege 

o f  Fores t ry ,  Wi ld1, i fe  & Range Science, Univ. o f  
Idaho, MOSCOW, I D .  

14:30 - V i t a l  S t a t i s t i c s  of Winter E lk  M o r t a l i t i e s  on the Nat ional  
El k Refuge, Wyomi ng. 

Bruce L. Smith. U.S. F i sh  & W i l d l i f e  Service, Nat ional 
E l  k Refuge , Jackson , WY . 

15:15 - Prec i s ion  o f  Age and Sex Rat ios:  a C lus ter  Sampling 
Approach. 

M. D. Samuel & E. 0. Garton. Col lege o f  Forestry ,  
Wi ld l  i f e  & Range Science, Univ. o f  Idaho, Moscow, I D .  

15:45 - Factors A f f e c t i n g  the  Surv ivorShip o f  Male E l k  i n  
Southwestern Manitoba. 

Kenneth J. Rebizant. Dept. o f  Zoology, Univ. of 
Manitoba, Winnipeg, Mani toba. 

16:15 - Wapit i  i n  the  Peace Region - Northern L i m i t  o f  the  
Species. 

R. J .  McFetridge. A lbe r ta  F i sh  & Wi ld l  i f e ,  Peace River .  

16:45 - Legal and E th i ca l  Aspects o f  Reddeer Husbandry i n  Ch i le .  
Goetz Schuerholz. Transamerica Environmental Science 

Consultants, Duncan, B.C. 

17 :15 - El  k Workshop Business Meeting. 

19:30 - TECHNICAL SESSION - Pot  p o u r r i  & wrap-up. 
CHAIRMAN: Wayne Nel son. A1 b e r t a  F i  sh & W i  1 d l  i f e y  

Edmonton. 

19:30 - An Innovat ive  Approach t o  C u t t i n g  E l k  M o r t a l i t i e s  on the  
Trans-Canada Highway, Yoho Park. 

E r i c  Langshaw. Parks Canada, Fie1 d, B.C. 
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20:OO - Xyl az i  ne, Yohimbi ne and 4-ami nopy r id i  ne: Immobil i z a t i o n  
and Antagoni sm i n  Captive and Free-rangi ng Wapit i  . 

Chr is  D. 01 sen & L y l e  A. Renecker. Dept. o f  Animal 
Science, Univ. o f  Alber ta,  Edmonton. 

20:20 - E lk  Depredation and Winter Feeding i n  Colorado. 
Bob Hernbrode. Colorado D i v i  s i  on o f  N i l  d l  i fe,  Denver. 

20:50 - E lk  Workshop Summary. 
Harold Carr. A1 be r ta  F i s h  & W i l  dl i f e ,  Calgary. 

21:lO - "Autumn Symphony". 
L u i g i  Morgant ini  . Dept. o f  Animal Science, Univ. of 

A1 ber ta,  Edmonton. 

Thursday, A p r i l  19 

8:00 - 15:OO - FIELD TRIP by bus t o  E l k  I s l a n d  NationaJ Park 
( e l  k t raps  and management) and the cooperat ive 
A1 b e r t a  F i  sh & W i  1 d l  i f e l u n i v e r s i  t y  o f  A1 b e r t a  
ungul a te  research s t a t i o n  ( e l  k b ioenerget ics  
demonstrations). 
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CURRENT STATUS OF ELK 

1 N  NORTH AMERICA 

Bob Hernbrode, Compi 1 e r  



CURRENT STATUS OF ELK IN NORTH AMERICA 

ROBERT D. HERNBRODE, Colorado Divis ion of Wi ld l i f e ,  6060 Broadway, Denver, 
CO. 80216 

P r i o r  t o  t h e  1984 Elk Workshop i n  Edmonton 1 a s t  April  , Sta te /Provi  nce 
S t a t u s  Reports requi red  4 t o  6 hours of a two-day meeting. The informa- 
t i o n  presented was impor tan t ,  b u t  was deadly boring and consequent ly ,  
l o s t .  To streaml i n e  t h e  ope ra t i on ,  I s e n t  o u t  a ques t i onna i r e  t o  every 
State/Province/Country l i s t e d  i n  Elk of North America (Thomas and Toweill 
1982; pp. 36-59) even remotely appearing t o  have e l k  i n  1983-84. I 
thought  t h e  product  would g ive  us a c u r r e n t  cont inent-wide summary of e l k  
s t a t u s ,  c o n t a c t s  i n  Management and Research, reviews of ongoi ng r e sea rch ,  
and a1 so  which of t h e  va r ious  S ta tes /Provinces  a r e  dea l ing  w i t h  
s u r p r i  s i ng ly  s imil  a r  problems. We were p a r t l y  success fu l  . The 
mimeo-copied r e p o r t  handed o u t  a t  t h e  Workshop has a wealth of information 
even though i t  i s  f a r  from complete and does no t  g ive  a complete 
con t i  nent-wi de s t a t u s .  

I know I g e t  t i r e d  of f i l l  ing  o u t  ques t i onna i r e s  and apologize f o r  
fo rc ing  another  one on you; bu t  s h o r t  of 4 t o  6 hours of o r a l  r e p o r t s ,  I 
don' t know any o t h e r  way t o  streaml i n e  t h e  disseminat ion of t h e  informa- 
t i o n .  Any i d e a s  o r  suggest ions? 

The ques t i onna i r e s  were summarized (Tab1 e 1) .  A complete r e p o r t  i s  
a v a i l a b l e  through my o f f i c e  upon reques t .  Send r eques t s  and comments t o  
t h e  address  above. 

For t h e  1986 Workshop, I w i l l  t r y  again t o  g e t  a continent-wide 
s t a t u s  r epo r t .  A d r a f t  ques t i onna i r e  i s  a t t ached  f o r  your  comments and 
recommendations. 
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Table 1. 1982 ELK POPULATION DATA - ELK HARVEST DATA 

POST-HUNT POP. 
STATE OR PROVINCE ESTIMATE 

SUB- 
AVERAGE b / l O O / O * ~ ~ ~ l O ~  LONG RANGE OBJS. TOTAL HARVEST LICENSES SOLD SPEC1 ES 

9 Y Res. NonR. 

A1 berta, Canada 
Increase t o  
30,000 by 1999 1,891 33,036 296 Rocky M t .  

B r i t i s h  Columbia, Can. 2,700 22/100/32 3,500-4,000 127 221 0 Roosevelt 
21,910 20,000 2,764 14,866 648 Rocky M t .  

Ontario, Canada _ _ C _ _ - _ _ _ _ _ _ - - _ _ _ _ _ - - - - - - - - - - - - - - - - - 7 - -  NO SUMMAR~------------------------------------------------- 

Increase t o  7,485 
Saskatchewan, Can. 5,100 121/100/46 w in te r ing  populat ion 334 3,720 0 Manitoban 

*includes 4,090 Riding M t .  Nat. Pk. 4,000 excluding 
Manitoba, Canada 6,650 , 32/100/53 Rid ing M t .  Nat. Pk. 965 3,708 0 Manitoban 

I 

w Yukon Terr .  , Canada 90/100 (introduced NO DATA NO DATA ----- NO SEASON----- 
I . i n  1951-54) Manitoban 

Alaska 1,000 12/100/36 1,500-1,800 151 673 32 Roosevelt 

Arkansas ................................... ---- NO SUMMAR~------------------------------------------------- 

Arizona 16,750 NO DATA 12,000-13.000 2,399 9,368 152 Rocky M t .  

Ca l i f o rn ia  ___________________--- ---- ----- --------NO su~~-~y-------------------------------------------------- 
I 

Co 1 orado 132,827 14.5/100/56.5 135,000 30,208 141,213 57i485 Rocky M t .  

Michigan 750 NO DATA 600-800 -------NO SEASON-------- Rocky M t .  

Minnesota ~ ~ ~ ~ _ ~ ~ _ ~ ~ _ _ ~ ~ _ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  ---- ------ NO SUMMARY---cr---,---,L----c---w----c------------------------ 

Montana Stable t o  upward Varies Maintain 15,936 92,402 17,000 Rocky M t .  



Attachment I 

DRAFT STATUS REPORT QUESTIONNAIRE - WESTERN ELK 
WORKSHOP - 1986 

1. S ta te  or  Province 

2. Species of e lk  - please complete one form f o r  each subspecies: 

Rocky Mountain 
Roosevel t 
Tule 
Manitoban 

3.  Population s t a t u s  - f o r  purposes of standardization,  data should be 
presented a s  follows: 

A. Post-season population estimate: 

Long-term objective 

Discussion: 

B. Population demographics - 1984 post-season data : 
Bulls/100 cows = X 

Range t o 

100 cows/calves= W - 
Range t o 

Discussion: 



'@ Western E l k  Workshop - 1986 

1 4. Harvest 

A. F i l l  i n  where possib le:  

Ant 1 ered 
1984 

Ant le r l ess  
1984 

Page 2 

Tota 1 
1984 

R i f l e  

Archery 

Muzzl e l  oading 

To ta l  

B. Licenses s o l d  - 1984 

Res i dent 

Nonresident 

No. o f  hunters 

Hunter days le l  k k i l l e d  

Percent success 

C. How i s  data gathered? 

5. Elk  season s t r u c t u r e  - discuss how l i censes a re  issued, opening and c l o s i n g  
dates, season lengths, t rophy areas, etc .  

6. Management problems and concerns : 

7.  Short  synopsis o f  ongoing research w i t h  references: 

4 - 



Western Elk Workshop - 1986 

7 (conti'nued) 

Page 3 

-- 

8. Recent pub1 ications pertaining to  elk. Please l i s t  t i t l e s  and source: 

9. For more information, please contact: 

Research 

Management 
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ELK FARMING 

R. , I .  HUUSON, Department o f  Animal Science, U n i v e r s i t y  o f  A1 ber ta ,  0 
Edmonton, A1 ber ta,  T6P 2P5 

Current  i n t e r e s t  i n  game product ion  i s  n o t  a 1 ocal phenomenon. It i s  
p a r t  o f  an i n t e r n a t i o n a l  wave endorsed by the IUCN/UNDP World Conservation 

I 
Strategy.  I n t e r n a t i o n a l l y ,  the  most promi s ing  candidates f o r  commercial 
product ion are  red  deer and w a p i t i .  This  paper t races  the  development of 
the  concept and i t s  p o t e n t i a l  w i t h  specia l  a t t e n t i o n  t o  A lber ta  where 

I 
enabl i ng 1 egi  s l  a t i  on i s pendi ng. 

DEVELOPMENT OF THE CONCEPT 

The modern o r i g i n  of game product ion  can be t raced t o  western 
b i o l  o g i s t s  work i  ng i n  Eastern and Southern A f r i c a  faced w i t h  the  harsh 
r e a l i t y  t h a t  i f  w i l d l i f e  were t o  surv ive,  i t  must pay i t s  own way. They 
were mot iva ted  by the  perceived need t o  stem the  replacement o f  w i l d l i f e  
by l i v e s t o c k  and the  r e s u l t i n g  degradat ion of rangelands. The slogan was 

8 
"conservat ion through u t i l i z a t i o n " .  Supply of p r o t e i n  was a j u s t i f i c a t i o n  
r a t h e r  than a goal. 

Game Cropping 

The e a r l  i e s t  attempts were made t o  harvest  free-ranging, sometimes 
migra tory  popul a t i  ons. Game croppi  ng mai n t a i  ned the  g rea tes t  degree of 
na tura l  ness b u t  economics requ i  red  hero ic  campaigns 1 aunched agai n s t  dense 
congregat ions o f  game. The scale of the  operat ions was repugnant t o  the  
pub1 i c whi 1 e t h e  pul  sed supply created probl  ems o f  meat d i  s t r i  b u t i  on. 
Such operat ions had t o  be conducted by w e l l - t r a i n e d  teams and d i d  1 i t t l e  
t o  i n f l uence  the behavior o f  landowners. 8 
Game Ranching 

Game cropping has been almost e n t i r e l y  replaced by game ranching on 
fenced p rope r t i es .  A1 though expensive, fenci ng i s  now recognized as a 
necessi t y  . Fences c l a r i f y  ownership -and prevent  crop damage on 
neighbor i  ng p rope r t i es .  By r e s t r i c t i  ng migra tory  movements, fences serve 
t o  s t a b i l i z e  product supply, an essen t i a l  requirement o f  market develop- 

8 
ment. 

GAME RANCHING I N  WESTERN CANADA 

When the  A lbe r ta  W i l d l i f e  Product ion Research Committee was formed i n  
1974, we wondered whether s imi  1 a r  reasoning might  apply i n Western Canada. B 



Given the massive onslaught on the boreal f o r e s t  a t  the t ime, i t  seemed as 
if much o f  nor thern  A1 be r ta  would be developed fo r  1 i ves tock  product ion. 
We reasoned t h a t  the  l e s s e r  of two e v i l s  would be t o  encourage product ion 
of n a t i v e  species. A f t e r  a l l ,  wou ldn ' t  t h i s  serve the  goal of landscape 
conservat ion? 

Our l o c a l  model was Elk I s l a n d  Nat ional  Park which has prov ided an 
i m p r e s s i v e  annual h a r v e s t  s i m p l y  i n  t h e  p rocess  o f  c o n t r o l  1 i ng 
popul a t i  ons. Numerous s tud ies  have s i  nce documented t h i  s p roduct i  v i  t y  and 
exami ned i t s  ecol ogi  ca l  . basi  s . The product i  v i  t y  o f  E lk  I s 1  and exceeds 
t h a t  of the  adjacent  Blackfoot  Grazing Lease which supports seasonal 
g raz i  ng by 1 i vestock . 

The w i  sdom o f  h i n d s i g h t  now p o i n t s  t o  several problems w i t h  El k 
I s1  and as a model f o r  the  emerging game indus t r y .  

1. To be economically v iab le ,  game ranches must be la rge .  
Few people own l a r g e  l and  bases and p u b l i c  lands are  
a1 ready heavi l y  committed. Thi s 1 i m i  t s  oppor tun i t i es  
t o  Ind ian  and Met is  people w i t h  a communally-owned land  
base. 

2. Breeding stock i s  scarce which means a l ong  t ime t o  enter-  
p r i  se matur i  t y  . 

3 .  Regul a t i o n s  which p r o t e c t  the  pub1 i c w i l  d l  i f e  resource 
( e.g. h igh  fencing standards, tagging requ i  rements) a1 ong 
w i  t h  market competi ti on which fo rces  compl iance w i t h  
super io r  standards o f  meat hygiene, impose h igh  ma te r ia l  
and managerial costs.  Th is  means t h a t  na tu ra l  s tock ing  
d e n s i t i e s  tend t o  be 1 ower than economic dens i t ies .  

GAME FARMING 

These forces,  along w i t h  the  requirement t h a t  game product ion must be 
conducted on p r i v a t e  land, c rea te  a r a t h e r  d i f f e r e n t  f u t u r e  f o r  game 
product ion than we o r i  g i  nal  1 y conceived. Before, we saw the  i n f  1 uence 
moving from the  a g r i c u l t u r a l  f r i n g e  outward. Now, we see i t  moving onto 
i nc reas ing l y  b e t t e r  a g r i c u l  t u r a l  1 and. This  t rend  i s  very no t iceab le  i n  
New Zealand where sheep and deer have reversed ro les .  

A1 though new 1 eg i  s l  a t i o n  w i l l  formal i z e  cond i t i ons  f o r  r a i s i n g  a 
v a r i e t y  o f  w i l d  species, on ly  w a p i t i  w i l l  j o i n  b ison on farms i n  any 
numbers. Deer are too  hard t o  conta in,  and moose do n o t  t h r i v e  under 
i n t e n s i v e  management. Product ion cos ts  f o r  moose are over $850/yr. I n  
genera1 , on ly  the Cervinae are  r e s i s t a n t  t o  disease, and the  on ly  repre- 
sen ta t i ve  we have i s  the  w a p i t i  . Th is  i s  the on l y  species w i t h  a 1 ong- 
term i n t e r n a t i o n a l  market p o t e n t i  a1 . 

We should a n t i c i p a t e  i n t e n s i v e  management o f  w a p i t i  t o  dominate the 
game farming scene. The p u r i s t s  c r y  t h a t  these animals w i l l  be ra i sed  
l i k e  domestic l i v e s t o c k ,  and t h a t  we w i l l  be no f u r t h e r  ahead. But there  



i s  l e s s  m o t i v a t i o n  t o  rep lace  n a t u r a l  vege ta t ion ,  and game p roduc t i on  i s  
s u f f i c i e n t l y  economic t o  move on to  crop lands.  There w i l l  be a  n e t  g a i n  i n  
habi  t a t s  ava i  1  ab l  e  f o r  wi  1  d l  i fe such as gamebi r d s  , water fowl  , rap to rs ,  
and even deer which move f r e e l y  across game fences. Besides, game ranches 
w i l l  p rov ide  i n t e r e s t i n g  v a r i e t y  t o  t h e  a g r i c u l  t u r a l  1  andscape. 

Wap i t i  p rov ide  an excel  1  e n t  o p p o r t u n i t y  f o r  farmers t o  d i v e r s i f y  
t h e i r  opera t ions  a t  a  t ime when t h e  vagar ies  o f  t h e  bee f  p r i c e  c y c l e  have 
1  e f t  many farm fami 1  i e s  d e s t i t u t e .  Wap i t i  a r e  s u r p r i  s i n g l y  p roduc t i ve ,  
easy t o  manage and q u i t e  p r o f i t a b l e .  They a r e  s u i t a b l e  f o r  farm f a m i l i e s  
w i t h  small ho ld i ngs  so b e n e f i t s  need n o t  on l y  accrue t o  a  small power fu l  
e l  i t e .  

CONTROLLING ILLEGAL DEALINGS 

A1 though t he  v i a b i l i t y  of w a p i t i  farming can no l o n g e r  be quest ioned, 
we must be a b l e  t o  assure t h e  pub1 i c  t h a t  t h e  i n d u s t r y  can be c o n t r o l  1  ed. 
The A l b e r t a  F i s h  and W i l d l i f e  D i v i s i o n  has drawn up a  comprehensive s e t  of 
e f f e c t i v e  and r e a l i s t i c  c o n t r o l s  which w i l l  be w i l l  ing'ly accepted by 
p rospec t i ve  farmers.  These r e g u l a t i o n s  have been c a r e f u l l y  s t ud ied  
f 01 1  owi ng consul  t a t i  ons wi t h  r ep resen ta t i ves  o f  va r i ous  na t i ons  wi t h  game 
i n d u s t r i e s .  The e s s e n t i a l  f e a t u r e s  are:  

- Only ind igenous species can be ra i sed .  

- Only secure ly  fenced p r i v a t e  lands  w i l l  be l i cenced .  

- Animals must be tagged and r e g i s t e r e d .  

- Animal s  w i  11 be s1 aughtered o n l y  w i t h  ante-mortem i nspec t i  on a t  
1  i cenced  p l  ants .  

- Meat w i l l  be cryopacked w i t h  a  d i s t i n c t i v e  l a b e l  . The seal w i l l  
be broken immediately b e f o r e  use. 

- Ve l ve t  a n t l e r s  w i l l  be c u t  w i t h  t h e  supe rv i s i on  o f  a  v e t e r i n a r i a n  
who w i l l  s i g n  s e c u r i t y  documents. 

These p r o v i s i o n s  w i l l  ensure t h e  o r d e r l y  development o f  an i n d u s t r y  
which w i l l  make an impo r tan t  c o n t r i b u t i o n  t o  r u r a l  development w i t h o u t  
t h rea ten ing  t h e  t r a d i t i o n a l  r o l e  of w i l d 1  i f e  i n  t h e  p u b l i c  domain. 



MIXED SPECIES GAME RANCHING ON METIS SETTLEMENTS 

ELMER GHOSTKEEPER, A1 b e r t a  Federat ion of Met i  s  Set t lement  Associat ions,  
400 Dorchester Bldg., 1035 - 109 St ree t ,  Edmonton, A lbe r ta  T5J 1N3 

I welcome t h i s  oppor tun i ty ,  as Pres ident  of t h e  A1 b e r t a  Federat ion of 
Met i  s  S e t t l  ement Associat ions,  t o  address t h i  s  workshop on El k  Husbandry. 
I ' m  sure i t  w i l l  be use fu l  t o  b r i e f l y  o u t l i n e  some general background 
about the  A1 b e r t a  Meti  s  Sett lements before addressing more s p e c i f i c a l l y  
t he  issues a t  hand. 

There are, a t  present,  e i g h t  Met is  Sett lements i n  northwestern and 
nor theastern A1 ber ta .  The names of t he  set t lements a re  B ig  P r a i r i e ,  
Caslan, East  P r a i r i e ,  E l i zabeth ,  F i sh ing  Lake, G i f t  Lake, K i k i n o  and 
Paddle P r a i r i e ,  and . i n  t o t a l  they represent  a  l and  base o f  about one and 
one-quarter m i l  1  i o n  acres. Th i s  i s  t he  on l y  c o l l  e c t i v e l y  he1 d, 
1  egi  s l  a t i v e l y  es tab l  i shed Met i  s  1  and base i n  Canada. There are approx- 
imate ly  4500 Met i  s  res idents  on the  Sett lements. 

I would 1  i k e  t o  speak b r i e f l y  on t h i s  h i s t o r i c a l  es tab l  i shment of the  
sett lements, t he  s t r u c t u r e  of t h e  se l f -govern ing body and the  Met is  
set t lements '  economic development mechani sm. 

It was on the  p l a i n s  of western Canada i n  the  l a t e  1 8 t h  century  t h a t  
t he  Met i  s  n a t i o n  devel oped. As generat ions passed, a  unique 1  i f e s t y l  e, 
cu l  t u r e  and 1  i vel  i hood emerged. 

As development o f  t he  count ry  progressed, more and more eas tern  
Canadian and European s e t t l e r s  moved westward and the  Me t i s  t r a d i t i o n s  and 
1  i f e s t y l e  were threatened. This  r e s u l t e d  i n  t he  Me t i s  res is tances  i n  the  
Red R ive r  se t t lement  area i n  1870 and i n  Batche and Duck Lake i n  1885. 
The Metis,  i n  an e f f o r t  t o  preserve t h e i r  t r a d i t i o n a l  1 i f e s t y l e ,  l a n d  and 
resources, and t o  avo id  f u r t h e r  . c o n f l i c t ,  moved f a r t h e r  west and no r th  
i n t o  what i s  now A1 ber ta .  Dur ing the  depression o f  t he  19301s, t he  Met i  s '  
l i v i n g  cond i t i ons  d e t e r i o r a t e d  t o  such a  degree t h a t  c e r t a i n  Met is  leaders  
began 1  obbyi ng the  Prov i  n c i  a1 Government. 

As a  r e s u l t  o f  the  pressure by the  Met is ,  i n  December, 1934, t h e  
A1 b e r t a  Government es tab l  i shed the  "Royal Commi s s i  on Appoi n ted  t o  
I n v e s t i g a t e  t h e  Condi t ions o f  the  Half-Breeds o f  A lber ta"  - commonly 
r e f e r r e d  t o  as the  "Ewi ng Commission". 

The Ewi ng Commi s s i  on he1 d  a  number o f  d iscussions and consul t a t i  ons 
w i t h  Met is  people o f  A1 ber ta .  It i s  i n t e r e s t i n g  t h a t  t h e  Commission was 
appoi n ted t o  i nves t i  gate t he  "Heal t h y  Educat ion and General We1 f a r e "  of 
t he  Met is  popu la t i on  and t h a t  t he re  was no mention o f  a  l and  set t lement .  
Despi te  t h i s ,  no one i nvo l ved  i n  t he  Commission seemed t o  doubt t h a t  t he  
es tab l  ishment o f  set t lements f o r  t h e  Met is  would be the  main outcome of 
t he  Commission. 



F o l l  owi ng the  recommendations o f  t he  Ewi ng Commi ssion, the  Met i  s  
Betterment Ac t  was passed i n  1938. It s e t  as ide l a n d  f o r  Met is  and 
prov ided f o r  t he  establ ishment  of Sett lement Associat ions t o  occupy the 
land. The Met is  Betterment Act, and the  ten  A l b e r t a  Regulat ions s t ruck  
pursuant t o  it, have a  g rea t  i n f l  uence on the  1  i v e s  o f  t he  Met is  s e t t l e r s .  
Besides s e t t i n g  as ide l and  f o r  t h e  Sett lements, i t  a1 so c rea ted  a  system 
of l o c a l  government i n  t he  form of Set t lement  Assoc ia t ion  Counci ls.  These 
Council s, which c o n s i s t  o f  f i v e  members democra t ica l l y  e lec ted  by the  
Set t lement  Associat ion,  have t h e  power t o  en force  the  r u l e s  and 
regul  a t i ons  i n  t he  Met i  s  Betterment Ac t  a f f e c t i n g  1  and a1 1  otment, 
membership, hunt ing,  f i s h i n g  and t rapp ing ,  t imber ,  graz ing,  sur face 
r i g h t s ,  and the  admin i s t ra t i on  of funds. I n  o the r  words, the  Counci ls  
make impor tan t  dec is ions  a f f e c t i n g  Met i  s  s e t t l e r s  on a  d a i l y  basis .  

The Federa t ion  o f  Met is  Sett lements was incorpora ted  i n  May, 1975, t o  
p rov ide  a  u n i f i e d  p o l i t i c a l  vo ice  f o r  t he  e i g h t  Met is  set t lements of 
A1 be r ta .  The Federat ion i s  governed by a  twelve member Board o f  b i  r e c t o r s  
c o n s i s t i n g  o f  t h e  Chairman of each Set t lement  Counci l  and f o u r  Execut ive 
O f f i c e r s ,  e lec ted  a t  l a r g e  f o r  two yea r  terms from t h e  Membership of the  
Set t lement  Associat ions.  

The economic development arm of t he  Me t i s  set t lements i s  a l s o  
impor tan t  i n  terms o f  developing an a c t i v e  and v i a b l e  w i l d l i f e  ranching 
i ndustry.  S e t t l  ement Sooniyaw Corporat ion i s the  economi c  and busi  ness 
development o rgan i za t i on  represent ing  t h e  e i g h t  Met i  s  set t lements i n  
A1 be r ta .  The Corporat ion was conceived i n  t he  l a t e  i 9 7 0 1 s  and federa l  l y  
i ncorporated under t he  Canada Business Corporat ions Act  i n  October 1980. 
It was o f f i c i a l l y  launched i n  January, 1982, when the  Sett1"ements pur- 
chased share c e r t i f i c a t e s  and c o n t r i b u t e d  s ta r t -up  c a p i t a l i z a t i o n  t o  the  
organ iza t ion .  

The o v e r a l l  o b j e c t i v e  of t h e  Corporat ion i s  t o  encourage l o c a l  
economic devel opment, c o n t r o l  and sel  f -re1 iance on the  Met i  s  S e t t l  ements. 
The more s p e c i f i c  goals o f  t h e  o rgan i za t i on  are as fo l l ows :  

1. To suppor t  devel opment of bus i  nesses t h a t  p rov ide  employ- 
ment and ownership o p p o r t u n i t i e s  t o  res idents;  

2. To devel op 1  ocal capaci t y  f o r  se l  f - d i  r e c t e d  sus ta i  ned 
economic growth; and 

3. To develop an independent system o f  c a p i t a l  assets and 
mechani sms capabl e  o f  accessi ng t r a d i t i o n a l  c a p i t a l  sources. 

Over t h e  pas t  two years, Set t lement  Sooniyaw Corporat ion has become 
opera t iona l  and has successfu l ly  launched a  number o f  economic develop- 
ment i n i  ti a t i ves .  

The t r a d i t i o n a l  " c u l t u r a l  economy" of the  Me t i s  n a t i o n  and o f  the  
Met is  on the  Sett lements has been one o f  hunt ing,  f i s h i n g  and t rapp ing .  
The re1 iance on w i l d l i f e  i n  t h a t  system i s  obvious. The Me t i s  have a  l ong  
h i  s t o r y  of re1 a t i o n s h i  ps w i t h  e l  k  and w i l  d l  i f e  i n  general , as a  means of 
subsistence. With t he  re-establ  ishment o f  a  Met is  l a n d  base v i a  the  Met is  - 
S e t t l  ements i n  A1 be r ta ,  the  o p p o r t u n i t i e s  f o r  fa rmi  ng , ranching and o t h e r  



more sedentary methods o f  1  i v e l  i hood re-emerged. The 1  i fes ty l  e  of the 
Met is  on the  Sett lements improved, and we became es tab l ished r u r a l  
res idents  o f  the  province. 

With t h i s  m o d i f i c a t i o n  i n  l i f e s t y l e ,  however, we saw no reason t o  
abandon the  means o f  1  i v e l  ihood t h a t  the  Met is  had re1 i e d  upon and w i t h  
which we had many years and generat ions of t r a d i t i o n  and experience. 

The Meti  s  are, as you a1 1  know, an abo r ig ina l  o r  indigenous people of 
t h i s  country. The e l  k  and o ther  w i l d l i f e  t h a t  were and are important  i n  
the  c u l t u r a l  economy o f  the Met is  are, o f  course, indigenous animals. 
There i s  noth ing su rp r i s i ng  i n  the  f a c t  t h a t  we have and do r e l y  on these 
animals f o r  subsistence and t h a t  i n  doing t h i s ,  we have b u i l t  up an 
expe r t i se  i n  the  area. From ob ta in ing  food and c l o t h i n g  through hunt ing  
and t rapping,  we have experienced these animal s  i n  t h e i r  na tura l  h a b i t a t  - 
from t h i s  we have - over a  g rea t  deal o f  t ime - come t o  know t h e i r  
environment and o the r  c h a r a c t e r i s t i c s  t h a t  are important  f o r  them t o  
surv ive  and f l o u r i s h .  

1 would l i k e  t o  speak b r i e f l y  about the ABORIGINAL RIGHT o f  the  Met is  
t o  ' p a r t i c i  pate i n t h e i  r "cul  t u r a l  economy". 

The Met i  s  people are seeki ng c o n s t i t u t i o n a l  recogn i t i on  o f  t h e i  r 
r i g h t  t o  hunt, f i sh ,  t r a p  and gather  food according t o  our t r a d i t i o n s .  We 
are  seeking a f f i r m a t i o n  o f  t h i s  r i g h t  f o r  the  purpose o f  ob ta in ing  food 
and f o r  t he  commercial development of such resources, through the  
Abori g i  nal cons t i  t u t i  onal process and through our p a r t i  c i  p a t i  on i n the 
review o f  the Met is  Betterment Act  and Regulations. Such a  r i g h t  would be 
sub jec t  t o  sound management of t he  resources and t o  conservat ion 
prac t ices .  

The Met is  people do no t  want management and conservat ion p rac t i ces  t o  
be a r b i t r a r i l y  s e t  and enforced on us w i thout  our consent. To t h i s  end, 
we are  s t r i v i n g  f o r  a  c o n s t i t u t i o n a l  r i g h t  t o  be invo lved i n  the  
devel opment o f  such management and conservat ion programs j o i n t l y  w i t h  the 
l e v e l  o f  government w i t h  j u r i s d i c t i o n  on a  g iven area. I n  the  event t h a t  
such programs requ i re  c l  osed seasons, quotas o r  o ther  r e s t r i c t i o n s  on 
ha rves t i  ng r i g h t s ,  the Abori g i  nal peopl e  want t o  rece ive  f i r s t  p r i o r i t y  
access t o  these sur face resources. 

The Met is  who earn a  1  i v e l  i hood from t r a d i t i o n a l  economic a c t i v i t i e s  
resent  the  w i l d l  i f e  management systems imposed on them by the prov inces 
and government b i  01 ogi  s ts .  As Abori g i  nal peopl e  , Met i  s be1 ieve  they can 
manage w i l  d l  i f e  resources more e f f i c i e n t l y  than government. 

We f e e l  s t rong ly  t h a t  government regu la t i ons  must n o t  ho ld  back the  
r e t u r n  o f  Meti  s  and Abor ig ina l  peoples t o  means o f  1  i v e l  i-hood from which 
we were h i  s t o r i  ca l  l y  d i  sp l  aced. 

~t i s  important  t o  r e a l i z e  t h a t  we are suggesting t h a t  w i l d l  i f e  
ranching i s  a  contemporary man i fes ta t i on  o f  an Abor ig ina l  r i g h t .  For  t h a t  
reason and because i t  would take p lace on Abor ig ina l s '  1  ands, we recommend 
t h a t  Abor ig ina l  people rece ive  f i  r s t  p r i o r i t y  access t o  w i  1  d l  i f e  ranching 
oppor tun i t i es .  We are n o t  advocat ing any 1  arge scale o r  general pol  i c y  t o  



a l l ow  p r i v a t e  and/or crown l a n d  t o  be a l l o c a t e d  f o r  w i ld1  i f e  ranching. 
The Abor ig inal  people o f  A lber ta  r e l i e d  on w i l d l i f e  from t h e i r  f i r s t  days 
1  ong before the  Europeans s e t t l e d  i n  t h i s  province. Given the  1 i m i  t ed  b u t  
rea l  markets t h a t  are a v a i l a b l e  f o r  w i l d l i f e  - p a r t i c u l a r l y  e l k  - and the 
r i g h t  Abori g i  nal peopl es have t o  cont inue t h e i  r t r a d i t i o n a l  cu l  t u r a l  
economy, we f e e l  there  are g rea t  advantages t o  p rov id ing  1  eg i  s l  a t i  ve , 
regul  a to ry  and pol i c y  a1 1  owances f o r  commercial w i  1  d l  i f e  ranching on 
Abori g i  nal s '  1  ands. 

Many Met i  s  S e t t l e r s  are i nv01 ved i n  empl oyment oppor tun i t i es  t h a t  
d ig ress  s u b s t a n t i a l l y  from those o f  the " c u l t u r a l  economy". These are 
occupations t h a t  a re  associated w i t h  i n d u s t r i e s  such as o i l  and gas 
expl o r a t i o n  and expl o i  t a t i  on. One pr imary advantage t o  an i ndustry such 
as w i  1  d l  i f e  ranchi  ng i s i t s  renewabl e  resource c h a r a c t e r i s t i c s .  

Because o f  t h i s ,  we1 1  es tab l  i shed and managed w i  1  d l  i f e  ranching 
operat ions are sources of l i v e 1  ihood t h a t  w i l l  enhance the l i f e s t y l e  and 
wel l -being o f  the  Meti  s  f o r  generat ions t o  come. 

I would l i k e  now t o  address some of the cu r ren t  s p e c i f i c  p o l i t i c a l  
i ssues t h a t  impact on Meti  s  S e t t l  ement w i  1  d l  i f e  ranchi  ng. 

As 1 have mentioned, t he  Met is  Sett lements were establ  ished and are 
admi n i  s te red  under the Meti  s  Betterment Act and Regulat ions which were 
passed i n  the P rov inc ia l  Leg is la tu re  i n  the  l a t e  1930's.  A t  the present  
t ime, t h i s  l e g i s l a t i o n  i s  i n  the  process of being rev ised and the  govern- 
ment has establ  i shed, by order  i n  counc i l  , a 11oi n t  S e t t l  ement/Government 
Committee t o  review the  Act and Regulat ions. Th is  i s  cha i red  by the  
Honourable D r .   rant MacEwan, and i t s  membership cons is ts  o f  John 
Thompson, M. L. A. & Chairman of the  CabinetICaucus Committee on Nat ive  
Af fa i rs ;  Robin Ford, Ass i s tan t  Deputy M i n i s t e r  o f  Municipal A f f a i r s ;  
Randall Hardy, Chairman o f  K i k i n o  Met is  Settlement, and myself .  Th is  
Committee has agreed t o  recommend t h a t  Sett lement Council s  s h a l l  a1 1  ocate 
the  use and occupation o f  l a n d  on the  Sett lement and s h a l l  have management 
a u t h o r i t y  over h u n t i  ng, f i  sh i  ng, t r a p p i  ng and gather ing  . The J o i n t  
Committee agreed t h a t  the p r i n c i p l e s  should be implemented by e f f o r t s  t o  
have them recognized i n 1  eg i  s l  a t i o n  t h a t  i s deemed appropr iate.  

The recommendations of the  J o i n t  Commi t t e e ,  and the  o ther  pol  i t i c a l  
process t h a t  the  Federat ion i s  invo lved i n ,  have the  common aims o f  
i ncreased po l  i t i c a l  sel  f -determi  na t i on  and increased economic devel oDment 
f o r  the Met is  Settlements. We be l i eve  very s t ronq lv  t h a t  the way of 
~ r o d u c i  nq economic sel f - re1  i ance i s through i ncreased pol i t i c a l  sel  f- 
determinat ion. Economic devel opment shoul d  be pursued through a  bal  anced 
approach between the  Met i  s  cu l  t u r a l  economy and modern empl oyment and 
business oppor tun i t i es .  

One p iece o f  l e g i s l a t i o n  t h a t  has been deemed appropr ia te  i n  terms of 
recogniz ing Meti  s  a u t h o r i t y  over h e t i  s  lands, and t h a t  i s  o f  issue i n  e l  k  
husbandry, i s  the A lber ta  Wild1 i fe Act  which i s  p resen t l y  i n  the  process 
o f  be i  ng r e v i  sed and updated. 

The A lbe r ta  Federat ion of Met is  Sett lement Associat ions has s tud ied  
the government' s  d i  scussion paper on proposed r e v i  s i  ons t o  the W i  1  d l  i f e  



Act  which was issued i n  idovember, 1983, and the  October, 1982, A lbe r ta  
Energy and Natura l  Resources pub1 i c a t i  on e n t i t l e d  "F i  sh and W i l  d l  i fe 
Pol i c y  f o r  A1 be r ta "  . 

We were pleased t o  note i n  the  October, 1982 p o l i c y  p u b l i c a t i o n ,  a  
number of i nstances where t h e  A1 b e r t a  Meti  s  Sett lements were g iven  
s p e c i f i c  cons idera t ion .  Two cases are  sec t i on  23 and 24 o f  t he  W i l d l i f e  
Pol i c y  which say: 

23) The D i v i s i o n  w i l l  encourage an environment which 
f o s t e r s  t he  devel opment o f  a  domest ic w i l  d l  i f e  farming 
i n d u s t r y  on p r i v a t e  l a n d  and Me t i s  Sett lements . . . 

24) The D i v i s i o n  w i l l  encourage an environment which f o s t e r s  
the  development o f  a  game ranching i n d u s t r y  on p r i v a t e  
l and  and Meti  s  Sett lements . . . 

Upon rev iewi  ng t h e  more recent  November, 1983 d i  scussion paper, 
however, we noted t h a t  these p a r t i c u l a r  i tems and o thers  t h a t  pe r ta ined  
s p e c i f i c a l l y  t o  the  Met i  s Sett lements, were no t  inc luded.  We rea l  i z e  
t h a t  no t  a l l  o f  which i s  government p o l i c y  may be inc luded i n  l e g i s l a t i o n ,  
b u t  we do feel  t h a t  t he  A lbe r ta  Meti  s  Sett lements represent  a  case where 
s t a t u t o r y  i n c l u s i o n  i s  warranted. It i s  our b e l i e f  t h a t  a new W i l d l i f e  
Act should p rov ide  t h a t  f i s h  and w i  l d l  i fe regu la t i ons  on Met i  s  Sett lements 
are governed by p r i n c i p l e s  s i m i l a r  t o  those o f  t he  (new) Met is  Betterment 
Act  and Regulat ions. 



ELK RANCHING - LEGISLATIVE CONTROLS AND ENFORCEMENT 

, I .  R. NICHOLS, Standards and Operations Sect ion, A lber ta  F i s h  and W i l d l i f e  
D iv i s ion ,  Main F loor ,  N. Tower, Petroleum Plaza, 9945 - 108 S t ree t ,  
Edmonton, A1 b e r t a  T5K 2C9 

I do no t  i n tend  t o  speak s p e c i f i c a l l y  on e l k  ranching b u t  ins tead 
w i l l  be d i r e c t i n g  my comments on game ranching i n  general . The comments 
and concerns expressed, however, w i l l  no doubt be appl i c a b l e  t o  e l k  
ranchi  ng. 

From an enforcement p o i n t  of view, we are  very concerned about the  
impact of game ranching on the  w i l d  resource. This  mater ia l  was not  
prepared t o  propose so lu t i ons  o r  safeguards, b u t  r a t h e r  t o  r a i s e  the  
quest ions and suggest t h a t  if we are t o  proceed, i t  must be w i t h  caut ion.  

The F i s h  and Wild1 i f e  Pol i c y  f o r  A1 be r ta  prov ides t h a t  the F i sh  and 
W i  1  d l  i fe D i  v i  s i  on w i  11 encourage an envi ronment which f o s t e r s  the  devel- 
opment of a domestic w i l d l i f e  farming i n d u s t r y  and a game ranching 
i n d u s t r y  on p r i v a t e  l and  and Met is  Settlements. This  o b j e c t i v e  i s  t o  be 
accomplished through: 

I )  t he  p r o v i s i o n  of a permi t  f o r  the  purpose o f  t ranspor t i ng  
and r e t a i n i n g  w i l  d l  i f e ;  

2) the  p r o v i s i o n  f o r  cap tu r i ng  breeding stock from the  w i l d  
under the  a u t h o r i t y  o f  a permi t ;  

3 )  the  development o f  c r i t e r i a  f o r  the  cond i t i ons  o f  c a p t i v i t y  
and sale o f  w i l  d l  i f e  managed under farming o r  ranching 
1 icences. 

I n  the broadest terms, there  are  th ree  obstac les t o  the establ ishment of 
v i a b l e  w i l d l i f e  farms and ranches, and these might  bes t  be i d e n t i f i e d  as 
phi1 osophical , regul  a to ry  and enforcement. 

Before p rov id ing  d e t a i l  i n  these regards, i t  might  be bes t  t o  
consider  the  h i  s t o r y  o f  the  c u r r e n t  1 eg i  s l  a t i  on, s p e c i f i c a l l y  the  Game 
B i r d  Farm Regulat ions, t he  B ig  Game Farm Regulat ions and the  Pheasant 
Shooti ng Ground Regulations. 

F i sh  and W i l d l i f e  records i n d i c a t e  t h a t  t he re  were few p rov i s ions  
w i t h  respect  o f  w i ld1  i f e  farming p r i o r  t o  1958 and those t h a t  d i d  e x i s t  
were made under the  Game Act. I n  February o f  1958, the  Game B i r d  Farm 
Regul a t i  ons came i n t o  be i  ng . These regul  a t i  ons deal t excl  u s i  ve l y  w i t h  
game b i r d s  and prov ided main ly  f o r  t h e i r  import,  t h e i r  being kept  capt ive ,  
released t o  the  w i l d  and export .  I n  J u l y  o f  1959, t he  B ig  Game Farm 
Regulat ions were passed and prov ided f o r ,  i n  essence, p r i v a t e  -zoos. 
Prov is ions  f o r  b a r t e r  and exchange of animals were on ly  made f o r  l icencees 



o r  zoo log ica l  gardens financed whol ly  o r  p a r t l y  by p u b l i c  funds. 
September o f  1965 saw the  establ ishment o f  a  Control  l e d  Pheasant Shooting 
Ground Regul a t i  on. 

Game b i r d  farm regu la t ions  have been modi f ied  over t ime t o  prov ide  
f o r  sa le of table-ready pheasants. That, coupled w i t h  the  advent of 
pheasant shoot ing grounds some years ago, suggests t h a t  commercia l izat ion 
of a t  l e a s t  some forms o f  w i l d l  i f e  i s  acceptable t o  the  genera1 p u b l i c .  

Perhaps, t h i s  prov ides an appropr iate l ead - in  t o  d iscussion o f  the  
ph i  1  osophi ca l  b a r r i  e rg  t o  w i  1  d l  i fe  farmi ng i n  a  t r u e  a g r i  cu l  t u r a l  sense. 

PHILOSOPHICAL CONCERNS 

The ph i losoph ica l  b a r r i e r  has, perhaps, f i v e  facets.  The most 
s i g n i f i c a n t  o f  these, i n  my view,' i s  the  suggestion t h a t  farming and 
ranching of w i  1  d  animals degrades w i l  d l  i f e .  Large segments o f  the publ i c  
subscribe t o  the  be1 i e f  t h a t  w i  1  d l  i f e  shoul d  remai n  w i  1 d. 

The second aspect o f  the  ph i losoph ica l  quest ion i s  i n  respect  o f  the  
r i g h t  of p roper ty  i n  w i l d l i f e .  A l b e r t a ' s  W i l d l i f e  Act  has prov ided and 
w i l l  cont inue t o  prov ide t h a t  the  r i g h t  of p roper ty  i n  w i  l d l  i f e  i s  vested 
i n  the  Crown i n  the  r i g h t  of the  province. Game farming and ranching 
cannot become v i a b l e  i n d u s t r i e s  unless the  farmer o r  rancher owns the 
w i l d l i f e  he produces. Therefore, p r o v i s i o n  i s  necessary t o  t r a n s f e r  the  
r i g h t  of p roper ty  i n  w i l d l  i f e .  Th is  can be accompl i shed i n  var ious ways. 
Perhaps, we should l e g i s l a t e  t h a t  w i l  d l  i f e  co l  1  ected from the w i l d  remains 
the  proper ty  o f  the Crown and t h a t  i t  be leased f o r  breeding purposes. 
Fu r the r  p r o v i s i o n  cou ld  then be made t h a t  progeny becomes the  proper ty  of 
t he  producer. 

Genetic mat te rs  a re  another element of the  ph i losoph ica l  concern. 
These mat te rs  w i l l ,  no doubt, be d e a l t  w i t h  by others dur ing  t h i s  
workshop. S u f f i c e  i t  t o  say t h a t  once the  s p e c i f i c s  o f  the  ma t te r  a re  
determined, 1  eg i  s l  a t i  on w i  11 have t o  be devel oped t o  p rov i  de agai n s t  what 
i s unacceptable. 

While pheasant shoot ing grounds have n o t  been v igorous ly  .opposed, 
much oppos i t i on  t o  the  concept of "pa id  hunt ing"  o f  b i g  game a1 ready 
e x i s t s .  The Wild1 i f e  Pol i c y  f o r  A1 be r ta  has addressed these concerns by 
support i  ng on ly  the  hun t i  ng o f  c a p t i  ve ly  reared game b i  rds. Conformity 
w i t h  t h a t  s ta ted  P o l i c y  i s  essen t i a l  t o  ga in ing  a  measure of publ i c  
support. 

F i n a l l y ,  i t  would seem the  hunt ing  f r a t e r n i t y  has some concerns 
respect ing the  p o s s i b i l i t y  o f  t rophy product ion  from game farms and 
ranches. This  i s  somewhat i r o n i c  as i t  represents the absolute opposi te 
t o  a p o i n t  t h a t  w i l l  be ra i sed  l a t e r  as we discuss enforcement. The f e a r  
being voiced by the  sportsman i s  t h a t  Boone and Crocket t  records may 
u l t i m a t e l y  be h e l d  by those who procured t h e i r  t rophy through a  game farm 
o r  ranch r a t h e r  than by tak ing  i t  under the  f a i r  chase concept. 



The ph i losoph ica l  aspects of game ranching are, no doubt, much 
broader than those o u t l i n e d  above. The foregoing i s  a  summary of the  
concersn voiced most o f t e n  s ince the F i sh  and W i l  d l  i f e  Pol i c y  f o r  A1 b e r t a  
was re leased t o  the pub l i c .  

REGULATORY CONCERNS 

The regu la to ry  and enforcement issues might  be somewhat d i f f i c u l t  t o  
separate. By " regu la tory" ,  I mean the  c r e a t i o n  o f  the  l e g i s l a t i o n  
necessary t o  govern game farming and ranching wh i l e  by "enforcement", I 
mean the  appl i c a t i o n  o f  t h a t  1  eg i  s l  a t i on .  

A t  the  ou tse t ,  I paraphrased a  p o r t i o n  of the  W i l d l i f e  P o l i c y  of the 
F i s h  and W i l d l i f e  Pol i c y  f o r  A1 b e r t a  t h a t  i n d i c a t e d  t h a t  these i n d u s t r i e s  
would be encouraged by p rov id ing  a u t h o r i z a t i o n  t o  h o l d  w i ld1  i f e  on farms 
and ranches, p rov id ing  f o r  the capture of breeding stock, and p e r m i t t i n g  
sa le  of produce. Unfor tunate ly ,  t h a t  i s  an o v e r - s i m p l i f i c a t i o n  o f  what 
needs t o  be done. 

It i s  i n t e r e s t i n g  t o  note t h a t  t he  Game Branch f i r s t  came j n t o  being 
under the Department o f  Ag r i cu l t u re ,  and when i t  was separated from t h a t  
Department, the  Department of Agr icu l  t u r e  re ta ined  the 1  eg i  s l  a t i  ve and 
admin i s t ra t i ve  a u t h o r i t i e s  over f u r  f armi ng . There i s  , there fore ,  a  
school of thought t h a t  game farming and ranching should be s i m i l a r l y  
arranged. It i s  worth no t i ng  here t h a t  f u r  farming i s  f a c i l i t a t e d  through 
p rov i s ions  f o r  c o l l e c t i o n  of breeding stock made under the Wi ld Fur 
I ndus t r y  Regulat ions which are made pursuant t o  the  Wild1 i f e  Act. 

The business o f  l i v e s t o c k  product ion i s  one which i s  regu la ted  by 
both federal and p r o v i n c i a l  law. Heal th of animals i s ,  t o  a  l a r g e  degree, 
the  r e s p o n s i b i l i t y  o f  the federa l  government. The Animal Disease and 
P ro tec t i on  Ac t  and i t s  regu la t i ons  are the  r e s p o n s i b i l i t y  o f  the  federa l  
government, and u l t i m a t e l y ,  these regu la t i ons  w i l l  have t o  p rov ide  f o r  
w i ld1  i f e  t h a t  i s  produced on game farms o r  ranches. It i s  i n t e r e s t i n g  t o  
note t h a t  the  Animal Disease and P ro tec t i on  Ac t  prov ides an a u t h o r i t y  t o  
make regu la t i ons  i n  respect  o f  h e a l t h  of animal s  f o r  zoos and game farms. 
-I am n o t  aware t h a t  any such regu la t i ons  have been made b u t  suggest t h a t  
they w i l l  be essent ia l  i f  s i g n i f i c a n t  game farming and ranching operat ions 
are developed w i  t h i n  t h i  s  p rov i  nce o r  e l  sewhere i n  Canada. 

On the  p r o v i n c i a l  s ide, s t a t u t e s  such as the  St ray  Animals Ac t  and 
the L ives tock  and L ivestock Products Ac t  w i l l  have t o  be modi f ied o r  
regu la t i ons  made under them w i l l  have t o  be amended t o  prov ide  f o r  and 
accommodate domestic ranching of w i l d l i f e .  For  example, i t  may be 
d i f f i c u l t  t o  t e l l  tame e l k  from the  w i l d  one unless they are c l e a r l y  
branded. Those producing w i l d l i f e  on farms o r  zoos and f o r  o the r  d i sp lay  
purposes w i l l  be re1 uc tan t  t o  brand t h e i  r animal s. 

Since the  re lease o f  the F i s h  and W i l d l i f e  Pol i c y  f o r  Alber ta,  the  
quest ion of humane t reatment  o f  animals on game farms and ranches has been 
ra i sed  repeatedly. There are those t h a t  i n s i s t  t h a t  specia l  p rov i s ions  i n  
t h i s  regard must be incorpora ted  i n  any regu la t i ons  t h a t  we generate t o  



govern game farming and ranching w h i l e  others main ta in  t h a t  p rov is ions  of 

n t h i s  nature should be found i n  the  Animal P ro tec t i on  Ac t  and/or the 
Criminal Code o f  Canada. 

The p o i n t  I am t r y i n g  t o  make, i s  t h a t  once game farms and ranches 
are es tab l ished by the  th ree  i n i t i a t i v e s  s e t  ou t  a t  the outset ,  perhaps 
the  remainder o f  the r e g u l a t i n g  should be l e f t  t o  those ac ts  and regula- 
t i ons ,wh ich  genera l l y  prov ide f o r  product ion o f  l i v e s t o c k  and market ing o f  
the  products. 

I f  t h a t  were t o  be done, and I ' m  n o t  suggesting i t  would be a simp1 e 
task, t he  F i  sh and Wild1 i f e  D i v i s i o n  would then be l e f t  w i t h  the respon- 
s i  b i  1  i t y  of devel oping 1 egi s l  a t i  on which would prov ide  f o r  cond i t i ons  of 
c a p t i v i t y  t h a t  would p r o t e c t  the  w i l d  resource, and prov ide  f o r  the  sa le  
of the  w i l d l  i f e  produced i n  a manner t h a t  would assure t h a t  the  w i l d  
resource would no t  be jeopardized by t h a t  a c t i v i t y .  

That w i l l  be the  most d i  f f i c u l  t task o f  a1 1 . 

ENFORCEMENT CONCERNS 

Current  t rends would i n d i c a t e  a l u c r a t i v e  market e x i s t s  f o r  u t i l  i za -  
t i o n  o f  b i g  game species i n  a broader sense than i s  normal ly recognized by 
most A1 bertans. Because o f  our re1 a t i v e l y  sho r t  h i  s to ry  i n  game manage- 
ment, the  op in ion  i s  t h a t  w i l d l i f e ' s  pr imary value i s  i n  i t s  red  meat. 
This,  i n  fact ,  i s  n o t  necessar i l y  the  case. 

Recent experience i n understandi ng and combati ng the  ill egal t rade  i n  
animal p a r t s  f o r  food, t roph ies  and medicinal purposes has shed 1 i g h t  on a 
growing demand here, as we l l  as Europe and Asia. These demands f a r  exceed 
suppl ies which can be provided through game farms, as they are beginning 
t o  adversely impact the  fa r  g rea ter  w i l d  supply. The avenues t o  d isperse 
the  i l l e g a l  t rade are  present ly  r e s t r i c t e d .  It may we l l  be t h a t  by 
p rov id ing  a l e g a l  avenue through which w i l d l i f e  can pass, t he  f l o w  from 
the  w i l d  populat ions w i l l  occur unhindered. It i s  n o t  t he  concern o f  how 
domest ica l ly  ra i sed  stock i s  dispersed b u t  ra the r ,  the i n j e c t i o n  of those 
animal s  belonging t o  the  Crown, t h a t  i s  repeatedly  ra ised.  It i s  
impossible t o  d i f f e r e n t i a t e  meat o r  a n t l e r s  r a i s e d  on a farm from t h a t  
taken l e g a l l y  o r  i l l e g a l l y  from the wi ld .  I n  an e f f o r t  t o  adequately 
discourage elements from the w i l d  popu la t ion  en te r i ng  i n t o  the stream from 
producer t o  consumer, extensive, and s t r i c t  regu la t i ons  woul d be requ i red  
a t  a t ime when deregu la t ion  i s  being attempted. 

Areas of t rade t h a t  would be establ ished,  and regu la t i ons  which would 
be requ i red  t o  adequately govern 1 egal i zed t r a f f i c k i n g  , are  as f o l l  ows: 

1) T r a f f i c  i n  meat 

Because game farms are f o r  p r o f i t  and n o t  w i l d l  i f e  enhancement, the 
producer obviously  w i l l  be offered a wide v a r i e t y  o f  p o t e n t i a l  
markets. . Thi  s  woul d i nc lude  over-the-counter sales, sal  es t o  r e t a i  1  
food o u t l e t s  and t o  res taurants  o r  o ther  serv ice  o u t l e t s .  I t  would 



be necessary t o  t race  the  o r i g i n  o f  the meat back from the  f i n a l  
consumer t o  the producer no mat te r  how many hands i t  passed through. 
Acceptable documentation would be requ i red  a t  each l e v e l  t o  account 
f o r  each animal slaughtered pound by pound. Any weakness i n  t h i s  
chain o f  accountabi l  i t y  coul d and woul d be u t i l  i zed by unscrupul ous 
persons t o  i n j e c t  undetectable volumes o f  i l l e g a l  meat onto the  
market. Meat produced on a game farm, once i t  has been reduced t o  
steaks and roasts,  w i l l  be impossib le t o  separate from w i l d  meat. 

2) T r a f f i c  i n  Animal Pa r t s  f o r  Medicinal Purposes and Aphrodisiacs 

Covert i n v e s t i g a t i o n s  i n  t h i s  country  and the U.S. have proven t ime 
and again t h a t  an extremely 1 u c r a t i v e  market e x i s t s  f o r  these i tems, 
e s p e c i a l l y  i n  Asia. So much so t h a t  persons buying these i tems have 
i n d i c a t e d  they q u i t e  1 i t e r a l  l y  ask t h e i r  own p r i c e  and have no fea r  
t h a t  demand w i l l  decrease o r  t h a t  compet i t ion w i l l  a f f e c t  business. 
A t  t h i s  t ime, i n  A lber ta ,  a n t l e r s  i n  v e l v e t  a re  being so ld  fo r  
$80 an ounce and a wide v a r i e t y  o f  i tems from hooves t o  penis bones 
fe tch  a v a r i e t y  o f  p r i ces ,  though r a r e l y  under $20. These were 
observed i n  s tores,  p resen t l y  i n  business, openly being o f f e r e d  t o  
main ly  Asian c l i e n t e l e .  To regu la te  the  f l ow  o f  these i tems, 
ranchers would be requ i red  t o  keep acccrate records o f  age and sex 
of animal s. Cropping ant1 e rs  i n  ve l  v e t  woul d r e q u i r e  conf i rmat ion  
of poundage cropped and a proper t r a i l  t o  the  consumer would be 
requ i red  t o  balance pounds l e g a l l y  produced and pounds reso ld .  The 
same avenue f o r  abuse as o u t l i n e d  i n  t he  meat sec t ion  app l ies  here. 

3 )  Access t o  l a n d  f o r  the  purpose o f  hun t i ng  

Th is  cou ld  be a na tura l  outgrowth o f  game ranching. Whether o r  n o t  
t h i s  i s  an acceptable p r a c t i c e  t o  the m a j o r i t y  o f  A1 bertans, may be an 
i ssue here. 

4 )  Growing o f  Trophies f o r  Sale 

A t  f i r s t  examination, game ranchers may be i n  a p o s i t i o n  t o  p rov ide  
l a r g e  heads f o r  mounting. The sa le  o f  mounted heads, though n o t  
expressly  permi t t e d  by the  W i  1  d l  i f e  Act  o r  Regul a t i  ons, has been 
a1 lowed t o  grow du r ing  the  pas t  few years. Experience would i nd i ca te ,  
though, t h a t  t he  d i f f i c u l t y  i n  acqu i r i ng  a l a r g e  t rophy mount has a 
d e f i n i t e  i n f l uence  on the  value placed on it. This being the case, a 
l a r g e  t rophy taken under adverse cond i t i ons  from the  w i l d  would be 
more va luab le  than t h a t  domest ica l l y  ra ised.  A t rophy purchased from 
a farm, however, cou ld  be u t i l i z e d  t o  cover up the  sa le  o f  a more 
valuable i t em w i t h  l i t t l e  d i f f i c u l t y .  

These examples are on ly  a few and represent  on ly  the  most bas ic  way 
i n  which a system s e t  up t o  f a c i l i t a t e  l e g a l  t r a f f i c  cou ld  be used t o  
expedi t e  t he  movement o f  i 1 1 egal w i  1  d l  i f e  , n o t  on ly  A1 be r ta '  s  , b u t  
endangered species from o the r  j u r i s d i c t i o n s  where more s t r i n g e n t  pro- 
t e c t i v e  1 egi  s l  a t i o n  has i n t e r r u p t e d  i t s  movement there  as we1 1 . 

The f i n a l  p o i n t  o f  concern i s  t h a t  o f  at tempt ing t o  deal w i t h  those 
persons who operate i n  a manner ou ts ide  the  o r i g i n a l  purpose o f  game 



ranching, t h a t  i s  t o  say, those who are  i n  f a c t  p r o f i t i n g  from i l l e g a l  
t rade. Fines would have t o  be s u f f i c i e n t  t o  take the p r o f i t  ou t  of those 
ventures f o r  however l ong  the  p r a c t i c e  was t a k i n g  place. Cance l la t ion  of 
the  l i c e n c e  t o  operate a  game farm, and avenues t o  preclude those persons 
from opera t ing  through someone e lse ,  would have t o  be implemented t o  be an 
e f f e c t i v e  de ter ren t .  

I n  c los ing ,  I would l i k e  t o  suggest t h a t  we are  n o t  convinced t h a t  
t h i  s  e n t e r p r i  se represents a  s i g n i f i c a n t  1  ong term commerci a1 oppor tun i ty  . 
It might  be advisable t o  have the economics examined before we rush i n .  I 
have heard the  suggestion t h a t  the  on ly  money t o  be made i n  game ranching 
i s  on the  ground f l o o r  supply ing breeding stock. Once s u f f i c i e n t  breeding 
stock i s  ava i l ab le ,  apparent ly  markets d ry  up. 

I t h i n k  i t  i s  important  t o  suggest t ha t ,  i f  we are going i n t o  t h i s ,  
we should go i n t o  i t  c a r e f u l l y  and s lowly.  Maybe on ly  two o r  t h ree  
species should be provided f o r  i n  the i n i t i a l  regu la t ions ,  perhaps e l k ,  
white- t a i  1  ed and mu1 e  deer. 



A CRITIQUE OF GAME RANCHING I N  ALBERTA 

VALERIUS GEIST, Facul t y  of Envi ronmental Desi gn, The U n i v e r s i t y  of 
Cal gary , Cal gary , A1 ber ta .  T2N 1N4. 1985-01-15. 

The i n t e n t  by the  A lber ta  m i n i s t r i e s  of Pub l i c  Lands and W i l d l i f e ,  
and Agr i cu l t u re ,  t o  e s t a b l i s h  game ranching has reached the  stage t h a t  
enabl ing l e g i s l a t i o n  was passed on November 13, 1984, i n  the form of 
B i l l  84. The debate about game ranching, however, i s  n o t  subsiding. Some 
changes i n  p o s i t i o n  by the  advocates of game ranching have taken place. 
They have now adopted the  p o s i t i o n  t h a t  game ranching cannot be 
economically c a r r i e d  ou t  on l a r g e  t r a c t s  o r  r e l a t i v e l y  unproduct ive lands. 
Rather, game ranching w i  11 now be conf ined t o  small , in tense ly  managed 
parce ls  o f  land.  No longer  w i l l  game ranching economical ly u t i l i z e  
"marginal 1 ands" (a1 though t h i s  p a r t  of t h e i r  change o f  mind has f a i l e d  t o  
r e a c h  t h e  A1 b e r t a  m i n i s t r i e s  o f  P u b l i c  Lands and W i l d l i f e ,  and 
Agr i cu l t u re ,  as seen from page 5, p o i n t  I V Y  o f  t he  "B ig  Game Ranching 
Discussion Paper", October 30, 1984). No longer  i s  game ranching a means 
o f  p rov id ing  1 and f o r  the  1 andless, o r  f o r  sa l v ing  the  uncont ro l led  access 
of n a t i v e  people t o  Crown 1 and. However, should n a t i v e  communities indeed 
accept game ranching, and the  advantages i t  o f f e r s  them as described on 
page 4, then t h e i r  1 and c la ims may indeed be weakened. Without any doubt, 
the  argument f o r  game ranching as now advanced by i t s  proponents i s  more 
reasonable, more at tuned t o  economics, than were the  e a r l  i e r  promotions. 
Nevertheless, the  c h i e f  argument aga ins t  game ranching i n  the North 
American con tex t  i s  no t  weakened by the  recent  stance. 

The problem w i t h  game ranching i s  t h a t  i t  creates a market f o r  
w i l d l i f e  meat and products, as we l l  as an i n f r a s t r u c t u r e  f o r  t he  expor t  of 
such products. Markets f o r  w i l d l i f e ,  however, have l e d  i n  North America 
t o  uncontro l  1 ab le  s l  aughter of w i l  d l  i f e y  and were consequently stamped ou t  
-- though never e n t i r e l y !  I n  Europe, an in tense pol i c i n g  e f f o r t  i s  
requ i red  t o  p r o t e c t  w i l d l i f e ,  a pol  i c i n g  e f f o r t  t h a t  f a r  exceeds anyth ing 
we normal ly  envis ion.  To understand t h i s  p o i n t  i t  i s  necessary t o  look  a t  
how w i l  d l  i f e  p r o t e c t i o n  operates i n  North America. 

The two p i 1  1 a rs  o f  w i l d l i f e  conservat ion i n  Nor th  America are pub1 i c  
owneishi o f  w i  1 d l  i f e y  and equal i t a r i  an access t o  w i  1 d l  i fe.  Market fo rces  
have been po in ted l y  excluded i n  the  a l l o c a t i o n  of w i l d l i f e ,  j u s t  as they 
have been excluded i n  the  a l l o c a t i o n  o f  water. These are  two very 
important  p o l i c i e s  as they l e a d  t o  concerned s e l f - i n t e r e s t  i n  those t h a t  
des i re  a share o f  the  w i l d l i f e  harvest,  t o  a w i l l  ingness t o  s a c r i f i c e  a 
l i t t l e  on beha l f  o f  w i l d l i f e ,  t o  r e f r a i n  from k i l l i n g  ou ts ide  the  law, and 
t o  tak ing  a dim view o f  those t h a t  f l o u t  the a l l oca t i ons .  It i s  n o t  a t  
a1 1 s u r p r i s i n g  the re fo re  t h a t  w i l d l  i f e  has n o t  on ly  a lobby i n  the  l a r g e  
hunter  associat ions,  t h e  na tu ra l  i sts ,  t he  s o c i e t i e s  dedicated t o  the 
conservat ion o f  waterfowl , bighorns, wolves, etc. ,  b u t  t h a t  w i l  d l  i f e  i s 
worthy o f  d i s t r i c t  m i n i s t r i e s  -- depending on j u r i s d i c t i o n s .  Granted t h i s  
deep concern f o r  w i l d l  i f e ,  i t  i s  l o g i c a l  t h a t  w i l d l  i f e  laws are l a r g e l y  
s e l f  pol i c i n g ,  and t h a t  on l y  a dwindl i n g l y  small number o f  w i l d l  i f e  
guardians -- which go about t h e i r  business unarmed -- i s  s u f f i c i e n t  t o  
p rov ide  f a i r l y  good p ro tec t i on .  Th is  s e l f  pol i c i n g ,  cheap, very c i v i l  



system o f  w i l  d l  i f e  p r o t e c t i o n  i s a grea t  achievement o f  Nor th Americans, 
an achievement envied abroad, and f o r  good reason. 

Germany has a r i c h  t r a d i t i o n  i n  w i l d l i f e  management. It i s  t h i s  count ry  
t h a t  normal ly  i s  r e f e r r e d  t o  when reference i s  made t o  the  "European" 
systems, and i t s  way o f  managing and p r o t e c t i n g  w i l  d l  i f e  i s  indeed very  
d i f f e r e n t  from t h a t  o f  Nor th America. It i s  a system t h a t  a l so  "works", 
a1 though by comparison w i t h  Nor th  America i t  i s  a system w i t h  a much 
poorer record  i n  conservat ion and w i l d l i f e  p ro tec t i on ,  and one based on an 
ex t rao rd ina ry  e f f o r t  i n  p o l i c i n g .  There i s  a market f o r  w i l d l i f e  meat, 
and poaching -- of a much more s i n i s t e r  type than i n  Nor th America -- has 
always been a problem. The problem has i t s  r o o t s  i n  the  f a c t  t h a t  a l e g a l  
market f o r  w i l d l i f e  meat a t t r a c t s  poachers t h a t  u s u a l l y  are hardened 
c r im ina l s .  To cope w i t h  the  pol  i c i n g  problem the  German system deput izes 
each o f  t he  hunters i n t o  p o l i c e  o f f i ce rs .  To become an o f f i c i a l l y  
sanct ioned hunter  i s  a g rea t  honour reached on ly  a f t e r  preparat ion,  exams 
and pol  i c e  clearance; p a r t  o f  one' s p repara t ion  i s t o  1 earn when, and when 
not ,  t o  use f i r ea rms  i n  the  task of w i l d l  i f e  p r o t e c t i o n .  Poachers and 
hunters have been k i l l e d  i n  shoot-outs. I n  Germany the re  i s  a g rea t  1 egal 
b a r r i  e r  t o  the  acqui s i  ti on o f  f i rearms. 

L e t  us now 1 ook a t  some s t a t i s t i c s  t h a t  d r i v e  home the  p o i n t  of how 
t e r r i b l y  d i f f i c u l t  i t  i s  t o  p r o t e c t  f r e e - l i v i n g  w i l d l i f e .  I n  West 
Germany, t he re  were ( i n  1982) some 75,000 square m i l e s  o f  huntable land.  
To p r o t e c t  w i l d l  i f e  t he re  are about 65,000 hunters t h a t  lease l and  f o r  
hunt ing,  each one deput ized as a pol iceman. I n  add i t i on ,  about 1,000 
hunters a re  p ro fess iona l  l y  occupied managing and p r o t e c t i  ng p r i v a t e  
hunt ing  preserves, wh i l  e an unknown number a re  f o r e s t e r s  p r o t e c t i n g  
pub1 i c ,  as we1 1 as p r i v a t e  hunt ing  areas. Furthermore, t he re  'are about 
200,000 1 i cenced, r e g i  s te red  hunters, which, if they ga in  hunt ing  
p r i v i l e g e s ,  may become deput ized pol  icemen. A t  a minimum there  i s  thus 
one deput ized w i l  d l  i f e  p r o t e c t o r  per square m i l e  of huntabl e 1 and, as we1 1 
as the  r e g u l a r  po l  i c e  f o r c e  t h a t  a1 so p lays  a r o l e  i n  w i l d l i f e  p ro tec t i on .  
Compared t o  Germany, A1 ber ta ,  w i t h  a l and  area about 2.63 t imes g rea te r  
than t h a t  o f  West Germany, employs a mere 100-odd game wardens. Granted 
t h a t  Germany' s 260 ' regiments'  of actual  o r  p o t e n t i  a1 w i  1 d l  i f e  p ro tec to rs  
are on l y  on the  j o b  par t - t ime,  and may spend on ly  two days per  week o r  so 
on t h e i r  h u n t i n g  area ,  t h e i r  p o l i c i n g  e f f o r t  i s  s t i l l  s e v e r a l  
thousand-fol d g rea te r  than ours! And, t h e i  r w i  1 d l  i f e  p ro tec to rs  are 
armed; ours are no t !  How can we even hope t o  p r o t e c t  our w i l d l i f e  aga ins t  
commercial poaching i f  we a1 1 ow a market i n  w i l d l  i f e  meat t o  develop? 

It i s  impor tan t  t h a t  our arguments p ro  o r  con t ra  game ranching n o t  
loose  s i g h t  o f  es tab l i shed experience and facts .  The New Zealand 
i n i t i a t i v e  i n  game ranching i s based on circumstances q u i t e  d i f f e r e n t  from 
ours i n  Nor th  America. They have no c o n f l i c t  between game ranching and 
the  need t o  p r o t e c t  a stock o f  n a t i v e  w i l d l i f e .  I n  f a c t ,  t he  con t ra ry  i s  
the  case. I n  New Zeal and, deer are introduced, and j u s t l y  t r e a t e d  as a 
pes t  on the  l a n d  due t o  the  g rea t  damage they have caused t o  the  f l o r a ,  
fauna and s o i l s .  Anybody who can e l i m i n a t e  them s t r i k e s  a blow f o r  
conservat ion, i nc l  ud i  ng those t h a t  gun deer from he1 i c o p t e r s  and s e l l  
t h e i r  carcasses, skins, e t c .  The he1 i c o p t e r  and automatic r i f l e s ,  coup1 ed 
t o  European and Or ien ta l  markets, have g iven New Zeal and 's  n a t i v e  b i o t a  a t  
l e a s t  a small chance o f  recovery. Deer on p u b l i c  l a n d  the re  are a plague; 



here they are an asset  and a deeply cherished one. I n  New Zealand, a 
market f o r  deer meat i s  a boon t o  conservat ion, here i t  has been an 
uncon t ro l l  ab le  d e s t r u c t i v e  agent on w i  1  d l  i f e ,  and i 11 egal markets cont inue 
t o  be so t o  the present. 

Could n o t  game ranching swamp the  market w i t h  w i l d  meat, making 
poaching uneconomical? I n  an i dea l  world, i n  f a i r y  land, every th ing  i s  
possib le.  Not so i n  the  rea l  world. Long before  the "swamping" cou ld  
occur, our stocks o f  w i l d l  i f e  w i l l  be depleted o r  vanished. The market 
hunters o f  o l d  d i d  n o t  have today 's  network o f  roads, f a s t  vehic les,  
systems o f  e l e c t r o n i c  communicat ion,  n i g h t - s i g h t i n g  equipment ,  
1  ong-reachi ng r i f l e s ,  o r  s i  1  encers. Given the  God-given opportuni ty of a 
l e g a l  market t o  be i n f i l t r a t e d  -- how i s  our unarmed, 1 i t t l e  handful of 
game guardians t o  p r o t e c t  w i l  d l  i f e ,  how w i l l  they c a r r y  ou t  t h e i r  mandate? 
How long  before  one of them, t r y i n g  t o  do h i s  d u t i e s  aga ins t  a gang of 
armed poachers, w i l l  loose h i s  1 i f e ?  Even a modicum o f  understanding of 
the  problems surrounding today' s  c r i m i  nal s  t h a t  k i  11 w i  1  d l  i f e  f o r  the  
small , smouldering i 11 egal markets, shoul d make i t  ev ident  t h a t  the above 
quest ions have a bas is  i n  s ta rk  r e a l i t y .  

The d iscussion paper on game ranching does env is ion  p a r k - l i k e  amenit ies on 
game ranches f o r  the  publ i c .  Unfor tunate ly ,  the  publ i c  and game ranching 
are n o t  cornpati b l  e. Shoul d any game rancher 1 e t  the  publ i c  move through 
h i s  stock o f  animals v i a  s k i  t r a i l s  o r  h i k i n g  t r a i l s  he faces the l e g a l  
consequences o f  one o f  h i s  tame animal s  a t tack ing  a h i ke r ,  o r  -- if h i s  
stock remains shy -- he faces a l o s s  i n  p roduct ion  due t o  the  c o s t  of 
excitement t o  the  animals, and i n e f f i c i e n t  use o f  forage. There i s  no 
escape from t h i s  dilemma. We can sa fe ly  assume t h a t  game ranchers w i l l  be 
even 1 ess p l  eased w i t h  t respassers than are c a t t l e  ranchers! C l  e a r l y ,  
more thought and care i n  researching fac ts  must be given before  embarking 
on a promotion o f  game ranching. 

I nadve r ten t l y ,  the  d iscussion on game ranching ra i ses  a p o i n t  n o t  
addressed: I f  game ranchi  ng can produce bount i  f u l  w i  1  d l  i f e  on "margi na l "  
1 and, what has prevented the  F i  sh and W i l  d l  i f e  O i  v i  s ion  from generat ing 
t h a t  bounty? 

I s  n o t  the  M i n i s t e r  aware of the  market demand f o r  w i l d l i f e -based  
recreat ion? Th is  demand i s  s tagger ing i n  North America, as so po in ted l y  
exempl i f ied  by the  Texas system of l eas ing  the  shoot ing farms f o r  game 
b i r d s ,  the  p r i v a t e  hunt ing  preserves stocked w i t h  exot ics ,  etc.? I s  n o t  
the  M i n i s t e r  aware o f  the  deep economic n e t  t i e d  t o  rec rea t i ona l  w i l d l  i f e  
t h a t  he i s  now endangering i n  A1 ber ta?  Any w i l d l i f e  surp lus t h a t  can be 
generated on --"marginal 1 ands" i n A1 b e r t a  would f i n d ,  on l y  too  ready, a 
paying taker ,  inc reas ing  bo th  the  cash f l ow  t o  government and a f f e c t e d  
m u n i c i p a l i t i e s .  Those o f  us i n  w i l d l i f e  management a re  aware t h a t  some 
increase i n  w i l d l  i f e  can be generated, prov ided the  demand i s  recognized 
and channeled, and n o t  abandoned and ignored as i t  i s  today. What of 
w i l d l  i f e  enhancement? Why i s  i t  n o t  explored ins tead o f  game ranching? 
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THE RESPONSE OF ELK AND MULE DEER TO FIREWOOD GATHERING ON THE MEDICINE 
BOW RANGE I N  SOUTHCENTRAL WYOMING 

A. LORIN WARD, Rocky Mountain Fores t  and Range Experiment Stat ion*,  
222 South 22nd St ree t ,  Laramie, WY 82070 

Abstract :  More than 1,000 cords of f irewood were removed by the  pub1 i c  
from the North Fork and Rock Creek Park area o f  the  Medicine Bow Nat ional  
Fores t  dur ing  t h e  summer and f a l l  of 1.980. Telemetered e l k  and t h e i r  
associates were d i s tu rbed  by the  presence of humans and p re fe r red  a b u f f e r  
area o f  800 m. Telemetered mule deer were more t o l e r a n t  of the  
d is turbance and cont inued t o  use the  arc?a a1 though they genera l l y  stayed 
i n  the t rees.  Because firewood gatherer's are so sporadic and scat tered,  
i t  may become necessary t o  con t ro l  t h e i r  access i n  order  t o  a l l ow  e l k  and 
mule deer t o  use t h e i r  p re fe r red  h a b i t a t .  

- - -  

INTRODUCTION 

Studies on e l k  (Cervus canadens-is) and mule deer (Odocoi leus 
hemionus) behavior i n  r m o n  t o  roa& and t r a f f i c ,  recreat ion ,  and 
t imber harves t  have been conducted on the  Medicine Bow Range of 
south-central  Wyoming s ince 1974 (Ward 1976; Ward e t  a1 . 1976, 1980). A 
hear t  r a t e  mon i to r ing  te lemetry system was developed and used t o  c o l l e c t  
bo th  passive (animal a1 er ted)  and activc? (animal a1 e r ted  and d isp laced)  
responses o f  e l k  and mule deer t o  var ious  human dis turbances on the  Pole 
Mountain area eas t  o f  Laramie (Ward and Cupal 1979, Ward e t  a l .  1980). 
These s tud ies  showed t h a t  the  response o f  hunted populat ions o f  e l k  and 
mule deer i s  q u i t e  cons i s ten t  and f i t s  a general pa t te rn .  Both species 
are  more d i s tu rbed  by people wal k i n g  than1 by movi ng veh ic les  on roads and 
highways. E l k  are more s e n s i t i v e  t o  human a c t i v i t i e s  and pre fer  t o  s tay 
a t  l e a s t  800 m from people wa lk ing  and 400 m from the t r a f f i c  on 
I n t e r s t a t e  80. Deer w i l l  to1 e ra te  peopl e walk ing up t o  200 m and use the  
h a b i t a t  up t o  w i t h i n  100 m of the  t ra f f i c :  on I n t e r s t a t e  80. The d is tance 
o f  response becomes much greater  (3,200 in f o r  e l k  and 800 m f o r  deer) on 
w in te r  ranges where there  are no c o n i f e r  t rees.  

As t h i s  e a r l i e r  data was being co l l ec ted ,  t he re  was a s i g n i f i c a n t  
increase i n  f i rewood gather ing  a c t i v i t y  i n  t he  fo res ted  areas o f  t he  e l k  
and mule deer summer range, most l i k e l y  because the  h igh  cos ts  o f  heat ing  
f u e l s  and the  prospects f o r  f u tu re  energy use r e s t r i c t i o n s  made people 
l ook  t o  wood as another source of hea.t. Th i s  increase i n  f i rewood 
gather ing  by people l i v i n g  i n  nearby c i t i e ! s ,  such as Cheyenne and Laramie, 
was n o t  very no t iceab le  u n t i l  the  summer of 1979, when i t  was common t o  
see pickups, t r u c k s  and t r a i l e r s  loaded w i t h  f irewood coming ou t  of t he  

*Headquarters i n  F o r t  Co l l  i ns, i n  cooperat ion w i t h  Colorado Sta te  
U n i v e r s i t y  . 



f o r e s t .  A t r i p  t o  the  headwaters of t he  Nor th Fork o f  t h e  L i t t l e  Laramie 
R ive r  o r  Rock Creek on a  weekend was met w i t h  a  parade o f  hau l i ng  equip- 
ment and the  sound o f  chain saws. 

Under t he  cond i t i ons  t h a t  e x i s t e d  du r i ng  the  summer o f  1979, t h e  e l k  
and mule deer were faced w i t h  a  g r e a t  deal o f  human. a c t i v i t y ,  i n c l u d i n g  
f i rewood harves t ing  and the  b u i l d i n g  of a  new road associated w i t h  t he  
Fa1 l e n  Pines t imber  sa le  and an o i l  we l l  d r i l l i n g  s i t e .  Personnel from 
the  Medicine Bow Nat ional  Fo res t  and the  Laramie D i s t r i c t  O f f i c e  of t he  
Wyoming Game and F i s h  Department expressed concern about the  s i t u a t i o n  and 
wanted i n fo rma t i on  on the  impacts on the  e l k  and mule deer and recommenda- 
t i o n s  t o  a l l e v i a t e  o r  m i t i g a t e  problems t h a t  may develop. Th i s  study 
s t a r t e d  du r i ng  the  w i n t e r  o f  1979-80 and cont inued through the  summer of 
1980. P e r i o d i c  observat ions o f  t e l  emetered animal s  cont inued through the  
w in te rs  of 1980-81-82 and the  summers o f  1981-82. 

STUDY AREA 

The study area comprises p a r t  of t h e  Laramie D i s t r i c t  o f  t he  Medicine 
Bow Nat iona l  Fores t  and t h e  a d j o i n i n g  p r i v a t e  p rope r t y  t o  t he  eas t  

F igu re  1. The study area where the  response of e l k  and mule deer t o  
f irewood harves t ing  was i nves t i ga ted .  



(F ig .  1 It i s  n o r t h  of Wyoming Highway 130 and runs nor theas t  of the  
Snowy Range a1 ong the  hydro1 og ic  d i v i d e  between the  Medicine Bow River  and 
Rock Creek and the  Nor th Fork of t he  L i t t l e  Laramie River .  The area 
inc ludes  bo th  s ides  o f  Rock Creek Ridge from Bald Mountain on the  south t o  
Rock Creek near A r l i n g t o n  on the  no r th .  E leva t i on  ranges from 2,500 t o  
3,658 m. Geol og i ca l  and vege ta t i ve  cha rac te r i  s t i c s  are descr ibed by 
W i  r s i  ng and A1 exander ( 1975) . 

Approximately 400 e l k  and 450 mu1 el deer w i n t e r  along the  eas t  s lope 
of Rock Creek Ridge and use the  area on the  f o r e s t  a t  t he  h igher  
e leva t i ons  dur ing  the  summer. The e l k  popu la t ion  i s  being he ld  i n  check 
by the  issuance of cow permi ts  dur ing  hunt ing  seasons. Dur ing the  1979 
season, t he  harvest ,  as est imated by the Wyoming Game and F i s h  Department, 
was 191 e l k  from t h i s  u n i t  (89 cows, 1!3 ca lves and 83 b u l l  s) . The mu1 e 
deer harves t  was 154 (108 bucks and 46 d~oes). 

The f o l l o w i n g  impacts were present  on the  study area dur ing  1980. 
( Recreat ion and graz ing  remained the  same through 1981 and 1982. j 

F i  rewood Harves t i  ng 

Non-commercial - E n t i r e  area was open t o  f ree  f i rewood ga ther ing  
except w i t h i n  t he  Spr ing Creek and F a l l e n  Pines t imber  sa les and road 
b u i l d i n g  areas. (Both Spr ing Creek and F a l l e n  Pines opened t o  f i rewood 
ga ther ing  i n  1981 and 1982). 

Commercial - An area cover ing  a l l  o r  p a r t s  of 13 sec t ions  on the  west 
s i de  o f  Rock Creek Park a f t e r  crews p i l e d  s lash  from prev ious t imber  
sales. Was opened i n  1980. 

Timber Sales 

P a r t i a l  c u t s  o f  t he  Spr ing Creek sa le  south o f  Rock Creek Park were 
compl eted. 

Road Const ruc t ion  

Fa1 l e n  Pines t imber  sa le  road of 9  m i l e s  (14.4 km) was. completed 
a long the  eas t  s i de  o f  Rock Creek Ridge. 

Recreat ion 

A l l  campgrounds were open and no new ones were under cons t ruc t i on .  

M i  nera l  s  

Two exp lo ra to ry  d r i l l i n g  operation!; were under way a t  the  n o r t h  end 
o f  Fa1 1 en Pines road. 

Grazi  ng 

There were 255 AUM's o f  c a t t l e  g raz ing  the  Nor th Fork A1 lo tment ,  
i n c l  uding bo th  s ides o f  Rock Creek Ridge, from J u l y  t o  September 30. 



METHODS 

During the  w in te r  of 1979-80, e l k  and mule deer were trapped i n  
Clover t raps  b a i t e d  w i t h  a1 fa1 fa hay and s a l t .  A l l  the  animals, except 
two deer, were captured on the  w in te r  range west o f  I n t e r s t a t e  80 and eas t  
of the  Medicine Bow Forest  boundary. Two deer were captured w i t h  drugs 
near Rock Creek Park i n  August. Two e l k  and two deer were trapped near 
Bunker H i l l  on the  south end of the area and f o u r  e l k  and 15 deer were 
trapped a t  Strouss and Manthos H i l l s  on the  nor th .  

F i ve  e l k  and four  deer were f i t t e d  w i t h  te lemetry c o l l a r s  and one 
b u l l  e l k  and 13 deer were f i t t e d  w i t h  i n d i v i d u a l l y  recognizable co lo red 
c o l l  ars. F ixes  o f  each t e l  emetered animal were recorded a t  l e a s t  once a 
week dur ing  the  summer o-f 1980 and 1981. Check sheets were f i l l e d  ou t  
showi ng 1 o c a t i  on, weather, habi t a t  type use, a c t i  v i  t y  and d i  stance from 
o ther  domestic and w i l d l i f e  and human a c t i v i t i e s .  Most o f  the  data were 
c o l l e c t e d  from ground t rack ing ,  b u t  pe r iod i c  a e r i a l  f l i g h t s  were made t o  
determine the  number and l o c a t i o n  of animals and human a c t i v i t y  i n  the  
area. A l l  e l k  and deer seen were checked f o r  marked animals and 
c l a s s i f i e d  when p o s i t i v e  i d e n t i f i c a t i o n  was possib le.  

Firewood gatherers and r e c r e a t i o n  a c t i  v i  t i e s  were monitored by 
d r i v i n g  over a1 1 roads i n  the study area, p e r i o d i c a l l y  du r ing  the F r iday  
t o  Sunday pe r iod  each week, and spo rad ica l l y  dur ing  o ther  weekdays. 
Locat ion, type o f  a c t i v i t y ,  number i n  the par ty ,  and h a b i t a t  type were 
recorded. Locat ions were marked on topographic maps and a l so  recorded 
d e s c r i p t i v e l y .  During these same tours,  a1 1 e l  k and mu1 e deer e i t h e r  seen 
o r  f i xed  by te lemetry were recorded. On a few occasions, s p e c i f i c  t e s t s  
were made using t e l  emetered animal s t o  determi ne d i  sturbance parameters 
associated w i t h  c u t t i n g  dead t rees  f o r  firewood. Test animals were f i r s t  
vectored very  c a r e f u l l y  t o  determine t h e i r  l o c a t i o n  and a c t i v i t y .  A t  
s p e c i f i c  d is tances from the  animal, a cha in  saw was used t o  c u t  down a 
t r e e  and c u t  i t  up i n t o  f irewood. While the work was being done, the 
t e l  emetry s igna l  was monitored t o  record animal a c t i v i t y  and movement. 

T r a f f i c  on the  roads was monitored by e i t h e r  su rve i l l ance  camera 
systems t r i g g e r e d  by l i g h t  sensors o r  microwave systems (Ward e t  a l .  1980) 
o r  w i t h  pressure-hose t r a f f i c  counters. The camera systems, p a r t i c u l  a r l y  
t he  microwave system, were found t o  be very accurate compared t o  the 
t r a f f i c  counters. The l i g h t  sensor u n i t  worked very we l l  dur ing  the  day; 
a t  n igh t ,  the  microwave system t r i p p e d  the  camera t o  record the  c a r  l i g h t s  
on f i l m .  From the  photographs o f  every veh ic le  us ing the  road dur ing  
d a y l i g h t  hours, the  number o f  veh ic les  and amount of wood being hauled 
were determined. The date and t ime of day were a1 so determined based upon 
shadows and l i g h t  on the  f i l m .  Even though there  was more maintenance 
requ i  red, t he  survei  11 ance camera systems were more accurate and recorded 
more usefu l  data than the  t r a f f i c  counters, which gave e r r a t i c  counts 
because o f  misses due t o  wet o r  i c y  cond i t ions  and mu1 ti p l  e counts due t o  
the  changes i n sensi ti v i  t y  . 



RESULTS 

T r a f f i c  and Firewood Harvest 

Vehicul a r  t r a f f i c  and est imated firewood harvests, as observed from 
the  su rve i l l ance  camera photographs, a re  presented i n  Table 1. The volume 
o f  t r a f f i c  v a r i e d  from a h igh  of 614 veh ic les  dur ing  the l a s t  week of 
August t o  174 du r ing  the  l a s t  week i n  October and the  f i r s t  two days of 
November. The h ighes t  number of veh ic les  c a r r y i n g  f i rewood (175) was 
recorded dur ing  the  l a s t  week i n  August. This  a l so  corresponded w i t h  the  
h igh  o f  156.2 cords of firewood. The s u r v e i l 1  ance camera on the road 
along the  eas t  s ide  of Rock Creek Park showed t h a t  15% o f  t he  t r a f f i c  used 
t h i s  road and 25% of the f irewood came o u t  o f  t h i s  area. O f  the 754 
veh ic les  photographed coming o u t  of t h i s  area, 37% were c a r r y i n g  f i rewood. 
Th i s  was considerably h igher  ( x 2  = 77 -5 )  than the  22% o f  the 4,240 
veh ic les  t h a t  used o ther  areas f o r  f irewood gather ing  and came o u t  on the  
Sand Lake road. 

Weekends were per iods of heav ies t  t r a f f i c  and f i  rewood har.vesti ng, 
when 67% o f  the  f i rewood was hauled out.  Labor day weekend showed the 
h i g h e s t  v e h i c l e  c o u n t  o f  any two-day p e r i o d ;  408 v e h i c l e s  were 
photographed l e a v i n g  the area and 129 were hau l i ng  an est imated 115 cords 
o f  f irewood. 

During the archery hunt ing  season i n  September and the deer hunt ing  
season dur ing  the  f i r s t  14 days of October, the  f i rewood harvest  stayed 
high. There was a no t iceab le  drop i n  firewood gather ing  a c t i v i t y  du r ing  
the e l k  r i f l e  season from October 15 t o  31, due most ly  .to deep snow and 
c o l d  weather; however, a few e l k  hunters d i d  take o u t  a l oad  o f  f irewood. 

F igure  2 shows the  exact  l o c a t i o n  of f irewood gatherers and recrea- 
t i o n i s t s  recorded on weekends du r ing  the June t o  October 1980 pe r iod  i n  
t he  Rock Creek Park area. Most people pre fer red .  t o  s tay near the  main 
we1 1 -d ra i  ned and gravel 1 ed roads. Some used the  a r t e r i  a1 1 oggi ng roads. 
The c lea rcu ts  i n  t h i s  area near t he  roads had received the  p i l e  and burn 
t reatment  t o  c lean up the slash. I n  s p i t e  of t h i s  treatment,  several 
p a r t i e s  were observed gather ing  s lash  f o r  f i rewood from c learcu ts .  

F i  rewood harvesters were unpredictable i n  t h e i r  sel  e c t i o n  of s i t e s  
along the  roads. The most cons i s ten t  p a t t e r n  was t o  s e l e c t  an area where 
dead wood was a v a i l  able. Turns, slopes and t r a f f i c  d i d  n o t  appear t o  be 
de ter ren ts .  I n d i v i d u a l  p a r t i e s  were spaced widely  enough t o  be safe, b u t  
they were o f t e n  w i t h i n  sound o r  s i g h t  of each other .  Since there  were 
very few r e s t r i c t i o n s  on areas of f irewood harvest,  the  d i s t r i b u t i o n  
pa t te rns  were sca t te red  fo r  Labor Day weekend. As the  f i rewood became 
harder t o  f i n d  near the roads, the  d i s t r i b u t i o n  pa t te rns  o f  harvesters 
changed. 

The number o f  people i n  a f irewood harves t  p a r t y  was usua l l y  e i t h e r  
two o r  f ou r  ( average 3.5) . I n  the  38 p a r t i e s  observed, there  were usual 1 y  
no more than two veh ic les  (average 1.4). Hunters and anglers were u s u a l l y  
i n  one o r  two veh ic les ,  w i t h  two people per  veh ic le .  



Figure 2 .  Firewood gatheri ng , recreation acti vi t i e s ,  and tel emetered el k 
and mu1 e deer locations during summer-fa1 1 1890 in the Rock 
Creek area. 
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Table 1 .  Firewood harvest determined from surveil lance cameras a t  the 

south end of the  Sand Lake road during the summer and f a l l ,  

1980. 
-- 

Total Vehicles Number 

Weekdays Weekends vehicles w i t h  wood of cords 

Aug. 11-15 

Aug. 18-22 

Aug. 25-29 

Sept. 1-5 

Sept. 8-12 

Sept. 15-19 

Sept. 22-26 

Sept. 29-Oct. 3 

Oct. 6-10 

Oct. 13-17 

Oct. 20-24 

Oct. 26-31 

Subtotal s 

Total s 

Aug. 16-17 

Aug. 23-24 

Aug. 30-31 

Sept. 6-7 

Sept. 13-14 

Sept. 20-21 

Sept. 27-28 

Oct. 4-5 

Oct. 11-12 

Oct. 25-26 

Nov. 1-2 

60 Weekdays 

12 Weekends 

84 Days 



Recreat ioni  s t s  were main ly  associated w i t h  f i s h  and/or hunt ing. Some 
anglers were found parked near small streams. Hunting p a r t i e s  were hard 
t o  loca te .  There are no t  many camps i n  t h i s  area because most o f  the 
hunters e i t h e r  d r i v e  o u t  o f  the  campgrounds down the North Fork o r  come 
o u t  from town. 

Animal Response 

E lk  have been monitored by te lemetry i n  t h i s  area s ince 1974 (Ward 
1976; Ward e t  a1 . 1976, 1980) . Ear l  i e r  resu l  t s  have shown the  re1 uctance 
of e l k  t o  s tay i n  the  Rock Creek Park area when scat te red  t imber harvest  
operat ions were i n  progress. E lk  were s t i l l  n o t  us ing  the  area a f t e r  the  
extensive 1 oggi ng ope ra t i  on had been compl eted. The 1 oggi ng roads were 
1 e f t  open, 1 eavi ng the  f i rewood gatherers and r e c r e a t i o n i  s t s  good access 
t o  a very extensive area. Firewood gather ing and rec rea t i on  a c t i v i t i e s  
have been noted by the  Fores t  managers t o  be increas ing  i n  amount and area 
a f fec ted .  

Most o f  the  useable data on e l k -  and mule deer response t o  f i rewood 
gatherers and o ther  human a c t i v i t i e s  were based on the  telemetered animals 
and t h e i r  associates. Very few s igh t i ngs  o f  marked c o l l a r s  o r  ear tags 
were recorded. Some data were c o l l e c t e d  i n  the  l a t e  summer of 1980 by 
making systematic searches i n t o  remote areas adjacent  t o  the  h igh  impact 
human dis turbance areas t o  record  e l k  s igh t i ngs  and f resh  e l k  sign. 

The t r a v e l  s o f  the  f i v e  telemetered e l k  (cow 22, 23, 26 and spike 25) 
and the two mule deer (doe 62 and buck 64) dur ing  the  sumner and f a l l  of 
1980 are shown i n  F igure  2. Only cow 23 and cow 26 cons i s ten t l y  used the 
main core area where records o f  concentrated human a c t i v i t i e s  were being 
moni tored. 

Cow 23 was t racked f o r  16 months. She was l oca ted  66 days wh i l e  she 
was on the  summer and fa1 1 range, when firewood gatherers and t r a f f i c  
were w i t h i n  her  range, which was main ly  i n  the  na t iona l  f o res t .  Her 
summer range was most ly  on the  eas t  face of Rock Creek Ridge a t  the  south 
end where the re  was considerable t r a f f i c  and human a c t i v i t y .  During 1980, 
she was subjected t o  new road cons t ruc t i on  w i t h  r e s t r i c t e d  f i rewood 
gathering. Dur ing 1981, she had both f irewood gather ing  and heavy t ~ a f f i c  
t o  contend w i t h  on her  range. She was seen w i t h  from 11 t o  39 (average 
20) o ther  e l k  dur ing  the  summer o f  1980-81. She was harvested i n  October 
1982. 

Cow 26 was t racked w i t h  te lemetry fo r  42 months. Her summer and fa1 1 
range was centered i n  the Rock Creek Ridge and Seven-Mile Creek area and 
was q u i t e  cons i s ten t  f o r  the  4 years. She and her  1 ( c a l f )  t o  28 known 
associates (average 10) were l oca ted  96 days, du r ing  June t o  October of 
1980 t o  1983, w h i l e  t he  human a c t i v i t y  was being c l o s e l y  monitored. 
During the  years, she had t o  contend w i t h  both road cons t ruc t i on  t r a f f i c  
on the  Fa1 l e n  Pines road and f i rewood gather ing i n  the Rock Creek Ridge, 
as we1 1 as a t  l e a s t  one o i l  d r i l l  i n g  r i g  opera t ing  i n  t he  Four-Mile Creek 
drainage on the  eas t  s ide  of Rock Creek Ridge. T r a f f i c  was always present  
when firewood was harvested. Dur ing the  June t o  October per iods o f  1980, 
1981, 1982 and 1983, . she was l o c a t e d  46, 14, 18 and 18 days, 
respec t i ve l y  . 



Cow 22 was i n  t he  Rock Creek Park area, b u t  used the  h igher  e l e v a t i o n  
range t o  the  west which was over 1600 m from v e h i c l e  access. Spike 25 
came i n t o  Rock Creek Park i n  mid-June be fore  moving over Rock Creek Ridge 
away from the human a c t i v i t y  i n  e a r l y  J u l y .  Cow 27 was on the  burn i n  
Seven-Mile Creek above the  Fa1 1en Pines road i n  mid-June when her  
t r a n s m i t t e r  f a i l e d .  These e l k  d i d  n o t  c o n t r i b u t e  much data t o  t h e  study 
because o f  e i t h e r  t he  s h o r t  du ra t i on  o f  t r a n s m i t t e r  l i f e  o r  t h e i r  s h o r t  
s tay  i n  the  f i rewood road access area. A l l  t h ree  were harvested near t he  
Fores t  boundary on the  eas t  s i de  of t he  r i d g e  du r i ng  t h e  regu la r  hunt ing  
seasons. 

The number o f  t imes cows 23 and 26 were l oca ted  w i t h i n  var ious  
d is tances o f  human a c t i v i t y  associated w i t h  f i rewood ga ther ing  o r  t r a f f i c  
and road cons t ruc t i on ,  i s  shown i n  Table 2. Both cows were approached 
tw i ce  w i t h i n  400 m by researchers who s imulated f i rewood harves t  by sawing 
down a dead t r e e  and c u t t i n g  i t  up i n t o  f i rewood lengths.  I n  a1 1 f o u r  
cases, t he  e l k  d isp laced when human presence was detected. The 11 
instances when e l  k  were w i t h i n  400 t o  800 m o f  f i rewood gatherers, they 
were i n  areas where harves t ing  was along a major  f o r e s t  road and the  e l k  
were r e s t i n g  i n  good c o n i f e r  cover .  The two te lemetered cows and t h e i r  
associates stayed a t  l e a s t  800 m away from people ga ther ing  f i rewood 91% 
of the  days loca ted .  They were more than 1600 m from pedestr ians 73% o f  
t he  days. Th i s  i s  about t he  same r e l a t i o n s h i p  e l k  have shown t o  o the r  
pedestr ians i nvol  ved i n t imber  harves t  operat ions,  rec rea t i on  and 1 i ve- 
stock operat ions on the  Medicine Bow Nat ional  Fo res t  (Ward e t  a l .  1973, 
1976, 1980; Ward and Cupal 1976). The major d i f f e r e n c e  w i t h  f i rewood 
gatherers i s  t he  unpred ic tab le  d i s t r i b u t i o n  and 1 ength o f  season. 

The e l k  reac ted  l e s s  t o  t r a f f i c  and road cons t ruc t i on .  Cow 26 d i d  
n o t  move away when a motorbike passed w i t h i n  50 m wh i l e  she was r e s t i n g  i n  
good c o n i f e r  cover. Cow 23 and 26 were l oca ted  w i t h i n  200 t o  400 m of 
moving t r a f f i c  12 days and w i t h i n  400 t o  800 m on 35 days and more than 
800 m 114 days. The i r  h igh  e l e v a t i o n  summer range was most ly  w i t h i n  
1600 m o f  a  road. As i n  e a r l i e r  s tud ies  on the  Medicine Bow Fores t  and i n  
Montana (Lyon 1979), e l k  show more to le rance f o r  moving t r a f f i c  than 
pedestr ians,  p a r t i c u l a r l y  on t h e i r  summer and fa1  1 ranges where the re  are 
u s u a l l y  f o r e s t e d  areas f o r  cover (Ward e t  a1 . 1980). 

The survey i n t o  remote areas t o  document e l k  presence and use i n  l a t e  
September 1980 showed the  f o l  1  owi ng : 

Area Est imated E l k  Present 

Rock Creek Kno l l  west o f  Rock Creek Park 40 t o  50 
Rock Creek Ridge 20 t o  30 
Corner and Ba ld  Mountain t o  t h e  south 20 t o  30 
Cooper Creek n o r t h  t o  Three-Mile Creek 200 t o  250 

A1 1 o f  these areas are  a t  1  eas t  800 m from centers  o f  human a c t i  v i  ty , 
and access i s  on ly  poss ib le  by walking, horseback, o r  i n  few cases, by 
f o u r  wheel d r i v e  and motorb ike veh ic les .  Cow 22 was w i t h  t he  group around 
Rock Creek K n o l l .  Spike 25 moved from Rock Creek Park i n  mid-June t o  t he  
l e s s  access ib le  area n o r t h  o f  Cooper Creek. 



.b Table 2. Number of days telemetered e l k  were l oca ted  w i t h i n  var ious  d is tances of 

I ' 
human a c t i v i t y  . 

E lk  D i  stances (m) Firewood Harvest T r a f f i c  and Road Const ruc t ion  

I - 

Cow 23 w i t h i n  200 0 0 

over 1600 4 6 

Cow 26 w i t h i n  200 

200 t o  400 

400 t o  800 

800 t o  1600 

over 1600 

Tota l  6 6 

To ta l  9 6 

aF ie l  d t e s t  w i t h  cha in  saw wh i l e  e l k  were r e s t i n g  i n  t h e  con i f e rs .  
b ~ o t o r b i k e  passed w i t h i n  50 m. 

Mule Deer 

Doe 62 and buck 64 were mule deer captured-  w i t h  a d a r t  gun j u s t  o f f  
t he  road on the  eas t  s ide  of Rock Creek Park a t  t he  h e i g h t  o f  f i rewood 
ga ther ing  i n  August 1980. Thei r a c t i v i t i e s  were monitored by te lemet ry  
du r i ng  t h e  survey t r i p s  t o  record  f irewood ga ther ing  a c t i v i t y .  Doe 62 was 
fo l l owed  p e r i o d i c a l l y  from August 14, 1980 t o  June 9, 1983. She re tu rned  
t o  the  same summer range (shown i n  F igure  2 )  f o r  t he  two add i t i ona l  years 
monitored. Buck 64 came back t o  t he  same summer range i n  1981, b u t  was 
harvested du r i ng  the  hunt ing  season i n  e a r l y  October. 

Both o f  these deer were seen w i t h  one t o  f i v e  associates du r i ng  each 
summer.. Doe 62 was never seen nurs ing  fawns. These deer a r r i v e d  on t h e i r  
summer range i n  l a t e  June and stayed u n t i l  the  c o l d  stormy weather i n  1 a t e  
October. 



Table 3. Number o f  days telemetered deer were loca ted w i t h i n  var ious d is tances of 
human a c t i v i t y .  

Mule Deer Distance F i  rewood Harvest T r a f f i c  

Doe 62 

Buck 64 

w i t h i n  100 0 

over 400 

Tota l  2 0 

w i t h i n  100 3 a 

100 t o  200 1 a 

200 t o  400 14  

over 400 17 - 

Tota l  35 

aF ie l  d t e s t  w i t h  cha in  saw w h i l e  deer were r e s t i n g  i n  t he  coni fers.  

The deer response t o  f irewood gather ing  and t r a f f i c  i s  shown i n  Tab1 e 
3 .  They were f i x e d  o r  seen w i t h i n  200 m o f  f i rewood gatherers on l y  7% of 
the  55 days when harvest  a c t i v i t y  was noted i n  the area, and on those four 
occasions, speci f i c  t e s t s  were be i  ng conducted t o  determi ne t h e i r  r e a c t i o n  
when dead t r e e s  were sawed f o r  firewood. If the  deer were l y i n g  down i n  
coni f e r  cover, n e i t h e r  deer showed d i  spl  acement response t o  peopl e 
opera t ing  cha in  saws w i t h i n  100 m. They would spook a t  g rea ter  d is tances 
when feeding i n  openings and approached by pedestr ians. They were f i x e d  
o r  seen w i  t h i  n 100 m o f  t r a f f i c  on 13% of the 76 days t r a f f i c  was noted i n 
the  area. They were w i t h i n  200 m of t r a f f i c  28% o f  the days and w i t h i n  
400 m 58% of the  days. Most of t h e i r  summer ranges were w i t h i n  800 m of 
the  road s ince i t  passed through about the  middle o f  t h e i r  summer range. 
Each year  the  deer stayed w i t h i n  t h e i r  p rev ious l y  used summer range i n  
s p i t e  o f  human a c t i v i t y .  Adjacent areas away from human dis turbance had 
s i m i l a r  h a b i t a t ,  b u t  deer d i d  n o t  move t o  them. 



CONCLUSIONS AND MANAGEMENT IMPLICATIONS 

Hunted populat ions o f  e l k  and mule deer a re  a f f e c t e d  by human d is -  
turbances associated w i t h  m u l t i p l e  uses on our p u b l i c  and p r i v a t e  lands 
(Thomas and Towei 11 1982, Wal lmo 1981) . They are  more d i s tu rbed  by peopl e 
engaged w i t h  ou t -o f -veh ic le  a c t i v i t i e s  than by t r a f f i c  o r  equipment (Ward 
e t  a l .  1973, 1976, 1980; Ward 1976; Ward and Cupal 1979). Elk  are by fa r  
more s e n s i t i v e  than mule deer and can be d isp laced from good e l k  h a b i t a t  
if human disturbances are f requent  and scat te red  (Ward 1976, Lyon 1979). 
Mu1 e deer have a h igh  to le rance fo r  d is turbance and w i l l  s tay w i t h i n  t h e i r  
known range i f  adequate s e c u r i t y  cover i s  a v a i l a b l e  ( G e i s t  1971, Kramer 
1973, Ward e t  a1 . 1980). The animal s i n  t h i s  study showed the same 
response t o  human a c t i v i t i e s  associated w i t h  f i rewood gather ing.  

Peopl e engaged i n  uncontrol  1 ed firewood gather ing  a c t i v i t i e s  on the 
Medicine Bow Range p red i c tab l y  c o l l e c t e d  wood near roads and i n  a 
sca t te red  pa t te rn .  As a resul  t, the heav i l y  used areas were those along 
the  edge o f  the  bes t  roads and w i t h i n  the  sho r tes t  d is tance t o  a hard- 
surfaced highway. This  p a t t e r n  i s  bound t o  change as the wood supply i s  
harvested. Eventual ly ,  people w i l l  move i n t o  the  more poo r l y  roaded areas 
and c o l l e c t  wood f a r t h e r  away from the roads. 

I n  the  area o f  t h i s  study there  has been 1 i t t l e  e f f o r t  made by the 
Fores t  Serv ice t o  c lose  e x i s t i n g  roads. There were, however, some access 
roads c losed t o  f i rewood gatherers, b u t  used by loggers, o i l  d r i l l e r s  and 
road cons t ruc t i on  crews. The area of g rea tes t  e l k  displacement was the 
approximately 41.4-km2 area surrounding Rock Creek Park where f i rewood 
gather ing and rec rea t i on  a c t i v i t i e s  were continuous from m i  d-July t o  the  
end of October. Some e l k  came i n t o  the  area about mid-June b u t  moved o u t  
t o  the more remote and inaccess ib le  areas when the  people came. Others 
stayed i n  the  area b u t  kept  a buf fer  area between themselves and people. 

This  study shows the  importance o f  managing widespread human 
a c t i v i t i e s  t o  a l l ow  e l k  use of t h e i r  range. Not on ly  are the e l k  
displaced, b u t  they move t o  o the r  areas t h a t  are a l ready occupied. I n  
t h i s  case, t he re  were remote areas a v a i l a b l e  w i t h  adequate food suppl ies.  
Th is  niay n o t  always be the  case. New access rou tes  w i t h  no con t ro l  of 
t r a f f i c  are the  most ser ious problems. Roads are needed and w i l l  cont inue 
t o  be constructed i n  order  t o  use the  renewable and nonrenewable 
resources, b u t  w i thou t  a program of road c losures f o r  con t ro l  o f  human 
a c t i v i t i e s ,  there  i s  d e f i n i t e  t h r e a t  t o  hunted populat ions o f  e l k  and 
poss ib l y  mule deer. A long-range program of scheduled human use areas 
w i t h  adequate refuge areas f o r  e l k  i s  needed. Data from s tud ies  i n  
south-central  Wyoming and o ther  areas i n  the  Rocky Mountains suggested 
human a c t i v i t i e s  be conf ined t o  one drainage o r  about a 13 km2 area a t  one 
t ime w i t h  an 800 m b u f f e r  of t r ees  o r  r i dges  t o  separate people and e l k .  
E l k  have demonstrated they w i l l  r e t u r n  a f t e r  human a c t i v i t y  stops, so the 
use can be r o t a t e d  (Ward 1976). I n  a heav i l y  t imbered area such as the 
Medicine Bow Range, there  i s  1 i t t l e  danger of dep le t i ng  the  t r e e  cover 
under the present  management programs. On o ther  areas,with l e s s  t r e e  
cover, p lans w i l l  be needed t o  make c e r t a i n  the  s e c u r i t y  o f  the  e l k .  



Mu1 e deer, as a r e s u l t  of the  type of d is turbance observed i n  t h i s  study, 
are n o t  being displaced. The easy access and hunt ing  pressure, along w i t h  
pe r iod i c  tough w in ters ,  a re  c o n t r o l l i n g  the  populat ions.  
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Abstract :  We s tud ied  the  e f fec t  of 01 d-growth fo res t  1 i qui d a t i  on on 
Col umbi an b l  ack- ta i  1 ed deer ( Odocoil eus hemi onus co l  umbi anus) and 
Roosevel t e l  k (Cervus e l  aphus roosevel ti ) popul a t i o n s  i n  the  southern 
Coast Range o f  Oregon. Deer and e l k  d e n s i t i e s  were est imated i n  18 
drainages t h a t  contained vary ing  propor t ions  o f  01 d-growth h a b i t a t  and 
younger sera l  stages. El  k densi t i e s  decreased i n  a c u r v i  1 i near fashion 
(r2=0.89, p<0.05) as the  p ropo r t i on  of old-growth f o r e s t  decreased i n  each 
drainage, which i n d i c a t e d  t h a t  e l k  c a r r y i  ng capac i ty  was d i r e c t l y  
associated w i t h  the  amount o f  old-growth hab i ta t .  Un l i ke  e l k ,  deer 
dens i t i es  were n o t  co r re la ted  (P>0.05) w i t h  old-growth o r  any sera l  stage 
pas t  12 years  o ld ,  b u t  responded p o s i t i v e l y  (r2=0.77, P~0.01)  t o  
increas ing  propor t ions  o f  new c lea rcu ts  0-12 years o f  age. 

INTRODUCTION 

Forage and cover requirements of Roosevel t e l k  a re  n o t  well-known i n  
the  Paci f i c  Northwest (Jenkins 1980, W i  tmer 1981). A1 though they pre fer  
01 d-growth Doug1 as- f i  r (Pseudotsu a menzi e s i  i ) as a h a b i t a t  type- ( ~ i  tmer 7-4 1981) and use i t  t o  surv ive  u r l n g  1 (Newman 1956, Harper and 
Tra iner  1969, Janz 19801, the  impac t  of 01 d-growth f o r e s t  -1  i qui da t i on  
(Juday 1976) upon e l k  popu la t ions  i s  n o t  c l e a r l y  understood. 

Conversely, i nformat i  on on forage and cover needs o f  b l  ack- ta i  1 ed 
deer i s  a v a i l a b l e  b u t  con t rad i c to ry .  Most e a r l y  s tud ies  (Cowan 1945, 
Brown 1961, Hines 1973) associated h ighes t  deer d e n s i t i e s  w i t h  peaks i n  
forage product ion  10-20 years a f t e r  c lea rcu t t i ng .  These studies,  however, 
have been questioned (Schoen e t  a l .  1981) and more recent  s tud ies  (Jones 
1974, Hebert 1979, Rochell e 1980) have c l  e a r l y  demonstrated the  importance 
o f  old-growth stands t o  deer dur ing  per iods o f  heavy snowfal l .  

Our p r i n c i p a l  o b j e c t i v e  was t o  p r o v i d e  i n f o r m a t i o n  on t h e  
re1 a t ionsh ips  o f  Roosevel t e l k  and b l a c k - t a i l e d  deer t o  the sera l  stages 
and stand cond i t i ons  i n  southwestern Oregon. Our second o b j e c t i v e  was t o  
evaluate the  possi b1 e reasons f o r  t he  re1 a t i onsh i  ps noted. 
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STUDY AREA 

Our study was conducted i n  18 dra inage  systems i n  Coos and western 
Dougl a s  c o u n t i e s ,  Oregon. The s tudy was conducted on 1 ands admi ni s t e r e d  
by t h e  Coos Bay D i s t r i c t  Bureau of Land Management and immediately 
ad j acen t  p r i v a t e  1 ands (F igu re  1) .  Each dra inage  was a 3rd o r  4 t h  o rde r  
system t h a t  encompassed 810 - 2,430 h e c t a r e s  (2,000-6,000 a c r e s )  . Elk and 
dee r  a r e  common throughout t h e  region.  Herds a r e  non-migratory and 
t y p i c a l l y  occupy t h e  same dra inage  on a year-round b a s i s  (Witmer 1981) .  

Dougl a s  f i r - western hem1 ock ( Tsuga h e t e r o  hyl 1 a )  assoc i  a t i  ons 
dominate t h e  D i s t r i c t .  I n t e n s i v e  logging has - - k T  t r a n s  orme t h e  a r ea  from 
predominantly 01 d-growth f o r e s t  (Juday 1976) t o  progress ive ly  younger age 
c l a s s e s ,  and more managed s tand  cond i t i ons ,  which i s  r e f l e c t e d  i n  t h e  wide 
v a r i e t y  of s e r a l  s t a g e s  p re sen t  i n  t h e  18 dra inages  (Tabl e 1) .  Four of 
t h e  dra inages  a r e  dominated by grass - forb  and shrub s t a g e s  (F igu re  2 a ) ;  
f i v e  a r e  dominated by sap1 ing  and pole  s t a g e s  (F igu re s  2b and 2c)  ; and 
nine o t h e r s  a r e  dominated by 01 d-growth s t ands  (F igu re  2d; Tabl e 1) .  

The s tudy a r ea  i s  heavi ly  roaded, and i t  i s  d i f f i c u l t  f o r  animals t o  
g e t  more than 215 - 415 km (114 - 112 mi le )  from a logging road. 
C lea rcu t t i ng  i s  t h e  common type  of c u t  t o  i n s t i g a t e  f o r e s t  regenera t ion .  
Most c l e a r c u t s  on pub1 i c  1 ands a r e  8 - 24 hec t a r e s  (20  - 6 0 , a c r e s )  and a r e  
u sua l ly  i n t e r s p e r s e d  i n  a patchwork of o l d e r  s e r a l  s t ages .  Some c l e a r  
c u t s  on p r i v a t e  l ands  a r e  121 - 243 hec t a r e s  (300 - 600 a c r e s )  i n  s i z e .  
Publ ic  and p r i v a t e  l ands  a r e  u sua l ly  i n t e r s p e r s e d  i n  a checkerboard 
ownership. Genera l ly ,  every o t h e r  s e c t i o n  (2.59 square km) i s  publ ic  
1 and. 

Topography i s  s t e e p  and rugged; approximately 15% of t h e  land  a r e a  i s  
cha rac t e r i zed  by s lopes  of 80% o r  g r e a t e r ,  and s lopes  less than 30% a r e  
uncommon. E leva t ions  range from 152 - 853 m (500 t o  2,800 f e e t ) .  Climate 
i s  r e l a t i v e l y  mi ld ,  with temperatures  above 35OC (950F) and below 
20C (350F)  uncommon. Annual p r e c i p i t a t i o n  a v e r a g e s  203 cm ( 8 0  
i n c h e s ) ,  most of which occurs  a s  w in t e r  r a in .  Snowfall i s  usua l ly  l i g h t  
and me1 t s  quick ly  , bu t  severe  w in t e r s  occurred i n  1968-69, 1955-56, and 
1948-49 (Harper and Tra ine r  1969, Oregon Game Commission 1956, Oregon Game 
Commission 1949) .  Our research  was conducted during t h r e e  consecut ive  
mild w in t e r s  when r a i n  and 4O - 10°C (40° - 500F) temperatures  
were common. 



Figure 1. Locat ion o f  t he  Coos Bay D i s t r i c t  o f  t he  Bureau o f  Land 
Management i n  southwestern Oregon. 



Table 1. Deer and e l k  d e n s i t i e s ,  f o r e s t  s e r a 1  s t a g e s ,  and road a r e a .  
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Figure 2. Examples of drainages dominated by: 

a .  t he  grass/forb/shrub s tage  ( 0  - 12 years o l d ) ,  
b. the  sapl ing  s t age  (13 - 35 years o l d ) ,  
c. the  pole s tage  (36 - 80 years o l d ) ,  
d. t h e  old-growth s tage  (161+ years o l d ) .  



We counted deer and elk in each drainage a t  night by using spot l ights  
while driving a1 ong permanent road t ransects  (Harestad and Jones 1980) . 
Transects were usually located on unpaved, secondary roads because elk 
avoided hab i ta t  adjacent to  heavily travel  1 ed primary roads ( Wi tmer 1981) . 
Transect lengths were 8 - 32 km ( 5  t o  20 miles) ;  t h i s  depending on 
drainage s i ze  and the desired sampl ing in tens i ty .  A to ta l  of 12 
repe t i t ions  were conducted on each t ransect  during the winters of 1978-79, 
1979-1980, and 1980-81. 

We estimated deer and elk dens i t i es  f o r  each drainage by: 1) 
measuring the  distance t h a t  animals could be spotl ighted a1 ong each s ide  
of the t ransec t ,  by measuring v i s i b i l i t y  with a rangefinder a t  3/10 km 
( 1/5 m i  1 e )  i nterval s ,  2 ) maki ng addi tional measurements between these 
i n t e r v a l  s wherever dramat ic  changes i n  v i  s i  b i l  i t y  occurred t h a t  
corresponded t o  changes i n  hab i ta t  type or  topography, 3 )  calculat ing the 
to ta l  area of v i s i b i l i t y  enclosed by the distance measurements and 4)  
dividing the number of animals observed by the area of v i s i b i l i t y .  This 
techni que corresponds t o  the vari abl e wi d t h  method described by Smith 
(1981). Our density est imates were probably conservative because an 
unknown percentage of deer and elk were missed, b u t  t h i s  was assumed t o  be 
comparable across drainages. 

According to  Dealy ( 1966) , the 1 imitat ions of spotl ight i  ng fo r  deer 
as  a technique are: 1) observations from areas of low population density 
seem e r r a t i c ,  2) comparing areas of markedly d i f f e r en t  cover character- 
i s t i c s  i s  1 imi ted and 3)  i t  i s  indicat ive  of general trends ra ther  than 
preci se estimates. 

Our variable wid th  t r ansec t s  were designed t o  o f f s e t  the second 
concern expressed by Dealy (1966) by accounting fo r  differences i n  
vi s i  b i  1 i t y  between d i f fe ren t  hab i ta t  types. Because the study area i s  
heavily roaded (Table 1) and elk herds non-migratory, the spotl igh t  
technique has more value in this study area as  an index of elk numbers 
than under other circumstances (e.g. migratory herds and/or few roads). 
Increased repe t i t ions  increase the re1 iab i l  i ty  of the  re1 a t ive  numbers of 
animal s among t ransects  . 

To screen the  variables fo r  fur ther  analysi s ,  stepwi se mu1 t ip1 e 
regressions (Sokal and Rohl f 1968) of deer and elk were calculated on 
proportions of area in several sera1 stage c lasses ,  even though 
i ndependent vari abl e s  were not t r u ly  independent. The fo l l  owing variables 
were exami ned: 

1. Y = deer or  elk density 

2. X 1  = proportion of area 0 - 12 years old (grass-forb/shrub 
stage) 

3. X2 = proportion of area 13 - 35 years oqd (sapl ing stage) 

4. X3 = proportion of area 36 - 80 years 01 d (pole  stage) 

- 46 - 



5. x4 = p ropor t i on  o f  area 81  - 160 years 01 d (mature stage) 

6. X5 = propor t ion  o f  area 160 years o r  o lde r  (01 d-growth stage) 

7. X6 = dens i ty  o f  roads i n  each drainage 

Ninety percent  o f  t he  X5 age c lass  i s  over 200 years 01 d, and near ly  
a l l  of t h i s  age c lass  meets the d e f i n i t i o n  o f  old-growth described by 
F r a n k l i n  e t  a l .  (1981) The 160 year break-off i s  a standard f o r e s t r y  
recording system used by BLM; i t  has no p a r t i c u l a r  r e l a t i o n s h i p  t o  
w i  1 d l  i f e ecol ogy . 

The X 1  through X5 age classes were selected t o  r e f l e c t  var ious stages 
of succession t h a t  presumably might  have in f luenced deer and e l k  
densi t i e s .  Re1 a t i v e  propor t ions  of these age c l  asses were computed f o r  
each drainage by using the  d o t  g r i d  technique. Because o f  concerns about 
the  accuracy o f  the  census technique, and the  l a c k  o f  independence of the  
seral stage propor t ions  as var iables,  a Spearman' s c o e f f i c i e n t  of rank 
c o r r e l a t i o n  t e s t  (Johnson 1976) was done one va r iab le  a t  a t ime and 
r e s u l t s  compared w i t h  the  mu1 t i p l e  regression. The X6 v a r i a b l e  was 
secondary gravel roads basical  l y  , w i t h  occasional sho r t  s t retches of 
primary paved roads on a given t ransect .  - 

RESULTS AND DISCUSSION 

E l  k/Successi onal Stage Re1 a t i  onshi ps 

The regressions i nd i ca ted  t h a t  e l k  dens i t i es  decreased i n  a 
c u r v i l i n e a r  fashion as the  propor t ion  o f  old-growth h a b i t a t  i n  each 
d r a i  nage decreased ( F igure 3) ; t h i  s re1 a t i  onshi p ( r2=0 .89) was s i  gni fi cant  
(P<0.05), i n d i c a t i  ng t h a t  e l k  dens i ty  was c l  osely associated w i  t h  the  
amount o f  old-growth fo res t  present. A cubic equation provided the  best  
f it f o r  p r e d i c t i n g  e l k  dens i t ies :  number e l  k/square km = - 0.013633 + 
0.1007918 ( %  area i n  o l d  growth age c lass)  - 0.00583 ( %  0 l d - ~ r o w t h ) 2  + 
0.000001 ( %  01 d-growth)3. Corre l  a t i  ons between e l  k and seral  stages 
younger than the  old-growth stage, and between e l k  and road dens i t ies ,  
were n o t  s i g n i f i c a n t  (P>O.05). 

The r e s u l t s  o f  a Spearman's rank c o r r e l a t i o n  t e s t  i nd i ca ted  a 
.posi t i v e  c o r r e l  a t i o n  between e l  k dens i ty  and 01 d-growth h a b i t a t  (P<0.01) , 
b u t  no p o s i t i v e  c o r r e l a t i o n  w i t h  other  seral stages (P>0.05). The rank 
c o r r e l a t i o n  i nd i ca ted  no c o r r e l a t i o n  between old-growth stands and roads 
(P>0.05). The rank c o r r e l a t i o n  i nd i ca ted  a negative c o r r e l a t i o n  between 
e l k  densi ty  and road densi t y  (P<0.05) . The regress i  on o f  e l  k densi t y  and 
road dens i ty  was n o t  s i g n i f i c a n t  (P>0.05). 

The negative rank c o r r e l a t i o n  between e l k  dens i ty  and road dens i ty  
may we1 1 i n d i c a t e  some road avoidance. However, s ince road dens i t i es  are 
very s i m i l  a r  i n  most cases (Tab1 e 1)  , i t  i s  no t  c l e a r  how meaningful t h i s  
i s .  Lyon (1979) i nd i ca ted  t h a t  once road dens i ty  reaches about 1.6 - 1.9 
km per square km (2.5 - 3.0 m i les  per sect ion)  i n  heav i l y  fo res ted areas, 
e l k  response t o  roads l e v e l s  off .  Road dens i t i es  i n  the  study area 



average 1.7 km per square km (2.8 m i l es  per  sec t ion)  (Table 1 ) .  We t h i n k  
t h a t  roads were a m i  nor  f a c t o r  i n f l  uencing e l k  dens i ty  i n  t h i s  instance. 

Our r e s u l t s  are s u r p r i s i n g  i n  two respects; one i s  t h a t  e a r l y  s tud ies  
(such as Harper and Swanson 1970, and Nelson 1974) stressed the importance 
o f  increased forage product ion ( through c l  e a r c u t t i  ng o r  f i r e )  t o  i ncreased 
e l k  densi ty ;  the  o ther  i s  t h a t  few s tud ies  have demonstrated a p o s i t i v e  
re1 a t i onsh i  p between e l k  popul a t i o n s  and 01 d-growth f o r e s t ,  main ly  because 
i t  has n o t  been the  sub jec t  of extensive research. A probable expl anat ion 
f o r  t h i s  i s  t h a t  many of these e a r l y  s tud ies  were done when old-growth 
f o r e s t  was more abundant. As the  amount of old-growth h a b i t a t  decreases, 
what i s  l e f t  may become more impor tan t  (Wi tmer 1981). 

The f a c t  t h a t  we found no c o r r e l a t i o n  o f  e l k  dens i t i es  w i t h  o ther  
sera1 stages o r  stand cond i t ions ,  underscores an impor tan t  r e l a t i o n s h i p  t o  
old-growth h a b i t a t .  However, t h i s  does n o t  mean t h a t  o ther  impor tan t  
re1 a t i  onshi ps do n o t  ex i  s t .  We t h i n k  our resu l  t s  represent  e l  k response 
t o  cond i t i ons  where thermal cover p r i m a r i l y  i n  summer, r a t h e r  than forage, 
was the  p r i n c i p a l  1 i m i  ti ng fac tor .  The c u r v i l  i near re1 a t i onsh i  p of 
inc reas ing  e l k  d e n s i t i e s  t o  g reater  amounts of old-growth f o r e s t  would be 
expected t o  p lateau beyond 70% and then dec l i ne  as 100% old-growth fo res t  
i s approached ( F igure  3 . The expected decl i ne woul d r e f 1  e c t  condi ti ons 
s i m i l a r  t o  those found i n  the  e a r l i e r  s tud ies  where forage was l i m i t i n g ,  
such as Harper and Swanson (1970) and Nelson (1974). We d i d  n o t  have 
areas i n  excess of 70% old-growth fo res t  t o  study and there fore ,  must 
specul ate. 

H id ing  cover c h a r a c t e r i s t i c s  as def ined by Thomas e t  a1 . (1979) a re  
genera l l y  we l l  developed by the  t ime a stand reaches the  po le-sap l ing  
stage. The t r e e s  are t a l l  enough and dense enough t o  conceal e l k  from the  
view o f  a human on ly  a few meters away. There are  an abundance of stands 
i n  the  po le-sap l ing  stage o r  o l d e r  (Table 1). I f  h i d i n g  cover i s  a 
l i m i t i n g  fac to r ,  we would expect a c o r r e l a t i o n  t o  cover types younger than 
01 d-gr.owth f o r e s t .  

A number o f  recent  s tud ies  documented e l k  preference and use of 
old-growth f o r e s t ,  a1 though few of these s tud ies  c l e a r l y  de f ined the  
s p e c i f i c  f unc t i ons  t h a t  old-growth prov ided as a h a b i t a t  (Janz 1980, 
Witmer 1981, H. M. Zahn pers. comrn. 1984). Witmer (1981) monitored 
movements o f  cow e l k  on the  Coos Bay BLM D i s t r i c t  and found t h a t  they 
e i t h e r  p r e f e r r e d  o l d - g r o w t h  f o r e s t  o r  used i t  a c c o r d i n g  t o  i t s  
a v a i l  a b i l  i t y  dur ing  a1 1 seasons. He speculated t h a t  01 d-growth h a b i t a t  
prov ided impor tan t  r e l i e f  from- heat  s t ress  du r ing  h o t  summers i n  t he  
i n t e r i o r  southern Coast Range. 

H. M. Zahn (pers.  comrn. 1984) determined h a b i t a t  use f o r  an 
in t roduced herd of Rocky Mountain e l k  (C. e l  aphus ne l  soni 1 on t h e i r  summer 
range i n  the  nor thern  Cascades. of w e t e r n  Washington. (The area was 
h i s t o r i c a l  l y  occupied by Roosevel t e l  k.) 01 d-growth f o r e s t  was h i g h l y  
p re fe r red  as h a b i t a t  and funct ioned as thermal cover dur ing  per iods of 
heat s t ress.  Adjacent 50-year-01 d t imber rece ived 1 i t t l e  use. E l k  
t y p i c a l l y  f ed  and res ted  w i t h i n  old-growth stands from mid-morning through 
mid-evening, wh,en s o l a r  r a d i a t i o n  o r  h igh  ambient temperatures discouraged 
t h e i r  use o f  forage i n  c l e a r  cuts.  Because old-growth was the  on ly  
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Figure 3. Relationship of elk density with percent of land in old-growth. 



h a b i t a t  t h a t  prov ided forage and thermal cover needs w i t h i n  the  same 
stand, Zahn (pers.  comm. 1984) concluded t h a t  i t  func t ions  as optimum 
thermal cover f o r  e l k  under a  wide range o f  c l i m a t i c  cond i t ions .  The 
op t i on  t o  feed both day and n i g h t  i n  a  thermal ly  comfortable environment 
cou ld  resu l  t i n  e l  k  coming of f  summer range i n  b e t t e r  cond i t ion .  

Zahn's study area, the watershed f o r  Seat t le ,  i s  c losed t o  pub1 i c  
en t ry .  Our study area i n  c o n t r a s t  i s  heav i l y  roaded and open t o  the 
pub l i c .  Harassment as we l l  as thermal in f luences may c o n t r i b u t e  t o  e l k  
use o f  forage w i  t h i n  01 d-growth stands i n  our study area. 

The value o f  old-growth s t r u c t u r e  f o r  su rv i va l  under severe w in te r  
cond i t ions ,  from Alaska t o  southern Oregon, has been documented by several 
authors ( Newman 1956, Batchel o r  1965, Harper and T ra ine r  1969, Janz 1980). 
01 d-growth stands i n te rcep ted  snow and provided essent i  a1 forage i n  the  
form of 1  i t t e r f a l l  l i c h e n s  and groundlevel shrubs (Janz 1980). 

DeerISuccessi onal Stage Re1 a t i  onshi ps 

Deer d e n s i t i e s  increased 1 i near l y  w i t h  i ncreasi  ng propor t ions  of new 
c lea rcu ts  0  - 12 years of age, grass fo rb lshrub stage, (F igu re  4) ;  t h i s  
re1 a t i onsh ip  (r2=0.77) was h i g h l y  s i g n i f i c a n t  (P<0.01). Un l ike  e l k ,  deer 
numbers were n o t  c o r r e l  a ted ( P>0.05) w i  t h  01 d-growth f o r e s t  o r  any o ther  
sera l  stage pas t  12 years o ld.  The equat ion f o r  es t imat ing  deer dens i ty  
was: number deerlsquare km = - 2.34 + 0.2627 ( %  area i n  0  - 12 yea r  age 
c lass ) .  The r e s u l t s  o f  the  Spearman's rank c o r r e l a t i o n  t e s t  showed a  
p o s i t i v e  c o r r e l a t i o n  between deer dens i ty  and the grass- forb stage 
(P<0.10), b u t  no p o s i t i v e  c o r r e l a t i o n  t o  any o ther  sera l  stage (P>0.05), 
o r  t o  roads (P>0.05). That we found no c o r r e l a t i o n  w i t h  o ther  sera l  
stages does n o t  mean r e l a t i o n s h i p s  do n o t  e x i s t ,  b u t  i t  does r e i n f o r c e  the 
importance o f  t he  grass- forb lshrub stage. 

These r e s u l t s  a re  s i m i l a r  t o  prev ious s tud ies  conducted i n  o ther  
Paci f i  c  Northwest areas where m i  1  d  w i  n t e r s  are common, especi a1 l y  areas 
t h a t  1 ack extended per iods  of heavy snowfal l  . Bl  a c k - t a i l  ed deer a re  
p r i n c i p a l  l y  forage dependent, and presumably reach peak numbers when 
forage q u a n t i t y  andlor  qua1 i ty peaks a f t e r  c l e a r c u t t i  ng ( Cowan 1945, Brown 
1961, Hi nes 1973). 

Conversely, our r e s u l t s  a re  d i f f e r e n t  from s tud ies  conducted i n  areas 
where severe w i  n t e r s  occur regul  a r l y  . Under such condi ti ons, b l  ack- ta i  1  ed 
deer are d i  r e c t l y  dependent on 01 d-growth f o r e s t  f o r  snow i n t e r c e p t i  on, 
m o d i f i c a t i o n  o f  c o l d  temperatures, and p r o v i s i o n  o f  forage i n  the  form o f  
1  i t t e r f a l  1  1  ichens and ground-1 eve1 shrubs (Jones 1974, Rochell e  1980). 
The l a s t  severe w in te r  i n  our study area was 1968-69. Deer populat ions 
have had the  chance t o  recover. It i s  probable t h a t  deer would s u f f e r  
g rea t  losses dur ing  a  severe w i n t e r  if old-growth s t r u c t u r e  i s  scarce. 

Deer vs. Elk :  H a b i t a t  Response 

I n  c o n t r a s t  t o  e l k ,  deer have a  h igh  surface/volume r a t i o .  Heat 
d i s s i p a t i o n  i s  rap id ,  which a1 lows deer t o  remain cool dur ing  h o t  weather. 

, Because heat  d i ss ipa tes  qu i ck l y ,  however, deer a re  sub jec t  t o  c o l d  s t ress  
(Raedeke and Taber 1979). E l k  have a  much lower sur face lvo l  ume r a t i o  than 
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( 0  - 1 2  yea r s  old). . 
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deer. Heat r e t e n t i o n  i s  super ior ,  which a l lows e l k  t o  remain warm dur ing  
c o l d  weather. However, increased heat r e t e n t i o n  a1 so means they are more 
suscept ib le  t o  heat s t ress  (Raedeke and Taber 1979, Zahn pers. comm. 
1984). 

I n  general , Bergman's r u l e  suggests an advantage t o  1 arge body s i z e  
i n  c o l d  c l ima tes  and small body s i ze  i n  warm c l imates.  It i s  worth 
not ing,  however, t h a t  deer i n  d i r e c t  sun1 i g h t  would absorb heat f a s t e r  
than e l k  because o f  the h igh  surface/vol ume r a t i o .  Nevertheless, deer, 
because o f  t h e i r  small s i ze  and re1 a t i v e  1 ack o f  herd ing behavior compared 
t o  e l k ,  have more f l e x i b i l i t y  i n  the  use o f  mic rohab i ta ts  and small 
vegeta t ive  patches f o r  thermal cover. 

Deer and e l k  a d j u s t  t h e i r  feeding and r e s t i n g  a c t i v i t i e s  t o  minimize 
thermal s t ress  (Moen 1973). Hab i ta ts  are sought t h a t  a1 1 ow cont inuous 
feeding u n t i l  temperatures become e i t h e r  excessively  h o t  o r  cold; 
a l t e r n a t i v e  h a b i t a t s  a re  then sought t h a t  bes t  modify temperature extremes 
(Bea l l  1976). I n  the  southern Coast Range, forage i n  c l e a r  cu ts  may n o t  
be cont inuously  usable due t o  l ack  of thermal cover (Witmer 1981). 
Sapl ing, pole, and mature stands prov ide  thermal cover b u t  1 i t t l e  forage 
(no th inn ing )  , o r  abundant forage b u t  poor qua1 i ty thermal cover ( t h inned  
stands) . Thi s i s p a r t i c u l  a r l y  t r u e  f o r  managed stands. 01 d-growth 
fo res t ,  however, has s t r u c t u r a l  c h a r a c t e r i s t i c s  (Frank1 i n  e t  a1 . 1981) 
which prov ide  bo th  forage and thermal cover needs w i t h i n  one stand (H. M. 
Zahn pers. comm. 1984). 

Temperatures i n  the  southern Coast Range commonly reach 290 - 
350C (850 - 950F) throughout the  summer. These temperatures exceed 
the  " thermal-neutra l  zone" 4O - 21°C (400 - 700F) o f  ungulates 
( B l a x t e r  1962; Leckenby 1977), and can p lace h igh  metabol ic  demands on 
e l k  because o f  t h e i r  s u s c e p t i b i l i t y  t o  heat, s t ress  (Zahn pers. comm. 
1984). Metabol ic  r a t e  increases r a p i d l y  w i t h  e f f e c t i v e  temperatures 
ou ts ide  t h i  s "comfor t  zone" ( B l  a x t e r  1962; Leckenby 1977 ) . Growth coul d 
be i n h i b i t e d  and f a t  reserves would be used t o  meet increased energy 
demands, which cou ld  r e s u l t  i n  l e s s  energy a v a i l a b l e  f o r  reproduct ion and 
reduced herd sizes. I n  cont ras t ,  w in te r  temperatures r a r e l y  d i p  be1 ow 20 
- 40C (350 - 400F) . These m i l  d temperatures r a r e l y  d i p  be1 ow 20 - 
4% (350 - 40°F). These m i l d  temperatures p lace l i t t l e  s t ress  on 
deer desp i te  t h e i  r suscept i  b i  1 i t y  t o  co l  d weather ( D. Leckenby , Oregon 
Dept. F i s h  & W i l d l i f e ,  pers. comm. 1981). 

We be1 i eve  these d i f ferences i n  deer and e l k  physiology, combined 
w i t h  l o c a l  c l i m a t i c  f a c t o r s  and the  s t r u c t u r e  o f  old-growth fo res t ,  bes t  
exp la in  our r e s u l t s .  Log ica l l y ,  the  c l ima te  of the southern Coast Range 
places greater  s t ress  on e l k  dur ing  summer (hea t  s t ress)  than on deer 
dur ing  w in te r  ( c o l d  s t ress ) .  One would expect a d i f f e r e n t  response 
repor ted  from deer i n  co1 der c l  imates (Jones 1974, Rochell e 1980) . One 

- would a l so  expect a d i f f e r e n t  response from e l k  i n  areas w i t h  m i l d e r  
summer c l imates  such as Clatsop County, Oregon, where the  fog  be1 t s i  t k a  
spruce zone extends greater  d is tances i n l a n d  (Juday 1976) o r  as repor ted  
i n  the  redwood fog be1 t (Mandel and K i tchen 1979). 



MANAGEMENT CONSIDERATIONS 

Frank1 i n  e t  a1 . (1981) emphasized the d i f f e r e n c e  i n  f o r e s t  s t r u c t u r e  
of 01 d-growth and n a t u r a l l y  regenerated ( unmanaged) mid-age fo res t  as 
opposed t o  managed stands ( t r e e  farms). I n  the  P a c i f i c  Northwest, deer 
and e l k  a re  sub jec t  t o  a v a r i e t y  o f  c l imates  t h a t  may cause thermal 
s t ress.  Several authors have st ressed the  importance o f  thermal cover f o r  
e l k  ( Raedeke and Taber 1979, W i  tmer 1981, Zahn, pers. comm. 1984), which 
might  be a causat ive f a c t o r  f o r  the  c o r r e l a t i o n  between numbers of e l k  and 
01 d-growth f o r e s t .  We be1 i eve 01 d-growth f o r e s t s  prov ide the  optimum 
thermal cover. Natural  l y  regenerated m i  d-age f o r e s t  may prov ide  a 
reasonable subs t i t u te ,  if the  stand s t r u c t u r e  para1 1 e l  s 01 d-growth 
s t r u c t u r e  c l o s e l y  enough. Th i s  has y e t  t o  be demonstrated, however, and 
f u r t h e r  research i s  needed. 

I The s t r u c t u r a l  c h a r a c t e r i s t i c s  which we b e l i e v e  a re  needed i n  a 
thermal cover stand, f o r  s i g n i f i c a n t  e l k  response where h igh  summer 

I 
temperatures p r e v a i l  , inc lude  a mosaic of small openings 1 ess than 1/20 
hectare (118 acre) i n  a mu1 t i - s t o r y  canopy where the  dominant canopy i s  
about 70 - 80% closed. These openings a l l ow  f i l t e r e d  sun1 i g h t  t o  the 
f o r e s t  f l o o r  and the  development of a subs tant ia l  ground and shrub l a y e r  

I 
- 

f o r  foraging.  The sub-canopy probably a ids  i n  c r e a t i n g  a cooler ,  more 
moist,  m ic roc l imate  i n  summer. I n  w in ter ,  i t  cou ld  he lp  r e t a i n  heat i n  
t he  stand. On the o ther  hand, a l l  t h a t  i s  needed f o r  h i d i n g  cover, i n  our I. opinion, i s  vegeta t ion  t a l l  enough and dense enough t o  h ide  animals from 
view. If management fo r  h igh  dens i t i es  of e l k ,  r e l a t i v e  t o  l o c a l  s i t e  
p o t e n t i a l ,  i s  an ob jec t ive ,  then r e t e n t i o n  o f  adequate amounts of 

I 
01 d-growth fo res t ,  o r  perhaps, management o f  a subs t i  t u t e  w i t h  s imi  1 a r  
s t ruc ture ,  w i l l  be necessary. 
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ELK CONCENTRATIONS I N  AREAS CLOSED TO HUNTING 

W. DANIEL EDGE, C. LES MARCUM AND SALLY L. OLSON, School o f  Fores t ry ,  
U n i v e r s i t y  o f  Montana, M i  ssoul a, MT 59812 

Abstract :  A study designed t o  assess e l k  (Cervus e l a  hus) h a b i t a t  use 
r e l a t i v e  t o  t imber management a c t i v i t i e s ,  i nadve r ten t  +- y documented the 
development o f  an e l k  concent ra t ion  i n  an area c losed t o  hunt ing. Between 
1977 and 1983, 2,643 a e r i a l  l o c a t i o n s  were c o l l e c t e d  from 59 radioed cow 
e l k .  The e l k  concent ra t ion  developed from a few animals i n  1980 t o  
approximately 70% o f  the  herd i n  1982 and 1983. Secu r i t y  from hunt ing, 
forage qua1 i t y  and quant i ty ,  and home range f i d e l i t y  were the  f a c t o r s  
responsib le f o r  the concentrat ion.  Three management problems resu l  t e d  
from t h i s  concentrat ion:  l o s s  of hunter  oppor tun i ty ,  1  oss o f  forage, and 
fence damage. The management o p t i  ons of hunt i  ng , herd i  ng , and i ntens i  ve 
ranchi  ng operat ions are  d i  scussed re1 a t i v e  t o  b i o l  og ica l  , soc ia l  , and 
p o l i t i c a l  cons t ra in t s .  

INTRODUCTION 

Since the  t u r n  of the  century, e l k  have shown a marked increase i n  
both d i  s t r i  b u t i o n  and dens i ty  i n  response t o  management programs. Th i s  
increase has r e s u l t e d  i n  e l k  occupying nea r l y  a l l  s u i t a b l e  h a b i t a t  
a v a i l  ab le under c u r r e n t  1 and use cons t ra in ts .  I n  add i t i on ,  e l k  d e n s i t i e s  
i n  many o f  these areas are  a t  o r  near c a r r y i n g  capaci ty .  

Thi s  " success s to ry "  has resu l  t ed  i n  widespread 1 and management 
problems t h a t  deal p r i m a r i l y  w i t h  damage t o  a g r i c u l t u r a l  and f o r e s t r y  
crops, where e l k  concentrate i n  h igh  d e n s i t i e s  (Lyon and Ward 1982). 
Hunt ing pressure o f t e n  causes e l k  t o  concentrate i n  areas c losed t o  
hunt ing, which n o t  on ly  c rea tes  the  usual gamut of depredat ion problems, 
b u t  may r e s u l t  i n  a marked decrease i n  hunter  oppor tun i ty .  The purpose of 
t h i s  paper i s  t o  o u t l i n e  the  development o f  an e l k  concentrat ion i n  an 
area c losed t o  hunt ing, and t o  examine the  causat ive f a c t o r s  and 
management opt ions.  

Funding f o r  t h i s  study was prov ided by the  Bureau o f  Land Management, 
t he  McIn t i re -Stenn is  Federal Fo res t r y  Program and the  Plum Creek Timber 
Company. We wish t o  thank L. L i  ndbergh, D. Sa l l  , and B. Thomas f o r  rev iew 
of t h e  o r i  g i  na l  manuscript. 

STUDY AREA 

The study area (F ig .  1 )  1 i e s  i n  the nor thern  Garnet Mountains o f  
western Montana, 56 km east  o f  Missoula. Approximately 85% o f  the  area i s  
forested t o  some extent ,  and these areas f a l l  w i t h i n  the Douglas fir 
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Figure 1 .  Study area and Blackfoot Special Management Area i n  Western 
Montana. 



(Pseudotsuga menz ies i i )  and subalpine f ir (Abies 1 as iocar  a) c l  imax se r ies  
of the  Montana Fores t  H a b i t a t  Types ( P f i s t e r  - e t  *. a1 Pastures and 
h a y f i  e l  ds, na tura l  meadows, c l  earcuts, brushy r i p a r i a n  areas, water, roads 
and scree account f o r  the  remainder o f  t he  study area. Elevat ions range 
from 1,160 t o  2,090 m. The Blackfoot  R iver  borders the study area t o  the 
n o r t h  and west and s t a t e  Highway 200 runs along the  no r th  and western edge 
o f  the study area. Sco t t  (1978) and Lehmkuhl (1981) described the  study 
area i n  d e t a i l  . 

Timber management i s  the  p r i n c i p l e  l a n d  use, and much o f  the  study 
area has been ex tens ive ly  logged w i t h i n  the l a s t  50 years. The western 
and nor thern  p o r t i o n s  o f  t he  area are grazed by horses and c a t t l e  
respec t i ve l y  between June and October. B ig  game hunt ing  i n  the f a l l  i s  
t he  main rec rea t i ona l  a c t i v i t y .  

Most o f  the  study area l i e s  w i t h i n  the  B lack foo t  Special Management 
Area (BSMA), an area created by cooperat ive agreement between the Montana 
Department o f  F ish,  Wild1 i f e  and Parks, the  Bureau o f  Land Management, 
Champion I n t e r n a t i o n a l  Timber Company, P l  urn. Creek Timber Company, Lubrecht 
Experimental Forest ,  and l o c a l  landowners. The BSMA was designed t o  
encourage e l k  use i n  areas which had been roaded and logged, where 
s e c u r i t y  cover was l i m i t e d ,  t o  p rov ide  a wa lk - in  hunt ing  area and improve 
the  q u a l i t y  o f  hunt ing, t o  gain hunt ing  p r i v i l e g e s  on p r i v a t e  lands which 
were p rev ious l y  c losed t o  the  general pub1 i c ,  and t o  prevent  veh i c le  
damage t o  s o i l  s  and vegeta t ion  ( McDaniel 1975). The area i s  c losed t o  
vehi cu l  a r  t r a f f i c  from September 1 t o  December 1. Safety zones, c losed t o  
h u n t i  ng, were e s t a b l  i shed nea r  human h a b i t a t i o n  and 1 i v e s t o c k  
concentrat ion areas w i t h i n  the  BSMA. 

The area no r th  o f  the  Sunset H i l l  road, west of the BSMA and eas t  o f  
Highway 200 (F ig .  2)  i s  c losed t o  hunt ing.  Th is  area conta ins  6 
c i r c u l a r - p i v o t  i r r i g a t e d  hay-pastures, ranging from 40 t o  80 ha i n  s ize.  
These are f e r t i l i z e d ,  seeded t o  a l f a l f a  (Medica o sa t i va )  and orchard 

simply grazed. 
+ grass (Dacty l  i s  g l  omerata) , and c u t  dur ing  Ju  y t en by c a t t l e ,  o r  

METHODS 

Elk were trapped i n  co r ra l - t ype  t raps  which were b a i t e d  w i t h  a l f a l f a  
from December through A p r i l ,  and s a l t  from March t o  September. A 150-151 
MHz r a d i o  i n s e r t e d  i n  a PVC-pipe c o l l  a r  (Pedersen 1977) was placed on each 
animal. E l k  were l oca ted  weekly us ing  a P iper  Super Cub o r  a Cessna 182 
from mid-May t o  December, and 1 ocat ions were marked on a e r i a l  photographs 
and t r a n s f e r r e d  t o  topographic maps. Yearly popul a t i  on t rends were 
es tab l ished us ing  a e r i a l  spr ing  counts o f  marked and unmarked e lk .  



Figure 2 .  Area closed t o  hunting where e l k  concentrated dur ing the fa1 1 s 
o f  1980 t o  1983. 



RESULTS 

Between 1977 and 1983, 2,643 a e r i a l  l o c a t i o n s  were c o l l e c t e d  from 59 
radioed cow e l k .  These e l k  were t rapped from 3 t r a p - s i  tes,  and con- 
s t i  t u t e d  2 d i s t i n c t  herds. The animal s  o f  i n t e r e s t  i n  t h i s  paper are 
r e f e r r e d  t o  as the  Lindbergh herd, be1 ieved t o  be a s tab le  t o  s l i g h t l y  
i ncreasi  ng popul a t i  on based on . yea r l y  s p r i  ng censuses. A1 though surveys 
i n d i c a t e d  t h a t  an area c losed t o  hunt ing,  west o f  the  BSMA, was used by a 
few e l k  on an annual bas is ,  3  years  of r a d i o  t r a c k i n g  data p r i o r  t o  1980 
showed no evidence the  area was used by the  Lindbergh herd. The Lindbergh 
e l k  began us ing  the  area du r i ng  f a l l  1980. Movement t o  the  area occurred 
between mid-September and mid-October each year .  The t o t a l  number of e l k  
and the  number o f  rad io -co l l a red  e l k  us ing  t h i s  area increased t o  a h igh  
i n fa1 1 1982 (Tab le  1)  . The transmi t t e r  o f  t he  on l y  c o l l  ared e l k  us ing  
the  c losed area i n  1980 f a i l e d  before the  concent ra t ion  occurred i n  1981. 
However, a  h igh  degree of t r a d i t i o n a l  use was demonstrated by the  radioed 
e l k  r e t u r n i n g  i n  subsequent f a l l  s. Both c o l l a r e d  e l k  us ing  the  area i n  
1981 re tu rned i n  1982 and again, i n  1983. O f  t he  10 c o l l a r e d  e l k  us ing  
the  c losed area i n  1902, one was i l l e g a l l y  k i l l  ed on the  area, one t rans-  
m i t t e r  f a i l e d ,  and one d i d  n o t  r e t u r n  t o  t he  area i n  1983; t h e  remaining 7 
used the  area again i n  1983. 

Tab1 e 1 . Annual concent ra t ions  of e l k  i n  an area c losed t o  hunt ing.  

F a l l  E l k  Number o f  Percentage o f  Dura t ion  
Year Countsa Radios A1 1 ~ a d i o s b  of Stay 

-- 

< 7 Days 

25 Days 

45 Days 

51 ~ a ~ s ~  

aMaximum number o f  e l  k  observed du r i ng  du ra t i on  of stay. 

b ~ e r c e n t  o f  a1 1 rad ioed e l k  i n  Lindbergh herd. 

CGround count  o f  t o t a l  e l k .  

dper iod  i nc ludes  3 attempts t o  move e l k  o f f  proper ty .  



DISCUSSION 

We be1 ieve  t h a t  3 f a c t o r s  con t r i bu ted  t o  the  concentrat ion o f  e l k  i n  
t h i s  p a r t i c u l a r  area. The concentrat ions i n  1980 and 1981 apparent ly  were 
the  r e s u l t  o f  e l k  se lec t i ng  f o r  s e c u r i t y  from hunt ing. Dur ing 1980, the  
e l k  a r r i v e d  immediately a f t e r  opening of the  general hunt ing  season. 
These animals stayed i n  a t imbered area w i t h i n  250 m o f  Highway 200 f o r  
l e s s  than 1 week before r e t u r n i n g  t o  the  BSMA. During 1981, the  e l k  
a r r i v e d  several days a f t e r  the  hunt ing  season opened and remained on the  
area throughout the  season. Changes i n  e l k  d i s t r i b u t i o n s  due t o  hunt ing  
i s  wel l  documented i n  t he  l i t e r a t u r e .  L ieb  (1981) repor ted  t h a t  these e l k  
r e s t r i c t e d  t h e i r  use t o  po r t i ons  of the  study area outs ide  the  areas of 
i n tens i ve  hunter  use. I n  Idaho, e l  k dens i t i es  were greater  i n  roadless 
areas than i n  roaded areas du r ing  the hunt ing  season (Thiessen 1976). 
Nard e t  a1 . ( 1980) found t h a t  hunt ing  a c t i v i t y  i n  Wyoming created a zone 
o f  i n f l uence  o f  800 m. Lyon (1979) noted a movement t o  l e s s  accessib le 
areas dur ing  the  hunt ing  season i n  Montana. E l k  a lso  move from more 
p re fe r red  areas t o  areas of extensive continuous t imber ( I r w i n  and Peek 
1979) . Marcum ( 1975) repor ted  a substant i  a1 increase i n  e l  k use of areas 
greater  than 1.6 km from an open road dur ing  the  hunt ing  season. Secu r i t y  
d u r i  ng the hun t i  ng season i s apparent ly  i n f l  uenced by hunter pressure, 
independent o f  o the r  factors.  The c losed area used by e l k  i n  our study 
area i s  c lose  t o  both open roads and human hab i ta t i on .  Elk  h a b i t a t  use of 
t h i s  area i s  approximately p ropor t iona l  t o  t he  a v a i l a b i l i t y  of each 
h a b i t a t  component, w i t h  the  pasture hay f i e1  ds and grass-sagebrush 
components rece i  v i  ng the  m a j o r i t y  o f  use. 

A second f a c t o r  c o n t r i b u t i n g  t o  the  e l  k concent ra t ion  i n  t h i  s area i s  
forage a v a i l a b i l i t y  and preference, which apparent ly  r e s u l t e d  i n  the  l a r g e  
concentrat ions dur ing  1982 and 1983. The Li-ndbergh C a t t l e  Company, which 
owns most o f  the c losed area, has been at tempt ing t o  s e l l  the  proper ty  
s ince 1982; there fore ,  dur ing  1982, the  c i r c u l a r  hay-pastures were fer-  
t i l i z e d  and i r r i g a t e d ,  b u t  were n o t  cut ,  and on ly  l i g h t l y  grazed by c a t t l e  
dur ing  mid-summer. The e l k  responded t o  t h i s  abundant and h i g h l y  
pal a tab le  forage by moving onto the  area 3 weeks p r i o r  t o  the  opening o f  
the  hunt ing  season. Towards the  end of the hunt ing season, e l k  used the  
hay-pastures w i t h i n  300 m of Highway 200 throughout the day. Th is  h igh  
v i s i b i l i t y  r e s u l t e d  i n  3 hunters t respassing and i l l e g a l l y  k i l l  i n g  4 e l k ,  
which i n  t u r n  drove most of t he  e l k  back i n t o  the. BSMA. The 1982 use, 
therefore,  appeared t o  be a func t ion  of a h i g h l y  abundant and pa la tab le  
forage supply i n  an area t h a t  was secure from hunter  pressure. Use of the  
area i n  1983 fo l lowed a s i m i l  a r  p a t t e r n  t o  1982, w i t h  e l k  again a r r i v i n g  
be fore  the  opening o f  hunt ing  season. 

Forage q u a l i t y  o r  quan t i t y  was f e l t  t o  be a f a c t o r  i n  e l k  use of 

I c lea rcu ts  cl yon and Jensen 1980). C o l l i n s  (1979) repor ted  t h a t  e l k  i n  
Utah forage i n  areas where they ob ta in  the  most forage over t ime. Mackie 
(1970) s ta ted  t h a t  "Vegetat ional compl exes and the  avai 1 ab i  1 i ty  of 
p re fer red  forage as i n f l  uenced by general range condi ti ons , annual 

'a vegeta t isna l  growth, and p r i o r  use appeared t o  be the  pr imary determinants 
o f  seasonal d i s t r i b u t i o n s  . . . " E lk  i n  our study area use re1 a t i v e l y  
mesic, h igh  e leva t i on  s i t e s  dur ing  August and much of September, and move 
t o  more x e r i c  lowland s i t e s  i n  l a t e  September o r  e a r l y  October. These 



movements correspond t o  the  advent of f r o s t  i n  h igh  areas which apparent ly  
r e s u l t s  i n  a decrease i n  forage p a l a t a b i l i t y .  

The t h i r d  f a c t o r  c o n t r i b u t i n g  t o  t h i s  e l k  concent ra t ion  i s  home range 
f i d e l i t y .  Craighead e t  a1 . (1973) and I r w i n  and Peek (1983) r e p o r t  s t rong 
home range f i del  i t y  f o r  non-mi g ra to ry  e l  k  herds. El  k  may a1 so show s t rong 
f i del  i t y  t o  d i  s t i  n c t  seasonal ranges ( Brazda 1953, Kn igh t  1970, Hershey 
and Leege 1982). Because o f  t r a n s m i t t e r  f a i l u r e ,  we are  unable t o  assess 
t h i s  f a c t o r  from 1980 t o  1981. Since 1981, however, a h igh  degree o f  
f i d e l i t y  t o  the  c losed area has been observed i n  the  radioed e l k ;  once 
there,  forage and s e c u r i t y  apparent ly  determine du ra t i on  o f  the stay. 
Hershey and Leege (1982) repor ted  t h a t  cow e l k  demonstrate home range 
f i d e l  i t y  regard1 ess o f  d i  sturbance, phenol ogi  ca l  condi ti ons o r  changing 
weather. 

Two management p rob l  ems resu l  t from t h i  s  concent ra t ion  of e l  k  . 
Forage depredat ion and fence damage i s  undoubtedly occurr ing,  b u t  the  
c u r r e n t  landowner has n o t  issued a complaint.  However, the  proper ty  i s  
f o r  sa le  and f u t u r e  landowners may be forced t o  make depredat ion 
complaints t o  the Montana Department of F ish,  Wild1 i f e  and Parks. I n  
add i t ion ,  1983-84 was the  f i r s t  w in te r  i n  which e l k  concentrated i n  the 
c losed area, s e t t i n g  the  stage f o r  an annual problem o f  greater  du ra t i on  
than the  2 o r  3 fa1 1 months. 

A second, and more important ,  management problem i s  the l o s s  of 
hunter  oppor tun i ty .  I f  the  r a t i o  of observed rad ios  t o  t o t a l  rad ios  i n  
the  Lindbergh herd i s  assumed t o  be propor t iona l  t o  the  p o r t i o n  o f  the 
herd us ing the  area, then between 70-80% of the  herd was unava i lab le  t o  
hunt ing  dur ing  1982 and 1983. Th is  represents a major l o s s  i n  hunter  
oppor tun i ty  s ince the  Lindbergh herd i s  one o f  2 major herds i n  the  BSMA. 

MANAGEMENT RECOMMENDATIONS 

Upon assessing the  behaviora l ,  forage and s e c u r i t y  f a c t o r s  1 eading t o  
the  e l k  concentrat ion,  we o f fe r  the  f o l l  owi ng management recommendati ons 
i n  . order  o f  p robab i l  i t y  o f  success i n  so l v ing  the  problem. However, we 
recognize t h a t  because o f  soci a1 and pol  i t i c a l  c o n s t r a i n t s  the probabi 1 i t y  
of success does n o t  equate t o  the  p r o b a b i l i t y  o f  implementing such 
management recommendations. 

1. Al low hunt ing  w i t h i n  the  c losed area.. Hunt ing i s  c u r r e n t l y  
p r o h i b i t e d  i n  the  area by the  landowners, n o t  by BSMA agreement. 
We f e e l  t h a t  even a very  l i m i t e d  hunt  would g r e a t l y  reduce the  
number of animals us ing the  area. However, t he re  are var ious  prob- 
1 ems associated w i t h  imp1 ementing t h i s  recommendation which w i l l  
probably re1 i g a t e  i t  t o  being the  f i n a l  s o l u t i o n  attempted. Hunting 
the  c losed area cou ld  r e s u l t  i n  a 1 i m i t e d  number o f  hunters shoot ing 
a t  a l a r g e  group o f  e l k ,  which i n  t u r n  cou ld  r e s u l t  i n  l a r g e  number 
of e l k  being d r i ven  toward a concent ra t ion  o f  hunters w i t h i n  the  
BSMA. There a re  ser ious pub1 i c re1 a t i  on prob l  ems associated w i  t h  
such " s l  aughter" s i t u a t i o n s .  Because the 1 andowners are  cooperators 
i n  t he  BSMA agreement, they would undoubtedly rece ive  a h igh  degree 



of c r i t i c i s m  because of t h e i r  dec is ion  t o  hunt  the  area, as we l l  as 
t h e i r  choice o f  who are the  " lucky  hunters".  The major landowner of 
the  area has several personal reasons f o r  us ing  hunt ing  as a l a s t  
reso r t .  F i r s t ,  because the  area i s  i n  the middle o f  h i s  ranch, and 
l a s  always been c losed t o  hunt ing, he does n o t  wish t o  s e t  a 
precedent f o r  hunt ing  the area. Second, the  o ther  landowner, no r th  
of the  r i v e r ,  i s  adamant aga ins t  hunt ing  the  area. Thi rd,  the  
pr imary landowner f e e l s  t h a t  the f i r s t  hunt w i l l  undoubtedly r e s u l t  
i n  extensive fence damage due t o  stampeding e lk .  F i n a l l y ,  because 
the  ranch i s  f o r  sale, he fee ls  t h a t  o ther  methods should be 
attempted f i r s t  because any f u t u r e  owners may p r e f e r  t o  a l l ow  hunt ing  
on the area. Should t h i s  s o l u t i o n  be attempted, the  hunt  should be 
1 onducted e a r l y  i n  the  week when there  would be a minimum number o f  
hunters w i t h i n  the  adjacent  BSMA. Should the  landowners wish t o  
have the  Montana Department of F ish,  W i l d l i f e  and Parks take respon- 
s i b i l  i t y  f o r  the  hunt, the  department cou ld  issue specia l  permi ts  as 
t o  t ime and place. Th is  would a l l ow  a small number of hunters t o  
hunt  the  c losed area p r i o r  t o  opening o f  the  general hunt ing  season. 
Th is  op t i on  would r e q u i r e  a l a g  pe r iod  o f  1 year  f o r  the  specia l  
hunt  t o  be approved by the F i s h  and Game Commission. 

Attempt herding p r i o r  t o  per iods of heavy hunter  pressure i n  the  
BSMA. Three attempts t o  d r i v e  the animals o f f  the  proper ty  were 
made i n  1983, w i t h  1 i m i  t ed  success. The f i r s t  2 attempts r e s u l t e d  
i n  the  e l k  r e t u r n i n g  w i t h i n  a day o r  2. The t h i r d ,  made on a 
Thursday, al lowed two groups of hunters t o  success fu l l y  k i l l  e l k  
I n  Saturday near the  western border o f  the  BSMA. Both groups 
independently repor ted  a " la rge"  group o f  e l k  moving toward the  
western border  o f  the  BSMA. We the re fo re  f e e l  t h a t  herd ing 
attempts should be made j u s t  p r i o r  t o  opening day o r  weekends, when 
the  BSMA receives the  heav ies t  hunter  pressure. Th is  would prevent  
e l k  from being d r i ven  i n t o  hunters w a i t i n g  on the  boundary, b u t  a t  the  
same time, make hunters a v a i l a b l e  s h o r t l y  t h e r e a f t e r  i n  order  t o  
prevent  t he  e l k  from r e t u r n i n g  t o  the  c losed area. Herding, i n  
general, w i l l  prove t o  be i n e f f e c t i v e  unless the  e l k  a re  prevented 
from r e t u r n i n g  t o  the  c losed area. 

3. C a t t l e  graz ing i n  the  area c losed t o  hunt ing  should be i n i t i a t e d  
dur ing  1 a t e  summer o r  e a r l y  f a l l  and maintained a t  the  h ighes t  l e v e l  
poss ib le  under "wise use" cons t ra in ts .  Human use o f  the  area should 
be i n t e n s i f i e d ,  along w i t h  an increase i n  l i v e s t o c k  grazing. It i s  
impossible t o  t e l l  i f  the  l a r g e  concentrat ions observed i n  1982 and 
1983 woul d have occurred under "normal " ranching operat ions. 
C a t t l e  were on ly  l i g h t l y  stocked i n  the  area dur ing  1982, and on ly  
moderately stocked a f t e r  t he  e l k  a r r i v e d  i n  1983. The p o t e n t i a l  f o r  
soci a1 i n t o l  erance and d i  r e c t  competi ti on f o r  forage ( Nel son 1982) 
due t o  c a t t l e  use o f  the  area o f fe rs  the  b e s t  f i r s t  approach t o  
so l v ing  the  problem. I f  t h i s  s o l u t i o n  proves t o  be i n e f f e c t i v e ,  then 
herd ing and hunt ing  cou ld  be attempted l a t e r  i n  the  season. 

4 .  Safety zones i n  t he  BSMA (F ig .  1) should be monitored dur ing  the  
hunt ing  season t o  prevent  them from becoming rese rvo i r s  f o r  e l k .  
Should t h i s  problem ar ise ,  t h e  sa fe ty  zones w i t h i n  the  BSMA, o r  t h e  
bas ic  agreement, may need t o  be redef ined. Safety zones t h a t  are 



designated because of c lose  p rox im i t y  t o  human h a b i t a t i o n  cou ld  be 
opened t o  hunt ing  by the nearest  res ident .  Those zones created f o r  
p r o t e c t i o n  o f  l i v e s t o c k  concentrat ions cou ld  be hunted prov ided the 
1 ives tock  are removed. However, rede f i n ing  the  sa fe ty  zones w i  t h i  n 
the BSMA w i l l  r equ i re  the  agreement o f  a l l  cooperators and would 
probably be a lengthy  process. 
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ELK MANAGEMENT IN THE EAST KOOTENAY SUB-REGION OF BRITISH COLUMBIA V I A  
HUNTING REGULATIONS AND LIMITED ENTRY SEASONS 

RAY A. DEMARCHI, B. C. F i s h  & W i  1  d l  i fe Branch, 106 - 5 t h  Avenue South, 
Cranbrook, 0 .  C. V 1 C  262 
(Author  unable t o  a t tend) .  

Abstract :  Rocky Mountain e l k  (Cervus e l  aphus) have been s t e a d i l y  - 
i ncreasi  ng i n the  East  Kootenay Sub-Regi o n ~ r i  ti sh Col umbi a, from 
approximately 7,900 e l k  i n  1974 t o  approximately 19,000 e l k  est imated 
post-wi n t e r  popul a t i o n  i n  1984. The dramatic inc rease i n  popul a t i o n  has 
been a t t r i b u t e d  t o  maintenance of the  sex r a t i o  desp i te  ( a )  increased 
pressure on b u l l  e l k  hunt ing  through the  implementat ion o f  s p e c i f i c  a n t l e r  
regu la t ions ;  ( b )  t h e  use of L i m i t e d  Ent ry  Hunt ing (LEH) seasons on 
a n t l e r l e s s  e l k  i n c l u d i n g  ca l  f -on ly  permits;  ( c )  a  se r i es  o f  m i l d  w in te rs  
i n  t he  1 a t e  7 0 ' s  and e a r l y  80 's ;  and ( d )  an increase i n  spr ing,  summer and 
f a l l  e l k  h a b i t a t  through new logg ing  p r a c t i c e s  and improvements i n  
l i v e s t o c k  graz ing  systems on Crown land. However, the  gradual l o s s  of 
w i  n t e r  range through f o r e s t  succession, i n d u s t r i  a1 i z a t i o n  and human 
set t lement ,  and the  compet i t ion  fo r  w in te r  forage w i t h  o the r  ungul a tes  
bo th  domestic and w i l d ,  r e q u i r e  t he  implementat ion of management 
techniques t o  ensure t h a t  e l k  numbers do n o t  exceed the  c a r r y i n g  capac i ty  
o f  the  major w i n t e r  ranges. Thus, an increase t o  6,800 c a l f - o n l y  L.E.H. 
permi ts  and 2,255 cow/cal f -on ly  L.E.H. permi ts  have been proposed f o r  t he  
1984 hun t i ng  season i n  o rder  t o  slow the  increase and t o  begin s t a b i l i z i n g  
t h e  East Kootenay e l k  popul a t i o n  a t  approximately 25,000 .e l  k. 



COLORADO'S EMERGENCY WINTER FEEDING OPERATION, 1983-84 

Robert D. Hernbrode, Game Program Section, Colorado D i  v i  s i  on of W i  1  d l  i fe , 
6060 Broadway, Denver, Colorado 80216 

B ig  game i n  Colorado has p e r i o d i c a l l y  su f fe red  from severe w in ters .  
As human populat ions have increased and l and  use pa t te rns  changed, a 
s i g n i f i c a n t  amount o f  b i g  game l i v i n g  space has been l o s t  t o  man's 
recreat iona l  , a g r i c u l  t u r a l  and i n d u s t r i  a1 uses. The resul  t i s increased 
c o n f l i c t  between w i l d l i f e  and people. This  i s  e s p e c i a l l y  t r u e  on b i g  game 
w in te r  range where human development has forced the  animals i n t o  l e s s  
space and has increased the damage t o  crops and increased the animals'  
vu l  nerabi 1 i t y  t o  severe w i  n te rs .  Because Co1 orado has such 1 i bera l  game 
damage laws, damage payments and cos ts  f o r  prevent ion o f  damage have been 
s i g n i f i c a n t  d ra ins  on .D iv i s ion  o f  W i l  d l  i f e  resources. 

Emergency w in te r  feeding as a v i a b l e  t o o l  f o r  w i l  d l  i f e  management was 
thoroughly tes ted  dur ing  the w i n t e r  o f  1983-84. Feeding' s  p o t e n t i  a1 t o  
reduce o r  prevent  game damage and reduce w in te r  m o r t a l i t y  was establ ished,  
b u t  feeding i s  n o t  a panacea and has p o t e n t i a l l y  dangerous s ide  e f f e c t s .  
It must be considered a d r a s t i c  a c t i o n  t o  be implemented on ly  under 
extreme cond i t i ons  when o ther  ac t ions  have f a i l e d  o r  were found t o  be 
i nappropri  ate. Addi t i o n a l  l y  , i t must be supported by a st rong po l  i c y  , 

' c a r r i e d  ou t  i n  accordance w i t h  implementation plans, and j u s t i f i e d  by a 
thorough eva lua t i on  i n  r e l a t i o n  t o  the  popu la t ion  ob jec t i ves  o f  the  
species i nvol ved. 

W i  n t e r  w i l  d l  i f e  feeding programs have t r a d i  ti onal l y  had h igh  appeal 
t o  the publ i c  and low appeal t o  w i ld1  i f e  p ro fess iona ls  i n  North America, 
Both pre jud ices  have been based upon i ncompl e t e  understandi ng o f  t he  
w in te r  ecology o f  b i g  game species. The publ i c  has no t  understood t h a t  
b i g  game animals are we l l  adapted t o  w in te r  s e v e r i t y  and food shortages, 
and t h a t  b i g  game ruminants w i l l  dec l i ne  i n  body weight every w in te r  and, 
consequently, w i l l  1  ook a1 armi ng l y  undernourished even dur ing  moderate 
w in te r  cond i t ions .  The publ i c  has n o t  understood t h a t  b i g  game animal s 
suffer s i g n i f i c a n t  w i  nter-caused morta l  i t y  even dur ing  m i l d  winters.  
W i  1  d l  i f e  pro fess iona l  s  have opposed w i  n t e r  food suppl ementati on because 
they genera l l y  be l ieved i t  was i n e f f e c t i v e  i n  reducing b i g  game popu- 
l a t i o n  losses and because they be l ieved a precedent s e t  by feeding i n  any 
s i t u a t i o n  compelled feeding i n  every s i t u a t i o n .  I n  f ac t ,  most pas t  
e f f o r t s  t o  feed deer have f a i l e d  o r  may even have increased deer 
morta l  i ty . 

Emergency w i  n t e r  feed i  ng operat ions i n Colorado were designed t o  meet 
two general goals: 

A. To reduce o r  prevent  game damage. 
B. To reduce severe w i  nter-caused morta l  i t y  . 



Both goals were met when evaluated herd by herd, b u t  e f f o r t s  l o s e  
s i  gni f i cance when viewed statewide. During 1983-84, the  D i  v i  s i  on fed 1 ess 
than 1% o f  the  post-season statewide deer herd, b u t  i n  areas hard h i t  by 
w in te r  as h igh  as 90% of the  af fected populat ions were supplemental ly fed 
and posi  ti ve l y  a f fec ted .  Animal s causi ng damage were ta rge ted f o r  feeding 
t o  ho ld  them away from the damage-causing s i t u a t i o n s .  These e f f o r t s  were 
general l y  successful . 

By the  f i r s t  week i n  January, t he  Southwest and Northwest Regions 
were r e c e i v i n g  pe l  1 e t s  from two mi 11 s which were b u i l d i n g  pel 1 e t s  t o  our 
s p e c i f i c a t i o n s  (Table 1 ) .  The regions began t o  buy hay f o r  e l k  feeding 
and a1 so equipment. Personnel took on temporary assignments. We 
inven to r i ed  and then gathered up a l l  our snow equipment, 1 eased some, and 
bought some t o  ge t  us through. Two he l i cop te rs  from our con t rac to rs  were 
moved t o  Gunni son ( t h i  s was u l  t i m a t e l y  reduced t o  one). As we establ  i shed 
more and more feeding areas, i t  q u i c k l y  became c l e a r  we were r a p i d l y  going 
t o  go beyond our suppl i e s  and our a b i l i t y  t o  del i v e r .  Not on ly  were more 
and more areas g e t t i n g  c r i t i c a l  , b u t  more and more animal s were coming t o  
establ  i shed feed s i t e s .  

A t  i t s  peak, we were feeding 68,000 deer, e l k ,  antelope and b ighorn 
sheep d a i l y .  This  cos t  a g reat  deal of game cash funds, manpower and 

. t ime. I t  was the  l a r g e s t  b i g  game feeding e f f o r t  ever embarked upon i n  
Colorado. I n  f a c t ,  i t  was probably the  l a r g e s t  operat ion o f  t h i s  s o r t  
ever embarked upon i n  the  U.S. The c o s t  t o  the  D i v i s i o n  over and above 
the  d a i l y  opera t ion  o f  the  agency: 3.8 m i l l i o n  d o l l a r s .  

What d i d  we accomplish w i t h  a 3.8 m i l  1 i o n  do1 1 a r  p r i c e  tag? We were 
successful i n  reducing damage, b u t  p a i d  record damage clai'ms. We were 
successful i n  saving animal s on feedgrounds, b u t  were unable t o  feed a1 1 
the  animal s i n  many areas where h igh  morta l  i ty occurred. Most impor tan t l y  
we learned from the  experience. An Emergency Winter Feeding Pol i c y  has 
been developed (Attachment 11, an implementation p lan  dra f ted ,  and a 
thorough eva lua t ion  was conducted (Carpenter e t  a1 . 1984). 

FEEDING PROGRAM GUIDELINES 

Winter feeding can be and has been used t o  reduce o r  prevent  game 
damage and t o  m i t i g a t e  the  ef fects of severe w i n t e r  on b i g  game 
su rv i  vabi 1 i t y  . 
A. Winter Feedina t o  Reduce or-'Prevent Game Damaae 

Feeding animals t o  ho ld  them away from s i t u a t i o n s  i n  which they cause 
damage t o  crops o r  crop1 and w i l l  be used on ly  as a l a s t  r e s o r t .  ~t w i l l  
be implemented on l y  a f t e r  o ther  ac t ions  t o  prevent  damage have f a i l e d  o r  
a re  determined t o  be unworkable. Winter feeding w i l l  be considered on a 
s i  t e -by -s i t e  bas is  w i t h  the  consequences o f  i n c u r r i n g  and paying fo r  
damage weighed aga ins t  the t o t a l  c o s t  of purchasing feed and d e l i v e r i n g  
feed t o  reduce o r  prevent  t h a t  damage. Prevent ion type feeding w i l l  n o t  
s t a r t  unless damage has occurred o r  i s  imminent. Pre-planning w i l l  focus 



Tab1 e 1. Composi ti on and chemi ca1 ana lys i  s o f  pel  1 eted suppl emental d i e t  
f o r  deer and e l  k. 

INGREDIENT WEIGHT % 

Wheat middl i ngs 
Brewers dry g r a i n  
Cottonseed h u l l  s 
Suncured a1 fa1 f a  pel 1 e t s  
Dehydrated a1 fa1 f a  
Corn s ta rch  
Molasses, cane 
Vi tamin A, D, E premix 
Trace minera l  package (Mg, Zn, I ,  Fe, Co, Cu) 

Analys is  

Dry mat te r  
Ash 
Crude p r o t e i  n 
Neutra l -detergent  f i b e r  NDF 
Aci d-detergent f i b e r  
L i g n i n  ADL 
Gross energy kca l  /g  
Hemi - c e l l  u l  ose 
Ce l l  u l  ose 
Apparent i n  v i v o  dry  ma t te r  d i g e s t i b i l  i t y  

Mule Deer 
Elk  

I n  v i  t r o  d i g e s t i b l e  d ry  mat te r  
Apparent i n  v i  vo d i g e s t i b l e  energy kca l  /g  

Mu1 e Deer 
E lk  

Apparent i n v i v o  metabol i zabl e energy kca l  /g  
Mule Deer 
El k 



Table 2. Mean ad 1 i b i  turn i n t a k e  f o r  mule deer and e l k  consuming p e l l e t e d  
supplemental d i e t .  Mean body weight  f o r  deer and e l k  i n  these 
t r i a l s  were 59.6 and 231.8 kg, r e s p e c t i v e l y .  

Average Dry-mat ter  
and Energy I n t a k e  

g lday 
g l k g  BWIday 
g/kg ~ ~ - 7 5 1 d a y  
kca l  DEIday 
kca l  DE/kg BWIday 
kca l  DEIkg BW =75/day 
k c a l  MEIday 
kca l  MEIkg BWIday 
kca l  MEIkg ~ ~ - ~ 5 / ~ ~ y  

Speci es 
Mule Deer E l k  

Table 3. Apparent i n  v i v o  d i g e s t i b i l  i t i e s  f o r  mule deer and e l k  consuming 
a pe l  1 e ted  supplemental d i e t .  

Apprarent  
d i  g e s t i  b i  1 i t y  

% 
Speci es 

Mu1 e Deer E l k  

Dry Ma t te r  

Organic m a t t e r  

Energy 

NDF 



where damage p o t e n t i  a1 l y  may occur, us ing comprehensi ve s i t e  p l  ans. 
Adequate expe r t i se  e x i s t s  w i t h i n  the  Colorado D i v i s i o n  o f  W i l  d l  i f e  t o  
est imate probable game damage a t  s i t e  spec i f i c  reso lu t i on .  L i  kewi se, we 
have the expe r t i se  and experience t o  est imate t o t a l  prevent ion costs. The 
dec is ion  t o  feed o r  n o t  t o  feed b i g  game ungulates ( e l k ,  deer, e tc . )  i s 
l a r g e l y  a mat te r  o f  which i s  most c o s t  e f fec t i ve  - t o  pay f o r  damage o r  t o  
prevent the damage. However, experience has shown t h a t  under c e r t a i n  
cond i t ions ,  pu re l y  f i n a n c i a l  considerat ions are  overshadowed by o ther  
considerat ions such as animal v i s i b i l i t y  and the  a b i l i t y  o f  landowners t o  
t o l e r a t e  t h e  damage. Every  e f f o r t  w i l l  be made t o  keep any 
damage-preventative feeding program cos t  e f f e c t i v e .  

F igure  1. F l  owchart o f  deci s i  ons necesary t o  i n i  ti ate  emergency 
supplemental feeding t o  prevent  o r  reduce game damage. 

Moni tor  animal damage repo r t s  
and animal d i  s t r i  b u t i o n  

Are animals causing damage o r  
i s  damage imminent? 

Does s i  t e  eval u a t i  on p r e d i c t  
c-- c o s t  o f  damage equal t o  o r  

g rea ter  than prevent ion 
e f f o r t s ?  

I 

Are o ther  p revent ion  a c t i v i -  
4- t i e s  imprac t i ca l  , i nappropri  - 

a te  o r  i n e f f e c t i v e ?  
I 

B. Emergency Winter Feeding t o  Reduce Winter M o r t a l i t y  

The use o f  emergency w in te r  feeding t o  reduce w i n t e r  m o r t a l i t y  w i l l  be 
considered f o r  b i g  game ungulates. 

Two c r i t e r i a  1 i s t e d  below must be met before feeding operat ions w i l l  be 
considered : 

- 71 - 



1. To have a  s i g n i f i c a n t  impact on long-term animal populat ions, a  
minimum o f  25% o f  the popu la t ion  must be fed. Th is  imp1 i e s  t h a t  25% of a  
post-season Data Anal y s i  s  U n i t  popul a t i  on, o r  some major sub-popul a t i  on 
w i t h i n  a  Data Analys is  Un i t ,  i s  l oca ted  so t h a t  i t  i s  f e a s i b l e  t o  feed. 

2. Eva1 ua t i on  i n d i c a t e s  a  probable a d u l t  female m o r t a l i t y  o f  30% o r  
more i f  no feeding occurs. 

Supplement feeding of b i g  game herds may be i n i t i a t e d  dur ing  w in te rs  
when a b n o r m a l l y  h i g h  m o r t a l i t y  i s  p r o b a b l e  i n  t h e  absence of 
suppl ementati on. Adul t femal es are used as i n d i c a t o r s  because they are 
numerous, va l  uabl e  and 1  ess v a r i a b l e  i n  physi 01 og i ca l  cha rac te r i  s t i c s  than 
o ther  sex and age classes. Because they represent  the  reproduct ive  
c a p i t a l  o f  many years of management investment, they a re  d i f f i c u l t  t o  
rep lace i n  the  event o f  severe m o r t a l i t y .  P r o b a b i l i t y  o f  m o r t a l i t y  w i l l  
be based on 3 c r i t e r i a :  1 )  measures of w in te r  seve r i t y ,  2)  s imu la t i on  
model i ng o f  animal cond i t ions ,  3 )  f i e l d  observat ions on animal cond i t ion .  

F igure  2. F lowchart  o f  dec is ions  necesary t o  i n i t i a t e  and terminate 
suppl emental feeding of b i g  game herds f o r  animal su rv i va l .  

Does the  energy balance model 
p r e d i c t  s t a r v a t i o n  o f  a d u l t  
females be fore  the  end o f  
w i  n t e r ?  

C NO F EDING 
CURRENTLY 

Do f i e l d  observat ions o f  
animal c o n d i t i o n  support 
p r e d i c t i o n s  o f  the  model? 

Moni tor  temperature, snow 
depth and animal c o n d i t i o n  

FEEDING 
\ NEcEr NO t Are w i  n t e r  c!di ti ons more 

severe than normal and/or d i d  
i t  s t a r t  e a r l y ?  

t I 1 



Emergency Winter Feeding S i t e  Plans - The Emergency Winter Feeding S i t e  
Plan i s  designed as a planning document f o r  developing area, reg iona l  and 
statewide feeding p lans i n  a uniform manner. The i n fo rma t ion  i s  t i e d  t o  
the  W i l d l i f e  Commission P o l i c y  Statement and base l ine  data t o  be used f o r  
determining when feeding should begin. S i t e  p lans e s t a b l i s h  area and 
reg iona l  r e s p o n s i b i l i t y  and w i l l  be used t o  s e t  p r i o r i t i e s  f o r  1 i m i  t ed  
resources. The appropr iate area supervi  sor  w i  11 compl e te  the  s i t e  p l  an, 
moni tor  cond i t i ons  t h a t  l e a d  up t o  feeding operat ions, and make 
recommendations f o r  feeding t o  the  regional  manager. The regional  manager 
w i l l  ca r r y  t h a t  recommendation t o  the  D i r e c t o r  o f  the  D iv i s ion .  Th is  w i l l  
a l l ow  f o r  a graduated feeding program. Winter cond i t i ons  and animal 
d i s t r i b u t i o n  w i l l  n o t  be uniform throughout the  Sta te  so the  D i v i s i o n  
must, through the  p r i o r i z a t i  on method, 1 i m i  t commitments o f  resources by 
area so t h a t  our a b i l i t y  t o  r e a c t  a t  a l a t e r  date i n  another area i s  n o t  
j eopardi zed. 
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ATTACHMENT 1 

STATE OF COLORADO 
WILDLIFE COMMISSION 

POLICY NO. C-4 November 15, 1984 

SUBJECT: EMERGENCY WINTER FEEDING 

Emergency w in te r  feeding of b i g  game ungulates may be used as a  1  a s t  
r e s o r t  t o  prevent  damage t o  p r i v a t e  proper ty   or^ t o  reduce unusual ly  severe 
w i  n te r - re1  a ted  morta l  i t y  . 

Feeding may be i n i t i a t e d  when w i n t e r  cond i t i ons  i n  any area are such 
t h a t  the est imated cos t  o f  damage t o  p r i v a t e  proper ty  w i l l  exceed the  c o s t  
of feeding t o  prevent  t h a t  damage and o ther  p revent ive  measures have been 
r u l e d  impract icable,  i napp rop r ia te  o r  i ne f fec t i ve ,  o r  i f  the  pred ic ted  
w i  n ter- re1 ated morta l  i t y  exceeds t h i r t y  percent  (30%) o f  the  adul t female 
segment o f  a  major b i g  game populat ion.  The dec i s ion  o f  where and when t o  
feed w i l l  be made by the D i r e c t o r  o f  the D i v i s i o n  o f  Wild1 i f e  cons ider ing  
s i  t e - s p e c i f i c ,  q u a n t i f i e d  i n fo rma t ion  about the  a n t i c i p a t e d  cos ts  of 
feeding versus the  consequences o f  no t  feeding. 

1 f  the a n t i c i p a t e d  feeding a c t i v i t y  w i l l  r e q u i r e  the  r e d i r e c t i o n  o f  
resources equ iva len t  t o  f i f t y  percent  (50%) o r  more o f  t he  D i v i s i o n ' s  
app rop r ia t i on  f o r  game damage prevent ion  fo r  any f i s c a l  year, a supple- 
mental app rop r ia t i on  w i l l  be sought through the  S t a t e ' s  budget process i n  
consu l ta t i on  w i t h  the Execut ive D i r e c t o r  o f  t he  Department o f  Natura l  
Resources. I n  each case, the D i v i s i o n  w i l l  consider  whether W i l d l i f e  Cash 
o r  the  General Fund i s  the  most appropr ia te  source f o r  t he  supplemental 
request. The feeding a c t i v i t y  w i l l  be s t ruc tu red  so t h a t  W i l d l i f e  Cash 
and General Fund expenditures do n o t  exceed the  amount o f  such funds 
p rov i  ded i n  a  suppl emental appropr i  a t i  on. 

An eva lua t ion  of methods, cos ts  and admin i s t ra t i ve  procedures f o r  any 
emergency w i  n t e r  feeding program funded by a  suppl ernental appropri  a t i  on 
w i l l  be prov ided t o  the  W i l  d l  i fe Commission and the  Execut ive D i  r e c t o r  of 
the  Department o f  Natural  Resources. 
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Abstract :  E lk  (Cervus canadensi s) i n  Idaho have increased s ince 1976. - 
These popul a t i o n  i ncreases have been f o l l  owed by increased tag  sales, 
hunter harvest  and e l k  damage compl a i  n t s  from 1 andowners. Attempts t o  
reso l  ve depredations have i nc l  uded speci a1 depredat ion hunts, haystack 
panel ing, scare devices and hazing, b a i t i n g  and feeding, and i ssu ing  k i l l  
permi t s .  

Impromptu depredat ion hunts were t o t a l l y  unsuccessful w h i l e  one 
scheduled depredat ion hunt was S U C C ~ S S ~ U ~  . A 1 aw was passed i n  1984 
increas ing  each e l k ,  deer and antelope tag  by $1.50 w i t h  the income 
earmarked f o r  depredat ion and emergency w in te r  feeding . 

-- - 

HISTORY AND STATUS 

Idaho has 1 ong been a major e l  k-produci ng s t a t e  and populat ions have 
i ncreased substant i  a1 l y  dur ing  the  pas t  6-8 years. W i  1  d l  i f e  managers are 
very aware t h a t  sportsmen f requent ly  r e f e r  t o  " t he  good o l d  days". I 
suggest t h a t  i n  Idaho, 1984 i s  "The Good Old Days". 

Hi s t o r i c a l  l y  , e i  ther-sex hunt i  ng was the  r u l e  statewide w i t h  seasons 
i n  many areas extending i n t o  e a r l y  December. I n  1975, general hunts 'south 
o f  the  Panhandle were changed t o  b u l l  s-only and have remained under t h i s  
r u l e  t o  date w i t h  the except ion o f  c o n t r o l l e d  hunts. 

The h ighes t  e l k  harvest  recorded statewide was 17,064 animals i n  1968 
(F igure  1 ) .  That t o t a l  inc luded 8,708 b u l l s  and 8,356 cows. I n  1958, 
1960 and 1961, t he  harvest  exceeded 16,000 animals each year. There were 
7,909 ( 4 8 % ) ,  7,280 ( 4 4 % )  and 8,392 (51%)  cows i n  t h e  h a r v e s t ,  
respect ive ly ,  du r ing  those years. 

I n  1976, the statewide harvest  bottomed o u t  a t  4,135 animals and 
inc luded on ly  827 cows. I n  1983, there  were 13,076 t o t a l  animals 
harvested. Th is  i n c l  udeQ 10,143 b u l l  s  (77.6%) and 2,933 cows (22.4%). 
This  i s  more b u l l s  than has ever been taken i n  any prev ious year.  

S i  nce 1976, t he  year  f o l l  owi ng i n i  ti a t i  on o f  b u l l  s-only hun t i  ng , 
statewide harvest  has increased s i  gni f i c a n t l y  . The Department developed 
o v e r a l l  pol  i c y  p lans i n  1978 w i t h  the  fo l low ing th ree  goals: 1 )  r e b u i l d  
e l k  numbers t o  approximately 1965 l e v e l  ; 2 )  r e b u i l d  a l lowable harvest  t o  
approximately 1965 l e v e l ;  and 3 )  meet 1990 demand a t  g rea ter  than c u r r e n t  
success ra te .  H i s t o r i c  est imates were t h a t  t he  1965 statewide e l k  
popu la t ion  was 81,000 and i n  1975, we est imated 50,600 e l k  statewide. 





MANAGEMENT PLANS 

In 1981, we developed the "Elk Species Management Plan - 1981-1985" 
and in t ha t  document, the estimated 1981 statewide population was 90,325 
and the projected 1990 population was 109,635 with a harvest of 8,165. 
These numbers, which were l a rger  than 1975 estimates, were probably a 
r e su l t  of i t  being a second e f f o r t  a t  estimating populations and because 
be t te r  information was available in some areas. 

The. 1983 harvest of 13,076 elk was about 60% above the 1990 goal. 
The Species Plans will be rewritten in 1985 for  the 1986-1990 period. 

The out1 ook fo r  continued increases i s  good-to-excel1 en t  i f  we can 
permanently resolve the problems associated with depredations as popul a- 
t ions  increase. There were many problems t h i s  winter which our regional 
personnel did an excel1 en t  job of resolving. The Department uses panel s 
or  fences t o  protect  hay stacks; hazes animals; ba i t s  animals; and has 
t r i e d  depredation hunts. Even with the timely job our personnel did this 
w i n t e r ,  t h e r e  was l e g i s l a t i o n  proposed t o  f o r c e  us t o  pay f o r  
depredations. Thi s 1 egi sl a t i  on f ai  1 ed t o  pass. 

DEPREDATION PROBLEMS AND ACTIONS 

Duri ng November, 1983, we received numerous depredation compl a i  nts 
from landowners who grow winter wheat in  our management u n i t  1 1 A .  Within 
one week, we were able t o  develop season s t ructures  fo r  15 consecutive 6 ,  
7 or 8-day controlled ei  ther-sex depredation hunts with 20 permittees in  
each h u n t  beginning November 19, 1983 and ending March 2,  1984. We 
advertised fo r  appl i cants f o r  13 days, received 5,154 appl i ca t ions  and 
conducted the drawing on November 9 .  The Commission waived the two-year 
waiting period fo r  receiving a control1 ed h u n t  permit.. A numerical 1 i s t  
was developed as names were drawn and individuals were cal led t o  notify 
them when and where t o  pick up controlled h u n t  permits and where the  h u n t  
area was located. Names and phone numbers of landowners who would allow 
hunting were a1 so furnished each permittee. 

Two major problems developed pr ior  t o  the h u n t  opener. The land- 
owners decided t h e i r  problems were not adequate t o  allow hunters t o  
t respass ,  and Nez Perce Indians in  the  area began t o  h u n t  el k in the area 
in  response t o  publici ty about the hunts. The Indians probably were the 
major i nfl uenci ng fac tor  on the 1 andowners a s  several confrontations 
regarding t respass  were reported. 

During the f i r s t  seven-day h u n t  segment, 15 permittees took par t  and 
harvested one adul t cow elk. A1 1 subsequent h u n t s  were postponed on the 
basis  t h a t  the  landowners would contact us where problems with elk 
depredati ons devel oped; we woul d then ca l l  the  next group ( desi gnated 
number) of people on the h u n t  l i s t  t o  go hunting. The landowners demanded 
they be able t o  pick the  hunters and t ha t  no more than f i ve  hunters be 
allowed a t  one time. We agreed on the  reduced number of permit hunters 
b u t  did not consider anyone not drawn fo r  the permit h u n t  l i s t .  We did 



n o t  hear from any 1  andowner through the  March 2 c l o s i n g  o f  t he  hunt so, i n  
e f fec t ,  a l l  hunts were cance l led  a f t e r  t he  opening segment. 

Dur ing normal 1983 b i g  game seasons development and s e t t i n g  Region 1 
personnel requested an e l k  hunt  w i t h  25 e i ther -sex  permi ts  i n  management 
u n i t  1 adjacent  t o  t he  Canada boarder. Th i s  hunt  was proposed 
s p e c i f i c a l l y  t o  c u r t a i l  e l k  damaging w i n t e r  wheat f i e l d s .  The hunt  was 
s e t  f o r  December 1-31 and l i m i t e d  t o  p r i v a t e  p roper ty  on ly  i n  a  small 
p o r t i o n  o f  management u n i t  1. Permi t tees harvested 19 animals of which 
the re  were 15 b u l l s  and 4  a n t l  e r l e s s  animal s. Ten o f  those 15 b u l l s  were 
f i v e  p o i n t  o r  1  arger.  A1 though the  hunt  tu rned i n t o  somewhat o f  a  t rophy 
hunt, t he re  have been no compla ints  about t he  hunt  nor subsequent e l k  
damage complaints.  

Region 1 has recommended 50 a n t l e r l e s s  e l k  permi ts  f o r  t he  same area 
f o r  December 1984 i n  an at tempt  t o  s t a b i l i z e  the  popu la t ion  and t o  he1 p  
remove t h e  depredat ion prob l  em. Recommendations f o r  a n t l  e r l  ess-only 
permi ts  i n  many o t h e r  u n i t s  a re  being recommended i n  an e f f o r t  t o  
s tab i  1  i ze o r  reduce popul a t i  ons i n many o the r  management u n i t s .  

Beginning i n  December, 1983, heavy snows f e l l  across a l l  o f  t h e  s t a t e  
south o f  t he  Salmon River .  By t h e  f i r s t  of January, e l  k  had moved t o  low 
e l e v a t i o n  areas and began causing depredat ions on haystacks, l i v e s t o c k  
feeding areas, ornamental vegetat ion,  and some w i n t e r  wheat. We t r i e d  t o  
scare e l k  away from problem areas w i t h  Zon guns, r e p e l l e n t  mix tu res ,  
h e l i c o p t e r  and snowmobile hazing. We a1 so used hay t o  b a i t  animals away 
from p u b l i c  areas. Haystacks and stack yards  were pro tec ted  w i t h  wood 
panel s, w i  r e  panel s  and fences. 

I n  some areas, feeding s i t e s  were developed and e l k  were hazed from 
problem areas t o  these s i t e s .  The animals were fed u n t i l  snow cond i t i ons  
a l lowed them t o  r e t u r n  t o  na tu ra l  food sources which was as l a t e  as 
mid-Apr i l  i n  some areas. 

High vo l tage e l e c t r i c  fences were t r i e d  i n  some areas w i t h  no 
success. Groups of e l k  would simply force the  l e a d  animals i n  a  group 
through the  fence. 

There were about 30 thousand panels p laced around haystacks i n  t h e  
w in te r  o f  1983-84. 

Two i n d i v i d u a l  s  who have es tab l i shed  t r e e  nu rse r i es  i n  wooded areas 
i n n o r t h  Idaho made numerous compl a i  n t s  t h i  s  w i n t e r  about both e l  k and 
deer e a t i n g  t h e i r  t rees.  A f t e r  many attempts t o  reso lve  the  complaints,  
t he  Department issued a  k i  11 pe rm i t  t o  an i n d i v i d u a l  . Th is  i s  t he  f i r s t  
t ime  a  k i l l  pe rm i t  has been g iven t o  an i n d i v i d u a l  and i t  i s  n o t  known 
what problems t h i s  precedent w i l l  cause i n  t he  fu ture.  Another request  
has been rece ived from a  neighbor of t h i s  i n d i v i d u a l  . Dur ing the  f i r s t  
two weeks, he k i  11 ed one spike b u l l  . 

The Department has a1 so issued k i l l  permi ts  t o  our personnel b u t  few 
o r  no animal s  have been k i l  l e d  t o  date. 

- 



Feeding t o  el iminate depredations has caused problems - road k i l l  s ,  
t r a i n  k i  11 s ,  fence damage, harassment by snowrnobi 1 e s  and cross-country 
sk ie r s ,  dog and other  predator problems. 

The Department spent about $540,000 from December 1 through April on 
feeding and depredations. The to ta l  d i rec t ly  re1 ated t o  depredations was 
about half t h a t  amount. 

A b i l l  t o  increase the pr ice  of a l l  e l k ,  deer and antelope tags  was 
passed, e f f ec t i ve  1984. T h i s  money (about $350,000 per year)  i s  earmarked 
fo r  emergency winter feeding and depredation control . I t  will provide our 
Department w i  t h  a source of fundi ng t o  a1 1 evi a t e  depredations. 

Another 1 aw enacted by the  1984 l eg i s l a t u r e  provides t h a t  the  
Director may establ i sh depredation h u n t s  without Commi ss i  on approval . 

During the past  f i ve  years ,  a s  elk populations increased, depreda- 
t i ons  on crops on pr ivate  property have a lso  increased. The winter of 
1983-84 was one of the  most severe on record i n  the  southern one-half of 
the  s t a t e  and depredation problems rose t o  an al l- t ime high. Department 
personnel were abl e t o  resol ve most compl ai nts quickly and most 1 andowners 
involved were s a t i s f i e d  w i t h  our e f f o r t .  The Department i s  a1 so 
devel oping a statewide depredation pl an. When this i s  completed w i t h  
input from v i r t ua l l y  every group of landowners and sportsmen plus as many 
individuals as  possible i n  conjunction w i t h  the new revenue source, we 
hope t o  continue t o  increase elk populations and el imi nate the depredation 
probl ems they cause. 



W. L. ADAMOWICZ AND W. E. PHILLIPS, Department o f  Rural Economy, 
U n i v e r s i t y  o f  A1 ber ta,  Edmonton, A1 be r ta  T6G 2H1 

INTRODUCTION 

Elk i n  A1 be r ta  are he ld  i n  t r u s t  by the  p r o v i n c i a l  government on 
beha l f  o f  soc ie t y  a t  la rge .  Consequently, management o f  t h i s  b i g  game 
species i s  a publ i c  endeavour. They are  an i n t e g r a l  p a r t  o f  our na tu ra l  
ecosystem and serve as a source of enjoyment and study by members of 
soc ie ty  bo th  consumptively ( hunt ing)  and nonconsumptively (v iewing and 
study) .  The focus of t h i s  paper i s  on consumptive use ( s p o r t  hunt ing)  o r ,  
more s p e c i f i c a l l y ,  consumptive users (hunters ) .  

Hunt ing has 1 ong been recogni zed as a w i l  d l  i f e  management t o o l  . Much 
of the value associated w i t h  w i l d1  i f e  such as e l k  o r i g i n a t e s  w i t h  hunt ing  
a c t i v i t i e s .  These values o r  bene f i t s  a re  f o r  the  most p a r t  n o t  r e g i s t e r e d  
i n  the market place. License fees which are the  market component of e l k  
hunt ing  values c o n s t i t u t e  on ly  a small p a r t  of such values o r  bene f i t s .  
This  s i t u a t i o n  leads t o  a dilemma. Management of e l k  i s  l a r g e l y  a publ i c  
endeavour whereas the  use of e l k ,  i n c l u d i n g  hunt ing, i s  a p r i v a t e  one. 
Pub l i c  management decis ions must r e c o n c i l e  the p r o v i s i o n  o f  e l k  on the  one 
hand, w i t h  the  demand f o r  i t s  use on the other .  The importance of t h i s  
reconci 1 i a t i o n  process i s magni f i ed by the  increased compet i t ion f o r  e l  k  
h a b i t a t  from a1 te rna te ,  d i s p l a c i n g  l a n d  uses. I t  i s  our view t h a t  p u b l i c  
w i  1  d l  i fe pol i cy and management deci s i  ons can be enhanced by knowi ng more 
about w i l d l i f e  users - t h e i r  c h a r a c t e r i s t i c s ,  a c t i v i t i e s ,  mot iva t ions ,  
expenditures and w i  1  d l  i f e  val  ues. 

The course o f  t h i s  paper begins w i t h  a b iograph ica l  sketch o f  e l k  
hunters a c t i v e  i n  A lber ta  i n  1981 and cont inues w i t h  a p r o f i l e  o f  e l k  
hun t i  ng a c t i v i t y  . An exami n a t i o n  of hunter  expenditures and benefi t 
es t imat ion  models fo l lows.  The paper concludes w i t h  a look  a t  hunter  
demand, harvest  and h a b i t a t  re1 a t i  onshi ps. 

Data used i n  t h i s  paper o r i g i n a t e d  from a survey o f  res iden t  and 
nonresident A lber ta  e l k  hunters i n  1981 by the  authors and funded by the  
A lber ta  F i s h  and W i l d l i f e  D i v i s i o n  (Adamowicz 1983; P h i l l i p s  1983; 
P h i l l i p s  and Adamowicz 1983). A sample o f  500 o u t  o f  approximately 32,500 
res iden t  e l k  hunters (1.54 percent)  were randomly selected and asked t o  
respond t o  a res iden t  mai 1 quest ionnaire.  Unopened re tu rns  reduced the 

l ~ o r t i o n s  o f  t h i s  research were funded by the F i sh  and Wild1 i f e  D i v i  s ion, 
A lber ta  Energy and Natural  Resources Department. 



e f f e c t i v e  sample s i ze  t o  480.' There were 266 responses (55.4 percent) .  A 
sample o f  209 o u t  of 310 nonresident  e l k  hunters (67.4 percent) were 
randomly selected. The e f fec t i ve  sample s i ze  was 201 o f  which 137 (68.2 
percent)  responded. There was no evidence o f  non-response b ias .  

HUNTER CHARACTERISTICS, ACTIVITY AND EXPENDITURE PROFILES 

A t y p i c a l  res iden t  e l k  hunter  i s  37 years of age, male, a h igh  school 
graduate w i t h  an income of $32,000 per year  and 18 years b i g  game hunt ing  
experience (Tab1 e 1) . Hi s nonresident counterpar t  i s 01 der a t  46 years of 
age, male, and has 13 years formal education. The nonresident hunter has 
a h igher  income ($39,100) and more b i g  game hunt ing experience (23 years) .  
Both categor ies o f  hunters r a t e  e l k  hunt ing  i n  A1 be r ta  "good" t o  "very 
good". The res iden t  hunter holds f i v e  d i f f e r e n t  A lbe r ta  hunt ing  l icenses,  
the nonresident hunter on ly  two. Both were ra i sed  i n  r u r a l  areas 
(Table 1). 

Resident hunters i nd i ca ted  reasons f o r  hunt ing  i n  order  o f  importance 
t o  be: outdoor enjoyment, meat, exerc i  se, companionship, and trophy. 
Hunting f o r  enjoyment and f o r  meat reasons are nea r l y  tw ice  as important  
as are the  l a t t e r  th ree  reasons. Non-resident hunters i nd i ca ted  t h a t  
hunt ing f o r  t rophy i s  t h e i r  most important  reason fo l lowed by outdoor 
enjoyment, meat, companionship and exerc ise  reasons. 

Table 1: Socioeconomic Characteristcs of 1981 Elk Hunters in Alberta 

Characteristics 

Age (years) 
Percent Male 
Family Size (No. of persons) 
Annual Income (median dollars) 
Education (No. of years) 
Big Game Hunting Experience 
(years) 
Mean Rating (5-point scale: 1 
excellent. 5 very poor) 
Alberta Licenses Held (number) 
Percent Raised in Rural Area 
Percent Raised in Small Town 
Percent Raised in Urban Area , 

Resident Hunters Nonresident Hunters 

Average Std. Dev. Average Std. Dev. 



The r e s i d e n t  e l k  hunter  takes th ree  e l k  hunt ing  t r i p s  per  season 
i n v o l v i n g  a t o t a l  o f  12 days. He hunts w i t h  two companions (Tab1 e 2 )  . 
The nonres ident  hunter  makes one e l k  hunt ing  t r i p  t o  A1 b e r t a  i n v o l v i n g  13 
days and th ree  companions. Success r a t e s  f o r  bo th  r e s i d e n t  and 
nonresi  dent hunters were approximately 11 percent.  Resi dent  hun t i  ng t r i p  
expendi tures t o t a l  approximately $430 per  season of which nea r l y  h a l f  i s  
t r a v e l  cos ts  and about 20 percent  i s  food cos ts  (Table 3 ) .  I n  add i t i on ,  
c a p i t a l  cos ts  (e.g. equipment) amount t o  about $580 per year. The 
nonres ident  e l k  hunter  i n  1981 spent $2,250 t o  hunt  e l k  i n  A1 be r ta ,  most 
o f  which was spent i n  A1 b e r t a  ($1,825). Guiding cos ts  amount t o  about 40 
percent  o f  t he  t o t a l  and t r a v e l  cos ts  a re  about 15 percent.  

The t ime and income devoted t o  e l k  hunt ing  i n  A1 b e r t a  by hunters 
suggests t h a t  consumptive use of t h a t  species i s  s i g n i f i c a n t .  There were 
29,000 a c t i v e  r e s i d e n t  e l k  hunters  and 310 nonresident.2 I n  t o t a l ,  
hunters i n  A lbe r ta  spent 357,000 hunter  days and 13 m i l l i o n  d o l l a r s  
( e x c l u s i v e  o f  c a p i t a l  cos ts )  t o  hunt  e l  k  i n  1981. 

BENEFIT ESTIMATES 

Hunting b e n e f i t s  which a re  l a r g e l y  extra-market can be est imated 
e i t h e r  i n  terms o f  w i l l  ingness t o  pay (WTP) o r  i n  terms o f  w i l l i n g n e s s  t o  
accept compensation ( WTAC) . Benef i t s  measured i n  do1 1 a r s  associated w i t h  
gains i n  s a t i s f a c t i o n  from e l k  hunt ing  a c t i v i t y  a re  r e f e r r e d  t o  as WTP; 
bene f i t s  measured i n  do1 1 a r s  b u t  associated w i t h  1 osses i n  s a t i s f a c t i o n  
from denied e l k  hunt ing  o p p o r t u n i t i e s  a re  r e f e r r e d  t o  as WTAC. Which 
concept o f  b e n e f i t s  i s  appropr ia te  depends on circumstances. I f  the re  i s  
a reduc t i on  i n  e l  k  h a b i t a t  and hence e l  k  popu la t i on  f o r  a  p a r t i c u l a r  area, 
then WTAC may be appropr ia te,  p a r t i c u l a r l y  if t h e  reduc t i on  i n  b e n e f i t s  i s  
a1 so viewed as a v i o l a t i o n  of r i g h t s  associated w i t h  i n i t i a l  resource use 
l e v e l s  (Knetsch 1980). Otherwise, WTP i s  appropr ia te.  

Because o f  t he  absence of market p r i c e s  associated w i t h  e l k  hunt ing  
and o the r  forms o f  outdoor r e c r e a t i o n  a c t i v i t i e s ,  numerous techniques have 
been developed and modi f ied du r i ng  t h e  pas t  t h ree  decades t o  est imate 
extra-market bene f i t s .  Only a few surv ived  as acceptable on economic 
grounds ( Dwyer, e t  a1 . 1977 ; Adamowi cz and P h i l  1  i p s  1983). 

One o f  these techniques i s  t he  d i r e c t  o r  con t ingent  v a l u a t i o n  method 
i n  which hunters ( a )  i n d i c a t e  t he  amount o f  d o l l a r s  they are w i l l i n g  t o  
pay over and above expendi tures t o  engage i n  hun t i ng  t o  reveal  WTP; and 
( b )  i n d i c a t e  t h e  amount o f  d o l l a r s  they must rece i ve  i n  order  n o t  t o  

2 ~ 1  though 32,500 A1 ber tans  purchased e l  k  1 icenses, o n l y  29,000 ac tua l  1  y 
hunted. 
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Table 2: Hunting Activity of 1981 Elk Hunters in Alberta 

I tem 

Resident Hunters Nonresident Hunters 

Average Std. Dev. Average Std. Dev. 

Number of Trips per Season 
Number of Days per Season 
Miles Travelled One-Way per 
Season 
Days per Trip per Hunter 
Miles per Trip per Hunter 
Party Size per Trip per Hunter 
Percent of Hunting Time Spent in 
Alberta 
Success Rate (Percent) 

Table 3: Average Expenditures of 1981 Elk Hunters in Alberta 

I tern 

Travel Costs 
Lodging Costs 
Food Costs 
Beverage Costs 
Rental Costs 
Guide Costs 
Ammunition Costs 
Service Costs 
. Other Costs 

Total Variable Costs- -Average 
Total Variable Costs - -Std. Dev. 

Total Capital Costs1 - -Average 
Total Capital Costs- -Std. Dev. 

Resident Nonresident Hunters 
Hunters 

Total Trip Alberta Portion 

'Capital costs are determined by multiplying the total spent on an item by the proportion 
of time that the item is used for hunting in the season. If a vehicle cost $10,000 and 
was used for hunting 5 percent of the time. then the capital cost is .05 x $10,000 = 
$500. 



engage i n  the  a c t i v i t y  t o  reveal  WTAC. B e n e f i t  est imates from res iden t  
A1 b e r t a  e l k  hunters f o r  1981 are  on average $63.00 WTP per  day and $66.82 
WTAC per  day. For nonresident hunters, the  average amounts are $61.50 and . 

$42.99 respec t i ve l y  (Table 4) .  WTAC est imates are  lower than WTP f o r  
nonresident because of the a v a i l  a b i l  i t y  of s u b s t i t u t e  s i t e s  and a  1  esser 
in f r ingement  upon the  a b i l  i t y  t o  hunt. Since nonresidents have a  v a r i e t y  
of a1 te rna te  hunt ing  areas a v a i l a b l e  t o  them, they do n o t  requ i re  as much 
compensation f o r  a  reduc t ion  i n  hunt ing  days i n  A1 ber ta .  

Two i n d i r e c t  methods are a1 so commonly used: the  t r a v e l  c o s t  method 
(Hote l  1  i ng-Cl awson method) and the  hedoni c  p r i c e  method (Hotel  1  i ng 1949; 
Clawson 1959; Clawson and Knetsch 1966; Bockstael and McConnell 1981). 
The t r a v e l  c o s t  method employs t r a v e l  c o s t  i n fo rma t ion  (Table 3 )  as a  
proxy f o r  p r i c e  o f  hunter  days o r  t r i p s  (Tab le  2) t o  develop demand 
schedules and ob ta in  bene f i t s .  A schedule o f  hypothet ica l  user fees i s  
in t roduced i n  which p a r t i c i p a n t s  are assumed t o  r e a c t  t o  the  fee increases 
i n  terms of reduced hunter  days i n  a  manner simi 1a r  t o  increases i n  t r a v e l  
costs. An est imate o f  WTP bene f i t s  us ing t h i s  technique i s  $14.50 per  day 
(Table 4) .  

Table 4: Extra-Market Benefit Estimates by 1981 Elk Hunters in Alberta 

Type of Value Resident Hunters Nonresident Hunters 

Willingness to Pay per Day 63 .OO 
(Direct) 
Compensation per Season (Direct) 813.17 
Compensation per Day (Direct) 66.82 
Marginal Value per Day (Hedonic) 61.53 
Average Value per Day (Travel 14.50 
Cost) 

The hedonic p r i c e  method uses a  household product ion f u n c t i o n  
approach ( Becker 1966; Lancaster 1966) whereby the  u t i l  i ty  o f  outputs, 
t h a t  i s ,  days of e l k  hunt ing, i s  produced by combinations o f  inputs, t h a t  
i s ,  t r a v e l  cost ,  ammunition, p u b l i c  h a b i t a t  and e l k  populat ions,  i n  a  
consumer' s  ( hunter '  s)  p roduct ion  funct ion.  Data requi  rements are  n o t  
d i f f i c u l t  t o  meet and there  i s  considerable f l e x i b i l  i t y  i n  the  func t i ona l  

1 
f o rm used i n  a  s imu l  taneous " supply-demand" framework. Qua1 i t y  
cha rac te r i  s t i c s  ( h a b i t a t ,  success ra tes ,  e tc .  ) a re  e a s i l y  incorporated.  
Hedonic p r i c e  method est imates f o r  a  marginal day o f  e l k  hunt ing  i s  
$61.50 f o r  r e s i d e n t  hunters (Table 4) .3 

I 
I 

31n order  t o  de r i ve  the  hedonic est imates, a  selected sample was chosen. 
This  s l  i g h t l y  smal ler  sample inc luded a1 1  respondents w i t h  the data 
essen t i a l  t o  t he  hedonic technique. Those respondents w i t h  miss ing 
essent ia l  i nformat ion were removed. 



The b e n e f i t  est imates prov ided by the  hedonic technique are o f  a  
s l i g h t l y  d i f f e r e n t  nature than those presented e a r l i e r .  Hedonic est imates 
prov ide marginal values which are  est imates o f  the  b e n e f i t  of an 
addi ti onal hunt ing  day. The d i  r e c t  and t r a v e l  cos t  techni  ques prov ide 
est imates o f  t he  b e n e f i t  o f  an average hunt ing  day. 

E l k  hunter  b e n e f i t  est imates can be expressed i n  terms of t he  
aggregate hunt ing  benef i ts  der ived from the  resource. The approximately 
29,000 a c t i v e  e l k  hunters spend an average o f  12.2 days hunt ing  and 
received an average of $63.00 of extra-market b e n e f i t  per day f o r  a  t o t a l  
of $22,289,400 o f  b e n e f i t .  The 310 a c t i v e  nonresident hunters spent 13 
days on average and received $61.50 of extra-market b e n e f i t  per  day f o r  a  
t o t a l  o f  $247,845 of benef i t .  I n  t o t a l ,  t he  e l k  hunt ing  resource 
accounted f o r  over $22.5 m i  11 i on of extra-market benef i  t s  o r  approximately 
$6,500 per e l k  harvested i n  A1 be r ta .  These f i g u r e s  represent  va lue 
magni tudes which c l  e a r l y  show the  importance of e l  k  resources t o  soc ie t y  , 
and p a r t i c u l  a r l y  t o  A1 bertans. 

THE ROLE OF SOCIOECONOMIC ANALYSIS IN  ELK MANAGEMENT DECISIONS 

The economic in format ion above i s  usefu l  on ly  i f  i t  i s  incorpora ted  
i n t o  p l  anni ng , dec is ion  making and w i  1  d l  i fe management. This  paper con- 
cludes w i t h  an out1 i n e  o f  some areas i n  which socioeconomic ana lys is  can 
be used i n  the  w i l d l i f e  pol  i c y  process. 

Wild1 i f e  management has p r i m a r i l y  re1 i e d  on b i o l o g i c a l  i n fo rma t ion  
f o r  pol i c y  formation. A 1  ow popu la t ion  count r e s u l t s  i n  a  c losed season 
o r  a  1  i m i t e d  number of tags sold. Hunting a c t i v i t y ,  on the  o ther  hand, i s  
d r i ven  by socioeconomic var iab les .  I f  incomes r i s e ,  more t ime i s  
avai 1 able f o r  hunt ing. Economic ana lys i  s  can prov ide  i n p u t  i n t o  w i  1  d l  i f e  
management by i n d i c a t i n g  the  e f fec t  of a  change of socioeconomic va r iab les  
on hunt ing a c t i v i t y  and harvest  ra tes .  The hedoni c  techni  que described 
above i s  an example o f  such economic analys is .  The es t imat ion  o f  ex t ra -  
market b e n e f i t s  f i r s t  requ i res  the  es t imat ion  o f  t he  importance o f  var ious  
hunt ing  a c t i  v i  ty v a r i  abl es ( days, harvest,  qua1 i t y )  on the  expendi t u res  
incur red .  J u s t  as the  expenditure f o r  a  house can be broken down i n t o  the  
number o f  square fee t ,  the  number of bathrooms, etc. ,  hunt i  ng expenditures 
can be determined by the  number of days, harvest  and hunt ing  q u a l i t y .  
From t h i s  r e s u l t ,  the  change i n  expenditures can be determined f o r  an 
add i t i ona l  bathroom on a  house, o r  a  day o r  harvest  i n  hunt ing. This  
added expenditure reSul t s  i n  t he  "p r i ce "  o f  an add i t i ona l  day o r  
add i t i ona l  harvest.  Use o f  these "pr ices"  i n  an equat ion c a l l e d  a  demand 
f u n c t i o n  p rov i  des an est imate of impor tan t  re1 a t i  onshi ps i nvol ved i n  
hunt ing  a c t i v i t y .  For  example, a  demand curve f o r  e l k  hunt ing  may appear 
as: 

Days = f ( Income, Education, "P r i ce  o f  Days", Harvest, Qua1 i t y )  

where the "Pr ice  o f  Days" v a r i a b l e  i s  the marginal expenditure requ i red  t o  
prov ide an addi ti onal day .of hun t i  ng . Est imat ion o f  t h i  s  re1 a t i  onshi p  
cou ld  prov ide  fo recas ts  of hunter  days fo r  changing economic, soc ia l  and 
b i  01 ogi  ca l  condi ti ons. 



Hunter days, however, i s  on ly  one p a r t  o f  management in format ion.  
The e f f e c t  o f  hunter  days on the  w i l d l i f e  stock through harves t  r a t e s  i s  
l i k e l y  more important .  Es t imat ion  o f  a  f u n c t i o n  such as: 

Harvest = f(Days, M i l es  Trave l led ,  Cost . . .) 
may prov ide  fo recas ts  of changing harves t  r a t e s  dependent on changing 
hunter  a c t i  v i  t y  and m o t i v a t i o n  1  eve1 s. Harvest r a t e s  are an impor tan t  
po l  i c y  v a r i a b l e  1  i n k i n g  w i l  d l  i f e  management w i t h  demand. Es t imat ion  of 
re1 a t i o n s h i  ps between socioeconomic v a r i  abl  es and b i  01 ogi  ca l  f a c t o r s  can 
prov ide  the  "a  p r i o r i "  know1 edge necessary f o r  e f f e c t i v e  w i l  d l  i f e  pol  i c y .  

A major  concern among economists i s  the  proper rep resen ta t i on  of 
w i l d l  i f e  h a b i t a t  va l  ues i n  soc ia l  dec is ion  making and l and  use p lanning.  
Reduced w i l d l i f e  h a b i t a t  w i l l  r e s u l t  i n  e i t h e r  fewer hunt ing  days o r  lower 
hunt ing  q u a l i t y .  The former w i l l  decrease b e n e f i t s  by t he  number of days 
l o s t  t imes the  w i l l i n g n e s s  t o  accept compensation wh i l e  t he  l a t t e r  w i l l  
r e s u l t  i n  lower est imates of WTP and WTAC. I n  e i t h e r  case, economists can 
he1 p  t o  b r i n g  w i l d l  i f e  h a b i t a t  values on the  same base as a g r i c u l t u r a l  
expansion, drainage o r  some o t h e r  monetar i l y  we1 1  de f ined  a c t i v i t i e s .  
Work i s  proceeding c u r r e n t l y  t o  evaluate the  l o s s  o f  h a b i t a t  f o r  water- 
fowl i n the  U .S. and Canada ( e  .go M i  11 e r  and Hay 1981) . 

F i n a l l y  , t h e  changing soci  a1 and economic cond i t i ons  may a1 so p lay  an 
important  r o l e  i n f u t u r e  w i  1  d l  i fe  management. As mentioned e a r l  i e r ,  the  
m a j o r i t y  o f  e l k  hunters were ra i sed  i n  r u r a l  areas. What w i l l  be the  
e f f e c t  o f  u rban i za t i on  on t h e  demand f o r  w i l d l i f e  resources? Urban 
i n d i v i d u a l s  a re  genera l l y  more non-consumptive-use or ien ted ,  there fo re ,  we 
may expect a  decrease i n  demand f o r  consumptive use. Secondly, urban 
hunters appear t o  be younger and 1  ess experienced than r u r a l  - r a i  sed 
hunters. How w i l l  t he  new type of hunter  a f f ec t  t he  w i l d l  i f e  resource? 
W i l l  a  change i n  w i l d l  i f e  pol  i c y  be necessary? 

These are quest ions which requ i  r e  f u r t h e r  research. I n  p a r t i c u l  a r ,  
ongoing cont inued ana l ys i s  o f  socioeconomic v a r i  abl  es i s requ i  red  i n  o rder  
t o  p r e d i c t  changes i n  resource use and t o  a i d  i n  po l  i c y  deci  sion-making. 
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HABITAT UTILIZATION BY EAST KOOTENAY ELK POPULATIONS 

GOETZ SCHUERHOLZ, Transameri ca Envi ronmental Science Consultants Ltd., 
P. 0. Box 69, Duncan, B.C. V9L 3x1 

Abstract :  Hab i ta t  se lec t i on  and u t i l i z a t i o n  by e l  k  was i nves t i ga ted  
w i  t h i n  b iophys ica l  i nven to r i es  cover ing  the coal p rope r t i es  o f  Crows Nest 
Resources L im i ted  i n  t he  Upper Elk  R iver  Val1 ey o f  the East Kootenays. 
Hab i ta t  use was assessed through th ree  years o f  p e l l e t  group counts and 
browse surveys, s i  g h t i  ng records, a comprehensi ve r a d i  o t e l  emetry program, 
and a n u t r i t i o n a l  feca l  anal y s i  s  on a seasonal basi s. 

The r e s u l t s  suggest t h a t  t he  study area supports two e l k  populat ions 
I oyal t o  t h e i r  respect ive  w i n t e r  ranges. From spr ing  t o  f a l l  , habi t a t  
sel e c t i  on becomes 1 ess pronounced. Seventeen habi t a t  types were de f  i ned 
and i nves t i ga ted  f o r  the  study area based on dominant p l a n t  communities as 
re1 ated t o  so i  1 s, .aspects, moi s tu re  regime and e l  e v a t i  on. Overal l  , e l  k  
dens i t i es  were h ighes t  i n  "Douglas F i r "  hab i ta ts .  I n  summer, the  
"A1 1 uv i  a1 Compl ex" , " R i  p a r i  an Meadows" , and "Subal p i  ne Meadows" showed 
p re fe r red  use . 

Seasonal d i s t r i b u t i o n  of e l k  by aspect showed o v e r a l l  preference f o r  
the  east-southeast aspects, w i t h  a p o s i t i v e  s e l e c t i o n  o f  east-southeast 
aspects by the  nor thern  popul a t i  on i n w i  n t e r .  The southern popul a t i  on 
overwinters on Grave Lake P r a i r i e s  and E lk  River  F l a t s .  Calv ing h a b i t a t s  
and r u t t i n g  areas seemed t o  be unspeci f ic .  Hab i ta t  s e l e c t i o n  by e leva t i on  
i nd i ca ted  preference f o r  h igh  e leva t i ons  i n  summer w i t h  a range from 1600 
- 2200 metres. 

Fecal ana lys i s  showed s u b s t a n t i a l l y  l e s s  use o f  graminoids on the 
southern w i  n t e r  range, where i t was subst i  t u t e d  through coni fers. The 
o v e r a l l  w i n t e r  d i e t  f o r  the  nor thern  popu la t ion  was dominated by 

-graminoids, and f o r  the  southern popu la t ion  by con i fe rs .  From sp r ing  t o  
summer, .use o f  graminoids and forbs increased dramatical  l y  f o r  both herds, 
and c o n i f e r s  almost disappeared from the  d i e t .  The r e s u l t s  suggest 
oppor tun i s t i c  feeding behaviour by e l k  i n  t he  study area. 

INTRODUCTION 
.- 

The approximately 200 square k i l ome t re  study area i s  loca ted  i n  the  
East Kootenays o f  B r i t i s h  Columbia, w i t h i n  the  F ron t  Ranges o f  the  Rocky 
Mountai ns, a r e g i  on charac ter i  zed by a s t rong nor th-south a1 i gnment o f  
major r idges  p a r a l l e l  t o  the s t r i k e  of westward s l i p p i n g  t h r u s t  f a u l t s  and 
sedimentary s t r a t a  (TAESCO 1983). It forms p a r t  o f  t he  Dry I n t e r i o r  
Region i n  t he  rainshadow o f  the  I n t e r i o r  Ranges. It i s  t y p i f i e d  by the  
I n t e r i o r  Doug1 as F i r  Zone a t  lower e leva t i ons  and the  Subalpine Engelmann 
Spruce- A1 p i  ne F i  r Zone a t  h igher  e leva t ions .  E levat ions  range f rom 1375 
t o  2575 metres. The study area has a d i s t i n c t  f i r e  h i  s to ry .  



It supports s i x  ungulate species of which e l k  i s  the most abundant, 
fo l lowed by Rocky Mountain b ighorn sheep, deer, moose and mountain goat. 
According t o  h i s t o r i c  records, e l k  populat ions i n  the E lk  R iver  Va l ley  
increased dramatical  l y  i n  numbers as a resu l  t of 1 arge scale 1 and c l e a r i n g  
and logg ing  i n  the  1930's. Current  e l k  populat ions i n  the  E lk  Va l ley  may 
be i n  excess o f  4000 animal s (TAESCO 1983) , and seem t o  be expandi ng as a 
resu l  t of favorable h a b i t a t  mod i f i ca t i ons  ( i .e. c l  ea rcu t  1 oggi ng, burning, 
1 and reclamation, establ  i shment of "No Shooting Zones"), and a se r ies  of 
m i l d  winters.  

The c u r r e n t  study forms p a r t  of Biophysical I nven to r i es  conducted by 
TAESCO on beha l f  o f  Crows Nest Resources on t h e i r  coal lease lands i n  the  
E lk  R iver  Val ley.   he i n t e n s i v e  research program commenced i n  1980 and 
w i l l  terminate i n  1985. 

MATERIALS AND METHODS 

Seventeen major h a b i t a t  types were defined and analyzed based on 
dominant p l  an t  communities as re1 ated t o  so i  1 s, aspects, moisture regime 
and e levat ion .  In fo rmat ion  from 170 vegetat ion p l o t s  was used f o r  the 
d i f f e r e n t i a t i o n  between h a b i t a t  types through a computer-assi s ted tabul  a r  
ana lys is  as described by Ceska and Roemer (1978). The percentage area 
covered by each habi t a t  type was ca l  cu l  a ted through a Summagraphics 
I n t e l  1 igence D i g i t i z e r .  

E l k  h a b i t a t  use by season, e leva t i on  and aspect was i d e n t i f i e d  
through 2444 browse-pel 1 e t  c i  r c u l  a r  sampl e p l  o t s  on 153 1 i ne t ransects,  
p ropo r t i ona te l y  represent i  ng the  17 vegeta t ion  types. P r i n c i p a l  
a n a l y t i c a l  ' methods c o n s i s t e d  o f  c r o s s  t a b u l  a t i o n  u s i n g  t h e  SPSS 
( S t a t i s t i c a l  Package f o r  the  Socia l  Sciences) program f o r  the  ana lys i s  of 
h a b i t a t  use and browse product ion. 

Movements o f  e l k  were monitored s ince 1982 through survey f l i g h t s  and 
from the ground using 15 rad io -co l l a red  cow e l k  instrumented i n  1982 and 
1983. Re1 o c a t i  ons were recorded on UTM g r i d  co-ordi  nates. 

Composi t e  f e c a l  sampl es se rved  t o  i n v e s t i  g a t e  seasonal d i e t  
composit ion and p l a n t  species preference as described by D a v i t t  and Nelson 
(1980). 

RESULTS 

P r e l  i m i  n a r y  a n a l y s i  s o f  t h r e e  y e a r s '  t r a c k i n g  r e c o r d s  o f  
rad io -co l l a red  e l k  revea ls  t h a t  t he  study area supports two d i s t i n c t  
populat ions w i t h  w in ter ,  and t o  a l e s s e r  degree, summer range f i d e l i t y .  
Both herds o f  approximately 500 animals each are  migra tory  w i t h  up t o  
100 km d i  stances between seasonal home ranges fo r  i n d i v i d u a l  animal s. 
A v a i l a b i l i t y  o f  winter, range seems t o  be c r i t i c a l  f o r  both populat ions. 

The nor thern  herd overwinters on south, southeast f ac ing  Subalpine 
slopes and i n  the  lower montane forests,  whereas the  southern popu la t ion  
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u t i l i z e s  the  f l o o d p l a i n  of the  E l k  R iver  and the  adjacent  f l u v i a l  
ter races.  On the average, snow depth on the nor thern  w in te r  range i s  
s i g n i f i c a n t l y  h igher  than on the  southern w in te r  range. The te lemetry 
data show t h a t  e l k  ca l ve  i n  t he  E lk  River  f l oodp la in  and a t  the t i m b e r l i n e  
i n  the  nor thern  sect ion.  However, ca l  v i  ng grounds are  general l y  
unspec i f i c  , suggesting t h a t  they are  n o t  popul a t i  on 1  i m i  ti ng . 

A reverse h a b i t a t  use p a t t e r n  emerges when comparing both popula- 
t i o n s  by season. A f t e r  sp r i ng  d i  spersal , p a r t  o f  the  nor thern  herd seems 
t o  d r i f t  south towards the w i n t e r  range of the south herd. A t  the  same 
time, the  southern herd moves up-val l e y ,  bypassing the  w i n t e r  range o f  the  
nor thern  herd. The spr ing  d ispersa l  commences as e a r l y  as February, 
depending on snow cond i t ions .  The e l k  r e t u r n  t o  t h e i r  respect ive  w i n t e r  
ranges by October/November . R u t t i  ng a c t i v i t i e s  seem t o  occur enroute t o  
the  w i  n t e r  ranges. 

A 1:20,000 b iophys ica l  ungulate h a b i t a t  map was produced i d e n t i f y i n g  
seventeen m a j o r  v e g e t a t i o n  c o v e r  t ypes ,  of wh ich  t h e  Engelmann 
Spruce-Subal p i  ne F i  r ( ESSF) showed the greates t  abundance, f o l l  owed by 
Engelmann Spruce-Lodgepol e  P i  ne (ESP11 , and Sub-a1 p ine  Meadows ( SM) . 
R i  p a r i  an Meadows ( RM) and Engelmann Spruce R i  verbottom types ( ESR) are  
r a r e  (Tab1 e  1)  . - 

Table 1. Hab i ta t  types measured i n  hectares. 

Habi t a t  ~ o r t h 2  south3 Tota l  

A1 p ine  Tundra ( =AT) 
Sub-a1 p ine  Meadow (=SM) 
A1 p ine  l a r c h  (=AL) 
Engelmann spruce sub-a1 p i  ne F i  r (=ESSF) 
Engel mann Spruce Lodgepol e  P i  ne (=ESP1 ) 
Lodgepol e  P i  ne (=PI)  
Douglas F i r  (=DF) 
R i  p a r i  an Meadow (=RM) 
Engel mann Spruce R iver  Bottom (=ESR) 
A l l u v i a l  Complex (=A) 
Sl i de Area (=SA) 
Burned (=B) 
Logged (=L) 
D i  sturbed (=D 
Tal us (=TI- 
Non-vegetated (=NV) 
Rock (=R) 

Tota l  12,436.75 

1 Hab i ta t  types used synonymously w i t h  vegeta t ion  cover types. 
2 Northern Sect ion o f  study area. 
3 Southern Sect ion o f  study area. 



The p e l  l e t  group counts i n d i c a t e d  t h a t  the Doug1 as F i r  hab i ta t s  (DF) 
received the h ighes t  o v e r a l l  use by e l k  (F ig .  1 )  . Subalpine Meadows ( SM) 
ranked second i n  use i n t e n s i t y ,  f o l l  owed by Burned Areas (B) . The l e a s t  
used h a b i t a t  types were Rocks (R) and r e c e n t l y  Logged s i t e s  (L )  which a re  
charac ter ized by sera1 1  odgepol e  p i  ne. A1 though 1  ogged areas w i  t h i  n  the  
f i r s t  10 years a f t e r  c u t t i n g  may prov ide  e l k  w i t h  good qual i t y  forage i n  
summer, escape cover i s  genera l l y  poor, and snow cond i t i ons  i n  w in te r  a re  
most ly  unfavorable. 

The h a b i t a t  types are used d i f f e r e n t l y  by season. I n  summer, the  
A1 1  u v i a l  Compl ex and Subalpine Meadow h a b i t a t s  show the  h ighes t  dens i ty  of 
e l k  pel l e t s ,  whereas the  use of forested areas such as meadows w i t h  t rees  
and Engelmann Spruce types increase i n  w i n t e r  (F ig .  2 ) .  Overal l  , the 
areas c l a s s i f i e d  as being summer and w in te r  h a b i t a t  f o r  e l k  have the 
h ighes t  p e l l e t  group dens i t i es .  Th is  would i n d i c a t e  t h a t  the  summer 
populat ions are more dispersed and t h a t  e l k  are r e s t r i c t e d  by a v a i l a b l e  
w in te r  range. Since on ly  a  few t ransec ts  were es tab l ished i n  areas 
c l a s s i f i e d  as prime e l k  w i n t e r  range, conclusions from the p e l l e t  group 
ana lys is  about seasonal range use are 1  im i  ted. However, good qual i t y  data 
on seasonal d i  s t r i  bu t i on  are a v a i l  abl  e  through o ther  sources (TAESCO 1983; 
B.C. Research 1978). 



F igu re  1. Overa l l  d i s t r i b u t i o n  o f  e l k  by h a b i t a t  type.  
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Figure  2. Seasonal d i s t r i b u t i o n  o f  e l k  by h a b i t a t  type. 
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An ana lys is  o f  t he  o v e r a l l  use frequency o f  d i f f e r e n t  aspects 
reveal ed a d i  s t i  n c t  preference by e l  k f o r  east-southeast f ac ing  s l  opes 
(Table 2)  and l ow  use o f  nor thern  exposures. Lower e l e v a t i o n  r i d g e  tops 
are  used by e l k  i n  w in te r  and by b u l l  e l k  i n  summer, when v e n t i l a t i o n  i s  
needed fo r  thermo-regulat ion (Gossow and Schuerholz 1974). Since no 
sample p l o t s  were l oca ted  i n  exc lus ive  e l k  w i n t e r  ranges, t he  seasonal use 
ana lys is  i s  r e s t r i c t e d  t o  summer and summerlwinter range. The most 
commonly used aspects by e l k  i n  summer and w i n t e r  are east-southeast, 
east,  and south-southwest (F ig .  3 )  . 



Table 2. D i  s t r i  b u t i o n  of deer, e l k  ,. moose and sheep by aspect 

No. o f  Deer E lk  Moose Sheep 
Aspect P l o t s  g* d* g* d* g* d* g* d* 

Val 1 ey 324 6 0.02 277 0.85 63 0.19 3 0.01 
N 6 6 0 0 43 0.65 6 0.09 8 0.12 
NNE 9 0 0 3 0.33 1 0.11 0 0.00 
NE 131 2 0.02 53 0.40 5 0.04 8 0.06 
ENE 93 2 0.02 50 0.54 8 0.09 6 0.06 
E 147 1 0.01 207 1.41 6 0.04 25 0.17 
ESE 119 0 0 265 2.23 2 0.02 140 1.18 
SE 240 2 0.01 259 1.08 8 0.03 218 0.91 
SSE 245 5 0.02 187 0.76 6 0.02 70 0.29 
S 148 6 0.04 173 1.17 8 0.05 76 0.51 
SSW 126 18 0.14 131 1.04 3 0.02 59 0.47 
S W 200 16 0.08 184 0.92 9 0.04 43 0.27 
WSW 9 0 6 0.07 125 1.39 0 0.01 26 0.29 
W 179 12 0.07 146 0.82 7 0.04 14 0.08 
WNW 6 8 5 0.07 25 0.37 9 0.13 1 0.01 
NW 109 4 0.04 18 0.16 3 0.03 5 0.04 
NNW 8 3 1 0.01 17 0.20 16 0.19 11. 0.13 
Ridge Top 64 0 0 45 0.70 0 0.00 77 1.20 

g* Number o f  pel l e t  groups. 
d* Mean dens i ty  o f  pel1 e t  groups. 

F igure 3. Seasonal use o f  aspect by e l k .  
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Elk  seem t o  s e l e c t  s lopes of 0-5 degrees i n  summer and 21-35 degrees 
on summer/wi n t e r  range ( F ig .  4 )  . According t o  t he  r a d i  o t e l  emetry data, 
t h e  nor thern  e l k  popu la t ion  overwinters i n  t h e  f l ood  p l a i n  o f  t h e  Ford ing  
R iver  and a1 ong t h e  south, southwest fac ing slopes o f  the  l o w  e l e v a t i o n  
Todhunter and Imperi  a1 Mountai ns. The southern popul a t i  on w i  n t e r s  on the  
Grave Lake p r a i r i e s  and Elk  R i ve r  f l a t s .  
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I . . . .  

;; ;; .... .... .... 
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F igu re  4. Seasonal d i s t r i b u t i o n  o f  e l k  by slope. 
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The overall d i s t r ibu t ion  of elk by elevation shows highest fecal 
pel l e t  group density between 1200 - 1400 metres (Fig.  5 ) ,  with summer 
range a t  hi gher el evati ons than wi n te r  range. Occasional l y  , el k venture 
i n to  high elevation ranges about 2400 metres i n  winter, usually when 
trapped by snow ( Schuerhol z 1982) . 

The browse survey was 1 imi ted t o  23 species of perennial p lants  and 
nine conifer  species considered t o  be important forage fo r  ungulates in  
the  study area (Tab1 e 3 ) .  Re1 a t i  ve browsing pressure was estimated by 

I 
assigning a form c l a s s  t o  each plant  species on the plot .  The r e su l t s  
show t h a t  the most commonly occurring plants  were birchleaf spiraea 
(32.7%), Rosa spp. (28.6%), russet  buffal oberry (25.4%), rusty mensiesia 

i 
(17.2%), Ribes spp. (15.9%), willow (15.5%) and Utah honeysuckle (15.1%) 
The data s h o w t h a t  the most common species are  n o t  the  most heavily used. 
Further, the browse species a re  generally not showing extreme degrees of 
browse pressure, suggesting d i e t  composition favouring grasses and forbs.  

1 
I 

ELEVATION (m) 
- 

Fi gure 5. Di s t r i  buti on of ungul ates by el evation. 



Table 3. Summary of p l a n t  species frequency on browse plots and degree 
of utilization, as measured by the form class ratings. 

1 
SPECIES F R E Q ~  %2  RANK^ AVE. Fc4 FC RANKS 

Rocky M t .  map1 e 6 5.9 2 4 2 .O 7 
Mountai n a1 der 40 3.9 18 1.3 12 
Sask. serviceberry 164 6.7 22 1.4 11 
Bog birch 15 1.4 28 1.5 10 
Red-oiser dogwood 1 cO.1 28 3 .O 1 
Si 1 verberry 1 CO.1  28 1 .O 15 
Bearberry honeysuckl e 89 8.8 12 1.7 8 
Utah honey suck1 e 52 5.1 16 1.4 11 
Rusty mensiesia 7 7 7.6 13 1.2 13 
Trembl i ng aspen 9 6 9.5 11 2.5 4 
Bl ack cottonwood 2 <O. 1 2 6 2 .O 7 
Bitter cherry 5 .5 2 5 3 .O 1 
Common choke-cherry 16 1.6 2 2 2.6 3 
Ribes spp. 161 15.9 5 1.7 8 
Rosa spp. 290 28.6 2 1.6 9 
Rubes spp. 52 5.1 16 1.3 12 
Willow 157 15.5 6 2.8 2 
E l  derberry 2 1 2.1 2 1 2.2 5 
Russet buffaloberry 257 25.4 3 1.2 13 
Bi rchl eaf spi raea 331 32.7 1 1.5 1 0  
Green M t .  ash 2 <O. 1 2 6 1 .O 15 
Snowberry 2 1 .8 2 4 1.4 11 
Vacci ni urn spp. 137 13.5 9 1.5 10 
Douglas f i r  58 5.7 .14 2.1 6 
Lodgepol e pi ne 155 15.3 7 2 .O 7 
Juniper 129 12.7 10 1.1 14 
Grand f i r  7 .7 23 1.6 9 
Spruce spp. 153 15.1 8 1.1 14 
Subal pi ne f i r 175 17.2 4 1.4 11 
Whi tebark pine 5 7 5.6 15 1.1 14 
Five need1 ed pine 25 2.5 19 1.2 13 
Larch 22 . 2.2 - 20 1.4 11 

l~umber of plots where p l a n t  i s  present. 
2~ercent of total plots with the species present. 
3~umerical rank order of species. 
4~verage form class (0 t o  3 )  for all occurrences of the species. 
5~umerical rank of the species with respect t o  form class. 



The r e l a t i v e  browse volume and the  volume of preference p l a n t  species 
by h a b i t a t  type are presented i n  F igure  6. The p l a n t s  selected f o r  the 
1 a t t e r  were w i  11 ow, trernbl i ng aspen, Rocky Mountain map1 e, R i  bes spp., and 
bearberry honeysuckl e. A1 though b i  t t e r  cher ry  and red-osier  dogwood 
showed the  h ighes t  form c lass,  they were the  l e a s t  abundant and there fore  

1 
n o t  chosen as the  most representa t ive  preference p lan ts .  To meet the  
s e l e c t i o n  c r i t e r i a  as a pre fer red  browse, the  species had t o  occur on more 
than 5% o f  a1 1 sampled p l o t s .  For  t h i s  reason, common chokeberry (1.6%) 
and e lde rbe r ry  (2.1%) were n o t  inc luded,  a1 though they had h igher  form 

I 
classes than trernbl i n g  aspen and Rocky Mountain maple. 

Douglas f ir and lodgepole p ine  ranked t h i r d  and f o u r t h  i n  the degree 
o f  browsing. Both species were excluded, because they are  c l a s s i f i e d  as 
' treesn r a t h e r  than " shrubs". 

HABITAT TYPE 

Figure  6.  Browse product ion by habi t a t  type. 



The vol  ume ca l  cu l  a ted f o r  the  preference p l  an ts  ( VOLP) i ncorporates 
the  in format ion on species abundance and u t i l i z a t i o n  i n  order  t o  determine 
r e l a t i v e  amounts o f  p re fe r red  forage per  h a b i t a t  type. 

The most p roduct ive  h a b i t a t s  i n  terms o f  t o t a l  browse volume are  i n  
decreasi ng order:  Engelmann Spruce-Riverbottom, A1 1 u v i  a1 Compl ex, Doug1 as 
F i r  and Engelmann Spruce-Subal p ine  F i r .  These types are fo l lowed by S l  i d e  
Areas, Pine f o r e s t s  and Burned areas. The l e a s t  p roduct ive  hab i ta t s ,  i n  
terms of browse, a re  the  meadows. Low browse product ion i n  meadow 
h a b i t a t s  can be expected because they are "grass1 and" communi ti es. I n  
general , a1 1 fo res ted  h a b i t a t  types seem t o  be h i g h l y  p roduct ive  browse 
areas, when a1 1 browse species are considered. However, when on ly  the  
pre fer red  browse species are included, the  forested h a b i t a t  types have a 
low browse p r o d u c t i v i t y .  The most important  h a b i t a t s  f o r  product ion of 
p re fer red  browse a re  the  A1 1 u v i  a1 Compl ex, S1 i de Areas, Engelmann 
Spruce-Riverbottom, and Logged Areas. The l e a s t  p roduct ive  types f o r  
preference browse species are  stands of a l p i n e  l a r c h  and whitebark pine. 

For o v e r a l l  browse product ion by aspect, t he  nor th-nor theast  f a c i n g  
s l o p e s  a r e  by  f a r  t h e  most  p r o d u c t i v e .  They a r e  f o l l o w e d  by  
west-northwest, northwest, nor theas t  aspects, and v a l l e y  bottoms. The 
1 owest values were recorded on r i d g e  tops, west-southwest and no r th  f a c i n g  
s l  opes. 

Overal l  and preference browse product ion compared t o  slope show the  
h ighes t  value f o r  almost l e v e l  t e r r a i n  (0-5 degrees) i n  v a l l e y  bottoms and 
on terraces.  A t rend  occurred toward 1 ower product ion w i  t h  i ncreasi ng 
slope i n c l i n a t i o n .  

Overal l  and preference browse product ion compared t o  e leva t i on  shows 
t h a t  i n  e leva t i ons  below 1200 metres the product ion i s  low. It i s  h ighes t  
between 1200 and 1800 metres and decreases progress ive ly  w i  t h  inc reas ing  
e levat ion .  No preference browse p l a n t s  were found above 2400 metres. 

To t e s t  how ungulates i n  the  study area respond t o  browse abundance, 
c o r r e l a t i o n  c o e f f i c i e n t s  were ca l  cu l  a ted f o r  a1 1 ungul a te  species by 
compari ng d i  f f e r e n t  h a b i t a t  types w i  t h  respect  t o  browse product ion. A1 1 
c o r r e l  a t i o n s  a re  weak. W i  t h  respect  t o  p re fer red  browse p l  ants, e l  k a re  
p o s i t i v e l y  c o r r e l a t e d  w i t h  browse abundance. Th is  conf i rms the  data base 
from the p e l l e t  group surveys. 

Fecal ana lys is  was used t o  i d e n t i f y  d i e t  composit ion and p l a n t  
species preference by e l k  re1 ated t o  season. For  t h i s  analys is ,  the  Grave 
Lake P r a i r i e  w i n t e r  range was included. 

N u t r i t i o n a l  requirements and food h a b i t s  o f  Rocky Mountain e l k  have 
been reviewed by Nelson and Leege (1982). Food hab i t s  o f  e l k  a re  
extremely var iab le ,  as these animals u t i l i z e  many d i f f e r e n t  vegeta t ion  
types. Nelson and Leege found evidence i n d i c a t i n g  t h a t  e l k  p re fe r  t o  
graze, y e t  l a r g e  herds are found where browse c o n s t i t u t e s  a major p o r t i o n  
of the  d i e t .  It i s  commonly accepted t h a t  grass i s  the most impor tan t  



fo rage  c l a s s  during spr ing  greenup months, u sua l ly  c o n s t i t u t i n g  more than 
85% of the d i e t .  T h i s  was confirmed through the c u r r e n t  s t u d i e s  
( F i g u r e  7 ) .  

E l k  us ing  the lower montane f o r e s t s  and r i v e r  f l o o d p l a i n s  i n  sp r ing  
and mid-summer, u t i l i z e  less (15.2%) graminoids than e l k  i n  the Subalpine 
h a b i t a t s ,  and 1 ess (24.3%) f o r b s  on the Subalpine range than i n  the lower 
el e v a t i  ons. The s p r i  ng /ear ly  summer d i e t  on Subal p ine  ranges shows 
h i g h e s t  u t i l  i z a t i o n  of graminoids,  f o l l  owed by shrubs ,  f o r b s  and c o n i f e r s .  
For  the 1 ower montane f o r e s t s  and f l oodp la in s ,  the ranking i s  graminoids ,  
f o r b s ,  shrubs  and coni f e r s .  Festuca s c a b r e l l  a was used si gni f i  c a n t l y  more 
on both ranges than any o t h e r  g r a s s  s p e c i e s  (Table  4 ) .  The d a t a  f o r  t h e  
sumrner/fall d i e t  show a d i s t i n c t  s h i f t  i n  d i e t a r y  composi t ion i n  favour  of 
f o r b s  and shrubs.  A1 though graminoids s t i l l  dominate i n  the ove ra l l  d i e t  
(37.7%),  they  a r e  balanced by shrubs  (35.4%) and f o r b s  (21.6%)., The shif t  
i n d i e t a r y  composition i s expl a i  ned through "dryness"  of  g r a s s e s  wi  t h  
matura t ion  i n  the 1 a t e  sumrner/early fa1 1 .  Th i s  makes graminoids 1 ess 
a t t r a c t i v e  t o  elk than  fo rbs  and woody p l a n t s  wh ich  have n u t r i t i o u s  l e a v e s  
and twigs  a t  th is  time. 
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Figure  7. seasonal  d i e t s  o f  elk by range. 



Table 4: Spr ing-ear ly  summer d i e t  of e l k  by e leva t i ona l  range. 

Some researchers have found t h a t  forbs c o n s t i t u t e  almost a l l  of the  
summer d i e t  (Rouse 1958, Knowles 1975, Singer 1975). Others r e p o r t  a 
g reater  importance o f  shrubs (Hash 1973, Bohne 1974). El  k summering i n  the  
Subalpine-Alpine ranges of t he  study area u t i l i z e  the  vegetat ion i n  a 
d i f f e r e n t  p a t t e r n .  A l though  t h e  use o f  g ramino ids  decreases by  
approximately 20% compared t o  the spr ing /ear ly  summer, the  o v e r a l l  use i s  
s t i l l  h igh  (55.2%). This  may be caused through the  l a t e  phenological 
development o f  h igh  e leva t i on  vegetat ion which i s  s t i l l  h i g h l y  pal  a tab le  
t o  e l k  when grasses i n  lower e leva t i on  have d r i e d  up ( i  .e. f o u r  weeks 
d i  f fe rence i n  phenol og ica l  development between El  k River  F l  a t s  and Upper 
Ewin Ridge). 

The w i n t e r  d i e t  i s  s t rong ly  in f luenced by forage a v a i l a b i l i t y  as 
affected by snow condi t ions.  E l k  move t o  ranges where snow depth i s  
minimal, and e x i s t  on whatever forage i s  a v a i l a b l e  (Nelson and Leege 
1982). Nelson e t  a l .  (1982) found t h a t  on ranges i n  Montana which are  
dominated by grass, e l k  ea t  p r i m a r i l y  grass i n  w in ter .  However, on woody 
p l a n t  dominated ranges, such as nor thern Idaho, e l k  , d i e t s  c o n s i s t  
p r i n c i p a l  l y  o f  woody p lan ts .  Where both grasses and shrubs are avai 1 able, 

Subal p i  ne-A1 p i  ne 

Species % D i e t  

Festuca scabre l l  a 33.3 
Poa spp. 11.2 
Elymus spp. 7.6 
Carex spp. 5.8 
Festuca spp. 11.5 
Other graminoids 3.7 

73.1 

Epi 1 obi  um angust i  f o l  i um 3.4 
Other f o rbs  6.4 - 

9.8 

Vacci n i  um spp. 8.2 
Shepherdi a canadensi s 2.9 
Other shrubs 3.7 m 
Other c o n i f e r s  2.3 

2.3 

Lower Montane Forests-Fl oodpl a i  n 
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Festuca scabre l l  a 33.3 
Poa spp. 6.5 
Elymus spp. 6.3 
Carex spp. 4.3 
Festuca spp. 2.8 
Other graminoids 4.7 

57.9 

Epi 1 obi  urn angust i  f o l  i urn 8.6 
Cornus canadensi s 3 .O 
Astragal us spp. 1.4 
Hieracium spp. 4.8 
Other f o rbs  16.3 

34.1 

Other shrubs 6.6 
6.6 

Other c o n i f e r s  1.4 
1.4 



e l k  usua l l y  p r e f e r  grasses. A t  t imes when these grasses become l e s s  
a v a i l a b l e  due t o  u t i l  i z a t i o n  and/or deep snow, shrubs become prominent i n  
t he  e l k  d i e t  (Cl  aar 1973; Singer 1975). 

When snow f u r t h e r  l i m i t s  the  a v a i l a b i l i t y  of shrub, e l k  increase the 
consumpti on o f  c o n i f e r s  (Hash 1973). The data from the study area seem t o  
support these f i nd ings .  

The p a t t e r n  o f  w in te r  d i e t s  d i  f fe rs  s i g n i f i c a n t l y  between the  two 
herds. I n  the  study w in ter ,  when the  fecal samples. were c o l l e c t e d  from 
the  Grave Lake P r a i r i e s ,  graminoids were most ly  under snow cover and 
a v a i l  ab le  on ly  a1 ong the exposed banks of the  E lk  River,  the steep slopes 
para1 1 e l  t o  the  r a i l  road bench and the  south- fac ing slopes o f  the mountain 
terraces.  Th is  fo rced the  e l k  t o  s h i f t  t h e i r  d i e t  t o  a v a i l a b l e  browse 
which was dominated most ly  by con i fe rs  (46.3%) and shrubs (20.3%) u n t i l  
dormant grami noids became avai 1 abl  e w i  t h  decreasi ng snow i n  1 a te  w i  n te r .  
Feedi ng c r a t e r s  were pronounced a1 ong r e c l  aimed s l  opes, seeded w i t h  grass 
and f o r b  mixtures,  i n d i c a t i n g  the  preference by e l k  f o r  graminoids (and 
fo rbs)  . 

The nor thern  herd, which overwinters along the  slopes o f  imperial 
Ridge, Todhunter, M i  d-Ridge, Short  and Pine Ridges, shows approximately 
70% graminoid content  i n  the  d i e t .  I n  m i l d  winters,  the  corresponding 
south and southeast f ac ing  slopes are most ly  f r e e  o f  snow, making the  
grass l a y e r  r e a d i l y  a v a i l a b l e  t o  e l k .  On t h i s  he rd ' s  range, con i fe rs  
con t r i bu ted  14.4% t o  the d i e t .  

I n  summary, seasonal forage preferences by e l k  seem t o  be most ly  
i n f l  uenced by forage ' a v a i l  ab i  1 i t y  .and phenol ogy . Except f o r  the  Grave 
Lake P r a i r i e  w in te r  range, the  d i e t s  of the  two e l k  herds w in te r i ng  i n  the 
study area are  dominated by grami no i  ds. Where grasses are n o t  avai 1 able 
due t o  snow, the  d i e t  s h i f t s  t o  con i fe rs  and shrubs. From spr ing  t o  f a l l  , 
fo rbs  may c o n t r i b u t e  a subs tan t i a l  p a r t  of t he  d i e t ,  independent o f  
a1 t i t u d i n a l  range. I n  w in ter ,  the  u t i l i z a t i o n  o f  f o rbs  i s  low. 

Re la t i ve  importance of p l a n t  species i s  presented on Table 5. The 
"va l  ues" may n o t  r e f 1  e c t  d i e t a r y  preferences, b u t  r a t h e r  the  a v a i l  ab i  1 i t y  
o f  p l a n t  species. Howe.ver, the  "values" are i n d i c a t i v e  o f  the  r e l a t i v e  
importance o f  a s i n g l e  species o r  species group when compared by range and 
season. The t a b l e  shows the h ighes t  o v e r a l l  mean value f o r  graminoids and 
1 ow o v e r a l l  mean values fo r  t he  o ther  p l a n t  groups. The h ighes t  species 
value was found f o r  Festuca scabrel l a  on a1 1 ranges and f o r  a1 1 seasons, 
f o l l  owed by Elymus s p v w i  n t e r  ranges. 
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THE ASSESSMENT OF THREE ELK WINTER RANGES 
I N  ALBERTA: AN APPRAISAL. 

LUIGI E. MORGANTINI, Wi ld land  Resources Consul tants  L td .  Box 652, Sub 11, 
U. o f  A., Edmonton, A l b e r t a  T6G 2EO. 

ELDON BRUNS, A l b e r t a  F i s h  and W i l d l i f e  D i v i s i o n ,  P.O. Box 388, Rocky 
Mountain Hou-se, A l b e r t a  TOM 1TO. 

Abs t rac t :  I n  1982, t h e  A l b e r t a  F i s h  and W i l d l i f e  D i v i s i o n  supported a  
d e t a i l e d  s tudy o f  t h r e e  e l k  (Cervus elaphus) w i n t e r  ranges i n  t he  eas te rn  
s lopes o f  t h e  Rocky Mountains. The p r o j e c t  i n v o l v e d  c l  ass i  f i c a t i o n  of  
vege ta t i on  a t  a  p l a n t  community l e v e l ,  e l k  d i s t r i b u t i o n  and p l a n t  
community u t i l  i z a t i o n ,  food h a b i t s ,  forage qua1 i t y ,  range and s o i l  
c o n d i t i o n ,  and f i r e  h i  s t o r y .  Grasses, p a r t i c u l  a r l y  fescue species,  were 
found t o  be a  major  component of e l k  w i n t e r  d i e t s .  The c o n t r i b u t i o n  of 
w i l l  ow species was marg ina l  . Forage was found t o  be phosphorus, n i t r o g e n  
and selenium d e f i c i e n t .  E l  k  se lec ted  f o r  d r y  grass1 and communities t h a t  
represented l e s s  than 30% o f  t h e  apparen t l y  a v a i l a b l e  ranges. The 
u t i l i z a t i o n  o f  p l a n t  communit ies was found t o  be r e l a t e d  n o t  o n l y  t o  t h e i r  
fo rag ing  o r  cover va lue,  b u t  a l s o  t o  t h e i r  p r o x i m i t y  t o  o t h e r  p l a n t  
communit ies o r  s i  te-spec i  f i c  f ea tu res  (m inera l  1  i c k s ,  game t r a i l  s, e t c . )  . 
P e l l e t  group counts  were n o t  adequate t o  d e t e c t  l o c a l  d i s t r i b u t i o n  
pa t t e rns .  The absence of base l i ne  i n fo rma t i on  on range p l a n t  composi t ion 
and t r ends  l i m i t e d  t h e  assessment of  range c o n d i t i o n  and p o t e n t i a l  

- p r o d u c t i  v i  ty  . Several management recommendations were submi t t e d .  Even 
though such d e t a i l e d  s tud ies  can p rov ide  va luab le  in fo rmat ion ,  t h e i r  va lue  
f o r  management i s  l i m i t e d  when ecology, behav io r  and movements o f  r e g i o n a l  
e l k  popu la t i ons  a re  n o t  known. 

INTRODUCTION 

I n  A1 be r ta ,  i n  t he  Eastern Slopes Region n o r t h  o f  Calgary,  t h e r e  a re  
severa l  grass-shrub1 and ranges t h a t  t r a d i t i o n a l l y  overw in te red  1  arge 
herds o f  e l k  ( A l b e r t a  F i s h  and W i l d l  i f e  f i l e s ) .  A t  t he  p resen t  t ime, i n  
s p i t e  o f  r e s t r i c t i o n s  on e l k  hun t i ng  f o r  t h e  l a s t  13 years,  most o f  these 
ranges appear t o  suppor t  fewer animals than  i n  t h e  pas t .  I n  o rde r  t o  
p rov ide  i n s i g h t  i n t o  t h e  f ac to r s  a f f e c t i n g  e l k  d i s t r i b u t i o n  i n  w i n t e r  and 
t o  eva lua te  t h e  need f o r  range improvement, i n  1982 t h e  A1 b e r t a  F i s h  and 
W i l d l  i f e  D i v i s i o n  r e t a i n e d  Wi ld land  Resources Consul tants  L i m i t e d  t o  
assess t he  va lue  o f  t h r e e  se lec ted  e l k  w i n t e r  ranges a1 ong t he  eas t  s lopes 
of  t h e  Rocky Mountains. The main o b j e c t i v e s  of  t he  s tudy were t o  assess 
range u t i l i z a t i o n ,  t o  eva lua te  t h e  need f o r  range improvement, and t o  
determine t h e  p o t e n t i a l  of t h e  areas t o  suppor t  h i ghe r  e l k  d e n s i t i e s .  The 
r e s u l t s  of  t h e  study were summarized i n  an ex tens i ve  r e p o r t  submi t ted t o  
t h e  A l b e r t a  F i s h  and W i l d l  i f e  D i v i s i o n  i n  t h e  f a l l  of 1983 (Morgan t in i  and 
Russel l  1983) ( cop ies  a v a i l a b l e  from E. Bruns).  The o b j e c t i v e  of t h i s  



paper i s  t o  out1 i n e  some major  f i n d i n g s  and t o  re1 a t e  them t o  t h e  
management of e l k  and t h e i r  h a b i t a t s  throughout  t h e  prov ince.  

STUDY AREAS AND METHODS 

The t h r e e  s tudy areas ( F i g u r e  1 )  a re  open, predominant ly  t r e e l e s s  
v a l l  eys surrounded by cont inuous f o r e s t .  

Ha r r i son  F1 a ts ,  1  ocated a1 ong t h e  C l  earwater  R i ve r  approx imate ly  
10 km eas t  o f  Ban f f  Na t iona l  Park, extends over  156.4 hectares (386.5 
acres)  of  r o l l i n g  ground, o f  which about 30% i s  covered by f o r e s t ,  23% by 
shrubs and 47% by n a t i v e  g rass l  and ( F i g u r e  2 )  . I t s  e l  eva t i on  ranges 
between 1680 m and 1720 m. 

The area en joys  r e l a t i v e l y  m i l d  w i n t e r  cond i t i ons .  P r e v a i l  i n g  
wes te r l y  a i r f l o w s  and f r equen t  warm chinook winds t h a t  funne l  a long  t he  
C l  earwater  R i ve r  va l  1  ey 1  i m i  t snow accumul a t i  on and mai n t a i  n  t he  open 
g rass l  and 1  a r g e l y  snowfree. 

The second study area, Ribbon F l a t s ,  i s  l o c a t e d  w i t h i n  t h e  Red Deer 
R i ve r  drainage, 2  km south 'of t h e  Ya Ha Tinda Ranch, one o f  t h e  most 
impo r tan t  e l k  w i n t e r  ranges i n  A lbe r ta .  The study area extends over 171.4 
hectares (423.5 acres)  of which 17.9% i s  covered by f o r e s t ,  39.1% by 
shrubs, 27.3% by muskegs and wet1 and, and 14.8% by g rass l  and ( F i g u r e  3 ) .  
E l e v a t i o n  ranges between 1700 m and 1740 m. 

The t h i r d  study area i s  l o c a t e d  a long  George Creek, a  t r i b u t a r y  t o  
t h e  B l  ackstone R i ve r  ( F i g u r e  4 )  . The area c o n s i s t s  o f  82.7 hec ta res  
(204.4 acres)  o f  which 75% i s  covered by b i r c h - s a l i x  shrubland, 15% by a  
vege ta t i ona l  complex on r i v e r  a l luv ium,  and 10% by open meadows. 

Ribbon F l a t s  and George Creek have a  c o r d i l l e r a n  c l ima te ,  w i t h  warm 
chinook wi nds amel i o r a t i n g  c o l  der  , c o n t i n e n t a l  w i n t e r  temperatures. Due 
t o  t h e i r  nor th -sou th  o r i e n t a t i o n ,  t h e  two areas a re  n o t  s i g n i  f i c a n t l y  
a f f e c t e d  by s t r ong  wes te r l y  winds. Hence, snow tends t o  p e r s i s t  and 
accumulate through t h e  w in te r .  

The vege ta t i on  o f  each w i n t e r  range was c l a s s i f i e d  i n t o  p l a n t  
communities, i .e., p l a n t  assemblages of  s i m i l a r  species composit ion, 
physiognomy and h a b i t a t .  E l k  use of p l a n t  communit ies was determined by 
pe l  1  e t  group counts  a1 ong t r a n s e c t s  es tab l  i shed i n  r e p r e s e n t a t i v e  s i t e s  
w i t h i n  each community type. I n  v iew of t he  l i m i t a t i o n s  o f  t h e  p e l l e t  
group count  t echn i  que ( C o l l  i n s  and Urness 19791, numerous, 1  ong (50-200 m) 
and wide ( 3  m) t r ansec t s  were used. Pel l e t  counts  were then i n t e r p r e t e d  
on t he  b a s i s  o f  the  l o c a t i o n  of  each and every t r a n s e c t  w i t h i n  t he  s tudy 
area, and compared t o  f i e l d  observa t ions  o f  animal movements and 
d i s t r i b u t i o n  and herbage removal data.  



Figure 1. Location of the 
3 study areas, Alberta. I 



a. Figure  2 .  Harr ison F l a t s  a1 ong the  Clearwater R iver .  

I Figure  3.  Ribbon F l a t s .  The Ya Ha Tinda Ranch e l k  w in te r  range can be 
seen i n  the  background (upper r i g h t ) .  



Figure 4.  George Creek meadow. 

Forage a v a i l a b i l i t y  i n  l a t e  fa1 1 was assessed by cl ipping 10 p lo t s  
randomly es tabl  i shed within each pl an t  comrnuni ty .  Overwinter herbage 
removal was determined by l a t e  spring c l ipping of 10 addit ional  p lo t s  
randomly es tabl  i shed wi  t h i  n each pl a n t  communi t y  and by sub t rac t i  ng spr i  ng 
standing biomass from the  standing biomass i n  the  fa1 1. 

Elk monthly food habi ts  were determined by i den t i f i c a t i on  of p lant  
cu t i cu l a r  fragments in  the  feces  (Todd and Hansen 1973). 

Major forage species  were col lected i n  t he  f a l l  and analyzed f o r  
crude prote in ,  phosphorus, cal c i  urn and se l  eni um according t o  procedures 
described by A.O.A.C. (1965). Acid Detergent Fibers  ( ADF) were determined 
by the  procedures summarized by Bailey and Ulyatt  (1970). 

RESULTS AND DISCUSSION 

The th ree  study areas  d i f fe red  i n  environmental condit ions,  i n  level  
and pa t te rns  of e lk  u t i l i z a t i o n  (Tab1 e 11, and i n  t h e i r  value t o  regional 
e l  k popul a t i  ons. 

Thirteen plant  communities were c l a s s i f i e d  on Harrison F l a t s ,  16 on 
Ribbon F l a t s  and 7 a1 ong George Creek. Based on pel l e t  group counts, e l  k 
s e l e c t e d  f o r  f e s c u e  a n d  w h e a t  g r a s s  c o m m u n i t i e s .  T h e  
Potenti 11 a/Festuca/Geum, Festuca/Hel ictotr icon/Oxytro i s and the  
~ ~ r o ~ y r o n / ; f m a G d  communities on Harri __er son F a t s  recorded the  



highest  average pel 1 e t  group dens i t i e s  ( .299 pel 1 e t  groups ~ ~ ~ ] / r n 2 ,  
.232 pg/m2, and .202 pg/m2). On Ribbon F l a t s ,  the  highest  average 
dens i t i e s  were recorded i n  the  Festuca-A ropyron x El us ( .I86 pg/rn2) and 
i n the  Descham sia/A ro yron ( .-m 4--- communities. -? he use of George 
Creek m and la rge ly  r e s t r i c t e d  t o  the  Agropyron 
community ( .022 pg/m2) located on a small r idge.  

Table 1. Number of t ransec t s ,  t o t a l  length,  and number of p e l l e t  groups 
covered i n  the  study a reas  (1982-83). 

Transects Pel 1 e t  Groups 

Total Total Densi t y  
No. Length ( m )  - Number ( /m2) 

Harri son Fl a t s  59 6,092 

Ribbon F l a t s  47 6,319 

George Creek 3 1 4,520 

Pel l e t  counts a1 ong individual t r ansec t s  w i  t h i n  each pl a n t  communi t y  
showed widely ranging values (e.g.  between .I13 and .513 pg/m2 i n  the  
Potenti 11 a/Festuca/Geum community on Harri son Fl a t s )  . T h i  s var ia t ion  
r e f l e c t e d  m o s i  ti 'on of  each t r a n s e c t  w i t h i n  t h e  s tudy  a r e a ,  
i r r e spec t i ve  of the  p lan t  community i n  w h i c h  i t  had been es tabl ished and 
i t s  loca t ion  i n  r e l a t i on  t o  other  p lan t  communities. The u t i l  i za t ion  of 
p lan t  communities was found t o  be re1 ated not only t o  t h e i r  foraging o r  
cover value, but  a1 so t o  t h e i r  posi t ion w i t h i n  the  vegetational mosaic, 
the i  r proximi t y  t o  other  pl a n t  communities o r  t o  si te-speci f i c  fea tu res  
(mineral 1 icks, game t r a i l  s ,  e tc . )  . 

O v e r a l l ,  t h e  p r e f e r e n c e  by e l k  f o r  f e s c u e  and wheat g r a s s  
communities, a s  apparently indicated by pel 1 e t  group counts, was 
cons i s ten t  w i t h  overwinter herbage removal and food hab i t s  data.  However, 
i n  s p i t e  of a high sampling i n t ens i t y ,  p e l l e t  group counts were not 
adequate t o  de t ec t  local  d i s t r i bu t i on  pat terns  and hab i t a t  use f o r  the  
purpose of hab i t a t  management. In t h i s  study, pel1 e t  group count r e s u l t s  
were ver i f i ed  and compared t o  herbage removal and food hab i t s  data.  These 
data ,  and f i e l  d observations of animal behavior, he1 ped in te rpre t ing  1 ocal 
va r ia t ions  of p e l l e t  counts w i t h i n  each p lan t  community. The absence of 
such data and/or any longer sampl ing i n t ens i t y  would have led  t o  erroneous 
concl usi ons. 

Grasses were the  dominant component of the  winter d i e t  i n  a1 1 th ree  
study areas.  Consumption of fescue species averaged 69.5% of the  d i e t  on 
Harrison F l a t s  and 57.5% on Ribbon F la t s .  Sedge and browse species 
contributed t o  14.2% and 7 .l% of d i e t  on Harrison F l a t s ,  and 20.6% and 
11.2% on Ribbon F la t s .  The marginal use of the  George Creek study area by 
e lk  r e s t r i c t e d  the col l  ec t ion of fecal  samples. Based on only two months 



data, December and March, w i n t e r  d i e t  averaged 37.5% grasses, 27.4% sedges 
and 25.4% browse. I n  view o f  t h e  1  i m i t e d  use o f  t h i s  area, these values 
are  be1 ieved t o  r e f 1  e c t  e l  k  d i e t  i n t h e  surroundi ng ranges. 

Forage qua1 i t y  was s i m i l a r  i n  a l l  t h e  study areas. Major p l a n t  
speci es were found t o  be n i  t rogen , phosphorus and sel en i  um d e f i c i e n t .  
From t h e  cured stage through w in te r ,  n a t i v e  grasses o f  t he  rough fescue 
assoc ia t i on  a re  known t o  c o n t a i n  l e v e l s  o f  crude p r o t e i n  and phosphorus 
below maintenance requirements f o r  l i v e s t o c k  (Bezeau and Johnston 1962). 
Crude p r o t e i  n  o f  w i  11 ow was above maintenance requirements. However, 
w i l l o w  species c o n t r i b u t e d  on ly  a  minor  p o r t i o n  o f  t h e  d i e t .  E l  k  
preference f o r  grasses, most ly  rough fescue (Festuca scabre l l  a) , i n  s p i t e  
of t h e i r  low n i t r o g e n  content ,  has been exp la ined as due t o  h ighe r  
d i g e s t i b l e  energy content  (65% i n  grasses vs. 48% i n  w i l l ow ;  Morgant in i  
and Hudson 1985) . 

I n  view o f  t h e  importance of phosphorus i n t a k e  f o r  t he  rep roduc t i ve  
performance o f  1  i ves tock  (Maynard -- e t  a1 . 19791, phosphorus d e f i c i e n c y  on 
w i n t e r  ranges was considered a  f a c t o r  a f f e c t i n g  t h e  p r o d u c t i v i t y  o f  e l k  
popu la t ions  i n  t h e  study areas. 

On t h e  bas is  o f  fa1 1  standing biomass and overwin ter  herbage 
removal s, an at tempt was made t o  assess the  c a r r y i n g  capac i t y  o f  t h e  study 
areas and t h e  1 eve1 o f  u t i l i z a t i o n  overwin ter .  

Three d i  f f e r e n t  w i  n t e r  c a r r y i  ng capac i t y  va l  ues were o b t a i  ned . The 
f i r s t  assumed a  65% uniform u t i l i z a t i o n  of a l l  grass and sedge species. 
The second was based on a  65% u t i l i z a t i o n  o f  o n l y  t h e  p l a n t  communities 
t h a t  were used by e l k  du r ing  t h e  w i n t e r  o f  study. The t h i r d  c a r r y i n g  
capac i t y  va lue  was obta ined by removing from t h e  second c a r r y i n g  capac i t y  
t h e  c o n t r i b u t i o n  o f  some p l  a n t  communities whose u t i  1  i z a t i o n  was s i t e  
s p e c i f i c  and cou ld  n o t  be genera l ized t o  the  e n t i r e  study area. With 
regard t o  Har r ison F l a t s ,  f o r  instance,  i t  was est imated t h a t  t he  area 
cou ld  support about 161 a d u l t  e l k  cows (average we ight  236 kg) f o r  a  5  
month pe r iod  (Tab1 e  2 ) .  Th is  f i g u r e  assumed an average monthly i n t a k e  of 
173 k g  o f  forage (22.9 g  d a i l y l k g  body weight) (Thorne e t  a1 . 1976, 
Mereszczak e t  a1 . 1981). However, such a  s tock ing  r a t e  d i d  no t7  low f o r  
t h e  d i f f e r X t G 1  use o f  p l a n t  communities based on t h e i r  fo rage 
p a l a t a b i l i t y  and value. For  example, i t  was h i g h l y  u n l i k e l y  , t h a t  77 e l k  
cou ld  overwin ter  w i t h i n  t h e  Deschampsia community (H11) on a  d i e t  o f  
t u f t e d  ha i rg rass  (Descham s i a  caespi t osa j .  I f  t h a t  had been t h e i r  o n l y  

*t i s  reasonable t o  assume t h a t  t h e  animals choice on Har r i son  
would have searched f o r  more p a l a t a b l e  forage on o the r  ranges. A more 
c o r r e c t  es t imate  o f  t h e  p o t e n t i a l  s tock ing  r a t e  o f  Har r ison F l a t s  was 
obta ined by cons ider ing  on ly  t h e  p l a n t  communities t h a t  rece ived some use 
du r ing  t h e  w i n t e r  o f  1982-83. Based on herbage removal data, t he  area 
supported about 74 animals a  month f o r  5  months. Increas ing t h e  
u t i l i z a t i o n  o f  t h e  same communities up t o  65% o f  t h e i r  t o t a l  w i n t e r  forage 
biomass, and incud ing  t h e  h i g h l y  pal a t a b l e  fescue forage a v a i l a b l e  i n  the  
Betu l  a/Fescue community whose u t i  1  i z a t i  on was n o t  detected by graz ing  
e x c 7 o s u r e  cages and c l i p  p l o t s ,  t h e  s t o c k i n g  r a t e  i n c r e a s e d  t o  
approximately 98 e l k  a  month f o r  5  months. I n  t h i s  est imate, herbage 
removal from t h e  Deschampsia community (H11) was a r b i t r a r i l y  l e f t  t o  the  
same percentage observed du r ing  t h e  study s ince t h e  u t i l i z a t i o n  o f  t he  



community was s i t e  spec i f i c  and re1 ated t o  human harassment. However, i n  
view of the minimal con t r i bu t i on  of t u f t ed  hairgrass t o  e l k  d i e t  (X=1 .OX), 
i t  i s a1 so quest i  onabl e whether the heavy graz i  ng observed around three 
grazing exclosures i n  the hairgrass community i n  one l oca t i on  should be 
used t o  est imate the e l k  u t i l i z a t i o n  of t h a t  community wherever i t  occurs. 
Removi ng the con t r i bu t i on  of the Deschampsi a community ( H11) , the 
po ten t ia l  s tocking r a t e  decreases t o  some 63 animals a month f o r  5 months. 
Although t h i s  f i g u r e  i s  s i g n i f i c a n t l y  less  than the stocking r a t e  
i n i t i a l l y  calculated,  i t  i s  s t i l l  based on two assumptions: 1. uniform 
grazing of p l a n t  communities throughout the area; 2. a v a i l a b i l i t y  of 
pa la tab le  forage i n  a l l  the p l a n t  communities considered, up t o  65% o f  the 
t o t a l  forage biomass. 

The same reasoning was appl ied t o  est imate the ca r ry ing  capaci ty of 
Ribbon F l a t s  and George Creek study areas. 

Assessment of range condi ti on i nvol ves determi n i  ng s i  te-speci fi c 
cl imax vegetat ion, which i s  d i f f i c u l t  and requ i res  long term studies. 
With regard t o  species composition, the same species t h a t  may be an 
increaser ( "undesirable" ) as a resu l  t of heavy grazing i n one area, can be 
a decreaser ( "des i rab le )  i n  another. Further,  i t  should be noted tha t ,  on 
na t i ve  ranges no t  grazed by l i ves tock ,  cl imax cond i t i on  may no t  be 
preferable. Vegetat ion i n  subcl imax cond i t i on  may be more product ive of 
pa la tab le  wi ld1 i f e  forage than i t  would be a t  i t s  cl imax stage. I n  t h i s  
study, because we d i d  no t  know cl imax vegetat ion o f  the w in te r  ranges and 
i t s  response t o  grazing, range cond i t i on  ana lys is  was r e s t r i c t e d  t o  a 
mostly sub ject ive  assessment of p l an t  communities. On the basis o f  p l a n t  
vigour, he ight  and cover, and standing biomass, a l l  study areas were 
consi dered i n good-to-excel 1 en t  condi ti on. 

Based on 1982 forage production, a l l  of the study areas could have 
supported higher e l k  dens i t ies .  The low u t i l i z a t i o n  o f  Harr ison F l a t s  was 
re l a ted  t o  regional  movement pat terns and a low dens i ty  o f  e l k  along the 
Clearwater River. D i f f e r e n t l y ,  the 1 i m i  ted use o f  Ribbon F l a t s  was 
explained i n  terms o f  i t s  prox imi ty  t o  a major w in te r  range, the Ya Ha 
Tinda Ranch, w i t h  good forage, m i lde r  w in te r  weather and less  snow cover. 
Ribbon F l a t s  was considered a secondary w in te r  range. I n  contrast ,  no 
conclusion could be reached about the study area along George Creek. I n  
the absence o f  some understanding of e l k  movement, behavior and range 
a v a i l a b i l  i t y  i n  the region, the fac tors  under ly ing the low use of George 
Creek could no t  be determined. 

As a r e s u l t  o f  the p r o j e c t  several management recommendations were 
subrni t ted ,  such as experimental phosphorus suppl ementation, prescr ibed 
burning and road closures. 



Table 2. AUM and s tock ing  r a t e s  f o r  Har r ison F l a t s .  

P l  a n t  Hectares 5  months 1982-83 P o t e n t i  a1 
Comm . P ~ ~ A u M ~  s tock ing  r a t e 2  s tock ing  r a t e 3  s tock ing  r a t e  

( 5  months) ( 5  months) 

Tota l  

1 = Average monthly forage i n t a k e  by e l k  
A v a i l a b l e  forage per  hec tare  X .65 

2  = Tota l  # o f  hectares pe r  community 
AUM x 5 months 

3  = Forage u t i  1 i z a t i o n  per hectare  X # o f  hec tares  

( Stocking r a t e  when t h e  c o n t r i b u t i o n  o f  t h e  Deschampsi a  
community ( H I 1  ) i s removed. 

a- 

Festuca scabrella - Heiictotrichon hookerilOxytropis campestris 
Betula glandulosaFestuca scabrella - Kobresia bellardii 
Potentilia fruticosalFestuca scabrellalGeum triflorun; 
Potentilia fruticosalAgropyron srrbsecundurnlGeum triflorum 
Agropyronx Elymuslforb 
Pinus contortalSheperdia canadensislEiymus innovatus 
Agropyron subsecundumlforb complex 
Salix spp. - Betula glandulosa shrubland complex 
Salix spp. - Betula glandulosa thicket complex 
Salix spp.Nuncus balticuslmoss 
Deschampsia caespitosa - Carex aquatilus - Poa pratensis 
Carex pseudo-cyperus - Deschampsia caespitosa 
Carex aquatlius - Calamagrostis neglectalmoss 



CONCLUSIONS 

Th is  e l k  w i n t e r  range assessment study, t h e  f i r s t  ever c a r r i e d  t o  
such a d e t a i l e d  l e v e l  i n  t h e  prov ince of A1 ber ta ,  provided va luab le  ' 

i n fo rmat ion  on vegeta t ion  composit ion and n u t r i t i o n a l  qual i ty, and on e l k  
ecol ogy , food h a b i t s  and movements. It a l  so under1 i n e d  the  1 i m i t a t i o n s  .of 
d i r e c t l y  app ly ing  range management concepts and p rac t i ces ,  1 a rge ly  
devel oped i n t h e  1 i vestock i ndust ry  , t o  w i  1  d l  i fe and habi t a t  management. 

The r e s u l t s  o f  t h i s  study have several i m p l i c a t i o n s  f o r  t he  
management o f  e l  k  popul a t i  ons and t h e i r  h a b i t a t .  Often, w i  1  d l  i fe 
b i o l o g i s t s  r e f e r  t o  open meadows along t h e  f o o t h i l l s  o f  t h e  Rocky 
Mountains as p o t e n t i a l  e l k  w i n t e r  ranges. The presence o f  some e l k  
a c t i v i t y  i s  taken as an i n d i c a t i o n  t h a t  t h e  range cou ld  support h igher  e l k  
dens i t i es ,  when the  low animal d e n s i t y  may s imply r e f l e c t  1 i m i  t e d  resource 
avai  1 ab i  1 i ty . The recen t  devel opment and appl i c a t i o n  o f  an ecosystem 
approach t o  w i l d l i f e  h a b i t a t  assessment f u r t h e r  confound the  issue,  i n -  
so fa r  t h a t  an e n t i r e  open meadow may be erroneously considered a s i n g l e  
l a n d  u n i t  p o t e n t i a l l y  a v a i l a b l e  t o  e l k .  As shown i n  t h i s  study, d ry  
grass1 ands suppor t ing  fescue and wheat grass communi t i e s ,  se lec ted by e l  k, 
represented o n l y  28.7%, 30.6% and 9.6% of t h e  t o t a l  range apparent ly  
avai 1 abl e on H a r r i  son F l  a ts ,  Ribbon F l  a t s  and George Creek, r e s p e c t i v e l y  . 

The r e s u l t s  of t h i s  study and the  management conclus ions cannot be 
taken o u t  o f  con tex t  and app l i ed  t o  o the r  e l k  ranges. 

Proper e l  k  management requ i  r e s  an understandi ng o f  i n d i v i d u a l  e l  k  
populat ions,  t h e i  r movements, behavior,  h a b i t a t  avai 1 ab i  1 i t y  , forage 
preference and a v a i l a b i l i t y ,  and a knowledge of t h e  impact o f  weather 
cond i t ions ,  human a c t i v i t i e s  and o the r  1 and uses. As s ta ted  by Skovl i n  
(1982): "To p l a n  f o r  h a b i t a t  a l t e r a t i o n s  t o  b e n e f i t  e l k ,  t he  s p e c i f i c  
h a b i t a t  requirements must be recognized ... Inadequate h a b i t a t  assessment o r  
worse - no assessment a t  a l l  - requ i res  t h a t  v i t a l  dec is ions  be made 
w i thou t  adequate in format ion ,  t o  the  poss ib le  det r iment  o f  e l k  and t h e i r  
hab i ta t s " .  

Future  assessments o f  e l k  w i n t e r  ranges i n  s i m i l  a r  d e t a i l  may n o t  be 
f i n a n c i a l l y  o r  p r a c t i c a l l y  feas ib le .  Nonetheless, if such assessments 
were poss ib le ,  they should be conducted as p a r t  o f  more ex tens ive  s tud ies  
on reg iona l  e l k  populat ions.  With regard t o  t h i s  p r o j e c t ,  i t  should be 
noted t h a t  t h e  value of range assessment on Har r ison and Ribbon F l a t s  was 
g r e a t l y  enhanced by the  a v a i l a b l e  knowledge of e l k  popu la t ions  a long the  
Clearwater and Red Deer R ive r  va l l eys .  I n  con t ras t ,  t he  absence of 
reg iona l  i n fo rma t ion  on e l k  1 i m i t e d  t h e  value of range assessment a long 
George Creek, even though t h e  study prov ided p rev ious l y  unava i l  ab le  data. 
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MODELING ELK HABITAT USE BY PROBABILITY 

TERRY N .  LONNER, Montana Dept. of Fish, Wildlife and Parks, Box 5 - 
Montana State University, Bozeman, MT 59717 

Abstract: Wil dl  i fe  management and research has historically operated in 
a descriptive mode, whereas now, with a myriad of demands on nearly all 
the natural resources and with the advent of the computer, we are 
challenged t o  operate in a more predictive mode. A1 t h o u g h  population 
dynamics model ing i s  i n  vogue, 1 i t t l e  has been done with synthesizing elk 
distributional d a t a  re1 ative t o  the environment via a mathematical model 
to help the manager predict elk-habitat use as affected by management 
prescriptions and habitat characteristics. I n  this presentation I will 
present some results from the Long Tom Creek Phase of the Montana 
Cooperative El k-logging Study t h a t  describes the use of such a working 
model . Since these resul t s  were excerpted from the final report of thi s 
study which i s  currently in preparation and pending publication, only a 
summary i s being presented. 

This model was developed using a stepwise regression approach t o  
emulate a log 1 inear regression and was based on transect d a t a  collected 
during June through November from 1972 through 1980 in southwestern 
Montana. I t  does no t  predict elk numbers, b u t  predicts the probability of 
elk use when given values for certain habitat parameters t h a t  were 
determined to be important for each of 5 time periods; June, July, August, 
September and Fa1 1 ( October-November) . Three cl asses of i ndependent 
variabl es were used t o  develop the model : dynamic and s i te  specific (e.g . 
catt le use), static and s i te  specific (e.g. % slope), and static and s i te  
adjacent (e.g. surface area of wet meadow within a 12.4 ha circular area 
surrounding the center of each transect). A t o t a l  of 33 variables were 
determined t o  be statist ically important ( p  <.05) for predicting elk use 
in the overall model, b u t  n o t  for every tTme period. The predictive 
accuracy of the model ranged from 61% for September to 74% for the fal l  
months. Predictive accuracies for the other months were 66%, 68% and 70% 
for June, July and August, respectively. A1 though these accuracies are 
no t  exceptionally high, they s t i l l  provide the manager with some 
quanti tive insight as t o  w h a t  the intensity of elk use of an area might be 
or how management prescriptions of the habitat might affect elk use, e.g. 
road construction, 1 oggi ng , cattl e grazing , road cl osures. 

Thi s approach in describing el k use of an area a1 so demonstrates how 
variables change in importance over time and how this change can be from 
important t o  unimportant and vice versa or from a negative t o  a positive 
correlation and vice versa. When using a model such as this one, the 
manager will quickly realize the dynamics of a situation and how the 
effects of various management activities on elk are time dependent and 
often subtly interactive. 
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INTRODUCTION 

On February 1-3, 1984, a small group o f  i n v i t e d  p a r t i c i p a n t s  met a t  
Lubrecht  Experimental Fores t ,  U n i v e r s i t y  of Montana, t o  d i  scuss and, i f  
poss ib le ,  develop a model o f  h a b i t a t  s e l e c t i o n  and use by e l  k. The 
p a r t i c i p a n t s  were i n v i t e d  on t h e  bas is  o f  t h e i r  pas t  experience working 
w i t h  e l  k and e l  k h a b i t a t ,  o r  because o f  t h e i r  experience w i t h  model i ng 
l o g i c  and procedures. Th is  was t h e  f i r s t  workshop ever conducted i n  t h e  
new Fores t r y  Center o f  t h e  Lubrecht  Experiment Fo res t  and, as f a r  as we 
can determine, t h e  f i r s t  one on e l k  i n  which a pr imary  o b j e c t i v e  was t h e  

I 
development o f  a h a b i t a t  s e l e c t i o n  model us ing  a temporal framework t o  
descr ibe  year-round, i ntegra ted habi t a t  use. I 

None o f  t h e  12 p a r t i c i p a n t s  i n  t h e  workshop have i l l u s i o n s  t h a t  they 
managed t o  develop a d e f i n i t i v e  model f o r  e l k  h a b i t a t  s e l e c t i o n  and use. 
Most were d isappointed,  b u t  n o t  surpr ised,  t h a t  we ran o u t  o f  t ime j u s t  

I 
when i t  appeared t h a t  success m igh t  be poss ib le .  The conceptual model we 
produced i s  s t i l l  i n  t h e  e a r l y  stages o f  development and cou ld  prove t o  be 
a dead end. A t  t h e  same t ime, we b e l i e v e  we accomplished something 

I 
worthwhi le,  and t h a t  a w r i t t e n  summary o f  workshop r e s u l t s  can serve two 
useful purposes. F i r s t ,  we suspect t h a t  s i m i l a r  workshops on h a b i t a t  use 

l ~ o r e s t  Service, U.S. Department o f  Ag r i cu l  t u r e ,  Fo res t r y  Science 
Lab, Drawer 7 ,  Missoul a, MT. 59806. 



might  be b e n e f i c i a l  i n  o the r  geographic areas o r  poss ib l y  on o the r  species 
of w i l d l i f e .  Toward t h a t  p o t e n t i a l ,  we o f f e r  t h i s  rev iew o f  t he  way the  
Lubrecht Workshop was organized and conducted. A1 though i t  was f a r  from 
p e r f e c t ,  a1 1  t h e  p a r t i c i p a n t s  repor ted  i t  an excel l e n t  experience and a  
concept t h a t  cou ld  l e a d  t o  even g rea te r  progress i n  t h e  fu tu re .  Second, 
a1 though t h i  s  workshop d i d  n o t  y i  e l  d  a  func t iona l  model o f  e l  k  h a b i t a t  
s e l e c t i o n  and use, we be1 i e v e  t h e  conceptual model i s  worthy o f  f u r t h e r  
cons ide ra t i on  and peer c r i t i q u e .  We are  p a r t i c u l  a r l y  i n t e r e s t e d  i n  
present ing  t h e  t e n t a t i v e  model t o  o t h e r  research and management b i o l o g i s t s  
w i t h  t h e  hope t h a t  c r i t i c a l  feedback w i l l  enable us t o  b u i l d  a  model t o  be 
a p p r o p r i a t e l y  t e s t e d  du r ing  t h e  nex t  2 t o  5 years. 

CONDUCT OF THE WORKSHOP 

Sel e c t i  on o f  P a r t i c i p a n t s  

The f i r s t  and poss ib l y  t h e  hardest  task f o r  t h e  workshop sponsors was 
t h e  s e l e c t i o n  o f  p a r t i c i p a n t s .  A workshop can serve f o r  e i t h e r  teach ing 
o r  bra instorming,  b u t  we decided t h a t  i t  cou1 d  n o t  do both. Thus, every 
p a r t i c i p a n t  had t o  be c a r e f u l l y  se lec ted on t h e  bas is  o f  expected 
p o t e n t i a l  c o n t r i b u t i o n ,  and t h e  group had t o  be small enough t h a t  a l l  
c o n t r i b u t i o n s  would be heard. Given t h e  o b j e c t i v e  o f  t he  workshop--to 
develop a  h a b i t a t  s e l e c t i o n  and use model f o r  e l  k--we t r i e d  t o  s e l e c t  
w i l d l i f e  b i o l o g i s t s  who had worked on both popu la t ion  dynamics and on 
habi t a t  use. We wanted a  preponderance o f  research b i o l  og i  s t s  t o  assure 
t h a t  a b s t r a c t  concepts would dominate, b u t  we a l s o  f e l t  t h a t  a b s t r a c t i o n  
shoul d  be tempered by management b i  01 og i  s t s  . F i  nal  1  y , we sel ec ted two 
p a r t i c i p a n t s  w i  t h  s t rong backgrounds i n model c o n s t r u c t i o n  and desi  gn. 
Ne i the r  had worked s p e c i f i c a l l y  on e l k  p r i o r  t o  t h e  workshop. 

I n  t h e  p l  anni ng stages, we had hoped t o  1  i m i  t the -  workshop t o  10. We 
f i n a l l y  i n v i t e d  12 t o  g e t  a  f u l l  s e l e c t i o n  o f  t h e  var ious  l i n e s  of 
e x p e r t i  se. As events d u r i  ng t h e  workshop proved, the  appropr ia te  work i  ng 
group s i z e  i s  probably l e s s  than 10. If a l a r g e r  number i s  involved,  i t  
w i l l  a lmost c e r t a i n l y  become necessary t o  break i n t o  u n i t s  o f  f i v e  t o  
seven a t  some t ime du r ing  t h e  workshop. 

Physical  Environment 

N o t  s u r p r i s i n g l y ,  i t  h e l p s  if t h e  workshop env i ronmen t  i s  
comfortable, p a r t i c i p a n t s  are  we1 1  fed, and any major  d i s t r a c t i o n s  e i t h e r  
c o n t r i b u t e  to ,  o r  a t  l e a s t  d o n ' t  d e t r a c t  from, t h e  work. The Fores t r y  
Center a t  t h e  Lubrecht  Experimental Fo res t  seemed p a r t i c u l a r l y  we1 1  
su i ted .  We were ab le  t o  use a  small , we1 1-1 i g h t e d  conference room w i t h  a  
f i r e p l a c e  f o r  most o f  t h e  meetings, and the re  were o the r  l abo ra to ry ,  
d i  n i  ng and s l  eepi ng areas r e a d i l y  avai 1  abl e. 

I n  t h e  f i r s t  evening session we he1 d  a  f i e l d  t r i p  t o  view p a r t s  of 
t h e  Chamberlain Creek E l k  Study area and the  Lubrecht  Forest .  Th is  was a  
s h o r t  t r i p  and was repeated each evening f o r  those i n t e r e s t e d  i n  seeing 
e l k .  We were a1 so en te r ta ined  by a  demonstrat ion o f  Lonner 's  h a b i t a t  
probabi 1  i ty  program r u n  on a  Kaypro p o r t a b l  e  m i  crocomputer. The 



p o t e n t i a l  demonstrated by t h i s  program and t h e  equipment was h igh.  I f  
several demonstrat ions of equipment and recen t  r e s u l t s  were ava i l ab le ,  
they would be an e x c i t i n g  a d d i t i o n  t o  any workshop. 

Prepara t ion  

When used as a l e a r n i n g  experience, workshops normal ly  have some k i n d  
o f  prework t o  b r i n g  a l l  p a r t i c i p a n t s  t o  t h e  same s t a r t i n g  p o i n t  be fore  the  
f i r s t  meeting. For t h i s  workshop, we asked each p a r t i c i p a n t  t o  suggest 
poss ib le  prework m a t e r i a l  s, b u t  rece ived no suggestions. We be1 i e v e  t h i s  
was fo r tuna te .  As i t  turned out ,  each p a r t i c i p a n t  brought  h i s  own 
i n d i v i d u a l  e x p e r t i s e  b u t  w i thou t  any preprogramed ideas on the  way the  
workshop should proceed o r  t h e  form the  model should take. 

Bui 1 d ing  t h e  I n i  ti a1 Framework 

As a s t a r t i n g  p o i n t  f o r  d iscuss ions  du r ing  t h e  t h r e e  days, each 
p a r t i c i p a n t  presented h i s  percept ion  o f  what he expected the  workshop 
might  accomplish. Th is  was a worthwhi le exerc ise,  because i t  brought  o u t  
several ideas n o t  p rev ious l y  recognized, and i t  es tab l i shed  a framework on 
which we cou ld  recognize both  the  u l  t ima te  goal and the  complexi ty  o f  the  
problem. Among t h e  more impor tant  concepts mentioned were t h a t  t h e  model 
shoul d: 

- descr ibe h a b i t a t  s e l e c t i o n  and use i n  a t  l e a s t  monthly i n t e r v a l s  

- t r e a t  behavior  o f  i n d i v i d u a l  animal s  r a t h e r  than popul a t i o n s  

- be capable o f  demonstrat ing e f f e c t s  o f  l a n d  management a c t i v i t i e s  
on i ndi  v i  dual animal s  and popul a t i  ons 

- i d e n t i f y  s p e c i f i c  c a r r y i n g  capac i t y  i n  numbers o f  e l k  per  acre 

- demonstrate importance of i n d i v i d u a l  components o f  h a b i t a t ;  
t h a t  i s ,  i d e n t i f y  t h e  key v a r i a b l e s  

- i n t e g r a t e  h a b i t a t  requirements and behavior  i n  a l o g i c a l  and 
use fu l  way 

- be a f u n c t i o n a l  management t o o l  us ing  e x i s t i n g  data bases 

Fol  1 owing t h i s  d iscussion,  each p a r t i c i p a n t  descr ibed h i s  recen t  work 
and h i s  percept ion  o f  t he  a p p l i c a b i l i t y  o f  t h a t  work t o  t h e  o b j e c t i v e s  of 
t h e  workshop. Poss ib ly ,  t h e  most s i g n i f i c a n t  observat ion  from t h i s  d i  s- 
cussion was t h a t  t h e  m a j o r i t y  of p a r t i c i p a n t s  have been us ing o r  
developing h a b i t a t  u t i l i z a t i o n  models of some k i n d  and t h a t  t h e  major  
problem w i t h  e x i s t i n g  models i s  f a i l u r e  o f  ex t rapo l  a t i o n .  Even when the  
b i o l o g i s t  had a f u n c t i o n a l  model f o r  a s p e c i f i c  study area, he was 
uncer ta in  t h a t  i t  cou ld  be used on any o the r  area. 

One p o i n t  we d i d  n o t  develop i n  t h i s  i n i t i a l  d iscuss ion was the  
s p e c i f i c  form t h e  f i n a l  model cou ld  take. Instead,  several p a r t i c i p a n t s  
obv ious ly  avoided any suggest ion t h a t  an e x i s t i n g  model 'should be used as 
a format. L a t e r  events probably show t h a t  t h i s  was an overs igh t .  A few 



minor decisions a t  t h i s  stage would probably have 1 ed to  a higher 1 eve1 of 
accomplishment than was actually attained. Certainly, i f  a form had been 
described, the major disagreement of the workshop could have been 
avoided, and we might not have spent so much e f f o r t  straying away from the 
primary objective. 

Aiming .a t  the Primary Objective and Resol ving Disagreements 

In a workshop with a 1 imi ted amount of time, a l l  par t ic ipants  need t o  
concentrate on the primary objective and to  resolve any disagreements 
quickly. This was not easy because habi tat  use by elk i s  an abstract  
concept, and the abstraction was not identical for  everyone. Methods fo r  
mai ntai n i  ng conti n u i  ty  of progress i ncl uded frequent summarizations . When 
a persi s t en t  fa i  1 ure of agreement occurred, we t r i ed  approaching the 
probl em from a d i  f f e ren t  d i  rec t i  on. When i t appeared thi  s was i nadequate, 
we divided the part ic ipants  in to  two groups so tha t  discussions could 
continue a1 ong apparently d i  f fe rent  1 i nes. 

Summarize a t  frequent interval s 

A t  the beginning of the workshop, we hoped t h a t  frequent summarizing 
with s ta tus  reports would enable us t o  keep a1 1 part ic ipants  on the same 
track. We s ta r ted  the second day, fo r  example, by asking Clark to  
summarize, from his  viewpoint as a modeller, what he though of the 
existing s i tua t ion  and the potential . We got the fo l l  owing check1 i s t  of 
i tems any elk model must sa t i s fy  t o  be useful (note  the complexity, even 
before di scussions s ta r ted)  : 

- t r e a t  individual animal , by sex and age classes  

- generalized (can be extrapolated beyond one study area) 

- must solve the spatial  resolution problem 

- preferences should be re1 ated to  requirements 

- habitual use must be recognized i n  the model 

- people i nfl uences and d i  sturbances are  s i  gni f icant  

- several kinds of responses will require stochastic control 

- phenol ogy must be modeled and included 

- energy budget might be a model denominator 

- 1 ag vari abl es need consideration ( summer condition i nfl uences 
value of the winter range) 

- scaled variables should be re1 ated to  carrying capacity, 
density . . . 



- model needs t o  work r e a l  i s t i c a l l y  a t  t he  1 i m i  t s  

- i s  i t  poss ib le  t o  have c o n t r o l s  f o r  t e s t i n g ?  

From these po in ts ,  Clark concluded t h a t  t he  areas most l i k e l y  t o  
c rea te  s i  gn i  f i can t  prob l  ems i n  devel opment o f  a func t iona l  h a b i t a t  model 
were: 

- phi losophy: system s t a t e  o r  dynamic p a t t e r n  model? 

- scale:  how b i g  an area? b igger  i s  harder, i s  i t  b e t t e r ?  

- t ime  steps: d a i l y ,  weekly, monthly? 

- t y i n g  t h e  model t o  e x i s t i n g  data bases t o  save t ime and money 

- who are  the  users? i s  the re  a break between usefu l  and v a l i d ?  

- v a l i d a t i o n  and s e n s i t i v i t y  t e s t i n g ,  "what i f "  games 

The d iscuss ions  t h a t  fo l lowed,  and t h e  i n i t i a l  attempts t o  out1 i n e  a 
form f o r  a p o t e n t i a l  model of e l k  h a b i t a t  use, demonstrated t h a t  C lark  was 
r i g h t .  A f t e r  an hour o r  two of c i r c l i n g  the  problem, t h e  workshop was 
obv ious ly  degenerat ing i n t o  two defenses of s p e c i f i c  v iewpo in ts  r a t h e r  
than a sing1 e d iscuss ion moving toward a s o l u t i o n  o f  the  problem. A t  t h i s  
p o i n t ,  we decided t o  break up i n t o  two smal ler  groups and cont inue w i t h  
t h e  hope t h a t  eventual model cons t ruc t i on ,  even i f  i n i t i a t e d  from two 
d i  f f e r e n t  formats, woul d 1 ead toward the  same end product.  

Separate i n t o  small e r  d i  scussi on groups 

, When t h e  two separate groups w i t h  t h e i r  d i f f e r e n t  approaches t o  
model ing were a1 1 owed t o  work independently,  each produced a f l o w  diagram 
and a bas ic  concept i n  l e s s  than two hours. A t  f i r s t ,  i t  was n o t  c l e a r  if 
t h i s  achievement was an evidence of progress. When the  two groups recon- 
vened, they apparent ly  had produced two d i f f e r e n t  model s. However, as we 
w i l l  show l a t e r  i n  t h i s  paper, t h e  d i f ferences were n o t  as g r e a t  as f i r s t  
perceived. The s t a r t i n g  p o i n t  f o r  one group invo lved  dens i t y  (number of 
e l k  per  square m i l e ) ,  w h i l e  t h e  s t a r t i n g  poi.nt f o r  t h e  o the r  group 
invo lved  instantaneous phys ica l  needs o f  a s i n g l e  animal. The f i r s t  group 
t i e d  popu la t i on  dens i t y  t o  popu la t i on  c h a r a c t e r i s t i c s  through a c o n d i t i o n  
index f o r  each i n d i v i d u a l  animal, w h i l e  the  second group t i e d  animals t o  
h a b i t a t  u n i t s  w i t h  t h e  i n t e n t  t h a t  a movement submodel would e s t a b l i s h  
d e n s i t i e s  by d e f a u l t .  When t h e  two models were reviewed, the re  was l e s s  
than overwhelming agreement t h a t  they cou ld  be combined o r  even 
reconc i l ed . .  A t  t h a t  p o i n t ,  i t  appeared we had reached a permanent impasse 
t h a t  m igh t  p revent  any f u r t h e r  progress. 

Try  a d i f f e r e n t  approach 

Rather than cont inue an apparen't ly f r u i t l e s s  d iscussion,  we changed 
d i r e c t i o n s  and t r i e d  t o  come a t  the  o b j e c t i v e  from a d i f f e r e n t  v iewpoin t  
o r  on a d i f f e r e n t  scale. A1 though t h i s  p a r t i c u l a r  impasse was somewhat 
g rea te r  than others,  we used t h i s  technique on several occasions when 



temporary d i f ferences of op in ion  d i d  n o t  seem subs tan t ia l  enough t o  
requ i  r e  separa t ion  i n t o  small e r  d i  scussion groups. 

I n  p r e l i m i n a r y  d iscuss ions  we had agreed t h a t  t ime would be a  
requ i red  v a r i a b l e  i n  the  f i n a l  model , so we changed d i r e c t i o n s  and worked 
on a  1  i s t i n g  o f  t he  most impor tant  v a r i a b l e s  a f f e c t i n g  e l k  h a b i t a t  use by 
monthly per iods.  Again, we ran i n t o  some d iscuss ion problems, b u t  t h i s  
t ime we backed away from t h e  main problem f a r  enough t o  see t h a t  a l l  
v a r i a b l e s  seemed t o  f i t  i n t o  one of t h ree  ca tegor ies  depending on t h e  way 
they i n f l  uenced the  c o n d i t i o n  o r  requ i  rements of e l  k  : s e c u r i t y  , thermal 
regu la t i on ,  and food. Wi th in  t h e  con tex t  o f  t h i s  agreement, we ranked 
each v a r i a b l e  f o r  importance du r ing  s i x  pe r iods  o f  t he  year  as fo l l ows :  

Per iod i c  L i s t  o f  I n f l u e n c i n g  Var iab les  

Var iab le  Jan-Mar Apr-Jun Jul-Aug Sept-Oct Nov Dec 

Securi  tyl 1 c 3  2 1 
Thermal (warm 1' 1 2 3  4 2 1 

2 Thermal (coo l  ) 
F O O ~ ~  2 1 1 1 3 2 

1 H a b i t a t  v a r i  abl  es i n f l  uenci ng secur i  t y  i n c l  ude roads, h i d i n g  cover, 
soci a1 i n t e r a c t i o n  w i t h  c a t t l  e, topography, e l  e v a t i  on, s l  ope, and i n  
some seasons, darkness. 

2 H a b i t a t  v a r i a b l e s  i n f l  uenci ng thermal r e g u l a t i o n  i n c l u d e  t imber 
cover, topography, moi s t  s i  tes ,  e l  e v a t i  on, aspect, and group 
re1 a t i  onshi ps. 

3  H a b i t a t  v a r i  abl  es i n f l  uenci ng food rev01 ve around seasonal 
c h a r a c t e r i s t i c s  o f  openings, shrub f i e 1  ds, and fo res ts .  

The second t ime we decided t o  d iverge from a s t r a i g h t  path t o  t h e  
ob jec t i ve ,  we had begun t o  agree on some s i m i l a r i t y  between t h e  two 
pro to type models, b u t  were s t i l l  bad ly  hung up on the  concept o f  animal 
movement from one p lace t o  another. P f i s t e r  suggested t h a t  maybe we 
should f o r g e t  about movement momentari ly and t ry  t o  develop a  " h a b i t a t  
model " t h a t  would eventua l ly  re1 a t e  t o  a  movement model. He suggested 
an ecosystem x  successional stage framework under which each c e l l  cou ld  
be l i n k e d  t o  a  r e a l  l a n d  area by mapping. A d i v e r s i t y  index would take 
care  of j u x t a p o s i t i o n  problems, and a  pro to type model cou ld  then be 
developed and tested.  A  s ide  r e s u l t  of t h i s  d iscuss ion was t h a t  Banaugh 
was ab le  t o  determine an apparent ly  l o g i c a l  way t o  c o n s t r u c t  a  movement 
submodel us ing  t h e  suggested h a b i t a t  model as a  d r i v e r .  A second s ide  
product  was t h e  r e c o g n i t i o n  by Escano t h a t  t he  a v a i l  ab le  i n f o r m a t i o n  on 
e l k  h a b i t a t  use was probably adequate t o  a l l o w  development o f  h a b i t a t  
s u i t a b i l i t y  index (HSI) model s  i n  a  form usable by management. 

The "Bl ack Fr iday"  sol  u t i o n  

One approach t o  t h e  r e s o l u t i o n  of disagreements t h a t  we d i d  n o t  t r y  
b u t  has been used i n  o the r  workshops was descr ibed by Banaugh as the  



"Black Fr iday"  so lu t i on .  I n  1  arge 1  aboratory s i t u a t i o n s ,  t h i s  i s  s imply 
an a r b i t r a r y  se lec t i on ,  u s u a l l y  by t h e  l a b o r a t o r y  c h i e f ,  o f  one o f  t he  two 
competing answers. Se lec t i on  i s  u s u a l l y  made on F r iday  so t h e  l o s e r s  w i l l  
have t h e  weekend t o  recover from disappointment and come back ready t o  
work on the  se lec ted answer. I n  a  small workshop, i f  t h e  p a r t i c i p a n t s  are  
w i l l  i ng, i t  cou ld  as we1 1  be done by random drawing t o  p i c k  a  p a r t i c i p a n t  
t o  make t h e  dec is ion .  

Workshop P r e l  i m i  nary  Resul t s  

The two diagrams, here, a re  from t h e  d i sp lay  sheets o f  t he  working 
subgroups. Ne i the r  d i  agram i s i ntended t o  be a  d e f i  n i  ti ve desc r ip t i on ,  
and n e i t h e r  i s  expected t o  be of d i r e c t  use t o  anyone n o t  present  f o r  t he  
d i  scussions. These a re  t h e  p r e l  i m i  nary, worki  ng hypothesi s  model s  f o r  t he  
workshop, and a1 l p a r t i c i p a n t s  w i l l  o b j e c t  t o  any misuse imp ly ing  t h a t  
they are  more than p r e l i m i n a r y  sketches. (See F igu re  1). 

Summary and Fo l  1  owup 

On t h e  f i n a l  day, Banaugh addressed the  s t a t u s  o f  t he  proposed models 
and the  areas o f  needed emphasis. One c l e a r  p o i n t  was t h a t  t he  Movement 
submodel ( i n  t h e  D isc re te  Step Model) was a  s p e c i f i c  d e t e r r e n t  t o  any 
immediate i n t e g r a t i o n  of t h e  two diagrammatic models. A t  t h e  same t ime, 
most of us conceded t h a t  t h e  s t a t e  va r iab les ,  " c o n d i t i o n  index," and 
"animal needs" might  o n l y  be d i f f e r e n t  expressions o f  about t h e  same 
t h i  ng. 

Our most impor tant  r e a l i z a t i o n  was t h a t  t h e  "pe r iod i c  l i s t  of 
va r iab les "  compiled on t h e  second day of t h e  workshop expressed t h e  
c e n t r a l  core  f o r  a  f u n c t i o n a l  h a b i t a t  use model . A1 1  o f  the v a r i a b l e s  
l i s t e d  c o n t a i n  a  s i n g l e  idea:  t h a t  t h e  day-to-day behavior of e l k  
revo lves  around a  constant  a t tempt  t o  ma in ta in  a p o s i t i v e  energy balance. 

Wrap-up i n c l  uded an overview statement from each p a r t i c i p a n t  
regard ing the  s i g n i f i c a n c e  of t he  d iscussions and an eva lua t ion  of 
accompl ishments. Most of t h e  p a r t i c i p a n t s  by then recognized t h a t  a  
workable framework f o r  a  h a b i t a t  s e l e c t i o n  model had been developed. Lyon 
volunteered t o  a t tempt  t h e  i n t e g r a t i o n  o f  t h e  two models, and Banaugh 
i n d i c a t e d  a  d e s i r e  t o  develop t h e  model t o  a t  l e a s t  an i n i t i a l  computer 
program stage. Other p a r t i  c i  pants, especi a1 1 y those i nvol  ved i n 
developing new research, i n d i c a t e d  t h a t  such a  program cou ld  be 
immediately subjected t o  f i  e l  d  t e s t i n g  and mod i f i ca t i on .  

INTEGRATION OF THE PRELIMINARY MODELS 

I n t e g r a t i o n  of t he  two model s  s t a r t e d  w i  t h  exami n i  ng those f u n c t i o n s  
t h a t  appeared t o  be common t o  bo th  models and those t h a t  were present  i n  
o n l y  one. Th is  was an i n t e r e s t i n g  exerc ise  i n  several ways. F i r s t ,  i t  
was rewarding t o  f i n d  t h a t  a1 1  of t h e  f u n c t i o n s  1  i sted as d e s i r a b l e  by t h e  
workshop p a r t i c i p a n t s  a re  present  i n  one o r  t h e  o the r  o f  t he  two models. 
Second, many o f  t h e  l i s t e d  func t ions  do appear i n  bo th  models and are 
recogni zabl e  even though n o t  necessar i l y  i nterchangeabl e. And f i nal  l y  , 



Figure 1. The two preliminary working hypothesis models. 
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most o f  t h e  f u n c t i o n s  found i n  on ly  a  s i n g l e  model a re  e a s i l y  understood 
and noncon t r o v e r s i  a1 . 

From the  s tandpo in t  of attempted i n t e g r a t i o n ,  most o f  t h e  apparent 
d i f f e rences  between t h e  models are  associated w i t h  the  method of 
expression r a t h e r  than t h e  under l y ing  concept. I n  one model , a 
"happening" i s  c o n t r o l l e d  by a  va lve  t h a t  determines how much in f l uence  
gets  through t o  t h e  e l k .  Flow through t h e  valve, even when 1  imi ted ,  i s  
continuous. I n  t h e  o the r  model , t h e  va lve  i s  rep1 aced by a  quest ion,  
usual 1  y  dichotomous, regard ing the  probabl e  resu l  t o f  t h e  " happeni ng" . 
Such quest ions are  always presented i n  a  diamond-shaped box t h a t  i s  
c l e a r l y  t h e  equ iva len t  of t h e  va lve  except t h a t  t he  r e s u l t  becomes a  
d i s c r e t e  event. For  purposes of t h i s  d iscussion,  the  two model s  shown 
e a r l  i e r  are  c a l l  ed the  "cont inuous" model and t h e  " d i  scre te"  model . 
Common Funct ions 

A t  t h e  h e a r t  of bo th  models i s  a  s i n g l e  d e s c r i p t i v e  v a r i a b l e  
expressing t h e  s ta tus  o r  " cond i t i on "  of an i n d i v i d u a l  animal. The 
cont inuous model considers t h i  s  a  c o n d i t i o n  index expressing bo th  the  
phys io l  og i ca l  and behaviora l  condi t i o n s  appl i c a b l  e  t o  each animal i n  the  
popu la t ion .  The d i s c r e t e  model expresses t h i s  same v a r i a b l e  as a  quest ion  
o f  animal needs f o r  food, thermal cover, o r  s e c u r i t y .  I n t e g r a t i o n  of t he  
two models, as t h e  p a r t i c i p a n t s  recognized on t h e  f i n a l  morning of the  
workshop, m igh t  be accomplished if t h i s  v a r i a b l e  was expressed as the  
cumulat ive d a i l y  energy balance f o r  each animal. The balance cou ld  be 
reduced each day by t h e  energy requ i red  f o r  maintenance, and any food 
eaten would rep lace  the  losses.  I n t a k e  i n  excess of t he  d a i l y  maintenance 
requirement would c o n t r i b u t e  t o  a  p o s i t i v e  energy balance. A t  t he  same 
time, inadequate food, cover, o r  s e c u r i t y  f o r  any per iod,  woul d  resu l  t i n  
a  negat ive  balance. The energy balance a t  any s p e c i f i c  t ime would be an 
expression of c o n d i t i o n  f o r  t h e  animal . 

The d i s c r e t e  model l i s t s  h a b i t a t  cond i t i ons  i n  what appears t o  be a  
submodel f o r  ma in ta in ing  and updat ing s ta tus .  Access t o  the  i n f l uences  of 
h a b i t a t  a re  c o n t r o l l e d  by t h e  quest ion, " I s  t h e  environment a v a i l  ab le  t o  
an animal adequate t o  s a t i s f y  needs?" On the  o t h e r  hand, the  cont inuous 
model expresses the  i n f l u e n c e  of h a b i t a t  as a  c o n t r o l  on energy f low t o  
t h e  c o n d i t i o n  index from the  v a r i a b l  es food, cover, and in te rspe rs ion .  
Even though expressed i n  somewhat d i f f e r e n t  ways, these are  c l e a r l y  the  
same concept. 

The in f l uences  of d is turbance on e l k  use o f  h a b i t a t  a1 so seem t o  
represent  s i m i l a r  concepts i n  bo th  model s  a1 though n e i t h e r  model appears 
ab le  t o  p rov ide  a  c l e a r  exp lanat ion  o f  t he  e f f e c t  on e l k .  I n  t h e  con- 
ti nuous model , d i  sturbances a re  shown as modi f y i  ng the  c o n d i t i o n  index, 
which imp1 i e s  t h a t  some energy c o s t  i s  invo lved.  I n  t h e  d i s c r e t e  model , 
disturbances a re  seen as causing a c t i v a t i o n  o f  t h e  movement submodel. 
Movement, viewed as a  method of compensating f o r  environmental change, 
a l so  has energy costs.  E i t h e r  ve rs ion  should reduce the  energy balance 
f o r  t h e  animal and a t  t h e  same t ime l e a d  t o  s e l e c t i o n  o f  a  d i f f e r e n t  
h a b i t a t  i n  which energy d r a i n  i s  reduced. 



F i n a l  l y ,  bo th  model s  con ta in  a  t reatment  e f f e c t  f o r  v a r i a t i o n s  i n  
w i n t e r  seve r i t y .  The cont inuous model takes t h e  d i r e c t  approach of 
a1 1  owi ng a  severe w i  n t e r  t o  reduce popul a t i  on densi ty , wh i l  e  the  d i  sc re te  
model t r e a t s  w i n t e r  as one of several seasons i n  which the  energy 
requ i  rements of an animal coul d  p o t e n t i  a1 1  y exceed avai  1  ab i  1  i ty  . 
Uni que Funct ions 

One o f  t h e  i tems workshop p a r t i c i p a n t s  1  i s t e d  on the  f i r s t  day, as a  
des i rab le  a t t r i b u t e  f o r  t he  model , was an expression o f  c a r r y i n g  capac i t y  
o r  popu la t i on  dens i ty .  The cont inuous model i nc ludes  such a  va r iab le ,  and 
i t  a1 so inc ludes  the  1  i f e - t a b 1  e  parameters, na ta l  i ty  and su rv i va l  . When 
they gave t h e i r  p resenta t ion ,  t h e  d i s c r e t e  model group had n o t  addressed 
popu la t ion  dens i ty ,  b u t  some members of t he  group thought t h a t  a  p roper l y  
scaled behaviora l  and h a b i t a t  qua1 i ty model would probably prov ide  a  
dens i t y  est imate if allowed t o  run  through several cyc les.  Ne i the r  group 
was c e r t a i n  i f  i t  would be necessary t o  c a r r y  a  complete, popu la t i on  
s t r u c t u r a l  t a b l e  w i t h i n  t h e  f i n a l  model, b u t  such in fo rmat ion  would l i k e l y  
be produced whether o r  n o t  i t  i s  essen t ia l  t o  t h e  needs o f  t he  users of 
t he  model. I n  e i t h e r  vers ion,  i t  i s  c l e a r  t h a t  i n d i v i d u a l  animal s  must be 
s p e c i f i c a l l y  i d e n t i f i e d  i f  c o n d i t i o n  o r  need i s  t o  be determined. 

The d i s c r e t e  model inc luded two concepts t h a t  were unique, a1 though 
one of them, t h e  t ime step, was c e r t a i n l y  imp1 i e d  i n  the  cont inuous model 
by the  f low through c o n d i t i o n  f o r  i n d i v i d u a l  animals and through dens i t y  
f o r  t he  popu la t ion .  However, t h e  concept of movement was completely 
unique t o  the  d i s c r e t e  model and became a  sub jec t  o f  some controversy.  
Again, however, t he  r e a l  d i f f e r e n c e  between t h e  model s  may be t h e  way t h e  
r e s u l t s  o f  a  "happening" are  expressed r a t h e r  than t h e  basic concept 
under l y ing  t h e  i n f l u e n c e  o f  t h e  event. I n  e i t h e r  model , d is turbance has 
q u a n t i f i a b l e  consequences i n  energy cost ,  i n  t h e  c o n d i t i o n  index, and i n  
t h e  h a b i t a t  s e l e c t i o n  s t ra tegy  o f  t h e  i n d i v i d u a l  animal. The major  
d i f f e rence  appears t o  be the  way t h e  h a b i t a t  s e l e c t i o n  s t ra tegy  might  be 
expressed i n  t h e  output .  The d i s c r e t e  group, through the  movement model, 
has in t roduced a  concept fo re ign  t o  the  way t h e  m a j o r i t y  o f  models have 
p rev ious l y  been constructed.  S p e c i f i c a l l y ,  t h i s  group has assumed t h a t  
program func t ion  i n  t h e  model w i l l  be designed t o  use a  study area map as 
the  base on which h a b i t a t  values are recorded and i n d i v i d u a l  e l k  are  
tracked. 

A Revised Working Hypothesis 

Based on t h i s  i n i t i a l  comparison of t he  func t ions  o f  the  two pre- 
1  iminary  models, we present  here a  conso l ida ted model i n  which a l l  
func t ions  from bo th  previous models are  expressed. Th is  f l o w  c h a r t  
(F igu re  2)  purposely avoids both  the  cont inuous and d i s c r e t e  expressions, 
a t  l e a s t  i n  p a r t  because several of t h e  v a r i a b l e s  i n  t h i s  c h a r t  represent  
submodel s  o f  some complexity.  Movement, as suggested by the  d i s c r e t e  
group, i s  a  p a r t  o f  t he  proposed model, and we have attempted t o  ma in ta in  
t h e  para1 1  e l  devel opment of popul a t i  on densi t i e s  and i ndi  v i  dual animal 
c o n d i t i o n  as suggested i n  the  cont inuous model. A  number o f  concepts have 
been conso l ida ted i n t o  separate submodels w i t h i n  the  diagram w h i l e  
"weather" and "output "  have been i n d i c a t e d  as separate u n i t s .  The on ly  



spec i f i c  assumption n o t  shown by t h e  f low c h a r t  i s  t h a t  t h i s  model i s  
v i s u a l  i z e d  as a  base map on which i n d i v i d u a l  e l k  move, much as checkers 
are  moved around on a  checkerboard. Desc r ip t i ons  f o l l  ow f o r  each of t he  
e i g h t  u n i t s  o f  t h i s  cha r t .  

F igu re  2. Conceptual model of e l k  h a b i t a t  s e l e c t i o n  and use. 
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TIME CYCLE: The stepping sequence and t h e  s t a r t i n g  p o i n t  f o r  program 
flow. I n  t h e  end, t h i s  v a r i a b l e  w i l l  be a  measure o f  t h e  s o p h i s t i c a t i o n  
of t he  model . Much o f  t he  recen t  r a d i o  1  oca t ion  work w i t h  e l k  i n d i c a t e s  a  
considerable amount o f  movement w i t h i n  a  r e s t r i c t e d  d a i l y  home range. A 
model capable o f  r e l a t i n g  t h i s  d a i l y  movement t o  t h e  h o u r l y  energy balance 
and behaviora l  pa t te rns  of e l k ,  would indeed be soph is t ica ted.  However, 
i n  t h e  i n i t i a l  ve rs ion  o f  t h e  program, a  d a i l y  c y c l e  may be adequate t o  
i nco rpo ra te  most o f  what i s  known about e l k  h a b i t a t  s e l e c t i o n  and use. 

WEATHER SUBMODEL: D a i l y  v a r i a t i o n s  i n  weather, o r  even h o u r l y  
v a r i a t i o n s  i f  t h a t  degree of p r e c i s i o n  i s  needed, can be programed through 
t a b u l a r  l i s t i n g s  o f  r e a l  data o r  s e t  up as a  s tochas t i c  model' o f  r e a l  data 
summaries over  per iods  o f  years. I n  the  l ong  run, t h i s  should be a  



s tochas t i c  subprogram, b u t  i n i t i a l  program design might  be b e t t e r  served 
if one t o  f o u r  known, p r e d i c t a b l e  weather pa t te rns  cou ld  be selected. 

HABITAT SUBMODEL: Whether t h i s  u n i t  should be designed as a  
f u n c t i o n i n g  submodel, o r  simply as a  complicated t a b u l a t i o n  system, i s  n o t  
c l e a r .  Primary i n p u t  t o  the  u n i t  i s  weather data, which conver ts  t o  a  
cont inuous ly  updated phenological record  f o r  a l l  vegeta t ion  on the  base 
map. Each h a b i t a t  u n i t  i s  r e l a t e d  t o  e l k  i n  terms expressing the  value 
f o r  mai ntenance o f  energy ba l  ance: food, abundance and qua1 i t y  ; thermal 
c o v e r ,  e f f e c t i v e n e s s ;  and s e c u r i t y ,  i n c l  u d i  ng c o v e r ,  t opography ,  
i s o l a t i o n ,  o r  any o the r  f a c t o r  t h a t  produces s e c u r i t y  f o r  e l k .  

DISTURBANCE SUBMODEL: C lose ly  r e l a t e d  t o  the  h a b i t a t  submodel i s  a  
con t inu ing  record  o f  those events t h a t  might  cause s e c u r i t y  loss .  I n  t h e  
i n i  ti a1 model , d i  sturbance w i  11 i n c l u d e  roads, t h e  hun t ing  season, 1 i ve- 
stock grazing,  and t imber  harvest .  

ELK SUBMODEL: I n  t h i s  u n i t ,  t h e  d a i l y  energy balance o f  i n d i v i d u a l  
animal s  i s  determined. I n p u t  from t h e  weather and h a b i t a t  submodel s  w i l l  
make poss ib le  est imates o f  d a i l y  energy requirement and the  p r o b a b i l i t y  of 
o b t a i n i n g  t h a t  requirement i n  t h e  r e a d i l y  access ib le  h a b i t a t .  Th is  
submodel a1 so main ta ins  the  l o c a t i o n  f o r  each e l k  on t h e  base map and 
produces movement from one l o c a t i o n  t o  another when requ i red  f o r  physio- 
1  og ica l  reasons ( food o r  cover, n o t  s e c u r i t y ) .  

POPULATION SUBMODEL: Thus u n i t  may prove t o  be no more than a  
con t inu ing  summary o f  a l l  t he  i n d i v i d u a l  animals i n  the  e l k  submodel. I n  
t h i s  capac i ty ,  i t  cou ld  be used t o  main ta in  1  i f e  t a b l e s  and summaries of 
popu la t ion  s t r u c t u r e  and dens i ty .  However, as i t  i s  developed, the  
popu la t ion  submodel can be d r i v e n  by animal c o n d i t i o n  and behavior  i n  a  
way t h a t  w i l l  make i t  poss ib le  t o  evaluate c a r r y i n g  capac i ty  by a l l o w i n g  
t h e  popu la t i on  t o  expand u n t i l  negat ive  energy balances beg in  t o  cause 
"s ta rva t i on " .  

BEHAVIOR SUBMODEL: Th is  submodel p rov ides  a  second eva lua t ion  o f  t h e  
d a i l y  energy balance f o r  i n d i v i d u a l  animals, b u t  i t  does so p r i m a r i l y  by 
adding on t h e  cos ts  associated w i t h  ou tpu t  from t h e  d is turbance submodel. 
Th is  submodel i s  a1 so capable of producing niovement from one l o c a t i o n  t o  
another, b u t  i t  does so as a  response t o  behaviora l  processes. I n  
addi ti on t o  movement requ i  red  because of d i  sturbance, the  behavior  sub- 
model i s  in tended t o  c o n t r o l  annual m i g r a t i o n  and any l i m i t a t i o n  on 
movement re1 a ted t o  t r a d i  t i o n a l  behavior.  

OUTPUT SUBMODEL: Consi d e r i  ng t h e  v a r i e t y  o f  parameters requ i  red  i n  
one o r  more o f  t he  previous submodel s, ou tpu t  can be comprehensive o r  
re1 a t i v e l y  simp1 e. A t  f i r s t ,  se lec ted parameters from o the r  submodel s, 
such as "cond i t i on "  i n  t h e  e l k  submodel, m igh t  be examined on a  monthly 
bas is .  Popu la t ion  s t r u c t u r e  and dens i t y  tab les  cou ld  a1 so be p r i n t e d  a t  
se lec ted . i n te rva l s .  I n  t h e  degree t h a t  t he  h a b i t a t ,  animal, behavior,  and 
d i  sturbance submodel s  can be made t o  func t ion  r e a l  i s t i c a l  l y  , ou tpu t  coul d  
i nc lude  summaries o f  h a b i t a t  s e l e c t i o n  and use dur ing  s h o r t  per iods.  
Reruns on the  same areas w i t h  rev i sed  h a b i t a t s  cou ld  be used t o  
demonstrate e f f e c t s  of management and the  importance o f  d i f f e r e n t  
va r iab les .  It should be poss ib le  t o  program a CRT t o  d i s p l a y  a  study area 



map w i t h  l o c a t i o n s  of i n d i v i d u a l  e l k  on a d a i l y  basis.  Th is  model cou ld  
e v e n t u a l l y  be programed t o  s a t i s f y  a l l  seven concepts l i s t e d  i n  the  
beginning framework o f  t he  workshop, i n c l u d i n g  the  v a r i a b l e  some of us 
considered 1 e a s t  poss ib le ,  c a r r y i  ng capac i t y  . I 

CONCLUSIONS 

Th is  paper was presented t o  e l k  b i o l o g i s t s  a t  t he  Western Sta tes  and 
Provinces E lk  Workshop, Apr i  1 17-19, 1984, i n  Edmonton, A1 b e r t a  , Canada. 
We had hoped f o r  more suggest ions than we received,  b u t  we were g ra te fu l  

I 
t h a t  a l l  comments were p o s i t i v e .  We p lan  t o  s t a r t  on a few o f  t he  sub- 
programs d u r i  ng summer 1984. Dependi ng on unforeseen compl i c a t i  ons, we 
hope t o  be ab le  t o  descr ibe a minimum-function program sometime i n  1985. 
Wr i t t en  comments and suggest ions w i l l  be g r a t e f u l l y  rece ived by any of t he  

n 
workshop p a r t i c i p a n t s  a t  any t ime. I 



1. FORAGING ECOLOGY OF WAPITI I N  THE BOREAL MIXED-WOOD FOREST, CENTRAL ALBERTA 

MARIE NIETFELD and R. J. HUDSON, Department o f  Animal Science, 
Un ivers i  t y  o f  A1 ber ta ,  Edmonton, A1 b e r t a  T6G 2P5 

Abstract :  Forage s e l e c t i o n  by w a p i t i  (Cervus elaphus nel soni )  i n  the  
boreal mixed-wood f o r e s t  o f  c e n t r a l  A1 b e r t a  was examined i n  f i v e  h a b i t a t  
types : pop1 a r  f o r e s t ,  w i  11 ow, up1 and grass l  and, 1  owl and grass l  and, and 
sedge meadow. D i e t s  were sample from October (1980) t o  August (1981) 
us ing the  b i t e  count  method. S i g n i f i c a n t  d i f ferences i n  the  use o f  forage 
c l  asses ( grass, browse, forbs)  occurred among seasons and among h a b i t a t s  
(P<.001). Grasses dominated the  grassland and sedge meadow d i e t s  f o r  much 
of t he  year, though f o r b s  were impor tant  components i n  the  summer. Forbs 
remained impor tan t  i n  t h e  w i n t e r  d i e t  i n  t h e  l o w l  and. Browse genera l l y  
dominated d i e t s  se lec ted i n  pop la r  fo res ts .  F a l l e n  leaves formed a  
s i g n i f i c a n t  p r o p o r t i o n  o f  t he  f a l l  and w i n t e r  d i e t .  Use o f  grass i n  t h i s  
h a b i t a t  was g rea tes t  i n  sp r ing  and fa1 1  , and forbs were impor tant  i n  the  
sp r ing  and summer d i e t s .  I n  the  w i l l o w  h a b i t a t ,  browse was t h e  major  
component o f  t h e  d i e t  du r ing  w i n t e r  and summer, wh i l e  grasses, main ly  
green sedge shoots, dominated the  d i e t  i n  sp r ing  and f a l l .  

Phenology and a v a i l a b i l i t y  o f  forage i tems appeared t o  be major 
f a c t o r s  i n f l u e n c i n g  use by w a p i t i .  Forage qual i t y ,  based on crude 
p ro te in ,  was s i g n i f i c a n t l y  g rea te r  i n  sp r ing  and summer than i n  f a l l  and 
w i n t e r  (P< .05). Forbs general l y  conta ined more p r o t e i n  than o the r  forage 
classes, except i n  summer when no d i f fe rences were ev ident .  D i g e s t i b i l i t y  
o f  w i n t e r  forage samples ranged from 35-45%, w h i l e  summer samples ranged 
from 60-75%. Forbs tended t o  have t h e  h ighes t  o v e r a l l  d i g e s t i b i l i t y .  
D i e t a r y  crude p r o t e i n  fo l l owed  seasonal t rends s i m i l a r  t o  t h a t  o f  forages. 
I t  was s i g n i f i c a n t l y  g rea te r  i n  the  sp r ing  and summer than f a l l  and 
w in ter .  D i e t a r y  crude p r o t e i n  ranged from 4.5% i n  t h e  sedge meadows 
du r ing  w i n t e r  t o  25.3% i n  t h e  l o w l  and grassland i n  summer. D i e t a r y  crude 
p r o t e i n  was considered t o  be s u f f i c i e n t  t o  meet requirements of w a p i t i  
throughout t h e  year, except i n  t h e  sedge meadows i n  w in te r .  

Foraging r a t e s  ( b i t e  r a t e ,  consumption r a t e ,  r a t e  o f  movement) v a r i e d  
among sex and age classes, hab i ta t s ,  and seasons. Foraging r a t e s  were 
genera l l y  g rea tes t  i n  summer, when forage abundance and qual i t y  was 
h igher,  and lowest  i n  w in te r .  W i th in  a  season, r a t e s  tended t o  be the  
lowest  where s e l e c t i o n  was the  greates t ,  i n  areas o f  h i g h  species and 
s t r u c t u r a l  d i v e r s i t y .  I n t a k e  r a t e s  on grass l  and areas du r ing  snow f ree  
per iods  tended t o  e x h i b i t  increases w i t h  i nc reas ing  biomass. B i t e  s i z e  
appeared t o  be an impor tant  f a c t o r  i n  determining consumption r a t e  durfng 
these per iods.  



DIGESTIVE EFFICIENCY OF WAPITI WITH VARIATION I N  DIET: A COMPARATIVE 
APPROACH 

LYLE A. RENECKER, Department o f  Animal Science, U n i v e r s i t y  o f  A l b e r t a  
Edmonton, A1 b e r t a  T6G 2P5 

Abst rac t :  Rate of fermentat ion and d i g e s t i o n  of t h ree  d i e t s  o f  f i s t u l  a ted  
w a p i t i  (Cervus elaphus nel son i )  , moose (A lces  -- alces)  and c a t t l e  were 
s tud ied  du r inq  mid-summer. The animals were fed d i e t s  o f  a l f a l f a / q r a s s  . "  ~~ 

hay, a1 fa1 f a  and a1 fa1 fa/aspen, i n  12 day t r i a l s ,  spaced 3 weeks apar t .  
The r a t e  o f  d i g e s t i o n  o f  grass and hay and aspen i n  ny lon  bags suspended 
i n  the  rumen o f  w a p i t i  was h igher  than i n  moose and c a t t l e .  The p o t e n t i a l  
d i g e s t i b i l i t y  o f  t he  a l f a l f a  d r y  mat ter ,  i n  w a p i t i ,  was 6.3% and 14.5% 
h igher  than t h e  grass hay o r  aspen d i e t s ,  respec t i ve l y .  Wapi t i  appear t o  
o.btain t h i s  asymptot ic l e v e l  more r a p i d l y  than moose o r  c a t t l e .  



METHODOLOGY FOR THE DETERMINATION OF DAPA I N  FECES OF LARGE RUMINANTS 

I 
BRUCE B. DAVITT, W i l  d l  i f e  H a b i t a t  Lab, Washington Sta te  U n i v e r s i t y  , 

I Pul lman WA 99164 

JACK R. NELSON, Department F o r e s t r y  and Range Mgmt., Washington S ta te  

I Uni v e r s i  ty , Pul lman WA 99164 

Abst rac t :  A s tandardi  zed techn i  que has been devel oped f o r  moni t o r i  ng DAPA 
(2 ,6aminop ime l  i c  ac id )  i n  feces from e l k  and o the r  1  arge ruminants f o r  
use as an index o f  herd n u t r i t i o n a l  wel l -being.  The method i s  e f f i c i e n t  
and re1 a t i  v e l y  inexpensive compared t o  e x i  s t i  ng methods which requ i  r e  
e labora te  equipment and become c o s t l y  if DAPA i s  t h e  on ly  amino a c i d  t o  be 
analyzed. The method modi f ies  several i o n  exchange co l  umn procedures 
descr ibed by Czerkawski ( 1974) ; u t i l  i zes the  a c i d  n i  nhydr i  n  reagent  method 
of ElShazly and Hungate (1966) t o  determine concent ra t ions  of DAPA 
spectrophotometr ica1 ly ;  and devel ops 1  aboratory apparatus f o r  sampl e  
fil t r a t i o n / p u r i f i c a t i o n  and column e l u t i o n .  A stepwi se d e s c r i p t i o n  and 
v a l i d a t i o n  o f  t h e  procedure i s  presented as fo l lows:  ( 1 )  f eca l  sample 
prepara t ion ,  ( 2) a c i d  hyd ro l ys i  s  , ( 3) p u r i  f i c a t i  on / f  i 1 t r a t i  on and 
concen t ra t i  on, ( 4 )  i on exchange c o l  umn e l  u t i  on, ( 5 )  n i  nhydr i  n  r e a c t i o n  and 
spectrophotometry. Ana lys is  problems encountered thus f a r  and fu tu re  
v e r i f i c a t i o n  s tud ies  are  discussed i nc l  ud i  ng: ( 1 )  determining e f f e c t s  of 
weather, storage, and hand1 i n g  of fecal DAPA samples, ( 2 )  eva lua t ion  of 
optimum feca l  p e l l e t  group sampling s i ze  f o r  DAPA ana lys is ,  ( 3 )  t e s t i n g  
a1 t e r n a t i v e  methods f o r  expressing DAPA and ( 4 )  e f f e c t  o f  poss ib le  
i nhi  b i  ti ng organ ic  compounds. Thi s  improved fecal DAPA method shoul d  
s i  gni  f i c a n t l y  reduce cos t ,  i ncrease t h e  number o f  sampl es processed con- 
c u r r e n t l y  and make t h e  n u t r i t i o n a l  mon i to r i ng  o f  b i g  game herds more 
p r a c t i c a l  f o r  t h e  b i g  game manager. 

INTRODUCTION 

I 
I n  order  t o  prov ide  f o r  t h e  b i o l o g i c a l  needs o f  b i g  game animals, t he  

I 
wel l -be ing o f  t h e  herd i s  u s u a l l y  moni tored through var ious  herd 
s t r u c t u r e ,  composit ion and c o n d i t i o n  i n d i c a t o r s .  A1 though usefu l  , 
i n d i c a t o r s  such as k idney f a t  index (Riney 1955), bone marrow c o l o r  o r  

I 
compression ( Cheatum 1949, Greer 1968, Hunt 1979, Peterson e t  a1 . 1982), 
ovar ian  ana lys i  s  and f e t a l  counts (Robi n e t t e  e t  a1 . 1977), b lood urea 
(Warren e t  a1 . 1982), and combi na t i ons  o f  i n d i c a t o r s ,  eval uate animal 
p r o d u c t i v i t y  and c o n d i t i o n  a f t e r  t h e  f a c t  and r e q u i r e  t h e  death of t he  

1. 
animal . D i  r e c t  methods f o r  eval u a t i  ng the  c u r r e n t  n u t r i t i o n a l  s ta tus  o f  
animals i n v o l v e  ana lys i s  of rumen content  f o r  crude p r o t e i n  (McBee 1964 
c i t e d  by Moen 1973:312) o r  v o l a t i l e  f a t t y  a c i d  product ion  (Mans f ie ld  e t  

I a l .  1975). However, d i r e c t  methods r e q u i r e  much t ime and expense t o  
o b t a i n  s t a t i s t i c a l l y  adequate samples and i n v o l v e  t h e  1  i v e  capture of b i g  
game animal s. 



A1 though feca l  n i t r o g e n  i s  re1 a ted t o  d i e t a r y  crude p r o t e i n  i n t a k e  of 
ruminants, f e c a l  n i t r o g e n  i n d i c e s  do n o t  seem t o  have broad a p p l i c a t i o n  i n  
es t ima t ing  some measure o f  t h e  d i g e s t i  b i l  i ty o f  ingested forages. 
H o l l  oway e t  a1 . (1981) p o i n t  o u t  t h a t  t h e  re1 a t i o n s h i p  between feca l  
n i t r o g e n  and d i  g e s t i  b i  1 i t y  o r  i n t a k e  v a r i e s  bo th  seasonal 1 y and between 
forage p l a n t  species. They sought t o  improve fecal  n i t r o g e n  est imates of 
d i  g e s t i  b i l  i ty  by i n c l  ud i  ng o t h e r  fecal c o n s t i t u e n t s  i n t o  t h e i  r model 
( feca l  c e l l  wa l l  content ,  e the r  e x t r a c t ,  and d r y  ma t te r  con ten t ) .  
Obviously, t he re  was no simple and re1 i a b l e  technique f o r  measuring d i e t  
q u a l i t y  f o r  ruminants graz ing  over expansive areas (Gates and Hudson 1979, 
H o l l  oway e t  a1 . 1981). A new method of mon i to r i ng  the  n u t r i t i o n a l  s ta tus  
of a herd was needed. 

A standardized method f o r  eva lua t ing  c u r r e n t  herd n u t r i t i o n a l  
we1 1 -being has been devel oped f o r  measuring fecal DAPA (2,6 d i  ami nopimel i c  
a c i d ) .  The method i s  d i r e c t ,  inexpensive and does n o t  r e q u i r e  t h e  death 
o r  l i v e  capture  o f  animal sub jec ts .  DAPA a n a l y s i s  as a n u t r i t i o n a l  
mon i to r i ng  device i s  based on t h e  r e l a t i o n s h i p  between DAPA ( a  unique 
amino a c i d  res idue o f  rumen b a c t e r i  a1 fermentat ion)  and d i e t  qual i ty  . 
Th is  res idue passes unabsorbed through t h e  d i g e s t i v e  t r a c t  o f  ruminants 
w i t h  no measurable l o s s  and passes o u t  i n  the  feces. UAPA e x h i b i t s  t h e  
same c y c l i c a l  p a t t e r n  as shown by seasonal changes i n  d i e t  n u t r i t i o n a l  
qual i ty o f  b i g  game animals (.high when d i e t  qual i ty i s  h i g h  and low when 
d i e t  qual i t y  i s  1 ow) . The apparent re1 i a b i l  i t y  of DAPA as an i n d i c a t o r  of 
d i e t  d i g e s t i b l e  energy and t h e  low c o s t  of the  method lends i t s e l f  we l l  as 
a va luab le  t o o l  f o r  mon i to r i ng  the  n u t r i t i o n a l  we l l -be ing o f  b i g  game 
herds. 

A v a r i e t y  o f  methods and equipment e x i s t  f o r  determining l e v e l s  of 
f eca l  DAPA i n c l  ud i  ng : ( 1 ) paper chromatography ( Work 1951, Cummi n and 
H a r r i  s 1956, Hoare and Work 1957 ) ; (2) t h i  n-1 ayer  chromatography (Sen, 
Somers and 0'  B r i  en 1969) ; ( 3 )  a s p e c t r o f l  uorometr ic  method ( Rogers, 
Chambers and Clarke  1967) ; ( 4 )  gas chromatography (Sen, Somers and 0 '  B r i e n  
1969) ; ( 5 )  au to  amino analyzers ( Ib rah im e t  a1 . 1970, Hutton, B a i l e y  and 
Anni son 1971, Mzi k e t  a1 . 1978, Dufva e t  a1 . 1982) ; and ( 6 )  i o n  exchange 
c o l  umn chromatography ( El Shazly and Hungate 1966, Mason 1969, Mason and 
White 1971, Hutton, B a i l e y  and Annison 1971). A1 though these o t h e r  
methods can d e t e c t  l ow  l e v e l  s of fecal DAPA, they r e q u i r e  e labora te  
equipment, a re  o f t e n  slow, o r  become expensive when DAPA i s  the  o n l y  amino 
a c i d  t o  be analyzed. Furthermore, e a r l y  i o n  exchange methods were 
re1 a t i v e l y  slow s ince c o l l e c t i o n  f r a c t i o n s  were obta ined from 1 arge 
chromatographic co l  umns ( 15-100 cm. i n  l e n g t h ) .  Czerkawski (1974) 
improved t h e  i o n  exchange method by reducing t h e  co1 umn 1 ength t o  about 5 
cm and thus  reducing sample e l u t i o n  t ime and t h e  need f o r  e labo ra te  
equipment. He adopted the  a c i d  n i n h y d r i n  method o f  E l  Shazly and Hungate 
(1966) s ince:  (1 )  t h e  a c i d  n i n h y d r i n  reagent  i t s e l f  i s  s table;  ( 2 )  t h e  
y e l l o w  c o l o r  produced when reac ted w i t h  DAPA i s  very  s t a b l e  en1 i ke t h e  
b lue  c o l o r  produced w i t h  n i n h y d r i n  a t  pH 5; ( 3 )  t h e r e  i s  an absence o f  
c o l o r  i n t e r f e r e n c e  by atmospheric ammonia; and ( 4 )  pro1 i n e  i s  t h e  o n l y  
amino a c i d  l i k e l y  t o  be found i n  t h e  ruminant d i g e s t i v e  t r a c t  which 
produces a s i m i l a r  r e a c t i o n  w i t h  a c i d  n i  nhydr in,  b u t  i t  i s  removed by the  
i o n  exchange c o l  umn e a r l  i e r  i n  t h e  procedure ( c i  t r a t e  b u f f e r  pH 3.4) . 



An overview of the DAPA procedure developed by these authors i s  given 
below (Figure 1 ) .  A more detailed description of ion exchange theory, 1 ab 
equi pment, and reagent preparation i s avai 1 abl e el sewhere ( Davi tt and 
Nel son 1984) . 

METHODS 

Sampl e Col 1 ecti on and Storage 

Since DAPA levels should be representative of the herd, i t  i s  
recommended t h a t  a minimum of 15 pellet groups be sampled per herd per 
collection period (e.g. monthly). Collect about 3 pellets from each 
pellet group and combine them into a composite sample for t h a t  herd and 
collection period. I f  fresh pellet groups can be easily obtained from an 
area, then less material may be collected from each pellet group 
(e.g. 2 pel 1 ets from each of 30 groups). The enti re pel 1 e t  group need no t  
be saved. Fecal samples should be collected as fresh as possible t o  
ensure t h a t  pel 1 ets represent the desi red col 1 ecti on period. Sampl es can 
be stored in plastic bags, labelled with the herd name and collection 
period, and frozen as soon as possible. I f  there are no freezer 
faci l i t ies  available within a few days access, then dry the pellets 

- 

thoroughly. Spread the pel 1 ets o u t  in a thin 1 ayer in an area of good a i r  
circulation so t h a t  they dry without molding. I f  a laboratory oven i s  
avail able, dry the samples a t  about  5s0C for 24 t o  48 hours. Samples 
which are t o  be shipped t o  a laboratory for analysis should be placed in 
plastic bags ( i f  frozen) and packed in a cardboard box about  twice the 
size of the frozen material. Surround the frozen samples w i t h  some sort 
of insulating material such as newspaper or styrofoam peanuts. Dried 
samples may be placed in envelopes or small containers and shipped in a 
carton. Care should be taken t o  avoid decomposition of fecal samples 
through bacterial degradation. A l t h o u g h  DAPA appears t o  be unaltered, 
results are reported per gram of fecal dry matter, and fecal material must 
n o t  change in composi t i o n  after col 1 ection. 

Hydro1 ysi s 

A 250-300 mg oven-dry sample i s  weighed t o  the nearest 1/10 mg, 
hydrolyzed in 10 ml of 6N hydrochloric acid in a 50 ml tes t  tube with a 
teflon-lined screw cap for 16-18 hours in a 1050C oven. 

I t  was found t h a t  approximately 3 ml of hydrochloric acid i s  needed -- 
for each 100 mg of feces for proper hydrolysis. Czerkawski (1974) 
selected 105OC since he observed DAPA loss a t  120°C. Our results were 
similar, with a volume loss from the test  tubes a t  120%. Teflon-lined 
screw caps on 50 ml tes t  tubes prevented leakage a t  1050C. A1 t h o u g h  a 
range from 10 t o  20 hours appeared t'o be sufficient time for hydrolysis in 
a 1050C oven, a 16-18 hour period i s  convenient for overnight 
preparati on. 
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Figure 1. A diagram illustrating major steps. in procedure for fecal DAPA analysis. 



F i l  t r a t i o n / P u r i  f i c a t i o n  

A 30 cc p l a s t i c  d isposable syr inge i s  packed t o  the  5 cc 1 eve1 w i t h  a 
l a y e r  o f  g lass  wool be1 ow, and a 1 ayer of Cel i t e  fil t e r - a i d  (diatomaceous 
ea r th )  above. A 1 uer-1 ock f i l t e r  assembly at taches t o  the  syr inge t i p  and 
a .2 micron membrane f i l t e r  i s  pos i t i oned  i n s i d e  t h e  f i l t e r  assembly. The 
hydrolyzed feca l  sample i s  removed from t h e  oven, and approximately 
.25 gm. o f  a c t i v a t e d  charcoal i s  added t o  the  t e s t  tube and s t i r r e d .  The 
fecal sample, a c i d  and charcoal a re  poured i n t o  t h e  p l a s t i c  syr inge and 
forced through the  Cel i te,  g lass  wool and micropore f i l t e r  assembly by 
app ly ing  e i t h e r  pressure o r  vaccuum t o  the  apparatus. The t e s t  tube i s  
r i n s e d  tw ice  w i t h  4 m l  o f  20% ethanol i n  d i s t i l  l e d  water and the  washings 
a re  poured i n t o  the  syr inge and f i  1 t e r e d  as before.  F i n a l  l y  , t h e  syr inge 
i s washed w i  t h  4 m l  o f  d i  s t i  11 ed water and f i 1 tered.  The f i  1 t e r e d  sampl e 
and washings are  c o l l e c t e d  i n  a 50 m l  t e s t  tube. 

Fecal samples which were n o t  p u r i f i e d  i n  t h i s  manner clogged the  
columns and increased e l u t i o n  time. Unpur i f ied  samples which were n o t  
reac ted w i t h  n inhyd r in  s t i l l  r e s u l t e d  i n  o p t i c a l  dens i t y  readings on the  
spectrophotometer. Th is  "background" reading was equal t o  15 t o  30 per- 
cen t  o f  t he  n i n h y d r i n  r e a c t i o n  reading f o r  u n p u r i f i e d  samples b u t  on l y  1 
t o  3 percent  f o r  p u r i f i e d  samples. - 

Concentrat i  on 

The t e s t  tube con ta in ing  the  f i l t e r e d  sample and washings i s  p laced 
i n  a sample concent ra tor  c o n s i s t i n g  of a1 uminum heat ing  b locks  and a rack 
of needles t o  f o r c e  a stream of a i r  i n t o  the  t e s t  tube. The sample i s  
d r i e d  a t  1000C, washed tw ice  w i t h  about 5 m l  of d i s t i l l e d  water and 
d r i e d  again t o  remove most of t he  HC1 before column e l  u t i on .  The sample 
i s  g r e a t l y  c l a r i f i e d  from a dark brown t o  a pa le  y e l l o w  s o l u t i o n  and 
suspended p a r t i c l e s  have been removed. 

Both steam baths and d ry  b lock  heaters ( w i t h  a i r  stream) were 
e f f e c t i v e  i n concent ra t ing  the  sampl e, however, t h e  sampl e concent ra tor  
reduced the  drydown t ime t o  l e s s  than h a l f  t h a t  r e q u i r e d  by the  steambath. 
Samples were t e s t e d  t o  determine t h e  degree of dryness necessary t o  d r i v e  
of f  most o f  t he  HC1 and concentrate the  sample. Samples were d r i e d  t o  
w i t h i n  .5 m l  , t o  complete dryness,. and 15 minutes beyond dryness. No 
s i g n i f i c a n t  d i f f e r e n c e s  were found i n  DAPA recovery. I t  was determined 
t h a t  two washings o f  4 t o  5 m l  of d i s t i l l e d  water a f t e r  f i r s t  dryness was 
s u f f i c i e n t  t o  remove most of t h e  HC1. These washings were i n  t u r n  brought  
t o  dryness on t h e  concentrator .  

.- 

I o n  Exchange Column Chromatography 

Amber1 i t e  CG120 r e s i n  i s prepared by washing th ree  t imes i n  0.2N HC1, 
tw ice  i n  0.2N NaOfl and s t o r i n g  i n  pH 2.0 c i t r a t e  buffer.  F ine  p a r t i c l e s  
are  decanted f o l l  owing each washing a f t e r  r e s i n  has s e t t l e d  f o r  about 10 
minutes. Polypropylene 1x5 cm c o l  umns are  f i l l e d  t o  the  neck w i t h  r e s i n ,  
a f i l t e r  paper d i s c  i s  placed on top  of t he  r e s i n  bed ( t o  prevent  d i  s- 
turbance o f  t h e  bed), and about 5 m l  of pH 2.0 c i t r a t e  b u f f e r  i s  run  
through the  columns. The concentrated sample i s  suspended i n  1 m l  o f  the  
same b u f f e r  and t r a n s f e r r e d  q u a n t i t a t i v e l y  t o  the  column. The columns are 



e l u t e d  w i t h  100 m l  o f  pH 3.4 c i t r a t e  buf fe r  and e l u a n t  i s  d iscarded 
(pro1 i n e  i s  removed a t  t h i s  p o i n t ) .  DAPA i s  e l u t e d  by 40 m l  of pH 4.2 
c i  t r a t e  b u f f e r  and c o l l e c t e d  i n  50 m l  t e s t  tubes. The sample i s  d r i e d  on 
a sample concent ra tor  as descr ibed above and brought  up t o  volume i n  a 
10 m l  vo lumet r ic  f l a s k  w i t h  d i s t i l l e d  water. 

A l a r g e r  column ( 7  m l  capac i t y )  i s  being t e s t e d  i n  e f f o r t s  t o  
increase t h e  feca l  sample s i z e  and decrease sampling e r r o r .  Th is  should 
prove usefu l  f o r  samples w i t h  e i t h e r  very low o r  very h igh  concent ra t ions  
o f  DAPA. Columns l a r g e r  than t h i s  would increase e l u t i o n  t ime beyond 
optimum e f f i c i e n c y  w i t h  1 i ttl e increase i n  sampl e recovery. 

Spectrophotometry 

DAPA concent ra t ions  are  determined us ing the  a c i d  n i n h y d r i n  method 
descr ibed by E l  Shazly and Hungate ( 1966). A 2 m1 sample i s  reac ted w i t h  
4 m l  o f  a c i d  n i n h y d r i n  reagent  and heated t o  b o i l i n g  f o r  5 minutes i n  
e i t h e r  a water ba th  o r  i n  a d ry  heat ing  b lock  (sample concent ra tor  w i t h o u t  
us ing  t h e  a i r  stream). Test  tubes should be capped t o  prevent  
evaporat ion.  Samples are  r a p i d l y  cooled i n  c o l d  water and the  o p t i c a l  
d e n s i t y  i s  determined a t  425 nm on a spectrophotometer. Samples are  read 
aga ins t  d i  s t i l l  ed water b lanks  and co r rec ted  f o r  reagent  e f fec ts .  
Standard sol u t i  ons o f  var ious  DAPA concent ra t ions  are prepared, reac ted 
w i t h  a c i d  n i n h y d r i n  as above, and a standard curve o f  DAPA concent ra t ion  
versus o p t i c a l  densi ty i s p l  o t ted .  The resu l  ti ng 1 i near re1 a t i o n s h i  p i s 
used t o  c a l c u l a t e  samples of unknown DAPA concen t ra t i on  when read on the  
spectrophotometer. 

DAPA samples reac ted w i t h  a c i d  n i n h y d r i n  were read on the  spectro- 
photometer 1 hour, 24 hours and 48 hours a f t e r  t h e  r e a c t i o n  t o  t e s t  the  
s t a b i l  i t y  o f  t h e  resu l  t i n g  product ,  w i t h  no s i g n i f i c a n t  d i f f e r e n c e  i n  
o p t i c a l  dens i ty .  Samples l e f t  f o r  more than a few hours a f t e r  r e a c t i o n  
w i t h  n i n h y d r i n  should be capped and r e f r i g e r a t e d  t o  prevent  evaporat ion.  

Experimental Apparatus Devel opment 

Equipment s e l e c t i o n  and development t o  a i d  i n  e f f i c i e n c y  of ana lys is ,  
i n c l  ud i  ng c o l  umn racks, sampl e concentrators,  vaccuum m i c r o - f i l  t r a t i o n  
u n i t s ,  c o l  umn r e s i n  bed prepara t ion ,  vo r tex  s t i r r e r s ,  and m i c r o - f l  ow c e l l  
sampl i ng spectrophotometer, have increased the  number o f  sampl es run  
s imul taneously and reduced procedure t ime several fo ld .  Batches o f  36 o r  
72 samples can be run concur ren t l y  i n  c o n t r a s t  t o  8 t o  16 samples run a 
year  ago. 

RESULTS AND DISCUSSION 

Val i d a t i  on o f  Procedure 

(1) Sample S ize  Bias: Sheep fecal samples were analyzed f o r  DAPA 
us ing  100, 200, 300, 400 and 500 mg samples w i t h  no s i g n i f i c a n t  d i f f e r e n c e  
i n  mg of DAPA per  gm feca l  d ry  mat ter .  Sheep feca l  samples p l u s  a "sp ike"  
o f  pure DAPA o f  known concen t ra t i on  were analyzed f o r  i nc reas ing  sample 
s i z e  (100 through 500 mg as above) each w i t h  two d i f f e r e n t  l e v e l  s  of DAPA 



"spikes" ( 7 7  and 95 u g ) .  Mean recovery of DAPA for these tests were 
96.5 - + .99 percent and 95.1+ - .81 percent respectively (Figure 2 ) .  

( 2 )  % Recovery: Samples of pure DAPA of various concentrations 
(75, 100, 150, 200, 250, 300 u g )  were run through the entire analysis 
procedure giving a mean recovery of 97 -2  + 1.65 percent. Deer feces with 
increasing "spikes" of DAPA (0 ,  25, 50, 75,  100, 125, 150, 175 u g )  gave a 
mean DAPA recovery of 99.97 + 1.54 percent (Figure 3 ) .  Pro1 ine (which 
also reacts with acid ninhyd7in to give a yellow colored product) was 
added t o  samples b u t  was effectively removed by the procedure as stated by 
Czerkawski (1974) and did no t  interfere with observed levels of DAPA. 

Further Veri f i cati on and Probl em Solving Studies 

OW ECTIVE 1 : Determine effects of weatheri ng , storage and hand1 i ng 
of fecal samples on DAPA 1 evel s for big game species. 

Studies will be initiated in the  winter of 1984. Fresh fecal samples 
will be subsampled and exposed t o  various field conditions and si tes 
(ambient temperature,. rainfall level s ,  snow and bare ground contact, 
overstory canopy coverage) t o  determine their effect on DAPA levels in the 
feces. Subsampl es will be exposed t o  these regimes for 0, 1, 3 ,  7 ,  10, 
15, 20, 30, 45 and 60 days after defecation and will be subsequently 
analyzed for DAPA. Fecal pellet group deterioration will be observed 
since leaching of soluble material s ,  bacterial degration or contamination, 
heatlcold damage, or molding processes acting upon the feces may effect 
either the DAPA levels or the chemical composition of the feces over 
time. 

Sample storage methods such as freezing, a i r  drying, and oven drying 
a t  55% will be examined t o  determine any significant differences in 
subsequent DAPA determi nations. Sampl e hand1 i ng i n the 7 ab ( gri ndi ng , 
homogenizing, and subsampling) will be examined and be more closely 
def i ned. 

OBJECTIVE 2: Evaluate pellet group DAPA variability t o  determine 
optimum sampling intensity for major big game species. 

Fecal DAPA can vary significantly even among individual animals on 
the same diet. Therefore, i f  a precise estimate of a free-ranging herd's 
fecal DAPA 1 evel i s  t o  be made, the sample must be large enough t o  account 
for this variation. I t  i s  anticipated t h a t  variation among animals of the 
same herd would be the highest during periods of rapid plant growth [rapid 
changes in nutritional qua1 i t y )  and the 1 east during winter, especially i f  
plant availability i s  restricted by snow depth.  Nelson e t  a1 . (1984) 
estimated t h a t  7-8 pellet groups were sufficient t o  attain 5% sampling 
error for fecal DAPA estimates with control-fed domestic sheep (Figure 
4A). A free-ranging herd woul d obviously require 1 arger sampl es. 
Haussaman and Barnett ( 1983 unpubl i shed) col 1 ected fecal DAPA sampl es from 
26 individual mu1 e deer from each of two herds in New Mexico during spring 
when deer diets were changing from dried herbage and browse t o  succulent 
herbs. Much color variation was observed among pellet group samples 
(ranging from green t o  dark brown) which suggested some animals were 
feeding heavily on new green forage and others were not .  Sampling errors 
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o f  o n l y  6-7% were obta ined f o r  fecal DAPA est imates from these herds w i t h  
o n l y  15 p e l l e t  group samples from each (F igu res  48, 4C). Pre l  im inary  
r e s u l t s  (T. Leege 1983) suggest t h a t  on l y  a 7-10 p e l l e t  group sample i s  
needed f o r  5% herd DAPA sampl i n g  e r r o r  on e l k  w i n t e r  range i n  nor thern  
Idaho. 

I n  order  t o  f u r t h e r  cha rac te r i ze  fecal DAPA w i  t h i  n-herd v a r i a t i o n ,  
sampl es o f  i n d i v i d u a l  pel  1 e t  groups, r a t h e r  than composi t e d  sampl es, w i  11 
be c o l l e c t e d  from f ree- rang ing b i g  game herds and analyzed f o r  DAPA. 
Sampl i n g  e r r o r  vs. sample s i z e  re1 a t i o n s  w i l l  be determined on a monthly 
bas i s  f o r  each se lec ted herd. It i s  a n t i c i p a t e d  t h a t  s i x  e l k  and s i x  mule 
deer herds w i l l  be s tud ied  f o r  a t  l e a s t  two years. 

OBJECTIVE 3: Tes t  a1 t e r n a t i v e  methods f o r  q u a n t i f y i n g  feca l  DAPA. 

DAPA w i l l  be v a r i o u s l y  expressed on the  bas is  o f  f eca l  d ry  mat ter ,  
NDF, ADF, ADL, n i t r o g e n  o r  some combinat ion o f  these parameters i n  order  
t o  determine the  method must s u i t a b l e  f o r  f ie1  d c o l l e c t e d  samples. Due t o  
poss ib le  e f f e c t s  o f  weather o r  s i t e  cond i t i ons  on feca l  p e l l e t  de te r io ra -  
t i o n ,  some f a c t o r  which r e f 1  e c t s  fecal f i b e r  ( non-1 eachable p o r t i o n )  may 
be usefu l  i n  expressing feca l  DAPA. For example DAPAIfecal NDF o r  
DAPAIfecal ADF i s 1 ess susceptabl e t o  weathering than D A ~ ~ / f e c a l '  d ry  
mat ter .  F igures  5 and 6 i l l u s t r a t e  the  r e l a t i o n s h i p  between DAPA vs. % 
D i g e s t i b l e  Energy and DAPAIfecal NDF vs. % D i g e s t i b l e  Energy, r e s p e c t i v e l y  
f o r  c o n t r o l - f e d  sheep. However, these feca l  samples were from a 
c o n t r o l l e d  feed ing t r i a l  and thus, were n o t  subjected t o  var ious  f i e l d  
cond i t i ons .  

OBJECTIVE 4: Examine t h e  p o s s i b i l  i ty o f  ' i n h i b i t i n g "  compounds i n  
c e r t a i n  forages e f f e c t i n g  DAPA recovery from t h e  i o n  exchange column. 

D i e t s  o f  b i g  game herds may, w i t h i n  a c e r t a i n  area o r  p o r t i o n  of the  
year,  con ta in  p l  a n t  chemical compounds which when i n  s u f f i c i e n t  concen- 
t r a t i o n ,  may i n h i b i t  t h e  i o n  exchange process o f  t h e  column. D i e t s  
comprised o f  p l a n t s  w i t h  h igh  l e v e l s  of "phenol ics"  w i l l  be examined t o  
determine any e f f e c t  on DAPA recovery. Present  p u r i f i c a t i o n  steps should 
be adequate t o  prevent  such in ter fe rences,  b u t  specia l  e x t r a c t i o n  o r  
p u r i f i c a t i o n  steps may need t o  be es tab l i shed  if " i n h i b i t i o n "  i s  found t o  
occur us ing  the  present  procedure. 

CONCLUSIONS 

The feca l  DAPA technique should be viewed as a p o t e n t i a l l y  va luab le  
index f o r  ex tens ive  mon i to r i ng  of t h e  n u t r i t i o n a l  we1 1 -being of b i g  game 
herds. The method i s  rap id ,  r e l a t i v e l y  inexpensive, does n o t  r e q u i r e  
animal d i  sturbance, 1 ive-capture  o r  s a c r i  f i ce ,  and shoul d prove p r a c t i c a l  
f o r  t he  b i g  game manager. 

The feca l  DAPA technique i s  based on the  re1 a t i o n s h i p  between DAPA ( a  
unique amino a c i d  res idue o f  rumen b a c t e r i a l  fermentat ion)  and d i e t  
q u a l i t y .  DAPA passes unabsorbed through t h e  d i g e s t i v e  t r a c t  w i t h  no 
measurable l o s s  and passes o u t  i n  the  feces. DAPA e x h i b i t s  t h e  same 
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Figure 6. Relationship of DAPA (mg. per grn. fecal NDF) and Percent Energy 

Digestibility for control-fed sheep on rations of various levels of nutrient quality. 



4 c y c l i c a l  p a t t e r n s  as shown by seasonal changes i n  d i e t  n u t r i t i o n a l  q u a l i t y  
( h i g h  when d i e t  q u a l i t y  i s  h igh  and low when d i e t  q u a l i t y  i s  l ow) .  

I t  i s  . n o t  a n t i c i p a t e d  t h a t  t h i s  t e c h n o l o g y  s h o u l d  s u p p l a n t  
t r a d i t i o n a l  popul a t i  on moni t o r i  ng methods, b u t  i t  coul  d, indeed, be very 
complementary t o  them. DAPA p r o f i l e s  fo r  va r ious  b i g  game herds i n  a  
reg ion  might  be usefu l  i n  eva luat ing :  ( 1 )  h a b i t a t  s u i t a b i l i t y  o r  
( 2 )  manipul a t i o n  e f fec t iveness,  ( 3 )  i n t e r s p e c i f i c  compet i t ion  on a  
n u t r i t i o n a l  basis,  and poss ib ly ,  as an animal c r i t e r i o n  i n  ( 4 )  long- term 
b i g  game range condi ti on and t r e n d  s tud ies .  W i  t h  addi ti onal data, fecal 
DAPA p a t t e r n s  m igh t  become useful i n  ( 5 )  p r e d i c t i n g  herd p r o d u c t i v i t y  and 
morta l  i t y  . 
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A b s t r a c t :  L e v e l s  o f  amino a c i d  r e s i d u e  o f  rumen f e r m e n t a t i o n  
(DAPA-diaminopimelic ac id )  recovered i n  feces o f  e l k  and o t h e r  l a r g e  
ruminants may be a  useful c r i t e r i o n  f o r  r a p i d  and inexpensive mon i to r i ng  
of t h e  n u t r i t i o n a l  we l l -be ing of these animals. Th is  res idue (DAPA) 
passes unabsorbed through t h e  d i g e s t i v e  process w i t h  no measurable 1  oss, 
and passes o u t  i n  the  feces. L i k e  the  seasonal changes i n  d i e t  d i g e s t i b l e  
energy which i t  r e f l e c t s ,  f e c a l  DAPA f o l l o w s  an annual cyc le:  low when 
d i e t  q u a l i t y  i s  low, such as i n  w in te r ,  and h i g h  when d i e t  q u a l i t y  i s  
high, such as e a r l y  i n  t h e  forage growing season. Due t o  t h e  method's 
simp1 i c i t y  and r e l a t i v e  low c o s t  i t s  g rea tes t  a p p l i c a t i o n  may be i n  
ex tens ive  mon i to r i ng  programs f o r  i d e n t i  fy i  ng herds w i  t h  apparent 
n u t r i t i o n a l  problems. A coopera t ive  research program has been i n i t i a t e d  
t o  c o o r d i n a t e  i n v e t i g a t i o n s  o f  DAPA' s  p o t e n t i a l  i n  t h i s  r e g a r d .  
Ob jec t ives  i n c l  ude: ( 1 ) documentation o f  re1 a t i onsh ips  between d i e t  
energy d i g e s t i b i l i t y  and feca l  DAPA l e v e l s  f o r  t h e  major North American 
w i  1  d  ruminant  species, and ( 2 )  development o f  reg iona l  f e c a l  DAPA p r o f i  1  es 
f o r  these species, us ing  samples submit ted by s t a t e  and p r o v i n c i a l  
cooperators. Recent unpubl ished r e s u l t s  from coopera t ive  s t a t e  e f f o r t s  
and c o n t r o l l e d  feed ing s tud ies  o f  penned animals a re  presented and 
d i  scussed. 

The DAPA method (Nelson e t  a l .  1982, D a v i t t  and Nelson 1984) may be 
useful i n  ex tens ive l y  eval u a t i n g  t h e  n u t r i t i o n a l  we1 1-being of w i l d  
ruminant populat ions.  The method moni to rs  a  unique feca l  amino ac id ,  2,6 
d i  ami nopimel i c a c i d  ( DAPA-) , which i s c o r r e l  a ted  w i  t h  d i e t a r y  p r o t e i  n  and 
d i g e s t i b l e  energy (DE) i n  domestic sheep (Nelson e t  a1 . 1983), and 
e x h i b i t s  seasonal p a t t e r n s  ( p r o f i l e s )  i n  mu1 e  deer and e l k  1 i k e  DE (Nel son 
e t  a1 . 1982, D a v i t t  and Nelson unpubl ished). DAPA i s  found i n  t h e  c e l l  
w a l l s  o f  rumen b a c t e r i a  and even tua l l y  i n  t h e  ruminant 's  feces, because i t  
i s  n e i t h e r  d iges ted nor  absorbed by t h e  ruminant. 

The Nor th  American coopera t ive  DAPA research and devel opment p r o j e c t  
was i n i t i a t e d  t o  coord inate  i n v e s t i g a t i o n s  o f  DAPA as a c r i t e r i o n  f o r  
mon i to r i ng  t h e  n u t r i  t i n a l  we1 1-being of b i g  game herds. The p r o j e c t  was 
approved . f o r  funding by t h e  Nor th  American Assoc ia t ion  o f  F i s h  and 
Wild1 i f e  Agencies i n  September, 1983, and was coopera t i ve l y  funded by t h e  



U. S. F i s h  and W i l d l i f e  Serv ice  and Washington A g r i c u l t u r a l  Research 
Centre i n  March, 1984. Ob jec t ives  of t h i s  p r o j e c t  have been t o :  

1. i n i t i a t e  and coord inate  a  coopera t ie  research e f f o r t  t o  

a. document r e l a t i o n s h i p s  between d i e t  d i g e s t i b l e  energy and 
feca l  DAPA 1  eve1 s  f o r  a t  1  eas t  t h e  major Nor th  American w i l d  
ruminant species through c o n t r o l l e d  feeding studies.  

b. develop reg iona l  fecal DAPA p r o f i l e s  f o r  these species, us ing  
fi e l  d  - c o l  1  ected sampl es submitted by cooperat ing resource 
agencies. 

Q u a n t i t y  and qual i t y  o f  food i s  genera l l y  considered the  p r i n c i p a l  
c o n s t r a i n t  o f  b i g  game herd p r o d u c t i v i t y  (Connol ly  1981, Nelson and Leege 
1982) and subsequent h a r v e s t a b i l i t y ,  and much research and management 
e f f o r t  has been focused on t h i s  sub jec t  area. I n  s p i t e  o f  t h i s ,  a1 1 too  
f requent ly  we remai n  i g n o r a n t  of t h e  animal ' s  n u t r i t i o n a l  needs. 
Standards f o r  t h e  n u t r i t i o n a l  requirements of w i l d  ungulates are as y e t  
on l y  crude approximations drawn h e a v i l y  from t h e  l i v e s t o c k  l i t e r a t u r e .  

Many, i n c l  ud i  ng these w r i t e r s ,  have accepted a v a i l  abl e  n u t r i t i o n a l  
standards as adequate and have evaluated how we l l  t h e  h a b i t a t  p rov ides  f o r  - 
t h e  p r o t e i n  and energy needs of t he  animal (e.g., Schommer 1978, Gibbs 
1978, Davi tt 1979, Hobbs 1979, Hobbs e t  a1 . 1981, Baker and Hobbs 1982). 
Some have proceeded even f u r t h e r  by es t ima t ing  c a r r y i n g  capac i ty  on a  
n u t r i t i o n a l  bas i s  (Wal lmo e t  a1 . 1977, Hobbs e t  a1 . 1982). However, t h i s  
requ i  r e s  accurate determi n a t i o n  of food h a b i t s  and d i g e s t i  b l  e  p r o t e i  n  and 
energy, e i t h e r  on a  forage species-by-time o r  d i e t  mixture-by- t ime basis.  
A l l  methods f o r  q u a n t i f y i n g  food h a b i t s  cont inue t o  have ser ious  techn ica l  
and 1  og i  s t i c  problems (Medi n  1970, Rice 1970, Ward 1970, Wallmo e t  a1 . 
1973, Bartmann and Carpenter 1982, Nelson and Leege 1982). Even w i t h  
accurate food h a b i t s  data, i t  i s  necessary t o  express them i n  terms of 
d i g e s t i b l e  n u t r i e n t s .  Th is  i s  an expensive procedure, even when us ing the  
1  eas t  expensive methods; v i  s., food h a b i t s  determined by feca l  ana lys i s  
w i t h  forage samples i n  d i e t  m i x t u r e  sub jec t  t o  i n  v i  t r o  d i g e s t i o n  of crude 
p r o t e i n  and gross energy. A t  best,  c u r r e n t  K t - f o r  eva lua t ing  b i g  
game food h a b i t s  on a  n u t r i t i o n a l  bas i s  are expensive and on iy  m a r g i n a l l y  
re1 i abl e. 

Many b i o l o g i s t s  favor animal i n d i c a t o r s  f o r  mon i to r i ng  the  we1 1-bei ng 
o f  b i g  game popu la t ions  because they are  more d i r e c t  than t h e  usual d i e t  
qua1 i ty approach and simp1 er,  w i t h  1  ess oppor tun i t y  f o r  techn ica l  e r r o r s  -- 
t o  b i a s  resu l  t s  and t h e i r  i n t e r p r e t a t i o n .  Some o f  t he  more commonly used 
i n d i c a t o r s  i n c l u d e  ovar ian  ana lys i s  and f e t a l  counts (e.g., Robinet te e t  
a1 . 1977), bone marrow c o l o r  ( Cheatum 1949, Hunt 1979, Peterson e t  a1 . 
1982) o r  compression (Greer 19681, k idney f a t  index ( R i  ney 1955) , b lood 
urea (Warren e t  a1 . 1982), and combirlat3ons of i n d i c a t o r s  (Ransom 1965). 
Although use fu l ,  these i n d i c a t o r s  evaluate p r o d u c t i v i t y  and animal 
c o n d i t i o n  a f t e r  t he  f a c t  and r e q u i r e  the  death o f  t he  animal. D i r e c t  
methods f o r  eva lua t ing  c u r r e n t  n u t r i t i o n a l  we1 1-bei ng which have been used 
i n v o l v e  n u t r i e n t  ana lys i s  o f  t h e  rumen f o r  crude p r o t e i n  (McBee 1964 c i t e d  
by Moen 1973:312) o r  v o l a t i l e  f a t t y  a c i d  (VFA) product ion  (Mans f ie ld  e t  



a1 . 1975). These methods a1 so r e q u i r e  the  death o f  t he  animal , unless a 
t r o c a r  i s  used on da r ted  and drugged animals. 

A unique feca l  amino ac id ,  t h a t  of u n d i g e s t i b l e  p o r t i o n s  of b a c t e r i a l  
c e l l  wa l ls ,  shows s t rong promise of being c l o s e l y  c o r r e l a t e d  w i t h  d i e t  
qual i ty ( Nel son e t  a1 . 1982) . The compound, 2,6 diaminopimel i c  a c i d  
(DAPA), i s  found i n  most anaerobic b a c t e r i a  and blue-green algae b u t  n o t  
i n  h igher  p l a n t s  and animals. The r a t i o  o f  DAPA t o  t o t a l  b a c t e r i a l  
n i t r o g e n  i n  a mixed rumen b a c t e r i a  popu la t i on  has been shown t o  be r a t h e r  
cons is ten t .  Because of t h i s ,  DAPA has been used as a marker f o r  
determining n i t r o g e n  f low t o  t h e  lower  t r a c t  of ruminants (Hogan and 
Weston 1970, Hut ton e t  a l .  1971, Lindsay and Hogan 1972). Once d i e t  
n i t r o g e n  i s  combined i n t o  DAPA, i t  passes through t h e  animal undigested 
and unabsorbed ( Hut ton e t  a1 . 1971). Since a t  1 eas t  80% o f  a graz ing  
ruminant 's  d i g e s t i b l e  energy i s  de r i ved  from bacter ia-produced VFA and 
d iges ted b a c t e r i  a1 c o n s t i  t uen ts  ( We1 1 e r  1969 ) and, s i  nce DAPA compri ses an 
i n d i g e s t i b l e  p r o p o r t i o n  of t he  b a c t e r i a l  mass, i t  fo l lows t h a t  fecal DAPA 
coul  d be s t r o n g l y  c o r r e l a t e d  w i t h  d i e t  d i g e s t i b l e  energy. 

DAPA was f i r s t  i sol  a ted from Corynebacteri  um d i  p h t h e r i  ae by Work 
(1951) and has subsequently been found i n  c e l l  w a l l s  o f  most rumen 
b a c t e r i a l  species tes ted,  as we l l  as blue-green algae (Work and Dewey 
1953, Synge 1953, Hoare and Work 1957, Purser and Buechler 1966). It has 
n o t  been found i n  o the r  algae, fungi,  p l a n t  v i ruses,  protozoans, and 
h igher  p l a n t s  (Larsen and N o r r i  s  19761, except as b a c t e r i a l  contaminat ion 
(Rhuland 1960, Czerkawski 1974). Theurer (1982) found DAPA l e v e l s  i n  
protozoa and h igher  p l a n t  m a t e r i a l  which were too  h i g h  t o  be exp la ined by 
b a c t e r i a l  contaminat ion b u t  m igh t  have been due t o  e l u t i o n  o f  unknown 
amino ac ids  w i t h  DAPA. A l l  t h r e e  poss ib le  stereoisomers o f  DAPA have been 
i s o l a t e d  from bac te r ia ,  b u t  t h e  meso- and LL-forms are  most p r e v a l e n t  
(Hoare and Work 1957) . 

Fol  1 owing t h e  e a r l y  e f f o r t s  of We1 1 e r  e t  a1 . (19581, DAPA has been 
most commonly used as a c r i t e r i o n  f o r  separa t ing  b a c t e r i a l  n i t r o g e n  from 
undigested forage res idue n i t r o g e n  i n  t h e  upper G I  t r a c t  (El -Shazly and 
Hungate 1966, F r e i  t a g  e t  a1 . 1970, Mason 1969, Dufva e t  a1 . 1982, Verma 
and Sr ivas tava 1980). For  DAPA t o  be used t o  p r e d i c t  rumen b a c t e r i a l  
content ,  concent ra t ions  of DAPA i n  b a c t e r i a  must be constant  o r  i t s  
v a r i a t i o n  be understood and p red ic tab le .  Some workers have assumed a 
constant  DAPA-nitrogen i n  t h e  b a c t e r i a l  n i t r o g e n  f r a c t i o n  and Hut ton e t  
a1 . (1971) showed t h a t  t h e  UAPAIni t rogen r a t i o  was constant  f o r  a constant  
feeding regime. 

Since DAPA concen t ra t i on  i n  t h e  upper G I  t r a c t  cou ld  be used t o  
es t imate  average n e t  b a c t e r i a l  biomass growth t o  about 5% accuracy 
( E l - S h a z l y  and Hungate 19661, subsequent  w o r k e r s  have used DAPA 
concent ra t ions  i n  undigested forage m a t e r i a l  throughout t h e  G I -  t r a c t  
( i n c l u d i n g  feces) t o  eval ua te  d i e t  qual i ty  . F r e i  t a g  e t  a1 . (1970) and 
V i r tanen (19661, working w i t h  c a t t l e ,  found s i g n i f i c a n t  increases i n  DAPA 
concent ra t ions  when d i e t  qual i ty was enhanced w i t h  urea suppl ements. 
Mason (1969) found s i g n i f i c a n t  v a r i a t i o n  i n  feca l  DAPA concent ra t ion  among 
sheep fed  a v a r i e t y  of forages and supplements. DAPA concent ra t ion  was 
n o t  c o r r e l  a ted  w i  t h  d i e t  crude p r o t e i  n, however. 



Czerkawski ( 1974) found signi ficant changes in rumen bacterial 
numbers and types with varyi ng 1 evel s of 1 i nseed oi 1 supplemented t o  sheep 
diets, as well as corresponding changes in rumen DAPA and t o t a l  nitrogen 
content. DAPA increased wi t h  increased oi 1 supplement t o  mid-1 evel s , then 
decreased. He attributed DAPA increases t o  bacteri.al mass increases. 
Above mi d-1 evel oi 1 suppl ementati on, Sel enomonads and other 1 arge 
bacteri a1 speci es i ncreased di sproporti onatel y , wi t h  resul t i  ng decreases 
in DAPA concentration. 

Nelson e t  a1 . (1982) were f i r s t  t o  examine relationships between 
fecal DAPA and digestible energy (DE) in the diet. Using sheep fed a 
variety of high qual i t y  feeds with concentrates, they showed t h a t  fecal 
DAPA was directly related t o  diet DE.  Additionally, using a DE estimator 
derived from thi s sheep study, they found  t h a t  fecal DAPA might be useful 
in estimating diet UE for elk and other wild ruminants and suggested t h a t  
DAPA profiles (fecal DAPA val ues over time) could be an important tool in 
monitoring the nutri t i  onal we1 1 bei ng of free-rangi ng wi 1 d u n g u l  ates. 
They called for cooperative research among the state and federal agencies 
t o  investigate thi s possi bi 1 i t y  . 

METHODS 
- 

Mil dl i fe  nutritionists from the United States and Canada will 
col 1 aborate i n documenti ng re1 at i  onshi ps between diet di gesti bl e energy 
and fecal DAPA. Controlled feeding studies of subject species will be 
carried out i n digestion metabol i sm stall  s or other appropri ate1 y designed 
structures in which quantity of feed and water consumed and t o t a l  feces 
and urine voided can be monitored. Rations fed should contain varying 
amounts of natural, high fiber forage of varying qual i ty t o  simulate as 
closely as possible diets of free-rangi ng animal s. Consumption 1 evel s and 
forage qual i ty should be closely control 1 ed, b u t  varied. Each treatment 
should be rep1 icated a t  least twice. 

In a controlled feeding study with domestic sheep, Nelson e t  a1 . 
(1983, unpublished) varied b o t h  consumption rate and forage quality. They 
found t h a t ,  no t  only was forage quality reflected in the fecal DAPA 
levels, b u t  t h a t  DAPA levels were a1 so influenced by consumption rate. 
Highest correlation ( r  = .980) was shown between fecal DAPA level and 
t o t a l  daily digestible energy intake ( Fi gure 1 ) .  

Further method val idation research wi 11 be initiated with catt le 
feeding experiments during the summer of 1984 and with mu1 e deer in the 
spring of 1985. A t  present, fac i l i t ies  for the mule deer controlled 
feedi ng t r i  a1 are bei ng constructed. Fawns are bei ng ha1 ter- trai  ned t o  
accustom them t o  confinement in pens and metabolic crates. 

Chopped, native-forages will be fed ad 1 i bi t u m  in mixtures which will 
simulate mu1 e deer winter diets in c e n t E 1 m g t o n .  Diet digestible 
energy, protein, and fiber fractions wi 11 be compared t o  DAPA and other 
fecal parameters for each feeding t r i  a1 . 

State game management agencies scattered throughout the ranges of the 
subject animals will be solicited for their cooperation in this study. 



Figure 1. Relationship between digestible energy intake vs. 
fecal DAYA for sheep. Data from Nelson et al. 
(1983). 



They w i l l  be asked t o  p a r t i c i p a t e  f o r  a t  l e a s t  th ree years, t he  
an t i c ipa ted  minimum t ime needed t o  sample f o r  v a r i a t i o n s  i n  amp1 i tude and 
wave1 ength expected among annual DAPA p r o f i l e s  f o r  a herd. 

Fecal DAPA p r o f i l e s  w i l l  be monitored on a t  l e a s t  a monthly bas is  fo r  
herds of sub jec t  animal species w i t h  con t ras t i ng  n u t r i t i o n a l  p l  anes. 
I d e a l l y ,  pa i red  herds could be selected from w i t h i n  a 1 i m i t e d  geographic 
area t o  minimize v a r i a t i o n  associated w i t h  geographic and c l i m a t i c  
di f ferences: one herd which, i n  the  op in ion  o f  l o c a l  spec ia l i s t s ,  has 
near optimal n u t r i t i o n a l  cond i t ions ,  t he  o ther  i n  poor t o  f a i r  n u t r i t i o n a l  
circumstances. O f  course, pa i red  herds w i l l  no t  be requ i red  when more 
than two herds w i t h  con t ras t i ng  n u t r i t i o n a l  background are selected from 
the  same general area. Herd se lec t i on  w i l l  be e n t i r e l y  up t o  the  
d i s c r e t i o n  o f  t he  cooperat ing agencies. 

RESULTS AND DISCUSSION 

Fecal DAPA moni to r ing  has begun f o r  74 w i l  d ruminant herds, i nc l  uding 
12 whi t e - t a i l e d  deer herds (on fo r  Col umbian w h i t e t a i l  1, 18 mule deer 
herds, 10 b l a c k - t a i l e d  deer herds, 10 Rocky Mountain e l k  herds, 8 
Roosevel t e l  k herds, and 6 Cal i fo rn ia  b ighorn sheep. Others i nc l  ude Tul e 
61 k , moose, Stone sheep, pronghorn, barrenground caribou, wood1 and 
caribou, Sanbar deer (Guam), and water bu f fa lo  (Guam). Thi s e f f o r t  i s  
being c a r r i e d  o u t  by 35 cooperators i n  16 s ta tes  and Canadian provinces. 

To date, a l i m i t e d  number of herds have been monitored f o r  a year o r  
more f o r  feca l  DAPA, most of them have been e l k  herds. Results, however 
t e n t a t i v e ,  r e i n f o r c e  our ea r l  i e r  ( Nel son e t  a1 . 1982) supposit ions t h a t  
herd feca l  DAPA l e v e l s  ( 1 )  a re  c y c l i c ,  a t  l e a s t  f o r  nor thern herds, being 
1 ow i n  w in te r  when d i e t  qual i t y  i s  expected t o  be low, and h igh  i n  l a t e  
spr ing  and e a r l y  summer when d i e t  qual i ty  i s  expected t o  be high; ( 2 )  vary 
i n  p a t t e r n  between years, ( 3 )  vary among animal species, and (4 )  vary 
w i t h i n  species. 

Elk.  Fecal DAPA pat te rns  have been monitored f o r  5 e l k  herds fo r  - 
over a year i n  Idaho, Washington, and Cal i f o r n i a .  The Northwestern herds 
are Rocky Mountain subspecies, and the  C a l i f o r n i a  herd i s  Tule e l k .  I n  
Washington, the  M t .  S t .  Helens (R. Tabor unpublished) and Yakima (W. 
Meyers unpubl i shed) herds showed simi 1 a r  DAPA p r o f  i 1 es i n  1 a t e  1982 and 
through 1983 (F igure  2A) . DAPA 1 evel s remai ned consi s t e n t l y  h igh  from May 
through August f o r  both herds and were lowest  i n  December. The most 
obvious d i f f e r e n c e  between h a b i t a t s  of these herds i s  t h a t  the  Yakima herd 
w in te rs  a t  lower e levat ions  where the  range i s  more herbaceous i n  nature 
and i s  f ree  o f  snow most o f  t he  winter .  The Yakima herd 's  b e t t e r  w in te r  
range and access t o  w in te r  feeding f a c i l i t i e s  may be r e f l e c t e d  i n  t h e i r  
h igher  w i n t e r  DAPA 1 evel s. 

F igure  28 compares the  1982-1983 fecal DAPA p r o f i l e  o f  a B1 ue 
Mountain, Washington, e l k  herd (W. Meyers unpublished) w i t h  t h a t  o f  two 
composi t e d  nor thern Idaho e l  k herds (T. Leege unpubl i shed). Both herds 
summer i n  mixed-coni f e r  hab i ta t ,  b u t  t he  Washington herd w in ters  i n  open 
sagebrush/bunchgrass t o  semi-open ponderosa p ine  most ly  below 2000 feet,  
wh i l e  the  Idaho herd w in ters  i n  coniferous f o r e s t  and sera1 brush f i e l d s  
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F i g u r e  2 .  F e c a l  DAPA p r o f i l e s  f o r - s e l e c t e d  Rocky Mounta in  
e l k  h e r d s  i n  Wash ington  and I d a h o  a s  w e l l  a s  
T u l e  e l k  i n  C a l i f o r n i a .  U n p u b l i s h e d  d a t a  
c r e d i t s :  B l u e  M o u n t a i n s  and Yakima h e r d s ,  
W .  Meyers ;  Mt. S t .  H e l e n s  h e r d ;  R. Tabor;  N o r t h  
I d a h o  h e r d s ,  T. L e e g e ;  T u l e  e l k  h e r d s ,  M .  H a n s o n .  

- 1c;a - 



above 3000 f e e t  e leva t ion .  Spring greenup and, subsequently, improved 
forage qua1 i t y  f requen t l y  begins i n  March on the  Blue Mountain he rd ' s  
w i n t e r  range, b u t  i s  delayed u n t i l  May f o r  the  Idaho e l k .  Th is  appears t o  
be r e f l e c t e d  i n  the  DAPA p r o f i l e s  f o r  the  two herds. 

Tul e e l  k (M. Hanson unpubl i shed) i n  Monterey County, Cal i f o r n i  a, have 
shown the  most remarkable, y e t  n o t  unexpected, DAPA p r o f i l e  f o r  e l k  
(F igu re  2C). Th is  small subspecies of e l k  showed h igher  DAPA 1 evel s than 
the  l a r g e r  subspecies, ranging from a low of about .6 mg/g t o  h ighs o f  
nea r l y  1.4 mg/g i n  1982 and 1.7 mg/g i n  1983. These DAPA l e v e l s  are more 
s i m i l a r  t o  whi t e - t a i l  ed and mule deer than they are t o  o ther  subspecies of 
e l k .  Lowest DAPA 1 evel s were observed i n  September and October, the  end 
of summer drought i n  t h a t  region;  h ighes t  were observed i n  w i n t e r  and 
spr ing,  t h e i r  pe r iod  o f  a c t i v e  p l a n t  growth. 

No Roosevel t e l k  he rds  have been m o n i t o r e d  l o n g  enough t o  
charac ter ize  t h e i r  DAPA p r o f i l  es. Resul t s  of analyses conducted on feca l  
samples from t h i s  species suggest t h a t  t h e i r  DAPA 1 evel s w i l l  be s i m i l a r  
t o  those o f  t he  Rocky Mountain e l k .  

Mu1 e and B l  ack- ta i  1 ed Deer. Nearly a1 1 cooperators worki  ng w i  t h  
these two subspecies i n i t i a t e d  f i e l d  work l a t e  i n  1983 o r  i n  1984. 
Consequently oniy  two b l  ack- t a i l  ed deer herds ( K i  e and Burton 1984) have 
been sampled f o r  a f u l l  year.  These deer l a r g e l y  summer i n  con i fe rous  
f o r e s t  and migra te  down t o  oak-brush and 1 ower e l  eva t iona l  coniferous 
f o r e s t  i n  w in ter .  These workers found d i s t i n c t  monthly v a r i a t i o n  i n  bo th  
feca l  n i t r o g e n  and DAPA l e v e l s  (F igu re  3)  b u t  no s i g n i f i c a n t  DAPA 
d i f f e rences  between the  two herds. Highest  DAPA l e v e l s  were observed i n  
June; lowest  occurred i n  l a t e  f a l l  and w in ter .  A secondary DAPA peak was 
observed i n  December f o r  both herds, which the  authors a t t r i b u t e d  t o  acorn 
consumption. K i e  and Burton recommended f u r t h e r  study t o  r e l a t e d  seasonal 
range use and food h a b i t s  t o  feca l  n i t rogen  and DAPA. 

Whi t e - t a i l e d  deer. The F l o r i d a  Game and Fresh Water F i s h  Commission, 
beginning i n  October, 1982, has the  l onges t  tenure o f  cooperat ion w i t h  
t h i s  p r o j e c t  o f  any o f  the whi t e - t a i l  ed deer cooperators, as we1 1 as being 
the  on ly  cooperator w i t h  a t  l e a s t  one y e a r ' s  f i e l d  study. F i ve  herds were 
sampl ed (F. Smith unpubl i shed) , a1 though DAPA ana lys i s  i s  i ncompl e t e  a t  

. t h i s  t ime. DAPA p r o f i l e s  f o r  1982-1983 f o r  f o u r  herds are presented i n  
F igure  4. The Edward B a l l  and St.  Regis herds, l oca ted  i n  the F l o r i d a  
Panhandle region,  showed lower DAPA l e v e l s  f o r  sp r i ng  and summer than the  
Osceol a and Ocal a herds which were l oca ted  i n  the  Centra l  Highlands. The 
St .  Regis herd has h i s t o r i c a l l y  been the  more product ive  o f  the  two 
Panhandle herds and showed a h igher  sp r i ng  and summer DAPA l e v e l .  The 
Highlands herds have shown s i m i l a r  p r o d u c t i v i t y  through the  years, b u t  the 
Osceola herd shares i t s  range w i t h  1,650 head o f  c a t t l e .  

A1 though on ly  w i n t e r  months were sampled on f o u r  w h i t e - t a i l e d  deer 
areas i n  western Montana (C. Seel ey unpubl ished) , p r e l  im inary  data from 
t h i s  study have m e r i t  f o r  p resenta t ion  here, because they demonstrate a 
d i  f f e ren t  use f o r  fecal-  DAPA mon i to r i ng  studies.  Seel ey sampl ed feca l  
DAPA on two. areas c u r r e n t l y  being 1 ogged, and two unlogged areas, from 
December, 1983, t o  March, 1984, as we l l  as determined monthly whi t e - t a i l e d  
deer food h a b i t s  on the  same areas, us ing  fecal ana lys i s  technique. DAPA 
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F i g u r e  3. DAPA profile for black-tailed deer from T r i n i t y  
County, California (Kie 1983). 
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Figure 4. Fecal DAPA profiles for white tailed deer in (B) 4 .  - Northwestern and (A) Central Highland Regions of 
Florida for the period beginning November, 1982, 
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and ending September, 1983 (F. Smith unpublished.) 



content  o f  feces c o l l e c t e d  on the  four areas du r ing  the  1983-1984 w i n t e r  
a re  presented i n  F igure  5. Deer concentrated i n  t he  logged areas, feeding 
on tops o f  f e l l e d  t rees .  Food h a b i t s  r e s u l t s  showed no s i g n i f i c a n t  
d i f f e rences  i n  d i e t  composit ion between logged and unlogged areas i n  
December and January. Coni f e r  browse, mai n l y  Dougl as- f  i r, compri sed 30 t o  
50 percent  o f  the d i e t s  i n  a l l  areas. Qua1 i t y  o f  the  c o n i f e r  browse 
d i  f fered,  however. Tree- t op  Dougl as-f i r browse averaged a f u l l  percent  
h igher  (6.3 vs. 5.3) i n  crude p r o t e i n  than t h a t  from lower branches. i n  
add i t i on ,  1 ogged areas af forded e a r l  i e r  spr ing  greenup, and t h i s  resu l  t e d  
i n  g reater  green herbage consumption i n  February and March i n  those areas. 
Winter DAPA p r o f i l e s  f o r  the  four areas r e f l e c t  the  expected d i e t  q u a l i t y  
d i  f ferences.  

Desert Bighorn Sheep. G. M i l  1  e r  ( unpubl i shed) compared b ighorn food 
hab i ts ,  forage qual i ty , and var ious  o ther  h a b i t a t  eval u a t i  on parameters 
f o r  th ree  b ighorn  populat ions i n  Arizona, as we l l  as monitored fecal DAPA. 
Range area s ize,  forage composit ion, and water a v a i l  a b i l  i t y  were s i m i l a r  
f o r  the  th ree  areas. The Dome Rocks herd, having the lowest  popu la t ion  
and occupying what M i l l e r  f e l t  was the  poorest  range area, showed the  
1 owest DAPA p r o f i l e  (F igu re  6 ) .  - Of  the  two remaining herds, ~ o r t h  Plomosa 
has been genera l l y  l a r g e r  than the  New Water Herd, 125-200 vs. 80-150 
sheep. The New Water herd c o n s i s t e n t l y  showed h igher  feca l  DAPA through 
the  1982-1983 sampling p e r i o d  than the  North Plomosa herd. Herd 
p r o d u c t i v i t y  s t a t i s t i c s  f o r  1983-1984 have n o t  y e t  been made ava i l ab le .  

CONCLUSIONS 

Fecal DAPA f o l l o w s  an annual cyc le,  r e f l e c t i n g  the seasonal change i n  
d i e t  d i g e s t i b l e  energy: low when d i e t  q u a l i t y  i s  low and h igh  when d i e t  
qual i ty i s  h igher .  Due t o  the  methods simp1 i c i  t y  and r e l a t i v e  low cos t ,  
the  g rea tes t  a p p l i c a t i o n  of DAPA ana lys i s  may be i n  extensive mon i to r ing  
programs f o r  i d e n t i f y i n g  b i g  game herds w i t h  apparent n u t r i t i o n a l  
p rob l  ems. 

E f f o r t s  w i l l  cont inue t o  co l  1 aborate w i t h  o ther  researchers which 
have i n i t i a t e d  DAPA method v a l i d a t i o n  research ( feed ing  t r i a l s ) ,  and t o  
seek t o  enlarge the  number of b i g  game species being studied. Feeding 
t r i a l  s  us ing  mu1 e deer w i l l  be conducted by these authors t o  document the  
re1 a t i  onshi p between DAPA and d i e t  d i g e s t i b l e  energy, p r o t e i n  and' f i b e r  
f r a c t i o n .  

Cur ren t ly ,  feca l  DAPA mon i to r i ng  has begun f o r  74 w i l d  ruminant herds 
being c a r r i e d  ou t  by 35 cooperators i n  16 s ta tes  and Canadian provinces. 
New cooperators are a n t i c i p a t e d  and encouraged t o  j o i n  these cooperat ive 
research e f f o r t s .  A1 though on l y  a l i m i t e d  number o f  herds have been 
monitored f o r  a complete year  t o  date, r e s u l t s  r e i n f o r c e  e a r l  i e r  
supposi t ions t h a t  herd feca l  DAPA l e v e l  s  ( 1 )  appear cyc l  i c y  ( 2 )  may vary  
i n  p a t t e r n  between years ( p1 a n t  phenol ogy, c l  i m a t i c  cond i t i ons )  , ( 3 )  may 
vary among animal species, and ( 4 )  may vary  w i t h i n  species. 

Ongoing s tud ies  i nc lude  determin ing the  e f f e c t s  o f  weathering, 
storage, and handl ing on DAPA l e v e l s  i n  se lec ted  w i l d  ruminant feca l  
sampl es; t o  eval uate pel  1 e t  group DAPA v a r i  ab i  1 i t y  t o  op t im ize  sampl i ng 
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F i g u r e  5 .  F e c a l  D A P A  p r o f i l e s  f o r  w i n t e r i n g  w h i t e - t a i l e d  
d e e r  on t w o  a r e a s  c u r r e n t l y  b e i n g  l o g g e d  ( L )  a n d  
two u n l o g g e d  c o n t r o l  ( C )  a r e a s  i n  we.8tex-n M o n t a n a  
( S e e l e y  u n p u b l i s h e d ) .  
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4 F i g u r e  6 .  F e c a l  D A P A  p r o f i l e s  f o r  t h r e e  d e s e r t  b i g h o r n  
s h e e p  h e r d s  i n  A r i z o n a  (G. M i l l e r  u n p u b l i s h e d ) .  
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i n t e n s i t y  f o r  major b i g  game species; and t o  t e s t  a l t e r n a t i v e  methods f o r  
q u a n t i f y i n g  feca l  DAPA ( D a v i t t  and Nelson 1984). 
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INTRODUCTION 

I n t e r e s t  i n  the  a r t i f i c i a l  breeding o f  c a p t i v e  w a p i t i  and red  deer 
(Cervus elaphus) has stemmed from three d i f f e r e n t  viewpoints. I n  the  
f i r s t ,  semen was co l l ec ted ,  evaluated, f rozen and used f o r  t he  insemina- 
t i o n  as a s c i e n t i f i c  exerc ise  (Krzywinski  & Jaczewski 1978). The second 
has a r i sen  from the  i n t e r e s t  o f  New Zealand deer farmers i n  the use of 
semen from Canadian w a p i t i  i n  t he  breeding programs o f  farmed deer. Th is  
was e s p e c i a l l y  in tended f o r  t he  upgrading o f  t h e i r  w a p i t i  type animals. 
These animals have emerged over t he  l a s t  70 years from the  i n te rb reed ing  
of a small number o f  w a p i t i  in t roduced from the  U.S.A. i n  1908 and red  
deer in t roduced over many years. The t h i r d  has been the f a i r l y  recen t  
en1 ightened i n t e r e s t  among members o f  the  zoo communi t y  i n  the  breeding 
of cap t i ve  species w i thou t  f u r t h e r  dep le t i on  o f  w i l d  resources. As the 
gene pool o f  many species i n  c a p t i v i t y  i s  smal l ,  and the  r i s k s  and c o s t  of 
moving animal s  from one zoo t o  another may be great ,  i t  has been 
recognized t h a t  a r t i f i c i a l  breeding o f f e r s  a genuine a l t e r n a t i v e  as a 
means o f  c a p t i v e  propagation. L im i ted  success has been repor ted  i n  these 
e f f o r t s  ( Haigh, i n  press) .  A1 though w a p i t i  and red  deer cannot be c lassed 
as endangered, i t  may be t h a t  in fo rmat ion  acqui red w h i l e  s tudying them 
w i l l  be appl i c a b l e  t o  o ther  species. 

SEMEN COLLECTION 

Semen has been c o l l e c t e d  both  by the  use o f  an a r t i f i c i a l  vagina 
( A.V.) (Krzywinski  & Jaczewski 1978) and by e l  ec t roe jacu l  a t i o n  (E-E) 
(Jaczewski & Jasiorowski  1974; Haigh, Glover, Cates and Raw1 ings  1984) . 

Both methods have advantages, and disadvantages re1 a t i v e  t o  one 
another. C o l l e c t i o n  by A.V. i nvo l ves  the  use o f  e i t h e r  very tame (ha1 t e r  
t ra ined )  females, o r  the  use of dummies sprayed w i t h  est rous u r i n e  t o  
s imulate the  ' female i n  es t rus .  I n  e i t h e r  case, a s p e c i a l l y  designed A.V. 
i s  used (Krzywinski  1976). One of 4 stags i n  the  P o l i s h  s tud ies  cou ld  n o t  
be c o l l  ected by t h i s  method due t o  excessive agressiveness (Krzywinski  
1976). 

A1 though no estrous female i s  requ i red  t o  c o l l e c t  stags o r  b u l l  s  by 
E-E, n o t  a l l  w a p i t i  b u l l s  can be s a t i s f a c t o r i l y  c o l l e c t e d  by t h i s  method 
w i thou t  r e s o r t i n g  t o  immobil i z a t i  on. Immobil i z a t i  on o f f e r s  an a1 t e r n a t i  ve 
f o r  the  occasional c o l l e c t i o n  o f  semen from a g iven i n d i v i d u a l ,  and has 
been w ide ly  used i n  zoos f o r  semen c o l l e c t i o n  o f  many d i f f e r e n t  species 
( Seager e t  a1 . 1980) ; however, i t  i s  n o t  a s u i t a b l e  method f o r  the  1 ong 
term c o l l e c t i o n  o f  semen due t o  i t s  d i s r u p t i v e  nature. Two o f  12 animal s  



s tud ied  i n  our t e s t s  proved t o  be impossib le t o  handle i n  chutes and cou ld  
n o t  be t r a i n e d  f o r  E-E. 

A disadvantage o f  E-E, no doubt due t o  the  non-physiological nature 
of the  method, i s  t h a t  occas iona l ly  one f a i l  s t o  c o l l e c t  a good qual i t y  
semen sample from a b u l l  w a p i t i  even i n  the  m ids t  o f  t he  r u t .  A subse- 
quent c o l l e c t i o n  w i t h i n  a few minutes, o r  the f o l l o w i n g  day, may y i e l d  a 
s a t i s f a c t o r y  sample. 

For w a p i t i ,  the  E-E method o f fe rs  a reasonably r e l i a b l e  and safe 
method of c o l l e c t i o n  f o r  bo th  the animal and the  handler, prov ided t h a t  
the chute f a c i l i t i e s  a re  of an adequate standard o f  design and 
cons t ruc t ion .  

It i s  1 i k e l y  t h a t  semen w i l l  have t o  be c o l l  ected i n  adverse weather 
cond i t i ons  (by  whatever method) and means must be devised t o  p r o t e c t  the  
semen from thermal shock (Krzywinski  & Jaczewski 1976; Haigh 1982). 

Semen qual i t y  reaches a peak i n  the  1 a t e  summer o r  e a r l y  autumn, j u s t  
b.efore the onset o f  t he  r u t .  The q u a l i t y  remains h igh  f o r  about s i x  
months, a1 though the re  are v a r i a t i o n s  from one c o l l e c t i o n  t o  another. I n  
the  nor thern  hemisphere, no sperm are present  i n  e jacu la tes  from about 
mid-Apr i l  u n t i l  mid-July (F ig .  1). 

SEMEN EVALUATION 

Eva1 u a t i o n  o f  semen a t  the  t ime of c o l l e c t i o n  i s  based on co lou r  and 
m o t i l i t y .  Semen smears are a1 so s ta ined w i t h  a v i t a l  s t a i n  a t  t h i s  t ime. 
They can subsequently be used f o r  the examination o f  sperm morphology and 
an es t ima t ion  oT the  p ropo r t i on  o f  l i v e  sperm i n  the  e jacu la te .  

Colour o f  an e j a c u l a t e  i s  graded according t o  i t s  r e l a t i o n s h i p  w i t h  
the  co lou r  o f  m i l k .  Th i s  prov ides on ly  a crude est imate o f  the  dens i t y  of  
the  sample. A more accurate est imate of e j a c u l a t e  dens i ty  i s  made i n  the  
1 aboratory w i t h  a hemocytometer. 

I n  c a t t l e ,  i t  i s  considered t h a t  semen c o l l e c t e d  by A.V. i s  denser, 
b u t  o f  a l e s s e r  volume than t h a t  c o l l e c t e d  by E-E ( B a l l  1980). Comparison 
of t he  data from red deer and our own data shows t h a t  t h i s  may n o t  be the  
case w i t h  Cervus. The d i f f e r e n c e  between the two methods may 1 i e  i n  t he  
p r o p o r t i o n d f a m p l e s  t h a t  a re  of poor qual i t y  w i t h  E-E. Dens i t i es  of 
samples c o l l e c t e d  by bo th  methods f l uc tua ted  widely .  The most dense of 
the  red  deer semen samples conta ined 3.95 b i l l  i o n  c e l l  s/m1 (Krzywinski  & 
Jaczewski 1978). The densest w a p i t i  sample conta ined 5.61 b i l l  i o n  
c e l l  s/ml . The s i n g l e  most impor tan t  i n d i c a t o r  o f  the  p o t e n t i a l  o f  the  
e j a c u l a t e  as a candidate f o r  use i n  A.I., e s p e c i a l l y  f o r  f reez ing ,  i s  i t s  
i n i t i a l  m o t i l  i t y .  Standards are  based on those described by the  Society  
f o r  Theriogenol ogy ( B a l l  1976) . Sampl es w i  t h  very vigorous, swi r l  i ng 
motion, con ta i  n i  ng r a p i d l y  formi ng and vani sh i  ng dark eddies are c l  assed 
as "very good". Samples classed as "good" e x h i b i t  l e s s  vigorous s w i r l s ,  
w i t h  some eddies. Samples e x h i b i t i n g  some degree o f  wave motion w i t h  no 
eddies and obvious i n d i v i d u a l  m o t i l i t y  o f  sperm are  c lassed as " f a i r " .  I n  
"poor" samples, there  i s  no evidence o f  wave motion; movement of 
i ndi  v i  dual sperm 
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Fiqure 1 .  Percentage of morphologically normal sperm in ejaculates of 
wapiti ( C .  elaphus) in the northern hemisphere over a calendar 
year. (From Haigh 1982.) 
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can be seen, b u t  they are making very l i t t l e  forward progress. When no 
m o t i l i t y  o f  sperm i s  ev ident ,  samples are  c lassed as " n i l " .  

F ig .  2 i l l u s t r a t e s  the  d i s t r i b u t i o n  of n ine  ca tegor ies  o f  e jacu la te  
m o t i l  i t y  over two per iods of one c o l l e c t i n g  season. The f i r s t  pe r iod  
( 1 s t  September t o  12 th  November) corresponds t o  the  pe r iod  when most 
breeding occurs i n  t he  w i l d .  The second pe r iod  (26 th  November t o  30 th  
A p r i l  ) f o l l  ows the  f i r s t  and cont inues up u n t i l  t h e  t ime t h a t  sperm cou ld  
no longer  be found i n  e jacu la tes .  The p ropo r t i ons  o f  the  var ious  
ca tegor ies  a re  simi 1 a r  which i ndi  cates t h a t  when c o l l  e c t i  ons are  made 
tw ice  a month, semen w i t h  good m o t i l i t y  can be c o l l e c t e d  f o r  over s i x  
months consecut ive ly .  

There are  d i f f e rences  among b u l l  s  i n  t h e i r  a b i l i t y  t o  produce good 
qua1 i t y  semen when e l  ec t ro -e j  acul ated. S i x t y  and one-ha1 f percent  of 233 
e jacu l  ates c o l  1 ected from 8 wapi ti b u l l  s  between 1 s t  September 
and 1 s t  March du r ing  3 consecut ive years were judged t o  have i n i t i a l  
m o t i l  i ty t h a t  was good o r  b e t t e r  ( Haigh unpubl .) . 

We have i n i t i a t e d  the  semen extension process on l y  i n  those 
e jacu la tes  which were judged t o  be of t he  co lou r  o f  m i l k ,  o r  t h i c k e r ,  and 
have had an i n i t i a l  m o t i l i t y  r a t e d  good o r  b e t t e r .  

Examination o f  semen morphology i s  an essen t i a l  step i n  e jacu la te  
evaluat ion.  I n  w a p i t i  b u l l s  of 3 years  of age and o lde r ,  the  g rea tes t  
percentage of morphol ogi  ca l  l y  normal sperm are  present  i n e j  acul ates 
c o l l e c t e d  between 1 s t  September and 15 th  March ( F i g .  1 )  (Haigh 1982). One 
b u l l  i n  our study group c o n s i s t e n t l y  produced semen w i t h  a h igh  p ropo r t i on  
o f  de fec t i ve  sperm. 

An impor tan t  step i n  the  eva lua t i on  process i s  the  es t ima t ion  o f  t h e  
percentage of i ndi  v i  dual l y  mot i  1  e sperm and t h e i  r r a t e  o f  progression. 
This  i s  c a r r i e d  ou t  on extended semen p r i o r  t o  i n i t i a t i o n  o f  the  f reez ing  
process. The r a t e  o f  progression scale i s  def ined as fo l l ows :  0 = no 
sperm movement, 1 = s l i g h t  t a i l  undu la t ion  w i thou t  forward motion, 2 = 
s1 ow t a i l  undu la t ion  w i t h  slow, o r  s top and s t a r t ,  forward motion, 3 = 
forward progression a t  a moderate speed, 4 = r a p i d  forward progression, 5 
= r a p i d  progression . i n  which c e l l  s  are d i f f i c u l t  t o  f o l l o w  v i s u a l l y .  

Semen extenders f o r  wap i t i  and red  deer t h a t  have been success fu l l y  
t es ted  are  yo1 k - c i  t r a t e ,  w i t h  o r  w i thou t  f ructose,  and skimmed m i  1  k  . 
Glycero l  has been used as the  c ryopro tec tan t .  The process f o r  extension 
i n  our l abo ra to ry  has c l o s e l y  resembled t h a t  f o r  b u l l  semeni 

Our c r i t e r i a  f o r  extension and f reezing of w a p i t i  e jacu la tes  are as 
f 01 1 ows : 

mi nimurn dens i t y  , 0.5 x 109 c e l l  s/ml . 
minimum percent  normal sperm 80% 
minimum i n d i v i d u a l  mot i  1  i ty 80% 
minimum r a t e  o f  progression 3 
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September 1 - November 12 

10 1 November 26 - April 30 

Nil w Poor Fair Good Very. 

EJACULATE WAVE MOTION + good 

Figure 2 .  Dis t r ibut ion of r a t i  ngs of e j a cu l a t e  wave motion of e jacu la tes  
col lec ted twice monthly f o r  8 months from wapiti b u l l  s. The 
period was divided i n to  t h a t  covering maximum breeding a c t i v i t y  
(Sept .  1 - Nov. 1 2 )  and the  r e s t  of the  period when ru t t i ng  had 
ceased. (From Haigh, Barth, Cates, and Glover 1984.) 

We have extended semen t o  20-30 mil l ion l i v e  normal sperm per dose 
before freezing w i t h  the  i n t e n t  t o  provide a t  l e a s t  10 mil 1 ion 1 ive  sperm 
a f t e r  thaw. Similar  f igures  were used i n  Polish s tud ies  (Kryzwinski & 
Jaczewski 1978). Our f igure  was empirical l y  based upon the  normal f igures  
f o r  c a t t l e  and the  1 imi ted successes t h a t  were achieved w i t h  i n i t i a l  
attempts a t  A.I. 

Wapiti/red deer semen has been frozen e i t h e r  i n  p e l l e t s  on dry i c e  
which were then t ransferred t o  1 i quid nitrogen (Krzywi nski & Jaczewski 
1978),  o r  i n  l i q u i d  nitrogen vapor using 0.5 ml straws (Haigh, Barth, 
Cates, and Glover 1984). The 1 a t t e r  method has considerable advantages, 
especia l ly  i n  regards t o  the  subsequent i den t i f i c a t i on  of the  specimen. 

Eva1 uation a f t e r  thawi ng i nvol ves examination of the semen f o r  
mot i l i ty  and the  percentage of i n t a c t  acrosomes. Samples a r e  ra ted  
"sa t i s fac to ry"  , "questionable" o r  "unsati  s f a a o r y "  . The t e s t s  a r e  
conducted a s  soon a s  the  semen has been thawed and a f t e r  a two hour 
incubation of the  semen a t  37OC. Minimum standards f o r  a s a t i s f ac to ry  
ra t ing  a s  es tabl ished by our laboratory were: 



Minimum m o t i l e  ce l l s /dose 10 m i l l i o n  ( t i m e  0) 

TIME 0 25% m o t i l i t y  ( r a t e  o f  progression 3/5) 
50% i n t a c t  acrosomes 

TIME 2 HR. 15% m o t i l i t y  (2/5) 
35% i n t a c t  acrosomes 

We have f rozen semen between 15 th  September and 15th  December fo r  3 
years. O f  t he  59 e jacu la tes  frozen, 32 (56%) were r a t e d  good o r  b e t t e r .  

The Estrous Cycle 

Female r e d  deer and w a p i t i  are, 1 i ke the  males, seasonal breeders; 
they come i n t o  es t rus  a t  the  t ime of the  r u t ,  and i f  n o t  bred, w i l l  con- 
t i n u e  t o  c y c l e  f o r  almost s i x  months. I n  red  deer, the  c y c l e  i s  about 18 
days i n  l e n g t h  (Guinness e t  a l .  1971; K e l l y  e t  a l .  19841. I n  w a p i t i ,  the 
c y c l e  i s s l  i g h t l y  1 onger, about 20 days (Gl over 1984) . 

The hormonal events o f  t he  estrous cyc le  o f  these sub-species have 
r e c e n t l y  been repor ted.  I t  has been found t h a t  progesterone i s  n o t  always 
low on the  day o f  est rus,  and t h a t  estrogen l e v e l s  are from four - to - ten  
f o l d  h igher  than those o f  o ther  polyestrous ungulates ( K e l l y  e t  a1 . 1984, 
G l  over 1984 . 

If the females are  t o  be a r t i f i c i a l l y  bred, e i t h e r  a c lose  watch must 
be kept  on them so t h a t  inseminat ion i s  c a r r i e d  o u t  a t  es t rus ,  o r  the  
c y c l e  must be synchronised w i t h  one o f  two types o f  hormone t reatment  
regime. 

P o l i s h  workers used observat ion and mating a t  na tura l  es t rus  and 
achieved 3 pregnancies i n  12 h inds (Krzywinski  & Jaczewski 1978). The 
same method was t r i e d  i n  New Zealand w i t h  two h inds o f  20 becoming 
pregnant ( K e l l y  & Moore 1981). 

Es t rus  synchroni s a t i o n  i nvol ves e i t h e r  t he  use o f  progestogens o r  
p ros tag l  andi ns. 

Progestogens have been administered by subcutaneous o r  i n t r a v a g i n a l  
implant .  They b lock o v u l a t i o n  and suppress es t rus .  They are administered 
f o r  a pe r iod  o f  t ime s u f f i c i e n t  t o  a l l ow  f o r  na tura l  regression of the 
corpus 1 uteum (CL) . A f t e r  progestogen w-ithdrawal , f o l l  i c u l  a r  development 
resumes f o l l  owed by synchroni sed es t rus  and ovul a t i o n .  

There i s  1 ittl e i n fo rma t ion  on the use o f  e i t h e r  type o f  imp1 an t  i n  
w a p i t i  o r  red  deer. I n  one small t r i a l  conducted i n  our labora tory ,  
resu l  t s  were i nconcl us ive,  and these ma te r ia l  s  need f u r t h e r  t e s t i n g  
(Glover  1984). The use of i n t r a v a g i n a l  devices has n o t  proved e n t i r e l y  
s a t i s f a c t o r y  because a p ropo r t i on  o f  them are removed by the females, 
apparent ly  by p u l l i n g  the  s t r i n g  attached t o  the  device. Even i n  cases 
where the  s t r i n g  has been c u t  off ,  e i t h e r  c lose  t o  the  vulva1 1 i p s  o r  
deeper i n  the  vagina they have sometimes n o t  been re ta ined.  Cer ta in  types 
were re ta ined  b e t t e r  than others.  I n  a t r i a l  conducted i n  New Zeal and, 



the  use o f  i n t r a v a g i n a l  devices success fu l l y  synchronised es t rus  i n  9 of 
11 w a p i t i  type females (Sanderson pers.comm.). I t  was determined by 
r e c t a l  pa lpa t i on  t h a t  o v u l a t i o n  occurred between 48 and 72 hours a f t e r  
removal o f  the  devices i n  7 of the  11. I n  2 o the r  cases, es t rus  occurred 
a f t e r  72 hours. I t was n o t  poss ib le  t o  be sure how many o f  them con- 
ce. ived t o  A . I .  as  t h e y  were j o i n e d  w i t h  a b u l l  t h e  day a f t e r  
inseminat ion. 

Estrous synchroni sa t i on  has been attempted i n w a p i t i  us ing  the  
syn the t i c  prostaglandins (PG) . A 500 mg dose o f  "Estrumate" ( I C I ,  
Mississauga, Ontar io)  was l u t e o l y t i c  a f t e r  t he  8 t h  day o f  the  estrous 
cyc l  e. Only t r a n s i e n t  decl i nes i n  serum progesterone concentrat ions were 
recorded i f  the  PG was adminis tered 8 days o r  l e s s  a f t e r  ovu la t i on  (Glover  
1984). I n  a t r i a l  c a r r i e d  o u t  on commercial deer farms i n  New Zealand, 39 
cows on 10 farms were synchronised us ing  a regime o f  two i n j e c t i o n s  of 
"Synchrocept B" (Syntex Labs, NZ.) 13 days apar t .  Inseminat ions were 
c a r r i e d  o u t  a t  48, 72 and 96 hours a f t e r  t he  second PG i n j e c t i o n .  Six teen 
cows (41%) subsequently del  i vered ca lves  ( Haigh, Shadbol t, & G I  over 
1984). 

It i s  poss ib le  t h a t  pregnancy r a t e s  cou ld  be improved upon if 
i nsemi na t i ons -  were conducted when w a p i t i  were observed t o  be i n  estrus.. 
Success r a t e s  i n  domestic c a t t l e  (Bos taurus)  have been repor ted  t o  range 
from 33 t o  69 percent  when t imed i G m i n a t i o n s  were used (Donaldson 1980; 
Young & Henderson 1981; King e t  a l .  19831, however, i t  has been shown t h a t  
t imed inseminat ions were 1 ess successful than those done a f t e r  observa- 
t i o n  o f  es t rus  (Manns 1983). 
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GAME FARMING FEDERAL AND PROVINCIAL LAWS: MANITOBA 

HARVEY PAYNE, Northern Wild1 i f e  Special  i s t ,  N i l  d l  i f e  Branch, 
Box 24, 1495 S t .  James S t ree t ,  Winnipeg, Manitoba R3H OW9 

(Author  unable t o  attend.) 

I n  Manitoba, there  are  no s p e c i f i c  regu la t i ons  f o r  game farms. They 
are regu la ted  through the p rov i s ions  of the  Manitoba W i l d l i f e  Act. The 
appl i cab1 e  sec t ions  are: 

Possession o f  1 i v e  w i l d  animals 

Sect ion 45 'Except as may be otherwise pe rm i t t ed  by 
t h i s  Ac t  o r  the  regu la t ions ,  no person s h a l l  capture 
a1 i ve ,  o r  have possession o f  any 1  i v e  w i l  d  animal . ' 
Proper ty  i n  1  i v e  w i l d1  i f e  - 

Sect ion 86(2)  'Sub jec t  t o  t h i s  Ac t  and the  regu la t ions ,  
where a  person has possession o f  any w i l  d l  i f e  t h a t  i s  
l i v e  under a  l i c e n c e  o r  permi t  t h a t  au thor izes  him t o  
keep the  w i l d l i f e ,  he has a1 1  proper ty ,  r i g h t s ,  t i t l e  
and i n t e r e s t  i n  and t o  the  w i l d l i f e ,  and he cont inues 
t o  have the  proper ty ,  r i g h t s ,  t i t l e  and i n t e r e s t  as 
l ong  as he compl i e s  w i t h  the  p rov i s ions  o f  t h i s  Act  
and the  regul  a t ions .  ' 

Disposal o f  l i v e  w i l d l i f e  

Sect ion 87(2)  'The m i n i s t e r  may dispose o f  any 1  i v e  
w i l d l i f e  i n  c a p t i v i t y  t h a t  i s  t h e  proper ty  o f  t he  
Crown, by s e l l i n g ,  donat ing, k i l l i n g  and des t roy ing  
t h e  w i l  d l  i f e  o r  s e t t i n g  i t  f r e e '  . 
And f i n a l l y ,  

Regul a t i  ons by M i n i s t e r  

Sect ion 90 ' For  the  purpose o f  c a r r y i n g  o u t  the-  
p rov i s ions  o f  t h i s  Act  according t o  t h e i r  i n t e n t ,  t he  
m i n i s t e r  may make such regu la t i ons  as are  a n c i l l a r y  
t he re to  and are  n o t  i n c o n s i s t e n t  t he rew i th  and every 
r e g u l a t i o n  made under and i n  accordance w i t h  the  
a u t h o r i t y  granted by t h i s  sec t i on  has the  f o r c e  o f  
1  aw; and w i thou t  r e s t r i c t i n g  the g e n e r a l i t y  o f  the  
foregoing, the  m i n i s t e r  may make such regu la t i ons ,  n o t  
c o n s i s t e n t  w i t h  any o ther  p r o v i s i o n  o f  t h i s  Act, 
(gg) r e g u l a t i n g  the sa le  o f  w i l d  animals r a i s e d  and 



kep t  i n  c a p t i v i t y  on w i l d1  i fe  farms, o r  brought i n t o '  
the  prov ince t o  stock w i l d l i f e  farms o r  p r i v a t e  shoot ing 
preserves, o r  brought i n t o  the prov ince f o r  sa le  i n  
res taurants  o r  food stores; 

(hh)  respect ing  the 1 icenc ing  o f ,  and r e g u l a t i n g  the 
operat ions of, shoot ing preserves and w i  1 d l  i f e  farms, 
and r e g u l a t i n g  the keeping, r a i s i n g  and propogation o f  
w i l d  animal s t h e r e i n  o r  thereon, and the t a k i n g  o f  w i l d  
animal s t h e r e i  n o r  thereon; ' 

PRESENT DEPARTMENTAL GUIDELINES 

FOR GAME FARMS AND HOLDING WILDLIFE I N  CAPTIVITY 

Thi s permi t i s i'ssued sub jec t  t o  the  f o l  1 owing terms and condi ti ons. 

1 . A c e r t i f i e d  v e t e r i n a r i a n  must be i n  attendance dur ing  the 
hand l ing  o f  w i l d l i f e .  

2. A1 1 drugs given t o  w i l d l  i f e  must be administered by a 
c e r t i  f i  ed v e t e r i  n a r i  an. 

3. Wi1 d l  i f e  k i l l e d  o r  i n j u r e d  must be repor ted t o  the  Dept. 
o f  N a t u r a l  R e s o u r c e s  o f  t h e  P r o v i n c e  o f  M a n i t o b a  
( here i  n a f t e r  r e f e r r e d  t o  as "Natural  Resources" ) w i  t h i  n 
24 hours. 

4. Th i s  pe rm i t  may be suspended f o l l  owing i n v e s t i g a t i o n  of 
the  cause o f  death o f  any w i l d l i f e .  

5. Wild l  i f e  must be t r e a t e d  humanely and i n  accordance 
w i t h  the  standards s e t  ou t  i n  ' E t h i c s  o f  Animal 
Experimentat ion'  , Canada Council on Animal Care, a copy 
o f  which i s attached hereto. 

6. Wi ld l  i f e  t ranspor ted  must be securely  conta ined i n  a manner 
t h a t  w i l l  p r o t e c t  the  p u b l i c  and the  w i l d l  i f e  from i n j u r y .  

~. 

7. A Conservat ion O f f i c e r  o r  a c e r t i f i e d  v e t e r i n a r i a n  must be 
a v a i l  ab le  dur ing  the  t ime any w i l  d l  i f e  a re  loaded and 
unloaded from any veh ic le .  

8. The opera tor  s h a l l  cooperate w i t h  Natura l  Resources so 
t h a t  the  department can e f f e c t i v e l y  assess and evaluate 
a1 1 mat te rs  re1 ated t o  w i  l d l  i fe under the  terms o f  t h i  s 
permi t. 

< .  
9. The operator  s h a l l  n o t  s e l l  any w i l d l  i f e  o r  i t s  progeny 

w i thou t  the  p r i o r  w r i t t e n  permission of t he  M in i s te r .  



10. The w i l d l  i f e  and i t s  progeny s h a l l  n o t  be used f o r  
hunt ing  purposes, f o r  meat o r  e x p l o i t e d  f o r  e x o t i c  
products such as a n t l e r  ve l ve t .  

11. The w i l d l  i f e  o r  i t s  progeny s h a l l  n o t  be exported from 
Manitoba unless a  separate expor t  permi t  s p e c i f i c a l l y  
au tho r i  z i  ng such expo r t  i s i ssued. 

12. The opera tor  s h a l l  annual 1  y  p rov ide  Natura l  Resources 
w i t h  a  w r i t t e n  r e p o r t  on the s ta tus  o f  t he  w i l d l i f e .  

13. The operator  s h a l l  be s o l e l y  responsib le f o r  the  pro- 
t e c t i o n ,  care  and maintenance of t he  w i l  d l  i f e  and t h e i r  
progeny, as l ong  as they a re  l e g a l l y  i n  h i s  possession. 

14. The opera tor  s h a l l  ma in ta in  publ i c 1  i a b i l  i t y  insurance 
i n  an amount n o t  l e s s  than one m i l l i o n  d o l l a r s  protec-  
t i n g  himself  from l i a b i l i t y  f o r  any i n j u r y  o r  death o r  
l o s s  o r  damage t o  proper ty ,  due t o  o r  a r i s i n g  o u t  of 
the  possession of the  w i  1  d l  i fe under the  terms hereof. 

15. The s t a f f  o f  Natura l  Resources s h a l l  have the  r i g h t  of 
access t o  the  game farm a t  ill times. 

16. The operator  s h a l l  have w i l d l  i f e  and t h e i r  progeny, 
marked w i t h  a  v i s i b l e  ear  t ag  and ta too  as soon as i s  
deemed reasonabl e  i n consul t a t i  on w i t h  the  W i  1  d l  i fe 
Branch. 

17. A pedigree stock record  book s h a l l  be mainta ined by 
the  operator .  

18. Th is  pe rm i t  may be cance l led  by the  M i n i s t e r  o r  a  
person designated by him, a t  any t ime, by  n o t i c e  i n  
w r i t i n g  e i t h e r  g iven t o  the  operator  o r  ma i led  t o  him 
by r e g i  s te red  mai l  . If the  permi t  i s  cancel 1  ed then 
the  operator  s h a l l  f o r t h w i t h  g i ve  up possession o f  the  
w i  1  d l  i f e  -and t h e i r  progeny and t u r n  those animal s  over 
t o  the  s t a f f  of Natura l  Resources. He s h a l l  cooperate 
w i t h  the  s ta f f  of Natura l  Resources so t h a t  the  
t r a n s f e r  o f  possession of the  animals i s  c a r r i e d  ou t  as 
e x p e d i t i o u s l y  as poss ib le  w i thou t  r i s k  t o  the  animals 
o r  t he  publ i c .  

.- 

I f  t h e  operator  refuses t o  g i ve  up possession o f  the  
w i l d l i f e ,  then Natura l  Resources o r  i t s  agents s h a l l  have 
t h e  r i g h t  a t  any t ime t o  en te r  upon any lands  o r  premises 
where the  w i l d l  i f e  i s  kept  and may break and fo rce  open 
any 1  ocks, bars, bo l  t s ,  fastenings, h i  nges, gates, fences 
o r  enclosures f o r  t he  purpose of t a k i n g  possession o f  and 
removing the  w i l d l  i f e .  



19. Th is  perrni t s h a l l  n o t  be assigned. 

20. I n  accordance w i t h  Subsect ion 86(2) o f  t h e  Wild1 i f e  Act, 
du r i ng  the  term o f  t h i s  permi t ,  t he  opera tor  s h a l l  have 
a1 1 p roper ty ,  r i g h t s ,  t i t l e  and i n t e r e s t  i n  t h e  
w i l d l i f e  and i t s  progeny i n  h i s  possession and s h a l l  be 
so l  e l  y  responsi b l  e  f o r  them. However, such proper ty ,  
r i g h t s ,  t i t l e  and i n t e r e s t  s h a l l  te rmina te  upon the  
cancel 1  a t i  on o f  t h i  s  permi t. 



XYLAZINE IMMOBILIZATION OF WAPITI: ANTAGONISM WITH YOHIMBINE AND 
4-AMINOPYRIDINE 

CHRIS D. OLSEN, and LYLE A. RENECKER, Department o f  Animal Science, 
U n i v e r s i t y  o f  A1 ber ta ,  Edmonton, A1 b e r t a  T6G 2P5 

Abstract :  T r i a l s  were conducted t o  assess the  e f fec t i veness  of yohimbine 
and 4-ami nopy r id i  ne as an antagon is t  f o r  xy l  az i  ne sedat ion i n  w a p i t i  . 
Treatments cons is ted  o f  xy laz ine  immobi l i za t ion  fo l lowed by unantagonized 
r e c o v e r y ,  and x y l  a z i  ne immobi l  i z a t i o n  f o l l  owed by a n t a g o n i  s t  
admi n i  s t r a t i  on. E i g h t  wapi ti were pa i  red  according t o  sex, age, weight  
and behavior.  Each animal was randomly assigned a t reatment  o rder  
according t o  a mod i f i ed  1 a t i n  square design ( t rea tmen t  x sex). Treatments 
were genera l l y  separated by a 6-7 day i n t e r v a l .  

Tame and t r a c t a b l e  cows were immobi l ized by hand syr inge i n j e c t i o n s  
o f  0.65 mg/kg o f  body weight of xy laz ine  ( IM) .  Wild, f ree-ranging b u l l s  
r e q u i r e d  dosages o f  up t o  2.18 mglkg  o f  x y l a z i n e ,  a d m i n i s t e r e d  
i n t ramuscu la r l y  b y  a Cap-Chur gun, f o r  e f f e c t i v e  immobil i z a t i o n .  
Xyl az i  ne-immobil i zed w a p i t i  were s te rna l  l y  recumbant f o r  per iods  ranging 
from 178 t o  265 minutes. General ly,  s h o r t  i n d u c t i o n  t imes and prolonged 
immobil i z a t i o n  were observed among the  more t r a c t a b l  e animal s. 

I n  antagoni s t  t reatments, xy1 az i  ne-sedated w a p i t i  were g iven con- 
c u r r e n t  in t ravenous i n j e c t i o n s  of 0.15 mglkg o f  yohimbine and 0.30 mg/kg 
o f  4-ami nopy r id i  ne. Wapi t i  r e c e i v i n g  reversa l  drugs were standing and 
ambulatory w i t h i n  1.9 t o  47 minutes from antagon is t  i n j e c t i o n .  Wal k i n g  
t imes d i  f f e r e d  s i g n i f i c a n t l y  between t reatments (P<0.005) , and f o u r  of the  
e i g h t  animals were walk ing w i t h i n  3 minutes o f  an tagon is t  i n j e c t i o n .  

No m o r t a l i t y  o r  compl icat ions r e s u l t e d  from the  t r i a l  s. Relapses t o  
profound xy l  az i  ne sedat ion d i d  n o t  occur. The yohimbi ne-4-ami nopyr i  d i  ne 
combination appears t o  be a safe and e f fec t i ve  an tagon is t  of xy laz ine  i n  
w a p i t i  . 



VISIBILITY BIAS IN AERIAL'SURVEYS 

MICHAEL D .  SAMUEL, College of Forestry,  Wild1 i f e  and Range Science, 
University of Idaho, Moscow, ID 83843 

MICHAEL W .  SCHLEGEL, Idaho Department of F i s h  and Game, P .O. Box 626, 
Kamiah, ID 83536 

EDWARD 0. GARTON,  Col 1 ege of Forestry,  Wil dl i f e  and Range Science, 
University of Idaho, MOSCOW, ID 83843 

Abstract: The management of animal resources requires information on 
important popul a t i  on parameters, such as  densi t y  , age r a t i o s ,  sex r a t i o s  , 
and t h e i r  changes over time. Aerial surveys a re  probably the  most widely 
used means of estimating these population parameters f o r  North American 
ungul a tes .  However, avail abl e evidence i ndi c a t e s  t h a t  aeri  a1 surveys 
provide underestimates of animal densi ty  . 

In order t o  improve ae r ia l  survey est imates,  i t  i s  necessary t o  
determine the number of animals missed during surveys. The f a i l u r e  t o  
observe a l l  animal s i s  ca l led  v i s i b i l i t y  bias and i s  generally he1 d t o  be 
a major cause of inaccuracies i n  ae r ia l  surveys. The magnitude of 
v i  si b i  1 i t y  b ias  depends upon numerous vari abl e s  , i ncl udi ng animal behavior 
and d i s p e r s i o n ,  obse rve r s ,  wea ther ,  v e g e t a t i o n  cover  t y p e s ,  and 
equipment. 

Radio-collared e lk  i n  north Idaho have been used t o  assess  the  
importance of a var ie ty  of fac to rs  i n  determining v i s i b i l i t y  bias.  A 
non-linear regression approach was used t o  evaluate these  fac to rs  and t o  
assess  thei  r impact on s i  ghtabi 1 i ty . Prel imi nary resul t s  showed t h a t  
group s ize  had a major influence on the  s ightabi l  i ty  of elk during winter 
surveys. Vegetation cover and animal behavi o r  a1 so have si gni f i cant  
influences.  The estimated sightabi  1 i t y  function f o r  group s ize  was used 
t o  p red ic t  corrected popul a t i  on s i z e  w i  t h  confi dence i nterval s and 
corrected age and sex r a t i o  est imates.  Survey counts averaged 85% (range 
80-91%) of . t h e  corrected counts over a 9 year period f o r  an open 
vegetation type. Observed bull -cow r a t i o s  were consi s t en t l y  be1 ow thei  r 
respective corrected r a t i o s .  Observed cal f-cow r a t i o s  were usual l y  above 
the  corrected r a t i  0s. 



PRECISION OF AGE AND SEX RATIOS: A CLUSTER SAMPLING APPROACH 

MICHAEL D. SAMUEL and EDWARD 0. GARTON, Co l l  ege o f  Forestry ,  W i l  d l  i f e  and 
Range Science, U n i v e r s i t y  o f  Idaho, Moscow, I D  83843 

Abstract :  Herd c l a s s i f i c a t i o n  counts have become a  r o u t i n e  p a r t  of 
ungul a t e  management and research p ro jec ts .  The o b j e c t i v e  o f  such counts 
i s  t o  determine popu la t ion  propor t ions ,  age r a t i o s  and sex r a t i o s .  These 
data are  used as i n d i c a t o r s  of reproduct ive  success and popu la t ion  
recru i tment  o r  t o  s e t  and evaluate harves t  s t ra teg ies .  

The usual procedure i n  sampling i s  t o  c l a s s i f y  as many animals as 
poss ib le  i n  o rder  t o  improve the  p r e c i s i o n  ( o r  r e l i a b i l i t y )  o f  the  
observed r a t i o s .  Since these r a t i o s  i n v o l v e  v a r i a t i o n  i n  bo th  the 
numerator and denominator, appropr ia te  procedures fo r  c a l c u l a t i n g  var iance 
and conf idence l i m i t s  are n o t  s t ra igh t fo rward .  Previous s tud ies  have 
emphasized two sampl i n g  p lans f o r  es t ima t ing  r a t i o  variances. The area 
method d i v i d e s  the  study s i t e  i n t o  quadrats which are randomly sampled. 

- C l a s s i f i e d  animals w i t h i n  each quadrat are assumed t o  be t r u e  est imates 
and t h e  var iance i s  c a l c u l  ated between quadrats. A second, more popular  
method, surveys - the  e n t i r e  area and t r e a t s  i n d i v i d u a l  animals as the  
sampl i ng un i  t. Thi s  approach assumes t h a t  i n d i v i d u a l  s  are independently 
and randomly sampl ed from the  popul a t i  on. 

We propose an a1 t e r n a t i v e  approach which i s  known i n  the  s t a t i s t i c s  
1  i t e r a t u r e  as c l  u s t e r  sampl i ng. Appl i e d  t o  w i l  d l  i f e  surveys, c l  u s t e r  
sampling t r e a t s  groups of animals as the  sampling u n i t .  Th is  approach 
assumes t h a t  groups are  independently and randomly sampled from the  
populat ion.  Treatment of i n d i v i d u a l s  i s  shown t o  be a  specia l  case of 
c l  u s t e r  sampl i ng appl i cab1 e  on ly  under 1  i m i  t e d  cond i t ions .  These con- 
d i t i o n s  occur when groups c o n s i s t  of a  s i n g l e  animal o r  when groups are  
both o f  cons tant  s i z e  and homogeneous w i t h  respect  t o  t h e  r a t i o  being 
estimated. The p r e c i s i o n  of simple random sampling est imates w i l l  be 
biased f o r  most w i  1  d l  i fe surveys. C l  u s t e r  sampl i ng produces re1 i abl  e  
est imates o f  p rec i s ion .  Comparison of t h e  methods are  made us ing  ground 
surveys o f  deer and a e r i a l  surveys o f  e l k .  

A compl ementary approach t o  achieve improved re1 i ab i  1  i ty i s t o  
conduct repeated, b u t  independent surveys o f  t he  popul a t i  on. Th is  
procedure has been advocated f o r  mark-recapture surveys and may a l s o  be 
extended t o  c l a s s i f i c a t i o n  surveys. The r a t i o  est imate i s  simply the  
r a t i o  o f  t h e  t o t a l  o f  animals c l a s s i f i e d  du r ing  a l l  surveys. Weighted 
var iance est imates may be used t o  pool t he  variances from the  i n d i v i d u a l  
surveys. These pooled est imates w i l l  genera l l y  reduce the  var iance by the  
square r o o t  o f  the  number of surveys conducted. Repeated surveys o f  deer 
i n d i c a t e  t h a t  poo l i ng  may have a  subs tan t i a l  i n f l u e n c e  on the  re1 i a b i l  i t y  
o f  fawn-doe and buck-doe r a t i o s .  



Because animals a re  t y p i c a l l y  found i n  groups t h a t  are l i k e l y  t o  be 
r e l a t i v e l y  homogeneous and v a r i a b l e  i n  s ize,  t he  no t i on  t h a t  s i n g l e  
animals a re  randomly and independently sampled i s  f a l l a c i o u s .  As a  
r e s u l t ,  t he  determinat ion o f  re1 i a b i l i t y  o f  r a t i o  est imates us ing  a  simple 
random sampling approach w i l l  g i ve  biased r e s u l t s .  I n  many cases, i t  
appears t h a t  our judgements on the  p r e c i s i o n  o f  t he  re1 a t i v e  abundance of 
age and sex c lasses may be gross ly  overstated. Th is  mis-est imat ion of 
re1 i abi  1  i t y  appl i e s  t o  management decis ions and research evaluat ions.  I n  
add i t i on ,  t he  .est imat ion o f  abundance v i a  techniques such as the  change i n  
r a t i o  method w i l l  be b iased i f  simple random sampling i s  used. I n  the  
usual s i  t u a t i  on, where animal s  na tura l  l y  congregate, the  appl i c a t i  on of 
c l  us te r  sampl i ng shoul d prov ide  more r e a l  i s t i  c  est imates o f  our know- 
1 edge o f  the  re1 a t i  ve popu la t ion  abundance from herd composit ion surveys. 



SCABIES AND ELK MORTALITIES ON THE NATIONAL ELK REFUGE, WYOMING 

B. L. SMITH, Nat ional  E lk  Refuge, P. 0. Box C, Jackson, WY 83001 

Abstract :  During w in te r  1982-83, mor ta l  i t i e s  from the  Jackson Hole e l k  
herd, w i n t e r i n g  on the  Nat ional  E lk  Refuge, were l oca ted  and b i o l o -  
g i c a l  data regard ing  age, sex and c o n d i t i o n  were recorded. A t o t a l  o f  170 
morta l  i t i e s  occurred: 101 (59.4%) a d u l t  b u l l s ,  s i x  (3.5%) spike b u l l  s, 29 
(17 . I%) cows, 29 (17 . I%) calves and f i v e  (2.9%) ant1 e r l  ess ( e i t h e r  cows o r  
ca lves) .  The percent  of adul t b u l l  s  among the  mor ta l  i t i e s  was s i g n i f i -  
c a n t l y  (P<0.001) g rea te r  than t h e i r  percent  composit ion (19%) o f  the  
w i n t e r  herd. The mean age o f  ma1 e  m o r t a l i t i e s  (exc lud ing  calves)  was 7.35 
years  ( N=89) . The mean age of female morta l  i t i e s  ( exc l  ud i  ng calves)  was 
11.86 years (N=22). A t  l e a s t  63 of t he  a d u l t  b u l l  m o r t a l i t i e s  du r ing  
w i n t e r  1982-83 showed c l i n i c a l  s igns of scabies o r  p s o r o t i c  mange. The 
presence o r  absence of scabies cou ld  n o t  be conf irmed i n  another 32 
carcasses because 1  ittl e o r  no h ide  remained. Two o l d  (x=T6.0 years)  
a d u l t  cow mor ta l  i t i e s  had scabies b u t  scabies was n o t  ev ident  on c a l f  o r  
sp ike mor ta l  i ti es. The inc idence of scabies, evidenced by a1 opeci a, 
du r ing  w i n t e r  1983-84 was 27.8% of a d u l t  b u l l s ,  9.6% o f  spikes, 33.3% of 
cows, and 1 .O% o f  calves. The percent  o f  b u l l  s  among t o t a l  w i n t e r  
morta l  i t i e s  i s s i g n i f i c a n t l y  c o r r e l  a ted  (P<0.05) w i t h  the  percent  of b u l l  s  
i n  the  w i n t e r  herd over the  pas t  15 years. A herd reduct ion  program, 
i n i t i a t e d  i n  1977, increased the  o v e r a l l  b u l l  :cow r a t i o  o f  t he  Refuge 
herd. F i e l d  observat ions i n d i c a t e  t h a t  the  h igh  b u l l  :cow r a t i o  i s  unique 
t o  the herd segment t h a t  summers i n  Grant Teton Nat ional  Park. The r i s i n g  
b u l l  :cow r a t i o  may have predisposed more b u l l s  t o  scabies as a  r e s u l t  of 
debi 1  i t a t i o n  du r ing  the  r u t .  

INTRODUCTION 

The purpose o f  t h i s  study was t o  determine age and sex o f  w i n t e r  e l k  
mor ta l  i t i e s  on the  Nat ional  El  k Refuge . ( NER) , Wyoming , and the  inc idence 
of scabies, p s o r o t i c  mange, among m o r t a l i t i e s .  Winter  losses a re  an 
expected occurrence among ungul ates of nor thern  1  a t i  tudes i n  the  Un i ted  
States and Canada, and i n  fact ,  were inst rumenta l  i n  the  c r e a t i o n  o f  the 
NER ( W i l  b rech t  and Robbi ns 1978). A1 though w i n t e r  1  osses can esca la te  i n  
severe w in ters ,  t h e i r  c o n t r i b u t i o n  t o  annual 1  osses among hunted 
populat ions o f  -elk e x i s t i n g  on s u f f i c i e n t  h a b i t a t ,  i s  usua l l y  f a r  l e s s  
than the  hunter  harvest.  

I n  s i t u a t i o n s  where a v a i l a b l e  w i n t e r  range has been reduced due t o  
usurpat ion  by man, as i s  t he  case of t he  Jackson Hole e l k  herd, w in te r  
feeding o f  e l k  has dampened t h e  e f f e c t s  of adverse w i n t e r  cond i t i ons  on 
na tu ra l  mor ta l  i ty r a t e  (Mur ie 1951, Anderson 1958). Winter morta l  i ty on 
t h e  NER du r ing  the  pas t  45 years  has averaged about 2% o f  the  w i n t e r i n g  
herd, a l though an e f f o r t  was n o t  genera l l y  made p r i o r  t o  1968 t o  l o c a t e  
and record  a1 1  morta l  i t i e s .  



Data c o l l e c t e d  dur ing  the  w i n t e r  of 1982-83 from w i n t e r  e l k  morta l  i- 
t i e s  are  discussed i n  r e l a t i o n  t o  the  complexi ty  o f  the  management of the 
Jackson Hol e e l  k  herd. 

I thank the  s t a f f  o f  t he  Nat ional  E lk  Refuge and G. Roby o f  the 
Wyoming Game and F i  sh Department f o r  ass is tance w i t h  1 o c a t i  ng morta l  i t i e s  
and c o l l e c t i o n  o f  teeth.  I a1 so thank T. Moore and o the r  personnel a t  t he  
Wyoming Game and F i s h  Laboratory i n  Laramie f o r  t h e i r  e f f o r t s  t o  age the  
teeth.  

HISTORICAL PERSPECTIVE 

Jackson Hol e, Wyomi ng, was h i  s t o r i  ca l  l y  a w i  n t e r i  ng area f o r  e l k .  
Cole (1969) wrote t h a t  "The 1887 t o  1911 est imates o f  15,000 t o  25,000 e l k  
i n  t he  Jackson Hole herd, w i t h  h ighes t  numbers repor ted  dur ing  severe 
w in ters ,  should e s t a b l i s h  the  f a c t  t h a t  t h e  area was a h i s t o r i c a l  
w i n t e r i n g  ( ground) ." I n  1884, t he  f i r s t  s e t t l e r s  a r r i v e d  i n  Jackson Hole 
and homesteaded 1 ands where e l  k  had wintered. By 1909, homesteaders and 
ranchers had s e t t l e d  l a r g e  areas of the  e l k '  s  w i n t e r  range. Conversion of 
the  l a n d  f o r  1 i ves tock  use, " tusk"  hunt ing, and several severe w in ters ,  
r e s u l t e d  i n  heavy e l k  1 osses du r ing  the  w in te rs  o f  1889, 1890, 1891, 1909, 
1910 and 1911. These losses, and depredat ion by e l k  on ranchers'  
haystacks, r e s u l t e d  i n  appeals from res idents  o f  Jackson Hole t h a t  brought  
na t iona l  a t t e n t i o n  t o  the  e l k  s i t u a t i o n .  Dur ing the  w in te r  o f  1910, the  
Wyoming S ta te  L e g i s l a t u r e  appropr iated $5,000 t o  purchase hay t o  feed the  
e l k .  But t he  amount was inadequate, and hundreds o f  e l k  d ied  t h a t  w i n t e r  
(W i lb rech t  and Robbins 1978). Dur ing  the  severe w i n t e r  o f  1911, e l k  
losses  were conserva t ive ly  est imated a t  2,500 and 75% o f  t he  calves d ied  
before sp r ing  a r r i v e d  (Brown 1947). That same year,  t he  U. S. Congress 
appropr iated $20,000 f o r  the  purchase of hay and conduct ing o f  s tud ies  t o  
determine what should be done t o  a1 l e v i a t e  the  s i t u a t i o n  (Anderson 1958). 

As a r e s u l t  o f  t he  studies,  Congress appropr iated $50,000 i n  1912 and 1913 
t o  purchase l a n d  f o r  t he  product ion  of feed f o r  e l k .  From i t s  i n i t i a l  
s i z e  o f  1,760 acres i n  1912, t he  Refuge has increased - through federal 
a c q u i s i t i o n  o f  homesteads and a 1,760 acre donat ion by the Izaak Walton 
League - t o  i t s  present  24,300 acres. 

Supplemental feeding o f  e l k  has been necessary 63 ou t  o f  the  72 years  
of the  Refuge's existence. A1 though the  Refuge produces about 13,000 tons 
of herbacei ous forage ( Anon. 1984) , deep, c rus ted  snow general l y  1 i m i  t s  
t he  a v a i l  a b i l  i t y  o f  forage by February and necess i ta tes  supplemental 
feeding. Since 1912, t he  average du ra t i on  o f  suppl emental feeding has 
been 75 days. The 5,000 t o  9,000 e l k  which w i n t e r  on the  Refuge are  sp l  i t  
up and fed on th ree  t o  f i v e  separate feedgrounds on the  Refuge. Hay was 
fed t o  the  e l k ,  e i t h e r  i n  1 oose (up t o  1938) o r  baled form (1938-1974). 
I n  1975, a change was made t o  p e l l e t e d  a l f a l f a  hay. Feeding t r i a l  
s tudies,  conducted from 1971 through 1973, showed t h a t  the  e l k  r e a d i l y  
accepted the  p e l l e t e d  feed and weight changes were s i m i l a r  t o  those i n  
con t ro l  groups o f  e l k  f e d  stem hay. Add i t iona l  s tud ies  were conducted 
from 1972-74, t o  observe the  acceptance and behavior o f  f ree-ranging e l k  
f ed  a l f a l f a  p e l l e t s  on one o r  more of the  Refuge feedgrounds, be fore  the  
conversion t o  a1 fa1 f a  pel  1 e t s  was made. 



Winter losses of e l k  and o the r  North American ungulates are  o f ten  
d i  f f i  cu l  t t o  assess. On the  Nat ional  E lk  Refuge, where e l  k  are concen- 
t r a t e d  on about 12,000 acres from December through A p r i l  most years, 
m o r t a l i t i e s  can r e a d i l y  be 1 ocated and t a l l  ied .  

Mur ie '  s  (1951) s tud ies  of the  Nat ional  Elk  Refuge e l k  du r ing  the  
1920's and 1930's out1 i ned several causes o f  w i n t e r  morta l  i t y ,  of which 
n e c r o t i c  s t o m a t i t i s  was the  most p reva len t .  Th i s  disease s t i l l  e x i s t s  i n  
the  NER herd b u t  t o  a much l e s s e r  degree than i n  t he  past .  Murie (1951) 
found t h a t  t he  p a r a s i t i c  c o n d i t i o n  known as scabies, o r  psoropt ic  mange, 
was a f a c t o r  o f  somewhat 1 esser importance among morta l  i t i e s .  Scabies 
cont inues t o  a f f l i c t  a  percentage o f  the  Refuge herd. 

Since Mur ie '  s  s tudies,  i n v e s t i g a t i o n  o f  mor ta l  i t i e s  on the  Refuge has 
been l i m i t e d .  Several impor tan t  management changes, occu r r i ng  du r ing  the 
pas t  35 years, have a f f e c t e d  the  summer d i s t r i b u t i o n  o f  e l k  w i n t e r i n g  on 
the  NER and hunt ing  pressure experienced by the  var ious  herd segments. 
The most impor tan t  o f  these may be the  a d d i t i o n  o f  t he  v a l l e y  (eas tern  
p o r t i o n )  o f  Grand Teton Nat ional  Park (GTNP) t o  the  e x i s t i n g  mountainous 
p o r t i o n  o f  the  Park i n 1950 ( F i g  . 1 ) . Fol 1 owi ng the  expansion o f  t he  
Park, a summering herd segment developed i n  the  expanded area of GTIJP. 
The GTNP e l k  a re  harvestable on l y  eas t  o f  the  Snake R iver  i n  the  Park (as 
d e t a i l e d  i n  Pub1 i c  Law 787) and on the  NER. As a r e s u l t ,  e l k  which summer 
i n  GTNP, experience l e s s  hunt ing  pressure than e l k  on the  Nat ional  Fores t  
summer ranges i n  the  Teton Wilderness (TW) and Gros Ventre (GV) drainage 
and e l k  t h a t  summer i n  southern Yellowstone Nat ional  Park (SYNP) which 
must migra te  through Nat ional  Fores t  1 ands each fa1 1 . 

METHODS 

During w i n t e r  1982-83, an at tempt was made t o  l o c a t e  every e l k  
morta l  i ty on the  NER. Searches from the  feedtrucks, Thiokol  (over-snow 
veh ic le ) ,  horseback and on f o o t  were conducted from l a t e  October 1982 
through June 1983 t o  l o c a t e  carcasses. Once located,  each carcass was 
c l a s s i f i e d  as a d u l t  b u l l  (branch-ant1 ered) , spike b u l l  , cow, o r  ca l  f; sex 
was determined on calves; ca lves  and year1 ings  were aged based upon t o o t h  
e rup t i on  and rep1 acement techniques (Taber 1969 :391) ; bo th  i n c i  sors 1 
were p u l l e d  t o  age animal s  o l d e r  than yea r l i ng ;  and a gross examination 
was made o f  t h e  carcass f o r  ex terna l  maladies o r  i n j u r i e s .  I n  p a r t i c u l a r ,  
I t r i e d  t o  determine if the animal was a f f l i c t e d  w i t h  scabies. The 
i n c i s o r s  were sent  t o  the  Wyoming Game and F i s h  Department Laboratory i n  
Laramie f o r  d e c a l c i f i c a t i o n ,  sec t i on ing  and cementum annul i reading. 

RESULTS 

Age and Sex o f  M o r t a l i t i e s  

Resul ts  of the  annual mid-wi n t e r  c l  ass i  f i  c a t i o n  count on February 23, 
1983, showed t h a t  5,878 e l k  were on the  NER. Between the t ime when the  
e a r l i e s t  f a l l  migrants a r r i v e d  i n  l a t e  October 1982 and the l a s t  o f  t he  
herd migrated n o r t h  i n  May 1983, 170 e l k  m o r t a l i t i e s  occurred on the  



Fig .  1. Area used by t h e  Jackson Hole e l k  herd (from 
Robbins e t  a l .  1982 : 481) . 



Refuge. O f  those, 165 were examined and c l a s s i f i e d  (101 a d u l t  b u l l  s, s i x  
sp ike b u l l  s, 29 cows and 29 calves)  . F ive  ant1 e r l  ess animal s (cow o r  
c a l f )  were n o t  examined. The percent  composit ion o f  each c lass  among 
t o t a l  m o r t a l i t i e s  compared t o  the  percent  composit ion o f  each c lass  i n  the 
w i n t e r  herd, i s  shown i n  Table 1. There was a s i g n i f i c a n t  d i f ference 
( ~ 2 = 1 2 1  ,df=3 ,P<O .001) between the  observed morta l  i t y  r a t e s  ' by c l a s s  
compared t o  the  expected m o r t a l i t y  r a t e s  (based upon composit ion o f  each 
c l a s s  i n  t h e  w i n t e r  herd) .  Sixty-one percent  o f  165 c l a s s i f i e d  
m o r t a l i t i e s  were a d u l t  b u l l  s, a1 though on ly  19% o f  t he  w in te r  herd was 
adul t b u l l  s . 

One hundred f o r t y  of t he  carcasses were aged (Tab1 e 2) . Excl ud i  ng 
calves, the  mean age of male m o r t a l i t i e s  was 7.35 years and t h a t  of 
females was 11.86 years. F i ve  of 22 cows were 18 112 t o  27 112 years of 
age. One b u l l  m o r t a l i t y  was 18 112. 

Sex was recorded f o r  a l l  a d u l t  m o r t a l i t i e s  examined b u t  f o r  on ly  four 
of 29 ca lves  (one male, th ree  females) because o f  scavenging by coyotes, 
ravens, magpies, b a l d  and golden eagles. Scavengers q u i c k l y  f i n d  and 
begin feeding on the  carcasses of e l k  morta l  i t i e s  i n  w in ter .  The f l esh  
and e n t r a i l  s a r e  sometimes compl e t e l y  consumed w i t h i n  48 hou rs ,  
p a r t i c u l a r l y  i n  the  case o f  ca lves.  

Morta l  i t i e s  w i t h  Scabies 

Scavenging precludes the  p o s s i b i l i t y  of determin ing cause o f  death of 
most m o r t a l i t i e s  on the  NER. However, a gross examination was made of 165 
carcass remai ns dur ing  w i n t e r  1982-83 t o  de tec t  any superf i c i  a1 ma1 adies, 
p a r t i c u l a r l y  scabies. Scabies, o r  psoropt ic  mange, i n  e l k  i s  caused by 
the  m i t e  ~ s b r o ~ t e s  equi  var  cerv inus  - ( ~ h o r n e  e t  al: 1982). The m i t e  l i v e ;  
o u t  i t s  1 i f e  c y c l e n  i t s  hos t  b u t  i s  reTdiTy t ransmi t ted  by d i r e c t  
con tac t  from one hos t  animal t o  another. With t h e  except ion o f  b ighorn  
sheep (Ovis canadensis), P. - equi var.  cerv inus  i s  hos t  s p e c i f i c  t o  e l k  

'able 1. Percent composit ion of the  w i n t e r  herd and percent  composit ion 
o f  t o t a l  w in te r  m o r t a l i t i e s  of each agelsex c lass  o f  e l k ,  
w i  n t e r  1982-83. 

- -  - 

B u l l  s Spikes Cows Calves 

Percent o f  19 
Herd 

Percent o f  
Morta l  i t i e s  . 



Table 2. Agelsex composit ion of 140 e l k  m o r t a l i t i e s  aged by t o o t h  
e r u p t i  on l rep l  acement and cementum annul i exami na t i on  techniques 
on the  Nat ional  Elk Refuge dur ing  w i n t e r  1982-83. 

Sex 
Age Ma1 e  Femal e  Undetermined Tota l  

Cal f 
1 1/2 
2  112 
3  112 
4  112 
5  1/2 
6  112 
7 112 
8  112 
9  112 

10 112 
11 112 
12 112 
13 1/2 
14 112 
15 112 
16 112 
17 112 
18 112 
19 112 
22 112 
23 112 
27 112 

Adu l t  - 
Not Aged 

An t le r l ess  - 
Not Aged 

TOTAL 

(Thorne e t  a1 . 1982) . Because of the  1  arge number o f  animal s  w i n t e r i n g  on 
NER (an ave rage  o f  6,980 e l k  i n  1912 t o  present) ,  i t  i s  1  i k e l y  t h a t  most 
if n o t  a l l  the  e l k  w i n t e r i n g  on the  NER are  hosts of the  scabies mi te .  
Murie (1951:166-168) repor ted  t h a t  scabies was preva len t  i n  the  NER e l k  i n  
t he  1920's and 1930's and t h a t  i t  was repor ted  among the  e l k  as f a r  back 
as records go. He wrote t h a t  severe cases o f  h a i r  l o s s  were c h i e f l y  
associated w i t h  mature b u l l s  al though " q u i t e  a  few a d u l t  cows are a t  t imes 
a f f l i c t e d . "  Scabies was r a r e  i n  younger animals and calves. Mur ie 
speculated t h a t  r u t t i n g  a c t i v i t y  and scanty feeding by a d u l t  b u l l  s  du r ing  
the  r u t  tended t o  lower t h e i r  v i t a l i t y ,  i nc reas ing  s u s c e p t i b i l i t y  t o  



scabies. I n  t h i s  weakened c o n d i t i o n  of lowered res is tance,  a m i t e  pop- 
u l a t i o n  may increase on an e l k  and t h e  c l i n i c a l  s igns o f  "scabbing" and 
a lopecia become mani fest .  The adverse weather cond i t i ons  o f  l a t e  f a l l  and 
w i n t e r  may aggravate the  c o n d i t i o n  of scabied e l k  and c rea te  a negat ive 
energy bal  ance. 

F igures 2 and 3 show the d i s t r i b u t i o n  of cow and b u l l  e l k  morta l  i t i e s  
by month. The most s t r i k i n g  d i f ference i s  the  e a r l i e r  onset of 
morta l  i t i e s  i n  b u l l  s  and the  number which had d ied  p r i o r  t o  the s t a r t  of 
suppl emental feeding on February 3. More b u l l  morta l  i t i e s  occurred i n  
January, t he  co ldes t  month o f  the  year,  than any o the r  month. 

O f  the  101 a d u l t  b u l l s  which d ied  on the  Refuge, a t  l e a s t  62% (63) 
showed c l i n i c a l  s igns of scabies. Another 32 may have had scabies, b u t  
there  was i n s u f f i c i e n t  h ide  among the  remains t o  make a determinat ion.  
Only two o f  29 cow e l k  morta l  i t i e s  (7%) had scabies, and no spike b u l l  o r  
ca l  f mor ta l  i t i e s  were scabi ed. 

Among males ( y e a r l  i n g  and o l d e r ) ,  age of m o r t a l i t i e s  w i t h  scabies was 
s i m i l a r  t o  m o r t a l i t i e s  t h a t  e i t h e r  d i d  n o t  have scabies o r  i n  which 
presence o r  absence o f  scabies coul d n o t  be determined ( F ig .  4 ) .  However, 
the  mean age o f  scabied male m o r t a l i t i e s  (7.9) was greater  than i n  
non- scabi ed mor ta l  i t i e s  because no y e a r l  i ng and two-year-01 d ma1 es were 
scabied. The two cow morta l  i t i e s  w i t h  scabies averaged 16 years 01 d. 

Inc idence o f  Alopecia i n  the  Herd 

During w i n t e r  1983-84, a census o f  a lopecia among e l k  on the  Ref-uge' s  
feedgrounds was conducted. Standard c r i t e r i a  were used by observers t o  
c l a s s i f y  the  s e v e r i t y  o f  h a i r  l o s s  on each e l k .  Alopecia genera l l y  begins 
a t  the  base o f  the  neck and then spreads along the  back and shoulders. 
For e l k ,  having a lopec ia  extending no f u r t h e r  than 1/4 the  d is tance along 
the  l e n g t h  o f  t he  back o r  having on ly  a l i m i  t e d  patchy l o s s  o f  h a i r ,  
a lopec ia  was recorded as " l i g h t " .  For e l k  i n  which a lopec ia  extended more 
than 1/4 the  d is tance along the  back from the  base o f  the  neck, o r  e l k  i n  
which a lopec ia  extended l e s s  than 1/4 t h e  d is tance along the  back b u t  h a i r  
1  oss was a1 so ev ident  on the  neck and/or face, t he  c o n d i t i o n  was recorded 
as "severe". Tab1 e 3 shows t h a t  a1 opeci a i s  most p reva len t  on adul t b u l l  s  
(27.8%) fo l lowed by spike b u l l s  (9.6%). 

Re1 a t i o n s h i p  o f  Morta l  i t i e s  t o  Herd Composition 

A1 though quant i  t a t i v e  i nformation regarding the  pas t  inc idence o f  
scabies i n  t h e  NER e l k  herd i s  n o t  ava i l ab le ,  t he  percent  composit ion of 
b u l l  s  among t o t a l  w i n t e r  morta l  i t i e s  was recorded i n  prev ious years. 
F igure  5 shows a s i  gni  f i can t  p o s i t i v e  c o r r e l  a t i  on (Pc0.05) between the 
percent  o f  b u l l s  i n  the  w i n t e r  herd and the  percent  b u l l s  among t o t a l  
w i n t e r  m o r t a l i t i e s  over the  pas t  15 years. F igu re  6 shows the degree of 
c o r r e l a t i o n  increases when spikes are  added t o  the  percent  o f  b u l l s  i n  the  
w i n t e r  herd. Logic might  d i c t a t e  tha t ,  as a c l a s s  o f  animal becomes 
p ropo r t i ona te l y  more abundant i n  the  herd, 1 i kewise  i t  would become 
p ropo r t i ona te l y  more abundant among morta l  i t i e s .  However, the  body s i z e  
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Fig .  2. D i s t r i b u t i o n  of cow e l k  m o r t a l i t i e s  by month, w i n t e r  1982-83. 

Fig. 3 .  D i s t r i b u t i o n  of a d u l t  b u l l  and s p i k e  b u l l  (shaded)  e l k  
m o r t a l i t i e s  by month, w i n t e r  1982-83. 
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W/O Scabies [I W/ Scabies 

N =37 N = 5 2 
= 6.6 2 : 7.9 

sd  ~ 3 . 4  sd = 2.9 

A G E  
F i g .  4 .  Age oE elk mortalities with scabies and without scabies (includes 25 bulls in which insufficient 
hide remained to make a determination) on the National Elk Refuge winter 1982-83. 
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Fig.5. Relationship between percent composition of bulls in wintering . 

herd and percent bu1.l~ among total winter mortalities 1969 - 83 
( n=12). 

% BUL.LS AND SPIKES IN HERD 

Fig. 6. Relationship between Percent composition of bulls and spikes 
in wintering herd and percent bulls among total mortalities 
1969-83 (n=12). 



and a n t l e r s  o f  a d u l t  b u l l s  enhance t h e i r  compet i t i ve  s ta tus  on the Refuge 
w in te r  range and supplemental feed l i n e s .  Thus, compet i t ion  f o r  food 
should n o t  a f f e c t  t he  su rv i va l  of b u l l s  dur ing  w in ter .  There were n o t  
s i g n i f i c a n t  c o r r e l  a t i  ons between percent  o f  b u l l  s  among t o t a l  morta l  i ti es 
(1975-83) and 1)  t he  number o f  days i n  the  supplemental feeding pe r iod  
(n=7, r=0.364), o r  2 )  the  average number o f  pounds o f  supplemental 
feed/el k/day fed  ( n=7, r=-0.303). More 1 i k e l y  , adul t b u l l  s  a r r i  ve on the  
w i n t e r  range i n  poorer c o n d i t i o n  than the  o ther  c lasses due t o  a dec l i ne  
i n  body c o n d i t i o n  associated w i t h  r u t t i n g  behavior.  B u l l s  t h a t  are l ean  
and have a lopec ia  are among the  e a r l i e s t  a r r i v a l s  t o  the  Refuge i n  the  
fa1 1 . Hunters on the  Refuge and i n  GTNP k i l l  scati ied b u l l  s  each year  i n  
November and Wyoming Game and F i s h  Department personnel a re  aware o f  o n l y  
two e l k  k i l l e d  i n  recent  years on Nat ional  Fores t  lands n o r t h  o f  Jackson 
t h a t  had scabies (T. Toman, pers. comm.). Ground and a e r i a l  mon i to r i ng  o f  
the f a l l  m i g r a t i o n  and rad io- te lemet ry  l o c a t i o n s  o f  e l k  (unpubl . data, NER 
f i l e s )  reveal  t h a t  i n  most years, many e l k  from GTNP summer ranges migra te  
t o  NER i n  advance o f  e l k  from the  Gros Centre, Teton Wilderness and 
southern Ye1 1 owstone Nat ional  Park herd segments (F ig .  1 ) .  Refuge 
c l a s s i f i c a t i o n  counts have shown t h a t  among the  e a r l y  migrants,  t he re  i s  a 
h igh  percent  o f  b u l l s .  For  example, on .November 19, 1982, 1,350 e l k  had 
migrated t o  the  south end o f  NER. O f  those, 650 (48%) were males (388 
branch-ant lered and 162 spikes) .  A t  t h a t  t ime, scabies was ev ident  on 
q u i t e  a number o f  b u l l s ,  a1 though the  number was n o t  determined. On 
November 22, 1982, there  were 1,700 e l k  on the  south end o f  the  Refuge and 
971 (57%) were ma1 es (775 branch-ant1 ered and 196 spikes)  . Only 43% were 
cows and calves. Only i n  GTNP cou ld  such a h igh  p ropo r t i on  o f  males occur 
i n  t he  popu la t ion  due t o  l i m i t e d  hunt ing  pressure exer ted on those e l k ,  
and regu la t i ons  aimed a t  reducing the  a n t l e r l e s s  segment i n  recent  years. 

Table 3. Inc idence o f  a lopec ia  observed i n  the  Nat ional  E l k  Refuge 
w i  n t e r i  ng e l  k  herd, w i n t e r  1983-1984. 

Number (%)  Number (%)  w i t h  Tota l  Number 
Class Number - L i g h t l y  A1 opeci a Severely A1 opeci a (%)  w i t h  

A1 opec i a 
- 

Cal f a  706 7 (1.0) 0 7 (1.0) 

Cowa 2,886 92 (3.2) 2 (0.1) 94 (3.3) 

Spi kea 345 33 (9.6) 0 33 (9.6) 

~ u l l  1,050 240 (22.9) 52 (5.0) 292 ( 27.8) 

TOTAL 4,987 372 (7.5) 54 (1.1) 426 (8.5) 

aFrom February 6 count 

b ~ r o m  January 31  count  



Chronol ogy o f  B u l l  Mortal  i t i e s  

Scabied b u l l  carcasses were discovered as e a r l y  as October 26, 1982 
on the Refuge and a t  l e a s t  15 had d ied  by December 31. Another 13 had 
d ied  p r i o r  t o  the  i n i t i a t i o n  of feeding on February 3, 1983. Another 17 
scabied b u l l  carcasses, found no r th  of t he  Jackson National F i sh  Hatchery 
i n  A p r i l ,  d ied  p r i o r  t o  February judg ing by the  weathering o f  h ide  and 
skel eta1 remains. Thus, 45 of t he  63 scabied b u l l  m o r t a l i t i e s  occurred 
before suppl emental feeding was necessary. 

DISCUSSION 

The Wyoming Game and F ish  Department and U.S. F i sh  and Wild1 i f e  
Serv ice work under a cooperat ive agreement t o  manage f o r  an average of 
7,500 e l k  on the  NER i n  w i  n te r .  During w in te r  1975-76, there  were 7,858 
e l k  on the  Refuge. The f o l  1 owing fa1 1 and w in te r  were m i l d  and snow-free 
and the  l i g h t e s t  e l k  harvest  i n  recent  years was obtained on the Jackson 
Hole herd. A t o t a l  o f  1 ,i76 e l k  were harvested i n  1976 compared t o  about 
3,000 i n  most years ( G .  Roby, pers. comm.). L ibe ra l  seasons were 
implemented i n  the  f a l l  of 1977 and hunt ing  regu la t i ons  i n  GTNP and NER 
s h i f t e d  harvest  pr.essure t o  femal es w i t h  ant1 e r l  ess-only permi ts  i ssued 
f o r  much o f  the  season. A harvest  of 3,756 animals was obtained. The NER 
c l a s s i f i c a t i o n  count fo r  w i  n t e r  1977-78 t o t a l  1 ed 8,491 e l k .  Regul a t i ons  
t o  reduce e l  k numbers, p a r t i c u l  a r l y  femal es i n  GTNP , continued through 
f a l l  o f  1983. The harvest  averaged 3,413 e l k  from f a l l  1977 through 1983 
(Table 4 ) .  The NER c l a s s i f i c a t i o n  count f o r  w i n t e r  1983-84 t o t a l l e d  5,010 
e lk .  During the  reduct ion  period, t he  a d u l t  b u l l  segment was reduced 23% 
b u t  the  number o f  cows i n  the  popu la t ion  was reduced 44%. 

Table 4. Annual e l k  harvest  from the Jackson Hole e l k  herd 1976-1983. 

Tota l  .. . 
El  k 1,176 3,756 2,880 3,321 3,740 4,290 3,548 2,355 

Harvested 

Note: Data are f o r  the  Jackson Herd which inc ludes e l k  w in te r ing  on the  
Nat ional  E l k  Refuge, the  Gros Ventre S ta te  feedgrounds, and on 
n a t i v e  w in te r  range no r th  of Jackson. Data obtained from G. Roby, 
Wyoming Game and F i  sh Deparment. 



Harvest s t a t i s t i c s  from GTNP show t h a t  the percent  o f  b u l l s  harvested 
from 1974-79 t h a t  were 4+ years of age was 9% compared t o  19% 4+ years of 
age from 1980-83. Cows i n  the  4+ category remained a t  42% o f  those 
harvested (R. Wood, GTMP unpub. data) .  Thus, the  herd reduct ion  r e s u l t e d  
i n  a l a r g e r  percent o f  the  NER w in te r ing  herd being comprised of a d u l t  
b u l l  s (12% p r i o r  t o  1977, 21% i n  1984), and the  age s t r u c t u r e  o f  the  b u l l  s 
being s h i f t e d  toward o lde r  animals. As the  percent  o f  b u l l s  i n  t h e  w in te r  
herd increased, so d i  d t h e i  r percent  composi ti on o f  t o t a l  w i  n t e r  morta l  - 
i t i e s  on NER. Th is  r e l a t i o n s h i p  suggests t h a t  desp i te  what e x t r i n s i c  
fac tors  e x i s t ,  b u l l  morta l  i t i e s  ( re1 a t i v e  t o  t o t a l  m o r t a l i t i e s )  a re  a 
func t i on  o f  compet i t ion  o r  s t ress  between b u l l s  - probably dur ing  the  r u t .  
Haigh (1984) s ta ted  t h a t  f o r  cap t i ve  breeding purposes, b u l l s  w i t h  the  
l a r g e s t  volume and h ighest  percent  m o t i l i t y  o f  sperm are  those w i t h  the  
1 argest  scrota1 c i  rcumferences. These tended t o  be seven year-01 d b u l l  s. 
Thus, the  mean age of 7.35 years f o r  b u l l  m o r t a l i t i e s  appears t o  co inc ide  
w i t h  the  age o f  g reates t  reproduct ive  p o t e n t i a l  and poss ib ly  sexual 
a c t i v i t y  . 

As discussed e a r l i e r ,  t he  h igh  b u l l  :cow r a t i o  appeared t o  be 
associated w i t h  the  GTNP summer herd segment where t h e  sex r a t i o  dur ing  
f a l ' l  1982 may we l l  have approached 1:l. Competi t ion f o r  females under 
such c i  rcumstances, and associated i nter-ma1 e r i v a l  ry and spar r i  ng , woul d 
serve t o  increase the  contaminat ion of o ther  animal s w i t h  psoropt ic  mi tes  
and d r a i n  energy reserves of males. Thus, alopecia, leanness, and 
occasional l y  emaciat ion were a1 ready ev ident  i n  November. 

For many o f  the  b u l l s  t h a t  died, the  days p r i o r  t o  death were of ten 
spent i n  areas conducive t o  thermoregul a t ion .  Th is  was t r u e  even dur ing  
the  pe r iod  o f  supplemental feeding when wandering 1 km o r  more from the 
Refuge's f o u r  feedground l o c a t i o n s  t o  l e e  h i l l s i d e s  o r  areas of dense 
sagebrush and chokeberry stands of ten meant miss ing  o u t  on the  d a i l y  
feeding o f  a l f a l f a .  Carcasses were of ten found i n  places w i t h  maximum 
so la r  and minimum wind exposure. I n  t h e i r  1 a s t  days, some scabied animal s 
showed l i t t l e  o r  no responsiveness t o  the  supplemental feeding operat ions, 
apparent ly  favo r ing  t o  conserve energy and remain i n  those areas l e s s  
exposed t o  the  w i  nd than t h e  feedground 1 o c a t i  ons. Ma1 n u t r i  ti on/ 
s t a r v a t i o n  o r  hypothermia may u l t i m a t e l y  b r i n g  on death although such 
weakened animal s. may be pred i  sposed t o  opportuni s t i c  diseases o r  pa ras i tes  
as wel l  (Murie 1951:168). Worley (1979) noted t h a t  e l k  w i t h  heavy t i c k  
and m i t e  i n f e s t a t i o n s  a1 so tended t o  have heavy i n t e r n a l  pa ras i te  loads. 
Bergstrom and Robbins (1979) found t h a t  e l k  i n  the  v a l l e y  p o r t i o n  o f  GTNP 
had a 30 t o  40% incidence of lungworm (Dictyocaulus v i v ipa rus )  dur ing  
summer/early fa1 1 compared t o  a 13-16% incidence among e l k  a1 ong Wolverine 
Creek and B i g  Game Ridge of southern Yellowstone Park and the  nor thern  
Teton Wilderness. Both summer herd segments w in te r  on NER. 

Regarding the  years 1968-1980, Robbins e t  a1 . (1982:505) s ta ted t h a t  
"about 10-20 scabby e l k  d i e  on the  Refuge E c r w i  n te r ;  most are mature 
b u l l s  b u t  mature cows are sometimes l o s t . "  Thorne e t  a l .  (1982:247) 
r e l a t e d  the  appearance o f  c l i n i c a l  scabies t o  the  n u t r m o E 1  i n t a k e  and 
physical  c o n d i t i o n  o f  e l k .  Murie (1951 :I691 be1 ieved the  best  precaut ion 
f o r  reducing scabies was the  avoidance of overstocking t o  main ta in  good, 
product ive e l k  range. 



Stress-re1 ated n u t r i t i o n a l  de f i c i enc ies  p r e c i p i t a t e d  by a  r i s i n g  
bu1l:cow r a t i o  i n  GTNP may have increased the  inc idence o f  scabies i n  
b u l l  s  and morta l  i t y  o f  b u l l  s  recen t l y .  Unfor tunate ly ,  q u a n t i t a t i v e  data 
on the  inc idence o f  scabies on the  NER o r  i n  o ther  e l k  herds have n o t  been 
recorded i n  the  past.  Colwel l  and Dunlap (1975) repor ted  scabies i n  a  
s i n g l e  b u l l  e l k  i n  nor thern  Idaho and Houston (1982:192-193) repor ted  i t s  
occurrence i n  the  Northern Yellowstone e l k  herd. Houston (pers. comm.) 
f e l t  t he  inc idence o f  a lopec ia  among e l k  i n  t h a t  herd might  approach the  
percentages I described from the  NER. 

A1 though i t  apparent ly  predisposes a  number o f  e l  k  t o  d i e  each w i n t e r  
on the  NER, scabies i s  n o t  a  dens i ty  dependent popu la t ion  con t ro l  because 
i t  does n o t  cause s i g n i f i c a n t  losses o f  females o r  young. However, i t  i s  
poss ib le  t h a t  t he  cond i t i ons  under which scabies man i fes ts  i t s e l f  may l e a d  
t o  poorer o v e r a l l  heal t h  of the  e l k  herd. If i n  t h i s  manner reproduct ive  
success o r  su rv i va l  o f  o f f s p r i n g  are affected, t he re  may be a  mechanism a t  
work dampening the  r a t e  o f  increase o f  the  herd. 

There are  many unanswered quest ions concerning scabies i n  the  Jackson 
Hole e l k  herd. Winter n u t r i t i o n  has been suggested as one cause of 
scabies. I n  t h a t  case, one would expect a l l  o f  t he  summer herd segments 
t h a t  w in te r  on the Refuge t o  be a f f l i c t e d  w i t h  scabies. It i s  noteworthy 
- t h a t  most o f  the  b u l l  morta l  i t i e s  w i t h  scabies have l a r g e  heavy an t l e rs .  
The e l k  genera l l y  do n o t  leave the  Refuge w i n t e r  range u n t i l  May. A n t l e r  
growth recommences i n A p r i l  p r i o r  t o  migra t ion .  How then do those b u l l  s  
grow such massive a n t l  e r s  if p r i o r  t o  and du r ing  e a r l y  a n t l  e r  growth they 
are  undernourished? A r r i v a l  of scabied b u l l s  on the  Refuge i n  October and 
November suggests t h a t  ma1 nourishment o r  phys io log i ca l  s t ress  i s  
encountered p r i o r  t o  the  fa1 1  m i g r a t i o n  ( probably between complet ion o f  
a n t l  e r  development i n  August and m ig ra t i on )  . Another p o s s i b i l  i ty i s  t h a t  
c l i n i c a l  scabies i s  c y c l i c  i n  i n d i v i d u a l  e l k .  

Research i s  needed t o  answer these and o the r  quest ions regarding 
scabies. Dust ing o r  d ipp ing  e l k  w i t h  a  t o p i c a l  i n s e c t i c i d e  cou ld  
t h e o r e t i c a l  l y  c o n t r o l  psoropt ic  mi tes.  However, e f f e c t i v e  t reatment  of 
7,000 e l k  tw i ce  i n  a  10-14 day pe r iod  ( t h e  incubat ion  pe r iod  o f  eggs which 
would n o t  be k i l l e d  by an i n i t i a l  t reatment) appears n e i t h e r  p r a c t i c a l  
nor  1  ogi  s t i c a l  l y  possib le.  Systemic i n s e c t i c i d e s  have been used t o  
c o n t r o l  pa ras i tes  i n  l i v e s t o c k  and may h o l d  promise f o r  t r e a t i n g  scabies 
i n  e l k .  Experimental t e s t i n g  of t he  pharmacological e f f e c t s  of such 
i n s e c t i c i d e s  on e l k  shoul d  precede f i  e l  d  admini s t r a t i o n .  

I n v e s t i g a t i o n  o f  t he  cause-effect re1 a t i o n s h i p  o f  scabies i n  the  
Jackson Hole e l k  herd i s  a l so  needed. I d e n t i f i c a t i o n  o f  the  cond i t i ons  
which l e a d  t o  the  i n i t i a l  d e b i l i t a t i o n  o f  e l k ,  a l l ow ing  m i t e  co lon ies  t o  
mu1 t i p l y ,  may d i sc lose  management op t ions  fo r  a  long-term s o l u t i o n  t o  the  
problem. 
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FACTORS AFFECTING THE SURVIVORSHIP OF MALE ELK IN SOUTHWESTERN 
MANITOBA 

KENNETH J . REBIZANT, Department of Zoo1 ogy, Univers i ty  of  Manitoba, 
Winnipeg, Manitoba R3T 2N2 

Abs t rac t :  Fac to r s  causing low bul l  :cow r a t i o s  i n  t h e  Spruce Woods-Shil o 
m p u l  a t i o n  of  southwestern Manitoba a r e  under i n v e s t i g a t i o n .  
Prel iminary r e s u l t s  of seasonal range use,  range s i z e  and d i spe r sa l  of 
r ad io - t r ansmi t t e r ed  male e l k  sugges t  t h a t  immature (1 112 - 2 112 y e a r )  
ma1 e el k have 1 a r g e r  seasonal ranges than mature e l k .  Mature ma1 e el k use 
t r a d i t i o n a l  seasonal ranges.  Immature ma1 es a r e  known t o  d i  spe r se  1 ong 
d i s t a n c e s  from t h e  a r ea .  Many elk observed i n  ou t ly ing  a r e a s  a r e  bu l l  s. 
No s i g n i f i c a n t  hunter  ha rves t  of males occurs .  Nat ive ha rves t  of male elk 
i s  s i g n i f i c a n t .  The l eve l  of  i l l  egal ha rves t  of ma1 e e l k  i s  unknown. The 
combi na t ion  of n a t i v e  and i l l  egal ha rves t  pl us na tu ra l  d i  spersa l  appears  
t o  be t h e  g r e a t e s t  reason f o r  the l o s s  of male e l k  from t h i s  populat ion.  



WAPITI I N  THE PEACE RIVER REGION - LIMIT OF THE SPECIES RANGE 

ROBERT J . McFETRIDGE, A1 b e r t a  F i s h  and W i l  d l  i f e  D i  v i  s ion,  P. 0. BOX 
900-26, Peace R iver ,  A1 b e r t a  TOH 2x0 

Abstract :  A rev iew o f  observat ions made almost 200 years ago i s  prov ided 
t o  g i ve  an i n d i c a t i o n  of t he  numbers and types o f  w i  1  d l  i f e  a1 ong t h e  Peace 
R iver  p r i o r  t o  s e t t l  ement and expl o ra t i on .  Popul a t i  ons o f  e l k  decl i ned 
r a p i d l y  t o  a  p o i n t  i n  t he  1920's when e f f o r t s  were made t o  re in t roduce e l k  
i n t o  A1 ber ta .  Several i n t r o d u c t i o n s  of e l k  have been made i n  d i f f e r e n t  
p a r t s  o f  the  Peace Region between then and as r e c e n t l y  as 1982. The 
present  d i s t r i b u t i o n  o f  e l k  inc ludes  most p a r t s  of the  south and extends 
l o c a l l y  as f a r  n o r t h  as F o r t  Vermi l ion.  Depredation by e l k  on 
a g r i c u l t u r a l  products occurs where e l k  e x i s t  adjacent  t o  developed land. 

INTRODUCTION 

Re1 a t i v e l y  1  i ttl e i s known even today about t he  nor thern  d i s t r i b u t i o n  
of e l  k. I n  western Canada, e l  k have e x i s t e d  and s t i l l  do e x i  s t  i n  small 
i s o l a t e d  bands w i t h  a  tenuous existence. Not i n f r e q u e n t l y  s i n g l e  b u l l s  o r  
cows are  found i n  unusual l o c a t i o n s  f a r  from es tab l ished e l k  herds. The 
Peace R iver  reg ion  o f  A lber ta  i s  an a d m i n i s t r a t i v e  and management area f o r  
w i l d1  i f e  and o ther  resources. The nor thern  1  i m i  t o f  e l k  d i s t r i b u t i o n  i s  
inc luded i n  t h i s  region.  Management of these animals f o r  the  bes t  p u b l i c  
b e n e f i t  r equ i res  an understanding of the  present  d i s t r i b u t i o n '  and numbers 
b u t  a1 so requ i res  some idea about p o t e n t i a l  numbers and d i s t r i b u t i o n  
w i t h i n  the  1  i m i  t s  o f  the  h a b i t a t  and present  l a n d  uses. 

I n  p repar ing  t h i s  repo r t ,  I wished t o  rev iew in fo rma t ion  about e l k  
w i t h i n  the  reg iona l  boundary from any re1 i a b l e  sources t h a t  were 
a v a i l  able. The o r i g i n a l  observat ions of A1 exander Mackenzie prov ide  an 
i n d i c a t i o n  o f  t he  p r i s t i n e  cond i t i ons  aga ins t  which t o  compare the  present  
d i s t r i b u t i o n  and numbers of e l k .  In format ion about e l k  t ransp lan ts  had 
n o t  p rev i  ous ly  been summarized b u t  was con ta i  ned i n numerous departmental 
f i l e s .  

We have begun t o  conduct w i n t e r  surveys s p e c i f i c a l l y  f o r  e l k  i n  t h i s  
reg ion  i n  recent  years  and t h a t  has added t o  our  knowledge about t he  
species. Fu ture  management op t i ons  should be based upon a  c l e a r  under- 
s tanding o f  ob jec t i ves  and sound know1 edge of the  p o t e n t i a l  t h a t  e l  k  might  
have i n  the  nor th.  

I thank Ron Bjorge who reviewed t h i s  manuscript and made useful  
comments, and Reg Arbuckle who he1 ped t o  compile the  data. 



STUDY AREA 

The northwestern p a r t  of A lbe r ta  i s  the  Peace R iver  Region and 
inc ludes  93,000 square mi les,  about one t h i r d  o f  the  prov ince i n  area. 
The Peace R iver  i s  t h e  main drainage, f low ing from B r i t i s h  Columbia i n t o  
Lake Athabasca and the  Mackenzie drainage system. The Wapi t i ,  Smoky, 
Simonette, L i  ttl e Smoky, Not i  kewi n and Wabasca are  major t r i b u t a r i e s  of 
t he  Peace System i n  t h i s  region.  U t i  kuma, Wabasca and Peerless Lakes are 
a1 so p a r t  o f  t he  Peace drainage. Lesser Slave Lake i s  p a r t  of t he  
Athabasca system, b u t  i s  inc luded i n  the  reg iona l  boundary. The res iden t  
popu la t ion  o f  t he  reg ion  i s  l e s s  than 100,000 w i t h  Grande P r a i r i e  and 
Peace R iver  being the  major sett lements. The area prov ides l a n d  based 
r e c r e a t i  on i n c l  udi  ng hun t i  ng and non-consumpti ve w i  1  d l  i f e  o r i en ted  
a c t i v i t i e s  t o  res iden ts  o f  Edmonton and o ther  major centers.  

Topographical ly,  t he  reg ion  v a r i e s  from Rocky Mountain f o o t h i l l  s  i n  
t he  southwest t o  boreal f o r e s t  i n  t he  n o r t h  i : l terspersed w i t h  l a r g e  
muskegs. Major topographic re1 i ef i nc l  udes the  Swan Hi  11 s, Saddl e Hi 11 s, 
C l  ear H i  11 s, B u f f a l o  Head H i  11 s and the  Caribou Mountains. P r e c i p i t a t i o n  
i n  t he  reg ion  i s  moderate t o  h igh  except l o c a l l y  i n  p a r t s  o f  t he  Peace 
R iver  v a l l e y  where near deser t  cond i t i ons  p r e v a i l  thus support ing a small 
species o f  p r i c k l y  pear cactus. Winters a re  c o l d  and summers are coo l .  
Long d a y l i g h t  per iods dur ing  summer months r e s u l t  i n  r a p i d  growth of 
forage p l  ants. 

E lk  have been and s t i l l  a re  an impor tan t  resource i n  many p a r t s  of 
t h i s  region. 

HISTORI CAL REVIEW 

I n  1792, western Canada was unexplored and unse t t l ed  country. I n  
October o f  t h a t  year,  a  29-year-old pa r tne r  o f  t he  North West Fur Trading 
Company, A1 exander Mackenzie, 1 e f t  the  company pos t  a t  F o r t  Chi pewyan w i t h  
a crew o f  10 and one canoe on a voyage up the  Peace R iver  t h a t  would take 
him t o  the  P a c i f i c  coast. They t r a v e l l e d  up the  Peace t o  a p o i n t  j u s t  
beyond the  conf luence w i t h  the  Smoky R iver  where they es tab l ished F o r t  
Fork and spent the  w i n t e r  (F igu re  1). The voyage commenced again i n  May 
o f  1793. 

Through Mackenzie' s  j ou rna l  , we have a 1 i m i  t e d  record  o f  the  fauna of 
t h a t  t ime, and we can see t h a t  i t  was q u i t e  d i f f e r e n t  from what we would 
see today i n  t he  same loca t i ons .  Here are  some e x t r a c t s  from Mackenzie' s  
journa l  (Lamb's e d i t i o n )  which r e f l e c t  the  fauna t h a t  Mackenzie saw and 
hunted. 

Quo ta t i on  from page 242 o f  Lamb's e d i t i o n ,  ( a  general reference t o  
the  Peace R iver  va l  l e y  downstream from F o r t  Fork) . 

"On e i t h e r  s ide  o f  the  r i v e r  though i n v i s i b l e  from it, are  
extensive p l  a i  ns , which abound i n buff a1 oes , e l  ks6, wol ves , 



foxes and bears. A t  a  considerable d is tance t o  the Westward, 
i s  an immense r i d g e  o f  h igh  l a n d  o r  mountains, which take an 
ob l ique d i r e c t i o n  from below the  fa1 1  s, and are  i nhab i ted  by 
great  numbers o f  deer.. ." 

6 ~ e r e  as e l  sewhere the  w a p i t i  i s  meant. (Footnote from Lamb's 
e d i t i o n . )  

Quo ta t i on  from page 252 of Lamb's e d i t i o n  ( d a t e  o f  e n t r y  i s  March 22, 
1793 a t  F o r t  Fork) .  

" . . .a wo l f  was so b o l d  as t o  venture among the  Ind ian  1  odges 
and was very near c a r r y i n g  o f f  a  ch i1  d." 

Quo ta t i on  from page 255 o f  Lamb' s  e d i t i o n  (no date given, e n t r y  made 
a t  F o r t  Fork) .  

"An I n d i a n  i n  some measure expla ined h i s  age t o  me be re1 a t i n g  
t h a t  he remembered the  opposi te h i l l s  and p l a i n s ,  now i n t e r -  
spersed w i t h  groves o f  pop lars  when they were covered w i t h  moss 
and w i thou t  any animal i n h a b i t a n t  b u t  the re indeer.  By degrees 
he s a i d  t h e  face o f  the  count ry  changed t o  i t s  present  appear- 
ance, when the  e l k  came from the  East and was fo l lowed 
by the  b u f f a l o ;  the  re in -deer  then r e t i r e d  t o  the l ong  
range of h i g h  1  ands t h a t  a t  a  considerable d is tance run 
para1 1  e l  w i t h  t h i  s  r i v e r  .I' 

( T h i s  must su re l y  be a  fanc i fu l  exp lanat ion  as i t  i s  d i f f i c u l t  t o  
comprehend the  t ransformat ions described occu r r i ng  i n a  s i  ngl e  1  i fet ime.  ) 

Quo ta t i on  from page 258 and 259 o f  Lamb's e d i t i o n  ( e n t r y  made on 
May 10 s h o r t l y  a f t e r  departure from F o r t  York) . 

"...the young men landed when they k i l l e d  an e l k  and wounded 
a  b u f f a l o .  
...g roves o f  pop lars  i n  every shape vary the  scene and 
t h e i r  i n t e r v a l  s  are en1 ivened w i t h  vas t  herds o f  e l k s  and 
buf fa loes ,  the  former choosing the  steeps and uplands, and 
the  l a t t e r  p r e l e r r i n g  the  p l a i n s .  A t  t h i s  t ime, the  
bu f fa loes  were attended w i t h  t h e i r  young ones who were 
f r i s k i n g  about them and i t  appeared t h a t  the  e l k s  would 
soon e x h i b i t  t he  same en1 i veni ng c i  rcumstance." 

Quo ta t i on  from page 260 of Lamb's e d i t i o n  ( e n t r y  made on May 1 2 ) .  

"We k i l l e d  an e l k  and f i r e d  several shots a t  animals from 
the  canoe." 

Q u o t a t i  on from page 262 of Lamb' s  e d i t i o n  ( e n t r y  made on May 13) .  

"Here the  l a n d  lowered on both  s ides w i t h  an increase i n  wood 
and d i  sp l  ayed g rea t  numbers of animal s. I .  

... we perceived along the  r i v e r  t racks  o f  l a r g e  bears, some 
of which were n ine  inches wide and o f  a  p ropo r t i ona te  
1  ength. The Ind ians  e n t e r t a i n  g rea t  apprehension o f  t h i  s  
k i n d  o f  bear which i s  caq l e d  the  g r i s l y  bear." 





A f t e r  Mackenzie explored the  Peace R iver ,  t he re  was a  f l o o d  o f  exp lo rers ,  
t rappers,  m iss iona r i es  and prospectors. Each camp would h i r e  p ro fess iona l  
hunters respons ib le  f o r  supp ly ing  f resh game meat. E l k  and b i son  were an 
easy mark f o r  t h e  musket i n  t h e  Peace va l l ey .  Between 1825 and 1850, most 
b i son  i n  t h e  v a l l e y  o f  t he  Peace were gone and i t  i s  very 1  i k e l y  t h a t  e l k  
numbers decl  i ned w i  t h  equal r a p i d i t y  . John S t e l  fox  ( 1964) repor ted  t h a t  a  
s e r i e s  o f  severe w in te rs  c o n t r i b u t e d  t o  t he  general dec l i ne  o f  e l k  herds 
i n  t h e  prov ince  between 1810 and 1913. 

REINTRODUCTIONS 

It was be1 ieved t h a t  i n  t h e  1920's and 1930's  e l k  had been v i r t u a l l y  
e l im ina ted  from most o f  A1 be r ta ,  and the re  were several  a t tempts t o  
re in t roduce  stock t o  h i s t o r i c  range of e l k .  Some data (Tab le  1 and F i g u r e  
2) suggest t h a t  e l k  may n o t  have been as uncommon as they were thought  
du r i ng  the  f i r s t  p a r t  o f  t he  century.  Observed r a t e s  o f  increase repo r ted  
f o r  several  t ransp lan ted  herds were g rea te r  than the  p o t e n t i a l  r a t e  of 

Table 1: E lk  Transplanted t o  t h e  Peace R iver  Region t o  1984. 
( I n fo rma t i on  from reg iona l  F i s h  and Wild1 i f e  f i l e s ) .  

- -- 

DATE LOCATION MALE FEMALE TOTAL ORIGIN 

Dec . 19, 1964 White Mountai n/ 10 16 2  6  
Saddle H i l l s  
(77-99-16) 

Summer 1965 Saddle H i l l s  2  8  

Feb. 19, 1972 Mei k l e  R iver  28 

Feb. 1972 East  Lovet  Creek 
(92-2-W6) 

Feb. 10, 1973 F i s h e r '  s  M i l l  s i  t e  7  7  14 
(92-2-16) 

Feb.13 ,1973 F i s h e r l s M i l l s i t e  most ly  2  0  
f emal e  

Banf f  Nat. Park. 

Ban f f  ( S t e l  fox, 
(pers.  comm.) 

EINP ( E l k  I. Nat. 
Park) 

Jasper Nat. Park 

Jasper 

Mar. 3, 1973 87-3-W6 20 EINP and Jasper 

Feb. 8, 1982 Pel i can Mountains 6  15 2 1 EINP 
(22-77-W4) I 

Feb. 15, 1982 Pe l i can  Mountains 11 18 29 EINP 



sb T@ J1.h I* 

SCALE 1 : 2 833 330 

Figure 2 .  Locat ions ,  d a t e s ,  and numbers of elk i n  r e i n t r o d u c t i o n s ,  
1964 - 1982. 



i nc rease o r  c e r t a i n l y  very c lose  t o  it. For example, S te l  fox (1964) 
repor ted  t h a t  a  r e i n t r o d u c t i o n  of 88 e l k  i n  Jasper Nat ional  Park i n  1920 
y i e l d e d  1000 t o  1200 head by 1926. A  50% annual increment t o  t h a t  herd 
would y i e l d  1002 animal s  i n  s i x  seasons w i t h  no m o r t a l i t y .  I f  i t  was t r u e  
t h a t  e l  k  numbers had dwi ndl ed t o  no th ing  p r i o r  t o  r e i n t r o d u c t i o n s  i n  
Jasper, i t woul d  seem 1 i k e l  y  t h a t  r e i  ntroduced herds were suppl emented 

I 
w i t h  n a t i v e  stock perhaps n a t u r a l l y  d i spe rs ing  from B r i t i s h  Columbia. I 

I n  1964 and 1965, 54 e l k  were re leased i n  the  Saddle Hi1 1  s  nor thwest  
of t he  c i t y  o f  Grande P r a i r i e .  Although i t  was repor ted  t h a t  no e l k  were 
present  p r i o r  t o  r e i  n t r o d u c t i  on, Lung1 e  ( 1972 - departmental memo) 
repor ted  t h a t  t h e  herd had grown t o  150-200 head by the  f a l l  o f  1967 (an  
annual increment of 45-53% over 3  years) .  It seems 1  i k e l y  i n  t h i s  case 
t h a t  n a t i v e  stock was present  p r i o r  t o  r e i n t r o d u c t i o n  o r  t h a t  t h e  
in t roduced animal s  were supplemented w i t h  n a t i v e  animal s  from B r i  t i  sh 
Col umbi a  by immigrat ion.  

I 
I n  1972 and 1973, 100 head of e l k  were re leased nor thwest  o f  Peace 

River  over a wide area between t h e  Mei k l e  R ive r  and t h e  Whi temud River .  

1 
Based upon s i g h t i n g  repor t s ,  i t  i s  ev iden t  t h a t  d ispersa l  from those 
re1 eases was very r a p i d  and occurred i n  several d i r e c t i o n s .  There do n o t  
appear t o  be any su rv i vo rs  of those t r a n s p l a n t s  a t  t h e  re lease s i t e s ;  

i 
however, t h e r e  i s  a  herd o f  e l k  southwest of t h e  town o f  Manning t h a t  i s  - 
probably de r i ved  from these re leases.  1 

I n  1982, 75 head were re1 eased i n  t h e  Pel i c a n  Mountains. The known 
su rv i vo rs  o f  t h a t  re lease number 14 ( a s  of February 1983) and have taken 
residence south o f  Wabasca Lake. It i s  s t i l l  quest ionab le  whether t h a t  
i n t r o d u c t i o n  w i l l  r e s u l t  i n  t h e  establ ishment o f  a  permanent herd. I 

PRESENT DISTRIBUTION AND ABUNDANCE 

F igu re  3 shows t h e  present  d i s t r i b u t i o n  o f  e l k  i n  nor thwestern 
A lber ta .  I n  a d d i t i o n  t o  t h e  area dep ic ted here, small numbers o f  e l k  a re  
r e g u l a r l y  observed i n  t h e  h i l l s  south of Lesser Slave Lake eas t  t o  t h e  
Athabasca River .  E l k  a re  occas iona l l y  repo r ted  a1 ong t h e  upper and 1  ower 
sec t ions  o f  t he  Peace River .  A t  F o r t  Vermi l ion  i n  1977, a  farmer repor ted  

I 
t he  most no r the rn  occurrence o f  e l  k  i n  A1 be r ta .  He had two herds of e l k  
on h i s  graz ing  1  ease. I n  t o t a l  , he counted 18 e l k  i n c l u d i n g  mature b u l l  s, 
cows and calves.  I n  March (1984), I contacted t h a t  farmer (Mr. Bi t tman) 

3 
who to1 d  me t h a t  he had n o t  seen the  e l k  i n  about 5 years,  a1 though they 
had been on h i s  lease f o r  2  o r  3  years. Fu r the r  south, we have rece ived 
unconfirmed' r e p o r t s  o f  e l k  a t  va r ious  l o c a t i o n s  a long the  Peace R ive r  b u t  

I 
o n l y  i n  very 1  i m i  t e d  numbers. 

Pa r t s  o f  t h e  reg ion  have been surveyed s p e c i f i c a l l y  f o r  e l k ,  and we 
are  ga in ing  data on d i s t r i b u t i o n  and numbers on w i n t e r  range. Today the  
l a r g e s t  e l k  popu la t ions  occur i n  t h e  Saddle H i l l s  and south o f  Grande 
P r a i r i e  a long t h e  Smoky, Wapi t i  and Simonette Rivers.  





I n  nor thwestern A1 be r ta ,  e l k  favour h a b i t a t  w i  t h  s i g n i f i c a n t  topo- 
graphic r e l i e f  such as major  watercourses o r  l a r g e  h i l l s .  Mixed stands of 
aspen and con i fe r  a re  t y p i c a l  p re fe r red  range. These areas are u s u a l l y  
associated w i t h  t ree1 ess s l  opes and small meadows. R ipp i  n  (1983) r e f e r r e d  
t o  e l k  us ing  open bog areas i n  mid-win ter  i n  nor thwestern A1 be r ta .  It i s  
u n l i k e l y  t h a t  t h i s  happens e x t e n s i v e l y  i n  t h e  Peace Region w i t h  the  
poss ib le  except ion of t he  in t roduced e l k  a t  Pe l i can  Mountains where R ipp in  
was working. Some of t h e  e l k  range i n  t h i s  reg ion  i s  adjacent  t o  
developed a g r i c u l  t u r a l  1  ands 1  eading t o  depredat ion on stacked hay o r  
cerea l  g ra ins .  

HARVEST HISTORY 

U n t i l  1975, e l k  hun t ing  f o r  bo th  sexes i n  t h i s  reg ion  was under 
general open seasons. Ant1 e r l  ess seasons were 1  i m i  t ed  t o  c e r t a i n  areas 
and t o  about f i v e  days o r  l e s s  w h i l e  general male e l k  seasons have been up 
t o  th ree  months i n  length .  I n  1975, a u t h o r i z a t i o n s  were i n s t i t u t e d  f o r  
a n t l e r l e s s  e l k  a l l o w i n g  an extension of t he  season t o  two months. I n  
1976, a d d i t i o n a l  areas were opened f o r  a n t l  er1 ess e l  k  a u t h o r i z a t i o n s  w i t h  
f u r t h e r  expansion of t h e  a n t l e r l e s s  e l k  a u t h o r i z a t i o n  i n  1977. E l k  
seasons have remained s t a t i c  s ince t h a t  t ime except f o r  a  . l a t e r  opening 
date on the  a n t l  e r l  ess au tho r i za t i ons .  

R e g i s t r a t i o n  o f  l e g a l  e l k  k i l l  s  began i n  1975 i n  t h e  Peace Region. 
Dur ing t h e  f i r s t  years  o f  compul sory r e g i  s t r a t i  on, t h e  numbers r e g i  s te red 
-were l ow  (about  40/season) b u t  s ince 1978, t h e  numbers r e g i s t e r e d  have 
been about 90-120. An improvement i n  compliance w i t h  the  requirement f o r  
r e g i s t r a t i o n  may account f o r  t h e  sudden increase i n  the  number o f  e l k  
r e g i  s tered.  Si  nce 1981, we have i ssued 100 au tho r i  z a t i  ons f o r  a n t l  e r l  ess 
e l k  i n  each o f  t h ree  management u n i t s .  Hunter success r a t e  f o r  those 
a n t l e r l e s s  a u t h o r i z a t i o n s  has ranged from 4% t o  22% i n  d i f f e r e n t  manage- 
ment u n i t s .  

FUTURE MANAGEMENT 

D i  v i  s iona l  quest ionna i res  have es tab l  i shed t h a t  e l k  are  a  popul a r  
species among hunters and non-consumptive users i n  A1 be r ta .  About 30,000 
hunters purchase e l k  tags annua l ly  t o  harves t  2000 o f  t he  est imated 15,000 
e l k  i n  A1 be r ta .  E l k  are  l i s t e d  as number four  among n a t i v e  w i l d 1  i f e  
species i n  t h e  "1 i ke t o  see" category and number s i x  i n  the  "1 i k e  t o  see 
more o f "  category i n  a  random survey o f  A1 b e r t a  res iden ts  i n  1976. 
Therefore, t h e r e  has been much pressure t o  e s t a b l i s h  a d d i t i o n a l  e l k  
popu la t ions  and t h e  n o r t h  i s  seen by many as the  p lace f o r  t h i s  t ype  of 
expansion. We face the  d i  1  emma, however, o f  opposi ng i n t e r e s t s  i n  t r y i  ng 
t o  prov ide  a  rec.reat iona1 resource and avo id ing  t h e  damages t h a t  e l k  
f r e q u e n t l y  cause t o  p r i v a t e  proper ty .  

Over t h e  nex t  years, our  goal w i l l  be t o  l ook  f o r  a  r e s o l u t i o n  t o  
t h a t  c o n f l i c t  and t o  cont inue t o  p r o t e c t  es tab l i shed  e l k  herds i n  t h i s  
region.  Thi  s  fa1 1  , we expect t o  have a  more 1 i bera l  e l k  season than we 



have had w i t h i n  the p a s t  10 y e a r s  i n  this  reg ion .  New a r e a s  will be 
opened f o r  a general  bu l l  e l  k 1 i cence  and ant1 erl ess e l  k a u t h o r i z a t i o n s  

E will be a v a i l a b l e  throughout  the zone. I expec t  t h a t  we will a t t r a c t  more 
elk . h u n t e r s  t o  the reg ion  w i t h  on ly  a s l i g h t  i n c r e a s e  i n  h a r v e s t  bu t  
perhaps a b e t t e r  d i s t r i b u t i o n  of h a r v e s t .  
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LEGAL AND ETHICAL ASPECTS OF REDDEER HUSBANDRY I N  CHILE 

GOETZ SCHUERHOLZ, Transameri ca Envi ronmental Science Consul t a n t s  L imi  ted, 
P.O. Box 69, Duncan, B.C. V9L 3x1 

Abst rac t :  The i n t r o d u c t i o n  of e x o t i c  Reddeer (Cervus e l  a hus) t o  Southern 
Chi1 e i n  1952 was made poss ib le  through a s p e c m y  re aw g r a n t i n g  weal t h y  
1 andowners t h e  r i g h t  t o  breed Reddeer i n  c a p t i v i t y .  By 1960, r e d  deer 
encl osures had become popul a r  throughout t h e  Val d i  v i  an Precordi  1 1 ers.  
Pol i t i c a l  upheaval s, 1 and reforms, 1 ack of 1 aw enforcement and changing 
a t t i t u d e s  i n  t h e  f o l l  owing years  1 ed t o  the  d e s t r u c t i o n  o f  most enclosures 
and t h e  acc identa l  and del  i bera te  re1 ease of t h e i  r occupants. Favourabl e 
c l  imate and general l y  excel 1 e n t  forage condi ti ons favoured t h e  r a p i d  
expansion o f  t h e  pro1 i fi c Reddeer, noted f o r  i t s  aggressi ve co l  on i  z a t i  on 
p o t e n t i a l  . Cur ren t l y ,  t h e  geographic range covers a1 1 o f  t h e  Val d i v i a n  
fo res ts .  Reddeer are  found from sea l e v e l  t o  the  h igh  C o r d i l l e r a  where i t  
i s be1 i eved t o  have connected w i t h  Argent i  n i  an popul a t i ons .  

The f ree- rang ing Reddeer a r e  sympatr ic w i t h  t h e  two n a t i v e  deer 
species ( ~i ppocamel u s  b i  su l  cus and Pudu pudu) , c l  ass i  f i ed as "vu l  nerabl  e" 
and "endangered". ~he-easonmbel ieve t h a t  t he  r a p i d l y  expanding 
Reddeer popul a t i  ons have 1 ed t o  compe t i t i ve  excl  u s i  on w i  t h  n a t i v e  c e r v i  ds: 
Fur ther ,  range use and vege ta t i on  s tud ies  i n d i c a t e d  adverse impacts of 
Reddeer on t h e  endemic f l o r a .  I n  h igh  dens i t y  areas, g raz ing  pressure 
resu l  t s  i n decreased p l  a n t  species d i  v e r s i  t y  and range d e t e r i o r a t i o n .  

The ecol  og i ca l  , e t h i c a l  and re1 a ted 1 egal p rob l  ems have increased 
dramati c a l  l y .  The 1 andbarons defend t h e i  r r i g h t  t o  ownership, and 1 obby 
f o r  p r o t e c t i v e  h u n t i  ng 1 aws a1 though Reddeer a re  found on government and 
p r i v a t e  1 and a1 i ke. The underp r i v i  1 eged subsi stence farmers s u f f e r  from 
damage t o  t h e i r  crops. I n t e n s i v e  f o r e s t  management, w i t h  a focus on f a s t  
growi ng e x o t i c  con i  f e r s ,  proves t o  be i ncompati b l  e w i  t h  Reddeer. Economic 
1 osses through damaged seed1 i ngs and sap1 i ngs a re  substant i  a1 . 

The complex problems request  an urgent  1 egal rev iew and we1 1 def ined 
p r a c t i c a l  management decis ions.  Some opt ions  under debate are  d i  scussed 
i n  t h i s  paper. 
-- - - 

INTRODUCTION 

The c o n t r o v e r s i a l  i n t r o d u c t i o n  of Reddeer t o  C h i l  e took p lace i n  t h e  
e a r l y  1950's. The o r i g i n a l  breeding stock of 30 animal s was imported from 
t h e  neighbour ing A rgen t in ian  provinces o f  Neuquen and La Pampa where 
twenty Reddeer were f i r s t  in t roduced p r i o r  t o  World War One from A u s t r i a  
and Hungary. 



The h i  s t o r i  c development of the Chi1 ean Reddeer popul a t i  ons proceeded 
s i m i l a r  t o  the development i n  Argentina. Several small groups o f  f i v e  t o  
f i f t een  animals were kept  i n  enclosures by land owners i n  Central and 
Southern Chi 1 e. Subsequently, accidental l y  escaped and del i bera te ly  
re1 eased animal s establ  i shed f ree ranging popul a t ions  which today can be 
found throughout the Vald iv ian fo res t  from sea l eve l  t o  the h igh 
Cordi 11 era. The rap i  d expansi on and the dramatic popul a t i  on i ncrease 
( i .e. t o t a l  f ree-rangi  ng popul a t i  on exceeds several thousand animal s) were 
made possi b l  e through ( a) favorabl e c l  ima t i c  condi t ions t y p i f y i n g  the 
Vald iv ian forests ,  ( b )  an almost un l im i ted  h igh q u a l i t y  forage supply i n  
t e r r a i n  w i t h  d i  ve rs i  f i  ed cover, ( c )  1 egal p ro tec t ion  agai n s t  hunting , and 
(d )  the absence o f  predators. 

According t o  the Chilean law, the owner of an enclosure had t o  be 
o f f i c i a l l y  reg is te red  as a c e r t i f i e d  breeder before Reddeer could be pur- 
chased f o r  husbandry. The law i s  s t i l l  i n  e f fec t ,  b u t  the ownership of 
free-rangi ng animal s on publ i c  and p r i v a t e  1 ands remai ns undetermined. 

Damage by Reddeer t o  crops and fo res t  p lan ta t ions  i s  increasing and 
has resul  t ed  i n consi derabl e economic 1 osses. The probl  ems are aggravated 
through research f i  ndings which may i nd i ca te  t h a t  the expanding Reddeer 
populat ions may con t r ibu te  t o  the decl i n e  o f  na t i ve  ce rv i d  populat ions. 
Adverse impacts on the na t i ve  f l o r a  have been documented (E ldr idge 1974). 
Several management a l t e rna t i ves  have been proposed b u t  w i t h  l i t t l e  success 
(Schuerhol z 1975, 1976b) . 

LEGAL ASPECTS 

The establ ishment o f  enclosures fo r  Reddeer husbandry conformed t o  a 
special by1 aw passed by the M in i s t r y  o f  Agr i cu l tu re  i n  response t o  import  
appl i ca t i ons  i n  the ea r l y  1950's. This bylaw granted the importers so le  
ownership and the r i g h t  t o  keep the animals i n  c a p t i v i t y ;  i t  d i d  not  
spec i fy  o r  r e s t r i c t  u t i l  i z a t i  on. Reddeer husbandry f e l l  under a category 
s i m i l a r  t o  1 ivestock ranching. Meat and by-product marketing ( i  .e. skins, 
ant1 ers, etc.) were regulated i n  the same fashion as f o r  beef c a t t l e .  The 
only 1 egal requirement fo r  Reddeer husbandry was o f f  i c i  a1 reg i  s t r a t i  on as 
a breeder. The bylaw d i d  no t  provide a contingency clause f o r  - animal s 
which escaped from enclosures, b u t  i t  proh ib i ted  de l ibe ra te  release. 

Pol i t i c a l  upheave1 s , i gnorance by government agencies , poor 1 aw 
enforcement, and i rresponsi b l  e Reddeer breeders are accountable f o r  the 
cu r ren t  d i  1 emma. Rev01 u t ions  connected w i t h  agrar ian reforms caused the 
des t ruc t ion  o f  many enclosures and the de l ibe ra te  re1 ease o f  Reddeer i n t o  
the Val d i v i  an f o res t s  o f  the Central Chi 1 ean Precordi 11 era. 

Meanwhil e, f ree-rangi  ng Reddeer popul a t i  ons go t  ou t  o f  con t ro l  , 
compounding lega l  problems. A1 though Reddeer are found on publ i c  and 
p r i v a t e  lands, the ownership of free-ranging animals has no t  been defined. 
I n  con t ras t  t o  rabb i t s ,  Cal i fo rn ian qua i l  , and European hare, which were 
o f f i c i a l l y  introduced t o  Ch i le  t o  enr ich the na t i ve  fauna, t h i s  was not  
the o r i g i n a l  concept for  the i n t r oduc t i on  o f  the exo t i c  Reddeer, a t  l e a s t  



n o t  an admit ted ob jec t i ve .  For  t h i s  reason, t h e  c u r r e n t  hun t ing  
r e g u l a t i o n s  and t h e  W i l d l i f e  Acts do n o t  apply t o  Reddeer, a l though 
hun t ing  i s  pe rm i t ted  on p r o p e r t i e s  of r e g i  s te red Reddeer breeders. The 
i r o n y  o f  t h e  c u r r e n t  s i t u a t i o n  i s  t h a t  t he  r e g i s t e r e d  breeders cont inue t o  
be l e g a l l y  p ro tec ted,  a1 though they a re  respons ib le  f o r  t he  problems 
ou ts ide  t h e i  r p roper t y  boundaries. 

Cur rent ly ,  t he  management of w i l d1  i f e  resources i n  C h i l e  i s  a  dual 
responsi b i l  i t y  o f  CONAF ( Corporaci on Naci onal Fores ta l  ) , a  Government 
Fo res t r y  Corporat ion, and of t he  M i n i s t r y  of Ag r i cu l  t u r e  which i s  a1 so i n  
charge o f  1  aw enforcement ( Schuerhol z and Mann 1979). Chi1 ean w i l  d l  i fe 
b i o l o g i s t s  are  a f r a i d  t o  recommend "game" s t a t u s  f o r  Reddeer, s ince t h i s  
woul d  imply r e c o g n i t i o n  of f ree-rangi  ng popul a t i  ons. On t h e  o the r  hand, 
they a re  a f r a i d  t o  recommend t o t a l  e r a d i c a t i o n  of t h e  species which would 
1  i k e l y  r e s u l  t i n  a  s t rong  con f ron ta t i on  w i t h  pol i t i c a l  l y  powerful 
landbarons o f  t h e  south. The l a c k  of a  c l e a r  p o l i c y  statement on t h e  
i ssue  by t h e  government has caused i n t e r n a t i o n a l  concern s ince compe t i t i ve  
exc lus ion  o f  n a t i v e  ce rv ids  by Reddeer and an impoverishment o f  t he  n a t i v e  
f l o r a  i n  densely populated areas i s  suspected. 

THE GAUS PRINCIPLE 

Based on t h e  hypothesis t h a t  f ree  ranging Reddeer i n  C h i l e  may cause 
a  t h r e a t  t o  t h e  n a t i v e  Huemul ( Hippocamel us b i  su l  cus) and t h e  n a t i v e  Pudu 
(Pudu pudu), a  complex research program on a l l  t h r e e  species was conducted 
b*en 1974 and 1978. Emphasis was p laced on auteco log ica l  s tud ies  of 
Pudu and Huemul f o r  which very  l i t t l e  i n fo rma t ion  was ava i l ab le .  These 
s tud ies  were 1  i nked  t o  i n v e s t i g a t i o n s  w i t h  respect  t o  t h e  eco log ica l  
habi t a t  requ i  rements by Reddeer, and Reddeer c o l  o n i  z a t i  on s t r a t e g i  es i n 
undisturbed f o r e s t  ecosystems where Pudu and Huemul may s t i l l  occur. The 
extremely l ow  popu la t i on  d e n s i t y  of t h e  endangered Huemul caused 
subs tan t ia l  cons t ra in ts .  The Pudu and Reddeer p r o j e c t s  progressed 
success fu l l y  u n t i l  p o l i c y  changes i n  1978 a b r u p t l y  brought  t h e  s tud ies  t o  
an end. Unfor tunate ly ,  t h e r e  has n o t  been a  fol low-up and t h e  p r e - p r o j e c t  
1974 s t a t u s  quo o p t i o n  i s  s t i l l  i n  e f fec t ,  p r o v i d i n g  Reddeer w i t h  t h e  
con t inu ing  oppor tun i t y  t o  expand ad 1  i b i  tum. 

The p r e l  im inary  f i n d i n g s  i n d i c a t e  t h a t  compe t i t i ve  excusion o f  Pudu 
by Reddeer i s unl i k e l y  due t o  d i  s t i  n c t l y  d i  f f e r e n t  habi t a t  p a r t i  ti on i  ng . 
The Pudu, one o f  t h e  s m a l l e t  c e r v i d  species i n  t h e  world, seems t o  have 
evolved c l o s e l y  , w i t h  bamboo t h i c k e t s  which cha rac te r i ze  t h e  m o i s t  
P r e c o r d i l l e r a  hardwood f o r e s t s  of Centra l  Ch i le .  Bamboo grows b e s t  i n  
f o r e s t  c lea r ings ,  b u t  may be found as undergrowth i n  h igher  e l e v a t i o n  
Nothofagus f o r e s t s  which are  dominated by deciduous t rees .  Bamboo i s  
a  very pro1 i f i c  sera1 species which i s  r a p i d l y  es tab l i shed  a f t e r  l a n d  
c l  e a r i  ng and bu rn i  ng, suppressi ng a1 1  o the r  p l  a n t  growth. These t h i c k e t s  
p rov ide  Pudu w i t h  cover and forage ( i .e. s tap l  e  d i e t  o f  Pudu) . A complex 
tunnel network cha rac te r i zes  t h e  home ranges of t h e  t e r r i t o r i a l  males. 
Although Reddeer make some use of bamboo f o r  cover and forage, bamboo 
t h i c k e t s  severe ly  1  i m i  t Reddeer movements, and t h e r e f o r e  are  usual l y  
avoided. There i s  l i t t l e  reason f o r  Pudu t o  ever leave t h e  she1 t e r  of 



bamboo, consequently compet i t ion  w i t h  Reddeer f o r  space and/or forage 
seems t o  be negl i g i  b l  e. The Pudu' s  h i g h l y  specia l  i z e d  eco log ica l  adapt- 
a t i o n  t o  bamboo and i t s  h igh  v u l n e r a b i l i t y  ou ts ide  o f  bamboo t h i c k e t s  
p redes t i  nes i t s  e x t i  r p a t i  on f o l  1  owi ng i ncreased 1  and a1 i e n a t i  on. I t s  on l y  
n a t i v e  predator  i s  t h e  mountain 1  ion,  b u t  f e r a l  dogs take t h e i r  to1 1. 

H i s t o r i c  records show t h a t  t h e  Huemul occurred i n  good popu la t i on  
d e n s i t i e s  between 33 degrees Nor th  and 54 degrees South l a t i t u d e  i n  Chi1 e  
u n t i l  t he  t u r n  o f  t he  century (Schuerholz and Rottman 1974). The c u r r e n t  
popu la t ions  may have dwindled t o  a  low of 200 animal s  d i s t r i b u t e d  over  the  
e n t i  r e  range o f  t h e  o r i  g i  nal geographic d i  s t r i  b u t i  on. Ruth1 ess k i  11 i ng 
f o r  s p o r t  and meat, heavy persecut ion  on 1  i ves tock  ranges, s u s c e p t i b i l i t y  
t o  e x o t i c  diseases in t roduced and spread by l i v e s t o c k ,  and t h e  l a r g e  sca le  
d e s t r u c t i o n  o f  f o r e s t s  may have been respons ib le  f o r  t h e  r a p i d l y  d e c l i n i n g  
popul a t i  on. Taber ( 1974) suggested t h a t  t h e  es tab l  i shment o f  f r e e  rang i  ng 
Reddeer popu la t ions  may have c o n t r i b u t e d  t o  the  decl ine .  The p r e l  im ina ry  
data from t h e  mid-1970's research seem t o  support  t he  hypothesis of 
compe t i t i ve  exc lus ion  o f  Huemul by Reddeer. Both species may occupy t h e  
same h a b i t a t  and may u t i l i z e  t h e  same forage and o the r  r e q u i s i t e s .  
However, Reddeer were n o t  es tab l i shed  i n  C h i l e  p r i o r  t o  1950 when 
extremely low popu la t ion  d e n s i t i e s  of Huemel were f i r s t  not iced.  The 
major popul a t i o n  crash may have occurred concurrent  w i t h  t h e  i n t r o d u c t i o n  
of A f tos i s  ( f o o t  and mouth disease) i n  the  e a r l y  1930's. 

- 

I n  b r i e f ,  a l though Reddeer may n o t  be d i r e c t l y  respons ib le  f o r  the  
1  ow Huemel populat ions,  they w i l l  p lace a d d i t i o n a l  s t ress  on t h e  few 
remaining animals i n  a l l  h a b i t a t s  shared by bo th  species. I f  t h i s  s t ress  
f a c t o r  cou ld  be e l im inated,  and simultaneous e f f o r t s  be made t o  ma in ta in  
and enhance su i  tab1 e  Huemul h a b i t a t  w i thou t  unreasonabl e  economic 
s a c r i f i c e s ,  i t  would be prudent  t o  pursue t h i s  mat ter .  I f  not ,  Huemul 
w i l l  be j u s t  another species t o  become e x t i n c t  as a  r e s u l t  o f  human 
in te r fe rence .  

THE ECOLOGICAL NICHE SYNDROME 

I n  defending t h e  i n t r o d u c t i o n  of e x o t i c  species, a  commonly used 
argument i n  t h e  Americas i s  t h a t  i n ,  comparison t o  A f r i c a ,  many eco log ica l  
n iches are  unoccupied. Thi s  may be supported through p reh i  s t o r i c  f i n d i n g s  
which prov ide  evidence t h a t  America susta ined a  1  arge species d i  v e r s i  ty 
p r i o r  t o  the  p o s t  P l  e i  stocene mass mammal e x t i n c t i o n s .  Th is  suggests t h a t  
n o t  s u f f i c i e n t  t ime was a v a i l a b l e  f o r  more species t o  evolve i n  order  t o  _- 

rep1 ace the  species which d i  sappeared d u r i  ng t h e  P l  e i  stocene. Therefore, 
why n o t  f i l l  t h e  unoccupied niches? Th is  may t h e o r e t i c a l l y  be a  v i a b l e  
opt ion,  b u t  i t  requ i res  i n t e n s i v e  base l i ne  research p r i o r  t o  i n t r o d u c t i o n s  
i n  order  t o  prevent  eco log ica l  ca tas t roph ies  as we l l  as documented f o r  
many p a r t s  o f  t h e  world. 

The "vacant  n iche" i s  widespread i n  C h i l e  and i t  takes much 
educat ional  e f f o r t  t o  prevent  i n f l  u e n t i  a1 pol i t i c i a n s  and weal t h y  1  and 
owners from i nt roduc i  ng promi nent  t rophy animal s. Suggestions have ranged 
from moose and b ighorn  sheep t o  A f r i can  p l a i n s  animals. L i t t l e  



cons ide ra t i on  i s  g iven t o  n a t i v e  species, which are  c l a s s i f i e d  as l e s s  
a t t r a c t i v e .  Camelids and n a t i v e  ce rv ids  cou ld  we l l  be doomed t o  
e x t i n c t i o n  simply because they do n o t  grow impressive a n t l e r s  o r  r o a r  l i k e  
l i o n s  dur ing  t h e  r u t .  

The i n t r o d u c t i o n  o f  an e x o t i c  species i s  n o t  condemned per  se, b u t  i t  
i s  prudent  t o  o b t a i n  a  species which w i l l  n o t  compete w i t h  n a t i v e  fauna 
f o r  t h e  same l i v i n g  space. If compet i t ion  cou ld  r e s u l t  i n  the  
d i  spl acement o f  n a t i v e  species, t h e  o r i g i  na1 mot ives a re  une th i ca l  . Given 
t h e  r i g h t  cond i t ions ,  e x o t i c s  can e n r i c h  t h e  n a t i v e  fauna and may become a  
source o f  food and p leasure i n  areas w i t h  poor rep resen ta t i on  o f  n a t i v e  
species. Th is  may apply i n  p a r t i c u l a r  t o  h e a v i l y  a1 t e r e d  h a b i t a t s  ( i  .e. 
a g r i  cu l  t u r a l  1  ands and pasture)  which become unsu i tab le  f o r  n a t i v e  
species, b u t  favorab le  f o r  those e x o t i c  animal s  which might  have evolved 
i n c l  oser re1 a t i  onshi p  w i  t h  humans. The f ree-rangi  ng Reddeer popul a t i o n s  
i n  C h i l e  may f i t  t h i s  category t o  t h e  e x t e n t  t h a t  they are  ab le  t o  u t i l i z e  
almost any a v a i l  ab le  h a b i t a t ,  be i t  c l  imax fo res t ,  sera1 communities, and 
a g r i c u l t u r a l  o r  pas ture  lands; b u t  as i n d i c a t e d  prev ious ly ,  they may 
d i sp lace  t h e i r  n a t i v e  counterpar t ,  t he  Huemul and they may have a  d e t r i -  
mental e f f e c t  on t h e  n a t i v e  f l o r a  i n  areas w i t h  h igh  dens i t i es .  Since 
Reddeer seem t o  have poor a b i l  i t i e s  t o  sel f - regul  a t e  t h e i r  numbers, a c t i v e  
popul a t i  on management becomes essent i  a1 . 

ECONOMIC CONSIDERATIONS 

A t  t h e  1971 i n t e r n a t i  onal h u n t i  ng exhi  b i  ti on i n Budapest, t h e  
unof f i c i  a1 wor l  d  record  t rophy Reddeer came from Argent i  na. Si  nce then, 
wor ld  c l a s s  t r o p h i e s  w i t h  over 200 I n t e r n a t i o n a l  Nadler p o i n t s  have been 
harvested i n  Argent ina and C h i l  e. 

As i n d i c a t e d  e a r l  i er ,  f avo rab le  c l  i m a t i  c  cond i t i ons  ( i .e. m i  1  d  snow- 
f r e e  w i n t e r s  and 1  ong growing season w i t h  amp1 e  we1 1 - d i  s t r i  buted 
p r e c i p i t a t i o n )  and h igh  qual i ty forage seem t o  be respons ib le  f o r  t he  
t h r i v i n g  Reddeer popul a t i  ons. Reddeer i n  Ch i l  e  i s h i  gh l y  pro1 i f i c  and 
ca1f:cow r a t i o s  o f  80 ca1ves:lOO females a re  common f o r  most populat ions.  
Natura l  mor ta l  i t y  i s  low. Predat ion  by mountain l i o n  i s  negl i g i b l e  s ince 
predators  a re  h e a v i l y  persecuted i n  a l l  l i v e s t o c k  areas. Due t o  t h e  
excel 1  e n t  qual i t y  o f  forage, a n t l  e r  devel opment i s astoundi ng . Three 
p o i n t  year1 i n g s  are  common and four  t o  s ix -year  o l d  stags w i t h  a n t l e r s  
reaching 180 t o  200 Nadler p o i n t s  have been repor ted  from several areas. 

Due t o  t h e  c l i m a t e ,  t h e  e c o l o g i c a l  c a r r y i n g  c a p a c i t y  of 
P re -Cord i l l e ra  h a b i t a t s  exceeds by f a r  t h e  pr ime European Reddeer areas, 
where w i n t e r  i s  popu la t i on  1  i m i  t i n g  and where forage qual i t y  and 
a v a i l  a b i l  i ty i n w i  n t e r  determines a n t l  e r  growth. 

The i n t e r n a t i o n a l  demand f o r  t rophy stags i s  h igh  and s t i l l  
inc reas ing.  The present  demand can on ly  be met w i t h  g r e a t e s t  e f f o r t s  by 
p r i n c i p a l  l y  East  European count r ies .  The c o n d i t i o n s  f o r  t rophy hun t ing  i n  
Ch i l  e  a re  excel 1  ent.  A1 though n o t  f u l  l y  commercial i zed, 1  andbarons of 
Southern C h i l  e  who a re  o f f i c i a l  l y  r e g i  s te red as Reddeer breeders have 



p r o v i d e d  i n t e r n a t i o n a l  h u n t i n g  c l i e n t e l e  w i t h  e x c e l  l e n t  h u n t i n g  
oppor tun i t i es .  It i s  n o t  unusual t h a t  t h e  same c l i e n t  harves ts  up t o  f i v e  
t rophy stags w i t h i n  one t r i p .  The economic r e t u r n s  f requen t l y  exceed 
annual p r o f  i t s  from crops and 1 i vestock , especi a1 1 y w i  t h  depressed a g r i  - 
c u l t u r a l  markets. The p r i c e  range f o r  t r o p h i e s  i s  n o t  as soph is t i ca ted  as 
i n  Eastern Europe, and t h e  p r i c e  t a g  i s  up t o  t h e  d i s c r e t i o n  o f  t he  
respec t i  ve 1 andowner. Compared t o  Europe, Chi1 ean t roph ies  are  s t i  11 a 
bargai  n. 

European t r a d i t i o n s  i n  South C h i l e  a r e  st rong,  t h e  hunt ing  con- 
d i t i o n s  and na tu ra l  s e t t i n g s  are  a t t r a c t i v e ,  and hun t ing  success i s  
guaranteed. These i d e a l  p re - requ is i t es  f o r  t h e  t rophy hunter  and t h e  much 
needed fo re ign  currency a re  s t rong  arguments f o r  r a t i o n a l  Reddeer 
management. 

Breeding Reddeer f o r  meat product ion  and by-products ( i . e .  v e l v e t  
ant1 e r s  f o r  aphrodis iac and h ides  f o r  fashi onabl e 1 eather  c l  o t h i  ng) has 
become popular,  e s p e c i a l l y  on fresh-water i s l a n d s  i n  t h e  south. It has 
been est imated t h a t  Reddeer produce considerably more biomass on n a t i v e  
range than l i v e s t o c k  due t o  more e f f i c i e n t  forage u t i l i z a t i o n .  Meat 
p r i c e s  are  h i  gher than f o r  beef, and a 1 ocal market i s r e a d i l y  avai 1 abl  e 
i n  popu la t i on  centres.  It i s  ev iden t  t h a t  a f i n a n c i a l l y  a t t r a c t i v e  
i n d u s t r y  cou ld  be developed w i t h  a we l l  c o n t r o l l e d  a-nd regu la ted  Reddeer 
management scheme. 

NON-COMPATIBLE LAND USE 

A t  present,  t h e  on ly  b e n e f i c i a r i e s  of Reddeer i n  C h i l e  are  t h e  
genera l l y  wealthy breeders, who can manage Reddeer on t h e i r  own p r o p e r t i e s  
w i thou t  r e s t r i c t i o n s .  Most o f  t h e  breeders a re  c a t t l e  and/or d a i r y  
ranchers owning l a r g e  t r a c t s  of land.  The m a j o r i t y  of t h e  r u r a l  populace 
e i t h e r  works f o r  wages on the  l a r g e  ranches and farms, o r  su rv i ve  off  
"min i  fundos" a t  a subsistence 1 eve1 . The damage which can be i n f l  i c t e d  by 
Reddeer t o  a g r i c u l t u r a l  crops i s  we l l  known. If t h e  crop damage occurs on 
m i n i f u n d o s ,  t h e  prob lems a r e  compounded. I n  a s i t u a t i o n  where 
a g r i c u l  t u r a l  crops such as cerea l  , beets, and rape a re  i n t e n s i v e l y  managed 
on m i  n i  fundos surrounded by . ex tens ive l y  managed 1 a t i  fundos w i t h  h i g h  
Reddeer d e n s i t i e s  and comparably l e s s  a t t r a c t i v e  forage, damage l e v e l s  
have r e s u l t e d  i n  economic ca tas t roph ies  f o r  t he  subsistence farmers. 

The subsistence farmer, o r  any landowner who i s  n o t  a r e g i s t e r e d  
Reddeer breeder, has n e i t h e r  t h e  r i g h t  t o  destroy t h e  n u i  sance animal s, 
nor  an e n t i t l e m e n t  t o  compensation because t h e  ownership o f  t h e  f ree-  
ranging Reddeer i s  n o t  determined. Th is  unfor tunate d i l  emma has caused 
much g r i e f  and many c o n f l i c t s .  

Large sca le  r e f o r e s t a t i o n  f o r  wood f i b r e  p roduc t ion  w i t h  f a s t  growing 
e x o t i c  c o n i f e r s  i n  Central  C h i l e  proved t o  be incompat ib le  w i t h  h i g h  
Reddeer dens i t i es .  With s h o r t  r o t a t i o n s  of 15 years, t r e e  crops do n o t  
to1  e r a t e  growth r e t a r d i n g  browse pressure i n  young age classes. Fur ther ,  
any deer-caused mor ta l  i ty of manual l y  p l  anted seed1 i n g s  i s  c o s t l y  and 



economical l y  i n t o l  e rab l  e  un l  ess t h e  p l  a n t a t i  on owner i s perm i t ted  t o  
e i t h e r  des t roy  o r  p roper l y  u t i l i z e  Reddeer on h i s  proper ty .  Th is  
i n d i c a t e s  t h e  urgent  need f o r  a  proper management and l e g a l  s o l u t i o n  which 

3 
has t o  take  a l l  l a n d  use forms and p r o p r i e t o r s h i p s  i n t o  account. 1 

MANAGEMENT IMPLICATIONS I 
The c u r r e n t  management of Reddeer i n  C h i l e  i s  l e f t  t o  the  r e g i s t e r e d  

breeders a1 though the  popu la t ions  are  n o t  kep t  i n  enclosures any longer .  
Poor b i o l  og i  ca l -ecol  og i ca l  understanding has 1  ead i n  some areas t o  

8 
d e n s i t i e s  which, by f a r ,  exceed 1  eve1 s  of ecol  og i  ca1 c a r r y i  ng capaci ti es 
( i  .e. most ev iden t  on i s lands ) ;  i n  o the r  areas, sex r a t i o s  are  unbalanced, 
o r  stags are  shot  too  young, l e a v i n g  i n s u f f i c i e n t  numbers f o r  breeding. 

I 
I n  most instances,  the re  i s  s t i l l  a  no t i ceab le  h e s i t a t i o n  i n  c u l l i n g  cows 
and ca lves  t o  reduce populat ions.  b 

To overcome some o f  t he  problems, Reddeer breeders and owners of 
a d j o i n i n g  p r o p e r t i e s  formed an assoc ia t i on  i n  the  l a t e  1960's t o  d iscuss 
p rob l  ems o f  mutual i n t e r e s t ,  especi a1 l y  w i t h  respect  t o  Reddeer popul a- 
ti ons u t i  1  i z i  ng seasonal ranges on d i  f f e r e n t  p roper t i es .  Informed members 
of t h e  associ a t i  on teach newcomers bas ic  r u l  es o f  management, hun t ing  , 
hand l ing  o f  harvested animals and the  market ing o f  meat. The s t r u c t u r e  of 
t h e  assoc ia t i on  i s  adopted from West Germany, where hunt ingblock 
1  ease-hol ders are  requ i red  t o  form a  management assoc ia t ion .  The 
assoc ia t ions  s p e c i f y  1 ease-speci f i c  annual ha rves t  by sex and t rophy 
s i  ze . 

The Chi1 ean Reddeer Assoc ia t ion  should be t r e a t e d  w i t h  some 
skept ic ism. Because i t  i s  most ly  composed o f  weal t h y  landowners w i t h  
p o l i t i c a l  c l o u t ,  t h e  assoc ia t i on  can- lobby i t s  i n t e r e s t s  much more 
e f f e c t i v e l y  than non-members and owners o f  min i fundos who a re  l e s s  
organized and do n o t  have the  p o l i t i c a l  c l o u t .  . 

It would be d e s i r a b l e  t h a t  t h e  i n t e r e s t s  o f  bo th  groups be e q u a l l y  
represented i n  reform attempts. As a  f i r s t  step, Reddeer should rece ive  
"game" s ta tus .  Th is  would i d e n t i f y  publ i c  ownership and would p lace t h e  
species under government management j u r i s d i c t i o n .  I n  t h i s  fashion,  
hunt ing  pressure on p u b l i c  and p r i v a t e  lands cou ld  be manipulated as 
necessary. I n  a  second step, r i g h t s  f o r  economical l y  a t t r a c t i v e  t rophy 
hunt ing  on publ i c  lands should be def ined. As a  t h i r d  step, d e t a i l e d  
management guide1 i nes shoul d  be devel oped w i t h  cont ingency p l  ans f o r  
p o t e n t i a l  l y  c o n f l  i c t i  ng 1  and use forms. The o v e r a l l  au tho r i  ty f o r  
Reddeer management should be assigned t o  a  capable government agency t o  be 
ass i  s ted  by p r i v a t e  i n d i v i d u a l  s  o r  assoc ia t ions .  

I n  summary, t h e  sooner t h e  1  egal s t a t u s  o f  Reddeer i n  C h i l e  i s  ' 
i d e n t i f i e d ,  and t h e  sooner a  c l e a r  p o l i c y  concept on t h e  f u t u r e  manage- 
ment o f  t he  species can be defined, t h e  eas ie r  i n h e r e n t  problems can be 
overcome. It i s  apparent t h a t  t h e  chaos i s  aggravated w i t h  s t e a d i l y  
i ncreasi  ng Reddeer popul a t i  ons . 
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1984 ELK WORKSHOP SUMMARY 

HAROLD CARR, A l b e r t a  F i s h  and Wild1 i f e  D i v i s i o n ,  #ZOO Sloan Square, 
5920 - 1 A St., S.W., Calgary , A1 b e r t a  T2H OG1 

I have approached t h i s  j o b  w i t h  some l e v e l  o f  re luctance.  I have n o t  
fo rmal ly  summarized a conference before; I t h i n k  I now know why, having 
spent t h e  l a s t  hour t r y i n g  t o  summarize about twen ty - f i ve  pages o f  notes. 
I am n o t  sure t h a t  t a k i n g  notes over t h e  l a s t  two days was r e a l l y  the  
proper approach t o  t r y i n g  t o  summarize t h e  r e s u l t s  o f  a conference, o r  
"workshop", o f  t h i  s nature.  

C e r t a i n l y ,  i t  i s  impossi b l  e f o r  me, w i t h i n  an hour, t o  summarize f o r  
you t h e  t h i n g s  we have learned i n  the  l a s t  two days. I t h i n k  t h a t  has t o  
,be l e f t  f o r  each o f  you t o  do on your own, and I am sure you a l l  w i l l .  We 
have deal t w i t h  a v a s t  a r ray  of t op i cs ,  something which i s  d i f f e r e n t  from 
t h e  usual concept of a workshop where the re  i s  a more common and s p e c i f i c  
theme t o  the  presenta t ions .  That causes me some degree o f  d i  f f i  c u l  t y  i n  
t r y i n g  t o  summarize what has happened, b u t  on t h e  o the r  hand i t  prov ides  a 
breadth o f  experience and in fo rmat ion  we cou ld  n o t  g e t  from a more 
s i  ngul a r  themat ic  type o f  workshop. 

We have had e x c e l l e n t  papers presented t o  us! I have been t o  many 
conferences over t h e  l a s t  20 years  o r  so; as a group these papers were 
some o f  t h e  b e t t e r  ones I have heard anywhere. I say t h a t  as a 
congratu l  a t o r y  message t o  ' the va r ious  authors. You have done an excel1 e n t  
j o b  i n  your  presenta t ions ,  and as has been mentioned by t h e  chairmen of 
t h e  sessions, a1 1 w i t h i n  your  t ime a1 1 otment as we1 1 . 

J u s t  as a quick rev iew of some of t h e  t h i n g s  we have t a l k e d  about - 
these are, perhaps, groupings o r  h i g h l i g h t s  t h a t  I have p icked out :  

Depredation i s  a major issue,  obviously,  t o  almost a l l  j u r i s d i c t i o n s  
which are managing e l k  today. There was a statement, which came from the  
audience, t h a t  we should ' a l l  remember: somebody stood up and s a i d  
"Feedi ng i s  a disease" . I can assure you, a l l  o f  you who a re  from ou ts ide  
o f  A1 ber ta ,  t h a t  A1 b e r t a  i s  showing symptoms o f  t h a t  disease as we1 1 . I 
have ser ious  doubts t h a t  feeding i s  r e a l l y  a l o n g  term s o l u t i o n  t o  
depredat ion problems o r  a s o l u t i o n  t h a t  we want t o  g e t  h e a v i l y  i n t o .  It 
i s  c e r t a i n l y  one which i s  open-ended i n  what i t  can l e a d  to ,  i n  terms of 
cos t ,  i n  terms o f  dea l i ng  w i t h  o the r  species besides e l k ,  and so on. 

We have had a number of papers on t o p i c s  which can be grouped as 
h a b i t a t  i ssues. Much o f  t he  work which we do i n  managing e l  k i s  t r y i n g  t o  
ma in ta in  t h e  c r i t t e r  i n  t h e  face of development o f  many k i n d s  and 
magni tudes. A1 1 j u r i  sd i  c t i  ons feel these pressures. . I n  t a l  k i  ng t o  some 
of you about eve ry th ing  from gol'f 'courses and s k i  developments, t o  
condominiums and j u s t  p l a i n  urban sprawl, I detected t h a t  everywhere e l k  



popu la t ions  face permanent damage from developments which are basi  ca l  l y  
j u s t  p a r t  o f  t he  growth o f  soc ie ty  and growth o f  i n d u s t r y  and growth of 
human populat ions.  Many of t h e  papers which were presented a1 so d e a l t  
w i t h  these issues. I am pleased t o  see t h a t  t h e  data on which we have t o  
base our op in ions  and our p o s i t i o n s  are  improving. Every t ime I come t o  a 
conference o f  t h i  s na ture  somebody e l  se has more de ta i  1 ed i n f o r m a t i o n  
about t h e  impact o f  var ious  l e v e l s  of development o r  a c t i v i t y ,  be i t  from 
roads, 1 oggi ng a c t i v i t i e s  o r  human harassment. Harassment i s one i ssue 
which i s  o f  p a r t i c u l a r  concern t o  me. It has become an obvious problem i n  
t h e  l a s t  few years  and i t  i s  encouraging t o  see t h a t  people a re  beginning 
t o  work on i t  now. We are  g e t t i n g  more d e t a i l s  about how much of these 
s o r t s  o f  t h i n g s  can be to1 e ra ted  by e l k  populat ions.  These are  extremely 
impor tant  f a c t s  e s p e c i a l l y  f o r  h a b i t a t  b i  01 ogi  s t s  who are o f t e n  deal i n g  
w i t h  i n d u s t r i a l  i n t e r e s t s  i n  t r y i n g  t o  work o u t  compromises t h a t  w i l l  
a l l o w  e l k  popu la t ions  t o  su rv i ve  i n  p a r t i c u l  a r  areas. 

We had some i n t r i g u i n g  presenta t ions  on t h e  use o f  computers f o r  
h a b i t a t  eva luat ion .  I can see t h i s  as an e x c e l l e n t  f u t u r e  t o o l  for 
h a b i t a t  b i o l o g i s t s .  They can p l u g  i n  several o f  these c r i t e r i a  and g e t  
o u t  an answer t h a t  w i l l  he lp  p r e d i c t  responses o f  animal s t o  a p a r t i c u l a r  
devel opment. A major  s tep forward! 

Economics. Again, from d iscuss ions  I have had, and from a t  l e a s t  one 
paper presented here, I would 1 i ke t o  remind you (a1 though I suspect I 
r e a l l y  d o n ' t  need t o )  t h a t  i t  i s  very very c l e a r  t h a t  t he  value o f  t he  
resources t h a t  we are charged w i t h  managing i s  phenomenal. The ac tua l  
f i gu res  - i n  A1 b e r t a  we are  1 ooki ng a t  about a $22 m i  11 i o n  va l  ue assigned 
t o  e l k  hun t ing  alone. When I l i s t e n  t o  some o f  t h e  statements of 
rep resen ta t i ves  from Colorado and Idaho where they are  t a l k i n g  about e l k  
popu la t ions  i n  excess of 100,000, those economic values are  j u s t  unrea l .  
The p o i n t  I want t o  leave you w i t h  i s  t h a t  we shou ldn ' t  have t o  take a 
back seat  t o  h a r d l y  any development, h a r d l y  any a c t i v i t y ,  when i t  comes t o  
t h e  economic value o f  our resources. That i s  j u s t  one species, 1 adies and 
gentlemen. It i s  a l so  a renewable th ing ,  t h a t  i s  a value which goes on 
year a f t e r  year  a f t e r  year. Very o f ten  the  t h i n g s  t h a t  we are  competing 
w i t h  are  n o t  renewable resources. 

I n t e r e s t i  ng papers on a r t i  f i  c i a 1  i nsemi n a t i  on, and improvements t o  
census techniques. We have had many i n s i g h t s  i n t o  problems i n  o the r  
areas. I was e s p e c i a l l y  i n t r i g u e d  w i t h  a p resen ta t i on  on red  deer i n  
Ch i le .  Every t ime I come t o  a conference of t h i s  na ture  I always l o o k  
forward t o  perhaps one h i g h l i g h t  paper, one which "catches my fancy" more 
than any other .  I t h i n k  t h a t  t h a t  paper i n  t h i s  conference - i t  was 
a c t u a l l y  two papers - d e a l t  w i t h  DAPA. M r .  D a v i t t ,  congra tu la t ions ,  you 
d i d  an excel l e n t  j o b  o f  p resent ing  d i f f i c u l t  ma te r ia l  and you took us 
through i t  s tep by s tep very n i c e l y .  It i s  a new technique f o r  t h e  fu tu re  
which e x c i t e s  me considerably.  

Our guest speaker a t  l a s t  n i g h t ' s  banquet, Va le r ius  Geist ,  always 
del  i g h t f u l  . We1 1 , exhaust ing! Every t ime I t a l  k w i t h  you, Val , I end up 
exhausted by t h e  experience. It was a 1 i ttl e eas ie r  t o  s i t  back i n  an 
audience and j u s t  l i s t e n .  _ I have no th ing  more t o  say about the  



presentat ion other than t h a t  i t  exempli f ied Wishart 's  suggestion t h a t  t h i s  
man has " f a s t  neurons". 

The panel discussion which Bob Hudson se t  up d i d  a f i n e  job  of 
probi  ng the i ssues surrounding game ranchi ng. A chal 1 engi ng panel , an 
en1 igh ten i  ng panel . They covered many aspects o f  game ranching, another 
issue which i s  s i t t i n g  on our doorsteps and about which a l l  o f ~ u s  should 
become f a m i l i a r .  

I c e r t a i n l y  was no t  aware of everything t o  do w i t h  t h i s  sub ject  and I 
found the panel t o  be a very useful three hours. 

The de ta i l ed  discussion generated by the i nd i v i dua l s  on the panel and 
from the crowd afterwards exempl i f ied the type of discussion which we 
should be t r y i n g  t o  capture i n  - a1 1 aspects o f  the workshop. I ' m  no t  sure 
t h a t  we were always successful i n  doing that ,  perhaps because o f  l ack  of 
t ime fo r  quest ioning from the audience and f o r  interchange w i t h  the 
speakers. I would chal lenge fu ture  workshops t o  t r y  t o  capture t h a t  
deta i  1 ed d i  scussion f o r  a1 1 papers. 

I n  conclusion, a few thoughts which came t o  mind as I was l i s t e n i n g  
t o  papers and presentat ions over the l a s t  few days. I asked myself the 

What i s  the purpose of a workshop such as t h i s ?  What do we want t o  
ge t  ou t  o f  i t ?  And were we successful i n  doing i t ?  

The f i r s t  t h i ng  I p u t  down was - a recharging of my bra in .  It has 
been about twenty years since I was i n  Univers i ty ,  and i t  gets a l i t t l e  
slow and r u s t y  a t  times. This i s  one of the few oppor tun i t i es  t h a t  I have 
t o  again. s i t  down and 1 i s t e n  and apply my mind t o  s c i e n t i f i c  papers being 
presented. I c e r t a i n l y  appreciate tha t ,  as I th ink  most everyone e lse 
does. It i s a chance t o  go back t o  school , a short-term sabbatical . 

I of ten  wonder why i t  i s  d i f f i c u l t  f o r  some people t o  ge t  t o  these 
th ings,  o r  why agencies don ' t  send more than one o r  two people t o  them, 
p a r t i c u l a r l y  the home agency. I c a n ' t  t h i nk  o f  a b e t t e r  investment i n  
t e n s  o f  recharging b i o l o g i s t s  than a meeting such as t h i s  where i n  quick 
order they can be refreshed about, i n  t h i s  case, e lk ,  and be brought up t o  
date on the cu r ren t  thoughts, concerns and issues surrounding t h a t  
species . 

This workshop provides an oppor tun i ty  t o  meet and t a l k  w i t h  people 
from many j u r i s d i c t i o n s  which manage e l k  popul a t ions.  That i s  another 
t h i ng  I consider o f  major importance from a workshop. Again, we have been 
successful. That oppor tun i ty  has been presented, and has been taken 
advantage o f .  To a11 o f  those people I have spoken wi th ,  when I wasn't 
tak ing  notes, I thank you for  your t ime and j u s t  the oppor tun i ty  t o  speak 
w i  t h  you. It i s amazi ngl  y re f resh ing , amazingly educational . I f  anythi  ng 
by way o f  c r i t i c i s m ,  I would say perhaps there was no t  enough t ime i n  t h i s  
workshop f o r  t h a t  k i nd  o f  communicatio.n on a one-to-one basis. 

, . 



Some things  t h a t  come through loud and c l e a r  a re  the  s i m i l a r i t i e s  of 
problems t h a t  a r e  being faced by j u r i sd i c t i ons  from a l l  over North 
America. I t  i s  i n t e r e s t i ng  t h a t  the  problems of elk depredations i n  
Colorado, Idaho, Oregon, Wyoming, and A1 ber ta  a r e  i n  many ways the  same, 
and reassuring t h a t  our approaches t o  solving those problems a r e  a1 so very 
much the  same. I t  a1 so came through loud and c l e a r  t h a t  while the re  a r e  
many s i m i l a r i t i e s  the re  a r e  a l so  many dif ferences ,  and we have t o  be awake 
t o  those di f ferences  - t h a t  c e r t a in  th ings  which apply i n  a warm climate,  
f o r  example, may be t o t a l l y  i r r e l evan t  i n  a cl imate such a s  we have here 
i n  Edmonton. Again, a reminder t o  a1 1 of us t h a t  i n  biology the  exception 
i s  t he  ru le .  

As professional s we shoul d not be too quick t o  jump on a bandwagon, 
no matter  what t h a t  bandwagon might b e 7  I noted the  word "bandwagon" 
r e l a t i v e  t o  several presenta t ions  through this meeting. One of them was 
t he  concept of winter feeding. Another was the  game ranching issue.  I t  
i s  important f o r  a gathering l i k e  t h i s ,  f o r  a workshop, t o  be an 
opportunity t o  probe ideas,  t o  discuss  them i n  d e t a i l ,  t o  argue about them 
i f we w i  1 1 . Some of the  best  arguments may come th ree  o r  four hours from 
now over a b o t t l e  of beer i n  t h e  lounge, but  t h a t  pa r t  of the  program i s  
very very important. I t  concerns me somewhat when I see  b io log is t s  
ge t t ing  too quickly onto a bandwagon, because t h i s  i s  a new thing found 
just yesterday,  the  l a t e s t  idea ,  t h i s  i s  IT. Let me remind you t h a t  i t  
i s n ' t  always IT. I t  takes time before things a r e  in  f a c t  proven, before 
we can be ce r t a in  we a r e  i n  the  r i g h t  t rack .  I f  we 1 ook c r i t i c a l l y  a t  our 
hi s to ry  we can f ind many s i t ua t i ons  i n  which we have oversold i s sues  by 
jumping on bandwagons too quickly and pushing them too hard, only t o  f ind 
out  down the  l i n e  t h a t  we weren't r i g h t  a f t e r  , a l l .  There a r e  two examples 
t h a t  come t o  mind; winter feeding and predator control . The opinions and 
views t h a t  a r e  being discussed now a re  very d i f f e r e n t  from the  th ings  we 
were t a l  king about ten o r  f i f t e e n  years  ago. When I went t o  school I was 
generally brainwashed t h a t  ne i ther  shoul d be considered a t  a1 1 . We a re  
now beginning t o  see t h a t  maybe t h a t  wasn't t o t a l l y  cor rec t .  I'm j u s t  
suggesting t h a t  you don ' t  f l i p - f l op  too f a r ,  too f a s t ,  without some 
considerable thought put  i n t o  i t .  

I suspect  a l l  of us have been put i n t o  the  s i t ua t i on  of defending a 
posi t ion w i t h  which we don1 t agree,  but  because of our posi t ion,  our 
employment, we a r e  forced i n t o  perhaps writ ing a l e t t e r  or  at tending a 
meeting t o  defend a posi t ion which i s  most unpopular t o  us. I t  i s  a 
d i f f i c u l t  s i t ua t i on  t o  be i n ,  but  what f r igh tens  me i s  t h a t  a f t e r  doing i t  
two o r  three  times you f ind yourself  be1 ieving those posi t ions  yourself  - 
you cl  imb on t h e  -bandwagon. During t h i  s meeting I 've  talked t o  a number 
of people and found them bas ica l ly  defending posi t ions  which I am sure ,  i f  
they s a t  back and thought about them, t h a t  they don' t be1 ieve,  themselves. 
So again, i t  is  important f o r  us not t o  be too quick t o  jump on the  
bandwagon. Le t ' s  keep an i nqu i s i t i ve  mind and always ask the  question - 
i s  t h i s  r ea l l y  co r r ec t ,  o r  i s  i t  not? Our purpose a s  b io log i s t s ,  a s  
profess ionals ,  a s  s c i e n t i s t s ,  i s  primarily t o  seek out the  truth, not 
necesssar i ly  t o  s e l l  a po l i t i c a l  viewpoint t h a t  happens t o  be popular a t  
any point  i n  time. 



The n e x t  e l k  workshop has been awarded t o  . . . taken by . . . accepted 
by . . . t h e  s t a t e  o f  Oregon. I wish t h e  b e s t  o f  1 uck t o  our Oregon 
col leagues i n  t h e i r  e f f o r t s  t o  p u t  on a top notch e l k  workshop two years  
down t h e  1 i ne. 
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