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SIM U LA TIO N  M O D ELIN G  O F BIG  GAM E A T 

W ICHITA M OUNTAINS W IL D L IF E  R E F U G E

C e rta in  a s p e c t s  o f the popu lation  eco lo gy  of h e rd s  o f b iso n  

(B iso n  b iso n ), e lk  (C e rv u s c a n a d e n s is ) , w h ite -ta ile d  d eer 

(O doco ileu s v irg in ia n u s), and T e x a s  longhorn  ca tt le  (B o s tau ru s) 

inhabiting the W ichita M ountains W ildlife R efu ge in  so u th w estern  

O klahom a w ere  in v e stig a te d  by an aly z in g  d ata  contain ed  in e x is t in g  

re fu ge  r e p o r ts  and re la te d  d o cu m en ts. The in fo rm atio n  obtained  w as 

su b seq u en tly  u se d  in v alid ation  s tu d ie s  fo r  a s im u la tio n  m od el 

(P r o g r a m  O N EPO P) d esign ed  to m im ic  the d y n am ics of b ig  gam e 

g ra z in g  s y s te m s .

The fa c to r s  w hich in fluen ced  population  s i z e s  m o st  in  the fou r 

p opu lation s w ere  h a r v e s t  ra te  of the p re v io u s  y e a r  and rep ro d u c tiv e  

r a te . In a l l  fo u r p opu lation s, n a tu ra l m o r ta lity  r a te s  tended to be 

d en sity  independent w h e re a s  re p ro d u c tiv e  r a te s  w ere  d en sity  d ep en -

dent. E c o lo g ic a l  fa c to r s  w hich in flu en ced  h erd  re p ro d u c tiv e  r a te s  

w e re  p re c ip ita t io n  am ount and food su p p ly . The am ount of p r e c ip i t a -

tion re c e iv e d  durin g  A ugust and S e p te m b e r , im m e d ia te ly  p r io r  to and 

durin g the b reed in g  p erio d , m ay  h ave h ad  g r e a t e r  in fluence on r e -

p ro d u ctiv e  r a te s  than to tal annual p re c ip ita t io n . In ciden ce of
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p regn an cy  am ong y e a r lin g  fe m a le s  w as e sp e c ia l ly  h igh  during y e a r s  

of a b o v e -a v e ra g e  p re c ip ita t io n . T h ere  w as a ls o  ev id en ce  that l a c t a -

tion  s ta tu s  a ffe c te d  re p ro d u c tiv e  r a te s  in e lk . In g e n e ra l, th ere  w as 

an  in v e rse  re la tio n  betw een  lac ta tio n  and p regn an cy  am ong W ichita elk.

C om puter s im u la tio n s  w ith P r o g r a m  O N EPO P c lo se ly  m im ick ed  

re p o rte d  v a lu e s  fo r  population  s iz e  and tren d , re p ro d u c tiv e  p a r a m e -

t e r s ,  h a rv e s t , and s e x  and age  s t r u c tu r e s  in  the b iso n  and longhorn  

ca tt le  p o p u la tio n s. S im u la ted  population  s i z e s  fo r  elk , h ow ever, w e re  

su b sta n tia lly  h igh er than c o rre sp o n d in g  re p o rte d  v a lu e s  and led  to the 

con clu sion  that the W ichita e lk  population  had  been  u n d e re stim a te d  

fo r  s e v e r a l  y e a r s .  D em o grap h ic  d a ta  fo r  w h ite -ta ile d  d e e r  w e re  too 

poor to ad eq u ate ly  te s t  the m o d e l.

R e su lts  in d ica ted  that P r o g r a m  O N EPO P s im u la te d  b ig  gam e 

popu lation  d y n am ics with a  high d e g re e  o f p r e c is io n  and r e a l i s m .

The m o d e l contained  the b a s ic  p a r a m e te r s  w hich  p ro d u ced  popu lation  

ch an ges o v er  tim e and w as c o n sis te n t  with popu lation  co n tro llin g  

m e c h a n ism s . The m o d e l a p p e a re d  to h ave the c a p a b ility  of g e n e r -

atin g  in fo rm atio n  u se fu l in h e rd  m an agem en t.

G ary  L . W illiam s 
F is h e r y  and W ild life  B io lo gy  

D ep artm en t
C o lo rad o  S ta te  U n iv e rsity  
F o r t  C o llin s , C o lo rad o  8052 3 
S u m m e r, 1977
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A C K N O W L E D G M E N T S

G rad u ate  studen ts in the p r o c e s s  of b ecom in g  p r o fe s s io n a ls  

m u st  re ly  h eav ily  upon the ad v ice  and gu idance o f m an y  in d iv id u a ls . 

My g rad u ate  p ro g ra m  h a s  been  no d iffe re n t. N u m erou s p e r so n s  have 

contribu ted , e ith er d ire c t ly  o r  in d ire c tly , to the r e s e a r c h  d is c u s s e d  

in the follow ing p a g e s . U nfortunately  only a  few  can  re c e iv e  r e c o g -

n ition  h e re .

The in d iv idu al m o s t  re sp o n s ib le  fo r  the r e s e a r c h . D r. J a c k  E . 

G r o s s ,  s e rv e d  a s  m y  m a jo r  a d v iso r  throughout the stu dy . He co n -

ce iv ed  the study, guided the d e s ig n  of the co m p u ter p r o g r a m  u se d  in 

the study  and a id ed  m e  in m an y  o th er w ay s . The m an y  h o u rs spen t 

with h im  d is c u s s in g  sc ie n t if ic  ph ilosoph y  have m ad e  m e a  b e tte r  

s c ie n t is t .  O thers se rv in g  on m y  g rad u a te  co m m ittee  w ere  D r s .

D ale A . H ein, B ru c e  A . W under, P e r r y  J .  B row n and R o s s  S . 

W haley. I a m  g ra te fu l to them  fo r  th e ir  re v ie w s of the m a n u sc r ip t  

and h elp  in o th er w ay s . E ach  gave  g e n e ro u sly  of h is  t im e .

L . M ich ae l S tep h en s, fo r m e r  g rad u a te  student, i s  to be r e -

cogn ized  fo r  h is e ffo r ts  during the e a r ly  p h a se s  of the W ichita study . 

M ike spent m an y  ard u o u s h o u rs se a rc h in g  through and m ak in g  co p ie s  

of re fu ge  r e p o r t s .  Two fellow  g rad u a te  stu d en ts, J a m e s  E . R o e lle  

and John M. B artholow , have m ad e  co n tribu tion s too n u m ero u s to 

m ention .
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B e tte r  co o p era tio n  could not have been  hoped fo r  than that e x -

tended to m e by s ta f f  p e rso n n e l a t  the W ichita M ountains W ildlife 

R efu ge . Ju lia n  H ow ard, R o g e r  Jo h n son , Eu gen e B a rtn ic k i and 

John  V enegoni w ere  a lw ay s a v a ila b le  when a s s i s t a n c e  w as n eed ed .

On s e v e r a l  o c c a s io n s , M r. B a r tn ic k i in te rru p ted  h is  sch ed u le  to 

lo c a te  ad d ition al r e c o r d s  and in fo rm atio n . It w as indeed  a  p le a su r e  

to w ork  with th e se  in d iv id u a ls .

D r s . W illiam  J .  M cC onnell, E r ic  P . B e r g e r so n , F r e d  A. 

G lo v er, and R o b ert G. S t r e e te r  have a l l  shown a s in c e r e  in te r e s t  in 

the p r o je c t  and h ave o ffe re d  m any c o n stru c tiv e  su g g e s t io n s . T h e ir  

com m en ts and su g g e st io n s  w ere  deep ly  a p p re c ia te d .

Although I have re c e iv e d  h elp  fro m  n u m ero u s p e r so n s  th rou gh -

out the c o u rse  of th is study, none h a s  been  m o re  su p p o rtiv e  and 

d e se rv in g  of reco gn itio n  than m y w ife, K aty . She h a s  been  a  constan t 

so u rc e  o f en cou ragem en t and su p p o rt throughout th e se  d ifficu lt y e a r s  

of g rad u ate  w ork, se rv in g  at v a r io u s  t im e s  a s  s e c r e ta r y ,  c r i t ic  and 

m o r a le  b o o s te r . The debt of g ra titu d e  I owe h e r  w ill n ev e r  be fu lly  

re p a id . I would a ls o  like  to thank m y p a re n ts , M r. and M r s . L e ro y  

W illiam s, fo r  th e ir  su p p o rt and en cou ragem en t to p u rsu e  h igh er 

education .

F in a lly , I g ra te fu lly  acknow ledge the fin a n c ia l su p p ort g iv en  m e 

by the U. S . F is h  and W ildlife S e r v ic e , D iv is io n s of F e d e r a l  A id  and 

R e fu g e s . T h is  su p p ort w as m ad e  a v a ila b le  through the C o lo rad o
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C o o p era tiv e  W ildlife R e se a r c h  Unit and its  o th er c o o p e r a to r s , the 

C o lo rad o  D iv isio n  of W ild life , the W ildlife M an agem en t In stitu te , and 

the D ep artm en t of F is h e r y  and W ildlife B io lo gy , C o lo rad o  S ta te  

U n iv e rsity .
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IN T R O D U C T IO N

W ildlife m an agem en t a s  a  p r o fe s s io n  h a s  gone through at le a s t  

two im p o rtan t p h a se s  durin g  the c o u rse  of it s  d evelopm en t, H ickey  

(1974) d e sc r ib e d  an " a w a r e n e s s  p h a se "  which o c c u rre d  in the United 

S ta te s  during the la te  1 8 0 0 's . It w as during th is e r a  that n a tu r a l is t s  

vo iced  co n cern  about sp e c ie s  red u ctio n s, o v e r-e x p lo ita tio n  and h ab ita t 

d e stru c tio n . T h e ir  ac tio n s c re a te d  a la r m  am ong the c itiz e n ry  and 

even tu ally  gave  r i s e  to the w ild life  co n se rv a tio n  m ovem ent in the 

United S ta te s .

D uring the 1 9 3 0 's , A ldo Leopo ld  in troduced  what m igh t be 

te rm e d  the " s c ie n t i f ic  p h a se "  of w ild life  m an agem en t. He e s t a b -

lish e d  the concept that h ab itat conditions a r e  the b a s i s  fo r  e ffec tiv e  

gam e m an agem en t. T h us, L e o p o ld 's  w ork  (19 33) ca lle d  atten tion  to 

the need fo r  co n sid e rin g  h ab ita t and population  com ponents not a s  

in d iv idu al e n titie s  but a s  e lem en ts  of an  in te ra c tiv e  sy s te m . Leop o ld  

a ls o  defined the g o a l of su sta in e d  annual y ie ld  tow ard s which the 

sy s te m  should w ork. To the extent d is c u s s e d  above, L e o p o ld 's  id e a s  

re p re se n te d  a " s y s t e m s "  ap p ro ac h  (C h urch m an  1968) to w ild life  

m an agem en t.

It se e m s  lik e ly  that w ild life  m an agem en t would ben efit by b e -

com ing m ove sy s te m s  o rien ta ted  in the fu tu re . B a s ic a l ly  the b en e fits  

w hich would a c c ru e  to w ild life  m an agem en t fro m  adopting the sy s te m s



ap p ro ac h  fa l l  into two b ro ad  c a te g o r ie s .  F i r s t  the developm ent of 

co m p u ter m o d e ls , a fiin dam en tal a id  in the ap p lica tio n  of the sy s te m s  

ap p ro ach , could a s s i s t  in  the advan cem en t of know ledge by guiding 

f ie ld  ex p erim en tatio n  in a m ethod R ollin g  ( I 966) r e fe r r e d  to a s  e x -

p e r im e n ta l com ponents a n a ly s is .

A sid e  fro m  p rov id in g  d ire c tio n  fo r  f ie ld  s tu d ie s , com p u ter 

m o d e ls , once developed  and te sted , could m ake eq u a lly  im portan t 

con tribu tion s to the d e c is io n -m ak in g  a s p e c t s  of w ild life  m an agem en t. 

C om puter m o d e ls  could be u se d  to p lay  "w h at if"  g a m e s  to te s t  a l t e r -

n ativ e  m an agem en t s t r a t e g ie s  and e lu c id ate  th e ir  m o st-p ro b a b le  

co n seq u en ces w ithout lengthy d e lay s  o r  d am age  to the fie ld  r e s o u r c e . 

F r o m  such  a van tage point, the d e c is io n -m a k e r  m igh t be m o re  

p ro fic ie n t in d esign in g  m an agem en t p r o g r a m s  b e s t  su ited  to the 

m y riad  b io lo g ic a l, p o lit ic a l  and s o c ia l  c o n stra in ts  un der w hich he 

m u st  function.

P u rsu an t to th ese  b e lie fs , a  r e s e a r c h  p r o je c t  (o f w hich the 

c u rre n t study w as a p art) w as u n d ertaken  w hose b a s ic  o b jec tiv e  w as 

the developm ent of a s im u la tio n  m od el w hich could be u se d  by 

d e c is io n -m a k e r s  involved with big gam e r e s o u r c e s .  D evelopm ent of 

the m od el p re c e d e d  the un dertak in g  of the p re se n t  study  and ben efited  

fro m  the input of in d iv id u als fro m  both a c a d e m ic  and a p p lie d - 

m an agem en t c o n c e rn s .



To ach iev e  m ax im u m  fle x ib ility  and u tility , the m od el w as 

d evelop ed  aroun d  e x p lic it  g u id e lin e s . F o r  ex am p le , to p ro v id e  the 

b r o a d e s t  p o s s ib le  u se , the m od el w as developed  w ithout re fe re n c e  to 

any p a r t ic u la r  se t  of data , g eo g rap h ic  lo c a le  o r sp e c ie s  of b ig  g am e . 

The cap ab ility  of the m od el to c lo se ly  d u p licate  the r e a l  w orld  w as 

a s s u r e d  by d esign in g  a dynam ic, d e te rm in is t ic  p ro g ra m  which would 

m im ic  e s s e n t ia l  in te rac tio n s betw een population  and h ab itat co m p o -

n en ts . The s tru c tu re  and function of the com p u ter m od el (P r o g r a m  

O N EPO P) i s  rev iew ed  in the M ETH O D S sec tio n  of th is p ap e r  and w as 

d is c u s s e d  in d e ta il by G r o s s  et a l .  (1973).

The P ro b le m

Once a  m od el h as been  fo rm u la ted , its  ab ility  to rep ro d u ce  the 

c h a r a c te r is t ic s  and b eh av io r  of the re a l-w o r ld  sy s te m  m u st be te ste d . 

A m od el can  be u se fu l only to the extent that it enh an ces our ab ility  

to r e p r e se n t  re a lity . T h e re fo re , a c r i t ic a l  step  in the developm ent 

of any m odel i s  m e a su r in g  the m o d e l's  ab ility  to re p lic a te  the p e r -

fo rm an ce  of its  re a l-w o r ld  co u n terp art w ithin ac c e p ta b le  l im it s .  

T e stin g  the m odel fo r  go o d n ess of fit  with the re a l-w o r ld  sy s te m  is  

often  r e fe r r e d  to a s  "m o d e l v a lid a tio n " (L e e  197 3) and it i s  in  th is 

r e sp e c t  that the fin d in gs p re se n te d  h ere in  re la te  to the o v e r a ll  

r e s e a r c h  p r o je c t  m entioned ab o v e .



The p re se n t  study re p re se n te d  one of th ree  s im i la r  s tu d ie s  

conducted on n atio n al w ild life  re fu g e s  in the w e ste rn  United S ta te s  

u n d ertaken  to f ie ld  te s t  o r  v a lid a te  P r o g r a m  O N EPO P. The sp e c if ic  

a ss ig n m e n t w as to: (1) in v e st ig a te  the popu lation  b io logy  o f fou r b ig  

g am e p o pu latio n s inhabiting the W ichita M ountains W ildlife R efu ge , 

(2) d e term in e  the extent to w hich P r o g r a m  O N EPO P m im ick ed  the 

e s s e n t ia l  in te rac tio n s  betw een those  p opu lation s and th e ir  h ab ita t 

com ponents and, (3) d e term in e  P r o g r a m  O N E P O P 's co m p atib ility  

with population  co n tro llin g  m e c h a n ism s o p era tin g  w ithin the p o p u la -

tions .

A p p roach  to the P ro b le m

By defin ition , v a lid atio n  d e a ls  with a sc e r ta in in g  a  m o d e l's  

ab ility  to rep ro d u ce  the re a l-w o r ld  sy s te m . But that ta sk  i s  c o m p li-

cated  by a t  le a s t  two im p o rtan t f a c t s .  F i r s t ,  th ere  a r e  few  r e a l-  

w orld  sy s te m s  about which we have p e r fe c t  in fo rm atio n . T h is i s  

e sp e c ia l ly  tru e  of b ig  gam e g ra z in g  sy s te m s  w here we m ay  have v ery  

good in fo rm atio n  about so m e  sy s te m  p a r a m e te r s  a s  annual h a r v e s t  or 

rep ro d u ctiv e  r a te s  but la c k  in fo rm atio n  about o th er sy s te m  p a r a m e -

t e r s  a s  population  d en sity  o r n a tu ra l m o r ta lity . T h us, even  if  the 

m o d e l w ere  an e x ac t d u p licate  of the re a l-w o r ld  sy s te m , we could 

se ld o m  d e m o n stra te  that fa c t  b e c a u se  of re a l-w o r ld  data l im ita t io n s .



The secon d  im p o rtan t fa c t  w hich c o m p lic a te s  the ta sk  of m odel 

v a lid atio n  i s  that m o d e ls  o b v iou sly  can  n ev er  d u p licate  the r e a l-  

w orld  sy s te m  in e v e ry  r e sp e c t .  M odels a r e  s im p lif ie d  and g e n e r a l-

ize d  sta te m e n ts  of what se e m  to be the m o st  im p o rtan t c h a r a c te r is t ic s  

o f the re a l-w o r ld  sy s te m  (L e e  1973). It i s  th e re fo re  im p o ss ib le  fo r  

a  m od el to e x ac tly  m im ic  the re a l-w o r ld  sy s te m  a s  a  con seq u en ce  of 

i t s  s im p lif ie d  fo rm u la tio n .

T h ese  two p r o p e r t ie s  of re a l-w o r ld  d ata  b a s e s  and m od el 

s tru c tu re  m ake the ta sk  of m od el v alid ation  e x tre m e ly  d iffic u lt . In 

fa c t , so m e au th o rs ( F o r r e s t e r  1961; L e e  1973) have su g g e ste d  that a 

m od el can  n ev e r  be "p ro v e d , "  a t  le a s t  in the r ig o ro u s  m ath e m atic a l 

s e n s e . It m ay  be that the only r e a l i s t i c  w ay o f showing a m odel to be 

v a lid  i s  to co m p are  it with a lte rn a tiv e  w ays of re p re se n tin g  the 

sy s te m . If the m odel a llo w s u s  to b e tte r  u n d erstan d  sy s te m  c o m -

p lex ity  and d y n am ics than a lte rn a tiv e  re p re se n ta tio n s  do, then we 

should  conclude that the m od el i s  v a lid .

In the ab se n c e  of r ig o ro u s  m eth ods fo r  p ro v in g  the v a lid ity  of 

s im u la tio n  m o d e ls , it b e c o m e s im p o rtan t to have a  g e n e ra l fram e w o rk  

in m ind with which to te st  the m o d e l's  v a lid ity . R o llin g  (1966) h as 

d eveloped  one of the few fra m e w o rk s  fo r  judging the v a lid ity  of s im u -

lation  m o d e ls . H is ap p ro ac h  c o n s is t s  of fo u r v alid ation  c r i t e r ia  - -  

g e n e ra lity , re so lu tio n , p r e c is io n  and r e a l i s m  - -  w hich p ro v id e  a 

co m p a ra tiv e  fram e w o rk  to help  o rg a n iz e  the co m p lex ity  of v a lid a tio n .



The v a lid atio n  c r i t e r ia  of g e n e ra lity  and w h o len ess w ere  not 

e n tire ly  co n siste n t with the o b je c tiv e s  of the W ichita study and th e r e -

fo re  h ave been d e le ted . But P r o g r a m  O N EPO P h as been d is c u s s e d  

in te r m s  of those  two v a lid atio n  c r i t e r ia  by G r o s s  et a l  (1973).

H o llin g 's  v a lid a tio n  c r i t e r ia  of p r e c is io n  and r e a l i s m  w ere  m o st  

c o n sis te n t with the o b je c t iv e s  of the W ichita study . T h e se  c r i t e r ia  

a r e  defined and the techn iques u se d  to a s s e s s  them  in te r m s  of 

P r o g r a m  O N EPO P a r e  d is c u s s e d  in the M ETH O D S se c tio n . In 

g e n e ra l, the p r e c is io n  of P r o g r a m  O N EPO P w as te s te d  through its  

ab ility  to p rod u ce  sim u la te d  v a lu e s  w hich c lo se ly  m atch ed  re p o rte d  

v a lu e s  w h e re a s  the m o d e l's  r e a l i s m  w as ev alu ated  p r im a r i ly  in te r m s  

of its  co m p atib ility  with p o p u la tio n -co n tro llin g  m e c h a n ism s and its  

a s su m e d  re la tio n s  betw een d em ograp h ic  p a r a m e te r s .



D E SC R IP T IO N  O F STU D Y  A R EA

The in fo rm atio n  upon w hich th is study  i s  b a se d  w as g a th ered  on 

the W ichita M ountains W ildlife R efu ge . The n atu re  o f the r e s e a r c h  

re q u ire d  that a  m in im a l am ount of tim e be ac tu a lly  spent on the 

re fu g e  each  y e a r . C on sequently  no a ttem p t w as m ad e  to c o lle c t  

d e sc r ip t iv e  in fo rm atio n  about the a r e a  other than what h a s  been  p r e -

v io u sly  p u b lish ed . The follow ing d e sc r ip t io n  of the a r e a  h a s  been  

su m m a r iz e d  fro m  v a r io u s  w o rk e rs , e sp e c ia l ly  A llre d  (1955), B uck  

(1964), C ro ck e tt  (1964) and H allo ran  (1964).

L o ca tio n  and A d m in istra tiv e  H isto ry

The W ichita M ountains W ildlife R efuge is  a  2 3 8 8 5 -h a  (59020- 

a c re )  ex p an se  lo ca te d  in C om anche County, so u th w estern  O klahom a 

(F ig . 1). It i s  lo ca te d  ap p ro x im ate ly  24 km  (15 m ile s )  n orth w est of 

Law ton, O klahom a and is  contiguous on its  sou th ern  boundary with 

F o r t  S i l l  M ilita ry  R e se rv a t io n . P r iv a te  ran ch es ad jo in  the other 

re fu ge  b o u n d arie s .

The a r e a  p a s s e d  into public  ow n ersh ip  in 1905 when the land, 

fo rm e r ly  p a r t  of the A p ach e-K io w a-C o m an ch e  Indian R e se rv a t io n , 

w as con verted  to a n atio n al gam e p r e s e r v e  by p re s id e n t ia l  ac tio n . 

In itia lly  the a r e a  w as ad m in is te re d  by the U .S .  F o r e s t  S e r v ic e  and 

w as known a s  the W ichita N ation al F o r e s t .  In 1935, a d m in is tra t iv e
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F ig u r e  1. L o ca tio n  of the W ichita M ountains W ildlife R efu ge w ithin the s ta te  of O klahom a,



re sp o n s ib il i ty  w as t r a n s fe r r e d  to the B io lo g ic a l Su rv ey  of the U. S . 

D ep artm en t of A g r ic u ltu re . C u rren tly  the a r e a  i s  ad m in iste re d  by 

the F is h  and W ildlife S e rv ic e  of the U. S . D ep artm en t of In te r io r .

C lim ate

C lim atic  conditions on the re fu ge  a r e  of the continental type 

w ith te m p e ra tu re  e x tre m e s  of -26 C (-16  F) and 45 C (112 F) having 

been  re c o rd e d . In g e n e ra l, w in te rs  a r e  m ild  and dry  w h e re a s  

su m m e rs  tend to be hot and hum id. Ja n u a ry  h a s  the c o ld e st  a v e ra g e  

te m p e ra te  of 4 C (40 F) w h e re a s  Ju ly  and A u gu st a r e  the h o tte st  

m onths with an a v e ra g e  te m p e ra te  of 34 C (94 F ) .

H a llo ran  (1964) re p o rte d  an a v e ra g e  of 7 7 .2  cm  (3 0 .4  in) of 

m o is tu re  annually  betw een 1906 and 1955. Of that total, a p p r o x i-

m a te ly  75 p e rce n t o c c u rre d  a s  r a in fa ll  betw een A p r il  and O ctober. 

M ay is  ty p ica lly  the w ette st  m onth of the y e a r  with an a v e ra g e  r a in fa ll  

of 1 0 .9  cm  (4. 3 in) w hile Ja n u a ry  is  often the d r ie s t  m onth.

B ird s  and M am m als

The o f f ic ia l  sp e c ie s  c h e c k lis t  fo r  the re fu g e  show s m o re  than 

200 sp e c ie s  o f b ird s  and at le a s t  50 s p e c ie s  o f m a m m a ls . A l i s t  of 

the com m on sp e c ie s  i s  g iven  in A ppendix A .
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R ange D e sc r ip tio n

B la ir  and H ubbell (19 38) pointed out that the W ichita M ountains 

B io tic  D is t r ic t  l ie s  w ithin the sou th ern  p a r t  o f the M ixed G r a s s  P la in s  

D is t r ic t ,  A cco rd in g ly , the W ichita ran g e lan d s contain  s h o r t - g r a s s ,  

m ix e d - g r a s s  and t a i l - g r a s s  p r a i r i e s  a s  w ell a s  w oody-plant c o m -

m u n itie s .

G r a s s la n d s

G r a s s la n d s  p r e v a il  o v e r  m o st  of the re fu g e . C ro ck ett (1964) 

found the m o st  com m on sp e c ie s  to be lit t le  b lu e ste m  (A ndropogon 

sc o p a r iu s ) ,  b ig  b lu e ste m  (A. g e r a r d i) , h a iry  g ra m m a  (B ou telou a 

h ir su ta )  and blue g ra m m a  (B . g r a c i l i s ) .  B ig  b lu e ste m  and litt le  

b lu e ste m  tend to dom inate a r e a s  h aving deep s o i l s  w hile h a iry  g ra m m a  

d o m in ates the sh allow  s o i l s  of open r id g e s .

Woody P lan ts

The m o st  com m on fo r e s t  a s s o c ia t io n  on the re fu ge  is  p o st  oak  

(Q u ercu s s te lla ta )  and b la c k ja c k  oak (Q. m a r ila n d ic a ) . Along 

s t r e a m s , v a lle y s  and o th er m e s ic  a r e a s ,  th is a s so c ia t io n  is  d i s -

p la c e d  by stan d s of S h u m a rd 's  oak  (Q, sh u m ard ii) , ch inquapin  oak  

(Q. m u h len b erg ii), A m e ric a n  e lm  (U lm u s a m e r ic a n a ) , w alnut 

( Ju g la n s  r u p e s t r is ) ,  ch ittam w ood (B u m e lia  lan u g in o sa) and su g a r  

m ap le  (A c e r  sa c c h a ru m ).
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Land  U se

S in ce  the re fu ge  w as d e c la re d  a  n atio n al gam e p r e s e r v e ,  h e rd s  

of b iso n  (B iso n  b iso n ), T e x a s  longhorn  ca ttle  (B o s  tau ru s) , e lk  

(C e rv u s  c a n ad e n sis)  and w h ite -ta ile d  d e e r  (O doco ileu s v irg in ian u s) 

h ave been  m ain ta in ed  in the a r e a .  In addition , d o m e stic  an im a ls  

(h o r se s  and ca ttle ) w ere  g ra z e d  on the W ichita ra n g e s  u n til the la te  

1 9 3 0 's .  O sten sib ly , d o m e stic  and w ild  u n gu la te s did not g r a z e  in the 

sa m e  p a s t u r e s .  P r io r  to the la te  1 9 3 0 's , the only fen ced  a r e a  on the 

re fu ge  w as a  c e n tra lly - lo c a te d  p a s tu re  of about 32 50 ha (8000 ac) 

r e fe r r e d  to a s  the "B u ffa lo  P a s t u r e . "  The r e fu g e 's  p opu lation s of 

b iso n , longhorn  ca ttle  and elk  w ere  kept w ithin that a r e a  w hile 

d o m e stic  a n im a ls  w e re  p e rm itte d  to g r a z e  the outlying a r e a s .

F en cin g  of the en tire  re fu g e  w as com pleted  in 1938 and, at that 

point, the B u ffa lo  P a s tu r e  w as d ism an tle d  and the w ild h e rd s  w ere  

r e le a s e d  onto the ran g e lan d s p re v io u s ly  g ra z e d  by d o m e stic  a n im a ls . 

It s e e m s  lik e ly  that the w ild  h e rd s  w ere  r e le a s e d  onto o v e r - g r a z e d  

r a n g e s . H a llo ran  (1961) quoted I r a  G ab rie lso n  who o b se rv e d  in 1937 

that ca ttle  had d ep leted  m o st  of the ran ge  g r a s s e s  and w ere  feed ing 

on oak  le a v e s .  D isc u s s io n  p re se n te d  in a  la t e r  se c tio n  d e s c r ib e s  the 

s ig n if ic a n c e  of that o v e r - g r a z in g  in t e r m s  of d em ograp h y  of the w ild 

h e r d s .



12

M ETHO DS

A ll of the d a ta  u se d  in the p re se n t  study w ere  obtained  fro m  

e x is t in g  r e c o r d s  and p u b lica tio n s. No ad d ition al fie ld  s tu d ie s  w ere  

u n d ertak en . M uch of the in form ation  u se d  cam e d ire c t ly  fro m  

q u a r te r ly  a n d /o r  annual r e p o r ts  p re p a r e d  by the re fu ge  s ta f f  and 

su b m itted  to the re g io n a l o ffic e . T h ese  r e p o r ts  w ere  b e s t  d e sc r ib e d  

a s  n a r r a t iv e  su m m a r ie s  of the even ts and a c t iv it ie s  w hich o c c u rre d  

on the re fu g e  during the tim e p e r io d  co v ered  by the re p o r t  and 

ty p ic a lly  contained in fo rm atio n  on ran ge  con d ition s, h erd  n u m b ers 

and d is p o s a ls  a s  w ell a s  m ention  of o th er ite m s such a s  p red atio n , 

poach in g  and the inciden ce of d is e a s e  in the h e r d s .

In addition  to the n a r ra t iv e  su m m a r ie s , the re fu ge  f i le s  a lso  

contained  n u m ero u s s p e c ia l  r e p o r ts  p r e p a r e d  s in c e  the e a r ly  1 9 5 0 's 

w hich c o v ered  a v a r ie ty  of to p ic s  and m o r e - o r - le s s  su p p lem en ted  the 

annual n a r r a t iv e s .  The sp e c ia l  r e p o r ts  m o st  b e n e fic ia l to the 

p re se n t  r e s e a r c h  u n d ertak in g  w ere  those w hich re p o rte d  fin d in gs of 

ce n su s e f fo r ts , bu tch er r e c o r d s ,  and ca lv in g  r a t e s .

In form ation  so u r c e s  o th er than a c tu a l re fu g e  r e p o r ts  w ere  a lso  

u se d . F o r  exam p le , the O klahom a D ep artm en t of W ildlife C o n se r v a -

tion conducted an  e c o lo g ic a l  in v e stig a tio n  of the C om anche County 

d e e r  popu lation  betw een 1965 and 1968. R e p o rts  p r e p a r e d  during the 

c o u r se  of that in v e stig a tio n  p ro v id ed  v a lu ab le  su p p lem en ta l
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in fo rm atio n . And, although not u se d  d ire c t ly  in the p r e se n t  study, a 

th ird  so u rc e  of in fo rm atio n  w as that g a th e re d  on the w h ite -ta iled  d eer 

popu lation  on F o r t  S i l l  M ilita ry  R e se rv a t io n . The F o r t  S i l l  in fo rm a -

tion, m o st ly  accou n ts of h erd  s iz e , faw ning r a te s  and h a r v e s t  su m -

m a r ie s ,  w as u se d  a s  a  c r o s s - c h e c k  of in fo rm atio n  re p o rte d  fo r  the 

W ichita re fu g e . F o r  ex am p le , it  w as p o s s ib le  to c r o s s - c h e c k  

faw ning r a te s  in the two a r e a s  during any g iven  y e a r  s in c e  h ab ita t 

condition s w ere  som ew hat s im i la r .

G e n e ra lly  sp eak in g , the q u ality  of population  in fo rm atio n  

co v er in g  y e a r s  p r io r  to the e a r ly  1 9 4 0 's w as p o o r . T h is  w as the 

p e r io d  durin g  w hich a d m in is tra t iv e  r e sp o n s ib ility  fo r  the a r e a  w as 

sh ifted  betw een a g e n c ie s  and rep o rtin g  p ro c e d u re s  w ere  not c o n s i s -

tent. In fo rm atio n  so u r c e s  fo r  y e a r s  su bseq u en t to the 1 9 4 0 's , how -

e v e r , w ere  g e n e ra lly  good to e x c e lle n t. T h ere  w ere  in sta n c e s  w here 

a  p a r t ic u la r  datum  w as not co lle c te d  (o r  rep o rted ) c o n siste n tly  o v er 

the y e a r s .  T hat w as m o st  tru e  of in fo rm atio n  about n a tu ra l m o r ta lity  

and rep ro d u c tiv e  r a te s  and le a s t  tru e  of in fo rm atio n  about popu lation  

s iz e s  and r e m o v a ls . A nother in c o n sis te n c y  in the data b a se  w as that 

the m eth ods u se d  to obtain  in form aticn  changed o v er t im e . To 

i l lu s t r a te ,  during the 1 9 6 0 's , the p o licy  w as to a s su m e  a  con stan t 

ca lv in g  ra te  fo r  the W ichita e lk  h e rd . C u rren tly , h ow ever, e lk  

ca lv in g  r a te s  a r e  d eriv ed  fro m  co w ;c a lf  counts m ade in la te  su m m e r 

and a ls o  fro m  p re g n a n c y - la c ta t io n  d ata  g a th e re d  on cow s shot durin g  

the fa l l  hunting se a so n .
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The q u ality  of d ata  b a s e s  v a r ie d  g re a t ly  betw een  the fo u r 

u n gu late  s p e c ie s .  A s m igh t be exp ected , d em ograp h ic  in fo rm atio n  

w as b e s t  fo r  b iso n  and longhorn  ca ttle  and p o o re s t  fo r  e lk  and w h ite - 

ta ile d  d e e r . A dd ition al com m en ts re g a rd in g  d a ta  quantity  and q u ality  

a r e  m ad e in the se c tio n  d ea lin g  with the sy n th e sis  of fie ld  d ata  fo r  

each  s p e c ie s .

M ethods U sed  to G ath er and P r o c e s s  D em ograp h ic  D ata

With few  ex cep tio n s, the d em o grap h ic  d ata  u se d  to c a r r y  out the 

p re se n t  study w ere  obtained  fro m  ph otocop ies m ade of re fu g e  re c o r d s  

and r e p o r t s .  Once cop ied , the r e c o r d s  w ere  se a rc h e d  and re le v an t 

in fo rm atio n  com p iled  into tab le s  and c h a r t s .

In o rd e r  to execu te  the sim u la tio n  m od el, so m e  of the d ata  taken  

fro m  the r e c o r d s  had to be con verted  to an oth er fo rm . The m o st  

com m on d ata  tra n sfo rm a tio n  w as the c o n v e rsio n  of rep ro d u ctiv e  data 

to l in e a r  r e g r e s s io n  functions w hich d ep icted  how rep ro d u ctio n  by 

the h erd  changed a s  h erd  s iz e  in c r e a se d  or d e c r e a se d . Som e p e r -

ce n tag e s  w e re  a ls o  c a lc u la te d  fo r  u se  in the s im u la tio n  m od e l.

N atu re  of the P opu lation  M odel

P r o g r a m  O N EPO P, the b a s ic  co m p u ter m o d e l u se d  in the study, 

h as been p re se n te d  in d e ta il e lse w h e re  (G r o s s  et a l 1973). C o n se -

quently  only the b a s ic  n atu re  of the m o d e l and the ph ilosoph y  of its  

u se  a r e  rev iew ed  h e re .



15

R edu ced  to i t s  m o st  fundam ental e le m e n ts , P r o g r a m  O N EPO P 

in te g ra te d  th ree  population  p r o c e s s e s :  rep rod u ction , n a tu ra l 

m o rta lity , and h a r v e s t .  R ep rod u ctiv e  in fo rm atio n  w as input to the 

p r o g r a m  ac co rd in g  to ag e  c l a s s  and w as p r o c e s s e d  in te rn a lly  by the 

m o d e l in a  v a r ie ty  of w ay s . The m o st  com m only u se d  m ethod of 

s im u la tin g  h erd  rep ro d u c tiv e  d y n am ics w as w ith d en sity -d ep en d en t 

( i. e . l in e a r  r e g r e s s io n )  fu n ction s. H ow ever, in add ition  to d e n sity -  

dependent fu n ction s, rep ro d u ction  by the W ichita h e rd s  w as s im u la te d  

a t  t im e s  by  sp ec ify in g  the e x ac t n um ber of young to be added  to the 

h e rd .

N a tu ra l m o r ta lity  r a te s  w ere  input to the m odel ac c o rd in g  to 

s e x  and ag e  c la s s i f ic a t io n  a s  w ell a s  the tim e of y e a r  durin g  w hich the 

m o r ta lity  o c c u rre d . Without excep tion , m o r ta lity  in fo rm atio n  fo r  the 

c u rre n t study w as input a s  a cru d e  p e rc e n ta g e  of the ag e  c l a s s  lo s t  

durin g  the m o r ta lity  p e r io d  being s im u la te d .

H a r v e s t  in fo rm atio n  w as lik e w ise  input to the p r o g r a m  a c c o r d -

ing to s e x  and age  c la s s i f ic a t io n . While s im u la tin g  the W ichita h e rd s , 

the to tal n u m ber of m a le s  and fe m a le s  h a rv e s te d  an nually  w as input 

and then p artitio n ed  by the m o d e l o v er  the age  c l a s s e s  to c lo se ly  

ap p ro x im ate  the re p o rte d  age  s tru c tu re  o f the h a r v e s t .

Im m ig ra tio n  and e m ig ra tio n  w e re  not sp e c if ic a l ly  c o n sid e re d  in 

P r o g r a m  O N EPO P. The p r o g r a m  a s su m e d  that the population  being 

sim u la te d  re p re se n te d  a  " c lo se d  .-system ” i . e . that ch an ges in h erd
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s iz e  a n d /o r  s tru c tu re  o c c u rre d  only through ch an ges in reprod u ction , 

n a tu ra l m o r ta lity  a n d /o r  h a r v e s t .  S in ce  the W ichita re fu g e  w as 

e n c irc le d  by 8 -foot fen cin g, that a ssu m p tio n  ap p e a re d  v a lid . It w as 

n e c e s s a r y ,  h ow ever, to m ak e s p e c ia l  m o d ifica tio n s in  the p r o g r a m  

to account fo r  the in frequent ad d ition s to the h e rd s  fo llow ing th e ir 

e s tab lish m e n t on the re fu g e .

The sim u la tio n  m od el o p e ra te d  on a  1 -y e a r  tim e sch ed u le  with 

the beginning of the s im u la tio n  y e a r  s e t  at the tim e when young w e re  

b orn  (e s se n t ia l ly  1 Jun e ). The sim u la tio n  y e a r  w as d iv ided  into 

"m o r ta l ity  p e r io d s "  of v a r io u s  d u ration  w hich re p re se n te d  the t im e -

k eepin g  sch em e in the m o d e l. F o r  the W ichita s im u la tio n s , the 

s im u la tio n  y e a r  w as d iv ided  into th ree  m o r ta lity  p e r io d s  - -  su m m e r 

m o rta lity , w in ter m o r ta lity  and n a tu ra l m o r ta lity  o c c u rr in g  co n -

cu rre n tly  with the hunting se a so n  (d isp o sa l  p e r io d s  fo r  b iso n  and 

longhorn  c a tt le ) .

U se of the P opu lation  M odel

D ata A n a ly s is

A sid e  fro m  the m e c h a n ic a l a s p e c t s  of m od el o p eratio n  and data 

input d is c u s s e d  above, a  m o r e - o r - le s s  s tan d ard  p ro c e d u re  w as 

fo llow ed to g e n e ra te  each  h erd  s im u la tio n . The p ro c e d u re  involved  

sim u la tin g  a s  m any y e a r s  o f h e rd  h is to ry  a s  p o s s ib le  by em ploying 

p r o c e s s e s  r e fe r r e d  to a s  "d a ta  a lign m en t" and "d a ta  a n a ly s i s . "
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Once the d em o g rap h ic  d a ta  had been  su m m a riz e d  and tabu lated  

a s  d is c u s s e d  above, they w ere  input into P r o g r a m  O N EPO P and 

b ecam e  the b a s i s  fo r  the f i r s t  attem pt to s im u la te  the h is to ry  o f the 

h e rd . Ju d gm en t a s  to w hether o r  not the s im u la tio n  m o d e l w as r e a l -

i s t ic a l ly  s im u la tin g  the h is to ry  of the h erd  had to be m ad e on the 

b a s i s  o f su b je c tiv e  c o m p a r iso n s  betw een sim u la te d  output and 

re p o rte d  d ata  (i. e . the a lign m en t betw een c o rre sp o n d in g  population  

p a r a m e te r s  w as in sp e c te d ). The population  com ponents checked  fo r  

a lign m en t ty p ica lly  included  h erd  s iz e  and tren d , h erd  s e x  and age  

s tru c tu re , h a rv e s t , and rep ro d u ctiv e  r a te .

F req u en tly , how ever, it  w as found that output g e n e ra te d  by the 

sim u la tio n  m o d e l did not a g r e e  with what had been  c o lle c te d  in the 

f ie ld . Such d isc r e p a n c ie s  ty p ica lly  involved  population  s i z e s ,  r e p r o -

ductive  r a te s ,  and n a tu ra l m o r ta lity  r a t e s .  The p o sitio n  taken  in 

c a s e s  w here the s im u la tio n  m o d e l fa ile d  to s a t i s f a c to r i ly  re p lic a te  

fie ld  d a ta  w as that e ith er the m od el w as execu tin g  im p ro p e r ly  o r that 

the f ie ld  d ata  w ere  in e r r o r .

S in ce  P r o g r a m  O N EPO P w as nothing m o re  than an e la b o ra te  

"b o o k k eep in g  sy s te m "  w hich added and su b tra c te d  a n im a ls  ac c o rd in g  

to p r e s c r ib e d  r u le s , the m a th e m atic a l lo g ic  of the p r o g r a m  w as 

e a s i ly  v e r if ie d  by hand c a lc u la t io n s . M uch m o re  p e rp le x in g  w ere  

those in sta n c e s  in w hich the sim u la tio n  m o d e l w as found to be e x e -

cuting c o r r e c t ly  and an  ap p aren t e r r o r  in the f ie ld  data had been
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u n co v e re d . When in a c c u ra te  fie ld  d a ta  w ere  d e tected , it w as 

p o s s ib le  to continue with the s im u la tio n  only a fte r  ap p ro x im atin g  

m o r e - n e a r ly  c o r r e c t  v a lu e s  fo r  the e rro n e o u s  (o r  m is s in g )  f ie ld  d ata  

through an "a lig n m e n t p r o c e s s "  d e sc r ib e d  a s  fo llo w s.

D ata A lignm ent

P e rh a p s  the m o st  e ffe c tiv e  w ay of exp la in in g  how e rro n e o u s  

a n d /o r  m is s in g  fie ld  d ata  w ere  ap p ro x im ate d  is  by m e an s of an alogy . 

C o n sid e r  an in d iv id u al who is  a s se m b lin g  a  j ig s a w  p u z z le . If that 

in d iv id u al h a s  a c c e s s  to a l l  p ie c e s  of the p u zz le  and a l l  o f those 

p ie c e s  a r e  of the c o r r e c t  sh ape  and s iz e  to in te r lo c k  with o th er 

p ie c e s , he should be ab le  to a s se m b le  the p u zz le  w ithout m uch  d i f f i -

cu lty . A t f i r s t ,  the a s s e m b le r  w ould have to re ly  upon intu ition  o r  

p re v io u s  know ledge to p o sitio n  the p u zz le  p ie c e s . But a s  m o r e - a n d -  

m o re  p ie c e s  a r e  c o r r e c t ly  fitted  into p o sitio n , finding the p ie c e s  

w hich in te r lo c k  with th ose  a lr e a d y  in p o sitio n  b e c o m e s e a s i e r .

S im u la tio n  of h erd  h is to r ie s  w ith P r o g r a m  O N EPO P w as 

s im i la r  to the jig sa w - p u z z le  an alogy  in s e v e r a l  r e s p e c t s .  F i r s t ,  the 

p ie c e s  of the j ig s a w  p u zz le  a r e  synonym ous with the p ie c e s  of f ie ld  

d a ta  u se d  in the s im u la tio n . A  secon d  s im u la r ity  in v o lves the g o a ls  

o f the re sp e c t iv e  a c t iv it ie s .  W h ereas the g o a l of a s se m b lin g  a  j ig sa w  

p u zz le  i s  to f it  toge th er the n u m ero u s p ie c e s  to c re a te  a p ic tu re  or 

o th er d e sig n , the g o a l of the s im u la tio n  e ffo r t  w as to fit  togeth er
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n u m ero u s p ie c e s  of d em o grap h ic  f ie ld  d ata  to r e c r e a te  the "p ic tu r e "  

of h erd  d y n am ics re p o rte d  o v e r  t im e .

In m uch  the sam e  w ay an in d iv id u al a s se m b lin g  a  j ig s a w  p u zz le  

r e l ie s  upon intu ition  o r p re v io u s  know ledge to guide h is  ac tio n s, 

e f fo r ts  to ap p ro x im ate  m is s in g  o r  in c o r r e c t  fie ld  data w ere  "g u id e d "  

by the b e s t  f ie ld  in fo rm atio n  a v a ila b le . A ll re p o rte d  d ata  re q u ire d  

fo r  the sim u la tio n  w ere  f i r s t  ranked  ac c o rd in g  to th e ir  " r e l ia b i l i ty " ;  

the d ata  w ere  then input into the sim u la tio n , and la s t ly , i f  re p o rte d  

and sim u la te d  v a lu e s  did not a g r e e , the p ie c e s  of data known with 

l e a s t  a c c u r a c y  w e re  a d ju ste d  so  a s  to b e s t  in te r lo c k  with a c c u r a te ly -  

known d a ta .

C hecking the P op u lation  M odel fo r  P r e c is io n  and R e a lism

P r e c is io n  h a s  been  defined  by G r o s s  et a l  (1973) a s  a  v a lid atio n  

c r ite r io n  con cern ed  with the ab ility  o f a  s im u la tio n  m od el to g e n era te  

o v e r  a  p e r io d  of tim e v a lu e s  fo r  p a r a m e te r s  contain ed  w ithin the 

m o d e l w hich ap p ro x im ate  re a l-w o r ld  v a lu e s . F r o m  that defin ition , 

m od el p r e c is io n  a p p e a r s  to be an a ttr ib u te  which can  be qu an tified  

through routin e s t a t i s t ic a l  p r o c e d u r e s . D rap e r  and Sm ith  (1966) 

poin ted  out that the am ount of a s s o c ia t io n  betw een v a r ia b le s  m ay  be 

a sc e r ta in e d  by com puting the d e g re e  of s t a t i s t i c a l  c o rre la t io n  

betw een them . It th e re fo re  se e m e d  a p p ro p r ia te  to d e te rm in e  the 

p r e c is io n  of P r o g r a m  O N EPO P by com puting the am ount of s t a t i s t i c a l
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c o r re la t io n  (r  value) betw een i t s  s im u la te d  output and co rre sp o n d in g  

re p o rte d  in fo rm atio n . The population  p a r a m e te r s  fo r  w hich p r e c is io n  

ch eck s w ere  m ad e re p re se n te d  the " e s s e n t ia l  fe a tu r e s "  o f b ig -g am e  

g ra z in g  sy s te m  and included  p a r a m e te r s  a s  rep ro d u ction , h a rv e s t , 

popu lation  s iz e ,  and population  tren d .

G r o s s  et a l  (1973:60) a l s o  defined  the v a lid a tio n  c r ite r io n  o f 

r e a l i s m  a s  a  " le a r n in g  c r ite r io n  that i s  r e la te d  to the ab ility  of the 

m o d e l to p ro v id e  in sig h t into the b eh av io r of the e s s e n t ia l  fe a tu r e s  

when they function  a s  a  s y s t e m ."  If it  se e m e d  lo g ic a l  that the p r e -

c is io n  of P r o g r a m  O N EPO P could be te s te d  w ith s t a t i s t i c a l  p r o c e -

d u r e s , it  w as eq u a lly  ap p aren t that s t a t i s t ic a l  t e s t s  w ere  la r g e ly  

in a p p ro p ria te  fo r  a sc e r ta in in g  the m o d e l's  r e a l i s m .

T h ere  a r e  no s t a t i s t i c a l  p ro c e d u re s  w hich allow  an  in v e st ig a to r  

to (1) d e term in e  w hether o r  not s e v e r a l  independently  c o lle c te d  p ie c e s  

o f d ata  (a s  popu lation  s iz e , h a r v e s t  ra te , and n a ta lity  ra te ) c o m p le -

m en t one an oth er and to a l s o  (2) a s c e r ta in  the exten t to w hich those  

d a ta  function  in \anison a s  a  lo g ic a l  sy s te m . B e c a u se  of the iiia p p ro -  

p r ia te n e s s  of s t a t i s t i c a l  p ro c e d u re s , it w as n e c e s s a r y  to te s t  the 

r e a l i s m  of P r o g r a m  O N EPO P in a  m o r e - o r - l e s s  in tu itive  m an n er.

An im p lica tio n  of the defin ition  o f r e a l i s m  g iven  above is  that 

a  s im u la tio n  m od el would exh ib it r e a l i s m  if  it  d e m o n stra te d  co n c lu -

s iv e ly  that the v a lu e s  of one o r  m o r e  m e a su r e d  com ponents of the 

sy s te m  bein g  s im u la te d  w ere  in co n siste n t with the v a lu e s  of o th er
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m e a su r e d  com p on en ts. It w as in th is m an n er that P r o g r a m  O N EPO P 

d e m o n stra te d  r e a l i s m  durin g  the W ichita study . At v a r io u s  t im e s , 

the p r o g r a m  d e m o n stra te d  that the re a l-w o r ld  popu lation  could not 

h ave atta in ed  re p o rte d  le v e ls  and trend  if  n a ta lity  r a te s ,  to ta l annual 

h a r v e s t , and n a tu ra l m o r ta lity  l o s s e s  w ere  in fac t  a s  re p o rte d . T hus, 

P r o g r a m  O N EPO P exh ib ited  r e a l i s m  by d em o n stra tin g  the m a th e -

m a t ic a l  im p o ss ib ility  of c e r ta in  re p o rte d  d a ta  co m b in atio n s.



PO P U LA T IO N  BIO LO G Y AND DATA SY N T H ESIS

The o b jec tiv e  of th is se c tio n  is  to p ro v id e  a  su m m a ry  of the 

d em o g rap h ic  b io logy  of each  b ig  gam e sp e c ie s  on the W ichita re fu ge  

and d e sc r ib e  how fie ld  data w ere  sy n th e size d  p r io r  to com p u ter 

s im u la tio n . In so m e  in sta n c e s , c o m p a r iso n s  h ave  been  draw n betw een 

d a ta  fo r  the W ichita h e rd s  and h e rd s  e lse w h e re  in  the U nited S ta te s .  

The in fo rm atio n  p re se n te d  a ls o  p ro v id e s  the b a s i s  fo r  la t e r  d i s c u s -

s io n s  d ea lin g  with d em o grap h ic  m e c h a n ism s o p e ra tin g  w ithin the 

p o p u la tio n s.

B iso n  F ie ld  D ata

B iso n  w ere  e s ta b lish e d  in the W ichita M ountains through the 

c o o p e ra tiv e  e f fo r ts  o f the New Y ork  Z o o lo g ic a l S o c ie ty  and the 

A m e r ic a n  B iso n  S o c ie ty . D uring O ctober 1907, 15 b iso n  (7 b u lls  and 

8 cow s) w ere  t r a n s fe r r e d  fro m  the New Y ork  Z o o lo g ic a l P a r k  and 

r e le a s e d  onto the W ichita N ation al F o r e s t  in an  e ffo rt  to p erp e tu a te  

the s p e c ie s  and p rev en t i t s  ex tin ction . No lo n g e r  th reaten ed  by e x -

tinction , b iso n  a r e  cu rre n tly  m ain ta in ed  on the re fu g e  m o st ly  fo r  

pu b lic  v iew ing. S u rp lu s  a n im a ls  a r e  d isp o se d  of each  y e a r , but 

m an agem en t p la c e s  m o re  e m p h a s is  on m ain ta in in g  a  show h e rd  and 

l e s s  on m an ag in g  fo r  m ax im u m  pro d u ctio n .
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In m an y  w ay s, the m an agem en t of b iso n  on the W ichita i s  

s im i la r  to that p ra c t ic e d  on c a re fu lly -m a n a g e d  ca ttle  ra n c h e s . The 

a n im a ls  a r e  rounded up each  fa l l  at w hich tim e h erd  counts and 

c la s s i f ic a t io n s  a r e  m ad e , the a n im a ls  to be d isp o se d  of a r e  se le c te d  

and, u n til recen tly , fe m a le  c a lv e s  w ere  v acc in a te d  fo r  b r u c e l lo s i s  

(B r u c e lla  a b o r tu s ) . B iso n  a r e  fr e e - r a n g in g  on the W ichita and 

re c e iv e  no d ie ta ry  su p p lem en ts o th er than s a l t .

R eprodu ction

A c o n sid e ra b le  am ount of e ffo rt  i s  expended by the re fu g e  s ta f f  

each  fa l l  co llec tin g  in fo rm atio n  about the re p ro d u c tiv e  p e r fo rm a n c e  

of the h e rd . D uring the fa l l  roundup, c a lv e s  a r e  counted and sex ed , 

a  c a lf;co w  ra tio  i s  d e term in ed  and a to ta l count of the h erd  i s  m ad e . 

To su pp lem en t th is in fo rm ation , th ere  have been  sp e c ia l  s tu d ie s  

u n d ertak en  during the p a s t  to a s c e r ta in  the freq u en cy  with which 

b iso n  cow s on the W ichita p rod u ce  c a lv e s .  M ore w ill be p re se n te d  on 

th is top ic below .

B re e d in g  A ge. B iso n  cow s on the W ichita ty p ic a lly  f i r s t  b re e d  

a s  2 - y e a r - o ld s .  H a llo ran  (1967) re p o rte d  that 26 of 35 (74 p ercen t) 

cow s 3 y e a r s  old had p ro d u ced  c a lv e s  and th e re fo re  h ad  b re d  when 

2 y e a r s  o ld . B iso n  on the W ichita h ave b re d  at 12 to 15 m onths of 

ag e  and p ro d u ced  c a lv e s  a s  2 - y e a r - o ld s  (H allo ran  I960) but th is 

a p p e a r s  to be a r a r e  o c c u rre n c e . T h e se  fin d in gs fo r  the W ichita 

a g r e e  with r e s u lt s  re p o rte d  in o th er s tu d ie s . H augen (1974) found
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only 1 of 17 1 - |-y e a r-o ld  cow s w hich had ovu lated  in h is  study  of b iso n  

in South D akota and N e b ra sk a  and sh e  w as not p regn an t. H ow ever, 

he » I so  found 34 o f 39 (87 p ercen t) cow s y e a r s  old fro m  the sam e  

a r e a s  w hich w ere  p regn an t. L ik e w ise  B arn e y  and Cunningham  (1970) 

s ta te d  that they h ad  o b se rv e d  no cow s on the T h eod ore  R o o se v e lt  

N ation al M e m o ria l P a r k  giv ing b irth  a t  2 y e a r s  of age  and, c o n se -

quently , b a se d  a l l  of th e ir  e s t im a te s  of rep ro d u ction  on cow s 3 y e a r s  

old and o ld e r .

The ag e  at w hich b u lls  atta in  se x u a l m atu r ity  h as not been  

e s ta b lish e d  on the W ichita but n otes p re p a r e d  on the h erd  in 1928 

m ention ed  b u lls  b reed in g  a s  2 - y e a r - o ld s .  H au gen 's (1974) study of 

b iso n  b u lls  re v e a le d  that they a c tiv e ly  p ro d u ce  sp e r m  a s  y e a r l in g s . 

But he sp e c u la te d  that y e a r lin g  b u lls  w ould la c k  the s o c ia l  dom inance 

n e c e s s a r y  to a s su m e  a  v e ry  ac tiv e  ro le  during the ru t.

H a llo ran  and G la s s  (1959) sta te d  that ru ttin g  ac tiv ity  am ong 

b iso n  on the W ichita o c c u rre d  in Ju n e and Ju ly  w ith the c a lv e s  bein g  

b o rn  in la te  M arch  and e a r ly  A p r il . T h is  w as e a r l ie r  than the d a te s  

d e r iv e d  by H augen (1974) fro m  h is  ag in g  of b iso n  e m b ry o s . H augen 

e s t im a te d  b iso n  in South D akota and N e b ra sk a  con ceive  betw een  la te  

Ju ly  and m id -A u g u st with the p eak  o c c u rr in g  about 1 A u gu st.

C a lv in g  R ate  C o m p a r iso n s  and T re n d . C alv in g  r a te s  fo r  b iso n  

in  the W ichita M ountains a p p e a r  to be lo w er than th ose  re p o rte d  fro m  

o th er a r e a s .  The a v e ra g e  ca lv in g  ra te  fo r  b iso n  on the W ichita
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betw een I960 and 1967 w as 52 c a lv e s  p e r  100 cow s b a se d  upon 

a n im a ls  2 y e a r s  old  cind o ld e r . A fte r  th is p e rio d , c a lf  c ro p  p e r -

c e n ta g e s  h ave been  b a se d  upon cow s 3 y e a r s  of ag e  and o ld er and, 

th e re fo re , m u st  be exclu ded  fro m  the a v e r a g e . By w ay of c o m p a r i-

son , H augen (1974) re p o rte d  finding 121 of 160 (76 p ercen t) cows 

p regn an t which would have been  at le a s t  2 y e a r s  old a t  ca lv in g  tim e . 

A ssu m in g  low p re n a ta l m o rta lity , H au gen 's  d ata  su g g e s t  a  c a lf  c ro p  

ap p ro ach in g  80 c a lv e s  p e r  100 cow s. R o e lle  (1971) a l s o  re p o rte d  

c a lv in g  r a te s  fo r  b iso n  on the N ation al B iso n  R ange ap p ro ach in g  80 

c a lv e s  p e r  100 cow s.

The r e a so n s  fo r  lo w er ca lv in g  r a te s  on the W ichita than o th er 

a r e a s  a r e  not known but ev id ence su g g e s t s  that the condition  h as not 

a lw ay s e x is te d . R o e lle  (1971) co m p ared  rep ro d u ctiv e  r a te s  fo r  b iso n  

on the W ichita with those  fro m  the N ation al B iso n  R an ge . H is 

a n a ly s is  re v e a le d  that, a t the tim e of in trodu ction  (about 1910 ), b iso n  

re p ro d u c tiv e  r a te s  on the W ichita w ere  c o n s id e ra b ly  h igh er than those  

on the B iso n  R an ge. The situ a tio n  r e v e r s e d  i t s e l f ,  h ow ever, a s  the 

h e rd s  in c r e a se d  on both a r e a s  such  that c u rre n tly  re p ro d u c tiv e  r a te s  

on the B iso n  R ange a r e  su b sta n tia lly  h igh er than th ose  on the W ichita.

T h e se  c o m p a r iso n s  in b iso n  re p ro d u c tiv e  r a te s  m ay  be an 

in d icatio n  of h ab ita t conditions on the re sp e c t iv e  a r e a s .  It s e e m s  

co n ce iv ab le  that the h igh er re p ro d u c tiv e  r a te s  o b se rv e d  fo r  b iso n  on 

the B iso n  R ange and the a r e a s  su rv e y e d  by H augen  m igh t be due in
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p a r t  to b e tte r  ran g e  condition s in  th ose  a r e a s  than what o c c u rre d  on 

the W ichita.

C alv in g  r a te s  fo r  b iso n  d eclin ed  durin g  the f i r s t  15 y e a r s  of 

th e ir  re s id e n c e  on the W ichita (F ig . 2 ). T h is p e r io d  of re p ro d u c tiv e  

d eclin e  w as follow ed by a p erio d  durin g  w hich ca lv in g  r a te s  w ere  

re la t iv e ly  con stan t but b iso n  ca lv in g  r a te s  in c r e a se d  fro m  the la te  

1 9 3 0 's to about I9 6 0 . In addition , b iso n  ca lv in g  r a te s  re p o rte d  a f te r  

i 960 w ere  s lig h tly  h igh er thaJi th ose  re p o rte d  p r io r  to I960  but th ose  

in c r e a s e s  a r e  b e lie v e d  due to the m an n er in w hich the r a te s  w ere  

c a lc u la te d .

The r e a so n s  fo r  an in c r e a s e  in b iso n  ca lv in g  r a te s  a r e  unknown 

but p e rh ap s  h u sban d ry  ac tio n s taken  du rin g  the la te  1 9 3 0 's and e a r ly  

1 9 4 0 's w e re  contribu ting  f a c t o r s .  V acc in atio n  of b iso n  fo r  b r u c e l lo s i s  

began  in 1941 and no doubt im p ro v ed  re p ro d u c tiv e  s u c c e s s  of the h e rd . 

B r u c e l lo s i s  i s  re p o rte d  to have o c c u rre d  am ong b iso n  on the W ichita 

re fu g e  du rin g  the e a r ly  1 9 4 0 's ac c o rd in g  to B a rtn ic k i (1972). Two 

o th er ac tio n s w hich p e rh ap s  brough t about an  im p ro v em en t in b iso n  

re p ro d u c tiv e  perform cunce w ere  the e ffe c t  of lo w ered  stock in g  r a te s  

fo llow ing m o d ifica tio n  of the B u ffa lo  P a s tu r e  p lu s  the im p ac t o f the 

g ra d u a l im p ro v em en t in ran ge  condition fo llow ing the te rm in atio n  of 

g ra z in g  l e a s e s  in 1938.

F lu c tu a tio n s in B iso n  N ata lity . A  b r ie f  exam in atio n  o f F ig .  2 

i s  su ffic ie n t to d e m o n stra te  that n a ta lity  r a te s  fo r  b iso n  on the W ichita
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F ig u r e  2 . L o n g - te r m  trend  in b iso n  re p ro d u c tiv e  r a te s  on the W ichita 
M ountains W ildlife R efu ge . R a te s  a r e  b a se d  upon the to ta l 
n u m b er of fe m a le s  in the h erd  a t  tim e of ca lv in g .
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re fu g e  have not been  c o n sis te n t  fro m  y e a r  to y e a r . The b io lo g ic a l 

c a u se s  of such  flu ctu atio n s a r e  not known but p a r t  of the v aria tio n  

m ay  have been ca u se d  by cow s g iv ing  b irth  e v e ry  secon d  y e a r  ra th e r  

than co n secu tiv e  y e a r s .

A  study d e sig n ed  and c a r r ie d  out by m e m b e rs  of the re fu ge  

s ta f f  (H allo ran  1967) su g g e ste d  that b iso n  cow s on the W ichita tend 

to g ive  b irth  in a lte rn a tin g  y e a r s .  In that study, the rep ro d u ctiv e  

s ta tu s  of 50 m ark e d  cow s w as o b se rv e d  and re c o rd e d  o v er  a  9 -y e a r  

p e r io d . R e su lts , su m m a r iz e d  in  T ab le  1, re v e a le d  that cow s of th is 

group  p ro d u ced  th e ir  f i r s t  c a lf  a t  2 y e a r s  of age  and that c a lf  c ro p  

p e rc e n ta g e s  w ere  h ig h er in a lte rn a tin g  y e a r s .  The r e s u lt s  of the 

study  would be c o n sis te n t with a p a ttern  in w hich a  m a jo r ity  of the 

cow s un der o b se rv a tio n  gave b irth  in a lte rn a tin g  y e a r s .

If m any of the b iso n  cow s on the W ichita do in fa c t  p rod u ce  

c a lv e s  in a lte rn a tin g  y e a r s ,  it  m igh t p ro v id e  ad d itio n al ev idence that 

h ab itat condition s on the W ichita a r e  p o or fo r  b iso n . A s pointed out 

above, ca lv in g  r a te s  am ong b iso n  on the N ation al B iso n  R ange and in 

a r e a s  of N e b ra sk a  and South D akota ap p ro ach  80 c a lv e s  p e r  100 cow s 

an n u ally . To ach iev e  c a lf  c ro p s  of that m agn itude on a  c o n sis te n t 

b a s i s ,  a  la r g e  p o rtio n  of the cow s m u st b e a r  a  c a lf  each  y e a r .  A gain , 

the ca lv in g  p a ttern  o b se rv e d  on the W ichita could s ig n a l ran g e  co n d i-

tio n s that a r e  too p o or to su pp ly  the n e c e s s a r y  n u trition  fo r  cow s to 

b e a r  a c a lf  each  y e a r  o r the sto ck in g  le v e l  (about 800 h ead  when the
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T ab le  1. N in e -y e a r  ca lv in g  r e c o r d  of 50 b iso n  cow s m ark e d  a s
c a lv e s  on the W ichita M ountains W ildlife R efu ge (d ata  fro m  
H allo ran  1967).

A ge
(Y e a r s )

N um ber of 
Cow s O b serv ed

N um ber of 
C a lv e s  Seen

P e rc e n t  
C a lf  C rop

1

2

3 35 26 74 . 3

4 34 17 5 0 .0

5 30 22 73 . 3

6 34 19 5 5 .9

7 33 28 8 4 .8

8 32 20 6 2 .8

9 21 12 57. 1
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ca lv in g  stu d y  w as com pleted) m ay  h ave been  too h igh  to p e rm it  a d e -

quate n u trition  fo r  each  cow in  the h e rd .

S y n th e sis  of B iso n  R ep rod u ctiv e  F u n ctio n s. C a u sa l m e c h a n ism s 

a s id e , the v a r ia tio n  in b iso n  ca lv in g  r a te s  o v er  tim e m ade it im p o s -

s ib le  to sy n th e size  d en sity -d ep en d en t rep ro d u c tiv e  function fo r  the 

h erd , a t  l e a s t  fo r  a l l  but the f i r s t  few  y e a r s  b iso n  occu p ied  the 

re fu g e . S y n th esis  of d en sity -d ep en d en t functions w as im p o ss ib le  

b e c a u se  when re p o rte d  ca lv in g  r a te s  w e re  p lo tted  a g a in s t  popu lation  

s iz e s ,  the d ata  p o in ts w ere  s c a t te r e d  about the c a lc u la te d  r e g r e s s io n  

to the exten t that the r e g r e s s io n  w as an im p r e c ise  d e sc r ip t io n  of 

re p o rte d  ca lv in g  r a te s ;  the c a lc u la te d  r e g r e s s io n  fitted  the re p o rte d  

v a lu e s  fo r  c a lv e s  p e r  cow so  p o o rly  that when the sy n th e size d  ra te  

w as u se d  in the s im u la to r , the s im u la te d  c a lf  c ro p s  w e re  in v ar ia b ly  

m uch  above o r below  the c o rre sp o n d in g  r e a l  v a lu e . In o rd e r  to 

s im u la te  b iso n  rep ro d u ction , the follow ing n o n - r e g r e s s io n  ap p ro ach  

had to be em ployed .

F ie ld  r e c o r d s  fo r  the to ta l n um ber of c a lv e s  born  each  y e a r  on 

the W ichita ap p e a re d  to be co m p lete  and a c c u r a te . T h e re fo re , 

h is to r ic a l  b iso n  s im u la tio n s  w e re  b a se d  upon a c tu a l re p o rte d  c a lf  

to ta ls  fo r  th o se  y e a r s  d u rin g  w hich b iso n  ca lv in g  r a te s  w ere  too 

e r r a t ic  to p e rm it  the sy n th e sis  of a c c u r a te  d en sity -d ep en d en t r e p r o -

ductive fu n ctio n s. The n u m b er o f c a lv e s  born  into the s im u la te d  

popu lation  equ aled  the y e a r ly  to ta ls  re p o rte d  by H a llo ran  (1964)
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through  the e a r ly  1 9 6 0 's  and the num ber of c a lv e s  c ited  in annual 

r e p o r t s  fo r  su bseq u en t y e a r s .  In co m p lian ce  w ith in form ation  

re p o rte d  by H a llo ran  (1956), m a le  and fe m a le  c a lv e s  w ere  a s su m e d  to 

be re c ru ite d  eq u ally  into the sim u la te d  popu lation .

N a tu ra l M o rta lity

N a tu ra l l o s s e s  in the W ichita b iso n  h erd  have been  low, with 

the death s g e n e ra lly  equal to l e s s  than 6 p e rc e n t o f the h erd  to ta l.

The excep tion  o c c u rre d  durin g  the 1 9 3 0 's when re p o rte d  lo s s  in a t  

l e a s t  one in stan ce  ex ceed ed  15 p e rc e n t of the h erd  to ta l (F ig .  3).

C a u se s  of the n a tu ra l l o s s e s  h ave not u su a lly  been id e n tifie d . 

D eaths c a u se d  by s c o u r s  w ere  a  m a jo r  p ro b le m  durin g  the 1 9 3 0 's  

but th is so u rc e  of m o r ta lity  se e m s  to have p o se d  few p ro b le m s in 

m o re  re c e n t y e a r s .  L ik e w ise  lit t le  in fo rm atio n  h a s  been  re c o rd e d  

on the se x  and age  of b iso n  dying fro m  n a tu ra l c a u s e s .  H a llo ran  

(1956) re p o rte d  that of the 391 b iso n  d eath s betw een  1908 and 1954 

a ttr ib u ted  to ac c id e n ts  and o th er n a tu ra l c a u se s , 168 (43 p ercen t) 

w ere  b u lls  w hile 223 (57 p ercen t) w ere  co w s. T h e se  d ata  do not 

n e c e s s a r i ly  re f le c t  a  h ig h er in cid en ce  of m o r ta lity  am ong cow s than 

b u lls .  The g r e a te r  n u m ber of fe m a le  death s m ay  s im p ly  be an 

a r t i fa c t  o f the h igh er p e rc e n ta g e  of cow s than b u lls  in  the h erd  durin g  

that p e r io d  (A nonym ous 1927).

The in it ia l s im u la tio n s  fo r  b iso n  a s su m e d  an a v e ra g e  h erd  

m o r ta lity  ra te  of 6 p e rc e n t  an n u ally . But the ra te  w as ad ju ste d  fro m
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F ig u r e  3. M agnitude of n a tu ra l l o s s e s  in the b iso n  h erd  on the 
W ichita M ountains W ildlife R efu ge . P e r c e n ta g e s  a r e  
b a se d  upon e s t im a te s  of population  s iz e  im m e d ia te ly  
a f te r  ca lv in g .
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t im e -to - t im e  so  a s  to a lig n  re p o rte d  and s im u la te d  population  s iz e  

and tren d . In addition , s e x - s p e c i f ic  n a tu ra l m o r ta lity  in fo rm atio n  

w as am ong the p o o r e s t  p ie c e s  of f ie ld  d a ta  a v a ila b le  fo r  the b iso n  

popu lation . T h e re fo re , n a tu ra l l o s s e s  in the sim u la te d  popu lation  

w ere  ap p lied  eq u ally  to both s e x e s .

In form ation  on B iso n  R e m o v a ls

The n um ber of b ison  rem o v ed  fro m  the h erd  each  y e a r  a s  r e -

p o rted  by H a llo ran  (1964) and h a r v e s t  to ta ls  taken  fro m  n a r r a t iv e  

re p o r ts  fo r  la t e r  y e a r s  se r v e d  a s  h a r v e s t  in fo rm atio n  in the b iso n  

s im u la tio n s . The in it ia l a s su m p tio n  w as that b iso n  w ere  rem o v ed  

fro m  each  ag e  c l a s s  r e la t iv e  to the s iz e  of that ag e  c l a s s  in the popu -

la tio n . But h a r v e s t  r a te s  w ere  a d ju ste d  fro m  t im e -to - t im e  to b e st  

a lig n  ag e  s t r u c tu r e s  in m uch  the sa m e  m an n er a s  se x  s tru c tu re  of 

the h a r v e s t  w as ad ju ste d  to a lign  re p o rte d  and s im u la te d  v a lu e s  fo r  

h erd  se x  r a t io .

Lon gh orn  C attle  F ie ld  D ata

The T e x a s  longhorn  f ig u re d  p ro m in en tly  in the se ttlin g  of the 

A m e ric a n  w e ste rn  fro n t ie r . The b re e d  w as a t  i t s  p eak  in the 1 8 8 0 's 

but, by the turn  of the cen tury , it w as th rea ten ed  by extin ction  a s  a 

r e s u lt  of c r o s s - b r e e d in g  betw een the longhorn  and oth er in trod u ced  

b r e e d s . The b re e d  m igh t w ell have b eco m e extin ct had it not been  

fo r  the 30 h ead  (20 cow s, 3 b u lls , 3 s t e e r s ,  and 4 c a lv e s )  w hich w ere



34

r ^

c o lle c te d  fro m  ra n g e s  in T e x a s  and brough t to the W ichita re fu g e  in 

1927  in a  co n se rv a tio n  m ove a im e d  a t p r e se r v in g  the b re e d  in i t s  

a n c e s t r a l  fo rm . The p re se n t  W ichita h e rd  a s  w ell a s  the h erd  at 

F o r t  N io b ra r a  N ation al W ildlife R efuge h a s  d escen d ed  fro m  th e se  30 

a n im a ls  p lu s a  few ad d itio n al a n im a ls  added  fo r  b reed in g  p u rp o se s  

(H allo ran  1964).

H a llo ran  and S h ra d e r  (I960) d e sc r ib e d  the g e n e ra l m an agem en t 

tech n iq u es and p o lic ie s  fo r  longhorn  ca ttle  on the W ichita. A lthough 

longhorn  ca ttle  m igh t be c o n sid e re d  by so m e  in d iv id u als to be d o m e s-

tica ted , they a r e  m an aged  in m uch the sa m e  m an n er a s  the o th er b ig  

gam e h e rd s  on the re fu g e . They a r e  g ran ted  r e la t iv e ly - fr e e  a c c e s s  

to the en tire  re fu ge  throughout m o st  of the y e a r  and, o v e r  tim e, have 

developed  b eh av io r  tow ard s m an  ty p ica l o f o th er fo rm s of w ild life .

B a s ic a l ly  the m an agem en t of longhorn  ca tt le  on the re fu ge  

p a r a l le l s  that d e sc r ib e d  above fo r  b iso n . The a n im a ls  g r a z e  o ver 

m uch  of the re fu ge  ran ge lan d  and re c e iv e  no d ie ta ry  su p p lem en ts 

o th er than s a l t .  C u rren t re fu g e  p o licy  l im it s  the h erd  to 300. The 

h erd  in c r e a se d  ra p id ly  a f te r  i t s  in troduction  in  1927, atta in in g  the 

3 0 0 -h ead  r e s t r ic t io n  by the e a r ly  1 9 5 0 's . T hus, fo r  the p a s t  25 

y e a r s ,  h erd  le v e l h as e s se n t ia l ly  been  held  co n stan t by rem ov in g  a 

n u m ber of a n im a ls  fro m  the h erd  a p p ro x im ate ly  eq u a l to the annual 

c a lf  c ro p . S u rp lu s a n im a ls  a r e  so ld  through p u b lic  au ction  o r  donated 

to zo o s and o th er o rg a n iz a tio n s .
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D uring fa l l ,  the a n im a ls  a r e  roim ded up by r id e r s  on h o rse b a c k . 

A t that t im e , a l l  c a lv e s  a r e  b ran d ed  and, un til recen tly , a l l  fe m a le  

c a lv e s  w ere  v acc in ated  fo r  b r u c e l lo s i s .  A n im als  being c o n sid e re d  

fo r  d isp o sa l  a r e  te s te d  fo r  b r u c e l lo s is  and tu b e r c u lo s is . R eco rd  

sh e e ts  a r e  a ls o  p re p a r e d  fo r  each  an im a l w hich contain s in fo rm atio n  

on bran d  n um ber, co lo r  p a ttern , se x , y e a r  o f b irth  and lin e a g e .

R ep ro d u ctiv e  B io lo gy

S e le c tiv e  B re e d in g . The m is s io n  of longhorn  m an agem en t on 

the re fu g e  i s  to p r e s e r v e  s p e c ie s  c h a r a c te r i s t ic s .  T o  fa c il ita te  that 

o b je c tiv e , b reed in g  of longhorn  cow s i s  c a re fu lly  co n tro lled . B u lls  

having d e s ir e d  t r a i t s  a r e  se le c te d  fo r  b reed in g  and a r e  p lac e d  in 

p a s tu r e s  with cow s, often  in m id -M ay  and re m ain  u n til m id -A u g u st. 

C a lv e s  a r e  born  betw een M arch  1 and Ju n e 15 (H allo ran  1956a).

The se le c t iv e  b reed in g  p r o g r a m  being p r a c t ic e d  on the W ichita 

could le a d  to an  u n d e sire d  condition  by red u cin g  the am ount of gen etic  

d iv e r s ity  w ithin the h e rd . To c ircu m v en t the p ro b le m , new b re e d in g  

sto c k  is  in trod u ced  a t  freq u en t in te r v a ls .  A su m m a ry  of in tro d u c -

tion s through the e a r ly  1 9 7 0 's i s  p re se n te d  in T ab le  2 .

B re e d in g  A ge . Longh orn  fe m a le s  h ave  a tta in ed  se x u a l m atu rity  

by 1 y e a r  of age  and a r e  cap ab le  of g iv in g  b irth  durin g  th e ir  secon d  

y e a r  o f l i fe .  The r e fu g e 's  d ata  a r e  con fu sin g  re g a rd in g  the age  at 

w hich cow s a r e  f i r s t  b re d  but it  a p p e a r s  that, p r io r  to 1957, fe m a le s  

w ere  b re d  a s  y e a r l in g s .  A fte r  that d ate , it s e e m s  to h ave been
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T ab le  2 . N um ber of b u lls  and cow s added  to the W ichita M ountains 
W ildlife R efu ge longhorn  popu lation  a f te r  i t s  e sta b lish m e n t 
in 1927  (d ata  fro m  H a llo ran  1962).

Y e a r B u lls Cow s S o u rc e

1928 - - 3 - -

1931 2 - - M exico

1936 2 - - M exico

1941 10 - - M exico

1946 - - 12 M exico

1949 1 - - T e x a s

1951 8 - - T e x a s

1965 1 - - T e x a s

T o ta l 24 15
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re fu g e  p o licy  to not b re e d  longhorn  cow s u n til they a r e  a t  l e a s t  

2 y e a r s  o ld .

M ale s  a r e  c la s s i f ie d  a s  " b u l l s "  when y e a r lin g s  but nothing w as 

found in  the re fu g e  re p o r ts  w hich would in d ica te  the age  a t  w hich they 

a tta in  se x u a l m atu rity  o r p e r fo rm  f i r s t  s e r v ic e .  M ost of the m a le s  

in  the h erd  a r e  c a s t r a te d  w ithin a few m onths a f te r  b irth  and a r e  only 

re ta in e d  fo r  p u b lic  v iew ing.

C alv in g  P e r fo rm a n c e  of Lon gh orn . D ata on the p ro d u ctiv ity  of 

in d iv idu al longhorn  cow s i s  r e a d ily  a tta in ab le  during the fa l l  roundup 

b e c a u se  c lo se  sc ru tin y  of in d iv idu al cow s i s  u n d ertak en  not only to 

d e term in e  th e ir  re p ro d u c tiv e  s ta tu s  but a l s o  to a s c e r ta in  w hether o r  

not they g iv e  b irth  to c a lv e s  p o s s e s s in g  d e s ir e d  p h y sic a l t r a i t s .

Cow s w hich a r e  non productive  o r  w hich g ive  b irth  to u n d e s ir a b le  

c a lv e s  a r e  g e n e ra lly  cu lled  fro m  the h erd .

S in g le  b ir th s  a r e  the ru le  fo r  W ichita longhorn . No re fe re n c e  

to m u ltip le  b irth s a p p e a r s  in the a v a ila b le  r e c o r d s .  S in ce  it h a s  been  

re fu g e  p o licy  (p r io r  to 1957) to com bine fe m a le s  of a l l  ag e  c l a s s e s  

when re p o rtin g  re p ro d u c tiv e  in fo rm atio n , we w ere  unable to a s c e r -

ta in  w hether o r not fe m a le s  b reed in g  a s  y e a r lin g s  w ere  m o re  o r l e s s  

lik e ly  to b e a r  a  c a lf  than o ld e r  fe m a le s .

S ex  co m p o sitio n  o f the c a lf  c ro p  h a s  not been  re p o rte d  in  a l l  

y e a r s  but the in fo rm atio n  a v a ila b le  (T ab le  3) in d ic a te s  eq u al n u m b ers 

of m a le  and fe m a le  c a lv e s  i s  the g e n e ra l ru le . The p e rc e n ta g e  of
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T ab le  3. S e x u a l co m p o sitio n  of c a lf  c ro p s  fo r  longhorn  ca ttle  on the 
W ichita M oim tains W ildlife R efu ge .

Y e a r
M ale

C a lv e s
F e m a le
C a lv e s T o ta l

1927 1 3 4

1928 6 7 13

1929 7 9 16

1930 9 12 21

1931 12 15 27

1932 10 12 22

1933 18 11 29

1934 20 16 36

1943 25 18 43

1951 38 30 68

1952 39 42 81

1954 43 34 77

1955 52 52 104

1964 43 54 97

1965 49 53 102

1972 52 49 101

T o ta l 424 417 841

P e rc e n t 50 50
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m a le s  and fe m a le s  in the c a lf  c ro p  m ay  v a ry  betw een y e a r s ,  

h ow ever.

R eprod u ctiv e  s u c c e s s  (p e rce n tag e  of cow s p rodu cin g  a  ca lf) in 

the longhorn  h erd  h a s  flu ctu ated  o v er  tim e (F ig .  4 ). In m any w ay s, 

the ca lv in g  s u c c e s s  fo r  longhorn  on the re fu g e  w as s im i la r  to that 

d e sc r ib e d  above fo r  b iso n . F o r  the f i r s t  few  y e a r s  a f te r  longhorn  

w e re  e s ta b lish e d  on the W ichita, re p ro d u c tiv e  s u c c e s s  in the h erd  

d eclin ed , fin a lly  s ta b iliz in g  fo r  a  b r ie f  p e rio d  during the la te  1 9 3 0 's 

and e a r ly  1 9 4 0 's .  L ik e  the re p ro d u c tiv e  p a tte rn  of b ison , r e p ro d u c -

tiv e  r a te s  fo r  longhorn  ca ttle  in c r e a se d  su b sta n tia lly  durin g the 

1 9 4 0 's .  U nlike the re p ro d u c tiv e  r a te s  o b se rv e d  fo r  b ison , how ever, 

rep ro d u ctio n  by longhorn  ca ttle  h a s  been  re la t iv e ly  con stan t s in ce  the 

e a r ly  1 9 5 0 's .  T h is  i s  thought to be due in  la r g e  p a r t  to the constan t 

h e rd  s iz e  m ain ta in ed  o v er the sam e  tim e span .

The lo w est c a lf  crop  re c o rd e d  fo r  longhorn  ca ttle  on the W ichita 

(41 c a lv e s  p e r  100 cow s) o c c u rre d  in 1936 w hile the h erd  w as s t i l l  

bein g  held  in the B u ffa lo  P a s tu r e .  It s e e m s  lik e ly  that the sa m e  

h u sb an d ry  ac tio n s b e lie v e d  re sp o n s ib le  fo r  the in c r e a s e  in  b iso n  

re p ro d u c tiv e  r a te s  durin g the 1 9 4 0 's con tribu ted  to the in c r e a s e  in 

longhorn  ca lv in g  r a te s  a s  w e ll. V accin atio n  of longhorn  c a lv e s  fo r  

b r u c e l lo s i s  began  in  1944 (B a r tn ic k i 1972) and, lik e  b ison , the s to c k -

ing p a tte rn  fo r  longhorn  ca ttle  changed a fte r  19 38 when the B u ffa lo  

P a s tu r e  w as m od ified .
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Y e a r

F ig u re  4 . H is to r ic a l  trend in ca lv in g  r a te s  fo r  longhorn  ca ttle  on the 
W ichita M ountains W ildlife R efu ge . P e r c e n ta g e s  re f le c t  
the n u m ber of cow s w hich p ro d u ced  c a lv e s .
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S y n th e sis  o f Longhorn  R ep rod u ctiv e  F u n ctio n s. R ep o rted  in -

fo rm atio n  on c a lf  p rod u ction  by longhorn  ca ttle  w as con verted  to 

d en sity -d ep en d en t ( l in e a r  r e g r e s s io n )  fvmctions to e x p r e s s  the r e l a -

tion betw een ca lv in g  ra te  and h erd  s iz e .  L e a s t - s q u a r e s  r e g r e s s io n s  

c a lc u la te d  fo r  ca lv in g  d ata  re c o rd e d  betw een 1927 (date of in tro d u c -

tion) and 1938 su g g e ste d  two d istin c t re p ro d u c tiv e  tre n d s . D uring the 

e a r ly  p a r t  o f the p e r io d  (1927 to 1934), the l in e a r  r e g r e s s io n  Y =

. 629 - .0 0 0 8 (X ) b e s t  d e sc r ib e d  re p o rte d  longhorn  n ata lity  a s  d e te r -

m in ed  by c o rre la t io n  te s t s  (F ig . 5 -A ). The " X ” in the e x p r e s s io n  

r e f e r s  to h erd  s iz e  at b re e d in g . D uring the la t te r  p o rtion  o f the 

p erio d  (1935 to 19 38), the r e g r e s s io n  fo r  longhorn  p ro d u ctiv ity  

b e c am e  s te e p e r  (F ig . 5 -B ), in d icatin g  longhorn  ca lv in g  r a te s  d eclin ed  

m o re  rap id ly  with in c r e a se d  h e rd  s iz e  than they did e a r l ie r  in the 

p e r io d .

The y e a r  1938 brough t about a  change in the ran ge  eco logy  of 

W ichita longhorn  and rep ro d u c tiv e  functions sy n th e siz e d  fro m  fie ld  

data re p o rte d  a f te r  that date re f le c t  that ch an ge. P r io r  to 1938, the 

h e rd  w as h eld  in the B u ffa lo  P a s tu r e  but w as la t e r  r e le a s e d  into an  

a r e a  roughly  fou r tim e s  l a r g e r  in to ta l g ra z in g  sp a c e . C h an ges in 

g ra z in g  conditions m ay  exp la in , a t  le a s t  in p a r t , why r e g r e s s io n  

equ ation s fo r  ca lv in g  d ata  g a th ered  betw een 1939 and 1954 r e v e r s e d  

the trend  noted in the 1 9 3 0 's .  In ste ad  of ca lv in g  r a te s  d eclin in g  with 

in c r e a s e d  h e rd  s iz e , a s  they did du rin g  the 1 9 3 0 's , ca lv in g  r a te s
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B , 1935-1938 , C . 19 3 9 - 1944 , D. 1945-1953 .



m e a su r e d  durin g the 1 9 4 0 's and 1 9 5 0 's in c r e a se d  a s  h e rd  s iz e  in -

c r e a s e d . The e x p r e s s io n  Y = . 509 + .0 0 0 0 6 (X ) b e st  d e sc r ib e d  

ca lv in g  r a te s  re p o rte d  betw een 1939 and 1944 (F ig . 5-C ) but ca lv in g  

r a te s  in c r e a se d  a t  a  f a s t e r  ra te  betw een 1945 and 1953, a s  ev id en ced  

by the g r e a te r  p o s it iv e  s lo p e  of the r e g r e s s io n  fo r  that p e rio d  

(F ig .  5 -D ). An a v e ra g e  re p ro d u c tiv e  ra te  of .906  c a lv e s  p e r  cow 

w as sy n th esized  fo r  longhorn  ca ttle  betw een 1954 and 1972.

43

N atu ra l L o s s e s

Longhorn  d eath s re su lt in g  fro m  n a tu ra l c a u se s  h ave been  

re p o rte d  in m o st  y e a r s  (T ab le  4 ). P e rc e n t  n a tu ra l lo s s  h a s  v a r ie d  

g re a t ly  betw een y e a r s ,  being h igh est during the f i r s t  few  y e a r s  

im m e d ia te ly  fo llow ing the lo n g h o rn 's  in trodu ction  to the W ichita 

re fu g e . H erd  s iz e  w as sm a ll  durin g  th is p e r io d  and the o c c u rre n c e  

o f one o r two n a tu ra l death s y ie ld ed  h igh  m o r ta lity  p e r c e n ts . P e rc e n t  

m o r ta lity  d e c r e a se d  a s  h erd  s iz e  in c r e a se d  such  that the a v e ra g e  lo s s  

betw een 1927 and 1972 w as about 2 . 5 p e rc e n t. T h is  a v e r a g e  m ay  be 

b ia se d  to so m e  d e g re e , h ow ever, b e c a u se  o f la c k  of in fo rm atio n  on 

m o r ta lity  l o s s e s  during 1934 to 1943. It i s  not known w hether n a tu ra l 

m o r ta lity  during that in te rv a l w as m in im a l o r  w hether it s im p ly  w as 

not o b se rv e d  and re p o rte d .

The m o r ta lity  agen t r e sp o n s ib le  fo r  the death  of ind iv idual 

longhorn  h a s  been  re p o rte d  l e s s  freq u en tly  than to tal l o s s .  Often the 

im m e d ia te  c a u se  of death  w as not d e term in ed  (o r  rep o rted ) and, in
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T a b le  4 . S u m m a r y  of n a tu ra l  m o r ta l i ty  data  a v a i la b le  fo r  longhorn  
ca tt le ,  W ichita M ountains W ildlife R efu ge .

Y e a r B u lls Cows C a lv e s U n sp ec if ied  T o ta l P e rc e n t

1927 1 1 2 6. 3
1928 0 2 2 4 .6
1929 0 4 1 5 9 . 4
1930 1 1 2 2 . 8
1931 1 1 3 5 6. 6
1932 0 1 1 2 2 . 1
1933 0 2 1 3 3. 0
1944 3 3 1 .3
1945 1 1 . 4
1946 2 6 8 3 .2
1947 2 1 6 9 3 .6
1948 2 1 2 3 8 3 .6
1949 3 5 3 11 3 .9
1950 1 2 1 6 10 3 .4
1951 2 1 3 1 .2
1952 2 2 .5
1953 5 1 2 8 2 .5
1954 1 1 . 3
1955 1 1 2 .7
1956 1 1 1 3 .7
1957 2 2 3 7 1 .8
i 960 1 1 . 3
1961 4 4 1. 3
1962 5 5 1 .7
1963 4 4 8 2 . 7
1964 8 8 2 .7
1965 5 5 1 .7
1966 4 4 1 .3
1967 3 3 1 .0
1968 6 6 2 . 0
1969 2 2 .5
1970 1 1 . 3
1971 7 4 11 2 . 6

T o ta ls 28 18 36 73 155

M ean 2 .4 8
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so m e  c a s e s ,  the a n im a l  s im p ly  d isa p p e a r e d ,  i t s  fate  rem ain in g  im - 

known. But the few in s ta n c e s  in which a  sp e c i f ie d  m o r ta l i ty  agent 

w a s  g iven  p ro v id ed  the following f re q u e n c ie s :  p o a c h e r s  (15), a c c i -

dents (8), old age  (7), d i s e a s e  (6). No l o s s e s  to b ob cats  (Lyn x ru fus) 

o r  coyotes  (C an is  l a t r a n s ) ,  the two p r in c ip le  wild m a m m a lia n  

p r e d a to r s  on the re fu ge , have been  re p o r te d .

Longhorn  H a r v e s t  In form ation

H a r v e s t  in form ation  u se d  to s im u la te  the h is to ry  of the Wichita 

longhorn  population  w as  b a s e d  upon h a r v e s t  to ta ls  re p o rte d  by 

H a llo ran  (1964) p lu s  in form ation  com piled  f ro m  annual n a r r a t iv e  

r e p o r t s .  S ince there  w as  l i t t le  r e p o r te d  in form ation  on the ag e  

s t r u c tu r e  of annual h a r v e s t s ,  age  s t ru c tu re  of the h a r v e s t  w as 

a s s u m e d  to be p ro p o r t io n a l  to the s i z e  of each  ag e  c l a s s  (no s e l e c -

tiv ity  between age  c l a s s e s ) .

E lk  F ie ld  Data

The e lk  o r  w apiti  i s  indigenous to the W ichita M ountains reg ion . 

H a llo ran  (1963) c ited  v a r io u s  e a r ly  r e c o r d s  which told of e lk  being 

hunted on the W ichita a s  la te  a s  the 1 8 8 0 's .  O v e r- h a rv e s t in g  i s  

b e liev ed  to have been the r e a so n  fo r  the s p e c ie s  d i s a p p e a r a n c e  f ro m  

the a r e a .

E lk  w e re  re in tro d u ced  to the W ichita M ountains in 19 H  with 

the r e l e a s e  of 1 bu ll and 4 cow s brought to the re fu ge  f r o m  Ja c k s o n
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H ole, W yoming. F if teen  m o r e  elk, 3 bu lls  and 12 cow s, w e re  added 

in 19 12 , a l s o  obtained f r o m  Ja c k s o n  H ole . The p r e se n t  h erd  

d e scen d ed  en tire ly  f r o m  these  20 aninoals.

The s u b s p e c ie s  of e lk  cu rre n t ly  found on the W ichita i s  b e liev ed  

to be d iffe ren t  f r o m  the native  s u b s p e c ie s .  A cco rd in g  to H a llo ra n  

( 1963), R ocky Mountain e lk  (C . c a n a d e n s is  n elson i) w ere  tran sp lan ted  

to the re fu ge  and re p la c e d  the native  M e r r i a m 's  elk  (C . ca n a d e n s is  

m e r r i a m i ) .

F o r  the m o s t  p a r t ,  e lk  occupy the m o r e - in a c c e s s ib l e  p o rt io n s  

of the re fu g e .  A few a n im a ls  a r e  m ain ta in ed  in exh ibitation  p a s t u r e s  

n e a r  the m ain  tour ro u te s  but m o s t  e lk  have m oved  into p a s t u r e s  

aw ay f ro m  these  a r e a s .  A s  a  conseq uence , the m a jo r  r e c r e a t io n a l  

benefit  d er iv ed  f r o m  the h erd  i s  sp o r t  hunting.

C en su s  E f fo r t

The techniques u se d  to c e n su s  the W ichita e lk  h erd  during the 

e a r ly  y e a r s  a r e  o b sc u re  in the r e fu g e 's  f i le s  although ground counts 

w e re  p ro b ab ly  u se d .  H e lico p te r  counts have been  in u s e  s in c e  about 

19 5 5 . A e r ia l  e s t im a te s  a r e  m ad e  in w in ter  ( J a n u a r y  through M arch) 

and a r e  flown during e a r ly  m orn ing , con cen trat in g  on a r e a s  which 

r e c e iv e  heavy  u se  f r o m  elk . The o b jec t iv e  of the counts i s  to o b -

s e r v e  a s  m an y  elk a s  p o s s ib le  in o rd e r  to e s t im a te  the to ta l  re fu ge  

population . The a c c u r a c y  of th ese  a e r i a l  counts i s  u n te s ted  but 

a p p e a r s  to v a ry  with o b s e r v e r  and w eath er  cond ition s. Counts in
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re ce n t  y e a r s  a r e  thought to be a c c u r a te  by the refuge  b io lo g is t  but 

e a r l i e r  counts w e re  undoubtedly low. Throughout m uch of the 1960 's ,  

a  c o r re c t io n  fa c to r  of 15 p e rc e n t  of the num ber of elk o b se rv e d  w as 

added to the final ta lly  to com p en sate  fo r  elk p r e se n t  but not seen .

Ground counts u ndertaken  to s e x  and ag e  the re fu ge  h erd  have 

been in u se  s in ce  1969. T h e se  counts, in c o m p a r iso n  to the a e r i a l  

counts, a r e  m ade  during la te  su m m e r  o r  e a r ly  fa l l  during the rut.

The re fuge  b io lo g is t  r e c o r d s  a l l  elk s igh tin gs  and c l a s s i f i e s  in d iv id -

u a ls  se e n  a s  b u lls ,  cows or  c a lv e s .  B re e d in g  h a r e m s  a r e  lo ca ted  and 

c l a s s i f i e d  to obtain in form ation  on ca lv ing  r a t e s .  The r e s u l t s  of both 

a e r i a l  and ground counts a r e  u se d  to c r o s s - c h e c k  and update an 

inventory  sheet m aintained  on the e lk  h erd  which docum ents a l l  a d d i -

tions to and r e m o v a ls  f ro m  the herd .

H a r v e s t

Follow ing the ré in troduction  of 20 elk to the re fuge  in 1911 and 

1 9 1 2 , hab itat  conditions p roved  su itab le  and the h erd  in c r e a s e d  to 

300 head by 192 5. H erd  contro l w as deem ed  n e c e s s a r y  at that point 

and a  p r o g r a m  of annual herd  cropping  w as  in itia ted . F o r  n e a r ly  50 

y e a r s ,  su rp lu s  a n im a ls  w ere  so ld  a l iv e  fo r  re s to c k in g , donated or  

bu tch ered  fo r  m e at .  Sp ort  hunting w as  adopted in 1969 a s  the m e an s  

of regu la t in g  s iz e  of the h erd .

A c c u r a te  r e c o r d s  have been  m ain ta in ed  on e lk  rem o v ed  f r o m  

the re fu g e . Sex  s t r u c tu r e  of the h a r v e s t  h as  been re c o rd e d  in m o s t
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y e a r s  but, until recen tly , l itt le  in form ation  w as  a v a ila b le  on the age 

of the a n im a ls  h a r v e s te d  other than H a l lo ra n 's  (1957) g e n e ra l  s t a t e -

m ent that re fu ge  po licy  prohib ited  the d i s p o s a l  of e lk  l e s s  than 2 j  

y e a r s  of a g e .  E lk  d i s p o s a l s  between 1925 and 1972 fo r  which se x  

in form ation  w as re c o rd e d  totaled 2775 . Of that total, 1294 (47 p e r -

cent) w ere  b u lls  and 1481 (53 percen t)  w ere  cow s.

R eprodu ctive  B io logy

B reed in g  A ge . The exam in ation  of rep ro d u ctive  t r a c t s  r e -

m oved  f r o m  bu tch ered  e lk  and a l s o  f r o m  cows taken by hunters  p r o -

v id e s  in form ation  on the b reed in g  chronology of Wichita e lk . Data 

co llec ted  s ince  1961 (F ig .  6) r e v e a l  the p e rc e n ta g e  of cows f ro m  

each  age  c l a s s  found to be v is ib ly  p regnant at the t im e  of h a r v e s t  

(N ovem ber and D e c e m b e r ) .

B a s e d  upon the evidence av a ila b le ,  it a p p e a r s  a s  though W ichita 

e lk  se ld o m  conceive when they a r e  y e a r s  old. Of the 71 y e a r l in g  

cows h a rv e s te d  between 1969 and 1973, only 5 (7 p ercen t)  w ere  

re p o rte d  pregnant. A su b s ta n t ia l ly  l a r g e r  p e rc e n ta g e  of the 2 |- - y e a r -  

old cows conceive  but p r im e  b reed in g  ag e  fo r  cows in the W ichita 

M ountains s e e m s  to o c c u r  at 3 y e a r s  of ag e .

T h ese  findings on the Wichita a r e  not en t ire ly  c o n s is te n t  with 

da ta  re p o rte d  f r o m  other a r e a s .  F o r  exam p le ,  there  a p p e a r s  to be a 

low er incidence of p reg n a n cy  am ong younger cows (1-| and 2 j  y e a r s  

old) on the W ichita than there  is  am ong cows of the sa m e  age  in h e rd s
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F ig u r e  6. Incidence of p regn an cy  am ong cow elk of v a r io u s  a g e s  on 
the W ichita M ountains W ildlife R efu ge . D ata a r e  f ro m  
cows h a r v e s te d  1961-1967 and 1969-1973.
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of the Sun R iv e r  d ra in ag e  in M ontana and Y ellow stone N ational P a r k  

(T ab le  5). P reg n a n cy  r a t e s  am ong o ld er  cows s e e m  to be som ew hat 

u n ifo rm  betw een the three  a r e a s  how ever.

Annual V ar ia t io n  in Incidence of P reg n a n cy . The am ount of 

y e a r - t o - y e a r  v a r ia t io n  in p regn an cy  ra te  fo r  e lk  on the W ichita re fuge  

i s  su b s ta n t ia l  (T ab le  6). The p a ttern  i s  s im i l a r  to that pointed out 

above fo r  the annual v a r ia b i l i ty  of b iso n  ca lv ing  r a t e s .  Judging  f r o m  

the r e sp e c t iv e  s tan d ard  dev iation s, the v a r ia b i l i ty  in p regn an cy  in -

c idence  fo r  2 -y e a r - o ld  cows i s  g r e a t e r  than that fo r  o ld er  cow s.

M ore  2 - y e a r -o ld  cow e lk  have been  re p o rte d  pregnant s in ce  

1969 than during the period  f r o m  I 9 6 I through 1968. G ranted  the 

sa m p le  s i z e s  a r e  too s m a l l  to draw  any definite c o n c lu s io n s .  But, if 

these  findings do ind icate  a h igher incidence of p regn an cy  am ong 

2 - y e a r - o ld  cows a f te r  1969. that in c r e a s e  would c o r re sp o n d  roughly 

with a su b s ta n t ia l  reduction  in the re fuge  h erd . During D ecem b er  

1965 , there  w ere  a p p ro x im ate ly  1100 elk  on the re fu ge . T his  

e s t im a te  w as  d er iv ed  through com pu ter  s im u la t io n  and is  ju s t i f ie d  in 

a  l a t e r  se c t io n  of the re p o r t .  Subsequent e f fo r ts  by the re fu ge  s ta f f  

reduced  the herd  s iz e  by about 60 p e rcen t,  such  that in D ecem b er  

1970 , (p o st se a so n )  only 460 e lk  rem ain ed  on the re fuge  (B a r tn ic k i  

1973). The in te re s t in g  qu est ion  i s  w hether o r  not this h e rd  reduction  

in any w ay contributed to the h igher incidence  of p regn an cy  am ong 

younger cow s. E v iden ce  ga th ered  in other s tu d ie s  in d ica te s  there  

could be a c a u se - a n d - e f fe c t  re la t io n sh ip  betw een the two even ts .
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T a b le  5. C o m p a r iso n  of p reg n a n cy  r a te s  fo r  e lk  f r o m  d ifferen t 
a r e a s .  V a lu e s  a r e  p e rc e n t  of the age  c l a s s  p regn an t .

Age

A r e a 2 - 3 i+ S o u rce

Sun R iv e r 26 64 79 Knight 1970

Y ellow stone P a r k 7 93 91 C heatum  and G aab 1952

W ichita M ountains 7 35 67 —

T a b le  6. C o m p a r iso n  of p reg n a n cy  r a te s  fo r  e lk  on the W ichita 
M ountains W ildlife R efuge between y e a r s .

2 - Y e a r -Old Cows M ature  Cows

No. No. 
Y e a r  E x am in e d  P re g n a n t %

No. No. 
E x am in e d  P reg n a n t %

1961 7 0 0 .0 58 23 3 9 .6

1962 -- - - - - 27 13 48. 1

1963 - - - - -- 18 9 5 0 .0

1964 2 0 0 .0 38 29 76. 3

1965 6 1 1 6 .6 46 27 5 8 .7

1966 11 0 0 .0 118 94 7 9 .7

1967 12 0 0 .0 126 67 5 3 .2

1968 - - - - -- - - - - --

1969 2 2 1 0 0 .0 28 16 57. 1

1970 2 0 0 .0 35 12 34. 3

1971 1 0 0 .0 30 47 9 4 .0

1972 5 3 6 0 .0 77 42 54. 5

M ean 1 9 .6 5 8 .7

S .D . 36. 1 1 7 .0
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B uechner and Sw anson  (19 55) found a high incidence of p r e g -

nancy am ong y e a r l in g  e lk  in so u th e a s te rn  Washington follow ing a 

reduction  in h erd  le v e l .  In a s i m i l a r  m an ner, G r e e r  ( I 966) d i s -

co v ered  fe r t i l i ty  r a te s  fo r  y e a r l in g  e lk  in Y ellow stone N ation al P a r k  

in c r e a s e d  f ro m  9 p e rc e n t  to 2 8 p e rce n t  following a h erd  reduction  

which low ered  w inter herd  s iz e  f ro m  10000 to 5000 e lk . Although 

p regn an cy  r a te s  of y e a r l in g s  in c r e a se d ,  G r e e r ' s  study found that the 

p regn an cy  ra te  of m atu re  (2-15  y e a r s  old) e lk  w ere  co n s is te n t  between 

y e a r s ,  ranging  f r o m  95 to 100 p e rce n t .  Thus, the s m a l l  am ount of 

in form ation  f r o m  the W ichita i s  in co n sis ten t  with G r e e r ' s  findings in 

that p regn an cy  r a te s  of 2 - y e a r - o ld  cows s e e m s  to have in c r e a s e d  

following h erd  reduction . It is  unknown to what extent the Wichita 

reduction  m ay  have a ffec ted  the incidence of p regn an cy  am ong 

y e a r l in g  e lk  on the re fu ge  but a  few (5 of 71) y e a r l in g s  have been 

found p regnant s in ce  the h erd  reduction  o c c u rre d .

Calving  R a te s ,  In form ation  about e lk  ca lv ing  r a te s  i s  p oor  in 

the f i le s  p r io r  to 1969 s in ce  few e f fo r ts  w ere  m ad e  to ga th er  such 

in form ation . Throughout m uch of the 1 9 60 's ,  the po licy  w as to 

a s s u m e  a constant ra te  of in c r e a s e  in the h erd . An annual in c r e a s e  

of 17 p ercen t  of the known h erd  s iz e  w as a s s u m e d  betw een I960 and 

1965 but the e s t im a te  w as r a i s e d  to 25 p e rc e n t  between 1966 and 1968.

Although ca lv ing  r e c o r d s  a r e  f r a g m e n ta r y  and in con sis ten t , 

th ere  a r e  so m e  accoun ts  of the num b er of c a lv e s  se e n  in the h erd . In
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other in s ta n c e s ,  e s t im a te s  of the to ta l  num ber of c a lv e s  p rod u ced  by 

the h erd  w e re  m a d e .  L ack in g , how ever, and needed to d e term in e  a 

ca lv ing  ra te ,  i s  the num b er of cows which p rodu ced  those c a l f  c r o p s .

In o rd e r  to e s t im a te  a h e rd  ca lv ing  ra te  fo r  elk, the a p p ro ac h  

u se d  in this study w as  to f i r s t  e s t im a te  the num b er of cows in the 

h e rd  in the follow ing m an n er .  It w as a s s u m e d  that a p p ro x im a te ly  50 

p e rc e n t  of the h erd  would be fem ale 's .  T h is  a s su m p tio n  se e m e d  

re a so n a b le  b e c a u se ,  a s  pointed out above, b u lls  m ade  up about 47 

p e rc e n t  of the h a r v e s t .  R em oving  few er  b u lls  than cow s f r o m  a h erd  

with a 50:50 se x  r a t io  would, o v e r  tim e, c a u se  a  g r a d u a l  in c r e a s e  in 

the m a le  se g m e n t.  But a l s o  taken into c o n s id e ra t io n  in th ese  c a lc u -

la t ion s  w as  ev idence that bull e lk  on the W ichita su s ta in  a  s l igh tly  

h igh er  ra te  of n a tu ra l  m o r ta l i ty  than do the cow s. M ore  d i s c u s s io n  

of this point i s  p re se n te d  below . T h e re fo re ,  the com bined  e f fe c t s  of 

hunting and n a tu ra l  a ttr it io n  would be exp ected  to m ain ta in  the 50:50 

se x  ra t io .

Next the num b er of b r e e d in g - a g e  cows w as  ca lc u la te d  by 

a s s u m in g  that 20 p e rc e n t  of a l l  f e m a le s  do not re p ro d u c e .  Included 

in this g rou p  would be a l l  y e a r l in g  cows p lu s  any addit ion al cow s too 

old to b e a r  a c a l f .  T h is  p e rc e n ta g e  h a s  been u s e d  by the re fu ge  

b io lo g i s t  in h is  ca lc u la t io n s  (B a r tn ic k i  1972a) and th e re fo re  w as  

adopted  fo r  u s e  h e r e .
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The re su lt in g  ca lv ing  r a te s  (c a lv e s  p e r  100 cows) obtained f r o m  

the p ro c e d u re  a r e  plotted in F ig .  7. Caution should be e x e r c i s e d  in 

the ir  in te rp re ta t io n . The e s t im a te s  a r e  b e liev ed  a c c u r a te  enough to 

ind icate  the g e n e ra l  trend in e lk  ca lv ing  r a te s  o v e r  tim e, but the 

a c c u r a c y  of a  value fo r  any given  y e a r  should be ac ce p te d  with d i s -

cre t ion .

B a s e d  upon this a n a ly s i s ,  the h i s t o r i c a l  trend in ca lv ing  r a te s  

fo r  W ichita e lk  i s  s i m i l a r  to the p a t te rn s  p re v io u s ly  d e sc r ib e d  fo r  

b iso n  and longhorn. A s  noted fo r  those s p e c ie s ,  there  a p p e a r s  to be 

an  in c r e a s e  in e lk  ca lv ing  r a te s  during the 1 9 4 0 's .  T h is  i s  followed 

by a  p er iod  during the 1 9 5 0 's and 1960 's  in which ca lv ing  r a te s  

declined .

The a v e r a g e  p r e s e a s o n  ca lv ing  ra te  re p o rte d  betw een 1969 and 

1972 w as about 40 c a lv e s  p e r  100 cow s. T h is  s e e m s  low in c o m p a r i -

son  with ca lf :co w  counts found in so m e a r e a s  but i s  h igh er  than those 

found in o th e rs  (T ab le  7).

E lk  Calving  R ate  F u n ction s .  If we a s s u m e  that the e lk  ca lv ing  

r a te s  ca lcu la ted  above a r e  re a so n a b ly  c o r r e c t ,  then it a p p e a r s  that 

two d is t in ct  c a lv in g - ra te  p a t te r n s  o c c u rre d  on the W ichita between 

1913  and 19 7 2 . D uring the period  1913 through 1940, the function 

which b e s t  d e sc r ib e d  the ca lv ing  data  (F ig .  8-A) w as  Y = 1 .0  - 

. 002(X ). The " X "  in the equation  r e p r e s e n t s  b reed in g  h erd  s iz e .  A 

s im ila r  function, Y = 1 .0 3  - .0 0 0 9 (X )  shown in F ig .  8 -C , w as
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F ig u r e  7. H is to r ic a l  trend in ca lv ing  r a te s  fo r  e lk  on the W ichita 
M ountains W ildlife R efuge .
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T a b le  7. C o m p a r iso n  of e lk  p r e s e a s o n  calfrcow  r a t io s  o b se rv e d  on 
the W ichita M ountains W ildlife R efuge with those  re p o rte d  
f r o m  other a r e a s .  (D ata  fo r  the W ichita re fu ge  a r e  f ro m  
B a r tn ic k i  1973 .)

L o ca tio n
C a lv e s  P e r  
100 Cows

A. W ichita M ountains 
Y e a r

1969 28

1970 39

1971 19

1972 72

A v e ra g e 39. 5

B . Other H erd s

White R iv e r  
(Boyd 1970)

63

C ache  N ational F o r e s t  
(K im b a ll  and Wolfe 1974)

57

H a rd w a re  Ranch M anagem ent Unit 
( F o l l i s  and Sp ille tt  1974)

53

Sun R iv e r  
(Knight 1970)

30
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B

F ig u r e  8. L e a s t - s q u a r e s  r e g r e s s i o n  fo rm u la e  d e sc r ib in g  the fu n c-
tional r e la t io n s  betw een elk  ca lv ing  ra te  and b reed in g  h erd  
s iz e  on the W ichita M ountains W ildlife R efu ge . T im e  
p e r io d s ;  A. 1913-1940, B . 1941-1954, C. 1955-1972 .
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ca lc u la te d  fo r  ca lv ing  r a t e s  com piled  during the p e r io d  1955 through 

1972 . Both of those  ca lv ing  functions have n egative  s lo p e s ,  indicating 

that elk  ca lv ing  r a te s  declined  a s  b reed in g  h erd  s iz e  in c r e a s e d .

The second  d is t in c tiv e  p a t te rn  in e lk  c a lv in g - ra te  trend o c c u r -

re d  during the in term itten t y e a r s  1941 through 1954. The l in e a r  

function ca lc u la te d  fo r  ca lv ing  r a te s  during those y e a r s  (F ig .  8 -B )  

w as  Y = . 378 + .0 0 0 2 (X )  w hose p o s it iv e  s lo pe  ind icated  that, unlike 

the p a ttern  fo r  the e a r ly  and late  p e r io d s ,  e lk  ca lv ing  r a te s  in c r e a s e d  

a s  h erd  s iz e  grew .

R eprod u ctive  F a i lu r e .  A s  m entioned above, two independent 

e s t im a te s  of elk  rep rod u ction  a r e  m ade  in each  b reed in g  cy c le .  The 

f i r s t ,  a  d e term in ation  of p reg n a n cy  ra te ,  i s  b a se d  upon exam in ation  

of m a t e r i a l s  co llec ted  f r o m  elk  shot during  the hunt. The second  

m e a s u r e  of rep ro d u ctive  e ffo r t  i s  e s t im a te s  of ca lf :co w  r a t io s  m ade 

during fa l l .  A c o m p a r iso n  of these  two in d ic a to r s  would p rov ide  an 

a s s e s s m e n t  of rep ro d u ct ive  fa i lu re ;  i. e . ,  it would provide  an in d ic a -

tion of fe ta l  l o s s e s  a n d /o r  c a l f  l o s s e s  between the tim e of the hunt 

(D ecem b er)  and the t im e ca lf :co w  counts a r e  m ade  in A ugust and 

S e p te m b e r .

In o rd e r  to c a r r y  out the a n a ly s i s ,  two a s su m p tio n s  had to be 

m a d e .  F i r s t ,  it w as n e c e s s a r y  to a s s u m e  that age  s t ru c tu re  of the 

fe m a le  h a r v e s t  w as  re p r e se n ta t iv e  of the en tire  fe m a le  h erd .

Secondly , it w as a s s u m e d  that no m o r ta l i ty  o c c u r r e d  betw een the tim e
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e r r o r  (i. e . hunter se le c t iv ity )  m ay  h ave  o c c u r r e d .  N on eth e le ss ,  if 

th ese  f a c to r s  re m a in  r e la t iv e ly  constant f r o m  y e a r  to y e a r ,  the 

a s su m p tio n s  should hold and the a n a ly s i s  should be valid  a t  l e a s t  on a  

re la t iv e  b a s i s .

The a n a ly s i s  (T ab le  8) d etected  litt le  ev idence  of rep ro d u ctive  

f a i lu r e .  Only during 1 of the 3 y e a r s  exam in ed  w as  the calfrcow  

ra t io  o b se rv e d  in the f ie ld  n oticeab ly  d if fe ren t  f r o m  what w as  e x -

pected . The s m a l l  sa m p le  s iz e  (i, e. fe m a le  h a rv e s t )  in 1969 m a y  be 

re sp o n s ib le  fo r  the d isc re p a n c y  between o b se rv e d  and expected  

ca lv in g  ra te  ra th e r  than any b io lo g ic a l  ev en ts .

F o l l i s  and S p il le t t  (1974) re p o r te d  a  s im i l a r  in v est iga t ion  of 

w in ter p regn an cy  r a t e s  and su bseq u en t calfrcow  r a t io s  fo r  an elk 

h erd  w in tering  n e a r  Logan , Utah. R e su l t s  of their  study a r e  s im i l a r  

to those p re se n te d  h e re .  My r e s u l t s  su pport  the ir  b e l ie f  that p r e g -

nancy in fo rm atio n  p ro v id e s  a  va lu ab le  fo r e c a s t in g  tool fo r  h erd  

p rod u ctiv ity  so  long a s  the a s su m p tio n s  c ited  above re m ain  va lid .

59

N a tu ra l  M orta lity

E s t im a t e s  of n a tu ra l  a ttr it io n  am ong W ichita elk a r e  cru de . 

H a llo ran  (1963) re p o rte d  an  a v e r a g e  of IZ a n im a ls  lo s t  to n a tu ra l ,  

ac c id e n ta l  and p o a c h e r - r e la te d  c a u se s  betw een 1925 and 1956. 

R e p o rte d  h erd  s iz e  during the in te rv a l  v a r ie d  betw een 2 50 and 300 

e lk . Thus, if H a l lo r a n 's  e s t im a te  i s  c o r r e c t ,  it im p lie s  a  h erd
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T a b le  8. C o m p a r iso n  betw een o b se rv e d  and expected  ca lf ;co w  r a t io s
fo r  the Wichita M ountains W ildlife R efuge  elk  h erd  b a se d
upon D e c e m b e r  p regn an cy  r a t e s .

Y e a r
P re g n a n cy

R ate C a lv e s
E x p ec ted

1969
31 M atu re s 0 .7 5 31 M atu re s 23

7 Y e a r l in g s 0 .0 0 7 2 f  Y r .  Olds 0

1 C a lf 0 .0 0 1 Y e a r l in g 0

39 Cows 2 3 C a lv e s

T w en ty-th ree  (2 3) c a lv e s  p e r  39 cows eq u a ls  an expected
ca lf :co w  ra t io  of 59 :100 . O b serv ed  ra t io  w as 39 :100.

1970 1
N. D. N. D. N .D . N. D.

1971
51 M atu re s 0 .9 2 51 M atu re s 47

12 Y e a r l in g s 0 .0 8 12 2 f  Y r .  Olds 1

4 C a lv e s 0 .0 0 4 Y e a r l in g s 0

67 Cows 48 C a lv e s

F o r ty - e ig h t  (48) c a lv e s  p e r  67 cows eq u a ls  an expected
calfrcow  ra t io  of 72 :100 . O b serv ed  ra t io  w as 72 :100.

1972
82 M atu re s 0. 55 82 M a tu re s 45

11 Y e a r l in g s 0 .0 0 11 2 |  Y r .  Olds 0

20 C a lv e s 0 .0 0 2 0 Y e a r l in g s 0

113 Cows 45 C a lv e s

F o r ty - f iv e  (45) c a lv e s  p e r  113 cows eq u a ls  an exp ected
calfrcow  ra t io  of 4 0 :1 0 0 . O b serv ed  ra t io  w as  38 :100 .

S am p le  s i z e  too s m a l l  to m ake c a lc u la t io n s .



6 1

m o r ta l i ty  ra te  of 4 to 5 p e rc e n t  annually, a  ra te  only s l igh tly  h igher 

than what h as  been noted p re v io u s ly  fo r  longhorn  ca tt le  and c o m -

p a ra b le  to that of b iso n  on the re fu g e .

T h e re  w ere  no d a ta  a v a ila b le  with which to co m p a re  the 

m o r ta l i ty  le v e l  of b u lls  with that of cow s. H ow ever, it i s  su sp e c te d  

that bu ll m o r ta l i ty  r a te  w as  h ig h er  than that of cow s. The f i r s t  

indication  of p o s s ib le  d isp ro p o rt io n a te  m o r ta l i ty  on the s e x e s  b e c a m e  

a p p a re n t  while s im u la tin g  h erd  h is to r y .  Under the a s su m p tio n  of 

eq u a l  m o r ta l i ty  on the s e x e s ,  the m od e l fa i led  to ge n e ra te  h e rd  se x  

r a t io s  o b se rv e d  in the f ie ld . Then, during a  subsequent m eetin g  with 

the re fu ge  s ta ff ,  the re fuge  b io lo g is t  m entioned that se ld o m  a r e  b u lls  

o v e r  10 y e a r s  old taken during the hunt. An exam in ation  of the age  

d is tr ib u tio n  of elk  shot on the re fu ge  betw een 1969 and 1973 (F ig .  9) 

re v e a le d  that of the 299 bu lls  shot, 9 (3 percen t)  w ere  at l e a s t  10 

y e a r s  of a g e .  C o n v erse ly ,  22 of the 338 cows (6 percen t)  w e re  10 

y e a r s  o r  o ld e r .  D ata fo r  the 1971 hunt, a y e a r  in which only a n t l e r -

l e s s  e lk  w ere  le g a l ,  w e re  om itted  f r o m  the a n a ly s i s .

T h e se  W ichita o b se rv a t io n s  a r e  s i m i l a r  to those re p o r te d  by 

F lo o k  (1970) fo r  w apiti  in C anada. He o b se rv e d  that the mciximum 

a g e  of any b u lls  to which p r e c i s e  age  w as  a s s ig n e d  w as 14 y e a r s  

w h e re a s  cows up to 19 y e a r s  w e re  found in the h erd . F r o m  h is  o b -

se r v a t io n s ,  he concluded that the m o r ta l i ty  r a te  of m a le  w apiti 

b e c a m e  h igh er  than that of f e m a le s  so m e t im e  a f te r  y e a r s  of a g e .
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l i
1.
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M a le s
(47%)

F e m a le s
(53%)

F ig u r e  9 . Age d is tr ib u tio n  of e lk  shot on the Wichita M ountains 
W ildlife R efuge betw een I 969 and 1973. Data fo r  1971 
have been  om itted .
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H is data  a l s o  su g g e s te d  that, a f t e r  about 7 y e a r s  of age , the m o r ta l ity  

of b u lls  in c r e a s e d  m a rk e d ly  re la t iv e  to that of cows of equal ag e .

One tentative  explanation  g iven  fo r  the h igh er  m a le  m o r ta l i ty  w as that 

p h y s ic a l  s t r e s s  of the ru t  w eakened the bu lls  im m ed ia te ly  p r io r  to 

w in ter when environm ental conditions w e re  m o s t  s e v e r e .

W hite-tailed  D eer  F ie ld  Data

W hite-tailed  d e e r  a r e  a l s o  indigenous to the Wichita M ountains. 

The c u rre n t  re fu ge  h erd  h as  d escen d ed  en t ire ly  f ro m  the a n im a ls  on 

the a r e a  when the re fu ge  w a s  e s t a b l i sh e d  in the e a r ly  1 9 0 0 's .

T h ree  s e p a r a te  h e rd s  a r e  identified  in the im m ed ia te  v ic in ity  

of the re fu ge  and a r e  often r e f e r r e d  to co l le c t iv e ly  a s  the Com anche 

County d e e r  population. S e p a r a te  h e rd s  a r e  d is t in gu ish ed  fo r  the 

d e e r  found on the W ichita re fu ge , those  found on F o r t  S i l l  M il i ta ry  

R e se r v a t io n  and those  found on n o n - fe d e ra l  lan ds ad joining the re fuge  

and F o r t  S i l l .

D eer  a r e  m ain ta in ed  on the re fuge  p r im a r i ly  fo r  public  view ing. 

S p o r t  hunting fo r  d e e r  h as  n ev er  been allow ed, although n u m erou s  

d e e r  w ere  rem o v ed  from the re fu ge  by l iv e - tr a p p in g  during 1945 

through 1964. Although not p r a c t ic e d  on the re fu ge , d e e r  hunting h as  

been  com m on p r a c t ic e  on lan ds contiguous with the refuge  a s  w ell  a s  

on F o r t  S i l l .  Thus, i f  d e e r  m ov em en ts  betw een these  a r e a s  a r e  

su b stan t ia l ,  the re fu ge  h erd  could be c o n s id e re d  a  hunted population.
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H ow ever, m ov em en ts  by d e e r  betw een F o r t  S i l l  and the re fu ge  a r e  

b e liev ed  to be m in im a l  (G eorge  Johnson, p e r s o n a l  com m unication). 

T h is  i s  p ro b ab ly  true  of the o ther a r e a s  a s  w ell.

The follow ing a n a ly s i s  of the W ichita h erd  w ill be r e s t r i c t e d  to 

the p e r io d  1955 through 1973 owing to the la c k  of dem ograp h ic  in fo r -

m ation  p r io r  to this p e r io d . L ik e w ise ,  in su ff ic ien t  in fo rm atio n  w as 

a v a i la b le  to d e te rm in e  to what extent r e s u l t s  obtained fo r  the re fu ge  

h e rd  apply  to other h e rd s  in the s a m e  vic in ity .

C e n su s  T echn iques and Sam plin g  E ffo r t

Two s e p a r a te  techniques have been u se d  to e s t im a te  d e e r  n u m -

b e r s  on the re fu ge . S te e le  (1969)» fo r  h is  study of d e e r  eco logy  in 

Com anche County during 1966 and 1967, u se d  the Hahn d e e r  c r u i s e -  

c e n su s  m ethod. He n eg lected  to d e s c r ib e  the v e r s io n  of the technique 

u se d  but it w as  m o s t  l ik e ly  s i m i l a r  to the technique d e sc r ib e d  by 

T e e r  et a l  (1965).

S te e le  m ade two counts during each  sam p lin g  p er iod , one during 

the fa l l  (Se p te m b e r  through D ecem b er)  and another during  sp r in g  

(M arch  through Jun e). He obtained an id ea  of the p r e c i s io n  of h is 

e s t im a t e s  by su b tra c t in g  su sp e c te d  w in ter l o s s e s  f r o m  the fa l l  count 

and co m p a r in g  the r e su l t  with the sp r in g  count.

A second  method of counting d e e r  on the re fu ge  h as  been  u se d  

by the re fu ge  s ta f f  and i s  s i m i l a r  to the Hahn c r u i s e - c e n s u s  method 

in that t r a n s e c t s  w e re  a l s o  u se d .  D e e r  s igh tin g s  w ere  m ade  while



driv in g  a  m o to r  veh ic le  o v e r  an e s t a b l i sh e d  route . The num b er of 

d e e r  ac tu a lly  se e n  w as  m u ltip lied  by a  co n v ers io n  fa c to r  to account 

fo r  d e e r  p r e se n t  but not seen .

The a c c u r a c y  of th e se  c e n su s  m ethods i s  unkonwn, but e s t i -

m a te s  m ad e  during the 1950 's  and 1960 's  with the c o n v e r s io n - fa c to r  

m ethod have been question ed  (E . A. B artn ick i,  p e r s o n a l  c o m m u n ic a -

tion) b e c a u se  of the l a r g e  co n v ers io n  fa c to r s  u se d  (in so m e  c a s e s  

o v e r  400).
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P opula tion  D ensity  and Changes in H erd  L e v e l

The num b er of d e e r  on the re fu ge  a t  the tim e of i t s  e s t a b l i s h -

m ent i s  unknown but 200 w ere  re p o rte d  in 1914 (Anonymous 1914). 

H erd  growth w as ap p aren tly  slow during the e a r ly  days of the re fuge  

b e c a u se  a  c e n su s  m ad e  in 192 6 found 2 50 d e e r  on the re fu ge , an 

in c r e a s e  of only 2 5 p e rc e n t  over  the 1914 le v e l .  The slow  ra te  of 

h erd  growth w as  a ttr ibu ted  to heavy  l o s s e s  re su lt in g  f r o m  poaching, 

p re d a tio n  and d i s e a s e  (Anonymous 1927a).

Population  growth m u st  h ave  in c r e a s e d  during the 1 9 3 0 's and 

e a r ly  1 9 4 0 's b e c a u se  by D e c e m b e r  1945, the re fu ge  population  had 

grow n to an e s t im a te d  800 d e e r .  A second  p e r io d  of rap id  h erd  

grow th o c c u r r e d  betw een 1955 and 1961 when the h erd  in c r e a s e d  f ro m  

1250 (D e c e m b e r  1955) to an a l l - t im e  high of 2100 (D e ce m b e r  1961).

Ju d g in g  f r o m  the a v a i l a b le  in fo r m a t io n ,  d e e r  w ould  be e x p e c te d

to m a k e  the m o s t  u s e  of a r e a s  o f the r e fu g e  s i m i l a r  to the R o ck y
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M ountain E s c a r p m e n t  s i t e s  d e sc r ib e d  by A llre d  (1955). The refuge  

b io lo g is t ,  how ever, b e l ie v e s  the en tire  re fuge  should be c o n s id e re d  

a s  d e e r  h ab ita t  (E .  A , B artn ick i,  p e r s o n a l  com m unication). If we 

a s s u m e  that d e e r  a r e  d is tr ib u ted  evenly  throughout the a r e a ,  the 

m a x im u m  concentration  of d e e r  (w inter density) would have been 

about 1 d e e r  p e r  11 ha or  3 .5  d e e r  p e r  100 a c r e s .  T h ese  e s t im a te s  

s u g g e s t  few er d eer  p e r  unit a r e a  on the W ichita than in the L lan o  

B a s in  of w e ste rn  T e x a s ,  an a r e a  about 300 m i le s  southw est of the 

re fu g e .  T e e r  et a l  (1965) re p o rte d  w h ite-ta i led  d e e r  d e n s it ie s  

a v e r a g e d  1 4 .4  d e e r  p e r  100 a c r e s  in that a r e a  between 1954 and 1961.

L iv e  T rap p in g

A rap id  buildup of the W ichita h erd  o c c u rre d  in the la te  1 9 5 0 's, 

p rom pting  e f fo r ts  to co n stra in  h erd  s iz e  through in c r e a s e d  live  

trapp ing  (H allo ran  1964). Thus, during the trapp ing  s e a s o n s  of 1955 

through 1964 , 3564 d e e r  w ere  trapped  by the O klahom a D epartm ent of 

W ildlife C o n serv a tio n  and r e l e a s e d  in other a r e a s  of the s ta te .  The 

r e m o v a ls  included 1261 bu cks (35 p ercen t) ,  1447 does (41 percent) 

and 856 faw ns (24 p ercen t) .

The e ffec t  of the l ive  trapp ing  w as  c o n stra in e d  h erd  growth. 

H ow ever, when trapp in g  o p era t ion s  c e a s e d  in 1964, the h e rd  began  

an un expected  decline that continued through the 1 9 6 0 's .  A cco rd in g  

to E .  A. B a r tn ic k i  (p e r so n a l  com m unication), the h erd  dec lined  to 

about 500 d e e r  and h a s  f luctuated  around that den sity  s in ce  about 1971.
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T h e o re t ic a l ly  at l e a s t ,  the d e e r  population  should not have 

dec lined  a f t e r  l ive-trapp in g  o p era t ion s  w ere  te rm in ated . The h erd  

should have e ith er  m ainta ined  i t s e l f  o r  s t a r te d  grow ing. The decline 

w as  not confined to the W ichita re fu ge  b e c a u se  d ec l in e s  o c c u r r e d  a s  

w ell  on F o r t  S i l l  and the ad joining a r e a s  of Com anche County (S tee le  

1969 ). In o r d e r  to account fo r  such  w id e - s p r e a d  s im i l a r i t i e s ,  one 

would have to conclude that so m e  e c o lo g ic a l  change o c c u r r e d  in the 

reg ion  during the 19 6 0 's  which le ft  conditions d e tr im e n ta l  to w h ite-

ta iled  d e e r ,  thereby  in itiating the d ec l in e s  in h erd  le v e l .  Tentative  

exp lanations a r e  d i s c u s s e d  below.

R eprodu ction

Ovulation and Conception. S te e le  (1968) exam ined  fe ta l  d e e r  

taken f r o m  does  on the re fu ge  in an e ffo rt  to d e term in e  the tim e of 

y e a r  during which m o s t  of the b reed ing  ac tiv ity  tak es  p la c e .  Although 

he exam in ed  only a few fe tu se s  (T ab le  9)> he concluded that the p eak  

of b reed in g  ac tiv ity  fo r  w h ite-ta iled  d e e r  in Com anche County 

o c c u rre d  between 1-14  N ovem ber.

S ev er in g h a u s  and C heatum  (1965:62) gave the g e s ta t io n  length 

fo r  w h ite-ta i led  d e e r  a s  189 to 222 d a y s .  B a se d  upon S te e le ' s  e s t i -

m a te s  of p e a k  conception, it th e re fo re  a p p e a r s  a s  though p eak  fawning 

ac tiv ity  on the re fuge  should o ccu r  in m id - Ju n e .

Other data re p o rte d  by S tee le  (1969a) p rov id ed  in form ation  on 

the ovulation  and p regn an cy  r a te s  fo r  w h ite -ta i led  d e e r  in Com anche
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T a b le  9 . A p p ro x im a te  age  and data  of conception for w h ite -ta i led
d e e r  during 1967, W ichita M ountains W ildlife Refuge (a f te r  
S te e le  1969).

C o llection
Date

A p p ro x im a te  Age 
in Days

P r o je c te d  
Conception Date

Ja n u a r y  14 56 N ov em b er 22

Ja n u a r y  17 65 N ov em b er 11

Ja n u a r y  23 78 N ov em b er 7

Ja n u a r y  28 80 N ov em b er 9

F e b r u a r y  4 65 N ovem ber 30

F e b r u a r y  18 90 N ov em b er 10

F e b r u a r y  22 105 N ov em b er  9
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County. S tee le  exam in ed  17 o v a r ie s  and found a  to ta l  of 11 c o rp o ra  

lu tea  of p reg n a n cy  (T ab le  10) a s  w ell  a s  11 f e tu s e s .  B e c a u se  of the 

s m a l l  sa m p le  s iz e ,  ( se v e n  d eer)  S t e e le ' s  f indings a r e  p ro b ab ly  l itt le  

m o r e  than su g g e s t iv e  of the true fe ta l  m o r ta l i ty  ra te  but they ind icate  

100 p e rc e n t  fe ta l  su r v iv a l  to the tim e S te e le  m ade  h is  co llec tio n s  in 

Ja n u a r y  and F e b r u a r y .  F e ta l  l o s s e s  m ay  o ccu r  a f t e r  this t im e.

Faw ning R a te s .  In addition  to the den sity  e s t im a te s  fo r  the 

W ichita d i s c u s s e d  above, there  have a l s o  been  a t tem p ts  to a s c e r t a in  

fawning r a t e s  fo r  d e e r  on the W ichita. T h e se  e s t im a te s  have been 

m ad e  in a m an ner s im i l a r  to the density  e s t im a t e s .  A ll d e e r  seen  

while d riv ing  over  e s ta b l i sh e d  ro u tes  in Ju ly  and A ugust  w ere  c l a s s i -

f ied  a s  b u cks , does  o r  faw ns. F r o m  these  o b se rv a t io n s ,  buckrdoe 

and fawnrdoe r a t io s  w ere  c a lc u la te d . B e c a u s e  no a ttem p ts  have been 

m ade  to d is t in gu ish  y e a r l in g  does during the counts, it w as  im p o s s ib le  

to d e term in e  f r o m  the in form ation  av a ila b le  to what extent y e a r l in g  

does  on the re fu ge  contributed to the fawn cro p .

The a v e r a g e  re p o rte d  fawning ra te  for  d e e r  on the re fuge  b e -

tween 1956 and 1972 w as  52 faw ns p e r  100 does  (T ab le  11). D eer 

fawning r a te s  w ere  c h a r a c te r iz e d  by the s a m e  y e a r - t o - y e a r  f lu c tu a -

tions d e sc r ib e d  p re v io u s ly  fo r  b iso n  and e lk . It i s  a l so  ap p aren t  

f r o m  in form ation  in T ab le  11 that d e e r  fawning r a t e s  have declined 

s te a d i ly  o v er  the p e r io d . During the y e a r s  1956 through I960 , d e e r  

fawning ra te  a v e r a g e d  63 faw ns p e r  100 d o es  c o m p a re d  to an a v e r a g e
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T a b le  10. R e la t ion  betw een ovulation  and p regn an cy  r a te s  fo r  w h ite- 
ta i led  d e e r  in Com anche County, O klahoma 1967-1968 
(a f te r  S te e le  1969a).

Doe
A ge

No. O v ar ie s  
E x am in ed

N o, C o r p o r a  L u tea  
of P re g n a n cy

No.
F e t u s e s

H 1 0 0

4 2 2

3— 4 4 4

4 2 2

5 i+ 4 3 3

T o ta l 17 11 11
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T a b le  11. R epo rted  fawning r a t e s  fo r  w h ite-ta i led  d e e r  on the
W ichita M ountains W ildlife R efuge d er iv ed  f r o m  su m m e r  
c la s s i f i c a t io n  counts .  ( F r o m  S tee le  1969 and n a r r a t iv e  
r e p o r t s . )  '

Y e a r
N u m b er of 

Does
N um b er of 

F  awns
F aw n s p e r  
100 Does

1956 86 24 28

1957 86 48 56

1958 84 70 83

1959 - - -- --

I960 77 65 84

1961 60 25 42

1962 54 26 48

1963 34 15 44

1964 26 16 62

1965 24 13 54

1966 20 16 80

1967 19 9 47

1968 - - - - 47

1969 -- - - 44

1970 -- _ _ 21

1971 - - -- 25

1972 71 41 58

M ean 5 1 .7
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of only 37 faw ns p e r  100 d o es  o v er  the 5 - y e a r  p e r io d  1968 through 

1972.

F aw n  S u rv iv a l .  A co n se n su s  of opinion fo rm u la te d  f ro m  

accou n ts  contained in a  v a r ie ty  of re fu ge  r e p o r t s  s e e m s  to be that the 

dec line  in fawning ra te  m ay  not have been a s  m uch a  m a t te r  of poor 

fawn production  a s  it w as a m a t te r  o f poor fawn su r v iv a l .  The trend 

during re c e n t  y e a r s  s e e m s  to be high fawn production  follow ed by 

high fawn m o r ta l i ty  within the f i r s t  few m onths a f t e r  b irth .

F o r  exam p le ,  S te e le  (1968) o b se rv e d  a  ra tio  of 84 faw ns p e r  100 

d o es  during Ju ly .  A second  e s t im a te  m ade  in A ugust  ind icated  the 

ra t io  had dropped to 62 fawns p er  100 d o es .  M ore  recen tly ,

B a r tn ic k i  (1970) noted that the fawnrdoe ra tio  w as  c lo se  to 100 fawns 

p e r  100 d o es  in h is  June e s t im a te s  but o b se rv e d  that the ra tio  dropped 

to about 44 fawns p e r  100 does by S e p te m b e r .  B a r tn ic k i ' s  o b s e r v a -

tions s u g g e s t  a fawn m o r ta l i ty  r a te  of about 60 p ercen t  betw een tim e 

of b ir th  and e a r ly  f a l l .  Subsequent e s t im a te s  d er iv ed  through 

com pu ter  s im u la tio n  su b stan t ia te  B a r tn ic k i ' s  o b se rv a t io n s  and a r e  

d i s c u s s e d  in a l a t e r  sec t io n .

S y n th es is  of D e e r  R eprod u ctive  F u n c t io n s . R eprod u ctive  e q u a -

tions for  d e e r  w ere  d er iv ed  by f i r s t  p lotting w inter fawnrdoe counts 

a g a in s t  D ecem b er  population  s i z e s  and then ca lcu la t in g  a l e a s t -  

s q u a r e s  r e g r e s s io n .  R eprod u ctive  functions com puted in that m an ner

exhibited  n egative  s lo p e s  (rep ro d u ction  d e c r e a s e d  a s  h erd  s iz e  

in c r e a se d ) ,  ind icative  of den sity -depen dent reprod u ction .



73

Two rep ro d u ctive  functions w ere  c a lc u la te d . The r e g r e s s i o n  

Y = 1 .7 6  - . 004(X) b e s t  d e sc r ib e d  f ie ld  data  co llec ted  between 1955 

and 1961 but rep ro d u ctive  r a te s  d e c r e a s e d  m a rk e d ly  during the 1 9 6 0 's .  

The com puted r e g r e s s i o n  fo r  fawn:doe in form ation  com piled  1963 

through 1967 w as  Y = .6 5 0  - .0 0 0 2 2 (X ) .  A s  a  crude  c o m p a r iso n , 

rep ro d u ctive  r a te s  fo r  w h ite -ta i led  d e e r  on the re fuge  during the 

1960 ' s  declined  to about one-th ird  of what they w ere  during the 1 9 5 0 's .  

That reduction  in rep ro d u ct ive  ra te  i s  be lieved  to be the consequence  

of drought conditions on the re fuge  during the 1 9 6 0 's .  R e la t iv e  c o m -

p a r i s o n  of rep ro d u ct ive  functions b e fo re  and during drought a r e  shown 

in F i g s .  1 0 -A and 1 0 -B , r e sp e c t iv e ly .

Sy n th es is  of In itia l Population  S ize  and S tru c tu re

R efuge f i le s  contain e s t im a te s  fo r  the total num b er of d e e r  on 

the W ichita during 1955, the f i r s t  y e a r  s im u la te d . But the f i l e s  do 

not contain se x  and ag e  data fo r  the population  at that t im e . To e s t i -

m ate  the s e x  and age  s t ru c tu re  of the in it ia l  s im u la te d  population, it 

w as  n e c e s s a r y  to d e r iv e  s e x  and age  in fo rm atio n  f ro m  f ie ld  data  

co m p iled  during w in ter l ive  trap p in g s  between 1955 and 1957. S ince 

each  se x  and ag e  c l a s s  w as a s s u m e d  to be trap p ed  re la t iv e  to its  

abundance in the population  ( i . e .  no se le c t iv i ty  fo r  s e x  o r  age  c l a s s ) ,  

the s e x  and age  s t ru c tu re  of the l ive  trap p in g s  should be r e p r e s e n t a -

tive of the en tire  h erd .
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B

P opu lation  S ize

F ig u r e  10. L in e a r  r e g r e s s io n  fo rm u la e  fo r  rep ro d u ctiv e  r a te s  fo r  
d e e r  on the W ichita M ountains W ildlife R efu ge . T im e 
p e r io d s : A . 1955-1961 (b e fo re  drought), B , 1963-1967 
(durin g  drought).
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In th is m an n er, the re p o rte d  D ecem b er 1954 h erd  of 1130 adult 

a n im a ls  w as broken  down into bucks and d o e s , d is tr ib u te d  o v e r  9 age  

c l a s s e s .  A faw n c ro p  of 300 (about 2 6 p e rce n t o f the adult h erd  total) 

w as added  to the adult population  w hich gave a  to tal in it ia l population  

o f 1430 d e e r . S ex  and ag e  s tru c tu re  of the in it ia l s im u la ted  p o p u la -

tion  i s  shown in F ig .  11.

f ia tu r a l  M o rta lity  In form ation

In form ation  on the m agnitude of n a tu ra l l o s s e s  am ong d e e r  on 

the W ichita is  s p a r s e .  A s a  f i r s t  ap p ro x im atio n , m o rta lity  le v e l fo r 

d e e r  w as s e t  a t  6 p e rc e n t an nually  p r im a r i ly  b e c a u se  s im u la tio n s fo r  

e lk  in d ica ted  the m o rta lity  in that population  w as about 6 p e rc e n t 

an n u ally . A s  w as a s su m e d  fo r  o th er un gulate h e rd s  on the re fu ge , 

the a ssu m p tio n  w as m ade that n a tu ra l m o rta lity  a ffec ted  both se x e s  

eq u a lly .

F a c t o r s  Influencing D eer N u m b ers

A s noted p re v io u sly , the d eclin e  in d e e r  n u m b ers durin g  the 

1960' s  w as not lim ite d  to the W ichita re fu ge  but o c c u rre d  throughout 

the en tire  C om anche County a r e a .  T h e re fo re , it se e m e d  lik e ly  that, 

w h atev er fa c to r (s )  ca u se d  the d eclin e , the a r e a  of in fluence w as 

reg io n -w id e . The m e ch an ism  ap p aren tly  involved  d e c r e a se d  fawn 

p rod u ction  a n d /o r  faw n su r v iv a l . The d isc u s s io n  which fo llow s 

s u m m a r iz e s  av a ila b le  in fo rm atio n  fro m  re fu g e  f i le s  on v a r ia b le s
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Num be r

F ig u re  11, In itia l population  se x  and age  s tru c tu re  u se d  in h is to r ic  
s im u la tio n s  fo r  w h ite -ta iled  d e e r  on the W ichita 
M ountains W ildlife R efu ge ,
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w hich m igh t have contribu ted  to the h erd  d ec lin e . No a ttem p t is  m ade 

to identify  the c a u se  of the d ec lin e . The d isc u s s io n  m e re ly  re v ie w s 

w hat i s  c u rre n tly  known about f a c to r s  shown h is to r ic a l ly  to in fluence 

h e rd  b io lo gy .

P re d a tio n . C oyotes and b o b cats  a r e  p o ten tia lly  im portan t 

p r e d a to r s  o f d e e r  in C om anche County. D eterm in ation  of the r e fu g e 's  

population  of th ose  sp e c ie s  is  d ifficu lt, p a r t ly  b e c a u se  of th e ir  ten -

dency to m ove onto and o ff o f the re fu ge  a t  v a r io u s  t im e s . S te e le  

( 1969) attem p ted  to ce n su s  p r e d a to r s  on a  5 0 0 0 -a c re  (2025 ha) t r a c t  

in the C h aron s G ard en s a r e a  of the re fu ge  and found 6 to 8 b o b cats 

and 2 co y o tes but sp e cu la te d  that m o re  of both sp e c ie s  w ere  ac tu a lly  

p re se n t . H a llo ran  (1956b) exam in ed  c o y o te -re m o v a l r e c o r d s  fro m  

the re fu g e  and d eriv ed  w in ter coyote population  e s t im a te s  ran g in g  

fro m  100 to 218 fo r  the en tire  re fu ge  durin g  the 1 9 3 0 's and 1 9 4 0 's .  

M ore  recen tly , the n a r r a t iv e  re p o rt  fo r  1971 included an e s t im a te  of 

100 co y otes on the re fu ge  during a l l  or p a r t  of the y e a r .

F oo d  h ab its s tu d ie s  have shown ra b b its  (S y lv ilag u s sp) and a 

v a r ie ty  of ro d en ts to be the fa v o r ite  p re y  sp e c ie s  of co y o tes in the 

a r e a .  S to m ach  sa m p le s  fro m  65 co y otes co lle c te d  on the re fu ge  

betw een  1937 and 1940 in d icated  ro d en ts, in v e r te b ra te s  and ra b b its  

co n stitu ted  8 .2 ,  1 6 .5  and 1 8 .5  p e rc e n t of the c o y o te 's  d ie t r e s p e c -

tiv e ly . But S te e le  (1969) found s ig n ific a n t p e rc e n ta g e s  of d e e r  t is s u e  

in s c a t s  of both co y otes and b o b cats  exam in ed  in m o re  recen t y e a r s  

(T ab le  12).
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T ab le  12. P e rc e n ta g e  of p re d a to r  s c a t s  co lle c te d  in C om anche
County, O klahom a w hich contained  d e e r  t i s s u e s  (fro m  
S te e le  1969).

Y e a r C oyotes B o b cat

1965 2 5 .4 2 6 .8

1966 30. 3 1 2 .7

1967 1 6 .6 1 1 .8

M ean 2 3 . 8 17. 1
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D ata su itab le  fo r  a s s e s s in g  population  im p act of p re d a tio n  on 

the d e e r  h erd  w ere  not found in re fu ge  r e p o r t s .  C erta in ly  p re d a to r s  

o ccu r  on the re fu ge  and undoubtedly they k ill  d e e r . But the extent of 

th ose  l o s s e s  and w hether o r  not they h ave in fluenced  h erd  grow th 

cannot be d e term in ed  with the data a v a ila b le . B e a so m  (1974) co n -

ducted a  study  to d e term in e  the im p act of coyote and bobcat p red a tio n  

on p ro d u ctiv ity  of w h ite -ta iled  d e e r  in T e x a s , H is o b se rv a tio n s  

show ed a fawnrdoe ra tio  of 0 .4 7 :1  on an  a r e a  in which the p re d a to r  

population  had been  red u ced  co m p ared  to a fawnrdoe ra tio  of only 

0 . 12:1 on the co n tro l a r e a .  S im ila r  r e s u lt s  w ere  obtained during the 

seco n d  y e a r  of in v estig a tio n .

In ligh t of B e a s o m 's  fin d in gs, it i s  in te re st in g  to note the 

h is to ry  of p re d a to r-c o n tr o l e ffo r ts  on the re fu g e . C o y o te-co n tro l 

m e a s u r e s  w e re  in e ffe c t on the re fu g e  at l e a s t  fro m  the 1 9 2 0 's u n til 

the m id -1 9 5 0 's  (F ig . 12). S in ce  that tim e, only sp o ra d ic  e ffo r ts  have 

been  m ad e to red u ce  coyote n u m b e rs . It is  th e re fo re  co n ce iv ab le  

that, once s e r io u s  e ffo r ts  at coyote con tro l w ere  stopped , the coyote 

popu lation  could h ave in c r e a se d  and been  a  contributing fa c to r  in the 

d e e r  d eclin e  of the 1 9 6 0 's .

D rought. M ean annual p re c ip ita t io n  h a s  been  shown to in fluence 

both the d istr ib u tio n  and abundance of w h ite -ta iled  d e e r . T e e r  et a l  

(1965), in  th e ir  study of d e e r  in the L lan o  B a s in  of w e ste rn  T e x a s , 

found popu lation  d is tr ib u te d  alon g an  e a s tw e s t  g rad ie n t. In that
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Y ear

F ig u re  12. N um ber of co y o tes rem oved  fro m  the W ichita M ountains 
W ildlife R efuge du rin g  p re d a to r -c o n tr o l o p e ra t io n s .



81

reg ion , p re c ip ita tio n  d e c r e a se d  e a s t - to - w e s t  a s  did d e e r  d e n s it ie s . 

R e gard in g  the re la tio n  betw een p re c ip ita tio n  and d e e r  n u m b ers, T e e r  

et a l  (1965:22) b e lie v e d  d e n s it ie s  of d e e r  in the a r e a  w ere  re la te d  to 

m ean  annual p re c ip ita tio n  of the p re c e d in g  y e a r .  They foimd the 

re la tio n  closest durin g y e a r s  of drought.

P re c ip ita t io n  r e c o r d s  fo r  the re fu ge  r e v e a l  b e lo w -a v e ra g e  

p re c ip ita tio n  beginning in 1963 and continuing u n in terru p ted  fo r  5 

y e a r s  (F ig . 13). Only 4 of the 11 y e a r s  1963 through 1973 re c e iv e d  

p re c ip ita tio n  am ounts a t  or above the lo n g -te rm  a v e r a g e . The 

in te re s t in g  point i s  that the declin e  in re c ru itm e n t in the d e e r  h erd  

ap p are n tly  s ta r te d  a t  about the sa m e  tim e  a s  did the o n se t of low 

p re c ip ita t io n  am o u n ts, p o s s ib ly  su g g e stin g  a  c a u se - a n d -e ffe c t  r e l a -

tion sh ip .

A ran ge  su rv e y  m ade in sp r in g  1966, 3 y e a r s  into the drought, 

show ed prod u ction  of ran ge  h e rb ag e  50 p ercen t below  n o rm a l 

(K in gery  1966). R egard in g  food conditions fo r  d eer , the re p o rt  co n -

cluded "B r o w se  cond ition s, p a r t ic u la r ly  fo r  d e e r , have continued to 

d ec lin e . U nder drought condition s, com petition  betw een g ra z in g  

sp e c ie s  fo r  the lim ite d  g re e n  fo ra g e  is  in te n s e ."

R eprod u ction  and m o r ta lity  a r e  both known to be a ffec ted  by 

food su pp ly . V erm e  (1969) ex p erim en ted  with the im p act of n u trition  

on rep ro d u ction  by w h ite -ta iled  d eer and found d e c r e a s e s  fo r  both 

y e a r lin g  and p r im e  ag e  fe m a le s  re c e iv in g  inadequate d ie ts . The
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L o n g - te rm  a v e ra g e

Y ear

F ig u r e  13. T o ta l am ount of m o is tu re  re c e iv e d  annually  on the
W ichita M ountains W ildlife R efuge betw een 1955 and 1972. 
L o n g - te r m  a v e ra g e  is  fo r  the p e r io d  1906-1955 .
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a v e r a g e  n um ber of faw ns p e r  y e a r lin g  doe d e c r e a se d  fro m  1 .6 3  on 

m ain ten an ce  ra tio n s  to only 0 .6 2  faw ns p e r  doe (-62 p ercen t) on su b -

m ain ten an ce  d ie ts . A m ong p r im e - a g e  fe m a le s , rep ro d u ction  

d e c r e a se d  fro m  1 .8 0  to 1. 36 faw ns p e r  doe (-2 4  p e rc e n t).

T e e r  et a l (1965) found that m o rta lity  r a te s  in c r e a se d  un der 

drought con d ition s, s ta rv a t io n  being the m a jo r  c a u se  of death .

D uring 1954 and 1956, when ra in fa l l  w as l e s s  than h a lf  the a v e ra g e  

and ran g e lan d s w ere  in poor condition, l o s s e s  in the L lan o  B a s in  

h erd  amouriited to 52 and 28 p e rc e n t re sp e c t iv e ly , co m p ared  to an 

a v e r a g e  of 16 p e rc e n t.

D rought cannot be shown to be the so le  fa c to r  behind the d e e r  

d ec lin e  in C om anche County. But even ts on the W ichita re fu g e  p lu s 

the find in gs about the im p act of drought re p o rte d  by other w o rk e rs  

d e m o n stra te  that drought w as an im p o rtan t contribu ting fa c to r .

D is e a s e  and P a r a s i t e s .  L ittle  h a s  been  re p o rte d  about the 

in ciden ce  of d i s e a s e  and p a r a s i t e s  fo r  d e e r  on the re fu g e . S tee le  

(1969) exam in ed  127 d e e r  taken  in the a r e a  betw een 1966 and 1967, 

finding m in im a l o c c u rre n c e s  of e ith er d is e a s e  o r  p a r a s i t e s .  One 

p a r a s i t e  iso la te d  and iden tified  w as the fr in g ed  tapew orm  

(T h y san o so m a  ac tin io id e s) , a com m on inhabitant of d e e r  g a s t r o -

in te stin a l t r a c t s  ac c o rd in g  to H erm an  (1945).

T ic k s  m igh t have been  one so u rc e  of d e e r  m o r ta lity  du rin g  the 

1960' s . B o lte  et a l  (1970), w orking in sou th ern  O klahom a, re p o rte d
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17 p e rc e n t of the w h ite -ta iled  d e e r  faw ns they exam in ed  during June 

and Ju ly  of 1968 and 1969 had in fe sta tio n s of lone s t a r  t ick s  

(A m blyom m a am erican u m ) ex ten siv e  enough to c a u se  death . They 

p ro je c te d  that 34 p ercen t of the 1968 fawn cro p  w as lo s t  to tick  

m o r ta lity . D uring that sam e  tim e  p erio d , ra n c h e rs  in the v ic in ity  

of the re fu ge  re p o rte d  finding dead  d e e r  having en gorged  tic k s  about 

the head , neck  and ch est (S tee le  1969). The t ic k s  could not be id e n ti-

fied  a s  the c a u se  of death , h ow ever. D eer  p a s s in g  through check 

sta tio n s in C om anche County betw een 1965 and 1967 lik e w ise  had 

in fe sta tio n s of v a r io u s  e c to p a r a s i te s  but S te e le  ju dged  them  in su f f i-

c ien t to c a u se  death .

R e lia b ility  and C o m p le te n e ss  of F ie ld  D ata

The fin a l s te p  in the sy n th e sis  of d ata  fo r  the W ichita h e rd s  w as 

to a s s ig n  n u m e ric a l ra tin g s  to the fie ld  data fo r  each  sp e c ie s  which 

re f le c te d  the o v e r a ll  r e lia b ility  and c o m p le te n e ss  of th ose  d ata . The 

ran k in gs in turn p lay ed  an  im p ortan t ro le  in d ecid in g  how to ad ju st  

o r  " c a l ib r a t e "  the p a r a m e te r s  in the sim u la tio n  m od el when e r r o r s  

in the sy n th esized  fie ld  data w ere  d etected .

T ab le  13 contain s a l is t in g  of the m o re  im p o rtan t d em ograp h ic  

v a r ia b le s  re q u ire d  to s im u la te  a h e r d 's  h is to ry  with P r o g r a m  

O N EPO P. E ach  v a r ia b le  in the tab le  h as been  ra te d  on a  s c a le  of 

1 to 10, re fle c t in g  what a p p e a r s  to be the o v e r a ll  a c c u ra c y  of that



T ab le  13. R e la tiv e  r e lia b ility  and c o m p le te n e ss  o f d em ograp h ic  in fo rm atio n  fo r  b ig  gam e 
the W ichita M ountains W ildlife R efu ge . See  text fo r  exp lan atio n  o f ran k in g s.

s p e c ie s  on

D em o grap h ic
V a r ia b le

Lon gh orn
C attle B iso n

>!o|<
E lk

W h ite-ta iled  
D eer

A . P opu lation  In form ation
P opu lation  s iz e 10 10 4 2
P op u lation  tren d 10 8 9 9
H erd  se x  s tru c tu re 8 8 4 4
H erd  age  s tru c tu re 8 8 4 4

B . R ep rod u ctiv e  In form ation
M inim um  b reed in g  age 9 8 8 3
A ge sp e c if ic  n ata lity  r a te s 4 5 6 2
T o ta l c a lf  c ro p  (o r ca lf:co w  ratio ) 9 9 3 4
S e x  ra tio  of the c a lf  c ro p 8 7 3 2

C. H a rv e s t  In form ation
T o ta l h a r v e s t  (o r h a r v e s t  ra te ) 10 10 9 9
S e x  s tru c tu re  of the h a r v e s t 2 2 8 8
A ge s tru c tu re  of the h a r v e s t 2 2 5 8
T im e of y e a r  h a rv e s t  o c c u rs 9 8 9 9

00



T a b le  13. C ontinu ed .

D em ograph ic
V a r ia b le

Longho rn 
C attle B iso n E lk

W h ite-ta iled  
D eer

D. M o rta lity  In form ation
S e x - s p e c if ic  m o r ta lity  r a te s 5 4 3 1
A g e - sp e c if ic  m o rta lity  r a te s 5 2 3 3
T im e of y e a r s  m o r ta lity  o c c u rs 2 1 3 3
Wounding l o s s e s 10 9 6 8
T o ta l annual m o rta lity 6 6 3 1

A v e ra g e  Ranking 6 .9 6. 3 5. 3 4 .7

R an kin gs r e fe r  to fie ld  d a ta  co m p iled  p r io r  to 19 69.
00
o
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p ie c e  of f ie ld  d a ta  a s  being re p re se n ta t iv e  of the tru e  population  

v a lu e . A low n u m e r ic a l rank in g in d ica te s  lit t le  confidence in the 

in fo rm atio n  w h e re a s  h igh er n u m e r ic a l ran k in gs in d icate  that the 

quantity  and qu ality  of the d a ta  a r e  b e liev ed  to be good. It should be 

em p h asize d  that the ran k in gs a r e  su b je c tiv e  and la r g e ly  re f le c t  the 

volum e of d ata  fo r  each  v a r ia b le  found re c o rd e d  in v a r io u s  refu ge  

docum en ts p lu s co n sid e ra tio n  given  to how the fie ld  d a ta  w ere  o b -

ta in ed . F o r  exam p le , in fo rm atio n  on longhorn  h erd  s iz e  w as co n -

s id e re d  to be ex ce llen t b e c au se  it h a s  been  obtained each  y e a r  by 

c o r r a l in g  the e n tire  h erd  and m ak in g  d ire c t  cou n ts. On the o th er 

hand, l e s s  confidence w as fe lt  in s e x -  and a g e - sp e c if ic  n a tu ra l 

m o r ta lity  in fo rm atio n  b e c a u se  those  d a ta  have not been com p iled  fo r  

a l l  y e a r s .



D EM O GRAPH IC M ECH AN ISM S OF PO PU LA T IO N  CHANGE

P r o g r a m  O N EPO P is  e s se n t ia l ly  a  h y p o th esis , in the fo rm  of 

m a th e m atic a l s ta te m e n ts , fo rm u la te d  to exp la in  how big g am e popu -

la tio n s  change o v er tim e given  c e r ta in  a ssu m p tio n s  about p re v a ilin g  

e c o lo g ic a l  co n d ition s. T hus, a  v a lid a tio n  study  would be in com plete  

if  it did not in v e stig a te  the m e c h a n ism s of population  change and 

P r o g r a m  O N E P O P 's co m p atib ility  with those  m e c h a n ism s . T h is 

se c tio n  outlin es w hat those  m e c h a n ism s ap p e a r  to have been  fo r  the 

W ichita ungulate h e rd s  a s  e lu c id ated  fro m  d ata  s to re d  in the re fu ge  

f i le s .

H is to r ic a l  P a tte rn s  in P opu lation  T ren d

R ep o rted  population  tren d s fo r b iso n  and longhorn  ca ttle  a r e  

shown in F ig s .  14 and 15 re sp e c t iv e ly . Both h e rd s  ex p erien ced  

ra th e r  con stan t grow th r a te s  u n til the 1 9 5 0 's a fte r  w hich tim e the 

longhorn  h erd  c e a se d  to grow  and h as been  e s se n t ia l ly  co n stan t. The 

b iso n  population , on the other hand, h a s  been m o re  v a r ia b le  s in ce  the 

1 9 5 0 's with p r e h a r v e s t  h erd  le v e ls  flu ctu atin g  betw een 900 and 1200 

a n im a ls .

W h ite-tailed  d e e r  and e lk  on the W ichita h ave e x p e rie n ce d  both 

p e r io d s  during which th e ir  re p o rte d  n u m b ers w e re  re la t iv e ly  con stan t 

a s  w ell a s  p e r io d s  of rap id  population  change ( F ig s ,  16 and 17). A s
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F i g u r e  14. R e p o r te d  p o p u la t io n  s i z e s  and  tre n d  f o r  b i s o n  on the W ich ita  M o u n ta in s  W ild life  R e fu g e .
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F i g u r e  15. R e p o r te d  p o p u la t io n  s i z e s  and  tre n d  f o r  lo n g h o rn  c a t t le  on the W ich ita  M o u n ta in s  W ild life
R e fu g e .
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F ig u r e  16. R ep o rted  population  s iz e s  and tren d  fo r  e lk  on the W ichita M ountains W ildlife R efu ge . 
D otted lin e  d e p ic ts  su sp e c te d  v a lu e s .
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F i g u r e  17. R e p o r te d  p o p u la t io n  s i z e s  and  tre n d  fo r  w h i te - t a i l e d  d e e r  on the W ich ita  M o u n ta in s
W ild life  R e fu g e .
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d is c u s s e d  in the p re ce d in g  sec tio n , w h ite -ta iled  d e e r  in c r e a se d  

rap id ly  in the 1 9 5 0 's and e a r ly  1 9 6 0 's  only to d eclin e  su b sta n tia lly  

durin g  the la te  1 9 6 0 's  and e a r ly  1 9 7 0 's .  E lk  a l s o  in c r e a se d  g re a t ly  

in  n um ber during the 1 9 6 0 's , atta in in g  a p r e h a r v e s t  m eixim um  of 

n e a r ly  1100 a n im a ls . H erd  le v e l d eclin ed , how ever, during the la te  

1 9 6 0 ' s .

M e ch an ism s of P opu lation  B a lan ce

The population  trend  d e sc r ib e d  fo r  each  h erd  on the W ichita can 

be broken  down into two com ponen ts: (1) the a v e ra g e  population  s iz e  

o v er  long p e r io d s  (i. e . ,  the p o p u la tio n 's  m ean  den sity ) and (2) the 

y e ar-to -y e ar  fluctuation  about m ean  d en sity . T h e se  two a ttr ib u te s  of 

population  trend  m ay  re su lt  fro m  the sa m e  b io lo g ic a l  rp ech an ism  or 

they m ay  be cau se d  by e n tire ly  d iffe ren t m e c h a n ism s . With the e x -

ception  of w h ite -ta iled  d e e r , the re fu ge  s ta f f  h as ad ju ste d  annual 

h a r v e s t  ta c t ic s  o v er  tim e to a tta in  a  d e s ir e d  h e rd  le v e l, i . e . ,  m a in -

ta in  a  d e s ir e d  m ean  d en sity . The ch osen  m ean  d e n s it ie s , how ever, 

r e fe r  to p o s th a rv e s t  population  s iz e .  S t i l l  un exp lain ed  a r e  the d em o -

g rap h ic  m e c h a n ism s o r p r o c e s s e s  through which flu ctu atio n s in p r e -  

h a r v e s t  population  s iz e  have o c c u rre d . T h ese  a r e  the m e c h a n ism s 

h avin g  m o st  b e a rin g  upon annual population  y ie ld . P o s s ib le  fa c to r s  

r e sp o n s ib le  fo r  such  flu ctu atio n s include: (1) m ov em en ts, (2) annual 

ch an ges in death  r a te s  and, (3) annual ch an ges in b irth  r a t e s .
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M ovem ents

Although m ov em en ts by a n im a ls  onto and off of the re fu ge  could 

b rin g  about y e a r - to - y e a r  v a r ia tio n  in p r e h a r v e s t  h erd  s iz e , th is w as 

an  u n lik ely  exp lan ation  o f the v a r ia tio n  o b se rv e d  on the W ichita, The 

8 -foot fen ce  en c lo sin g  the re fu g e  is  a  lik e ly  d e te rre n t fo r  an im a ls  

en terin g  o r  leav in g  the a r e a .

M o rta lity  and R eprodu ction

In o rd e r  to a s c e r ta in  w hether o r  not rep ro d u ctiv e  and m o r ta lity

v a r ia tio n s  contribu ted  to annual v a r ia tio n  in p r e h a r v e s t  population

2
s iz e s ,  s t a t i s t ic a l  c o e ffic ie n ts  of d eterm in ation  (r  ) w ere  com puted to 

quantify  the am ount of p r e h a r v e s t  v a r ia tio n  "e x p la in e d "  by se le c te d

2
re p ro d u c tiv e  and m o r ta lity  fa c to r s .  T h o se  fa c to r s  having h ig h est r 

v a lu e s  w ere  taken  a s  the m o st  s ig n ifican t contribu ting f a c to r s .

M o rta lity  o c c u rr in g  w ithin the re fu ge  h e rd s  w as broken  down 

into two com ponen ts; (1) that re su lt in g  fro m  n a tu ra l c a u se s  and (2) 

that re su lt in g  fro m  h a r v e s t .  Although m any longhorn  ca ttle  and b iso n  

w e re  d isp o se d  of a liv e , those red u ction s w ere  c o n sid e re d  a s  " h a r v e s t  

m o r ta lity "  fo r  p u rp o se s  of th is p a p e r .

V a r ia t io n s  in p r e h a r v e s t  population  s iz e  exp la in ed  by n atu ra l 

m o r ta lity  and h a r v e s t  ra te  a r e  shown in T ab le  14. P r e h a r v e s t  p o p u -

lation  s iz e  is  an  e s t im a te d  v a lu e , ca lc u la te d  by adding the re p o rte d  

h a r v e s t  to the re p o rte d  D ecem b er h erd  s iz e .  H a rv e s t  ra te  w as 

com puted  a s  a  p e rc e n ta g e  of the p r e h a r v e s t  population  and w as
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T ab le  14. R e su lts  of te s t s  of s t a t i s t ic a l  c o rre la tio n  betw een e s t i -
m ated  p r e h a r v e s t  population  s iz e  and se le c te d  population  
m e c h a n ism s fo r  b ig  gam e s p e c ie s  on the W ichita M oun-
ta in s W ildlife R efu ge ,

M ech an ism N
r

V alue
L e v e l  of  ̂

S ign ifican ce

2r
V alue

A . B iso n

H a rv e s t  R ate 18 -0 .6 9 8 0 .0 1 0 .4 8 7

N atu ra l L o s s 14 -0 .3 4 5 N .S . 0 .1 1 9

C a lf  C rop 18 0 .7 6 8 0 .0 1 0. 589

B . Lon gh orn  C attle

H a rv e s t  R ate 18 -0 . 193 N .S . 0 .0 3 7

N atu ra l L o s s 15 -0 . 182 N .S . 0 .0 3 3

C a lf  C rop 18 0 .7 0 6 0 .0 1 0 .4 9 8

C . E lk

H a rv e s t  R ate 18 0 .6 9 3 0 .0 1 0 .4 8 0

D. W h ite-tailed  d e e r

Faw n C rop 16 0. 371 N .S . 0 . 138

Not s ig n ific a n t at P  = 0 .0 5 .  C r it ic a l  v a lu e s  a r e  ac c o rd in g  to 
R oh lf and S o k a l (19 69).
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c o m p are d  with p r e h a r v e s t  population  s iz e  of the fo llow ing y e a r  

w h e re a s  n a tu ra l m o r ta lity  w as e x p r e s s e d  a s  a  p e rce n tag e  o f the p r e -  

h a r v e s t  population  s iz e  during the y e a r  in which the m o rta lity  

o c c u rre d . In e s se n c e , th is m ethod c o m p re s se d  a l l  n a tu ra l lo s s  into 

the p e rio d  betw een the f i r s t  o f the y e a r  and the tim e of h a r v e s t .

A s  m igh t be exp ected , p r e h a r v e s t  population  s iz e s  of b iso n  and 

e lk  w ere  s ig n ific a n tly  c o r r e la te d  with th e ir  re sp e c t iv e  h a r v e s t  r a te s  

of the p re v io u s  f a l l .  H a rv e s t  r a te s  and p r e h a r v e s t  population  s iz e s  

o f longhorn  ca ttle  w ere  not, how ever, s ig n ific a n tly  c o r re la te d  at the 

5 p e rc e n t le v e l. H a rv e s t  r a te  w as not te s te d  a g a in s t  population  trend  

fo r  w h ite -ta iled  d e e r  b e c a u se  the h erd  w as h a rv e s te d  only u n til 1964.

N a tu ra l m o r ta lity  r a te s  w ere  not s ig n ific a n tly  c o r r e la te d  with 

p r e h a r v e s t  population  s iz e  at the 5 p e rce n t le v e l fo r  e ith er b iso n  or 

longhorn  c a tt le . U nfortunately , in fo rm atio n  about n a tu ra l m o r ta lity  

of elk  and w h ite -ta iled  d e e r  w as too fra g m e n ta ry  to p e rm it  an a s s e s s -

m ent of i t s  im p ac t on the p r e h a r v e s t  popu lation  s iz e s  of those  s p e c ie s .

In c o n tra s t  to n a tu ra l m o r ta lity  p a tte r n s , s ig n ific a n t c o r r e l a -

tion s w ere  found betw een rep ro d u ctiv e  c ro p  and p r e h a r v e s t  population  

s iz e  at l e a s t  fo r  b iso n  and longhorn  c a tt le . The p ro p o rtio n  of v a r i a -

tion in p r e h a r v e s t  population  s iz e  exp la in ed  by v a r ia tio n  in c a lf  c ro p  

s iz e  w as g r e a te s t  fo r  b ison , with n e a r ly  60 p e rce n t of the v a r ia tio n  

bein g  ex p la in ed . The c o rre la t io n  c o e ffic ie n t com puted betw een 

faw ning ra te  and p r e h a r v e s t  population  s iz e  of w h ite -ta iled  d e e r  w as
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not s ig n ific a n t (p = 0 .0 5 )  but th is w as thought due to the fa c t  that 

h eav y  fawn l o s s e s  o c c u rre d  sh o rtly  a f te r  b irth . Faw ning r a te s  u se d  

in the a n a ly s is  w ere  ca lc iila te d  fro m  A u gu st and S e p te m b e r h erd  

co u n ts. T h us, the faw ning ra te  fo r  any g iven  y e a r  re fle c te d  not only 

the n um ber o f faw ns born  but a l s o  any p o stn a ta l m o r ta lity  w hich m ay  

h ave o c c u rre d  fro m  tim e of b irth  to S e p te m b e r . It would have been  

m e a n in g le s s  to m ake s im i la r  c o m p a r iso n s  fo r  e lk  s in ce  p re h a rv e s t  

popu lation  e s t im a te s  w ere  d eriv ed  fro m  in fo rm atio n  on ca lv in g  r a te .

The a n a ly s is  o f th ese  d a ta  seem ed  to m e r it  two co n clu sio n s 

re g a rd in g  the s ig n ific a n c e  of rep ro d u ction  and m o r ta lity  in the re fu ge  

h e r d s . F i r s t ,  it a p p e a re d  a s  though l o s s e s  due to n a tu ra l c a u se s  

p lay ed  a  m in o r ro le  in the h erd  d y n am ics of a l l  sp e c ie s  on the re fu ge , 

w ith the exception  of w h ite -ta iled  d e e r . N a tu ra l death  r a te s  w ere  not 

c o r r e la te d  with population  s iz e s  and th e re fo re  m ay  be sa id  to have 

been  d en sity -in d epen d en t. On the o th er hand, it a l s o  se e m e d  

p la u s ib le  to conclude that the two fa c to r s  w hich did have sig n ific a n t 

r o le s  in d eterm in in g  p r e h a r v e s t  population  s iz e  w ere  h a r v e s t  ra te  and 

rep ro d u ctiv e  r a te .  N a tu ra lly  h a r v e s t  r a te s  can  be re g u la te d  at the 

d isc re t io n  of the re fu ge  s t a f f  but rep ro d u ctiv e  r a te s  cannot be co n -

tro lle d . R ep ro d u ctiv e  r a te s  fo r  p opu lation s a r e  d e term in ed  by a 

m ultitude of fa c to r s  a s  b e h av io ra l and en v iron m en tal c h a r a c te r i s t ic s .  

Som e of the en v iron m en tal fa c to r s  w hich ap p e a r  to have in fluenced  

re p ro d u c tiv e  r a te s  fo r  the W ichita h e rd s  and th e ir  m ode of ac tio n  a r e  

d is c u s s e d  below .
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F a c t o r s  C o n tr ib u tin g  to R e p r o d u c t iv e  C h a n g e s

P re c ip ita t io n

V a rio u s  m eth od s have been  u se d  to ev a lu ate  rep ro d u ction  fo r  

the re fu g e  h e rd s . In so m e c a s e s ,  the in d ica to r of rep ro d u ction  h as 

been  in ciden ce  of p regn an cy  am ong fe m a le s  exam in ed  durin g  fa l l .  In 

o th er s itu a tio n s p regn an cy  s ta tu s  w as not d eterm in ed  but the num ber 

of young p rod u ced  w as m e a su re d , e ith e r  in the fo rm  of ac tu a l counts 

o r  a s  youngrfem ale r a t io s .  R e g a r d le s s  o f the m ethod u se d , c o r r e la -

tion s e x is te d  betw een th ese  m e a s u r e s  of rep ro d u ctiv e  p e rfo rm a n c e  

and o th er v a r ia b le s .  One such  v a r ia b le  w as to ta l annual p re c ip ita tio n .

B iso n  C alv in g  R a te s .  The b e st  exam p le  of the re la tio n  betw een 

the am ount of m o is tu re  re c e iv e d  and rep ro d u ctio n  w as found in b iso n  

ca lv in g  r a t e s .  F ig ,  18 c o m p a re s  b iso n  ca lv in g  r a te s  re c o rd e d  b e -

tween 1 9 18 and 19 38 with to ta l annual p re c ip ita tio n  of the p re v io u s  

y e a r . C alv in g  r a te s  re c o rd e d  a fte r  1938 w ere  not c o n sid e re d  in the 

a n a ly s is  b e c a u se  h u sban d ry  ac tio n s taken on the re fu ge  at that tim e 

a ls o  had b e a r in g  on ca lv in g  r a te s ,  m ak in g  it im p o ss ib le  to d e term in e  

the v a r ia tio n  due so le ly  to p re c ip ita tio n  p a tte r n s . L ik e w ise , data 

re c o rd e d  p r io r  to 1915 w ere  not c o n sid e re d  b e c a u se  the h erd  w as not 

w ell e s ta b lish e d  and ca lv in g  r a te s  w ere  e r r a t ic  betw een y e a r s  fo r  such 

r e a so n s  a s  in su ffic ien t n um ber of b u lls  to b reed  a l l  cow s.

S ta t i s t ic a l  a n a ly se s  re v e a le d  a s ig n ific a n t (p = 0 .0 5 )  c o r r e l a -

tion betw een b iso n  ca lv in g  ra te  and to ta l annual p re c ip ita tio n  of the
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F ig u r e  18. R e la tio n  betw een to ta l annual p re c ip ita t io n  and b iso n  c a lf  c ro p  of the fo llow in g y e a r  on the 
W ichita M ountains W ildlife R efu ge .
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p re c e e d in g  y e a r . In g e n e ra l, w hen ever p re c ip ita tio n  am ount in -

c r e a s e d  o r  d e c r e a se d , b iso n  ca lv in g  ra te  the follow ing y e a r  did l ik e -

w ise . The fa c t  that the c o rre la tio n  w as stro n g  enough to be s ig n i f i -

cant a t  the 5 p e rc e n t le v e l m ay  im p ly  a c a u se - a n d -e ffe c t  re la tio n sh ip  

betw een the two ev e n ts .

Incidence of P regn an cy  Am ong E lk . P reg n an cy  r a te s  re c o rd e d  

fo r  e lk  d u rin g  the la te  1 9 6 0 's  and the e a r ly  1 9 7 0 's w ere  a lso  p o s i -

tiv e ly  c o r r e la te d  with to ta l annual p re c ip ita tio n  although the c o r r e l a -

tion  w as not s t a t is t ic a l ly  s ig n ific a n t a t  the 5 p e rc e n t le v e l. The 

p a tte rn  noted fo r  e lk  w as s im i la r  to that d e sc r ib e d  above fo r  b iso n  

c a lf  c ro p s  in that inciden ce of p regn an cy  am ong adult e lk  cow s w as 

h ig h er d u rin g  y e a r s  re c e iv in g  h igh er am ounts of m o is tu re  (F ig . 19).

An ap p aren t d iscrepau icy  o c c u rre d  in the p a tte rn  in 1971 how -

e v e r . Incidence of e lk  p regn an cy  o b se rv e d  in the fa l l  of 1971 w as the 

h ig h est re c o rd e d  during 1969 through 1972. T h is w as in obvious 

c o n tra s t  to to ta l annual p re c ip ita tio n  fo r  1971 w hich w as w ell below  

the lo n g -te rm  a v e ra g e  and the secon d  lo w est am ount re c e iv e d  during 

the 4 - y e a r  p e r io d . One a sp e c t  that m ad e 1971 d iffe ren t fro m  m o st  

y e a r s  w as not so  m uch  to ta l annual p re c ip ita t io n  but ra th e r  the 

s e a so n a l  d istr ib u tio n  of that m o is tu r e . D uring 1971, 1 8 .7  cm  

(7 . 38 in) o r  about 30 p e rc e n t of the annual to ta l f e l l  during A u gu st and 

S ep tem b er, im m ed ia te ly  b e fo re  and durin g  the elk  rutting p e r io d .

By co m p a riso n , the lo n g - te rm  a v e ra g e  am ount of m o is tu re  fo r
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F ig u r e  1 9 . R e la tio n  betw een inciden ce of p regn an cy  and to ta l annual 
p re c ip ita tio n  of the sanae y e a r  fo r  elk  on the W ichita 
M ountains W ildlife R efu ge . S am p le  s iz e  i s  shown in 
p a r e n th e se s .
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A u gu st and S e p te m b e r w as only 1 3 .8  cm  (5 ,4 3  in) or 18 p e rce n t of 

the a v e ra g e  annual to ta l. T hus, d a ta  co lle c te d  in 1971 stro n g ly  

su g g e s te d  that rep ro d u ction  by the re fu ge  e lk  h erd  w as in fluen ced  to 

a  g r e a te r  extent by A ugust and S e p te m b e r m o is tu re  to ta ls  r a th e r  than 

by to ta l annual p re c ip ita tio n . T h is co n clu sio n  w as fu rth er su p p orted  

by d ata  co lle c te d  in 1969, the y e a r  having the second  h ig h e st p r e g -

nancy p e rc e n ta g e  fo r  elk  durin g  the sa m e  4 - y e a r  p e r io d . D uring 

1969 , 2 3 .9  cm  (9 .4 1  in) of m o is tu re , ag a in  about 30 p e rc e n t of the 

an nual to ta l, f e l l  during A u gu st and S e p te m b e r . S in ce  rep ro d u ction  

by o th er s p e c ie s  on the re fu g e  a lso  ap p e a re d  to v a ry  with p r e c ip it a -

tion  p a tte r n s , the fin d in gs fo r  e lk  m ay  app ly  to those  s p e c ie s  a s  w e ll.

T h e re  e x is te d  a  c lo se  re la tio n  betw een p re c ip ita t io n  and ran ge  

fo ra g e  production  on the W ichita re fu g e . In g e n e ra l, fo ra g e  p ro d u c -

tion on the re fu ge  in c r e a se d  o r  d e c r e a se d  with m o is tu re  am ount. If 

we a s su m e  that the h eav y  A u gu st and S e p te m b e r r a in s  of 1969 and 

1971  s t im u la te d  the grow th of p lan t s p e c ie s  con su m ed  by elk , the 

h ig h er p regn an cy  in ciden ce  noted could be ev id en ce  of " f lu sh in g ” 

am ong W ichita e lk . F lu sh in g , the ac t  of feed in g  fe m a le  a n im a ls  a 

co n cen trate  of high n u tritiv e  value sh o rtly  b e fo re  and du rin g  the 

b reed in g  p e r io d , i s  a  technique u se d  to in c r e a s e  ovu lation  r a te s  in 

d o m e st ic  a n im a ls  (Z im m e rm an  et a l  I 96O). A cco rd in g  to M o u stg aa rd  

(1969 :205), lam b  p rod u ction  by d o m e stic  sh eep  can  be in c r e a se d  10 to 

20 p e rc e n t by r a is in g  the co n cen trated  food intake of ew es a  few  w eeks
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p r io r  to b reed in g . He a ls o  sta te d  that the p ro c e d u re  is  m o st  e ffec tiv e  

when ew es a r e  p re v io u s ly  m ain ta in ed  on le s s - th a n - o p t im a l d ie t s .  In 

th is ligh t, it i s  in te re s t in g  to note that e lk  p regn an cy  ra te  fo r  1971 

w as 70 p e rc e n t g r e a te r  than the a v e ra g e  fo r  the o th er th ree  y e a r s  

un der c o n sid e ra tio n . O ther in v e s t ig a to r s  have r a is e d  the q u estion  

about flu sh in g  in w ild  ungulate h e rd s  a s  w e ll. F o r  ex am p le , R an so m  

(1967) sp e c u la te d  that a  high ra te  of ova lo s s  am ong w h ite -ta iled  d e e r  

in M anitoba re su lte d  fro m  an excep tio n a lly  h igh ovulation  ra te  that 

m ay  have been brought about by conditions an alo gou s to flu sh in g . 

L ik e w ise , E d w ard s and R itcey  (1958) b e liev ed  that th e ir  study of 

m o o se  (A lc e s  a lc e s )  in B r it i s h  C olu m bia d ea lt w ith two popu lation s 

fr o m  a n u tritio n a l point of view  and that condition s s im i la r  to flu sh in g  

w e re  p rodu cin g  h ig h er twining r a te s  in one than the o th e r .

If flu sh in g  does o c c a s io n a lly  o ccu r in the W ichita e lk  h erd , it 

s e e m s  lik e ly  that it m u st  involve a  s lig h tly  d iffe ren t m e c h a n ism  than 

that d e sc r ib e d  above by oth er w o r k e r s . The s tu d ie s  c ited  above a l l  

d e a lt  w ith sp e c ie s  cap ab le  of giv ing m u ltip le  b ir th s . But e lk  a r e  not 

known to b e a r  tw ins on the re fu g e . T hus, if ovu lation  am ong elk  is  

a ffe c te d  by le v e l o f n u trition  durin g  la te  su m m e r and e a r ly  fa ll , it 

m u st  be that flu sh in g  c a u se s  a  g r e a te r  p e rc e n ta g e  of the h e rd  fe m a le s  

to ovu late  a s  opposed  to cau sin g  each  fe m a le  to p rod u ce  m o re  ova, 

th ereb y  in c r e a s in g  the inciden ce of m u ltip le  b irth s a s  i s  n o rm ally  

found when flu sh in g  ta k e s  p la c e . O b se rv a tio n s su p p ortin g  that con -

c lu s io n  a r e  p re se n te d  below .
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A g e -S p e c if ic  P reg n an cy  R a te s  fo r  E lk . R eprod u ctiv e  po ten tia l 

i s  known to v a ry  c o n sid e ra b ly  am ong age  c l a s s e s  of w ild u n g u la te s . 

R an so m  (1967) re p o rte d  that ovulation  r a te s  fo r  w h ite -ta iled  d e e r  in 

M anitoba w ere  s ig n ific a n tly  h ig h er am ong ad u lt does than am ong fawn 

and y e a r lin g  d o e s . S im kin  (1965) found s im i la r  p a tte rn s  in m o o se . 

S in ce  re p ro d u c tiv e  p o ten tia l d o es v a ry  betw een age  c l a s s e s ,  it se e m e d  

lik e ly  that en v iron m en tal f a c to r s ,  such  a s  to ta l annual p re c ip ita tio n , 

w hich m igh t d ire c t ly  o r in d ire c tly  in fluence rep ro d u ction  in som e 

w ay, would im p act upon age  c l a s s e s  in d iffe re n t w ay s. P u rsu an t to 

that sp ecu la tio n , p regn an cy  d ata  obtained betw een 1964 and 197 3 fro m  

b u tch ered  e lk  and a ls o  fro m  elk  taken by h u n ters w ere  su n am arized  

by ag e  c la s s i f ic a t io n  and d iv ided  into two gro u p s b a se d  upon to ta l 

annual m o is tu re  of the y e a r  during w hich the o b se rv a t io n s  w ere  m ad e . 

D ata c o lle c te d  durin g  y e a r s  in which to ta l annual m o is tu re  equ aled  or 

ex ceed ed  Z8 in (71 cm ) w ere  c o n sid e re d  ty p ica l of "w e t"  y e a r s  

w h e re a s  d a ta  c o lle c te d  during y e a r s  re c e iv in g  l e s s e r  am ounts of 

m o is tu re  w e re  c o n sid e re d  ty p ica l of " d r y "  y e a r s .

2
C h i- sq u a re  a n a ly se s  re v e a le d  that s ig n ific a n tly  (X  = 2 9 . 5 ,  

n = 2 , p = 0 .0 1 )  g r e a te r  n u m b ers of 2 -y e a r -o ld  cow elk  w ere  p r e g -

nant durin g  wet y e a r s  than d ry  o n e s. Inciden ce of p regn an cy  fo r  

2 -y e a r -o ld  cow s v a r ie d  fro m  2 .8  to 5 8 . 8  p e rc e n t betw een d ry  and 

w et y e a r s  r e sp e c t iv e ly  w h e re a s  inciden ce of p regn an cy  am ong adult 

cow s w as m o re  c o n sis te n t betw een w et and d ry  y e a r s  (T ab le  15).
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T ab le  15. C o m p ariso n  of p regn an cy  r a te s  fo r  e lk  ac c o rd in g  to age
and m o is tu re  conditions on the W ichita M ountains W ildlife 
R efu ge . (P e rc e n ta g e s  a r e  g iven  in p a r e n th e se s .)

T ype of^ 
Y e a r

A ge

2 Y r s . 3^ Y r s . T o ta ls

Wet
•j-y(58. 8) l f ( 6 7 . 7 )

D ry

| | f < 5 8 . 2 ,

Wet y e a r s  w ere  1964, 1969, 1972 and 1973. 
D ry  y e a r s  w ere  1965, 1966, 1967 and 1970.
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O v e ra ll h erd  p regn an cy  ra te  w as a l s o  h igh er durin g  w et y e a r s  than 

durin g  d ry  y e a r s .

With the lim ite d  am ount of d ata  a v a ila b le , it  w as im p o ss ib le  to 

d e te rm in e  if  b reed in g  by you n ger cow s w as p r im a r i ly  re sp o n s ib le  fo r  

the v a r ia b il ity  o b se rv e d  in e lk  ca lv in g  r a te s  o v e r  t im e . F o r  exam p le , 

d u rin g  1972, when e lk  ca lv in g  ra te  ex ceed ed  70 p e rce n t, only one

2 -  y e a r - o ld  cow had been  exam in ed  during the p re v io u s  fa l l  and she 

w as not v is ib ly  p regn an t. On the o th er hand, 8 of 12 (67 p ercen t)

3 -  y e a r - o ld  cow s shot during 1972 w ere  la c ta tin g , in d icatin g  they had 

p ro d u ced  a  c a lf  in  1972 and, th e re fo re  b re d  in 1971 a s  2 - y e a r - o ld s .

It w as a l s o  in te re st in g  to note that one. of tw elve l-|--year-o ld  cow s 

exam in ed  during 1972 w as p regn an t (B a rtn ic k i 1971). Such  o b s e r v a -

tion s added to the sp e cu la tio n  that b reed in g  by younger cow s w as an 

im p ortan t e lem en t in the y e a r-to -y e ar  flu ctu atio n s o b se rv e d  in elk  

rep ro d u ctio n  on the W ichita. M ore in ten siv e  e f fo r ts  should be u n d e r-

taken  to docum ent the re la tio n s  betw een A u g u st-S e p te m b e r  m o is tu re , 

rep ro d u ctio n  by y e a r lin g  fe m a le s ,  and h erd  c a lf  crop  s i z e s .

W h ite-tailed  D eer Faw ning R a te s .  Faw ning r a te s  fo r  w h ite-

ta ile d  d e e r  on the re fu g e  ap p e a re d  a ls o  to be som ew hat re la te d  to 

p re c ip ita t io n . T h ere  w as a  g e n e ra l tendency fo r  faw n prod u ction  to 

in c r e a s e  durin g  y e a r s  fo llow ing an  in c r e a se  in to ta l annual m o is tu re , 

a s  w e ll a s  v ice  v e r s a ,  betw een the m id - 1 9 5 0 's  and the e a r ly  19 6 0 's 

although  the re la tio n  ap p are n tly  r e v e r s e d  i t s e l f  a f te r  1963 (F ig . 20 ).
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F i g u r e  2 0 .  R e la t io n  b e tw een  faw ning  r a t e  fo r  w h i te - t a i le d  d e e r  and to ta l  an n u al m o i s t u r e  r e c o r d e d
d u r in g  the p r e v io u s  y e a r  on the W ich ita  M o u n ta in s  W ild life  R e fu g e .
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The c o rre la t io n  betw een faw ns p e r  100 does and to ta l annual p r e c ip i-

tation  w as not s ig n ific a n t a t  the 5 p e rc e n t le v e l. But the sta tem en t 

m ad e  by T e e r  et a l  (1965:22) that d eer n u m b ers in the L lan o  B a s in  

w ere  re la te d  to p re c ip ita tio n  p a tte rn s  o f the p re ce d in g  y e a r  im p lied  a 

d elayed  re sp o n se  betw een p re c ip ita tio n  and d e e r  n u m b e rs . T hat d elay  

would be exp la in ed  if  the in fluen ce of p re c ip ita tio n  w as som ehow  

e x e rte d  by m e an s of rep ro d u ctio n .

F o r a g e  P ro d u ctio n

The h y p o th esis  w as ad van ced  above that heavy r a in s  durin g  

A u gu st and S ep tem b er of 1969 cind 1971 stim u la te d  fo ra g e  produ ction  

in the W ichita M ountains re g io n . It w as fu rth er h y poth esized  that 

that in c r e a se  in fo ra g e  produ ction  brought about b e tte r  n u tritio n a l 

condition s im m e d ia te ly  p r io r  to and durin g  the e lk  ru t and accoun ted  

fo r  the u n u su ally  high inciden ce of p regn an cy  am ong elk  shot by 

h im ters during the fa l l  of th ose  y e a r s .  In o rd e r  to ad d ition ally  te s t  

the h y p o th esis  that rep ro d u c tiv e  p e rfo rm a n c e  of re fu ge  u n gu la te s w as 

c lo se ly  linked  to fo ra g e  p rodu ction  and ran ge  tren d , c o rre la t io n  te s t s  

w ere  m ad e to c o m p are  ca lv in g  r a te s  o f b iso n  and e lk  with fo ra g e  

p rod u ction  in the a r e a s  frequ en ted  by th o se  s p e c ie s .  Lon gh orn  ca ttle  

w ere  exclu d ed  fro m  a l l  a n a ly se s  of rep ro d u ctiv e  v a r ia tio n  b e c a u se  of 

the a r t i f ic ia l  m an n er of which longhorn  rep ro d u ctio n  h a s  been  co n -

tro lle d  on the re fu g e . D ata fo r  w h ite -ta ile d  d e e r  w ere  g e n e ra lly  too 

fra g m e n ta ry  to p e rm it  a q u an titative  a n a ly s i s .
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E lk  P regn an cy  R a te s .  E lk  p regn an cy  r a te s  re c o rd e d  betw een 

1969 and 1972 w ere  not s ig n ific a n tly  c o r r e la te d  with e s t im a te s  of 

fo ra g e  p rodu ction  durin g  the sa m e  tim e sp an . The c o rre la tio n  b e -

cam e s ig n ific a n t ( r  = 0 .9 9 5 , p = 0 .0 1 ) , h ow ever, if  the d a ta  fo r  1971 

w ere  dropped  fro m  the te s t .  The p ro p o rtio n a te  in c r e a se  In e lk  

p regn an cy  ra te  betw een 1970 and 1971 w as m uch la r g e r  than the 

c o rre sp o n d in g  in c r e a se  in fo ra g e  production  (T ab le  16), A s noted 

above, th is m ay  h ave re f le c te d  the h eavy  A u gu st and S ep tem b er ra in s  

and su bseq u en t flu sh in g  in the e lk  h e rd .

B iso n  P reg n an cy  R a te s . C o m p a riso n s  betw een e s t im a te d  fo rag e  

p rod u ction  and p regn an cy  r a te s  fo r  b iso n  a r e  p re se n te d  in T ab le  17. 

T h ere  w as no s ig n ifican t c o r re la t io n  (r  = 0 .7 7 3 , p = 0 .0 5 )  betw een 

the two v a r ia b le s  but they did at l e a s t  exh ibit s im ila r  tren d s o v er 

t im e . Both fo ra g e  prod u ction  and b iso n  p regn an cy  r a te s  d eclin ed  

throughout m uch of the 1 9 6 0 's . The d eclin e  in fo ra g e  p rod u ction  w as 

b e lie v e d  due to the drought conditions w hich o c c u rre d  durin g  the sam e  

tim e  in te rv a l. The d eclin e  in b iso n  p regn an cy  r a te s  is  p e rh ap s  a 

re fle c t io n  of the d eclin in g  fo ra g e  prod u ction .

L a c ta t io n  S ta tu s

At the tim e of the fa l l  e lk  hunt, in d iv idu al cow s w e re  exam in ed  

fo r  p reg n an cy  s ta tu s  and a lso  to d e te rm in e  w hether o r  not they w ere  

la c ta t in g . I f  a  fe m a le  w as la c ta tin g , it im p lied  that she w as s t i l l  

n u rsin g  a  c a lf  b orn  durin g  the p re v io u s  ca lv in g  p e r io d . T hus,
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T ab le  16. C o m p a riso n  betw een a v e ra g e  fo ra g e  prod u ction  on 
B o u ld er R idge  and H illy -Ston y  ran g e  s i t e s  and elk  
p regn an cy  ra te , W ichita M ountains W ildlife R efu ge .

Y e a r
E st im a te d  F o r a g e  P rod u ction  

(P o u n d s/A c  re)
P reg n an cy

R ate

1969 2395 75

1970 1243 32

1971 1839 92

1972 2 302 55

T ab le  17. C o m p ariso n  betw een a v e ra g e  fo ra g e  produ ction  on L o am y  
Bottom land ran ge  s i te s  and pregn an cy  le v e l in adult (3 ’̂  
y r s . )  b iso n  cow s, W ichita M ountains W ildlife R efu ge .

Y e a r
E s t im a te d  F o r a g e  P ro d u ctio n  

(P o u n d s/A c re )
P re g n an cy

R ate

1961 6500 - -

1962 5350 - -

1963 — 82

1964 4392 80

1965 2312 71

1966 3758 71

1967 2405 69

1968 3873 73
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in fo rm atio n  on the in cid en ce  of la c ta tio n  am ong cow s shot by h u n ters 

w as an  ad d ition al m e an s  of e st im atin g  the c a lf  c ro p  p e rc e n ta g e . In 

e s s e n c e  then, th ree  independent e s t im a te s  w ere  m ad e to c a lc u la te  elk  

rep ro d u ctio n  durin g  any g iven  y e a r : (1) p regn an cy  ra te  in D ecem b er, 

(2) calfrcow  ra tio  in A ugust and Sep tem b er, and fin a lly  (3) lac ta tio n  

ra te  durin g  D ecem b er fo llow ing the b irth  of the c a lv e s .

D ata obtained on the la c ta tio n  s ta tu s  of adu lt cow elk  durin g 

re c e n t y e a r s  su g g e ste d  an in v e rse  re la tio n sh ip  e x is te d  betw een 

lac ta tio n  and p regn an cy  am ong e lk  on the W ichita. C o rre la tio n  te s t s  

run  on lac ta tio n  and p regn an cy  d ata  co lle c te d  betw een 1969 and 1973 

in d ica ted  that the two v a r ia b le s  w ere  n eg a tiv e ly  c o r r e la te d  although 

not s ig n ific a n tly  ( r  = -0 .2 2 3 , p = 0 .0 5 ) .  The p a tte rn  o v er tim e (F ig . 

21) w as one of ra th e r  h igh inciden ce of p regn an cy  and low inciden ce 

of la c ta tio n  in one y e a r  fo llow ed by the in v e rse  re la tio n sh ip  the next 

y e a r .  If the re la tio n sh ip  i s  r e a l ,  it would in d icate  that cow elk , on 

the a v e ra g e , did not con ceive  c a lv e s  w hile s t i l l  n u rsin g  the cu rren t 

y e a r 's  c a lf .  The net r e s u lt  w ould be that cow s would p ro d u ce  o f f-

sp r in g  in a lte rn a tin g  y e a r s .

The above p a tte rn  noted fo r  e lk  w as s im ila r  in c e r ta in  r e s p e c t s  

to that d e sc r ib e d  fo r  b iso n  in a  p re v io u s  se c tio n  of th is p a p e r . A l-

though lac ta tio n  d ata  w e re  not a v a ila b le  fo r  b iso n , a  tendency fo r  

b iso n  cow s to b e a r  c a lv e s  in a lte rn a tin g  y e a r s  w as o b se rv e d  during 

the e a r ly  1 9 6 0 's . It se e m e d  co n ce iv ab le  that s im i la r  b io lo g ic a l 

m e c h a n ism s could be o p era tin g  in both p o p u la tio n s.
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P re g n an cy
L ac ta tio n

F ig u r e  2 1 . R e la tio n  betw een lac ta tio n  and p regn an cy  r a te s  fo r  m atu re  
cow e lk  on the W ichita M ountains W ildlife R efu ge .



113

D isc u ss io n

In te rp re ta tio n  of R e su lts

The d ata  d ealin g  with rep ro d u ction  and re la te d  v a r ia b le s  su m -

m a r iz e d  and su b jec ted  to s t a t i s t i c a l  evalu ation  above a r e , ad m itted ly , 

often  fra g m e n ta ry  and in co m p le te . In so m e c a s e s  the q u ality  of the 

in form ation  m u st be su sp e c t . H ow ever, taken  a s  a  w hole, the r e l a -

tion s poin ted  out above do se e m  convincing enough to p e rm it  so m e 

b a s ic  g e n e ra liz a tio n s  about the W ichita g ra z in g  sy s te m .

F i r s t ,  it s e e m s  evident that the d a ta  g a th ered  on the W ichita 

su p p ort the a lr e a d y  w id e ly -h eld  b e lie f  that ran g e  condition  h as a 

s tro n g  b e a r in g  upon u n gu late  rep ro d u ctio n . R eprodu ction  by so m e of 

the re fu g e  h e rd s  w as c o r r e la te d  with p re c ip ita t io n  p a tte rn s  and, in a 

few  c a s e s ,  the c o r re la t io n s  w ere  stro n g  enough to d e m o n stra te  

s t a t i s t i c a l  s ig n if ic a n c e . The m o st  lo g ic a l  m e c h a n ism  through w hich 

p re c ip ita t io n  p a tte rn s  could have a  c o n sis te n t im p act upon un gulate 

rep ro d u ctio n  w ould be v ia  ran ge  condition .

T h ere  a ls o  a p p e a r s  to be su p p ort fo r  V e r m e 's  ( I 969) find in gs 

that n u tr itio n a l conditions a t  tim e of b reed in g  a r e  an im p o rtan t fa c to r  

a ffe c tin g  rep ro d u ctio n  by w ild u n g u la te s . On the W ichita a t  le a s t ,  it 

ap p e a re d  that n u tr itio n a l condition s at that tim e of y e a r  w ere  a ll  

im p o rtan t b e c a u se  they d e te rm in e  the h e r d 's  re p ro d u c tiv e  p o ten tia l, 

a t  l e a s t  fo r  that p a r t ic u la r  y e a r .  Any d e c r e a s e  in that p o ten tia l m u st 

h ave  been  due to con d ition s, n u tr itio n a l o r o th erw ise , e x ist in g  during
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the w in ter m onths and a lso  during the sp rin g , im m ed ia te ly  p r io r  to 

b irth . D ata a v a ila b le  fro m  the W ichita did not lend th e m se lv e s  to an 

a n a ly s is  o f conditions during that p e r io d . T h e re fo re , it  w as im p o s-

s ib le  to d e term in e  fro m  th is study how w in ter and e a r ly  sp r in g  n u tr i-

tio n al condition s m igh t a ffe c t  h erd  rep ro d u ction .

The p a tte rn  betw een p regn an cy  and lac ta tio n  r a te s  fo r  e lk  d i s -

c u s se d  above could be an  in d ication  of how en ergy  re q u ire m e n ts  of 

the an im a l and rep ro d u ctio n  a r e  in te rre la te d  in a w ild popu lation . 

S tu d ie s  c a r r ie d  out with d o m e stic  a n im a ls  have shown that lac ta tio n  

p la c e s  h eavy  dem an ds upon the en ergy  expen d itu re  of th ose  a n im a ls . 

M o rr iso n  (1950:222) sta te d  that m e ta b o lic  ra te , a s  m e a su re d  by h eat 

p rod u ction  in the body, i s  tw ice a s  high in la c ta tin g  a n im a ls  a s  in 

th ose  which a r e  not y ie ld in g  m ilk . M ayn ard  and L o o s l i  (1969:469) 

su m m a r iz e d  the e n e rg y -b a lan c e  s tu d ie s  c a r r ie d  out on d a iry  ca ttle  

by s e v e r a l  in v e s t ig a to r s  with the co n clu sio n  that the a v e ra g e  u t i l i z a -

tion  of m e ta b o liz a b le  en ergy  fo r  m ilk  p rod u ction  w as 69. 3 p e rce n t. 

T h is w ould im p ly  that only slig h tly  m o re  than 30 p e rc e n t of a l l  

m e ta b o liz a b le  en ergy  is  a v a ila b le  fo r  such  other n eed s a s  body 

m ain ten an ce , h eat in crem en t, grow th, t r a v e l and produ ction  of a  new 

fe tu s .

E lk  a r e  known to n u rse  th e ir  c a lv e s  long a f te r  the ru ttin g 

p e r io d . B a rtn ic k i (1971) even  concluded that so m e  y e a r lin g  e lk  on 

the W ichita n u rse  th e ir  m o th e r s . A ssu m in g  en ergy  p artitio n in g  in
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e lk  is  s im i la r  to that d e sc r ib e d  fo r  d a iry  cow s, the in v e rse  r e la t io n -

sh ip  betw een lac ta tio n  ra te  and p regn an cy  ra te  could have been  cau se d  

by a  s itu a tio n  in w hich en ergy  a v a ila b ility  during the fa l l  rut w as in a d e -

quate to m e e t the dem an ds of both lac ta tio n  and ovulation , the end 

r e s u lt  be in g  a  low inciden ce of ovu lation  in the h erd  and consequently , 

low p regn an cy  r a te . The in v e rse  condition  could e a s i ly  have o c c u rre d  

the fo llow ing y e a r  s in ce  by that tim e m o st  cow s would have w eaned 

th e ir c a lv e s  and w ould not be u sin g  la r g e  q u an titie s of m e ta b o liz a b le  

en ergy  to m e e t the d em an ds of la c ta tio n .

C om ponents of the R eprod u ctiv e  P r o c e s s

F r o m  the r e s u lt s  and d isc u s s io n  p re se n te d  above, it w as evident 

that the rep ro d u ctiv e  p r o c e s s ,  a s  it  o c c u rs  am ong w ild u n gu la te s , i s  

co m p lex . M any se p a r a te  fa c to r s ,  each  cap ab le  of changing fro m  one 

y e a r  to the next, ac t  and in te ra c t  to d e term in e  the n um ber of young 

p ro d u ced  by the popu lation . In ligh t of th is com plexity , it s e e m s  

a lm o s t  fu tile  to attem p t an a s s e s s m e n t  of rep ro d u ction  on the b a s i s  of 

ind iv idual p ie c e s  of in fo rm atio n  such  a s  ran ge  condition o r  popu lation  

le v e l. Such  ap p ro ac h e s m ay  y ie ld  re a so n a b le  ap p ro x im atio n s of 

rep ro d u ctio n  but the p re d ic te d  value i s  a lm o s t  c e r ta in  to d iffe r  fro m  

the tru e  rep ro d u ctio n .

P e rh a p s  a m o re  re l ia b le  ap p ro ach  would be to develop  a  s im u -

la tio n  m o d e l of the re p ro d u c tiv e  p r o c e s s .  With su ch  a  d ev ice , s e v e r a l  

p ie c e s  of re lev an t in fo rm atio n  could be in te g ra te d  to a r r iv e  at the
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re p ro d u c tiv e  e s t im a te . H olling (1966) d e sc r ib e d  a  p ro c e d u re , ca lle d  

e x p e r im e n ta l com ponents a n a ly s is ,  fo r  bu ild ing m o d e ls  o f com plex , 

e c o lo g ic a l  p r o c e s s e s .  B a s ic a l ly , H o llin g 's  ap p ro ach  r e s o lv e s  any 

g iven  e c o lo g ic a l  p r o c e s s  into two s e t s  of com ponents - -  b a s ic  c o m -

ponents w hich o ccu r in a l l  m a n ife sta t io n s  of the p r o c e s s  and su b - 

s id a r y  com ponents w hich a r e  p re se n t  in so m e s itu a tio n s and not 

o th e rs . H o llin g 's  p ro c e d u re  is  to f i r s t  identify  the b a s ic  com ponents 

and th e ir  in te ra c tio n s . A com p u ter m o d e l i s  bu ilt to in te g ra te  th ese  

b a s ic  com ponents and is  then te ste d  a g a in s t  re a l-w o r ld  o c c u rre n c e s  

of the p r o c e s s  to ev alu ate  the m o d e l's  r e a l is m . A dd ition al com p lex ity  

i s  added a s  new in fo rm atio n  b e c o m e s a v a ila b le  fro m  fie ld  e x p e r i-

m e n ts .

The b a s ic  com ponents and th e ir  in te rac tio n s  which se e m  to be 

m o s t  in flu en tial on un gu late  rep ro d u ction  a s  m ad e evident fro m  study 

of the W ichita h e rd s  a r e  shown in F ig .  2 2 . The ite m s of the co n ce p -

tu a l m o d e l re la te  e n tire ly  to n u trition  ( i . e . ,  en ergy  p artition in g) and 

take into c o n sid e ra tio n  only the p e rio d  co rre sp o n d in g  roughly  with 

that betw een p a rtu r it io n  and conception . No doubt m any im p o rtan t 

v a r ia b le s  h ave been  om itted . F o r  ex am p le , s e v e r a l  m in e r a ls  and 

v itam in s a r e  known to be im p o rtan t fo r  rep ro d u ction  (M ayn ard  and 

L o o s l i  1969). A gain , h ow ever, the m o d e l is  not intended to be e x -

h au stiv e  but ra th e r  a re a so n a b le  p lace  to beg in .



F ig u r e  2 2 . F low  ch art show ing how en ergy  p artitio n in g  a p p e a r s  to a ffe c t  the re p ro d u c tiv e  p r o c e s s  o f 
u n gu la te s  on the W ichita M ountains W ildlife R efu ge .
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The m o d e l i s  b e lie v e d  to contain  the m in im u m  com ponents 

w hich n eed  to be taken  into accoun t b e fo re  s u c c e s s fu l  a tte m p ts  can  

be m ad e  to a c c u ra te ly  fo r e c a s t  rep ro d u ction  in w ild  un gulate h e rd s .

In o rd e r  to add m o re  r e a l i s m  and p r e c is io n  to the m od el, each  b a s ic  

com ponent could a lm o st  c e rta in ly  be broken  down into s e v e r a l  su b -

com p on en ts. T h e se  m igh t be ad d ition al b a s ic  su b-co m p o n en ts o r  they 

m igh t be su b s id a ry  su b -co m p o n en ts. To i l lu s tr a te , the b a s ic  co m p o -

nent " a v a i la b le  e n e rg y " m igh t be b rok en  down into su b-com p on en ts of 

d ie ta ry  o v e r la p  betw een sy m p a tr ic  sp e c ie s ,  fo ra g in g  lim ita tio n s and, 

p e rh a p s , fo ra g e  p a la ta b ility . O thers m igh t be included a s  w ell, a l l  

of w hich ac t and in te ra c t  to in fluen ce the am ount of a v a ila b le  en ergy .



SIM U LA TIO N  S T R A T E G IE S  AND R E S U L T S

H aving d e sc r ib e d  the g e n e ra l population  b io logy  of each  h erd  on 

the W ichita and so m e of the d em ograp h ic  m e c h a n ism s ap p aren tly  in -

volved  in popu lation  ch an ges o v e r  tim e, in fo rm atio n  h a s  now been  

co m p iled  with which to te s t  P r o g r a m  O N E P O P 's ab ility  to rep ro d u ce  

the d y n am ics of the W ichita h e rd s  o v er  t im e . T h is sec tio n  d i s c u s s e s  

the p r e c is io n  and r e a l i s m  with which P r o g r a m  O N EPO P s im u la te d  

the W ichita popu lation s a s  w ell a s  the s t r e te g ie s  u se d  to ap p ro x im ate  

m is s in g  o r  in c o rre c t  fie ld  d a ta . Som e ten tative  exp lan atio n s fo r  the 

d iffe re n c e s  betw een  re p o rte d  and sim u la te d  v a lu e s  a r e  a ls o  o ffe re d .

Lon gh orn  C attle  S im u la tio n s

A lthough the d ata  b a se  fo r  longhorn  ca ttle  on the W ichita is  

c o m p a ra tiv e ly  good, th ere  a r e  d e fic ie n c ie s  and o m is s io n s . F o r  

ex am p le , the to ta l n um ber of a n im a ls  rem o v ed  fro m  the h erd  

an nually  h as been  re c o rd e d  throughout the h e r d 's  h is to ry . But a lm o st  

e n tire ly  m is s in g  fro m  the re c o rd  a r e  d a ta  on the se x  and age  d i s -

trib u tio n  of the annual r e m o v a ls .  In fo rm atio n  of that n atu re  d a te s  

b ack  only to the m id - 1 9 6 0 's  and thus had  to be ap p ro x im ate d  fo r  a l l  

o th er y e a r s  in o rd e r  to s im u la te  popu lation  h is to ry . H a rv e s t  se x  

r a t io s  w ere  ap p ro x im ated  by c o n sid e r in g  how the re p o rte d  h erd  se x  

and age  s tru c tu re  changed fro m  one y e a r  to the n ext.
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In form ation  about the s e x  and ag e  s tru c tu re  of a  population  is  a 

pow erfu l d iag n o stic  a id  in  e ffo r ts  to develop  an u n d erstan d in g  of the 

d em o grap h ic  p r o c e s s e s  o p era tin g  w ithin that population . In h a rv e ste d  

popu lation s (a s  the W ichita longhorn  h erd ), a  d isp ro p o rtio n a te  n um ber 

of adult m a le s  and fe m a le s  in the h erd  is  re a so n  to su sp e c t  that th ere  

have been  un equal n u m b ers of m a le s  and fe m a le s  h a rv e s te d  fro m  the 

h e rd . The ev id ence d o es not con stitu te  in fa llib le  p ro o f of d is p r o p o r -

tion ate  m a le  and fe m a le  h a r v e s t s  b e c a u se  an unequal num ber of adult 

m a le s  and fe m a le s  in the population  could a lso  be the r e su lt  of (1) 

u n equ al n a tu ra l m o r ta lity  betw een m a le s  and fe m a le s  a n d /o r  (2) 

un equal n u m b ers of m a le s  and fe m a le s  re c ru ite d  into the population  

through rep ro d u ctio n .

But in fo rm atio n  re p o rte d  fo r  the W ichita longhorn  popu lation  

su g g e ste d  annual ch an ges in h erd  se x  and age  s tru c tu re  w ere  p r o b a -

bly  h a r v e s t  re la te d . F o r  one thing, th ere  w as litt le  ev id en ce  of d i s -

p ro p o rtio n a te  m o rta lity  betw een s e x e s .  N or w as th ere  stro n g  

ev id en ce  that changing h erd  se x  s t r u c tu r e s  w ere  due to unequal m a le  

and fe m a le  re c ru itm e n t into the popu lation . Of 841 c a lv e s  born  on 

the re fu g e  betw een 1927 and 1972, 424 (50 p ercen t) w e re  m a le s  and 

417 (50 p ercen t) w ere  fe m a le s .  G ran ted  the n um ber of m a le s  and 

fe m a le s  b orn  each  y e a r  w as not e x ac tly  eq u a l. But, the d iffe re n c e s  

in the n u m b er of m a le  and fe m a le  c a lv e s  b o m  in any given  y e a r  did 

not se e m  la r g e  enough to accou n t fo r  the d iffe re n ce  in the re p o rte d
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n u m b er of m a le  and fe m a le  ad u lts  in the population  durin g the 

follow ing y e a r .

In ligh t of th ese  fin d in gs and co n c lu sio n s about longhorn  r e p r o -

ductive  and n a tu ra l m o r ta lity  tre n d s, ch an ges in the se x  s tru c tu re  of 

the h erd  fro m  y e a r - to - y e a r  p ro b ab ly  re f le c te d  ch an ges in the n um ber 

of m a le s  and fe m a le s  rem o v ed  through h a r v e s t .  T h e re fo re , s in ce  

the to ta l n um ber of a n im a ls  h a rv e s te d  each  y e a r  w as a c c u ra te ly  

known, the annual h a rv e s te d  to ta l w as d iv ided  betw een m a le s  and 

fe m a le s  so  a s  to ap p ro x im ate  the re p o rte d  p o s th a rv e s t  se x  ra tio  

w hich, lik e  to ta l annual h a rv e st , w as a lso  c o n sid e re d  to be r e lia b le  

in fo rm atio n .

Longhorn  C attle  S im u la tio n  R e su lts  
1928 Through  1954

Follow in g sy n th e s is , population  in fo rm atio n  obtained fro m  

re fu g e  docum en ts w as input into P r o g r a m  O N EPO P in an  e ffo rt  to 

re p ro d u ce  h erd  d y n am ics o v er t im e . D ata ad ju stm e n ts  w ere  not 

m ad e  in the in it ia l sim u la tio n ; input w as e x a c tly  a s  sy n th esized  

ab o v e . In so m e  r e s p e c t s ,  the f i r s t  s im u la tio n  re p re se n te d  a  " t r i a l  

b a llo on " s im u la tio n  b e c a u se , fro m  that in it ia l e ffo rt, an a s s e s s m e n t  

w as obtained  of how c o r r e c t ly  in fo rm atio n  had been  sy n th e siz e d  fro m  

re p o rte d  f ie ld  d a ta . If, fo r  ex am p le , the s im u la tio n  fa ile d  to 

ap p ro x im ate  even one o r  two y e a r s  of h e rd  h is to ry , ev id ence would 

be at hand that m a jo r  e r r o r s  had been  m ad e in d a ta  input, in d icatin g
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e ith e r  (1) the re p o rte d  in fo rm atio n  had been  co m p iled  and sy n th esized  

in c o r re c t ly  o r  (2) the re p o rte d  fie ld  d a ta  w ere  not c o r r e c t .  If, on 

the o th er hand, the sim u la tio n  c lo se ly  ap p ro x im ated  s e v e r a l  y e a r s  

of h erd  h is to ry , it would se e m  re a so n a b le  to conclude d ata-in p u t 

e r r o r s  h ad  not been  m ad e .

P opu lation  s iz e s  and trend  g en era ted  by the in it ia l longhorn  

s im u la tio n  a r e  co m p ared  w ith re p o rte d  v a lu e s  in F ig .  2 3. S im u la ted  

output ap p ro x im ate d  popu lation  s i z e s  re p o rte d  during 1928 through 

1945 so  c lo se ly  that, fo r  so m e y e a r s ,  re p o rte d  and s im u la te d  v a lu e s  

w e re  v ir tu a lly  id e n tic a l. But re p o rte d  and s im u la te d  population  

tren d s d iv e rg ed  a f te r  1945 when s im u la te d  population  s iz e s  dropped 

c o n sis te n tly  below  c o rre sp o n d in g  re p o rte d  population  s i z e s .

The fa c t  that the s im u la te d  popu lation  dropped  below  the ac tu a l 

population  durin g  the la te  1 9 4 0 's su g g e ste d  that sy n th esized  in fo rm a -

tion  u se d  in the sim u la tio n  could be w rong in one of s e v e r a l  p o s s ib le  

w ay s . F i r s t ,  the rep ro d u ctiv e  r a te s  u se d  in the sim u la tio n  m igh t 

h ave ca u se d  the s im u la te d  population  to d eclin e  by pro d u cin g  sm a l le r  

c a lf  c ro p s  than those  in the ac tu a l popu lation . S im u la ted  c a lf  c ro p s  

low er than th ose  o c c u rr in g  in the a c tu a l population  would c a u se  the 

s im u la te d  population  to d ec lin e  if  the to ta l n um ber of a n im a ls  r e -

m oved  each  y e a r  (h a rv e s t  p lu s n a tu ra l l o s s e s )  exceed ed  the n um ber 

added  through rep ro d u ctio n . Second, e s se n t ia l ly  the sam e  r e su lt  

would o c c u r  if the s im u la te d  m o r ta lity  r a te s  w ere  g r e a te r  than those
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R ep o rted  P opu lation  T rend  

S im u la ted  P opu lation  T ren d

Y e a r

F ig u r e  2 3. C o m p ariso n  of re p o rte d  and sim u la te d  population  trend  
fo r  longhorn  ca ttle  on the W ichita M ountains W ildlife 
R efuge obtained  in the f i r s t  s im u la tio n  e ffo r t .
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o c c u rr in g  in the re a l-w o r ld  popu lation . E x c e s s iv e  n a tu ra l m o rta lity  

w ould c a u se  the s im u la te d  population  to d eclin e  if  net re c ru itm e n t 

(b irth s  m in u s n a tu ra l death s) did not equ al o r e x ceed  the n u m ber of 

a n im a ls  h a rv e ste d  each  y e a r . A th ird  p o s s ib le  exp lan ation  fo r  the 

declin in g  s im u la te d  population  w as that the sim u la te d  rep ro d u ctiv e  

and m o r ta lity  r a te s  w ere  a c c u ra te  but the to ta l n um ber of an im a ls  

rem o v ed  through sim u la te d  h a r v e s t  ex ceed ed  the ac tu a l h a r v e s t .

Of the p o s s ib le  exp lan atio n s fo r  the sim u la te d  population  

d ec lin e , e r r o r s  in re p ro d u c t iv e - ra te  sy n th e sis  se e m e d  m o st  lik e ly  

b a se d  upon the follow ing lo g ic . The n u m ber of a n im a ls  rem oved  

through  s im u la te d  h a r v e s t  w as e x ac tly  the re p o rte d  h a r v e s t  and, 

s in c e  to ta l annual h a r v e s t  w as am ong the b e st  (m o st re lia b le )  p ie c e s  

of fie ld  d ata , it  se e m e d  im p ro b ab le  that m o re  a n im a ls  w ere  h a rv e s te d  

durin g  sim u la tio n  than what had been  ac tu a lly  rem o v ed . It a lso  

se e m e d  un lik ely  that m o r ta lity  r a te s  u se d  in the sim u la tio n  w ere  

e x c e s s iv e  and to b lam e fo r  the sim u la te d  popu lation  d ec lin e . The 

s im u la te d  m o r ta lity  ra te  (3 p e rce n t annually) ap p ro x im ated  the 

re p o rte d  lo n g -te rm  a v e ra g e  m o r ta lity  le v e l and the fac t  that the 

re fu g e  s ta f f  c o r r a le d  and counted the en tire  h erd  each  y e a r  would 

low er the p ro b ab ility  of them  m ak in g  s e r io u s  e r r o r s  in e st im atin g  

the m agn itude of n a tu ra l l o s s e s .

With rep ro d u ctiv e  in fo rm atio n  bein g  the only rem ain in g  v a r i -

ab le  and th e re fo re  the m o st  lik e ly  so u rc e  of e r r o r ,  atten tion  w as
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fo c u se d  upon the a lign m en t betw een re p o rte d  and s im u la ted  v a lu e s  fo r  

(1) the n um ber of c a lv e s  p e r  100 cow s and (2) the num ber of b re e d in g -  

ag e  fe m a le s  in the popu lation . If the s im u la te d  v a lu e s fo r  e ith e r  of 

those rep ro d u ctiv e  p a r a m e te r s  w ere  low er than the ac tu a l v a lu e s , 

re c ru itm e n t into the sim u la te d  population  would be l e s s  than that of 

the r e a l  population , p o s s ib le  accoun tin g fo r  the s im u la te d  population  

d eclin e  a f te r  1945.

In sp ectio n  of the a lign m en t fo r  longhorn  rep ro d u ctiv e  p a r a m e -

t e r s ,  shown in T ab le  18, re v e a le d  that the s im u la te d  n um ber of 

c a lv e s  p e r  100 cow s align ed  ra th e r  w ell with re p o rte d  ca lv in g  r a te s  

through  1943 , but that they w ere  c o n siste n tly  low er than ac tu a l 

ca lv in g  r a te s  re p o rte d  a f te r  that d ate . A secon d  m an n er in which the 

two p opu lation s did not a lign  w as with r e sp e c t  to the n um ber of cow s 

( fe m a le s  ag e  c l a s s  2 ^) rem ain in g  in the h erd  im m ed ia te ly  a f te r  the 

fa l l  h a r v e s t . A s a l s o  shown by the c o m p a r iso n s  in T ab le  18, th ere  

w ere , with only few ex cep tio n s, few er cow s p o s th a rv e s t  in the s im u -

la ted  population  than th ere  w ere  in the r e a l  population  during a ll 

y e a r s  s im u la te d . The c o m p a r iso n s  in d icated  that the s im u la te d  

popu lation  d eclin ed  b e c a u se  th ere  w ere  too few rep rod u cin g  fe m a le s  

in the population  and that th ose  which w ere  p re se n t , rep ro d u ced  at a 

r a te  below  that of the ac tu a l population  a fte r  1943. The to ta l n um ber 

of c a lv e s  p rod u ced  an nually  in the sim u la tio n  w as in su ffic ien t to 

re p la c e  the annual lo s s  (h a rv e st  p lu s n a tu ra l m o rta lity ), th ereb y  

cau sin g  the popu lation  to d ec lin e .
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T ab le  18. C o m p ariso n  of re p o rte d  and sim u la te d  v a lu e s ( f i r s t  s im u -
la tio n  attem pt) fo r  rep ro d u ctiv e  p a r a m e te r s  fo r  longhorn  
ca tt le , W ichita M ountains W ildlife R efu ge . (S im u lated  
v a lu e s  a r e  in p a r e n th e se s .)

Y e a r C a lf  C rop
C a lv e s  P e r  
100 Cows

Cow s
P o s th a r v e s t

1928 14 (11) 74 - - 25 (24)

1929 16 (14) 64 (62) 32 (28)

1930 21 (17) 65 (61) 40 (34)

1931 26 (20) 65 (60) 44 (35)

1932 22 (20) 50 (59) 53 (42)

1933 28 (24) 53 (59) 47 (43)

1934 36 (24) 77 (57) 40 (37) '

1935 20 (21) 50 (57) 46 (42)

1936 19 (24) 41 (58) 44 (50) ^

1937 22 (28) 50 (57) 42 (50)

1938 22 (27) 52 (55) 52 (56) '

1939 27 (31) 52 (55) 65 (67)

1940 33 (36) 51 (54) 80 (77) -

1941 41 (40) 51 (52) 91 (87) ^

1942 52 (43) 57 (50) 99 (85) ^

1943 44 (41) 44 (48) 93 (96)

1944 51 (46) 54 (49) 108 (98)

1945 58 (45) 54 (46) 113 (85) -

1946 61 (39) 54 (46) 111 (83) u

1947 63 (39) 57 (48) 97 (71) u

1948 69 (33) 71 (48) 103 (51) .

1949 72 (26) 70 (50) 87 (34) ^

1950 63 (18) 72 (54) 91 (17)



127

It w as pointed out above that s e x  com p o sitio n  of the annual 

longhorn  h a r v e s t  w as u n rep o rted  (p r io r  to the 1 9 6 0 's) and that the 

n u m ber of cow s rem ov ed  annually  w as ap p ro x im ated  fro m  in fo rm a -

tion  re p o rte d  on p o s th a rv e s t  se x  s t ru c tu re . The poor a lign m en t b e -

tw een re p o rte d  and sim u la te d  n u m b ers of cow s p o s th a rv e s t  in d icated  

that the to ta l annual h a r v e s t  w as p ro b ab ly  c o r r e c t  but that p re lim in a ry  

e s t im a te s  of h a r v e s t  se x  s tru c tu re  ca u se d  too m any cow s to be h a r -

v e ste d  durin g  m o st  y e a r s .  T h e re fo re , the num ber of longhorn  

fe m a le s  included in each  annual h a r v e s t  w as ad ju ste d  so  that the s im u -

la te d  n u m b er of cow s p o s th a rv e s t  m o r e - c lo s e ly  ap p ro x im ated  the 

re p o rte d  n u m b er. M aking th ose  ad ju stm e n ts  a lign ed  the n um ber of 

cow s p o s th a rv e s t  a s  shown in T ab le  19 but s im u la te d  population  trend 

s t i l l  dropped  below  the re p o rte d  population  trend, s im ila r  to the 

s im u la tio n  tren d  d e sc r ib e d  e a r l ie r  in connection  with F ig .  23 .

At th is point in the a n a ly s is ,  the s im u la te d  and r e a l  popu lations 

w ere  align ed  with r e s p e c t  to (1) to tal annual h a rv e s t , (2) a v e ra g e  

annual m o rta lity , (3) p o s th a rv e s t  se x  ra tio  and (4) population  s iz e  and 

tren d  through 1945. The two popu lation s w ere  not a lign ed  with r e sp e c t  

to (5) ca lf:co w  r a t io s  a f te r  1943 and (6) population  s iz e  and tren d  a fte r  

19 45 . It a p p e a re d  that b e tte r  a lign m en t betw een re p o rte d  and s im u -

la te d  popu lation  s iz e  and trend  could be obtained  by a lign in g  ca lf;co w  

r a t io s  in the two p o p u la tio n s. T h e re fo re , the rep ro d u ctiv e  function 

o r ig in a lly  sy n th e siz e d  fro m  the re p o rte d  fie ld  d a ta  fo r  the p e r io d  1945
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T a b le  19. A lignm ent of re p o rte d  cind sim u la te d  rep ro d u ctiv e
p a r a m e te r s  fo r  longhorn  ca ttle  on the W ichita M ountains 
W ildlife R efuge a f te r  ad ju stm e n ts  w ere  m ade in the 
n u m b er o f cow s h a rv e s te d  an n ually . (S im u lated  v a lu e s  
a r e  in p a r e n th e se s .)

Y e a r C a lf  C rop
C a lv e s  P e r  
100 Cows

Cow s
P o s th a r v e s t

1928 14 (11) 74 - - 25 (24)

1929 16 (14) 64 (62) 32 (28)

1930 21 (19) 65 (61) 40 (38)

1931 26 (24) 65 (60) 44 (40)

1932 22 (21) 50 (59) 53 (49)

1933 28 (27) 53 (59) 47 (50)

1934 36 (26) 77 (57) 40 (41)

1935 20 (21) 50 (57) 46 (44)

1936 19 (17) 41 (58) 44 (44)

1937 22 (25) 50 (57) 42 (44)

1938 22 (20) 52 (55) 52 (49)

1939 27 (32) 52 (55) 65 (62)

1940 33 (36) 51 (54) 80 (78)

1941 41 (40) 51 (52) 91 (88)

1942 52 (48) 57 (50) 99 (97)

1943 44 (37) 44 (48) 93 (91)

1944 51 (54) 54 (49) 108 (106)

1945 58 (46) 54 (46) 113 (110)

1946 61 (40) 54 (46) 111 (110)

1947 63 (42) 57 (48) 97 (95)

1948 69 (41) 71 (48) 103 (100)

1949 72 (35) 70 (50) 87 (85)

1950 63 (27) 72 (54) 91 (87)
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through 1953 , Y = . 576 + .0 0 1 7 (X ), w as in c r e a se d  sligh tly  by a d ju s t -

ing the in te rc e p t fro m  . 576 to . 6OO, giv ing a  r e v ise d  s im u la te d  

re p ro d u c tiv e  function of Y = .6 0 0  + .0 0 1 7 (X ). S im u la ted  popu lation  

le v e ls  g e n e ra te d  w ith the in c r e a se d  rep ro d u ctiv e  function a lign ed  

w ell with ac tu a l population  le v e ls  through the la te  1 9 4 0 's (F ig . 24) 

but the sim u la te d  population  s t i l l  dropped below  ac tu a l population  

le v e ls  durin g the 1 9 5 0 's .

The fa c t  that the sim u la te d  population  rem ain ed  low er than 

re p o rte d  population  le v e ls  during the 1 9 5 0 's se e m e d  to in d icate  that 

even  the ad ju ste d  rep ro d u ctiv e  function w as not producin g  r e a l i s t i c  

c a lf  c r o p s . But in sp ec tio n  of other population  p a r a m e te r s  in d icated  

o th e rw ise . F i r s t ,  the n um ber of c a lv e s  p e r  100 cow s g en era ted  by 

the ad ju ste d  rep ro d u ctiv e  function a lign ed  c lo se ly  with a c tu a l ca lv in g  

r a te s  (T ab le  20). Second, the to ta l n um ber of c a lv e s  produ ced  

an nually  w ith the ad ju ste d  rep ro d u ctiv e  function a ls o  a lign ed  w ell with 

re p o rte d  c a lf  to ta ls . T h o se  two o b se rv a tio n s  in d icated  that so m e 

s im u la tio n  p a r a m e te r  o th er than rep ro d u ctiv e  ra te  w as in c o rre c t  

and re sp o n s ib le  fo r  the sim u la te d  population  d eclin e  during the 1 9 5 0 's . 

The m o st  lik e ly  rem ain in g  so u rc e  of e r r o r  w as n a tu ra l m o rta lity  

e s t im a te s .

A lthough the sim u la te d  m o rta lity  ra te  (3 p ercen t) se e m e d  

re a so n a b le , it w as a l s o  the le a s t  re l ia b le  in fo rm ation  u se d  in the 

s im u la tio n . A 3 p e rc e n t  an nual h erd  lo s s  w as a s su m e d  p r im a r ily
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R ep o rted  P opu lation  T ren d  
S im u la ted  P opu lation  T ren d

Y ear

F ig u r e  2 4 . C o m p ariso n  of re p o rte d  and sim u la te d  h erd  trend  fo r
longhorn  ca ttle  on the W ichita M ountains W ildlife R efuge 
u sin g  an a d ju ste d  re p ro d u c tiv e  function  a fte r  1945.
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T ab le  2 0 . A lignm ent of re p o rte d  and sim u la te d  rep ro d u ctiv e  p a r a m -
e te r s  fo r  longhorn  ca ttle  on the W ichita M ountains 
W ildlife R efuge u sin g  ad ju ste d  rep ro d u ctiv e  function  a f te r  
1945 . (S im u lated  v a lu e s  a r e  in p a r e n t h e s e s . )

Y e a r C a lf  C rop
C a lv e s  P e r  
100 Cow s

Cow s
P o s th a r v e s t

1939 27 (32) 52 (55) 65 (62)

1940 33 (36) 51 (54) 80 (78)

1941 41 (40) 51 (52) 91 (88)

1942 52 (48) 57 (50) 99 (97)

1943 44 (40) 44 (48) 93 (91)

1944 51 (53) 54 (53) 108 (106)

1945 58 (54) 54 (51) 113 (110)

1946 61 (59) 54 (52) 111 (110)

1947 63 (60) 57 (59) 97 (95)

1948 69 (62) 71 (64) 103 (100)

1949 72 (68) 70 (69) 87 (85)

1950 63 (60) 72 (68) 91 (87)
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b e c a u se  the lo n g -te rm  a v e ra g e  m o r ta lity  le v e l fo r  longhorn  ca ttle  

w as c a lc u la te d  to be 2 to 3 p e rce n t an nually . The p r e c is e  annual 

m o r ta lity  ra te  w as not known. But, i f  the s im u la tio n  w as c o r r e c t  

with r e s p e c t  to a l l  e s s e n t ia l  fe a tu re s  o th er than annual m o rta lity  

ra te , then it would be p o s s ib le  to a lign  s im u la te d  and re p o rte d  popu -

la tio n  s i z e s  and tren d  during the 1 9 5 0 's by ad ju stin g  s im u la te d  

m o r ta lity  le v e l. Through  t r ia l  and e r r o r ,  the align m en t betw een 

re p o rte d  and sim u la te d  population  s i z e s  shown in F ig . 25 w as o b -

tain ed  by red u cin g  the sim u la te d  n a tu ra l m o rta lity  ra te  fro m  3 p e rce n t 

annually  to 2 .4  p e rc e n t. The a lign m en t w as ju dged  to be good enough 

to conclude that the s im u la tio n  w as an  ac c e p tab le  m im ic  of h erd  

h is to ry  through 1954. C onsequently , atten tion  w as sh ifted  to the la s t  

p e rio d  o f longhorn  h is to ry  to be s im u la te d .

Lon gh orn  C attle  S im u la tio n  R e su lts  
1955 T hrough  1972

Longhorn  ca lv in g  r a te s  re p o rte d  fro m  about 1955 u n til 1972 

w ere  re la t iv e ly  co n stan t. Y e a r  to y e a r  flu ctu atio n s o c c u rre d  but the 

o v e r a ll  v a r ia b ility  in ca lv in g  r a te s  w as l e s s  than that noted during 

e a r l ie r  p e r io d s . The re la t iv e ly  con stan t ca lv in g  r a te s  w ere  p e rh ap s  

due in la r g e  p a r t  to the fac t that longhorn  population  s iz e  betw een 

1955 and 1972 w as a ls o  re la t iv e ly  con stan t, av e ra g in g  about 300 

a n im a ls  p o s th a rv e s t .
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R ep o rted  P opu lation  T ren d  
S im u la ted  P opu lation  T ren d

Y e a r

F ig u r e  2 5. C o m p ariso n  of re p o rte d  and sim u la te d  h erd  trend fo r
longhorn  ca ttle  on the W ichita M ountains W ild life  R efuge 
(1928-1954) u sin g  an  a d ju ste d  rep ro d u ctiv e  function p lu s 
an  annual m o r ta lity  ra te  of 2 .4  p e rc e n t.
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S im u la tio n s d is c u s s e d  above w hich d ea lt  with p re v io u s  y e a r s  

of longhorn  h is to ry  on the W ichita em ployed  lin e a r  r e g r e s s io n  fu n c-

tions dep ictin g  how rep ro d u ctiv e  r a te s  in c r e a se d  o r  d e c r e a se d  a s  

h e rd  s iz e  changed o v er  t im e . E m ploym en t of s im i la r  r e g r e s s io n  

functions w as not p o s s ib le  in longhorn sim u la tio n s fo r  y e a r s  a fte r  

1954  b e c a u se  both h erd  s iz e  and rep ro d u ctiv e  r a te s  w ere  e s se n t ia l ly  

co n stan t. T h us, to s im u la te  longhorn  population  d y n am ics during 

th o se  y e a r s ,  an a v e ra g e , constan t rep ro d u ctiv e  r a te  w as u se d  which 

y ie ld ed  the b e st  align m en t betw een re p o rte d  and sim u la ted  population  

s iz e  and tren d  when em ployed  in the s im u la tio n  throughout the en tire  

p e r io d .

The f i r s t  attem p t to s im u la te  longhorn  h erd  h is to ry  a f te r  1954 

em ployed  a  constan t re p ro d u c tiv e  ra te  of 91 p e rce n t, i. e . ,  there 

w ere  91 c a lv e s  p rodu ced  fo r  each  100 cow s 2 y e a r s  and o ld er in the 

h erd  at tim e of b irth . The s im u la te d  re p ro d u c tiv e  ra te  c lo se ly  

ap p ro x im ate d  the 9 0 .6  p e rc e n t a v e ra g e  b irth  r a te  c a lc u la te d  fro m  

fie ld  d ata  com p iled  a fte r  1954. A lso , in co m p lian ce  with re p o rte d  

in fo rm atio n , a l l  rep ro d u ction  by y e a r lin g  longhorn  fe m a le s  w as 

rem o v ed  in the s im u la tio n  a f te r  1957. S im u la ted  n a tu ra l m o rta lity  

a f te r  1954 w as 2 .4  p e rc e n t w hich m atch ed  the m o rta lity  le v e l e s t a b -

lish e d  through p re v io u s  h erd  s im u la tio n s , and a s  w as a ls o  tru e  of the 

s im u la tio n s  fo r  p re v io u s  y e a r s ,  the to ta l n um ber of longhorn s r e -

m oved  annually  through sim u la te d  h a r v e s t  eq u a lled  re p o rte d  to ta ls .
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T hat com bination  of rep ro d u ctiv e  r a te s ,  n a tu ra l m o rta lity  r a te s  and 

h a r v e s t  p rod u ced  a s im u la te d  population  trend (F ig . 26) which 

d eclin ed  rap id ly  durin g  the 1 9 5 0 's , in d icatin g  that at le a s t  one (p e r -

h ap s m o re) p ie ce  of sy n th e size d  in form ation  u se d  in the sim u la tio n  

w as w rong.

E x c e s s iv e  h a r v e s t  w as one p o s s ib le  exp lan ation  fo r  the declin in g  

s im u la te d  popu lation . But it se e m e d  u n lik e ly  that s im u la te d  h a r v e s t s  

w ere  g r e a te r  than the ac tu a l h a r v e s t s  b e c a u se  they equ aled  rep o rted  

v a lu e s  and to tal annual h a r v e s t  w as thought to be a c c u ra te ly  known.

By the sa m e  token, a s im u la te d  rep ro d u ctiv e  ra te  low er than the 

ac tu a l r a te  would c a u se  the s im u la te d  population  to d eclin e  if  in su f f i-

c ien t a n im a ls  w ere  re c ru ite d  into the population  to o ffse t  l o s s e s  fro m  

h a r v e s t  and n a tu ra l a ttr it io n . But e r r o r s  in rep ro d u ctiv e  ra te  a lso  

se e m e d  im p ro b ab le  b e c au se  the s im u la te d  ca lv in g  ra te  w as v ir tu a lly  

id e n tic a l to the a v e ra g e  ra te  com puted fro m  fie ld  r e c o r d s  and, like  

to ta l annual h a rv e s t , annual ca lv in g  r a te s  w ere  a ls o  am ong the m o st  

a c c u ra te  p ie c e s  of fie ld  in fo rm ation  a v a ila b le  fo r  longhorn  c a tt le . By 

v irtu e  o f being the le a s t  r e lia b le  in fo rm ation , d a ta  com p ilation  e r r o r s  

in m o r ta lity  r a te s  w ere  concluded a s  being the m o st  p ro b ab le  e x -

p lan ation  fo r  the d ec lin e  in s im u la te d  population  s iz e  a f te r  the m id -  

1 9 5 0 's .

The s im u la te d  m o r ta lity  le v e l a t  th is point in the a n a ly s is  w as 

2 ,4  p ercen t, the ra te  d e riv e d  through s im u la tio n s  fo r  the 1 9 4 0 's .
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R ep o rted  P opu lation  

S im u la ted  P opu lation

Y e a r

F ig u r e  2 6 . C o m p ariso n  of re p o rte d  and sim u la te d  popu lation  trend 
fo r  longhorn  ca ttle  on the W ichita M ountains W ildlife 
R efuge a ssu m in g  a  con stan t rep ro d u ctiv e  r a te  of 9 0 .6  
p e rc e n t and a  constan t m o r ta lity  r a te  of 2 .4  p e rc e n t a f te r  
1950.
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Sin ce  the sim u la te d  population  d eclin ed  when that ra te  w as u se d , it 

ap p e a re d  that the ac tu a l m o rta lity  le v e l w as l e s s  than 2 .4  p ercen t 

an n ually . H ow ever, the p erio d  1955 through 1972 re p re se n te d  a 

som ew h at unique s itu a tio n  in that the s im u la te d  population  w as e x -

tre m e ly  se n s it iv e  to ch an ges in h erd  m o r ta lity  le v e l due to the e x -

pon en tial grow th e s ta b lish e d  by a con stan t b irth  ra te  (91 c a lv e s  p e r  

100 cow s) and con stan t death  ra te  (2 .4  p e rc e n t) . To i l lu s tr a te  that 

se n s it iv ity , the s im u la tio n  d e sc r ib e d  e a r l ie r  in F i g . 26 d eclin ed  to 

"e x tin c tio n "  with a  con stan t b irth  ra te  of 91 c a lv e s  p e r  100 cow s and 

a  con stan t h erd  m o r ta lity  of 2 .4  p e rce n t. But if  m o rta lity  le v e l w as 

red u ced  fro m  2 .4  p e rc e n t to 1 .4  p e rc e n t (b irth  r a te s  unchanged), the 

s im u la te d  population  "e x p lo d ed "  a s  i l lu s tr a te d  in F ig . 2 7 . T h e re fo re , 

the s im u la tio n  of longhorn  h is to ry  betw een 1955 and 1972 b e c am e  a 

m a tte r  of " fin e -tu n in g " in that m inute ad ju stm en t in m o rta lity  and 

rep ro d u c tiv e  r a te s  w ere  m ade in an e ffo rt  to find the com bination  of 

b ir th  and death  r a te s  w hich y ie ld ed  the b e st  a lign m en t a tta in ab le  

betw een re p o rte d  and s im u la te d  population  s iz e s  and tren d . The 

com bination  fin a lly  d e riv e d  w as an a v e ra g e  b irth  ra te  of 93 c a lv e s  

p e r  100 cow s in com bination  with a  h erd  m o rta lity  of 2 .2  p e rc e n t 

an n ually . P opu lation  s iz e s  and tren d  p rod u ced  by that com bination  

of b irth  and death  r a te s  a r e  co m p ared  with a c tu a l v a lu e s in F ig . 28 .

To roughly  i l lu s tr a te  how p r e c is e ly  P r o g r a m  O N E P O P «sim u - 

la te d  the en tire  h is to ry  of longhorn  ca ttle  on the W ichita re fu ge .



138

R eported  Population  
S im u la ted  Population

Y e a r

F ig u r e  27 . C o m p a r iso n  of re p o rte d  and s im u la te d  longhorn  population  
trend on the W ichita M ountains W ildlife R efuge  a s su m in g  
a constan t rep ro d u c t iv e  ra te  of 90 . 6 p e rc e n t  and a 
constan t h erd  m o r ta l i ty  of 1 .4  p e rc e n t  a f te r  1950.
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R ep o rted  Population  
S im u la ted  P opulation  
r^ = 0 .9 8

Y e a r

F ig u r e  28 . C o m p a r iso n  between re p o r te d  and s im u la te d  population  
trend fo r  longhorn  ca tt le  on the W ichita M ountains 
W ildlife R efu ge . S im u la ted  v a lu e s  re f le c t  the a lignm ent 
of the f ina l h erd  s im u la tio n .
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c o r r e la t io n  t e s t s  w e re  m ad e  betw een re p o r te d  and s im u la te d  v a lu es

fo r  s e v e r a l  population  p a r a m e t e r s .  The computed co e ff ic ien ts  of 

2
d eterm in ation  (r  va lu es)  m e a s u r e  the am ount of v a r ia b i l i ty  in 

re p o r te d  v a lu e s  exp la ined  by the s im u la tio n . C o rre la t io n  t e s t s  w e re  

m ad e  fo r  population  p a r a m e t e r s  a s s o c ia t e d  with h erd  s iz e  and trend 

(F ig .  28), rep rod u ction  (T ab le  21) and h a r v e s t  (T ab le  22 ).

The g r e a t e s t  d e g re e  of a lignm ent between re p o rte d  and s i m u -

la ted  in form ation , a s  m e a s u r e d  by c o r re la t io n  t e s t s ,  w as  with 

r e s p e c t  to population  s iz e  and trend . S im u la ted  h erd  s i z e  did not 

e x a c t ly  a lign  with re p o r te d  h erd  s i z e s  betw een 1955 and 1972 b e c a u se  

s im u la te d  v a lu e s  w ere  often 20 to 40 a n im a ls  g r e a t e r  than c o r r e -

sponding re p o rte d  v a lu e s .  That p o p u la t io n -s iz e  d isc re p a n c y  is  

b e liev ed  due in l a r g e  p a r t  to the a s s u m e d  constant rep ro d u c t iv e  and 

m o r ta l i ty  r a t e s  u se d  during the s im u la t io n . P e r h a p s  if b irth  and 

death r a te s  had been  allow ed to v a ry  between y e a r s  in the sim ula tion , 

a s  no doubt o c c u rre d  in the r e a l  population, b e tte r  a lignm ent m ight 

have been  ach ieved .

A lignm ent betw een re p o r te d  and s im u la te d  rep ro d u ctive  v a r i -

a b le s  w as  s l igh tly  l e s s  than that fo r  population  s iz e  and trend, with 

the p o o r e s t  rep ro d u c t iv e  a lignm ent o c c u rr in g  betw een re p o rte d  and 

s im u la te d  ca lv ing  r a t e s .  F req u en tly ,  s im u la te d  ca lv ing  r a t e s  w ere  

s l igh t ly  g r e a t e r  than the re p o rte d  ca lv ing  ra te s . ,  The r e a s o n  fo r  the 

h igh er  s im u la te d  ca lv in g  r a t e s  i s  u n c le a r  but m a y  be a s s o c i a t e d  with
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T a b le  21 . A lignm ent of re p o rte d  and s im u la ted  rep rod u ctive  
p a r a m e t e r s  fo r  longhorn ca tt le ,  W ichita M ountains 
W ildlife R efuge (final s im u la tion ) . (S im u lated  v a lu e s  a r e  
in p a r e n th e s e s .  )

Y e a r C a lf  C rop
C a lv e s  P e r  
100 Cows

Cows
P o s th a r v e s t

1928 14 (11) 74 -- 25 (24)

1929 16 (14) 64 (62) 32 (28)

1930 21 (19) 65 (61) 40 (38)

1931 26 (24) 65 (60) 44 (40)

19 32 22 (21) 50 (59) 53 (49)

1933 28 (27) 53 (59) 47 (50)

1934 36 (26) 77 (57) 40 (41)

1935 20 (21) 50 (57) 46 (44)

1936 19 (17) 41 (58) 44 (44)

1937 22 (25) 50 (57) 42 (44)

1938 22 (20) 52 (55) 52 (49)

1939 27 (32) 52 (55) 65 (62)

1940 33 (36) 51 (54) 80 (78)

1941 41 (40) 51 (52) 91 (88)

1942 52 (48) 57 (50) 99 (97)

1943 44 (40) 44 (48) 93 (91)

1944 51 (53) 54 (53) 108 (106)

1945 58 (54) 54 (51) 113 (110)

1946 61 (59) 54 (52) 111 (110)

1947 63 (60) 57 (59) 97 (95)

1948 69 (62) 71 (64) 103 (100)

1949 72 (68) 70 (69) 87 (85)

1950 63 (60) 72 (68) 91 (87)

1951 69 (66) 76 (74) 98 (95)

1952 82 (70) 84 (75) 108 (115)

1953 91 (101) 84 (88) 95 (127)
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Y e a r C a lf  C rop
C a lv e s  P e r  
100 Cows

Cows
P o s th a r v e s t

1954 82 (88) 86 (90) 107 (122)

1955 104 (115) 97 (90) 115 (122)

1956 103 (115) 89 (90) 114 (122)

1957 92 (110) 81 (94) 99 (103)

1958 94 (89) 95 (94) 114 (105)

1959 107 (93) 94 (91) 100 (108)

I960 88 (116) 88 (91) 105 (109)

1961 95 (98) 90 (91) 111 (114)

1962 105 (99) 95 (93) 112 (116)

1963 104 (106) 93 (93) 126 (118)

1964 97 (108) 77 (77) 112 (117)

1965 102 (97) 91 (93) 112 (119)

1966 109 (109) 97 (97) 114 (116)

1967 107 (114) 94 (93) 114 (117)

1968 104 (107) 91 (93) 122 (117)

1969 108 (108) 88 (93) 122 (117)

1970 110 (109) 90 (93) 126 (117)

1971 112 (109) 89 (93) 110 (113)

1972 101 (109) 92 (95) 113 (112)

2r • 984 . 848 .922
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T ab le  2Z . A lignm ent of re p o rte d  and s im u la ted  re m o v a ls  of longhorn 
ca tt le  on the W ichita M ountains W ildlife R efuge (final 
s im u la tion ) . (S im ulated  v a lu e s  a r e  in p a r e n t h e s e s . )

Y e a r
C a lv e s

H a rv e s te d
B u lls   ̂

H a rv e s te d
Cows  ̂

H a rv e s te d

1964 40 (47) 18 (22) 17 (26)

1965 43 (48) 20 (19) 20 (25)

1966 53 (55) 24  (22) 26 (28)

1967 53 (52) 22 (24) 23 (22)

1968 43 (45) 19 (18) 20 (24)

1969 59 (53) 20 (28) 19 (25)

2
r . 865 . 192 • 188

Includes a l l  a n im a ls  2 y e a r s  and o ld er .
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a lign m en t between ac tu a l  and s im u la te d  n a tu ra l  m o r ta l ity .  If the 

s im u la te d  m o r ta l i ty  r a te  s l igh tly  e x c e e d s  the ac tu a l  m o r ta l i ty  ra te ,  

s im u la te d  ca lv ing  r a t e s  would a l s o  have to s l igh tly  ex ceed  ac tu a l  

ca lv ing  r a t e s  to co m p en sate  and produ ce  the c o r r e c t  population  s iz e .  

Regrettably, n a tu ra l  m o r ta l ity  w as  one p ie c e  of re q u ired  in form ation  

fo r  which there  w as l itt le  f ie ld  data  a v a ila b le  and th e re fo re ,  even 

though c o n s id e ra b le  e ffo rt  w as  m ad e  to a s c e r t a in  the m o s t  n e a r ly  

c o r r e c t  m o r ta l i ty  ra te ,  the s im u la te d  m o r ta l i ty  le v e l  m ay  be s l igh tly  

g r e a t e r  than the a c tu a l  m o r ta l i ty  je v e l .

B iso n  S im u la tio n s

T aken  a s  a whole, the re p o rte d  in form ation  b a s e  fo r  b iso n  is  

good but th ere  a r e  d e f ic ie n c ie s ,  e s p e c ia l ly  with r e s p e c t  to c e r ta in  

h a r v e s t  and n a tu ra l  m o r ta l ity  p a r a m e t e r s .  D e f ic ie n c ie s  a r e  s im i l a r  

to those in re p o r te d  in form ation  fo r  longhorn ca tt le .  F o r  exam p le , 

to ta l  annual r e m o v a ls  of both longhorn ca tt le  and b iso n  have been 

r e c o rd e d  on a r e g u la r  b a s i s ;  but there  i s  l i t t le  re c o rd e d  in form ation  

a v a i la b le  fo r  e i th e r  s p e c ie s  with r e s p e c t  to the s e x  and age  s t ru c tu re  

of the annual r e m o v a ls ,  a t  l e a s t  p r io r  to the 1 9 6 0 's .  A second 

s im i la r i t y  i s  that although so m e  in form ation  i s  a v a i la b le  on the 

g e n e r a l  m agnitude  of b iso n  and longhorn  l o s s e s  f r o m  n a tu ra l  c a u s e s ,  

a  p au c ity  of in form ation  o c c u r r e d  with r e s p e c t  to how those  l o s s e s  

w e re  d is tr ib u ted  o v e r  ag e  c l a s s e s  and betw een s e x e s .  B e c a u s e  of the
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s i m i l a r i t i e s  in the ir  r e sp e c t iv e  data  b a s e s ,  v a lu e s  fo r  m is s in g  (or  

in c o rre c t)  b iso n  h a r v e s t  and n a tu ra l  m o r ta l i ty  p a r a m e t e r s  w ere  

a p p ro x im a te d  in e s s e n t ia l ly  the s a m e  m an n er  a s  d e s c r ib e d  above for  

longhorn  c a tt le .

Follow ing the com pilation  and sy n th e s is  of population  in fo r m a -

tion, the next s tep  in va lidating  P r o g r a m  O N EPO P with r e s p e c t  to 

the W ichita b iso n  h e rd  w as to input the sy n th es ized  in form ation  and 

c o m p a re  s im u la te d  output a g a in s t  r e a l- w o r ld  v a lu e s .  B e c a u se  of the 

e r r a t i c  n atu re  of b iso n  ca lv ing  r a t e s  o v e r  tim e, it w as n e c e s s a r y  to 

s im u la te  b iso n  h e rd  h is to ry  in a s te p - w ise  fa sh ion  a s  fo llow s. A tten -

tion w as  f i r s t  d ire c te d  to a p er iod  of h is to ry  during which b iso n  

d em o g ra p h ic  conditions w e re  re a so n a b ly  c o n s is te n t .  Once the s im u -

lation  w as  a ligned  fo r  that per iod , the next t im e seg m en t  c h a r a c -

te r iz e d  by c o n s is te n t  d em ograp h ic  conditions w as  s im u la ted .

B iso n  S im u la tion  R e su lt s  
1908 Through  1950

B iso n  rep ro d u ction  on the Wichita h a s  had a tendency in the 

p a s t  to fluctuate  between y e a r s .  T yp ica lly , b iso n  ca lv ing  r a t e s  a r e  

"h ig h "  fo r  1 or 2 y e a r s  and then drop  sh a rp ly  fo r  a few y e a r s .  Not 

only have ca lv ing  r a t e s  v a r ie d  betw een y e a r s ,  but b iso n  ca lv in g-ra te  

trend  h a s  a l s o  v a r ie d  over  t im e . Changes in c a lv in g - r a te  trend w ere  

a p p a re n t  f r o m  l in e a r  r e g r e s s i o n  equations ca lc u la te d  f ro m  annual 

ca lv ing  r a t e s .  The l in e a r  r e g r e s s i o n  ca lc u la te d  f r o m  b iso n  ca lv ing
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r a t e s  m e a s u r e d  betw een 1908 and 1920 w as  Y = . 503 - .0 0 1 3 (X ) ,  The 

n egative  s lo pe  of that r e g r e s s io n  ind icated  ca lv ing  r a te s  declined  a s  

population  s iz e  in c r e a s e d .  But the r e g r e s s i o n  ca lc u la ted  f r o m  calv ing  

data  ga th ered  betw een 1921 and 1930, Y = . 153 + ,0 0 0 9 (X ) ,  had a 

p o s it iv e  s lo pe  which led  to the h ypoth esis  that, a f t e r  1920 , b ison  

ca lv ing  r a t e s  in c r e a s e d  ra th e r  than d e c r e a s e d  a s  the population  grew  

in s i z e .  The in it ia l  b ison  s im u la t io n  w as  d e s ign ed  to te s t  that 

h ypoth esis  and se t  s im u la te d  rep ro d u ctive  equations exac tly  a s  sy n -

th e s iz e d .  Other d em ograp h ic  conditions in the in it ia l  s im u la tio n  

w e re  a l s o  exac tly  a s  sy n th es ized  and included (1) an a v e r a g e  b iso n  

m o r ta l i ty  le v e l  of 6 p e rc e n t  annually  and (2) to ta l  annual h a r v e s t s  

taken d ire c t ly  f r o m  re p o r te d  m a t e r i a l s .

Population  s i z e s  and trend g e n e ra te d  by the in it ia l  b iso n  s i m u -

lation  a r e  c o m p a re d  with ac tu a l  in form ation  in F ig .  2 9 .  In g e n e ra l ,  

s im u la te d  population  s i z e s  and trend a ligned  w ell  with co rre sp o n d in g  

re p o r te d  in form ation  until about 1930. T h e re a f te r ,  the s im u la te d  

population  grew  at a  r a te  m uch f a s t e r  than the a c tu a l  population. 

In spection  of s im u la te d  population  p a r a m e t e r s  other than population  

s iz e  and trend re v e a le d  the u n r e a l i s t i c  s im u la te d  population  growth 

p ro b a b ly  re su lte d  f r o m  in c o r r e c t ly - sy n th e s iz e d  rep ro d u ct ive  in fo r -

m ation .

C o m p a r iso n s  shown in T ab le  2 3 indicated  that s im u la te d  b iso n  

ca lv ing  r a t e s  w e re  c o n s is te n t ly  h igh er  than re p o r te d  a f te r  1930.
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F ig u r e  2 9 . C o m p a r iso n  of re p o rte d  and s im u la te d  population  trend ( in it ia l  s im ulation ) fo r  b iso n  on 
the W ichita M ountains W ildlife R efuge .
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T ab le  23 . A lignm ent of rep ro d u ct ive  p a r a m e t e r s  obtained in the 
f i r s t  s im u la t io n  fo r  b iso n  on the W ichita M ountains 
W ildlife R efu ge . (S im u lated  v a lu e s  a r e  in p a r e n t h e s e s . )

Y e a r C a lf  C rop
C a lv e s  P e r  
100 Cows

1908 3 (3) 38 —

1909 3 (4) 27 (48)

1910 5 (6) 50 (47)

1911 7 (6) 58 (47)

1912 9 (8) 50 (46)

1913 10 (9) 63 (45)

1914 5 (10) 24 (44)

1915 10 (12) 45 (42)

1916 21 (13) 70 (41)

1917 16 (15) 40 (39)

1918 12 (17) 26 (37)

1919 21 (19) 38 (35)

1920 28 (21) 44 (33)

1921 17 (20) 24 (29)

1922 19 (23) 23 (30)

1923 30 (26) 34 (31)

1924 27 (27) 30 (31)

1925 28 (30) 28 (32)

1926 42 (32) 39 (34)

1927 35 (35) 30 (34)

1928 52 (41) 38 (35)

1929 60 (44) 41 (36)

1930 57 (48) 33 (37)

1931 46 (56) 23 (39)

1932 54 (70) 28 (43)

1933 62 (85) 34 (47)
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C a lv e s  P e r
Y e a r C a lf  C rop 100 Cows

1934 71 (111) 35 (52)

1935 45 (148) 20 (61)
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W h ereas  the a v e r a g e  num b er of c a lv e s  p e r  100 cows betw een 1930 

and 1935 w as  re p o r te d  to be 2 8 .8 ,  the a v e r a g e  s im u la te d  value fo r  

the sa m e  s i x - y e a r  p e r io d  w as  46 . 5 c a lv e s  p e r  100 cow s. Calving 

in fo rm atio n  w as  c o n s id e re d  to be am ong the m o s t  r e l ia b le  f ie ld  data 

a v a i la b le  fo r  b iso n . Thus, the d isc o v e r y  that s im u la te d  ca lv ing r a te s  

w e re  su b s ta n t ia l ly  h igh er  than re p o rte d  led  to the conclusion  that the 

la c k  of a lign m en t fo r  population  s iz e  and trend re su lte d  f r o m  an in -

c o r r e c t ly  sy n th esized  rep ro d u ctive  function. The s im u la te d  population  

p rod u ced  m o r e  c a lv e s  each  y e a r  (a f te r  1930) than the ac tu a l  population  

had produced , thereby cau sin g  it to grow  too f a s t .

The h igh er  s im u la te d  ca lv ing  r a t e s  a f te r  1930 w ere  a  c o n s e -

quence of in c r e a s in g  ca lv ing  r a t e s  a s  population  in c r e a s e d  a s  p e r  the 

sy n th es ized  r e g r e s s i o n  Y = . 153 + .0 0 0 9 (X ) .  T hus, it se e m e d  

d e s i r a b le  to ca lc u la te  a new rep ro d u c t iv e  equation to m o r e  c o r r e c t ly  

d e s c r ib e  b iso n  c a lv in g - r a te  trend  a f te r  1930. But it w as im p o ss ib le  

to ca lc u la te  such  an equation, owing to the v a r ia b i l i ty  betw een y e a r s  

in ac tu a l  b iso n  ca lv in g  r a t e s .

B io lo g ic a l  m e c h a n ism s  re sp o n s ib le  fo r  the annual v a r ia b i l i ty  

in b iso n  ca lv ing  r a t e s  during the 1 9 3 0 's (or any other tim e) a r e  u n -

known but annual p rec ip ita t io n  v a r ia t io n s  m ay  have been p a r t ia l ly  

r e s p o n s ib le .  A v e ra g e  annual m o is tu r e  on the re fu ge  between 19 36 

and 1940 w as  6 3 .8  cm  (2 5 .1  in) c o m p a re d  to a lo n g - te r m  (1906-1955) 

a v e r a g e  of 7 7 .2  c m  ( 3 0 .4  in). It i s  con ce ivab le  that, b e c a u se  of low
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m o is tu r e  am ounts, to ta l  annual fo ra g e  production  on the re fuge  

v a r ie d  to the extent that b ison  ca lv ing  r a t e s  w ere  a l s o  a ffec ted . 

R e g a r d le s s  of the b io lo g ic a l  m e c h a n ism s  involved, the annual v a r i -

ab i l ity  in ca lv ing  r a te s  m ad e  it im p o s s ib le  to s im u la te  b iso n  h erd  

h is to ry  a f t e r  19 30 with l in e a r  r e g r e s s i o n  functions which d e sc r ib e d  

rep ro d u c t iv e  trend. S c a t te r  about the ca lc u la te d  r e g r e s s i o n  ca u se d  

the r e g r e s s i o n  to be an  im p r e c i s e  m im ic  of rep ro d u ctive  trend. 

S im u la ted  c a lf  c ro p s  w e re  co n s is ten t ly  above o r  below the r e a l  ca lf  

c ro p  to the extent that c lo se  a lignm ent between re p o rte d  and s im u la te d  

population  s i z e s  w as  not p o s s ib le .  C onsequently , b iso n  h is to r y  a f t e r  

19 30 w as s im u la te d  by sp ec ify in g  the e x a c t  num b er of c a lv e s  born  in 

the population  on a  y e a r - b y - y e a r  b a s i s .

The s im u la t io n  in which annual c a l f  c ro p s  w ere  sp e c i f ie d  a l so  

p rod u ced  population  s i z e s  s l igh tly  h igh er  than re p o rte d  population  

to ta ls  (F ig .  30) but population  trend w as  c o m p a rab le  between the two 

p o pu la tio n s .  Though the s im u la te d  and re p o rte d  populations w ere  

beginning to a lign , the fa c t  that s im u la te d  population  s i z e s  w ere  s t i l l  

s l igh t ly  h igh er  than c o rre sp o n d in g  re p o r te d  v a lu e s  ind icated  that som e 

sy n th e s ize d  in form ation  u se d  in the s im u la tio n  w as  s t i l l  w rong. The 

so u r c e  of that e r r o r  w as su b seq u en tly  found to be in s im u la te d  n a tu ra l  

m o r ta l i ty .

The annual n a r r a t iv e  r e p o r t s  m ention  so m e h e a v ie r - th a n -  

n o rm a l  b iso n  l o s s e s  on the W ichita during the e a r ly  19 3 0 's .  T h ere
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F ig u r e  30. C o m p a r iso n  of re p o rte d  and s im u la te d  population  s i z e s  and trend fo r  b iso n  on the W ichita 
M ountains W ildlife R efuge  with s im u la te d  c a lf  c r o p s  sp e c i f ie d  a f te r  1930.
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w e re ,  a c c o rd in g  to H a llo ran  (1964), betw een 250 and 300 b iso n  on the 

W ichita during the e a r ly  19 3 0 's .  If we u s e  the lo n g - te rm  a v e r a g e  

m o r ta l i ty  le v e l  of ap p ro x im a te ly  6 p e rc e n t  (which the s im u la tio n  did), 

to ta l  b iso n  l o s s e s  f r o m  n a tu ra l  c a u s e s  would have been 15 to 18 

a n im a ls  p e r  y e a r .  T h o se  th e o re t ic a l  l o s s e s  a r e  in c o n tra s t  to the 

29 b iso n  a c tu a l ly  lo s t  in 1931 and the 30 lo s t  in 1932. T h o se  two 

y e a r s  re p r e se n te d  p e r io d s  of a b o v e - a v e r a g e  b ison  m o r ta l i ty  and w ere  

not dup licated  in the s im u la tio n  which a s s u m e d  an a v e r a g e  m o r ta l ity  

le v e l  b a se d  upon b iso n  l o s s e s  throughout the h e r d 's  en tire  h is to ry .

Subsequent s im u la t io n s  in which n a tu ra l  m o r ta l i ty  r a t e s  fo r  the 

e a r ly  1 9 3 0 's w ere  ad ju s te d  g en era ted  population  s i z e s  and trend which 

c lo se ly  ap p ro x im ate d  re p o rte d  v a lu e s ,  a s  shown in F ig .  31. A l ig n -

m ent between re p o rte d  and s im u la te d  population  s iz e  and trend w as 

good until about 1950; th e re a f te r  the s im u la te d  population  in c r e a s e d  

w hile the a c tu a l  population  d e c r e a s e d  in s iz e  which ind icated  that 

e r r o r s  in data  sy n th e s is  w ere  ag a in  l ik e ly .  The next su b se c t io n  

d e s c r ib e s  how those d a ta - sy n th e s is  e r r o r s  w ere  lo ca ted  and the 

a lignm ent s te p s  u se d  to bring re p o rte d  and s im u la te d  population  

l e v e l s  into a lignm ent a f te r  1950.

B iso n  S im u la tion  R e su lt s  
1951 Through  1970

The s im u la t io n  dep icted  in F ig .  31 m im ic k e d  the a c tu a l  b iso n  

population  in s e v e r a l  r e s p e c t s :  (1) s im u la te d  h a r v e s t  w as e x a c t ly
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F ig u r e  31. C o m p a r iso n  of re p o rte d  and s im u la te d  population  trend fo r  b iso n  on the Wichita M ountains 
W ildlife R efuge  with heavy  n a tu ra l  m o r ta l i ty  during the 1 9 3 0 's included.
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the re p o rte d  h a rv e s t ,  (2) annual s im u la te d  c a lf  c ro p  equalled  the 

re p o r te d  c a l f  crop , (3) s im u la te d  and re p o rte d  population  s i z e s  

c lo s e ly  ap p ro x im ate d  each  other through the 1 9 4 0 's and (4) the s i m u -

la ted  m o r ta l i ty  ra te  (6 p ercen t)  ap p ro x im ate d  the lo n g - te r m  a v e r a g e  

b iso n  m o r ta l i ty  r a te .  Though the s im u la te d  and r e a l  populations 

w e re  m uch alike  in s e v e r a l  r e s p e c t s ,  the fa c t  that s im u la ted  p opu -

lation  n u m b ers  ex ceed ed  re p o rte d  v a lu e s  during the 1 9 5 0 's led  to the 

in e sc a p a b le  con clu sion  that som e of the d em ograp h ic  in form ation  

u se d  in the s im u la tio n  a f te r  1950 w as w rong.

S e v e r a l  ad ju stm e n ts  in sy n th es ized  in form ation  could h ave  been 

m ad e  to lo w er  the s im u la te d  population  and b r in g  it into c lo s e r  

a g re e m e n t  with ac tu a l  population  to ta ls .  F i r s t ,  the s im u la te d  popu-

lation  could have been low ered  by reducin g  the annual c a l f  c ro p . A s  

a  second  a lte rn a t iv e ,  the s im u la te d  population  could have been 

lo w ered  by in c r e a s in g  the total n u m b er of a n im a ls  h a r v e s te d  each  

y e a r .  But the re p o rte d  data fo r  both annual h a r v e s t  and annual ca lf  

c ro p  w ere  thought to be r e l ia b le  and it m ad e  litt le  se n se  to question  

the a c c u r a c y  of the s im u la t io n  with r e s p e c t  to those two p a r a m e t e r s .  

The l e a s t  re l ia b le  s im u la ted  p a r a m e t e r  w as  n a tu ra l  m o r ta l i ty  ra te  

and, l ike  h a r v e s t  and rep ro d u ct ive  inform ation , an in c o r r e c t  n a tu ra l  

m o r ta l i ty  ra te  could a l s o  account fo r  the h igh er  s im u la te d  population  

a f te r  1950. If the a c tu a l  m o r ta l i ty  le v e l  w ere  s l igh tly  g r e a t e r  than 

the s im u la te d  m o r ta l i ty  ra te ,  that could exp la in  why the r e a l  p o p u la -

tion contained few er a n im a ls  than the s im u la te d  population.
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To d eterm in e  w hether o r  not the s im u la te d  and r e a l  populations 

could be brought into a lignm ent by m ak in g  only sl igh t ad ju s tm e n ts  in 

s im u la te d  m o rta l ity ,  the s im u la te d  m o r ta l i ty  le v e l  w as in crem en ted  

in a  s e r i e s  of s im u la t io n s  and c o m p a r i so n s  m ad e  between s im u la te d  

and re p o r te d  population  le v e l s .  The s im u la te d  population  s i z e s  and 

trend  c o m p a re d  with re p o rte d  v a lu e s  in F ig .  32 w e re  subseq uently  

obtained by in c r e a s in g  s im u la te d  m o r ta l i ty  f r o m  6 ,0  p e rc e n t  to 7. 6 

p e rc e n t  p e r  y e a r .

D is c u s s io n s  about the b iso n  s im u la t io n s  p re se n te d  above have 

ce n te re d  around only one o r  two s im u la t io n  p a r a m e t e r s ,  m ain ly  

population  s iz e  and trend . But the d eterm in ation  of whether o r  not a 

s im u la t io n  i s  r e a l i s t i c a l ly  m im ick in g  a c tu a l  h erd  d yn am ics  cannot be 

m ad e  on the b a s i s  of a lignm ent checks fo r  only one o r  two p a r a m e -

t e r s .  A s m any p a r a m e t e r s  a s  p o s s ib le  should be checked b e c a u se  

the likelihood of a r e a l i s t i c  s im u la tio n  i n c r e a s e s  a s  add itional p ie c e s  

of the "p u z z le "  com e into a lignm ent with ac tu a l  d a ta .  A ccord in g ly , 

c o m p a r i so n s  fo r  rep ro d u c t iv e  p a r a m e t e r s  (total c a l f  crop , ca lv ing 

ra te ,  and b r e e d in g -a g e  fe m a le s )  and h a r v e s t  p a r a m e t e r s  a r e  p r e -

sen ted  in T a b le s  24 and 2 5 r e s p e c t iv e ly  to p rov ide  a  m o re  c o m p r e -

h e n s iv e  a s s e s s m e n t  of how p r e c i s e ly  the s im u la t io n s  m atch ed  the 

a c tu a l  b iso n  population. T e s t s  of s t a t i s t i c a l  c o r re la t io n  w e re  p e r -

fo rm e d  to d e te rm in e  the p r e c i s io n  with which P r o g r a m  O N EPO P 

s im u la te d  ca lv ing  r a te s  and the n u m b er of b r e e d in g -a g e  fe m a le s  in
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F ig u r e  32. A lignm ent of population  s iz e  and trend fo r  b iso n  on the W ichita M ountains W ildlife R efuge 
with s im u la te d  m o r ta l i ty  a d ju s te d  a f te r  1950.
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T a b le  24 . A lignm ent of re p o rte d  and s im u la te d  reprod u ctive
p a r a m e t e r s  fo r  b ison  on the W ichita M ountains W ildlife 
R efuge (final s im u la tio n ) . (S im u lated  v a lu e s  a r e  in 
p a r e n t h e s e s . )

Y e a r C a lf  C rop
C a lv e s  P e r  
100 Cows

B reed in g
Cows

1908 3 (3) 38 (33) 11 (10)

1909 3 (4) 27 (36) 10 (14)

1910 5 (6) 50 (41) 12 (17)

1911 7 (6) 58 (39) 18 (20)

1912 9 (8) 50 (39) 16 (23)

1913 10 (9) 63 (38) 21 (27)

1914 5 (10) 24 (38) 22 (32)

1915 10 (12) 45 (37) 30 (37)

1916 21 (13) 70 (36) 40 (43)

1917 16 (15) 40 (35) 46 (50)

1918 12 (17) 26 (34) 55 (58)

1919 21 (19) 38 (32) 63 (66)

1920 28 (20) 44 (31) 72 (75)

1921 17 (19) 24 (25) 81 (84)

1922 19 (22) 23 (24) 88 (92)

1923 30 (24) 34 (27) 89 (94)

1924 27 (2 5) 30 (28) 101 (102)

1925 28 (28) 28 (28) 107 (114)

1926 42 (34) 39 (30) 116 (124)

1927 35 (37) 30 (30) 136 (130)

1928 52 (52) 34 (41) 146 (131)

1929 60 (59) 41 (40) 173 (176)

1930 57 (57) 33 (33) 199 (198)

1931 46 (46) 23 (24) 192 (195)

1932 54 (54) 28 (28) 185 (191)

1933 62 (62) 34 (33) 204 (214)



T a b le  24 . Continued.

159

Y e a r C a lf  C rop
C a lv e s  P e r  
100 Cows

B reed in g
Cows

1934 71 (71) 35 (34) 226 (240)

1935 45 (45) 20 (19) 196 (197)

1936 82 (82) 42 (42) 194 (197)

19 37 53 (53) 27 (27) 197 (186)

1938 74 (74) 38 (40) 218 (218)

19 39 112 (112) 51 (52) 249 (2 52)

1940 114 (114) 46 (46) 290 (294)

1941 78 (78) 27 (27) 302 (286)

1942 106 (106) 35 (37) 317 (324)

1943 129 (129) 41 (41) 330 (346)

1944 121 (121) 37 (35) 313 (324)

1945 107 (107) 34 (33) 2 82 (289)

1946 121 (121) 43 (42) 259 (263)

1947 140 (140) 54 (54) 302 (306)

1948 77 (77) 25 (25) 346 (331)

1949 156 (156) 45 (47) 388 (387)

1950 190 (190) 49 (50) 402 (403)

1951 155 (155) 39 (39) 420 (421)

1952 190 (190) 45 (39) 420 (451)

1953 183 (183) 41 (41) 488 (487)

1954 271 (271) 55 (56) 530 (528)

1955 213 (213) 40 (41) 514 (510)

1956 270 (270) 53 (54) 489 (484)

1957 2 34 (2 34) 48 (49) 459 (456)

1958 168 (168) 37 (37) 455 (455)

1959 199 (199) 44 (44) 458 (461)

I960 195 (195) 60 (54) 471 (470)

1961 137 (137) 48 (37) 459 (440)
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T a b le  24 . Continued,

Y e a r C a lf  C rop
C a lv e s  P e r  
100 Co-ws

B reed in g
Cows

1962 193 (193) 52 (52) 487 (484)

1963 184 (184) 55 (48) 388 (412)

1964 206 (206) 53 (51) 436 (450)

1965 205 (205) 47 (56) 443 (416)

1966 226 (226) 51 (55) 372 (397)

1967 254  (254) 68 (65) 332 (372)

1968 230 (230) 69 (63) 303 (358)

1969 135 (135) 44 (38) 294 (351)

1970 160 (160) 54 (46) 275 (354)

2
r .9 2 0 .9 8 0
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T a b le  2 5 . C o m p a r iso n  of re p o rte d  and s im u la te d  h a r v e s t s  fo r  b iso n  
on the W ichita M ountains W ildlife R efuge (final s im u la -
tion). (S im u lated  v a lu e s  a r e  in p a r e n t h e s e s . )

Y e a r
M ale s

H a rv e s te d
F e m a le s

H a rv e s te d

1962 59 (59) 41 (41)

1963 68 (68) 62 (62)

1964 79 (79) 40 (40)

1965 69 (69) 35 (35)

1966 73 (73) 128 (128)

1967 91 (91) 139 (139)

1968 122 (122) 141 (141)

1969 115 (115) 116 (116)
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the h erd . C o rre la t io n  t e s t s  w ere  not c a r r i e d  out on total annual c a l f  

c ro p  and annual h a r v e s t  b e c a u se  both of those  p a r a m e t e r s  w e re  se t  

in the s im u la t io n  (though c a l f  c ro p s  w ere  not se t  p r io r  to 19 30) to 

equ a l a c tu a l  v a lu e s  and th e re fo re  s t a t i s t i c a l  t e s t s  w ere  l a r g e ly  in -

a p p ro p r ia te .

E lk  S im u la tion s

E lk  h ab ita t  on the Wichita d i f fe r s  f r o m  that u se d  by e ith er 

b iso n  o r  longhorn c a tt le .  In c o n tra s t  to the open g r a s s l a n d s  and 

p a r k s  p r e f e r r e d  by longhorn ca tt le  and b ison , elk tend to concen trate  

in re m o te  s e c t o r s  of the re fu ge  c h a r a c te r iz e d  by den se  s tan ds of 

b la c k ja c k  oak  and s te e p - to - m o d e r a te  t e r r a in  (H allo ran  1958). The 

rugged  n atu re  of e lk  habitat  m a k e s  it d ifficu lt  to a c q u ire  in form ation  

on the h erd  and h as  fo rc e d  the re fu ge  b io lo g is t  to re ly  upon d a ta -  

gath er in g  p ro c e d u re s  which ty p ica lly  la c k  the d i r e c tn e s s  of the te c h -

n iques u se d  to obtain in form ation  about longhorn ca tt le  and b iso n .

F o r  exam p le ,  w h e re a s  b iso n  and longhorn catt le  can be m an u vered  

into c o r r a l s  and s y s t e m a t ic a l ly  counted, elk  a r e  cen su sed  f r o m  

h e l ic o p te r  f l igh ts  over  concen tration  a r e a s .  A second  d ifficu lty  

involves the co llec tion  of rep ro d u ct ive  in form ation . B iso n  and 

longhorn  c a lv e s  can  be counted d ire c t ly  but e lk  rep rod u ction  m u st  be 

ap p ro x im a te d  f r o m  fetus counts or by lo cat in g  b reed in g  h a r e m s  and 

e s t im a t in g  calfrcow  r a t io s .
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D iff icu lt ie s  connected with data  ac q u is it io n  h a s  re g re t ta b ly  led  

to the rep o rt in g  of so m e  dubious in form ation  fo r  e lk . B a r tn ic k i ' s  

(1969) c r i t i c i s m s  of e lk  c e n su s  m eth od s u se d  on the re fu ge  during 

the 1960 ' s  exem p lify  the q u est ion ab le  e lk  da ta . B a r tn ic k i  o b se rv e d  

that in so m e  y e a r s  e lk  counts w e re  not m ad e  and, that when counts 

w e re  m ad e , often la r g e  " c o r r e c t io n  f a c t o r s "  w e re  u se d  to a r r iv e  at 

the re p o r te d  total.

Although fie ld  data fo r  e lk  a r e  defic ient in so m e  r e s p e c t s ,  

su ff ic ien t  in form ation  w as  e x tra c te d  f r o m  the f i l e s  with which to 

s im u la te  h erd  h is to ry .  E lk  h is to ry ,  like  that of longhorn ca tt le  and 

b ison , w as  s im u la te d  in a s te p - w ise  m an n er .  The length of tim e 

during which elk  have e x is te d  on the re fu ge  w as  broken  down into 

tim e se g m e n ts ,  each  se g m e n t  re p re se n t in g  a p e r io d  of tim e during 

which e lk  d em ograp h ic  conditions w e re  som ew hat u n ifo rm  and d is t in ct  

f r o m  those  of o ther tim e s e g m e n ts .  T h re e  t im e se g m e n ts ,  e s t a b -

l i sh e d  on the b a s i s  o f v ar ia t io n  in e lk  ca lv ing  trend, w ere  s im u la te d .  

Once the s im u la tio n  w as  a ligned  fo r  a  given tim e segm en t, the s i m u -

la t ion  w as  extended to include the next se g m e n t .  S im u la ted  r e s u l t s  

fo r  the f i r s t  tim e segm en t, 1913 through 1940, c o m p a re d  with 

re p o r te d  da ta  a s  fo l low s.

E lk  S im u la tion  R e su l t s  
1913  Through  1940

H is to r ic a l  accolants s u g g e s t  that the W ichita elk  population  grew  

in a  m o r e - o r - l e s s  g ra d u a l  m an n er  a f t e r  it w as  e s ta b l i sh e d .
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A cco rd in g  to data  com piled  by H a llo ran  (1963), f ie ld  counts conducted 

by the U. S .  F o r e s t  S e r v ic e ,  which a d m in is te re d  the re fuge  during its  

e a r ly  per iod , d e term in ed  that the population  in c r e a s e d  f r o m  the 

o r ig in a l  t ran sp lan t  of 20 a n im a ls  in 1912 to 125 e lk  by 1922. The 

population  contained an e s t im a te d  300 e lk  in 1925 and 222 by 1935.

The a c c u r a c y  of those  e a r ly  counts h as  not been e s ta b l i sh e d  but they 

should be re p r e se n ta t iv e  enough to ind icate  population  trend. During 

the 19 2 0 's  and 1 9 3 0 's ,  e lk  on the W ichita w ere  confined to the Buffa lo  

P a s t u r e ,  an 8 0 0 0 - a c r e  (3250-ha) fenced  ran ge  unit lack ing  m uch  of 

the rugged  t e r r a in  typ ica l  of p r e s e n t - d a y  elk  h ab ita t .  Thus, even 

though the e a r ly  coiants w e re  m ad e  on foot or  h o r se b a c k ,  and u n -

doubtedly so m e  elk  w e re  not counted, su ff ic ien t  n u m b e rs  of e lk  should 

have been counted to d e term in e  w hether the population  w as  in c r e a s in g ,  

d e c r e a s in g  o r  rem ain in g  s ta b le .

E lk  s im u la t io n s  u s in g  d em ograp h ic  input ex a c t ly  a s  sy n th es ized  

f r o m  the e a r ly  f ie ld  r e c o r d s  produced  a population  trend (F ig .  33) 

which in c r e a s e d  s te a d i ly  a f te r  1913 and which, a l s o  like the re p o rte d  

population, a tta ined  a  le v e l  of a p p ro x im a te ly  300 e lk  by the m id -  

1 9 2 0 's .  The s tro n g  s i m i l a r i t i e s  in growth fo r  both the re p o r te d  and 

s im u la te d  populations ind icated  that the s im u la te d  population  in c r e a s e d  

o v er  tim e m uch like  the ac tu a l  population . But it w as  im p o ss ib le  to 

c o m p a re  re p o r te d  and s im u la te d  v a lu e s  fo r  other population  p a r a m e -

t e r s ,  owing to a  la c k  of re p o r te d  d a ta . The e a r ly  r e p o r t s  p ro v id ed
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F i g u r e  33. C o m p a r i s o n  o f  r e p o r t e d  and s im u la t e d  p o p u la t io n  l e v e l s  fo r  e lk  b e tw ee n  1913 and  1940 on
the W ichita  M o u n ta in s  W ild life  R e fu g e .
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so m e  e s t im a te s  of population  s i z e s  and h a r v e s t s  but l itt le  in form ation  

on o ther population  p a r a m e t e r s  a s  c a l f  c ro p  s iz e ,  m o r ta l i ty  l o s s e s  

o r  h e rd  s t r u c tu r e .

The m o s t  obvious d if fe ren ce  betw een the s im u la te d  and r e a l  

populations o c c u r r e d  during the la te  1 9 2 0 's .  Though s p a r s e ,  the 

e lk  counts which w e re  a v a i la b le  su g g e s te d  that the r e a l  population  

m a y  have d e c r e a s e d  s l igh tly  during the la te  1 9 2 0 's o r  1 9 3 0 's f r o m  

about 300 e lk  in 1925 to a p p ro x im ate ly  220 in 1935. The s im u la te d  

population  did not decline  during that p e r io d .  While a s l igh t decline 

in population  le v e l  w as indicated , nothing w as  found in the r e c o r d s  

which ind icated  what event(s) c a u se d  the d ec lin e . E lk  h a rv e s t in g  

b egan  on the W ichita in 192 5 and could p o s s ib ly  have ca u se d  a  p opu -

la t ion  d ec lin e .  But, if  the population  dec lined  in r e sp o n se  to annual 

h a rv e s t in g ,  then the s im u la te d  population  would have a l s o  declined  

b e c a u se  the num ber of e lk  rem o v ed  through s im u la te d  h a r v e s t  w as 

n e a r ly  id en tica l  to the n u m b er of elk ac tu a l ly  h a rv e s te d ,  a  conclusion  

su p p orted  by the data  c o m p a r i so n s  in T ab le  26.

T h ere  w ere  o ther p o s s ib le  d em ograp h ic  exp lanations fo r  the 

lo w e r  re p o rte d  population s i z e s .  F o r  ex am p le ,  n a tu ra l  l o s s e s  m ight 

have been  u n u su ally  heavy  during those y e a r s  o r  ca lv ing  r a t e s  m ight 

have declined . But the m o s t  l ik e ly  explanation  w as  poor c e n su s .  The 

re fu g e  s u p e r v i s o r s  r e p o r t  fo r  1930 contains the follow ing sta tem en t  

(Anonym ous 1930:6):
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T ab le  2 6. C o m p a r iso n  of re p o rte d  and s im u la te d  v a lu e s  fo r  elk 
h a r v e s te d  on the W ichita M ountains W ildlife Refuge 
betw een 1925 ajid 1940. (S im u lated  values  a r e  in 
p a r e n th e se s .

Y e a r
M a le s

H a rv e s te d
F e m a le s

H a rv e s te d
T ota l

H a r v e s t

1925 2 (2) 9 (9) 11 (11)

1926 2 (2) 11 (11) 13 (13)

1927 (8) - - (9) 17 (17)

1928 -- (0) - - (0) - - (0)

1929 1 (1) 24 (23) 25 (24)

19 30 - - (0) (0) -- (0)

1931 -- (0) - - (0) - - (0)

1932 23 (2 3) 12 (12) 35 (13)

1933 - - (25) - - (2 5) 50 (50)

1934 - - (1) - - (1) 2 (2)

1935 -- (0) - - (0) - - (0)

1936 4 (4) 9 (8) 13 (12)

1937 23 (2 3) 16 (16) 39 (39)

1938 10 (10) 18 (18) 28 (28)

1939 15 (15) 15 (15) 30 (30)

1940 5 (5) 8 (8) 13 (13)

F o r  y e a r s  in which only the total num b er h a r v e s te d  w as 
re p o rte d  ( e . g . ,  1927), a  50:50 se x  ra t io  in the h a r v e s t  w as  a s s u m e d .
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" I t  m u st  be re m e m b e r e d  the num b er (of elk) shown 
a s  on hand i s  only on e s t im a te .  I a m  f r e e  to ad m it  that 
I have n ev e r  fe lt  v e ry  s e c u r e  about the num b er re p o r te d .
A ra th e r  extended e ffo rt  w as m ad e  l a s t  s e a s o n  to e ffec t  
a  count by a i r  p lane, but without the d e s i r e d  r e s u l t . "

The s u p e r v i s o r ' s  s ta tem en t  im p lie s  m o r e  e lk  w e re  on the re fuge

than ac tu a l ly  counted and re p o r te d .  B e c a u se  there  w as  so m e  question

about the a c c u r a c y  of the re p o rte d  population  to ta ls  and th e re fo re

about whether o r  not the population  had even declined , the d if fe re n c e s

betw een re p o r te d  and s im u la te d  population  le v e l s  did not s e e m  to

ju s t i fy  concluding that the s im u la tio n  w as  an u n r e a l i s t i c  m im ic  of elk

population  h is to ry .  T h e re fo re ,  e f fo r ts  w e re  u ndertaken  to extend the

s im u la t io n s  to include the next se g m e n t  of e lk  h is to r y .

E lk  S im u la tion  R e su lt s  
1941  T hrough  1955

The W ichita re fu ge  w as  a d m in is te re d  by the U. S .  F o r e s t  

S e r v ic e  until 1936 a t  which tim e a d m in is t ra t iv e  duties  w e re  t r a n s -

f e r r e d  to the U .S .  B io lo g ic a l  S u rv e y . E lk  counts m ad e  by the 

B io lo g ic a l  Su rv ey  during the 1 9 4 0 's and e a r ly  1 9 5 0 's ind icated  the 

re fu g e  population  re m ain e d  f a i r ly  s tab le  and a v e r a g e d  about 200 

a n im a ls  (D e c e m b e r  count).

S im u la t io n s  which rep ro d u ced  h erd  h is to r y  during the p er iod  

a l s o  p rod u ced  a  f a i r ly  s ta b le  population  (F ig .  34) but the s im u la ted  

population  c o n s is te n t ly  contained about 100 e lk  m o re  than what fie ld  

counts in d ica ted . Although the s im u la te d  population  did not a g r e e
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F i g u r e  34. C o m p a r i s o n  of r e p o r t e d  and s im u la t e d  p o p u la t io n  l e v e l s  fo r  e lk  b e tw ee n  1913 and 1954 on
the W ich ita  M o u n ta in s  W ild life  R e fu g e .
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with re p o rte d  population  to ta ls , it  did a g r e e  w ith other re p o rte d  

popu lation  in fo rm atio n . F o r  ex am p le , the ca lv in g  r a te s  p rod u ced  by 

the s im u la te d  ca lv in g  function, Y = . 378 + .0 0 0 2 (X ), w ere  roughly 

c o m p arab le  to the ca lv in g  r a te s  ca lc u la te d  fo r  the h erd  fro m  re p o rte d  

c a lf  s igh tin g  and in c id en ces of p regn an cy  (T ab le  2 7 ). The s im u la te d  

popu lation  a ls o  a g re e d  with the r e a l  population  in the n um ber of elk  

h a rv e s te d  each  y e a r , a ls o  evident fro m  c o m p a r iso n s  in T ab le  2 7 . A 

th ird  w ay in w hich the sim u la te d  population  c lo se ly  m atch ed  re p o rte d  

in fo rm atio n  w as with r e s p e c t  to n a tu ra l m o r ta lity  r a te . The s im u -

la te d  m o r ta lity  ra te  (5 p e rc e n t annually) a g re e d  with the a v e ra g e  lo s s  

ra te  H allo ran  (1963) re p o rte d  fo r  the h erd .

The fa c t  that the sim u la te d  population  contained m o re  e lk  than 

re p o rte d  fo r  the a c tu a l population  w as con fusing , e sp e c ia l ly  s in ce  

the sim u la te d  and re p o rte d  popu lation s a g re e d  with r e s p e c t  to s e v e r a l  

o th er population  p a r a m e te r s .  The p o p u la tio n -s iz e  d isc re p a n c y  

se e m e d  to in d icate  that one o r  m o re  of the population  p a r a m e te r s  fo r  

w hich the popu lation s w ere  a lign ed  w as in c o r re c t  and that m o d if ic a -

tion s would have to be m ade in c e r ta in  s im u la te d  p a r a m e te r s  to a lig n  

the two p o p u la tio n s. But com m en ts en tered  into the elk  r e c o r d s  

m ad e  in c o rre c tly - sy n th e s iz e d  f ie ld  d a ta  a l e s s  lik e ly  exp lan ation  fo r  

the p o p u la tio n -s iz e  d is c r e p a n c ie s  than in c o rre c t  re p o rte d  population  

e s t im a te s .  F re q u e n tly  com m en ts w ere  found in the re c o r d s  that the 

re p o rte d  h erd  counts w ere  c o n sid e re d  to be "c o n se r v a t iv e  e s t im a t e s , "
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T ab le  Z7. C o m p ariso n  of re p o rte d  and sim u la te d  v alu es fo r  elk
rep ro d u ction  and h a r v e s t  during the p erio d  1937 through 
1955 , W ichita M ountains W ildlife R efu ge . (S im u lated  
v a lu e s a r e  in p a r e n th e s e s .)

Y e a r
C a lv e s  P e r  
100 Cows

M ale s
H arv e ste d

F e m a le s
H arv e ste d

1937 - - (30) 23 (23) 16 (16)

1938 -- (29) 10 (10) 18 (18)

1939 - - (40) 15 (15) 15 (15)

1940 -- (42) 5 (5) 8 (8)

1941 10 (44) 6 (6) 17 (17)

1942 25 (46) 1 (1) 1 (1)

1943 35 (48) 12 (12) 6 (6)

1944 35 (50) 14 (14) 13 (13)

1945 20 (52) 11 (11) 9 (9)

1946 60 (54) 21 (21) 38 (38)

1947 - - (56) 45 (45) 37 (37)

1948 40 (58) 22 (22) 23 (23)

1949 55 (60) 26 (2 6) 25 (25)

1950 60 (62) 28 (28) 41 (41)

1951 60 (64) 20 (20) 24 (2 4)

1952 87 (66) 21 (21) 16 (16)

1953 55 (68) 16 (16) 18 (18)

1954 - - (70) 17 (17) 18 (18)

1955 30 (72) 2 (2) 3 (3)



allu d in g  to the p ro b a b ility  of m o re  e lk  on the re fu g e  than w hat had 

a c tu a lly  been  se e n  during c e n su s . T h o se  sta te m e n ts  alone ju s t if ie d  

the ac cep tan ce  of the h ig h er s im u la te d  population  n u m b e rs . But 

ad d ition al ju s t if ic a t io n  fo r  accep tin g  the sim u la ted  population  to ta ls  

w as found in other re p o rte d  s ta te m e n ts  that s ig n ifican t n u m b ers of 

e lk  had ac tu a lly  le ft  the re fu g e  and m oved  onto ran g e lan d s ad jo in ing  

the re fu g e . H allo ran  (1963) e s t im a te d  40 e lk  inhabited  a r e a s  ou tsid e  

the re fu g e  b o u n d arie s in 1955. T h o se  o ff-re fu g e  e lk  w ere  not included  

in the re fu g e  population  e s t im a te s  but a r e  included  in the s im u la te d  

popu lation  to ta ls . The re p o rte d  population  n u m b ers a r e  not so  m uch 

in a c c u ra te  a s  they a r e  in co m p lete . T hus, th ere  w as lit t le  com pellin g  

ev id en ce  that the sim u la tio n  w as not p rov id in g  a  tru e  re p re se n ta tio n  

of e lk  n u m b ers durin g  the 1 9 4 0 's and e a r ly  1 9 5 0 's .  With that thought 

in m ind, the sim u la tio n  w as extended into la te r  y e a r s .
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E lk  S im u la tio n  R e su lts  
1956 T hrough  1972

C om m en cin g with the m id - 1 9 5 0 's , the re fu g e  em ployed  a d if -

fe re n t  f ie ld  p ro c e d u re  to ac q u ire  in fo rm ation  about the n um ber of elk  

on the re fu g e . H e lico p te r  p ilo ts  fro m  n earb y  F o r t  S ill  M ilita ry  

R e se rv a t io n  began  fly ing  re fu ge  s ta f f  m e m b e rs  o v er known e lk  co n -

cen tra tio n  a r e a s  in e ffo r ts  to lo ca te  and count the en tire  re fu g e  popu -

lation , although e lk  ou tsid e  re fu ge  b o u n d arie s  w ere  s t i l l  not counted. 

F req u en tly , the flig h ts  w ere  m ad e  on two co n secu tiv e  d ay s and then
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la t e r  su pp lem en ted  with ground counts. T h ere  can  be litt le  qu estion  

but that the h e lic o p te r  fligh ts  g re a t ly  in c r e a se d  the re fu ge  s t a f f 's  

ab ility  to t r a v e r s e  the re fu ge  and to lo c a te  e lk . But, in sp ite  of that 

in c r e a se d  c o v e rag e , not a l l  e lk  w ere  lo ca te d  and counted. F o r  

ex am p le , H a llo ran  (1960a) d e sc r ib e d  how 33 e lk  known to be in 

c e r ta in  a r e a s  of the re fu ge  w ere  not se e n  durin g  flig h ts  o v er those 

a r e a s .  The know ledge that not a l l  e lk  w ere  bein g  seen  and counted 

led  in turn  to the adoption  of a 15 p e rc e n t " e r r o r - c o r r e c t io n "  fac to r ; 

the n um ber of elk  a c tu a lly  se e n  w as in c r e a se d  by 15 p e rc e n t to a r r iv e  

a t  the e s t im a te d  to ta l re fu ge  popu lation .

P opu lation  counts obtained through a e r ia l  c en su s in d ica te  that 

the grow th p a tte rn  of the W ichita e lk  h erd  changed ra th e r  d r a s t ic a l ly  

durin g  the 1 9 5 0 's and 19 6 0 's fro m  what it had been  during p re v io u s 

y e a r s .  D uring the 1 9 3 0 's and 1 9 4 0 's, the h erd  w as d e sc r ib e d  a s  being 

ra th e r  co n stan t in s iz e  fro m  one y e a r  to the next, a  co n clu sio n  

su p p orted  not only by fie ld  counts but a l s o  by sim u la tio n s fo r  those 

y e a r s .  H ow ever, fie ld  su rv e y s  c a r r ie d  out durin g  the la te  1 9 5 0 's 

lo c a te d  c o n sid e ra b ly  m o re  e lk  than what had been counted p re v io u s ly  

and led  the re fu ge  b io lo g is t  to conclude that the h e rd  w as rap id ly  

in c r e a s in g . It is  u n certa in  to what extent the h igh er ce n su s to ta ls  

w ere  due to ac tu a l population  in c r e a s e s  and to what extent they 

re f le c te d  the b e tte r  c o v e ra g e  of e lk  con cen tration  a r e a s  a ffo rd e d  by 

h e lic o p te r  f l ig h ts . In e ith er c a s e ,  the re fu g e  re sp o n d ed  to the h igh er
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popu lation  e s t im a te s  by in c r e a s in g  to ta l annual h a r v e s t s .  W hereas 

an  a v e ra g e  of 37 e lk  w ere  rem ov ed  annually  on the re fu ge  betw een 

1950 and 1955, the a v e ra g e  in c r e a se d  to 60 elk  betw een 1956 and I960 

w ith a  high o f IZ l e lk  rem o v ed  in I9 6 0 . S im u la tio n s w ith P r o g r a m  

O N EPO P su p p ort the re fu ge  b io lo g is t s ' co n clu sio n  that the elk  popu -

la tio n  in c r e a se d  durin g  the 1 9 5 0 's and 1 9 6 0 's . But th ose  s im u la tio n s 

a l s o  r e v e a l  that, if  the re p o rte d  counts a r e  tru ly  in d ica tiv e  of the 

n u m b er of e lk  on the re fu ge  i t s e l f ,  then the o ff-re fu g e  population  had 

to be su b sta n tia lly  l a r g e r  than o r ig in a lly  b e lie v e d .

F ie ld  counts su g g e st  the re fu g e  population  in c r e a se d  fro m  about 

300 e lk  in  1955 to an a l l- t im e  h igh of about 700 in the la te  1 9 6 0 's  a s  

d ep ic ted  in F ig .  35 . A gain , it should  be s t r e s s e d  that the re fu ge  

counts do not include e lk  known to be inhabiting ran g e lan d s ou tsid e  

the ac tu a l re fu ge  b o u n d arie s . The g rap h ic  c o m p a r iso n  betw een 

re p o rte d  and sim u la te d  popu lation  to ta ls  in F ig .  35 show s the extent 

to w hich the rep o rted  h erd  counts ap p are n tly  u n d e re stim ate d  the 

a c tu a l n u m ber of e lk  on the re fu ge , o r at le a s t  in the im m ed iate  

v ic in ity  of the re fu g e . W h ereas the re p o rte d  counts in d ica ted  a 

m ax im u m  population  of about 700 elk , the s im u la tio n  show ed that the 

m ax im u m  w as c lo s e r  to 1100 elk , an in c r e a s e  of 57 p e rc e n t o v er  the 

re fu g e  f ig u re .

In view  of the s iz a b le  d iffe re n ce  betw een the re fu ge  population  

e s t im a te s  and what the sim u la tio n  p rod u ced , it m igh t s e e m  only
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F ig u r e  35. C o m p ariso n  of re p o rte d  and sim u la te d  popu lation  s iz e  and tren d  fo r  e lk  on the W ichita 
M ountains W ildlife R efu ge , 1913 through 1972.
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pruden t to q u estion  the a c c u ra c y  of the sim u la tio n . E ffo r t s  had been  

m ad e to b a se  the sim u la tio n  e n tire ly  upon re p o rte d  fie ld  d a ta . But 

p e rh a p s  the sim u la te d  e lk  popu lation  exceed ed  the re p o rte d  population  

b e c a u se  of g r e a te r  re c ru itm e n t c a u se d  by an in c o rre c t ly - sy n th e s iz e d  

ca lv in g  function. A s a  secon d  p o s s ib ility , p e rh ap s  the s im u la te d  

population  ex ceed ed  the re p o rte d  population  b e c au se  few er e lk  w ere  

h a rv e s te d  in the sim u la tio n  than what had been  ac tu a lly  taken fro m  

the r e a l  population .

To d e term in e  w hether or not those  p o s s ib le  d a ta - sy n th e s is  

e r r o r s  had ac tu a lly  been  m ad e, the c o m p a r iso n s  shown in T ab le  2 8 

w e re  draw n to c r o s s - c h e c k  re p o rte d  and s im u la te d  h a r v e s t s  and c a lf  

c r o p s . The c o m p a r iso n s  show that the sim u la te d  h a r v e s t  w as a lm o st  

e x ac tly  the sam e  a s  the re p o rte d  h a r v e s t .  But the c o m p a r iso n s  a lso  

r e v e a l  that the sim u la te d  c a lf  c ro p s  g re a t ly  exceed ed  the re p o rte d  

c a lf  c r o p s . C le a r ly  the m a jo r  d em o grap h ic  d iffe re n ce  betw een the 

two popu lation s (o th er than population  s iz e )  w as w ith r e sp e c t  to the 

am ount of re c ru itm e n t into the population  each  y e a r .

A ctin g  so le ly  in re sp o n se  to the c o m p a r iso n s  in T ab le  28, one 

m igh t lo g ic a lly  conclude that the sim u la te d  population  s iz e  w as u n -

r e a l i s t i c ,  c itin g  the la r g e r  s im u la te d  c a lf  c ro p s  a s  ju s t if ic a t io n  fo r  

that argu m en t. But b e fo re  decid in g  that the sim u la te d  ca lv in g  ra te  

w as not c o r r e c t  and that the sim u la te d  popu lation  w as u n r e a l is t ic a l ly  

la r g e ,  it se e m e d  eq u a lly  prudent to conduct one ad d ition al te s t .  In
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T ab le  2 8 . C o m p ariso n  of re p o rte d  and sim u la ted  v alu es fo r  e lk  
rep ro d u ctio n  and h a r v e s t  on the W ichita M ountains 
W ildlife R efu ge , 1956-1972 . (S im u lated  v a lu e s a r e  in 
p a re n th e se s .

Y e a r
C a lv e s

P ro d u ced
M ales

H arv e ste d
F e m a le s

H arv e ste d

1956 38 (108) 10 (10) 12 (12)

1957 60 (138) 11 (11) 20 (20)

1958 79 (145) 24 (24) 28 (28)

1959 50 (152) 37 (40) 38 (35)

I960 81 (165) 60 (63) 61 (58)

1961 75 (162) 45 (45) 68 (68)

1962 59 (156) 45 (45) 31 (31)

1963 51 (183) 29 (29) 20 (20)

1964 61 (210) 44 (44) 42 (42)

1965 90 (212) 65 (65) 58 (58)

1966 173 (214) 121 (119) 133 (131)

1967 175 (179) 164 (157) 152 (145)

1968 93 (149) 121 (120) 156 (154)

1969 113 (114) 63 (63) 83 (83)

1970 147 (118) 93 (92) 79 (79)

1971 71 (108) 42 (42) 75 (75)

1972 240 (90) 70 (70) 113 (112)

A 50:50 se x  ra tio  in the h a r v e s t  w as a s su m e d  fo r 1959 and
I960 .



178

view  of the a c c e le r a te d  e lk  h a rv e stin g  p r o g r a m  on the re fu ge  during 

the la te  1 9 5 0 's and a ls o  the fac t that the re fu ge  population  had been  

c o n sis te n tly  u n d e re stim ate d  fo r  so m e tim e, we should d e term in e  

w hether o r not it i s  m ath e m atic a lly  p o s s ib le  fo r  an  e lk  population  

contain ing the n um ber of e lk  re p o rte d  on the re fu g e  to m ain ta in  i t s e l f  

( le t  alone in c r e a se  a s  fie ld  d a ta  ind icated) w hile a lso  su sta in in g  the 

r e c o r d  annual h a rv e s t  known to have been  attain ed  betw een 1955 and 

1972.

To d e term in e  w hether o r not the W ichita elk  population  could 

have contained the re p o rte d  n um ber of a n im a ls  and s im u ltan eo u sly  

su p p orted  the re p o rte d  annual h a r v e s t s ,  a se p a r a te , h ypoth etical 

s im u la tio n  w as c a r r ie d  out b a se d  upon the follow ing d em ograp h ic  

con d ition s: (1) the in it ia l population  contained the n um ber of elk  

re p o rte d  in D ecem b er 1954 p lu s the n um ber of c a lv e s  counted in 1955, 

(2) a l l  ad u lt fe m a le s  p lu s 60 p e rc e n t of a l l  y e a r lin g  fe m a le s  p rod u ced  

a  c a lf  each  y e a r , (3) n a tu ra l m o r ta lity  w as s e t  to z e ro , and (4) 

s im u la te d  annual h a r v e s t s  co incided  e x ac tly  with re p o rte d  f ig u r e s .

The r e s u lt s  of that h y po th etica l s im u la tio n  a r e  shown in F ig .  36 and 

c le a r ly  in d ica te  that a  population  contain ing the re p o rte d  n um ber of 

e lk  could not p o s s ib ly  m ain ta in  i t s e l f  and sim u ltan e o u sly  su p p ort the 

annual h a r v e s t s  re c o rd e d  on the re fu g e , even u n d er conditions of 

m ax im u m  rep ro d u ctio n  and m in im u m  n a tu ra l l o s s e s .
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Y ear

F ig u r e  36. C o m p ariso n  of h ypoth etical s im u la te d  population  trend 
and re p o rte d  population  tren d  fo r  e lk  on the W ichita 
M ountains W ildlife R efuge assiam in g  m ax im u m  re p ro d u c -
tion and m in im u m  n a tu ra l lo s s  a f te r  1955,



The outcom e of the h y po th etica l s im u la tio n  led  to two b a s ic  

c o n c lu s io n s . F i r s t ,  it is  m y  f ir m  b e lie f  that th ere  w ere  su b stan tia lly  

g r e a te r  n u m b ers of e lk  on the W ichita re fu ge  (or ad jace n t to it) during 

the 1 9 5 0 's  and 1 9 6 0 's  than what f ie ld  counts show . Second, it i s  a lso  

m y co n clu sio n  that the d em ograp h ic  p a r a m e te r s  sy n th esized  and u se d  

in the above h is to r ic a l  s im u la tio n s a r e  e s se n t ia l ly  c o r r e c t .  The fac t 

that the sim u la tio n s y ie ld ed  c a lf  to ta ls  su b stan tia lly  l a r g e r  than the 

re p o rte d  n um ber during the p e r io d  1956 through 1972 can  be exp la in ed  

in that the sim u la tio n s ap p lied  an  a c c u ra te  ca lv in g  ra te  to a  l a r g e r  

population  than that upon w hich re p o rte d  c a lf  c ro p s  w ere  b a se d .

W h ite-tailed  D eer S im u la tio n s
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W h ite-tailed  d e e r , like  elk , a r e  se c r e t iv e  an im a ls  and m any 

of the d iff ic u ltie s  a s s o c ia te d  with d ata  co llec tio n  fo r  elk  a ls o  p o se  

p ro b le m s in the c a se  of w h ite -ta iled  d e e r . T h e re fo re , re fu ge  p e r -

son n el have com e to re ly  upon s im i la r  d a ta -g a th e r in g  tech n iq u es fo r  

both s p e c ie s .  F o r  exam p le , w h erea s the e lk  population  is  c e n su se d  

by h e lic o p te r  flig h ts  o v er  known elk  con cen tration  a r e a s ,  w h ite -ta iled  

d e e r  a r e  counted by m ean s of ro a d s id e  in v en to rie s  in a r e a s  of high 

d e e r  ac tiv ity . A secon d  s im ila r ity  in v o lves the w ay in which r e p r o -

du ctive  e s t im a te s  a r e  m ad e . N ata lity  e s t im a te s  fo r  both w h ite -ta iled  

d e e r  and elk  a r e  d e riv e d  fro m  e a r ly  fa l l  h erd  c la s s i f ic a t io n  ch eck s, 

although  e lk  n ata lity  e s t im a te s  a r e  c u rre n tly  su pp lem en ted  with 

p regn an cy  d ata  obtained fro m  cow s shot during h a r v e s t .
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S im ila r i t ie s  in d a ta -g a th e r in g  p ro c e d u re s  h ave led  in turn  to 

s im i la r i t ie s  in data b a s e s  fo r  the two s p e c ie s .  One s im ila r ity  in the 

re sp e c t iv e  d a ta  b a s e s  in v o lves to ta l population  e s t im a te s . While 

B a rtn ic k i ( I 969) q u estion ed  the a c c u ra c y  of so m e  p a s t  e lk  population  

e s t im a te s , s im ila r  r e se r v a t io n s  should be e x p r e s se d  about the 

a c c u ra c y  of p re v io u s  d e e r  population  e s t im a te s  b e c a u se  of the la r g e  

m u lt ip lie r s  often  u se d  to co n v ert a c tu a l d e e r  s igh tin g s into to tal 

re fu g e  population  e s t im a te s .  A s one ex am p le , 31 d e e r  sigh ted  on 

the re fu ge  in 1959 led  to the con clu sion  that the re fu ge  population  

contained  1717 d e e r  (H allo ran  1959a.).

M ost of the d em ograp h ic  in fo rm atio n  u se d  in the follow ing 

s im u la tio n s  fo r  w h ite -ta iled  d e e r  cam e fro m  the re fu ge  b io lo g is t 's  

" S p e c ia l  R e p o rt"  s e r i e s  which a d d r e s s e s  sp e c if ic  to p ic s  a s  population  

ce n su s and trap p in g  r e c o r d s .  T h ose  re p o r ts  date b ack  only to 1955. 

T h e re fo re , the s im u la tio n s co v er only the p erio d  1955 through 1972.

W h ite-tailed  D eer S im u la tio n  R e su lts  
1955 Through  1963

Of the four ungulate sp e c ie s  inhabiting the W ichita ran g e lan d s, 

fie ld  d ata  fo r  w h ite -ta iled  d e e r  a r e  the m o st  in co m p lete . It w as 

im p o ss ib le  to co m p are  s im u la tio n  r e s u lt s  with m any re a l-w o rld  

population  p a r a m e te r s  b e c a u se  the f ie ld  d ata  n eeded  fo r  those c o m -

p a r iso n s  w ere  not a v a ila b le . T hus, the s im u la tio n  s t r a te g y  u se d  fo r  

the follow ing d e e r  s im u la tio n s w as s im p le  and c o n sis te d  of two s te p s :
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(1) annual h a r v e s t s  and rep ro d u ctiv e  e s t im a te s  w ere  input to the 

s im u la tio n  p r o g r a m  a s  re p o rte d  and (2) n a tu ra l m o r ta lity  (ch ie fly  

faw n m o rta lity ) w as ad ju ste d  a s  n e c e s s a r y  to b e s t  a lign  sim u la te d  

popu lation  s iz e  and trend  with co rre sp o n d in g  re fu g e  d a ta . The a l ig n -

m en t ach iev ed  with that s t r a te g y  m u st be c o n sid e re d  crude at b e s t .

The d em o grap h ic  conditions sy n th esized  d ire c t ly  fro m  refu ge  

r e p o r ts  p rod u ced  the sim u la te d  population  trend shown in F ig .  37. 

Although the sim u la te d  and re p o rte d  population  tren d s show g e n e ra l 

a g re e m e n t to the e a r ly  1 9 6 0 's , the s im u la te d  population  began  to 

in c r e a se  once annual h a rv e stin g  c e a se d  in 1964.

L e a s t - s q u a r e s  r e g r e s s io n  te s t s  p e r fo rm e d  upon fawnrdoe 

r a t io s  co m p iled  betw een 1963 and 1967 in d icated  d e e r  rep ro d u ction  

d e c r e a se d  m ark e d ly  o v er  what it had been  during the 1 9 5 0 's .  T h ose  

lo w ered  rep ro d u c tiv e  r a te s  w ere  not in u se  in the s im u la tio n  shown 

in F ig . 37. T hus, the fac t  that the sim u la te d  population  trend  (without 

re p ro d u c t iv e - ra te  m o d ifica tio n s) d iffe re d  so  g re a t ly  fro m  a c tu a l 

popu lation  tren d  su p p orted  the co n clu sio n  that e ith e r  (o r both) 

re p ro d u c tiv e  o r  m o r ta lity  r a te s  changed in the r e a l  popu lation  during 

the i 960 ' s ,  th ereby  low erin g  re c ru itm e n t and cau sin g  the population  

to d e c lin e .

W h ite-ta iled  D eer S im u la tio n  R e su lts  
1964 T hrough  1972

The sim u la tio n  shown in F ig . 37 w as updated  to include the 

lo w er re p ro d u c tiv e  r a te s  a fte r  1963 and the re su lt in g  sim u la te d
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R epo rted  P opu lation  

S im u la ted  P opu lation

Y ear

F ig u r e  37. C o m p ariso n  of re p o rte d  and sim u la te d  population  trend 
fo r  w h ite -ta iled  d e e r  on the W ichita M ountains W ildlife 
R efu ge b a se d  upon re p ro d u c tiv e  in fo rm atio n  co lle c te d  
betw een 1955 and 1961 and an  annual population  m o r ta lity  
of 6 p e rc e n t.
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popu lation  s iz e  and tren d  a lign ed  m o re  c lo se ly  w ith re p o rte d  p o p u la -

tion in fo rm atio n  (F ig . 38). But it w as ap p are n t that so m e conditions 

in the s im u la te d  population  w ere  s t i l l  w rong b e c a u se  the sim u la ted  

popu lation  s ta b iliz e d  a t  about 800 a n im a ls  w h e re a s  the r e a l  population  

i s  known to h ave d eclin ed  to about 500 a n im a ls .

The sim u la tio n  in F ig . 38 w as b a se d  on fo r c e - f i t  v a lu e s  fo r  

population  s iz e ,  rep ro d u ctiv e  r a te s  and to ta l annual h a r v e s t .  T hus, 

m o r ta lity  r a te s  a s  the only rem ain in g  v a r ia b le  se e m e d  m o st  lik e ly  

to be w rong. A ddition al su p p ort fo r  se le c t in g  m o r ta lity  a s  the in -

c o r r e c t  v a r ia b le  w as found in w ork  re p o rte d  by T e e r  et a l  (1965). 

D rought conditions e x is te d  on the W ichita during the m id -1 9 6 0 's  and 

T e e r 's  grou p  found su b sta n tia lly  h igh er m o r ta lity  of w h ite -ta iled  d e e r  

du rin g  drought y e a r s  over n on-drought y e a r s  in T e x a s .

A cru d e a lign m en t betw een re p o rte d  and s im u la te d  population  

s iz e  and trend  w as fin a lly  ach iev ed  through a s e r i e s  of s im u la tio n s 

in w hich fawn m o r ta lity  (Jun e through Sep tem b er) w as g rad u a lly  in -

c r e a s e d . Su m m er faw n m o rta lity  w as in c r e a se d  b e c a u se  v a r io u s  

p e r so n s  w orking on the re fu ge  have o b se rv e d  h eavy  fawn l o s s e s  w ith -

in a  few  w eeks of b irth  during recen t y e a r s  (S tee le  1969; E . A . 

B a rtn ic k i, p e r so n a l com m u n ication ). The b e s t  a lign m en t ach iev ab le  

(F ig . 39) w as atta in ed  with a  faw n m o r ta lity  of 60 p e rc e n t betw een 

Ju n e and S e p te m b e r and an o v e r a ll  h erd  annual m o r ta lity  of ZO 

p e rc e n t.



185

R ep o rted  P opu lation  

S im u la ted  P opu lation

Y ear

F ig u r e  38. C o m p ariso n  of re p o rte d  and sim u la ted  population  trend 
fo r  w h ite -ta iled  d e e r  on the W ichita M ountains W ildlife 
R efuge updated  with re p ro d u c tiv e  in form ation  co llec ted  
betw een 1963 and 1972 and an  annual popu lation  m o r ta lity  
of 6 p e rc e n t.
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R ep o rted  P opu lation  
S im u la ted  P opu lation

Y ear

F ig u r e  39. C o m p ariso n  of re p o rte d  and s im u la te d  population  trend 
fo r  w h ite -ta iled  d e e r  on the W ichita M ountains W ildlife 
R efuge updated  with rep ro d u c tiv e  in form ation  co lle c te d  
betw een 1963 and 1972 and 60 p e rc e n t fawn m o r ta lity  
betw een June and S e p te m b e r .
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The w h ite -ta ile d  d e e r  s im u la tio n s  d e sc r ib e d  above ac tu a lly  

" fo r c e d  th ings to fit"  in the se n se  that n a tu ra l m o r ta lity  r a te s  w ere  

a d ju ste d  to w h atever v a lu e s y ie ld ed  the s im u la te d  population  trend 

which b e s t  a g re e d  with re p o rte d  in fo rm atio n . It i s  unfortunate that 

that had to be the c a se  b e c a u se , in the ab se n ce  of m o re  r e lia b le  and 

co m p le te  d em o grap h ic  data , the s im u la tio n s a r e  lim ited  in th e ir 

a n a ly s is  of h is to r ic  h erd  b io logy  and thus in th e ir  ab ility  to p ro je c t  

fu tu re  population  tren d s and ac t  a s  a u se fu l m an agem en t tool.

But another im p o rtan t e lem en t which d e c r e a s e s  the s im u la tio n s ' 

u se fu ln e s s  r e s u lt s  fro m  h ab ita t conditions on the re fu g e . In d ication s 

a r e  that w h ite -ta iled  d e e r  h ab ita ts  on the re fu ge  (a s  of 1971) have 

not fu lly  re c o v e re d  fro m  the drought during the 1 9 6 0 's . The 1971 

W ichita r a n g e -u se  check  d eterm in ed  that b row se  stan d s on the re fu ge  

s t i l l  had not re c o v e re d  fro m  the se v e r e  hedging which o c c u rre d  when 

b ro w se  prod u ction  w as low and that high b ro w se  lin e s  o c c u rre d  in 

m o st  w ooded a r e a s .  S in ce  h is to r ic  h ab ita t ch an ges ap p aren tly  

brought about d em ograp h ic  ch an ges, h ab itat r e c o v e ry  in the fu tu re  is  

l ik e ly  to a ffe c t  rep ro d u ctiv e  and m o r ta lity  r a te s  in the d e e r  p o p u la -

tion . Without knowing in advance what th ose  d em ograp h ic  ch an ges 

w ill be, s im u la tio n s could not do a  v e ry  p r e c i s e  job  of fo r e c a s t in g  

population  tre n d s .
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CO NCLU SIO NS AND M A N A G EM EN T IM PLIC A TIO N S

T h is ch ap ter r e f le c t s  upon the v a lid ity  of P r o g r a m  O N EPO P 

in ligh t of w hat h as been  le a rn e d  about the population  b io logy  and 

m an agem en t of the b ig  gam e h e rd s  re s id in g  on the W ichita re fu g e . 

The ev alu ation  d e r iv e s  fro m  exam in in g  the p ro g ra m  in te rm s  of its  

co m p atib ility  with the m e c h a n ism s o p eratin g  w ithin the W ichita h e rd s  

and it s  ab ility  to rep ro d u ce  h erd  d y n am ics o v er t im e . In addition , 

so m e com m en ts have been  m ade con cern in g  the o v e r a ll  q u a lity  and 

u se fu ln e s s  of the s im u la tio n s and m an agem en t im p lica tio n s d eriv ed  

fro m  those  s im u la tio n s .

T ech n ica l V alid ity  of P r o g r a m  O N EPO P

C o m p atib ility  with P opu lation  M ech an ism s

A com pu ter m o d e l can  ac t  a s  a su r ro g a te  fo r  a  re a l-w o r ld  

popu lation  only to the extent that it re p ro d u c e s  the m e c h a n ism s 

o p era tin g  w ithin that popu lation . T hus, it se e m e d  ap p ro p r ia te  in a 

v a lid atio n  a n a ly s is  to f i r s t  exam in e P r o g r a m  O N EPO P in te rm s  of 

the m e c h a n ism s which a p p e a re d  to be o p eratin g  in the W ichita h e rd s .

P opu lation  C on tro l. P opu lation  con tro l i s  a c e n tra l fe a tu re  of 

population  eco lo gy . In e s se n c e  population  con tro l i s  the m e c h a n ism  

that k e e p s popu lation s fro m  in c r e a s in g  to in fin ity  or d e c re a s in g  to
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z e r o .  F o r  a  s im u la tio n  m od el to ap p ro ach  b io lo g ic a l re a lity , it m u st 

contain  so m e e lem en t of a  p o p u la tio n -co n tro llin g  m e ch an ism .

P opu lation  e c o lo g is ts  a r e  f a r  fro m  a g re e m e n t on the m e c h a -

n ism s  that co n tro l p o p u la tio n s. A n d rew arth a  and B irc h  (1954) b e liev e  

that popu lation s a r e  not co n tro lled  but ra th e r  a r e  " l im ite d "  by the 

am ount of tim e during w hich en v iron m en tal conditions a r e  su itab le  

fo r  grow th. They m ain ta in  that popu lation s grow  during the tim e 

e c o lo g ic a l  conditions a r e  fa v o rab le  but d eclin e  during p e r io d s  of 

u n fav o rab le  co n d ition s. In e s se n c e , they m ain ta in  that lim ita tio n  (or 

control) i s  brought about by fa c to r s  e x te rn a l to the popu lation . C on-

v e r se ly , L a c k  (1955), W ynne-Edw ards (1962), and M ilne (1957) b e liev e  

co n tro l i s  ach iev ed  through p r o c e s s e s  and m e c h a n ism s in te rn a l to 

the population .

A lthough popu lation  e c o lo g is ts  cannot a g r e e  on the p r o c e s s e s  

by w hich popu lation s a r e  lim ite d  o r  con tro lled , they do a g r e e  that 

popu lation s a r e  con tro lled  in so m e m an n er. O bviously  popu lations 

do not grow  to in fin ite ly  la r g e  n u m b ers n or do they becom e extinct 

v e ry  often  (b a rr in g  in terven tion  by m ankind). T y p ica lly  popu lation s 

flu ctu ate  o v er  tim e betw een u p p er and lo w er l im it s  b e liev ed  to be 

u lt im a te ly  im p o sed  by en v iron m en tal co n d ition s. T h is  im p lie s  that 

a  " l in k a g e "  of so m e  s o r t  m u st  o ccu r  betw een  the h ab ita t and the 

popu lation  dependent upon that h ab itat.
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P r o g r a m  O N EPO P w as r e a l i s t i c  with r e s p e c t  to the popu lation  

co n tro llin g  m e c h a n ism  that a p p e a re d  to link  h ab ita t conditions to big  

gam e popu lation s on the W ichita re fu g e . In P r o g r a m  O N EPO P, the 

a ssu m p tio n  w as m ad e  that re p ro d u c tiv e  r a te s  a r e  d en sity  dependent, 

i. e , ,  that the lin k age  betw een h ab itat and population  o c c u rs  through 

the re p ro d u c tiv e  p r o c e s s .  No ev id ence w as found during the W ichita 

study w hich would re fu te  that a ssu m p tio n . T y p ica lly  rep ro d u ctiv e  

r a te s  fo r  the h e rd s  on the re fu ge  exh ib ited  a defin ite  in v e rse  r e la t io n -

sh ip  with r e sp e c t  to popu lation  d en sity , the only excep tion  being 

durin g  p e r io d s  of changing ran ge  conditions w hich does not in v alid a te  

d en sity  dependent co n tro l.

S ex  and Age V a r ia t io n s . P op u la tio n s a r e  not hom ogenous u n its 

but in stead  a r e  m ade up of in d iv id u als o f d iffe ren t se x  and a g e . B a s ic  

popu lation  theory  te ach e s that in d iv id u als of d iffe ren t s e x  and age 

o ften  behave d iffe ren tly  under s im i la r  e c o lo g ic a l  con d ition s. F o r  

ex am p le , p r im e - a g e  fe m a le s  a r e  m o re  lik e ly  to rep ro d u ce  than a r e  

you n ger fe m a le s  and, even if young fe m a le s  do rep ro d u ce , they 

ty p ica lly  have a  lo w er rep ro d u ctiv e  ra te  than the o ld er fe m a le s .  T h is 

kind of a g e - sp e c i f ic  rep ro d u ction  o c c u rre d  on the W ichita w here 

2 -y e a r -o ld  elk  and b iso n  cow s rep ro d u ced  sp o ra d ic a lly  w h e re a s  o ld er 

fe m a le s  w ere  m o re  c o n sis te n t fro m  y e a r  to y e a r  in b e a r in g  o ffsp r in g . 

A population  m od el can  be r e a l i s t i c  only to the extent that it can 

acco m m o d ate  s e x -  and a g e - sp e c i f ic  d iffe re n c e s  in dem ograp h y  cind 

P r o g r a m  O N EPO P p ro v id ed  that c a p a b ility .
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With r e s p e c t  to n a tu ra l m o rta lity . P r o g r a m  O N EPO P p ro v id ed  

fo r  the population  to be d iv ided  into a s  m any a s  20 age  c l a s s e s ,  with 

se p a r a te  m o r ta lity  r a t e s  fo r  each . That ca p a b ility  w as not u se d  to 

fu l le s t  ad van tage , h ow ever, durin g  the W ichita study . T h e o re t ic a lly  

a t  le a s t ,  each  se x  and age  c l a s s  should  h ave m o r ta lity  r a te s  so m e -

w hat d iffe re n t fro m  the o th e rs . But, b e c a u se  the W ichita f ie ld  data 

w e re  not ad equate  to p e rm it  the ca lc u la tio n  of a  m o r ta lity  r a te  fo r  

each  age  c l a s s ,  the p opu lation s w ere  s im u la te d  with only fo u r d if -

fe re n t  m o rta lity  r a t e s ,  th ose  fo r  (1) y o u n g -o f-th e-y e ar , (2) y e a r lin g s , 

(3) p r im e - a g e  ad u lts , and (4) v e ry -o ld  ad u lts . It m igh t be argu ed  

then, that s in ce  se p a r a te  m o r ta lity  r a te s  fo r  a l l  20 age  c l a s s e s  could 

not be ca lc u la ted , that the p ro g ra m  contained u n n e c e ssa r y  d e ta il and 

should  have been  m od ified  to r e f le c t  a  population  with only fo u r age  

c a te g o r ie s .  T h is w as c le a r ly  not d e s ir a b le  b e c a u se , if fo r  no o th er 

re a so n , the n um ber of an im a ls  in each  of the 20 s im u la te d  age  c l a s s e s  

w as an  im p o rtan t p ie c e  of in fo rm atio n  u se d  in a ligh in g  the rep o rted  

and s im u la te d  p o p u la tio n s. I f the re p o rte d  and s im u la te d  n u m b er of 

a n im a ls  in a l l  age  c l a s s e s  c lo se ly  a g re e d , one could be re a so n a b ly  

confident that o th er s im u la te d  p a r a m e te r s  a s  se x  and age  s tru c tu re  

of the h a r v e s t  w ere  a lso  being sim u la ted  c o r r e c t ly .

With r e sp e c t  to rep ro d u ction . P r o g r a m  O N EPO P reco g n ize d  

only th ree  ag e  c la s s i f ic a t io n s :  (1) y ou n g-o f-th e  y e a r , (2) y e a r l in g s , 

and (3) a d u lts . T h us, a l l  adu lt ag e  c l a s s e s  w ere  a s su m e d  to
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re p ro d u c e  a t  the sa m e  r a te . T h is  w as p e rh ap s u n r e a lis t ic  b e c a u se , 

in  theory , so m e fe m a le s  w ould not rep ro d u ce  o r  would rep ro d u ce  at 

a  low er ra te  once they a tta in ed  a  c e r ta in  a g e . W h ereas the fo r m u la -

tion of the p r o g r a m  m ay  h ave been  som ew hat u n r e a lis t ic  fro m  a 

b io lo g ic a l  point of view , it w as n e v e r th e le s s  c o n siste n t with the way 

re p ro d u c tiv e  in form ation  h a s  been  re p o rte d  on the W ichita. T y p ica lly , 

a l l  fe m a le s  ag e  3 y e a r s  and o ld e r  have been included  in the c a lc u la -

tion s of rep ro d u ctiv e  r a te s  and it h as not been  p o s s ib le  to d e term in e  

fro m  th ose  fie ld  d ata  at what age  fe m a le s  becom e l e s s  fe r t i le .

M odel P r e c is io n  and R e a lism

P r e c is io n  i s  the only one of H o llin g 's  (1966) su g g e ste d  v alid ation  

com ponents which len d s i t s e l f  to q u an titative  ev alu atio n  and w as d i s -

c u sse d  in p re ce d in g  se c t io n s  w here c o rre la t io n  c o e ffic ie n ts  w ere  

ca lc u la te d  fo r  s e v e r a l  population  p a r a m e te r s .  But the r e a l i s m  of 

P r o g r a m  O N EPO P h a s  not been  d ea lt with to th is point although in -

fe r e n c e s  have been m ad e .

R e a l ism  r e f le c t s  the ab ility  of a s im u la tio n  m od el to p rov id e  

in sigh t into the b eh av io r of the e s s e n t ia l  fe a tu re s  being m od eled  when 

they function togeth er a s  a sy s te m . P e rh a p s  the m o st  c le a r c u t  

exam p le  of m od el r e a l i s m  durin g  the W ichita study  w as d e m o n stra ted  

in connection  with s im u la tio n s  of e lk  h erd  h is to ry . P r o g r a m  

O N EPO P, a f te r  in teg ra tin g  s e v e r a l  e s s e n t ia l  fe a tu re s  d ea lin g  with 

m o r ta lity , h a rv e s t , and rep ro d u ction , brough t to ligh t the fac t  that
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the sy s te m  could not beh ave a s  re p o rte d  xm less th ere  w ere  su b s ta n -

t ia lly  m o re  e lk  in the popu lation  than re p o rte d . It i s  u n lik ely  that 

that in fo rm atio n  would have been  u n cov ered  had the h erd  not been 

s im u la te d .

P r o g r a m  O N EPO P S im u la tio n s a s  an 
A id to H erd  M anagem ent

B e c a u se  of P r o g r a m  O N E P O P 's r e a l i s m  and p re c is io n , the 

s im u la tio n s  com p leted  fo r  each  h erd  on the W ichita can  se rv e  a s  a 

p ow erfu l a n a ly t ic a l tool in the m an agem en t of that sp e c ie s  in at l e a s t  

two r e s p e c t s .  F i r s t ,  the s im u la tio n s  can  a c t  a s  a  c r o s s - c h e c k , o r  in 

a  c e r ta in  se n se , a  "v a lid a t io n "  of the fie ld  d ata  g a th ered  on the h erd  

o v e r  the y e a r s  by tak ing n u m erou s p ie c e s  of f ie ld  data , in tegratin g
r“

them  into a  r ig o ro u s  sy s te m  and d eterm in in g  w hether o r  not they 

accou n t fo r  the d y n am ics of the h e rd  o b se rv e d  o v e r  t im e . When one 

o r  m o re  p ie c e s  of in fo rm ation  is  in c o rre c t , the p r o g r a m  cannot 

rep ro d u ce  h erd  h is to ry  to the extent that those d ata  a r e  in e r r o r .  , 

The sim u la tio n s a r e  a lso  an a n a ly t ic a l a id  in that n u m ero u s d em o -

g rap h ic  p a r a m e te r s ,  such  a s  ag e  ra tio  of the population  or se x  

s tru c tu re  of the h a r v e s t ,  fo r  w hich in fo rm atio n  m igh t not o th erw ise  

be a v a ila b le  can  be e s t im a te d . The ap p ro x im atio n  of m is s in g  p o p u la -

tion p a r a m e te r s  i s  p o s s ib le  only b e c a u se  of the r e a l i s m  with which 

the s im u la tio n  com b in es in fo rm atio n  on known population  p a r a m e te r s .
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A secon d , and p e rh ap s m o re  im p ortan t ben efit the s im u la tio n s 

p ro v id e  fo r  m an agem en t, i s  that they r e p r e se n t  a  dev ice  with which 

the m an ag e r  can  ex p lo re  v a r io u s  q u estio n s he m igh t have concern in g  

h erd  d y n am ics . H is q u e stio n s m ight be e n tire ly  th e o re tic a l or v ery  

p r a g m a t ic . F o r  ex am p le , the m a n a g e r  m igh t w ish  to th eo rize  about 

the e ffe c ts  of fu tu re  c a ta s tro p h ie s  in  the h erd  such  a s  e p izo o tic s ; or 

he m igh t w ish  to obtain  an e a r ly  a s s e s s m e n t  of the co n seq u en ces and 

t r a d e - o ffs  a s s o c ia te d  with so m e re c e n t d e c is io n s  about h a r v e s t  

s t r a te g y . Som e im p lic a tio n s fo r  the m an agem en t of W ichita b iso n  

and elk  a r is in g  fro m  the s im u la tio n s of those h e rd s  a r e  p re se n te d  

below .

M an agem en t Im p lica tio n s fo r  W ichita B iso n

D uring a  m eetin g  on the re fu ge  in 1974 to d is c u s s  p re lim in a ry  

s im u la tio n s  with the re fu g e  s ta ff , the s ta f f  in d icated  that m an agem en t 

p o licy  fo r  b iso n  on the W ichita a t  that tim e w as to m ain ta in  a  b a se  

popu lation  of about 635 b iso n  with ap p ro x im ate ly  equ al n u m b ers of 

m a le s  and fe m a le s .  O sten sib ly  that n um ber w as ch osen  b e c a u se  it 

w as in k eepin g  with g ra z in g  conditions on the a r e a .

C e rta in ly  g raz in g  lim ita tio n s  a r e  im p o rtan t ran ge  a ttr ib u te s  

to be c o n sid e re d  when d ecid in g  h erd  p o licy . But th ere  a r e  at le a s t  

two o th er fa c to r s  w hich should re c e iv e  c o n sid e ra tio n  to so m e extent. 

The f i r s t  i s  an im a l th rift; i . e . , th ere  should  be so m e co n sid e ra tio n  

g iven  to the a n im a l 's  "q u a lity  of l i fe "  when d ecid in g  upon stock in g
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le v e l .  In a  c e r ta in  se n se , an im al th rift  i s  re la te d  to to ta l g raz in g  

c a p a c ity  b e c a u se  if h e rd  le v e l is  m ain ta in ed  below  g raz in g  cap ac ity , 

th e o re t ic a lly  the a n im a ls  should  re c e iv e  ad equ ate  n utrition  and p e r -

fo rm  w e ll. That i s  not to sa y  that the re fu ge  s ta f f  h as ign ored  an im a l 

th rift  when se ttin g  p a s t  stock in g  p o l ic ie s .  Q uite the co n tra ry . The 

n u m ero u s r e p o r ts  on an im a l body w eigh ts contained  within the 

r e fu g e 's  f i le s  in d ica te  that the re fu ge  s t a f f  h a s  had a  keen  in te re s t  in 

how w ell ran ge  conditions h ave s a t i s f ie d  the a n im a l's  n u tritio n al 

r e q u ire m e n ts . A lthough body w eigh ts a r e  one m ethod o f m on ito rin g  

an im a l th rift , in fo rm atio n  com p iled  durin g  the p re se n t  study su g g e s t s  

that p e rh ap s a  b e tte r  in d ica to r o f an im a l th rift m igh t be h erd  ca lv in g  

r a te .  In th is study, a n a ly se s  of population  d ata  h ave  in d ica ted  that 

durin g  p e r io d s  of high m o is tu re  and (p re su m ab ly ) high fo ra g e  p ro d u c -

tion, b ison  ca lv in g  r a t e s  in c r e a se d  o v er  those  o b se rv e d  during 

p e r io d s  of low fo rag e  prod u ction . B iso n  ca lv in g  r a te s  se e m  to be 

s tro n g ly  c o r r e la te d  with n u tritio n al s ta tu s .

A secon d  fa c to r  which should  en ter into m an agem en t d e c is io n s  

i s  the q u estion  of p u b lic  dem and fo r  su rp lu s  b iso n . A ssu m in g  that 

the re fu ge  i s  com m itted  to m eetin g  at l e a s t  p a r t  o f the p u b lic 's  

dem and fo r  b iso n , then the n um ber of h a rv e s ta b le  an im a ls  g en era ted  

through a  g iven  stock in g  p o licy  should  re c e iv e  co n sid e ra tio n  along 

with g ra z in g  cap ac ity  of the ran g e  and an im a l n u tritio n a l s ta tu s .

T h at se e m s  to be the c a se  b e c a u se  a  p o lic y  sta tem en t d ra fte d  in 1971
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(A nonym ous 1971) sp e c u la te d  what the u ltim ate  public  dem and fo r  

b iso n  fro m  the W ichita m igh t be and how that dem and m igh t be m e t.

It s e e m s  evident, then, that b iso n  m an agem en t on the W ichita 

i s  a  co m p lica ted  ta sk  su b je c t to m y ria d  c o n s tra in ts . To p ro v id e  the 

re fu ge  s ta f f  with in fo rm atio n  u se fu l in d e c is io n -m ak in g  about fu ture 

stock in g  p o licy  fo r  b iso n  on the W ichita, a  s e r i e s  of " r e s p o n s e  

s u r f a c e s "  (d e sc r ib e d  in A ppendix B) w as g e n e ra te d  fro m  the b iso n  

s im u la tio n s  d e sc r ib e d  ab o ve . F ie ld  data g a th ered  on the h erd  

betw een 1968 and 1972, w hich re p re se n te d  the la t e s t  d em ograp h ic  

and e c o lo g ic a l  cond ition s, w ere  u se d  to g e n e ra te  the re sp o n se  s u r -

f a c e s  w hich w ere  su b seq u en tly  an aly zed  to d e term in e  the c o n se -

q u en ces and t r a d e - o ffs  which would have to be c o n sid e re d  in d e c is io n s  

to m an ip u late  the h erd  to a tta in  v a r io u s  m an agem en t g o a ls .  F o u r 

m an agem en t a lte rn a t iv e s  w ere  co m p ared  and a r e  su m m a riz e d  in 

T ab le  2 9 . The f i r s t  m an agem en t a lte rn a tiv e  r e f le c t s  the an tic ip ated  

co n seq u en ces (in te rm s  of g ra z in g  p r e s s u r e ,  ca lv in g  r a te s ,  su sta in e d  

annual h a r v e s t  and h e rd  se x  ra tio ) o f the 1974 h erd  p o licy . But the 

o th er a lte rn a t iv e s  a s s e s s  t r a d e - o ffs  (d iffe re n c e s  in popu lation  and 

g ra z in g  conditions) betw een that p a r t ic u la r  a lte rn a tiv e  and the 1974 

p o lic y . T r a d e - o ffs  a r e  shown in p a re n th e se s . To i l lu s tr a te , a 

d e c is io n  to change h erd  p o licy  fro m  that o f 1974 and m ax im iz e  v iew -

ing opportunity  (m ajcim ize population) would have a  tr a d e - o ff  with 

r e s p e c t  to su sta in e d  annual h a r v e s t  o f 52 few er b iso n  (138 - 86).



T ab le  2 9 . C o n seq u en ces a s s o c ia te d  w ith v a r io u s  m an agem en t s t r a t e g ie s  fo r  b iso n  on the W ichita
M ountains W ildlife R efu ge . T r a d e - o f f s ,  shown in p a r e n th e se s , r e p r e se n t  the d iffe re n c e  
betw een  c u rre n t-p o lic y  v a lu e s  and each  m an agem en t a lte rn a t iv e .

A lte rn a tiv e
M an agem en t

G oal
B a se

P opu lation
A . U. of 
G raz in g

- /  T rad e

C a lv e s /
100 Cow s

-o ff

S u sta in e d
A nnual
H a rv e s t

B u lls  
100 Cow s

1. C u rren t P o lic y 635 952 45 138 100

2 . M ajcim ize 900 1350 31 86 100
V iew ing O pportunity (+265) ( + 398) (-14 ) (-52) (±0)

3. M in im ize 450^ 675 45 112 100
G raz in g  P r e s s u r e (-185) (-277) (±0) (-26) (±0)

4 . M ax im ize 770 1155 33 170 20
S u rp lu s  B iso n ( + 135) (+202) (-12) (+32) (-80 )

vO

T h is population  s iz e  w as a s su m e d  n e c e s s a r y  to m ain ta in  gen etic  v a r ia b il ity  in the popu lation .
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A n a ly s is  of the re sp o n se  s u r fa c e s  a lso  r e v e a l that to ach ieve  a  ra th e r  

s m a ll  in c r e a s e  in su sta in e d  annual h a rv e s t , m a jo r  tr a d e - o ffs  would 

h ave  to be m ad e  in b a se  popu lation  le v e l. M anaging the h erd  fo r  

m ax im u m  su sta in e d  h a r v e s t  would re q u ire  in c r e a s in g  b a se  population  

fro m  the 1 9 7 4 -p o licy  le v e l of 635 b iso n  to about 770, an in c r e a se  in 

g ra z in g  p r e s s u r e  of about 21 p e rc e n t. But that sa m e  d e c is io n  would 

in c r e a s e  su sta in e d  annual h a r v e s t  by only about 30 an im a ls  p e r  y e a r . 

T ra(ie^ o ffc  connected with m in im iz in g  g ra z in g  p r e s s u r e  (but s t i l l  

m ain ta in in g  h erd  v iab ility ) th ereb y  lead in g  to m ax im u m  an im a l th rift 

a r e  show n in m an agem en t a lte rn a tiv e  n u m ber 3.

A s s e s s m e n t  of A lte rn a tiv e  M anagem ent 
S tr a te g ie s  fo r  E lk

M an agem en t p o licy  fo r  elk  on the W ichita s e e m s  to fo cu s upon 

two b a s ic  g u id e lin e s: (1) m ain ta in  the popu lation  a t  a le v e l below  

g ra z in g  c a p a c ity  and (2) m ain ta in  a  " r e p r e s e n ta t iv e "  (p r istin e ) h erd  

s t r u c tu r e . T hat p o licy  is  e ffe c tiv e ly  c a r r ie d  out by m ain tain in g  a 

b a se  population  of 500 e lk  with a  50:50 h erd  s e x  r a t io . The p o licy  

g u id e lin e s  e s se n t ia l ly  con stitu te  a  " p r e s e r v a t io n is t  ap p ro ach " to 

m an ag em en t and a r e  in lin e  with a fundam ental o b jectiv e  of the 

N ation al W ildlife R efuge S y s te m  which i s  " T o  a s s u r e  the su rv iv a l in 

a  n a tu ra l s ta te  of each  of th is n a tio n 's  p lan t and an im a l s p e c ie s "  

(B u re au  of S p o rt  F is h e r ie s  and W ildlife 1970). But a  p a ra d o x  o c c u rs  

when one c o n s id e r s  the m ethod u se d  to m ain ta in  h erd  s iz e  and 

s t r u c tu r e .
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S p o rt hunting is  the m ethod u se d  to m an ip u late  s iz e  and s t r u c -

tu re  of the e lk  h erd  and hunter dem and fo r  e lk  i s  on the in c r e a s e .

F o r  ex am p le , a  s ta tem en t on m an agem en t p o licy  d ra fted  in 1971 

s ta te d  that 4000 ap p lica tio n s w ere  re c e iv e d  fro m  O klahom a re s id e n ts  

when public  hunting w as f i r s t  announced (p re su m ab ly  in 1969). That 

to ta l c o m p a re s  with 6100 ap p lica tio n s re c e iv e d  in 1973 (R . Johnson , 

p e r so n a l  com m u n ication ). H unter dem and fo r  h a rv e s ta b le  e lk  r e -

m a in s  h igh  and, if the p a s t  is  any in d ica to r of the fu tu re , i s  lik e ly  to 

in c r e a se  even  h igh er in fu ture  y e a r s .

The re fu g e  s ta f f  i s  th e re fo re  p lace d  in the d ifficu lt s itu a tio n  of 

try in g  to s a t i s fy  two opposing  g ro u p s. If they ch oo se  to m an age  

p r im a r i ly  fo r  the n on -con su m p tive  u s e r  and p ro v id e  m any a n im a ls  

fo r  p u b lic  view ing, they would a lm o st  c e rta in ly  want to adopt a d i f -

fe re n t m an agem en t s t r a te g y  than what they would follow  if  they ch ose  

to m ax im iz e  fo r  sp o r t  hunting. P e rh a p s  an ac c e p tab le  co m p ro m ise  

w ould be to m ax im iz e  the h e r d 's  p rod u ction  of trophy a n im a ls  (a 

" tro p h y " i s  c o n sid e re d  h e re  to be any b u ll e lk  at l e a s t  5 y e a r s  of a g e ) . 

Such  a s t r a te g y  would p ro b ab ly  low er to ta l annual h a rv e s t  and p ro v id e  

m o re  a n im a ls  fo r  view ing but w ould a lso  tend to co m p en sate  the 

h \m ter by pro v id in g  m o re  an im a ls  with la r g e  a n t le r s .

O bviously  the e sta b lish m e n t of m an agem en t o b je c tiv e s  fo r  elk  

re m a in s  fo r  the re fu g e  s ta f f  and th e ir  s u p e r v is o r s  to d ec id e . But 

to p ro v id e  so m e a lte rn a t iv e s  th ose  in d iv id u als m igh t c o n sid e r  in
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se ttin g  fu tu re  e lk  m an agem en t o b je c t iv e s , a  se t  of re sp o n se  su r fa c e s  

(A ppendix C) w as g e n e ra te d  fo r  the W ichita e lk  h erd  and an aly zed  to 

a s c e r ta in  the m o st  lik e ly  tr a d e - o ffs  a s s o c ia te d  with attain in g  v a r io u s  

m an agem en t g o a ls .  The re sp o n se  s u r fa c e s  w ere  b a se d  upon d e m o -

g rap h ic  d ata  co lle c te d  s in ce  1969 which re p re se n te d  the la te s t  

e c o lo g ic a l  and d em ograp h ic  con d ition s. T r a d e - o ffs  w ere  a s s e s s e d  

in te rm s  of what would be p rod u ced  under c u rre n t m an agem en t p o l i -

c ie s .  F o r  exam p le , the v a lu e s  com p iled  in T ab le  30 show that if a 

d e c is io n  w ere  m ade to change cu rren t p o licy  and m an age  the h erd  fo r  

m ax im u m  su sta in e d  h a rv e s t , that d e c is io n  would re q u ire  in c re a s in g  

the b a s e  population  fro m  the cu rre n t b a se  of 500 to 890 fo r  a  t r a d e -

off (show n in p a re n th e se s )  of 390 ad d ition al e lk . But, by the sam e  

token, that p o licy  change would a ls o  be ex p ected  to in c r e a se  su sta in e d  

annual h a r v e s t  fro m  an  a v e ra g e  of 120 (ach iev ab le  with c u rre n t 

p o licy ) to 220 fo r  a  tr a d e - o ff  of 100 ad d ition al e lk  h a rv e ste d  each  

y e a r .

H erd  S im u la tio n s - -  A V alid  P e r sp e c t iv e

S e v e r a l  concluding r e m a r k s  a r e  in o rd e r  about the h erd  s im u la -

tion s d is c u s s e d  ab o v e . B e c a u se  of the trem en d ou s am ount of 

m a te r ia l  w hich had to be s ifte d  in o rd e r  to ga th er the data fo r  each  

s im u la tio n , e r r o r s  m u st  e x is t .  In so m e c a s e s ,  th ere  w ere  c o n flic t-

ing acco u n ts in the r e c o r d s  and in c o r re c t  data m ay  have been  ch osen  

fo r  u s e .



T ab le  30. C o n seq u en ces a s s o c ia te d  with v a r io u s  m an agem en t s t r a t e g ie s  fo r  elk  on the W ichita
M ountains W ildlife R efu ge . T r a d e - o f f s ,  shown in p a re n th e se s , r e p r e se n t  the d iffe re n c e  in 
prod u ction  betw een each  m an agem en t a lte rn a tiv e  and cu rre n t m an agem en t p o licy .

M an agem en t
A lte rn a tiv e

M an agem en t
G oal

B a se
P opu lation

A . U. of 
G raz in g

T rophy 
H a rv e st

S u sta in e d  A nnual 
H a rv e s t

B u ll s / 
100 Cow s

1. C u rren t 500 250 14 120 100
P o lic y

2 . M ax im ize 890 445 9 220 28
H a rv e st (+390) ( + 195) (-5) (+100) (-72 )

3. M ax im ize 890 445 36 143 100
Trophy
H arv e st (+390) ( + 195) (+22) (+22) (±0)

4 . M ax im ize 102 5 512 12 83 100
V iew ing
O pportunity (+525) (+262) (-2) (-37) (±0)

ts)
o

A trophy is  co n sid e re d  to be a  bu ll e lk  a t  le a s t  5 y e a r s  o ld .
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A lthough the h erd  s im u la tio n s  a r e  r e fe r r e d  to a s  " f in a l"  in th is 

p a p e r , they a r e  fin a l only in the se n se  that they cannot be im proved  

upon with in form ation  a v a ila b le . A m o re  r e a l i s t ic  evalu ation  would 

be to view  each  sim u la tio n  a s  a  f i r s t  ap p ro x im atio n  and su b je c t  to 

cau tion s in te rp re ta tio n . A s a  n e c e s s a r y  next step , m e m b e rs  of the 

re fu ge  s ta f f  need to c lo se ly  sc ru tin iz e  and com m ent on each  s im u la -

tion, m ak in g  c o r re c t io n s  w h ere needed  and updating each  a s  new 

in fo rm atio n  b e c o m e s a v a ila b le . The point to be k ep t in m ind about 

the sim u la tio n s is  that they can  n ev er behave e x ac tly  lik e  the r e a l-  

w orld  p o p u la tio n s. But hopefu lly  they can  ap p ro x im ate  th ose  r e a l -  

w orld  popu lation s c lo se ly  enough to im p ro v e  upon the d e c is io n -

m ak in g  about them . It is  with that hope in m ind that th is w ork  is  

o ffe re d .



SUM M ARY

T h is p ap e r  r e p o r ts  the fin d in gs of a study conducted on p o p u la -

tion s of b iso n  (B iso n  b ison ), e lk  (C e rv u s c a n ad e n sis ) , w h ite -ta iled  

d e e r  (O doco ileu s v irg in ian u s) and T e x a s  longhorn  ca ttle  (B o s tau ru s) 

inhabiting the W ichita M ountains W ildlife R efu ge in sou th w estern  

O klahom a. The study had two b a s ic  o b je c t iv e s : (1) to d e sc r ib e  the 

g e n e ra l population  b io logy  of each  sp e c ie s  and the d em ograp h ic  

m e c h a n ism s through which population  ch an ges h ave o c c u rre d  and (2) 

to u se  the in fo rm atio n  obtained  in v a lid ation  te s t s  fo r  a  s im u la tio n  

m o d e l d esign ed  to m im ic  the d y n am ics of b ig  gam e g ra z in g  s y s t e m s . 

The study re p re se n te d  one segm en t of a  co m p reh en siv e  r e s e a r c h  

p r o je c t  a im ed  at developing m eth o d o lo g ie s  through w hich a sy s te m s  

ap p ro ac h  to m an agem en t m igh t be ap p lied  in the ste w a rd sh ip  of 

w ild life  r e s o u r c e s .

F ie ld  s tu d ie s  w ere  not conducted during the in v estig a tio n , other 

than those  rou tin e ly  c a r r ie d  out on the re fu g e  by m e m b e rs  of the 

re fu g e  s t a f f .  The g e n e ra l population  b io logy  of each  sp e c ie s  and the 

d em ograp h ic  m e c h a n ism s of population  change w ere  in v e stig a te d  by 

com p ilin g  and an aly z in g  d em ograp h ic  d a ta  contained in e x is t in g  

re fu g e  re p o r ts  and re la te d  d o cu m en ts. The sim u la tio n  m od el u se d  

d u rin g  the study. P r o g r a m  O N EPO P, w as a m od el of population  

d y n am ics w hich p r o c e s s e d  re p ro d u c tiv e , n a tu ra l m o r ta lity  and
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h a r v e s t  in fo rm atio n  on a se x - a n d -a g e  c l a s s  b a s i s .  The m od el 

a s su m e d  a  " c lo s e d  sy s te m "  in that a l l  ch an ges in population  s iz e  

w ere  a s su m e d  to r e su lt  fro m  ch an ges in rep ro d u ctiv e  r a te s ,  m o rta lity  

r a te s  o r h a r v e s t .

B iso n , thought to be indigenous to the W ichita M ountains reg ion , 

w ere  r e - e s ta b l is h e d  in the a r e a  in 1907. The population  su b seq u en tly  

in c r e a se d  fro m  15 a n im a ls  tran sp lan te d  in 1907 to a  population  of 

about 500 head in 1972. B iso n  w ere  m an aged  on the re fu ge  in m uch 

the sam e  w ay ca ttle  a r e  m an aged  on w e ste rn  ra n c h e s . Cow s ty p ica lly  

f i r s t  b red  on the re fu g e  at 2 y e a r s  of age  but so m e have b red  a s  

y e a r l in g s .  S in g le  b irth s  w ere  the ru le . B iso n  ca lv in g  p e rfo rm a n c e  

h as been  e r r a t ic  o v er tim e, flu ctu atin g  g re a t ly  betw een y e a r s .  

R ep o rted  b iso n  ca lv in g  r a te s ,  w hich a v e ra g e d  52 c a lv e s  p e r  100 cow s 

betw een I960 and 1967, w ere  low er than ca lv in g  r a te s  re p o rte d  fo r  

b iso n  on the N ation al B iso n  R ange in M ontana and h e rd s  in N e b ra sk a  

and South D akota. The lo w er W ichita r a te s  m ay  re f le c t  h ab itat co n -

d ition s on the re fu ge  b e c a u se  b iso n  ca lv in g  r a te s ,  at l e a s t  on the 

W ichita, ap p e a re d  to flu ctu ate  with g ra z in g  co n d ition s. T h ere  w as 

a l s o  ev id en ce that W ichita b iso n  cow s p rod u ced  c a lv e s  in a lte rn a tin g  

y e a r s  w hich m igh t ex p la in  in p a r t  why re p o rte d  ca lv in g  r a te s  h ave 

v a r ie d  so  m uch betw een y e a r s .

Lon gh orn  ca ttle  w ere  brought to the W ichita re fu ge  in 1927 in a 

m ove a im ed  at p r e se r v in g  the b re e d  in i t s  a n c e s t r a l  fo rm  and w ere
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m an ag ed  in e s se n t ia l ly  the sa m e  m an n er a s  b iso n . L ik e  b ison , lo n g -

horn  w ere  rounded up each  fa l l  a t  w hich tim e su rp lu s  an im a ls  w ere 

d isp o se d  of and d em ograp h ic  in fo rm atio n  on the h erd  w as co llec ted .

Lon gh orn  cow s a r e  cap ab le  of b reed in g  a s  y e a r lin g s  but u su a lly  

a r e  not b re d  until 2 y e a r s  o ld . H ab itat conditions fo r  longhorn  on the 

W ichita ap p e a r  to be ex ce llen t, judgin g  fro m  h erd  p e r fo rm a n c e . The 

longhorn  population  in c r e a se d  fro m  30 h ead  tran sp lan ted  in 1927 to 

300 by the 1 9 5 0 's and h as been  m ain ta in ed  at that le v e l through annual 

h erd  crop p in g . Lon gh orn  rep ro d u ctiv e  s u c c e s s  h a s  flu ctu ated  over 

tim e, p a r a lle l in g  that o b se rv e d  fo r  b iso n  in s e v e r a l  r e s p e c t s .  A 

n otab le  d iffe re n ce  in rep ro d u ctiv e  p a tte rn s  fo r  the two sp e c ie s  w as 

that longhorn  calv in g  r a te s ,  un like those  fo r  b iso n , rem ain ed  fa ir ly  

con stan t a f te r  the 1 9 5 0 's, av e ra g in g  about 90 c a lv e s  p e r  100 cow s 

an n u ally . N a tu ra l m o r ta lity  am ong W ichita longhorn  w as ligh t, 

av e ra g in g  about 3 p e rc e n t of the h erd  each  y e a r .

E lk  a r e  a ls o  ind igenous to the W ichita M ountains reg io n  but 

w ere  ex te rm in a te d  in the la te  1 8 0 0 's  by u n con tro lled  hunting. The 

p re se n t  re fu g e  population  w as e s ta b lish e d  in 1911  and 1912 when 20 

a n im a ls  obtained fro m  Ja c k so n  H ole, W yoming w ere  r e le a s e d  onto 

the a r e a .  The c u rre n t population , w hich n u m bered  about 600 e lk  in 

the e a r ly  1 9 7 0 's , h as d escen d ed  e n tire ly  fro m  those  20 e lk . E lk  

m an agem en t on the re fu g e  b e a r s  m any s im i la r i t ie s  with e lk  m a n a g e -

m en t techn iques u se d  e lse w h e re  in w e ste rn  United S ta te s .  The h erd
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i s  counted fro m  h e lic o p te r  flig h ts  in m id -w in ter and sp o rt  hunting 

h a s  been  u se d  to re g u la te  h erd  s iz e  s in ce  1969. P r io r  to 1969. 

su rp lu s  e lk  w ere  bu tch ered  o r donated a liv e .

P r im e  b reed in g  age  fo r  e lk  on the W ichita ap p e a re d  to be about 

3 y e a r s  of a g e . Cow s l e s s  than 3 y e a r s  old b re d  l e s s  often  on the 

W ichita than in o th er h erd s but p regn an cy  r a te s  fo r  cow s 3 y e a r s  of 

ag e  and o ld er  w ere  co m p arab le  with r a te s  re p o rte d  e lse w h e re .

T h ere  w as evidence that rep ro d u ctio n  by young cow s w as in c re a s in g , 

p e rh ap s  in re sp o n se  to a 60 p e rce n t h erd  red u ction  in the la te  1 9 6 0 's . 

M ost rep ro d u ctiv e  in fo rm atio n  a v a ila b le  fo r  W ichita e lk  w as in  the 

fo rm  of p regn an cy  r a te s  fo r  cow s shot during the fa l l  h a r v e s t .  L ittle  

in fo rm atio n  w as a v a ila b le  on ac tu a l ca lv in g  r a te s  fo r  the follow ing 

y e a r  but the in fo rm atio n  a v a ila b le  in d icated  litt le  p re n a ta l l o s s .  In 

m o s t  c a s e s ,  ca lf:co w  r a t io s  o b se rv e d  in the f ie ld  during A ugust and 

S e p te m b e r c lo se ly  ap p ro x im ated  p regn an cy  r a te s  obtained during the 

p re ce d in g  N ovem ber or D e ce m b e r . N atu ra l m o r ta lity  r a te s  fo r  

W ichita e lk  w ere  co m p arab le  to those  of b ison , a v e ra g in g  5 o r  6 

p e rce n t annually .

U nlike elk , w h ite -ta iled  d e e r  h ave n ev er  been  co m p le te ly  

e lim in a ted  fro m  the W ichita a r e a .  The p re se n t  popu lation  h as d e -

scen d ed  fro m  a n im a ls  on the a r e a  when the re fu ge  w as e s ta b lish e d  

in the e a r ly  1 9 0 0 's .  D eer w ere  m an aged  on the re fu ge  p r im a r i ly  fo r  

public  view ing; sp o rt  hunting h a s  n ev er  been  allow ed , although
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l iv e - tra p p in g  w as u se d  until 1964 to rem o v e  su rp lu s  a n im a ls . P o p u -

la tion  grow th w as re p o rte d ly  slow  throughout m uch of the r e fu g e 's  

e a r ly  h is to ry  but in c r e a se d  durin g the 1 9 5 0 's, reach in g  a population  

p eak  of about 2100 d e e r  in the e a r ly  1 9 6 0 's . D uring the in te rv a l 1955 

through 1964, m o re  than 3500 d e e r  w ere  trap p ed  and rem ov ed  to 

red u ce  o v e r-b ro w sin g . D eer population  le v e l d eclin ed  throughout the 

r e s t  o f the 1 9 6 0 's , s tab iliz in g  at a le v e l of about 500 by the end of the 

d ecad e .

The a v e ra g e  re p o rte d  faw ning ra te  fo r  d eer on the W ichita 

betw een 1956 and I960 w as 63 faw ns p e r  100 d o e s . T hat ra te  c o m -

p a re d  with an a v e ra g e  of only 37 faw ns p e r  100 d o es fo r  the p e rio d  

1968 through 1972 . T h ere  can  be litt le  doubt that low faw ning r a te s  

contribu ted  to the population  d eclin e  of the 1 9 6 0 's  but th ere  w as a lso  

f ie ld  ev id ence which in d ica ted  that p o or faw n su rv iv a l w as involved . 

O b se rv e r s  noted in the la te  1 9 6 0 's  and e a r ly  1 9 7 0 's that faw.n:doe 

r a t io s  d eclin ed  fro m  n e a r ly  100 faw ns p e r  100 does during Jun e to 

about 45 faw ns p e r  100 does in S e p te m b e r, w hich in d icated  a 50 to 60 

p e rc e n t faw n m o r ta lity  w ithin a  few  w eeks of b irth .

The d e e r  declin e o c c u rre d  throughout the su rro u n d in g  a r e a  and 

w as not lim ite d  to the W ichita re fu g e . It a p p e a r s  th e re fo re , that the 

f a c to r s  w hich c a u se d  the declin e  w ere  reg io n -w id e . D rought during 

the 1960 ' s  i s  the m o st  p ro b ab le  c a u se  but c e s s a t io n  of p r e d a to r -  

co n tro l e ffo r ts  e a r ly  in the 1 9 6 0 's m ay  have had som e b e a r in g  a s  w ell.
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B ig  gam e popu lation s on the W ichita w ere  h eld  at m ean  d en sity  

by annual crop p in g . M ean d en sity  fo r  the W ichita h e rd s  r e la te s  to 

p o s th a rv e s t  population  s iz e , h ow ever, and th e re fo re  does not exp la in  

the y e a r - to - y e a r  flu ctu atio n s in p r e h a r v e s t  population  s iz e .  F a c to r s  

w hich m igh t exp la in  flu ctu atio n s in p r e h a r v e s t  population  include (1) 

m o v em en ts, (2) ch an ges in death  ra te  and (3) ch an ges in b irth  r a t e s .

M ovem ents w ere  an u n lik ely  exp lan ation  fo r  flu ctu atio n s in p r e -

h a r v e s t  popu lation  s iz e  b e c a u se  of fen cin g  w hich su rro u n d ed  the

re fu g e  and r e s t r ic te d  im m igra tio n  and e m ig ra tio n . C o e ffic ie n ts  of 

2
d eterm in atio n  (r  ) in d icated  that the two fa c to r s  which accoun ted  fo r  

m o st  of the v aria tio n  in p r e h a r v e s t  population  s iz e  w ere  h a r v e s t  ra te  

of the p re v io u s  y e a r  and rep ro d u ctiv e  r a te . H a rv e s t  ra te  can  be 

co n tro lled  at the d isc re t io n  of the re fu ge  s ta f f  but h erd  rep ro d u ctiv e  

r a te s  a r e  in fluen ced  to a  g re a t  extent by en v iron m en tal con d ition s. 

F a c to r s  found to have b e a rin g  on ch an ges in rep ro d u ctiv e  r a te s  w ere ; 

(1) to ta l annual p re c ip ita tio n , (2) food supply , and (3) lac ta tio n  s ta tu s  

of the an im a l.

The re la tio n  betw een to tal annual m o is tu re  and h erd  re p ro d u c -

tive ra te  w as b e st  i l lu s tr a te d  by sig n ific a n t (p = 0 .0 5 )  c o r re la t io n s  

betw een b iso n  ca lv in g  r a te s  and to ta l annual p re c ip ita tio n  of the 

p re v io u s  y e a r . E lk  p regn an cy  r a te s  w ere  a lso  p o s it iv e ly  c o r re la te d  

w ith to ta l annual p re c ip ita tio n , although the re la tio n  w as not s ig n i f i -

cant at the 5 p e rc e n t le v e l. F ie ld  data su g g e ste d  that the am ount of
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m o is tu re  re c e iv e d  in A u gu st and S e p te m b e r, im m ed ia te ly  p r io r  to 

and durin g  the e lk  ru tting p erio d , m ay  have e x e rte d  g r e a te r  in fluence 

upon elk  p regn an cy  r a te s  than to ta l annual m o is tu re . E v en ts s im ila r  

to " flu sh in g ” in d o m e stic  an im a ls  o c c u rre d  in the W ichita elk  p o p u la -

tion durin g  1969 and 1971, cau sin g  a  g r e a te r  p e rc e n ta g e  of e lk  cow s 

to becom e pregn an t during those  two y e a r s  than during o th er y e a r s .

In 1969 and 1971, the p e rc e n ta g e  of the annual m o is tu re  to ta l re c e iv e d  

durin g  A ugust and S ep tem b er w as w ell above the lo n g -te rm  a v e r a g e . 

The h y po th esized  re la tio n  betw een m o is tu re  and rep ro d u ctiv e  r a te s  

w as re in fo rc e d  by find in gs that s ig n ific a n tly  (p = 0 .0 1 )  g r e a te r  n u m -

b e r s  of 2 -y e a r -o ld  e lk  cow s w ere  pregn an t during "w e t"  y e a r s  than 

" d r y "  y e a r s .  D uring y e a r s  when to ta l annual m o is tu re  equ aled  o r 

exceed ed  the lo n g -te rm  a v e ra g e  am ount (wet y e a r s )  an a v e ra g e d  5 8 .8  

p e rc e n t of the 2 -y e a r -o ld  e lk  cow s exam in ed  w ere  p regn an t co m p ared  

to an a v e ra g e  2 .8  p e rc e n t during y e a r s  re c e iv e d  b e lo w -a v e ra g e  

am ounts of m o is tu r e .

E lk  p regn an cy  r a t e s  w ere  not s ig n ific a n tly  (p = 0 .0 5 ) c o r re la te d  

with e st im ate d  fo rag e  prod u ction  on B o u ld er R idge and H illy -Ston y  

ran ge  types (su sp e c te d  elk  h ab ita t). L ik e w ise , b ison  p regn an cy  r a te s  

w ere  not s ig n ifican tly  (p = 0 .0 5 ) c o r r e la te d  with e s t im a te d  fo ra g e  

prod u ction  on L o am y  Bottom land ran ge  s i te s  (su sp e c te d  b iso n  h ab ita t). 

T re n d s  in p regn an cy  r a te s  fo r  both sp e c ie s ,  h ow ever, w ere  s im ila r  

to fo rag e -p ro d u c tio n  tren d s on the re sp e c t iv e  a r e a s .
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D ata g a th ered  on the lac ta tio n  s ta tu s  of adu lt cow elk  su g g e ste d  

an  in v e rse  re la tio n  e x is te d  betw een lac ta tio n  ra te  and in ciden ce of 

p reg n an cy . The p a tte rn  w as one of ra th e r  high inciden ce of p r e g -

nancy and low  inciden ce of lac ta tio n  in one y e a r  follow ed by the 

o p p o site  condition  the fo llow ing y e a r .

F in d in gs fo r  the W ichita g raz in g  sy s te m  su p p ort the w idely  held  

b e lie f  that ran ge  condition h a s  a  stro n g  b e a r in g  upon ungulate r e p r o -

duction , T h is  a p p e a r s  e sp e c ia l ly  tru e  of ran ge  conditions im m ed iate ly  

p r io r  to and p e rh ap s durin g  the b reed in g  p e r io d . C onditions during 

that tim e se e m  to p la c e  l im its  upon the re p ro d u c tiv e  le v e l fo r  the 

W ichita h e rd s  in any g iven  y e a r .

R eprod u ction  am ong w ild  u n gu la te s , is  com plex , involving m any 

se p a r a te  fa c to r s  w hich can  change fro m  y e a r  to y e a r . A conceptual 

m o d e l w as developed , show ing the su sp e c te d  re la tio n s  betw een b a s ic  

com ponents of the rep ro d u ctiv e  p r o c e s s  and ran ge  v a r ia b le s  a s  they 

a p p e a r  to e x is t  on the W ichita re fu g e .

In v a lid atin g  P r o g r a m  O N EPO P, d em ograp h ic  in fo rm ation  a b -

s t r a c te d  fro m  the re fu g e  f i le s  w as u se d  to s im u la te  the d y n am ics of 

each  h erd  o v er  tim e . The s im u la tio n  p r o g r a m  w as v a lid ated  fro m  

the standpoint o f two v a lid ation  c r i t e r ia ,  p r e c is io n  and r e a l is m .

P r e c is io n  is  a  v a lid atio n  c r ite r io n  con cern ed  with the ab ility  of 

a  s im u la tio n  m od el to g e n e ra te  v a lu e s  fo r  p a r a m e te r s  contained 

w ithin  the m o d e l w hich c o m p are  with re a l-w o r ld  v a lu e s  and can  be
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qucintified with stan d ard  s t a t is t ic a l  t e s t s .  The p r e c is io n  w ith which

P r o g r a m  O N EPO P sim u la te d  the W ichita popu lation s w as a sc e r ta in e d

2
by com puting c o e ffic ie n ts  of d e term in ation  (r  v a lu e s) betw een the 

re p o rte d  and s im u la te d  v a lu e s  of population  p a r a m e te r s  contained 

w ithin the m odel, including those  a s s o c ia te d  with population  s iz e  and 

trend , rep ro d u ction , and h a r v e s t .

M odel r e a l i s m  is  re la te d  to the ab ility  of a  m od el to p rov id e  

in sig h ts  into the b eh av io r of the m od eled  p a r a m e te r s  when they 

function  togeth er a s  a  sy s te m . S ta t i s t ic a l  p ro c e d u re s  se e m e d  in -

ap p ro p r ia te  fo r  a sc e r ta in in g  the r e a l i s m  of P r o g r a m  O N EPO P and a 

n on -qu an titative  technique w as u se d . F req u en tly , when n ata lity  and 

m o r ta lity  r a te s  sy n th esized  d ire c t ly  fro m  the re fu ge  f i le s  w ere  input 

into P r o g r a m  O N EPO P, the sim u la ted  population  fa ile d  to a lign  with 

o th er re p o rte d  population  in fo rm atio n  ( e . g . ,  population  s iz e  and 

popu lation  tren d ). I f  the fie ld  d ata  input into the s im u la tio n  had been  

c o r r e c t , th ere  would h ave been  c lo se  ag re e m e n t betw een a l l  rep o rted  

and s im u la te d  v a lu e s . Thus, the r e a l i s m  of P r o g r a m  O N EPO P w as 

docum ented through it s  ab ility  to d e m o n stra te  the m a th e m atic a l im -

p o s s ib il i ty  of c e rta in  re p o rte d  d ata  co m b in atio n s.

When in a c c u ra te  fie ld  data w ere  d etected , it w as p o s s ib le  to 

continue with the sim u la tio n  of that p a r t ic u la r  population  only a fte r  

ap p ro x im atin g  m o re  n e a r ly  c o r r e c t  v a lu e s  fo r  the e rro n e o u s (or 

m is s in g )  f ie ld  d ata  through a  p r o c e s s  r e fe r r e d  to a s  "d a ta  a lign m en t"
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w hich took into accoun t the r e lia b ility  of the fie ld  d a ta . A ll fie ld  data 

u se d  in the s im u la tio n  w ere  f i r s t  ranked  ac co rd in g  to th e ir  re la tiv e  

r e l ia b ili ty  b a se d  upon (1) the quantity  of fie ld  d a ta  a v a ila b le  fo r  that 

p a r a m e te r  and (2) the a c c u ra c y  of the fie ld  techn iques u se d  to ac q u ire  

the in fo rm atio n . D ata a lign m en t c o n s is te d  of decid ing  w hich p ie c e (s )  

of fie ld  d a ta  w as le a s t  r e lia b le  (and th e re fo re  m o st  lik e ly  w rong) and 

a l s o  how to ad ju st  those data so  that they in te rlo ck ed  with o th er, 

a c c u ra te ly  known p ie c e s  of fie ld  d ata .

F ie ld  data fo r  longhorn  ca ttle  on the re fu ge  w ere  c o m p a ra tiv e ly  

good but th ere  w ere  d e fic ie n c ie s  and o m is s io n s . F o r  ex am p le , the 

to ta l n um ber of longhorn  rem o v ed  fro m  the h erd  annually  had been 

re c o rd e d  throughout the h e r d 's  h is to r y . But a lm o st  e n tire ly  m is s in g  

fro m  the re c o rd  w ere  d ata  on the se x  and age  d istr ib u tio n  of the 

annual r e m o v a ls . In form ation  of that n atu re  dated  back  only to the 

m id -1 9 6 0 's  and thus had to be ap p ro x im ated  fo r  a l l  o th er y e a r s  by 

p artitio n in g  the re p o rte d  to ta l annual h a r v e s t  (r e l ia b le  fie ld  data) 

betw een m a le s  and fe m a le s  so  a s  to ap p ro x im ate  the re p o rte d  popu -

lation  se x  and age  s tru c tu re  (a lso  re l ia b le  in form ation ) durin g  

D ecem b er follow ing the h a r v e s t .

The g r e a te s t  d e g re e  of a lign m en t betw een re p o rte d  and s im u -

la te d  in fo rm atio n  fo r  longhorn  ca ttle  w as with r e s p e c t  to population  

s iz e  and tren d . But s im u la te d  population  s i z e s  w ere  often  20 to 40 

a n im a ls  g r e a te r  than c o rre sp o n d in g  re p o rte d  v a lu e s  betw een 1955
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and 1972 , a  r e su lt  b e liev ed  due la r g e ly  to the u se  of con stan t r e p r o -

ductive and m o r ta lity  r a te s  in the s im u la tio n  du rin g  that sa m e  p e r io d . 

E ven  though th ere  w ere  m in o r p o p u la tio n -s iz e  d if fe re n c e s , the 

s im u la tio n s  w ere  thought to r e a l i s t ic a l ly  ap p ro x im ate  the ac tu a l 

d y n am ics of the longhorn  population  o v er t im e .

S im ila r i t ie s  in m an agem en t p r a c t ic e s  fo r  longhorn  ca ttle  and 

b iso n  on the re fu g e  have led in turn  to s im i la r i t ie s  in d ata  a v a ila b ility  

and d ata  a c c u ra c y  fo r  the two h e rd s . T aken  a s  a  w hole, the rep o rted  

in fo rm atio n  fo r  b iso n  w as good but so m e  of the d a ta  o m iss io n s  w hich 

c h a r a c te r iz e d  the longhorn  data b a se  a ls o  ap p e are d  in the b iso n  fie ld  

d a ta . F o r  one thing, to ta l annual h a r v e s t s  had been  co n siste n tly  

re p o rte d  fo r  both s p e c ie s  but lit t le  re p o rte d  in form ation  w as a v a ila b le  

on se x  and age  s tru c tu re  of the h a r v e s t .  The s im i la r i t ie s  in data 

a v a ila b ility  and a c c u ra c y  led  to the u se  of s im i la r  s im u la tio n  s t r a t e -

g ie s  fo r  the two h e r d s .

T e s t s  o f s t a t i s t ic a l  c o r re la t io n  in d ica ted  that P r o g r a m  

O N EPO P sim u la te d  b iso n  population  s iz e  and tren d , ca lv in g  r a te s ,  

and h erd  se x  s tru c tu re  with high p r e c is io n . C o rre la tio n  te s t s  w ere  

not c a r r ie d  out, h ow ever, on to ta l annual c a lf  c ro p  and annual h a rv e s t  

b e c a u se  both of those  p a r a m e te r s  w ere  se t  in the b iso n  s im u la tio n s 

to equ al ac tu a l v a lu e s  and th e re fo re  s t a t i s t i c a l  t e s t s  w ere  la r g e ly  

in a p p ro p r ia te .
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E lk  on the W ichita re fu ge  tend to co n cen trate  in rem ote  s e c to r s  

o f the re fu g e  c h a ra c te r iz e d  by d en se  stan d s of b la c k ja c k  oak  and 

s te e p - to -m o d e ra te  te r r a in . The ru gged  n atu re  of e lk  h ab itat m ak e s  

it  d ifficu lt to a c q u ire  in fo rm atio n  on the h erd  and h a s  fo rce d  the 

re fu g e  b io lo g is t  to re ly  upon d a ta -g a th e r in g  techn iques w hich ty p ica lly  

la c k  the d ir e c tn e s s  of the techn iques u se d  to obtain  in fo rm atio n  about 

longhorn  ca ttle  and b iso n . D ifficu ltie s  connected with d ata  ac q u is it io n  

have led  to the re p o rtin g  of so m e dubious in fo rm atio n  fo r  elk , e s -

p e c ia lly  in fo rm atio n  connected with the n um ber of elk  on the re fu ge  

during any given  y e a r .

P opu lation  s iz e s  s im u la te d  fo r  the W ichita e lk  population  with 

P r o g r a m  O N EPO P w ere  in v ar ia b ly  g r e a te r  than co rre sp o n d in g  

re p o rte d  population  s i z e s .  In fac t, durin g p a r t  of the 1 9 6 0 's , s im u -

la ted  population  s i z e s  w ere  a s  m uch a s  57 p ercen t g r e a te r  than the 

re p o rte d  population  to ta ls . The re p o rte d  population  to ta ls  w ere  d i s -

c re d ite d  by sta te m e n ts  in the r e c o r d s  that the population  counts w ere  

c o n sid e re d  to be "c o n se r v a t iv e  e s t im a te s "  of the ac tu a l re fu ge  p opu -

la tio n  and that e lk  known to h ave e sc a p e d  fro m  the re fu ge  and m oved 

onto ad ja c e n t a r e a s  w ere  not included  in the re p o rte d  population  to ta l. 

S im u la tio n s with P r o g r a m  O N EPO P d em o n stra ted  that even  if  the 

n u m ber o f e lk  su sp e c te d  of being ou tsid e  the re fu ge  w ere  added to the 

re p o rte d  to tal, the r e v ise d  count w ould have s t i l l  been  m uch below  

the a c tu a l e lk  n um ber, p ro v id in g  ev id ence that the W ichita e lk  popu -

la tion  w as u n d e re stim a te d  fo r  a  n um ber of y e a r s .
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W h ite-tailed  d e e r , like  elk , a r e  s e c r e t iv e  an im a ls  and m any of 

the d iffic u ltie s  a s s o c ia te d  with d ata  co llec tio n  fo r  e lk  a lso  p o se  

p ro b le m s in the c a se  of w h ite -ta ile d . T h e re fo re , re fu ge  p e rso n n e l 

have com e to re ly  upon s im i la r  d a ta -g a th e r in g  techn iques fo r  both 

s p e c ie s .

R ep o rted  population  to ta ls  fo r  w h ite -ta iled  d e e r  w ere  su sp e c t, 

p r im a r i ly  b e c a u se  of the la r g e  m u lt ip lie r s  u se d  to con vert a c tu a l 

d e e r  s igh tin g s into to ta l re fu ge  population  e s t im a te s .  A s one exam p le , 

31 d e e r  sigh ted  on the re fu g e  in 1959 led  to the co n clu sio n  that the 

re fu g e  population  contained 1717 d e e r . A lthough the re p o rte d  popu-

la tio n  to ta ls  w ere  q u estio n ab le , th ere  w as re a so n a b ly  good in fo rm a -

tion  on what the population  trend  had been  o v er t im e . T h ere  w as a lso  

good in fo rm atio n  on w h ite -ta iled  d e e r  re m o v a ls  on the re fu g e .

B e c a u se  of a g e n e ra l la c k  of r e l ia b le  d em ograp h ic  in fo rm atio n , 

the w h ite -ta ile d  d e e r  s im u la tio n s ac tu a lly  " fo r c e d  things to f i t "  in  the 

s e n se  that n a tu ra l m o r ta lity  r a te s  w ere  ad ju ste d  to w h atever v a lu es 

y ie ld ed  the sim u la te d  population  tren d  w hich b e st  a g re e d  with re p o rte d  

in fo rm atio n . It i s  un fortun ate that that had to be the c a se  b e c a u se , in 

the ab se n c e  of re lia b le  and com plete  d em ograp h ic  in fo rm atio n , the 

sim u la tio n s w ere  lim ite d  in th e ir  a n a ly s is  of h is to r ic  h erd  b io logy  and 

thus in th e ir ab ility  to p r o je c t  fu tu re  population  tre n d s and ac t a s  a 

u se fu l m an agem en t tool.
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R e su lts  obtained  during the in v e stig a tio n  in d icate  that P r o g r a m  

O N EPO P i s  r e a l i s t i c  with r e s p e c t  to the d em ograp h ic  m e c h a n ism s 

o p era tin g  w ithin the W ichita h e r d s . P opu lation  e c o lo g is t  a g r e e  that 

w ild  popu lation s a r e  co n tro lled  through so m e  lin k age  betw een h ab ita t 

conditions and the population , although they have not a g re e d  on what 

m e c h a n ism s a r e  involved . P r o g r a m  O N EPO P a s s u m e s  that r e p r o -

ductive  r a te s  a r e  den sity -depen den t, i .  e . , that the lin k age  betw een 

h ab ita t and population  o c c u rs  through the rep ro d u ctiv e  p r o c e s s .  No 

ev id en ce  w as found du rin g  the W ichita study  w hich refu ted  that 

a ssu m p tio n .

P r o g r a m  O N EPO P i s  a l s o  co m p atib le  with re a l-w o r ld  p o p u la -

tion  s t r u c tu r e s . P op u la tio n s a r e  not hom ogenous un its but in stead  

a r e  m ad e up of in d iv id u als of d iffe ren t se x  and a g e . B a s ic  population  

theory  te ach e s that in d iv id u als of d iffe ren t se x  and age  often  behave 

d iffe ren tly  under s im i la r  e c o lo g ic a l  con d ition s. P r o g r a m  O N EPO P 

p ro v id ed  fo r  a  population  to be d iv ided  into a s  m any a s  20 age  c l a s s e s ,  

with se p a r a te  m o r ta lity  r a te s  fo r  each . The p ro g ra m  a ls o  allow ed 

d iffe ren t rep ro d u ctiv e  r a te s  to be ap p lied  to fe m a le s  of d iffe ren t age  

g ro u p in g s.

B e c a u se  of the r e a l i s m  and p r e c is io n  with which P r o g r a m  

O N EPO P s im u la te d  the W ichita p o pu lation s, the s im u la tio n s  can 

s e r v e  a s  pow erfu l a n a ly t ic a l to o ls  in at l e a s t  two r e s p e c t s .  F i r s t ,  

the s im u la tio n s can  be u se d  to c r o s s - c h e c k  the a c c u ra c y  of f ie ld  data
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c o lle c te d  fo r  each  popu lation  o v er  tim e . Second , the sim u la tio n s can 

a c t  a s  d e v ic e s  with w hich the m an ag e r  can  e x p lo re  a lte rn a tiv e  m a n -

agem en t s t r a t e g ie s  fo r  each  population .

A lthough the h erd  sim u la tio n s a r e  r e fe r r e d  to a " f in a l"  in th is 

p a p e r , they a r e  fin a l only in the se n se  that they cannot be im p roved  

with in fo rm atio n  a v a ila b le . A s  a  n e c e s s a r y  next step , m e m b e rs  of 

the re fu g e  s ta f f  need to c lo se ly  sc ru tin iz e  aind com m ent on each  

sim u la tio n , m ak in g  c o r re c t io n s  w here needed  and updating each  a s  

new in fo rm atio n  b e c o m e s a v a ila b le . The sim u la tio n s can  n ev er 

behave e x ac tly  like  the re a l-w o r ld  popu lations but hopefu lly  they 

ap p ro x im ate  those  re a l-w o r ld  popu lation s c lo se ly  enough to im p ro v e  

upon the d e c is io n -m ak in g  about them .
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Som e B ird s  and M am m als Com m on to the 

W ichita M ountains W ildlife R efuge 

S p e c ie s  included  a r e  ac co rd in g  to c h e c k lis ts  p ro v id ed  by 

H a llo ran  (1964).

B ird s

P ie d -b ille d  g reb e  (P od ily m bu s p o d icep s)
G re a t  b lue h eron  (A rd ea  h e ro d ia s)
R in g-n ecked  duck (A ytbya c o l la r is )
A m e ric an  w igeon  (A nas am e rican a )
R edhead  (A ytbya a m e ric an a )
R e d -ta ile d  hawk (B uteo  ja m a ic e n s is )
M arsh  hawk (C irc u s  cyan eus)
A m e ric an  k e s t r e l  (F a lc o  sp a r v e r iu s )
Bobwhite (C olinus v irg in ian u s)
T u rk ey  (M e le a g r is  ga llop avo)
K illd e e r  (C h arad r iu s  v o c ife ru s)
S c re e c h  owl (O tus a s io )
G re a t  horned  owl (Bubo v irg in ian u s) 
C h u ck -w ill's  widow (C ap rim u lg u s c a ro lin e n s is )  
Com m on f l ic k e r  (C o lap te s  au ra tu s)
R e d -b e llie d  w oodpecker (C en tu ru s c a ro lin u s) 
S c i s s o r - t a i le d  f ly c a tc h e r  (M u sc ív o ra  fo r fic a ta )  
E a s te r n  phoebe (S ay o rn is  phoebe)
H orned la r k  (E re m o p b ila  a lp e s  t r is )
B arn  sw allow  (H irundo ru st ic a )
B lue ja y  (C y an ocitta  c r is ta ta )
C row  (C o rv u s b rach y rb y n cb o s)
C a ro lin a  ch ick ad ee  (P a r u s  c a ro lin e n s is )
W h ite -b re a ste d  nuthatch (S itta  c a ro lin e n s is )  
B e w ick 's  w ren  (T h ry o m an es bew ickii)
E a s te r n  b lu eb ird  (S ia l ia  s i a l i s )
E a s te r n  m ead o w lark  (S tu rn e lla  m agna) 
R ed-w in ged  b lac k b ird  (A g e la iu s  ph oen iceus) 
S u m m er tan ag e r  (P ir a n g a  ru b ra)
C a rd in a l (R icbm on dena c a rd in a lis )
R u fou s-cro w n ed  sp a rr o w  (A im op b ila  ru fic e p s)  
L a r k  sp a rro w  (C b o n d este s g ra m m a c u s)
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M am m als

O p o ssu m  (D idelph is m a r s u p ia l is )
S h o rtta il sh rew  (B la r in a  b rev icau d a)
L e a s t  sh rew  (C ry p to tis  p arv a )
E a s te r n  m o le  (S ca lo p u s aq u aticu s)
C ave m y o tis  (M yotis v e life r )
W estern  p ip is t r e l  (P ip is t r e l lu s  h e sp e ru s)
W estern  b ig - e a r e d  b a t (C oryn orth in u s p leco tu s) 
B la c k ta il  ja c k ra b b it  (L e p u s c a lifo rn ic u s)
E a s te r n  co tton tail (S y lv ilag u s flo r id an u s)
D e se r t  co tton tail (S y lv ila g u s audubonii)
B la c k ta il  p r a ir ie  dog (C ynom ys lu d ov ician u s) 
E a s te r n  fox s q u ir r e l  (S c iu ru s  n iger)
H isp id  p ocket m o u se  (P ero gn ath u s h isp id u s)
P la in s  h a r v e s t  m o u se  (R eith rod on tom ys m ontanus) 
D eer m o u se  (P e ro m y sc u s  m an icu la tu s)
B ru sh  m o u se  (P e ro m y sc u s  boylii)
H isp id  cotton r a t  (Sigm odon  h isp id u s)
E a s te r n  W oodrat (N eotom a floridéina)
N orw ay ra t  (R attu s n o rv e g icu s)
C oyote (C an is  la tr a n s )
G rey  fox (U rocyon  c in e re o a rg e n te u s)
R acco o n  (P ro cy o n  lo to r)
S tr ip e d  skunk (M eph itis m ep h itis)
B ob cat (Lyn x ru fu s)
E lk  (C e rv u s  elaphus)
W h ite-tailed  d e e r  (O d oco ileu s v irg in ian u s)
T e x a s  longhorn  ca ttle  (B o s  tau ru s)
B iso n  (B iso n  b ison )
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R e sp o n se  S u r fa c e s  fo r

W ichita B iso n

T h eo ry

A s d is c u s s e d  in p re v io u s  se c t io n s , the p r im a r y  function of 

P r o g r a m  O N EPO P i s  to an a ly ze  and d u p licate  a s  c lo se ly  a s  p o s s ib le  

the d em ograp h ic  conditions w hich have brought a  p a r t ic u la r  p o p u la -

tion  to i t s  cu rren t s t a tu s .  If we a s su m e  that b a s ic  e c o lo g ic a l  co n d i-

tion s ( e . g . ,  ran ge  conditions) re m ain  fa ir ly  constan t in the fu ture , 

the p o ten tia l outputs fro m  a population  can  be a sc e r ta in e d  fro m  

re sp o n se  su r fa c e s  developed  in the follow ing m an n er.

D en sity-d epen dent rep ro d u ctio n  se e m s  to o ccu r in a l l  o f the 

W ichita b ig  gam e h e rd s ; th ere  i s  a  tendency fo r  the n u m ber of young 

p e r  fe m a le  to d eclin e  a s  b reed in g  h erd  s iz e  in c r e a s e s .  U nder the 

in fluence of such  re p ro d u c tiv e  r a te s ,  a population  w ill s ta b iliz e  at a 

p a r t ic u la r  d en sity  if a  g iven  m o r ta lity  r a te  i s  c o n siste n tly  ap p lied  

o v er  t im e . The population  w ill s ta b iliz e  at that d en sity  w here r e p r o -

duction  e x a c tly  o f fse ts  l o s s e s  fro m  a ll  fo rm s  of m o r ta lity . But in 

ad d ition  to a  c h a r a c te r is t ic  d en sity , the s ta b iliz e d  population  w ill 

a l s o  have a c h a r a c te r is t ic  c a lf  cro p , se x  s tru c tu re , age s tru c tu re  

and w ill a ls o  y ie ld  a  c h a r a c te r is t ic  annual h a r v e s t  on a  su sta in e d  

b a s i s .

The re sp o n se  s u r fa c e s  shown on the fo llow ing p a g e s  in e s se n c e  

su m m a r iz e  the r e s u lt s  of n u m ero u s co m p u ter s im u la tio n s  in which
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the W ichita b iso n  population  w as a r t i f ic ia l ly  s ta b iliz e d  by v ary in g  two 

h a r v e s t  (m orta lity ) p a r a m e te r s ,  to tal annual h a r v e s t  and sex  ra tio  

in the h a r v e s t . F o r  ex am p le , th ere  w as one s e r i e s  of s im u la tio n s in 

w hich only m a le  b iso n  w ere  h a rv e ste d  and h a r v e s t  ra te  w as in c r e -

m ented  fro m  0 .0  to 1 .0 .  That s e r i e s  of s im u la tio n s w as follow ed by 

a  secon d  s e r ie s  in which 10 p e rce n t of the b iso n  h a rv e ste d  w ere 

fe m a le s ,  with h a r v e s t  ra te  aga in  sy s te m a t ic a lly  in crem en ted  fro m  

0 .0  to 1 .0 .  By sy s te m a t ic a lly  in c r e a s in g  the p e rc e n ta g e  of fe m a le s  

in the h a rv e s t  fro m  0 to 100 p ercen t, a l l  p o ss ib le  h a rv e s t  a l t e r n a -

tiv e s  w ere  s im u la te d . The v a lu e s  fo r  ind iv idual population  p a r a m e -

t e r s  (population  s iz e , c a lf  crop , to ta l annual h a rv e st , e tc .)  

c o rre sp o n d in g  to each  com bination  of h a r v e s t  ra te  and se x  ra tio  in 

the h a r v e s t  w ere  p lo tted  to c re a te  the v a r io u s  re sp o n se  s u r fa c e s .

In te rp re ta tio n

The lin e s  which m ak e up the follow ing re sp o n se  su r fa c e s  a r e  

s im i la r  to the contour lin e s  on a topograph ic  m ap . A ll po in ts alon g 

any g iven  contour line have the sa m e  v a lu e . Thus we can  tra c e  along 

a  p a r t ic u la r  contour line and d eterm in e  what com binations of h a rv e s t  

ra te  and se x  ra tio  in the h a rv e s t  w ill p rod u ce  the sa m e  le v e l of o u t-

put. Or, a s  a  secon d  approach , we can  lo ca te  a  p a r t ic u la r  X  and Y 

co o rd in ate  and re a d  fro m  the contour lin e s  the le v e l of output c o r r e -

sponding with that p a r t ic u la r  h a r v e s t  s t r a te g y . By lo catin g  that sam e  

X and Y co o rd in ate  on the other re sp o n se  s u r fa c e s ,  we can  d e term in e
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how that h a r v e s t  s t r a te g y  w ill a f fe c t  o th er population  p a r a m e te r s .

F o r  ex am p le , we m igh t f i r s t  p ick  the h a r v e s t  s t r a te g y  that m a x i-

m iz e s  n a rv e st , and o b se rv e  on a  second  re sp o n se  su r fa c e  w hat p o s t-  

h a r v e s t  population  s iz e  would be . Through  the u se  of th ese  re sp o n se  

s u r fa c e s ,  it is  th e re fo re  p o s s ib le  to ex p lo re  the t r a d e - o ffs  a s s o c ia te d  

with v a r io u s  h a r v e s t  s t r a t e g ie s ,  and it is  th is cap ab ility  that w as 

u se d  to p ro v id e  the in fo rm atio n  on a lte rn a tiv e  m an agem en t s t r a te g ie s  

fo r  b iso n  l is te d  in T ab le  31.
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. 0

F i g u r e  4 0 .  R e s p o n s e  s u r f a c e  of p o s t h a r v e s t  p o p u la t io n  s i z e  fo r  b i so n
on the W ichita  M o u n ta in s  W ild life  R e fu g e .
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Contour from 5.94 to 169.72 Contour Interval 16.38
H a rv e s t  S ex  R atio  (p ro p ortio n  fe m a le s )

F i g u r e  4 1 ,  R e s p o n s e  s u r f a c e  of s u s t a in e d  an n u a l y ie ld  fo r  b i s o n  on
the W ich ita  M o u n ta in s  W ild life  R e fu g e .
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Contour from 31.49 to 58.66 Contour Interval 2.72
H a rv e s t  S e x  R atio  (p ro p o rtio n  fe m a le s )

F i g u r e  4 2 ,  R e s p o n s e  s u r f a c e  o f  c a l v e s  p e r  100 c o w s f o r  b i so n  on the
W ich ita  M o u n ta in s  W ild life  R e fu g e .
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F i g u r e  4 3 .  R e s p o n s e  s u r f a c e  of b u l l s  p e r  100 co w s fo r  b i s o n  on the
W ich ita  M o u n ta in s  W ild life  R e fu g e .
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R e sp o n se  S u r fa c e s  fo r

W ichita E lk

The follow ing re sp o n se  s u r fa c e s  fo r  e lk  on the W ichita 

M ountains W ildlife R efu ge  w e re  p ro d u ced  in the sa m e  m an n er a s  

th o se  d e sc r ib e d  fo r  b iso n . R ep rod u ctiv e  and n a tu ra l m o r ta lity  r a te s  

u se d  in  the c re a tio n  of the re sp o n se  s u r fa c e s  r e p r e se n t  h e rd  co n d i-

tion s betw een  1969 and 1972.
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Contour from 44,82 to 1025.79 Contour Interval 326.99
H a rv e s t  Sex  R atio  (p ro p o rtio n  fe m a le s )

F i g u r e  4 4 ,  R e s p o n s e  s u r f a c e  o f  p o s t h a r v e s t  p o p u la t io n  s i z e  fo r  e lk
on the W ich ita  M o u n ta in s  W ild life  R e fu g e .



2 39

Contour from 7.70 to 210.68 Contour Interval 70.68
H a rv e s t  S ex  R atio  (p ro p o rtio n  fe m a le s )

F i g u r e  4 5 .  R e s p o n s e  s u r f a c e  of s u s t a in e d  an n u a l  y ie ld  fo r  e lk  on the
W ich ita  M o u n ta in s  W ild life  R e fu g e .
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H a rv e st  S ex  R atio  (p ro p o rtio n  fe m a le s )

F i g u r e  4 6 .  R e s p o n s e  s u r f a c e  of an n u a l tro p h y  h a r v e s t  f o r  e lk  on the
W ich ita  M o u n ta in s  W ild life  R e fu g e .
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0 .0  .1  .2  .3  .4  .5  .6  .7
Contour from 44.66 to 56.66 Contour Interval 4 .00

H a rv e s t  Sex  R atio  (p ro p o rtio n  fe m a le s )

. 8 . 9  1 . 0

F i g u r e  4 7 .  R e s p o n s e  s u r f a c e  of c a l v e s  p e r  100 c o w s f o r  e lk  on the
W ich ita  M o u n ta in s  W ild life  R e fu g e .
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H a rv e s t  Sex  R atio  (p ro p ortio n  fe m a le s )

F i g u r e  4 8 .  R e s p o n s e  s u r f a c e  o f  b u l l s  p e r  100 cow s fo r  e lk  on the
W ich ita  M ou n ta in s  W ild life  R e fu g e ,



Typed and R ep rod u ced  by 

T Y P E -IN K  F o r t  C o llin s


