
Genetic Variation in Pronghorn from West Texas

Thomas E. Lee, Jr.; James N. Derr; John W. Bickham; Ted L. Clark

The Journal of Wildlife Management, Vol. 53, No. 4. (Oct., 1989), pp. 890-896.

Stable URL:

http://links.jstor.org/sici?sici=0022-541X%28198910%2953%3A4%3C890%3AGVIPFW%3E2.0.CO%3B2-D

The Journal of Wildlife Management is currently published by Allen Press.

Your use of the JSTOR archive indicates your acceptance of JSTOR's Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. JSTOR's Terms and Conditions of Use provides, in part, that unless you have obtained
prior permission, you may not download an entire issue of a journal or multiple copies of articles, and you may use content in
the JSTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http://www.jstor.org/journals/acg.html.

Each copy of any part of a JSTOR transmission must contain the same copyright notice that appears on the screen or printed
page of such transmission.

The JSTOR Archive is a trusted digital repository providing for long-term preservation and access to leading academic
journals and scholarly literature from around the world. The Archive is supported by libraries, scholarly societies, publishers,
and foundations. It is an initiative of JSTOR, a not-for-profit organization with a mission to help the scholarly community take
advantage of advances in technology. For more information regarding JSTOR, please contact support@jstor.org.

http://www.jstor.org
Tue Jan 22 17:26:20 2008

http://links.jstor.org/sici?sici=0022-541X%28198910%2953%3A4%3C890%3AGVIPFW%3E2.0.CO%3B2-D
http://www.jstor.org/about/terms.html
http://www.jstor.org/journals/acg.html


890 SEXRATIOSIN CARIBOUThomas el al. J. Wildl. Manage. 53(4):1989 

its life history consequences in wild reindeer. -. 1985. Progeny sex ratio relationships in 
Oikos 51:238-242. deer: theoretical vs. observed. J. Wildl. Manage. 

TRIVERS,R. L., AND D. E. WILLARD.1973. Natural 49:134-136. 
selection of parental ability to vary the sex ratio 
of offspring. Science 179:90-92. 

VERME,L. J .  1983. Sex ratio variation in Odocoi-
leus: a critical review. J. Wildl. Manage. 47:573- Received 20 April 1988. 
582. Accepted 8 April 1989. 

GENETIC VARIATION IN PRONGHORN FROM WEST TEXAS 

THOMAS E. LEE, JR., Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX 77843 
JAMES N. DERR, Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX 77843 
JOHN W. BICKHAM, Department of Wildlife and Fisheries Sciences, Texas A&M University, College Station, TX 77843 
TED L. CLARK, Texas Parks and Wildlife Department, 4200 Smith School Road, Austin, TX 78744 

Abstract: We assessed genetic variation in 65 North American pronghorn (Antilocapra americana) from 
6 geographically isolated populations in west Texas by protein electrophoresis. Five of 24 presumptive genetic 
loci were polymorphic; heterozygosity (H)ranged from 0.012 to 0.046 (i= 0.027).Unweighted pair group 
method analysis (UPGMA) clustering of Rogers' (1972)distance values indicated close affinities between the 
large Upper Concho Valley herd and 4 of the 5 Trans-Pecos populations. The Marathon Basin herd was 
significantly distinct from the other 5 herds and translocation of pronghorn into this area is not recommended. 
Application of genetic information is essential to current management involving translocation of individuals 
between isolated populations and conservation of genetic variation. For example, undocumented translocation 
events could be resolved using genetic techniques. Moreover, a genetic study designed to address the bio-
geographic history of North American pronghorn would provide a standard by which to evaluate the effects 
of translocation efforts. 
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Pronghorn are endemic to North America with 
a distribution that extends north to southern Al-
berta and  Saskatchewan, south to the southern 
limits of the Mexican Plateau, west to Califor-
nia, and east to the eastern limit of arid grass-
lands in  the central plains states (Hall 1981). In 
west Texas, pronghorn occur in inter-mountain 
grasslands throughout the Trans-Pecos Region 
and in a few isolated panhandle populations. 
Five subspecies of pronghorn have been de-
scribed by Ha11 (1981) and O'Gara (1978); 2 of 
these (American pronghorn [A. a .  americana] 
and Mexican pronghorn [A. a .  mexicana]) were 
proposed to occur in Texas. However, Ha11 (1981) 
reported that all pronghorn in Texas were Mex-
ican pronghorn, except the northern panhandle 
populations which were designated as American 
pronghorn. O'Gara (1978) described the range 
of American pronghorn in Texas from the north-
ern panhandle, the Upper Concho Valley, and 
a small population in west Texas. O'Gara (1978) 
restricted Mexican pronghorn to the Big Bend 

area of west Texas with the remaining popu-
lations of unknown status. Historically, desig-
nation and distribution of pronghorn subspecies 
was based on morphological characteristics 
(Merriam 1901).Taxonomic status of pronghorn 
subspecies has been further complicated by his-
torical and/or recent translocation of American 
pronghorn  into ranges of o ther  subspecies 
(O'Gara 1978). 

W e  examined genetic relationships and pat-
terns of genetic variation of populations of 
pronghorn from west Texas. Taxonomic deter-
minations require information regarding the de-
gree of isolation between taxa and knowledge 
of the variation among different subspecies and 
is beyond the scope of this study. However, the 
extent of genetic variation among pronghorn 
populations can provide insight into the taxo-
nomic differentiation and effects of transloca-
tion. 

W e  thank D. J. Schmidly for encouragement 
and advice and I. F. Greenbaum, B. G. Hanks, 
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S. A. Smith, and P. D. Sudman for technical 
assistance and laboratory facilities. Specimens 
were obtained from hunter contacts by Texas 
Parks and Wildlife Department personnel. This 
study was funded by Texas Agricultural Exper-
iment Station Expanded Research Area and Pro-
gram Development funds 24464. 

METHODS 
Liver samples were collected from 6 localities 

from hunter killed pronghorn (n  = 65) and ex-
amined during 1987. The samples were col-
lected from Brite Ranch (BT) (68 km south of 
Valentine, n = lo) ,  Marathon Basin (MB) in-
cluding Mcknight Ranch (8 km east of Mara-
thon) and Post-Combs Ranch (2.4 km west of 
Marathon, n = lo) ,  McGaire Ranch (MG) (50 
km north of Fort Hancock, n = 7), Morrow 
Ranch (MO) (39 km west of Alpine, n = 8), 06 
Ranch (06) (13 km north of Alpine, n = lo),  
and Rocker "B" Ranch (Upper Concho Valley 
[UC], Reagan and Irion counties, n = 20) in west 
Texas (Fig. 1). We used standard horizontal 
starch gel electrophoretic techniques to examine 
gene products (E.C. nos. follow Int. Union Bio-
chem. 1984):aminopeptidase (E.C.3.4.11.1;AP-
l),esterases (E.C.3.1.1.1;EST-1,-2,-3,-41, malic 
enzyme (E.C. 1.1.1.40;ME-l), lactate dehydro-
genase (E.C. 1.1.1.27;LDH-I), glucose-3-phos-
phate dehydrogenase (E.C.1.1.1.8;GPH-l) ,sor-
bit01 dehydrogenase (E.C. 1.1.1.14;SORDH-l), 
superoxide dismutase (E.C.1.15.1.1;SOD-l), as-
partate aminotransferase (E.C. 2.6.1.1; AAT-
1,-2), isocitrate dehydrogenase (E.C. 1.1.1.42; 
IDH-l),malate dehydrogenase (E.C. 1.1.1.37; 
MDH-1,-2), catalase (E.C. 1.11.1.6; CAT-l), 
phosphoglucomutase (E.C. 5.4.2.2; PGM-l) ,  
peptidases (E.C. 3.1.11; PEP-A,-B,-E), hemo-
globin (Hb-1,-2), albumin (Alb), and general 
protein (Gen-1)(Selander et al. 1971, Harris and 
Hopkinson 1976). 

Statistical analyses were performed with BIO-
SYS-1 (S\voffordand Selander 1981),BIOSTAT-1 
(Pimentel and Smith 1986), and/or hand cal-
culated procedures. Statistical functions includ-
ed mean 8,proportion of polymorphic loci (P),  
mean number of alleles/locus (A),  Chi-square 
test for conformity to Hardy-Weinberg distri-
butions, F-statistics (Nei and Chesser 1983, Van 
Den Bussche et al. 1986),genetic similarity, and 
distance statistics (Rogers 1972, Nei 1972), clus-
ter analysis using the UPGMA (Sneath and Sokal 
1973), and between subpopulational migration 
statistics ( N m )(Slatkin 1985). 

Differences in allelic frequencies were tested 
using Fisher's exact test of independence (FET). 
Allelic values from each polymorphic locus were 
compared between 2 populations and the sum 
of twice the negative natural logarithm (lnp)of 
the exact P values were computed. This value 
was compared to a Chi-square distribution with 
2K (K = no, independent tests [Sokal and Rohlf 
19811)degrees of freedom. Initial tests were per-
formed between populations with the greatest 
genetic distance values and were continued un-
til a level of nonsignificance was reached. These 
tests were based on the null hypothesis that the 
genetic distance between the populations was 
zero. 

The measurement of the mean inbreeding 
coefficient of an individual relative to the total 
population (Fit), the mean inbreeding coeffi-
cient of an individual within its local population 
(Fis),and the level of substructuring within the 
total population (Fst)(\f7right 1978, Hart1 1980) 
values for all polymorphic loci were hierarchial. 
The Fit and Fis values can be positive (hetero-
zygote deficiency) or negative (heterozygoteex-
cess); Fst values range from zero (complete ran-
dom mating) to 1.0(fixation for alternate alleles 
in local populations). 

RESULTS 
Of the 24 presumptive gene loci examined, 

5 were polymorphic within and/or among the 
6 pronghorn populations (Table 1).A Chi-square 
test revealed conformation of all polymorphic 
loci to random mating proportions except Est-2 
in UC ( P  = 0.002), MO (P  = 0.031), BT ( P  = 

0.004), and MB (P = 0.005). All populations 
shared common presumptive alleles; however, 
pronounced frequency differences were detect-
ed at 3 loci (EST-2, EST-4, and PGM-1) (Table 
1).Three alleles segregated at each of these loci. 

Mean H across all populations was 0.027 (Ta-
ble 2). Heterozygosity values were generally 
higher in southern and central Trans-Pecos (MO, 
H = 0.031; 06, H = 0.027; MB, H = 0.046) than 
for western Trans-Pecos and the Upper Concho 
Valley (MG, H = 0,012; BT, H = 0.023; UC, H 
= 0.023) (Table 2).  The mean number of alleles,' 
locus ranged from 1.10 (MG) to 1.20 (all other 
populations) (f = 1.18),whereas the proportion 
of polymorphic loci ranged from 8.3 (MG) to 
20.8% (LC) (f = 13.2%). 

The mean number of migrants exchanged be-
tween local populations, (Nm-statistics), sug-
gested an overall migration rate of 6.80 indi-
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Fig. 1. Geographicvariationin allelic frequencies at the esterase-4 (EST-4) and phosphoglucomutase(PGM-1)loci in pronghorn 
from west Texas. The key circle in the upper left corner of the map shows EST4 with alleles A, B, and C on the left half of the 
circle, and PGM-1 with alleles A. B, and Con the right. The dotted lines are county borders. MG = McGaire Ranch(50 km north 
of Fort Hancock), BT = Brite Ranch (68 km south of Valentine), MO = Morrow Ranch (39 km west of Alpine), 06 = 06 Ranch 
(13 km north of Alpine), MB = Marathon Basin including Mcknight Ranch (8 km east of Marathon) and Post-CombsRanch (2.4 
km west of Marathon),and UC = The Rocker "8" Ranch in the Upper Concho Valley (Reagan and lrion counties). 

vidua1s;'generation. This unusually high of the pairwise comparison of allelic frequencies 
migration value would not be expected among among populations using FET revealed signif-
isolated populations of large mammals. How- icant statistical differences between 2 of the pos-
ever, this finding is consistent with the expected sible 15 pairwise population comparisons. The 
result of a successful translocatiori event. Results 2 populations pair with the greatest genetic dis-
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Table 1. Allelic frequencies of the variable loci from 6 pronghorn populations in Texas 

L-pper Concho 
I I c G a ~ r eRanch Rrite Ranch hlorrrlw Ranch 06 Ranch \Iarathon Basin Vdlle! 

Locus ( n  = 71 ( n  = 101 ( n  = 81 (11  = 10) (n = 101 (11 = 20) 

( Zlc(;alre Ranch u a s  50 km north of Fort Hancock, Brlte Ranch was 68 km south nf \'alentine, h l o r r o ~Ranch was 39 km uest of Alplnr. 06 
Ranch mas 13 km north of Alpme, Slarathon Basin included Mckn~ghtRanch (8 knr east of hlarathon) and Post-Combs Ranch (24lk marst of 
I la ra thon) ,  and the Cpper  Concho Valley [Rocker "B" Ranch) was in Reagan and lrirjn counties 

tance values (D) ,LIB and h'lG ( D  = 0.064) and 
LIB and UC (D  = 0.055),have cumulative FET 
Inp values of 38.116 (1.2 df, rejection region lnp 
> 21.026) and 29.55 (18 df, rejection region Inp 
> 28.869) supporting the rejection of the null 
hypothesis (Ho = the genetic distance bet~veen 
these populations is zero). The h1B and BT pop-
ulations ( D  = 0.053) have a norisigriificarit cu-
mulative FET lnp value and by default. all other 
pairwise comparisons of populations that have 
smaller distance values are also nonsignificant. 

All Fit values were positive and ranged from 
1.000(Est-2) to 0.022 (albumin) with an overall 

Rogers' (1972) D between any pairwise corn-
parison of populations ranged from 0.010 (06 
and h10) to 0.064 (MG and MB) (Table 4). Cn-
weighted pair group method of analysis using 
Rogers' (1972) D generally cluster samples ac-
cording to geographic proximity ~vi thtlie L-C 
and h1G populations from the north forming 1 
cluster and the 06 and MO populations forming 
a second sister cluster. The BT population fell 
almost equall! between these 2 pairwise groups. 
However, geographic trends were not apparent 

mean of 0.301 (Table3)and suggested an overall 
gene pool deficienck of heterozygotes. Values 
\\.ere primarily inflated by the lack of hetero-
zygotes from both esterase loci. \.dues of Fis 
ranged from 1.000 (Est-2) to -0.008 (albumin) 
(a = 0.199). J\-hich related to a deficiency of 
heterozygotes within the mean local population 
and suggested a moderate amount of interdemic 
inbreeding. Levels of substructurirlg within the 
total population reflected b?. Fst values ranged 
ti-0111 0.326 (Est-2j to 0.019 (hlDH-1) with a 
mean of 0.103, which suggested little differen-
tiation between the local populations and sup-
ported the observation of high migration esti-
mates suggested b?- tlie Srn statistics. 

Table 2. Sample slze (n),meanheterozygosity (H),mean num-
ber of allelesllocus (A), and proportion of polymorphic loci (PJ 
for samples of pronghorn collected in Texas. 

h l c G a i r r  Ranch 7 0.012 1.10 8 3 
R r i t r  Rarich 10 0.023 1.20 12,s 
h lo r row Ranch 8 0.031 1.20 12.5 
06 Rarrch 10 0.027 1.20 123  
hlarathorr Basin 10 0.016 1.20 12.<5 
Upper  C:oncho I 'al le) 20 0.023 1.20 20.8 
i 63 0.027 1.18 15.2 

,' \lcCairr Kariulr was 50 krn north of Fort Hancnck. Brltr Ranch \ \a\  
68 km south nf Yalentinr Morrow Ranch mas 39 km nest oi .4lprnr 
06 Ranch ~ a a13 kni nortli of Alpine \larathon Rasin~ncludrd\Ickniglit 
Ranch (8 krn east of Marathon) and Post-Combs Ranch (2 4 km u r \ t  
ot \larathord. and the I p p r r  Concho \ alle) [Rockrr "H" Ranclll a a i  
111 Reagan arrd Irion coilntles 
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Table 3. The F-statistics based on the variable loci from 6 
populations of pronghorn, west Texas. 

J.  Wildl. Manage. 53(4):1989 

ROGERS GENETIC DISTANCE 

Locus Ftt" Fis Fst 

Albumin 0.022 -

Esterases-2 1.000 
Esterases-4 0.324 
Malate dehydro-

genase-l 0.047 

T F  was a measurement of the mean inbreeding coefficient of an 
~nd~vidualrelative to the total population, Fis was the mean inbreeding 
coefficient of an ~ndividualwithin its local population, and Fst was the 
level of substructuring within the total population (Wright 19i8, Hartl 
1980). 

with all samples. The most disjunct geographic 
sample (UC) was not the most genetically di-
vergent population and the hlB population from 
west Texas clustered with no close affinities to 
any other pronghorn population (Fig. 2). 

DISCUSSION AND MANAGEMENT 
IMPLICATIONS 

Efforts by the Texas Parks and Wildlife De-
partment to increase pronghorn in the Trans-
Pecos involve translocating animals from the 
UC to suitable habitat in the Trans-Pecos Region 
(Fig. 1).The UC herd is comprised of approx-
imately 3,000 animals and is presently larger 
than all of the extant Trans-Pecos populations. 
Currently, no information is available regarding 
genetic structure within or the degree of diver-
gence among these geographically isolated pop-
ulations. 

Controversy surrounding subspecific status of 
pronghorn populations in the Trans-Pecos and 

Fig. 2. Unweighted pair group method of analysis dendro-
gram based on Rogers' (1972)genetic distance (13)coefficients 
of 6 Texas populations of pronghorn; the cophenetic correla-
tion value is 0.859. UC = The Rocker "6"  Ranch in the Upper 
Concho Valley (Reagan and lrion counties), MG = McGaire 
Ranch (50 km north of Fort Hancock), BT = Brite Ranch (68 
km south of Valentine), MO = Morrow Ranch (39 km west of 
Alpine), 06 = 06 Ranch (13 km north of Alpine), and MB = 
Marathon Basin including Mcknight Ranch (8 km east of Mar-
athon) and Post-Combs Ranch (2.4 km west of Marathon). 

UC remains unresolved, A number of factors 
are responsible for this taxonomic uncertainty. 
First, undocumented translocation and hybrid-
ization of individuals from different popula-
tions, as suggested by high migration statistics 
and moderate Fst values has occurred, reducing 
our ability to distinguish between historical 
taxonomic units. Second, original taxonomic 
designations were based primarily on geograph-
ic and morphological criteria (Merriam 1901) 
with little or no regard to the genetic compo-
sition of these populations. A modern, system-
atic study designed to address the phylogenetic 
history of North American pronghorn based on 
a number of independent data sets seems ad-
visable. Information gained through techniques 

Table 4. Matrjces of Rogers' (1972) genetic distance (below) and Nei's (1972) genetic identity (above) among a sample of 
pronghorn, west Texas. 

Upper Concho McGaire Marathon 
Locations Valley Morrow Ranch 06 Ranch Brite Ranch Ranch Bas~n 

Upper Concho Valley 0.993 0.991 0.995 0.999 0.972 
Morrow Ranch 0.031 0.999 0.994 0.990 0.984 
06 Ranch 0.031 0.010 0.993 0.988 0.989 
Brite Ranch 0.022 0.024 0.023 0.992 0.972 
McGaire Ranch 0.014 0.033 0.035 0.020 0.966 
Marathon Basin 0.055 0.043 0.036 0.054 0.064 

McGaire Ranch was 50 km north of Fort Hancock, Brite Ranch was 68 km south of Valentine, Morrow Ranch was 39 km west of Alpine, 06 
Ranch was 13 km north of Alpine, Marathon Basin ~ncludedMcknight Ranch (8 km east of Marathon) and Post-Combs Ranch (2.4 km west of 
Marathon), and the Upper Concho Valley (Rocker "B" Ranch) was in Reagan and Irion counties 
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such as protein electrophoresis and restriction 
enzyme mapping of nuclear and mitochondria1 
deoxyribonucleic acid (mtDh'A)may prove use-
ful in defining these subspecific boundaries and 
help resolve many undocumented translocation 
events. However, translocation of individuals into 
areas where endemic populations have been se-
vere/) reduced or extirpated may forever con-
found subspecific determinations. 

The LC and hlG populations were most ge-
netically similar even though they were geo-
graphicall?, the most distant populations. Sam-
ples from BT, 06, and h4O showed closer genetic 
affinities \vith UC and h4G in the north than 
those of the h,lB (Fig. 1). Based on our data, 
strong indications of gene flow exist between 
Trans-Pecos populations (excluding MB) and 
pronghorn from the UC. 

The most distinct pronghorn population ex-
arnined in west Texas was MB. Allele frequency 
data suggested that hlB was statistically unique 
arid cluster analysis of genetic distances values 
reveal no close relationships to any other Texas 
populations. Additionally, genetic variation, as 
measured by heteroz).gosity estimates, was 
highest for the hlB population (0.046)compared 
to a mean of 0.027 for all populations. These 
values are comparable to other reports of large 
grazing mammals (Baccus et al. 1983).The al-
lelic frequency differences resulting in high dis-
tance values and higher H values suggested that 
MB is to some degree isolated and genetically 
diverged from other Texas pronghorn popula-
tio~is. 

Xlanagers of pronghorn populations in the 
Trans-Pecos should recognize that these popu-
lations are genetically coinplex and possibly are 
cornposed of gene pools from the American and 
Mexican pronghorn. Based on present infor-
mation, no pronghorn population in west Texas 
is assignable to either of these historic taxa. One 
major objective of a translocation program deal-
ing with fragmented populations should be the 
preservation andior enhancement of endemic 
genetic variation. Data from our study suggest-
ed very little genetic differentiation between 
samples from the UC and the Trans-Pecos area 
of Texas. One strategy for preserving genetic 
variation in fragmented populations is to par-
tition genetic variation among isolated popu-
lations. Based on present information, translo-
cation efforts, to increase population numbers 
in areas of the Trans-Pecos where endemic pop-

ulations have been extirpated or are extreme1.c 
limited, using animals from the large Upper 
Concho \'alle\ population seem advisable. - &  

Clearly, details documenting the sex, number, 
and success of these translocations are impera-
tive. However, preservation of hlB as a distinct 
population may help compartmentalize and 
preserve existing genetic variation and prevent 
further taxonomic uncertainty. 
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CALVING PATTERNS AMONG AMERICAN BISON 

JAMES H. SHAW, Oklahoma Cooperative Fish and Wildlife Research Unit, Department of Zoology, 
Oklahoma State University, Stillwater, OK 74078 

TRACY S. CARTER, Museum of Natural and Cultural History, Oklahoma State University, Stillwater. OK 74078 

Abstract: We monitored calving in American bison (Bison bison) for 8 consecutive years on the Wichita 
Mountains Wildlife Refuge, Oklahoma. Calving rates were significantly lower among 2- and >13-year olds 
than among females 3-13 years old. Although mature females produced from 3 to 'icalves, none produced 
calves in alternate years. Nonlactating females produced equal numbers of male and female calves. Manip-
ulation of age structure in bison should have little effect upon calf production unless a substantial proportion 
of adult females reach age 14. 

J. WILDL. MANAGE. 53(4):896-898 

Calving rates among mature female Ameri-
can bison range from <5O% in the Slave River 
lowlands in the Northwest Territories (Van 
Camp and Calef 1987) and 52% in Yellowstone 
National Park, Wyoming (Meagher 1973), to 
66.9% in the Wichita Mountains, Oklahoma 
(Halloran 1968), 78.4% for Fort Niobrara Na-
tional Wildlife Refuge, Nebraska, and Wind 
Cave National Park, South Dakota (Haugen 
1974),and 88.2%for the National Bison Range, 
Montana (Rutberg 1986). Meagher (1973) sug-
gested that a preponderance of aged females 
could reduce calving rates. Halloran (1968) con-
cluded that calving rates in the Wichita h,loun-
tains were influenced by a tendency of individ-
ual females to produce calves in alternate years, 
a pattern that he attributed to superior condition 
of nonlactating females. Rutberg (1986) report-
ed that 25 of 29 nonlactating females at the 
National Bison Range carried male fetuses, com-
pared with 26 of 53  male fetuses in lactating 
females. He argued that this difference sup-
ported the Trivers-Willard Hypothesis that pre-
dicts that females in good condition produce 
larger proportions of male offspring than do fe-
males in poorer condition (Trivers and Willard 
1973). 

We tested the following hypotheses: (1) calv-
ing rates show no change with age, (2) female 
bison often produce calves in alternate years, 

and (3 )nonlactating females are more likely to 
produce male than female offspring. 
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Program funded our investigation and the Okla-
homa Cooperative Fish and Wildlife Research 
Unit, U.S. Fish and Wildlife Service, provided 
logistic and administrative help 

STUDY AREA AND METHODS 
The 23,917-ha Wichita Mountains Wildlife 

Refuge in southwestern Oklahoma consisted of 
mixed-grass prairie (Buck 1964), post oak 
(Quercus stel1ata)-blackjack oak (Q. marilan-
dica) woodlands (Crockett 1964), and granite 
mountains surrounded by a 2.6-m big game 
fence. Our investigation took place in the 13,500-
ha Special Use Area (SUA) separated from the 
refuge by an internal big game fence. The SUA 
contained approximately 350 bison during our 
study. 

As part of a study of long-term associations 
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