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PREFACE 

The 1982 Western S t a t e s  Elk Workshop was h e l d  at t h e  Holiday Inn i n  
F l a g s t a f f ,  Arizona on February 22-24, 1982. The workshop was hos ted  by t h e  
Arizona Game and Fish Department. 

A t  tendance w a s  exce l l en t  d e s p i t e  a u s t e r e  t r a v e l  budgets which have been 
common t o  a l l  agencies  i n  t h e  U.S. and Canada dur ing  t h e  pas t  two yea r s .  
Ninety-seven de l ega te s  a t tended .  A l l  t h e  s t a t e s  with s i g n i f i c a n t  e l k  
popula t ions  and B r i t i s h  Columbia were represented .  I n  a d d i t i o n ,  
r ep re sen t  at i v e s  of f i v e  Indian  t r i b e s  were i n  at tendance.  Federa l  land 
managing agencies  were a l s o  we l l  represented .  

The bus iness  meeting r e s u l t e d  i n  a s s ign ing  M r .  Robert Hernbrode, Jr. of 
Colorado Divis ion  of W i l d l i f e  t o  develop a s t a t u s  r epo r t  ques t ionna i r e  which 
would be designed t o  s t r eaml ine  t h e  s t a t e  and province r epo r t s .  

S ince  a l l  papers  presented  a t  t h e  workshop were retyped t h e  Workshop 
E d i t o r s  accept  r e s p o n s i b i l i t y  f o r  a l l  typographica l  e r r o r s  and omissions. 

S p e c i a l  thanks a r e  extended t o  M s .  Marge Maston and M s .  Norma Sankey of 
t h e  Arizona Game and Fish  Department f o r  handl ing  workshop r e l a t e d  
correspondence and a s s i s t a n c e  i n  p u b l i c a t i o n  of t h e  proceedings. M r .  Wayne 
Anderson, former w i l d l i f e  manager, Arizona Game and Fish Department, was 
r e spons ib l e  f o r  schedul ing  t h e  f a c i l i t i e s  and banquet. A s p e c i a l  thanks i s  
extended t o  Wayne f o r  h i s  t i r e l e s s  s e rv i ces .  M s .  Lauren Porzer  Kepner 
a s s i s t e d  i n  manuscript e d i t  and pub l i ca t ion .  Her e f f o r t s  a r e  g r e a t l y  
app rec i a t ed .  F i n a l l y ,  my apprec i a t ion  i s  extended t o  M r .  John G i s i ,  
Commissioner, Arizona Game and Fish Department and M r .  B i l l  Burbridge, U. SO 
Fores t  Serv ice  f o r  t h e i r  p resent  a t  ions .  

A l b e r t a  has  agreed t o  hos t  t h e  next Western S t a t e s  Elk Workshop i n  1984. 

T. L. Britt 

Edi t  o r  
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ELK STATUS I N  BRITISH COLUMBIA 

V. ROSS PECK, B r i t i s h  Columbia Fish and Wildl i fe ,  Ft. St. John, Br i t i sh  
Columbia 

Elk populations throughout t h e  province appear t o  be holding t h e i r  own or 
increas ing somewhat. Recent provincia l  est imates suggest 24,000 f 20%. This 
breaks down i n t o  roughly 3,000 Roosevelt e l k  (Cervus elaphus rooseve l t i )  , and 
21,000 Rocky Mountain e l k  (C. e. nelsoni) .  Objectives of t h e  most recent e l k  
management plan f o r  B r i t i s h  Columbia (B.C.) a r e  to :  

1. increase e l k  populations t o  a minimum of 36,000 (32,500 Rocky Mountain, 
3,500 Roosevelt ) animals d i s t r i b u t e d  i n  t r a d i t i o n a l  hab i t  a t  s throughout 
B.C. 

2. Provide oppor tuni t ies  f o r  people t o  v i e w  e l k  i n  t h e i r  na tu ra l  hab i t a t .  
3. Provide 140,000 hunter  days of r ec rea t ion  and an annual sus ta ined 

hunter  k i l l  of about 3,500 animals. 
The most recent f i g u r e s  ava i l ab le  i n d i c a t e  t h a t  approximately 1,400 animals 
a r e  harvested annually, t h e  pursui t  of which provides 66,000 hunter  days of 
recreat ion.  Hunters were estimated t o  have numbered 4,000 i n  1980. 

Three main areas  of e l k  concentrat ion e x i s t  within t h e  province, a s  w e l l  
a s  a number of small, sca t t e red ,  i s o l a t e d  herds. The population of 
approximately 3,000 Roosevelt e l k  on Vancouver Is land appears t o  be increas ing 
somewhat, r e su l t an t  of a s e r i e s  of mild winters. These a r e  small herds ,  
watershed s p e c i f i c ,  i n  areas  with l o t s  of logging access. A l l  harvest  i s  on a 
l imi ted  en t ry  (draw) basis .  Allocation of permits i s  going up, with 
212 permits issued i n  1981. Success is estimated t o  be i n  t h e  65-75X range. 
A l a rge  i l l e g a l  and na t ive  k i l l  is  thought t o  ex i s t .  An e a r l y  male season 
r e s t r i c t e d  t o  spikes ,  or  b u l l s  with 5 points  or  g rea te r  is  followed by a l a t e  
ant  l e r l e s s  season. 

There is  some concern on t h e  northern part  of t h e  Island with increas ing 
wolf predation. I n  a couple of watersheds it appears t h a t  t h e  wolves have 
almost completely decimated t h e  deer herds and a r e  switching t o  elk. Late 
winter  f l i g h t s  i n  1981 indicated  a decl ine  i n  cow:calf r a t i o s  i n  s p e c i f i c  
watersheds. Vancouver Is land i s  i n  t h e  second year of a five-year research 
program on f o r e s t  r y l w i l d l i f  e in te rac t ions .  One-third of t h i s  projec t  i s  
concerned with elk. The research is examining t h e  e f f e c t s  of d i f f e r i n g  
logging p r a c t i c e s  upon h a b i t a t  and monitoring population responses. 

The majori ty of t h e  5,000-6,000 Rocky Mountain e l k  i n  north-eastern B o C *  
a r e  concentrated i n  3 management u n i t s  on t h e  eas te rn  slope of t h e  Rocky 
Mountains, w e s t  of t h e  Alaska Highway. This r e l a t i v e l y  remote population has 
t r a d i t i o n a l l y  been s e l e c t i v e l y  harvested f o r  trophy b u l l s  by nonresident 
guided hunters .  Within t h e  past 5 years,  less s e l e c t i v e  res ident  hunters  have 
gained access t o  these  herds and ha rves t s  have more than doubled. The annual 
k i l l  i s  thought not t o  exceed 5% of the  t o t a l  population and remains 
r e s t r i c t e d  primari ly t o  bul ls .  Libera l  hunting seasons have been 
c h a r a c t e r i s t i c  i n  t h e  north with a 3-month (Aug. 15 t o  Nov. 15) any-bull 
season and a 2-week open a n t l e r l e s s  season i n  e a r l y  October. Spike 
r e s t r i c t i o n s  and a n t l e r l e s s  closures a r e  an t i c ipa ted  i n  1982. 

Small i s o l a t e d  herds and remnant populations a r e  sca t t e red  throughout t h e  
nor theas tern  par t  of t h e  province. A number of programs a r e  proposed or  a r e  



c u r r e n t l y  underway t o  expand t h e s e  low dens i ty  populat ions.  Prescr ibed  f i r e  
i s  being used a s  a h a b i t a t  improvement t o o l  on win te r  ranges. Season c losu res  
a r e  i n  e f f e c t  f o r  a number of herds.  Transplan ts  a r e  a n t i c i p a t e d  i n  a r e a s  
where e l k  numbers a r e  thought t o  be t o o  low t o  maintain v i a b l e  populat ions.  
P reda to r  c o n t r o l  programs a r e  being considered.  

Cur ren t ly ,  approximately 300 e l k  a r e  being harves ted  annual ly  i n  t h e  
nor th .  Management goa l s  a r e  t o  i n c r e a s e  e l k  numbers and subsequent ha rves t  by 
a t  l e a s t  doubling t h e  cu r r en t  populat ion.  To h e l p  meet t h i s  goa l ,  25,000 
a c r e s  were burned i n  t h e  sp r ing  of 1981. 

The south-cent ra l  pa r t  of t h e  province is  cha rac t e r i zed  by small low 
d e n s i t y  h e r d s  which support l imi t ed  hun t ing  seasons.  Shor t ,  week long seasons  
r e s t r i c t e d  t o  3-point minimum b u l l s  a r e  found i n  a number of management 
u n i t s .  A r e l a t i v e l y  s t a b l e  popula t ion  of approximately 1,500 animals i s  found 
i n  t h e  w e s t  Kootenay reg ion  of t h e  province. Fifty-day seasons on 3-point 
minimum b u l l s  a r e  i n  e f f e c t ,  with l i m i t e d  e n t r y  opt ions  on a n t l e r l e s s ,  and 
s p e c i a l  seasons on e l k  causing depreda t ion  problems. Annual k i l l  is  s l i g h t l y  
less t h a n  10%. 

Over two-thirds of B.C.'s e l k  popula t ion  i s  thought t o  i n h a b i t  t h e  e a s t  
Kootenay reg ion  i n  t h e  southeas t  corner  of t h e  province. Elk ha rves t  i n  t h e  
Kootenay reg ion  accounts  f o r  80% of t h e  p r o v i n c i a l  t o t a l .  Overwinter 
popula t ions  e s t ima te s  f o r  1981-82 suggest  15,000 animals ,  which can be 
compared t o  1980 e s t i m a t e s  of 12,000 and 7,750 i n  1975. Regional b i o l o g i s t ,  
Ray Demarchi, i n d i c a t e s  t h a t  s e l e c t i v e  h a r v e s t i n g  i s  t h e  only r o u t e  t o  
fol low.  I n  t h e  l a t e  1960's, long e i the r - sex  seasons and harsh  win te r s  have 
l e f t  a popula t ion  cha rac t e r i zed  by a young age s t r u c t u r e  and skewed s e x  
r a t i o s .  A cont inued sho r t en ing  of t h e  cow season had l i t t l e  e f f e c t  and i n  
1970 a n t l e r l e s s  seasons were shut  off  completely.  A sp ike  c losu re  was 
implemented i n  1973, which was r a i s e d  t o  a 3-point minimum i n  1976. I n  1977, 
a l i m i t e d  e n t r y  season w a s  implemented f o r  cow/calf and calf-only l i m i t e d  
e n t r y  w a s  in t roduced  i n  1981. 

During t h e  1981 season t h e  fo l lowing  e l k  seasons were a v a i l a b l e  i n  t h e  
e a s t  Koot enay : 

1. One thousand c a l f  permi ts ,  s p e c i f i c  t o  management u n i t  (M.U.), c a l f  
only. I n  1981 only 650 permi ts  were subscr ibed ,  with an es t imated  15- 
20% h a r v e s t .  

2. Three hundred and f i f t y  a n t l e r l e s s  (cow/calf)  permi ts ,  s p e c i f i c  t o  
M.U., cow o r  c a l f  only. Heavily subscr ibed ,  17:l  odds i n  some M.U.'s, 
e s t ima ted  40-50% success .  

3. Five hundred any sex/age permits  r e s t r i c t e d  t o  designated a r e a s  with 
depreda t ion  problems. Sept. 10 t o  Oct. 10 season,  es t imated  k i l l ,  112 
animals  (22%). 

4. Open b u l l  season, 3-point minimum, Sept. 10 t o  Oct. 30. 
Proposed 1982 seasons a re :  

1. Inc rease  i n  c a l f  permits  (doubled) which would enable  hun te r  t o  t a k e  a 
b u l l  i n s t e a d  dur ing  t h e  open season. 

2. Ant l e r l e s s  permits  (doubled) cow/calf but no b u l l .  
3. Five hundred any e l k  permi ts ,  depreda t ion  a reas .  
4. Open b u l l  season. 
Elk  popula t ions  i n  t h e  e a s t  Kootenay appear t o  be inc reas ing  a t  a r a t e  of 

15% annual ly .  The a r e a  is  surrounded by 5 n a t i o n a l  parks i n  Canada, G lac i e r  



National Park i n  the  U.S.A., and 3 s t a t e s  a l l  of which have elk. Data 
suggests  t h a t  t h e  population being harvested is l a r g e r  than t h e  over-winter 
population i n  t h e  area. The population appears t o  now have a healthy age 
c l a s s ,  but sex  r a t i o s  a r e  s t i l l  somewhat skewed due t o  small numbers of cows 
being harvested. Estimated bu1l:cow r a t i o s  a r e  30-35:100, with a goal t o  
inc rease  it t o  40-45:lOO. Harvests a r e  now running a t  7% of t h e  t o t a l  
population, and aims a r e  t o  increase  t h i s  t o  12.5%, mostly by increas ing 
harves t  i n  t h e  juvenile category. 

I n  1980, a harvest  quest ionnaire was developed i n  t h e  eas t  Kootenay. 
This i s  a voluntary tooth  co l l ec t ion  program with harvest  data cards handed 
out with t a g  o r  l i cense  purchased. The card asks t h e  hunter  t o  record 
species ,  sex,  a n t l e r  t i n e s ,  and k i l l  loca t ion  and re tu rn  t h e  card with an 
i n c i s o r  from h i s  k i l l .  I n  conjunction with t h e  program, game checks have been 
abandoned, and t h e r e  a r e  ind ica t ions  t h a t  t h e  system may go province-wide- 



ELK STATUS I N  ARIZONA 

T.L. BRITT, Arizona Game & Fish Department, F l a g s t a f f ,  Arizona 

By t h e  l a t e  1800's n a t i v e  e l k  (Cervus elaphus merriami) were bel ieved t o  
have been e x t i r p a t e d  from Arizona. Consequently, Arizona's cu r r en t  e l k  herds  
a r e  a r e s u l t  of r e i n t r o d u c t i o n  e f f o r t s  which took p l ace  i n  t h e  e a r l y  1900's. 
I n  1913 t h e  B.P.O.E. Lodge i n  Winslow succeeded i n  ob ta in ing  86 animals from 
t h e  Yellowstone herd .  The animals were t r a n s p o r t e d  by r a i l  t o  Winslow. From 
Winslow they  were t r a n s p o r t e d  south by ho r se  drawn wagon some 40 miles  and 
r e l e a s e d  near  Cabin Draw, i n  what is  now t h e  Apache-Sitgreaves Nat iona l  Fores t  
(White 1968). Seve ra l  a d d i t i o n a l  r e in t roduc t ions  took p lace  between 1913 and 
1928. These e a r l y  e f f o r t s  a r e  c r e d i t e d  f o r  rees tab l i shment  of e l k  i n  Arizona. 

The t r a n s p l a n t e d  animals r a p i d l y  expanded t h e i r  range. I n  1935 Arizona's 
newly formed Game and Fish Commission au thor ized  t h e  f i r s t  hunt and i s sued  276 
permi ts  t o  Arizona s p o r t  hun te r s .  The f i r s t  hunt w a s  a success .  Hunters 
r epo r t ed  h a r v e s t i n g  145 b u l l s .  Annual seasons cont inued u n t i l  1944. During 
t h e  two year  span of 1944-45, e l k  season w a s  c losed  i n  Arizona. Sport hunt ing  
resumed i n  1946 and has  been continued t o  d a t e  without i n t e r r u p t i o n .  

Popula t ion  St a t u s  

A l l  h i s t o r i c a l  e l k  h a b i t a t s  a r e  c u r r e n t l y  occupied i n  Arizona. I n  
gene ra l ,  most ranges a r e  e i t h e r  near  o r  a t  ca r ry ing  capac i ty .  Some major 
ranges i n  e a s t e r n  Arizona a r e  capable of suppor t ing  more animals t han  a r e  
c u r r e n t l y  present  and management e f f o r t s  a r e  underway t o  encourage he rd  
expansion. Elk a r e ,  i n  some i n s t a n c e s  , becoming numerous i n  prev ious ly  
unoccupied h a b i t a t .  This i s  t h e  case  along t h e  south r i m  of t h e  Grand Canyon 
where h e r d s  of up t o  40 animals have been observed r e c e n t l y  feeding  ad jacent  
t o  t h e  runway a t  Grand Canyon Airpor t .  Popula t ions  t r a n s p l a n t e d  t o  marginal  
ranges such a s  t h e  Hualapai mountains near  Kingman appear  t o  be hanging on, 
but only bare ly .  

Cur ren t ly  we e s t ima te  10,000 t o  12,000 e l k  inhab i t  6,884 square miles of 
h a b i t a t  i n  Arizona. Most of t h e  e l k  h a b i t a t ,  83% t o  be exac t ,  i s  under 
j u r i s d i c t i o n  of t h e  U.S. Forest  Service.  This  e s t ima te  does not i nc lude  e l k  
found on t h e  Fort  Apache, San Carlos ,  and Hualapai Indian  Reservat ions.  

During t h e  past  3 yea r s ,  s t a t ewide  prehunt c a l f  s u r v i v a l  has  averaged 57 
c a l v e s  per  100 cows. During t h i s  same per iod ,  prehunt bu1l:cow r a t i o s  have 
averaged 34:100. A t  t h e  present  t h e  ma jo r i t y  of Arizona's e l k  herds  are 
h e a l t h y  and very product ive.  

Management Problems 

Timber Harvest.  Commercial t imber  ha rves t  p r a c t i c e s  i n  Arizona have been 
based p r imar i ly  on a s h e l t e r  wood, modified s h e l t e r  wood, o r  s t r i p  cut ha rves t  
t echniques .  The o v e r a l l  e f f e c t  of saw log  ha rves t  t o  d a t e  appears t o  have 
been b e n e f i c i a l  t o  e l k ,  however, o the r  a s s o c i a t e d  s i l v i c u l t u r a l  p r a c t i c e s  such 
a s  precommercial t h inn ing  and commercial t h inn ing  have an undefined s t a t u s .  
The l o s s  of concealment cover i s  a c c e l e r a t i n g  annual ly.  The importance of t h i s  
cover  is not f u l l y  understood i n  t h e  ponderosa pine f o r e s t s  of Arizona. The 
Department i s  p r e s e n t l y  a c t i v e  i n  a s s i s t i n g  t h e  U.S. Forest  Serv ice  i n  



development of Land Management Plans.  Hopefully adequate safeguards can be 
w r i t t e n  i n  t h e s e  p lans  t o  adequately p ro t ec t  e l k  h a b i t a t  u n t i l  a d d i t i o n a l  
in format ion  on h a b i t a t  p references  is  a v a i l a b l e .  

Grazing. I n  gene ra l  e l k  range condi t ions  a r e  f a i r  t o  good a t  p re sen t .  
Seve ra l  l i v e s t o c k  permi t tees  i n  t h e  F l a g s t a f f  a r ea  have become c r i t i c a l  of our 
e l k  management program. They contend permit reduct  i ons  on t h e i r  a l l o tmen t s  
r e s u l t e d  from over use of forage  by e lk .  These c r i t i c i s m s  w i l l  no doubt 
i n c r e a s e  i n  t h e  f u t u r e .  

Encroachment. Many va luable  meadow lands were l o s t  t o  summer home 
development dur ing  t h e  1960's. The r a t e  of l o s s  slowed a s  a r e s u l t  of r i s i n g  
energy c o s t s  and tougher  zoning laws during t h e  mid 1970's. Recent ly t h e r e  
appears  t o  have been a re juvenat ion  of demand f o r  remote homes and at present  
s e v e r a l  c r i t i c a l  a r e a s  a r e  e i t h e r  i n  jeopardy o r  have been r e c e n t l y  l o s t .  The 
department land purchase program i s  i n a c t i v e  a t  present  because of an a u s t e r e  
budget. 

I l l e g a l  Taking. I l l e g a l  t a k i n g  w a s  on t h e  upswing i n  t h e  e a r l y  19708s, 
but appears  t o  have s t a b i l i z e d  i n  t h e  l a t e  1970's. It is  s t i l l  a s i g n i f i c a n t  
problem, e s p e c i a l l y  i n  l i g h t  of t h e  upswing i n  t h e  numbers of remote 
homeowners. 

Preda t ion .  Preda t ion  does not appear  t o  be an important f a c t o r  i n  
Arizona e l k  herds .  The presence of remote subdiv is ions  and a s soc i a t ed  dogs 
a r e  a g r e a t e r  t h r e a t  t o  e l k  t han  n a t i v e  preda tors .  

Disease. Blindness i n  e l k  produced by t h e  blood p a r a s i t e  Elaeophora 
s c h n e i d e r i  i s  a problem i n  Arizona e l k  herds .  Smith (1969) repor ted  i n f e c t i o n  
r a t e s  as h igh  a s  85%. More recent  in format ion  from e a s t e r n  Arizona, where t h e  
problem appears  t o  be mst severe ,  r e s u l t i n g  from t r app ing  opera t ions  i n  1974 
through 1978, i n d i c a t e s  7% of 213 y e a r l i n g  o r  a d u l t  e l k  exh ib i t ed  e x t e r n a l  
symptoms of t h e  d isease .  I n  c o n t r a s t ,  t h e  r a t e  i n  north-gent ral  Arizona has  
been l e s s  t han  1%. 

Seasons and Harvest 

A l l  e l k  hun t s  he ld  i n  Arizona a r e  on a permit bas i s .  Permits  a r e  
obta ined  through a computerized drawing adminis te red  by t h e  Arizona Game and 
Fish  Department. Permits  a r e  equa l ly  a v a i l a b l e  t o  both r e s i d e n t s  and 
nonres iden t s  . 

Firearm ( inc lud ing  muzzleloader) h u n t e r s  a r e  e l i g i b l e  t o  apply every 
t h i r d  yea r  a f t e r  ob ta in ing  a permit.  Archery h u n t e r s  a r e  e l i g i b l e  t o  apply 
each year;  however, an a rche r  must w a i t  3 years  t o  apply f o r  a f i rearms  permit 
a f t e r  ob ta in ing  an  a rchery  permit.  

Seve ra l  seasons a r e  a v a i l a b l e  f o r  hun te r s  t o  choose from. An e a r l y  
f i r ea rms  season i n  e a r l y  October (6 days i n  l e n g t h ) ,  a l a t e  f i rearms  season 
beginning on Fr iday  a f t e r  Thanksgiving (10 days i n  length) ,  and an a rchery  
season dur ing  t h e  last 2 weeks of September (13 days i n  l eng th )  provide a wide 
s e l e c t  i on .  



Firearms Hunt S t a t i s t i c s .  During t h e  period of 1979-81 a mean of 5,705 
f i rearm e l k  permits were issued annually. Hunter numbers during t h i s  period 
averaged 5,368. These hunters  harvested- an average of 1,494 e l k  < 1,010 b u l l s ,  
407 cows, and 77 ca lves)  annually during t h i s  period and t h e  harves t  r e s u l t e d  
i n  an average annual hunt success of 31%. 

Archery Hunt S t a t i s t i c s .  Archery e l k  hunting was i n i t i a t e d  i n  1972. 
Archery e l k  permit numbers have increased from t h e  i n i t i a l  750 b u l l  permits i n  
1972 t o  3,450 b u l l  and any e l k  permits i n  1981. The harves t  a l s o  has 
increased from 22 b u l l s  i n  1972 t o  221 b u l l s ,  91 cows, and 9 calves i n  1980. 
Our 5-year Elk S t r a t e g i c  Plan (1980-85) dedica tes  15% of t h e  t o t a l  e l k  harvest  
t o  a rcher s  by 1985. Archers claimed 17% i n  1980 and 11% i n  1981. 

Research St a t u s  

A t  present only one e l k  research projec t  i s  a c t i v e  i n  Arizona. This 
p ro jec t  w i l l  be d e t a i l e d  i n  presenta t ions  given by Jon Rodiek and Glenn 
Delguidice. 

A second i n v e s t i g a t i o n  has met with se r ious  f i n a n c i a l  problems 
recen t ly .  This i n v e s t i g a t i o n ,  begun i n  1973, involves t h e  capture and marking 
of e l k  t o  determine herd d iscre teness  wi th in  s p e c i f i c  w i l d l i f e  management 
un i t s .  To da te ,  i n  excess of 650 e l k  have been marked i n  8 loca t ions  
u t i l i z i n g  both permanent c o r r a l  t r a p s  and por table  clover t r aps .  Trapping has 
occurred on both summer and winter  ranges, with summer range t rapping so  f a r  
being t h e  more e f f i c i e n t  method. 

During t h e  past 2 years  20 e l k  have been rad io  instrumented. A t  present 
14 a r e  being monitored i n  t h e  Flags taf f  area.  Austere budgets and unforseen 
emergencies have severe ly  l imi ted  monitoring e f f o r t s  and near ly  c u r t a i l e d  
t r app ing  e f f o r t s .  The f u t u r e  of t h i s  i n v e s t i g a t i o n  i s  uncer ta in  a t  present  . 
Prospects  f o r  t h e  Future 

Arizona l i k e  many western s t a t e s  is  enjoying productive e l k  populations 
a t  present .  The cont inuat ion  of t h e  condit ion depends pr imar i ly  on being a b l e  
t o  manage h a b i t a t s  which a r e  t o  become t a r g e t s  f o r  e x p l o i t a t i o n  during t h e  
upcoming decade. To our knowledge we have no energy resources i n  our e l k  
h a b i t a t s ,  however, our e l k  h a b i t a t s  do support l a rge  q u a n t i t i e s  of timber and 
range forage,  and possess p o t e n t i a l  f o r  r e c r e a t i o n a l  development. 

Overcoming t h e  "get more quick" h y s t e r i a  now prevalent t o  insure  proper 
use of e l k  h a b i t a t s  w i l l  be t h e  challenge of t h e  80's. Properly u t i l i z e d  
Arizona's e l k  h a b i t a t s  can continue t o  produce timber, forage ,  r ec rea t ion ,  and 
e l k  i n d e f i n i t e l y  i f  we can overcome t h e  stigma of shor t  term gains a t  t h e  
expense of long term production. 
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THE STATUS OF ELK I N  CALIFORNIA 

BANKY E. CURTIS, Ca l i fo rn ia  Department of Fish and Game, Sacramento, 
Ca l i fo rn ia  

Dis t r ibu t ion  and Abundance 

There a r e  3 subspecies of e l k  i n  Ca l i fo rn ia ,  t h e  Roosevelt (Cervus 
elaphus roosevelt  i ) , t h e  Rocky Mountain (Cervus elaphus nelsoni )  , and t h e  Tule 
(Cervus elaphus nannodes). They a r e  genera l ly  found i n  i s o l a t e d  herds. 

The Roosevelt e l k  is t h e  l a rges t  of t h e  3 subspecies. Bulls  may weigh up 
t o  1,200 pounds. Or ig inal ly  found along t h e  North Coast, from San Francisco 
t o  t h e  Oregon border, these  na t ive  e l k ,  present ly  numbering approximately 
2,500 a r e  found i n  northwestern Humboldt and western D e l  Nort e counties. 

Rocky Mountain e l k  a r e  s l i g h t l y  smaller  than t h e  Roosevelt subspecies 
( b u l l  l i v e  weight goes t o  1,000 pounds), but a r e  much l a r g e r  than t h e  Tule 
subspecies. The Rocky Mountain subspecies i s  not a nat ive.  Most were 
introduced from Yellowstone National Park i n  t h e  e a r l y  1900's. They a r e  now 
es tab l i shed  i n  nor theas tern  Shasta County, i n  t h e  Santa Lucia Range of 
Monterey and San Luis Obispo count ies ,  i n  t h e  Tehachapi range of Kern County, 
on Santa Rosa Is land of Santa Barbara County, and on t h e  King Elk Ranch of 
Marin County. The t o t a l  Rocky Mountain e l k  population i n  Cal i fornia  is 
p resen t ly  estimated a t  1,150 animals. 

Tule e l k  a r e  t h e  smallest  subspecies i n  Cal i fornia .  The adul t  b u l l s  
weigh 700 pounds o r  less. These na t ive  e l k  o r i g i n a l l y  were found throughout 
t h e  Great Central  Valley and adjacent f o o t h i l l s .  They have been ca l l ed  va l l ey  
o r  dwarf e l k  a t  various times; however, t h e  name "Tule" is  now t h e  accepted 
common name. During t h e  l a t e  1800's se r ious  crop damage by Tule e lk ,  market 
hunting,  competition with domestic l ives tock ,  and t h e  t a l low indus t ry  led  t o  
almost complete e l iminat ion  of t h i s  once very numerous animal. I n  1934 t h e  
Tupman Elk Refuge was es t ab l i shed  i n  Kern County and s ince  then has supported 
one of t h e  3 v iab le  populations remaining i n  California.  The o ther  two 
es tab l i shed  populations were s t a r t e d  from t r a n s p l a n t s  of Tule e l k  i n t o  t h e  
Owens Valley of Inyo County and t h e  Cache Creek a rea  of Lake and Colusa 
counties.  In  recent  years ,  seve ra l  t r a n s p l a n t s  have been made from t h e  Tupman 
Refuge and Owens Valley herds t o  s t a r t  new herds a t  San Luis Is land,  Merced 
County; a t  Concord Naval Weapons S ta t ion ,  Contra Costa County; a t  Grizzly 
I s l and ,  Solano County; a t  M t  . Hamilton, Santa Clara County; a t  Lake P i l l sbury ,  
Lake County; a t  Jawbone Canyon, Kern County; a t  Fort Hunter Liggett  Mi l i t a ry  
Base, Monterey County; a t  Camp Roberts Mi l i t a ry  Base, San Luis Obispo County; 
and a t  Laytonvi l le ,  Mendocino county. A few a d d i t i o n a l  Tule e l k  a r e  located  
i n  Ca l i fo rn ia  zoos. The t o t a l  estimated population of Tule e l k  i n  Cal i fornia  
i s  about 950-1000 animals. 

Habit a t  

Because of human encroachment, e l k  have been forced i n t o  h a b i t a t s  t h a t  
must be considered "marginal". H i s t o r i c a l l y ,  Roosevelt e l k  were found i n  oak- 
f i r  glades along North Coast r ive r s .  They now inhab i t  cutover redwood-Douglas 
f i r  f o r e s t  and associa ted  brush. Rocky Mountain e l k  once may have used open 
p r a i r i e s ,  but i n  Cal i fornia  have adapted t o  mountainous a reas ,  using woodlands 



i n t e r spe r sed  with open meadows. Simi lar ly  Tule e l k  once roamed t h e  open 
grass land savannahs t h a t  h i s t o r i c a l l y  surrounded t h e  marshland of the  Great 
Centra l  Valley. Present ly ,  t h e  Tule e l k  survive  i n  h a b i t a t s  such a s  sagebrush 
scrub (with r i v e r  bottom and i r r i g a t e d  pas ture  lands)  i n  Owens Valley, Inyo 
County; r iparian-grassland hab i t  a t  of San Luis Is land,  Merced County; and 
mixed chaparra l  and open grasslands i n  t h e  Cache Creek a rea  of Lake and Colusa 
count ies  . 

Despite  t h e  e lk ' s  a d a p t a b i l i t y  t o  marginal h a b i t a t s  f o r  subs is tence ,  they 
s t i l l  have s p e c i a l  h a b i t a t  needs f o r  breeding and calving. Meadows and grassy 
swales near streams with adjacent patches of brush o r  copses of small trees 
a r e  prefer red  f o r  spr ing  calving and some open a reas  a r e  needed where b u l l s  
can gather  the  cows i n t o  breeding harems i n  t h e  e a r l y  f a l l .  

Elk a r e  very popular a s  game animals and have high i n t e r e s t  f o r  viewers 
and photographers. As with most w i l d l i f e ,  t h e  i n t e r e s t  i n  e l k  is  expected t o  
inc rease  with time. The uses of t h e  various subspecies a r e  summarized a s  
fol lows : 

a. Roosevelt Elk - Sightseers  o f t en  s top  a t  P r a i r i e  Creek S t a t e  Park north 
of Eureka t o  view t h i s  herd of elk.  Hunts have been he ld  i n  t h e  past  
and t h e  demand f o r  permits was cons i s t en t ly  high. The l a s t  hunt was 
held  i n  1976 and over 13,000 hunters  appl ied  f o r  t h e  50 permits. Land 
ownership has  changed and f u t u r e  hunts  would n e c e s s i t a t e  involvement by 
t h e  National Park Service. 

b. Rocky Mountain Elk - A l l  of t h e  Rocky Mountain e l k  herds were 
es t ab l i shed  by p r iva te  c i t i z e n s .  Some wanted them f o r  hunting;  o the r s  
merely wanted t o  have them around. The public  use of these  e l k  is 
l imi ted  because t h e  access i s  r e s t r i c t e d  by p r i v a t e  property o r  
extremely rugged t e r r a i n .  Hunts have been held  on t h e  M t .  Shasta and 
Tehachapi herds.  In  1978, 10 permits were i ssued f o r  t h e  Tehachapi 
herd. Successful  app l i can t s  paid a $1,000 access fee. Only 1 e l k  was 
taken but t h e  f e e  i s  i n d i c a t i v e  of t h e  in tense  i n t e r e s t  i n  e l k  hunting. 

c. Tule Elk - Tupman Tule Elk Reserve S t a t e  Park records about 
27,000 v i s i t o r  days annually. Annual t o u r s  a r e  he ld  i n  t h e  Owens 
Valley. Numerous school groups have excursions t o  view and discuss  
elk.  Tule e l k  hunts  have been held  i n  t h e  past  and were q u i t e  popular 
with t h e  hunters .  I n  1971 a s t a t e  law was passed by t h e  l e g i s l a t u r e  
p roh ib i t ing  t h e  Fish and Game Commission from author iz ing  a Tule e l k  
hunt u n t i l  t h e  statewide t o t a l  exceeds 2,000 o r  u n t i l  it i s  determined 
by t h e  Leg i s l a tu re  t h a t  s u i t a b l e  a reas  f o r  a d d i t i o n a l  animals cannot be 
found i n  Cal i fornia .  Recent e f f o r t s  have g r e a t l y  expanded t h e  herds 
and it now apppears t h a t  t h e  f i g u r e  of 2,000 w i l l  be reached. Since 
t h e  Tule e l k  h a b i t a t  is  so  l imi ted ,  removal of animals w i l l  be 
necessary eventual ly.  This may be done by c u l l i n g  by Fish and Game 
personnel ,  public  hunting,  o r  some other  means. 

Management 

The Roosevelt e l k  have been hunted i n  s p e c i a l  hunts  and w i l l  probably be 
hunted again. The expansion of t h e  Redwoods National Park has ,  however, 
reduced t h e  p o t e n t i a l  f o r  e l k  hunts.  The Department of Fish and Game i s  
evaluat ing  a proposal t o  t r ansp lan t  Roosevelt e l k  t o  t h e  Kings Range i n  
southern Humboldt County and t r ansp lan t s  have been made twice t o  t h e  Bear 
Basin of Del Norte County. 



Hunts f o r  t h e  M t .  Shasta herd were held  i n  1969, 1970, 1971 and 1972. The 
k i l l  averaged 10 animals per season. Ten permits were issued i n  1978 f o r  t h e  
Tehachapi herd hunt. Only one e l k  was taken. The Department has  been 
extremely a c t i v e  i n  Tule e l k  management. Tule e l k  have been t ransplanted t o  
many a reas  within t h e i r  o r i g i n a l  range and some work t o  improve e l k  h a b i t a t  
has  been done i n  t h e  Cache Creek and Owens Valley herds. Annual counts a r e  
made on severa l  of t h e  herds. The 4th herd of Tule e l k  was es tabl ished i n  
1974, t h e  5th and 6th i n  1977, t h e  7th,  8 th ,  12th i n  1978 and t h e  13th i n  
1979. From November 1974 t o  February 1982 over 368 Tule e lk  were released i n  
new locat ions .  This e f f o r t  w i l l  continue u n t i l  a l l  s u i t a b l e  locat ions  i n  
Ca l i fo rn ia  have received elk. 



COLORADO STATUS REPORT 

BOB HERNBRODE, Colorado Division of Wildl i fe ,  Denver, Colorado 

I n  1965 Dick Denney wrote "Recent times . . . have seen possibly t h e  
g r e a t e s t  population t o  da te ,  and because of hab i t  a t  l i m i t a t i o n s ,  perhaps t h e  
l a r g e s t  e l k  herd t h e  s t a t e  w i l l  ever know." While he  f e l t  s tatewide es t imates  
were a matter  of conjec ture ,  u n o f f i c i a l  "guestimates" ran  around 50,000 e l k  
(Denney 1965). In  1977 h e  estimated t h e r e  were 125,000 e l k  and s t a t e d  t h a t  w e  
were very poss ib ly  i n  t h e  heyday of e l k  numbers and could only expect t o  
manage more i n t e n s i v e l y  with lower numbers i n  years  t o  come (Denney 1977). I n  
1982 my scenar io  i s  t h e  current  mandate t h a t  w e  hold e l k  populations a t  o r  
s l i g h t l y  below current  l eve l s .  Hopefully I o r  my successor w i l l  s t i l l  be 
making t h e  same optomist ic  report  i n  1988. 

When we wrote our S t r a t e g i c  Plan i n  1977 we were too  conservative. By 
1983 w e  s a i d  w e  wanted t o  harves t  27,300 e l k  statewide and have 118,500 a f t e r  
t h a t  season. 

Table 1. Colorado Elk Population Estimate - Hunters and Harvest 1980-1981 

Post Season 
Year Population E s t  . Hunters Harvested 

Between 1977 and 1981 we adjus ted  our populat ion and harves t  estimates 
downward t o  dea l  with repor t ing  and non-report ing  b ias  i n  our harves t  es t imate  
techniques and from a r e a l  population reduct i o n  t h a t  r e su l t ed  from increased 
cow h a r v e s t s  i n  problem areas.  

Now t h a t  we've so boldly given numbers, w e  should address t h e  process by 
which t h e s e  numbers were generated. Since 1977 w e  have managed e l k  using an 
o b j e c t i v e  approach. This involves an annual cycle of monitoring and decision- 
making t h a t  culminates each year i n  a prescribed hunting season (see  next 
page) 

Unlike most Wi ld l i f e  Commissions who review and approve hunting season 
s t r u c t u r e s  only, our Commission a l s o  reviews and approves ind iv idua l  herd  
ob jec t ives .  This is  poss ib le  because of t h e  way they a r e  presented decis ion  
packages (Appendix I & 11). The Management Objectives form gives short-  and 
long-term herd  ob jec t ives  a s  well  a s  t h e  harves t  ob jec t ive  designed t o  meet 
herd  objec t ives .  Taken a l t o g e t h e r  , t h e s e  forms represent  our st a t  ewide 
ob jec t ives  and hunt s t r u c t u r e  . 



Objective Cycle of ElkfHarvest  and Management (adapted from Connolly 
i n  Wallmo 1981, page 263). 

I /- Selec t  Management Objectives 
Review and Change a s  needed 1 - 

I Monitor Harvest,  Assess Elk Herd 
Compare with Harvest (DAU) and Habitat 

Object ives 

I If 
Hunt Elk 

.1 
Set Harvest Obj. by DAU 

/ Compatible with Populat ion 

I 
Ob j. and Herd S ta tus  

J 
Set Hunting Regulation a s  Needed t o  Achieve Harvest Goal 

What is a DAU? A Data Analysis Unit (DAU) i s  our terminology f o r  a herd 
u n i t ;  a DAU is  t h e  predetermined geographic area  on which we e s t a b l i s h  long 
range ob jec t ives  , management plans,  and i n  which population data  i s  I co l l ec ted .  It i s  assumed t h a t  a l l  t h e  population i s  wi th in  t h e  boundaries of 
t h e  DAU when da ta  a r e  co l l ec ted  ( i . .  , during hunting season and i n  t h e  
winter) .  Over t h e  l a s t  seve ra l  years  we have made an e f f o r t  t o  insure  t h i s  i s  

) t r u e  by extens ive  tagging and banding s tudies .  Several  adjustments i n  DAU 
boundaries have been made and more w i l l  be made a s  we l ea rn  more about 
movement and d i s t r i b u t i o n  of each herd. A DAU i s  no smaller  than a Game 
Management Unit (GMU) and i t s  boundaries correspond t o  t h e  GMUOs it 
includes.  Example - DAU E-1 includes GMUOs 1, 2 and 201 (Appendix 111). 

I Colorado c o l l e c t s  much of t h e  same data  a s  o ther  e l k  s t a t e s  t o  make hunt 
recommendations, but each DAU uses computer s imulat ions t o  s t o r e  da ta  and make 
decisions.  Over t i m e  t h e s e  simulat ions have given our managers a t o o l  t o  
a l i g n ,  quant i fy  and reconstruct  populations. A very readable d iscuss ion on 

( our simulat ions program was presented by Tom Po j a r  (1977). 

Data used i n  computer s imulat ions are:  

I 1. Herd composition - Data a r e  obtained from h e l i c o p t e r  counts conducted 
i n  December and January. During most winters  we c l a s s i f y  between 15-20 
thousand elk.  We r e a l i z e  t h e  l i m i t a t i o n s  of t h i s  da ta ,  but make a 

I conscious e f f o r t  t o  get an adequate sample s i z e  and c o l l e c t  t h e  da ta  i n  
such a way t h a t  it represents  t h e  population. 

2. Harvest es t imate  - W e  consider ( a )  prec is ion  requirements f o r  t h e  (b) 

I 
s p e c i f i c  season and (c)  geographic a r e a  i n  order  t o  determine a 
s u f f i c i e n t  sample s i z e  of hunter  quest ionnaires.  An t l e r l e s s  l i cense  
holders  a r e  sampled a t  t h e  40% leve l .  Antlered l i c e n s e  holders  a r e  
sampled a t  approximately 20%. Up t o  3 follow-ups a r e  sent  t o  non- 

I respondents so  t h a t  we get an 85-90% re tu rn  from our quest ionnaire.  We 
f e l t  t h a t  we were g e t t i n g  repor t s  of both deer and e l k  harvested on t h e  
e l k  ques t ionnai re ,  e spec ia l ly  during t h e  combined deer-elk season. To 
test t h i s  hypothesis ,  a subsample of reported successful  e lk  hunters  
w a s  sent  a personal  l e t t e r .  We found t h a t ,  indeed, those  hunters  who 
hunted t h e  combined season were so i n t e n t  on t e l l i n g  us they had k i l l e d  
a deer o r  e l k  t h a t  they were just  a s  l i k e l y  t o  repor t  t h e  k i l l i n g  of a 



deer  on t h e  e l k  ques t ionnai re  a s  they were an elk. A s  a r e s u l t ,  we 
redesigned t h e  ques t ionnai re  s o  t h a t  t h e  word "elk" was used i n  every 
ques t ion  on t h e  e l k  quest ionnaire.  I n  1980 we resurveyed respondents 
on t h e  e l k  ques t ionnai re  and found we had e s s e n t i a l l y  resolved t h e  
r epor t ing  b ias  by t h e  revis ion .  To address nonreporting b ias  we 
contacted a sample of nonrespondents v i a  a telephone survey. On a 
s ta tewide  bas i s  we could not de tec t  a nonreporting bias. However, our 
f i e l d  people have i n t u i t i v e l y  f e l t  t h e  st a t  ewide survey overestimated 
t h e  e l k  harves t .  Consequently , we conducted an independent post card 
survey i n  a DAU where t h i s  seemed t o  be a problem. Results  of t h a t  
survey yielded e s s e n t i a l l y  t h e  same estimated harves t  f o r  t h e  
a n t l e r l e s s  por t ion  of t h e  ha rves t ,  BUT a s u b s t a n t i a l l y  lower a n t l e r e d  
ha rves t  est imate.  Similar  independent survey i n  another DAU yielded 
about t h e  same r e s u l t s  i n  1981. We suspect t h a t  our s tatewide survey 
overest imates ha rves t ,  but t h a t  t h e  overest imate i s  d i f f e r e n t  f o r  
d i f f e r e n t  a reas  of t h e  S t a t e  depending on t h e  c h a r a c t e r i s t i c s  of t h e  
hunting publ ic ,  i.e., number of nonresident hunters ,  r u r a l  o r  urban 
background, e tc .  We in tend t o  continue t h e  postcard survey. J i m  
Olterman from our SW Regional Office has put together  a shor t  'how to" 
memo on it which i s  ava i l ab le  on request .  

3. Age of harves t  - Hunter-returned tooth  mailers  and co l l ec t ions  made by 
our personnel during t h e  hunting seasons supply in£  ormation t o  
determine age or  harves t .  We found t h a t  check s t a t i o n  co l l ec t ions  were 
expensive and did not provide an adequate sample from some a reas  and 
none from others .  Our l a b  ages a l l  t e e t h  using den ta l  cementum 
techniques. Pre-s,eason numeric ob jec t ives  a r e  s e t  by DAU t o  insure  
adequate sample s i zes .  

We a r e  i n  t h e  process of formalizing and c l a r i f y i n g  a system f o r  t h e  
management t h a t  has  evolved over t h e  l a s t  s e v e r a l  years. Every s t e p  i s  
sub jec t  t o  peer review and refinement. Simulations a r e  used t o  organize, 
quant i fy ,  and re in fo rce  t h e  knowledge and experience of w i l d l i f e  managers. We 
acknowledge t h e  shortcomings of our system and a r e  working t o  make it be t t e r .  

The major shortcoming, i n  our view, i s  t h a t  we do not have a second 
independent method t o  es t imate  e l k  numbers over l a rge  geographic areas.  Our 
goal  i s  t o  develop a reasonable quan t i f i ab le  method and t o  check t h e  computer 
s imula t ion  agains t  i t  f o r  va l ida t ion .  Given t h a t ,  we can s e t  p r i o r i t i e s  and 
implement a system t h a t  t r a c k s  e l k  populations through time. 
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19e2 Prehunt P ro jec t ion  

1 1982 Harvest Object ives 
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BY GMU 
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ELK STATUS AND MANAGEMENT I N  IDAHO 

J.L. THIESSEN, Idaho Department of Fish and Game, Boise, Idaho 

Elk a r e  Idaho's premium big game species.  They a r e  found over about 50% 
of Idaho (41,250 square miles)  with summer d e n s i t i e s ,  i n  a reas  open t o  
hunting,  varying from about 0.4 t o  3.0 per square mile. Elk h a b i t a t  i s  
located  genera l ly  north of t h e  Snake River Plains.  

Wildf i res  i n  t h e  e a r l y  1900's c rea ted  extens ive  s e r a 1  brushf ie lds  i n  
nor thern  and c e n t r a l  Idaho which provided abundant forage f o r  elk.  Improved 
f i r e  suppression techniques s ince  about 1940 have resu l t ed  i n  l e s s  forage 
being created.  Also, plant  succession has reduced t h e  amount of e l k  forage on 
e x i s t i n g  brush f i e l d s .  Maintaining l a r g e  numbers of e l k  i n  northern and 
c e n t r a l  Idaho is  dependent upon good forage production being maintained by 
prescr ibed burning o r  o ther  techniques. 

South of t h e  Salmon River, f i r e  has not played t h e  same r o l e ,  
p a r t i c u l a r l y  a t  lower e levat ions .  Elk a r e  more dependent on n a t u r a l  openings 
f o r  forage and such a reas  a r e  usual ly  i n  adequate supply. Maintaining l a rge  
numbers of e l k  i n  southern Idaho i s  dependent upon providing adequate cover 
and s e c u r i t y  a reas  adjacent  t o  forage areas.  

Through t h e  e a r l y  1970's, t h e  Department allowed general  ei ther-sex e l k  
hunt ing  over much of Idaho. This philosophy seemed appropr ia te  i n  t h e  1950's 
and e a r l y  1960's when hunter  numbers were r e l a t i v e l y  low, access t o  many p a r t s  
of t h e  s t a t e  was l imi ted ,  e l k  populations appeared t o  be r e l a t i v e l y  s t a b l e ,  
and adjacent  st a t  e s  allowed similar seasons. 

By t h e  l a t e  1960's, condit ions had changed noticeably.  Numbers of 
hunters  and access were increas ing rapidly.  Data demonstrating t h a t  s e v e r a l  
herds  had been reduced pr imar i ly  by heavy harves t  became common. Production of 
ca lves  apparent ly  decreased. Regulations were being changed slowly, t o  reduce 
h a r v e s t s  . Elk hunters  had not iced  population decl ines  and were clamoring f o r  
inc reases  i n  e l k  numbers. 

By t h e  mid-1970's, t h e  Department had subs tan t ive ly  changed i t s  
philosophy regarding e l k  management. The main emphasis was and is  t o  r e s t o r e  
e l k  numbers. Seasons became more r e s t r i c t i v e  and most of t h e  s t a t e  was put 
under ant  lered-only hunting . 

Elk populations have increased not iceably  where these  r e s t r i c t i v e  seasons 
were applied.  We bel ieve  most herds i n  t h e  s t a t e  a r e  s t i l l  below what t h e  
h a b i t a t  can support.  Therefore, r e s t r i c t i v e  seasons w i l l  continue. With 
hunter  numbers, access,  and demand f o r  o the r  products from e l k  h a b i t a t  
inc reas ing ,  plus r e s t r i c t i v e  seasons i n  adjacent s t a t e s ,  we have reached t h e  
point  where genera l  ei ther-sex e l k  hunting may no longer be advisable  
s tatewide.  A t  t h e  l e a s t ,  any move i n  t h a t  d i r e c t i o n  should be taken very 
caut lous ly .  

Long range management plans (1981-85) f o r  e l k  were r ecen t ly  approved by 
t h e  Idaho Fish and Game Commission. A long range ob jec t ive  of r e a l i z i n g  over 
100,000 e l k  i n  Idaho by 1985 appears obtainable without jeopardizing h a b i t a t  



A t o t a l  of 78,700 e l k  t ags  were sold i n  Idaho i n  1981. Nonresidents 
purchased 8,726 of t h e  9,500 (quota) avai lable .  Twenty-three percent of t h e  
res iden t s  and 6% of t h e  nonresidents who purchased tags  did not hunt. The 
average success of a l l  r e s iden t s  who hunted was 10% and t h a t  of a l l  
nonresidents  who hunted was 18.5%. 

I n  1981, antlered-only hunting was provided on an unlimited bas is  i n  48 
of 96 management u n i t s  while general  ei ther-sex hunting was allowed f o r  par t  
of t h e  season i n  8 management uni ts .  F i f t een  u n i t s  were l imited t o  control led  
hunts only and 14 u n i t s  had control led  hunts i n  addi t ion  t o  general seasons. 
Twenty-f our management u n i t s  were closed t o  a l l  e l k  hunting. General seasons 
var ied  from 5 t o  68 days i n  length. General archery seasons were ava i l ab le  i n  
39 management u n i t s  and general  or  control led  muzzleloader seasons were 
a v a i l a b l e  i n  5 un i t s .  

One of t h e  object ives  i n  t h e  5-year e l k  management plan i s  t o  maintain 
post season r a t i o s  above 15-25 b u l l s  per 100 cows depending upon t h e  
management uni t .  P r io r  t o  1976, post season bu1l:cow r a t i o s  were high, 
varying from about 30-50:100 depending upon t h e  management un i t .  These r a t i o s  
have been reduced i n  t h e  past 6 years t o  about 20-40:100 because of t h e  heavy 
emphasis on b u l l  harves t .  The percent of males i n  t h e  harvest  f o r  t h e  10-year 
period 1972-1981 was 53, 53, 57, 62, 84, 80, 80, 83 and 78, respectively.  

About 11 checking s t a t i o n s  a r e  operated annually i n  major e l k  producing 
a reas  t o  obtain data  on k i l l  locat ion,  age s t r u c t u r e  of t h e  harves t ,  a n t l e r  
development, and other  physical  parameters, a s  wel l  a s  hunter  success and 
a t t i t u d e s .  

Approximately 10,000 e l k  a r e  counted and 8,000 c l a s s i f i e d  each winter  
with t h e  a i d  of he l i cop te r s .  Post season cow:calf r a t i o s  vary between 100:25- 
60 depending upon t h e  uni t  with most herds having r a t i o s  i n  t h e  mid 40's t o  
mid 50's. The average r a t i o  has improved s l i g h t l y  s ince  1975. 

Harvest surveys a r e  conducted using a telephone contact system t o  
approximately 10% of e l k  t a g  buyers. The p r inc ipa l  benef i t s  of t h e  telephone 
techniques are:  1)  a precise  number of hunters  can be sampled; and 2) non- 
response b ias  i s  eliminated. A h i &  percentage (50-100%) of control led  hunt 
permit tees a r e  contacted via  t h e  telephone. Harvest f o r  t h e  10-year period 
1972-1981 was 9,300, 12,400, 8,700, 9,000, 4,100, 6,400, 7,700, 6,300, 8,300 
and 9,500, respect ively  . Over 400,000 hunter  days of recreat ion were expended 
f o r  e l k  i n  Idaho during 1981. 



MICHIGAN ELK HERD 

ROBERT STRONG, Michigan Department of Natural Resources, Lansing, Michigan 

Elk were na t ive  t o  t h e  Lower Peninsula of Michigan before t h e  land w a s  
s e t t l e d ,  disappearing about 1877 when man came with axe, plow, and r i f l e .  

The f i r s t  attempt t o  re-establish e l k  i n  t h e  s t a t e  was made i n  1916 when 
28 e l k  were imported from Jackson Hole, Wyoming. Some were re leased i n  1918 
i n  Alpena County and a few i n  Roscommon County. These at tempts f a i l e d  but a 
group of 8 e l k  re leased i n  t h e  Pigeon River S t a t e  Forest i n  1918 survived and 
increased i n  number. 

By t h e  e a r l y  1960's, t h e  e l k  population had increased t o  an estimated 
1,000 t o  3,000 animals. Their feeding e f f e c t s  were seen on f o r e s t  
reproduction and farm crops bordering t h e  fo res t .  Hunting seasons i n  1964 and 
1965 removed 477 e lk .  An add i t iona l  41 were taken by poachers and l o s t  t o  
c r i p p l i n g  during t h e  open season f o r  a t o t a l  removal of 518 elk. Poaching 
losses  and changes i n  land use and human dis turbances  a f t e r  t h e  2 seasons i n  
t h e  l a t e  1960's and ea r ly  1970's f u r t h e r  reduced t h e  herd. 

The e a r l y  1970's had seen a controversy between o i l  and gas developers 
and environmental is ts  over unregulated development i n  t h e  fo res t .  Court 
b a t t l e s  ensued f o r  10 years  with a compromise reached i n  1980 which allowed 
one o i l  company , i n s t e a d  of 5 t o  explore and d r i l l  wells  under t h e  strict 
supervis ion  of t h e  Department of Natural Resources and a c i t i z e n  group. The 
d r i l l i n g  w i l l  be accomplished with each loca t ion  of wells, p ipe l ines ,  and 
f a c i l i t i e s  located  i n  t h e  l e a s t  environmentally s e n s i t i v e  areas .  Elk, bear ,  
and bobcat were t h e  p r inc ip le  w i l d l i f e  species  mentioned throughout a l l  t h e  
proceedings with elk-versus-oil t h e  main t h r u s t  of most concern. 

A combined aerial-ground census i n  1975 showed an a c t u a l  count of 159 e l k  
and an est imated t o t a l  of 200. Public  concern f o r  t h e  e lk  has r e su l t ed  i n  
increased law en£ orcement e f f o r t s  and st epped-up hab i t  a t  improvement. A 
s i m i l a r  count i n  1977 showed 255 a c t u a l  and 300 estimated e lk ,  while t h e  
l a t e s t  count i n  December, 1980, showed an a c t u a l  count of 437 e l k  and an 
est imated herd of 500. 

Fores t  reproduction is s u f f e r i n g  from e l k  browsing, e spec ia l ly  sugar 
maple, basswood, and large-toothed aspen. Some farms on t h e  edge of t h e  
f o r e s t  have suffered  damage t o  corn, a l f a l f a ,  and beans. The herd probably 
exceeds 600 e l k  a t  t h i s  time and various types of con t ro l  a r e  being considered 
i n  t h e  management of t h e  growing herd. 



MONTANA STATUS REPORT 

TERRY N. LONNER, Montana Department of Fish,  Wildl i fe  and Parks, Bozeman, 
Montana 

Montana's human population i s  about 750,000 and 1 out of every 7 people 
i n  t h e  s t a t e  hunt e lk .  There is present ly  about 1 e l k  f o r  every 10 people and 
most of t h e  e l k  populations i n  t h e  s t a t e  a r e  cu r ren t ly  a t  a  l e v e l  where 
f u r t h e r  inc reases  could cause severe winter  depredation problems on p r iva te  
lands. Although we've acquired over t h e  years 18 big game management areas  
(168,702 ac res  deeded and 66,452 ac res  leased)  mostly f o r  winter  range, only 
about 10% of a l l  t h e  e l k  use these  areas.  

Elk a r e  d i s t r i b u t e d  primari ly i n  t h e  fo res ted  a reas  of western and 
c e n t r a l  Montana, but a l s o  occur i n  t h e  Missouri River Breaks of nor theas tern  
Montana. Land ownership s t a t u s  where e l k  occur i s  73% publ ic ,  2% s t a t e  school 
land,  and 25% pr ivate .  Approximately 80% of t h e  e l k  harvest  occurs on publ ic  
land,  which is almost e n t i r e l y  na t iona l  fo res t .  

Proposals f o r  t h e  1982 e l k  hunting season involve 127 e l k  hunt ing  
d i s t r i c t s  with b a s i c a l l y  5 kinds of hunting regulat ions.  These are:  archery 
only (most a l l  u n i t s  during t h e  s p e c i a l  archery s e a e q  and 1 uni t  during t h e  
genera l  r i f l e  season); ei ther-sex hunting but mostly with shor t  seasons f o r  
cows and calves (20 u n i t s ) ;  an t l e red  b u l l  hunting with t h e  harves t  of cows and 
ca lves  con t ro l l ed  by permits o r  quotas (77 u n i t s ) ;  an t l e red  b u l l  only (11 
u n i t s ) ;  and permit only (18 un i t s ) .  

Elk hunting s t a r t s  about September 10 with a general  archery season t h a t  
lasts 1 month and continues with a general  r i f l e  season t h a t  begins about 
October 20 and ends i n  l a t e  November. There a r e  2 prescheduled l a t e  hunts  by 
permit only s t a r t i n g  i n  mid-December and ending i n  mid-February t h a t  t a k e  
p lace  i n  t h e  upper Yellowstone and G a l l a t i n  drainages near Yellowstone 
National  Park. Over 90% of t h e  e l k  ha rves t ,  however, occurs during t h e  
genera l  r i f l e  hunting season. Depending on winter  seve r i ty ,  depredation hunts  
a l s o  occur t o  con t ro l  e l k  numbers. 

S t a r t i n g  t h i s  year (1982) t h e  Montana res ident  w i l l  pay $9.00 f o r  an e l k  
t a g  and an a d d i t i o n a l  $2.00 f o r  a  conservation l icense .  For con t ras t ,  a  
r e s iden t  deer hunter  w i l l  pay $8.00 f o r  a  deer tag. Another $6.00 must be 
paid t o  hunt e l k  with a long bow and arrow. Beginning t h i s  year ,  t h e  
nonresident e l k  hunter  w i l l  have t o  pay $275.00 and t h i s  l i c e n s e  must be 
purchased from t h e  Fish,  Wildl i fe  and Parks o f f i c e  a t  t h e  S t a t e  Capitol  i n  
Helena on a f i r s t  come, f i r s t  served basis .  This l i c e n s e  includes 1 deer t ag ,  
an e l k  t a g , l  black bear t a g ,  and author izes  hunting f o r  game b i rds  and 
f i sh ing .  It a l s o  gives them t h e  p r i v i l e g e  t o  buy some s p e c i a l  t a g s  (g r i zz ly  
bear, l i o n ,  archery stamp) and apply f o r  o thers  (e i ther-sex  e l k ,  sheep, goat ,  
moose and antelope).  Application f o r  s p e c i a l  l i c e n s e s  must be made by June 
15, f o r  both re s iden t  and nonresident.  I n  1981 t o t a l  e l k  l i cense  s a l e s  
cont r ibuted  t o  over h a l f .  (53%) of the  l i cense  f e e  revenue generated by a l l  
hunting during t h a t  year. 

I n  recent years ,  hunting demand f o r  e l k  has been cont inual ly  increas ing,  
but t h e  e l k  supply has remained about t h e  same with an average annual harves t  
of 12,800 s ince  1975. The number of e l k  hunters  reported a f i e l d  i n  Montana 



has  increased from 78,000 i n  1970 t o  90,000 i n  1980. Although survey r e s u l t s  
a r e  not complete f o r  1981, t o t a l  e l k  l i c e n s e s  so ld  were i n  excess of 
100,000. Nonresident e l k  hunters  reported a f i e l d  increased from 9,750 i n  1971 
t o  18,000 i n  1975. I n  1976, a 17,000 l i m i t  with an increased l i cense  f e e  was 
placed on nonresident e l k  l icenses .  This quota was reached l a s t  year by July 
20. 

Our statewide ob jec t ive  f o r  1985 i s  t o  provide 676,300 days of e lk  
hunting annually a t  a hunting success r a t e  of 15% with an average e f f o r t  of 46 
days per  e l k  harvested. This means a sus ta ined harves t  goal  of about 14,700 
e lk .  

Research emphasis on e l k  cu r ren t ly  involves t h e  winding down of an elk- 
logging-roads study t h a t  i s  i n  t h e  f i n a l  repor t  prepara t ion  phase. Radio 
te lemetry  is  being used on a broad s c a l e  t o  he lp  us b e t t e r  understand seasonal  
d i s t r i b u t i o n  and movement p a t t e r n s  wi th in  s e v e r a l  of our management un i t s .  We 
a r e  a l s o  concerned about below normal net ca l f  recruitment i n  a few e l k  
populat ions where spike  b u l l s  a r e  t h e  primary herd s i r e s .  Suspecting t h a t  a 
lack  of mature b u l l s  i n  t h e  pre-hunting population i s  t h e  reason f o r  t h e  
problem, w e  i n i t i a t e d  l a s t  f a l l  a branch-antlered b u l l  season i n  one of these  
areas .  This is  an experiment t o  see  i f  allowing more b u l l  recruitment i n t o  
o lder  age c l a s s e s  w i l l  he lp  a l l e v i a t e  t h e  problem. 



ELK MANAGEMENT I N  NEW MEXICO 

GARY L. RICKMAN, New Mexico Department of Game and Fish,  S i l v e r  City,  New 
Mexico 

The est imated e l k  population i n  New Mexico is  13,000. The hunt s t r u c t u r e  
has been a s t r a t i f i e d  season with unlimited permits. I n  1980 15,721 hunters  
were a f i e l d  and they harvested 2,111 e l k  f o r  a success r a t e  of 13.4%. 

Through research e f f o r t s  i n  t h e  southwestern quar t e r  of t h e  s t a t e ,  on 
Fort  Bayard and T-Bar, we found with t h i s  type of hunting,  e spec ia l ly  i n  a reas  
with easy access,  t h a t  t h e  bu1l:cow r a t i o  was decl ining.  The pregnancy r a t e s  
of cows i n  such areas  were a l s o  decl ining.  The da ta  from Fort Bayard, a 
refuge,  when compared with da ta  from T-Bar which i s  a high access a rea ,  
ind ica ted  t h a t  t h e r e  w a s  t o o  much pressure being placed on t h e  b u l l  segment of 
t h e  population. There was a l s o  a high inc ident  of i l l e g a l  k i l l s  recorded 
during t h e  hunt i n  t h e  high access areas.  

With t h i s  information a t  hand it was recommended t h a t  t h e  e l k  hunt be 
changed t o  a l imi ted  permit system f o r  each e l k  management un i t .  This 
recommendation was accepted f o r  t h e  1981 season. On t h e  T-Bar t h e  number of 
hunters  dropped from 934 hunters  t o  491, t h e  harves t  from 108 b u l l s  plus 26 
i l l e g a l  k i l l s ,  t o  79 b u l l s  and no i l l e g a l  k i l l s ,  and t h e  hunter  success rose 
from 11.5% t o  16%. Statewide t h e r e  was a decrease of 2,600 hunters  a f i e l d ,  
614 fewer e l k  harvested and an increase  of 1.6% i n  t h e  hunter  success t o  15%. 

Each winter  a s  funds permit a e r i a l  surveys a r e  flown on each of t h e  major 
e l k  herds i n  t h e  s t a t e .  This is  done t o  determine population t r ends  and ca l f  
s u r v i v a l  r a t e s .  This da ta  is  used t o  determine t h e  number of permits t o  be 
i ssued i n  each management uni t .  It is f e l t  t h a t  given t h e  r e s u l t s  of t h e  1981 
hunt t h a t  t h e  bu1l:cow r a t i o  w i l l  increase  and t h e r e  by an inc rease  w i l l  be 
seen i n  pregnancy ra te s .  

A t  present t h e  e l k  research e f f o r t s  a r e  on twin study a reas ,  Fort Bayard, 
a refuge,  where t h e r e  i s  l i t t l e  o r  no pressure on t h e  population and T-Bar 
where t h e  a rea  i s  highly  accessable and receives  outs ide  pressure year 
around. By comparing data  on t h e  2 a reas  we can get a f e e l  of what a f f e c t  
t h e s e  pressures  w i l l  have on an e l k  herd. 

There a r e  3 bas ic  s tud ies  ongoing i n  these  areas ;  d isease ,  population 
dynamics, and eleaophorosis.  A l l  t h e  da ta  co l l ec ted  w i l l  be used i n  an 
attempt t o  bui ld  a management model f o r  e l k  i n  New Mexico. 

On t h e  Fort Bayard study a rea  t h e  e l k  were experiencing a decl ine  i n  
pregnancy r a t e s  from 100% i n  1978 t o  40% i n  1980. It was a l s o  noted t h a t  
during t h e  1980 breeding season t h e  b u l l s  were remaining with breeding groups 
2 months longer than normal ind ica t ing  an extended breeding period. During 
t h a t  same year small spot ted  calves were observed i n  l a t e  October and e a r l y  
November cont rary  t o  t h e  norm. Calves have normally l o s t  t h e i r  spots  by l a t e  
September. Since t h i s  i s  a non-hunted herd it was f e l t  t h a t  t h e r e  might be a 
d i sease  causing t h e  problem. The symptoms of a reduced pregnancy r a t e  and a 
prolonged ca lv ing period a r e  a textbook example of Cambylobacter f e t u s  
( v i b r i o s i s ) .  



I n  t h e  winter  of 1980-81 we captured and pregnancy t e s t e d  14 elk. Blood 
samples were taken from each e l k  and t h e  s e r a  was shipped t o  A m e s ,  Iowa f o r  
ana lys i s .  The r e s u l t s  of these  t e s t s  were negative f o r  l e p t o s p i r o s i s  and 
b ruce l los i s .  The t e s t  f o r  v i b r i o s i s  showed 1 cow pos i t ive ,  12 cows had 
probable exposure a t  3 d i f f e r e n t  l e v e l s ,  and 1 negative. The cow which t e s t e d  
p o s i t i v e  was not pregnant. Eight cows a t  t h e  next lower l e v e l  of exposure had 
a 50% pregnancy r a t e .  The 4 cows a t  t h e  next lower l e v e l  of exposure had a 
75% pregnancy r a t e ,  and t h e  1 cow t h a t  t e s t e d  negative was pregnant. 

This was more than enough f o r  us t o  continue research on C. f e t u s  i n  e l k  
on Fort Bayard and T-Bar even though t h e r e  had been v i b r i o s i s  t e s t  run i n  t h e  
past  on T-Bar with negative r e s u l t s  shown. The most recent  t e s t  on T-Bar show 
a probable exposure a t  low levels .  

Research on eleaophorosis  has been ongoing i n  t h e  Gila National Forest on 
t h e  T-Bar s ince  t h e  1960's. D r .  Grant Kinser of New Mexico S t a t e  Universi ty 
has  found an e f f e c t i v e  i n s e c t i c i d e  ( ~ y r e t h r i n )  which w i l l  k i l l  t h e  
int,ermediate hos t .  -This l a s t  year e a r  t a g s  impregnated with t h e  i n s e c t i c i d e  
were put on c a t t l e  re leased i n  t h e  area. It i s  hoped t h a t  t h e  long term 
e f fec t iveness ,  28 days, w i l l  encompass t h e  emergence period of the  vector .  
The r e s u l t s  of t h i s  a c t i o n  has not yet been determined. 



OREGON STATUS REPORT 

ROBERT N. JUBBER, Oregon Department of Fish and Wildlife,  Portland, Oregon 

Rocky Mountain Elk 

Oregon's Rocky Mountain e lk  population est imates f o r  1980 and 1981 were 
14% and 5% above t h e  management object ive  l eve l ,  respectively.  Two mild 
winters  i n  a row with good cal f  production continued t o  maintain t h e  herds a t  
l e v e l s  which required s u b s t a n t i a l  ha rves t s  of a n t l e r l e s s  e l k  i n  both 1980 and 
1981. Bull  r a t i o s  averaged 7 compared t o  6 i n  1980 and 7 i n  1979. Damage 
complaints from June 1980 through May 1981 dropped 7% from t h e  1979-80 t o t a l  
due t o  a very mild, open winter  (76 t o  57). Current condit ions have required 
t rapping,  feeding and hazing t h e  northeast  uni ts .  A summary of herd inventory 
data  is provided i n  Table 1. 

Hunting seasons were changed s u b s t a n t i a l l y  f o r  1980 and 1981 with a s p l i t  
e l k  season adopted by t h e  Fish and Wildl i fe  Commission. The main goals of 
t h i s  s t r a t e g y  were to :  

a. Reduce opening weekend hunting pressures statewide;  
b. Maintain adequate b u l l  escapement; and 
c. Provide reasonable q u a l i t y  hunter  experience. 

Two popular e l k  u n i t s  have continued on l imi ted  ent ry  bas is  with a 3- 
point  bag l i m i t  on t h e  Snake River Unit maintained f o r  t h e  1981 season. Hunter 
numbers continue t o  increase  even though they must choose a 5-day f i r s t  period 
o r  a 9-day second season. Elk t a g  s a l e s  f o r  1981 show a 3.5% increase  from 
1980. The 1980 estimated b u l l  harvest  was 30% above t h e  1979 l e v e l  with 8,967 
reported taken compared t o  6,244. 

A t o t a l  of 13,800 control led  a n t l e r l e s s  permits plus 2,025 damage 
control led  hunt permits were authorized i n  1980, compared t o  14,900 and 1,825, 
r e spec t ive ly  i n  1981. The 1980 permits generated a k i l l  of 6,210 a n t l e r l e s s  
elk.  Success f o r  t h e  1981 b u l l  season may compare with l a s t  year's k i l l  and 
t h e  a n t l e r l e s s  hunts f o r  t h e  past season were q u i t e  successful  based on f i e l d  
checks only. The f i r s t  period b u l l  hunt draws 65% of our Rocky Mountain e l k  
hun te r s  . 
Roosevelt Elk 

Western Oregon e lk  herds showed a steady increase  from 1979 through 1981, 
with ca1f:cow r a t i o s  a t  36:100 i n  1979, 37:100 i n  1980, and 33:100 i n  1981. 
Bu1l:cow r a t i o s  continued t o  average 9:100 f o r  t h e  Roosevelt herd. A summary 
of herd inventory data  is  provided i n  Table 1. 

Damage problems continue a t  high l e v e l s  with 122 complaints received i n  
t h e  1979-80 period and 113 complaints f o r  t h e  1980-81 report  period. 

Trapping and moving animals t o  new areas  i s  s t i l l  feas ib le ,  but most of 
t h e  compatible Roosevelt range has been successful ly  stocked. Damage problems 
have a l s o  been a l l e v i a t e d  by emergency hunts , cont r o l l e d  ant  l e r l e s s  hunts , 
fencing, hazing, and k i l l  permits. 



Hunting season changes were adopted f o r  1980 and 1981 with t h e  s p l i t  b u l l  
e l k  season providing a 4-day and 7-day season. The 1980 season s t a t i s t i c s  
show t h a t  60% of t h e  hunters  p re fe r  t h e  f i r s t  period hunt i n  t h e  c o a s t a l  a rea ,  
compared t o  41% i n  t h e  Cascade Mountains un i t s .  

I n  1980, 2,000 con t ro l l ed  a n t l e r l e s s  permits and 740 damage permits were 
author ized  and i n  1981, 1,000 con t ro l l ed  and 1,195 damage permits were 
authorized.  

Two of t h e  h i s t o r i c a l l y  popular e l k  u n i t s ,  Tioga and Saddle Mountain, a r e  
under a  3-point b u l l  bag l i m i t  and l imi ted  en t ry  on a first-come, f i r s t - s e r v e  
bas is .  A l l  o ther  u n i t s  a r e  sp ike  b u l l  bag limits and no hunter  quotas. 

Management objec t ives  f o r  Roosevelt e l k  have not yet been determined. 

Inventory of both Rocky Mountain and Roosevelt e l k  is accomplished 
pr imar i ly  by a e r i a l  census. The s u b s t a n t i a l  number of con t ro l l ed  a n t l e r l e s s  
hunts  t h e  past  2 years has  provided opportunity f o r  c o l l e c t i o n  of reproductive 
t r a c t s  and jawbones f o r  f e t a l  r a t e  and age c l a s s  determinations i n  t h e  various 
herds.  



Table 1. Herd inventory data ,  1980-81 

Rocky Mountain Elk 

1. Population Trends \ 

Year - 
Elk Miles 

Observed Travelled 

Management Objective (M. 0. ) 

2. Herd Composition 

M . O . ' ~  range from 3 b u l l s  t o  20 bulls/100 cows. 

I 
Roosevelt Elk 

1. Population Trends 

, Elk Miles 
Year - Observed Travelled 

1980 1,310 

2. Herd Composition 

Number Calves per 
Year - Class i f i ed  100 Cows 

Elk per Mile 

Bulls  per 
100 Cows 

7 

Elk per Mile 

Bulls  per 
100 Cows 

t M.O.'s a r e  5 t o  7 bulls/100 cows. 



ELK STATUS AND MANAGEMENT ON UINTAH AND OURAY I N D I A N  RESERVATION, UTAH 

KENNETH L. PARR, Ute Indian Tribe, Vernal, Utah 

The U.S. Fish and Wildl i fe  Service (FWS), Bureau of Indian Affairs  (BIA), 
and T r i b a l  Fish and Wildlife personnel have gathered and analyzed a l l  survey 
d a t a  from 1972 t o  1981. During t h e  l a t t e r  part  of 1981 t h e  Ute Tribe employed 
t h e i r  own b io log i s t  t o  continue with t h e  w i l d l i f e  surveys. The Ute Tribe Fish 
and Wi ld l i f e  Department enforces a s t r i c t  f i s h  and game code on t h e  
reservat ion.  

Study Area 

The Uintah and Ouray Indian Reservation of t h e  northern Ute Tribe is  
located i n  t h e  Uintah Basin of northeast  Utah. The reservat ion cons i s t s  of 3 
a reas ;  t h e  Hi l lcreek Unit, which is  an i s o l a t e d  southern extension of t h e  
rese rva t ion ,  t h e  Avintiguin Unit, and t h e  North Unit. The t o t a l  land mass of 
t h e  reservat ion i s  1,006,903 acres. 

The land s t a t u s  within t h e  reservat ion 's  e x t e r i o r  boundaries is  
checkerboarded comprised of t r i b a l ,  s t a t e ,  and p r iva te  lands. Land s t a t u s  
surrounding t h e  rese rva t ion  cons i s t s  of Forest Service,  Bureau of Land 
Management (BLM), and p r iva te  ownership. 

Vegetation types found i n  t h i s  area  include conifer ,  aspen, meadow 
(summer range), sagebrush-grass , sagebrush-mount a i n  brush-grass , mountain 
brush- juniper,  pinyon/ juniper,  pinyon/ juniper-sagebrush , pinyon/ juniper-grass , 
pinyon/ juniper/sagebrush-grass, and a g r i c u l t u r a l  land (winter range) (Utah 
Division of Wildl i fe  Resources 1966). 

Elk Management and St a t  us 

Management Problems. Elk management on t h e  Uintah and Ouray Reservation 
i s  a d i f f i c u l t  t a s k  due t o  t h e  in te r spers ion  of landownership. There is o i l  
and gas explora t ion both on and off - the  reservat ion,  and t h e  t r i b e  l eases  
wel ls  on what i s  now considered c r i t i c a l  winter  h a b i t a t .  These energy 
developments increase  employment, l o c a l  human populations, recreat ion use, 
secondary roads, and a l s o  increases  poaching of big game on t h e  reservation.  
The Ute Tribe has increased t h e  Fish and Wildl i fe  Department s t a f f  from 5 t o  9 
t o  counter t h e  increased poaching, and b e t t e r  manage t h e  area. 

Livestock a r e  an important pa r t  of t h e  area 's  economy, however t h e  
rese rva t ion  a l lo tments  a r e  not present ly  f i l l e d  t o  capacity. Present l ives tock  
numbers on t h e  reservat ion limit competition, however i f  al lotments a r e  f i l l e d  
t o  capaci ty  forage competition and range d e t e r i o r a t i o n  may occur, s i n c e  
w i l d l i f e  AUM have not been f igured i n t o  t h e  allotments. 

Elk Harvest. Elk hunting on t h e  rese rva t ion  is  present ly  l imi ted  t o  
t r i b a l  members. The season is approximately 1 month (September 15 t o  October 
25) and c lose ly  corresponds t o  t h e  s t a t e  season. Tr iba l  members can t a k e  
e i t h e r  sex  using r i f l e  or  archery equipment. 

During t h e  1981 e l k  hunt 349 t a g s  were issued t o  t r i b a l  members t o  hunt 
anywhere on t h e  reservation.  There were 156 hunter  report  card re tu rns  



i n d i c a t i n g  t h e  harves t  of 49 bu l l s  and 15 cows. The hunt success was 41X.The 
low number of t r i b a l  members hunting does not adversely e f f e c t  t h e  e l k  
populat ion on t h e  r e se rva t ion  a t  t h e  present time. 

Population Sta tus .  Population ( t r end)  monitoring of e l k  (and dee r )  
c o n s i s t s  of an a e r i a l  survey. This survey was i n i t i a t e d  by t h e  FWS i n  1972 
and has continued through 1982 with t h e  Ute Tribe and t h e  B I A  now responsib le  
f o r  t h i s  important survey. This survey is  conducted i n  each uni t  of t h e  
r e se rva t ion ,  c l a s s i f y i n g  animals by age and sex. The FWS and Ute Fish and 
Wi ld l i f e  Department e s t ab l i shed  31 browse u t i l i z a t i o n  and p e l l e t  group 
t r a n s e c t s  a s  another  t o o l  t o  monitor e l k  (and deer)  populations. These 
surveys show t h a t  e l k  a r e  evenly d i s t r i b u t e d  over 2 a reas ,  t h e  North Unit and 
t h e  Hi l l c reek  Unit. 

The bu1l:cow r a t i o  f o r  Hi l l c reek  i s  1:4(Table 1) ind ica t ing  t h e  herd 
could s u s t a i n  a g r e a t e r  b u l l  harves t  than is present ly  occurring. The 
cow:calf r a t i o  i n d i c a t e s  good production, however t h e  a e r i a l  c l a s s i f i c a t i o n  
f l i g h t s  of 1981 and 1982 were very l a t e ,  and t h e  l a rge  herds (200+) t h a t  we 
encountered precluded accura te  c l a s s i f i c a t i o n s  o ther  than b u l l s  and 
unc lass i f i ed .  The inc reases  i n  e l k  numbers (Fig. 1)  may be a t t r i b u t e d  t o  
s e v e r a l  f ac to r s .  These include minimal hunting pressure and harvest .  Present  
minimal l ives tock  useage has reduced competition f o r  forage. I n  add i t ion ,  
migrat ion of e l k  from t h e  Bookcliffs  resource a rea  t o  t h e  eas t  may a l s o  be 
occurring. Elk co l l a red  and t ransplanted  t o  t h e  resource a rea  by t h e  Utah 
Division of Wildl i fe  Resources have been observed during t h e  winter months on 
t h e  Hi l l c reek  Unit. 

The 8 year average of t h e  bu1l:cow r a t i o  on t h e  North Unit is 1:5 
(Table 2),  cow:calf is  44:100; however, even with t h e  1982 data,  t h e r e  appears 
t o  be good herd composition and production. To ta l  numbers f l u c t u a t e  on t h i s  
u n i t ,  with e l k  wintering a t  higher e l eva t ions  off  t h e  reservat ion  during mild 
win te r s  (Fig. 2). The high number of e l k  i n  1980 and 1982 correspond t o  cold 
winters  and deep snows which concentrate e l k  on c r i t i c a l  winter  h a b i t a t  
loca ted  on rese rva t ion  lands. 

Since these  animals do not recognize p o l i t i c a l  boundaries, and management 
of herds is  not 1 agency's r e s p o n s i b i l i t y ,  a "Biological  Unit Management Plan" 
is being developed. This is a coordinated e f f o r t  i n i t i a t e d  by t h e  U.S. Forest 
Service ,  and inc ludes  s t a t e ,  t r i b a l ,  BIA,  and BLM agencies. The bas ic  
ob jec t ives  of t h e  management plan a re :  

1. To coordinate e f f o r t s  ( s t a t e ,  t r i b a l ,  f e d e r a l )  t o  manage e l k  (and deer)  
and t h e i r  h a b i t a t s .  

2. I d e n t i f y  l i m i t i n g  f a c t o r s  (e.g., winter  range, ca lv ing grounds) t h a t  
w i l l  con t ro l  s i z e  and d i s t r i b u t i o n  of herds. 

3. To determine what information i s  needed t o  monitor o r  evaluate t h e  
change i n  populat ion and h a b i t  a t  condit ions.  

4. To i d e n t i f y  oppor tuni t ies  t o  improve h a b i t  a t  condit ions (e.g , 
presc r ibe  burns on Forest Service,  t r i b a l ,  and BLM lands) .  

These ob jec t ives  i f  implemented w i l l  benefi t  t h e  w i l d l i f e  resources i n  t h e  
Uint ah Basin t o  a g r e a t e r  extent  . 

Future Management. Future e l k  management on t h e  Uintah and bray 
Reservation w i l l  cons is t  of: 



1. Pursuing t h e  Biologica l  Unit Management Plan a s  a coordinated e f f o r t  
between concerned agencies f o r  t h e  North Unit. 

2. Continuing with browse u t i l i z a t  i o n / p e l l e t  group t r a n s e c t  s and a e r i a l  
surveys t o  monitor e l k  populat ions f o r  t h e  Hi l l c reek  and North Units.  

3. Developing a range u n i t  plan between t h e  B I A  f i e l d  o f f i c e  and T r i b a l  
Fish and Game Department inc luding range s t u d i e s  on t h e  North and 
Hi l l c reek  Units. 

The r e s e r v a t i o n  surrounding a r e a s  a r e  managed f o r  mul t ip le  use. 
Coordination between agencies t o  manage e l k  and o ther  w i l d l i f e  i s  necessary t o  
e f f e c t i v e l y  manage t h e s e  migrat ing animals. 
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Table 1. 1973-1982 Summary of Elk Aerial Survey Data-Hillcreek Unit, Uintah & Ouray Reservation, Utah 

Total Calves/ Calves/ Bulls/ 
Year Calves Cows Bulls Unclassified Sample 100 Cows 100 Adults 100 Cows 

9 Year 
Average 52 127 31 



Table 2. 1973-1982 Summary of Elk A e r i a l  Survey Data-North Un i t ,  Uintah & Ouray Reserva t ion ,  Utah 

T o t a l  Calves / Calves/  Bu l l s /  
Year Calves Cows B u l l s  Unc las s i f i ed  Sample 100 Cows 100 Adul ts  100 Cows 

6 3  144 36 

1 9  4 8 1 2  

2 2 3 9 8 

22 61  22 

No Elk were counted 

31  72 9 

110 21 7 27 

161  250 4 5 

Animals n o t  c l a s s i f i e d  

111 6 30 43 

8 Year 
Average 67 182 25 2 282 44 



Figure 1.  Elk aer ia l  survey results  1972-1982 Hillcreek Unit, Uintah and b r a y  
Indian Reservation, Utah 



- - - - NO AERIAL SURVEY 1976 

Figure 2. Elk aerial  survey results ,  1973-1982 North Unit, Uintah and Ouray 
Indian Reservation, Utah 



ELK STATUS I N  UTAH 

GRANT K. JENSE, Utah Division of Wildl i fe  Resources, S a l t  Lake City,  Utah 

Present St a t  us 

The present  e l k  population i n  Utah is  estimated t o  be between 18-19,000 
head and inc reas ing  on most management un i t s .  cu r r&t ly  t h e r e  a r e  25 e l k  
management un i t s .  Elk have been moving i n t o  areas  where they have not been 
s ince  they were ex t i rpa ted  near t h e  end of t h e  1800's. However, 2 r ecen t ly  
r ees tab l i shed  a reas  now have s u f f i c i e n t  e l k  t o  i n i t i a t e  hunting seasons with a 
l imi ted  number of permits. 

Preseason composition counts f o r  t h e  1976-1980 period i n d i c a t e  a 
s ta tewide  average of 21 b u l l s  per 100 cows and 50 calves per 100 cows. 
Although b u l l s  a r e  being harvested i n t e n s i v e l y  under t h e  open-area-bull 
hunting regime, product iv i ty  has not changed s i g n i f i c a n t  l y e  

Harvest 

Seventeen of t h e  25 management u n i t s  a r e  hunted under t h e  open-area b u l l  
r egu la t ion ,  where an unlimited number of b u l l  permits a r e  sold and a hunter  
may hunt on any of t h e  17 uni ts .  The remainder of t h e  u n i t s  have a l imi ted  
number of b u l l  permits va l id  only f o r  t h e  spec i f i ed  un i t  f o r  which a person 
h a s  t o  draw a permit. 

The genera l  season has opened on t h e  c loses t  Wednesday t o  t h e  f i r s t  of 
October f o r  t h e  past  7 years. I n  recent  years ,  t h e  mid-week opening da te  h a s  
done l i t t l e  t o  d i s t r i b u t e  hunting pressure. 

Open-area-bull permit s a l e s  increased sharply  from 17,652 i n  1976 t o  
37,645 i n  1979 due l a rge ly  t o  a more l i b e r a l  app l i ca t ion  procedure which 
allowed hunters  t o  buy an open-area permit i f  not successful  i n  drawing a 
r e s t r i c t e d  a rea  permit. This 113% inc rease  i n  permit s a l e s  occured even with 
a 7-9% hunter  success r a t e .  It w a s  evident t h a t  e l k  hunting was gaining 
popular i ty  and f o r  many, it was a family outing a t  a pleasant time of t h e  
year. I n  1980, t h e  Board of Big Game Control increased t h e  f e e  f o r  an open- 
area-bull  permit from $15 t o  $30 f o r  res idents .  This was t h e  f i r s t  e l k  permit 
f e e  inc rease  i n  almost 30 years. The net r e s u l t  was a drop i n  permit s a l e s  t o  
17,569, a few below t h e  1976 l e v e l  of sa le s .  There was a l s o  a shor te r  s a l e s  
period f o r  open-area b u l l  permits i n  1980, which somewhat masked t h e  e f f e c t  of 
t h e  f e e  increase.  Many people claimed they were not aware of t h e  shor te r  
a p p l i c a t i o n  period. However, i n  1981, s a l e s  only increased t o  19,747 even 
with adequate pub l i c i ty  of the  s h o r t e r  s a l e s  period. 

A l imi ted  number of a n t l e r l e s s  or  hunters '  choice permits a r e  authorized 
i n  combination with t h e  open-area b u l l  season f o r  management u n i t s  where 
an t  l e r l e s s  removal i s  desired.  Sales  of r e s t r i c t  ed-area-elk permits have 
averaged 1,955 permits t h e  past  5 years. 

An archery e l k  season is a l s o  held  each year  concurrent with t h e  archery 
deer  season which i s  17 days i n  length and ends on Labor Day. 



Nonresidents  a r e  r e s t r i c t e d  t o  t h e  purchase of a rchery  o r  genera l  season 
open-area b u l l  permits.  Even though t h e r e  is  not a limit, nonresident  s a l e s  
have been under 300 per  year  probably because of t h e  h igh  cos t  ($220). 
Harvest in format ion  f o r  t h e  per iod  1977-81 is  provided below: 

Open b u l l  permits  so ld  
Hunter a f i e l d  
Bu l l s  ha rves t ed  
Percent  success  

R e s t r i c t e d  permit s a l e s  
Hunters a f i e l d  
Elk harves ted  ( b u l l s ,  
cows and c a l v e s )  

Archery permit s a l e s  
Hunters a f i e l d  
Elk ha rves t ed  
Percent  success  

Tot a 1  ha rves t  
Percent  success  

*Prel iminary e s t ima te  

Research 

Demographic and p roduc t iv i ty  s t u d i e s  a r e  being continued on t h e  Cache Elk 
Herd a t  t h e  Hardware Ranch. A graduate  s tudent  from Utah S t a t e  Univers i ty  i s  
completing a s tudy  on t h e  reproduct ive  performances of e l k  seeking refuge on 
t h e  ranch during t h e  hun t ing  season a s  compared t o  e l k  not us ing  t h e  ranch. 
H i s  f i n d i n g s  w i l l  be submit ted t o  t h e  Jou rna l  of Wi ld l i f e  Management f o r  
pub l i ca t  ion.  

T ransp lan t s  

Since t h e  last e l k  workshop, Utah has  t r ansp lan ted  an  a d d i t i o n a l  50 head 
onto t h e  Bookcl i f f s  Unit and about 50 head onto t h e  Indian  Peak area .  We have 
a s igned agreement with t h e  U.S. Forest  Serv ice  f o r  a 100-head t r a n s p l a n t  i n t o  
Currant Creek Basin. This  agreement has  t o  go through t h e  s t a t e  c l e a r i n g  
house before it i s  f i n a l .  

There a r e  s t i l l  l a r g e  h i s t o r i c a l  e l k  a r e a s  i n  south c e n t r a l  Utah t h a t  
have only  a few e l k  but have t h e  p o t e n t i a l  t o  support s i z e a b l e  herds.  
Transplan ts  w i l l  be continued wherever agreements can be obtained i n  order  t o  
e s t a b l i s h  e l k  i n  a l l  a v a i l a b l e  h a b i t a t .  



WYOMING STATUS REPORT 

DALE STRICKLAND, Wyoming Game and Fish Department, Cheyenne, Wyoming 

There a r e  37 e l k  herds i n  Wyoming. These herds occupy 27,600 square 
miles of h a b i t a t  (28% of the  s t a t e ) ,  of which 3,318 square miles (12% of 
occupied h a b i t a t )  i s  c l a s s i f i e d  a s  c r i t i c a l .  There a r e  an estimated 71,000 
winter ing  e l k  i n  these  herds. Elk numbers a r e  s t a b l e  o r  increas ing i n  a l l  
herds ,  and e l k  a r e  expanding t h e i r  range i n t o  h a b i t a t  not occupied i n  recent  
time. An inc rease  i n  e l k  numbers and year round use i n  t h e  Red Desert i s  the  
most prominent example of t h i s  range expansion. Wyoming e l k  numbers can be 
maintained i f  t h e  present h a b i t a t  is  maintained. Statewide management 
ob jec t ives  have recen t ly  been updated. Exis t ing  management objec t ives  c a l l  
f o r  a wintering population of 65,200 and hunting seasons which provide 282,300 
r e c r e a t i o n  days and a harves t  of 19,300 e l k  by 67,400 hunters .  The revised  
ob jec t ives  a r e  68,500 wintering e l k ,  298,500 rec rea t ion  days and 16,400 e l k  
harves ted  by 58,900 hunters .  Harvest, r ec rea t ion  days, and t o t a l  hunters  have 
averaged 17,200, 345,853 and 68,000 respec t ive ly  f o r  t h e  past  5 years. 

Problems 

While prospects  appear br ight  f o r  e l k  i n  Wyoming, the re  a r e  s u b s t a n t i a l  
problems fac ing e lk .  The major problems a re :  

a. Timber management. Forage:cover r a t i o s  a r e  l e s s  than optimum on some 
summer e l k  ranges on n a t i o n a l  f o r e s t s .  However, t h e  U.S.Forest 
Service(USFS) has  demonstrated a wi l l ingness  t o  cooperate i n  t h e  
management of f o r e s t  resources. The biggest  problem associa ted  with 
t imber management i s  t h e  increased number of roads. Road const ruct ion  
f o r  timber harves t  has  opened up s i g n i f i c a n t  por t ions  of he re to fo re  
roadless  areas .  Roading has reduced a v a i l a b l e  h a b i t a t  and a l s o  changed 
management s t r a t e g i e s  f o r  t h e s e  f o r e s t s .  Previously, hunter  dens i ty  
had been con t ro l l ed  by l imi ted  access. I n  t h e  absence of adequate road 
management, hunter  dens i ty  ob jec t ives  must e i t h e r  be a l t e r e d  o r  t h e  
number of hunters  con t ro l l ed  by permit. 

b. Energy development. Energy development and i ts  associa ted  impacts a r e  
t h e  most se r ious  problems fac ing t h e  management of a l l  w i l d l i f e  
inc luding e lk .  These impacts include more roads, surface  mines, d r i l l  
pads, power l i n e s ,  and even whole new towns. The most immediate t h r e a t  
t o  e l k  is  t h e  development of o i l  and gas along t h e  Overthrust B e l t  i n  
western Wyoming. This development w i l l  eventual ly e f f e c t  the  h a b i t a t  
of 13,300 e lk .  The g rea tes t  long-term t h r e a t  t o  e l k  i n  t h e  s t a t e  i s  an 
inc reas ing  human population and t h e  resources necessary t o  support 
t h e s e  people. The e n t i r e  winter  range f o r  e l k  summering on t h e  e a s t  
s i d e  of t h e  Bighorn Mountains i s  being threatened by home developments 
f o r  t h e  growing communities of Buffalo and Sheridan, Wyoming. The 
Department has attempted t o  i d e n t i f y  c r i t i c a l  e lk  h a b i t a t  throughout 
t h e  s t a t e .  We a r e  t r y i n g  t o  inf luence  reclamation so  t h a t  impacts a r e  
f o r  a s  shor t  of a period a s  possible.  

c. Damage. While e l k  damage a g r i c u l t u r a l  products i n  some p a r t s  of 
Wyoming, e l k  damage i s  not a s  se r ious  a problem a s  with deer and 
antelope.  We a r e  t r y i n g  t o  maintain e l k  numbers so  t h a t  damage i s  not 
excessive.  Where damage does occur, landowners a r e  compensat ed through 
Wyoming's Damage Compensation Law. 



d. Grazing. I n  gene ra l ,  forage  cond i t i on  on e l k  ranges is  adequate. 
However, it  is  a n t i c i p a t e d  t h a t  competi t ion with domestic l i v e s t o c k  
w i l l  i n c r e a s e  as forage  i s  l o s t  through energy development. This  
problem w i l l  be most s e r i o u s  i n  t h e  Wyoming Range i n  western Wyoming 
and t h e  S i e r r a  Madre Range i n  south-cent ra l  Wyoming. Future  dec i s ions  
regard ing  fo rage  a l l o c a t i o n s  on f e d e r a l  land may a l s o  have a dramat ic  
e f f e c t  on e l k  populat ions depending on t h e s e  ranges. 

d. Disease. B r u c e l l o s i s  is  present  i n  many of t h e  e l k  h e r d s  i n  
nor thwes tern  Wyoming. A l l  herds  where b r u c e l l o s i s  has  been i s o l a t e d  
a r e  supported a r t i f i c i a l l y  on win ter  feedgrounds. The major problem 
a s s o c i a t e d  with b r u c e l l o s i s  i s  i t s  e f f e c t  on t h e  reproduct ive  r a t e  of 
i n f e c t e d  e lk .  Post hunt c a l f  :cow r a t i o s  i n  i n f e c t e d  he rds  average 
approximately 33:100; t h i s  r a t i o  i n  non-infected he rds  averages 47:100. 

Management 

The management f o r  Wyoming e l k  v a r i e s  from he rd  t o  herd. Season length  
v a r i e s  from 15 days t o  approximately 3 months. Harvest r e s t r i c t i o n s  inc lude  
permit-only hun t ing ,  open b u l l  hun t ing  with permits  requi red  f o r  cows and 
ca lves ,  and open hun t ing  f o r  any e lk .  Harvest s t a t i s t i c s  a r e  determined 
through a mailed survey. Severa l  a t tempts  have been made t o  improve t h e  
q u a l i t y  of t h i s  survey through b i a s  de t ec t ion .  Checks of t h e  survey's b i a s e s  
suggest  t h a t  l e s s  t han  3% of t h e  respondents  r epo r t  t h e  wrong sex  and age of 
ha rves t .  However, it  h a s  been determined t h a t  t h e  non-reporting b i a s  has  a 
s i g n i f i c a n t  e f f e c t  on ha rves t  es t imates .  Non-respondents apparent ly  have a 
lower hun t ing  r a t e  than  respondents.  Also, non-respondent s t h a t  d id  hunt were 
found t o  be l e s s  succes s fu l .  These 2 sources  of b i a s  i n f l a t e d  ha rves t  
e s t i m a t e s  by 12%. Harvest e s t ima te s  a r e  c u r r e n t l y  being co r rec t ed  f o r  t h i s  
b ias .  

Research 

Research on e l k  herds  has  been very l i m i t e d  i n  recent  years .  An e lk-  
logging s tudy  completed i n  1980 i n  t h e  Gros Ventre e l k  he rd  measured t h e  
impacts  of logging and a s s o c i a t e d  roading on e l k  i n  t h e  Bridger-Teton National  
Fo res t .  This  s tudy  was a coopera t ive  p ro j ec t  i nvo lv ing  t h e  Wyoming Game and 
Fish  Department and t h e  Bridger-Teton National  Forest .  

A s tudy  t o  determine movements, d i s t r i b u t i o n ,  and he rd  i n t e g r i t y  of t h e  
Cody e l k  he rd  i s  p r e s e n t l y  being completed. This  s tudy  i s  being conducted f o r  
t h e  Game and Fish  Department by t h e  Un ive r s i t y  of Wyoming. A s tudy  t o  
i d e n t i f y  t h e  importance of t h e  A t l a n t i c  R i m  t o  t h e  Baggs e l k  herd  has  j u s t  
begun. A t l a n t i c  R i m  is  t h e  s i t e  of a proposed c o a l  mine. This s tudy  i s  being 
conducted by Loren Ward, Rocky Mountain Forest  and Range Experiment S t  at i o n ,  
and i s  a coope ra t ive  e f f o r t  i nc lud ing  t h e  U.S. Fores t  Serv ice ,  Wyoming Game 
and Fish  Department, Bureau of Land Management, and Rocky Mountain Energy. 
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THE BIOPOLITICS AND MANAGEMENT OF CALIFORNIA TULE ELK 1982 

BANKY CURTIS, Ca l i fo rn ia  Department of Fish and Game, Sacramento , CA 

Abstract  : The current  management program f o r  Tule e l k  is examined. 
C a l i f o r n i a  Tule e l k  populations a r e  estimated t o  have exceeded 500,000 before 
t h e  advent of white man. Loss of h a b i t a t  and c o n f l i c t s  with man reduced t h e  
populat ion t o  l e s s  than 100 i n  t h e  l a t e  1800's. Protec t ion  and t r a n s p l a n t s  
s t imula ted  recovery. By 1949 hunts  had t o  be he ld  t o  he lp  con t ro l  
a g r i c u l t u r a l  damage. As hunts  continued, opposi t ion developed and increased 
u n t i l  1971 when s t a t e  l e g i s l a t i o n  prohibi ted  hunts  u n t i l  t h e  Ca l i fo rn ia  
populat ion exceeds 2,000. Populations i n  t h e  Owens Valley and o ther  a r e a s  
exceeded range c a p a c i t i e s  forc ing t h e  development of new techniques t o  capture 
and t r anspor t  penned and f r e e  roaming e lk .  Ten new e l k  herds have been begun 
s i n c e  1971 and t h e  publ ic  sec to r  continues t o  play a s i g n i f i c a n t  par t  i n  the  
management of t h i s  species.  About $100,000 is spent f o r  Tule e l k  management 
annually. The inf luence  of s p e c i a l  i n t e r e s t  conservation groups w i l l  continue 
t o  grow rap id ly  and w i l l  soon become a major f a c t o r  i n  managing many w i l d l i f e  
species .  

EARLY HISTORY 

The Tule e l k  (Cervus elaphus nannodes) i s  na t ive  t o  Ca l i fo rn ia  and once 
roamed t h e  l a r g e  c e n t r a l  va l l eys  and t h e  adjo in ing f o o t h i l l s  i n  vas t  
numbers. Reports from e a r l y  explorers  and es t imates  of range a reas  and 
grazing c a p a c i t i e s  suggest t h a t  e a r l y  population l e v e l s  were somewhere near  
500,000. 

These e a r l y  herds ranged from t h e  mountains i n  Kern County i n  t h e  south 
t o  Cow Creek i n  Shasta County i n  t h e  north. The e a s t e r n  and western 
boundaries were t h e  S i e r r a  Madres and t h e  P a c i f i c  Ocean, r e spec t ive ly  
(McCullough 1969). 

Ear ly  predation was q u i t e  l imi ted  cons i s t ing  of occasional  e l k  being 
taken by g r i z z l y  bear, black bear o r  Indians and e l k  calves being taken by 
coyote o r  bobcats during t h e  ca lv ing season. Population l e v e l s  were probably 
determined by h a b i t a t  condit ions e s p e c i a l l y  i n  t h e  a r i d  southern por t ion  of 
t h e i r  range. 

THE DECLINE 

The dec l ine  of t h e  Tule e l k  began with t h e  advent of white man. Exot ic  
p l a n t s  introduced with t h e  Spanish Mission expanded rapidly  i n  t h e  extensive 
perennia l  bunch g rass  t h a t  provided much of t h e  e a r l y  Tule e l k  range. 
Competition with l ives tock  from t h e s e  missions a l s o  reduced t h e  forage 
a v a i l a b l e  f o r  e lk .  

Heavy hunting by f u r  t r a d e r s ,  t h e  market hunting t h a t  developed t o  
provide meat f o r  t h e  49'ers and t h e  d i r e c t  c o n f l i c t  with e a r l y  farmers and 
ranchers caused t h e  e a r l y  populations t o  crash. 

I n  1852 t h e  Ca l i fo rn ia  Legis la ture  e s t ab l i shed  a 6-month closed season on 
Tule e l k  i n  12 counties.  This regula t ion  apparently had l i t t l e  impact a s  i n  
1860 Tule e l k  could be '  found only i n  t h e  marshes of Tulare and Buena Vis ta  
Lakes. 

I n  1873 t h e  Ca l i fo rn ia  Legis la ture  again attempted t o  he lp  by giving t h e  
Tule e l k  complete protec t ion .  By t h i s  t i m e  t h e r e  was considerable doubt i f  



t h e r e  were any e l k  l e f t  a t  a l l  (Cur t i s  e t  a l .  1977). A deputy warden s ighted 
a s i n g l e  p a i r  of e l k  on t h e  Miller and Lux C a t t l e  Ranch i n  1875. While t h e r e  
i s  some controversy a s  t o  whether or  not a l l  Tule e l k  a r e  descendants from 
t h i s  p a i r ,  t h e r e  i s  l i t t l e  doubt t h a t  very few Tule e l k  exis ted  i n  1875 (Tule 
Elk Interagency Task Force 1979). 

THE RECOVERY BEGINS 

Henry Mil ler  of t h e  Miller  and Lux C a t t l e  Ranch grew i n t e r e s t e d  i n  t h e  
animals and provided protect ion.  By 1905 t h e  population was estimated a t  145 
and e l k  were causing considerable damage t o  gra in ,  a l f a l f a ,  and corn crops 
(Merriam 1921). 

Several  t r a n s p l a n t s  were attempted by Mil ler  i n  order t o  reduce 
depredation and t o  e s t a b l i s h  new herd areas.  Trapping success w a s  l imi ted  and 
t h e  morta l i ty  r a t e  w a s  high but e l k  were released i n  new areas.  I n  1914 t h e  
Ca l i fo rn ia  Academy of Sciences became involved and by 1916, 146 e l k  had been 
d i s t r i b u t e d  t o  19 d i f f e r e n t  locations.  

Most of t h e  ea r ly  t r ansp lan t s  f a i l e d  and by 1960 only 3 Tule e l k  herds 
were i n  exis tence ,  t h e  Tupman Reserve (near t h e  o r i g i n a l  s i t e  on t h e  Mil ler  
and Lux Ranch) containing about 32 head, t h e  Owens Valley herd containing 
about 300 head and t h e  Cache Creek herd northwest of Sacramento containing 
about 80 head. 

EARLY MANAGEMENT 1950-1970 

The Tupman Reserve consis ts  of a 600-700 ac re  fenced enclosure where t h e  
e l k  a r e  sustained i n  an a r t i f i c i a l  feeding s i tua t ion .  Management i n  t h e  
1950's and 60's consisted of cu l l ing  animals whenever t h e  herd exceeded 32. 

The Cache Creek herd i s  f r e e  roaming and s i t u a t e d  on a large  p r iva te  
ranch. Population l e v e l s  a r e  control led  by t h e  rancher and poachers. 

The Owens Valley herd however, presents  a more complex problem. The herd 
begun i n  1933 and 1934 expanded rapidly.  In  1943, 143 e l k  were counted i n  an 
a e r i a l  census. 

A s  t h e  Owens Valley population grew s o  did t h e  c o n f l i c t s  with 
agr icu l tu re .  Elk damaged fences and crops of corn and a l f a l f a .  In  1949 t h e  
f i r s t  Tule e l k  hunt s ince  1863 was authorized. I n  1952 t h e  Cal i fornia  
Department of Fish and Game agreed t o  maintain t h e  population between 125 and 
275 animals by author iz ing hunting permits i n  a public drawing. The dispute  
continued. The ranchers wanted t o  get r i d  of t h e  e l k  and t h e  proponents of 
t h e  e l k  wanted t o  oust t h e  ranchers. I n  1961 t h e  Cal i fornia  Fish and Game 
Commission agreed t o  keep t h e  Owens Valley herd below 300 animals. This l e v e l  
was acceptable t o  t h e  ranchers and was t h e  policy of t h e  commission f o r  
severa l  years. 

I n  1968 t h e  Committee f o r  t h e  Preservation of t h e  Tule Elk was organized 
and opposit ion t o  t h e  policy grew. The Committee f o r  t h e  Preservation of Tule 
Elk opposed t h e  hunting of Tule e l k  and proposed making much of t h e  Owens 
Valley a Tule e l k  refuge. 

A hunt was proposed i n  1969 and a major b a t t l e  developed. The commission 
f i n a l l y  approved t h e  hunt but t h e  Tule e l k  committee generated a media 
campaign t h a t  created much public opposit ion t o  t h e  hunts. 



THE LEGISLATIVE ERA 

I n  1971 t h e  Fish and Game Commission based on t h e  recommendation of D r .  
Dale R. McCullough and h i s  Owens Valley Tule e l k  study agreed t o  e s t a b l i s h  490 
a s  t h e  maximum l e v e l  f o r  t h e  Owens Valley e l k  population. The new pol icy  
c a l l e d  f o r  290 e l k  i n  t h e  bottomland herds and 200 i n  t h e  upland herds. 

I n  1971 t h e  s t a t e  l e g i s l a t u r e  again  became involved and enacted 
l e g i s l a t i o n  t h a t  removed t h e  au thor i ty  f o r  t h e  Fish and Game Commission t o  
hold a publ ic  hunt u n t i l  t h e  statewide Tule e l k  population exceeded 2,000 o r  
t h e  l e g i s l a t u r e  determined t h a t  s u i t a b l e  a reas  t o  accommodate such a 
populat ion could not be found. It a l s o  provided t h a t  t h e  Owens Valley Tule 
e l k  populat ion should not exceed t h e  es t ab l i shed  carry ing capaci ty  of 490 ( see  
Appendix I f o r  complete text). 

The Committee f o r  t h e  Preservat ion of Tule Elk then turned i t s  a t t e n t i o n  
t o  Congress i n  hopes of e s t ab l i sh ing  a Tule e l k  refuge i n  t h e  Owens Valley. 

I n  1972 t h e  Department of Fish and Game, t h e  Bureau of Land Management, 
t h e  Inyo National Fores t ,  and t h e  Los Angeles Department of Water Power began 
a s tudy of t h e  Tule e l k  i n  t h e  Owens Valley i n  order  t o  develop a management 
plan. 

I n  1976 Congress a f t e r  much discuss ion and de l ibe ra t ion  decided agains t  
t h e  Tule e l k  refuge and ins tead  passed a r e so lu t ion  support ing Cal i fornia ' s  
l e g i s l a t i v e  goal of 2,000, e s t a b l i s h i n g  t h e  Interagency Tule Elk Task Force 
and d i r e c t i n g  f e d e r a l  agencies t o  cooperate with t h e  s t a t e  i n  r e s t o r i n g  t h e  
Tule e l k  (see  Appendix I1 f o r  complete t e x t ) .  

THE DECISION 

I n  1977 t h e  long an t i c ipa ted  moment a r r ived  and t h e  annual a e r i a l  census 
t a l l i e d  582 e l k ,  92 above t h e  es t ab l i shed  capacity.  The Department of Fish 
and Game faced a d i f f i c u l t  decision. S t a t e  law prohibi ted  them from allowing 
t h e  Owens Valley population t o  exceed 490 and t h e  Commission could not 
au thor ize  a hunt. The department had made severa l  t r a n s p l a n t s  from penned 
herds  but no success fu l  at tempts had been made t o  capture  a  l a rge  number of 
Tule e l k  i n  t h e  Owens Valley. 

A f r a n t i c  search f o r  s u i t a b l e  t r ansp lan t  s i t e s  ensued but none were 
found. The decis ion  was made. ' Uniformed Fish and Game personnel would 
e l imina te  t h e  excess animals. 

The reac t ion  was dramatic. The Committee f o r  t h e  Preservat ion of Tule 
Elk mobilized and l e t t e r s  of p r o t e s t s  were received from a l l  over t h e  United 
S ta tes .  Pressure  opposing t h i s  ac t ion  was a l s o  exerted through members of 
Congress, t h e  Ca l i fo rn ia  Governor's Office,  and t h e  S t a t e  Legis la ture .  

F i n a l l y ,  o f f e r s  of poss ib le  r e loca t ion  s i t e s  began t o  come for th .  Many 
were t o t a l l y  unreasonable but t h e  more poss ib le  ones were evaluated and p laces  
t o  r e l e a s e  t h e  e l k  were found. 

Once t h e  necessary environmental documents had been completed t h e  only 
remaining problem was capturing 92 f r e e  roaming Tule elk.  

THE RELOCATIONS 

A few e lk  had been captured by immobilizing them from a h e l i c o p t e r  with a 
t r a n q u i l i z i n g  gun but it had never been done i n  any l a rge  s c a l e  operation. 

A team of exper ts  was assembled and t h e  Tule e l k  r e loca t ion  projec t  was 
begun. The f i r s t  expedit ion was accompanied by numerous members of t h e  media 
inc luding network t e l e v i s i o n  representa t ives .  Workers used M-99 a s  an 



immobilizing agent and a s l i n g  under t h e  he l i cop te r  t o  t ranspor t  t h e  animals 
t o  a base s t a t i o n .  A t  t h e  base s t a t i o n  animals were t r e a t e d  with a n t i b i o t i c s ,  
aged, weighed, and loaded i n t o  horse t r a i l e r s .  I n  addi t ion ,  numerous blood, 
h a i r ,  and f e c a l  samples were taken and some were f i t t e d  with telemetry 
c o l l a r s .  The capture process proved successful  but expensive. 

I n  t h e  1977-78 winter ,  79 Tule e l k  were captured and relocated;  4 died 
during t h e  capture  operat ion and 9 died i n  t h e  Owens Valley from other  
causes. The cost  of capturing t h e  animals was es tabl ished a t  about $1,000 per 
animal. This cost  included t r a v e l  expenses, mileage, he l i cop te r  r e n t a l ,  drugs 
and medical suppl ies ,  and radio  telemetry equipment. 

I n  August 1978, t h e  a e r i a l  census of 514 indicated  t h e  population was 
again i n  excess of t h e  es tabl ished capacity.  

Using t h e  same technique, 51 animals were captured and relocated.  
Technical advances i n  t h e  s l i n g  and t r a i n i n g  of more personnel increased t h e  
e f f i c iency  of the  operat ion and t h e  cost  dropped t o  about $800 per animal. 

I n  1979, 42 Tule e l k  were removed from Tupman Tule Elk Reserve S t a t e  
Park. A c o r r a l  t r a p  was constructed around t h e  feed troughs and t h e  animals 
were loaded through a loading chute without drugs. 

I n  August of 1980, during t h e  a e r i a l  census, 533 e lk  were counted. By 
now re lease  s i t e s  were more ava i l ab le  and acceptance of re locat ing t h e  Tule 
e l k  was more widespread. There were however, some problems. The cos t s  of 
h e l i c o p t e r  con t rac t s ,  gasoline,  and manpower had made t h e  projected c o s t s  
extremely high and t h e  animals capturd one a t  a t i m e  did not have adequate 
s o c i a l  bonds t o  hold t h e  herd together  a t  t h e  re lease  s i t e s .  Animals o f t e n  
s p l i t  up and wandered off . 

A new technique using t h e  he l i cop te r  t o  herd t h e  e l k  i n t o  a c o r r a l  t r a p  
w a s  developed. The f i r s t  t r a p  yielded 19 animals and t h e  second 76. 
Addit ional  e lk  had t o  be darted from t h e  h e l i c o p t e r  t o  balance sex r a t i o s  but 
t h e  cost  dropped from $750-1,000 per animal t o  about $300 per animal. The 
cows and calves were not immobilized but sampling was done i n  a darkened 
"squeeze chute". 

I n  t h e  1980 p ro jec t ,  101 e l k  were captured and re located  with no 
m o r t a l i t i e s  . Subsequent monitoring has indicated  a much g rea te r  tendency f o r  
t h e  animals t o  remain i n  herd u n i t s  (Cur t i s  1980). 

This c o r r a l  t r a p  was again used i n  1981 with t h e  same success. Table 1 
summarizes t h e  Tule e l k  re locat ions  s ince  1977. 

The re leased e l k  have not been without problems. The s t r e s s  of capture  
and change of h a b i t a t s  have been d i f f i c u l t  f o r  these  new herds. Some 
unforseen problems have a l s o  ar isen .  The Point Reyes herd reacted t o  a copper 
def ic iency and l a t e r  t o  an outbreak of "~ohnne's Disease". The Fort Hunter 
Liggett  herd has  been plagued by poaching, t h e  Camp Roberts herd has  had b u l l s  
a t t a c k  and become entangled i n  parachutes, a port ion of t h e  M t  . Hamilton herd 
has  begun causing ext  ensive a g r i c u l t u r a l  damage, and t h e  Jawbone Canyon herd 
has  a l l  but disappeared. 



Table 1. Tule e l k  r e loca t ions  1977-1981 

Area Date Released Number Relocated Source 
Concord Naval 

Weapons St a t  ion  
Grizzly Is land 
Concord N.W.S. 
M t  . Hamilt on 
Lake P i l l s b u r y  
Jawbone Canyon 
Point Reyes 
Lake P i  l l s b u r y  
M t .  Hamilton 
Hunter Ligget t 
Camp Roberts 
Layt onvi l l e  
Layt onvi l l e  
M t  . Hamilton 
Lake P i l l s b u r y  
Hunter Ligget t  
Tupman 
M t  . Hamilt on 
Point Reyes 

Jan. 1977 
Jan. 1977 
NOV. 1977 
Jan. 1978 
Feb. 1978 
Feb. 1978 
Mar. 1978 
Oct. 1978 
Oct 1978 
Dec. 1978 
Dec. 1978 
Nov. 1979 
Dec. 1979 
NOV. 1980 
NOV. 1980 
Dec. 1981 
Dec. 1981 
Dec. 1981 
Dec. 1981 

Tupman 
Tupman 
Owens Valley 
Owens Valley 
Owens Valley 
Owens Valley 
San Luis NWR 
Owens Valley 
Owens Valley 
Tupmen 
Tupman 
San Luis NWR 
San Luis NWR 
Owens Valley 
Owens Valley 
Owens Valley 
Owens Valley 
Owens Valley 
Owens Valley 

The fol lowing summarizes t h e  current  s i t u a t i o n  and es t imates  car ry ing 
c a p a c i t i e s  f o r  each of t h e  Tule e l k  herds i n  Ca l i fo rn ia  (Bureau of Land 
Management 1981 ; J. Boggs pers .comm. ) : 

Herd - 
Owens Valley 
Cache creek- 
Tupman 
San Luis NWR 
Concord NWS 
Grizzly I s l and  
M t .  Hamilton 
Lake P i l l s b u r y  
Point Reyes 
Jawbone Canyon 
Camp Roberts 
Hunter Ligget t 
Layt o n v i l l e  
Ca l i fo rn ia  Zoos 

Current Number 
443 

Maximum Allowable Population 
490 

a Dependent on major land purchase 
Estimate only - a c t u a l  capacity t o  be determined by f u r t h e r  s tudy 
I n s u f f i c i e n t  da ta  ava i l ab le  



THE FUTURE 

The fu tu re  of Tule Elk Management is  s t i l l  i n  question but one point 
i s  c lea r .  Public and p o l i t i c a l  views w i l l  be a major f a c t o r  i n  determining 
t h e  nature  of t h a t  program. 

The pa t t e rn  has  been w e l l  es tabl ished i n  California.  I f  t h e  public i s  
not s a t i s f i e d  with t h e  management program pressure is  exerted upon t h e  

( Legis la tu re  u n t i l  t h e  au thor i ty  f o r  t h e  management of tha t  species is removed 
from t h e  S t a t e  Fish and Game Commission. Similar  s i t u a t i o n s  have a l ready 
occurred with mountain l i o n  and bighorn sheep (Weaver pers.comm.). 

Wildl i fe  managers t h a t  work with p o l i t i c a l l y  s e n s i t i v e  species need t o  be 
aware of t h e  views and des i res  of the  public or  they may be without a 
management program. 
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APPENDIX I 

STATE FISH AND GAME CODE SECTIONS PERTAINING TO TULE ELK 

332. The commission may determine and f i x  t h e  a rea  o r  a reas ,  t h e  seasons 
and hours ,  t h e  bag and possession limit, and t h e  number of e l k  t h a t  may be 
taken under such r u l e s  and regula t ions  a s  t h e  commission may prescr ibe  from 
time t o  time. The commission may not author ize  t h e  t ak ing  of t u l e  e l k  u n t i l  
t h e  t o t a l  s ta tewide  population of such mammals exceeds 2,000 o r  it is 
h e r e a f t e r  determined by t h e  Legis la ture ,  pursuant t o  t h e  r epor t s  required by 
Sect ion  3951, t h a t  s u i t a b l e  areas  cannot be found i n  Ca l i fo rn ia  t o  accommodate 
such a population i n  a  heal thy  condition. Only a res ident  of t h e  S t a t e  of 
C a l i f o r n i a  over t h e  age of 16 years and possessing a v a l i d  hunting l i c e n s e  may 
obta in  a l i c e n s e  f o r  t h e  taking of e lk .  

The f e e  f o r  t h e  l i cense  may be determined by t h e  commission but not t o  
exceed f i f t y  d o l l a r s  ($50). The fees  s h a l l  be deposi ted i n  t h e  Fish and Game 
Preservat ion  Fund and s h a l l  be expended i n  add i t ion  t o  money budgeted f o r  
s a l a r i e s  of t h e  department, f o r  t h e  expense of enforcing t h e  provisions of 
t h i s  s e c t i o n  and t h e  processing of t h e  app l i ca t ions  (Amended by Sta ts .  1971, 
Ch. 1250). 

3951. The commission may author ize  t h e  taking of t u l e  e l k  pursuant t o  
Sect ion  332. The department s h a l l  r e l o c a t e  t u l e  e l k  i n  a reas  s u i t a b l e  t o  them 
i n  t h e  S t a t e  of Ca l i fo rn ia  and s h a l l  cooperate t o  t h e  maximum extent  poss ib le  
with f e d e r a l  and l o c a l  agencies and p r i v a t e  property owners i n  r e loca t ing  t u l e  
e l k  i n  s u i t a b l e  a reas  under- t h e i r  j u r i s d i c t i o n  o r  ownership. 

The number of t u l e  e l k  i n  t h e  Owens Valley, present ly  t h e  major h a b i t a t  
of such mammals, s h a l l  not be permitted t o  inc rease  beyond 490, o r  any g r e a t e r  
number h e r e a f t e r  determined by t h e  department t o  be t h e  Owens Valley's holding 
capaci ty  i n  accordance with game management pr inc ip les .  However, t u l e  e l k  
from t h e  Owens Valley may be re located  t o  o the r  s u i t a b l e  a reas  within t h e  
s t a t e  a t  any time t o  meet t h e  department's r e s p o n s i b i l i t y  under t h i s  sect ion.  

Department personnel may c u l l  s i c k  o r  i n f e r i o r  t u l e  e l k ,  but only when 
t h i s  i s  done f o r  t h e  p ro tec t ion ,  enhancement, and hea l thy  increase  of t h e  
species.  Any such animal o r  animals so  destroyed, s h a l l  be t h e  subjec t  of a  
w r i t t e n  repor t  t o  t h e  Fish and Game Commission a t  i ts  meeting immediately 
fol lowing such a c t i o n ,  d e t a i l i n g  t h e  reasons therefore .  

The Direc tor  of Fish and Game s h a l l  submit a  repor t  descr ib ing progress 
made i n  r e l o c a t i n g  t u l e  e l k ,  a s  h e r e i n  s e t  f o r t h ,  t o  t h e  Governor f o r  
t r a n s m i t t a l  t o  t h e  Leg i s l a tu re  no l a t e r  than t h e  f i f t h  l e g i s l a t i v e  day of t h e  
1974 Regular Session of t h e  Legis la ture  and every two years t h e r e a f t e r .  Such 
repor t  s h a l l  a l s o  inc lude  not not be l imi ted  to :  

(1) The populat ion s t a t u s  of t u l e  e l k  i n  Ca l i fo rn ia ;  
(2)  Age and sex  information; 
(3 )  Condition of t h e i r  ranges; and 
( 4 )  Other pe r t inen t  in£ ormat ion. 
(Added by S t a t s .  1971, Ch. 1250). 



APPENDIX I1 

Public Law 94-389 

Providing f o r  Federal  p a r t i c i p a t i o n  i n  preserving t h e  t u l e  e l k  population 
i n  Ca l i fo rn ia  

Whereas, although t u l e  e l k  once roamed t h e  c e n t r a l  va l l eys  of Cal i fornia  i n  
vas t  numbers, t h e  species  became near ly  ex t inc t  during t h e  l a t t e r  par t  of 
t h e  l a s t  century a s  a  r e s u l t  of its na t ive  h a b i t a t  being developed f o r  
a g r i c u l t u r a l  purposes and urban growth; and 

Whereas, although around 1870 t h e  t u l e  e l k  population reached a low of 
approximately t h i r t y  animals, through t h e  dedicated e f f o r t s  of var ious  
c i t i z e n  groups and ind iv idua l  cattlemen, t h e  population has slowly 
recovered t o  a  t o t a l  of approximately s i x  hundred animals, t h e  majori ty of 
which may be found i n  free-roaming herds i n  the  Owens Valley, a t  Cache 
Creek i n  Colusa County, Ca l i fo rn ia ,  a  small  number which a r e  capt ive  i n  
t h e  Tupman Refuge i n  Kern County, Ca l i fo rn ia ;  and 

Whereas, i n  1971, t h e  Cal i fornia  Legis la ture ,  recognizing t h e  t h r e a t  t o  t h e  
t u l e  e l k  a s  a  species ,  amended sec t ion  332 and enacted sec t ion  3951 of t h e  
Fish and Game Code which provide f o r  t h e  encouragement of a  s ta tewide  
populat ion of t u l e  e l k  of not less than two thousand, i f  s u i t a b l e  a reas  
can be found i n  Ca l i fo rn ia  t o  accommodate such population i n  a  hea l thy  
environment, and f u r t h e r  f ixed t h e  population of t h e  t u l e  e l k  i n  t h e  Owens 
Valley a t  four  hundred and n inety  animals, or  such g rea te r  number a s  might 
t h e r e a f t e r  be determined by t h e  Cal i fornia  Department of Fish and Game, i n  
accordance with game management p r inc ip les ,  t o  be t h e  Owens Valley holding 
capaci ty  ; and 

Whereas t h e  t u l e  e l k  is considered by t h e  Department of t h e  I n t e r i o r  t o  be a 
r a r e ,  though not endangered, species  by reason of t h e  s t e p s  taken by t h e  
S t a t e  of Cal i fornia ;  and 

Whereas t h e  protec t ion  and maintenance of Cal i fornia ' s  t u l e  e lk  i n  a  f r e e  and 
wild s t a t e  i s  of educational ,  s c i e n t i f i c ,  and e s t h e t i c  value t o  t h e  people 
of t h e  United S ta tes ;  and 

Whereas t h e r e  a r e  Federal lands i n  t h e  S t a t e  of Ca l i fo rn ia  ( including but not 
l imi ted  t o ,  t h e  San Luis National Wi ld l i f e  Refuge, t h e  Point Reyes 
National  Seashore, various na t iona l  f o r e s t s  and na t iona l  parks, and Bureau 
of Land Management lands located i n  c e n t r a l  Cal i fornia ,  a s  w e l l  a s  lands 
under t h e  j u r i s d i c t i o n  of t h e  Secretary of Defense such a s  Camp Pendleton, 
Camp Roberts , and Camp Hunter Ligget t  ) which, together  with adjacent lands 
i n  public  and p r iva te  ownership, o f f e r  a  p o t e n t i a l  f o r  increas ing t h e  t u l e  
e l k  populat ion i n  Ca l i fo rn ia  t o  t h e  two thousand l e v e l  envisioned by t h e  
Ca l i fo rn ia  Legis la ture :  Now, the re fo re ,  be it 

Resolved by t h e  Senate and House of Representat ives of t h e  United S t a t e s  
of America i n  Congress assembled, t h a t  it i s  t h e  sense of Congress t h a t  t h e  
r e s t o r a t i o n  and conservation of a  t u l e  e l k  population i n  Cal i fornia  of a t  
l e a s t  two thousand except t h a t  t h e  number of t u l e  e l k  i n  t h e  Owens River 
Watershed a rea  s h a l l  a t  no time exceed four hundred and n inety  o r  such g r e a t e r  



number which is  determined by t h e  S t a t e  of Ca l i fo rn ia  t o  be t h e  maximum 
holding capaci ty  of such a rea ,  i s  an appropr ia te  na t iona l  goal. 

SEC. 2. The Secre tary  of t h e  I n t e r i o r ,  t h e  Secretary of Agriculture,  and 
t h e  Secre tary  of Defense s h a l l  cooperate with t h e  S t a t e  of Ca l i fo rn ia  i n  
a v a i l a b l e  f o r  t h e  preservat ion  and grazing of t u l e  e l k  i n  such manner and t o  
such extent  a s  may be cons is tent  with Federal  law. 

SEC. 3. The Secretary of t h e  I n t e r i o r  s h a l l  submit, on o r  before t h e  
f i r s t  of March of each year ,  a repor t  t o  t h e  Congress as t o  t h e  estimated s i z e  
and condi t ion  of t h e  various t u l e  e l k  herds i n  Ca l i fo rn ia  and t h e  nature  and 
condi t ion  of t h e i r  respect ive  h a b i t a t s .  The Secre tary  s h a l l  include i n  such 
repor t  h i s  determination a s  t o  whether or  not t h e  preservat ion  of t h e  t u l e  e l k  
herd  a t  i t s  then-exist ing l e v e l  is ,  o r  may be, endangered o r  threatened by 
a c t u a l  o r  proposed changes i n  land use or  land management p rac t i ces  on lands 
owned by any Federal ,  S t a t e ,  o r  l o c a l  agency, together  with h i s  
recommendations a s  t o  what Federal ac t ions ,  i f  any, should be taken i n  order  
t o  preserve t h e  t u l e  e l k  herds a t  t h e  then-exist ing l e v e l  o r  such o ther  l e v e l  
a s  may be determined from time t o  time by t h e  S t a t e  of Cal i fornia .  

SEC. 4. The Secre tary  of t h e  I n t e r i o r ,  i n  coordinat ion with a l l  Federal ,  . S t a t e ,  and o the r  o f f i c e r s  having j u r i s d i c t i o n  over lands on which t u l e  e l k  
herds  a r e  located  o r  lands which would provide s u i t a b l e  t u l e  e l k  h a b i t a t ,  
s h a l l  develop a plan f o r  t u l e  e l k  r e s t o r a t i o n  and conservation,  inc luding 
h a b i t a t  management which s h a l l  be in teg ra ted  with t h e  comparable plans of 
S t a t e  and l o c a l  a u t h o r i t i e s  i n  Cal i fornia .  The Secretary 's  annual report  t o  
Congress s h a l l  descr ibe  t h e  development and implementation of such plan. 



HABITAT UTILIZATION AND ACCLIMATION OF INTRODUCED TULE ELK (Cervus elaphus 
nannodes) I N  THE CENTRAL DIABLO RANGE OF CALIFORNIA 
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Abstract: The Tule e l k  (Cervus elaphus nannodes) once occupied much of t h e  
grasslands of Cal i fornia .  The pressures of t h e  ea r ly  s e t t l e r s  i n  t h e  1800's 
soon reduced Tule e l k  numbers t o  near ext inct ion.  Tule e l k  were given f u l l  
p ro tec t ion  i n  1873 and t h e  population numbered 28 by 1895. 

I n  1971, t h e  Cal i fornia  S t a t e  Legis la ture  enacted l e g i s l a t i o n  which 
prohibi ted  the  public hunting of Tule e l k  u n t i l  t h e i r  numbers reached 2,000 o r  
u n t i l  t h e  l e g i s l a t u r e  determined t h a t  s u i t a b l e  areas  could no longer be found 
t o  accommodate t h e  e l k  i n  a heal thy condition. With t h e  e l k  numbers 
increas ing,  t h e  Cal i fornia  Department of Fish and Game continues t o  re loca te  
surplus  e l k  from one of t h e  o r i g i n a l  r e loca t ion  s i t e s  i n  Owens Valley t o  o the r  
a reas  of t h e  s t a t e .  There a r e  present ly  13 herds of Tule e l k  i n  Cal i fornia  
cons i s t ing  of approximately 1,000 animals. 

The M t .  Hamilton region i s  t h e  s i t e  of our current  research with 
introduced Tule e lk .  The study area includes  both public and p r iva te  lands i n  
t h e  Diablo Range eas t  of San Jose, California.  Our work began on March 3, 
1981 and w i l l  continue u n t i l  September 1, 1982. This research i s  funded by 
t h e  Ca l i fo rn ia  Department of Fish and Game. 

The ob jec t ive  of t h i s  research i s  t o  study t h e  acclimation of introduced 
Tule e l k  t o  t h e i r  new environment by asce r ta in ing  c r i t i c a l  f a c t o r s  i n  t h e i r  
h a b i t a t  which promote or limit t h e i r  survival .  I n  order t o  do t h i s ,  we a r e  
determining home range s i z e ,  d a i l y  and seasonal a c t i v i t y  pa t t e rns  and c r i t c a l  
a reas  u t i l i z e d  by t h e  e l k  f o r  calving,  r u t t i n g ,  summer and winter ranges. 
Information on n a t a l i t y  and morta l i ty  i s  a prime concern. We a r e  a l s o  
examining d a i l y  and seasonal  h a b i t  a t  u t i l i z a t i o n  pa t t e rns  a s  r e la ted  t o  
weather, topography, cover, forage,  and t h e  presence and a c t i v i t y  of o ther  
mammal species. 

There have been 4 in t roduct ions  of Tule e l k  i n t o  t h e  M t .  Hamilton region, 
a l l  with e l k  o r ig ina t ing  from Owens Valley. The f i r s t  in t roduct ion i n  
January, 1978 consis ted  of 16 elk. The second occurred i n  November, 1978 with 
26 elk.  The t h i r d  in t roduct ion was i n  November 1980 with 21 e l k  and a four th  
in t roduc t ion  occurred i n  December, 1981 with 2 elk. 

Of t h e  o r i g i n a l  42 Tule e l k  re leased i n  1978, a  t o t a l  of 38 have 
separated i n t o  4 herds throughout t h e  Diablo Range spreading north, south, and 
northeast  of t h e  o r i g i n a l  r e lease  s i t e .  One group of 9 e l k  a r e  located near 
San Antonio Reservoir i n  Alameda County. A second group of 10 e l k  a r e  located 
i n  I s a b e l  Valley on a privately-owned ranch. A t h i r d  group of 10 e l k  a r e  
located  near Pacheco Pass a t  t h e  south boundary of Santa Clara County. A 
four th  herd of 9 e l k  has  been reported i n  Livermore which has  not been 
ve r i f i ed .  

Data f o r  t h i s  study is  based l a rge ly  upon e l k  introduced t o  t h i s  area  i n  
November, 1980 and December, 1981. Eleven of these  e l k  were f i t t e d  with rad io  
telemetry c o l l a r s  before re lease  and 7 a r e  col lared  a t  present . To date ,  
these  animals have remained i n  t h e  same general  area  near t h e  o r i g i n a l  r e lease  
s i t e ,  Horse Valley, i n  t h e  c e n t r a l  part  of t h e  range. 



The e l k  a r e  monitored using rad io  te lemetry  equipment 2 t o  3 times per 
week on t h e  ground and 1 time per week from t h e  a i r .  Elk loca t ions  a r e  
p l o t t e d  on topographic maps. Lat i tude ,  longitude,  e levat ion ,  temperature, 
r e l a t i v e  humidity, and wind speed and d i r e c t i o n  a r e  recorded f o r  each ground 
locat ion .  Other da ta  co l l ec ted  inc lude  i d e n t i f i c a t i o n  of water sources,  
p l a n t s  u t i l i z e d ,  t r a i l s  t r a v e l l e d ,  and counts of p e l l e t  groups and t r a c k s  . 

Twenty-four hour observations have shown t h a t  t h e  e l k  a r e  a c t i v e  both 
during t h e  day and a t  night .  Elk a c t i v i t y  inc ludes  feeding,  r e s t i n g ,  moving, 
s tanding,  and r u t t i n g  behavior. Over a 24 hour period,  feeding is  t h e  primary 
a c t i v i t y  with r e s t i n g  second and moving t h i r d .  The ru t  was i n  progress during 
t h e  months of August through November. The e l k  a r e  most a c t i v e  a t  dawn and 
dusk and a r e  l e a s t  a c t i v e  i n  mid-afternoon when they may spend severa l  hours 
bedded down. 

Prel iminary r e s u l t s  i n d i c a t e  t h a t  t h e  e l k  a r e  u t i l i z i n g  5 main plant 
communities: v a l l e y  grassland,  chaparra l ,  f o o t h i l l  oak-woodland, v a l l e y  
oakwoodland, and oak savannah. The g rea tes t  percentage of e l k  a c t i v i t y  has 
been recorded i n  t h e  oak-woodlands. The e l k  seem t o  p re fe r  bedding i n  oak 
groves where they spend severa l  hours per day. 

Most of t h e  feeding a c t i v i t y  has been i n  oak-woodlands where t h e  e l k  have 
fed  upon g rass ,  browse such a s  oak leaves and pine needles,  herbaceous fo rbs ,  
and acorns. Digger Pine (Pinus sabiniana)  i s  found i n  t h e  f o o t h i l l  oak- 
woodland plant  community. 'Ihe percentage of any one plant  species  taken 
depends on t h e  season, with grass  most heav i ly  u t i l i z e d  i n  spr ing  and e a r l y  
summer and browse become more important i n  t h e  f a l l  and e a r l y  winter.  Early 
r a i n  t h i s  f a l l  has increased e lk  u t i l i z a t i o n  of grass  and herbaceous forbs  t o  
Some ext ent  . 

Elk tend t o  t r a v e l  along w e l l  u t i l i z e d  t r a i l s  i n  moving from one plant  
community t o  another. These movements a r e  usua l ly  i n  c lose  proximity t o  water 
e s p e c i a l l y  i n  l a t e  summer and e a r l y  f a l l  when t h i s  resource i s  i n  shor t  
supply 

A prel iminary annual home range ma3 f o r  March through February, 1982 
2 shows a home range s i z e  of about 22.4 km (14 m i  ) f o r  t h e  herd a s  a whole, 

although some ind iv idua l s  have wandered outs ide  t h i s  area. During t h i s  period,  
2 co l l a red  female e l k  died and 1 young female and 1 immature sp ike  disappeared 
from t h e  herd. One co l l a red  b u l l  died i n  November, 1980 s h o r t l y  a f t e r  
re lease .  

One ca l f  survived t h e  calving season. The c a l f  was born during t h e  f i r s t  
par t  of June i n  an a rea  of f o o t h i l l  oak-woodland bordering on chaparral .  It 
i s  poss ib le  t h a t  o the r  calves were born but d id  not survive  t h e  calving 
season. Several  cows l e f t  t h e  herd and went i n t o  s t eep  canyons and protec ted  
dra inages ,  which is c h a r a c t e r i s t i c  of ca lv ing behavior, but returned t o  t h e  
herd  i n  June without calves. 

The study a r e a  conta ins  o ther  l a rge  mammal species  including black-tai led 
deer (Odocoileus hemionus columbianus ) , wild p ig  (Sus scrof  a ) ,  mountain l i o n  
( F e l i s  concolor) ,  and domestic c a t t l e  (Bos sp.). The presence of c a t t l e  and 
of human a c t i v i t y  cause t h e  e l k  t o  move out of an a rea ,  but t h e  e l k  do not 
appear t o  move i n  response t o  deer o r  pig. 

Seasonal movements , thus  f a r ,  i n d i c a t e  t h a t  cows divided i n t o  small 
groups i n  e a r l y  sp r ing  and were located  i n  oak-woodlands with s t eep  t e r r a i n .  
These small  groups reformed i n t o  a l a rge  herd i n  June o r  Ju ly  and remained 
toge the r  u n t i l  l a t e  November which marks t h e  end of t h e  r u t  The summer was 
spent i n  open va l l eys  with gen t l e  r o l l i n g  h i l l s i d e s  i n  va l l ey  grassland and 
oak-woodlands. A t  t h e  end of t h e  r u t ,  t h e  b u l l s  l e f t  t h e  herd and t h e  cows 
t r a v e l l e d  i n t o  s t eep  canyons and creek drainages with genera l ly  heavy cover 
but have been observed on grassy p la teaus  s ince  November. 



C We w i l l  continue t o  monitor t h i s  herd and w i l l  u l t ima te ly  put f o r t h  
suggest ions  f o r  h a b i t a t  improvement t o  insure  t h e i r  long-term welfare. The 
information obtained from t h i s  study w i l l  a i d  t h e  Department of Fish and Game 

B i n  e s t a b l i s h i n g  c r i t e r i a  f o r  f u t u r e  e l k  loca t ion  s i t e s  and w i l l  become t h e  
b a s i s  f o r  an e l k  management plan f o r  t h e  M t  . Hamilton region. 



s o l e l y  f o r  w i l d l i f e  purposes. Therefore, it becomes import ant  t o  coordinate 
timber management p rac t i ces  t h a t  manipulate t r e e  cover s o  t h a t  w i l d l i f e  
h a b i t a t  goals a r e  r e a l i z e d  a s  well.  

THE STUDY PROBLEM 

Elk h a b i t a t  on t h e  Lakeside Ranger D i s t r i c t  was bel ieved t o  be 
dramat ica l ly  a l t e r e d  by a host  of timber, rangeland, and r e c r e a t i o n a l  uses. 
I n  t h e  summer of 1980 t h e  District contracted with t h e  Universi ty of Arizona 
t o  s tudy con£ l i c t s  c rea ted  between human uses and e l k  requirements f o r  
h a b i t a t  . The study was supported by a modest grant and designed t o  t ake  p lace  
over a 14-month period (June 1980 - August 1981). The c o n s t r a i n t s  of l imi ted  
t ime and manpower required t h e  study team t o  l ay  t h e  groundwork t h a t  might 
eventual ly  continue a t  some f u t u r e  t i m e .  It was t h e  i n t e n t i o n  of the  study 
team t o  develop, through acceptable research procedures, an i n i t i a l  e f f o r t  
t h a t  was re l evan t ,  t ang ib le ,  and useable by t h e  Lakeside Ranger D i s t r i c t  
planning team. The bas ic  assumption of t h e  study was t h a t  good e l k  h a b i t a t  
management depends on how well  we know t h e  r e l a t i o n s h i p  of e lk  t o  t h e i r  
h a b i t a t  and how wel l  we can manipulate h a b i t a t  t o  achieve e l k  h a b i t a t  goals.  

STUDY OBJECTIVES 

A s p e c i a l  s t r a t e g y  was needed t o  c r e a t e  a process f o r  coordinat ing human 
uses with e l k  h a b i t a t  maintenance a c t i v i t i e s .  The s t r a t e g y  was expressed a s  3 
study objec t ives .  The study's f i r s t  ob jec t ive  was t o  conceptual ize t h e  
landscape a s  a composition of physica l  uni ts .  These physical  u n i t s  a r e  
bel ieved t o  provide e l k  with t h e  requirements f o r  su rv iva l .  These u n i t s  a r e  
i n t e r p r e t e d  from an a e r i a l  photo inventory of t h e  study s i t e .  A second 
ob jec t ive  was t o  i d e n t i f y  those  physica l  elements t h a t  he lp  f a c i l i t a t e  t h e  
ongoing use and management of t h e  landscape f o r  r ec rea t iona l  , rangeland, and 
f o r e s t r y  r e l a t e d  values. The t h i r d  ob jec t ive  was t o  produce management 
guidel ines  t h a t  serve  t o  protec t  and mi t iga te  negatively impacting uses wi th in  
e l k  h a b i t  a t .  

SURVEYING THE STUDY AREA 

The physica l  s i t e  f e a t u r e s  were perceived t o  be 1 of 2 kinds. There w a s  
t h e  n a t u r a l  cover (vegeta t ion ,  water ,  s o i l ,  e tc . )  and t h e  manmade o r  man- 
influenced fea tu res .  A l l  survey work was conducted i n  a 2-phase process. 
S tereopai red  a e r i a l  photographs ( sca le  4" = 1 mile)  were used i n  phase one t o  
d e l i n e a t e  a l l  spec i f i ed  surface  cover types. I n  phase two, ground-t ru th ing 
and ocular  t e s t s  were conducted on a 15% sample t o  determine i n t e r p r e t e r  
accuracy. 

A l l  information surveyed from a e r i a l  photos was than t r a n s f e r r e d  t o  
U.S.Geologica1 Survey(USGS) base maps ( s c a l e  1:25,000 o r  1:48,000). These 
base maps used a one square mile reference  un i t .  These u n i t s  were referenced 
using conventional township and range designations.  

Five f e a t u r e s  r e l a t i n g  t o  human uses t o  h a b i t a t  condit ion were 
sys temat ica l ly  mapped. 

C i rcu la t ion  routes  a r e  found throughout t h e  e n t i r e  s i t e .  The 6 c l a s ses  
were separa ted  using 2 c r i t e r i a .  A roadway was c l a s s i f i e d  on t h e  bas i s  of 
bui ld ing mate r i a l  ( a spha l t ,  c inder mater ia l ,  e a r t h )  and types of vehicular  use 
( ca r ,  t ruck ,  four-wheel dr ive) .  Primary and secondary roads were asphalted.  
Light-duty roads and unimproved roads were made of cinder mater ia l .  Jeep 
t r a i l s  and pack t r a i l s  were made of compacted ear th .  
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Abstract: I n  t h e  summer of 1980 t h e  Lakeside Ranger District contracted with 
t h e  Universi ty of Arizona t o  study t h e  c o n f l i c t s  created between human uses 
and e l k  h a b i t a t  needs. A study area  of 140 square miles was delineated. This 
a rea  has  a l l  t h e  normal kinds of human use a c t i v i t i e s  found throughout t h e  
l a r g e r  Lakeside District. It contains a d iverse  f o r e s t  and rangeland 
ecosystem. 

The projec t  was designed t o  de l inea te  e l k  h a b i t a t  within t h e  study 
area.  Elk u t i l i z a t i o n  of h a b i t a t  and e l k  movements were then monitored f o r  a 
14-month period. The information developed from t h i s  e f f o r t  was then used t o  
formulate a r o t a t i o n  plan and management guidelines.  A computer program and 
master mapping system were created i n  order t o  monitor h a b i t a t  changes within 
harves t  a reas  and across t h e  study s i t e .  

INTRODUCTION 
The Sitgreaves National Forest i s  located i n  t h e  White Mountains along 

t h e  Mogollon R i m  i n  t h e  eas t -cent ra l  port ion of Arizona. Ra in fa l l ,  e levat ion,  
topography, and vegetat ion combine together  t o  form one of t h e  most a t t r a c t i v e  
year-round environments t o  be found anywhere i n  t h e  Southwest United Sta tes .  
Current t rends  i n  physical  development i n d i c a t e  t h i s  area  w i l l  continue t o  
provide rec rea t iona l  and vacation oppor tuni t ies  and a new second-home market 
during t h e  next decade. This increased use of land i n  t r a d i t i o n a l  ways by 
g rea te r  numbers of people has  brought land management on t h e  S i t  greaves 
National Forest i n t o  a new l e v e l  of operation. 

The t r a d i t i o n a l  land management procedures applied t o  t h e  t imber,  
rangeland, w i l d l i f e  , and rec rea t iona l  resources a r e  now made more complicated 
by increased presence of c o n f l i c t i n g  and overlapping use demands. This 
condit ion has t r a d i t i o n a l l y  been dea l t  with by employing t h e  concept of 
mul t ip le  use. Mult iple use i s  a concept of land management i n  which a number 
of products a r e  de l ibe ra te ly  produced from t h e  same land base. Multiple use, 
however, requires  t h e  establishment of management p r i o r i t i e s  i f  it is  t o  be 
considered a s  a v iab le  concept. 

The Lakeside Ranger D i s t  rict is required t o  produce land management plans 
t h a t  coordinate r e l i a b l e  information and management procedures i n  a way so  a s  
t o  mi t igate  or resolve these  conf l i c t s .  This t a s k  can only be accomplished by 
employing t h e  st r a t  egy of p r i o r i t y  management. Timber management is  t h e  
dominant land use a c t i v i t y  on t h e  Lakeside Ranger D i s t r i c t ,  Si tgreaves 
National Forest .  The rangeland resource i s  es tabl ished a s  a second 
p r i o r i t y .  Wildl i fe  and rec rea t iona l  concerns a r e  considered important but 
subordinant t o  timber and rangeland resources. 

The basic assumption about w i l d l i f e  h a b i t a t  management i n  f o r e s t s  t h a t  
a r e  managed under t h e  policy of mul t ip le  use is  tha t  it must be ca r r i ed  out i n  
coordination with timber management (Thomas 1979). This is  espec ia l ly  t r u e  
when f i n a n c i a l  resources a r e  d i rec ted  towards t h e  d i r e c t  support of timber and 
rangeland a c t i v i t i e s .  Wildlife h a b i t a t  management i n  f o r e s t s  requires  t h e  
manipulation of t r e e  cover (Trippensee 1948). This i s  usual ly  too  expensive 



Physica l  s t r u c t u r e s  were c l a s s i f i e d  i n t o  2 categories.  Res iden t i a l  
s t r u c t u r e s  were composed of 5 types. They were separated by type of use and 
s i z e  of s t ruc tu re .  Miscellaneous s t r u c t u r e s  were 1 of 8 types. Windmills, 
lookout towers, c o r r a l s ,  radio  towers, excavation p i t s  (2 ) ,  u t i l i t y  l i n e s  and 
bench marks were included under t h i s  c l a s s i f i c a t i o n  system. 

Fence l i n e s  d e l i n e a t e  rangeland a l lo tments ,  inholdings and a var ious  
assortment of o the r  property l ines .  Fence l i n e s  a r e  believed t o  con t ro l  
c a t  t l e  and inf luence  e l k  movement . 

Grazing al lotment l i n e s  a r e  phys ica l -po l i t i ca l  boundaries represent ing  
management ju r i sd ic t ions .  

Recrea t ional  a reas  a r e  s i t e s  known t o  be repeatedly used by 
r e c r e a t i o n i s t s  f o r  a v a r i e t y  of purposes. These s i t e s  were a l s o  mapped onto 
USGS maps. 

The n a t u r a l  cover types were surveyed i n  a s i m i l a r  manner. Natural  cover 
was c l a s s i f i e d  a s  1 of 3 types. There was f o r e s t  cover, rangeland meadow 
cover, and water. Forest  cover was mapped a s  evergreen p lan t s  (E), deciduous 
p l a n t s  (D), o r  shrubs (S). Equal mixtures of E and D were designated a s  (M) . 

These plant  cover types (E, D, M) were i n t e r p r e t e d  t o  have one of four  
he ight  c lasses .  Class 1 was 5-20 f e e t .  Class 2 was 20-60 f e e t .  Class 3 was 
g r e a t e r  than 60 f e e t .  Class 4 was a mixture of any of t h e  former 3 c l a s s  
he ights .  

Plant  cover types were i n t e r p r e t e d  t o  have 1 of 3 canopy covers. Type A 
was 10%-30% canopy closure.  Type B was 30%-80% canopy closure.  Type C was a 
80% canopy closure.  

The rangeland meadows were e i t h e r  RG1 o r  RG2. RG1 a r e  grasslands of 80% 
cover with trees and shrubs making up less than 20% cover. RG2 a r e  grass lands  
of 80% cover with t h e  remaining area  i n  open bare ground. 

Water was mapped a s  e i t h e r  tanks (T), spr ings  (S) o r  ear then impoundments 
(W). Drainageways, whether w e t  o r  dry,  were mapped separa te ly  under a stream 
order system, 

The de l inea t ion  and documentation of human elements and n a t u r a l  cover 
types  formed a base l ine  inventory. Inventor ies  a r e  made more use fu l  f o r  
management planning when they can be compiled, r e t r i eved  and updated eas i ly .  
HABSCAN (Habitat Scan) was developed exclus ively  f o r  t h i s  purpose. The program 
i s  designed t o  search out s i n g l e  pieces of information (i.e., stream channel) 
wi th in  any given square mile area.  It can a l s o  compile information on a 
category bas i s  ( i e  a l l  roads wi th in  any given area) .  F ina l ly ,  it can 
comprehensively search out a l l  information inventor ied  f o r  any given area.  

Together t h e  human f e a t u r e s  and t h e  n a t u r a l  cover f e a t u r e s  can be 
combined t o  form t h e  bas i s  of a new conceptual iza t ion  f o r  t h e  land manager. 
Forest  s t ands ,  rangelands, and human use elements can now be s e t  up f o r  
assessment a s  var ious  kinds of e l k  h a b i t a t .  The study team searched t h e  
l i t e r a t u r e  i n  order  t o  def ine  e l k  h a b i t  a t  components . 

HABITAT REQUIREMENTS DEFINED 

Optimum h a b i t a t  f o r  e l k  is  defined a s  t h e  amount and arrangement of 
cover, water ,  and food t h a t  r e s u l t  i n  t h e  maximum poss ib le  proper use of t h e  
maximum poss ib le  a rea  by t h e  animal (Thomas e t  a l e  1979). Cover components 
f o r  e l k  a r e  defined a s  thermal cover (winter  and summer) and h id ing cover. 
Food f o r  e l k  i s  e i t h e r  forage a reas  o r  browse mater ia l .  Water must be 
f r ees tand ing  and potable f o r  elk. 

Elk must maintain a near ly  constant  body temperature. Heat l o s s  is 
acce le ra ted  when t h e  e lk ' s  body temperature is  g r e a t e r  than t h e  ambient 



temperature. Heat i s  absorbed by t h e  animal when t h e  ambient temperature i s  
g r e a t e r  than i t s  body temperature. Elk can inc rease  o r  decrease hea t  
production by ad jus t ing  i ts  physical  a c t i v i t y  and i t s  metabolic r a t e  (Moen 
1973). Elk can a l s o  pos i t ion  themselves with respect  t o  vegeta t ive  cover s o  
a s  t o  achieve a thermal-neutral zone (Black e t  a l .  1976). Summer thermal 
cover s h i e l d s  s o l a r  r ad ia t ion  from t h e  e l k  thereby allowing f o r  heat  l o s s  from 
t h e  animal (Edgerton and McConnell 1976). Winter thermal cover r e t a i n s  
ambient temperatures allowing f o r  minimal heat  losses  from e l k  (Beall  1974, 
McEwan and Whitehead 1970). Hiding cover i s  defined a s  vegeta t ive  cover 
capable of h id ing  90% of a s tanding e l k  from t h e  v i e w  of a human a t  a d i s t ance  
equal  t o  o r  less than 61 m (200 f t )  (Thomas et a l .  1979). 

Forage openings inc lude  a l l  n a t u r a l  and man-made openings i n  f o r e s t  
s tands  t h a t  do not qua l i fy  a s  cover. Forage openings a r e  comprised of grasses  
and forbes  t h a t  provide e l k  with protein.  Browse mater ia ls  a r e  composed of 
deciduous shrubs and t r e e  seedlings.  The optimum mix of forage t o  cover types 
v a r i e s  from region t o  region. Thomas et a l .  (1979) found an optimum mix t o  be 
60% forage ,  40% cover. 

Potable  water i s  believed t o  be important t o  e l k  e spec ia l ly  i n  t h e  
Southwest coniferous f o r e s t s .  Studies i n  Montana by Marcum (1975, 1976) 
i n d i c a t e  t h a t  e l k  make d ispropor t ionate ly  heavier  use of areas  wi th in  1050 
meters of water. Mackie (1970) es t imates  optimum h a b i t a t  t o  contain potable 
water wi th in  0.8 km (0.5 miles)  of any point ,  

VEGETATIVE COVER AS ELK HABITAT 

The study a rea  was now del ineated  a s  a composition of physical  uni ts .  
These physica l  u n i t s  represent  various kinds of vegeta t ive  cover t h a t  a r e  
perceived by t h e  f o r e s t e r  t o  be t h e  timber resource. Vegetative cover i s  
perceived by t h e  w i l d l i f e  manager t o  be t h e  h a b i t a t  resource. It i s  important 
i n  terms of f u t u r e  land management t h a t  t h e  h a b i t a t  and f o r e s t  resource be 
conceptual ized a s  one e n t i t y .  Therefore, it was important t o  i d e n t i f y  those  
s tand condit ions wi th in  land types a s  s p e c i f i c  e l k  h a b i t a t  components. 

The physica l  u n i t s  now had t o  be designated a s  p o t e n t i a l  h a b i t a t  f o r  e l k  
u t i l i z a t i o n .  Cover components were i n t e r p r e t e d  from t h e  inventory maps t o  be 
1 of 3 kinds of thermal cover. Hiding cover per se was not mapped. Good 
thermal cover is  any vegeta t ive  canopy exceeding 80% canopy cover. F a i r  
thermal cover ranged from grea te r  than 30% t o  l e s s  than 80% canopy cover. 
Poor thermal cover is composed of l e s s  than 30% canopy cover. 

Water was d i r e c t l y  i n t e r p r e t e d  from t h e  base l ine  inventory. No 
t r a n s l a t i o n  was needed. Food components were i n t e r p r e t e d  from t h e  inventory 
maps t o  be e i t h e r  forage o r  browse types. Forage openings were defined a s  
rangeland meadows (RG1 or. RG2). Browse areas  were mapped a s  deciduous ( D l ,  
shrub (S) ,  o r  mixed (M) plant  cover, 5-20 f e e t  high Class 1 ( ~ 1 , S l  ,MI). 

A sepa ra te  research was c a r r i e d  out t o  document e l k  s igh t ings  wi th in  
r ep resen ta t ive  por t ions  of t h e  s i t e .  This f i e l d  work involved over 700 man- 
hours of time on s i t e .  This was t h e  primary means of corroborat ing e lk  
u t i l i z a t i o n  with h a b i t a t  components (Delguidice and Rodiek 1982). The da ta  
generated over t h e  14-month period was not considered t o  be i n d i c a t i v e  of 
long-t e m  e l k  u t i l i z a t i o n  pat terns .  An extended monitoring period could 
produce data  r e f l e c t i n g  t h e  t r u e  r e l a t i o n s h i p  between e l k  h a b i t a t  and e l k  
use. This knowledge can lead t o  t h e  c rea t ion  of management guidel ines  
designed t o  maintain e l k  h a b i t a t  under a mul t ip le  use system. A preliminary 
a n a l y s i s  was conducted using ava i l ab le  information. 



COORDINATING LAND MANAGEMENT ACTIVITIES 

Two products a r e  needed t o  coordinate land management a c t i v i t i e s  with e l k  
h a b i t  a t  maintenance. F i r s t ,  a hypo the t i ca l  120-year r o t a t  ion  plan was 
designed f o r  t h e  study a rea  (Table 1). Actual plans should be coordinated 
with Lakeside District personnel. The purpose of t h i s  plan was t o  demonstrate 
how timber management p rac t i ces  can be staged within t h e  t o t a l  study area .  
Each successive plan can then be coordinated with a l l  o thers  s o  a s  t o  maintain 
h a b i t a t  over time wi th in  given areas .  A s e t  of management guidel ines  were 
then coordinated with t h i s  ro t  a t  i o n  plan. These guidel ines  concent r a t ed  on 
h a b i t  a t  component t rea tments  , debr i s  and downed woody mater ia l ,  r i p a r i a n  
zones, and roadways on s i t e  (Appendix I ) .  

The HABSCAN computer program can update and monitor a c t u a l  changes. 
Changes t o  h a b i t a t  can be assessed wi th in  harves t  zones and i n  r e loca t ion  t o  
t h e  s t a t u s  of h a b i t a t  through t h e  study s i t e .  This provides t h e  land manager 
t h e  c a p a b i l i t y  of comparing any h a b i t a t  change t o  t h e  o v e r a l l  h a b i t a t  
condi t ion  on t h e  f o r e s t .  

CONCLUSIONS 

The Si tgreaves  National  Forest i s  managed under t h e  concept of mul t ip le  
use. This means t h e  simultaneous provision of wood, water, r ec rea t ion ,  and 
w i l d l i f e  a s  required by t h e  Mult iple Use Sustained Yield Act (U.S. Laws, 
S t a t u t e s ,  etc . ,  P.L. 86-517, 1960). P r i o r i t i e s  f o r  management place w i l d l i f e  
i n  a subordinate  p o s i t i o n  r e l a t i v e  t o  timber and l ives tock  values. I n  terms 
of t h e  Si tgreaves  National Fores t ,  t h e  opt ions  f o r  w i l d l i f e  can be rea l i zed  
through a coordinated e f f o r t  where h a b i t a t  and t h e  f o r e s t  resources become one 
and t h e  same e n t i t y .  Fundamental t o  t h i s  e f f o r t  is t h e  i d e n t i f i c a t i o n  of 
h a b i t a t  components e s s e n t i a l  t o  s e l e c t e d  w i l d l i f e  species .  Theref ore ,  
w i l d l i f e  and t h e i r  r e l a t ionsh ip  t o  h a b i t a t  within t h e  managed f o r e s t  must be 
c l e a r l y  demonstrated wi th in  land type and stand condit ion.  Management t o o l s  
must be developed t o  comprehensively as sess  t h e  s t a t u s  of h a b i t a t  and t h e  
changes i n  h a b i t a t  due t o  f o r e s t  management p rac t i ces .  These t o o l s  must be 
cos t -e f fec t ive  and a v a i l a b l e  t o  t h e  land manager and f i e l d  fo res te r .  

The f o r e s t  and rangeland ecosystems of t h e  Si tgreaves  National Forest and 
t h e  growing complex of land use demands placed on them i s  representa t ive  of 
many f o r e s t  lands. Land management of these  s i t e s  must be given t h e  h ighes t  
p r i o r i t i e s  i n  terms of f i n a n c i a l  support and profess ional  procedures. These 
lands represent  one of t h e  l a s t  remaining oppor tun i t i e s  f o r  managing our 
f u t u r e  welfare. We must make every attempt t o  manage these  lands i n  t h e  best  
poss ib le  manner. 



Table 1. Hypothetical Rotation Schedule 

Condition Time 
P r i o r  t o  Components Present Period 

Stage Action Action Taken After Action Taken (years)  

D 1 Mature harvest-  Clear cut Forage 
a b l e  stand 

2 Dense seedlings 25% thinned Hiding cover main- 10-40 
0-7' t a l l ,  a t  20 years ta ined f o r  30 years 
h id ing  cover (10-40) 

i 3 Thinned sap- Natural t r e e  Thermal cover 40-50 
l i n g s  and poles growth crowns 
40' t a l l ,  f i l l - i n ,  s tand 

! thermal cover cons i s t s  of 
even-aged poles 

Even-aged poles Commercial th in-  Forage and 50-80 
>408 t a l l  ning 30% of small saw timber 

st and 

Class B canopy Maintain mature Thermal cover 80-90 
(70%), thermal canopy t r e e s  
cover 14-20'' DBH 

>14" DBH mature, 30% thinning,  Forage areas  90-100 
thermal cover some thermal i n  openings 

removed 

7 Thermal re- Maintained or  Thermal or  forage 100-200 
s to red  18-22" harvested 

I DBH 
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APPENDIX I 
HABITAT GUIDELINES FOR COORDINATING TIMBER 

MANAGEMENT WITH ELK HABITAT ON THE 
LAKESIDE RANGER DISTRICT, 
SITGREAVES NATIONAL FOREST 



GUIDELINES FOR ELK HABITAT MANAGEMENT 

Assumptions 

1. Forage, water and cover a r e  t h e  primary h a b i t a t  f a c t o r s  t h a t  l i m i t  
e l k  populations. 

2. The type ,  amount and in te r spe r s ion  of forage,  water and cover can be 
planned f o r  s o  a s  t o  provide e l k  with p red ic tab le  h a b i t a t  
requirements . 

3. Habit a t  requirements f o r  e l k  a r e  of paramount importance i n  long 
range s i l v i c u l t u r a l  planning and i n  t h e  more immediate range-timber 
harves t  planning. 

4.Log s l a s h  and downed woody mate r i a l  inf luence  e l k  use and e l k  
movement wi th in  a given area.  

5.Elk h a b i t a t  i s  c r i t i c a l  on winter  range and summer range. 
Competitive uses reduce a v a i l a b l e  h a b i t a t  t o  e l k  by rendering it a s  
e i t h e r  unuseable o r  unavailable. 

6.Forage and cover requirements should be considered i n  both 
s i l v i c u l t u r a l  and timber harves t  planning. 

7. Habitat s u i t a b i l i t y  f o r  e l k  can be evaluated by t h e  r a t i o  of cover 
a r e a s  t o  forage  a reas  wi th in  t h e  harves t  a r e a  and immediately 
adjacent  t o  i t  on a l l  s ides.  

8. The r a t i o  of cover t o  forage areas  f o r  s i l v i c u l t u r a l  planning must 
t a k e  i n t o  account t h e  condit ion of t h e  s tands  by type f o r  t h e  e n t i r e  
a r e a s  throughout t h e  time frame of planning t o  be meaningful f o r  e l k  
herds.  

9. Roads l e f t  open t o  vehicular  access impact e lk  u t i l i z a t i o n  of any 
given area .  

Guidelines 

Optimum e l k  h a b i t a t  is  t h e  amount and arrangement of cover and forage 
a r e a s  t h a t  r e s u l t s  i n  t h e  maximum proper use of t h e  maximum poss ib le  a rea  by 
t h e  animal. This occurs when t h e  g rea tes t  poss ib le  area  i s  used and t h e  
vegeta t ion  i s  u t i l i z e d  t o  t h e  maximum without de te r io ra t ion .  

1. The r a t i o  of approximately 50% i n  cover t o  50% i n  forage a reas  of 
proper s i z e  and arrangement approaches optimum h a b i t  a t .  ( S i t  greaves 
Forest  Study Area) 

2. Elk requ i re  water i n  t h e  a r i d  Southwest. Optimum h a b i t a t  on t h e  
study a r e a  includes potable water wi th in  1.0 miles of any given point 
(es t imates  from study s i t e )  . 

3.Optimum h id ing  cover f o r  e l k  is  defined a s  vegeta t ion  capable of 
h id ing  a s tanding adul t  e l k  from t h e  view of a person a t  a d i s t ance  
g r e a t e r  than 150 f e e t  (1 s igh t  d is tance) .  



4. Hiding cover patches should not be separa ted  by open spaces exceeding 
5 s igh t  d is tances .  

5. Thermal cover i s  defined a s  vegeta t ive  canopy and associa ted  stem and 
branch s t r u c t u r e  which modifies t h e  ambient a i r  temperature f o r  e l k  
located  wi th in  t h a t  cover patch . 

Poor thermal cover = < 30% canopy c losure  

F a i r  thermal cover = 30% - 80% canopy c losure  

Good thermal cover = > 80% canopy c losure  

6. Optimum s i z e  of good thermal cover patches f o r  e l k  on t h e  study a rea  
were est imated t o  be 10-20 ac res  i n  s i z e  wi th in  a l a r g e r  s i t e  of 30- - 
60 a c r e s  i n  s ize .  These s i t e s  a l s o  contain forage,  water and poor t o  
f a i r  thermal cover patches. 

I n  o ther  words, any given study s i t e  should be made up of: 

113 = Good thermal cover min. s i z e  10 ac res  
113 = Forage + (potable water avai l . )  
113 = Poor + Fa i r  thermal cover mine s i z e  10 ac res  

7. Forage enhancement should be encouraged through timber management 
p rac t i ces  i n  open a reas ,  along ru t  roads and under f o r e s t  canopy. 

8, .Calving a r e a s  should be i d e n t i f i e d  and kept f r e e  of timber 
ha rves t ing ,  grazing and r e c r e a t i o n a l  uses f o r  a reasonable period of 
time p r i o r  t o  calving season and a f t e r  ca lv ing season ends. 

9 .  C a t t l e  enclosures should be developed around water impoundments s o  
t h a t  a t  l e a s t  50% of t h e  shore l ine  (high water mark) and aqua t i c  
vegeta t ion  i s  l e f t  f o r  w i l d l i f e  use. 

10. Logging roads and a l l  roads o ther  than primary and secondary roads 
should be rendered closed t o  vehicular  t r a f f i c .  These determinations 
can only be made a f t e r  considering t h e  roads' l oca t ions  wi th in  
various por t ions  of e l k  h a b i t a t .  

11. Logging c u t s  should always leave h id ing  cover s t r i p s  around t h e i r  
perimeters  so  t h a t  harves t  a reas  a r e  in teg ra ted  i n t o  surrounding 
f o r e s t  areas.  



DEBRIS AND DOWNED WOODY MATERIAL GUIDELINES FOR TREATMENT ON ELK RANGE 

Dead and downed woody mate r i a l  may be described a s  unsalvaged 
mor ta l i ty .  The u t i l i z a t i o n  of t h i s  ma te r i a l  is  an important ob jec t ive  of good 
timber management. It is  a l s o  considered a s  a form of h id ing cover f o r  e l k  
u t i l i z i n g  newly cut a reas  within the  f o r e s t .  This ma te r i a l  must be considered 
a s  a f i r e  hazard. Guidelines s e t  f o r t h  he re  a r e  designed t o  render downed 
woody mate r i a l  ( logs ,  branches, stems, stumps, bark and limb p i l ed ,  root 
clumps) a s  p o s i t i v e  elements i n  h a b i t a t  u t i l i z e d  by elk.  

Assumptions 

1. Downed woody mate r i a l  can prevent e l k  from t r a v e l i n g  through a given 
area .  Obstacles t o  t r a v e l  should be considered a s  unnecessary 
elements wi th in  the  managed f o r e s t .  

2 Downed woody mate r i a l  should not c o n s t i t u t e  hazardous fuelwood 
condit ions.  

3. Debris and downed woody mate r i a l  can prevent forage and seedl ing  
regenera t ion  on t h e  f o r e s t  . f loor.  

4. Some debr is  can a c t u a l l y  favor e l k  use over s p e c i f i c  human uses. 
This s i t u a t i o n  must be assessed agains t  o ther  des i red  uses. 

Guidelines 

1. Natural downed mate r i a l  should not c o n s t i t u t e  a f i r e  hazard nor a 
regenera t ion  problem nor a t r a v e l  obs tac le  t o  elk.  

2. Timber harves t  debr is  should be l imi ted  t o  s l a s h  p i l e s  of s p e c i f i c  
dimensions. These p i l e s  a r e  crea ted  t o  c o l l e c t  and dispose of excess 
woody mate r i a l  (usual ly  burning). 

\ 

Type 1. 15 yards i n  diameter (45 f e e t )  
Less than 8 f t .  high 
Underlaid with temperature r e s i s t a n t  ma te r i a l  (sand 
gravel  base) 

Type 2. 5 yards i n  diameter (15 f e e t )  
Less than 8 f t .  h igh  
Underlaid with temperature-resistant  mater ia l  

3. Slash p i l e s  should be located so  t h a t  burning and treatment a f t e r  
burning (forage enhancement ) can be r e a d i l y  implemented . 

4. Access t o  water should be maintained. 

5. Woody debr i s  c rea ted  by timber management should never be placed i n  
o r  along t h e  wet land/ r ipar ian  zone. 

6. Slash p i l e  placement should be s t r a t e g i c a l l y  se lec ted  by harvest  and 
planning personnel. 



RIPARIAN ZONE TREATMENTS GUIDELINES 
FOR TREATMENT ON ELK RANGE 

Riparian zones can be i d e n t i f i e d  by t h e  presence of vegetat ion t h a t  
r equ i re  f r e e  or  unbound water o r  condit ions t h a t  a r e  more moist than normal. 
Wetlands and hydr ic  vegetat ion were f o r  a s i g n i f i c a n t  port ion of time during 
t h e  year. Together these  two i n t e r r e l a t e d  zones provide e l k  with water and 
forage resources. 

Guidelines f o r  t r e a t i n g  these  zones a r e  designed t o  increase  productive 
values (forage) and decrease des t ruc t ive  uses within these  zones. 

1. Road const ruct ion which t r averses  or runs within these  zones must be 
given s p e c i a l  considerat ion.  S o i l ,  vegetat ion,  water q u a l i t y  and 
temperature va r iab les  should be i d e n t i f i e d  p r i o r  t o  disturbance. 

2.Any unavoidable disturbances should be mit igated so a s  t o  r e t u r n  
these  zones t o  o r i g i n a l  s t r u c t u r e  and function a f t e r  disturbance has 
been completed. 

3. Access t o  water should be c a r e f u l l y  selected.  Livestock and e l k  
should be provided with separa te  access points  t o  common water 
sources. 

4 .  Forage enhancement schemes should be planned f o r  i n  and around f r e e  
flowing water courses. Grazing r o t a t i o n  schemes could e a s i l y  
compliment t h i s  a c t i v i t y .  

5. Barbless top  wire fences should be used around water impoundments. 

6., Seeps and spr ings  should be fenced so  t h a t  no l a rge  animal can 
d i s t u r b  t h e  surface  flow from t h e  underground source. 

7.The r a t i o  of water t o  forage areas  should be maintained and over 
t i m e ,  increased f o r  both l ives tock and wi ld l i f e .  

8. Forest  h id ing  cover should be maintained and developed around water 
impoundment s . 

9.Forage enhancement should be designed f o r  port ions of t h e  most 
promising water impoundments. 

10. Develop separa te  water sources f o r  r ec rea t iona l  uses. Avoid human 
a c t i v i t y  concentrat ions around water impoundments whenever possible.  



A HABITAT ANALYSIS OF SPRING-SUMMER ELK RANGE ON THE APACHE-SITGREAVES 
NATIONAL FOREST, ARIZONA 

GLENN D. DELGUIDICE, School of Renewable Natura l  Resources, Univers i ty  of 
Arizona, Tucson, AZ 

J O N  C. RODIEK, School of Renewable Natura l  Resources, Univers i ty  of Arizona, 
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2 Abs t rac t  : A 99-km a r e a  i n  t h e  sou theas t e rn  po r t ion  of t h e  Apache-Sitgreaves 
Nat iona l  Fo res t ,  Arizona, w a s  i d e n t i f i e d  a s  spring-summer e l k  range. Elk use  
occurred predominantly above 2310 m, i n  t h e  s o u t h c e n t r a l  po r t ion  of t h e  s i t e .  
Calving a c t i v i t y  occurred between l a t e  May and t h e  end of Ju ly .  S o l i t a r y  
a d u l t  females and ca lves  were observed with inc reased  frequency above 2280 m. 
Elk use  of t h e s e  upper e l e v a t i o n a l  zones, during those  per iods  of i nc reased  
human-related a c t i v i t y ,  i nd i ca t ed  t h e  importance of t h e  a r e a  t o  e lk .  

The a r e a  i s  d i s s e c t e d  by r u t  roads ,  fence  l i n e s ,  and u t i l i t y  l anes .  
F o r e s t s  comprise 92% of t h e  s tudy area .  Dense t imber  s tands  accounted f o r  
almost h a l f  of t h e s e  f o r e s t s ,  and e x i s t e d  i n  g r e a t e s t  p ropor t ion  i n  t h e  upper 
e l e v a t i o n  where h ighes t  e l k  use was documented. Elk were observed feeding  i n  
open meadows s i g n i f i c a n t l y  (P < .005) more dur ing  e a r l y  s p r i n g  than  l a t e  
spring-summer. Elk use of f o r e s t s  increased  from 50.88% during e a r l y  s p r i n g  
t o  82.06% dur ing  l a t e  spring-summer. 
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INTRODUCTION 

A comprehensive h a b i t  a t  a n a l y s i s  is  an import an t  s t e p  i n  t h e  e c o l o g i c a l  
s tudy  of w i l d l i f e  spec i e s  (Andrewartha and Birch 1954). This  a n a l y s i s  should 
i n c l u d e  i n v e s t i g a t i 6 n s  i n t o  t h e  physiography, c l ima te ,  s o i l ,  vege ta t ion ,  and 
o t h e r  components of t h e  h a b i t a t  mosaic bearing some in f luence  on t h e  animals '  
u se  of t h e  a r ea .  

Most f  ree-ranging e l k  (Cervus e laphus)  a r e  a s soc i a t ed  with f o r e s t e d  land 
(Lyon 1971, Pedersen e t  a l .  1980, Ward 1980), and ana lyses  of e l k  h a b i t a t s  
are i n c r e a s i n g  i n  d i r e c t  response t o  increased  human presence and impact upon 
t h e s e  f o r e s t e d  lands  (Morgant ini and Hudson 1979). Recently,  e l k  research  h a s  
been involved with t h e  a n a l y s i s  of h a b i t a t  from a new pe r spec t ive ,  t h e  e lk ' s  
u t i l i z a t i o n  of t h e  e x i s t i n g  h a b i t a t  components (Lyon 1980, Pedersen e t  a l .  
1980). 

This  s tudy o r i g i n a t e d  from an  ex tens ive  e l k  h a b i t a t  - human impact s tudy  
i n  e a s t - c e n t r a l  Arizona. The purpose of t h i s  s tudy  i s  t o  (1)  i d e n t i f y  and 



desc r ibe  spring-summer e l k  h a b i t a t ,  including an examination of man-inf luenced 
a l t e r a t i o n s  of t h e  s i te  through construct ion;  (2) examine e l k  use h a b i t a t  
types;  (3) provide in£ ormation concerning ca lv ing a c t i v i t i e s ;  and (4) l a y  t h e  
groundwork f o r  fu tu re ,  more d e t a i l e d  examinat i o n  of e l k  requirement s -hab i t  a t  
r e l a t ionsh ips .  The study concentrates on t h e  period from March t o  October, 
1981, although data  were co l l ec ted  from May, 1980, through October, 1981. 

STUDY AREA 

The study a r e a  lies wi th in  t h e  southeast  corner of t h e  Apache-Sitgreaves 
National  Forest (ASNF) of east-cent a 1  Arizona, 34' N, 109' W (Fig.1)- The 1 a r e a  encompasses approximately 99 km . 
Topography and S o i l s  

The area  i s  charac ter ized  by r o l l i n g  t e r r a i n ,  with e l eva t ions  ranging 
from 2219 m i n  t h e  northwest t o  2704 m i n  t h e  southeas tern  por t ions  of t h e  
s i t e .  Mountain peaks g rea te r  than 2432 m a r e  in te r spe r sed  throughout t h e  
study area.  

The s o i l s  a r e  comprised p r i n c i p a l l y  of t h e  Gordo s e r i e s ,  formed from more 
recent  ext rus ions  of lava and b a s a l t i c  e j e c t a  than t h e  surrounding areas.  
These s o i l s  have more l i t t e r  and a t h i c k e r  A horizon than t h e  semiarid s o i l s  
a t  t h e  lower e l eva t ions  outs ide  t h e  study a rea  boundaries. These d i f fe rences  
a r e  probably caused by d i f fe rences  i n  plant production. Higher p r e c i p i t a t i o n  
and a lower r a t e  of decomposition of organic matter  because of lower 
temperatures,  a r e  t h e  primary f a c t o r s  inf luencing t h e  plant  production 
(Anonymous 1981). 

Climate 

The s i te  exists i n  an upper c l ima t i c  zone described a s  subhumid- This 
a r e a  rece ives  a mean annual p r e c i p i t a t i o n  of 50.8 - 101 .6 cm, a mean annual 
temperature of 1-67' - 7 1 . 7 8 ~ ~  and a f ros t - f r ee  period ranging from 80- 
130 days (Anonymous 1981). Average monthly temperatures during t h e  study 
con£ ormed c lose ly  with normal temperatures (Fig. 2). P rec ip i t a t ion ,  however, 
was not iceably  lower than normal from October, 1980, t o  mid-January, 1981, and 
s u b s t a n t i a l l y  higher from February t o  mid-March, 1981 (u. S. Weather Bureau 
1980 and 1981) (Fig. 3). 

Vegetation 

Lowe (1964) cha rac te r i zes  t h i s  a rea  a s  belonging t o  t h e  Trans i t ion  and 
Canadian L i fe  Zones. The Trans i t ion  Zone i s  equivalent t o  t h e  ponderosa pine 
(Pinus ponderosa) f o r e s t .  Pure stands occur most commonly between 2128 m and 
2432 m. The lower l imi t  of t h e  ponderosa pine f o r e s t  is  t h e  lower e l e v a t i o n a l  
l i m i t  of t h e  e n t i r e  coniferous f o r e s t  formation wi th in  Arizona. Plant- 
a v a i l a b l e  s o i l  moisture i s  t h e  most d i r e c t  f a c t  o r  af f e c t i n g  t h i s  lower 
eco log ica l  l i m i t .  Gambel oak (Quercus gambeli) is t h e  tree most commonly 
assoc ia ted  with t h e  pines. Trembling aspen (Populus tremuloides) may be 
s c a t t e r e d  o r  e x i s t  i n  l a rge  s tands  on old burns, usual ly  above 2280 m. 
Pinyon, juniper ,  and b ig  sagebrush (Art emisia t r i d e n t  a t  a )  may be associa ted  
with t h e  pine i n  t h e  lower por t ion  of t h e  study area ,  between 2128 m and 
2280 m. Douglas f i r  (Pseudotsuga menziesi i)  is  occasional  t o  frequent above 
2128 m. These ponderosa pine stands a r e  a l s o  r i c h  i n  shrubs and forage cover 
i n  many areas.  
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STUDY PERIOD 

Fig. 2. Comparison of normal monthly average temperatures (based on 40 years 
of data) to monthly average temperatures during the study (U. S. Weather 
Bureau 1980 and 1981) 



Fig. 3. Comparison of normal monthly precipitation (based on 40 years 
of data) to monthly precipitation during the study (U. S. Weather Bureau 
1980 and 1981) 



The Canadian Zone i s  i d e n t i f i e d  by f i r  f o r e s t s  cons i s t inn  of mixed 
species .  Douglas f i r  and white f i r  ( ~ b i e s  concolor) a r e  t h e  p r i i c i p l e  t r e e  
spec ies ,  although Englemann spruce (Picea engelmanni) and blue spruce (Picea 
glauca) a r e  a l s o  s c a t t e r e d  throughout these  f o r e s t s .  Ponderosa pines a r e  
o f t e n  present ,  though confined more t o  r idges  and souther ly  exposures. The 
ponderosa pine a l s o  e x i s t  along t h e  edge of t h e  f i r  f o r e s t  where t h e  two 
f o r e s t s  merge i n  t h e  continuum (Lowe 1964). The f i r  f o r e s t s  on s i t e  occur on 
rugged t e r r a i n .  Gambel oak, trembling aspen, and New Mexican locust  (Robinfa 
neomexicana) a r e  browse species  associa ted  with t h e  Canadian Zone. 

Timber and Range Management 

Sustained and merchantible timber production i s  t h e  primary management 
ob jec t ive  of t h e  U.S. Forest Service. Areas a r e  entered once every 20 years  
f o r  sawtimber ha rves t s  and in termedia te  cu t s  (Burbridge and Neff 1976). The 
f o r e s t s  a r e  b a s i c a l l y  managed f o r  even-aged stands.  Aesthet ic  and w i l d l i f e  
cons idera t ions  have resu l t ed  i n  uneven-aged management along heavi ly  u t i l i z e d  
roads, however. Clearcut t ing ,  s e l e c t i v e  c u t t i n g ,  and contro l led  burns a r e  
t r a d i t i o n a l  p rac t i ces  u t i l i z e d  within the  ASNF. 

The s i te  i s  comprised of e n t i r e  and por t ions  of 7 grazing al lotments.  
C a t t l e  grazing wi th in  t h e  a l lo tments  i s  permitted from June 1 through 
October 30, pr imar i ly  under a defer red  rest and complete rest r o t a t i o n  system 
(R.J. Peterson,  USFS, pers. comm.). A t  l e a s t  one pasture i n  an allotment i s  
res t ed  a year. 

Wi ld l i f e  

The a rea  e x i s t s  wi th in  Wildl i fe  Management Units 1 and 3B (Arizona Game 
and Fish Dept. 1980). Arizona c l a s s i f i e s  10 species  of animals a s  b ig  game. 
Seven of these  species  inhabi t  t h e  study a rea  including;  mule deer (Odocoileus 
hemionus), black bear (Ursus americanus), and Merriam's turkey (Meliagris 
ga l lopavo) .  Pronghorn ant e lope  (Ant i l o c a p r a  americana) , mountain l i o n  ( F e l i s  
concolor) and Coues white-tai led deer (Odocoileus v i rg in ianus  couesi)  a r e  a l s o  
occas ional ly  observed. 

METHODS AND MATERIALS 

Three seasons were recognized based upon noteable d i f fe rences  i n  monthly 
average temperatures. These were; e a r l y  spr ing  (March 15-May 15),  l a t e  
spring-summer (May 15-October l ) ,  and fa l l -winter  (October 1-March 15) 
(Fig. 2). Fall-winter weather da ta  a r e  included t o  provide a complete concept 
of temperature and moisture condit ions during t h e  e n t i r e  period of da ta  
co l l ec t ion .  Weather da ta  were obtained from t h e  U. S. Weather Bureau's 
s t a t i o n  a t  McNary, located  4.83 km off t h e  study a rea  a t  an e l eva t ion  of 2219 
m. 

Habit a t  Inventory 

An e l k  habi ta t -or iented  c l a s s i f i c a t i o n  system (Table 1 )  was u t i l i z e d  f o r  
an air  photo- in terpre ta t ion  of t h e  study area.  The purpose of t h i s  
c l a s s i f i c a t i o n  system and photo-interpretat ion was t o  de l inea te  and inventory 
cover types  (vegeta t ion) ,  forage openings and o ther  natural ly-occurring and 
man-made h a b i t a t  components (Carneggie and Holm 1977, Anderson et a10 1980, 
Pedersen e t  a l .  1980). U. S. Forest Service n a t u r a l  color  photographs 
(1:15840 s c a l e )  were u t i l i z e d  f o r  t h e  i n t e r p r e t a t i o n .  



Table 1. Elk habi ta t -or iented  c l a s s i f i c a t i o n  system f o r  air  photo- 
i n t e r p r e t a t i o n  of study a r e a  i n  t h e  Apache-Sitgreaves National 
Fores t ,  Arizona. 

Fores t  s tand 

Vegetative type 

D . . . Deciduous 

E . . . Evergreen 

M . . . Mix 

S . . . Shrubs 

Forage Openings 

Fo <lo% canopy c losure  

Drainageways 

DW 

Water Sources 

S . . . Spring 

T . . . Tank 

L . . . Lake 

W . . . Other water impoundment 

Man-made 

Canopy c losure  (5) 

A .  . . 1 0 -  3 0 %  

B . .  . 3 0 - 8 0 %  

C . .  . > 8 0 %  

Poin t s  . . . s t r u c t u r e s  

Lines . . . roads, fence  lines, u t i l i t y  l anes  

Areas . . . r e c r e a t i o n a l  a r e a s  

Height (f t )  

1 . .  . 5 - 2 0  

2 . .  . 2 0 - 6 0  

3 . .  . > 6 0  

4 . . . Mixed (any two) 



I n t e r p r e t o r s  using mirror s tereoscopes ocular ly  estimated f o r e s t  canopy 
c losure  c l a s s e s  with 90% confidence. Estimations were v e r i f i e d  by dot 
g r ids .  Stand height  was a l s o  i n t e r p r e t e d  by ocular  est imation.  Six t r i p s  (18 
days) t o  t h e  f i e l d  f o r  ground-t ru th ing phot o-int e r p r e t  ed data ,  included 
checking stand he igh t s  with a height  f inder .  Estimates of height  c l a s s  proved 
t o  be accurate.  

I d e n t i f i c a t i o n  and locat  i o n  of n a t u r a l  and man-made h a b i t  a t  components 
were f i e l d  checked. U.S. Geological Survey (USGS) and U.S. Forest Service 
(USFS) maps provided supplemental data i n  regard t o  man-made physical  f ea tu res  
and s t r u c t u r e s  . 

Phot o- in terpre t  ed da ta  was t r a n s f e r r e d  from phot o-overlays t o  USGS 
1:24000 s c a l e  base maps, u t i l i z i n g  a zoom-transferscope. There was some l o s s  
i n  accuracy of phot o-int e rp re t  ed data  where adjacent overlays were patched 
toge the r  i n  t h e  t r a n s f e r  process. Cover type  i n £  ormation was s t r a t i f i e d  by 
d i f f e r e n t i a l  shading of t h e  3 canopy c losure  c l a s ses ,  regardless  of height  and 
vege ta t ive  type.  Tota l  a reas  of cover types and forage openings were 
ind iv idua l ly  planimetered and logged as  part  of t h e  inventory. Areas of 
r e c r e a t i o n  s i t e s  and l i n e a r  measurements of fence l i n e s ,  u t i l i t y  lanes ,  ang logging ( r u t )  roads ( 3  t ypes )  were inventoried and logged by 2.59 km 
sect ion .  Th$ base maps were reduced t o  1:48000 s c a l e  and composite maps of 
the '  s i t e  were prepared. 

Elk Observations 

Observation of e l k  groups and document a t  i o n  of f r e sh  pe l l e t  s , t r acks  and 
beds i t e s  were u t i l i z e d  t o  determine use of an area  by e lk .  The p r i n c i p a l  
observat ional  technique involved t r ack ing  on foot  and horseback. Early 
morning and evening road counts (Davis and Winstead 1980) were driven during 
June and August, however. This technique permitted more sys temat ic  
observation of t h e  study a rea  and a more v a l i d  exami a t i o n  of e l k  't d i s t r i b u t i o n .  The study a rea  was divided i n t o  t h r e e  30 km segments f o r  
purposes of t h e  road counts. These segments d i f f e r e d  with respect  t o  t h e i r  
s tand canopy c losure ,  mosaics, and range of e levat ions .  

Group composition, a c t i v i t y  exhibi ted ,  and h a b i t a t  type u t i l i z e d  
(Frankl in  and Lieb 1979, Waldrip and Shaw 1979, Pedersen e t  a l .  1980) were 
recorded on f i e l d  information shee t s  f o r  each e l k  group observed by t h e  
author.  Supplemental e l k  observations were reported by Forest Service 
personnel.  Locations of a l l  e l k  observations were p lo t t ed  on a map of t h e  
study area  wi th in  16.2 ha  accuracy. 

Changes i n  group composition and knowledge of t h e  s o c i a l  biology of e l k  
(Murie 1951, Boyd 1978, Franklin and Lieb 1979, Waldrip and Shaw 1979) were 
used t o  examine t h e  occurrence and loca t  ion  of calving a c t i v i t i e s  . Adult cows, 
o f t  en accompanied by t h e i r  yea r l ing  female off  spr ing ,  have been reported 
leaving cow groups during t h e  e a r l y  summer months t o  calve (Boyd 1978, 
Franklin and Lieb 1979, Waldrip and Shaw 1979). These researchers  and o the r s  
have a l s o  found yea r l ing  and subadult males simultaneously leaving cow groups 
t o  form b u l l  groups. This f u r t h e r  reduced mean s i z e  of cow groups observed 
during t h e  calving season. Periods of absentism of calving females and some 
young males ranged from 1-6 weeks (Franklin and Lieb 1979). Calving a c t i v i t i e s  
during t h i s  study a r e  defined a s  p a r t u r i t i o n  and i n i t i a l  r ea r ing  of calves. 
Observations of s o l i t a r y  adul t  female e lk ,  an adu l t  female accompanied by a 
yea r l ing ,  and ca lves  were used a s  i n d i c a t o r s  of calving a c t i v i t i e s .  Murie 
(1951) found t h a t  cow e l k  remain wi th in  a few hundred meters of t h e i r  newborn 
c a l f .  Based upon t h i s  premise, a "predator c a l l "  was d i rec ted  towards 



s o l i t a r y  females upon observation,  i n  an attempt t o  e l ic i t  defensive 
behavior. This type of response was i n t e r p r e t e d  t o  be i n d i c a t i v e  of a ca l f  i n  
t h e  immediate v i c i n i t y .  

Five h a b i t a t  types were recognized during t h i s  study. Forest s tands 
possessing canopy c losures  of t h e  c l a s s e s  defined i n  t h e  h a b i t a t  
c l a s s i f i c a t i o n  system (Table l ) ,  comprised t h e  3 f o r e s t  types. Forest  
openings with a reas  g rea te r  than 0.60 ha (micro-openings) were t h e  o ther  2 
h a b i t a t  types. The h a b i t a t  types u t i l i z e d  and a c t i v i t i e s  exhibi ted  by e l k  
upon observation,  were entered on key-punch cards a t  t h e  Universi ty of 
Arizona . 
Vegetat ional  Measurement 

The point -centered quar t e r  vegeta t ion  sampling method (Cot tam and Cur t i s  
1956, Dix 1964) w a s  u t i l i z e d  t o  measure t h e  r e l a t i v e  frequencies and d e n s i t i e s  
of t h e  2 o r  3 dominant plant  species  on 6 openings and a s  a general  inventory 
of t h e  o the r  species  present.  

Adjacent h id ing  cover was measured on 4 s i d e s  of t h e  openings. The 
technique involved measuring 61 m i n t o  t h e  adjacent  f o r e s t  s tand and ocu la r ly  
e s t ima t ing  i f  vegeta t ion  would h ide  90% of a s tanding adul t  e l k  (Thomas e t  a l .  
1979). Vegetation possessing t h i s  c a p a b i l i t y  a t  61 m o r  l e s s  was 
cha rac te r i zed  a s  optimum h id ing  cover. Vegetation not possessing t h i s  
c a p a b i l i t y  was described as  less than optimum. 

Data Analysis 

Elk d i s t r i b u t i o n  measured by road counts was p lo t t ed  by number of e l k  
observed per  ki lometer  of route  driven. Data were analyzed per  2-week periods 
i n  each of t h e  3 designated areas  t o  reduce b ias  due t o  weather and e l k  
a c t i v i t y  changes (Davis and Winstead 1980). 

The determination of a c r i t i c a l - u s e  e l k  a rea  was based predominantly upon 
t h e  frequency and t iming (calving season) of observed e l k  use. Documentation 
of f r e s h  physica l  evidence was a l s o  an important considerat ion.  A 3-way 
contingency t a b l e  of h a b i t a t  type u t i l i z a t i o n  da ta  w a s  t e s t e d  by chi-square t o  
de tec t  d i f f e rences  i n  e l k  use f o r  feeding and t r a v e l i n g ,  by season. Data from 
t h e  3 f o r e s t  types and micro-openings were combined and t e s t e d  agains t  da ta  
from open meadows. Data from t h e  3 f o r e s t  types were t e s t e d  t o  de tec t  
d i f f e rences  i n  t h e i r  use by season and a c t i v i t y .  Two-way contingency t a b l e s  
of da ta  were a l s o  t e s t e d  t o  de tec t  d i f f e r e n t i a l  e l k  use of open meadows and 
f o r e s t s  f o r  a s p e c i f i c  a c t i v i t y  by season. 

RESULTS 

Areas Frequently Used by Elk 

Cri t ical-Use Elk Areas. The study a rea ,  p a r t i c u l a r l y  i t s  upper 
e l e v a t i o n a l  zones of spruce-fir  and ponderosa pine,  was p e r s i s t e n t l y  u t i l i z e d  
spring-summer h a b i t a t  by elk.  Reynolds (1966a, 1966b) and Patton (1969) have 
made s i m i l a r  observations of e l k  use of such ecosystems i n  various p a r t s  of 
Arizona and New Mexico. 

Figure 4 i l l u s t r a t e s  t h e  loca t ions  of 114 observations of e l k  groups 
recorded by season. The observations map (Fig. 4) c l e a r l y  shows t h e  heavy use 
e l k  made of t h e  e l e v a t i o n a l  zones above 2310 m i n  t h e  south-central  and 
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Fig. 4. Seasonal locations of elk observations recorded during the study (1980-1981) on the 
Apache-Sitgreaves National Forest, Arizona. Areas 1, 2, and 3 were the three areas designated 
for the road counts. (Within study area boundaries: 1, Reservation Flat; 2, Bear Wallow; 
3, Porter Spring; 4, Brushy Flat; 5, McKay Spring; 6, Pancho Spring) 
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southeas t  e r n  port ions  of t h e  study area.  One-hundred s i x  of t h e  observations 
were recorded during e a r l y  spr ing  and l a t e  spring-summer (Fig. 4). 

Elk were observed as e a r l y  a s  Apr i l  10, a c t i v e l y  u t i l i z i n g  h a b i t a t  wi th in  
t h e  Reservation Flat-McCormick Spring (Fig. 1 )  a rea  (Table 2). This a rea  i s  
a t  an e l eva t ion  of 2396 m. Elk use was occurring l e s s  than 2 weeks a f t e r  snow 
accumulation of 60.96 cm. There were 11 a d d i t i o n a l  observations of e l k  
repor ted  by Forest Service personnel i n  t h e  Reservation Flat-McCormick Spring 
area.  These observations provided support ive evidence of t h e  importance of 
t h i s  a rea  t o  elk.  The Brushy Fla t  (Fig. 1 )  a rea  (100 m lower than Reservation 
F l a t )  was a l s o  rece iv ing e l k  use by e a r l y  Apr i l  (Table 2). There were only 8 
observations of e l k ,  inc luding those  reported by t h e  Forest Service. 
Documentation of f r e sh  physica l  evidence, however, suggested t h a t  regular  use 
was made of t h i s  a rea  by elk.  The Por te r  Spring (Fig. 1 )  a rea  (160 m h igher  
than Reservation ~ l a t )  was inaccess ib le  u n t i l  l a t e  Apri l .  Frequent e l k  use 
was observed by May 2, however, and e l k  were s ighted  i n  t h e  a rea  u n t i l  t h e  end 
of September (Table 2). 

Table 2. Monthly range and frequency of e l k  observations wi th in  high use 
a reas  of t h e  Apache-Sitgreaves National Forest study a rea ,  Arizona 

Area of 
e l k  use 

No. days 
a r e a  

observed 
No. e l k  

observations 

Reservation Fla t  - 
McCormick Spring 

P o r t e r  Spring 2 5 20 

Brushy F l a t  25 5 

Road count r e s u l t s  i l l u s t r a t e d  high e l k  use i n  Areas 2 and 3 (Table 3). 
The observations supported our content i o n  t h a t  t h e  upper e levat  i o n a l  zones 
were important spring-summer h a b i t a t  f o r  elk.  Elevations range from less than 
2250 m t o  2341 m i n  Area 1; 2310 m t o  2493 m i n  Area 2; and 2371 m t o  2645 m 
i n  Area 3. Elk were observed i n  Area 1 during e a r l y  and l a t e  June, although 
not a s  f requent ly  a s  i n  Areas 2 and 3 (Table 3). Though road counts during 
e a r l y  and l a t e  August r e su l t ed  i n  fewer e l k  being observed, the  r e s u l t s  d id  
support t h e  genera l  observation of more frequent e l k  use i n  t h e  h igher  
e l eva t ions  of Areas 2 and 3 (Table 3). 



Table 3. Elk d i s t r i b u t i o n  as  measured by road counts during four designated 
time pe iods i n  the  Apache-Sitgreaves National Forest study a rea ,  
Arizona f 

Time Period 
No. e lk  per kilometer 

Area I Area I1 Area I11 

Early June 0.13 0 57 0.61 
(1s t  - 15th) 

Late June 
(16th - 30th) 

Early August 
(1s t  - 15th) 

Late August 
(16th - 31s t )  

'The 3 areas  u t i l i z e d  f o r  t h e  road counts a r e  i l l u s t r a t e d  i n  Figs. 4 and 6. 

Calving A c t i v i t i e s  and Calving Areas 

Observations provided a means f o r  r e l a t i n g  areas  within e l k  h a b i t a t  t o  
e l k  calving a c t i v i t i e s .  The data showed t h a t  s i z e  and composition changes i n  
cow e l k  groups t h a t  coincided with s p e c i f i c  periods of t h e i r  b io logica l  
calendar,  conformed c lose ly  with socio-biological f indings i n  the  l i t e r a t u r e  
(Boyd 1978, Franklin and Lieb 1979). 

The mean s i z e  of cow groups from November 7 t o  May 1 was 10. Mean s i z e  
continued t o  decrease from May 1 t o  August 20 (Table 4). Franklin and Lieb 
(1979) and Waldrip and Shaw (1979) documented s imi la r  decreases i n  group s i z e  
i n  northern Cal i fornia  and Oklahoma, respectively.  The depressed group s i z e  
was primari ly due t o  t h e  increased observation of s o l i t a r y  adult  females 
(Table 4). These cow e l k  were of ten  accompanied by a yearl ing female. The 
f i r s t  s o l i t a r y  female was observed on Apri l  25 i n  t h e  Reservation F la t  area. 
May 28 t o  June 26, however, was t h e  period of most frequent observation of 
such ind ica to r s  of calving a c t i v i t i e s  (Table 4). Observations of s o l i t a r y  
a d u l t s  accounted f o r  80.95% of t h e  t o t a l  number of cow groups observed. Data 
were not col lec ted  during July. S o l i t a r y  females were s t i l l  being observed 
during ea r ly  August (Table 4). This indica ted  t h a t  some females may have 
dropped calves during July  and had not yet rejoined cow groups. 

Increased observation of b u l l  groups coincided with t h e  calving season. 
Only 1 b u l l  group was observed p r io r  t o  May 1. Sixteen observations of b u l l  
groups were recorded from May 2 t o  June 26, however. Bull groups were 
observed with p a r t i c u l a r  frequency during June, having comprised 44 % of t h e  
t o t a l  observations. The mean group s i z e  was 3, although groups of 8 were 
observed during May and June. The f i r s t  newborn e l k  ca l f  was observed on 
June 4 (Table 4 ) ,  i n  a f l a t - ly ing  pos i t ion  a t  Brushy F la t .  By August, calves 
were being observed more frequently (Table 4) i n  the  areas  where s o l i t a r y  
females had been most evident (Fig. 5). Cows and calves were banding together  
and ca l f  groups were observed a t  t h i s  time a s  well. Calves would f l e e  with 



Table 4. Socio-biological ind ica tors  of e lk  calving a c t i v i t y  i n  the  Apache-Sitgreaves National Forest 
Study area ,  Arizona (1981) 

Cow e lk  erouDs 

Period of 
biological  
calendar 

Observations ind ica t ive  of calving 1 

Period of highest  No. 
Total  x Total frequency with 
observations group s i z e  no. No./Total observations calves 

May 1- 
June 26 

C-l 
I July 30- 

August 20 

August 21- 
October 11 

3.00 6 July  30-August 15  
+SE=O .74 - 518 

'observations of so l i t a ry  adu l t  females o r  an adu l t  female accompanied by a year l ing female, o r  calves. 

50 data  was collected during mast of July. 



3.6 km 
I 1 

2.3 mi 
Fig. 5. Seasonal l o c a t i o n s  of e l k  observa t ions  ( s o l i t a r y  a d u l t  cows, and s o l i t a r y  a d u l t  
cows wi th  a y e a r l i n g  female) i n d i c a t i v e  of ca lv ing  a c t i v i t i e s ,  inc luding  observa t ions  of 
ca lves ,  i n  t h e  Apache-Sitgreaves Nat iona l  Fo res t ,  Arizona (1980-1981). (Within t h e  s tudy  
a r e a  boundaries:  1, Reservat ion F l a t ;  2 ,  Bear Wallow; 3, P o r t e r  Spring; 4 ,  Brushy F l a t ;  
5,  McKay Spring;  6, Pancho Spring.) 



a d u l t s  when d is turbed .  Murie (1951) observed t h i s  type  of behavior a f t e r  they  
were 5 o r  6 days of age. 

Observat ions ind ica t ed  ca lv ing  a c t i v i t i e s  were occurr ing a t  t h e  
Reservat ion F l a t ,  Bear Wallow, and Por t e r  Spring a reas  (Fig. 5) .  Observations 
i n d i c a t i v e  of ca lv ing  were a l s o  made near t h e  Brushy F l a t ,  Pancho Spring, and 
McKay Spring a r e a s  (Fig. 5). 

Habi ta t  composition 

Vegeta t ive  Cover. Forest  s tands  comprised 92% of t h e  s tudy a r e a  
(Table 5). Dense timber s tands  ( g r e a t e r  than  80% canopy c losu re )  accounted f o r  
almost h a l f  of t h e s e  f o r e s t s .  More than  one-third of t h e  f o r e s t s  were 
comprised of in te rmedia te  s tands  (30-80% canopy c losure) .  Forest  s t r i n g e r s  
and patches of open canopy (10-30% c losu re )  were in t e r spe r sed  throughout t h e  
in t e rmed ia t e  and dense timber s tands.  Figure 6 i l l u s t r a t e s  t h e  mosaic of 
f o r e s t  canopy c losures .  This mosaic changes not iceably  from west t o  ea s t .  
With respec t  t o  t h e  3 a r e a s  de l inea t ed  f o r  road counts,  Area 1 is  comprised of 
a somewhat even mixture of f o r e s t  s tands  possessing canopy c losu res  of t h e  3 
c l a s s e s  (Fig. 6). Areas 2 and 3 a r e  dominated by in te rmedia te  and dense 
t imber  s t ands ,  r e spec t ive ly  (Fig. 6) .  

Forage Openings and Drainageways. Forage openings accounted f o r  only 
7.69% of t h e  a r e a  (Table 5). Micro-openings were not de l inea ted  by photo- 
i n t e r p r e t a t i o n ,  however, t h e i r  ex i s t ence  is  acknowledged and t h e i r  importance 
i l l u s t r a t e d  i n  subsequent sec t ions .  F igure  7 i l l u s t r a t e s  t h e  i n t e r s p e r s i o n  of 
fo rage  openings, drainageways, and f o r e s t s .  The drainage system connects most 
of t h e  i n d i v i d u a l  forage  openings t o  o the r  openings. Many of t h e  drainageways 
contained potab le  water f o r  6 weeks a f t e r  snowmelt (mid-May). Most of t h e  
drainageways a r e  f lanked by undulat ing topography and in te rmedia te  t o  dense 
t imber  s tands  along much of t h e i r  courses.  

Human Impact. The study a rea  is  d i s sec t ed  by an  i n t r i c a t e  system of 
l i g h t  duty and unimproved roads and jeep t r a i l s  (Fig. 8) .  Though some a r e a s  
a r e  more remote than  o the r s ,  most of t h e  s i t e  i s  a c c e s s i b l e  by veh ic l e ,  
ba r r ing  moist weather condi t ions  t h a t  may e x i s t  during $nter  and e a r l y  sp r ing  
months. There i s  a mean of 3.70 km of road per 2.59 km s e c t i o n  (Table 6) . 

Fence l i n e s  (Fig. 8) and u t i l i t y  l anes  a d d i t i o n a l l y  a l t e r  t h e  n a t u r a l  
cond i t i on  of t h e  s i t e  (Table 6). Fence l i n e s  a r e  u t i l i z e d  f o r  f o r e s t  
boundaries,  d e l i n e a t i n g  graz ing  a l lo tments ,  r e s t i n g  pas tu re s ,  p ro t ec t ing  water  
impoundments, and d i s t i ngu i sh ing  s p e c i f i c  a r eas  f o r  recrea t ion .  

The Lakeside Ranger District recognizes 10 r e c r e a t i o n  a r e a s  (Fig. 8 )  . 
Camping, h ik ing ,  r e c r e a t i o n a l  , and off  -road vehicu lar  uses  occurred on t h e s e  
a r eas .  Woodcutting and hunt ing  were consumptive a c t i v i t i e s  observed 
throughout t h e  s i t e .  Human a c t i v i t i e s  appeared t o  i nc rease  from e a r l y  sp r ing  
t o  l a t e  spring-summer. 

Water Sources. There were 35 tanks ,  sp r ings ,  seeps,  o r  o ther  types  of 
water impoundments d i s t r i b u t e d  throughout t h e  s tudy a rea  (Fig. 9). Water 
l e v e l s  were p a r t i c u l a r l y  low during June and July. Most of t h e  impoundments 
and t anks ,  however, contained potab le  water throughout t h e  e a r l y  sp r ing  and 
l a t e  spring-summer seasons. The tanks and impoundments a r e  man-made, u sua l ly  
ea r then  dugouts. Most: po in t s  wi th in  t h e  a r e a  a r e  l e s s  than  1-61 km from 
potable  water , p a r t i c u l a r l y  i n  t h e  upper e leva t  i o n a l  zones. 



Table 5. Area and percent  of Apache-Sitgreaves National Forest  study 
area  a t t r i b u t a b l e  t o  canopy c losure  c lasses .  

Canopy c losure  
c lass  (%) 

Area 
Cha) 

Percent of 
study a r e a  

Tota l  9926.87 10Q. 00 

'c lass i f ied  a s  forage openings. 

2 
Table 6. Mean dis tance  (.k,m) of man-made construction per  2.59 km sec t ion  

wi th in  the  Apache-Sitgreaves National Forest  study area ,  Arizona 

Roads Fence U t i l i t y  
Light duty Unimproved Jeep t r a i l  l i n e s  lanes 

D i s t .  x 0.45 0.52 2.72 1.13 0.08 



Fig. 6. Air photointerpreted map of forest stand canopy closure classes delineated in the 
Apache-Sitgreaves National Forest study area. Extended solid vertical lines represent 
boundaries of three areas designated for road counts 



Fig. 7, Distribution of forage openings and drainageways, including those drainageways 
known to be utilized as travel lanes by elk in the Apache-Sitgreaves National Forest study 
area, Arizona. 



Fig. 8. Roads, fence lines and recreation areas dissecting the Apache-Sitgreaves National Forest 
study area, Arizona 



Fig. 9. Distribution of water sources within the study area in the Apache-Sitgreaves 
National Forest, Arizona 



Analysis  of S ix  Cri t ical-Use Elk Areas 

S i x  forage  openings and t h e i r  adjacent  h a b i t a t s  were demonstrated t o  be 
c r i t i c a l - u s e  a r e a s  f o r  e lk .  Reservat ion F l a t ,  Bear Wallow, and P o r t e r  Spring 
were a reas  where numerous e l k  observat ions were made. These included many 
be l ieved  t o  be i n d i c a t i v e  of ca lv ing  a c t i v i t i e s .  Documentation of f r e s h  
t r a c k s  and p e l l e t s ,  and observat ion of s o l i t a r y  females and ca lves  during t h e  
ca lv ing  season, r e f l e c t e d  t h e  importance of Pancho Spring, McKay Spring, and 
Brushy F l a t  t o  e l k  during t h e  spring-summer seasons,  and perhaps more 
impor tan t ly  t o  ca lv ing  females during t h e  ca lv ing  season. 

A l l  of t h e s e  forage  openings e x i s t  at e l eva t ions  g r e a t e r  than  2280 m, 
Brushy F l a t  at t h e  lower end of a continuum and P o r t e r  Spring a t  t h e  upper end 
(Table 7). The s lopes  of t h e  forage  openings a r e  charac te r ized  a s  leve l .  
Pancho Spring,  Bear Wallow and McKay Spring a r e  recognized a s  microopenings 
(Table 7). Reservat ion F l a t ,  P o r t e r  Spring and Brushy F l a t  a r e  open meadows 
with a r e a s  ranging from 6.25 h a  t o  26.04 ha  (Table 7). 

Kentucky bluegrass  (Poa - p r a t e n s i s )  was i d e n t i f i e d  as t h e  most dominant 
forage  spec i e s  on each opening, with t h e  except ion of Reservat ion F l a t ;  
western wheatgrass (Agropyron s m i t h i i )  was dominant on t h i s  s i t e  (Table 8). 
Kentucky b luegrass  w a s  second i n  order  of abundance (Table 8).  The mean 
r e l a t i v e  frequency and dens i ty  of Kentucky b luegrass  on t h e  forage openings 
were 41.78% and 45.40%, r e spec t ive ly .  The forage  spec i e s  measured second i n  
o rde r  of abundance on t h e  o the r  5 s i t e s  and var ied  from one t o  another.  
Co l l ec t ive ly ,  t h i s  group of spec i e s  w a s  comprised of grasses ,  fo rbs  and sedges 
(Table 8). A wide v a r i e t y  of a d d i t i o n a l  spec i e s ,  many of high n u t r i t i o n a l  
va lue  and u t i l i z e d  t o  varying degrees by e l k ,  were a l s o  documented. 

The 6 forage  openings possess optimum h id ing  cover a s  descr ibed by Thomas 
e t  al.  (1979) on a t  l e a s t  3 s i d e s  (Table 7). The undulat ing topography and 
unders tory  vege ta t ion  o f t  en  enhanced t h e  q u a l i t y  of t h e  adjacent  h id ing  cover. 

A l l  t h e s e  forage  openings were a c c e s s i b l e  by vehic le .  Po r t e r  Spring and 
Bear Wallow were considered more remote i n  terms of d i s t ance  from t h e  main 
entranceways i n t o  t h e  s tudy a rea  (Table 7). The openings a t  Brushy F l a t ,  
PorFer Spring,  and Pancho Spring a r e  abut ted  by improved roads. Reservat ion 
F l a t  i s  abut ted  by an unimproved road and Bear Wallow by a jeep t r a i l .  The 
opening s tud ied  a t  McKay Spring i s  not d i r e c t l y  abut ted  by a road, although an 
improved road e x i s t s  i n  proximity. 

Elk U t i l i z a t i o n  of Habitat  Types 

A chi-square contingency t e s t  of observed e l k  use of open meadows and 
f o r e s t  ( i nc lud ing  micro-openings) showed a s i g n i f i c a n t  (chi-square- 49.22 with 
2 d f ,  P<.0005) i n t e r a c t i o n  between season and h a b i t a t  type  used. During e a r l y  
spring,-49. 12% of t h e  e l k  observed were s igh ted  u t i l i z i n g  open meadows. This  
u se  of open meadows decreased t o  17.94% during l a t e  spring-summer. I n  f a c t ,  
according t o  observa t iona l  da ta ,  e l k  use of open meadows ceased by mid-June. 
Observed e l k  use of t h e  f o r e s t  increased  from 50.88% during e a r l y  sp r ing  t o  
82.06% during l a t e  spring-summer. Wing (1969) s i m i l a r l y  found e l k  use of 
mountain meadows i n  Idaho r ap id ly  decreasing a f t e r  mid-June, a s  summer 
progressed. 

During e a r l y  spr ing ,  t h e r e  were no observa t ions  of e l k  u t i l i z i n g  micro- 
openings. During l a t e  spring-summer, however, e l k  were observed using micro- 
openings i n  21.19% of t h e  observat ions recorded wi th in  t h e  f o r e s t .  



Table 7. Description of six forage openings determined to be important to elk in Apache-Sitgreave 
National Forest, Arizona 

Forage opening Approximate Area Edge Change in Proximity to Rating of Vehicular 
locat ion elevation (ha) length elevation water source / adjacent accessibility 

(m) (m) to peaks type hiding cover1 (Easy, Remote) 
within one 
mile 
(m) 

Reservation 2395.52 26.04 5618.42 85.12 On sitelspring Optimum 
Flat 97.28 Optimum 

122.82 Optimum 
91.20 Optimum 

Bear Wallow 2468.48 0.07 187.04 24.32 Onsitelman Optimum 
164.16 madedugout' Optimum 
316.46 Optimum 
55.94 Less 

I 
rD 
o Porter Spring 2556.64 6.25 1805.43 77.52 On sitelspring Optimum 
I 79.34 Optimum 

147.44 Optimum 
103.66 Optimum 
57/76 Optimum 

Brushy Flat 2298.24 9.25 2114.70 48.64 Onsitelman- Optimum 
66.27 made dugout Optimum 
170.20 and spring Less 
170.85 Optimum 

Easy 

Remote 

Remote 

Easy 

Pancho Spring 2327.42 0.45 418.27 216.14 On sitelman- Optimum Easy 
209.46 made dugout .. Optimum 
192.13 andspring Optimum 
50.46 Optimum 
39.82 Optimum 

McKay Spring 2334.72 0.59 334.46 184.83 On sitelman- Optimum 
85.12 made dugout Optimum 
133.76 and trench Optimum 

Easy 

43.17 Optimum 

l~ualit~ measurements were based upon optimum hiding cover as described by Thomas et al. (1979). Optimum is 
at least 90 percent of a standing adult elk is hidden by vegetation at a distance of 61 m or less. 



Table 8. Dominant forage species on six important openings to elk in the Apache-Sitgreaves National Forest, 
Arizona 

Critical-use Dominant forage species Relative Relative 
forage opening 
locat ion Common name Scientific frequency density 

name 
% % 

Reservation Western wheatgrass Agropyron smithii 
Flat 

Kentucky bluegrass - Poa pratensis - 

Bear Wallow Clover species Trifolium spp. 

Kentucky bluegrass - Poa pratensis 

I Porter Spring Kentucky bluegrass - Poa pratensis 

Fleabane Erijzeron spp. * 13.04 14.58 

Brushy Flat Kentucky bluegrass - Poa pratensis 36.36 38.54 

Spikesedge Eleocharis montana 9.09 16.66 

Pancho Spring Kentucky bluegrass - Poa pratensis 66.67 73.43 

Clover species Trifolium spp. 23.81 18.75 

McKay Spring Kentucky bluegrass - Poa pratensis 48.71 50.00 

Fleabane Erigeron spp. 20.51 20.21 

Timothy Phleum pratense 17.94 18.08 



I n  terms of e l k  observed feeding ,  t h e r e  was a s i g n i f i c a n t  (chi-square= 
45.04 with 1 d f ,  P -005) i n t e r a c t i o n  between season and h a b i t a t  t ype  
u t i l i z e d .  During e a r l y  spr ing ,  76.92% of e l k  observed feeding were s igh ted  i n  
open meadows. I n  c o n t r a s t ,  during l a t e  spring-summer, 74.79% of e l k  observed 
feeding  were s igh ted  wi th in  t h e  f o r e s t .  Waldrip and Shaw (1979) and Leckenby 
(pers.comm.) found similar e l k  use  of f o r e s t s  during mid and l a t e  summer. 

I n  r e f e rence  t o  t r a v e l i n g  and feeding ,  t h e r e  was no s i g n i f i c a n t  
d i f f e r ence  i n  a c t i v i t y  exhib i ted  by e l k  wi th in  t h e  3 f o r e s t  types.  The f o r e s t  
t ypes  were u t i l i z e d  by e l k  f o r  both s tud ied  a c t i v i t i e s .  

DISCUSSION 

Habi ta t  Composition and Related Elk Use 

Forage, vege ta t ive  cover,  water , and spec i a l i zed  a reas  ( t r a v e l  lanes ,  
ca lv ing  a r e a s )  a r e  t h e  bas i c  h a b i t a t  components e l k  depend upon t o  f u l f i l l  
t h e i r  requirements (Thomas e t  a l e  1979, Ward 1980). The h a b i t a t  inventory has  
shown t h a t  t h e s e  components, natural ly-occurr ing and man-influenced e x i s t e d  i n  
a v a r i e t y  of condi t ions  and i n t e r s p e r s i o n s  on s i t e .  Elk use of t h e  6 forage 
openings and surrounding h a b i t a t s  i d e n t i f i e d  a s  c r i t i c a l - u s e  a r eas ,  however, 
sugges ts  h a b i t  a t  s t h e r e  were more adequately s a t l s f  y ing  e l k  requirements . 
These openings d i f f e r e d  somewhat with respec t  t o  e l eva t ion ,  edge length,  and 
s i z e  (Table 7). Ce r t a in  commonalities i n  t h e  a reas '  h a b i t a t  mosaics ex i s t ed ,  
however, t h a t  were i n d i c a t i v e  of a p o s i t i v e  r e l a t i o n s h i p  with e l k  requirements 
and use. 

Forage. The c a p a b i l i t y  of openings t o  meet t h e  forage requirements of 
e l k  i s  d i r e c t l y  r e l a t e d  t o  forage  composition. The importance of t h e  
ex i s t ence  of a wide v a r i e t y  of grasses ,  g rass - l ike  p l an t s  (sedges)  and fo rbs  
is  t h e i r  v a r i a b i l i t y  i n  phenology and p a l a t a b i l i t y  under changing temperature 
and moisture condit ions.  The dominance of Kentucky bluegrass ,  western 
wheatgrass,  and a v a r i e t y  of o the r  perennia l  g rasses ,  forbs ,  and sedges was 
common t o  t h e  6 forage  openings examined (Table 8). Many of t h e s e  spec i e s  
were a s soc i a t ed  with t h e  adjacent  f o r e s t s  a s  wel l .  Grasses of t h e  genera Pea 
and Agropyron a r e  thought t o  be t h e  most pa l a t ab l e  t o  e l k ,  p a r t i c u l a r l y  during 
e a r l y  sp r ing  greenup. Western wheatgrass possesses  t h e  a d d i t i v e  value of 
being exce l l en t  win ter  forage  when cured (U. S. Forest  Service 1940, Murie 
1951, Humphrey et a l .  1960). Kentucky b luegrass  is  a l s o  noted f o r  i t s  
r e s i s t a n c e  t o  heavy u t i l i z a t i o n ,  a s  w e l l  a s  i ts  a b i l i t y  t o  recover under 
adequate  temperature and moisture condi t ions  (U. S. Forest  Serv ice  1940) 
Sedges a r e  b e n e f i c i a l  t o  e l k  i n  t h a t  they remain green and pa l a t ab l e  i n t o  l a t e  
summer and f a l l  (U. S. Forest  Serv ice  1940, Murie 1951). In  terms of t h e  
forage  requirements of e l k ,  Kufeld's (1973) summary of t h e  l i t e r a t u r e  revealed 
t h a t  g ra s ses ,  g rass - l ike  p l a n t s ,  and browse were consumed a l l  year ,  browse 
composition being lowest during mid-summer. Forbs were u t i l i z e d  pr imar i ly  
during mid-summer and f a l l  (Kufeld 1973). Thus, it appears t h a t  t h e  abundance 
and v a r i e t y  of forage  spec ies  a s soc i a t ed  with t h e  6 c r i t i c a l - u s e  e l k  a r eas ,  
may be of s i g n i f i c a n t  value t o  e l k  i n  balancing t h e i r  n u t r i t i o n a l  i n t a k e  
throughout t h e  e a r l y  spr ing  and l a t e  spring-summer seasons. 

Vegetat ive Cover. Observations of e l k  use of vege ta t ive  cover, s t r o n g l y  
sugges ts  a r e l a t i o n s h i p  between h a b i t a t  composition and e l k  use  t h a t  m y  be 
a s s o c i a t e d  with a need f o r  h id ing  cover. Elk were f r equen t ly  observed 
u t i l i z i n g  ad jacent  t imber s tands  and topography f o r  h id ing  cover upon being 
d is turbed .  Lyon (1980) has  submitted t h a t  "se lec t  i on  of h a b i t a t  f o r  forage  
product ion was a f a r  l e s s  s p e c i f i c  requirement of e l k  t han  s e l e c t i o n s  f o r  



s e c u r i t y  and cover." Dense s tands  of ponderosa p ine  and mixed c o n i f e r s  were 
dominant wi th in  t h e  a r e a s  most f r equen t ly  u t i l i z e d  by e lk ,  and where s o l i t a r y  
females and ca lves  were most evident during t h e  ca lv ing  season. The proximity 
of s e v e r a l  mountains t o  t h e  forage  openings (Table 7)  enhanced t h e  q u a l i t y  of 
ad jacent  h i d i n g  cover. Changes i n  e l e v a t i o n  from t h e  openings t o  t h e  peaks 
ranged from 24 m t o  316 m (Table 7). These dense timber s tands  and topography 
enabled e l k  t o  remove themselves from v i s u a l  contact  with d is turbances  with a 
minimal expenditure  of energy and d i s t ance  of t r a v e l .  

The shapes and a reas  of t h e  6 forage openings were a l s o  important with 
r e spec t  t o  ad jacent  h i d i n g  cover. These openings are cha rac t e r i zed  by 
i r r e g u l a r  shapes, which maximizes adjacent  f o r e s t  edge (h id ing)  i n  r e l a t i o n  t o  
t h e i r  a reas .  Feeding a c t i v i t i e s  of e l k  a r e  a s soc i a t ed  with f o r e s t  edge 
(Reynolds 1966a, 1966b). This  i s  i n t e r p r e t e d  a s  a need f o r  s ecu r i ty .  
Therefore,  t h e  i r r e g u l a r  shapes of t h e  openings are viewed as b e n e f i c i a l  i n  
a f f o r d i n g  e l k  s e c u r i t y .  It has  a l s o  been repor ted  t h a t  openings l e s s  than  
486 m ac ros s  a r e  most e f f e c t i v e l y  u t i l i z e d  by e l k  i n  Arizona (Reynolds 1966a, 
1966b). There a r e  no poin ts  i n  t h e  6 openings beyond 243 m from f o r e s t  
edge. This phys ica l  c h a r a c t e r i s t i c  a d d i t i o n a l l y  r e f l e c t s  t h e  value of t h e s e  
openings i n  r e l a t i o n  t o  t h e  s e c u r i t y  needs of elk.  

Vegetat ive cover must a l s o  be examined i n  terms of i t s  value i n  a f  f o rd ing  
summer thermal  cover. Cover used by e l k  t o  assist i n  maintaining homiothermy 
i s  thermal  cover (Black e t  a l .  1976). Elk were observed a t  Brushy F la t  us ing  
t h e  last remaining snow patches beneath closed canopies as beds i t e s  i n  
Apr i l .  Numerous e l k  beds i t e s  were a l s o  documented throughout t h e  s tudy wi th in  
in t e rmed ia t e  and dense timber s tands  adjacent  t o  t h e  o the r  c r i t i c a l - u s e  
openings. The e f f e c t i v e n e s s  of a c losed canopy i n  c r e a t i n g  a cooler  micro- 
c l ima te  during t h e  day by sh i e ld ing  t h e  sun's incoming r a d i a t i o n  has  been 
demonstrated by Edgerton and McConnell (1976). The h ighes t  temperature during 
A p r i l  was only 24.5OC (Fig. 2). The h ighe r  daytime metabolic r a t e s  of 
d i u r n a l l y  a c t i v e  animals (Moen 1973), however, may a l s o  have inf luenced  t h e  
e lk ' s  s e l e c t i o n  of snow patches wi th in  dense s tands  during e a r l y  Apri l .  The 
h ighes t  mean monthly maximum temperature (28.g°C) w a s  recorded f o r  June and 
temperatures  remained high through August (Fig. 2). A s  t h e s e  daytime 
tempera tures  approach o r  i nc rease  beyond e l k  body temperature,  t h e  thermal  
grad ien t  becomes such t h a t  hea t  i s  absorbed by t h e  body (Moen 1973). Should 
an  e lk ' s  body absorb more hea t  t han  it i s  ab le  t o  d i s s i p a t e ,  a c r i t i c a l  
hyperthermic environment is  created.  The requirement of e l k  t o  maintain 
homiothermy and t h e  p o t e n t i a l  adverse e f f e c t s  a s soc i a t ed  with a c r i t i c a l  
hyperthermic environment have been thoroughly documented by Moen (1973). I n  
view of t h e  high temperatures  during l a t e  spring-summer, t h e  dense t imber  
s t ands  possessed s i g n i f i c a n t  value as summer thermal cover. Furthermore, a l l  
of t h e  b e d s i t e s  documented on s i t e  were loca ted  on mountain s lopes  and 
mountain plateaus.  This  suggests  t h a t  t h e  h igher  e l eva t ions  con t r ibu te  t o  t h e  
cool ing  e f f e c t  of t h e s e  t imber  s t ands ,  poss ib ly  through increased  a i r  
c i r c u l a t i o n .  

Weather has  been found t o  be t h e  most i n f l u e n t i a l  f a c t o r  i n  r e l a t i o n  t o  
h a b i t a t  s e l e c t i o n  by e l k  (Beal l  1974). Therefore,  t h e  a v a i l a b i l i t y  of dense 
t imber  s tands  common t o  t h e  6 c r i t i c a l - u s e  e l k  a r eas  and t h e i r  value as summer 
thermal  cover appeared t o  be c r i t i c a l  f a c t o r s  i n f luenc ing  t h e  e lk ' s  s e l e c t i o n  
of t h e s e  a reas .  

Water. A need of po tab le  water by e l k  has o f t e n  been debated by 
r e sea rche r s  from one geographic region t o  another.  During t h i s  s tudy,  h ighes t  
e l k  use w a s  documented i n  t h e  upper e l eva t ions  where sources of po tab le  water 
were most a v a i l a b l e .  Cows and b u l l s  had been observed dr inking  during May, 



June, and October. Elevations a t  which the  observations were made ranged from 
2310 m t o  2469 m. Lack of s ign i f i can t  p rec ip i t a t ion  during May and June, l e s s  
than 2.5 cm (Fig. 3), had created more dess ica t ing  conditions than normal and 
probably increased t h e  importance of potable water on s i t e .  A l l  of t h e  
6 c r i t i ca l -use  forage openings possessed a t  l e a s t  one source of potable water 
(Table 7). Marcum (1975, 1976) found i n  Montana t h a t  e l k  prefer red  use of 
a reas  within 320 m of water. Leckenby (pers. comm.) i n  contrast  , has observed 
e l k  drink only once i n  more than 2000 observations of e l k  groups, and 
quest ions t h e  r o l e  of potable water a s  an e lk  hab i t a t  requirement i n  
nor theas t  e rn  Oregon. Observations and documented e l k  t r acks  a t  water sources 
during t h i s  study indica ted  t h a t  potable water was regular ly  u t i l i z e d  probably 
due t o  weather condit ions and a lack of succulent forage. 

Travel  Lanes. Travel lanes exis ted  i n  various forms and played an 
important r o l e  i n  t h e  manner i n  which e l k  u t i l i z e d  the  study area. Travel 
lanes  ( co r r idors )  a r e  defined a s  "routes followed by e l k  along a be l t  o r  band 
of s u i t a b l e  cover o r  hab i t a t "  (Thomas e t  a l .  1979). The extensive road and 
fence l i n e  systems (Fig. 8) received considerable use by e l k  f o r  t r a v e l ,  
p a r t i c u l a r l y  i n  t h e  v i c i n i t y  of Bear Wallow. Drainageways were a l s o  observed 
receiv ing frequent use by e lk  f o r  movements within the  study area  (Fig. 7) . 
Five of t h e  6 forage openings studied,  possessed drainageways on s i t e  tha t  led  
t o  other  openings (Fig. 7). Elk were observed and tracked on s i t e  while 
a l t e r n a t e l y  u t i l i z i n g  drainageways, f o r e s t  stand edges, and fence l i n e s  a s  
t r a v e l  lanes during long movements . 

Calving and Calving Areas. Observation data  has indicated t h a t  calving 
a c t i v i t y  on s i t e  began in tens i fy ing  by the  end of May (Table 4). I suspect 
t h a t  most calving occurred between t h i s  t i m e  and t h e  end of July. Franklin 
and Lieb (1979) gnd Waldrip and Shaw (1979) a l s o  observed calving occurring 
during t h i s  period. 

The response of s o l i t a r y  females t o  t h e  "predator c a l l "  during t h e  
calving season varied,  however, it always held t h e i r  a t t e n t i o n  f o r  a shor t  
time and e l i c i t e d  a forward approach. On severa l  occasions females responded 
much more aggressively by approaching within 30 m, barking repeatedly, and 
stomping t h e i r  f ron t  hooves. Two examples of maternal aggression of t h i s  
extreme nature were observed a t  Por ter  Spring and Pancho Spring on May 28 and 
June 11, respectively.  Murie (1951) observed similar behavior i n  Wyoming, 
upon approaching females with i n a c t i v e  (newborn) calves i n  t h e  area. When t h e  
"predator c a l l "  was d i rec ted  towards small groups of females suspected of 
being unbred, it i n i t i a t e d  an immediate f l e e  response. In  reference t o  t h e  
s o l i t a r y  behavior of calving females and i n a c t i v i t y  of of fspr ing ,  Nelson and 
Mech ( 1981) contend t h a t  t h i s  cons t i tu tes  a defense s t r a t egy  against  predation 
and minimizes feeding competition i n  white-tailed deer. The logic  of t h i s  
contention appears appl icable  t o  t h e  s imi la r  behavior we observed i n  e l k  
during the  ca lv ing season. It a l s o  supports the  r a t iona le  of using 
observations of s o l i t a r y  females a s  ind ica to r s  t h a t  calving a c t i v i t i e s  were 
occurring. 

The increased observation of b u l l  groups during May and June was a l s o  
in te rp re ted  a s  an ind ica t ion  of the  occurrence of calving a c t i v i t i e s .  Franklin 
and Lieb (1979) s imi la r ly  found t h a t  t h e  f i r s t  departure of young bu l l s  from 
t h e  cow groups coincided with t h e  calving season and increased maternal 
aggression. Bull  development (behavioral ly and physiological ly)  was a l s o  
probably a f a c t o r  i n i t i a t i n g  formation of t h e  b u l l  groups (Leckenby, pers. 
comm.) during t h e  calving season. 

Observation data  ind ica te  t h a t  the  upper e l eva t iona l  zones of spring- 
summer range were u t i l i z e d  most by calving females. These areas  were 



cha rac t e r i zed  by t h e  dominance of dense timber s tands  and ex i s t ence  of r e a d i l y  
a v a i l a b l e  sources  of po tab le  water.  Waldrip and Shaw (1979) found t h a t  cows 
and ca lves  made g r e a t e r  use  of in te rmedia te  and dense timber s tands  i n  t h e  
Wichita Mountain Wi ld l i f e  Refuge. A l l  of t h e  observa t ions  of cows with ca lves  
made during t h i s  s tudy were wi th in  in te rmedia te  and dense timber s tands.  
These observa t ions  suggest t h a t  t h e s e  s tands  were of p a r t i c u l a r  importance t o  
cows and ca lves  during t h e  ca lv ing  season. This importance was probably i n  
r e l a t i o n  t o  t h e i r  va lue  a s  h id ing  and thermal cover. 

S tudies  i n  var ious  geographical  regions of t h e  e lk ' s  western range have 
shown t h a t  ca lv ing  a c t i v i t i e s  occur on win ter ,  spring-f a l l ,  and summer ranges 
(Murie 1951). Thomas (pers .  comm.) contends t h a t  e l k  do not migrate t o  
t r a d i t i o n a l  ca lv ing  a r e a s  every year.  Thomas (pers .  comm.) and o t h e r  
r e sea rche r s  submit t h a t  e l k  movements t o  a r eas  f o r  ca lv ing  a r e  d i c t a t e d  by 
weather,  energy r e se rves ,  and t h e  presence of h a b i t a t  adequate t o  f u l f i l l  
t h e i r  requirements,  Elk use of t h e  h a b i t a t  above 2280 m i n d i c a t e s  t h a t  e l k  
requirements may have been s a t i s f i e d .  

D i f f e r e n t i a l  Use of Habitat  Types 

Many reasons have been proposed t o  exp la in  t h e  seasonal  p a t t e r n  of 
h a b i t a t  s e l e c t i o n  by e l k  descr ibed on t h i s  s i t e .  The decreasing use of open 
meadows and corresponding increased  use  of f o r e s t s  a s  spring-summer 
progressed,  was examined i n  r e l a t i o n  t o  t h e  more frequent  occurrence of human- 
r e l a t e d  a c t i v i t i e s  and d r i e r  weather condit ions.  

C a t t l e  graz ing  began on t h e  s i t e  just  p r i o r  t o  t h e  ces sa t ion  of use of 
open meadows by e lk .  Elk use, however, was not d i sp laced  from t h e  s tudy a r e a  
by t h e  presence of c a t t l e .  Elk and mule deer  had been observed on numerous 
occasions feeding  wi th in  t h e  f o r e s t  l e s s  than  0.32 km from grazing c a t t l e .  
Leckenby ( p e r s  . comm. ) has  documented s i m i l a r  observa t ions  i n  no r theas t  e r n  
Oregon. 

Small logging opera t ions  t h a t  began i n  Apr i l  a l s o  appeared t o  have 
minimal e f f e c t  on e l k  use of open meadows and t h e  s tudy a rea  i n  general.  Elk 
were o f t e n  observed u t i l i z i n g  open meadows during dayl ight  hours  i n  t h e  
Reservat ion Flat-McCormick Spring a rea ,  less than  1.6 km from a c t i v e  logging 
opera t ions .  Furthermore, e l k  had been observed feeding i n  t h e  same a rea  where 
logging occurred,  15 minutes a f t e r  opera t ions  had ceased f o r  t h e  day. Such 
behavior was exhib i ted  by s o l i t a r y  females during t h e  ca lv ing  season a s  

' wel l .  The apparent t o l e r ance  e l k  exhib i ted  towards logging may have been due 
t o  t h e  small s c a l e  of t h e  opera t ions  and t h e  proximity of refuge a reas  i n  t h e  
form of mountains, dense t imber  s tands ,  and t h e  Fort  Apache Indian  
Reservation. Lyon (1971) documented a similar response by e l k  t o  logging 
opera t ions  i n  Montana . 

It seems t h a t  i f  t h e  elk 's  increased  use of f o r e s t s  were a response t o  
increased  human-related a c t i v i t i e s  and a need f o r  s e c u r i t y ,  t h e i r  behavior 
would be more a l e r t  and they'd be observed t r a v e l i n g  more than  feeding. A 
chi-square test ,  however, revealed a non-signif i c a n t  i n t e r a c t i o n  between 
a c t i v i t y  and season, I n  f a c t ,  t h e  proport ion of e l k  observed feeding s l i g h t l y  
increased  from e a r l y  sp r ing  t o  l a t e  spring-summer. Data, t h e r e f o r e ,  sugges ts  
t h a t  human-related a c t i v i t i e s  had a minimal e f f e c t  on t h e  e lk ' s  use of 
h a b i t a t .  

I n  terms of weather condi t ions ,  t h e r e  was a progress ive  decrease i n  
p r e c i p i t a t i o n  from Apr i l  t o  June, 1981 (Fig. 3). This e f f e c t i v e l y  changed t h e  
open meadows from mesic t o  x e r i c  type  s i t e s  by mid-June. Mackie (1970) and 
Marcum (1975) found t h a t  e l k  tend  t o  use  t h e  forage  i n  moist areas during t h e  



sp r ing  and summer seasons. Mackie (1970) submits t h a t  moisture has a pos i t ive  
e f f e c t  on forage d i g e s t i b i l i t y .  The a v a i l a b i l i t y  of more succulent ,  
d i g e s t i b l e  forage a t  an e a r l i e r  phenological s t a t e  of development was apparent 
i n  micro-openings and under f o r e s t  canopies during l a t e  spring-summer. This 
appeared t o  be an i n f l u e n t i a l  f a c t o r  with respect t o  t h e  elk 's  increased use 
of f o r e s t s  on t h i s  site. 

As  previously discussed, weather da ta  showed t h a t  t h e  mean monthly 
maximum temperature peaked during June and remained high through August. This 
ind ica tes  t h a t ,  based upon thermal exchange pr inc ip les ,  thermal regulat ion was 
probably an add i t iona l  f a c t o r  inf luencing the  increased s e l e c t i o n  f o r  f o r e s t s  
by elk. 

SUMMARY AND CONCLUSIONS 

This study has i d e n t i f i e d  and described an area  i n  the  southeastern 
por t ion  of t h e  ASNF a s  important spring-summer e lk  hab i t a t .  The s i t e  is 
comprised predominantly of f o r e s t s  (92%). Dense stands (grea ter  than 80% 
canopy c losure)  exis ted  i n  t h e  g rea tes t  proport ion ,  p a r t i c u l a r l y  i n  the  upper 
e levat ions  where t h e  highest  e l k  use was documented. Observation data  
i n d i c a t e  tha t  calving females primari ly used hab i t a t  above 2280 m. I submit 
t h a t  t h e  value of the  dense timber s tands i n  af fording summer thermal cover 
and hiding cover was the  most i n f l u e n t i a l  f a c t o r  i n  r e l a t i o n  t o  e lk  use of t h e  
upper elevations.  Though open meadows account f o r  a small percentage of t h e  
si te,  t h e i r  importance t o  e lk  during ea r ly  spring with respect t o  forage value 
has been demonst rated. Furthermore, da ta  suggest t h e  importance of t h e  
in te r spe r s ion  of these  meadows with adjacent timber s tands and topography t o  
s e c u r i t y  needs of elk.  The importance of t h e  forage cover associa ted  with t h e  
f o r e s t s  and micro-openings was demonst r a t ed ,  p a r t i c u l a r l y  i n  r e l a t i o n  t o  e lk  
use during the  l a t e  spring-summer. 

A q u a n t i t a t i v e  h a b i t a t  inventory has shown t h e  area  t o  be d issec ted  by 
roads, fence l i n e s ,  and . recrea t ion  areas.  Sources of potable water and 
drainageways a r e  a l s o  in terspersed  throughout t h e  site. Elk have been 
observed u t i l i z i n g  these  man-made and naturally-occuring h a b i t a t  components 
f o r  various a c t i v i t i e s .  Temperature and moisture conditions appeared t o  
inf luence  t h e  seasonal pa t t e rn  of h a b i t a t  use described on s i t e .  The 
increas ing occurrence of human-related a c t i v i t i e s  a s  spring-summer progressed, 
however, had minimal e f f e c t  on e l k  use of the  s i t e .  

This study has provided the  bas is  f o r  fu tu re ,  more de ta i l ed  examination 
of e l k  requirements-habitat r e l a t ionsh ips  tha t  need t o  be done i n  view of 
increas ing human impact. It would be of great  value t o  m i n t  a i n  a cont inous 
inventory of human impact, while monitoring e l k  population hea l th  and use of 
h a b i t a t .  This would enable managers t o  iden t i fy  the  e f f e c t s  of human impact 
on e l k  and b e t t e r  i n t e g r a t e  fo res t  and h a b i t a t  management object ives.  
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DEVELOPMENT OF ELK AND DEER MANAGEMENT OBJECTIVES I N  OREGON 

DAN L. EASTMAN, Oregon Department of Fish and Wildl ife ,  Portland, OR 

Abstract:  The Oregon Fish and Wildl i fe  Commission has formally adopted 
management objec t ives  f o r  Rocky Mountain e l k  (Cervus elaphus nelsoni)  and mule 
deer  (Odocoileus hemionus hemionus) a f t e r  extensive public  involvement. 
Management objec t ives  include t h e  number of wintering animals t o  be managed 
f o r ,  and t h e  lowest acceptable post-hunt b u l l  e lk  and buck deer r a t i o  f o r  each 
w i l d l i f e  management uni t .  The ra t iona le  f o r  b u l l  and buck r a t i o s  d i f f e r i n g  by 
management unit  is  a presumption t h a t  hunting qua l i ty  gains with a s t ronger  
representa t ion  of older  males. With objec t ives ,  discussions about annual 
harves t  ru les  now have a common frame of reference and land use planners have 
t h e  quant i f ied  information they've been seeking. 

INTRODUCTION 

Management by clearly-defined objec t ives  is  no l e s s  des i rab le  because t h e  
business i s  w i l d l i f e  resources. In  1977, b io log i s t s  of the  Oregon Department 
of Fish and Wildl i fe  ea rnes t ly  undertook an e f f o r t  t o  e s t a b l i s h  objec t ives  f o r  
e l k  and deer on 67 statewide Wildl ife  Management Units. P r i o r i t y  was given t o  
Rocky Mountain e l k  i n  28 of those u n i t s  i n  northeastern Oregon a s  part  of a 
companion e f f o r t  on a l l  47 u n i t s  i n  eas te rn  Oregon t o  e s t ab l i sh  objec t ives  f o r  
mule deer. 

After 4 years of development, c r i t i c a l  reviews, inter-agency coordination 
and public  involvement, t h e  Oregon Fish and Wildl i fe  Commission formally 
adopted management objec t ives  f o r  Rocky Mountain e l k  and mule deer on 
December 11, 1981. The objec t ives  specify a t a r g e t  herd s i z e  of the  time of 
e a r l y  spr ing  census and t h e  lowest r a t i o  of bu l l s  per 100 cows and bucks per 
100 does t h a t  i s  acceptable a f t e r  hunting ends i n  t h e  f a l l .  Use of whole 
population numbers expanded from census improved understanding between a l l  
pa r t i e s .  

This report  describes how management objec t ives  were developed, some of 
t h e  add i t iona l  benchmark information t h a t  was produced, some of t h e  
f r u s t r a t i o n s ,  and plans f o r  t h e  future.  

Thanks a r e  due Len Mathisen, Central  Region Supervisor, and Bob Ste in ,  
Ass is tant  Director  i n  charge of t h e  Wildl i fe  Division f o r  t h e i r  
encouragement. Without t h e  records, a s s i s t ance  and judgments of 13 Wildl ife  
D i s t r i c t  Biologis ts  i n  eas te rn  Oregon, t h e  e f f o r t  t o  e s t a b l i s h  sound 
objec t ives  would have fa i l ed .  

PROJECT AREA 

A l l  of Oregon roughly eas t  of t h e  Cascades Mountain Range, which d iv ides  
t h e  s t a t e  i n t o  a west one-third and eas t  two-thirds, i s  managed under ru les  
f o r  Rocky Mountain elk. The primary e lk  ranges a r e  associa ted  with t h e  Blue 
Mountains plateau of northeastern Oregon and those  eas t  s lope winter ranges a t  
t h e  extreme north end of t h e  Cascades (Fig. 1). Small e l k  bands i n  o ther  
p a r t s  of eas te rn  Oregon were disregarded i n  t h i s  i n i t i a l  e f f o r t  t o  formulate 
management object ives.  
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Figure  1. Eas te rn  Oregon W i l d l i f e  Management Uni t s  inc luding  28 key 
Rocky Mountain u n i t s  

Herds have been managed by Wi ld l i f e  Management Units  s i n c e  1958. Unit 
management al lows f o r  s p e c i a l  hunt r u l e s  inc luding  drawings f o r  l imi t ed  permit 
seasons,  f o r  s p e c i a l  point  r egu la t ions  and f o r  s epa ra t e  hunt ing  dates .  The 
development of e l k  ob jec t ives  focused on t h e  28 Wi ld l i f e  Management Units i n  
no r theas t e rn  Oregon t h a t  encompass an a r e a  of nea r ly  29,000 square miles. The 
companion e f f o r t  f o r  mule deer ,  t h a t  included a l l  47 e a s t e r n  Oregon u n i t s  , 
covered an  a r e a  of almost 66,000 square miles. 

METHODS 

Range Area and Ownership 

A rangelownership record was compiled f o r  each un i t  t h a t  included 
ownership of e l k  and deer  seasonal  ranges, months of impact, and average 
animal dens i ty  estimates (Fig. 2). Each b i o l o g i s t  mapped h i s  t o t a l  e l k  and 
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) ~ i g u r e  2. Range/Ownership form f o r  the  M t .  Emily Wildl i fe  Management Unit 

deer range including t h e  amount of winter range i n  each uni t .  A d i s t i n c t  l i n e  
between winter and summer range was not required. Winter range was o f t en  
shown a s  an area  overlapping lower e levat ion  summer range. 

Land ownership i n  square miles f o r  both winter and summer range was 
separated by nat ional  f o r e s t ,  public  domain (U.S. Bureau of Land Management ) , 
o the r  public ,  and p r iva te  on a Rangelownership form. The number of winter 
months was estimated. The population objec t ive  u l t imate ly  proposed was 
roughly arranged by land owner$hip according t o  past observations of animal 

) d i s t r ibu t ion .  Elk (or deer)  months, which means a forage demand l eve l ,  were 
considered i n  t h e  forage a l l o ~ a t i o n  processes underway i n  f ede ra l  land-use 
planning where t r adeof f s  among users  are envisioned. 

0 Population Model 
Trend. Population t rend counts using a i r c r a f t  a r e  made each spr ing  i n  

Oregon on e lk  and deer winter ranges. Rocky Mountain e l k  census routes cover 

( 2,362 miles, and usually i n  recant years 10-13 elk/mile a r e  counted. The t rend 
count l e v e l  i s  unique f o r  each uni t  because of d i f f e ren t  i n t e n s i t i e s  of census 
and v i s i b i l i t y .  Trend counts a r e  conducted on mule deer herds a l so ,  but f a r  
more extensively and with a g rea te r  r e l i ance  on ground counts. 

A f i r s t  ind ica t ion  of desired winter herd l e v e l  usually appeared 
somewhere i n  t h e  t r end  count record covering t h e  l a s t  decade (Fig. 3).  Those 
f a u l t y  count years ,  r e su l t ing  from d i s s imi la r  animal concent r a t  ions ,  were 
correc ted  with conviction by examining recruitment l eve l s ,  t h e  t rend i n  
r e l a t e d  u n i t s  , harvest  experiende, and profess ional  in tu i t ion .  Trend, so  

-102- 
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Figure  3 .  Elk t r end  count showing co r rec t ed  yea r s  and correspondence wi th  c a l f  
c a l f  r a t i o  and subsequent b u l l  take,  a l l  i n  same ca lendar  yea r  

u s e f u l  t o  t h e  manager while  f a i l i n g  s t a t i s t i c a l  t e s t i n g  miserably, gave an 
in fe rence  of change i n  populat ion numbers from one year  t o  t h e  next.  A 
co r rec t ed  and r e f ined  t r e n d  record provided t h e  foundat ion f o r  proposing a 
management ob jec t ive  l e v e l  and developing a numerical model. 

Rat ios .  Routine win ter  c l a s s i f i c a t i o n  of herds  i n t o  males and young per  
100 adu l t  females i n  Oregon produces t h e  f a m i l i a r  r a t i o s  of b u l l s  and ca lves  
per  100 cows and bucks and fawns per  100 does. The r a t i o s  f o r  e l k  e a s i l y  
convert t o  a percentage, o r  p re fe rab ly ,  whole number per  100 e lk :  

6 B:100 C:44 Cal. (equals )  + 150 equals  4 B 
67 C 

Use of t h e  a c t u a l  f i e l d  count r a t h e r  than  c a l c u l a t i o n s  based on t h e  
r a t i o s  more accu ra t e ly  r e f l e c t s  what t h e  herd composition seems t o  be. 

Conversion of Oregon's mule deer  da t a  r equ i r e s  an e x t r a  s t e p  because a 
fawn s u r v i v a l  (recuitment = fawns:100 a d u l t s )  count, i n  add i t i on  t o  t h e  f a l l  
he rd  composition count,  is taken a t  t h e  end of winter .  The f i r s t  computation 



30 F:100 Ad. (equals)  $ 130 equals 23 F 
77 Ad. 

100 

When t h e  fawn number is  determined, adu l t s  (bucks and does) remain. The 
buck component i s  ca lcula ted  using t h e  f a l l  herd composition r a t i o  with t h e  
assumption t h a t  t h e  buck r a t i o  p reva i l s  over i n t o  the  following spring. 

12 B:100 D (equals)  - 112 equals -107 t imes 77 Ad. equals 8 B 
A l l  t he  r e s t  a r e  does 69 D 
from above 23 F 

100 

Conversion Pr inc ip le .  I f  a population est imate is  subs t i tu ted  f o r  t h e  
t r end  count, t h e  b u l l s ,  cows, and calves i n  t h e  over-winter herd can be 
ca lcula ted  from t h e  herd composition data. I f  the  amount of change i n  t rend 
each year  i s  bio-logical,  an est imate f o r  one year i n  the  t rend record 
d i c t a t e s  how many t h e r e  a r e  f o r  a l l  years. 

Population Estimate. Units with no seasonal exchange of animals best 
exemplify how an i n i t i a l  herd s i z e  est imate was obtained t o  t e s t  i n  a model. 
The model amounted t o  e lk  (or  deer)  per mile counts and herd composition 
expanded i n t o  whole numbers. The i n i t i a l  est imate came from general  season 
b u l l  and buck k i l l  records by uni t .  

Using t h e  equation t h a t  expanded t h e  e l k  herd composition i n t o  
percentages (whole numbers), one o r  more years of f i e l d  data were expanded i n  
each uni t  t o  f ind  out approximately what percentage of bu l l s  might be present 
i n  hunting season out of t h e  t o t a l  adul t  and year l ing  herd. Assumptions were 
t h a t  summer morta l i ty  did not occur and one-half of the  over-winter calves 
were bu l l s .  In  t h e  equation with a r a t i o  of 6 B:100 C:44 Cal., t he re  would be 
4 b u l l s  ca r r i ed  over and 14 yearl ing b u l l s  (29 calves + 2) o r  18% b u l l s  i n  t h e  
herd. A minimum population est imate was obtained through div id ing bu l l  k i l l  
by t h e  indica ted  percent bulls .  The est imate was increased i n  r e l a t i o n  t o  
indica ted  post-hunt b u l l  su rv iva l  and considerat ion of o ther  poss ib le  
mor ta l i ty  such a s  Indian take. An est imate f o r  one year only was needed t o  
plug i n t o  t h e  t rend count record and t o  s t a r t  t h e  numerical model moving over 
t i m e .  

I f  t h e  numerical model f o r  a l l  years ,  derived from a s t a r t i n g  est imate 
f o r  one year only, seemed t o  f a i l  a t  put t ing  out s u f f i c i e n t  bu l l s  f o r  hunting 
season i n  r e l a t i o n  t o  reported k i l l ,  carryover r a t i o s  and o ther  
considerat ions,  t h e  model w a s  t r i e d  again using a higher s t a r t i n g  estimate. 

The form t h a t ' s  i n  use f o r  each herd model by calendar year (Fig. 4) 
d isplays  t h e  management objec t ive  and each year's population using both index 
and whole numbers. It was decided 100 (100%) was t o  be an index representing 
t h e  population management object ive.  The population index number f o r  each 
year ,  which was derived through dividing t h e  t rend count by t h e  management 
objec t ive  t rend count l e v e l ,  produced an index number plus or  minus t h e  
objec t ive .  Any time an estimated t rend count was subs t i tu ted  f o r  any year, it  
was put i n  parentheses. Each of t h e  index numbers was representa t ive  of a 
whole number d i r e c t l y  proport ional  t o  t h e  objective. Index numbers f o r  
components were whole numbers, not a percentage. 
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Figure 4.  Numerical e l k  popula t ion  model used t o  d i s p l a y  census d a t e , ( l e f t  
pane l ) ,  expanded census f o r  e a r l y  sp r ing  ( cen te r  pane l ) ,  and 
conversion t o  hunt ing season number ( r i g h t  panel)  without  allowance 
f o r  summer m o r t a l i t y .  Gain (young i n  September) u s  a d d i t i v e  
based i n i t i a l l y  on a  f o r e c a s t  and subsequent ly on t h e  observed 
c a l f  r a t i o  i n  t h e  win te r  fol lowing.  

The, populat ion ob jec t ive  w a s  meant t o  be t h e  end-of-winter herd  s i z e .  
However, he rd  management through ha rves t  of su rp lus  was mostly on summer 
range, and i n  many u n i t s  t h e  summer adu l t  populat ion was d i f f e r e n t  because of 
migratory p a t t e r n s .  The d i f f e r e n c e  was derived from marked animal records  
whenever they  were ava i l ab l e .  The populat ion ob jec t ive  expressed f o r  summer 
range w a s  subord ina te  t o  t h e  win ter  range objec t ive .  Nevertheless ,  a l l  of t h e  
u n i t  models f o r  Oregon herds  were developed i n  r e l a t i o n  t o  t h e  s i z e  of t h e  
summer populat ion because t h e  surp lus  des t ined  f o r  ha rves t  was the re .  For 
some u n i t s  with a  small winter  herd but s i z e a b l e  summer adu l t  populat ion 
because of immigration, s epa ra t e  sub-models of con t r ibu t ing  winter  herds  were 
prepared and added toge the r  t o  preserve t h e  i n t e g r i t y  of d i f f e r i n g  b u l l  and 
c a l f  r a t i o s .  

Se l ec t  i o n  of Management Object ives  

Normally, f o r  t h e  span of years  covered by t h e  model, t h e r e  were some 
most s a t  i s f a c t  ory times. Range in£  ormat i o n  and s u r v i v a l  da ta  i n£  e r r ed  t h e r e  



was no s e r i o u s  over-supply of win ter ing  animals. The hunt ing season 
experience seemed s a t i s f y i n g .  Problems on p r i v a t e  lands were wi th in  a 
manageable l e v e l .  A s i n g l e  l e v e l  populat ion ob jec t ive  was se l ec t ed  t o  avoid 
t h e  handl ing  of more numbers i f  a range were used. 

The proposed management l e v e l  f o r  e l k  was s t rong ly  o r i en t ed  towards 
p r i v a t e  land use and t h e  Department's a b i l i t y  t o  reso lve  problems. With no 
evidence of sus t a ined  e l k  over-supply or  a s soc i a t ed  damage t o  h a b i t a t  on 
Oregon ranges, chosen ob jec t ives  f o r  e l k  were considered t o  be below 
p o t e n t i a l .  The ob jec t ive  f o r  deer ,  however, included a judgment about range 
capac i ty  based on years  of experience with pe r iod ic  winter  die-offs and damage 
t o  vegetat ion.  

The M.O. (Management Object ive)  w a s  depicted on t h e  t r e n d  graph i n i t i a l l y  
as an  index t o  animals per mile. In  t h e  model it w a s  number of animals. 
However s t a t e d ,  t h e  ob jec t ive  and t h e  populat ion of any year were d i r e c t l y  
r e l a t e d :  

Count - Trend Count pop. Index - Populat ion 
1330 I 12.9 = 100 I 5,000 

The b u l l  and buck r a t i o  ob jec t ive  t o  be maintained post-season a t  t h e  
very l e a s t  by r egu la t ing  t a k e  i n  each un i t  came l a r g e l y  from t r a d i t i o n a l  
r a t i o s .  B io log i s t s  agreed t h a t  every e l k  u n i t  must have a t  l e a s t  3 bulls:100 
cows post-season f o r  b i o l o g i c a l  reasons. Some f e e l  t h i s  may be low. The 
lowest acceptab le  l e v e l  f o r  bucks w a s  set at 10. Qual i ty  demands were 
responded with b u l l  r a t i o s  going a s  high a s  15: 100 cows i n  some un i t s .  Those 
r a t i o s  a t  t h e  very l e a s t  a r e  t o  be sus ta ined  a s  demand grows and b u l l s  become 
inc reas ing ly  vulnerable .  Buck r a t i o s  ranged t o  a high of 25:100 does f o r  
decision-makers t o  consider  when weighing q u a l i t y  demands versus quant i ty .  

Benchmark Numbers 

With a herd  model and a herd management ob jec t ive ,  u s e f u l  planning 
benchmarks evolved. The su rp lus  of b u l l s  and proport ion of young t o  o l d e r  
animals was evident .  Est imates  of o ther  mor t a l i t y  l i k e  Indian k i l l  could be 
plugged in .  In fe r r ed  su rp lus  of a n t l e r l e s s  e l k  was d i s t i ngu i shab le  i n  a 
s tandard ized  manner f o r  a l l  un i t s .  The concept of making a fo recas t  of gain 
expected t o  be present  i n  t h e  hunt ing  season f o r  a n t i c i p a t i n g  surp luses  was 
put i n t o  p rac t i ce .  Oregonians agonizing about crowding were provided hun te r  
quota proposals  t h a t  considered t r a d i t i o n a l  success  r a t e s ,  given t h e  M.O. b u l l  
o r  buck supply, so  t h a t  t r a d e o f f s  could be considered. 

Pub l i c  Involvement 

Department b i o l o g i s t s  worked in-house on e l k  ob jec t ives  , which off  ended 
some i n t e r e s t s .  Before a l l  w a s  i n  order ,  t h e  program received exposure i n  
var ious  meetings with resource counci l s ,  l a r g e l y  stockgrower-oriented, and 
indus t ry ,  l a r g e l y  timber-oriented. When 3 s e t s  of r epo r t s ,  an e l k  and 2 deer  
r e p o r t s ,  were completed i n  l a t e  1980 t o  s t a r t  publ ic  review, a s e r i e s  of 
in format iona l  meetings was scheduled s tatewide.  Preceding those  t ownhall 
s e s s i o n s ,  a meeting was he ld  a t  t h e  headquar te rs  o f f i c e  of 7 a f f e c t e d  n a t i o n a l  
f o r e s t s  a long with app ropr i a t e  BLM D i s t r i c t s  t o  announce proposals and meet 
inter-agency r e s p o n s i b i l i t i e s  . 

I n  t h e  f i r s t  qua r t e r  of 1981, 1,700 persons at tended informat iona l  
meetings at 24 loca t ions  throughout t h e  s t a t e .  There were 2,500 s e t s  of 



p u b l i c  review r e p o r t s  given t o  i n t e r e s t e d  persons at meetings and through 
mailing. The abbrevia ted  pub l i c  review repor t  amounted t o  7 pages and a 
comprehensive r epo r t  amounting t o  16 pages of informat i o n  w a s  a v a i l a b l e  f o r  
s p e c i a l  purposes. 

Outspoken stockgrowers proposed lower e l k  numbers and some took t h e i r  
demands t o  an on-going l e g i s l a t i v e  sess ion .  Some spo r t  groups countered with 
h ighe r  proposals  t han  recommended by Department b io log i s t s .  The mat te r  of how 
much forage  would be consumed t r i g g e r e d  an unbel ievable defensive r e a c t i o n  
from o the r  i n t e r e s t s  when t r a d i t i o n a l  equivalency r a t i n g s  of 2 e l k  and 5 deer  
per  cow were challenged. Nearly a l l  respondents approved t h e  management by 
o b j e c t i v e  approach and many gave support t o  Department proposals.  Most 
controversy centered  on a few e l k  u n i t s ;  mule deer  proposals  were e s s e n t i a l l y  
non-controversial .  A decision-making da t e  of J u l y  1981 was postponed f o r  6 
months t o  al low a s p e c i a l  t a s k  group of range s p e c i a l i s t s  from 5 agencies  t o  
a s c e r t a i n  i f  proposals  were excessive f o r  a v a i l a b l e  forage. I n  a 4-month 
per iod ,  t h e  range s p e c i a l i s t s  v i s i t e d  with t echn ic i ans  and inspec ted  some 
ranges,  r e s u l t i n g  i n  a repor t  t o  t h e  Oregon Fish and Wi ld l i f e  Commission. 

RESULTS 

On December 11, 1981, t h e  Oregon Fish and Wi ld l i f e  Commission formally 
adopted 75 s e t s  (28 e l k ,  47 deer  u n i t s )  of management ob jec t ives .  The 
proposed populat ion l e v e l  was changed i n  6 e l k  u n i t s  i n  response t o  l o c a l  
stockgrower and o the r  demands. The net  e f f e c t  of changes amounted t o  a t a r g e t  
l e v e l  f o r  e l k  only 3% lower than  o r i g i n a l l y  proposed, a vote  of confidence by 
t h e  Commission i n  t h e  judgments of Department b i o l o g i s t s .  No mule deer  u n i t s  
were changed. 

DISCUSSION 

Since t h e  1940s i n  Oregon, t h e  business  of ga ther ing  census information 
on e l k  and deer  and myster iously devis ing  bag oppor tun i t i e s  out of an  a r r a y  of 
counts  per  mile ,  r a t i o s  of males and young, past  k i l l  experience,  damage 
complaints,  and range s t u d i e s  remained unchanged. The chal lenge came with t h e  
ques t ions ,  "what a r e  you t r y i n g  t o  achieve," o r  'how many is  enough?" 
Q u a n t i f i e d  goa ls  were demanded f o r  land-use planning. Unquant i f  i e d  and 
nebulous census indexes seemed unsui ted  f o r  t h e  a l l o c a t i o n  of h a b i t a t  
resources.  I n  Oregon, a forward s t e p  was taken  i n  e l k  and deer  management, 
and t h e  imp l i ca t ion  extends t o  o the r  spec ies .  Unof f i c i a l  management 
o b j e c t i v e s  were used i n  developing hunt ing  r egu la t ions  s ince  1979. 

Communication, us ing  quan t i f i ed  resource information between t echn ic i ans  
and l a y  persons, has  v a s t l y  improved understanding about resource management 
needs. The t r a d e o f f s  when decision-makers must weigh b i o l o g i c a l  needs aga ins t  
expressed s o c i a l  demands a r e  v i s i b l e .  For example, it is easy t o  d i sp l ay  how 
a n t l e r l e s s  e l k  t a k e  must be increased  and how many of t h e  sub-legel b u l l s  show 
up missing when s p e c i a l  3-point r u l e s  a r e  adopted i n  conjunct ion with a s t a b l e  
herd  l e v e l  ob jec t ive .  

A job is  not done when it can be improved. Management ob jec t ive  
r e s p c m s i b i l i t i e s  f a l l i n g  t o  t h e  f i e l d  b i o l o g i s t  a r e  annual updates ,  sub-herd 
models and sub-unit ob jec t ives ,  and involvement i n  coordinated resource 
management p lans  t o  meet ob jec t ives .  At t h e  s t a f f  l e v e l ,  an e f f o r t  w i l l  be 
made t o  develop ob jec t ives  i n  western Oregon f o r  Roosevelt e l k  and b l a c k t a i l e d  
deer  where t h e  da t a  base i s  l e s s  s t rong .  



MULTIPLE ELK TAG SYSTEM AND ITS EFFECT ON ELK HUNTING PRESSURE AND SUCCESS I N  
WASHINGTON STATE 

LOWELL D. PARSONS, Washington Game Department, Olympia, WA 98504 

Abstract :  Elk hunt ing  pressure  was excess ive  i n  a few Washington e l k  a r e a s  
between 1976 and 1978 when an average of 110,725 people purchased e l k  tags.  
I n  1978, an  a l l - t ime record 118,636 people purchased t ags .  Eas ts ide  a r e a s  
rece ived  excess ive  pressure ,  p a r t i c u l a r l y  i n  t h e  Colockum and Yakima areas .  
For 1979-1981, t h e  Game Commission adopted a 4-area, 5-tag concept,  under 
which hun te r s  had f r e e  choice of which t a g  t o  purchase and could not change 
t a g s  a t  a l a t e r  date .  By making some seasons more a t t r a c t i v e  than  o t h e r s ,  
p re s su re  was moved from Colockum and Yakima t o  t h e  wests ide,  and t o t a l  e l k  t a g  
s a l e s  have been reduced. I n  t h e  Blue Mountains only a s l i g h t  i nc rease  i n  
p re s su re  and s l i g h t  decrease i n  ha rves t  and success  was obtained between 1976- 
1978 and 1979-1981. I n  t h e  Colockum, everything decreased: pressure  (-29x1, 
ha rves t  (-32%), and success  (-4%), but t h e  q u a l i t y  of t h e  hunt improved. The 
2-tag s t r a t i f i e d  system i n  Yakima r e s u l t e d  i n  a 50-50 s p l i t  and a reduct ion  i n  
p re s su re  (-31%). Improved were ha rves t  (+23%) and success  (+77%). 
Al toge ther ,  t h e  e a s t  s ide ' s  4-t ags reduced pressure  21%, increased  success  28% 
and obtained a s i m i l a r  harves t .  Westside pressure  increased  dramat ica l ly  t h e  
f i r s t  year  (1979), but w a s  only 24% above t h a t  of 1976-1978 f o r  t h e  1979-1981 
period.  Reduced were harves t  (-11%) and success  (-28%). The Mt. St Helens 
volcanic  e rup t ion  and t h e  1980-1981 r e s t r i c t e d  zone around t h e  volcano 
inf luenced  t h e  reduced wests ide hunt ing  pressure  during t h e  l a s t  2 years  of 
t h e  3-year comparison. Statewide s l i g h t  dec l ines  have been noted i n  p re s su re  
(-3%), harves t  (-6%), and success  (-3%). While complicated, t h e  5-tag system 
w a s  an  improvement and h a s  been favorably  accepted by t h e  publ ic .  
St r a t i f i c a t i o n  with Early-Late overlapping b u l l  seasons o f f e r s  p o t e n t i a l  f o r  
f u r t h e r  modi f ica t ion  i n  t h e  f u t u r e  t o  reduce opening day crowding. Were it 
not  f o r  t h e  volcano, e l k  harves t  under both systems would have been 
comparable, at least. 

FIVE DIFFERENT ELK TAGS 

Since 1931, t h e  s t a t e ' s  e l k  populat ion has  increased  6-fold from about 
10,000 animals (Rief 1931) t o  about 16,000 (Pautzke et a l .  1939) t o  about 
60,000 by Populat ion Trend Index (PTI) (Table 1) .  From 1935-1936, e l k  hunt ing  
p re s su re  has  increased  54-fold. The 47-year average is  1.7 hun te r s  per  e l k  
(PTI) ,  but i n  s p i t e  of l a r g e  inc reases  i n  numbers of hunters ,  it was 1.8 
hun te r s  per  e l k  during t h e  1979-1981 period ( see  Table 1). A l l  1981 da t a  used 
i n  t h i s  r epo r t  a r e  prel iminary est imates .  F i n a l  da ta  f o r  harves t  (Apr i l  1, 
1982) and t a g  s a l e s  (December 1, 1982) w i l l  not be a v a i l a b l e  u n t i l  l a t e r  t h i s  
year .  

Hunting pressure  problems have been p a r t i c u l a r l y  apparent on t h e  eas t -  
s i d e ,  which had 61% of t h e  e l k  i n  t h e  1949-1951 period. While e l k  had 
inc reased  from 13,000 t o  23,000 i n  1978, t h i s  a r ea  received about 59% of t h e  
hunt ing  pressure.  On t h e  wests ide,  t h e  e l k  populat ion increased  from 8,000 
(1950) t o  35,000 (1978), but t h i s  a r ea  received only 41% of t h e  hunters .  



Table 1. Washington hun te r / e lk  r e l a t i o n s h i p s ,  3-year per iods;  1935-1981; 
yea r ly  averages 

Elk Hunt e r  Elk Pop. Hunters PTI 

r 
Tag Pct . Trend Per Percent 

I 
Years Sales* Success Index* Elk - East s i d e  

47 year  ave. 54 16 32 1.7 48 

To r e d i s t r i b u t e  hunt ing  pressure  away from t h e  east s i d e ,  p a r t i c u l a r l y  t h e  
Colockum and Yakima a rea ,  t h e  Game Commission adopted a 4-area, 5-tag concept 
f o r  1979. Table 2 compares pressure ,  h a r v e s t ,  and success  da t a  of t h e  1976- 

I 
1978 period ( 1  t a g )  t o  t h a t  of t h e  1979-1981 period (5  t a g s ) .  Figure 1 shows 
how t h e  s t a t e  was divided i n t o  4 e l k  a reas .  I 
Table 2. Washington e l k  hun te r s ,  ha rves t  and success  comparison between 1979- 

1981 (5  t a g s )  and 1976-1978 ( 1  t a g )  

-- 
One t ag  1976-1978 yea r l y  average Five tag  1979-1981 year ly  average Percent change 1979-1981 from 1976-1978 

Pct.  of Pct.  Pc t .  of Pct.  Pc t .  of Pct. 

-I 
.. - 

P r e f i x  Elk Tag Area Elk Tags To t a l  Harvest Success Elk Tags Tota l  Harvest Success Elk Tags Tota l  b r v e a t  Succ086 

H Blue Ibun t a fn s  17.163 15.5% 2.080 12.1% 17,602 16.3% 2,097 11.9% + 2.6% + 5.2% + 0.8% - 1.7% 

Sub to t a l  COLOCKUU - YAKMA 47.834 43.2% 3.437 7.2% 33.510 31.0% 3.450 10.3% -28.9% -28.2% - 0.4% +43.1% I 
- 

K Colockun 14,727 13.32 1,427 9.7% 10,518 9.7% 974 9.3% -28.6% -27.12 -31.1% - 4.1% 

I -  Yakka  33,107 29.9% 2,010 6.1% 22,992 21.3% 2,476 10.8% -30.6% -28.8% +23.22 +77.0% 

S ub to t a l  EASTSIDE 64,997 58.7% 5.517 8.5% 51,112 47.3% 5.547 10.9% -21.4% -19.4% + 0.5% +28.2% 
a 

W Westside 45,728 41.3% 6.490 14.2% 56,856 52.7% 5,718 10.2% +24.3% +27.6X -11.02 -28.2% 

To ta l  STATEUIDB 110,725 100.0% 12.007 10.8% 107,968 'POO.O% 11,325 10.5% - 2.5% - - 5.7% - 2.8% I 
t 



Figure 1. Washington's four elk areas. 



Blue Mountains 

F igure  2 shows t h e  M e l k  t a g  (b lue)  which can be used i n  t h e  Blue 
Mountains b u l l  e l k  season. It has  a pa r tne r sh ip  a p p l i c a t i o n  which can be used 
f o r  one of t h e  M t a g  con t ro l l ed  e i ther -sex  e l k  hunt drawings. It may be used 
f o r  a l l  bow and muzzle loader  hunts ,  which a r e  normally before o r  a f t e r  t h e  
gene ra l  b u l l  e l k  season. Table 3 shows Blue Mountains e l k  a r ea  information 
f o r  t h e  1979-1981 period. 

Wednesday, November 3, 1982, has  been e s t ab l i shed  a s  t h e  opening day f o r  
t h i s  a r e a  next f a l l .  Table 2 shows t h a t  hun te r ,  ha rves t  and success  da t a  i s  
similar t o  t h e  above under t h e  1-tag system used from 1976 through 1978. Some 
sentiment e x i s t s  t o  s t r a t i f y  t h i s  a r ea  s i m i l a r  t o  t h e  Yakim a r e a  experience 
f o r  1983. 

F igure  2. 1981 M Elk Tag. 
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Table 3. Blue Mountains e l k  t a g  (M), 1979-1981 

Opening November Length Elk Pct. of Elk Pct  . 
Year Day Dates i n  Days Tags St .  To ta l  Harvest Success 
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1979 Wed. 7-18 12 18,065 15 .5 1,920 10.6 

1980 Wed. 5-16 12 18,298 17.4 2.170 11.9 

1981 Wed. 4-15 12 16,441 . 16.1 2.200 13.4 

Ave . Wed. 5-16 12 17,602 16.3 2,097 11.9 
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Figure  3 shows t h e  K e l k  t a g  (gray)  which can be used f o r  Colockum b u l l  
e l k  season. Its a p p l i c a t i o n  may a l s o  be used f o r  K t a g  con t ro l l ed  e i ther -sex  
e l k  hunt drawings and i n  t h e  same manner as t h e  M t a g  f o r  pre- and post-bul l  
seasons hunts .  Table 4 shows 1979-1981 Colockum e l k  t a g  data .  

Monday, October 25, 1982, has  been e s t ab l i shed  a s  t h e  opening da t e  f o r  
t h i s  a r e a  next f a l l .  Table 2 shows t h a t  pressure  (-29%), ha rves t  (-32x1, and 
hun te r  success  (-4%) have a l l  been reduced under t h e  5-tag system. The e a r l y  
d a t e s  and t h e  sho r t  10-day season with a Monday opening have cont r ibu ted  t o  
t h e s e  reduct ions.  Colockum hun te r s  l i k e  t h e  reduced pressure ,  but would l i k e  
a l a t e r  season. A s p e c i a l  problem of hun te r  pressure  moving e l k  ac ros s  t h e  
Columbia River i n t o  t h e  Columbia Basin i r r i g a t e d  farmlands has  mi t iga ted  
aga ins t  a l a t e r  season. 

Figure 3. 1981 K Elk Tag. 

Table 4. Colockum Elk Tag (K),  1979-1981 

Opening Dates Length Elk Pct. of Elk Pct  . 
Year Day Oct .-Nov. i n  Days Tags S t .  To ta l  Harvest Success 

1979 Mon. 29-7 10 11,386 9 8 1,076 9.5 

1980 Mon. 27-5 10 10,851 10.3 979 9 .O 

1981 Mon. 26-4 10 9,317 9.1 866 9 2 

Ave. Mon. 27-5 10 10,518 9 . 7 974 9 . 3 

Yakima 



Figure  4 shows t h e  X e l k  t a g  (salmon) and Fig. 5 t h e  Y e l k  t a g  (yellow) 
which have over-lapping b u l l  e l k  seasons i n  t h e  Yakima area .  The Early Yakima 
(X) t a g  has  a longer  bulls-only season and purchasers  may not apply f o r  an  
e i ther -sex  con t ro l l ed  hunt permit. 

The Late  Yakima (Y) t a g  has  a s h o r t e r  b u l l  e l k  season and purchasers may 
apply f o r  an  e i ther -sex  permit i n  t h e  Yakima t a g  area.  

The Early-Late overlapping s t r a t i f i c a t i o n  is shown i n  Table 6 
approximating a 50-50 s p l i t  over t h e  3 years .  The d r i f t  ha s  been toward t h e  
Ea r ly  ( b u l l s  only,  long season) tag .  Perhaps a con t r ibu t ing  f a c t o r  has  been 
s l i g h t  l y  b e t t e r  b u l l  escapement under t h e  st r a t  i f  i e d  seasons. 

The Yakima a r e a  has  bene f i t t ed  t h e  most from t h e  5-tag system (see  
Table 2). Pressure  has  been reduced 31% from 1976-1978. Harvest i s  up 23% 
and hun te r  success  up 77% over t h e  same 1976-1978 period. Data c o l l e c t i o n  
systems a r e  not adequate t o  determine ha rves t  and success  by Ear ly  o r  La te  
t a g ,  but i n  genera l  Early t a g  ho lde r s  t ake  most of t h e  b u l l s  while  Late  t a g  
ho lde r s  t a k e  some b u l l s  and a l l  t h e  cows and calves.  It appears t h a t  t h e  
Ea r ly  Yakima t a g  is  a b e t t e r  d e a l  f o r  t h e  hunter  i n  s p i t e  of h i s  not being 
a b l e  t o  apply f o r  a permit. The s t r a t i f i e d  t a g  system used i n  Yakima h a s  
p o t e n t i a l  f o r  use i n  o the r  a r eas  i n  t h e  fu ture .  By s p l i t t i n g  opening day 
hunt ing  pressure ,  it makes a weekend opening day both poss ib l e  and des i r ab l e .  
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Figure 5 .  1981 Y E l k  Tag 



Table 5. Yakima Elk Tag (X-Y), 1979-1981 

Opening November Length Elk Pct. of Elk Pct  . 
Year Days Dates i n D a y s  Tags* St.  To ta l  Harvest Success 

1980 Sun.(X) 2-16 15 23,296 22.2 2,221 9.5 
Sat .  (Y) 8-16 9 

1981 Sun.(X) 1-15 15 24,687 24.1 2,734 11.1 
Sat .  (Y) 7-15 9 

Ave Sun.(X) 2-16 15 22,992 21 -3  2,476 10 8 
Sat.(Y) 8-16 9 

* X and Y t a g s  added toge the r  

Table 6. Yakima (X-Y) Elk Tag Sa les ,  1979-1981 

.------------------------ Elk Tag Sales--------------------- 
Ea r ly  Yakima (X) Late  Yakima (Y) Yakima 

Year No Pct No. Pct Tot a1 

Ave . 11,397 49 06 11,595 50.4 22,992 



West s i d e  

F igure  6 shows t h e  W e l k  t a g  (green)  which can be used i n  t h e  Westside 
b u l l  e l k  season. It has  a pa r tne r sh ip  a p p l i c a t i o n  which can be used f o r  one 
of t h e  W t a g  con t ro l l ed  ei ther-sex e l k  hunt drawings and i n  t h e  same manner as 
t h e  M t a g  f o r  pre- and post-season hunts  s ta tewide.  

Table 7 shows Westside e l k  a r ea  information f o r  t h e  recent  period. 

-- --- - - 
STATE OF WASHINGTON ' 

WESTSIDE 
VM -1 nsrs lot  C O ~ O W D  WITS 0-7 rm r r.6 sem*., 

a '  

- USE FOR SINGLE OR PARTNERSHIP APPLICATION - 
U 7 1 0 . 1 8  [ FEE S1S.W .u. 

m n v s  n8 a. 

W s 

un 
--- 

m U .,U S f  
IOI 

w . 1 a . w  

: 

Figure 6. 1981 Westside Elk Tag 
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Table 7. Westside Elk Tag (W), 1979-1981 

Opening Dates Length Elk Pct. of Elk Pct . 
Year Day November i n  Days Tags St.  To ta l  Harvest Success 

1979 Sun. 11-25 15 66,019 56.7 6,800 10.3 

1980 Sun. 9-1 9 11 52,601 50.1 5,450 10.4 

1981 Sat.  7-17 11 51,949 50 .7 5,085 9 .8 

Ave. Sun. 9-20 12 56,856 52.7 5,778 10.2 

Saturday, November 6, 1982, has  been e s t ab l i shed  a s  opening day f o r  t h i s  
a r e a  next f a l l .  Table 2 shows a 24% inc rease  i n  hunt ing  pressure  over t h a t  of 
t h e  1976-1978 period. It a l s o  shows decreases  of harves t  (-11%) and hun te r  
success  (-28%). The inc rease  i n  hun te r s  r ep re sen t s  Colockum and Yakima 
hun te r s  of 1976-1978 switching t o  t h e  more a t t r a c t i v e  da t e s  and opt ions  of t h e  
Westside e l k  tag .  



The harvest  dec l ine  is  caused by t h e  erupt ion  of M t .  St. Helens volcano 
and t h e  r e s u l t a n t  r e s t r i c t e d  zone around it. A port ion of a major e l k  herd 
was excluded from hunting because of t h i s .  I n  1979, before t h e  eruption,  t h e  
Westside harvest  was 6,800 e lk ,  exceeding t h e  6,490 average f o r  1976-1978. 
Af ter  t h e  eruption,  t h e  Westside harves t  was 5,450 and 5,085. The &year pre- 
e rupt ion  average of 6,568 is  1,300 above t h e  2-year post-eruption average of 
5,268. While perhaps over s impl i f i ed ,  t h i s  would mean t h a t  with an a c t i v e  
volcano t h e  West s ide ' s  e l k  hunting capaci ty  was reduced 12,621 hunters  t ak ing  
1,300 e l k  f o r  10.3% success (1979 r a t e ) .  Since t h e  1980-1981 average was 
13,744 hunters  below t h e  1979 Westside t o t a l ,  t h e  above projec t ion  i s  f a i r l y  
close.  

Westside hunter  success, while 28% below t h a t  of 1976-1978, i s  more 
cons is tent  with e a s t s i d e  a reas  and is  comparable t o  t h e  s tatewide average. It 
might even be t h a t  those who deserted e a s t s i d e  areas  f o r  t h e  westside when the  
5-tag system was i n i t i a t e d  a r e  t h e  type  of hunters  who a r e  usua l ly  
unsuccessful  regardless  of where they hunt elk. 

SUMMARY 

Washington's e l k  hunting seasons, i n  s p i t e  of increas ing  e l k  populations, 
had become almost unworkable under a s i n g l e  s tatewide e l k  t a g  and season by 
1970. A Monday opening day gave temporary r e s p i t e  (Parsons 1975), but by 1978 
t h e  Game Commission decided something d r a s t i c  was necessary t o  a l l e v i a t e  
excessive hunting pressure,  p a r t i c u l a r l y  i n  t h e  Colockum and Yakima a reas  
(Parsons and Brown 1978). A 4-area, 5-tag system was adopted f o r  1979, t o  be 
kept on an experimental bas i s  f o r  a t  l e a s t  3 years (Parsons 1980). Data i n  
t h i s  repor t  shows t h a t  t h e  new system: (1)  improved Yakima a rea  hunting 
subst  an t  i a l l y  ; (2)  lowered heavy pressure g rea t ly  i n  t h e  Colockum; (3)  forced 
hunters  t o  t h e  Westside, where i n  concern with a volcanic eruption,  lowered 
hunt ing  q u a l i t y  but equalized hunter  success; and (4)  had l i t t l e  a f f e c t  on t h e  
Blue Mountains. While it solved t h e  major problems, it created some new 
ones. For t h e  f u t u r e ,  t h e  s t r a t i f i e d  Yakima experience using Early ( b u l l s  
only, longer season) and Late (permit app l i ca t ions ,  s h o r t e r  b u l l  season) seems 
t o  o f f e r  an excel lent  method f o r  d iv id ing  opening day hunting pressure i n  
h a l f .  Opening da tes  f o r  1982 have been es tabl i shed using t h e  same 5-tag 
system. 
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ANALYSIS OF BULL ONLY HUNTING I N  THE LOCHSA RIVER DRAINAGE, IDAHO 

MICHAEL We SCHLEGEL, Wi ld l i f e  Research B io log i s t ,  Idaho Department Fish and 
Game , Kamiah , I D  

Abs t rac t :  Various e l k  populat ion parameters were analyzed t o  eva lua t e  t h e  
impact of a b u l l  only hunt ing  s t r a t e g y  on t h e  b u l l  cohort i n  t h e  Lochsa 
Management Unit (12) i n  no r thcen t r a l  Idaho. Between 1947 and 1972 t h e  hunt ing  
s t r a t e g y  was genera l  e i t h e r  sex. I n  1973 and 1974 t h e  north h a l f  of t h e  u n i t  
w a s  a genera l  b u l l  only. The south h a l f  of t h e  un i t  was genera l  e i t h e r  sex. 
Since 1975, t h e  e n t i r e  management u n i t  has  been under a genera l  bull-only 
hun t ing  s t r a t e g y  . 

Following 7 years  of genera l  bull-only hunt ing,  t h e  number of harves ted  
b u l l s  repor ted  a t  t h e  check s t a t i o n s  h a s  increased ,  t h e  r a t i o  of branched 
a n t l e r e d  t o  y e a r l i n g  b u l l s  i n  t h e  ha rves t  has  remained constant  (80% t o  20x1, 
t h e  post season bu1l:cow r a t i o  has  remained constant  (30),  t h e  post season 
c a l f  :cow r a t i o  has  increased  s l i g h t l y  (24 t o  34) ,  t h e  number of b u l l s  
c l a s s i f i e d  post season h a s  increased ,  t h e  post season r a t i o  of branched 
a n t l e r e d  and yea r l i ng  b u l l s  has  remained constant  (60% t o  40%), and t h e  
genera l  populat ion t r end  i s  upward. 

A paper on t h i s  t o p i c  was presented a t  t h e  Western S t a t e s  Fish and Game 
Commissioners' meeting i n  J u l y ,  1980. Copies are a v a i l a b l e  upon request .  



SOME EFFECTS OF FOREST MANAGEMENT ON ELK HUNTING OPPORTUNITY 

TERRY N. LONNER, Montana Department of F i sh ,  Wi ld l i f e  and Parks,  
Bozeman, MT 

JOHN D. CADA, Montana Department of F ish ,  Wi ld l i f e  and Parks,  Bozeman, MT 

Abstract :  Elk management i n  Montana has  experienced some major d i r e c t i o n a l  
changes s i n c e  1900. Ear ly  ob jec t ives  of e l k  management were t o  in t roduce  e l k  
i n t o  a r e a s  with few o r  no e l k  and then  p ro t ec t  t h e s e  e l k  and remnant he rds  
with very r e s t r i c t i v e  hunt ing  r egu la t ions  t o  al low populat ions t o  increase .  
This  e f f o r t  was succes s fu l  and beginning about 1950 e l k  hunt ing r egu la t ions  
became progress ive ly  more l i b e r a l i z e d  u n t i l  1960 when 84% of e l k  hunt ing u n i t s  
had open e i ther -sex  seasons up t o  2 months i n  length. Since 1960 e l k  hunt ing  
seasons have remained about t h e  same length  (35 * 5 days) ,  but nonpermit 
e i t he r - sex  hunt ing  has  been dec l in ing  a t  an  acce l e ra t ed  r a t e  with permit-only 
e l k  hunt ing  on t h e  increase .  The reason f o r  t h e s e  present  day r e s t r i c t i v e  e l k  
hunt ing  r egu la t ions  appears  t o  be more r e l a t e d  t o  an ever  i nc reas ing  reduct ion  
of h a b i t a t  s e c u r i t y  on f o r e s t e d  land a s  a  r e s u l t  of logging a c t i v i t i e s  t han  t o  
an i n c r e a s e  i n  hunters .  Elk hun te r s  have increased  from 60,000 i n  1960 t o  
90,000 i n  1980, a  50% inc rease ,  while t imber  removal r e s u l t e d  i n  a  near ly  450% 
i n c r e a s e  between t h e s e  years .  Assuming t h a t  e l k  hun te r s  a f i e l d  and e l k  a r e  
not going t o  i nc rease  s u b s t a n t i a l l y  over t h e  next decade (e lk  hun te r s  have 
only increased  about 15% i n  t h e  l a s t  decade) t h e  key t o  meeting f u t u r e  e l k  
management ob jec t ives  i n  Montana w i l l  be c o n t r o l l i n g  access  by road c losu res  
and/or  maintenance of h id ing  cover qua l i t y .  As  a  f i r s t  e f f o r t  i n  a i d i n g  
resource  managers t o  b e t t e r  understand t h e  e f f e c t s  of t imber management on e l k  
hunt ing  oppor tuni ty ,  a  h a b i t a t  e f f e c t i v e n e s s  model i s  presented. Good h a b i t  a t  
e f f e c t i v e n e s s  was defined a s  t h e  a b i l i t y  of an  a rea  t o  r e t a i n  e l k  during t h e  
hun t ing  season which would provide f o r  a  uniform ha rves t  r a t e  and a  low b u l l  
tu rnover  r a t e .  This model was based upon t h e  r e l a t i o n s h i p  between h a b i t a t  
s e c u r i t y ,  e l k  ha rves t  r a t e ,  e f f e c t i v e  season length ,  and r e c r e a t i o n a l  
opportuni ty.  It p r e d i c t s  l o s s  o r  gain i n  hunt ing  opportuni ty r e l a t i v e  t o  
h i d i n g  cover-open road dens i ty  condi t ions  f o r  an area.  

INTRODUCTION 

Elk management i n  Montana has  experienced some major d i r e c t i o n a l  changes 
s i n c e  1900. Ear ly  ob jec t ives  of e l k  management were t o  in t roduce  e l k  i n t o  
a r e a s  with few o r  no e l k  and then  p ro t ec t  t h e s e  e l k  and remnant herds  with 
very r e s t r i c t i v e  hunt ing  r egu la t ions  t o  allow populat ions t o  increase .  

That e f f o r t  was succes s fu l  and beginning about 1950 e l k  hunt ing  
r egu la t ions  became progress ive ly  more l i b e r a l i z e d  u n t i l  1960 when 84% of e l k  
hun t ing  u n i t s  had open e i ther -sex  seasons up t o  2 months i n  length  (Fig. 1). 
These l i b e r a l  seasons were necessary t o  achieve adequate h a r v e s t s  i n  rough, 
heavily-timbered country (Rognrud and Janson 1971). During t h e  1960's 
ex t ens ive  logging i n  .formerly unroaded f o r e s t s  r e s u l t e d  i n  a s i g n i f i c a n t  
i n c r e a s e  i n  access  with s u b s t a n t i a l  reduct ions  i n  e l k  h id ing  cover. This ,  
combined with an inc rease  i n  hun te r  numbers, neces s i t a t ed  a r e t u r n  t o  more 
r e s t r i c t i v e  seasons t o  p ro t ec t  e l k  populat ions from an  overharvest.  

Since 1960 e l k  hunt ing  seasons have remained about t h e  same length  (35 * 
5 days) ,  but nonpermit e i ther -sex  hunt ing  has  been dec l in ing  at an acce l e ra t ed  
r a t e .  Between 1960 and 1970 t h i s  amounted t o  a  28% reduct ion  i n  nonpermit 



e i the r - sex  hunt ing  and from 1970 t o  1980 an  84% reduct ion.  Conversely, permit- 
only e l k  hunt ing  has increased  from 3% i n  1960 t o  13% i n  1980 (Fig. 1).  The 
reason f o r  t h e s e  r e s t r i c t i v e  e l k  hunt ing  r egu la t ions  appears t o  be more 
r e l a t e d  t o  an ever- increasing reduct ion  of h a b i t a t  s e c u r i t y  on fo re s t ed  land 
as a r e s u l t  of logging a c t i v i t i e s  than  t o  an inc rease  i n  hunters .  (About 80% 
of t h e  t o t a l  annual e l k  ha rves t ,  which has f l u c t u a t e d  moderately around an 
annual mean of 12,300 s i n c e  1950 [Fig. 21, has  come from publ ic  land,  most of 
which i s  n a t i o n a l  f o r e s t  [Montana Department of F ish ,  Wi ld l i f e  and Parks 
19781 1. Elk hunters  have increased  from 60,000 i n  1960 t o  90,000 i n  1980, a 
50% inc rease ,  while t imber removal r e s u l t e d  i n  a nea r ly  450% inc rease  between 
t h e s e  years  (Figs.  1 and 2). 

Logging not only means a t  l e a s t  a temporary reduct ion  i n  h id ing  cover 
( t r e e s ) ,  but a permanent establ ishment  of logging roads. This reduct ion  i n  
h i d i n g  cover s i n c e  1960 w i l l  cont inue t o  be cumulative u n t i l  t h e  year  2000, 
s i n c e  regenera t ion  of h id ing  cover on logged s i t e s  w i l l  t a k e  a t  l e a s t  40 
years .  I n  f a c t ,  many of t h e s e  s i t e s  w i l l  never aga in  provide t h e  h id ing  cover 
q u a l i t y  before  c u t t i n g  i f  managed on an even-aged r o t a t i o n  cycle .  This i s  
e s p e c i a l l y  t r u e  f o r  those  timber s tands  t h a t  before c u t t i n g  were i n  an 
advanced succes s iona l  s t age ,  20W years  old and we l l  removed from motorized 
t r a f f i c .  

W i l d l i f e  managers have recognized t h a t  t h e s e  modif icat ions may inc rease  
ha rves t  r a t e s  , reduce r e c r e a t i o n a l  oppor tuni ty ,  concent r a t e  e l k  on l imi t ed  
a r e a s  or  s h i f t  them t o  suboptimum h a b i t a t s ,  and change t h e  q u a l i t y  of hunt ing  
(Bas i l e  and Lonner 1979). 

A t  t h e  1980 Elk Workshop i n  Cranbrook,B. C. Lonner presented a paper 
t i t l e d  Why do w e  want e l k ,  anyway? I n  t h i s  paper h e  s t a t e d  t h a t  hunt ing is a 
major use of our pub l i c  lands,  e s p e c i a l l y  t hose  lands administered by t h e  U.S. 
Fores t  Service(USFS) and Bureau of Land Management, and s ince  hunt ing  is  such 
a n  ubiqui tous  a c t i v i t y  on t h e s e  lands ,  a l l  o the r  resource management 
a c t i v i t i e s  can d i r e c t l y  e f f e c t  hunt ing  r egu la t ions  and oppor tuni t ies .  He a l s o  
d iscussed  some of t h e  genera l  r e s u l t s  of t h e  Montana Cooperative Elk-Logging 
Study and t h e i r  management impl ica t ions .  He s a i d ,  "The r e s u l t s  of t h i s  e f f o r t  
have been genera l ly  accepted and f a i r l y  succes s fu l  i n  app l i ca t ion ,  but has  
t h i s  success  been due t o  a p o s i t i v e  b i o l o g i c a l  response of t h e  e l k  (i .e. ,  
b e t t e r  reproduct ive  r a t e s  , b e t t e r  phys ica l  condi t ion ,  and b e t t e r  n a t u r a l  
s u r v i v a l  r a t e s )  o r  due t o  a compensatory response of resource management 
agencies  t o  f u r t h e r  r e s t r i c t  t h e  hunter  t o  prevent an  undes i rab le  o v e r k i l l  of 
e l k ?  For t h e  t ime being, t h i s  success  seems t o  be a t t r i b u t a b l e  mostly t o  t h e  
compensatory response of more r e s t r i c t  i ons  on t h e  hunter .  I n  f a c t ,  much of 
t h i s  o v e r a l l  e f f o r t  h a s  r e s u l t e d  i n  recommendations o r  gu ide l ines  address ing  
t h e  c o n t r o l  of hunt ing e f f e c t i v e n e s s  with road c losu res  and h id ing  cover 
maintenance, while  t h e  i n i t i a l  concern w a s  f o r  t h e  bas i c  b io log ica l  needs of 
t h e  elk." 

Generally our n a t i o n a l  f o r e s t s  and adjacent  lands i n  Montana p re sen t ly  
provide enough s e c u r i t y  ( t imber ,  topography, low road d e n s i t i e s ,  and lack  of 
development) t o  allow a 30-40 day genera l  r i f l e  season with a good o ~ ~ o r t u d t ~  
f o r  any person who buys an e l k  t a g  t o  k i l l  an  a n t l e r e d  b u l l  throughout t h i s  
season. However, t h e r e  i s  a s t rong  t r end  toward permit-only hunt ing f o r  cows 
and ca lves  with permit-only hunt ing  f o r  any e l k  a l s o  inc reas ing  (Fig. 2). 
Another concern i n  recent  years  i s  t h e  inc rease  of sp ike  b u l l s  i n  t h e  
ha rves t .  The b u l l  harves t  i n  some a reas  of t h e  s t a t e  is  85% yea r l ings  with 
many o ther  a r e a s  t rending  toward t h i s  high b u l l  tu rnover  r a t e .  Concurrently,  
where t h e s e  condi t ions  e x i s t  t h e r e  i s  a l s o  a high harves t  r a t e  during t h e  
gene ra l  r i f l e  season with up t o  70% of t h e  a n t l e r e d  b u l l  k i l l  occurr ing t h e  
f i r s t  week. 
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Figure 1. Trends of cumulative timber harvest from National Forest land, 
nonpermit either-sex elk hunting, and permit-only elk hunting, in 
Montana between 1950 and 1980 
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Figure 2. Trends of elk hunters afield and annual elk harvests in 
Montana between 1950 and 1980 



The Montana Department of F ish ,  Wi ld l i f e  and Parks ' s ta tewide  ob jec t ive  
f o r  1985 i s  t o  provide 676,300 days of e l k  hunt ing annual ly a t  a hunt ing  
success  r a t e  of 15% and average e f f o r t  of 46 hunter  days per  e l k  harvested.  
This means providing t h e  e l k  hunter  with a t  l e a s t  as much hunt ing  opportuni ty 
as we now have ( a  35-day genera l  hunt ing season with open b u l l  hunt ing and a  
f a i r l y  unif  o m  ha rves t  r a t e  throughout t h e  season). 

Assuming t h a t  e l k  hun te r s  a f i e l d  a r e  not going t o  i nc rease  s u b s t a n t i a l l y  
over t h e  next decade ( they have only increased  about 15% i n  t h e  l a s t  decade) 
t h e  key t o  meeting t h i s  ob jec t ive  w i l l  be c o n t r o l l i n g  access  by road c losu res  
and/or  m i n t  enance of h i d i n g  cover q u a l i t y  . 

A s  a  f i r s t  e f f o r t  i n  a id ing  resource managers t o  b e t t e r  understand t h e  
e f f e c t s  of t imber  management on e l k  hunt ing  opportuni ty,  we developed a  
h a b i t a t  e f f e c t i v e n e s s  model. An explana t ion  of t h i s  model follows. 

HABITAT EFFECTIVENESS MODEL DERIVATION 

Good h a b i t a t  e f f ec t iveness  i s  t h e  a b i l i t y  of an  a rea  t o  r e t a i n  e l k  during 
t h e  hunt ing  season, t hus  providing f o r  a  unif  o m  ha rves t  r a t e  and a  low b u l l  
tu rnover  rate. I n  a r eas  with a  low h a b i t a t  e f f ec t iveness  a major por t ion  of 
t h e  ha rves t  occurs  i n  a  r e l a t i v e l y  sho r t  t ime with a high b u l l  turnover  
r a t e  . This  model was developed on t h e  r e l a t i o n s h i p  between h a b i t  a t  s e c u r i t y  , 
e l k  ha rves t  r a t e ,  e f f e c t i v e  season length ,  and r e c r e a t i o n a l  opportuni ty.  
Where d a t a  were not a v a i l a b l e  some ex t r apo la t ion  and i n t e r p o l a t i o n  f o r  missing 
da t a  poin ts  were necessary t o  f u l l y  d i sp l ay  r e l a t i onsh ips .  

Habitat  Security-Harvest Rate Rela t ionship  

Although h a b i t a t  s e c u r i t y  can be a  func t ion  of s e v e r a l  f a c t o r s ,  h id ing  
cover provided by t r e e s ,  and dens i ty  of open roads were assumed t o  be t h e  
major determinants.  Timber s tands  with a t  l e a s t  40% canopy cover were 
considered e l k  h id ing  cover. Road d e n s i t i e s  were based on a l l  roads open t o  
pub l i c  mot o r  veh ic l e  use during t h e  hunt ing  season. Twent y-five Montana F ish ,  
Wi ld l i f e  and Parks e l k  hunt ing u n i t s  were s e l e c t e d  from a r e a s  e a s t  of t h e  
Cont inenta l  Divide, t h e r e f o r e  it i s  ques t ionable  how we l l  t h i s  s p e c i f i c  
r e l a t i o n s h i p  would apply t o  a r eas  west of t h e  d iv ide  i n  Montana. Except f o r  4  
of t h e s e  u n i t s ,  t h e  percent of each a rea  t h a t  was h id ing  cover and road 
d e n s i t i e s  w a s  determined from curren t  f o r e s t  s e r v i c e  inventor ies .  Nearly a l l  
of t h e  e l k  ha rves t  i n  t h e s e  u n i t s  came off of n a t i o n a l  f o r e s t  land. The 4 
except ions  were hunt ing  u n i t s  i n  t h e  Missouri River Breaks where e l k  hunt ing 
i s  by permit only because of t h e  low h a b i t a t  s ecu r i ty .  I f  e l k  hunt ing  i n  t h i s  
a r e a  was u n r e s t r i c t e d  f o r  a n t l e r e d  b u l l s ,  t h e  ha rves t  r a t e  would be a t  l e a s t  
85% t h e  f i r s t  week of t h e  season (Bruce Campbell pers .  comm. 1981). 

Percent of t h e  t o t a l  a n t l e r e d  b u l l  e l k  harves t  during t h e  f i r s t  week of 
t h e  genera l  hunt ing  season f o r  each of t h e  remaining 21 hunt ing u n i t s  was 
acqui red  from hunter  survey r e s u l t s  determined by t h e  Montana Department of 
F ish ,  Wi ld l i f e  and Parks f o r  t h e  years  1979-1980. Antlered bull-only ha rves t  
in format ion  w a s  used s i n c e  e l k  hunt ing  i n  most of Montana i s  u n r e s t r i c t e d  t o  
any a n t l e r e d  bu l l .  

A s t rong  r e l a t i o n s h i p  was shown t o  e x i s t  between h id ing  cover, road 
d e n s i t i e s ,  and ha rves t  r a t e  t h e  f i r s t  week of t h e  genera l  hunt ing season 
(Fig. 3) .  As  h id ing  cover decreases  and/or open road d e n s i t i e s  i nc rease  
ha rves t  r a t e s  t h e  f i r s t  week increase .  



Figure  3. Rela t ionship  of percent  h id ing  cover and open road d e n s i t i e s  t o  
percent  of t he  t o t a l  b u l l  e l k  ha rves t  f o r  t h e  f i r s t  week of t h e  
gene ra l  hunt ing season f o r  e a s t s i d e  f o r e s t s  i n  Montana 

Harvest Rate-Ef f e c t  i v e  Season Length Rela t ionship  

Since Montana has  a 5-week genera l  e l k  hunt ing  season, an optimum 
(uniform) ha rves t  rate would be when 20% of t h e  harves t  occurs t h e  f i r s t  week 
and l e a s t  d e s i r a b l e  condi t ions  when 100% of t h e  harves t  occurs t h e  f i r s t  
week. For t h i s  r e l a t i o n s h i p  we assumed a s t r a i g h t  l i n e  p ro j ec t ion  between t h e  
percentage of t h e  t o t a l  season's e l k  ha rves t  t aken  t h e  f i r s t  week and 
e f f e c t i v e  season length  (Fig. 4). I n  o the r  words, t h e  h ighe r  t h e  percentage 
of t h e  t o t a l  ha rves t  t h a t  occurs t h e  f i r s t  week t h e  s h o r t e r  t h e  e f  e c t i v e  5 
season length. For example, i f  an a r e a  has  a road dens i ty  of 1 mile/mi and a 
h i d i n g  cover percentage of 60, t h e  model p r e d i c t s  a f i r s t  week harves t  r a t e  
(HR) of 38% (Fig. 3).  This  harves t  r a t e  then ,  r e s u l t s  i n  an e f f e c t i v e  season 
length  (ESL) of 18.4 days (Fig. 4). The equat ion f o r  t h i s  c a l c u l a t i o n  is: 

700 , 700 = 18.4 days ESL = 

(Although a ha rves t  r a t e  of l e s s  than  20% t h e  f i r s t  week would r e s u l t  i n  
an  e f f e c t i v e  hunt ing  season longer  than  35 days, t h e  graph d e f a u l t s  t o  
35 days.) 
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Figure 4. The re l a t ionsh ip  between harvest  r a t e  of e l k  f o r  the  f i r s t  
week of the  genera l  hunting season and e f f e c t i v e  season length  



E f f e c t i v e  Season Length - Recrea t iona l  Opportunity Relat ionship.  

Rec rea t iona l  opportuni ty i s  a func t ion  of season length ,  however hun te r  
e f f o r t  i s  usua l ly  not uniform throughout t h e  season. It tends  t o  be g r e a t e s t  
at t h e  beginning and toward t h e  end of a season. Thus, t h e  r e l a t i o n s h i p  
between r e c r e a t i o n  days and e f f e c t i v e  season length  i s  based upon t h e  
assumption t h a t  as t h e  e f f e c t i v e  season length  sho r t ens ,  it w i l l  do so  a t  t h e  
expense of r e c r e a t i o n  days t h a t  occur during t h e  middle o r  l e a s t  a c t i o n  
po r t ion  of t h e  season. Hunter days from check s t a t i o n  da t a  c o l l e c t e d  during 
t h e  genera l  e l k  seasons between 1973 and 1979 were ranked from most t o  l e a s t  
hun te r  e f f o r t  per  day and displayed cumulatively f o r  p r e d i c t i o n  purposes 
(Fig. 5). Using t h e  above ca l cu la t ed  ESL of 18.4 days t h e  h a b i t a t  
e f f e c t i v e n e s s  (HE) c a l c u l a t e s  t o  be 67% of optimum. The equat ion f o r  t h i s  
c a l c n l a t  i o n  i s  : 

HE = 9.56 (ESL m6686) = 9.56 (18.4 -6686) _ 67 

Figure 5 .  The r e l a t i o n s h i p  between cumulative percent  age of hunter  r e c r e a t i o n  
days and e f f e c t i v e  season length  f o r  determinat ion of . h a b i t a t  
e f f e c t i v e n e s s  i n  terms of e l k  hunt ing r e c r e a t i o n a l  opportuni ty 



HABITAT EFFECTIVENESS MODEL 

Using t h e  harvest  ra te /h id ing cover-road densi ty r e l a t ionsh ip  (Fig. 3) 
and t h e  e f f e c t i v e  season length and hab i t a t  e f fec t iveness  graphs (Figs. 4 and 
5, respect ive ly)  we summarized t h i s  process by building a predic t ive  model 
showing t h e  r e l a t ionsh ip  between hiding cover, road densi ty , and hab i t  a t  
e f fec t iveness  (Fig. 6). This model s impl i f i e s  the  exerc ise  considerably. A l l  
one has t o  know i s  t h e  road dens i ty  and percent hiding cover f o r  an area  and 
look up t h e  h a b i t a t  e f fec t iveness  index from a y ie ld  t a b l e  (not included i n  
t h i s  repor t ) .  Once t h i s  index i s  found it can serve a s  a reference point t o  
compare with o ther  indices  r e s u l t i n g  from hiding cover and/or road dens i ty  
changes i n  the  area  of concern. This model i s  most s e n s i t i v e  and useful  when 
applied t o  r e l a t i v e l y  small areas  such a s  a timber compartment. 

Exam l e :  Using t h e  above f igures  f o r  an area  with a road densi ty of 4 1 milelmi and 60% hiding cover, t h i s  r e s u l t s  i n  a 6 % HE index. I f  over t h e  1 next 10 years we change the  road dens i ty  t o  2 mile/mi and h id ing cover amount 
t o  50% a s  a e s u l t  of logging, t h i s  gives us a 58% HE f o r  a 13% reduction i n  
HE: 100 - 58 = 13%. W e  can compensate some f o r  h i s  hiding cover removal by 
c los ing r o a g ,  which i n  t h i s  case would mean an open road dens i ty  of zero. 
This exemplifies the  importance of hiding cover i n  providing good h a b i t a t  
secur i ty .  I f  no compensation is  made, t h i s  13% loss  i n  hab i t a t  e f fec t iveness  
t r a n s l a t e s  i n t o  l e s s  hunting opportunity s ince  the  harvest  r a t e  w i l l  be 
increased with a shor te r  e f f e c t i v e  season length. This means it w i l l  t a k e  
fewer e l k  hunter  days t o  k i l l  an e lk  and w i l l  a l s o  r e s u l t  i n  fewer branch 
an t l e red  b u l l s  i n  t h e  harvest  under open b u l l  hunting regulat ions.  

It a l s o  follows t h a t  a s  the  e f f e c t i v e  season length shortens t h e  more 
l i k e l y  t h e  l e g a l  season length w i l l  shorten and/or more hunting regula t ions  
w i l l  r e s u l t .  This a l l  t r a n s l a t e s  t o  l e s s  hunter  opportunity with fewer hunter  
days needed t o  acheive e l k  harvest  objec t ives  . 

Figure 6. Relat ionship of percent hiding cover and open road d e n s i t i e s  t o  

1 
h a b i t a t  e f fec t iveness  of an area  i n  terms of e l k  hunting opporunity 
f o r  eas t s ide  f o r e s t s  i n  Montana 



DISCUSSION 

Since e l k  hab i t a t  secur i ty  is a function of space and h id ing cover a s  
influenced by human access,  it  is  t h e  h a b i t a t  element f i r s t  and most 
influenced by logging a c t i v i t i e s .  Once an area  is  roaded and/or logged human 
access is  the  most manageable aspect of e lk  secur i ty  by the  land manager. 
However, road c losures  do not compensate completely f o r  t h e  l o s s  of 
secur i ty .  Roads t h a t  a r e  b u i l t  i n t o  an area  and closed a t  i t s  perimeter s t i l l  
provide at: l e a s t  a t r a i l h e a d  e f f e c t  f o r  hunters  and o ther  outdoor 
enthus ias ts .  Expected benef i t s  of road closures can be p a r t i a l l y  negated by 
improved access f o r  foot t r a v e l ,  horseback, motorbikes, and snow mobiles. I f  
an area  has t h e  same hunting pressure, but l e s s  cover and e a s i e r  access a s  a 
r e s u l t  of logging, a higher harvest  is  l i k e l y  t o  occur within a shor te r  time 
period. 

Unless s i g n i f i c a n t  changes a r e  made i n  hunting season s t r u c t u r e ,  
de t r imenta l  b io log ica l  consequences t o  e l k  populations may r e s u l t  from 
reducing h a b i t a t  s e c u r i t y  by hab i t a t  a l t e r a t  ion. A high annual b u l l  turnover 
r a t e  caused by increased hunter  ef fec t iveness  could decrease net ca l f  
recruitment. Most e l k  hunting i n  Montana i s  unres t r i c t ed  on ant lered  b u l l s  
with permits issued f o r  cows and calves;  the re fo re ,  an t l e red  b u l l  turnover 
r a t e s  i n  some areas  could approach 100% allowing only male calves r ec ru i t ing  
i n t o  t h e  year l ing  or  spike b u l l  age c l a s s  t o  be the  s i r e s  of t h e  herd. Recent 
f indings  and observations ind ica te  t h i s  can cause conception t o  occur l a t e r  i n  
t h e  f a l l ,  r e s u l t i n g  i n  a l a t e r  spr ing  p a r t u r i t i o n  date  (Smith 1980, Prothero 
e t  a l .  1979, Hines and Lemos 1979). A 3-4 week delay w i l l  prevent good calf  
development before winter t h a t  could predispose many calves t o  overwinter 
mor ta l i ty  i n  excess of the  "evolved normal." 

This process could r e s u l t  i n  low net recruitment and an eventual decl ine  
i n  o r  retarded population growth. To reverse o r  prevent t h i s  process it would 
be necessary t o  ad just hunting regula t ions  so t h a t  branch an t l e red  bu l l s  would 
comprise a t  l e a s t  5% of t h e  post hunt population (Smith 1980). 

However, t h e  r e l a t ionsh ips  of h a b i t a t  s e c u r i t y  and hunting oppor tuni t ies  
a r e  more apparent than those between h a b i t a t  s e c u r i t y  and the  basic biology of 
elk.  Hunting rec rea t iona l  oppor tuni t ies  a r e  good when hunting season lengths 
a r e  r e l a t i v e l y  long, harvest  r a t e s  a r e  unif o m ,  and ru les  and regula t ions  
few. The present 35-day general e l k  hunting season i n  Montana permits a 
d i v e r s i t y  of choice with regard t o  time, weather condit ions,  hunter  densi ty,  
and area.  A lengthy hunting season has l i t t l e  meaning i f  t h e  majority of t h e  
harves t  occurs i n  t h e  f i r s t  few days. 

There is  more t o  e l k  hunting than just k i l l i n g  an e lk  and we bel ieve t h e  
e f f e c t s  of logging on hunting rec rea t iona l  oppor tuni t ies  t o  be a s  important t o  
consider i n  t h e  planning and public  hearing process a s  those re l a t ionsh ips  
between e l k  biology and logging. This considerat ion w i l l  be e spec ia l ly  
challenging t o  resource managers i n  Montana, s ince  i n  t h e  recent USFS Northern 
Regional Plan s t a t e s ,  "In t h e  fu tu re ,  it w i l l  be necessary t o  s h i f t  timber 
harves t  t o  under accessed or  unaccessed commercial fo res t  land i f  t h e  region's 
timber harvest  is  t o  be sustained" (USFS 1981). 
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INTERPRETATION OF POSTHUNT SEX RATIOS I N  WYOMING ELK HERDS 

DALE STRICKLAM), Supervisor  of B io log ica l  Serv ices ,  Wyoming Game and Fish 
Department , Cheyenne, WY 

Abst rac t :  I n  Wyoming, w i l d l i f e  managers ga ther ing  populat ion da t a  on e l k  
he rds  t y p i c a l l y  c o l l e c t  posthunt sex  and age r a t i o s .  Posthunt bu1l:cow r a t i o s  
f o r  16 e l k  herds  were examined using t h e  computer s imula t ion  model, Program 
ONEPOP. Populat ion models pred ic ted  h ighe r  posthunt b u l l  : cow r a t i o s  t han  
observed r a t i o s  f o r  a l l  but 3 e l k  herds.  Prehunt and posthunt bu1l:cow r a t i o s  
were examined f o r  2 herds.  Simulated prehunt r a t i o s  were very similar t o  
observed values.  Underestimating b u l l  : cow r a t i o s  can b i a s  es t imates  of e l k  
populat ions and male mor ta l i ty .  

INTRODUCTION 

I once read an ad i n  a well-known news magazine t h a t  s t a t e d  t h e  pu r su i t  
and management of accu ra t e  information i s  t h e  essence of management i t s e l f .  
There i s  l i t t l e  doubt regarding t h e  value of accu ra t e  information i n  t h e  
w i l d l i f e  management profession.  A s i g n i f i c a n t  po r t ion  of every w i l d l i f e  
agency's budget i s  spent e i t h e r  d i r e c t l y  o r  i n d i r e c t l y  i n  t h e  pu r su i t  of 
in format ion  on t h e  dynamics of populat ions t o  be used f o r  making dec i s ions  on 
t h e i r  management. Caughley (1976) went so  f a r  a s  t o  s t a t e  t h a t  " w i l d l i f e  
management is ,  i n  f a c t ,  appl ied  populat ion dynamics d i r e c t e d  a t  a s p e c i f i c  
sub-set of species." H e  a l s o  charged t h a t  t h e  r e l a t i v e  s t agna t ion  of t h e  
w i l d l i f e  profess ion  was a r e s u l t  of t h e  lack  of importance given t o  populat ion 
dynamics i n  management theory  and p rac t i ce .  

While it is  arguable t h a t  many dec is ions  regarding e l k  management smack 
of pragmatism r a t h e r  t han  biology, t h e  f a u l t  does not l i e  with management's 
ignorance of e l k  populat ion dynamics. A grea t  d e a l  of e l k  populat ion research  
throughout t h e  west has  been d i r e c t e d  a t  desc r ib ing  t h e  dynamics of 
popula t ions  and t h e i r  r e l a t i o n s h i p  t o  management. I n  Wyoming, t h e  Game and 
Fish  Department spent approximately $57,600 i n  f i s c a l  year  1981 i n  t h e  pu r su i t  
of t h e s e  da t a  on t h e  37 herds  managed i n  our s t a t e .  It appears t o  me t h a t  a n  
i n t e r e s t  i n  t h e  dynamics of e l k  populat ions i s  not a problem i n  most western 
states. Fur ther ,  I do not f e e l  t h a t  t h e  use of pragmatism and populat ion 
dynamics a r e  mutually exc lus ive  i n  managing e l k  herds.  The problem seems t o  
be i n  t h e  determinat ion of t h e  type  and ex ten t  of da t a  needed and how it i s  
u l t i m a t e l y  t o  be used. Gross (1973) s t a t e d  da t a  c o l l e c t i o n  problems s u c c i n t l y  
when h e  s a i d ,  "the kinds and amounts of da t a  may be based on a n  e s t a b l i s h e d  
program, o r  on t h e  r a t i o n a l e  t h a t  they  a r e  n i ce  t o  have or  might be needed i n  
t h e  future." 

Since 1975, t h e  Wyoming Game and Fish Department has  attempted t o  improve 
t h e  u t i l i t y  of e x i s t i n g  da t a  and t o  i d e n t i f y  da t a  s h o r t f a l l s  by use of a 
computer s imula t ion  model, Program ONEPOP (Gross e t  a l .  1973). The use  of 
t h i s  model i n  t h e  management of an  e l k  populat ion has  been descr ibed by 
Williams (1981). Gross et a l .  (1973) l i s t e d  t h e  optimum da ta  requirements f o r  
modeling b ig  game populations.  This  list included t h e  r a t i o  of adu l t  males 
(age 1- ) per  100 a d u l t  females (age 1- ) posthunt.  Wyoming has  h i s t o r i c a l l y  
c o l l e c t e d  sex  r a t i o s  of e l k  populat ions i n  t h e  e a r l y  winter  (posthunt) .  This  
paper addresses  t h e  eva lua t ion  of t h e s e  da t a  and t h e i r  s i g n i f i c a n c e  t o  
management us ing  Program ONEPOP. I would l i k e  t o  thank t h e  management 
personnel  i n  t h e  Wyoming Game and Fish Department f o r  t h e i r  t i r e l e s s  e f f o r t s  
i n  c o l l e c t i n g  t h e  da t a  used i n  t h i s  d i scuss ion .  



METHODS 

Pre- and posthunt r a t i o s  of b u l l s  per  100 cows were c o l l e c t e d  by f i e l d  
management personnel of t h e  Wyoming Game and Fish Department (Wyo. G&F Dept ., 
1977). Prehunt counts were made from t h e  ground from mid-August t o  mid- 
September. Posthunt counts were made from t h e  ground and a i r .  Ae r i a l  counts  
were made using both f ixed  wing a i r c r a f t  and he l i cop te r .  Posthunt counts  were 
conducted as soon as p r a c t i c a l  a f t e r  hunt ing  seasons were concluded. Most 
c l a s s i f i c a t i o n s  were completed by mid-February . The t iming and method var ied  
s l i g h t l y  between he rds  but methodology was cons i s t en t  from year  t o  year f o r  
i n d i v i d u a l  herds.  

Populat ion modeling w a s  accomplished us ing  a s l i g h t l y  modified form of 
Program ONEPOP (Gross et a l .  1973). These modi f ica t ions  a r e  descr ibed by 
St r i ck l and  (1979). 

RESULTS AND DISCUSSION 

Models have been developed f o r  16 e l k  herds  where managers a r e  reasonably 
con£ i d e n t  t h a t  t h e  dynamics of t h e  s imulated populat ion approximates t h e  
a c t u a l  population. F i e ld  da t a  a v a i l a b l e  f o r  t h e s e  s imula t ions  included an 
e s t ima te  of t h e  t r end  i n  animal numbers, t o t a l  ha rves t ,  s ex  and age of 
h a r v e s t ,  and sex  and age r a t i o s  of t h e  populat ion pre and/or posthunt.  
Table 1 presents  t h e  average r a t i o  of b u l l s  per  100 cows f o r  t h e s e  16 e l k  
herds.  The observed r a t i o s  represent  f i e l d  da t a  and t h e  simulated r a t i o s  
r ep re sen t  r a t i o s  from "best f i t "  models of populations.  It i s  obvious from 
t h e s e  d a t a  t h a t  i n  most s imulated populat ions,  t h e  posthunt r a t i o s  are 
s u b s t a n t i a l l y  h ighe r  than  observed r a t i o s .  To eva lua t e  t h e s e  d i f f e r ences ,  it 
i s  important t o  f i r s t  address  t h e  ques t ion  of which r a t i o  i s  most accura te .  
It i s  impossible  t o  v e r i f y  t h e  co r r ec tnes s  of e i t h e r  r a t i o .  Severa l  au thors  
have presented da t a  i l l u s t r a t i n g  a d i f f e r e n c e  i n  t h e  d i s t r i b u t i o n  of a d u l t  
b u l l s  from cows, sp ikes ,  and ca lves  (Peak e t  a l .  1967, Boyd 1970, Knight 1970, 
Compton 1975). Most of t h e  16 he rds  l i s t e d  i n  Table 1 occupy r e l a t i v e l y  
remote mountain ranges i n  t h e  summer. These ranges a r e  cha rac t e r i zed  by dense 
cover and high r e l i e f .  Winter ranges a r e  u sua l ly  more a c c e s s i b l e  with t h e  
lower e l e v a t i o n a l  ranges commonly bordered by roads. A s  t h e  e l e v a t i o n  of 
w in te r  ranges inc reases ,  t h e i r  a c c e s s i b i l i t y  decreases  and t h e  amount of cover 
and r e l i e f  increase .  Adult b u l l s  t end  t o  p r e f e r  rougher por t ions  of t h e  win te r  
range, a behavior t h a t  makes them much more d i f f i c u l t  t o  l o c a t e  than  cows, 
ca lves ,  and young bu l l s .  D i f f e r e n t i a l  d i s t r i b u t i o n  could b i a s  t h e  observed 
r a t i o s ;  t h i s  b i a s  would cause an underest imate of t h e  number of adu l t  b u l l s  i n  
t h e  population. 

There a r e  3 apparent except ions t o  t h e  poor f i t  between observed and 
s imulated posthunt bu1l:cow r a t i o s .  The Jackson and Pinedale  herds  a r e  
supported by feedgrounds i n  t h e  winter .  Native win ter  range f o r  t h e s e  2 herds  
i s  very sca rce  and f i e l d  personnel f e e l  t h a t  most of t h e  e l k  i n  t h e  2 he rds  
spend t h e  win ter  on t h e  feedgrounds, apparent ly  removing any p o t e n t i a l  
d i f f e r e n t i a l  d i s t r i b u t i o n .  The Baggs herd win te r s  on na t ive  range; however, 
as a r e s u l t  of ex tens ive  roading, t h i s  win ter  range i s  a c c e s s i b l e  by veh ic l e  
f o r  much of t h e  e a r l y  winter .  



Table 1. Average r a t i o  of bu l l s  per 100 cows f o r  16 Wyoming e l k  herds f o r  t h e  
period 1976 - 1980 

Posthunt Prehunt 

Observed Simulated Observed Simulated 

Jackson 
Fall ,  qreek 
Hoback 
Piney 
Upper Green River 
Pinedale 
Trapper-Medicine 

Lodge 
Upper Nowood 
Owl Creek 
Baggs 
L i t t l e  Mountain/ 

Pine Mountain 
Laramie Peak 
Snowy Range 
F e r r i s  Mountain 
Wiggins Fork 
Muddy Mountain 

Simulation models of t h e  16 herds appear t o  accura te ly  represent most 
f i e l d  da ta  from t h e  populations, including population t rend,  harves t ,  and 
ca1ves:lOO cows. However, a comparison of t h e  r a t i o s  f o r  herds when both 
prehunt and posthunt sex r a t i o s  a r e  present may give some ind ica t ion  of t h e  
accuracy of simulated values. 

A comparison of prehunt and posthunt bu1l:cow r a t i o s  i s  d i f f i c u l t  because 
both prehunt and posthunt da ta  a r e  lacking i n  a l l  but 2 herds. Table 2 
presents  prehunt and posthunt da ta  f o r  t h e  Baggs and Upper Nowood herds. I n  
both herds,  most simulated posthunt bul l :  cow r a t i o s  f a l l  outside the  90% 
confidence i n t e r v a l  surrounding t h e  observed values. The simulated values f o r  
t h e  prehunt bu1l:cow r a t i o  i n  t h e  Baggs model more c lose ly  approximates t h e  
observed values. 

The Upper Nowood model presents  a s l i g h t l y  d i f f e r e n t  problem. Two of t h e  
3 simulated prehunt r a t i o s  c lose ly  approximate t h e  observed r a t i o s .  The 1979 
r a t i o  of 15 f 4.2 was based on a l a rge  sample s i z e  and appears t o  be a more 
r e l i a b l e  est imate than t h e  observed r a t i o  f o r  1980. 



2. Prehunt and posthunt r a t i o  of b u l l s  per 100 cows f o r  2 Wyoming e l k  
herds  f o r  t h e  period 1976 - 1980 

Prehunt Posthunt 

Herd Year observed1 Simulated observed1 Simulated 

Upper Nowood 1976 
1977 
1978 
1979 
1980 

Observed values a r e  given with t h e i r  90% confidence i n t e r v a l s .  

I n  an attempt t o  s imula te  t h e  Upper Nowood herd ,  it was impossible t o  f i t  
t h e  model t o  both pre- and posthunt bu1l:cow r a t i o s .  Simulation t r i a l s  
r e s u l t e d  i n  one "best f i t "  with t h e  prehunt values f o r  1976 and 1980 (Figs.  1, 
2, and 3)  and another  "best f i t "  with posthunt values f o r  1976, 1977, 1979, 
and 1980 (Figs.  4, 5,  and 6).  The d i f f e r e n c e s  i n  populat ion s i z e  (Figs.  1 and 
4)  a r e  obvious. The est imated posthunt populat ion s i z e  i n  t h e  model f i t  t o  
prehunt bu1l:cow r a t i o s  i s  approximately 500 animals (27%) l e s s  i n  1980 than  
e s t ima te s  using posthunt r a t i o s  . Both models have acceptab le  e s t ima te s  of 
populat ion t r end  showing no s i g n i f i c a n t  d i f f e r e n c e  i n  t h e  r a t e  of i n c r e a s e  
between observed and simulated populat ion e s t ima te s  (t=.18). I n  a d d i t i o n  t o  a 
d i f f e r e n c e  i n  populat ion s i z e ,  t h e  models d i f f e r e d  i n  t h e  number of e l k  
removed between pre- and posthunt counts.  The only s i g n i f i c a n t  mor t a l i t y  
between t h e s e  2 counts a r e  l e g a l  h a r v e s t ,  wounding l o s s ,  and i l l e g a l  k i l l  
during hunt ing  season (Table 3). The l o s s e s  t o  wounding l o s s  and i l l e g a l  k i l l  
suggested by t h e  s imula t ion  us ing  prehunt r a t i o s  (12%), a r e  much c l o s e r  t o  
f i e l d  e s t ima te s  of 10% than  t h e  59% necessary t o  s imulate  t h e  posthunt 
r a t i o s .  It should be noted t h a t  i n  t h e  s imula t ion  using prehunt da t a ,  t h e  
s imulated r a t i o  f o r  1979 d id  not c l o s e l y  approximate t h e  observed value. 
While t h e  sample s i z e  was s u f f i c i e n t l y  h igh ,  t h e  d i s t r i b u t i o n  of t h e  sample 
w a s  inadequate  . 



Table 3. Mortality during hunting seasons i n  the Upper Nowood herd for the 
period 1975 - 1980 

Prehunt Simulation Posthunt Simulation 
Legal . Wounding Loss/ Legal Wounding Loss/ 

Year Harvest I l l e g a l  K i l l  Harvest I l l e g a l  K i l l  

1975 234 2 9 234 2 5 

1976 2 40 2 9 240 2 5 

1977 463 6 1 463 46 

1978 230 27 230 24 

1979 248 25 248 63 7 

1980 302 2 7 302 250 

AVG . 286 33 286 168 



- S i m l l l a t e d  
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1980 

SIMULATION PERIOD 

1. Posthunt population s i z e  from the simulation f i t t e d  t o  observed 
prehunt bu1l:cow rat ios  for the UpperNowood elk herd for the period 
1975 - 1980 
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S IIIULAT J O N  PERIOD 

Figure 2. Prehunt bu1l:cow r a t i o s  from the  simulation f i t t e d  t o  observed 
prehunt r a t i o s  f o r  the Upper Nowood e l k  herd for  the period 1975 - bJ 

1980 



1980 
SIMULATION PERIOD 

Figure 30 Posthunt bu l l :  cow ra t io s  from the simulation f i t t e d  t o  observed 
prehunt r a t i o s  for the Upper Nowood e l k  herd for  the period 1975 - 
1980 



Figure 

SIMULATION PERIOD 

4. Posthunt population s i z e  
posthunt bu1l:cow r a t i o s  
period 1975 - 1980 

from the simulation f i t t e d  t o  
f o r  the Upper Nowood e l k  herd 

observed 
f o r  the  
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Figure 5 .  Prehunt bu l l :  cow r a t i o s  from the  simulation f i t t e d  t o  observed 
posthunt r a t i o s  for the Upper Nowood e lk  herd for the period 1975 - 
1980 
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Figure 6.Posthunt bu1l"cow r a t i o s  from t h e  simulation fitted t o  observed 
posthunt r a t i o s  fodr the Upper Nowood e l k  herd for  the period 1975 - 
1980 



i CONCLUSIONS 

Analysis of observed r a t i o s  of b u l l s  t o  cows using s imulat ion modeling 
sugges ts  t h a t  observed post season b u l l :  cow r a t i o s  may underestimate t h e  a c t u a l  
number of b u l l s  i n  an  e l k  populat ion.  This  a n a l y s i s  a l s o  suggests  t h a t  
observed prehunt r a t i o s  may e s t ima te  a c t u a l  r a t i o s  more accu ra t e ly  than  
posthunt r a t i o s .  However, t h e  major point  of t h i s  d i scuss ion  i s  not t h a t  one 
s p e c i f i c  da t a  point  is  b e t t e r  t han  another .  It i s  obvious t o  most managers 
t h a t  i n  a given da t a  s e t  t h e r e  w i l l  always be erroneous da ta  points .  Rather ,  
i t  i s  imperat ive t h a t  e l k  managers recognize biased da ta  when analyzing t h e  
dynamics of e l k  herds.  Addi t iona l  e f f o r t  should be made t o  eva lua t e  t h e  
accuracy of posthunt r a t i o s ,  probably through g r e a t e r  emphasis on t h e  
c o l l e c t i o n  of prehunt r a t i o s .  

The p o t e n t i a l  f o r  biased sex  r a t i o s  has  f u r t h e r  impl ica t ions  i n  da t a  
ana lys i s .  As has  been demonstrated, an  underest imate of bu1l:cow r a t i o  us ing  
s imula t ion  modeling can r e s u l t  i n  an  overes t imate  of population s i z e  and b u l l  
mor t a l i t y .  This same b i a s  could r e s u l t  i n  underest imating t h e  same populat ion 
when us ing  point  e s t ima to r s  a s  descr ibed by Eberhardt ( 1971). 

Above a l l ,  t h e  e l k  manager must avoid p lac ing  too  much emphasis on one 
d a t a  point  o r  da t a  es t imat ing  a  s i n g l e  populat ion parameter. Caughley (1974) 
s t a t e d  t h a t ,  "age r a t i o s  a lone  r e v e a l  l i t t l e  about t h e  demography of a  
popula t ion ,  and t h e i r  unsupported use  can lead  t o  s e r ious  blunders of 
i n t e r p r e t a t i o n . "  The same can be s a i d  f o r  s ex  r a t i o s .  While t h e  blunders may 
not be a s  s e r ious ,  they  a r e  blunders  never the less .  

This  a n a l y s i s  a l s o  has  imp l i ca t ion  f o r  admin i s t r a to r s  of w i l d l i f e  
management agencies.  Administ r a t  o r s  must eva lua t e  e x i s t i n g  programs and 

) determine i f  t h e r e  a r e  da t a  c o l l e c t e d  simply by convention. Data c o l l e c t i o n  
c o s t s  money whether t h e  da t a  a r e  useable  o r  not.  F inancia l  condi t ions  today 
have forced  e f f i c i e n c y  i n  t h e  way many agencies  operate .  This move f o r  
e f f i c i e n c y  should extend i n t o  t h e  a r e a  of da t a  co l l ec t ion .  The u l t i m a t e  
b e n e f i t s  may inc lude  d o l l a r s  saved but more impor tan t ly  should inc lude  b e t t e r  
w i l d l i f e  conservat ion due t o  b e t t e r  management dec is ions .  
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FORAGE ALLOCATION FOR ELK AND CATTLE 

ALLEN Y. COOPERRIDER, Wi ld l i f e  B io log i s t ,  U.S. Bureau of Land Management, 
Denver Serv ice  Center (D-470). Building 50, DFC, Denver, CO 

Abstract  : Competition f o r  forage  between e l k  (Cervus elaphus)  and domestic 
c a t t l e  i s  more severe  than  with o the r  major domestic and wild ungulates  i n  
North America. Data on food h a b i t s  of c a t t l e  and 3 common spec ies  of wild 
ungulates  from southern  Colorado i n d i c a t e  t h a t  d i e t a r y  overlap between c a t t l e  
and e l k  is  h ighe r  t han  with c a t t l e  and t h e  o the r  two. Furthermore, due t o  
t h e i r  l a r g e r  body s i z e  and h ighe r  forage  i n t a k e ,  e l k  have a g r e a t e r  impact on 
t h e  forage  supply than  smal le r  ungulates  and a r e  impacted more by inadequate 
forage  suppl ies .  Thus, forage  a l l o c a t i o n  between c a t t l e  and e l k  i s  a c r i t i c a l  
management problem. As  e l k  populat ions have increased  i n  t h e  West and demand 
f o r  l i v e s t o c k  forage  has  i n t e n s i f i e d ,  t h e  problem has  become more acute .  The 
U. S . Bureau of Land Management (BLM) has  developed 2 comput er-based systems 
f o r  determining forage  a l l o c a t i o n s  between domestic l i ves tock  and wild 
ungulates .  Both systems u t i l i z e  da t a  on forage  production, seasonal  h a b i t a t  
use and food h a b i t s ,  and animal numbers. The BLM i s  respons ib le  f o r  h a b i t a t  
management f o r  wild ungulates  on pub l i c  lands it manages and must work c l o s e l y  
with st a t e  w i l d l i f e  agencies  r e spons ib l e  f o r  populat ion management. For 
forage  a l l o c a t i o n  dec i s ions ,  BLM b i o l o g i s t s  r equ i r e  information on e l k  
populat ion s i z e s ,  h a b i t a t  use,  and food h a b i t s ,  as we l l  a s  herd management 
oh jec t ives .  Provis ion  of such information t o  t h e  BLM i n  a t imely manner by 
s t a t e  w i l d l i f e  agencies  w i l l  be necessary t o  ensure t h a t  adequate forage i s  
a l l o c a t e d  f o r  e lk.  

Conf l i c t  between domestic l i v e s t o c k  graz ing  and wild ungulates  has  been 
recognized f o r  many years  and has  generated much controversy (Mackie 1978, 
Wagner 1979). A major aspec t  of such c o n f l i c t ,  although not t h e  only one, i s  
competi t ion f o r  forage  (Holechek 1980). Thus, t h e  process of a l l o c a t i n g  
forage  resources  on publ ic  lands t o  2 o r  more spec ies  of wild and domestic 
ungulates  i s  an important and c o n t r o v e r s i a l  aspec t  of land management. The 
purpose of t h i s  paper i s  t o  (1)  present  evidence t h a t  competit ion f o r  forage  
between e l k  and c a t t l e  i s  r e a l ,  and i s  a c r i t i c a l  problem t h a t  must be 
reso lved  through forage a l l o c a t i o n ,  (2 )  desc r ibe  and compare 2 systems f o r  
determining forage  a l l o c a t i o n s ,  and ( 3 )  exp la in  t h e  p o t e n t i a l  r o l e  of s t a t e  
w i l d l i f e  agencies  i n  determining forage  a l l o c a t i o n s .  

COMPETITION FOR FORAGE BETWEEN ELK AND CATTLE 

Competition f o r  forage  between e l k  and domestic c a t t l e  grazing i s  
probably more i n t e n s e  and widespread than  with any o the r  p a i r  of domestic and 
wild ungula te  on rangelands of western North America. Evidence f o r  t h i s  
a s s e r t i o n  de r ives  from 3 types  of da ta :  numbers and d i s t r i b u t i o n  of animals,  
d i e t a r y  overlap,  and forage i n t a k e  r a t e s .  

Numbers and D i s t r i b u t i o n  

Both e l k  and c a t t l e  a r e  widespread i n  t h e  11 western s t a t e s .  There a r e  
approximately 23 mi l l i on  c a t t l e  on western rangelands compared t o  about 



7 m i l l i o n  sheep, t h e  next most common s p e c i e s  of l i ves tock  (Wagner 1979). 
S imi l a r ly ,  t h e r e  a r e  an es t imated  455,000 e l k  i n  t h e  11 western s t a t e s ,  second 
only t o  mule deer  (Odocoileus hemionus) which a r e  est imated a t  3,605,000 
(Wagner 1979). However, whereas c a t t l e  graz ing  increased  s t e a d i l y  i n  t h e  West 
s i n c e  t h e  mid-1800s ( ~ i g .  I ) ,  e l k  have dec l ined  s u b s t a n t i a l l y  during t h e  f i r s t  
60 yea r s  of t h i s  per iod (Fig. 2). Although Wagner (1979) es t imates  t h a t  e l k  
a r e  now a t  only 25% of pre-Columbian numbers, they  have increased  
s u b s t a n t i a l l y  s i n c e  t h e  beginning of t h e  century  (Fig. 2). Twenty-five yea r s  
ago, Longhurst (1957) repor ted  t h a t  e l k  were i n c r e a s i n g  i n  6 of t h e  11 western 
s t a t e s  and t h a t  t h e  est imated e l k  popula t ion  f o r  t h i s  area w a s  303,000. More 
r e c e n t l y  Wagner (1979) es t imated  t h e  e l k  popula t ion  i n  t h e  same a r e a  at 
455,000 f o r  an inc rease  of 50% over  20 years .  

Die ta ry  Overlap 

With regard t o  food h a b i t s ,  e l k  a r e  more similar t o  c a t t l e  t han  t o  t h e  
o the r  2 common ungulates  on weit e r n  ranges, pronghorn an t  e lope (Anti locapra  
americana) and mule deer.  Although food h a b i t s  vary g r e a t l y  among reg ions ,  
h a b i t a t  s i t e s ,  seasons,  and yea r s ,  t h e r e  a r e  gene ra l  pa t t e rns .  C a t t l e  t end  t o  
be g r a s s  e a t e r s  whereas pronghorn and mule deer  t end  t o  be fo rb  and browse 
e a t e r s .  Elk are h igh ly  v a r i a b l e  i n  t h e i r  fo rage  s e l e c t i o n ,  e a t i n g  g r a s s ,  
f o r b s  and browse a t  var ious  times (Kufeld 1973). However, e l k  o f t e n  su rv ive  
on d i e t s  with a h igh  propor t ion  of g ra s s  i n  win ter .  I n  nor thern  a reas ,  c a t t l e  
t y p i c a l l y  forage  during summer on ranges used by e l k  during win ter  and 
spr ing .  Data from southern  Colorado on over lap  between summer c a t t l e  d i e t s  
and winter-spring d i e t s  of 3 wild ungulates  i n d i c a t e  d i e t a r y  overlap of 52% 
f o r  c a t t l e  and e l k  a s  opposed t o  25% f o r  c a t t l e  and mule deer  and 18% f o r  
c a t t l e  and pronghorn (Bai ley and Cooperrider 1982). 

Forage In t ake  Rates  

Elk a r e  much l a r g e r  t han  deer  o r  an t e lope  and t h e i r  forage consumption i s  
correspondingly h igher .  An average d a i l y  dry weight forage i n t a k e  f o r  e l k  i n  
w in te r  i s  approximately 4 kg (8.7 l b )  (Eastman 1981) a s  opposed t o  1.3 kg 
(2.9 l b )  (Wallmo et a l .  1977) f o r  deer  and 0.9 kg (2.0 l b )  f o r  an t e lope  
(Hoover 1971). Thus, an e l k  eats roughly 3 times as m c h  a s  a deer  and 4 
t imes a s  much a s  an antelope.  

I n  summary, c a t t l e  and e l k  a r e  widespread and numerous on western ranges,  
t h e i r  d i e t s  a r e  s i m i l a r ,  and t h e  forage  i n t a k e  r a t e  of e l k  is much h ighe r  t han  
t h a t  of t h e  o the r  common b ig  game spec ies .  These 3 f a c t o r s  suggest t h a t  t h e  
p o t e n t i a l  f o r  competi t ion f o r  forage  is  high. Furthermore, a s  c a t t l e .  g raz ing  
and/or  e l k  populat ions i n c r e a s e ,  competi t ion f o r  forage  i s  l i k e l y  t o  
i n t e n s i f y .  

Evidence f o r  competi t ion between e l k  and c a t t l e  i s  not pure ly  
t h e o r e t i c a l .  Mackie (1978) c i t e s  examples i n  which e l imina t ion  of l i v e s t o c k  
use  on state-owned winter  game ranges has  been accompanied by an  average 
i n c r e a s e  i n  e l k  numbers of a t  l e a s t  100%. Furthermore, t h e r e  a r e  numerous 
o t h e r  examples of competi t ion between c a t t l e  and e l k  i n  t h e  l i t e r a t u r e ,  
a l though t h e  documentation is  o f t e n  weak. 



Figure 1. Conjectured AUM'S of cattle on western rangelands 
of 11 western states (after Wagner 1979) 

Figure 2. Conjectured numbers of elk in 11 western states 
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FORAGE ALLOCATION SYSTEMS 

Procedures f o r  a l l o c a t i n g  forage  f o r  l i v e s t o c k  and w i l d l i f e  were not w e l l  
developed p r i o r  t o  1976. I n  recent  years  t h e r e  has  been increased  awareness 
of p o t e n t i a l  o r  r e a l  impact of l i v e s t o c k  on wild ungulate  populat ions on 
pub l i c  lands  (Mackie 1978), a long  with inc reased  pub l i c  concern about 
w i l d l i f e .  However, t h e  demand f o r  forage  f o r  l i v e s t o c k  has  continued, i n  many 
cases ,  i nc reased  (Cook 1979). A t  t h e  same t i m e ,  new l e g i s l a t i o n  and 
l i t i g a t i o n  has  provided land management agencies ,  p a r t i c u l a r l y  t h e  BLM, with a 
new and s t r o n g e r  mandate t o  manage pub l i c  lands  f o r  a d i v e r s i t y  of uses  
accord ing  t o  sound e c o l o g i c a l  p r i n c i p l e s .  I n  response t o  t h e s e  new demands 
and mandates, p ro fe s s iona l  range and w i l d l i f e  managers have recognized a need 
f o r  new techniques  f o r  a l l o c a t i n g  forage  among competing ungulates  (Nelson 
1978, Van Dyne 1980). 

The BLM h a s  developed 2 new techniques  f o r  determining forage  
a l l o c a t i o n s .  Due t o  t h e  complexity of t h e  problem and t h e  l a r g e  amounts of 
d a t a  u t i l i z e d ,  both systems a r e  computer based us ing  e x i s t i n g  a n a l y t i c a l  
techniques.  One, h e r e a f t e r  r e f  e r r e d  t o  a s  t h e  s imula t ion  model, u t i l i z e s  t h e  
technique  of computer s imula t ion  (Naylor e t  a l .  1966) and i s  descr ibed  i n  
Cooperr ider  and Bai ley (1980). This  model i s  s t i l l  being developed at t h e  
BLM's Denver Serv ice  Center. The o t h e r ,  h e r e a f t e r  r e f e r r e d  t o  a s  t h e  
opt imiza t ion  model, uses  t h e  technique of l i n e a r  programming (Dantzig 1963) 
and i s  descr ibed  i n  Martinsen and MacPherson (1980). This  model i s  now 
o p e r a t i o n a l  on t h e  BLM's computer i n  t h e  Denver Serv ice  Center and can be used 
i n  any f i e l d  off i c e  through t h e  Bureau's telecommunications network. These 
models a r e  descr ibed i n  d e t a i l  i n  t h e s e  pub l i ca t ions .  They a r e  descr ibed h e r e  
i n  terms of da t a  bases u t i l i z e d ,  o p e r a t i o n a l  concepts ,  and outputs.  Other 
systems have a l s o  been developed (Nelson 1978, Van Dyne 1980), but w i l l  not be 
d iscussed  here.  

Data Bases 

Since forage  a l l o c a t i o n  dec i s ions  a r e  f r equen t ly  con t rove r s i a l ,  an 
important c r i t e r i a  f o r  any a l l o c a t i o n  technique t o  be used by publ ic  agencies  
i s  t h a t  it be l e g a l l y  de fens ib l e ,  s i n c e  some dec i s ions  would u l t ima te ly  be 
chal lenged i n  cour t .  Decisions on n a t u r a l  resource  i s s u e s  a r e  most e a s i l y  
defended when they  a r e  based upon q u a n t i t a t i v e  d a t a  co l l ec t ed  i n  t h e  f i e l d  
us ing  o b j e c t i v e  techniques.  These da t a ,  which are t h e  b a s i s  f o r  making 
a l l o c a t i o n  dec i s ions ,  a r e  descr ibed  below i n  terms of bas i c  dat.a (da t a  
requi red  by both models) and supplementary d a t a  (da t a  t h a t  can be used by one 
o r  t h e  o t h e r  model). 

Basic Data 

Bas ic  da t a  i s  of 5 types:  forage  product ion,  animal numbers, forage  
i n t a k e  r a t e s ,  food h a b i t s ,  and h a b i t a t  use. 

Forage production. This i s  t h e  t o t a l  annual  forage  production of each 
p lan t  spec i e s  expressed a s  kg/ha ( l b l a c r e )  on each h a b i t a t  s i t e  wi th in  each 
a l lo tment .  These da t a  a r e  c o l l e c t e d  u t i l i z i n g  a technique developed by t h e  
BLM c a l l e d  S o i l  Vegetat ion Inventory Method (SVIM) (Baker 198 1 ) . 

Animal numbers. Data on animal numbers a r e  t h e  number of animals of each 
spec i e s  of wild and domestic ungulate  t h a t  occupy t h e  range f o r  a given per iod  
of t i m e .  



Forage i n t a k e  r a t e s .  This  c o n s i s t s  of t h e  t o t a l  forage ea ten  by each 
animal spec i e s  per day o r  per month. 

Food hab i t s .  The model r e q u i r e s  information on t h e  proport ion of t h e  
d i e t  of a given animal spec i e s  t h a t  is  composed of a given plant  spec ies  (food 
h a b i t s )  o r  t h e  r e l a t i v e  preference  of a given animal spec ies  f o r  each plant  
spec i e s  ( forage  preference) .  One o r  t h e  o the r  may be used i n  both models. 

Habitat  use data.  These da t a  cons i s t  of t h e  h a b i t a t  s i t e s  used by each 
animal spec i e s  dur ing  a season. I n  t h e  s imula t ion  model, t h i s  may be 
expressed as a r e l a t i v e  preference f o r  given e x i s t i n g  h a b i t a t  types.  

I n  summary, t h e  bas i c  da t a  c o n s i s t s  of t h e  t o t a l  forage production by 
a r e a  along with es t imates  of how many animals a r e  e a t i n g  how much of each 
p lan t  spec i e s  i n  each area .  

Supplementary Data 

Supplementary da t a  i s  of 7 genera l  types:  p lan t  requirements,  animal 
requirements , weather d a t a ,  p l an t  n u t r i e n t  content  , animal populat ion 
s t r u c t u r e  , plant  dynamics, and animal populat ion dynamics. 

P lan t  requirements.  These cons i s t  of t h e  percent of t h e  annual forage  
product ion of a given plant  spec i e s  t h a t  must be l e f t  ungrazed i n  order  f o r  
t h e  p lan t  populat ion t o  maintain i t s e l f .  These a r e  commonly expressed by 
range managers a s  a l lowable use  f a c t o r s  (AUF). An AUF i s  defined a s  t h e  
percent of t h e  annual growth of a p lan t  spec i e s  which could be removed, 
a l lowing f o r  t h e  spec i e s  t o  regenera te  i t s e l f .  

Animal requirements . These a r e  t h e  n u t r i t i o n a l  requirements of t h e  wild 
ungula tes  f o r  growth, maintenance, and reproduct ion.  The only measure of such 
requirements used t o  d a t e  is  d i g e s t i b l e  energy. 

Weather data .  These da t a  may be used t o  p red ic t  o r  examine year-to-year 
v a r i a t i o n s  i n  forage  product ion and a l s o  t o  p red ic t  a v a i l a b i l i t y  of forage t o  
wild ungulates  due t o  snow cover. 

P lan t  n u t r i e n t  content.  These d a t a  cons i s t  of measures of t h e  amount of 
key n u t r i e n t s  i n  each forage  a t  each phenological  s tage .  These a r e  used t o  
determine i f  animal requirements a r e  being met. 

Animal populat ion s t r u c t u r e .  These da t a  a r e  t h e  percentage of each wild 
ungulate  populat ion t h a t  c o n s i s t s  of each sex  and age c l a s s .  

P l an t  dynamics. Two types  of da t a  on p lan t  population dynamics may be 
used. One i s  da t a  on t h e  change i n  forage  a v a i l a b i l i t y  a s  a func t ion  of 
phenology. The o the r  i s  da t a  on t h e  change i n  p lan t  spec ies  composition as a 
func t ion  of previous graz ing  pressure .  

Animal populat ion dynamics. Data on animal populat ion dynamics c o n s i s t s  
of t h e  sex  and age,  s p e c i f i c  b i r t h ,  dea th ,  and harves t  r a t e s  of t h e  wild 
ungula te  populations.  

The s imula t ion  model has  t h e  c a p a b i l i t y  of u t i l i z i n g  more of t h e s e  da t a  
bases t han  t h e  opt imiza t ion  model, although techniques f o r  u t i l i z i n g  some of 
them are not w e l l  developed (Table 1). 



Table 1. Data bases  f o r  forage a l l o c a t i o n  systems 1 

Data Base Opt imi z a t  i on 
Model 

Simulation 
Model 

Basic  Data 
Forage Product i o n  
Animal Numbers 
Forage In t ake  Rates 
Food Habi t s  
Habi ta t  Use 

Supplementary Data 
P lan t  Requirement s 
Animal Requirements 
Weather Data 
Plan t  Nutr ient  Content 
Animal Popula t ion  S t r u c t u r e  
Plant  Dynamics 
Animal Populat ion Dynamics 

I R i n d i c a t e s  t h e  d a t a  base i s  requi red ;  0 i n d i c a t e s  t h e  da t a  base can be used 
by t h e  model but is  not required.  

Opera t iona l  Concepts and Out puts  

The 2 models, op t imiza t ion  and s imula t ion ,  opera te  i n  q u i t e  d i f f e r e n t  
manners and are t h u s  used f o r  s l i g h t l y  d i f f e r e n t  purposes and have d i f f e r e n t  
out pu t s  . 

The purpose of t h e  opt imiza t ion  model i s  t o  determine an optimal forage 
a l l o c a t i o n  a s  def ined  below. An opt imal  forage  a l l o c a t i o n  is  one i n  which t h e  
maximum amount of t h e  t o t a l  annual forage  product ion is  u t i l i z e d  subjec t  t o  
c e r t a i n  c o n s t r a i n t s .  The v a r i a b l e s  i n  t h e  s o l u t i o n  a r e  t h e  number of animals 
of each ungulate  spec ies .  The major c o n s t r a i n t  i s  t h a t  t h e  plant  requirements 
f o r  sus t a ined  y i e l d  be m e t ,  ( i .e. ,  t h a t  t h e  al lowable use f a c t o r s  not be 
exceeded f o r  any p lan t  spec i e s ) .  The model i s  thus  pr imar i ly  designed t o  
ensure  t h a t  t h e  requirements of forage  p l a n t s  a r e  met. However, a d d i t i o n a l  
c o n s t r a i n t s  may be added, t h e  most important of which is  t h a t  a  minimum o r  
maximum number of animals of a  given ungulate  spec ies  be supported. For 
example, a  problem might be cons t r a ined  s o  t h a t  a t  l e a s t  100 e l k  and/or  100 
c a t t l e  be included i n  t h e  "solution." 

The p r i n c i p a l  output from t h e  op t imiza t ion  model i s  t h e  number of animals 
of each ungula te  spec i e s  t h a t  can be supported on t h e  range. These numbers can 
t h e n  be used by a land manager f o r  a d j u s t i n g  l i v e s t o c k  numbers on t h e  range 
and/or  recommending t o  t h e  s t a t e  agency t h a t  numbers of w i l d l i f e  be increased  
o r  decreased. However, t h e  model w i l l  a l s o  p red ic t  how much of t h e  annual 
fo rage  product ion of each p lan t  spec i e s  would be u t i l i z e d  with t h e  "optimal" 
mix of animal spec ies .  

The s imula t ion  model a t tempts  t o  mimic t h e  grazing system over t i m e .  As 
such, it does not p red ic t  an  "optimal" so lu t ion .  Rather,  given an i n i t i a l  



s t a t e  of t h e  system ( i n  terms of forage  production and animal numbers) and a 
given management s t r a t e g y ,  it w i l l  p r ed ic t  what t h e  s t a t e  of t h e  system w i l l  
be a f t e r  a given period of time. 

The outputs  of t h e  s imula t ion  model a l s o  inc lude  numbers of domestic and 
wild ungulates  and forage  u t i l i z a t i o n .  However, s i n c e  t h e  model i s  dynamic 
(i.e., t h e  system i s  simulated over t ime) , these  outputs  can be obtained a f t e r  
any given i n t e r v a l  (i .e. ,  1 month, 3 months, 1 year ,  5 years ,  e tc . ) .  For 
example, t h e  predic ted  number of e l k  supported on a range might be much 
d i f f e r e n t  a f t e r  5 years  than  a f t e r  1 year.  I n  add i t i on ,  because t h e  model 
u t i l i z e s  more complex da t a  bases ,  t h e  outputs  may a l s o  be more complex. For 
example, t h e  number of e l k  surv iv ing  a f t e r  5 years  may be broken down by s e x  
and age c l a s se s .  

A unique f e a t u r e  of t h e  s imula t ion  model i s  t h a t  it  at tempts  t o  r e l a t e  
forage  a l l o c a t i o n  t o  t h e  n u t r i t i o n a l  requirements of t h e  wild ungula tes  . 
Furthermore, it can inco rpora t e  da t a  on populat ion dynamics. Thus, da t a  on 
n u t r i t i o n a l  measurements of p l a n t s  and n u t r i e n t  requirement of animals a r e  
used t o  l i n k  a h a b i t a t  model with a populat ion model. 

ROLE OF STATE AGENCIES 

Proceedures f o r  forage  a l l o c a t i o n  were h i s t o r i c a l l y  developed t o  a l l o c a t e  
forage  between 2 c l a s s e s  of l i v e s t o c k  (e.g., c a t t l e  and sheep).  P a r t l y  due t o  
such h i s t o r y ,  many w i l d l i f e  p ro fe s s iona l s  have considered forage  a l l o c a t i o n  a s  
l a r g e l y  a concern of range managers and have not become involved i n  t h e  
process.  This has  o f t e n  r e s u l t e d  i n  a l l o c a t i o n  dec is ions  t h a t  d id  not 
adequately consider  o r  address  t h e  needs of wild ungulates .  

The BLM i s  respons ib le  f o r  managing h a b i t a t  f o r  e l k  and o t h e r  wild 
ungula te  spec i e s  on publ ic  lands  under i t s  j u r i s d i c t i o n .  S t a t e  w i l d l i f e  
agencies  a r e  charged with populat ion management. An obvious r e s u l t  i s  t h a t  
BLM b i o l o g i s t s  genera l ly  concent r a t e  on ga ther ing  h a b i t a t  da t a ,  whereas s t a t e  
agency b i o l o g i s t s  usua l ly  c o l l e c t  more da t a  on populations.  Regardless of t h e  
system used f o r  determining forage  a l l o c a t i o n s ,  both types of da t a  a r e  
required.  BLM b i o l o g i s t s  have t r a d i t i o n a l l y  r e l i e d  heav i ly  upon s t a t e  
agencies  t o  provide es t imates  of e l k  numbers and seasonal  h a b i t a t  use.  I n  
a d d i t i o n ,  s t a t e  agencies  have o f t e n  provided information on e l k  food t o  h e l p  
ensure t h a t  t h e  needs of w i l d l i f e  a r e  considered i n  determining forage  
a l l o c a t i o n s .  I f  more da t a  a r e  r equ i r ed ,  a coordinated approach t o  c o l l e c t i o n  
of such da t a  w i l l  avoid dup l i ca t ion  and r e s u l t  i n  more e f f i c i e n t  use of t h e  
l i m i t e d  funds a v a i l a b l e  f o r  w i l d l i f e  work a t  both s t a t e  and f e d e r a l  l eve l s .  

F i n a l l y ,  it i s  important t h a t  t h e  s t a t e  agency provide t h e  BLM with 
e x p l i c i t  s ta tements  of t h e i r  management objec t ive .  This i s  o f t en  d i f f i c u l t  
s i n c e  s t a t e  agency herd u n i t s  o r  game management u n i t s  t y p i c a l l y  do not 
correspond t o  BLM planning u n i t s ,  w i l d l i f e  h a b i t a t  a r eas ,  o r  p o l i c i e s  of 
maintaining e l k  populat ions a t  cu r r en t  l e v e l s  through a n t l e r l e s s  ha rves t .  It 
i s  p o i n t l e s s  f o r  t h e  BLM t o  at tempt  t o  a l l o c a t e  a d d i t i o n a l  forage f o r  an  
expanded e l k  herd when harves t  l e v e l s  w i l l  prevent t h e  herd from increas ing .  
On t h e  o the r  hand, it may be f u t i l e  f o r  a s t a t e  agency t o  attempt t o  i n c r e a s e  
an e l k  herd  o r  e l k  ha rves t  when t h e  BLM has  not a l l o c a t e d  adequate forage  f o r  
such an expanded herd. 

SUMMARY 

Competition f o r  forage  between e l k  and c a t t l e  i s  more severe t han  with 
o the r  major domestic and wild ungulates .  Thus, forage  a l l o c a t i o n  between e l k  



and c a t t l e  i s  a c r i t i c a l  management problem. The BLM has developed 2 new 
systems f o r  u t i l i z i n g  both h a b i t a t  and popula t ion  da t a  t o  determine forage  
a l l o c a t i o n s .  

The s t a t e  w i l d l i f e  agencies  need t o  provide t h e  BLM with d a t a  on e l k  
popula t ion  numbers and h a b i t  a t  use  as w e l l  a s  he rd  management ob jec t ives  t o  
ensure  t h a t  t h e  needs of e l k  a r e  considered i n  forage  a l l o c a t i o n  dec is ions .  
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ELK HABITAT USE I N  ROCKY MOUNTAIN NATIONAL PARK, COLORADO 

R. A. GREEN,' Department of F ishery  and Wi ld l i f e  Biology, Colorado S t a t e  
Univers i ty  , Fort  Co l l i n s ,  CO 

G. D. BEAR, Colorado Divis ion of Wi ld l i f e ,  Research Center, Fort Co l l i n s ,  CO 

Abstract  : I n v e s t i g a t i o n s  were conducted on e l k  (Cervus elaphus ne l son i )  i n  
Rocky Mountain National  Park. Colorado t o  determine h a b i t a t  use pa t t e rns .  
l'hiAy-seven e l k  were f i t t e d  -wi th  r ad io  c o l l a r s  over 2 winters.  - ~ l k  were 
r e loca t ed  us ing  t r i a n g u l a t i o n  methods with a mobile t r ack ing  vehicle .  Twelve 
of t h e  37 r a d i o  c o l l a r s  were equipped with a c t i v i t y  t i p  switches t o  i d e n t i f y  
feeding,  r e s t i n g  and moving a c t i v i t i e s .  S t r a t i f i e d  random sampling was used 
t o  estimate h a b i t a t  use during d i f f e r e n t  times of t h e  day, month and season. 
A 24-hour per iod was divided i n t o  4 periods.  Morning and evening were defined 
a s  2 hours  before  and a f t e r  s u n r i s e  and sunset  and day l i g h t  and night  hours  
i n  between were defined a s  t h e  o the r  2 periods. Habitat  use was ca l cu la t ed  a s  
t h e  percentage of t o t a l  recorded loca t ions .  Summer h a b i t a t  u se  was - 
concedtrated i n  Krumholz and spruce- f i r  (Picea engelmanii and Abies 
l a s ioca rpa ) .  Krumholz a r eas  were used l e s s  during daytime and most during t h e  
n ight .  A r eve r se  use p a t t e r n  was observed f o r  spruce-f i r .  Winter h a b i t a t  use  
occurred p r imar i ly  i n  lodgepole pine ( P i n s  con to r t a ) ,  Douglas f i r  
(Pseudotsuga menzies i i ) ,  ponderosa  ine el shrub (Pinus ponderosa), and wet 
meadow types.  Willow, aspen, and grass land  types  a l l  cont r ibu ted  l e s s  than  
10% t o  h a b i t a t  use. Daytime use  i n  win ter  was r e s t r i c t e d  t o  lodgepole pine,  
Douglas f i r ,  and ponderosa p ine lshrub  types.  Habitat  use during night  was 
dominated by ponderosa p ine /shrub  and w e t  meadow types .  Ponderosa p ine l sh rub  
types  were p re fe r r ed  feeding s i t e s  during win ter  . 

'present address  : Western Resource Development Corporation, P. 0. Box 467, 
Boulder, CO 80306 



IDENTIFICATION AND DESCRIPTION OF NORTHEAST OREGON ELK WITAT THROUGH RADIO 
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Abst rac t  : Importance of thermal cover ,  h id ing  cover ,  and forage  a rea  h a b i t a t  
components t o  Rocky Mountain e l k  (Cervus e laphus)  was i n t e r p r e t e d  from 
observa t ions  of e l k  a c t i v i t y ,  a i r  temperature amount, and wind speed i n  t h e  
Blue Mountains of Oregon. The q u a l i t y  of h a b i t a t  components used by e l k  was 
descr ibed  i n  terms of s tand  s t r u c t u r e  and p lan t  spec ies .  A v a i l a b i l i t y  of 
h a b i t a t  components was inven to r i ed  by remote sens ing  techniques Elk use  
appeared t o  be inf luenced  by weather cond i t i ons  and p lan t  phenology, 
concent r a t e d  near  cover-f orage edges, h i g h l y  a s soc i a t ed  with mult ist o r i ed  
cover s t ands ,  and equa l ly  d iv ided  between thermal  cover and forage  a r e a  
components. Amount and d i s t r i b u t i o n  of h a b i t a t  components were inventor ied  on 
he rd  ranges a s  l a r g e  a s  111,292 ha and on t imber  s a l e s  a s  small a s  850 ha. 
Research r e s u l t s  have aided coord ina t ion  of resource  a l l o c a t i o n s  with e l k  
needs and f a c i l i t a t e d  comparison of a l t e r n a t i v e  st r a t  e g i e s  f o r  management of 
e l k  h a b i t a t .  
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INTRODUCTION 

Rocky Mountain e l k  he rds  a r e  a resource t h a t  provides t h e  people of 
Oregon with valuable  r e c r e a t i o n a l  b e n e f i t s  . Perpe tua t ion  of product ive herds  
which w i l l  cont inue t o  provide t h e  people t h e s e  b e n e f i t s  a t  acceptab le  l e v e l s  
i s  dependent on adequate amounts of q u a l i t y  summer, t r a n s i t i o n ,  and winter  
h a b i t  a t  s . 

Modern f o r e s t  management with i t s  accompanying road systems, increased  
human acces s ,  and l i v e s t o c k  graz ing  has  been shown t o  in f luence  h a b i t a t  
e f f e c t i v e n e s s  i n  t h e  f o r e s t e d  a r e a s  of t h e  Blue Mountains. Cover f o r  e l k  has  
become i n c r e a s i n g l y  important due t o  a c c e l e r a t e d  timber ha rves t  on a l l  
seasonal  ranges. Increas ing  emphasis on t h e  red meat product ion program may 
i n c r e a s e  l i v e s t o c k  graz ing  and a f f e c t  use of forage  a reas  by e lk .  It i s  
c r i t i c a l  t o  t h e  wel fare  of t h e  animals ,  t h e r e f  o re ,  t h a t  managers incorpora te  
knowledge of e l k  h a b i t a t  needs i n  planning and implementation of programs, 
p a r t i c u l a r l y  regard ing  thermal  and h id ing  cover ,  forage  a reas ,  and r e l a t i v e  
va lues  of f o r e s t  types.  I n  o rde r  t o  compare impacts of var ious  management 
a l t e r n a t i v e s ,  managers need measures of t h e  values of a l l  p lan t  communities 
and s t r u c t u r a l  condi t ions  r e l a t i v e  t o  e l k  requirements.  



Chapter 8 of Agr icu l ture  Handbook 553, Wi ld l i f e  Habi ta t s  i n  Managed 
Forests--the Blue Mountains of Oregon and Washington authored by Jack Ward 
Thomas e t  a l .  and published i n  1979, desc r ibes  e f f e c t s  of manipulating 
vege ta t ion  s t r u c t u r e  and arrangement on use  of h a b i t a t s  by elk.  E f fec t iveness  
of optimum h a b i t a t s  a s  we l l  a s  a  range f o r  l e s s  product ive ones a r e  presented 
t o  a i d  dec i s ion  makers i n  comparison of management a l t e r n a t i v e s .  

Mul t ip le  resource  r egu la t ions  on p u b l i c  lands ,  e s p e c i a l l y  n a t i o n a l  
f o r e s t s ,  c o n s t i t u t e  a  veh ic l e  f o r  immediate a p p l i c a t i o n  of concepts from 
Handbook 1553 i n t o  t h e  resource-a l loca t ion  dec i s ion  making process.  Those 
concepts were drawn from eva lua t ions  of a mix of r e s u l t s  from research 
s t u d i e s ,  l i t e r a t u r e  reviews, and "best es t imates"  of s p e c i a l i s t s  i n  t h e  
f i e l d .  Our s tudy  was designed t o  o b t a i n  new da ta  t o  f i l l  i n  gaps and 
a d d i t i o n a l  d a t a  from which t o  f u r t h e r  i n t e r p r e t  h a b i t a t  use by e lk .  

OBJECTIVES 

The primary ob jec t ives  of t h e  Eas te rn  Oregon Cover Study a r e  t o  determine 
how major seasonal  h a b i t a t s  a r e  used by e l k  and t o  es t imate  t h e i r  r e l a t i v e  
values t o  e lk .  The s tudy is  being conducted i n  t h e  Blue Mountain region of 
no r theas t  e r n  Oregon on National  Fores t  and i n t e r s p e r s e d  p r i v a t e  lands. 
Information gathered by ODFW b i o l o g i s t s  t h a t  d i r e c t l y  observe e l k  a c t i v i t i e s  
and monitor t h e  microclimate and by PNW plant  e c o l o g i s t s  t h a t  desc r ibe  
vege ta t ion  composition and s t r u c t u r e  of occupied s i t e s  i s  analyzed and 
compared with s p e c i f i c  h a b i t a t  r e l a t i o n s h i p s  descr ibed by Thomas e t  a l .  
(1979). One secondary ob jec t ive  of t h e  s tudy  i s  t o  obta in  new information f o r  
refinement of t hose  r e l a t i onsh ips .  

Another secondary ob jec t ive  of t h e  research  i s  t o  develop accu ra t e  
h a b i t a t  maps of t h e  var ious  sampled a r e a s  from c o r r e l a t i o n  of LANDSAT 
m u l t i s p e c t r a l  scanner da t a  with e l k  and vege ta t ion  data.  This i s  being done 
through con t r ac t  with ERSAL. B io log ica l  and phys ica l  c h a r a c t e r i s t i c s  of t h e  
h a b i t a t s  occupied by e l k  provide ground-truth da t a  f o r  i n t e r p r e t a t i o n  and 
mapping e l k  cover and forage  components with t h e  a i d  of a e r i a l  photography and 
e a r t h  resources s a t  e l l i t  e  data .  

This  repor t  is  a  progress r epo r t  t h a t  i s  pa r t  of a  cont inuing program t o  
provide research  f ind ings  i n  a  t imely  manner. The f ind ings  h e r e i n  a r e  based 
on observa t ions  summarized from 4 herd  ranges and f u r t h e r  analyses  of t h e s e  
annual ranges a s  we l l  a s  s epa ra t e  ana lyses  of each seasonal  range w i l l  provide 
e s t ima te s  of prec is ion .  Readers a r e  caut ioned t h a t  gene ra l i za t ions  contained 
i n  t h i s  repor t  a r e  subjec t  t o  r ev i s ion ,  and t h e i r  use i n  s p e c i f i c  a p p l i c a t i o n s  
may be inappropr ia te .  

METHODS 

Frequency and dura t ion  of occupancy of h a b i t a t s  were sampled by d i r e c t  
observa t ion  of e l k  a c t i v i t i e s  and i n t e r p r e t e d  a s  es t imates  of h a b i t a t  value. 
Grazing, browsing, bedding, and o t h e r  a c t i v i t i e s  were compared with a i r  
temperatures ,  snow l e v e l s ,  and wind speeds recorded during use. They were 
a l s o  compared with subsequent measures of vege ta t ion  s t r u c t u r e  i n  order  t o  
e s t ima te  h a b i t a t  qua l i t y .  A v a i l a b i l i t y  of thermal  cover,  h id ing  cover,  and 
forage  a r e a s  w a s  determined from i n v e n t o r i e s  us ing  remote sens ing  
techniques.  The amounts and changes i n  h a b i t a t  components were compared with 
p red ic t ed  h a b i t  a t  e f f ec t iveness  . 

Between 1977 and 1982, rad io- t ransmi t te r  c o l l a r s  were placed on a t o t a l  
of 53 e l k  from 5 herd  ranges, and each herd sample was followed f o r  1 year  



from s p r i n g  through t h e  next winter .  Col la red  e l k  were r e loca t ed  by r a d i o  
t e l eme t ry  s o  t h a t  t h e i r  l o c a t i o n s  and a c t i v i t i e s  would have equal  chance of 
being sampled r ega rd l e s s  of h a b i t a t  o r  weather condit ions.  The same a c t i v i t y ,  
weather,  and h a b i t a t  da t a  were recorded during observa t ion  of non-collared e l k  
contac ted  during r ad io  t e l eme t ry  . 

Vegeta t ion  s t r u c t u r e  of t h e  s t ands  occupied by e l k  was descr ibed about a 
p lo t  c e n t e r  e s t ab l i shed  dur ing  observa t ion  of animal a c t i v i t i e s  and weather 
condi t ions .  Tree h e i g h t s  , crown canopy c losu re ,  s i g h t  d i s t ance ,  and o the r  
va lues  determined whether each of 1,081 c l a s s i f i e d  s t ands  was i d e n t i f i e d  as a 
thermal  cover ,  h id ing  cover,  o r  forage  a r e a  h a b i t a t  component. 

Measurements not e a s i l y  made i n  t h e  f i e l d  were obtained by i n t e r p r e t a t i o n  
of s t e r e o  p a i r s  of a e r i a l  photographs. These included s tand  width, d i s t a n c e  
t o  cover o r  forage ,  and d i s t a n c e  t o  roads. 

Ref lec tances  recorded by t h e  LANDSAT m u l t i s p e c t r a l  scanner (MSS) were 
c o r r e l a t e d  with h a b i t a t  components i n  8,600 subsamples from co lo r  and 
c o l o r i n f r a r e d  a e r i a l  photographs. This  a n a l y s i s  produced a 150,000-hectare 
inventory  of d i s t r i b u t i o n s  of s p e c t r a l  c l a s s e s ,  s t r u c t u r a l  condi t ions ,  and 
e lk-habi ta t  components. S i g n i f i c a n t l y  d i f f e r e n t  r e f l e c t a n c e  groups were 
der ived  through a n a l y s i s  of means and var iances  of da t a  recorded by t h e  4 MSS 
senso r s ;  each of t h e  r e s u l t i n g  60 s p e c t r a l  c l a s s e s  w a s  i d e n t i f i e d  by a unique 
symbol t h a t  was used i n  mapping and f u r t h e r  analyses .  Di f fe ren t  vege ta t ion  
groups were determined by i n t e r p r e t a t i o n  of dominant plant  type ( t r e e  spec i e s ,  
shrubland,  g ra s s l and ) ,  s tand  s t r u c t u r e  (he igh t ,  crown c losu re ,  t r e e  l a y e r s ) ,  
and s t a t u s  ( n a t u r a l  o r  d i s tu rbed ) ;  t h e  50 s t r u c t u r a l  condi t ions  were ass igned  
unique symbols t o  be used i n  mapping and f u r t h e r  analyses .  Di f fe ren t  e l k  
h a b i t a t s  were derived from s p e c i f i c a t i o n s  suggested by Thomas e t  a l .  ( 1 9 7 9 )  
f o r  cover and forage  s tands  and were r e f ined  by review of e l k  observa t ions ;  
t h e  3 h a b i t a t  components ( thermal  cover ,  h id ing  cover,  and forage  a r e a s )  were 
a l s o  l abe l ed  with unique symbols t o  f a c i l i t a t e  mapping and f u r t h e r  ana lyses  . 
Regions of mapped h a b i t a t  were compared with ground-truth da t a  from e l k  ' u se  
p l o t s  s p e c i f i c  t o  those  regions.  Inven to r i e s  were s to red  on magnetic t a p e s  
and d isp layed  i n  convenient map and t a b u l a r  forms. Current and pro jec ted  
s t a t u s  of h a b i t a t  components on n a t i o n a l  f o r e s t  and o the r  lands was compared 
with l e v e l s  of h a b i t a t  p o t e n t i a l  f o r  e l k  use. 

RESULTS AND DISCUSSION 

Elk use of h a b i t a t  on a l l  seasonal  ranges appeared pr imar i ly  inf luenced  
by s t r e s s  from weather f a c t o r s  and by phenology of forage p l an t s .  Cover 
h a b i t a t s  were used most during hot  and dry o r  cold and snowy per iods ,  but 
fo rage  h a b i t a t s  were used most during mild weather and when most forage  was i n  
e a r l y  growth s tages .  Elk grazed i n  f o r e s t e d  a r e a s  a f t e r  food p l a n t s  i n  
ad jacent  grass land  forage  a r e a s  had a t t a i n e d  f lowering o r  seedr ipening  
s t ages .  Conversely, e l k  grazed i n  open forage  a r e a s  pr imar i ly  when t h e  food 
p l a n t s  provided young vege ta t ive  leaves- - fa l l ,  w in t e r ,  and spr ing .  Bedding, 
ruminat ing,  and t r a v e l i n g  were t h e  major a c t i v i t i e s  of e l k  observed i n  cover 
h a b i t a t s ,  and grazing,  browsing, and t r a v e l i n g  were important i n  forage  a reas .  

Vegetat ion i n  t h e  Blue Mountains i s  comprised of r e l a t i v e l y  narrow s tands  
and e l k  appeared t o  concent ra te  t h e i r  use near  edges between t r a c t s  of cover 
and fo rage  h a b i t  a t  s . Vegetat ion s t ands  and h a b i t  a t  a r e a s  a r e  not 
synonymous. For example, 3 d i f f e r e n t  s t ands  e x i s t  where a sedge meadow i s  
bordered by both a thinned s t r i n g e r  of lodgepole pine timber and a b luegrass  
scabland. A l l  3, however, comprise one continuous forage  a rea .  Cover and 
forage  a r e a s  a r e  t r a c t s  of vege ta t ion  t h a t  meet d e f i n i t i o n s  of thermal  cover ,  



h i d i n g  cover ,  o r  forage  a rea  components of e l k  h a b i t a t  (Thomas e t  a l .  1979). 
Minimum s tand  widths averaged 186 m (610 f t )  f o r  thermal  cover, 197 m (646 f t )  
f o r  h id ing  cover,  and 74 m (243 f t )  f o r  forage  a reas .  Minimum t r a c t  widths 
es t imated  by doubling t h e  average d i s t ances  between occupied p l o t s  and t h e  
c l o s e s t  cover-forage h a b i t a t  edges were a s  fol lows:  135 m (444 f t )  f o r  
thermal  cover,  159 m (522 f t )  f o r  h id ing  cover,  and 347 m (1140 f t )  f o r  forage  
a reas .  Cover t r a c t s  may appear narrower than  cover s tand  widths because e l k  
use  w a s  concentrated near  cover-forage edges--differences were probably not 
s i g n i f i c a n t .  Forage t r a c t s  on t h e  o the r  hand, may be wider than forage s tands  
because most n a t u r a l  openings and c r e a t e d  forage  a r e a s  were narrow- 
d i f f e r e n c e s  a r e  probably s i g n i f i c a n t .  

The a b i l i t y  of a h a b i t a t  t o  h i d e  e l k  was measured by t h a t  percentage of a 
s i g h t  tube  which was hidden by vege ta t ion  a t  50-foot i n t e r v a l s  along 4 r a d i i  
from t h e  p lo t  cen ter .  The i n t e r v a l  a t  which an  average of a t  l e a s t  90% of t h e  
tube  was hidden was defined a s  t h e  s i g h t  d i s t ance  of t h e  s tand  
(Thomas e t  a l .  1979). The average s i g h t  d i s t a n c e  measured was 54 m (178 f t )  
i n  thermal  cover,  52 m (171 f t )  i n  h id ing  cover,  and 93 m (304 f t )  i n  forage  
a reas .  Thomas e t  al .  (1979) def ined h id ing  cover a s  vegetat ion with a s i g h t  
d i s t ance  not g r e a t e r  than  61 m (200 f t ) .  

Minimal s i z e s  of h a b i t a t s  t h a t  met s i g h t  d i s t ance  c r i t e r i a  f o r  h id ing  
cover and were used by e l k  were est imated from r a t i o s  of average s tand  widths 
t o  average s igh t  d i s tances .  Thermal cover s t ands  were genera l ly  4.5 s igh t  
d i s t ances  wide, and h id ing  cover s tands  were 3.9 s i g h t  d i s t ances  wide. Thomas 
e t  a l .  (1979) recommended optimum h id ing  cover patches would be 3 t o  6 s i g h t  
d i s t ances  wide. 

Tree spec ies  common t o  s tands  occupied by e l k  during periods of hea t  o r  
cold s t r e s s  were grand f i r  on summer range and grand f i r  with Douglas f i r  on 
win ter  range. Bedding was t h e  major a c t i v i t y  i n  thermal cover during high 
temperatures  i n  summer. Temperatures were a s  much a s  10 degrees cooler  and 
wind speeds up t o  20 miles  per hour l e s s  i n  thermal  cover than  i n  forage a r e a s  
on summer range. Major use of thermal  cover occurred when a i r  temperatures  
exceeded 15.5OC (60°F). Foraging and bedding were major a c t i v i t i e s  during use 
of thermal  cover i n  winter .  Snow depths were 10% t o  50% of those  i n  forage  
a r e a s ,  both timber o r  bunchgrass types  of forage  a reas ,  where a s  much a s  91 cm 
(36 i n )  accumulated. Use increased  when temperatures  f e l l  below -1 l ° C  (30°F) 

More forage  was a v a i l a b l e  i n  win ter  range s tands  occupied during extreme 
weather s t r e s s  than  such s tands  on summer range. Elk pawed loose snow away 
from 1 t o  9 square meter a r e a s  t o  feed on p inegrass  and e l k  sedge. They 
f r equen t ly  grazed l i c h e n  (Alec to r i a )  hanging from con i f e r  limbs and mixed i n  
t h e  l i t t e r f a l l  a f t e r  storms. Lichen was most a v a i l a b l e  i n  thermal cover on 
both win ter  and summer ranges. Feeding on l i c h e n  occurred more f r equen t ly  i n  
summer a s  we l l  a s  i n  win ter  than  use of pine,  Douglas f i r ,  juniper ,  hawthorn, 
ninebark,  o r  o ther  abundantly a v a i l a b l e  browse. 

Thermal cover s tands  were pr imar i ly  of coniferous timber,  but i n  summer, 
s t ands  of deciduous t r e e s  were a l s o  used. Both cons is ted  of a mul t i layered  
s t r u c t u r e .  A t a l l ,  >2.2 m (40 f t  ), and p a r t i a l l y  open, <50X crown canopy, 
ove r s to ry  commonly occurred above a s h o r t e r ,  4.6 t o  6.1 m (15 t o  20 f t ) ,  and 
denser ,  >75% crown canopy, l a y e r  of sap l ings .  Shrubby unders tor ies  were 
s p a r s e  under t h e  mul t ip l e  l a y e r s  of t r e e s .  Grasses and forbs  var ied  from 
abundant t o  non-existent,  apparent ly  i nve r se ly  with degree of canopy closure.  

Minimal s i z e  of h a b i t a t s  may be est imated a s  a c i r c l e  with a diameter 
equal  t o  t h e  average minimum s tand  widths observed. Behavior of t h e  e l k  and 
d i s t ances  t o  cover/forage edges suggest width i s  a b e t t e r  c r i t e r i a  of h a b i t a t  
s i z e  t han  i s  a rea ,  but a r e a s  a r e  included he re  f o r  comparison with 



r e l a t i o n s h i p s  suggested by Thomas e t  a l .  (1979). The average s i z e  of occupied 
thermal  cover s t ands  was 2.8 h a  (6.8 a ) ,  based on minimum s tand  width. 
Comparable s i z e s  of h id ing  cover and forage  s t ands  were 3.0 ha  (7.5 a )  and 0.4 
ha  ( 1.1 a ) ,  r e spec t ive ly .  Minimum h a b i t a t  t r a c t s  der ived from observed 
d i s t a n c e s  t o  c l o s e s t  h a b i t a t  edges were 1.4 ha (3.6 a )  f o r  thermal cover,  
2.0 ha (4.9 a )  f o r  h id ing  cover,  and 9.5 h a  (3.4 a )  f o r  forage  a reas  ( s e e  
previous d i scuss ion  of s tands  vs . t r a c t s )  . 

When temperatures ,  wind speeds,  and snow condi t ions  were favorable ,  e l k  
used n a t u r a l  and c rea t ed  open fo rage  a reas .  I f  temperatures  exceeded about 
lg°C (65OF), o r  winds exceeded 8 km/hr (5  mi /hr ) ,  o r  i f  snow was hard  o r  
deeper t han  about 46 cm (18 i n ) ,  most e l k  d id  not use  openings . un le s s  forced  
t o  c ros s  them by t h e  observer.  During hot days, open forage  a reas  were used 
p r imar i ly  a t  n igh t ,  e a r l y  i n  t h e  morning, and l a t e  i n  t h e  evening. I f  c louds 
o r  r a i n  occurred i n  midday, then  e l k  foraged i n  open a reas  throughout t h e  
day. Elk used openings during warm sunny per iods  i n  win ter  when green forage  
was a v a i l a b l e ;  they  remained i n  thermal  cover when co ld ,  snow depth,  and 
forage  a v a i l a b i l i t y  i n  openings were unfavorable .  

Analyses of i n f luences  of human a c t i v i t i e s  on d i s t r i b u t i o n s  of e l k  a r e  
incomplete,  but some observa t ions  can be made. Elk from t h e  d i f f e r e n t  he rds  
were observed t o  use h a b i t a t s  a long roads and near var ious  human a c t i v i t i e s .  
Elk used logged a r e a s  of var ious  ages i nc lud ing  very recent  ones. Slash from 
th inn ings  and t imber  h a r v e s t s  appeared t o  r e s t r i c t  use of por t ions  of cut over 
a r eas .  Elk f r equen t ly  t r a v e l e d  along logging spurs  and improved roads while  
t hey  grazed orchard g ra s s ,  smooth brome, and timothy t h a t  had been seeded t o  
s t a b i l i z e  t h e  road edges. Although some e l k  f ed ,  bedded, ruminated, and 
nursed w i t h i n  s i g h t  and sound of roads,  campgrounds, s e t t l emen t s ,  and 
r e s idences ,  t h e r e  was a tendency f o r  more e l k  t o  be found f u r t h e r  from t h e s e  
s i t e s  where human a c t i v i t i e s  were concent r a t e d  and prolonged. For example, 
most s i g h t i n g s  of e l k  were made a t  some d i s t a n c e  from roads and a t  g r e a t e r  
d i s t a n c e s  from paved o r  graveled roads than  from e i t h e r  unimproved roads o r  
var ious  types  of t r a i l s .  Average d i s t ances  e l k  were observed from roads o r  
t r a i l s  were a s  follows: shr faced  roads 562 m (1,844 f t ) ,  unimproved roads 
370 m (1,213 f t ) ,  t r a i l s  306m (1,004 f t ) .  

Use of p lan t  communities appeared t o  be i n  proport ion t o  t h e i r  
a v a i l a b i l i t i e s .  S imi la r  s t r u c t u r a l  cond i t i ons  were furn ished  by d i f f e r e n t  
predominating vegeta t ion  i n  each herd  range. Thermal cover s t r u c t u r e  f o r  
example was provided i n  suba lp ine  f i r -grand  f i r l b i g  huckleberry commmunities 
around J u b i l e e  Lake, i n  grand f i r /Rocky Mountain maple communities above 
Lookingglass Creek, and i n  grand f i r l b i g  huckleber ry  o r  lodgepole pine-grand 
f i r l b i g  huckleberry communities a long  t h e  North Fork of t h e  John Day River. 
Cover and forage  types  t h a t  rece ived  high use were a s soc i a t ed  with small  moist 
o r  wet meadow edges and s t reamside  zones. Such types  were comprised of 
s e v e r a l  p lan t  communities t h a t  d i f f e r e d  among herd  ranges. 

Elk were observed i n  14 of 15 poss ib l e  habi ta t -use  types  def ined  by 
vege ta t ion  s t r u c t u r a l  measurements i nc lud ing  t r e e  h e i g h t ,  crown canopy, s i g h t  
d i s t a n c e ,  and forage  abundance, f o r  example. Use types  were condensed i n t o  
e l k  h a b i t a t  components def ined  by Thomas e t  a l .  (1979) by grouping them 
according t o  t h e i r  dominant s t r u c t u r a l  a t t r i b u t e .  Thermal cover and forage  
a rea  components each c o n s t i t u t e d  an average of 45% of t h e  observat ions and 
h i d i n g  cover comprised 6%. 

Habi ta t  components were inven to r i ed  with t h e  a i d  of analyses  of remote 
sens ing  data .  Inven to r i e s  were d isp layed  i n  t a b u l a r  form and a s  1:24,000 
maps, which a r e  compatible with 7.5 minute topographic and orthophoto 
quadrangles.  Maximum regions  inven to r i ed  and mapped were 50,588 ha  



(125,000 a )  of t h e  Walla Walla herd range, 105,220 ha (260,000 a )  of t h e  
Heppner herd  range (Bright 1981), and 111,292 ha  (275,000 a )  of t h e  North Fork 
John Day River herd  range. Methods were developed t h a t  enabled us t o  
inventory thermal  cover ,  h id ing  cover,  and forage  a reas  on small  u n i t s  of 
i n t e r e s t  w i th in  t h e  maximum regions ,  f o r  example, t h e  3,360 ha (8,303 a )  
J u b i l e e  Lake To ta l  Resource Inventory compartment a s  we l l  a s  a  850 ha  
(2,100 a )  t imber  s a l e  a r e a  wi th in  t h a t  compartment. New regions a r e  being 
inventor ied  and t h e i r  approximate s i z e s  a r e  a s  follows: Chesnimnus Unit ,  
512,755 ha  (1,267,000 a ) ;  Wallowa-Whitman Unit ,  895,132 ha (2,211,840 a ) ;  and 
t h e  Malheur-Ochoco Unit,  1,109,590 h a  (2,741,760 a) .  

The i n v e n t o r i e s  have been used i n  research  and management t o  eva lua t e  
cur ren t  and pro jec ted  d i s t r i b u t i o n  and abundance of e l k  h a b i t a t  components. 
Evaluat ions of f o r e s t  planning and monitoring of changes i n  e l k  h a b i t a t  
a v a i l a b i l i t y  r e s u l t i n g  from s p e c i f i c  t imber h a r v e s t s  have both been based on 
t h e s e  inven to r i e s .  The methods and products  have provided da t a  requi red  t o  
coord ina te  mult i - resource a l l o c a t i o n s  with e l k  h a b i t a t  needs and t o  eva lua t e  
t rade-of fs  pro jec ted  t o  r e s u l t  from a l t e r n a t i v e  timber management 
s t r a t e g i e s .  For example, t h e  a v a i l a b i l i t y  of h a b i t a t  components wi th in  
s e v e r a l  home ranges of e l k  from 2 he rds  was converted t o  average cover-forage 
r a t i o s  f o r  summer and winter  ranges,  84: 16 and 44:56, r e spec t ive ly ;  observed 
e l k  use of cover and forage  components i s  being compared t o  t h e i r  a v a i l a b i l i t y  
wi th in  each home range and t o  r e l a t i o n s h i p s  such a s  cover-forage r a t i o s  
publ ished by Thomas et a l .  (1979); and changes i n  d i s t r i b u t i o n  and abundance 
of h a b i t a t  components have been compared with e l k  population t r ends ,  i n f luence  
of roads on h a b i t a t  e f f e c t i v e n e s s ,  and pro jec ted  impacts of f u t u r e  t imber 
h a r v e s t s  (Bright  1981). 

CONCLUSIONS 

This repor t  is  pa r t  of a  cont inuing program t o  provide managers with 
t imely  information and methods f o r  eva lua t ing  importance and t r ends  of e l k  
h a b i t a t  i n  managed f o r e s t s .  Rela t ionships  presented i n  t h e  w i l d l i f e  h a b i t a t  
handbook by Thomas e t  a l .  (1979) a r e  supported by our prel iminary a n a l y s i s  of 
research  da t a  obtained by d i r e c t  observa t ion  of f reeranging  e l k  i n  t h e  Blue 
Mountains of no r theas t e rn  Oregon. Coordination of management of w i l d l i f e  
h a b i t a t  with a l l o c a t i o n s  of o ther  wildland resources should be based on those  
publ ished r e l a t i o n s h i p s  u n t i l  indepth ana lyses  of our da t a  suggest t h a t  
s p e c i f i c  ref inements  a r e  j u s t i f i e d .  The information and methods developed i n  
t h i s  research can h e l p  management s p e c i a l i s t s  produce comprehensive resource 
surveys and ana lyses  requi red  by t h e  Forest  and Rangeland Renewable Resources 
Planning A c t  . 
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Abstract  : Diaminopimelic a c i d  (DAPA), a n  i n d i g e s t i b l e  and unabsorbed 
byproduct of rumen ferment a t  i on ,  was eva lua ted  under l abo ra to ry  and f i e l d  
cond i t i ons  t o  determine i t s  p r a c t i c a l  a p p l i c a t i o n  a s  a n  i n d i c a t o r  of 
d i g e s t i b l e  energy l e v e l  i n  d i e t s  of ruminant animals. Feca l  samples from 
18 control-fed wether lambs were found t o  con ta in  DAPA l e v e l s  which were 
d i r e c t l y  r e l a t e d  t o  d i e t  d i g e s t i b l e  energy (DE). DE of ad l i b i t u m  fed  sheep 
averaged 8% h ighe r  t han  DE f o r  maintenance d i e t  sheep w i t h T h e  same f e c a l  DAPA 
l e v e l ,  i n d i c a t i n g  a smal l ,  but s i g n i f i c a n t ,  i n c r e a s e  i n  non-DAPA b a c t e r i a  with 
ad l i b i t u m  feeding.  P a r t i a l  DAPA p r o f i l e s  were cons t ruc ted  from free-ranging - 
e l k  and deer  which ind ica t ed  (1)  deer  f eces  may have h ighe r  DAPA l e v e l s  than  
e l k  f eces  i n  w in te r ,  (2)  an  index system f o r  eva lua t ing  e l k  f e c a l  DAPA could 
have at l e a s t  80 s i g n i f i c a n t  u n i t s ,  and (3 )  f e c a l  DAPA l e v e l s  fol low an annual 
cyc l e  which r e f l e c t s  seasonal  changes i n  d i e t  DE. 

INTRODUCTION 

The prime o b j e c t i v e  of b ig  game h a b i t a t  management is  t o  provide f o r  t h e  
needs of t h e  animals i n  terms of food, water ,  cover,  and space. In  o rde r  t o  
most e f f e c t i v e l y  achieve t h i s  goa l ,  t h e  manager must: (1)  know what t h e  needs 
of t h e  animal a r e ,  ( 2 )  eva lua t e  t h e  h a b i t a t  t o  determine how we l l  it provides 
f o r  t h e s e  needs, and, focusing on those  segments of t h e  h a b i t a t  which a r e  
d e f i c i e n t ,  ( 3 )  t h e  h a b i t a t  i s  modified t o  b e t t e r  provide f o r  t hose  needs, when 
necessary ( 4 )  t h e  animal populat ion i s  modified t o  br ing  i t  more i n  l i n e  with 
what t h e  h a b i t a t  can support.  

S ince  q u a n t i t y  and q u a l i t y  of food i s  gene ra l ly  considered t h e  p r i n c i p a l  
c o n s t r a i n t  of b ig  game herd p roduc t iv i ty  (Connolly 1981, Nelson and Leege 
1982) and subsequent h a r v e s t a b i l i t y ,  much research  and management e f f o r t  has 
been focused on t h i s  subjec t  a rea .  I n  s p i t e  of t h i s ,  a l l  t o o  f r equen t ly  we 
s t i l l  don't know what animal n u t r i t i o n a l  needs a c t u a l l y  are .  N u t r i t i o n a l  need 
s tandards  f o r  our most s tud ied  wild ungula te ,  t h e  whit e - t a i l ed  deer ,  a r e  ye t  
only crude approximations (Moen 1977, 1981, pers .  com.) drawn heav i ly  from t h e  
l i v e s t o c k  l i t e r a t u r e .  N u t r i t i o n a l  s tandards  f o r  e l k  a r e  even l e s s  complete 
(Nelson and Leege 1982), although Robbins and a s s o c i a t e s  have made s i g n i f i c a n t  
s t r i d e s  toward developing t h e s e  s t anda rds  (e.g., Robbins e t  a l .  1979, 1981, 
Mould and Robbins 1981). 

Many, i nc lud ing  t h e s e  writers, have accepted a v a i l a b l e  n u t r i t i o n a l  
s tandards  a s  adequate and have proceeded t o  s t e p  2: eva lua t ing  how we l l  t h e  
h a b i t a t  provides f o r  t h e  p r o t e i n  and energy needs of t h e  animal (e.g., 
Schommer 1978, Gibbs 1978, Davit t  1979, Hobbs 1979, Hobbs e t  a l .  1981). Some 
have proceeded even f u r t h e r  by e s t ima t ing  ca r ry ing  capac i ty  on a n u t r i t i o n a l  
b a s i s  (Wallmo et al. 1977, Hobbs e t  al.  1982). Step 2,  however, r e q u i r e s  
a c c u r a t e  de te rmina t ion  of food h a b i t s  and d i g e s t i b l e  p ro t e in  and energy, 



e i t h e r  on a forage  species-by-time o r  d i e t  mixture-by-time bas is .  A l l  methods 
f o r  quan t i fy ing  food h a b i t s  cont inue t o  have s e r i o u s  t e c h n i c a l  and l o g i s t i c  
problems (Medin 1970, Rice 1970, Ward 1970, Wallmo e t  a l .  1973, Nelson and 
Leege 1982). Even with accu ra t e  food h a b i t s  d a t a ,  it 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 .  This  is  an expensive procedure. It 
c o s t s  a t  l e a s t  $300 per  d i e t  ( inc luding  f i e l d  t ime)  using t h e  l e a s t  expensive 
methods; v iz . ,  food h a b i t s  determined by f e c a l  a n a l y s i s  with forage samples i n  
d i e t  mixture subjec ted  t o  v i t r o  d i eges t ion  of crude p ro t e in  and g ros s  
energy (Wash. St a t e  Univ., Wi ld l i f e  Habit a t  Laboratory es t imate ;  January, 
1982). A t  b e s t ,  cur ren t  methods f o r  eva lua t ing  b ig  game food h a b i t s  on a 
n u t r i t i o n a l  bas i s  a r e  expensive and only marginal ly  r e l i a b l e .  There may be a 
cheaper,  more d i r e c t  method. 

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  monitoring t h e  wellbeing of 
b ig  game populat ions because they  a r e  more d i r e c t  t han  t h e  usua l  d i e t  q u a l i t y  
approach and s impler ,  with l e s s  oppor tuni ty  f o r  t e c h n i c a l  e r r o r s  t o  b i a s  
r e s u l t s  and t h e i r  i n t e r p r e t a t i o n .  Some of t h e  more commonly used i n d i c a t o r s  
i nc lude  ovar ian  a n a l y s i s  and f e t a l  counts (e.g., Robinet te  e t  a l .  1977), bone 
marrow co lo r  (Cheatum 1949) o r  compression (Greer 1968), kidney f a t  index 
(Riney 1955), and combinat ions  of i n d i c a t o r s  (Ransom 1965). Although u s e f u l ,  
t he se  i n d i c a t o r s  eva lua t e  p roduc t iv i ty  and animal condi t ion  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 h e  animal. Direct  methods f o r  eva lua t ing  cu r ren t  
n u t r i t i o n a l  well-being which have been used involve  n u t r i e n t  ana lys i s  of t h e  
rumen f o r  crude p ro t e in  (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  
ac id  (VFA) production (Mansfield e t  a l .  1975). These methods a l s o  r equ i r e  t h e  
death of t h e  animal,  un less  a t r o c a r  i s  used on dar ted  and drugged animals. 
I n  e i t h e r  case,  much time and expense would be a l l o c a t e d  i n  acqui r ing  a 
s t a t i s t i c a l l y  adequate sample. A method f o r  eva lua t ing  cur ren t  he rd  
n u t r i t i o n a l  well-being i s  needed which is  d i r e c t ,  inexpensive, and does not 
r e q u i r e  l i v e  capture  o r  death of animal sub jec t s .  

Feca l  a n a l y s i s  has  been broadly app l i ed  i n  b ig  game food h a b i t s  and 
c e r t a i n  animal p a r a s i t e  s t u d i e s ,  but i t  has  a l s o  been used t o  eva lua te  d i e t  
q u a l i t y .  The f a c t  t h a t  t o t a l  f e c a l  n i t rogen  i s  r e l a t e d  t o  d i e t a r y  n i t rogen  o r  
crude p ro t e in  i n t a k e  by ruminants is  we l l  known, and t h a t  low d i e t a r y  crude 
p r o t e i n  l e v e l s  w i l l  r e s u l t  i n  suboptimal feed  energy u t i l i z a t i o n .  The reader  
i s  r e f e r r e d  t o  any good animal n u t r i t i o n  t e x t  (e.g., (Xlurch 1979:25-50) f o r  
review of t h i s  subjec t .  But e f f o r t s  t o  develop a method f o r  eva lua t ing  d i e t  
q u a l i t y  based on t o t a l  n i t rogen  content of t h e  f eces  (Gates and Hudson 1979) 
have been unsuccessful .  A major reason f o r  t h i s  is  t h a t  phenolic compounds, 
almost un ive r sa l ly  present  i n  h ighe r  p l a n t s  (Swain 1965), cross- l ink with 
amino a c i d s ,  rendering them unusable by t h e  ruminant animal (Mould and Robbins 
1981). Die ts  high i n  crude p r o t e i n  and low i n  phenolic  compounds, a s  we l l  a s  
d i e t s  low i n  crude p ro t e in  and high i n  phenolic  compounds, could both r e s u l t  
i n  high t o t a l  f e c a l  n i t rogen  l eve l s .  

One form of f e c a l  n i t rogen ,  t h a t  of undigest i b l e  port i ons  of b a c t e r i a l  
c e l l  w a l l s ,  shows s t rong  promise of being c l o s e l y  co r r e l a t ed  with d i e t  
qua l i t y .  The compound, W -  & diaminopimelic a c i d  (DAPA), is  found i n  most 
anaerobic b a c t e r i a  and bluegreen a lgae  but not i n  h ighe r  p l an t s  and animals. 
The r a t i o  of DAPA t o  t o t a l  b a c t e r i a l  n i t rogen  i n  a mixed rumen b a c t e r i a  
Populat ion has  been shown t o  be r a t h e r  c o n s i s t e n t l y  41 mg per gram. Because 
of t h i s ,  DAPA has been used a s  a marker f o r  determining n i t rogen  flow t o  t h e  
lower t r a c t  of ruminants (Hogan and Weston 1970, Hutton e t  a l .  1971, Lindsay 
and Hogan 1972). Once d i e t  n i t rogen  is  combined i n t o  DAPA, it Passes through 
t h e  animal undigested and unabsorbed (Hutton e t  a l .  1971). 



Since  a t  l e a s t  80% of a  graz ing  ruminant's d i g e s t i b l e  energy i s  der ived  
from bacteria-produced VFA and d iges t ed  b a c t e r i a l  c o n s t i t u e n t s  (Weller 1969) 
and, s i n c e  DAPA comprises a  small, but c o n s i s t e n t  and i n d i g e s t i b l e ,  p ropor t ion  
of t h e  b a c t e r i a l  mass, it fol lows t h a t  f e c a l  DAPA could be s t rong ly  c o r r e l a t e d  
with diet d i g e s t i b l e  energy. The primary o b j e c t i v e  of t h i s  s tudy,  t h e r e f o r e ,  
has  been t o  i n v e s t i g a t e  t h i s  r e l a t i o n s h i p  and i t s  poss ib l e  p r a c t i c a l  
a p p l i c a t i o n  i n  eva lua t ing  n u t r i t i o n a l  well-being of l a r g e  he rb ivo re  
popula t ions .  I n  a d d i t i o n ,  s i n c e  n u t r i t i o n a l  s t anda rds  have not yet  been w e l l  
def ined  f o r  l a r g e  wild he rb ivo res ,  a  second o b j e c t i v e  has been t o  develop 
animal DAPA p r o f i l e s  f o r  wild he rb ivo re  he rds  with known p roduc t iv i ty  t o  use  
f o r  s tandards .  

METHODS 
Cont ro l led  Feeding S tud ie s  

Eighteen wether lambs (avg. w t .  35 kg) were fed  con t ro l l ed  r a t i o n s  i n  
d i g e s t i o n  metabolism s t a l l s  designed t o  measure feed  and water consumption and 
t o t a l  f eces  and u r i n e  voided. Rat ions were composed of varying amounts of 
smooth brome, a l f a l f a ,  r o l l e d  bar ley ,  and Cereulos (a  pure c e l l u l o s e  f i l l e r )  
at maintenance (NRC 1975) and ad l i b i t u m  consumption l eve l s .  Feed and water 
consumption da t a  and u r i n e  and f e c a l  samples were c o l l e c t e d  t h e  l a s t  7  days of 
a  35-day feeding period. Feed, f e c e s ,  and u r i n e  were analyzed f o r  proximate 
c o n s t i t u e n t s  t o  determine d i e t  q u a l i t y ,  i nc lud ing  d i g e s t i b l e  energy and f e c a l  
n i t rogen .  Feca l  DAPA w a s  analyzed fol lowing Czerkawski (1974). 

DAPA P r o f i l e s  f o r  Wild Large Herbivores 

Budgetary c o n s t r a i n t s  g r e a t l y  r e s t r i c t e d  t h i s  phase of t h e  study. It was 
intended t h a t  s e v e r a l  herds  of each, e l k  and mule deer ,  would be sampled f o r  
f e c a l  DAPA l e v e l s  a t  monthly i n t e r v a l s .  Only one herd was sampled June 
through September 1981 and January 1982. This herd ,  numbering about 250, 
summers on Washington S t a t e  Univers i ty ' s  Colockum Mul t ip le  Use Research u n i t  
near  Wenat chee , c e n t r a l  Washington, and win te r s  on Washington Game 
Department's Colockum Habi ta t  Management Area (Tarpiscan Creek and West 
Bar). This  herd  h a s  been much s tud ied  and shown t o  be i n  exce l l en t  
n u t r i t i o n a l  h e a l t h  (McArthur 1977, McReynolds 1977, Davit t  1979), with annual 
f a l l  calf-cow r a t i o s  of 50% t o  65% (K. K i l l go re  1981, pers.  corn.). 

RESULTS AND DISCUSSION 

Cont ro l led  Feeding Studies  

DAPA content of sheep f eces  ranged from 0.30lmg/g f e c a l  DM f o r  an  animal 
fed  2.20 k c a l  DE/g feed  DM t o  0.842 mg/g f e c a l  DM f o r  an  animal fed  2.75 k c a l  
DE/g f eed  DM (Fig. 1). D i g e s t i b l e  Energy ranged from 2.20 k c a l l g  feed DM t o  
3.37 k c a l / g  feed DM. Although t h e  range of d i e t  q u a l i t y  examined i n  t h i s  
s tudy  spanned a  s i g n i f i c a n t  po r t ion  of t h e  v a r i a t i o n  i n  expected DE va lues ,  
h ighe r  and lower DE va lues  could be encountered i n  wild ruminant populat ions 
(e.g., Schommer 1978, Mi l l e r  1980), a s  we l l  a s  sheep on range forage  d i e t s .  A 
broader spectrum of d i e t  q u a l i t y  should have been fed  i n  t h i s  s tudy i n  o rde r  
t o  extend t h e  observed DAPA-DE r e l a t i o n s h i p .  Nevertheless  f a i r  c o r r e l a t i o n  
was observed between f e c a l  DAPA and d i e t  DE among maintenance l e v e l  sheep 
( F i g  1). The l i n e a r  DE e s t ima to r  der ived from t h e s e  da t a ,  
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F i g u r e  I . - -Re la t ionsh ip  between d i e t  d i g e s t i b l e  energy (DE/g DM feed)  i n  c o n t r o l l e d  f e d  lambs 
and PAPA sontent (9mg/g feces DM) c f  feces vo ided from an ima ls  f e d  v a r i o u s  d i e t s  a t  
NRC maintenance l e v e l  ( * I  and ad l i b i t u m  (0). 



DE = 2.115 + .I793 (DAPA) 

has  h igh  p r e c i s i o n  ( s  = 0.12), but l i k e l y  overes t imates  DE a t  low DAPA 
Y x l e v e l s .  We would expect it  t o  be a c u r v i l i n e a r  r e l a t i o n s h i p ,  poss ib ly  with 

i t s  o r i g i n  at 0 k c a l  DE. 
Less s t agge r ing  of DAPA output was observed among sheep fed a l f a l f a  ad 

l ibi tum. More important ,  however, was t h e  s i g n i f i c a n t l y  (P = .001) h ighe r  
DE/DAPA r a t i o s  f o r  ad l i b i t u m  r a t i o n s .  Bac te r i a  which ca r ry  t h e  DAPA marker 
i n  t h e i r  c e l l  w a l l s  are p r imar i ly  t h o s e  spec i e s  which have c e l l u l o l y t i c  
c a p a b i l i t i e s  (Purser  and Buechler 1966). It would be expected t h a t  an ad 
l i b i t u m  consumption r a t e  would support an  above average population of no: 
c e l l u l o l y t  i c  b a c t e r i a ;  and, t h e r e f  o r e ,  a h ighe r  DE/DAPA r a t i o  would be 
expected. It i s  not l i k e l y  t h a t  wild ruminants would encounter forage q u a l i t y  
and q u a n t i t y  at such high l e v e l s ,  except very e a r l y  i n  t h e  growing season. 
Even then ,  t h e  high water content  of t h e  forage  would l i k e l y  prevent h igh  
consumption r a t e s  . Of t h e  2 da t a  s e t s  , t h e  m i n t  enance-level DE/DAPA r a t i o s  
would be expected t o  have g r e a t e s t  a p p l i c a t i o n  under range condit ions.  

DAPA P r o f i l e s  f o r  Wild Large Herbivores 

DAPA (mg/g f e c a l  DM) l e v e l s  found i n  12 e l k  f e c a l  c o l l e c t i o n s  and 3 deer  
c o l l e c t i o n s  f o r  var ious  da t e s  and l o c a t i o n s  a r e  shown i n  Fig. 2. Elk DAPA 
l e v e l s  ranged from lows of 0.24 through 0.27 i n  win ter  t o  a high of 0.99 i n  
l a t e  June. The 3 deer  f e c a l  c o l l e c t i o n s  (Fig. 2A) from Okanogan County, 
Washington, show what probably r ep re sen t s  t h e  l a s t  of s e v e r a l  months of s teady  
d i e t  q u a l i t y  dec l ine ,  followed by s i g n i f i c a n t  improvement a s  e a r l y  green 
herbage became a v a i l a b l e  i n  March. The 6 e l k  f e c a l  samples (Fig. 2B) 
c o l l e c t e d  by Idaho Fish  and Game personnel  from 2 win ter ing  a reas  near  Coeur 
d'Alene, Idaho, show t h e  same l a t e  w in te r  t rend .  DAPA content d i f f e r ences  
between t h e  deer  and e l k  samples suggest  d i f f e r ences  i n  rumen populat ion 
composition. Deer rumen communities apparent ly  have h ighe r  proport ions of 
DAPA-producing bac t e r i a .  Elk, with t h e i r  slower r a t e  of food passage from t h e  
rumen, may have h ighe r  protozoan popula t ions  than  deer  (Nelson and Leege 
1982). DAPA has  not been found i n  protozoans. A January 1982 e l k  sample from 
t h i s  same genera l  a r e a  i n  Idaho contained l e s s  DAPA (Fig. 2C) than  t h e  
comparable 1981 sample, though t h e  s i g n i f i c a n c e  of t h i s  i s  subjec t  t o  
quest  ion.  

Best comparison of DAPA content of a l l  feces  among da tes  f o r  1 herd i s  
shown i n  Fig. 2D. Samples were c o l l e c t e d  on 4 d a t e s ,  June-September, 1981, on 
and ad jacent  t o  a ca lv ing  ground at 1524 m (5000 f t )  e leva t ion .  The a r e a  i s  
loca t ed  on t h e  Colockum Wi ld l i f e  Habi ta t  Management Area (Game ~ e p t . )  near  
Wenatchee, WA. Elk moved i n t o  t h e  a r e a  before  it was snow-free i n  l a t e  May 
and remained throughout t h e  summer. Feca l  DAPA l e v e l s  dropped from 0.99 mg/g 
f e c a l  DM on June 24 t o  0.56 mg/g on August 18, r e f l e c t i n g  a s teady  
d e t e r i o r a t i o n  i n  forage  q u a l i t y  a s  t h e  summer progressed. Limited range 
greenup occurred i n  e a r l y  September, fol lowing unusual ly e a r l y  r a i n f a l l  i n  
l a t e  August. The period from August 20 t o  September 1 received nea r ly  1.02 cm 
(0.4 i n )  p r e c i p i t a t i o n ,  and it was cloudy most of t h a t  time. Elk d i e t  q u a l i t y  
ev iden t ly  improved by September 12, as a r e s u l t  of t h i s  greenup, a s  i n d i c a t e d  
by a s i g n i f i c a n t  i nc rease  i n  f e c a l  DAPA on September 12. This herd was not 
sampled aga in  u n t i l  January 9 ,  1982, on win ter  range. Usually win ters  i n  t h i s  
a r e a  of Washington a r e  r e l a t i v e l y  open and mild, but t h e  1981-82 winter  was 
seve re ly  co ld ,  with deep snows covering herbaceous forage  through January. 
Diet a t  t h i s  t i m e  was l a r g e l y  browse, with about 20% rye  s tubb le  from a nearby 
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w i l d l i f e  p lan t ing .  Diet q u a l i t y ,  a s  evidenced by f e c a l  DAPA, was probably not 
s i g n i f i c a n t l y  lower t han  t h a t  f o r  Idaho (Fig. 2C). 

Although t h e s e  p r o f i l e s  a r e  not complete, c e r t a i n  assumptions can be made 
from them. F i r s t ,  deer  f e c a l  DAPA l e v e l s  (probably a  mixture of both white- 
t a i l e d  and mule deer  i n  our sample) a r e  h ighe r  t han  those  f o r  e lk ,  a t  l e a s t  i n  
win te r .  I f  DAPA p r o f i l e s  become a p r a c t i c a l  b a s i s  f o r  comparing n u t r i t i o n a l  
h e a l t h  of b ig  game he rds ,  s e p a r a t e  p r o f i l e  s t anda rds  w i l l  be needed f o r  each 
spec i e s .  Secondly, f e c a l  DAPA l e v e l s  range from about 0.2 t o  over 1.0 mg/g 
f e c a l  DM f o r  e lk .  Assuming adequate  herd  f e c a l  samples a r e  co l l ec t ed ,  i ts  
f e c a l  DAPA can be es t imated  t o  t h e  nea re s t  0.01 mg/g, us ing  our methods. This  
provides  an index system with over 80 s i g n i f i c a n t  u n i t s .  With improved DAPA 
a n a l y s i s  methods, s i g n i f i c a n t  index u n i t s  i n  t h e  system could be increased .  
And, t h i r d l y ,  t h e r e  i s  an annual  cyc l e  i n  f e c a l  DAPA l e v e l s  which, i f  compared 
among yea r s  with herd  v i t a l  s i g n s  ( n a t a l i t y ,  m o r t a l i t y ,  e t c . ,  ), could provide 
i n s i g h t  i n t o  herd  performance. 

F igure  3 shows es t imated  e l k  DE f o r  4 summers (1973-1976) on t h e  Colockum 
W i l d l i f e  Habi ta t  Management Area. These e s t ima te s  were obtained us ing  i n  
v i t r o  d i g e s t i o n  t reatment  ( T i l l e y  and Terry 1963) of forage  samples which we= 
mixed i n  propor t ion  t o  d i e t  composition. Diet composition was est imated by 
f e c a l  a n a l y s i s  (Davi t t  1979), and forage  samples were c o l l e c t e d  wi th in  a  few 
days p r i o r  t o  d i e t  f e c a l  sample c o l l e c t i o n s .  DE was determined by comparing 
g ros s  energy of t h e  app rop r i a t e  undigested and d iges t ed  d i e t  forage mixtures.  

Elk d i e t  DE, es t imated  (equa t ion  1) from f e c a l  DAPA samples from t h e  
Colockum a r e a  f o r  1981, are cons i s t en t  with t h e  1972-1976 e s t ima te s  
(Fig.  3).  We make t h i s  comparison, not n e c e s s a r i l y  i n  support of using t h e  
sheep-derived equa t ion  f o r  e s t ima t ing  e l k  DE (however f e a s i b l e  t ha t  may be) ,  
but a s  a  demonstration of a p p l i c a b i l i t y  of us ing  an e l k  der ived equat ion f o r  
e s t ima t ing  e l k  d i e t  DE from e l k  f e c a l  DAPA. It appears  l i k e l y  t h a t ,  once such 
equa t ions  a r e  a v a i l a b l e ,  l a r g e  he rb ivo re  d i e t  DE could be est imated f o r  
management purposes,  a t  l e a s t ,  j u s t  a s  e f f e c t i v e l y  and with considerably l e s s  
cos t  t h a n  with t h e  e s t a b l i s h e d  method. Based on 1982 d o l l a r s ,  l abora tory  cos t  
f o r  each 1973-1976 DE value was about $150. DAPA a n a l y s i s  c o s t s  about $15 per 
sample. 

CONCLUSIONS 

Feca l  DAPA l e v e l  appears  t o  be c l o s e l y  r e l a t e d  t o  t h e  d i g e s t i b l e  energy 
l e v e l  of t h e  ruminant d i e t .  This ,  p lus  i t s  r e l a t i v e  low c o s t ,  promises t o  
make f e c a l  DAPA a n a l y s i s  a  cos t  e f f e c t i v e  a l t e r n a t i v e  t o  o the r  f i e l d  methods 
f o r  eva lua t ing  l a r g e  he rb ivo re  d i e t  q u a l i t y  and es t imat ing  ca r ry ing  
capac i ty .  Regardless  of accuracy,  herd  d i e t  DE by any method would have only 
t e n t  a t  i v e  a p p l i c a t i o n  i n  management u n t i l  DE s t anda rds  a r e  developed. 

More immediate and d i r e c t  a p p l i c a t i o n  of f e c a l  DAPA a n a l y s i s  i n  l a r g e  
wi ld  he rb ivo re  management could be pos s ib l e  i f  f e c a l  DAPA s tandards  were 
developed f o r  each animal spec i e s ,  based on f e c a l  DAPA p r o f i l e s  from obviously 
h e a l t h y  herds .  These s tandard  p r o f i l e s  could be developed by t h e  management 
agency involved,  a lone  o r  i n  coopera t ion  with another  research  group with DAPA 
a n a l y s i s  c a p a b i l i t i e s .  Because of probable r e g i o n a l  d i f f e r ences  among he rds  
of t h e  same spec i e s  i n  energy expendi tures  a s soc i a t ed  with homeothermy 
m i n t  enance i n  win te r  and, perhaps,  migrat ion,  r eg iona l  s tandards  would l i k e l y  
be needed. For example, most Washington e l k  and deer  herds  would be expected 
t o  have lower d a i l y  energy expendi ture  i n  win te r  than  ( say)  Montana o r  Wyoming 
he rds .  
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F i g u r e  3.--Comparison o f  summer d i e t  d i g e s t i b l e  energy (DE) 
es t ima tes  (A) f rom 1981 f eca l  DAPA samples w i t h  
DE es t ima tes  f rom i n  v i t r o  d i ges ted  d i e t  m i x t u r e s  -- 
determined by f eca l  a n a l y s i s  



Other management problems would a l s o  be approached using f e c a l  DAPA 
data .  S o c i a l  i n t e r a c t i o n  between c a t t l e  and e l k  i s  d i f f i c u l t  t o  quan t i fy  i n  
terms of impact of one animal s p e c i e s  on t h e  well-being of t h e  o the r  (Nelson 
1982). Elk f e c a l  DAPA l e v e l s  could be compared before  and a f t e r  e l k  leave  an  
a r e a  i n t o  which cattle have been re leased .  Feca l  DAPA might be s u b s t i t u t e d  
f o r  animal weight o r  d e l t a  (Nelson 1982) i n  v a l i d a t i n g  formulary models of 
e x p l o i t a t i o n  (competi t ion f o r  food),  

LITERATURE CITED 

Cheaturn, E. L. 1949. Bone marrow a s  an index of malnut r i t ion .  N.Y. St.  
Cons. 3:19-22. 

Church, D. C. 1979. Diges t ive  physiology and n u t r i t i o n  of ruminants. Vol. 2- 
-Nut r i t ion .  Exford Press ,  Port land.  452pp. 

Connolly, G. E. 1981. Limit ing f a c t o r s  and populat ion regula t ion .  Pages 
245-285. i n  0. C. Wallmo, ed. Mule and b lack- ta i led  deer  of North 
America. U ~ V .  Nebr. Press ,  Lincoln. 

Czerkawski, J. W. 1974. Methods f o r  determining 2,6-diaminopinelic a c i d  
and 4 -amino e t h y l  phosphonic a c i d  i n  gut contents .  J. Sci ,  Food Agr. 
25:45. 

D a v i t t ,  B. B. 1979, Elk summer d i e t  composition and q u a l i t y  on t h e  Colockum 
Mul t ip l e  Use Research Unit ,  c e n t r a l  Washington. Unpubl. MS Thesis .  
Washing  on St .  Univ., Pullman. 127pp. 

Gates,  C. C. and R. J. Hudson. 1979. Weight dynamics of free-ranging e lk .  
Univ. Alber ta  Agri. For. Bull. 58:80-82. 

Gibbs, H. D. 1978. N u t r i t i v e  q u a l i t y  of mule deer  foods,  Picean Basin,  
Colorado. Ph .D. Thesis.  Colorado St .  Univ., Fort  Col l ins .  178pp. 

Greet, K. R. 1968. A compression method i n d i c a t e s  f a t  content of e l k  
( w a p i t i )  femur marrows. J. Wildl.  Manage. 32:747-751. 

Hobbs, N. T. 1979. Winter d i e t  q u a l i t y  and n u t r i t i o n  s t a t u s  of e l k  i n  t h e  
upper Montana zone, Colorado. Ph.D. Thesis.  Colorado St.  Univ., Fort  
Co l l i n s .  131pp. 
, D. L. Baker, J. E. E l l i s ,  and D. M. Swift .  1981. Composition and 

q u a l i t y  of e l k  win te r  d i e t s  i n  Colorado. J. Wildl. Manage. 45:156-171. 
Hogan, J. P. and R. H. Weston. 1970. Quan t i t a t i ve  a spec t s  of microbial 

p r o t e i n  synthes i s .  Pages 474-483. i n  A. T. Ph i l l i p son ,  ed. Physiology 
of d i g e s t i o n  and metabolism i n  t h e  mXnant. O r i e l  Press .  

Hutton, K., F. J. Bai ley ,  and E. F. Annison. 1971. Measurement of t h e  
b a c t e r i a l  n i t rogen  e n t e r i n g  t h e  duodenum of t h e  ruminant us ing  
diaminopimelic a c i d  a s  a marker. B r i t .  J. Nutr. 25:165. 

Lindsay, J. R. and J. P. Hogan. 1972. Diges t ion  of two legumes and rumen 
b a c t e r i a l  growth i n  defaunated sheep. Austr.  J. Agr. Res. 23:321. 

Mansfield,  T. M., G. E. Connolly, and W. M. Longhurst. 1975. Condition of 
black-t  a i l e d  deer  fawns from oak woodland and chapa r r a l  h a b i t a t  types.  
Cal-Neva. Wildl. Trans. 1975:l-12. 

McArthur, M. B. 1977. Seasonal e l k  food h a b i t s  and d i e t  q u a l i t y  of t h e  
Colockum e l k  he rd  i n  c e n t r a l  Washington. Unpubl. MS Thesis.  Washington 
St  Univ., Pullman. 88pp. 

McReynolds, S. J. 1977. Seasonal e l k  food h a b i t s  and d i e t  q u a l i t y  i n  c e n t r a l  
Washington. Unpubl. MS Thesis .  Washington St .  Univ., Pullman. 79pp 

Medin, D. E. 1970. Stomach content  ana lys i s :  c o l l e c t i o n s  from wild 
he rb ivo re s  and b i rd s .  USDA Misc. Pub. 1145:133-145. 



a Moen, A. N. 1973. Wi ld l i f e  ecology. W. H. Freeman and Co., San Francisco. 
458pp. 

Mould, E. D. and C. T. Robbins. 1981. Nitrogen metabolism i n  elk.  J. Wildl. 
Manage. 45:323-334. 

Nelson, J. R. 1982. Rela t ionships  of e l k  and o t h e r  l a r g e  herbivores .  Chapt . 
10. i n  J. W. Thomas, ed. Elk of North America. Stackpole Co., 
~a r r i sbur~ .  ( I n  Press ) .  

and T. A. Leege. 1982. N u t r i t i o n a l  requirements,  food h a b i t s ,  and d i e t  
q u a l i t y  of e lk.  - i n  J. W. Thomas, ed. Elk of North America. Stackpole 
Co., Harrisburg. ( I n  Press) .  

NRC. 1975. Nutr ient  requirements of sheep. N a t .  Acad. Sci., N a t .  Res. 
Couns., Washington, D.C. 

Ransom, A. B. 1965. Kidney and marrow f a t  as i n d i c a t o r s  of white- tai led deer  
condi t ion .  J. Wildl. Manage. 29:397-398. 

Rice, R. W. 1970. Stomach content ana lys i s :  a comparison of t h e  rumen vs. 
esophageal techniques.  USDA Misc. Pub. 1147:127-132. 

Riney, T. 1955. Evaluat ing condi t ion  of free-ranging red deer  (Cervus 
e laphus) ,  with s p e c i a l  re ference  t o  New Zealand. New Zeal. J. Sci.  and 
Technol. 36 : 429-463. 

Robbins, C. T., Y. Cohen, and B. B. Davi t t .  1979. Energy expenditure by e l k  
ca lves .  J. Wildl. Manage. 43:445-453. 

, R. S. Podbielancik-Norman, D. L. Wilson, and E. D. Mould. 1981. 
Growth and n u t r i e n t  consumption of e l k  ca lves  compared t o  o ther  ungulate  
spec ies .  J. Wildl. Manage. 45:172-186. 

Robinet te ,  W. L., N. V. Hancock, and D. A. Jones.  1977. The Oak Creek mule 
dee r  herd i n  Utah. Utah Div. Wildl. Res. Publ. 77-15. 148pp. 

Schommer, T. J. 1978. Seasonal i n  v i t r o  d i g e s t i o n  c o e f f i c i e n t s  f o r  energy 
and p r o t e i n  of c e n t r a l  Washington e l k  d i e t s .  Unpubl. MS Thesis.  
Washington St .  Univ., Pullman. 57pp. 

Swain, T. 1965. The tannins.  Pages 552-580. J. Bonner and J. 
Varner, eds. Plant  biochemistry.  Academic P res s ,  New Pork. 

T i l l e y ,  J. M. A. and R. A. Terry. 1963. A two-stage technique f o r  t h e  
v i t r o  d iges t ion  of forage  crops.  J. B r i t .  Grassl.  Soc. 18:106-111. 

Wallmo, 0. C., R. B. G i l l ,  L. H. Carpenter,  and DO W. Reichert .  1973. 
Accuracy of f i e l d  es t imates  of deer  food hab i t s .  J. Wildl* Manage* 
37:446-462. 

Ward, A. L. 1970. Stomach content and f e c a l  ana lys i s :  methods of forage  
i d e n t i f i c a t i o n .  USDA Misc. Pub. 1147:133-145. 

Weller , R. A. 1969. Rates of fermentat ion i n  sheep grazing pas tures  . B r i t  . 
J. Nutr. 21:97. 


	Cover Page
	Proceedings of the Western States Elk Workshop
	Preface
	Table of Contents
	Attendance Register
	Provincial, Reservation and State Status Reports
	Elk Status in British Columbia
	Elk Status in Arizona
	The Status of Elk in California
	Colorado Status Report
	Elk Status and Management in Idaho
	Michigan Elk Herd
	Montana Status Report
	Elk Management in New Mexico
	Oregon Status Report
	Elk Status and Management on Uintah and Ouray Indian Reservation, Utah
	Elk Status in Utah
	Wyoming Status Report

	Technical Session
	The Biopolitics and Management of California Tule Elk 1982
	Habitat Utilization and Acclimation of Introduced Tule Elk (Cervus elaphus nannodes) in the Central Diablo Range of California
	Coordinating Land Management Activities for Elk Habitat Maintenance on the Sitgreaves National Forest

	Appendix I - Habitat Guidelines for Coordinating Timber Management with Elk Habitat on the Lakeside Ranger District, Sitgreaves National Forest
	Guidelines for Elk Habitat Management
	Debris and Downed Woody Material Guidelines for Treatment on Elk Range
	Reparian Zone Treatments Guidelines for Treatment on Elk Range
	A Habitat Analysis of Spring-Summer Elk Range on the Apache-Sitgreaves National Forest, Arizona 
	Development of Elk and Deer Management Objectives in Oregon
	Multiple Elk Tag System and its Effect on Elk Hunting Pressure and Success in Washington State
	Analysis of Bull Only Hunting in the Lochsa River Drainage, Idaho
	Some Effects of Forest Management on Elk Hunting Opportunity
	Interpretation of Posthunt Sex Ratios in Wyoming Elk Herds
	Forage Allocation for Elk and Cattle
	Elk Habitat Use in Rocky Mountain National Park, Colorado
	Identification and Description of Northeast Oregon Elk Habitat Through Radio Telemetry and Mapping by Earth Resources Satellite
	Big Game Habitat Management on a Nutritional Basis--A New Approach




