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Neotoma micropus from Jack County, Texas, were studied

over a 9-month period. Loci from blood and saliva were used

to determine genetic variation within the population.

Deviations from Hardy-Weinberg equilibrium were found at one

locus. The average temporal F over all seven loci was

0.040. Genetic structuring was subtle, fluctuated on a

seasonal basis, and was due to differential migration or

predation on genotypes. Heterozygotes tended to move more

than homozygotes, and a greater proportion of heterozygotes

were lost from the population during each season. Genetic

variation was maintained in the population by immigrant

individuals. This differential in dispersal of genotypes

fits current models of reorganization within the genome of

popul at i ons.
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CHAPTER I

INTRODUCTION

Most studies of microgeographic population structure

have used capture-release methods in order to quantify home

ranges, movements, individual spacing, territorial behavior,

and the hierarchy of populations (Mills et al., 1975; Grant

et al., 1982; Koford, 1982; Murie and Harris, 1982; Pearson,

1983; Slade and Swihart, 1983; Williams and Cameron, 1984).

While these studies have contributed to our understanding of

population dynamics, they have not been effective in

elucidating the genetic structure that results from

intrapopulation organization.

Genetic variation over short distances has been

observed in many small mammal studies (Selander, 1971;

Johnson and Selander, 1971; Patton and Yang, 1977; Chesser,

1983; Kessler and Avise, 1985). However, many of these

studies have not examined the mechanisms of genetic

subdivision and microgeographic patterning of individuals

within the population. Selander (1970) observed fine-scale

genetic subdivision in the house mouse Mus musculus and

attributed the subdivision to the territorial behavior of

family tribal units. Chesser (1983) attributed the genetic

differentiation of the black-tailed prairie dog, Cynomys

ludovicianus, over small distances to social behavior.
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A shortcoming to many genetic studies is that the

population is sampled or observed during one time period,

and individuals are permanently removed from the population

in order to obtain tissue samples for genetic analysis. Due

to seasonal variations and other perturbations, a

population's genetic makeup may be expected to change

temporally. Sampling a population over a long period of

time, without the removal of individuals from the gene pool,

would provide a more complete picture of its genetic

structure.

With the availability of electrophoresis to demonstrate

genetic variation at a specific enzyme locus, it is possible

to determine an individual's genotype at numerous structural

gene loci, the genotype of neighboring individuals, and

breeding structure. Electromorphs of blood proteins exhibit

a physiological plasticity which may limit their use in

population genetic studies of mammals over a large

geographical range (Kessler and Avise, 1985; McGovern and

Tracy, 1985); however, they are useful in determining the

amount of genetic variation with in a population without

sacrificing individuals. Other biochemical methods used in

population genetics can demonstrate only a mtrilineal

relationship between individuals (Wolff and Holleman, 1978).

The use of allozyme data coupled with ecological and

behavioral information provides a better picture of the
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mi crogeograph ic patterning and genetic evolution of

populations.

An ideal model for such an investigation is the

southern plains woodrat, Neotoma micropus. N. micropus is a

cricetid rodent which occurs in the western United States,

principally on the great plains from Colorado to Mexico.

This woodrat is often found living at the bases of yucca

(Yucca so.), mesquite (Prosopis sp.), and especially prickly

pear cactus (Opuntia sp.), where it constructs nests made of

sticks and other debris. Raun (1966) found that the nesting

sites of N. micropus in southern Texas were entirely

dependent upon the availability of suitable prickly pear

cactus patches. Prickly pear cactus also serves as a major

food item in the woodrat's diet and constitutes its primary

water source (Raun, 1966). Competition between N. micropus

and other rodents is minimal due to the woodrat's

specialized niche (Raun, 1966), Woodrats are antisocial,

and pleural occupancy of nests is limited to females with

litters. Each individual occupies a home range of

approximately 600 M 2 . Raun (1966) observed that the

dispersion of woodrat young does not seem to follow the

patterns found in other small mammals, since in woodrats the

young occasionally remain in the nest in which they were

raised, and the mother leaves to establish a new nest. This

type of dispersion is also found in black-tailed prairie
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dogs, Cynomys ludovicianus (King, 1955).

Woodrats breed throughout the year in Texas and have a

gestation period of less than 33 days. N. micropus is

polyestrous, and individual females may produce from three

to five litters per year. The average number of young per

litter is two, which is characteristic for this genus. In

southern Texas, there are indications of peaks in litter

production in early spring (February, March, and April) and

late fall (November and December) (Raun, 1966). Sexual

maturity is reached in 5 to 6 months in females. Male

maturation takes longer, since only large males are able to

mate with females (Raun, 1966; Schmidly, 1983).

In this study I attempted to determine the genetic

structure of a population of N. micropus from northern

Texas. Genetic variation in blood and salivary proteins was

examined using standard starch-gel and polyacrylamide

electrophoresis, respectively. Each animal was identified

with a specific genotype for each of the eight loci

examined. The spatial distribution of genetic variants at

specific loci was used to ascertain gene flow within the

population and population subdivision. My null hypothesis

was that genetic structure of small mammal populations

remains stable over time. Investigations such as this have

not been performed on mammals, and this model system should

provide information which should furnish a basis for future
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studies on population structure.



CHAPTER II

MATERIALS AND METHODS

Study Site

Woodrats were collected from a naturally occurring

population situated 8 km southwest of Jacksboro, Jack

County, Texas. The population was live trapped over an

11-month period beginning in July 1984. The study site was

approximately 2 km2 and comprised of grass rangeland

interspersed with prickly pear cactus (Opuntia sp.) and

mesquite (Prosopis glandulosa). Since woodrats are

polyestrous, the population was sampled during the peak

breeding times. Adults were live trapped using Tomahawk

(405mm X 135mm X 135mm) folding live traps (Tomahawk Live

Trap Company), and younger individuals were caught in

Sherman (130mm X 80mm X 80mm) live traps. Woodrats were

kept alive and processed in the field. From each

individual, blood and saliva were collected, after which,

the animals were marked and released at the site of capture.

Every third month, attempts were made to recapture tagged

individuals and any new, unmarked rats recruited into the

population through reproduction or immigration. Each nest

site was marked with surveyors flags, on which the nest and

individual's numbers were recorded. All data concerning the

6
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nest, specimen, and samples were recorded to make a detailed

map of the area.

Preparation of Sample Extracts

Saliva samples were collected by rinsing the mouth with

2 ml of distilled water into a 12mm X 75 mm culture tube

(Fisher Scientific) and placed on ice. Salivary esterase

samples were stored in a -30'C freezer up to 1 week, and the

salivary amylase samples were stored for up to 10 months.

Prior to electrophoresis, saliva samples were concentrated

by adding 0.2 g of polyacrylamide gel absorbent (Sigma

Chemical Co.) to each sample. An equal volume of sample

buffer (30% glycerol with 0.1 mg bromophenol blue per ml)

was added in order to load and track the samples during

electrophoresis.

Blood samples were obtained from the suborbital canthal

sinus using a 1.0 mm X 75 mm heparinized hematocrit tube

(Scientific Products). Serum was prepared by allowing a

1-ml portion of whole blood to clot for 30 min. at 150 C and

centrifuged at 1000g for 30 min. at 15'C. The serum

fraction was pipetted, placed into a clean culture tube, and

used immediately or stored at -300C (for not more than 14

days). Serum samples were diluted 1:5 (serum:buffered

saline) with buffered saline solution (8.50 g of NaCl added

to 1.0 liter of distilled water, pH to 7.4) prior to
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electrophoresis.

Hemoglobin samples were prepared by placing 1 ml of

fresh blood into a culture tube, adding 5 ml of a 4% sodium

citrate solution to prevent clotting, and centrifuging at

1000g for 3 min. The erythrocytes were washed three times

with a cold buffered saline solution, and the supernatant

was discarded. Prior to electrophoresis, the erythrocytes

were lysed by the addition of 5 drops of distilled water.

Hemoglobin samples had to be used immediately because of

their rapid denaturization.

Starch Gel Electrophoresis

Horizontal starch gel electrophoresis of the blood

extracts were run according to the methods described by

Selander et al. (1971), Kilpatrick and Zimmerman, (1975) and

Zimmerman and Nejtek (1977). Gel molds consisted of a glass

plate (220 mm X 152 mm X 6 mm) and four plexiglass strips;

two long (220 mm X 19 mm X 6 mm) and two short (114 mm X 19

mm X 6 mm) strips, held in place with large binder clips

(Charles Leonard Inc.).

Starch gels consisted of a 12% solution of hydrolysed

starch (7 g of Electrostarch and 11 g of Sigma starch)

suspended in 150 ml of gel buffer. The starch and buffer

were mixed in a one liter flask and swirled over an open

flame until the solution cleared and began to boil. The
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boiling suspension was immediately degassed, poured into the

gel mold, and allowed to cool for at least one hour. Cooled

gels were covered with Saran Wrap (Dow Chemical Co.) for

later use. Prior to loading, the Saran Wrap and the long

plexiglass strips were removed. The gel was sliced parallel

to and 3.0 cm from one of the short sides of the gel to form

an insertion line for the samples. Wicks (6 mm X 4 mm) of

No. 3 qualitative filter paper (Whatman Paper Co.) were used

to absorb the samples. The wicks were dipped into the

prepared sample, blotted onto filter paper in order to

remove any excess sample, and placed onto the exposed cut

surface of the gel. After all of the samples were loaded

onto the gel, both halves of the gel were pushed back

together so that the samples contacted both halves of the

gel. Saran Wrap was placed over the gel and folded back 3

cm on both ends to allow the gel to come in contact with the

bridges from the electrode chambers of the electrophoresis

apparatus.

The electrophoresis apparatus consisted of two buffer

wells (160 mm X 85 mm X 40 mm), each filled with an

electrode buffer and containing a No. 22 platinum wire 150

mm in length. Handi-wipes (Colgate-Palmolive Co.) were

saturated with the electrode buffer and placed onto the

exposed ends of the gel. This allowed a current to flow

from the electrode tank and through the gel. Current was
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supplied by a Heathkit IP-2714 power supply.

Electrophoresis was performed in a refrigerator at a

temperature range of 0 - 40C.

Starch Gel Buffer Systems

Serum samples were run on an albumin buffer system

(Jensen and Rasmussen, 1971), with the gel buffer consisting

of Tris-citrate (4 mM citric acid, pH 6.0), 0.84 g

monohydrate citric acid in 900 ml of deionized water, pH

adjusted to 6.0 with 0.1 M Tris, and diluted to 1 liter.

The electrode buffer consisted of a 0.3 M sodium borate

buffer, pH 8.2 (18.55 g boric acid in 900 ml of deionized

water, pH adjusted to 8.2 with concentrated sodium

hydroxide, diluted to 1 liter). A potential of 300 volts

was applied until the borate boundary had migrated 8 cm

(approximately 8 hours).

Hemolysate samples were run on a hemoglobin and

erythrocyte esterase buffer system (Selander et al., 1971).

The gel buffer was 0.01 M Tris-hydrochloric acid, pH 8.5

(1.21 g tris in 1000 ml of deionized water, pH adjusted to

8.5 with concentrated hydrochloric acid), with an electrode

buffer of 0.3 M sodium borate, pH 8.2 (18.55 g boric acid in

900 ml of deionized water, pH adjusted to 8.2 with

concentrated sodium hydroxide, diluted to 1 liter). A

potential of 250 volts was applied for 1 to 1.5 hours.
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Staining and Identification of Proteins

Albumin and hemoglobin samples were stained with amido

black (2.0 9 naphthyl blue black added to 100 ml of a 5:5:1

solution of methanol, distilled water, and glacial acetic

acid). Gels were stained for 30 min. after which, the stain

was poured off and saved for future gels.

Serum esterase was detected with a stain consisting of

1 ml of 0.2 M sodium phosphate (dibasic), 1 ml of 0.2 M

sodium phosphate (monobasic), 47 ml of distilled water, 1 ml

of a solution of 0.1 g a-naphthyl butyrate in 10 ml of

acetone, and 0.025 g fast blue RR salt. The gels were

stained at 37'C for 1 hour.

Gels were destained in a 5:5:1 solution of methanol,

distilled water, and glacial acetic acid. After scoring,

gels were photographed with a CU-5 Polaroid land camera with

a CU-5 power pack (model 88-8) for illumination. The

photographs were dated and filed for future reference. The

gels were wrapped in Saran wrap and refrigerated at 4'C.

Polyacrylamide Electrophoresis

Polyacrylamide electrophoresis of salivary proteins was

according to the methods described by Kilpatrick (personal

communication). Polyacrylamide gels were electrophoresed in

a Hoeffer gel apparatus (Hoeffer Scientific Instruments,
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Model SE 400). A gel buffer consisting of 30% acrylamide

solution (30 g recrystallized acrylamide (Bio Rad), 8.0 g

bis-acrylamide (Bio Rad) diluted to 100 ml with distilled

water and stored in an amber bottle at 40C), 1% ammonium

persulfate solution (0.1 g ammonium persulfate (Bio Rad) in

9.9 ml of distilled water and made fresh daily), and TEMED

(Bio Rad). The gel buffer, acrylamide solution, and

ammonium persulfate solution were mixed in a 250-ml vacuum

flask, placed in an ice bath, and degassed with an

aspirator. After aspirating for 30 min, TEMED was added,

and the mixture was pipetted into the gel form. The

acrylamide solution polymerized in 15 - 30 min after the

addition of TEMED. After polymerization, the sample comb

was removed and the samples were loaded with a 10-ul Oxford

Sampler micropipet (Sherwood Medical Industries).

Buffer Systems

Two proteins from saliva were assayed, salivary amylase

(Aquadro and Patton, 1980) and salivary esterase (Tan,

1976). Salivary amylase was separated using a 5% acrylamide

gel with a Tris-hydrochloric acid buffer (13.5 ml 1.511 M

Tris-HCI, pH adjusted to 8.9), 9 ml 30% acrylamide solution

(see above), 30 ml distilled water, 1.5 ml 1% ammonium

persulfate (see above), and 0.022 ml TEMED. The electrode

buffer consisted of a 20 mM Tris-glycine stock solution, pH
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8.9 (11.5 g glycine, 2.4 g Tris, diluted to 1 liter, and pH

adjusted to 8.3). The stock solution was diluted to 1:3

with distilled water to produce a 5 mM Tris-glycine, pH 8.3

electrode buffer. Samples were loaded to 8 ul per slot for

a 10-well gel or 5 ul per slot for a 20-well slot. A

potential of 10 ma per gel was applied to each gel for 20

min and then raised to 25 ma per gel until a dye marker

reached the bottom of the gel (about 2.5 hours).

Salivary esterase (Tan, 1976) was electrophoresed in a

9% acrylamide, 0.1 M Tris - 32 mM EDTA - 0.13 M boric acid

gel, pH 8.0 (17.5 ml distilled water, 10.0 ml 0.1 M Tris -

32 mM EDTA - 0.13 M boric acid, 3.03 g Tris, 0.269 g EDTA,

2.0 g boric acid, diluted to 1 liter with distilled water,

and pH adjusted to 8.0), 12.0 ml 30% acrylamide solution

(see above), 0.13 ml 10% ammonium persulfate (see above),

and 0.02 ml TEMED. The electrode stock solution consisted

of a 0.4 M sodium hydroxide - 1.2 M boric acid buffer pH 8.0

(16.12 g sodium hydroxide and 74.12 g boric acid, diluted to

1 liter with distilled water, and pH adjusted to 8.0). The

final electrode buffer was a 0.1 M sodium hydroxide - 0.3 M

boric acid solution (1:3 dilution of stock solution). There

was a pre-electrophoresis of 20 ma per gel for 3 hours to

remove any inhibitory factors. Samples of 10 ul were added

to each slot after the pre-electrophoresis and gels were

electrophoresed at 20 ma per gel (300 V) for 3-5 hours.
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Staining and Identification of Proteins

Salivary amylase gels were coated with a starch-agar,

mixture, and then the gels were overlayed with a starch-agar

mixture of 0.5 g soluble starch added to 100 ml of distilled

water and boiled for 5 min. until it was clear. Added to

the boiling solution was 0.02 g of sodium chloride and 0.8 g

Bacto-agar (Difco Scientific Co.), and the mixture was

boiled for an additional 1 min. The mixture was cooled to

609C, and a thin layer (approximately 2 mm) was poured over

the gel. The polyacrylamide gel left on a glass plate was

tilted at a 450 angle when the starch-agar mixture was

poured, producing a thin agar overlay. The overlayed gel

was incubated for 1 hour at room temperature and stained for

2 min with a 0.1 M iodine-0.05 M potassium iodide solution

(1.27 g iodine, 0.83 g potassium iodide, diluted to 100 ml

with distilled water and filtered). Salivary amylase

digested the starch in the overlay during the incubation

period, and the remaining starch which was not digested was

stained dark blue with the iodine solution. The gels were

scored immediately, since amylase digested the remaining

starch in 5 to 10 hours.

Salivary esterase was stained according to the methods

outlined by Tan, (1976). The staining buffer was made by

adding 8.7 g monobasic sodium phosphate and 5.85 g dibasic
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sodium phosphate, diluted to 500 ml with distilled water (pH

adjusted to 6.35). The phosphate buffer (50 ml, pH 6.35)

was added to 4 ml n-propanol and 1 ml a-naphthyl acetate

(0.16 g a-naphthyl acetate dissolved in 2 ml acetone and 2

ml distilled water). Twenty milliliters of this solution

were added to each gel, and the gel was allowed to stand at

room temperature for 15 min. To the remaining buffer

solution, 0.16 g of fast blue RR was added and filtered.

The filtrate was poured onto the gel and incubated for 3-5

hours at 370C. The gels were fixed and washed in a 5:5:1

solution of methanol, distilled water, and glacial acetic

acid. After scoring, the gels were wrapped in Saran wrap

and refrigerated at 4CC.

Study Site Map

The study site was mapped for data analysis, each nest

was marked, and the distances between nests were measured

using a transect (David White Co) and stadia rod. The nests

and distances were plotted on graph paper using a 3600 flat

compass and ruler (Fig. 1). Three additional maps were

copied from the original in order to plot the individuals

and nests for each trapping. The "boundaries" of the

population were assessed by walking in ever-increasing

concentric circles around the defined area for study. All

animals sampled were within 600 m2 of the closest nest
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Fig. 1.-Map of the study site in Jack County, Texas.
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site. No Additional woodrat nests were encountered until

approximately 1100 m from the nearest nest in the study

area.

Data Analyses

Allele frequencies, Wright's (1965) F-statistics (as

modified by Nei, 1977), and Roger's (1972) genetic

similarity (S) were determined using BIOSYS (Swofford and

Selander, 1981). Temporal heterogeneity in zygotic

frequencies was assessed by chi-squared tests with Levene's

(1949) correction for small samples and pooling. A matrix

of genetic similarity using the unweighted pair-group method

of clustering, using arithmetic averages on the correlation

matrix. These phenograms were used to construct contour

maps, with contours encompassing individuals of highest

genetic similarity. Heterozygosity values were calculated

from direct counts of genotypes over all loci. Mantel

analysis (Mantel, 1967; Sokal, 1979) was used to compare the

congruence between genetic similarity and geographic

distance matrices.

.<



CHAPTER III

RESULTS

Demographic Analysis

Since each individual woodrat was marked for recapture

during the study, changes in composition of the population

could be monitored throughout the 9-month period (Fig. 2).

The total number of woodrats in the population remained

rather constant throughout the 9 months. In some cases

three generations were observed. For instance, one female

(8) was captured with a single female offspring (11) in the

fall. In turn, this female (11) was captured with two young

(42 and 43) from the same nest the following spring.

Success in recapturing resident animals was high, and only

one individual (17) that was trapped in the fall, and not

recaptured in the winter appeared in the spring population.

In the winter 1984-85 trapping period, most of the

woodrats from the fall period were lost, this included nine

adults of the 22 fall residents (Fig. 2). All juveniles of

the fall population were resident in the winter population.

Of the eight immigrant woodrats in the winter, three were

juveniles. Since N. micropus do not breed in fall and

winter in this area of Texas, new juveniles in the winter

population were undoubtedly immigrants.

19
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Fig. 2.-Sex, age, and resident status of individual
Neotoma micropus captured over an 9-month period from a
population in Jack County, Texas.
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Eight of the 18 winter residents survived into the

spring. Eight new adults immigrated and eight juveniles

appeared. Five of the eight juveniles were captured from

nests with their mothers, suggesting the three additional

juveniles may have been immigrants, as well. These

juveniles were of a size typical of the cohort from the

previous year.

The effective population size (N) represents the

actual number of breeding individuals in the population.

Hence, the actual numbers of males and females may differ

from the effective population size. Since uneven sex ratios

can affect breeding structure in a population, N. was

computed as

N. = 4NmNr / (N. + NT)

where N. and Nr are the numbers of breeding adult males and

females, respectively (Hartl, 1980).

The sex ratio deviated only slightly from 1:1, and

effective population sizes and actual numbers of breeding

adults were close. For instance, the total population count

in the fall was 22 individuals, eleven adult females, eight

adult males, and three juveniles. The computed effective

population size was 18.53, close to the actual 19 adults.

In the winter, the number of individuals totaled 19, the

effective population size was computed as 15.75, and the

number of breeding-age adults was 16. In the spring the
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total number of individuals increased to 22, the effective

breeding population was computed to be 16.00, and the

breeding adults numbered 16. Throughout the study the

effective population size did not differ significantly from

2
the actual adult population (X = 0.016, 0.995 > p > 0.99).

Genetic Variation

Six proteins controlled by twelve loci were identified

for the 49 separate individuals of N. micropus occurring in

the population during the 9-month period. The six proteins

were salivary amylase, hemoglobin, albumin, prealbumin,

serum esterase, and general protein. At least four proteins

exhibited polymorphic loci during each time period.

Monomorphic loci were not of value and were not used.

Temporal variation in allele frequencies at the six

polymorphic loci demonstrated three general patterns that

included little change over time, slight increases or

decreases in one allele, and striking changes in allele

frequencies over the 9-month period (Table I). A

description of genetic variation for the variable loci

follows.

Three genes encoding salivary amylase, albumin, and

serum esterase exhibited only slight changes in allele

frequencies, generally with minor increases or decreases

(Fig. 2). Salivary amylase is a monomer in N. micropus.
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Table
compared
woodrat.

1.-Allele frequencies at seven structural gene loci

for three seasons in a population of the plains

SEASON

LOCUS FALL 1984 WINTER 1984-85 SPRING 1985

HEMO
(n)
A
B

ALBM
(n)
A
B

AMYLS
(n)
A
B

SREST
(n)
A
B

PREAL
(n)
A
B

GPRO
(n)
A
B

SAEST
(n)
A
B

20
0.325
0.675

20
0.125
0.875

20
0.300
0.700

12
0.583
0.417

20
0.125
0.875

19
0. 132
0.868

9
0.889
0.111

19
0.237
0.763

19
0.158
0.842

19
0.342
0.658

17
0.618
0.382

18
0.167
0.833

9
0 . 333
0.667

12
0.875
0.125

23
0.174
0.826

23
0.130
0.870

23
0.283
0.717

22
0.659
0.341

14
0.321
0.679

20
0.600
0.400

10
0.850
0.150
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Fig. 3.-Frequencies of Alleles at Variable Loci for Three
Seasons of Sampling in a Population of Neotoma micropus.
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The protein was detected in the saliva samples, and two

alleles, A and B, were observed (Table I). During the fall,

the frequency of the A allele was 0.300, increased to 0.342

in the winter, and decreased in the spring to 0.283. The

average frequency of the A allele over the three time

periods was 0.308 (SD -+ 0.030).

Serum albumin was inherited in homozygous BB and

heterozygous AB states, but homozygous AA individuals were

not found in any of the seasons (Table I). The frequencies

of the albumin alleles remained rather constant throughout

the study period, with a slight increase from the fall

frequency for the A allele of 0.125 to 0.158 in the winter

(Fig. 2). The A allele decreased to 0.130. in the spring.

The average frequency was 0.137 (SD = + 0.018).

Serum esterase exhibited two alleles that changed only

moderately in their frequencies over the 9-month period

(Fig. 2). The A allele increased slightly from fall through

the winter and into spring (0.583 to 0.618 to 0.659). The

mean frequency of the A allele over the three seasons was

0.620 (SD = + 0.038).

More dramatic changes in allele frequencies occurred at

the hemoglobin and prealbumin loci (Fig. 2). Variation in

hemoglobin is controlled by at least two loci in Neotoma.

Bi rney and Perez (1971) found that hemoglobin variation in

N. micropus and N. floridana were controlled by alleles



28

segregating from two Beta loci, with an invariant Alpha

locus. Zimmerman (unpublished data) recently obtained

evidence that variation in hemoglobin gene also occurs at

the alpha locus in N. albigula. Nejtek (1977) designated

these variable loci as Hb-1 and Hb-2. In N. micropus, Hb-1

was the anodal migrating form, with Hb-2 being more

cathodal. In this study, only Hb-2 was polymorphic, and

three alleles were observed over the time periods (Table I).

The data reflected a general decrease in the frequency of

the A allele during the study. In the fall the frequency of

the A allele was 0.325, decreased to 0.237 in the winter,

and dropped to 0.174 by the spring. The mean frequency over

the 9 months was 0.245 (SD = + 0.076).

Prealbumin electromorphs migrated as bands anodal to

albumin fractions. All three genotypes were found except

during the fall when the homozygous AA genotype was absent

(Table I). The frequency of the A allele over the three

periods increased from 0.125 in the fall to 0.321 in the

spring. The mean frequency of the A allele was 0.204 (SD =

+ 0.103).

The greatest change in allele frequencies during the

three seasons occurred at the general protein locus (Fig.

2). The frequency of the A allele for GPRO increased from

the fall (0.132) to winter (0.333) and to spring samples

(0.600). The average frequency over the seasons was 0.355
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(SD - + 0.234). The increase in the A allele was 4.5 fold

over the 9 months, resulting in a switch in common alleles

from fall to spring (Table I). Contingency chi-square

analysis of genotypic proportions indicated this was the

only locus that was significantly heterogeneous (p < .001)

over time.

The chi-square test was used to test for deviations

from Hardy-Weinberg equilibrium in the population and was

computed for each time period. The chi-square value of one

locus deviated significantly (Table II), the GPRO locus in

the fall sample. The remaining loci exhibited expected

Hardy-Weinberg zygotic distributions throughout the period.

The measure of genetic deviation with in the

population, FST (Table III) provided an additional measure

of temporal differentiation of seasonal populations with

respect to the population as a whole. FST ranged from a low

of 0.002 at the serum esterase locus to 0.161 at the general

protein locus. The average FaT over all seven loci was

0.040.

To determine if migrants (emigrants from or immigrants

into the population) during the three seasons were random

with respect to genotype, calculations of heterozygote

deficiencies or excesses were made on residents and

migrants. In addition, direct counts of heterozygote

proportions were analyzed for residents and migrants. No
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measures of losses due to mortality were made, and some

animals considered as emigrants undoubtedly were lost to

predation.

Resident woodrats remaining in population for two or

more seasons were heterozygous at a modal number of two loci

(mean = 2.07) loci. In contrast, the modal number of

heterozygous loci in migrants was three (mean = 2.33). In

general, individuals that migrated into or out of the

population during the three seasons showed excesses of

heterozygosity at an average of four of the seven loci.

Individuals that emigrated from the fall population had

excesses of heterozygosity at five of the seven loci. These

excesses were dramatic, with excesses of 0.50, 0.50, and

0.42 at the hemoglobin, serum esterase, and amylase loci,

respectively (Table IV). The individuals remaining from the

fall into the spring had concomitant deficiencies of

heterozygotes at three loci, hemoglobin, serum esterase and

general protein. Heterozygote deficiencies among those

remaining was <0.25. New individuals not found in the fall

and immigrating into the winter population had heterozygote

excesses at three loci and deficiencies at three loci.

Individuals that were lost between winter and spring had

excesses in heterozygosity at three loci and deficiencies at

three loci, while new individuals to the spring population

had high heterozygote excesses at all loci.
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Table 2.-Contingency chi-square test for deviation from
Hardy-Weinburg equilibrium for three seasons in a population
of the plains woodrat.

FALL 1984

No. of
LOCUS ALLELES CHI-SQUARE D.F. P.

HEMO 2 0.178 1 0.673
ALBM 2 0.283 1 0.594
AMYLS 2 3.523 1 0.061
SREST 2 0.236 1 0.627
PREAL 2 0.283 1 0.594
GPRO 2 15.568 1 0.000
SAEST 2 0.059 1 0.808

WINTER 1984-85

No. of
LOCUS ALLELES CHI-SQUARE D.F. P.

HEMO
ALBM
AMYLS
SREST
PREAL
GPRO
SAEST

2

2
22
2
2
2

1.778
0.544
0.838
2.848
1.042
2.917
0.157

I
I
I
1
I
1
1

0.182
0.461
0.360
0.091
0.307
0.088
0.692
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Table 2.-Continued

SPRING 1985

No. of
LOCUS ALLELES CHI-SQUARE D.F. P.

HEMO
ALBM
AMYLS
SREST
PREAL
GPRO
SAEST

2
2
2
2
2
2
2

0.323
0.423
0.582
1.894
0.171
0.005
0.199

I
I
I
I
I
I
I

0.570
0.515
0.446
0.169
0.679
0.943
0.656



33

Table 3.-Summary of F-statistics at all loci.

LOCUS F F F
IS IT ST

HEMO 0.104 0.123 0.021
ALBM -0.162 -0.160 0.002
AMYLS -0.134 -0.131 0.003
SREST 0.016 0.020 0.004
PREAL -0.042 0.003 0.044
GPRO 0.328 0.436 0.161
SAEST -0.150 -0.148 0.002

MEAN 0.012 0.051 0.040
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Tendencies for individuals to migrate were not

associated with sex, and sex ratios of migrants were nearly

equal. For instance, twelve of the 23 emigrants over the 9-

month period were males, while eight of the 16 adult

immigrants were male.

Genetic Population Structure

Phenograms of genetic similarity were constructed for

individual woodrats during each season of population

assessment (Figs. 4-9). From these, contour diagrams were

mapped indicating the degree of genetic similarity and

animal location on the study area.

In the fall, the population was divided into three

major groups (Fig. 4). A north-west group was comprised of

adult females and their young (animals 8, 9, 11, 13, 14). A

central group consisted of a mixture of widely spaced adults

of both sexes. In this group, one cluster of four animals,

two males and two females (5, 7, 19,21) was evident (Fig.

5).

The winter population (Fig. 6) included several new

individuals that were scattered along the periphery of the

area (animals 23-27, 31-33). Three immigrant animals (28-

30) had a high genetic similarity and established in vacated

nests on the southwest (Fig. 7). Five individuals (4, 11,

13, 14, 21) changed nest positions from those they occupied

- I , -S - I '".1 '.1
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Table 4.-Coefficients for heterozygote deficiencies or
excesses calculated for three seasons in a population of the
plains woodrat.

INDIVIDUALS LOST FROM FALL 1984 (n=14)

OBSERVED EXPECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX (F) D

HEMO 10 6.667 -0.556 0.500
ALBM 2 1.926 -0.077 0.038
AMYLS 9 6.333 -0.474 0.421
SREST 6 4.000 -0.600 0.500
PREAL 2 1.926 -0.077 0.038
GPRO 0 1.926 1.000 -1.000
SAEST 1 1.000 -0.143 0.000

INDIVIDUALS SURVIVING FROM FALL 1984 TO WINTER 1984-85 (n=8)

OBSERVED EXPECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX (F) D

HEMO 1 3.667 0.709 -0.727
ALBM 3 2.600 -0.231 0.154
AMYLS 4 3.200 -0.333 0.250
SREST 2 3.273 0.333 -0.389
PREAL 3 2.600 -0.4231 0.154
GPRO 1 2.538 0.576 -0.606
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Table 4.-Continued

NEW INDIVIDUALS CAPTURED WINTER 1984-85 (n=11)

OBSERVED EXPECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX (F) D

HEMO 4 3.429 -0.222 0.167
ALBM 3 2.714 -0.158 0.105
AMYLS 3 5.571 0.436 -0.462
SREST 3 5.000 0.371 -0.400
PREAL 2 3.429 0.389 -0.417
GPRO 1 1.000 -0.333 0.000
SAEST 3 2.455 -0.333 0.222

INDIVIDUALS LOST FROM WINTER 1984-85 (n=12)

OBSERVED EXPECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX (F) D

HEMO 4 4.800 0.133 -0.167
ALBM 3 2.760 -0.130 0.087
AMYLS 4 5.760 0.278 -0.306
SREST 2 5.333 0.607 -0.625
PREAL 3 2.760 -0.130 0.087
GPRO 0 1.778 1.000 -1.000
SAEST 3 2.455 -0.333 0.222



Table 4.-Continued

INDIVIDUALS SURVIVING FROM WINTER 1984-85 TO SPRING 1985
(n=8)

OBSERVED EXPECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX (F) D

HEMO 2 3.200 0.333 -0.375
ALBM 3 2.600 -0.231 0.154
AMYLS 5 4.200 -0.270 0.190
SREST 5 4.200 -0.270 0.190
PREAL 1 2.538 -0.576 -0.606
GPRO 3 3.182 -0.029 -0.057

NEW INDIVIDUALS CAPTURED SPRING 1985 (n=15)

OBSERVED EXPECTED FIXATION
LOCUS HETEROZYGOTES HETEROZYGOTES INDEX (F) D

HEMO 2 1.913 -0.091 0.045
ALBM 3 2.739 -0.143 0.095
AMYLS 6 4.696 -0.333 0.278
SREST 8 5.565 -0.500 0.438
PREAL 2 1.714 -0.333 0.438
GPRO 5 5.000 -0.048 0.000
SAEST 2 1.333 -1.000 0.500

i

I
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in the fall. Young animals moved from 20 to 55 meters away

from the maternal nest site; this contributed to loss of

patterning seen in the fall. Breeding ceased in the winter

as evidenced by the lack of scrotal testes and the cessation

of the production of oily musk secreted by ventral glands in

males and lack of lactation in females.

In the spring (Fig. 8), patterns of association of

genetically similar individuals were only slightly evident.

Two individuals of high genetic similarity (43, 46) were

located in the northcentral portion of the habitat (Fig. 9).

The remainder of genetically similar animals occupied nests

on the periphery of the area. The majority of these

woodrats represented immigrants or young that may have

resulted from reproduction in the population (47-49).

Movement of young and adults was pervasive, and contributed

to a breakdown of genetic patterning seen in the previous

months. For instance, individual 44, an immature female,

dispersed from its initial site of capture, the maternal

nest that contained individuals 37 (mother) and 38 (litter

mate). To further investigate the relationship between

genetic similarity and geographic proximity of individuals,

Mantel analysis was used to compare matrices of genetic

similarity and geographic distances. Correlations between

genetic and geographic matrices were less than 0.13 (fall -

0.027, P = 0.60; winter z 0.087, P = .828; spring = 0.132, P

" - , ",fA'mb- ""AlmOr
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0.832). All were nonsignificant, reinforcing the lack of

a relationship between geographic location and genetic

similarity of individual woodrats.
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Fig. 4.-Cluster Diagram of Genetic Similarity of the Fall
1984 Population of Neotoma micropus.
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Fig. 5.-Genetic Contour Map of the Fall 1984 population of
Neotoma micropus.
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Fig. 6.-Cluster Diagram of Genetic Similarity the Winter
1984-85 Population of Neotoma micropus.
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Fig. 7.-Genetic Contour Map of the Winter 1984-85
Population of Neotoma micropus.
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Fig. 8.-Cluster Diagram of Genetic Similarity of the
Spring 1985 Population of Neotoma micropus.
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Fig. 9.-Genetic Similarity Map of the Spring 1985
population of Neotoma micropus.
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CHAPTER IV

DISCUSSION

The objectives of this study were to measure the

spatial distribution of genetic variants at specific protein

loci in the plains woodrat, Neotoma micropus, to determine

if a population is subdivided on microspatial and temporal

levels. The data suggest that microspatial patterning of

genotypes occurs during certain seasons, while temporal

variation is less pronounced. The following details the

importance of this variation.

Six proteins controlled by 12 loci were identified for

49 individuals of N. micropus during the 9-month period.

During each season at least four loci were polymorphic in

all of the individuals observed. Temporal variation in

allele frequencies changed little over time at the loci,

with a major fluctuation at one locus (General protein).

Zimmerman and Nejtek (1977) examined 19 proteins controlled

by 20 loci, of which 11 loci were polymorphic. Four of the

eleven polymorphic proteins were from blood samples, and

salivary proteins were not used. In the Jack County

population of N. micropus, all of the polymorphic proteins

were found in blood or saliva samples. Since this study was

concerned with genetic variation without removal of

individuals, it was important to sample tissues whose

52
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removal would not be detrimental to the individuals studied.

Blood and salivary proteins provided a pool of polymorphic

proteins which could be extracted from an individual and

would allow the subject to be released back into the habitat

without detriment to the individual and the population

structure.

The phenograms of genetic similarity for each season

suggest that in the fall there were three major groups of

woodrats and some peripheral individuals. In the winter

reproduction decreased sharply, but the population

contained immigrant individuals around the periphery,

primarily young adults that probably invaded marginal

nesting sites. In the spring, all patterning had broken

down, and many of the young from the fall and winter

dispersed into outlying areas with marginal and previously

abandoned nests. Raun (1966) found that similar movements

were seen in the young in his population of N. micropus from

southern Texas, but the adults did not move as frequently as

those in the Jack County population.

The temporal FST value observed in the Jack County

population can be compared with those of a previous study on

geographic variation in Neotoma (Zimmerman and Nejtek,

1977). The previous study found a FST of 0.382 for N.

micropus populations occurring over a broad geographic area

of Texas and New Mexico. The temporal FST for Jack County
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was 0.040, and in comparison this value is low. Obviously,

fluctuations in gene frequencies did not occur over time,

and this was substantiated by the lack of temporal

heterogeneity of zygotic proportions for all but one of the

loci (General protein).

The population of Neotoma micropus investigated

remained constant in number over a 9-month period, averaging

9 males and 12 females. Raun (1966) determined that the

population size for N. micropus is determined by the

availability of nesting sites. In his study, Raun observed

that during a 30-month period the upper limit of the

population was determined by the number of nesting sites,

and food supply was not an important factor in regulating

the number of animals. The unique behavioral pattern in

woodrats of requiring suitable cactus or small trees for a

nest burrow and accumulation of middens often restricts the

amount of available habitat. Available nesting sites among

most other rodents are not as important in regulating

population size, while conversely food supply is a major

constraint. At the Jack county site, the optimal nesting

sites tended to be maximally occupied during each season.

Since the population size remained constant, it would seem

that the population in the study site had reached its

capacity.

Loss of individuals by either mortality and/or
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emigration was highest in males and dispersing young. Raun

(1966) found this to be the same in his study. In the Jack

County population, 50% of the young captured in one season

were never captured again. Male loss was 69%, while losses

in females were 59%. Differential disappearance by sex is

probably due to the tendency of males to wander farther from

the nest site during scent marking and in defence of their

territories (Raun, 1966). Vaughan and Schwartz (1980) light

tracked an insular population of Neotoma and found that

males constantly patrolled and scent marked their

territories at night. Most of the nocturnal activity of

males was along range borders, and males tended to patrol

larger territories than females.

Mortality in young often occurs during dispersal, as

well (Raun, 1966). Since the optimal nesting sites of the

population were occupied by adults during most of the study,

nests were unavailable to the dispersing young, and very few

young remained on the site throughout the study period. The

percentage of individuals surviving from the fall to spring

was 22% (included was an individual which was caught in the

fall and spring and not found in the winter). This value is

not appreciably lower when compared with Raun's (1966)

population, with a 27% survival of individuals from fall to

spring.

Effective population sizes (Ne) of the woodrats in the

: . 11 - . " i ' -W. - . -, -,;: , kft 'M l- ,l - - , , -, , Li, dim
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Jack county population over the three seasons did not differ

significantly from the actual population number. For

instance, Ne for the fall was 18.53, while the actual number

of adults was 19, and during the winter and spring the

effective population size were 15.75 and 16, and 16 and 16,

respectively. These minor differences in magnitude of

actual and effective population sizes are similar to those

calculated for Raun's (1966) data, where the effective and

actual population sizes for the fall (October 1958), winter

(January 1959), and spring (April 1959) were 43.63 vs. 44,

25.7 vs. 28, and 43.63 vs. 44, respectively. There were no

significant differences (P < 0.05) between the effective

population values and the actual adult numbers in Raun's

(1966) study, however the N. micropus population in Jack

County showed a greater tendency for to be have a 1:1 sex

ratio. Where deviations from a 1:1 sex ration were more

pronounced, such as during the fall, they could be

attributed to the loss of males by predation due to

maintenance of territorial boundaries and movement to other

areas (Raun, 1966).

The analysis of heterozygotic proportions among

residents, emigrants, and those lost indicated that

individuals that were disappeared through predation or

migration or were incorporated into the population were on

the average more heterozygous than those that remained in
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the population. These data have been seen in other studies

of mammalian population dynamics (Smith et al., 1978; and

Scribner et al., 1983). In the previous studies, it was

observed that individuals dispersing from the main

population had heterozygote excesses while those that

remained with the main population had a higher frequency of

homozygous loci. Smith et al. (1978) formulated a model

that related genetics and dispersal in fluctuating small

animal populations. Many of the tenets of this model mirror

the population dynamics and the genetics of the woodrats in

the Jack County population. Smith et al. (1978)

hypothesized that there are two groups found in the

population, designated as primary and the secondary types.

Primary types are stable in numbers, due to individuals with

a high survivorship and low reproductive rate. Secondary

types are unstable in numbers, because individuals have low

survivorship and high reproductive effort. The primary

types occur in the optimal habitats and push the secondary

types out to the marginal areas. It is selectively

advantageous for the founders to be heterozygous since they

would avoid the deleterious effects of inbreeding during the

initial stages of expansion of the secondary population.

Thus immigrants, representing potential founders of new

populations, would appear as heterozygous individuals along

the periphery of an established population. Gaines (1981)
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disputes the model, since maximum heterozygosity would be

achieved in a secondary population, if primary types

exported individuals that are homozygous for alternate

alleles that mated and produced heterozygotes, a model is

based on group selection. Scribner et al. (1983), found

that an eastern cottontail population in the Texas Panhandle

exhibited a decrease in heterozygosity due to dispersion of

heterozygotes, a pattern similar to the woodrat population

where young and adult males dispersed, and these

individuals tended to have a higher heterozygosity level

than those who remained in the optimal habitats.

In summary, the population structure of Neotoma

micropus in Jack County is in a constant flux. Population

genetic structuring is subtle but fluctuates on a seasonal

basis. It is influenced primarily by differential migration

or predation of genotypes. Heterozygotes tended to move

more than homozygotes, and a greater proportion of

heterozygotes were lost from the population during each

season. However, genetic variation was reinforced and

maintained in the population by immigrant individuals,

mostly migrant males and dispersing young who had a greater

heterozygosity than residents. This differential in

dispersal of genotypes appears to fit current models of

reorganization of the genome of populations.
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