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Chapter 5 

Wild Bison Populations 

The previous chapter described wildness in bison by focusing 
primarily on the characteristics of individuals. Other attributes of 
wildness belong, not to individuals, but to populations of bison. 
Populations carry the genetic diversity of a species; they have sex­
age structures and social structures. Populations fluctuate in 
abundance through time. Populations evolve, individuals do not. 
Here, I explore the roles of these population characteristics of wild 
bison and their implications for reestablishing a few wild plains bison 
herds. 
"Wild" and "natural" are often used words, but they are seldom well 
defined. I tend to use the words synonymously. A truly wild population 
of native animals or a truly wild ecosystem is one that exists and 
functions with no impact from humans. In this sense, very few wildlife 
are completely wild. Impacts of our huge and dispersed human 
population are too pervasive. (Years ago, I wrote a college text on 
wildlife management. Now I realize that wildlife management is 
somewhat an oxymoron, as suggested long ago by Aldo Leopold who 
advised that the value of wildlife is inverse to the artificiality of the 
management system that produced it.1) 

One may argue that humans have been an important factor in the 
evolution of bison for many centuries. Native Americans, to some 
extent, managed bison numbers and distribution, and used fire to 
manage bison habitat. This argument is used to justify some degree 
of human intervention with wild bison herds as being natural and 
acceptable. 
The argument can become esoteric and unproductive. Yet, it is 
important. Clearly, there are degrees of "wildness" based upon the 
degrees of human intervention with bison management. But what 
degrees and qualities of wildness should influence or dictate our 
goals for restoring wild plains bison? 
We value wild plains bison for what they are - what they have 
become through their history of natural selection. In this history, 
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I clion by hurnan ac1,v,1ies have been significant, 

Th r for , fl w aro lo relain Wildness in plains 

b, on, w rnu I k p lh n, In onvlronrnents Where lhe major forces of 

Pas1 evo1u11on rnay 00111,nu , Alb 11 in lhe con1ex1 of an evolving North 

Am rica. Rolaxallon or oi,rn,na1ion of these se1ec1ive forces will result 

1n gradual Changes in bison anatomy, Phys,otogy and behavio, 

Moreover, replacem n1 of naiura1 seleclive forces with human 

inle,venlions can cause rap,d changes ,n bison ,  leading lo 

domesticat,on as bison adap1 lo a capllve or sern,-caplive 

environment. 

Genetic Diversity 
A Wild, self-containect bison poputat,on should consist of at least 

20D0-3ooo animals. Why ,s that? The answer lies primarily in the 

complicated ffeld of Popu1a11on genetics. Before Europeans arrived, bison were Widespread in North America. 

There Were millions of bison. Considering the historic records of bison 

mobilily, and also the lendency for bison bulls lo wander far, 11,s likely 

lha1 interbreeding among most subpopulations was widespread. Wffh 

few barriers and abundant gene exchange, there may have been_ few 

areas Where bison were relatively isolated, allowing local adaptahons 

to local conditions. 
However, this View of an interbreeding megapopulation of bison is 

likely over-influenced by a historical record that emphasizes bison on 

the Grear Plains. The degree of isolation among historical bison 

herds east of the Mississippi and west of the Rocky Mountains is 

unknown. A comparison of genetic characteristics of bison among 

eastern, central and Western specimens of bison would be instructive 

in this regard. But there are few museum specimens of eastern and 

western bison. Geneticists have been "surprised" by the genetic 

diversity remaining in tOday's plains bison, considering the severe 

genetic bottleneck of very few animats that has occurred. But alt of 

today's plains bison seem to have originated from the central herds. 

We do not know What genetic resources may have been tosr forever 
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from a l>Opulat,on through naturnl selection However, recessive 
deleterious alleles may p rs,st w11h1n a population because, being 
recessive, they are not always expressed in an animal and th_erefore 
are not always exposed to natural selection Even so, deleterious 
recessive alleles are generally not common in a population. Closely related ind,viduats, such as parents and offspring or siblings, 
tend to carry some of the same recess,ve deleterious alleles. 
Breeding between closely rotated ind1v1dua1s - inbreeding -increases 
the probab,t,ty that same off spring w,tt inherit the same deleterious 
recessive alleles from each parent. In this condition, homozygos,ty 
the deleterious traits are expressed, deb,t,tating the offspring._ In 

. 
addition, inbreeding reduces the probab1l1ty that individuals_w,11 mhent 
the benefits from having multiple farms of beneficia l cod a  mm ant . 
alleles. Thus, inbreeding tends to produce individuals that _ are m ferior 
at survival and reproduction. Inbred mammals tend to exh1b1t low 
fecundity, reduced growth, Poor juvenile survival and lowered 
resistance to diseases. These negative results of inbreeding are 
terme d "inbre e ding depre ssion". There are evolved behavioral mechanisms that minimize breeding 
between closely related mammals (outbreeding behavior). The 
re lationship between population size and the effectiveness of these 
behavioral mechanisms has not been studied, to my knowledge: I 
expect these mechanisms to be less effective in smaller populations 
Moreover, the behavioral mechanism to minimize inbreeding could be 
a genetically controlled trait that may be lost whenever natural 
selection is replaced or Weakened by genetic dritt or by artificial 
selection , as discussed below and in Chapter 8. Small l>OPulations tend to accumulate closely related individuals, 
necessitating inbreeding. The probability of inbreeding depression m 
a population depends upon ( 1) the frequency of inbreeding among 

an imals as determined by population size and by the effectiveness of 
outbreeding behavior and (2) the abundance of recessive deleterious 
alleles in the population (termed "genetic load") Avoiding inbreeding depression may be accomplished by maintaining 
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chromosomes with their alleles during the formation of ova and 
sperm. (Most cells have the "2N" number of chromosomes. When ova 
and sperm are formed in cell division, ch romosomes are "splif, 
leaving the reproductive cells with the "1  N" number of ch romosomes. 
Thus, uniting an ovum and sperm will form a new organism, again 
with the normal "2N" number of ch romosomes.) 
For the most part, random chance determines which of a pair of 
alleles are discarded into unused ova or sperm, and which alleles an 
offspring will obtain from each parent. In a large population, copies of 
most alleles are numerously replicated in many animals. Alleles that 
are discarded in some matings are retained in others, and allele 
frequencies in the second generation of a population will closely 
resemble allele frequencies in the first generation. Large changes in 
allele frequencies are unlikely because the vagaries of chance tend 
to "balance out" in large populations. Thus, an allele occurring in 25% 
of the animals in a large reproducing population is likely to occur in 
very nearly 25% of the next generation. However, if the reproducing 
population is small, a resulting allele frequency of 20% in the next 
generation is not improbable due to chance. (As an analogy, it is 
much more likely to get 3 heads in 4 coin flips than it is to flip 75% 
heads in 100 coin flips.) Moreover, in a third generation, the most 
probable allele frequency is no longer 25%. It is 20% (that of its 
parents) and it may, by chance, decline again. 
In this manner, allele frequencies in a population will vary across 
generations. While new alleles are not added in this process, alleles 
may decrease in frequency and may disappear from a population 
when none of a certain allele happens to be transmitted across two 
generations. It matters not whether these alleles are beneficial or 
deleterious at enhancing survival or reproduction in the prevailing 
environment. 
In addition to random events in forming ova and sperm, genetic drift 
may occur when random environmental events remove animals or 
otherwise prevent them from reproducing and passing their alleles to 
the next generation. Any bison may be struck and killed by lightning. 
Any bison may stumble and break a leg, reducing its ability to survive 
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number of animals needed to preserve most evolutionary potential of 

bison for the foreseeable future. However, I hasten to note that some 

biologists recommend at least 5000 animals are needed to maintain 

genetic diversity and evolutionary potential for more than the 

foreseeable future .6 

Based on our knowledge of the cattle genome, a bison carries about 

22,000 genes . Most of these genes are common to all mammals and 

are not threatened to be lost across generations of bison .  However, 

many thousands of genes are subject to natural selection, artificial 

selection, and genetic drift. Across a large bison population , some 

thousands of these genes are each represented by more than one 

form of the gene, that is, by d ifferent alleles in different animals. We 

know very, very little about which alleles are associated with what 

traits of bison, or about how alleles interact to determine bison 

characteristics . 

A geneticist has suggested that our knowledge of bison genetics is 

akin to looking through one window of the Pentagon , and deducing 

what goes on inside. Moreover, I suggest that rather few of us have 

enough knowledge of genetics to find the Pentagon. With all this 

uncertainty, extreme prudence is justified in determining how we 

conserve bison for future generations . 

Population Sex-age Structure 

Sex Ratio . In a wild bison herd,  there are about as many adult mates 

as adult females . The sex ratio is near 1 : 1  because mortality rates 

are similar for bulls and cows. A result of half the population being 

bulls is that, outside the breeding season , there are numerous small 

groups of bulls scattered across the range (Fig. 5. 1 ). These bulls are 

at least 3 years old and usually travel in groups of 1 to 5 animals . 

Some bulls wander tong distances , a habit that exchanged genes 

among subpopulations and may have resulted in range expansions 

for bison in the past. 

For most of the year, cows , calves , yearlings and young bulls 
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conservation, predator risk and grazing impacts on vegetation are not 
entirely clear. Likely, separation of small bull-groups allows a more 
even distribution of grazing pressure across the bison range. Small 
patches of quality forage are used by small groups of bulls. These 
patches will not support the large, mixed-sex groups; at least not 
without negative effects of close competition among animals. 
Consequently, we should expect the larger, mixed-sex groups of 
bison to use the largest available patches of quality forage. Moreover, 
separation of bulls for much of the year results in less competition for 
forage with their own offspring. Natural selection should eliminate 
bulls that reduce the fitness of their own genes in the next generation. 
Largest aggregations of bison occur during the rut, or breeding 
season (Fig. 5. 3). An even adult sex ratio results in intense 
competition among bulls for access to breeding cows. Early in the rut, 
large, dominant bulls that have proven their abilities to survive and to 
efficiently use forage resources will obtain most of the breeding. This 
is a major component of natural selection. Bulls that have proven 
their fitness do most of the breeding . But, in large bison herds, these 
dominant bulls seem to tire of the energy-expensive rutting behavior. 
They may leave the rutting herd, and leave the breeding of those 
cows that achieve late-season breeding status to less-dominant bulls. 
Still, with an even sex ratio in a large bison herd, there are numerous 
less-dominant bulls and the natural selective values of competition 
among them persist. Moreover, cows are known to exert some 
selection for mates.7 
In commercial bison herds, only a few bulls are needed to impregnate 
all the cows . Consequently, production from limited forage resources 
is maximized by "running" more cows than bulls. The natural 
selection values of bull competition, and of cows selecting mates, are 
reduced or lost. Moreover, the potential for inbreeding is increased. 
This intervention with natural selection is also practiced in many of 
the 44 conservation herds (Chapter 11) of plains bison because (1) 
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generations will not be fully realized if the animal dies at an early age 
due to some random catastrophe or to artificial culling. In contrast, 
the advantages of the fittest bison will accumulate as the animal lives 
longer. Thus, having many old bison, at least 1 2-15 years of age, in a 
bison herd is an important contribution to natural selection. Artificially 
maintaining a young age structure reduces the effectiveness of this 
selection . 
Age structures of wild bison herds will vary among herds and among 
years within herds . Bison herds living with wolves and bears usually 
have an older average age because calves and yearlings are more 
vulnerable to predation. Most increasing herds, perhaps rebounding 
from a few poor years of drought or severe winters, will have 
relatively more young animals. The sizes of calf crops and their early 
survival will vary among years, altering herd age structure. 
On Antelope Island , Utah, a change in bison population age structure 
altered the herd's social structure. When the herd had been culled to 
maintain a younger age structure, the cow-juvenile bison normally 
dispersed into many sma l l  groups. After new culling practices 
established an older herd, the cow-juvenile bison aggregated into 2-3 
large groups .8 Implications of this change for natural selection have 
not been studied . 
Since dominance is related to age and size of bison, the degree of 
competition faced by each individual can vary, not only with the 
number of competing animals , but with ages of competing animals . 
Thus, variation in herd age structure can contribute to variation of the 
intensity of natural selection for different survival and reproduction 
traits of bison. Fluctuating natural selection can be a mechanism for 
retaining genetic diversity in bison herds . This idea is developed more 
below, under "Population Fluctuations". 

Competition, Dominance and Natural Selection 
The social life of bison revolves around dominance and 
subordination . Most interactions either determine dominant and 
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summer, enhance survival, g rowth and fat reserves of the dominant 
animal. This increases her ability to provide the most nutritious milk 
for her calf, and to attain sufficient weight to trigger ovulation and 
breeding in the next season. Likewise, the subordinate cow's ability to 
reproduce successfully is diminished. Dominance behavior therefore 
increases, not only the absolute number of the dominant animal's 
genes in subsequent generations, but - even more - the relative 
number in relation to genes of subordinate animals. 

Population Fluctuations 

In small bison herds, large fluctuations in numbers of bison should be 
avoided. Such fluctuations include periodic low numbers and will 
accelerate inbreeding and loss of genetic diversity. However natural 
fluctuations in population size have played an important role in 
determining selective forces that produced wild bison. When small 
herds are managed for stability of bison numbers, this component of 
natural selection is lost. 
Stable wildlife populations are unusual. Most populations fluctuate 
without much notice. However, major declines and large increases 
are sometime obvious. Severe winters , periods of drought, periodic 
wildfires, and outbreaks of disease occur and fade away. Once, bison 
numbers responded to these vagaries of nature. 
Healthy, wild bison populations fluctuate in abundance, and they live 
in environments where their habitat resources and their diseases and 
predators vary as well. However, it is not simply bison numbers; it is 
bison numbers in relation to the carrying capacity of their habitat that 
is uniquely important to the future of wild bison. Carrying capacity is 
the ability of the habitat to sustain a population. For large herbivores , 
forage quantity and quality are the most often considered elements of 
carrying capacity. Usually, they are the only elements considered. 
Carrying capacity will be determined by climatic factors such as 
moisture or drought that affect forage production, snow that 
determines forage availability, or by recent fire or recent grazing that 
affect available forage. Forage carrying capacity is constantly 

87 



Rewilding Plains Bison 
changing, within and among  years. The relationship of bison numb 
:�

col
�gical dens ity�. A low ecori�fc�� �arrying_ capacity is termed 

b. un ant,_ q�ality habitat A high I �ns,ty ts a few bison on ison on limited or degraded hab�
c

� �
g1cal dens ity is very many 

��:�t��a��;!
u

:�������:�g T��pacif y
. 
fl:c�u:�:/

i

!�� =�����:�· bison 
wildness. · is natural variation is a h . . c aractenstic of I suggest that vary ing ecol . 

����:�o; ao�:!�
g
����:£�n�

a

�1�;:�%t::i::i�� i�v�":;:i�� \�• dens ity. High ecological densit 
periods of low and high ecological selection for high levels f � 
Y,_ often called "crunch time" t and w·,r o ,oraging effi · , genera es � ingness to compete for 

,c1ency, energy maintenance behavioral ly and anatomicall t 
forage . .L\ggressive bison adapted 

, 
and_e�ergy-efficient physiolo� i: 

c
h
old, with stout digestive systems 

������i��rdy i� m?st conserv:tio�v�;�surt;g: These characteristics 
dens ities Ce ma1nt_ained at artificially stabf o ison because bison 

. . · runch time never e and low ecological wild bison is relaxed . 
comes, and selection for these traits of These selective fact seem obvi 

ors operating at hi h . 
equally imp

ou
�. But, are recurring perio

�s 
ef o, log ical densities of bison 

. 0 ant for mainta ini 
O ow ecological densit answer is more speculative . 

ng some tra its of Wi ld bison ?  The 
y 

�is�>n bu(I� with a genetic tendenc . 
ho��

s
��:�t

�
o�=���sources to�ard ;���v;f�� greater proportion of 

in periods of h . s and luxurious leg cha 
P ay anatomy - large 

strategy is m 
igh ecological density Whe�s - may be disadvantaged 

ore successful 
, a more conserv t" 

�:: s.uccess_ful than bison·:i��:�
a
:: 

for surviva l . But the: �:y be 
ab�n���f in

u
;

1

;ei:b��s(��lo� ecolog�:��:�:�::���i�onal/g�owth 
variation in bison growth 

m1�edly, there is much e 
. or�ge is 

Howeve th · as animals respo d t 
p 1genetic r, is does not preclude some 

n o nutritional conditions 

88 

gene-based variation in 
. 

Wild Bison Populations 

growth patterns that may be exposed to natural selection.) 
Implications of varying ecologica l density for natural selection of 
reproductive strategies of bison bu lls are not clear. Bulls will compete 
aggressively for mates at either h igh or low ecologica l density. 
Energy-expensive competition for mates may be more intense at low 
ecological density when expenses can easily be recovered in the 
abundant forag ing  habitat. At high ecologica l density, dominant bulls 
may die earlier or may retire from the rutting groups relatively early, 
leaving some cows to be bred by less-dominant, perhaps younger 
bulls. 
At high eco logica l densities, most cows do not breed until they are 2 
or even 3 years o ld. Many do not breed every year because their 
physiology requ ires them to put on sufficient fat reserves before 
achieving breed ing status. For each cow bison , the emphasis is to 
assure personal surviva l while producing a few, h igh quality calves 

with high probabi l ities for their own survival in a habitat with a high 
ecolog ica l density of competing bison . 
In contrast, during periods of low ecolog ical density, cows with less 
conservative reproduction strategies may be favored . The costs of 
producing a ca lf at an early age, or in successive years , can easily be 
made up in the abundant habitat. With abundant forage and few 
competitors , that is , low ecolog ical density, cows with a "gambl ing" 
reproduction strategy can be successful . They gamble that breeding 
early before completing their own growth , or that breeding every year 
with perhaps less sufficient fat reserves, can still be successful . 
During periods of low eco logical density, the gambling strategy may 
provide more ca lves and genes in the next generation than wi ll the 
conservative reproduction strategy. 
Thus, a fluctuating eco logical density should provide a lternating 
variation of natural selection that maintains the genetic bases for both 
conservative/competitive and gambl ing/less aggressive animals in the 
herd. 
However, the common practice of managing bison herds at constant 
popu lation sizes, usually at low eco log ical density, should diminish 
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cattle-gene introgression,  inbreeding, genetic drift and artificial 

selection in weakening or replacing natural selection . As we pass the 

bison genome to succeeding generations, we give too l ittle thought to 

what this legacy will be . 

Footnotes: 

1 Leopold ( 1933) referred to the recreational value of wi ldlife being 

compromised by artificial management, but al l  other wi ldness values 

(Chapter 6) are also diminished. 

2 Geneticists , bear with me . I am trying to communicate a necessary 

amount of genetics to the layperson. Most are familiar with "genes" 

and "chromosomes". "Alleles" and "loci" are unfamiliar terms, and I 

have avoided the latter. 
3 Gross et al. (2006) suggested 400 bison as needed to retain 90% 

heterozygosity over 200 years. Perez-Figueroa et al. (2010) 

concluded 500 bison would retain 95% heterozygosity over this 

period . What level of loss of heterozygosity is "significant" is a 

judgement call. However, we should have high standards for at least 

a few bison herds somewhere in the USA. 

4 Perez-Figueroa et al,. (2010).  The computer model ing of gene flow 

across generations conservatively assumes no effective outbreeding 

behavior in a Yellowstone bison population of this size . While some 

outbreeding behavior may, and probably does, exist, its role in these 

popu lation genetics is unknown. In managing the on ly large , almost­

wild population of bison south of Canada, prudence suggests 

accepting the implications of this study. 

5 This important region of mammal DNA related to disease resistance 

is termed the "major histocompatibility complex". I used the extensive 

review provided by Wikipedia.org for information .  

6 Traill et al . (2009). About 5000 is the estimated number of animals 

needed for alleles lost to genetic drift to be matched by the same 
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Chapter 6 

Values of Wild Plains Bison 

The several values of all wildlife are largely taken for granted by most 

Americans. Most of us enjoy seeing wildlife and we support wildlife 

conservation. Perhaps it is a part of human nature to wonder at all 

the diverse, colorful ,  interesting critters that we find near home and 

especially in places we refer to as "wild". Just seeing a mountain lion, 

grizzly bear, gray wolf - or wild bison - is a unique and memorable 

event for most Americans. For many, it is a once in a lifetime. 

But economists and others who must track costs, benefits and values 

in public management plans and environmental impact statements 

find the pervasive "Oh wow!" attitude of Americans toward wildlife to 

be a bit "fuzzy" for analytical purposes. So it behooves us to analyze, 

"What good are wild animals?" Too often, a poor and incomplete 

answer to this question has diminished the future of wildlife in 

competition with other, often commercial, resources that compete for 

space on the American landscape. 

I will briefly describe the types of values inherent in all wildlife, with 

emphasis on wild bison. 

Recreational Value 

Recreational value of wildlife is very personal and recognized by 

nearly everyone. It is the joy, wonder, excitement, fascination and 

accomplishment inherent in observing, feeding, hunting, fishing and 

studying wildlife. For family members and friends, it includes the 

camaraderie of experiencing the natural world together. 

The above definition of recreational value of wildlife relies on human 

emotions in response to wildlife. Those who would push wildlife aside 

for usually commercial purposes often criticize this value of wildlife as 

too emotional - still to "fuzzy" for hard core analysis. However human 

life is an emotional experience. Do we discount the value of human 

life because it is "too emotional"? 

For each of us , the recreational value of wildlife increases in 
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