
AN ABSTRACT OF THE THESIS OF

JOHN RAYMOND SKALSKI for the degree of MASTER OF SCIENCE

in FISHERIES AND WILDLIFE presented on 14 June 1976

Title: TRANSFERRIN POLYMORPHISM IN A POPULATION OF

NUTTALL'S COTTONTAI:
/ I

L JINT CENTRAL OREGON

Abstract approved:.Redacted f/or Privacy
B. J. Verts

Temporal changes in gene frequencies and genotype frequencies,

monthly densities, survival rates, growth rates, trap susceptibility

and home ranges were evaluated from 291 Nuttall's cottontails

(Sylvilagus nuttallii) captured 950 times by livetrapping and 53 cotton-

tails collected by shooting. Electrophoretic analyses of sera revealed

protein polymorphism at the transferrin locus in the Nuttall's cotton-

tail population. The locus was characterized by three codominant

alleles, Trf-A, Trf-B and Trf-C with relative mobilities of 1.04,

1.00 and 0.95, respectively. No significant relationship between

transferrin genotypes of Nuttall's cottontails and their sex was

observed (P > 0.05). The frequencies of the transferrin genotypes

was not significantly different from expected values computed by

Hardy-Weinberg equilibrium frequencies suggesting genetic inheri-

tance at a single autosomal locus (P > 0. 05). During the summer of

1974 the occurrence of the Trf-BB genotype increased 13.3 percent



between the samples of parental stock and their trappable progeny.

In 1975, the Trf-BB genotype frequency decreased by 14.5 percent

between parental stock and trappable progeny. Associated with the

opposite trends in Trf-BB genotype frequencies between years were

significant differences in the growth rates of juveniles in 1974 and

1975 (P < 0.05). Mean rate of growth for juveniles in a litter were

computed by regression of weight at first capture against date of

acquisition for all juveniles of a litter group. Computed rates of

growth ranged from 1.51 to 3.70 grams per day for juveniles in litter

groups in 1974 and from 4.28 to 5.98 grams per day in 1975. The

differences in growth rates of juveniles between 1974 and 1975 were

thought to be related to a 4-fold difference in precipitation falling

from the time the first litter was weaned through August each year

with 1.47 cm and 5.89 cm of rain, respectively. There was a signifi-

cant difference in Trf-C gene frequencies between the 1974 and 1975

trappable progeny (P < 0. 05). Significant changes in the gene pool of

the cottontail population were thought to have resulted from possible

selection of juveniles best adapted to the prevailing environment.

Apparently four litters of cottontails were produced during the 1974

and 1975 breeding seasons with an estimated total production of

305.6 and 354.1 young, respectively. Monthly estimates of population

density ranged from 17.8 cottontails per 100-ha on 14 February 1974

to 241.8 cottontails per 100-ha on 31 July 1975. Estimates of



cottontail density on 30 August 1974 and 1975 were 173.6 and 213.9

cottontails per 100-ha, respectively. The overall survival rate of

juvenile cottontails from birth through 30 August was 42.1 and 44.4

percent, respectively, for 1974 and 1975. However, the minimum

survival rate for cottontials in the trapped population was computed

as 78.8 and 73.6 percent, respectively, for 1974 and 1975. Survival

rates indicated a high rate of mortality for juveniles prior to their

entrance into the trapped population. No differences were found in the

size of home ranges or weights at first capture of cottontails of the

various transferrin genotypes captured (P > 0. 05). Cottontails of the

Trf-BC genotype were found to be significantly more difficult to cap-

ture than those of the Trf-BB in 1975 with 35.1 and 26.3 trapnights

required per capture, respectively (P < 0. 05). Transferrin geno-

types were determined for 51 of the 53 cottontails collected by shoot-

ing in September 1975. Analysis indicated no significant relationship

between the transferrin genotype composition of the sample and the

method of acquisition, with the comparison of cottontails livetrapped

in August 1975 and those shot in September 1975 (P > 0. 05). No

significant differences were found between the sex and age structure

of the hunted sample of September 1975 and the trapped population of

August 1975 (P > 0.05).
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TRANSFERRIN POLYMORPHISM IN A POPULATION OF

NUTTALLIS COTTONTAIL IN CENTRAL OREGON

INTRODUCTION

Nuttall's cottontail (Sylvilagus nuttallii) occurs in the Upper

Sonoran life zone (Bailey 1936) in Oregon. The cottontail is a native

of the high desert where its populations appear to be primarily con-

trolled by extrinsic factors of moisture and temperature (McKay

1975). Large fluctuations in density of the species seems typical, for

McKay (1975) found up to 4-fold changes in density between years and

16-fold changes in density within an annual cycle. The impact of

large fluctuations in population density on changes in the gene pool of

Nuttall's cottaontail is unknown.

Populations characterized by fluctuating numbers and varying

selective intensity could exhibit greater genetic diversity than that

possible in static populations (Calaprice 1968). Changes in environ-

mental factors resulting in fluctuations in density of Melitaea aurina

Rott. produced corresponding changes in the abundance of genetic

variation (Ford and Ford 1930). As the population of Melitaea

increased, genotypes arose which would not have otherwise occurred;

these genotypes were then eliminated as population density was

reduced under more rigorous environmental conditions (Ford and

Ford 1930). There is the possibility of similar processes occurring
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in populations of Nuttall's cottontails.

Tamarin and Krebs (1969, 1973) found evidence that density

dependent selection maintained transferrin polymorphism in voles

(Microtus ochrogaster and M. pennsylvanicus). Similarly, Calhoun

(1950) suggested that there was a relationship between the frequency

of different color-morphs and the 9- to 10-year population cycles of

red foxes (Vulpes vulpes) in Canada.

Differential trap response was observed in cottontails (Geis

1955, Eberhardt et al. 1963). Differences in the growth rates and

maturation of cottontails was suggested by Beule and Studholme (1942)

who found wide variation in sizes of nestling eastern cottontails

(S. floridans) within litters. Variation in the paunched body weights

of cottontails between geographic regions was believed to be geneti-

cally controlled (Russell 1966). Observed differences in the ovulation

rates of eastern cottontails in different areas of Ohio were, however,

found not to be the result of genetic differences (Russell 1966).

Although Nuttall's cottontail is considered to be a non-game

species in Oregon, about 135,000 are harvested annually (Verts,

unpublished data). The potential effects of exploitation on the demo-

graphics and gene pool of the cottontail are unknown. Speculation that

hunting and fishing has changed the gene pool of game species is com-

mon. Hunters commonly express the belief that bob-white quail

(Colinus virginianus) are becoming more adept at escaping the hunter



3

(Scott and Klimstra 1954). This idea is based on the belief that the

selective influence of shooting eliminated quail less adept at escaping

the hunter, leaving the wiliest individuals as breeding stock.

Calaprice (1968) suggested that fishing might be a form of mass selec-

tion on salmonids, where the larger, faster growing fish are being

selected against. Difficulties of anglers in catching brown trout

(Salmo trutta) were suggested to be the result of centuries of selection

which eliminated the less wily individuals in the breeding population

(Miller 1957). The study of Nuttall's cottontail should provide some

insight into the importance of genetic diversity under both natural and

exploited conditions of the species.

Transferrin polymorphism was shown to be important in

physiological functions of animals and in the population genetics of a

number of species (Aston 1958, Martin and Jandl 1959, Turnbull and

Gib lett 1961, Hershberger 1970, and Weinberg 1971). The electro-

phoretic study of transferrin polymorphism may help determine the

importance and extent of changes in the gene pool of Nuttall's cotton-

tail over short temporal periods.
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OBJECTIVES OF THE RESEARCH

The major objective of the research was to determine if there

were relationships between genotype frequencies at the transferrin

locus and various characteristics of Nuttall's cottontails and their

populations. Specific objectives of the study were as follows:

1. To determine if allele frequencies for a cryptomorphic

character were related to demographic properties of a

population apparently regulated by extrinsic factors.

2. To determine if allele frequencies of samples obtained by

livetrapping differed from that of a sample obtained by

shooting.

3. To determine if size of home range, weight at first capture,

and susceptibility to trapping were related to the transferrin

genotypes.
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STUDY AREA

A 87.0-ha study area was established on lands administered by

the Bureau of Land Management located in portions of sections 13 and

24, R. 12E., T. 14S. in Deschutes County, Oregon. This area,

hereafter referred to as the Terrebonne Study Area, was the same

site used for previous studies of Nuttall's cottontails during 1972-1974

(McKay 1975).

The area is situated in a sagebrush-juniper community with

numerous laval hummocks and associated rubble on the site. The

vegetation on the study site was characteristic of the Upper Sonoran

life zone (Bailey 1936). Predominant vegetation consisted of western

juniper (Juniperus occidentalis), big sagebrush (Artemesia tridentata),

rabbitbrush (Chrysothamnus sp.), bitterbrush (Purshia tridentata),

and squaw current (Ribes cereum). Common forbs and grasses were

cheatgrass (Bromus tectorum), Idaho fescue (Testuca idahoensis),

squirreltail (Sitanion hystrix) and Sandberg bluegrass (Poa sandergii).
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METHODS AND MATERIALS

Trapping procedures and handling of cottontails were similar to

those used by McKay (1975). Unbaited wooden box traps

(15 x 18.7 x 58 cm) were set approximately 100-yards (91.4 m) apart

in a rectangular grid of 13 rows of 9 traps each. Livetrapping was

conducted 3 days in alternate weeks from 1 April through 9 June 1975,

and in 1974 and 1975, 3 days each week from 14 June through 31 July

and for 30 consecutive days from 1 August through 30 August.

Livetrapped cottontails were weighed and measured (total length,

hind foot length, ear length from notch, length from nose to tip of

extended hind foot [Bailey 1968]). Sex of each rabbit was determined

by an examination of its genitalia. Cottontails were classified

according to age as either an adult or a juvenile of one of the litter

groups produced during the breeding season. Nuttall's cottontails

recaptured, were not reweighed or remeasured more frequently than

once per week. All cottontails were released at their respective

points of capture.

Captured cottontails were marked with aluminum rabbit eartags

obtained from National Band and Tag Company, Newport, Kentucky.

In addition, cottontails captured in August were dyed with a saturated

solution of picric acid in 15 percent ethanol on their tails and

posterior portions of their hind legs.
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A blood sample (1 to 5 cc) was obtained from each cottontail by

dilating the medial vessel of the ear with xylene and cutting the dis-

tended vessel distal to the xylene application. Blood was allowed to

drip into chilled, paraffin-lined tubes which were stoppered and

placed in a vacuum bottle of ice water. Sera were separated by

pipetting after centrifugation for 10 minutes. Sera were frozen until

analyzed.

Thirty-two transect lines were established at approximately

30-m intervals across the width of the study area and marked with

colored flagging tape. Colors of flagging tape were alternated to

differentiate the transects. Transect lines were used in drive

censuses conducted during the fall and winter months to estimate

cottontail density.

A sample of cottontails was shot on the study area during 17-20

September 1975 for the purpose of determining if hunting changed

transferrin genotype frequencies in the population. Hunting was con-

ducted along the 32 transect lines to insure even hunting pressure

throughout the study area. Efforts were made to obtain all cottontails

sighted during the hunt. Blood samples were obtained from untagged

cottontails by collecting blood from their thoracic cavities in

heparinized capillary tubes.

In all statistical analysis, the 5 percent confidence limits were

accepted as indicating significance.
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Electrophoresis

Electrophoretic analysis of blood serum and plasma was

performed using horizontal starch gels. The gel and electrode buffers

used in the study were: electrode buffer -0. 06M LiOH, 0.3M

H3B03, pH 8.3; gel buffer- -0.3M tris (tris(hydroxymethyl) amino-

methane), 0. 005M citric acid, 1 percent total solution of electrode

buffer, pH 8.0 (Ridgeway et al. 1970).

Starch used in the gel was Electrostarch (Otto Hiller, Madison,

Wisconsin) prepared at a concentration of 10.4 percent (10.4 g/100m1

buffer). The starch solution was heated to boiling, degassed with an

aspirator and poured into 230 x 150 x 10 mm molds to cool.

Serum samples were absorbed on 5 x 15 mm pieces of Whatman

Chromatography 3 MM paper with excess liquid blotted off before

being inserted into a slit cut in the gel. Current used was 50 to 75 ma

with a maximum voltage of 300 v for 3.5 to 4.5 hours, until the ion

front migrated 10 cm across the gel. Gels were cut horizontally in

1.6 mm slices to be stained; the top slice was discarded. The gel was

stained with 1.0 percent Buffalo Black NBR (naphtal blue-black in

1:4:5 solution of glacial acetic acid, methanol, and water) for 30 min-

utes. The gel was destained with a 1:4:5 solution of glacial acetic

acid:methanol:water until the background faded.
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Serum samples remaining frozen up to 4 months prior to

electrophoretic analysis showed no significant deterioration of resolu-

tion at the transferrin locus, although frozen samples revealed a

poorer resolution than fresh unfrozen samples. Repeated thawing and

freezing, however, caused a rapid deterioration of resolution.

Determination of Density

Monthly estimates of Nuttall's cottontail density were computed

for the Terrebonne Study Area from June 1974 through April 1976.

Estimates for the months of April through July were made by the

Lincoln index (Petersen 1896) and modified Lincoln index (Bailey 1952).

August estimates of density were computed by Edwards and

Eberhardt (1967) maximum likelihood estimator (M. L. E. ). The early

September estimates of density were computed by Lincoln index from

cottontails observed during the first drive census of the fall using

ratios of numbers of unmarked to numbers marked with picric acid.

Monthly drive censuses along the 32 transect lines were

conducted to estimate cottontail densities for September through

March 1974-1975 and September through April 1975-1976. Censuses

began prior to sunrise, as soon as light permitted, and were com-

pleted in approximately 3 hours. All 32 transect lines were traversed

with numbers of marked and unmarked cottontails enumerated.

Estimates of cottontail density were computed by the relative
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abundance method (McKay 1975) from data collected during drive

censuses according to the formula:

where

=
nM

N m

A
N = Monthly estimate of density

n = Number of cottontails observed on the monthly drive census

M = Estimate of cottontail density in August using M. L. E.

m = Number of cottontails observed on drive census on the first

week of September

Survival and Production

Litter-specific survival rates for juveniles were computed

from their birth through 30 August 1974 and 1975. Monthly estimates

of the female breeding population were multiplied by the average

number of viable embryos (Powers and Verts 1971) reportedly pro-

duced by females during each synchronous litter of the year. The

monthly estimates of the spring breeding population for 1974 and

1975 were computed according to the formula:
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A
F = Monthly estimate of the female breeding population

A = Estimate of the number of adult females alive in August

S = Monthly survival rate for adults during the summer of 1975

X = Number of months prior to August for which estimate was

desired

The August estimate of the female breeding population was computed

by the formula:

where

A MCP =

P = Estimated number of cottontails present of a particular sex

or age class in August
A
M = Estimated cottontail density in August by M. L. E.

C = Number of cottontails of sex or age class captured in August

T = Total number of cottontails captured in August

The juvenile survival rates were computed according to the formula:

where

AJ = B x 100

J = Estimated survivel rate of juveniles for a specific litter

group
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B = Number of juveniles alive in a litter group during August

computed by the formula for P

R = Number of juveniles produced in a litter group

Over-winter survival for Nuttall's cottontails was expressed as

a percentage computed by dividing the April 1975 population density

by the August 1974 estimate of density.

Non-Demographic Parameters

Sizes of home ranges were calculated for all cottontails captured

four or more times during a trapping season. The geometric center

of activity (Hayne 1949) was computed and the size of home ranges

expressed in terms of standard diameters (Harrison 1958, White

1964) for each cottontail.

Litter-specific rates of growth for juvenile Nuttall's cottontails

were computed for each of the four litter groups produced during the

1974 and 1975 breeding seasons. Growth rates were calculated for

the period from the entrance of a litter group into the trappable popu-

lation through 30 August. The growth rates were computed by

regression of weight at first capture on date of acquisition for each

individual assigned to a litter. The regression coefficients were used

as the measure on the rates of growth of juvenile cottontails in specific

litters. The 95 percent confidence intervals for the growth rates
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were calculated from the sample variance of the regression

coefficients.

Trap susceptibility (T) of individual cottontails was

computed according to the formula: T = number of trapnights to which

a cottontail was exposed during the study divided by the number of

nights that it was captured.

Gene and Genotype Frequency Computations

Protein polymorphisms, the result of single base substitutions,

can be related directly from phenotypic to genotypic differences as

determined by electrophoresis (Hubby and Lewontin 1966). Gene and

genotype frequencies were computed for the parental stock and

trappable progeny of Nuttall's cottontails on the study area for 1974

and 1975. Frequencies also were determined for the cottontails which

were known to be alive during the months of April (Parental Stock) and

August. The 1974 trappable progeny consisted of juveniles captured

during the summer of 1974 plus untagged adults captured during 1975.

The 1974 sample of cottontails known to be alive in August consisted

of all cottontails captured in August 1974 along with the untagged

adults of 1975. Untagged adults captured in 1975 were assumed to be

members of the 1974 cohort and not cottontails of the 2-year age class

or older. Over 80 percent of the August population was marked

annually on the study area, thus the probability of a rabbit remaining
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unmarked to 2 years of age was less than 4 percent. The 1975 sample

of trappable progeny consisted of the juveniles trapped during 1975

plus the juveniles from the September 1975 sample collected by

shooting.

The 95 percent confidence intervals were calculated for gene

frequencies by the formula for the variance of binomial distributions

(Kempthorne 1969). The variance was defined as Cr = pq/N for a

population with two alleles of frequencies p and q, with N

equal to the number of gametes sampled. The 95 percent confidence

intervals were defined as p or q f 1.96o- .
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RESULTS AND DISCUSSION

Two hundred ninety-one cottontails were livetrapped a total of

950 times. In addition, 53 cottontails (43 previously marked) were

collected in September 1975 on the study area by shooting.

Protein Polymorphism

Electrophoretic analysis was conducted on sera from 275

livetrapped cottontails and on plasma from 9 rabbits shot during fall

1975. Analysis revealed protein polymorphism at the transferrin

(Trf) locus. Walkowaik (1967) found similar transferrin polymorph-

isms in the eastern and New England cottontails IS floridanus and S.

transitionalis). Identification of the transferrin proteins was by the

rivanol procedure (Sutton and Karp 1965, Chen and Sutton 1967).

The locus was characterized by three codominant alleles producing

six phenotypes (Fig. 1). The predominant allele in the population,

Trf-B, was intermediate in migrating rate with an arbitrarily

designated relative mobility of 1.00. The slowest migrating form,

Trf-C, was intermediate in frequence with a relative mobility of

0.95. A rare form (frequency < 0. 03) of transferrin, Trf-A, with a

relative mobility of 1.04 was recorded in the population during 1974

but was absent during 1975.
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Fig. 1. Diagrammatic representation of transferrin variation found

in Nuttall's cottontails on the Terrebonne Study Area, Deschutes

County, Oregon.
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Data for 1974 and 1975 indicated no significant relationships

between the transferrin genotypes of Nuttall's cottontails and their

sex (X2 = 4.138, D. F. = 5 for 1974, P > 0.50; x2 = 0.662,

D.F. = 2 for 1975, P > 0.50). This similarity in composition allowed

the pooling of data for the two sexes.

The frequency of the transferrin genotypes among the 1974 and

1975 trappable progeny were not significantly different from the

expected values computed by Hardy-Weinberg equilibrium frequencies

as modified by Levene (1949) for small sample size (X2 = 0.598,

D.F. = 5 for 1974, P > 0.975; x2 = 1.854, D.F. = 2 for 1975;

P > 0. 25). Agreement with Hardy-Weinberg frequencies suggested

that the polymorphism was the result of genetic inheritance at a

single autosomal locus. Inheritance of transferrin polymorphism was

documented for a number of species: voles (Microtus sp. ) (Maurer

1967), deer mice (Peromyscus maniculatus) (Rasmussen and Koehn

1966) and the rhesus monkey (Macaca mulatta) (Goodman and Wolf

1963).

Transferrin Gene Frequencies and Genotype Frequencies

Fluctuations in frequencies of transferrin genotypes indicated

large changes in the gene pool of the Nuttall's cottontails population

over short temporal periods. The frequency of the Trf-BB genotype

fluctuated by a maximum of 14 percent between cottontail generations
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on the Terrebonne Study Area from June 1974 to August 1975 (Table

1). Similar, but less dramatic changes, occurred in the other trans-

ferrin genotypes present in the population (Table 1).

Changes in gene frequency accompanied changes in the genotypic

composition of the cottontail population (Table 2). There were signifi-

cant differences in Trf-C gene frequencies between the 1974 and 1975

trappable progeny.

The changes in the genetic constitution of the population at the

transferrin locus apparently occurred during the 1974 and 1975 breed-

ing seasons. The differences in genotypic composition between the

observed parental stock and trappable progeny in 1974 and 1975 were

not significant (X2 = O. 932, D. F. = 1 for 1974, P > O. 25; x2 = 3. 066,

D.F. = 1 for 1975, P > 0. 05). However, there were significant dif-

ferences in genotypic composition between the observed trappable

progeny in 1974 and 1975 and those predicted on the basis of Hardy-

Weinberg equilibrium frequencies from the respective parental stocks

(X2 = 9.594, D.F. = 1 for 1974, P < 0.005; x2 = 15.018, D.F. = 1

for 1975, P < 0.005).

No significant changes in the genotypic composition of the

cottontail population occurred at the transferrin locus during the

winter of 1974-1975; the genotypic composition of the sample of cotton-

tails known to be alive in August 1974 was not significantly different

from that of the 1975 parental stock (X2 = 0.029, D. F. = 1, P > 0.75).



Table 1. Number of individuals and frequency of each transferrin genotype in parental stock,

trappable progeny, numbers known alive in August, and shot samples of Nuttallts cottontails

livetrapped or shot June-August 1974 and April-September 1975 on the Terrebonne Study Area,

Deschutes County, Oregon.

Classification
Sample

size
Genotype

AA AB AC BB BC CC

Parental stock 21 0 1 0 12 6 2
(1974) (0. 048) (0. 571) (0. 286) (0. 095)

Trappable progeny 125 0 2 0 88 32 2
(1974) (0.024) (0.704) (0.256) (0.016)

Known alive in 123 0 3 0 86 32 3

August 1974 (0.016) (0.699) (0.260) (0.024)

Parental stock 47 0 0 0 33 13 1

(1975) (0.702) (0.277) (0.021)

Trappable progeny 140 0 0 0 78 57 5

(1975) (0.557) (0.407) (0.036)

Known alive in 128 0 0 0 81 42 5

August 1975 (0.631) (0.331) (0.038)

Sample collected by 51 0 0 0 29 18 4
shooting (0.569) (0.353) (0.078)
17-20 September 1975



Table 2. Frequency and 95 percent confidence limits for transferrin alleles in parental stock,

trappable progeny, numbers known alive in August, and shot samples of Nuttall's cottontails

livetrapped or shot June-August 1974 and April-September 1975 on the Terrebonne Study Area,

Deschutes County, Oregon.

Classification
Sample

size
Al lels

Parental stock 21 0.024 0.738 0.238
(1974) (0.609-0 867) (0.102-0 367)

Trappable progeny 125 0.012 0.844 0.144
(1974) (0.800-0 887) (0.100-0 187)

Known alive in 123 0.008 0.837 0.155
August 1974 (0. 792 -0 882) (0. 109 -0 199)

Parental stock 47 0 0.840 0.160
(1975) (0.766-0 914) (0.086-0 234)

Trappable progeny 140 0 0.761 0.239
(1975) (0.711-0.811) (0.189-0.289)

Known alive in 128 0 0.797 0.203
August 1975 (0.748-0.846) (0.154-0.252)
Sample collected by 51 0 0.754 0.255
shooting (0.661-0.830) (0.170-0.339)
17-20 September 1975
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There was an increase in Trf-BB genotype frequency during the

summer of 1974 from parental stock to trappable progeny. An

opposite trend of decreasing Trf-BB frequency and corresponding

increase in Trf-BC and Trf-CC genotype frequencies occurred during

the summar 1975 between the parental stock and trappable progeny

(Table 1). Although large differences existed between the genotypic

composition of samples of parental stock and trappable progeny each

year, only slight temporal changes in transferrin genotype frequencies

occurred during the summer months within the trappable progeny.

There were non-significant linear trends during both 1974 and 1975

for higher Trf-BB genotype frequencies in samples of trappable

progeny as the summer months progressed (Table 3) (Z = 0.4851 for

1974, P > 0.31; Z = 0.9023 for 1975, P > 0. 18). No significant dif-

ferences existed in the genotypes composition of samples of trappable

progeny between months during the summers in 1974 or 1975

(X2 = 1.202, D.F. = 6 in 1974, P > 0.975; x2 = 1.419, D.F. = 8 in

1975, P > 0.99). There was a non-significant linear trend in 1974 and

a significant trend in 1975 for higher Trf-BB genotype frequencies in

successive litter groups during the breeding seasons (Z = 1.2653 for

1974, P > 0. 10; Z = 5.3730 for 1975, P < 0. 001) (Table 4). The

differences that existed in the transferrin genotype composition of the

litters during the breeding seasons were not significant, however,



Table 3. Numbers of individuals and frequencies of each transferrin genotype in samples of

Nuttall's cottontails caught in live traps each month June-August 1974 and April-August 1975,

Terrebonne Study Area, Deschutes County, Oregon.

Month
Sample

size
Genotype

AA AB AC BB BC CC

June 70 0 3 0 47 18 2
1974 (0.043) (0.671) (0.257) (0.029)

July 92 0 3 0 64 23 2
1974 (0.033) (0.696) (0.250) (0.022)

August 109 0 2 0 77 28 2
1974 (0.018) (0.706) (0.257) (0.018)

April 34 0 0 0 18 14 2
1975 (0.529) (0.412) (0.059)

May 75 0 0 0 40 32 3

1975 (0.533) (0.427) (0.040)

June 108 0 0 0 58 45 5

1975 (0.537) (0.417) (0.046)

July 126 0 0 0 72 50 4
1975 (0.571) (0.397) (0.032)

August 111 0 0 0 65 42 4
1975 (0.586) (0.378) (0.036)



Table 4. Numbers of individuals and frequencies of transferrin genotypes in each litter group

of juvenile Nuttall's cottontails captured June-August 1974 and April-August 1975 on the

Terrebonne Study Area, Deschutes County, Oregon.

Litter
Sample

size
Genotype

AA AB AC BB BC CC

1 1974 31 0 1 0 20 9 1

(0.032) (0.645) (0.290) (0.032)

2 1974 32 0 2 0 22 8 0
(0.063) (0.688) (0.250)

3 - 1974 28 0 0 0 19 8 1

(O. 679) (0. 286) (O. 036)

4 - 1974 15 0 0 0 13 2 0

(0.867) (0.133)

1- 1975 34 0 0 0 18 14 2
(O. 529) (0.412) (0. 059)

2- 1975 41 0 0 0 22 18 1

(O. 537) (0.439) (0. 024)

3- 1975 35 0 0 0 20 13 2
(0.571) (0.371) (0.057)

4 - 1975 30 0 0 0 18 12 0
(0.600) (0.400)
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(X2 = 2.271, D. F. = 3 for 1974, P > 0.50; x2 = 0.4285, D. F. = 3 for

1975, P > 0. 90).

The probability of genotypic identity, I, (Hedrick 1970) was

computed between samples of the parental stock, trappable progeny

and cottontails known to be alive in August for 1974 and 1975 (Table 5).

Values of I indicated that of all the comparisons made, the 1974

and 1975 trappable progeny were most dissimilar followed by com-

parisons of the parental stocks and their respective trapped progeny.

Among the highest probabilities of genotypic identity was between the

sample of cottontails known alive in August 1974 and the 1975 parental

stock. Computed values of I suggested that the greatest changes

in the frequencies of the transferrin genotypes occurred during the

spring breeding seasons.

Demographics

Changes in the gene pool of the cottontail population were

possibly related to demographic events that occurred in the population.

Production and Survival. During each of the 1974 and 1975

breeding seasons, four synchronous litters of cottontails were pro-

duced. Estimated production of cottontails during the 1975 breeding

season was 15. 9 percent greater than that of the 1974 breeding season

with 354.1 and 305.6 juveniles produced, respectively (Table 6).



Table 5. Probability of genotypes identity (I) (Hedrick 1970) between samples of parental stock,

trappable progeny, and numbers known alive in August of Nuttall's cottontails livetrapped or shot

June-August 1974 and April-August 1975 on the Terrebonne Study Area, Deschutes County,

Oregon.

Category

1974 1975
Parental Trappable Known alive Parental Trappable Known alive

stock progeny in August stock progeny in August

Parental stock
(1974)

1 0.9742 0.9765 0.9768 0.9768 0.9881

Trappable progeny 1 0.9998 0.9991 0.9563 0.9888
(1974)

Known alive in
August 1974

1 0.9995 0.9592 0.9905

Parental stock 1 0.9634 0.9923
(1975)

Trappable progeny
(1975)

1 0.9886

Known alive in 1

August 1975



Table 6. Numbers of breeding females, juvenile production and estimated numbers of juveniles

alive on 30 August and survival rates for each litter of Nuttall's cottontails produced 1974 and

1975 on the Terrebonne Study Area, Deschutes County, Oregon.

Year Litter

Estimated number
of breeding

females

Estimated number
of young

born

Estimated number
of young alive
on 30 August

Survival
rate

1974 1 20.1 80.4 41.3 51.4

1974 2 18.5 94.2 35.0 37.1

1974 3 16.9 78.0 35.0 44.8

1974 4 15.6 53.0 17.5 33.0

1975 1 23.3 93.2 30.4 32.7

1975 2 21.4 109.1 49.0 44.9

1975 3 19.7 90.4 45.7 50.5

1975 4 18.0 61.4 32.1 52.4
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On 14 June 1974 when field research began, two weight classes

of juveniles believed to correspond to the first two synchronous

litters of the breeding season were captured. Breeding females were

found to be lactating through 28 August during the 1974 breeding sea-

son. No adult male had scrotal testes after 10 August in 1974.

The chronology of events during the 1975 breeding season was

approximately 1 month earlier than in 1974. Lactating cottontails

were captured as early as 5 April, the first day of trapping for the

1975 season. The first juveniles were captured on 20 April, and three

litters of cottontails were present on the study area by June. All

females had ceased lactating by 23 July 1975. After 9 July, no male

possessed scrotal testes during the summer of 1975.

The overall rate of survival for juveniles during the summer

from their birth through 30 August 1974 and 1975 was 42.1 and 44.4

percent, respectively. Most juvenile mortality apparently occurred

early in life, prior to the young entering the trappable population.

This contention is supported by the fact that of 140 juveniles caught

during the 5 months of trapping in 1975, 103 were recaptured in

August or later collected in September, representing a minimum sur-

vival rate of 73.6 percent for rabbits in the trapped population.

Similarly, a minimum survival rate of 78.8 was computed for rabbits

in the trapped population of 1974. It appeared that after a cottontail
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became independent of parental care the probability of its survival was

greatly enhanced.

Over-winter survival of cottontails from 30 August 1974 to 1

April 1975 was computed to be 31.8 percent. Of 48 adult cottontails

captured in 1975, 28 were tagged prior to the 1975 trapping season.

Five of the 28 tagged adults were marked either as juveniles in 1973 by

McKay (1975) or as adults in 1974. Thus, recapture data indicated

that the 2-year age class made up a minimum of 10.4 percent of the

breeding population. No differential mortality appeared to have

occurred among juveniles of the different litter groups during the

1974-1975 winter. Twenty-three juveniles were tagged in 1974 which

were recaptured as adults in 1975. The representation of each litter

group in the samples of juveniles captured in August 1974 was not

significantly different from the 23 juveniles recaptured in 1975

(X2 = 2.540, D. F. = 3, P >0.25) (Table 7).

Density of Cottontails. Estimates of the number of Nuttall's

cottontails on the Terrebonne Study Area were computed monthly from

June 1974 through April 1975 (Table 8). The estimates were con-

verted to number of cottontails per 100-ha (Table 8, Fig. 2) and the

change in density between months computed (Table 8). The August

1975 estimate of cottontail density was 23.2 percent greater than that

of August 1974. The increase in density was the result of a 15. 9

percent increase in juvenile production with a slight increase in the



Table 7. Numbers and proportions of juvenile cottontails in each litter marked in 1974 and

numbers and proportions of each of the litter groups recaptured in 1975 on the Terrebonne

Study Area, Deschutes County, Oregon.

Litter
Number marked
in August 1974

Proportion of
total marked

sample

Number marked in
August 1974 and

recaptured in 1975

Proportion of 1974
marked sample

recaptured in 1975

1 26 0.321 9 0.391

2 22 0.272 8 0.348

3 22 0.272 5 0.218

4 11 0.136 1 0.043

Total 81 1.000 23 1.000



30

Table 8. Dates and methods of estimation, estimated numbers,

density of the population, and percent change in density of Nuttall's

cottontails on the Terrebonne Study Area, Deschutes County, Oregon,

June 1974-April 1976.

Date
Method of
estimation

Estimated
number

cottontails

Estimated
number

per 100-ha

Percent
change from

previous
estimates

27 June 1974 L.I. a 88.0 101.1

25 July 1974 L.I. 116.7 134.1 +32.6

30 Aug. 1974 M. L. E. 151.0 173.6 +29.4

5 Sept. 1974 L.I. 174.0 200.0 +15.2

28 Sept. 1974 R. A. c 87.4 100.5 -49. 8

26 Oct. 1974 R. A. 151.0 173.6 +72.7

23 Nov. 1974 R. A. 87.4 100.5 -42.1

30 Dec. 1974 R. A. 55.6 63.5 -36.4

25 Jan. 1975 R. A. 31.8 36. 5 -42.9

22 Feb. 1975 R. A. 24.0 27.6 -24.5

20 Mar. 1975 R. A. 39.8 45.7 +65.7

21 Apr. 1975 M. L.I. 45.3 52.1 +14.0

19 May 1975 L.I. 60.0 69.0 +25.0

9 June 1975 L.I. 140.0 160.9 +121.1

26 June 1975 L.I. 177.8 204.3 +33.7

31 July 1975 L.I. 210.5 241.8 +11.8
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Table 8. Continued.

Date
Method of
estimation

Estimated
number

cottontails

Estimated
number

per 100-ha

Percent
change from

previous
estimates

30 Aug. 1975 M. L. E. 186.1 213.9 -11.5

3 Sept. 1975 L.I. 160.4 184.4 -13.8

17 Sept. 1975 L.I. 160.0 183.9 0.3

4 Oct. 1975 R. A. 98.2 112.9 -38.6

8 Nov. 1975 R. A. 46.5 53.5 -52.6

6 Dec. 1975 R. A. 36.2 41.6 -22.1

17 Jan. 1976 R. A. 20.7 23.8 -42.9

14 Feb. 1976 R. A. 15.5 17.8 -25.0

3 Apr. 1976 R. A. 41.4 47.5 +266.7

aL. I. = Lincoln Index (Petersen 1896).

bM. L. E. = Maximum Likelihood Estimator (Edwards and Eberhardt

1967).

c R. A. = Relative Abundance (McKay 1975).

dM. L. I. = Modified Lincoln Index (Bailey 1952).



Fig. 2. Estimated numbers of Nuttall's cottontails per 100-ha on the Terrebonne Study Area,

Deschutes County, Oregon, June 1974-April 1975.
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rate of juvenile survival during 1975 over the previous year (Table 6).

Growth Rates

Rates of growth for juvenile cottontails were calculated for each

synchronous litter group produced during the 1974 and 1975 breeding

seasons (Table 9). There was a general trend of increased rates of

growth for juveniles with each subsequent litter during the breeding

season (Fig. 3). Juveniles of litter group 3 in 1974 had a significantly

higher rate of growth than those of litter group 1 during the same year.

Juveniles of litter groups 3 and 4 in 1975 had significantly higher

rates of growth than those of litter 1 in 1975. In domestic rabbits,

significant improvements were observed in the quality of maternal

care with each successive litter of the breeding season (Ross et al.

1956). If cottontails behaved similarly, higher rates of growth would

be expected in juveniles of successive litters. Litters produced later

in the breeding season, also were exposed to less severe temperatures

(Table A, Appendix). Thus, the environment was not constant during

the summer months, but exposed each litter group to different environ-

mental factors. With favorable environmental conditions more energy

could be alloted to growth, thus increasing growth rates of juvenile

cottontails (Maynard and Loosli 1962).

The overall rate of growth for juveniles during the summer of

1975 was higher than in 1974. Juveniles of litter groups 2, 3 and 4 in
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Table 9. Calculated growth rates and associated 95 percent confidence

intervals for juvenile Nuttall's cottontails of litters produced in 1974

and 1975 on the Terrebonne Study Area, Deschutes County, Oregon.

Growth rates computed from the time of entrance of a litter into the

trappable population through 30 August.

Year Litter
Number
juveniles

Growth rate
(grams /day)

95 Percent
confidence
limits

1974 1 32 1.51 0.66-2.36

1974 2 33 2.23 1.42-3.04

1974 3 28 3.35 2.60-4.10

1974 4 15 3.70 1.54-5.86

1975 1 34 4.28 3.79-4.77

1975 2 41 5.01 4.28-5.75

1975 3 38 5.98 5.25-6.70

1975 4 26 5.59 4.94-6.25



Fig. 3. Mean and 95 percent confidence intervals for rates of growth calculated from

regression coefficients of weight at first capture of juvenile Nuttall's cottontails in each litter

group against dates of capture, 1974 and 1975, Terrebonne Study Area, Deschutes County,

Oregon.
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1975 had significantly greater growth rates than juveniles in litter

groups 1, 2 and 3 during 1974. Although amounts of moisture during

1974 and 1975 breeding seasons (February through July) were similar,

the distribution was not (Table B, Appendix). There was only 25 per-

cent as much moisture during the interval from the weaning of the

first litter of the year through August in 1974 as that which fell during

the same interval in 1975. The possibility of increased amounts of

succulent vegetation with favorable moisture conditions could have

been responsible for the large differences in the rates of growth of

juveniles between years. The digestibility of new plant tissues has

been found to be important in the growth and nutrition of young cotton-

tails (Bailey 1969, Rose 1974).

Individual Parameters

Analysis of variance was used to determine if differences in

home range size, weight at first capture and trap susceptibility

existed in cottontails of the different transferrin genotypes.

Home Range Size. No significant differences were revealed

between the mean sizes of home ranges of cottontails of the various

transferrin genotypes (Table 10) (F = 1.912, D. F. ----- 3 and 36 for 1974;

F = 0.528, D.F. = 2 and 50 for 1975).

Mean sizes of home ranges of cottontails in 1974 were not

significantly different from those in 1975 (Table 1 1 ) (t = 1.313,
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Table 10. Means and standard deviations of size of home ranges as

expressed as standard diameters for Nuttall's cottontails with differ-

ent transferrin genotypes captured four or more times on the

Terrebonne Study Area, Deschutes County, Oregon, 1974-1975.

Year
Transferrin

genotype
Sample

size

Mean
standard
diameter
(meters)

Standard
deviation
(meters)

1974 AB 2 97.8 32.8

1974 BB 25 107.5 102.4

1974 BC 10 213.7 166.7

1974 CC 3 158.8 125.1

1975 BB 37 108.3 85.4

1975 BC 13 99.8 63.0

1975 CC 3 154.9 144.3
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Table 11. Means and standard deviations of sizes of home ranges

expressed in standard diameters for Nuttall's cottontails captured

four or more times on the Terrebonne Study Area, Deschutes County,

Oregon, 1974-1975.

Category
Sample

size

Total 1974 40

Total 1975 53

Males 1974-1975 47

Females 1974-1975 46

Adults 1974-1975 16

Juveniles 1974-1975 77

Mean
standard Standard
diameter deviation
(meters) (meters)

139.1 126.3

108.8 83.1

122.6 82.4

121.1 121.3

164.2 113.3

113.1 103.7
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D. F. = 51). No significant differences occurred in mean sizes of

home ranges between sexes (t = 0.070, D. F. = 91). Adults had

significantly larger home ranges than juveniles (t = 1.766, D. F. = 91).

Weight at First Capture. Tamarin and Krebs (1973) used the

weight at first capture as an index to maturation among juvenile

Microtus. Similarily, the weight at first capture was used to deter-

mine if significant differences in maturation rates existed among

cottontails with different transferrin genotypes (Table 12). Only

litters 2 through 4 were used in the analysis for 1974 because of the

large size of cottontails of litter 1 at the onset of trapping. Also,

because of inadequate sample sizes, analysis of data for 1974 were

by Student's t test on only cottontails of the Trf-BB and Trf-BC

genotypes.

No significant differences were found in weights at first capture

for cottontails of the various transferrin genotypes in 1974 or 1975

(t = 1.290, D. F. = 65 for 1974; F = 0.5403, D. F. = 2 and 128 for

1975).

Trap Susceptibility. In 1974, no significant differences existed

in the trappability of cottontails of the various transferrin genotypes

(F = 0.317, D. F. = 3 and 123) (Table 13). During 1975, however,

cottontails of the Trf-BC genotype were significantly more difficult to

capture than those of Trf-BB (F = 4.2121, D.F. = 2 and 174). Results

suggest possible innate differences in the trap response of cottontails
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Table 12. Means and standard deviations of weights at first capture

of juvenile Nuttall's cottontails with different transferrin genotypes on

the Terrebonne Study Area, Deschutes County, Oregon, 1974-1975.

Year
Transferrin

genotype
Sample

size

Mean
weight at

first capture
(grams)

Standard
deviation
(grams)

1974 AB 1 404.2 -

1974 BB 50 377.9 120.1

1974 BC 17 419.8 100.8

1974 CC 1 253.6 -

1975 BB 74 442.8 129.3

1975 BC 52 460.1 131.4

1975 CC 5 370.0 130.2
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Table 13. Means and standard deviations of the trap susceptibility

of Nuttall's cottontails with different transferrin genotypes captured

on the Terrebonne Study Area, Deschutes County, Oregon, 1974-1975.

Trappability expressed in terms of trapnights required per capture.

Year
Transferrin

genotype
Sample

size
Trapnights
per capture

Standard
deviation

1974 AB 4 29.0 20.0

1974 BB 86 24.3 16.1

1974 BC 33 25.2 15.2

1974 CC 4 18.4 19.9

1975 BB 105 26.3 19.1

1975 BC 66 35.1 20.2

1974 CC 6 20.3 14.7
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of the different transferrin genotypes. Differential trap response

was observed in different age and sex classes of eastern cottontails

(Bailey 1969, Geis 1955).

Cottontail Harvest

Fifty-three (33.1 percent of estimated population) Nuttall's

cottontails on the study area were removed by shooting on 17-20

September 1975. Of the 53 cottontails collected, transferrin geno-

types were determined for 51 rabbits (Tables 1 and 2). Plasma sam-

ples were collected from 9 rabbits during the hunt; genotypes of the

other 42 cottontails were determined from serum samples collected

when they were livetrapped earlier. The sample of cottontails known

to be alive in August 1975 was compared with the harvested cottontails

of September to determine if there was a relationship between the

method of sampling and the transferrin genotypic composition of the

sample. Assumed in the calculation was that the August sample of

cottontails collected by trapping was representative of the population

present on the study area on 17-20 September 1975. Analysis indi-

cated no significant relationships between the transferrin genotypic

composition of the sample and the method of acquisition (x2 = 1.184,

D. F. = 2, P > 0. 50). I interpreted these findings to indicate that

hunting was not a selective influence on the population at the transfer-

rin locus.
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No significant differences were found between the sex and age

structures of the hunted sample of September and the trapped popula-

tion of August 1975 (xz = 0.805, D.F. = 1 for sex, P > 0.75;
2

X = 0.174, D. F. = 1 for age structure, P > 0.50). Thus, the fall

hunt had no appreciable effect on the population structure in so far as

could be determined from these samples.

Monthly estimates of cottontail density during the winter of

1975-1976 following the shoot were at levels 35-50 percent below

monthly estimates during the winter of 1974-1975 (Table 8). However,

estimates of population density for April 1975 and 1976 did not differ

appreciably (8.75 percent).

The rate of change in cottontail density stabilized near zero

during winter 1975-1976 in the month of December. During the winter

1974-1975 the rate approached zero for the first time during the month

of February, 2 months later than in 1976 (Fig. 4). The apparent

effect of the hunt was to hasten the population reaching a low point in

density during the winter and not to produce additional losses in the

population.



Fig. 4. Rate of change between monthly estimates of density of Nuttall's cottontails on the

Terrebonne Study Area, Deschutes County, Oregon, June 1974-April 1976.
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CONCLUSIONS

Selection could have played a significant role in the changes in

the gene pool that took place in the Nuttall's cottontail population.

The significant differences in the Trf-C allele frequencies between the

1974 and 1975 trappable progeny suggests that the chance was less

than 5 percent that random processes were solely responsible for the

differences.

Wright (1931) stated that in populations of stable size of N

breeding individuals and in the absence of mutation, 1/2 N genes in

a gene pool reach fixation or are lost each generation. In populations

with fluctuating densities and where the frequencies of alleles are not

equal, the rate of fixation and loss is probability even greater.

However, the fact that the Terrebonne Study Area was part of a

larger contiguous population of Nuttall's cottontails and the presence

of large changes in gene frequency suggest that more than genetic

drift occurred.

Non-random mating was reported in eastern cottontails and

domestic rabbits where dominant and older males did most of the

breeding in the populations (Marsden and Holler 1964, Southern 1947).

However, synchronization of females was reported to break down

mating dominance because dominant males could not survice all

females in estrus at once (Myers and Mykytowcz 1958). Pontrelli
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(1968) reported also that sexually excited male jackrabbits (Lepus

californicus) attempted indiscriminate mounts. Similarily, female

jackrabbits were reported to be promiscuous, accepting the first

interested male available (Haskell and Reynolds 1947). Thus differ-

ential reproduction was probably not a major factor in the changes

in transferrin genotype frequencies of the cottontail population.

Differential mortality could have been a prime factor during the

first few weeks of life in the juvenile cottontails. The high mortality

rates of cottontails prior to their entrance into the trapped population

could have been related to fitness.

Genetic differences were suggested as important factors in

juvenile mortality of domestic rabbits (Swain and Curran 1952).

Relationships were found between the genotype of juvenile rabbits and

their susceptibility to diarrhea and penumonia (Sawin and Curran

1952). Resistance to parasites, tolerance to environmental extremes

of temperature and moisture, and nutritional requirements also were

suggested as genetic variables that could effect juvenile viability.

Sawin and Curran (1952) concluded that genetics played an important

role in the postnatal mortality that they observed in penned populations

of domestic rabbits.

If selection did occur in the cottontail population it could have

taken place at either the transferrin locus or at loci linked to the

transferrin locus. Turnbull and Gib lett (1961) found that human
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transferrins did not differ essentially in their ability to bind or

transport iron to the tissues but felt some selective process existed

that caused the high incidence of certain transferrin variants in

African and Australian populations. Brook trout (Salmo trutta)

heterozygous for transferrin proteins were found to have greater,

and more rapid uptake and distribution of iron than homozygotes

(Hershberger 1970). Transferrin variants were found to function as

anti-infection mechanisms, suppressing bacterial growth and viral

synthesis (Martin and Jandl 1959, Weinberg 1971). Relationships were

found between gene frequencies of transferrins and tolerance to

climatic conditions in some cattle breeds in England (Ashton 1958).

Exposure of cottontails to dissimilar weather factors in 1974

and 1975 may account for the opposite trends if genotype frequencies

during the 1974 and 1975 breeding seasons (Table 1). During 1974,

when the Trf-BB genotype increased in frequency, only 1.47 cm of

precipitation fell during the summer from the time that the first litter

was weaned in May through August. During 1975, when Trf-BB

declined in frequency there was 5.89 cm of precipitation from April

when the first litter was weaned through August. Cottontails of each

successive litter in 1975 also were exposed to lower minimum daily

temperatures than corresponding litters in 1974. These differences

in moisture levels and temperature patterns could have exerted
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dissimilar environmental pressures which caused the different trends

in genotype frequencies.

The significant differences in growth rates of juvenile cottontails

between the 1974 and 1975 breeding seasons indicated that the rabbits

actually responded to the environment differently during the 2 years.

The differences in growth rates suggested that the cottontails may be

sensitive to varying moisture levels or temperature extremes. The

sensitivity of Nuttall's cottontails to climatic changes also was indi-

cated by the apparent response of population density to precipitation.

Direct relationship (r = 0.9883, P < 0.05) was observed between

moisture conditions during the breeding season (February-July) and

subsequent August cottontail densities from 1972 to 1975, suggesting

the population was primarily regulated by extrinsic factors (Table 14).

The response of the population to climatic conditions may, therefore,

be related to selection of individuals best adapted to prevailing

environmental conditions.
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Table 14. Numbers of Nuttall's cottontails per 100-ha on 30 August

on the Terrebonne Study Area, Deschutes County, Oregon, and

amounts of precipitation falling during the breeding season (February-

July) each year, 1972-1975.

30 August estimate
of cottontail density

per 100-ha
Precipitationa

(cm)

1972 248.2b 11.53

1973 66.1b 5.21

1974 173.6 9.53

1975 213.9 9.91

aPrecipitation amounts measured at Redmond, Deschutes County,

Oregon (U.S. Department of Commerce 1972, 1973, 1974, 1975).
bData from McKay (1975).
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Table A. Amounts of precipitation for the months January 1974 to

December 1975 at Redmond, Oregon (U.S. Department of Commerce

1974, 1975) 11.3 km from the Terrebonne Study Area, Deschutes

County, Oregon.

Mean
1941-1970

Month 1974 (cm) 1975 (cm) (cm)

January 1.372 1.702 2.667

February 1.118 2.565 1.778

March 4.013 3.327 1.245

April 2.921 0.533 0.838

May 0.203 0.127 2.286

June 0.152 2.134 2.642

July 1.118 1.219 0.813

August 0.000 1.880 0.914

September 0.000 0.000 0.838

October 1.473 2.692 1.829

November 0.914 1.067 2.667

December 2.083 2.159 3.048



Table B. Average minimum temperatures for the months January

1974 to December 1975 at Redmond, Oregon (U. S. Department of

Commerce 1974, 1975) 11.3 km from the Terrebonne Study Area,

Deschutes County, Oregon.

Month 1974 °C 1975 °C

January -7.5 -3.1

February -2.6 -4.1

March -2.0 -3.4

April -0.3 -2.7

May +1.5 +1.5

June +7.5 +5.6

July +8.3 +10.7

August +8.5 +7.2

September +4.4 +3.0

October +0. 1 +3. 3

November -0.7 -2.6

December -3.4 -2.3
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