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Transferrin of Columbian black-tailed deer (Odocoileus

hemionus columbianus) displayed two types of polymorphism. One

type involved differences in sialic acid content. The nature of the

other polymorphism is not known. A hypothesis for three codominant

alleles at a common locus was proposed and tested by using the

Hardy-Weinberg Principle. The tests, as well as consistency in

gene frequency from year to year, supported the hypothesis. No

differences attributable to sex or age were detected.

The genotypic frequencies of transferrins of one population

differed significantly in a statistical sense from two other

geographic populations studied in western Oregon. Consistency

in gene frequency from 1969 to 1970 supported the implication

that the three populations were relatively isolated from one

another, at least genetically. Significant differences in the frequency

of position of the posterior mental foramen also suggested that the
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populations were relatively isolated. Reports from other workers

indicate that Columbian black-tailed deer have limited home ranges.

The results of this study are in agreement with these findings.
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TRANSFERRIN VARIATION AND POPULATION
DIFFERENTIATION IN BLACK-TAILED DEER

INTRODUCTION

The comparison of gene frequencies can be a useful technique in

differentiating populations or estimating mixtures of stocks. In order

to apply this technique to Columbian black-tailed deer (Odocoileus

hemionus columbianus)', one or more polymorphic loci must be found.

Data on genetically controlled protein polymorphisms are not

prevalent for the genus Odocoileus. Kitchen etal. (1964, 1966) have

studied hemoglobin polymorphism in Virginia white-tailed deer (0.

virginianus). They have distinguished by electrophoresis seven adult

and two fetal hemoglobins. Breeding experiments suggest genetic

control of the proteins. Huisman etal. (1968) proposed a hypothesis

for two non-allelic structural genes and several allelic structural

genes for white-tailed deer hemoglobin. The hypothesis was based on

17 different types of hemoglobin polymorphism.

Cowan and Johnston (1962) studied serum proteins of white-tailed

deer (0. v. ochrourus), mule deer (0, h. hemionus), sitka deer (0.

h. sitkensis), and Columbian black-tailed deer (0. h. columbianus),

using filter paper electrophoresis. They concluded that there were nc

clearcut differences in serum protein mobility or percent composition

'Throughout this paper subspecific nomenclature follows that of
Miller and Kellogg (1955).
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among the types of deer.

Van Tets and Cowan (1966) surveyed serum proteins of three

subspecies of white-tailed deer using starch gel electrophoresis,

They concluded (p. 631) that there were "too many confusing influences

to make serum protein differences as determined by starch gel

electrophoresis a useful tool of the systematist. IT

Miller etal. (1965) studied hemoglobin and transferrin from

white-tailed deer primarily from the Desoto Bend area on the Iowa-

Nebraska border. They detected two hemoglobin phenotypes and three

transferrin phenotypes. The latter protein was not conclusively

identified as being transferrin, however.

My study of blood proteins of the Columbian black-tailed deer

commenced in May, 1970 and ended in June, 1971. The basic

objective of the study was to survey the various blood proteins using

starch gel electrophoresis and specific staining techniques.

Specific objectives were as follows:

L To find proteins having potential use in the study of genetic

relationships among populations of Columbian black-tailed

deer.

2. To hypothesize a mode(s) of inheritance for the protein

under question.

3. To try to estimate the degree of genetic isolation of the

populations under study.
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Geographical populations located on McDonald Forest, Adair

Tract, and Finley Refuge were analyzed. The first two areas are

about three miles north of Corvallis, Oregon, and are within a mile

of each other. Finley Refuge is about ten miles south of Corvallis

and 13 miles from the first two areas.



A GENERAL SURVEY OF THE BLOOD PROTEINS

Blood proteins arise from numerous sources. Blood courses

through all other living tissues, Protein from these tissues is

introduced into the blood stream either passively or through secre-

tion. A protein, for instance the enzyme lactate dehydrogenase, may

differ from tissue to tissue. This may be due to differential expres...

sion of various genetic loci of the protein, pleiotropy, or other

causes. Therefore it is desirable to analyze a protein from a known

tissue source to simplify genetic evaluation.

Proteins primarily specific to the blood were surveyed. These

included albumin, prealbumin, haptoglobin, hemopexin, hemoglobin,

transferrin, erythrocyte lactate dehydrogenase, erythrocyte carbonic

anhydrase, and erythrocyte esterase. However, only transferrin

displayed polymorphism which was useful for genetic analysis.

Frequencies of transferrin genotypes are the basis of population

analysis in this paper.

Materials and Methods

Blood samples from Columbian black.-tailed deer were obtained

from hunters in fall of 1969 and 1970 during a closely controlled

special deer season. Empty tubes were provided to hunters as they

reported into check stations at the Oregon Game Commission head-

quarters at Adair, and at two field stations on Finley Refuge. Blood
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brought back by hunters was either placed in a refrigerator or chilled

with ice at the check stations, Tubes were later centrifuged, and sera

and blood clots were separated, washed (in the case of clots), and

frozen.

Horizontal starch gel electrophoresis (Smithies, 1955) was used

throughout the study. The well buffer at pH 8. 7 contained 0. 3M boric

acid and 0. 1M NaOH. Two gel buffers were primarily used, 0.0211M

and 0. 0 165M trig (hydroxymethyl) aminomethane. One-tenth normal

HCI was used to adjust the first gel buffer to pH 7.6 and the latter to

pH 6. 7. In some instances, the pH and molarity of the gel buffers

were altered slightly to compensate for changes in starch lots and

aging of well buffer.

The starch and buffer were heated over an open flame and

poured into a 0. 5 x 14 x 22 cm mold. Protein samples were absorbed

onto 6 x 7 mm pieces of blotting paper Hwicks. U The wicks were

inserted into a slit made in the gel, Initial voltage was maintained at

165 v for 15 minutes. The wicks were then removed, and the voltage

was increased to 380 v. The run terminated when the borate boundary

migrated 10 cm from the slit. Gels were sliced in half with a fine

wire and stained with Amido Black or other staining solutions.

When a greater concentration of protein was needed for ana1ysis,

slots were used in place of wicks, Slots were formed from molds and

had a capacity of approximately 70 }.d. Initial voltage of 165 v was



maintained for 20 minutes with slot gel electrophoresis, then

increased to 380 v. All gels were cooled by placing ice-filled plastic

boxes on the gel surface.

The general differences in pattern resulting from use of the two

gel buffers are seen in Figures 1 and 2. Approximate positions of

some protein groups are indicated.

Trans ferr in

Transferrin was analyzed at both pH 7. 6 and pH 6. 7. At pH

7. 6, three patterns were observed (Figure 3). The three patterns

correspond to similar patterns found in white-tailed deer (Miller et

1965) and red deer (Cervus elaphus) in England (McDougall and

Lowe, 1968). In the former study, the proteins called transferrins

were never positively identified as such. In the latter study, the

authors used 59Fe and autoradiography to identify the transferrin, In

the present study, the transferrins were identified by using a Nitroso

R stain (Mueller etal., 1962). Slot gel electrophoresis was

employed.

The three patterns at pH 7, 6 may represent three genotypes
A Ccontrolled by two alleles, Tf and Tf . In the section on the analysis

of genotypic frequency, a hypothesis is proposed for the existence of

two codominant alleles at a common locus, The hypothesis testing is

described in that section.
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Transferrin
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Figure 1. Serum proteins stained with Amido Black.
Positions of groups (some not visible) are
indicated. Gel buffer at pH 7. 6.

Figure 2. Serum proteins stained with Amido Black.
Gel buffer at pH 6. 7.
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Transferrin
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Genotype

- TfA/TfC

- TfA/TfC

= - TfC/TfC

- TfA/TfA

- TfA/TfA

- TfA/TfA

- TfA/TfA

- TfA/TfA

- TfA/TfA

Figure 3. Transferrin patterns at pH 7. 6. Gel stained with
Arnido Black. Anode at left.

Genotype

TfAh/TfA1

- TfAh/TfAZ

- TfAZ/TfA2

Tf/TfA1
- TfAh/TfA2

Tf/TfC
- TfA2/TfC
- Tf/TfAZ
- TfA2/Tf

- TfC/TfC

Figure 4. Transferrin patterns at pH 6. 7. Gel stained
with Amido Black.



The two homozygotes were designated TfA/TfA and TfC/TfC,

the former being faster migrating Each homozygote pattern con-

sisted of three evenly spaced bands, The two cathodal bands were

always darker than the third, The four-band heterozygote, TfA/TfC,

consisted of partially overlapping patterns of the homozygotes. The

production of two or more transferrin bands by a single allele has also

been reported for zebu cattle (Ashton, 1959), the vole (Tamarin and

Krebs, 1969), the black rat (Moriwaki etaL, 1969), and red deer

(McDougall and Lowe, 1968). No satisfactory explanation exists for

the production of multiple bands controlled by a single allele.

At pH 6, 7, the same genotypes were detected, However, the

A , A A
Tf allele was observed to be polymorphic (Figure 4). Tf /Tf

genotypes displayed one of three patterns at pH 6. 7, perhaps repre-

senting three new genotypes. The three new genotypes were desig-

natedTf/TfA1, TfA1/TfAZ TfA2/TfA2, In addition, genotype

A C Al CTf /Tf revealed the two expected genotypes at pH 6, 7, Tf /Tf

and TfA2/TfG, The polymorphism of the TfA allele has not been

reported previously. Hypothesis testing is described in the section

on the analysis of transferrin genotypic frequency.

No variation related to the TfC allele was noted, All TfA/TfC

C Cand Tf /Tf samples were run side by side at pH 6. 7 in order to

detect any TfC variation. The TfC allele occurs in relatively low

2Transferrin nomenclature follows that of Miller etaL (1965).
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frequency, and variant types may have been excluded in sampling.

A Al
The Tf allele showed a polymorphism in addition to the Tf

and TfA2 variants mentioned, A three band pattern migrating slightly

faster than that of TfAl was infrequently observed, However, cons is

tent distinction of this variant pattern, represented by TfV, from

that of TfA1 was beyond the capability of the standard electrophoretic

procedure. For simplicity, TfAlv was treated as TfA1, The six

patterns observed at pH 6, 7 are summarized in Figure 5.

p - - --
= _ =

1 2 3 4 5 6------ - -
TfA/TfA TfA/TfC TfC/TfC

Figure 5. The six transferrin patterns observed at
pH 6.7. Genotype 1 Tf /TfAl, 2 =

TfAh/TfAZ, 3 = TfAZ/TfAZ, 4 = Tf/
TfC, 5 = TfAZ/TfC, 6 = Tf0/Tf0.

Experiments revealed that the variation controlled by TfA and

Tf is due to alteration of amounts of sialic acid in transferrin

molecules. The variation controlled by TfA1 and TfA2 is apparently

caused by some other factor, as yet unknown to me.
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ADDITIONAL EXPERIMENTS WITH TRANSFERRIN

Transferrin was the only protein system used for population

analysis. Because of its importance in this study, additional experi-

ments were conducted to gain insight into the nature of deer trans-

ferr in.

The Effect of Neuraminidase

Neuraminidase is a bacterial and viral enzyme which cleaves the

glycosidic bond linking sialic acid to a protein molecule. Presence of

the enzyme caused a stepwise reduction of electrophoretic mobility in

human, primate, and cattle transferrins (Parker and Beam, 1961),

Lowe and McDougall (1961) observed changes in red deer transferrin

patterns after inoculating fresh sera with sera that had been stored at

1°C for several months, A change in transferrin patterns occurred

and new, slower moving zones were detected. The presence of

neuraminidase in sera was suggested.

Neuraminidase was used in the present study to determine

whether cleavage of glycosidic bonds and consequent reduction of sialic

acid molecules altered the transferrin patterns of deer. In addition,

since many samples may have been contaminated with bacteria, as

judged from putrescence, it was desirable to know what possible

effects presence of bacterial neuraminidase might have on transferrin
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patterns from blood samples collected from deer shot by hunters,

Neuraminidase from the Lee strain of influenza virus B (General

Biochemicals) was added to sera. Approximately 8. 5 units were

added to each 0. 5 ml serum sample. One unit is defined as causing

the release of 1 jimole of sialic acid per minute at 37°C from bovine

submaxillary mucin. The sera were incubated for 48 hours at 33°C.

Alteration of transferrin patterns was obse rved (Figure 6), In

all cases, faster migrating bands were reduced in intensity, with

concurrent increase in the number and intensity of slower moving

bands. A new, slow band appeared in all samples. This slow band

can be seen as a narrow, blurred region in Figure 6. The slow band

is presumably transferrin, but its identity has not been conclusively

established by means of special staining procedures,

The results show that the bands of the TfA/TfA, TfA/TfC,

TfC/TfC genotypes result from differences in sialic acid content.

These findings correspond to the results obtained by Parker and Beam

(1961) and Lowe and McDougall (1961) who studied transferrins of

Al AZother species, The finer variation involving the Tf and Tf

alleles was not changed by neuraminidase, Variation at this level is

apparently caused by some other alteration in structure and/or charge

of the transferrin molecule.



new slow band

- F856 + Cl. p.
- F856
- F665 + Cl. p.

- F665
- F858 + neuraminidase
- F856 + neuraminidase
- F665 + neuraminidase
- F610 + neuraminidase
- 809 + neuraminidase
- 610 + neuraminidase
- 809 +Cl,
- 809

- 610 c± E
- 610

13

Figure 6. Effect of neuraminidase and Cl. perfringens on transferrin
patterns. Anodal transferrin and albumin bands are
reduced. New slowly migrating band (apparently traris-
ferrin) appears in sera with neuraminidase added.

The Effect of Clostridium rfrings

The previous experiment showed that neuraminidase alters

transferrin patterns. Since neuraminidase is a bacterial and viral

enzyme, presence of bacteria in serum may affect transferrin patterns

(Lowe and McDougall, 1961).

Cl. perfringens was used in order to visualize what alterations

bacterial contamination might cause in sera and to ascertain, if

possible, whether genotypic frequencies were altered by bacterial
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action. Cl. perfringens is an anaerobic bacterium and is widely

distributed in feces, sewage and soil (Breed et al, , 1948). In addi-

tion the bacterium is a source of neuraminidase (Gottschalk, 1960).

The use of Cl, prfringns in this study does not imply that the

bacterium occurred in sera.

Cl. perfringens was added to sera, and the sera were subs e-

quently incubated for 48 hours at 33°C. Sterile paraffin was layered

on top of the sera in order to provide an anaerobic environment.

Bacterial metabolism was indicated by formation of putrid gas beneath

the paraffin. All samples were very odiferous and slightly cloudy

after the incubation period.

In most cases (Figures 6 and 7) the bacterial action caused a

reduction in transferrin concentration and some blurring. No other

changes in band pattern were observed except in sample F670 (Figure

7). In this case, the pair of anodal. bands was obliterated; and a new,

faint pair of bands appeared cathodal to the "unaffected' bands. This

result is almost assuredly the result of bacterial neuraminidase,

However, other bacterial enzymes were undoubtedly present.

It should be noted that microorganisms in addition to Cl.

pfringens were probably present in sera utilized in this present

experiment. Blood samples were collected under relatively primitive

conditions, and opportunity for bacterial contamination was great.

The extended incubation at 33°C may have activated other
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- F610 2?
-- F610
- F828 + 2:
- F828
- F821
- F821
- F811 p.
- F811
- F670 +Cl. E
- F670
- F856 +Cl. 2?
- F856

- F665 +Cl. p.
- F665
- F858 +Cl. .E

- F858

Figure 7. Effect of Cl. perfringens on transferrin and albumin
patterns. Transferrin in sample F670 was apparently
affected by production of bacterial neuraminidase.

microorganisms. Changes in protein patterns in this present experi-

ment must be conditionally attributed to Cl. perfringens.

There is strong evidence to believe that bacterial contamination

did not affect my estimates of gene frequency. The previous experi-

ment has shown that bacterial action can affect transferrin patterns,

apparently by the production of neuraminidase. However, unusual

patterns, like that observed for sample F670 in Figure 7 did not

occur among any other sera analyzed during this study. All trans-

ferrin patterns were readily classified according to the TfA/TfA,
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TIA/TIC, TIC/TIC genotypes.

Opportunity for bacterial growth was minimized during the

collection procedure. Blood samples were kept refrigerated at

hunter check stations and processed and frozen within 24 hours after

reception. The majority were processed as soon as serum was

extruded from clots.

The presence of neuraminidase in contaminated sera would be

expected to produce an alteration of patterns, resulting in an excess
A C C Cof Tf /Tf heterozygotes and Tf /Tf homozygotes. However, no

excess in heterozygotes and a slight excess in both homozygotes

(TfC/TfC and TIA/TfA) were detected by using the Hardy-Weinberg

Principle (Table 2). These results further indicate that gene frequency

estimates were not affected to any significant degree by bacterial

contamin ion.

Fetal and Adult Transferrin

During the spring of 1971, three pregnant does were collected

at the William L, Finley Refuge. Blood was obtained from adults and

:etuses. The serum patterns are seen in Figure 8. Fetal and adult

era were used in an attempt to gain insight into the mode of inheri-

tance of transferrin and other serum proteins.

A AAll does and fetuses were genotype Tf ITt This is in agree-
A Cment with the hypothesis of two codominant alleles (Tf and TI ) at
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Genotype

- FSO7 (F1) 2

- FSO7 (F2) 3

- FSO7 (A) Z

- FSO5 (F) 3

- FSO5 (A) 2

- FSO4 (F1) 3

- FSO4 (F2) 3

- FSO4 (A) 1

'igure 8. Fetal (F) and adult (A) sera at pH 6. 7. Genotype 1 =
TfAVTfA1, 2 = Tf-' /TfAZ, 3 = TfA2/TIA2, 4 = Tf-' /
Tf0, 5 = TIAZ/TfC, 6 = TfC/TfC.

one locus. However, the hypothesis of the existence of codominant
Al A2alleles Tf and Tf at one locus was not supported by the results.

Doe FSO4 of genotype TfT Tf carried two fetuses with unexpected
A2 A2 . Al A2genotype Tt /Tf . Expected genotypes include Tf /Tf

TfAI /TfC, and TfA1 /Tf. All other fetal genotypes conformed to

expectations.

The disagreement between observed and expected fetal geno-

types cannot be used to disprove the hypothesis of codominant alleles

at a single locus because fetal protein is in general not identical to

adult protein. Changes in hemoglobin and albumin patterns between

adult and fetal stages were observed. In addition, transferrin bands



of fetal samples are much less dense than those of adults. This

suggests that the genotypes are in the process of being expressed and

may not be equally expressed at the fetal stage. Toivanen et al.

(1969) furnish additional evidence of the fetal development of trans-

ferrin. Their results demonstrated progressive rise in serum trans-

ferrin from the early stages of intrauterine life to the end of the

first year of life in humans.

The use of fetal proteins for genetic analysis is not proper when

developmental changes are still occurring. Pedigree data from post-

partum deer should be used instead.
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ANALYSIS OF TRANSFERRIN GENOTYPIC FREQUENCY

Hypothesis of Codominant Alleles
at a Common Locus

The transferrin patterns strongly indicate that the protein is

under the control of one locus with codominant alleles. The simplest

hypothesis on the mode of inheritance calls for the existence of three

codominant alleles, TfA1, TfA2, and TfC at a common locus, and

independent segregation and reas s ortment of alleles.

The most conclusive test of the hypothesis utilizes pedigrees.

This type of test was not performed in the present study because deer

of known parentage were not available.

An alternative test utilizes the Hardy-Weinberg Principle. The

test involves a comparison between observed and expected numbers of

genotypes. Expected values are calculated by using gene frequenci.es

derived from the observed genotypic frequencies (Crow and Kimura,

1970). The use of the Hardy-Weinberg equilibrium assumes some

very important conditions. These are independent segregation, no

gene flow, random mating, no selection, no random genetic drift, a

very large population, and no subpopulations. Deviations from the

eKpected values reflect non-equilibrium conditions or sampling error.

Observed and expected numbers and frequencies for each geno-

type and location are provided in Table 1. For simplicity, the geno-

types are coded from 1 to 6 in the tables, The numbers 1, 2, 3, 4,



Table 1. Tests of the genetic hypothesis using the Hardy-Weinberg Principle. Observed and expected
numbers and frequencies for all genotypes.

Location Genotype*
6

TotaL
2

Obs. no. 32 26 7 8 5 2 80
Exp. no. 30.08 27.60 6. 32 10.40 4.80 0. 88 80.08

McDonald Obs. freq. 0.400 0. 325 0.088 0. 100 0. 062 0. 025 1. 000
Exp. freq. 0.376 0.345 0.079 0.130 0.060 0.011 1.001

Obs. no. 39 35 15 3 5 1 98
Exp. no. 34.30 41.45 12.44 5. 98 3. 53 0. 29 97. 99

Adair
Obs. freq. 0.398 0.357 0. 153 0.031 0.051 0.010 1.000
Exp. freq. 0.350 0.423 0.127 0.061 0.036 0.003 1.000

Obs. no. 22 40 21 13 12 4 112
Exp. no. 20.94 40.77 19.71 14.22 13.78 2.46 111.88

Finley Obs. freq. 0. 196 0.357 0. 187 0. 116 0. 107 0.036 0.999
Exp. freq. 0, 187 0.364 0. 176 0. 127 0. 123 0.022 0.999

Obs. no. 93 101 43 24 22 7 290
Combined Exp. no. 83.23 111.94 37.70 31.90 21.46 3.19 289.42

locations Obs. freq. 0. 321 0. 348 0. 148 0.083 0. 076 0. 024 1. 000
Exp. freq. 0.287 0.386 0.130 0.110 0.074 0.011 0.998

6= TfAh/TfA1, 2 TfAh/TfAZ, 3 = TfA2/TfA2, 4 = TfAh/TfC, 5 = TfA2/TfC, = TfC/TfC,
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Al Al A1 AZ A2 A25, and 6 represent genotypes Tf /Tf , TI /Tf , Tf /Tf

TfAl/TfC, T2/TfC, and TfC/TfC, respectively, Chi-square values

for the tests of observed versus expected values are provided in

Table 3.

The TfA1 and TfAZ variation is of a different nature than the

TfA and TfC variation. It may be possible that one type of variation

conforms to the genetic hypothesis but not the other. Thus, the

A Chypothesis is tested again for only the Tf and Tf alleles. Expected

and observed values are provided in Table 2. Chi-square values are

found in Table 3.

All of the chi-square values, except one for the combined

locations, fall below the 0. 05 level of probability. The genotypic

distributions of the three locations were combined to evaluate the

applicability of the Hardy-Weinberg equilibrium conditions to the

combined locations. The large chi-square values for the combined

locations indicate that non-equilibrium conditions, especially the

existence of genetic isolation among locations, exist.

With the exception of the combined locations, most of the

observed genotypic distributions are exceptionally close to the

expected genotypic distributions. On this basis, the genetic hypothe-

sis of codominant alleles at a common locus seems to explain the

distribution of the observed values within each location.

These results do not conclusively affirm the hypothesis,
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Table 2. Tests of the genetic hypothesis using the Hardy-Weinberg
Principle. Observed and expected numbers and frequencies
for genotypes TfA/TfA (1,2, 3), TfA/TfC (4, 5), TfC/TfC (6).

GenotypeLocation 1, 2, 3 4,5 6
Total

Obs. no.
Exp. no.

McDonald Ohs. freq.
Exp. freq.

Ada ir

Finley

Ohs. no.
Exp. no.

Obs. freq.
Exp. freq.

Ohs. no.
Exp. no.

Obs. freq.
Exp. freq.

Ohs. no.
Combined Exp. no.

locations Obs. freq.
Exp. freq.

65 13 2

63.92 15.20 0.88

0.812 0.163 0.025
0.799 0.190 0.011

89 8 1

88.30 9.51 0.29

0.908 0.082 0.010
0.901 0.097 0.003

83 25 4
81.54 28.11 2.46

0.741 0. 223 0.036
0.728 0.251 0.022

237 46 7

233.45 56.65 3. 19

0.817 0.159 0.024
0.805 0.185 0.011

80
80. 00

1.000
1.000

98
98. 10

1.000
1.001

112
112. 11

1.000
1.001

290
290. 29

1.000
1.001



Table 3. Chi-square values for tests of the genetic hypothesis using the Hardy-Weinberg Principle.

Location Alleles involved n d. f. X2 P

McDonald TfA1, TfA2, TfC 80 3 1.353 .500 < P < .750
TfA, TfC 80 1 1.761 . 100 < P < 250

Adair TfA1, TfA2, TfC 98 2 2. 236 . 250 < P < .500
TfA, TfC 98 1 1.984 . 100 < p < . 250

Finley TfA1, TfA2, TfC 112 3 0.262 .950< P< .975
TfA, TfC 112 1 1.334 . 100 < P < . 250

Combined TfA1, TfA2, TfC 290 3 5.798 . 100 < P < 250
locations TfA, TfC 290 1 5. 694* .010< P< .025

*significant at the 0. 05 level of probability.



however. The major weakness in the testing is that it lacks sensi-

tivity, especially when an allelic frequency is low. Such is the case

for the TfC allele. A related weakness is that the sample sizes are

too small for certain genotypes. Wherever the number of degrees of

freedom permitted, however, the last two or three classes were

grouped together.

In most cases, the expected number of heterozygotes was

larger than the observed number, This suggests that some conditions

of the Hardy-Weinberg equilibrium were not met. One possibility is

that each of the three populations are composed of partially isolated

subpopulations. Alternatively, differences in gene frequency among

generations may give the same result (Wallace, 1968). I do not wish

to speculate further on possible reasons for the deviations from the

expected values. Much more information is needed for valid inter-

pretation.

Observations on changes in gene frequency among yearly

samples would greatly supplement the chi-square tests, As seen in

Tables 1 and 2, the observed seemed to generally fit the expected

values. This implies that individual populations are near or at a

Hardy-Weinberg equilibrium. Thus with respect to selection, randor

genetic drift, and gene flow, the gene frequencies would he expected

to remain relatively constant through time. The frequencies of the

TfA allele remained relatively constant between years (Table 4). Thi;



Table 4. TfA frequencies for 1969 and 1970.
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Location 1969 1970
Dn* Freq. n Freq,

McDonald 62 0.919 80 0.894 -, 025 -2.8
Adair 44 0.966 98 0.949 -.017 -1.8
Finley 26 0.865 112 0.853 -.012 -1.4

= number of deer sampled.
D (%) = D divided by 1969 frequency.

observation provides strong support for the hypothesis of genetic
A Ccontrol of Tf and Tf , since expected values based on the Hardy-

Weinberg equilibrium are closely approximated by observed values.

In principle, analysis of age class differences in gene frequency

would also provide insight into the stability of allelic frequencies.

This procedure could be of value in determining changes in gene

frequencies as far back as ten years prior to sampling. However,

limited sample sizes prevent a worthwhile analysis of differences

among age classes within a separate population.

The proposed hypothesis of codominant alleles at a common

locus is not the only one which can account for the observed distribu-

tion. It is possible to explain the observed results by a modification

of this hypothesis. The new hypothesis incorporates at least one

pieiotropic locus into the model, For example, the pleiotropic locu.

may act to modify the basic transferrin protein molecule by regulating

the number of sialic acid residues. The existence of more than one
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locus controlling transferrin polymorphism may account for the two

different types of polymorphisms observed.

Sex and Age Differences Among Genotypes

Non-random association between genotypes and sex and age

classes may bias the analysis of population gene frequencies unless all

populations are of similar sex and age composition. To determine

whether associations existed, data for all populations were pooled.

Observed and expected numbers are provided in Tables 5, 6, 7, and

8. No significant associations with either sex or age are observed.

It was not entirely valid to use pooled data for age class analy-

sis since the frequencies of genotypes differ among the populations.

In addition, the populations contributed disproportionately to certain

age and sex classes. However, if associations proved to be signifi.-

cant, secondary analysis would have been conducted. This was not

necessary since all chi-square values were insignificant and no trends

were detected. Chi-square values for Tables 7 and 8 are somewhat

large due to numerous observations less than 5,

In general the lack of significant association with age suggests

that the overall gene frequencies have been in or near a state of

equilibrium for at least several generations. The equilibrium need

not necessarily be a Hardy-Weinberg one.



Table 5. Test for association between sex and all genotypes.

Sex Genotype Total
1 2 3 4 5,6

Obs. no. 53 55 17 14 17 156Males Exp. no. 50.03 54. 33 23. 13 12. 91 15.60 156.00

Obs, no. 40 46 26 10 12 134Females Exp. no. 42.97 46.67 19.87 11.09 13,40 134.00

Total 93.00 101.00 43.00 24.00 29.00 290.00

X4 = 4. 39, . 250 < P < .500

Table 6. Test for association between sex and genotypes
TfA/TfA (1, 2, 3), TfA/TfC (4, 5), and Tf0/Tf0 (6).

GenotypeSex 1,2,3 4,5 6
Total

Males Obs. no. 125 25 6 156
Exp. no. 127.49 24.74 3.77 156.00

Females Obs. no. 112 21 1 134
Exp. no 109.59 21.26 3.23 134.00

Total 237.00 46.00 7.00 29000

= 2. 981, . 100 < P < . 250

-J



Table 7. Test for association between age and all genotypes.
Age
class 1 2

Genotype
3 4 5,6 TotS ja

1 Obs. no. 31 27 10 9 8 85
Exp. no. 27.26 29.60 12.60 7.03 8.50 8499

2 Obs. no. 22 25 12 6 7 72
Exp. no. 23.09 25.08 10.68 5. 96 7. 20 72.01

3 Obs. no. 13 13 4 0 3 33
Exp. no. 10.58 11.49 4.89 2.73 3.30 32.99

4 Obs.no. 11 8 3 6 1 29
Exp. no. 9. 30 10. 10 4. 30 2.40 2, 90 29. 00

5-10 Obs. no. 16 28 14 3 10 71
Exp. no. 22.77 24.73 10.53 5.88 7.10 71.01

Total 93.00 101.00 43.00 24.00 29.00 290.00

= 19. 720, . 100 < P < . 250



Table 8. Test
(1, 2,

for association between age and genotypes
3), TfA/TfC (4, 5), and TfC/TfC (6),

29

TfA/TfA

Age Genotype Total
class l,23 4,5 6

1 Ohs, no. 68 16 1 85
Exp. no. 69.47 13.48 2.05 85.00

2 Obs. no. 59 12 1 72
Exp, no. 58.84 11.42 1.74 72.00

3 Obs. no. 30 3 0 33
Exp. no. 26. 97 5. 23 0.80 33.00

4 Ohs, no. 22 6 1 29
Exp. no 23. 70 4. 60 0. 70 29. 00

5-10 Obs. no. 58 9 4 71
Exp. no. 58.02 11. 26 1.71 70.99

'rotal 237.00 45.99 7.00 289.99

X = 7. 655, . 250 < P < . 500

Comparison of the Three Deer Populations
Using Transferrins

One of the objectives of this study is to estimate the degree of

genetic isolation among populations. In essence, fulfillment of this

objective amounts to comparing the genotypic distributions with one

another and testing for significant differences. It should be noted,

however, that statistical insignificance does not necessarily imply

biological insignificance. The three populations under study are

eparated by no more than 13 miles, One would intuitively suspect

that the deer populations would not differ greatly among areas.

Two approaches were considered in resolving the above problem.



30

One approach was to lower the level of statistical significance. This

approach was not used. The second approach was to analyze gene

frequency constancy through time. This approach was used in con-

junction with standard statistical tests,

Populations were compared by using chi-square tests for all

genotypes (Table 9). and for only the TfA/TfA, TfA/TfC, and TfC/TfC

genotypes (Table 10). Chi-square values are provided in Table 11.

There were significant differences among the populations. In addition,

when genotypic distributions were combined for all locations and

compared with the expected distributions based on the Hardy-Weinberg

equilibrium (Tables 1 and 2), large chi-square values resulted (Table

3). This suggests that the three populations are genetically isolated

to some degree.

The sources of variation can be analyzed by observing the values

in Tables 9 and 10. Most of the heterogeneity arises from the differ-

ence between the Finley population and the combined McDonald and

Adair populations. The difference is significant at the 0. 05 level of

probability (Table 11, second comparison). Additional differences

between the McDonald and and Adair populations were not significan.

'Table 11, third comparison). This is expected since the latter two

populations are adjacent. In this case, statistical insignificance ma.

wrongly connote biological insignificance. Relative consistency of the

TfA and TfC frequencies between 1969 and 1970 (Table 4) suggests that



Table 9. Comparison of genotypic distributions among populations.

Location
1 2

Genotype
3 4 5, 6 Total

McDonald Obs. no. 32 26 7 8 7 80
Exp. no. 25.66 27.86 11.86 6.62 8.00 80.00

Adair Ohs. no. 39 35 15 3 6 98
Exp. no. 31.43 34.13 14.53 8.11 9.80 98.00

Finley Obs. no. 22 40 21 13 16 112
Exp. no. 35.92 39.01 16.61 9.27 11.20 112.01

Total 93.01 101.00 43.00 24.00 29.00 290.01

Table 10. Comparison of distribution of genotypes TfA/TfA (1, 2,
TfA/TfC (4, 5), and TfC/TfC (6) among populations.

3)

Location Genotype Total1,2,3 4,5 6

McDonald Obs. no. 65 13 2 80
Exp. no. 65.38 12.69 1.93 80.00

Adair Obs, no. 89 8 1 98
Exp. no. 80.09 15.54 2.37 98.00

Finley Obs. no. 83 25 4 112
Exp. no. 91.53 17.77 2.70 112.00

Lotal 237.00 46.00 7 290.00
(J)



Table 11. Chi-square values for tests of differences in genotypic distribution among populations.

Comparison Alleles involved n d. f. 2
X P

Among
McDonald, Al A2Tf , Tf , Tf 290 8 20. 793** .005 < P < .010
Adair, and TfA, TfC 290 4 9.817* .025 < P < .050
Finley

Between
McDonald + TfA1, TIA2, TfC 290 4 16. 519** p < .005
Adair and TfA, TfC 290 2 7. 108* .025 < P < .050
Finley

B e tw e en
McDonald TfA1, TfA2, TfC 178 4 5.513 . 100 < P < . 250
and Adair TfA, TfC 178 2 3.479 . 100 < P < . 250

*
51gn1f1cant at 0. 05 level of probability.
Significant at 0.01 level of probability.

NJ
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a significant degree of genetic isolation occurs among all populations.

Supplementary genetic data are needed to support the previous

statement. Unfortunately no other blood protein could be used for

genetic analysis. As an alternative, mandibular measurements were

used to gain further insight into the problem of genetic and geographi-

cal isolation. The analyses are provided in the following section.
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SUPPLEMENTARY INFORMATION ON
POPULATION DIFFERENCES

In order to interpret the genetic data with fullest understanding,

supplemental data on other differences among populations are needed.

These differences may reflect environmental, genetic, or more likely

a combination of both influences. It would be of great advantage to

know the proportion of each influence affecting a particular variable.

But regardless of these influences, consistent differences among

populations indicate some degree of geographical, although not neces-

sarily genetic, isolation. Lack of differences does not imply absence

of geographical or genetic isolation however.

Weight and Length

Population means of field-dressed weight and length of black-

tailed deer are compared by analysis of variance (Tables 12 and 13)

Length was measured from the tip of the nose, along the vertebrae, to

the last caudal vertebra. A deer is in all cases represented by both

measurements,

The deer were measured during the 1970 fall hunting season

with the primary intent of evaluating population condition. The data

are subdivided into age and sex classes. Each sex class contains

four age classes, 1, 2, 3-4, and 5-10. The last two age classes

were formed because of small sample sizes, Age class 1 includes
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Table 12. Analysis of variance of field dressed weights in pounds.

Age McDonald Adair Finley Fclass n X n n

Males
1 4 51.3 9 44. 2 28 41.5 4.00*
2 13 75.2 14 77.4 11 80.2 0.44

3-4 13 97.9 23 98.3 4 103.5 0.26
5-10 15 125.2 12 128.5 7 135.6 1.32

Females
1 5 41.4 4 44.5 10 37.6 2.30
2 9 65.8 5 67.4 22 67. 5 0. 09

3-4 12 72.8 18 75,6 11 73.0 0.46
5-10 12 76.4 8 70.6 31 77.6 1.98

*significant at the 0. 05 level of probability.

Table 13. Analysis of variance of lengths in centimeters.

Age
class

McDonald
n n

Adair
n

Finley F*

Males
1 4 126.0 9 129. 1 28 123.0 1. 20
2 13 144.2 14 145.4 11 148.9 0.94

3-4 13 155.8 23 155.4 4 159.0 0.46
5-10 15 161.2 12 160.3 7 164.1 1.05

Females
1 5 117.8 4 120.0 10 115.5 0.92
2 9 141,3 5 139.0 22 139.7 0. 14

3-4 12 143. 5 18 147. 2 11 149.4 2.47
5-10 12 147,8 8 146,1 31 151.4 2.97

No significant differences.
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fawns (1/2 years old), age class 2 includes yearlings (1-1/2 years

old), and so on.

The analyses (Tables 12 and 13) show only one significant

difference and this is probably attributable to small sample size. No

pattern emerges except that the Finley population has the largest mean

value in 10 out of the 16 age and sex categories. The differences in

means is very small, however. Some sampling bias is quite likely

as check stations had separate scales and were under separate super-

vision. Other bias may arise from grouping age classes, selective

sampling at check stations, and differences in hunting pressure.

In summary, the populations showed no gross differences in

mean weight and length. To some extent, this reflects the condition

of the populations with respect to uniform nutrition.

Fourth Premolar and Third Molar

Mandibles were examined for three discrete variables. Two

variables involve tooth eruption among yearlings. The permanent

fourth premolar replaces the deciduous premolar when deer are

approximately 1. 5 years old (Severinghaus, 1949). The frequencics

of permanent fourth premolars were recorded for each population

(Table 14). Whenever possible, the left side of the mandible was

examined. There were no significant differences among populations

(X = 2. 64, . 250 < P <.500). There was no apparent association with
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Table 14. Distribution of permanent fourth premolars according to
location.

Location Permanent
n freg.

Deciduous
n freg. Total

McDonald 4 0. 13 26 0.87 30

Adair 0 0.00 19 1.00 19

Finley 3 0. 10 27 0. 90 30

Total 7 0.09 72 0.91 79

Table 15. Distribution of erupted third molars according to location.

Location Erupted Not erupted Total
n freg. n freg.

McDonald 20 0. 67 10 0.33 30

Adair 11 0.58 8 0.42 19

Finley 16 0.53 14 0.47 30

Total 47 0.59 32 0.41 79



sex. Three Out of 36 males (8. 3%) and four out of 43 females (9. 3%)

had permanent premolars.

The third molar also erupts when deer are approximately 1.5

years old (Severinghaus, 1949). The frequency of third molars which

had completely erupted through alveolar bone was recorded for each

population (Table 15). There were no significant differences among

populations (X = 1. 13, . 250 < P < . 500). There was no apparent

association with sex, Twenty-one out of 36 males (58%) and 26 out of

43 females (60%) had completely erupted third molars. The lack of

significant differences among samples precluded the use of this trait

to differentiate the populations.

Posterior Mental Foramen

The posterior mental foramen is located on the outer lateral

surface of the jaw body. It may or may not be present. Furthermore

its position relative to the second premolar may vary. The frequency

of occurrence, as well as the relative position, were recorded for

this trait. The position was recorded as being in front of, or in back

of, a perpendicular line drawn from the anterior most point where the

root of the premolar emerged from the jaw, to the plane of the exam--

ination table. The jaw was as flush as possible with the table. The

plane of the ramus was perpendicular to the plane of the table.

The distribution of the trait is given in Table 16. No significant
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differences in the frequency of occurrence were detected (X = 2. 64,

250 < p < 500). However, when the position of the foramen was

included in the chi- square test, a significant difference was observed

(X = 9. 63, . 025 < P < . 050) Examination of Table 16 reveals that

the Adair sample had proportionately fewer foramina in front of the

second premolar root than either McDonald or Finley samples. This

difference provided a possible means by which McDonald and Adair

populations could be compared. Previously, it was found that geno-

typic distributions of transferrin types did not differ significantly,

in a statistical sense, between the two populations. A chi-square

test of the foramen trait (Table 17) revealed a significant difference

between the two populations (X 6. 73, . 025 < P < . 050) at the 0. 05

level of probability.

Contrary to the other discrete variables, an association between

sex and the foramen was found (Tables 18 and 19). Males in all three

samples had a higher frequency of foramina. Furthermore, of those

jaws having a foramen, males had a lower percentage of foramina

occurring anterior to the root of the second premolar. Again the

trend was consistent for all populations.

It should be noted for Table 19 that both males and females i.n

the Adair sample had a lower frequency of anteriorly occurring

foramina than in either McDonald or Finley samples.

The sample of jaws from Adair deer was not biased by an
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Table 16. Distribution of posterior mental foramina according to
location,

-

Pres ent Absent
Location In front* In back* Total

n freg. n freg. n freq.

McDonald 33 0. 29 17 0. 15 63 0.56 113

Adair 23 0. 16 28 0. 19 94 0.65 145

Finley 30 0. 27 12 0. 11 69 0.62 111

Total 86 0. 23 57 0. 16 226 0.61 369

* foramen is in front of the second premolar root.
The foramen is in back of the second premolar root.

Table 17. Chi-square test on the distribution of posterior mental
foramina, McDonald Forest vs. Adair Tract.

Location Present Absent TotalIn front In back

McDonald Obs, no. 33 17 63 113
Exp. no. 24.53 19.71 68.75 113.00

Adair Obs. no. 23 28 94 145
Exp. no. 31.47 25.29 88.24 145,00

Total 56.00 45.00 157.00 258.00

X = 6.730, .025 < P < .050; chi-square is significant at the 0.05
level of probability.
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Table 18. Distribution of posterior mental foramina according to
sex and location.

Males Females
Locat ion n/N* freg. n/N freg.

McDonald 36/61 0.59 27/52 0.52

Adair 52/73 0.71 42/72 0.58

Finley 27/41 0.66 42/70 0.60

Total 115/175 0.66 111/194 0.57

*n/N = the number of jaws with foramina divided by the total number
of jaws examined.

Table 19. Distribution of foramina located in front of the second
premolar root, according to sex and location.

Location Males
n/N* freq.

Females
n/N freq.

McDonald 16/25 0.64 7/21 0.68

Adair 7/21 0.33 16/30 0.53

Finley 9/14 0.64 21/28 0.75

Total 32/60 0.53 54/83 0.65

*
n/N = the number of jaws with foramina located in front of the

second premolar divided by the total number of jaws with
for am ma.



42

extreme sex ratio. The sex ratio (50. 3% males) of deer from Adair

whose jaws were examined is intermediate to that of deer from

McDonald (54, 9% males), and Finley (36. 0% males).

In addition, the sample of jaws from Adair was not biased by

an extreme age distribution. The mean ages of animals whose jaws

were examined for foramina are 3. 31 years for Finley, 4.03 years

for McDonald, and 4. 08 years for Adair. The standard deviations are

2. 07 years and 1. 74 years for McDonald and Adair, respectively.

The means for McDonald and Adair hardly differ (t 0. 209,

1. 98; 0.500 < < P).

The use of the frequencies of occurrence and position of the

foramen to contrast the McDonald and Adair populations appears to

be unbiased. Frequencies for consecutive years should be compared

to confirm the validity of using the trait.

Q I

The data presented strongly suggest that black-tailed deer may

form relatively isolated populations within a few miles of each other.

The difference in gene frequencies between the Finley population and

the combined McDonald and Adair populations is relatively large and

consistent from 1969 to 1970 (Table 4). The difference in gene

frequencies between McDonald and Adair is not large, but is consis-.

tent from 1969 to 1970. In addition, significant differences in
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frequencies associated with the posterior mental foramen support the

contention that McDonald Forest and Adair Tract deer are somewhat

isolated from one another at least during the breeding season,

Other researchers working with black-tailed deer have reported

findings which are in agreement with the results of this research.

Dasmann and Taber (1951) found that the average home range of

Columbian black-tailed deer in California varied from 700 to 1, 400

yards in radius. Brown (1961) reported that Columbian black-tailed

deer were killed an average of 2. 1 miles (males), and 1. 5 miles

(females) from the point of tagging. The study was conducted in the

Willapa Hills area in western Washington. Results for the Upper

Puyallup River area were similar, revealing an average of 2. 5 miles

for males and 1. 9 miles for females.

The three present study areas are either part of, or closely

associated to, the Pacific Coast Range. McDonald Forest is rep-

resentative of the eastern foothills of the Coast Range (Gartz, 1954),

The forest of 6, 019 acres includes almost all of a large ridge.

Elevation varies from 500 to 2, 050 feet, The forest is drained by

two creeks, Oak Creek and Soap Creek. The latter drainage forms a

natural division between McDonald Forest and Adair Tract.

The Adair Tract is approximately the same size as McDonald

Forest. It occupies the northwestern slope of an adjacent ridge, and

elevation varies from approximately 250 to 1, 500 feet. Both
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McDonald Forest and Adair Tract, but especially the former,

encompass very uneven terrain dissected by numerous small ridges

and creeks,

The vegetation of McDonald Forest is composed primarily of

stands of Douglas-fir (Pseudotsuga menziesii). Grand fir (Abies

grandis) and big leaf maple (Acer macrophyllum) occur to a lesser

extent. The forest cover is generally dense, but logging has provided

clearings. The vegetation of Adair Tract is of a similar nature, In

general, McDonald Forest and Adair Tract possess hilly topography

and a large degree of heavy vegetative cover interspersed with logged

clearings.

Finley Refuge is located on the floor of the Willamette Valley.

With the exception of a few knolls, the elevation is about 250 feet.

The area is approximately 44% cultivated fields, 22% pasture. The

rest is a conglomerate of marshland, prairie, savannah, forest, and

riparian land. Most of the trees are Oregon white oak (Quercus

garryana), Oregon ash (Fraxinus latifolia), and big leaf maple. Very

little Douglas-fir occurs. However, foothills of the Coast Range are

just west of the refuge. Douglas-fir was recently logged in this area.

McDonald Forest, Adair Tract, and Finley Refuge provide

generally favorable habitat for deer. The former two areas are

continuously logged and various stages of succession are present.

The deer at Finley Refuge are also located in favorable habitat. The
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refuge is a mixture of open fields, fence rows, marsh, and forested

areas. Various crops are planted yearly, including rye grass, sudan

grass, fescue, corn, rye grain, winter wheat, alfalfa, and lotus,

Deer are especially attracted to corn. In addition, the area just west

of the refuge was logged in 1963. The successional stage at present

is prime habitat for deer. The majority of movement is between the

refuge and the foothills. Hence, the relatively favorable habitats of

the three study areas would be expected to minimize dispersal from

these areas into poorer habitat.

Within the last few years hunting pressure has generally

increased in the study areas. Excluding significant immigration,

relatively heavy mortality each year would prevent deer density from

reaching a very high level despite high reproductive rates. Hence,

the continued heavy mortality could also minimize dispersal,

especially among yearlings. Reduction of dispersal would in turn tend

to reduce gene flow. The possible net effect would be a greater degree

of genetic isolation.

In conjunction with this research, an intensive study of seasonal

and annual movements of deer should be implemented. My analyses

of population differences based on frequency data are essentially

inferences that remain to be challenged for their validity.
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SUMMARY

A survey of blood proteins of Columbian black-tailed deer was

conducted using starch gel electrophoresis. Albumin, prealbumin,

transferrin, haptoglobin, hemopexin, hemoglobin, and erythrocyte

esterase, lactate dehydrogenase, and carbonic anhydrase were

surveyed. Only transferrin displayed polymorphism useful for

genetic analysis.

Transferrin displayed two types of polymorphism. One type

involved differences in sialic acid content. The nature of the other

polymorphism is not known. A hypothesis for three codominant

alleles at a common locus was proposed and tested by using the Hardy-

Weinberg Principle. The tests, as well as consistency in gene fre-

quency from year to year, supported the hypothesis. No genotypic

differences related to sex or age were detected.

The genotypic frequencies differed significantly among the

McDonald, Adair, and Finley populations. In addition, consistency in

gene frequency from 1969 to 1970 supported the implication that the

three populations were relatively isolated from one another, at least

genetically. Significant differences in frequency of position of the

posterior mental foramen also suggested that the populations were

relatively isolated. Frequencies of tooth eruption were not signifi-

cantly different among populations.
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Reports from other workers indicate that Columbian black-tailed

deer have limited home ranges. The results of this study are in

agreement with these findings.
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