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ABSTRACT

Gilluly, Mary Seana April 1, 1986 Biology

An attempt was made to determine the degree of genetic 

uniqueness among feral horses in the western United States. 

Blood samples were collected from 86 feral horses in six 

separate herds in California, Oregon, Idaho, and Montana. 

Plasma proteins were compared by polyacrylamide gel electro

phoresis. Hemoglobin polymorphism was examined and compared 

by isoelectric focusing techniques.

The incidence of polymorphism among the hemoglobin types 

did not differ significantly among four of the six popula

tions, but did differ significantly among the Pryor (Montana) 

and Challis (Idaho) herds. Anatomical and behavioral dif

ferences are also evident among these horses.
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INTRODUCTION

Approximately 80,000 feral horses (Equus cabailus) inhabit 

North America with the majority dwelling in the western United 

States. The origin of these horse herds is largely specula

tive and in most cases only anecdotal information exists regard 

ing origin.

Although the original horse evolved to the greatest ex

tent in North America, it disappeared from the continent about 
11,000 years ago (Martin, 1973). The modern horse, E. Cabailus 

characterized by 64 chromosomes was reintroduced to North 

American islands by Columbus in 1495, and to the continent 
by Cortez, in 1519 (Denhart, 1951). Within a short period of 

time the horse became feral and inhabited the Great Plains of 

the American west in large numbers, reaching the present 

Canadian border by 1650. Some estimates place two to five 

million feral horses on the Great Plains between 1700 and 1800 
(McKnight, 1959). These earliest horses were largely Andalu

sians and represented a significant genetic component distinct 

from the African Barb horse (Simpson, 1951). But during the 

past 100 years horses representing many different breeds 

have found their way into America’s feral horse herds. Thus, 

the genetic makeup of the present population is unknown.

During the past 14 years interest in the origin of the 
continent's feral horses has grown. There is some speculation
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that small populations of feral horses, with genetic origins 

reaching back to the Andalusians of the 1500’s may still 

exist despite a diverse and large genetic pool among the 

entire population of 80,000 feral horses. One controversial 

population which has been intensively studied, and which shows 

intriguing but inconclusive hints of uniqueness is the Pryor 
Montain (Montana) herd. Anatomical and color pattern dif

ferences (Hall, 1972; Feist, 1971), and physiological dif

ferences (Kirkpatrick et al., 1977; Kirkpatrick and Turner, 

1983; Angle et al., 1979) between the Pryor horses and other 

feral and domestic horses have been reported. Since no pre

vious studies of feral horse genetics exist, it was of inter

est to examine this aspect of their biology. Consequently, 

hemoglobin and blood enzyme polymorphism was examined amoung 

six genetically isolated feral horse herds in the western 

United States.
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LITERATURE REVIEW

History

In spite of the large and growing population, relatively 

little is known about either the origin or biology of the 

feral horse. The evolution of the horse, Equus caballus, is 

expertly described by Simpson (1951) and it should be noted 

with some ironly that one of the two origins of the first 
horse (Hyrocotherium or Eohippus) was western North America. 

At about 7000 B.C. the horse disappeared in North America and 
the cause(s) are still open to specultion. By 5000 B.C. the 

genus Equus appears to have generated two species, ie., 

caballus and the onager (Equus hemionus) or Asian wild ass 

(Simpson, 1951; Haines, 1971).

By 4000 B.C. two or possibly three subspecies of Equus 

caballus had developed (the tarpan, Przewalski horse, and 

Plish forest horse) and one of these, the tarpan, had been 

domesticated. From this point on, the precise history of 

the horse is obscure but by 2000 B.C. the horse reached the 

middle east and by 1000 B.C. it had reached Africa and Spain.

• It is somewhat speculative as to how the modern horse develop

ed, and there are contradictions in theories. One theory 
promotes the tarpan as progenitor of all western breeds of 

domestic horses. Unfortunately, the tarpan was hunted to 

extinction in 1851 and there is little remaining (two skulls)
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of biological significance to study today (Zeuner, 1963). 

Przewalski’s horse supposedly gave rise to the Chinese 

domestic horse. In support of this theory is the fact that 

Przewalski’s horse possessess 66 chromosomes (2N) with 94

• chromosome arms while the domestic horse possessess 64

chromosomes with 94 chromosome arms (Gray, 1971; Short et al. 
1974). Short (1975) points out that no wild horse has ever 

been found with 64 chromosomes, nor has any domestic horse 

with 66 chromosomes been described. The tarpan could well 

have been the 64 chromosome horse from which today’s horse 

is derived. The mechanism of Robertsonian fusion necessary 

for the development of a 64 chromosome horse is described 
by Short (1975). In spite of their differences it is clear 

that by 102 B.C. there was a mixing of the Chinese horse 
(derived from Przewalski’s horse) and the tarpan derived 

middle eastern horse.

Supporting at least one facet of this theory is the fact 

that reproduciton between 64 and 66 chromosome Equidae re
sults in fertile offspring (Short et al., 1974).

Since the feral horses of North America represent a 

myriad of breeds it will serve little purpose to deive into 

the confusing matter of their precise origin, however a few 

generalizations can be made. The horse introduced into the 

new world in 1519 and shortly there after (the Analalusian) 

had close ancestoral ties with the African barb and Arabian. 

Both these latter breeds were small, fast horses capable of 

great endurance. Both are considered to be the foundation 

of the modern horse and in turn are thought to be derived
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from the Przewalski-Chinese horse hybrid.

How and where the horse reverted to a feral state in the

new world is also open to speculation. It is clear that the 

Spanish brought great numbers of barbs, in addition to Andalu- 

sians, to the New world. Shortly thereafter, American Indians 

had access to horses (Ryder, 1970; Haines, 1971). Although 

the horse was introduced in the southernmost reaches of the 

U.S. they spread northward at an amazing rate and by 1750 

had reached Canada (Smith, 1969). Although early population 

data has little reliable documentation, it has been estimated 

that there were between two and five million feral horses 

between 1780 and 1810, with the greatest concentrations in 

the southwest. Between 1900 and the present time a variety 

of circumstances caused the removal of the feral horses for 
sale (the Boer War and World War I) or for consumption (chicken 

feed, pet food, etc). The remaining population was genetically 

diluted during the Great Depression when thousands of domestic 

horses were abandoned in the west.

The story of the North American feral horse might end at 

this point with little scientific value or implications, how

ever, a small but reasonably reliable thread of data requires 

re-examination of these animals and their evolutionary progress

• It is becoming increasingly apparent that the feral horses of

North America are not a homogeneous population with regard to 

parameters such as anatomy, size, behavior and physiology. This 

new view of the feral horse is not universally held; and there 

are clains that there exist no significant differences between 

these animals and domestic breeds (Beebe and Johnson, 1964).
5



Others believe there may be only a few hundred "pure" barbs 

or Andalusians remaining (Ryder, 1970). What is clear is 

that today approximately 80,000 feral horses inhabit public 

lands in the United States and virtually nothing is known about

• their biological relationship to other breeds of Equus caballus 

or for that matter their general biology (Zarn et al., 1977).

In September of 1979, at the University of Wyoming the first 

symposium concerning research on the feral horse and feral 

burros was held. These proceedings made it clear that:
1) some considerable differences exist between feral horses 

of different herds, and 2) some feral horses demonstrate 

significant biological differences when compared to domestic 

horses.

The working hypothesis around which this research re

volves states that in the case of some herds of feral horses, 

extremely harsh environments, severe climates and relatively 

long periods of physiological stress have resulted in rapid 

natural selection in favor of a small, unique, primitive horse 

capable of great endurance and reminiscent of the horse which 

emerged on the Iranian plateau over two thousand years ago.

In captive populations of many species, which in some respects 

resemble the geographically isolated herds of feral horses,

* the gene pools have been altered through founder effect, in- 

breeding, genetic drift and selection by man (Ryder et al., 

1981a; Ryder et al., 1981b; Bernirschke et al., 1980).

There is no reason to believe that we will not see the same

effects in feral horses.
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The significance of this hypothesis is both abstract and 

practical at the same time. In a large sense, the result of 

natural selection here may properly be interpreted as a form 

of ’’native” North American horse, unique from all other New
• World breeds, since this horse evolved to its present form

on this continent. Since the hypothesis is largely unproven, 

present management policies, i.e., removing horses from 

natural ranges for domestication (Rey, 1975), do not address 

either the biological "fitness” or the animals for their 

habitat, or the scientific value of a recently evolved primi

tive horse as a model for understanding the modern horse. The 

present policy of removing animals also removes components of 

the gene pool. Since so very little is known about the physio

logy or genetics of these horses, the decrease in the gene pool 

is carried out without any real understanding of long term 

effects. In a more practical vein, such a primitive horse as 

the one hypothesized above may prove to be a valuable model 

for studying equine reproduction, immunological competence, 

and nutrition, among other parameters.

Present State of Knowledge

The 125 horses of Montana's Pryor Mountain herd are gen

etically smaller than domestic horses, with mares averaging
• 600 to 750 pounds, and mature males averaging 800 to 850 pounds 

(Hall, 1972). That the size of the animals reflects genetic 

control is seen in feral horses raised in captivity on high 

quality forage. These animals do not show significant
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increases in size (personal communication, Kirkpatrick, 1985). 

For purposes of comparison, 42 mature domestic horses averaged 

133.94 cm in height (slightly over 13 hands) and weighed 

between 850 to 1000 pounds (Denhardt, 1948).

• In the Pryor Mountains, Hall (1972) noted that palamino,

pinto, white, and appaloosa colors are totally absent, yet 

these colors are quite common among horses on other ranges. 

Additionally, many of the Pryor horses possess dorsal stripes 

and tiger striping on the legs and withers. Hall believes 

this to be a clear sign of reversion to a more primitive form 

of horse. Hall also examined many skeletons of the Pryor 

horses and he found remains with five lumbar vertabrae, six 

lumbar vertabrae, and the fifth and sixth lumbar vertabrae 

fused, although those with five predominated. Supposedly, 

the African barb had five separate lumbar vertebrae, while 

the Andalusion had the fifth and sixth fused. The Quarter 

horse has six separate lumbar vertabrae, while the Arabian 

(which is reputed to be closely related to the barb) normally 

has five.

These differences are somewhat subjective in nature and 

they in no way provide definitive arguments for the unique 

qualities of the Pryor horses. During the past eight years 

the laboratory of Dr. Jay Kirkpatrick has been investigating 

several physiological aspects of the feral horse, both in 

Montana and elsewhere. Certain evidence is accumulating which 

suggests a significant degree of biological uniqueness in 
these animals. Kirkpatrick et al. (1977) demonstrated a
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different pattern, quantitatively and qualitatively of 

adrenal steroid secretion in feral horses when compared to 

domestic horses.

The study of Bottoms et al. (1972), reveals a marked
• diurnal peak of cortisol in the morning hours in domestic 

horses, while in feral horses there is no such peak. Also, 

the corticosterone levels in feral horses were significantly 

lower than in domestic horses. Bottoms et al. (1972), re

ported a mean corticosterone concentration of 2.2 ng/ml of 

plasma in domestic mares, while the feral mares possessed a 

mean level of 0.13 - 0.4 ng/ml. The mean cortisol concentra

tion in feral horses was 24.3 ng/ml as compared to 13.7 ng/ml 

in domestic horses, thus while the feral horses have lower 

total corticosteroids, they appear to possess considerably 

more of the biologically active steroid cortisol. Figures

1 and 2 illustrate the qualitative differences in cortico
sterone levels (pages 10 & 11).

In another study (Hoffsis et al., 1970) six domestic 

horses experiencing shock showed corticosteroid levels of 

105.1 ng/ml plasma. This represents an approximate 50% 

increase from resting levels in healthy horses. One study 

(Kirkpatrick et al., 1977) found only a 24% increase in a

• severely stressed horse, over a resting, unstressed feral 

horse (Refer to Fig. 2, page 11). This smaller increase in 

stress related corticosteroid release was later confirmed in 

another study of feral horses (Kirkpatrick et al., 1979). It 

thus appears that even severe stress may not provoke as large

9



Mean Cortisol

Mean Corticosterone

0.30

0.25

0.20

MCG/100ml Plasma 0.15

0.10

0.05

0.00
2 4 6 8 10 12 2 4 6 8 10 12

riours

Fig. 1. Diurnal Patterns of Plasma Cortisol and 
Corticosterone in Domestic Horses.
(from Bottoms et al., 1972)
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a response in adrenal steroid secretions in feral horses

as in domestic horses.

From the standpoint of reproduciton there are also some 

significant differences between feral and domestic horses.

£ Domestic mares demonstrate their first estrus somewhere be

tween 15 to 24 months of age, however, feral mares do not enter 

into the reproductive pool until four years of age (Hall, 1972; 

Feist, 1971). Feral stallions also enter the reproductive 

period late, or about three to four years of age as compared 

to domestic stallions who enter the reproductive period at about 

two years of age. The mechanism behind this phenomenon may be 

related to social factors, nutrition, or it may be gentically 

controlled. Plasma androgens have been examined and it is at 

least clear that they play a role. Figure 3 (page 13 ) il

lustrates the differences in plasma testosterone between 19 
mature feral males (solid black bar) with undescended testes 

(hatched bar #1 and #2) (Kirkpatrick et al., 1980).

The domestic horse is a seasonal breeder if one views 
(1) incidence of behavioral estrus (Figure 4, page 14) (2) 

incidence of ovulation (Figure 5, page 15), and (3) foaling 

rates (Figure 6, page 16 ).

It is clear from this data that the most efficient re

productive season for the mare extends form May through 

October. Yet at the same time, the domestic horse can and 

will breed successfully during any other season of the year, 
but with less efficiency (Kenny et al., 1975). Field data 

from the Pryors and from the Winnemucca, Nevada range (see 
Figure 7, page 17) indicate a shorter reproductive season for

12
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Fig. 4. Monthly Incidence of Behavioral Estrus.
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Fig. 6. Number of Mares Foaling.
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feral mares.

While it is clear from this data that feral horses are 

also seasonal breeders, it is also obvious that there is almost 

a total absence of reproductive activity in the fall and early 

winter as in domestic mares. A recent study of captive feral 
mares (Kirkpatrick, in preparation) using luteinizing hormone, 

progesterone, and total estrogen levels in the plasma as 

indicators of physiological estrus and ovulation, indicates 

that feral mares have a definite shortened reproductive season 

based on their physiology, which limits foaling to the period 
most favorable for survival (see Figure 8, page 19 ).

Five years of behavioral data collected during all 12 

months of the year (Turner et al., 1981) and corroborated by 

the studies of Hall (1972) indicate that reproductive activity 

is totally absent in feral horses in Pryors between September 

and March. This is in conflict with Berliner (1969) and Hafez 

et al., (1969) who claim that feral mares will show sexual 

receptivity year-round even though they may not breed during 

the winter months. Aside from this, it is clear that the 

Pryor feral horses are completely seasonal and are unique in 

this aspect.

The feral stallion also shows strong sign of seasonality, 
but the mechanism(s) controlling his seasonality are more 

subtle. Kirkpatrick et al., (1977b) ahve shown a clear season

al difference in androgen and testosterone levels which in turn 

correlate well with breeding activity, aggression and reproduc

tive behavior.
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Some rather striking differences in behavior appear among 

different populations of feral horses. In the Red Desert of 
Wyoming, Miller (1979) and Boyd (1979) report (l) a high degree 

of band instability, and (2) a high incidence of mounting and

• breeding behavior by subordinate stallions among feral horse 

bands. In addition, Nelson (1980) reports breeding behavior

by feral horses which extends well in to the winter months among 

feral horses in New Mexico. Kirkpatrick's investigations 

have revealed just the opposite among horses in the Pryors 

and at Challis, Idaho, namely that these horses do not breed 

during the winter months.

In summary, it must be pointed out here that these 

aforementioned differences between various populations of 

feral horses and between feral horses and domestic horses are 

the interpretaitons of endocrinologists, behaviorists, and 

reproductive physiologists. A shift to genetic studies is 

the logical outcome of this line of investigation.

Work in Progress

To my knowledge there are virtually no investigators look

ing into feral horse population genetics. The Bureau of Land 

Management supervises a number of research projects regarding 

feral horses in North America, but none deal with the genetics
• of feral horses. The most closely related work in progress is 

that being carried out at the San Diego Zoo. Drs. Oliver Ryder 
and Kurt Benirschke have been investigating the genetics of 

Przewalski's horse--the only true "wild" horse--for several 

years. In the course of these studies most of the other extant
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species and subspecies of equids have also been investigated.

Methodology

The broad plan of this research involves a comparative 

study of serum proteins and hemoglobin polymorphism among feral 

horses from throughout the western United States. Such data 

already exists from various domestic breeds and exotic equids 

such as E. przewalski.

The examination of serum proteins has been used success

fully to distinguish various breeds of domestic horses (Gahne 

1966; Kaminski, 1965, 1969, 1970; Helms and Allen, 1971; Allen 

and Dalton, 1975; Schelger, 1974) as well as Przewalski’s 

horse (Podlizchouk, 1971), mules, donkeys, and zebras (Osterhoff 

1966) and Icelandic ponies (Nesselhot, 1966). Kaminski (1978) 

in a review of the subject shows for instance, differences in 

transferrin phenotypes which are striking and significant 

for differenct horse breeds and populations. These techniques 

have also been employed successfully to establish phylogenetic 

relationships between other genera as well.

On a more specific level, polyacrylamide gel electro

phoresis has been exploited to develop a cladistic picture of 

the extant equids (Ryder et al., 1979). The methodology is

• that of Sarich and Cronin (1976) for vertical polyacrylamide

gel electrophoresis, using the buffer system of Davies (1964).

Kilmartin and Clegg (1967) demonstrated that horse 

hemoglobins exhibit two distictively different =*• -chain

21



polymorphisms, and Clegg (1970) demonstrated four distinct 

heritable -chain sequences. Isoelectric focusing techniques 
have been used by Ryder et al. (1979) to identify hemoglobin 

polymorphisms and their frequencie in E. przewalski.

22



METHODS AND MATERIALS

Eighty six whole blood and plasma samples were obtained 

from horses in six different and genetically separated herds.

The herds included Pryor Mountain, Montana (N=8), Kiger Plateau, 

Oregon (N=21), Challis, Idaho (N=9), Powell Mountain, California 

(N=8), Modoc, California (N=23), and Pilgrim Lake, California 

(N=17). Blood was collected by venipuncture from horses gathered 

by roundup, and stored frozen as plasma or whole blood samples.

The blood was collected into vacutainer collecting tubes and 

transferred to two plastic storage vials. Numbers corresponding 
to the numbers on the data card (Fig. 9, page 24 ) were written 

on the vials with a waterproof marker. A small quantity (several 

milliliters) of whole blood was placed in one of the vials and 

frozen. Hemolysis was not a concern as we were using the hemo

globin. A small quantity of serum was placed into the second vial 

and frozen. Ideally 10-15 samples per herd were collected. No 

fewer than five samples per herd were collected.

Information on each horse was recorded on the data card.

* Band affiliation was indicated by a letter. We were interested

in differentiating bands from one another within a given horse 

range. Knowledge of herd location was important as we were 

seeking information about whether or not one group of horses was 

genetically isolated from another group. All horses not
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Feral Horse Genetic Study 
Instructions

1. Data Card

A. For each horse drawn a data card should be filled out (see below).
The sample number on the card (upper left) should correspond to 
the sample numbers on the blood tubes.

FERAL HORSE GENETIC STUDY

Sample Number:___________ Date Collected: / /____

Age:________ Sex:___________ Band Affiliation (if known):_____

Herd Location (be as precise as possible):_____________________

Physical Description of Horse (color, breed type, etc.):_________

Comments or Additional Information:

Fig. 9. Data Card.
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genetically isolated were given the same herd location. Because 

a later facet of this project will attempt to relate feral horses 

with domestic ones, physical descriptions were important. Phys-

• ical resemblance to a particular breed (i.e. Percheron, Morgan,

Quarter, etc.) was noted. In the abscence of a clear resemblance 

a written description was provided.

Electrophoresis Protocol

Blood enzymes were separated and examined by a modified gel 

electrophoresis technique (see appendix, page , for protocol) 

described by Maizel (1971). The resolving gels were 7.5% 

acrylamide (LKB), 0.002% N-N’- Methylene bisacrylamide (LKB), 

0.05% N,N,N’,N'- Tetramethylethylene (TEMED) (Eastman), 12.5%

Tris Hydrochloric adid buffer, ph 8.9, and 0.5% ammonium persulf

ate. Plasma was centrifuged at 500 g’s for 3 minutes to remove 

insoluable material. Samples were prepared for electrophoresis 

by placing 3 ul of plasma in 3 ul of sample buffer and 1 ul of 

0.25% bromphenol blue. Five ul of the buffered plasma was 

placed in the gel wells and covered over with electrode buffer.

Electrophoresis was carried out on a LKB Multiphor 2117 

electrophoresis unit. The electrode buffer was Tris glycine, 

ph 8.3. Preelectrophoresis, a condition necessary for concen

trating the sample, was carried out for five minutes at 50mA and 

100 volts. The remainder of the run was carried out at 200 volts 

for four hours. Upon completion of electrophoresis the gels were 
stained in 0.025% Coomasie Blue R-250 (Eastman) and 5.0% acetic
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acid for five hours, and destained with 28.5% ethyl alcohol 

and 3.5% acetic acid. Gels were stored in 3.5% acetic acid 

and photographed against a light table.

Isoelectric Focusing Protocol

Hemoglobin polymorphism was examined by the isoelectric 

focusing technique described by Ryder et al. (1979). The 

isoelectric focusing was carried out in 1.5mm polyacrylamide 

horizontal slab gels on an LKB multiphor 2117 electrophoresis 

unit. The gels were made from 7.5 grams sucrose in 36.6 ml 
H20, 10 ml 29.1% acrylamide (LKB), 0.05 ml N,N,N',N'-Tetra- 

methylethylene (Eastman), 3.0 ml ph 6-8 ampholine (LKB) 40%

W/V, and 2.0 ml 1% ammonium persulfate (Eastman).

Blood samples were prepared by placing 20 ul of red cell 

hemolysate in 50 ul of 0.1% KCN. The hemolysate-KCN mixture 

was absorbed in 5 x 8 mm Whatman Number 3 filter paper and 

placed directly on the gel at the cathode side. The gel was 
cooled to 10° centigrade by circulating water from an LKB 

Multitemp 2209. The anode buffer was 1 M H^PO^ and the cathode 

buffer was 1 M NaOH. Isoelectric focusing was carried out at 

25 mA and 400 volts for 30 minutes, after which the filter paper 

was removed. The focusing then continued at 25 mA and 900 volts 

for three hours. Fixing of the gels was accomplished by wash

ing in 12.5% trichloroacetic acid for five minutes and rinsing 

in tap water. The gels were stained as in the electrophore

sis protocol and photographed against a light table.
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RESULTS

While the determination of hemotypes through gel electro

phoresis yeilded little information as to the genetic makeup 

of the animals in this study, it provided further evidence 

that, at the very least, phenotypic differences do exist 

between the horses of different herds. Because this was a 

genetic study the allele types, determined through isoelectric 

focusing of hemoglobins, provide the data most suitable for 

statistical analysis of genetic uniqueness.
Table 1 (page 28 ) represents the banding patterns of

the four allele types evident in the horses we studied. The 

different banding patterns were designated with letter codes 

and determined to represent allele types following the methods 
of Kaminski (1978).

Chi square analysis of the data was carried out to examine 

both whether or not the herds differed significantly from one 

another as well as whether or not individual herds differed 
significantly from expected values. Table 2 (page 29 ) shows 

both the expected and observed number of horses exhibiting
® each allele type and also lists the sum of the chi square values

for each population.

The observed frequencies did not, for the most part, vio

late those expected in a Hardy-Weinberg distribution. Statisti

cally significant differences were noted between populations,
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Table 1. A representation of different allele types 
determined through isoelectric focusing of 
hemoglobin.

Herd
Location Msl Lil Lal Jfl
Pryors 5 3 0 0
Kiger 12 0 1 8
Challis 0 0 0 9
Modoc 18 0 4 1
Powell
Mountain 7 0 1 0
Pilgrim
Lake 9 1 0 7
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Table 2 Observed and Expected numbers for each allele 
type in each herd, and the sum of the chi 
square values.

Location Msl L.il Lal Jfl X2
Pryors

obs
exp

5
4.74

3
0.37

0
0.56

0
2.33

21.66

Kiger
obs
exp

12
12.45

0
0.98

1
1.47

8
6.10

1.73

Challis
obs
exp

0
5.33

0
0.42

0
0.63

9
2.62

21.92

Madoc
obs
exp

18
13.63

0
1.07

4
1.60

1
6.68

10.45

Powell
obs
exp

7
4.74

0
0.37

1
0.56

0
2.33

4.12

Pilgrim
obs
exp

9
10.08

1
0.79

0
1.19

7
4.94

2.22
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with the Pryor Montain (Montana) horses and those of Challis, 

Idaho differing most significantly from both expected values 

within the population and between populations. Table 3 
(page 31 ) shows the level at which the differences were sig-

• nificant.

Particular alleles were also examined for uniqueness to 

populations. The allele type disignated Ljl was found in only 

two populations, the Pryor and Powell Montain herds. In the 

Pryor herd it was representative of 37.5% of the animals 

studied, while in the Powell Mountain herd it was exhibited 

by 12.5% of the population studied. The Msl allele was most 

common, being displayed in all herds except the Challis group.

In the other five herds this allele presented at a higher 

frequency than any other. In the Challis herd only the Jfl 

allele was evident; this herd was the only one to demonstrate 

a single allele type. Table 4 (page 32 ) shows the frequency 

with which this genotype was shared with the other groups. 
Several of the herds studied (Kiger, Modoc, Powell Mountain, 

and Pilgrim Lake) contained single horses possessing allele 

types unique to them within the population.

It is important to note in interpreting these results that 

only a small percentage of total herd populations were sampled.. 

Availability of the horses for blood drawing presented a problem 

in this respect. Of the 125 horses inhabiting the Pryor 

Montain Range, only eight useable samples were obtained. Similar 

percentages of horses from other ranges were sampled, with the 
largest group (Modoc) still representing only 25% of the total
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Table 3 Chi Square results on allele type analysis.
The null hypothesis states that there are no 
significant differences between populations
(+) reject the null hypothesis at p=0.005 level 

of significance.
(-) cannot reject the null hypothesis at the 

p=0.005 level of significance.

TEST GROUP CHI SQUARE

Pryors +

Kiger

Challis +

Modoc

Powell
Mountain

Pilgrim
Lake
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population of that range. For this reason, while statistical 

differences are evident, the author suggests care in attribut

ing these differences to entire populations.

CARROLL COLLEGE LIBRARY
HELENA, M^NT'.........^^05
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DISCUSSION AND CONCLUSION

In this study I was interested in the possibility that 

one or more of the feral horse herds investigated represented 

a genetic component different from the others. Consideration 

of the numerical data suggests that there are significant 

differences in polymorphism in the Challis, Idaho and Pryor 

Montain, Montana herds, while there are no significant dif

ferences in the California and Oregon herds. Several pos

sibilities exist as to why this might have occurred.

The Pryor Mountain horses are well isolated by the Big

horn basin and Pryor mountains of easter Montana. Similarily, 

the Challis horses are separated from other herds by the Salmon 

River to the north, and mountains on the east, west and south. 

The remaining four herds, however, extend across a region-- 

northern California to central Oregon-- in which migration 

could easily have occurred. There are no formidable barriers 

across their collective ranges. If our analysis is correct 
this suggests (but does not prove) that migration of the 

California and Oregon horses did occur, with a mixing of genes 

but that the isolation of the Pryor Mountain and Challis herds 

might have prevented mixing, thus resulting in a different 
polymorphism of enzymes.

The mixing of the four western herds could have occurred
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since the Great Depression of the 1930's -- the time when 

these horses are assumed to have been turned loose. A rough 

calculation suggests 10-12 generations since then, but our 

inclination is to view the lack of differences to mean that 

the horses have been around much longer than 50 years.

Our major unknow is the breed type from which each herd 

arose. While it is not likely that the four western herds 

scattered over a 500 x 300 mile range arose from one breed, 

and the Challis and Pryor horses from another, it is a pos

sibility .

Finally, herd size must be considered. The Pryor herd 

at the time of this study numbered approximately 125 head, 
Challis, 110, Kiger, 251, Modoc, 491 (band size = 100), Powell 

Mountian, 240 and Pilgrim Lake, 136. Generally, the Pryor 

herd ranges from 300 to 80 head, and Challis herd between 

600 and 300. The four western herds have been considerably 

larger. Therefore what we might be seeing is simply a limited 

form of inbreeding in the Challis and Pryor herds, and a good 

mixing in the other four.

Obviously a great deal of work remains to be done on this 

subject. Karyotyping or analysis of mitochondrial DNA would 

yield more indepth information on the genetics of these animals 

Larger samples would also help insure that the results are 

indicative of entire populations.

Hopefully, management policies of the various herds will 

reflect increased knowledge, especially in the event that 

uniqueness not due to inbreeding can be established with some
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degree of certainty. Current policies can serve 

further delute the gene pools and thus limit the 

of isolating a genetically unique feral horse or 

in the United States.

e

only to 

possibility 

band of horses
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APPENDIX

Preparation of Polyacrylamide gel electrophoresis solutions 
and gels.

A. Buffer Stock Solution

6 grams Tris
28.8 grams Glycine
dissolve above in 900 ml H20

B. Electrode Buffer

500 ml solution A in 4500 ml distilled H20

C. Solution Ila

48 ml 1 N HC1
36.3 grams Tris
dilute to 100 ml with H20
adjust to Ph 8.9 with 20% Tris
solution must be refrigerated

D. Solution lib

48 ml 1 N HC1
5.48 grams Tris
dissove in 90 ml H20
adjust to Ph 6.7 with 10% Tris

E. Reagent 1

30 grams acrylamide
0.8 grams bisacrylamide
dilute to 100 ml with distilled H20
refrigerate

F. Persulfate Solution

Make to 10% with distilled H20

G. Bromphenol Blue

25 mg bromphenol blue
Make to 10 ml with Solution lib

H. Sample Buffer

25 ml buffer stock solution 
10 ml glycerol
Make to 100 ml with distilled H20
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PROCEDURES

A. Resolving Gel

3.75 ml Reagent 1
1.88 ul Solution Ila 
7.5 1 TEMED 
9.29 ml H20 
75 1 persulfate

pipette into mold (Fig. 10, page )

B. Stacking Gel

1.0 ul Reagent 1 
1.25 ul Solution lib 
7.5 1 TEMED 
7.64 ml H20 
100 1 persulfate

pipette into mold (Refer to Fig. 10)

After stacking gel polymerizes remove combs (refer to 
Fig. 10), fill wells with electrode buffer, pipette 
out. Refill wells with electrode buffer; add sample- 
bromphenol blue mixture to wells.
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Stacking Gel 
57a acrylamide

Resolving Gel 
7.5% acrylamide

Fig. 10. Glass Cell for Gel Casting.
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