PAGES MISSING
WITHIN THE BOOK
ONLY



UNIVERSAL
LIBRARY

OU_148320

AdVdHdl
TVSHIAINN






osumAumvnnsrrYmenw
cliNe. 54670 3y A AcmmioaNo 34-24::
Author ._Dm.ay,c..n... /’7

T“"WMu GeneBes VS 1953

Thubookshotﬂdbercwdonorbeforethedatelastmrkedbe!ow

+

LN

| /Zﬂ Lsmﬂﬂ '

PG

-

\~
AT R







ADVANCES IN GENETICS

VOLUME V






ADVANCES IN GENETICS

VOLUME V

Edited by

M. DEMEREC
Carnegie Institution, Cold Spring Harbor, N. Y.

Editorial Board

G. W. BEADLE ALFRED MIRSKY

WiLLiam C. Boyp H. J. MULLER

TH. DoBZHANSKY J. T. PATTERSON

L. C. DuNN M. M. RHOADES

MEerLE T. JENKINS L. J. STADLER

Jay L. Lusn CuURT STERN
1953

ACADEMIC PRESS INC., PUBLISHERS
NEW YORK, N. Y,

TODAY & ToxnrROW'S EOOK AGENCY
74, PAST! HARPHUL SINGH
DELHI-§



Copyright 1953, by
ACADEMIC PRESS INC.
125 KasT 23rD STREET
New York 10, N. Y.

No part of this book may be reproduced in any form,
photostat, microfilm, or any other means, without writ-
ten permission from the publishers,

PRINTED IN THE UNITED STATES OF AMERICA



CONTRIBUTORS TO VOLUME V

W. FrRANK BLAIR, The University of Texas, Austin, Texas

E. B. Forp, F. R. 8., Genetic Laboratories, Zoology Department, Ozford,
England

A. D. HersuEgy, Carnegie Institution of Washington, Cold Spring Har-
bor, New York

Hieo Kikkawa, Depariment of Genetics, Faculty of Medicine, Osaka
Umiversity, Osaka, Japan

G. PontEcorvo, Department of Genetics, The University, Glasgow, Scot-
land

YosuiMaro TANAKA, National Institute of Genetics, Misima, Japan






CONTENTS

CONTRIBUTORS TO VOLUME V . . .+« . « « & & o o o« o o o « o+ o

IL
IIL.
Iv.

VI.
VIL

VIIL.
IX.

VIII.

IIL.

Population Dynamics of Rodents and Other Small Mammals
By W. FRANK BLAIR, The University of Tezas, Austin, Texas

Introduetion . . . . . . . . . o o 0 0 0 e e e e e
Methods . . . . . f e e e e e e e e e e e e
Localization of the Indwldual v e e e e e e e e e e e e
Dispersal . . . . . . e e e e e e e e e e e
Pattern of Reproductive Behavxor C e e e e e e e e e e
Life Span . . . « . « ¢ . . 0 4 0 0 0 e e e e e e
Pattern of Distribution. . . . . . . . . . . . . o o .
Summary ,

References . . . . .+ v v « « 4 v e 4 e e e e e e e

/The Genetics of Polymorphism in the Lepidoptera
By E. B. Forp, F.R.S., Genetic Laboratories, Zoology Department,
Ozford, England

Introduction . . . e

Balanced Polymorphxsm

Transient Polymorphism (Industnal Melamsm)

Summary .

References . . . . . v « ¢ « o 4 e e e e e e e

Inheritance in Bacteriophage
By A. D. HErsHEY, Carnegie Institution of Washington,
Cold Spring Harbor, New York

Biology of Bacterial Viruses . . . . . . . . . < . .+ « . .
Methods of Study . . . . Coe .

Intracellular Growth of Bactenoplmge e e e e e e e e e
Analysis of Mutations . . . . . . . . . . . e e e e

Genetic Recombination . . . .

The Linkage System . . . .

Heterozygosis . . « . « « « +« + v o ¢ 0 v e e e e e
The Viral Gene . . . + « & « « ¢« o o « o o v o o« o &
General Inferences . . . . . . . . . .

References . . . . . ¢ ¢ o o o o o o o« o o o 4 0 .

Biochemical Genetics of Bombyx mori (Silkworm)
By Hipeo KikkKAWA, Department of Genetics, Faculty of Medicine,
Osaka University, Osaka, Japan
Introduction. . .
Gene-Controlled Chemicnl Reactxons C e e e e e e e e e e

vii

107
107



viii

III1.

Iv.
V.
VI

1L
III1.
Iv.

VL
VIIL
VIII.
IX,

II.
IIL
1v.
V.
VL
VIL
VIIIL.
IX.

CONTENTS

Problems Relating to Tryptophan Metabolism .

Maternal Inheritance in Egg Color . . . . . . . . . . . .
Miscellaneous Cases . . . . . + « . 4 v v e e a0 e . . .
References . . . . . . . .+ o . .00 000

The Genetics of Aspergillus nidulans
By G. PonTrcorvO, Department of Genetics, The University,
Glasgow, Scotland
with sections BY J. A, Roprer, L. M. HEMMoNns, K. D. MacDoNALD,
and A. W. J. BurToN

Introduetion. . . . . . . . . . 0000000
Tife Cyele . . . . . . . « . v o o o v 0000w
Methods of Culture . . . . . . . . . . . o . ...
Isolation of Mutants . . . . . . . . . . . . . . L.
Methods of Genetie Analysis. . . . . . . . . . . . . ..
Formal Geneties . . . . C e e e e e e e e e e
Diploids and Mitotic Recombmatxon e e e e e e e e e e
Summary and Conclusions .

References . . . . . + « « v o 0 0 00 0 e e e

Genetics of the Silkworm, Bombyx mori
By Yosnimaro TANAKA, Natwnal Institute of Genctics,
Misima, Japan

Introduction . . . . . . . . . . . o 000 e ..
Heritable Characters in the Silkworm . . . . . . . . . . . .
Linkage . . . . . . . . . . . . . 0000 e
Induced Mutations . . . . . . . . . . .. . ...
Cytogenetics . . . . . . . . . . . . . . ..

Sex Determination . . . . . . . . . . . . . . ..
Embryological Geneties . . . . .o .
Inheritance of Certain Practically Importdnt (,h.mcters .
References . . . . . . . . . . . . . 0w .
AurHor INDEX . . . . . . . . . . . L ..
Supsecr INDEX . . . . . . . L L .o ..,

117
131
133
135

142
144
150
153
176
201
218
234
235

240
242
270
280
288
208
301
308
313
319
324



Population Dynamics of Rodents and Other Small Mammals

W. FRANK BLAIR

The University of Texas, Austin, Texas

CONTENTS
Page
I. Introduetion . . . . . . . . . . . . .. . 2
II. Methods . . . . . . . . . . . . . . . . . 2
III. Localization of the Individual . . . . . . . . . 5
1. Home-Range Behavior. . . . . . . . . . . 5
2. Size of Home Range . . . . . . . . . . . 7
a. Cricetine Rodents . . . . . . . . . . . 7
b. Microtine Rodents . . . . . . . . . . ..o 11
e. MurineRodents . . . . . . . . . . . . . . . . ... 12
d. Zapodid Rodents. . . . . . . . . . . . . . . . . . . 13
e. Sciurid Rodents. . . . . . . . . . . . . . . . . L . 14
f. Ileteromyid Rodents . . . . . . . . « . « . . . . . . 15
g Lagomorphs . . . . . . . . . . . . . . . . .. .. 16
h. Imsectivores . . . . . . . . . o o . o . 0 . 0. 017
i. Carnivores . . . . . . .« . . o v 4 e e e e e .17
j. Marsupials . . S
3. Factors Aﬂ"ectmg Home R'mge Slze PR
a. Sex . . . . £
b. Age . . . £
e. Food Hablts . ]
d. Food and Cover S £
e. Mobility . . . . . .+ « + o ¢+ ¢ o o o . o .. .. 20
f, Sizeof Animal . . . . . . . . .« .« . . . o o . ... 20
g. Seasonof Year . . . . . . . .+ 4 o . e o o020
h. Sizeof Areit « « « « ¢« 4 4 e e e e e e e 0. 20
i. Homesite . . {1}
j. Population Denslty' . 3 |
4. Significance of the Ilome-Range Habxt T |
5. Territoriality . . . . . . « « « < .+ o o o o 0. ... . 22
6. Homing ““Instinet’’ . . . « . « « « « « ¢« ¢« .+ o . . . 25

IV. Dispersal . . . . e e e e e e e e e e e e e e e .. 26
1. Causes of Dlspersal 1
2. Distance of Dispersal . . . . . . . . . . . . . . . . . . 28
3. Rateof Dispersal . . . . . « . .« ¢ .+« .+ o+ . o . ... 29

V. Pattern of Reproduetive Behavior . . . . . . . . . . . . . . 30
VI LifeSpan . .« « « « « « ¢ o o« « o ¢ o o o o oo o oo 31
VIIL. Pattern of Distribution . . . . . . . . . . . . . . . . . . 383
VIIL Summary . . . « « o o o o o o o + « s o « o o « « o . 36
IX. Reforences . . « o o o o o o o o o o o o« o o o o oo 87



2 W. FRANK BLAIR

I. INTRODUCTION

Rodents have distinet advantages as materials for evaluation of cer-
tain factors that affect gene exchange in natural populations. Individuals
can be easily marked in nature and easily recovered to give information
about normal, daily movements, about dispersal movements, about popula-
tion density and size, and about the life span under natural conditions.
Principally because of the economie importance of these animals, the
behavior in natural populations of rodents and other small mammals
has been studied fairly extensively in the past 15 years. Much of the lit-
erature that has accumulated in this time has been primarily econcerned
with other aspects of population dynamices than those of interest to the
student of population genetics. Many of these data are, nevertheless, of
great value in estimating actual and potential gene dispersal in natural
population units. An attempt is consequently made here to survey this
literature and to extract from it the observations that are of interest
to the population geneticist. To assist workers in fields other than that
of rodent-population dynamics to evaluate the results reported by various
workers, it has been deemed necessary, also, to review the methodology
of this new and growing area of ecologic investigation.

Studies of social behavior and dynamies in natural populations are
important, because the behavior of the individual in nature is a basic
factor in gene exchange between parts of a species population. Any
tendency for the individual to restriet its activities to a limited area of
terrain will tend to restrict the spread of hereditary characters, al-
though the spread will also be affected by such other factors as distance,
ecologic barriers, and adverse selection. Any tendency for the individual
to disperse from its point of origin before reproducing will facilitate
gene dispersal. In any given species, the rate of gene exchange between
segments of the species population is probably conditioned by all of
these factors. The present discussion is concerned principally with such
population phenomena as: (1) localization of the individual, (2) dis-
persal, (3) pattern of reproductive behavior, (4) life span in nature,
and (5) pattern of distribution. All have a bearing on gene ex-
change and geographic differentiation within natural populations.

II. METHODS

The behavior of natural populations of rodents has been studied
principally by marking individuals for future recognition when the ani-
mals are recaptured. This permits censusing of the population and the
measurement of individual movements. Large diurnal species can be
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marked so that they can be observed and recognized without the necessity
of recapture. This is a desirable technique, as there is little interference
with the normal activity of the animals. Its application among rodents
is limited, however, because most rodents are small in size and nocturnal
in their activity. Various stains and dyes have been used to mark the
fur of such mammals as squirrels, woodehucks, and rabbits with broad
patterns of contrasting colors. Commercial fur dyes have given the
greatest success in terms of permanence and ‘‘readability’’ (Fitzwater,
1943). The chief objection to this method is that, used on prey species,
it will inerease conspicuousness of the marked individuals and may lead
to greater than normal mortality from predation. Colored, plastic ear
tags have been used successfully for mammals such as rabbits (Trip-
pensee, 1941), but their use is subject 1o the same criticism as the dye
method. The literature on methods of marking mammals has been re-
viewed by Manville (1949a).

Methods for censusing small nocturnal rodents and for following
their movements require frequent recapture and handling of the marked
individuals. Two principal methods have been used. One involves the
use of live traps, and the other utilizes nest boxes. The live-trapping
method has been used extensively in rodent population studies during
the past 15 years. The nest-box technique has had only limited applica-
tion, In live trapping, the traps are set in a grid pattern over an ex-
tensive area. Continued trapping will result in the marking of the
resident population, of immigrants, and of maturing, young individuals
as they leave the nest. Repeated captures of an individual afford in-
formation about the size of the area over which that animal ranges. The
live-trapping methods have been described by Chitty (1937), Burt (1940),
Blair (1940a, 1941a) and others. One of several types of box traps used
in this work has been deseribed by Blair (1941b). The results of such
live-trapping work: (1) provide cstimates of population density, (2)
show any changes in the age-class and sex-class structure of the popu-
lation, (3) reveal the extent of the reproductive season and provide data
for estimating the rate of reproduction, (4) indicate the life span in
nature, (5) provide estimates of the size of the home range, and (6)
show intra- and inter-specific social relations.

The greatest difficulties of the live-trapping method stem from the
fact that both the environment and the activity pattern of the animals
are altered considerably by the introduction of a large supply of exotie
foods in the traps and by the fact that a considerable part of the normal
activity time of the animals is spent in the confines of the traps. Chitty
(1937) has pointed out several possible effects of live trapping on rodent
populations,
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Live trapping unquestionably affects survival and reproductive
rates, and it may influence the movements of individuals. The rate of
reproduction is affected by the frequent loss of the litter when parturi-
tion occurs in a trap or by the occasional loss of a litter in the nest
through neglect when the female is in a trap on several successive nights.
Reduced opportunity to meet a mate may have some effect, but there is
no information on this point. The rate of survival is affected both ad-
versely and favorably by live trapping, and these trends may counter-
balance one another in part. Animals in traps are comparatively free
from capture by predators, but a predator such as a snake or weasel
may sometimes force its way into a trap. Some mortality in traps scems
unavoidable, owing to accidents, forced entry by predators, attacks by
ants, chilling, overheating, or even drowning during heavy rainfall.

Live trapping may affect the movements of mammals in several
ways. The presence of an abundant supply of preferred foods in the
traps theoretically might induce transient animals to settle in an area
that was being trapped. Rodents also learn to follow the trap lines in
search of food (Blair, 1951a). The most serious effect is the restriction
on movements, because a mouse usually spends much of each night in
a trap and because the probability is greatest that an individual will be
caught in the traps nearest to its nest (sec Hayne, 1949). Various modi-
fications of technique have been devised to minimize this difficulty (see
Blair, 1951a).

The use of nest boxes instead of traps avoids many of the difficultics
encountered in live trapping. Nicholson (1941) developed a nest box
for rodents and first used this method in studying populations of the
semi-arboreal wood mouse (Peromyscus leucopus). Howard (1949)
used nest boxes in a study of the non-arboreal prairie deer mouse (P.
maniculatus bairdit). Artificial homes, or nest boxes, are placed in the
field, and the mice frequently occupy these in preference to their own
nests. This method is particularly useful for studying the amount of
inbreeding in populations, because the young can be marked in the nest
and while they are still with the parents. The chief disadvantage of
the nest-box method is that the introduction of such boxes into an area
increases the number of homes and consequently may influence popula-
tion trends. Howard (1949) states: ‘‘Live-trapping indicated that every
prairie deer-mouse frequented a nest box if one was available in its home
range. Additional mice apparently were not attracted into any of
the . . . areas where extra artificial homesites were situated. The pres-
ence of the artificial homesites modified some of the minor movements
of the mice, particularly with regard to the boundaries of their daily
home ranges.’’
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III. LOCALIZATION OF THE INDIVIDUAL

That rodents tend to remain in the same small area of terrain once
sexual maturity has been reached is one important contribution of ro-
dent-population studies to the problem of the distribution of genetic
characters in natural populations. The individual rodent does not wan-
der at random. The reproductive period of life is spent, instead, in an
area of limited geographic extent. This behavior obviously tends to re-
striet the distribution of genetic characters through the geographic
range of a population. Three allied phenomena, all bearing on the re-
striction of gene exchange in a population, have been deseribed from
rodent population studies. These arc: (1) home-range behavior, (2)
territorial behavior, and (3) homing ‘‘instinet.”’

1. Home-Range Behavior

The concept of a home range is an old one in vertebrate natural his-
tory, but the measurement of home-range size in small noeturnal mam-
mals was not feasible until the development of live-trapping and marking
methods. Seton (1909) used the term home range in the sense that ‘‘no
wild animal roams at random over the country ; cach has a home region,
even if it has not an actual home.’”” Burt (1940) has defined the home
range as ‘‘that area about its established home which is traversed by the
animal in its normal activities of food gathering, mating, and ecaring
for young. Occasional sallies outside the area, perhaps exploratory in
nature, should not be considered as in part of the home range.”” A pref-
erable definition, because of its greater simplicity and greater inclusive-
ness, would be that the home range is the area over which an individual
travels in its normal, daily activities.

The measurement and precise definition of the home range are com-
plicated by the statistical and methodological problems of expressing the
sum of an animal’s movements in arveal units of measure. An estimate
of home-range size can be made from the places of capture of a marked
individual in live traps. The most distant traps in which the animal
is taken determine the limits of the estimated range. The numerous
complications encountered in estimating home-range size from such reec-
ords have been discussed at length by Mohr (1947), Iayne (1949), and
others. The principal difficulties are that the intensity of use of various
parts of the home range may vary greatly. There may be much use of
the area immediately surrounding the homesite, and decreased use away
from the home (Southern, 1940 ; Blair, 1942 ; Linsdale, 1946 ; Fitch, 1948a ;
and others). A home range estimated from peripheral points of capture
may contain areas that are seldom, if ever, used; areas of intensive use;
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and other, infrequently visited areas. Ilayne (1949) has stressed that
the probability of capture of an animal in a trap decreases with in-
creased distance from the ‘‘center of activity,”” and he makes the point
that ‘‘even when dealing only with the trap-revealed range, it seems
necessary to accept the edges of the apparent arca as shading off on the
basis of probability of capture and not as discrete lines of biological
validity.”’ This relationship between estimated and actual home range
is generally recognized by present-day workers in the field.

The various methods of estimating home-range size from live-trap-
ping data have been compared and criticized by Mohr (1947) and Iayne
(1949). The lack of uniformity of treatment makes it difficult to com-
pare the results from different workers, but it does not detraet from
the biologically important conclusion that a small mammal is usually
restricted to a small area of terrain throughout its mature life. The
most widely used method takes the maximum distance between points
of capture as the diameter of a circle or the major axis of an ellipse,
which is assumed to be the animal’s home range. The chief objection
to this method is that it assumes the home range to be essentially circular
in pattern. This method has often been used with scanty data, and, in
such a case, the maximum distance of capture may often more nearly
approximate the radius than the diamecter, even if the home range is
nearly circular. Another method gives what Mohr (1947) calls a ‘‘mini-
mum home range’’ estimate. In this case, the outermost points of capture
are connected to form a polygon, and it is argued that the home range
is known to be at least of this size. Such an estimate is admittedly in-
correct unless the unlikely assumption is made that the outermost traps
in which the animal is caught arc always set at the exact limits of the
area of activity. Another method that has been used by a few workers
might be called the subjective method, for the investigator draws the
limits of the home range where he thinks they ought to be and attempts
to exclude from the home range traps in which the animal was not
caught. Burt (1943) defends this method by saying that many home
ranges probably are somewhat ameboid in outline. Major criticisms are
that this method assumes that the animal will be caught throughout its
area of activity in a limited period of trapping and that it is too subjeec-
tive. Two other methods assume that, on a grid-trapping area, the limit
of the home range lies, on the average, halfway between the outermost
trap in which an animal was caught and the next adjacent trap in
which it was not taken. In one application of this method, the animal
is assumed to have ranged over each grid square in which it was caught
and over each grid square in a line between squares in which it was
taken (Haugen, 1942). This method frequently indicates a T-shaped,
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L-shaped, or even U-shaped home range. The principal eriticism is that
this is another minimum estimate, for it assumes that, cven in areas of
uniform environment, the animal, for example, never crosses between
the two tips of a U-shaped range. This method likewise assumes that
the animal is caught throughout its home range in a limited period of
trapping. Another application of the grid-square method gives a maxi-
mum estimate of home-range size. The outer limits of the estimated
range are set by connecting points halfway between the outermost traps
in which the animal was taken and the adjacent, more distant ones in
which it was not caught to form a polygon. This method is entirely
mechanical, and any two workers following the same rules and utilizing
the same data will arrive at the same estimate of home-range size. This
method has been criticized by Hayne (1949) as being too mechanical
and as tending to exaggeratc the sizc of the home range by including
areas which may not be inhabited by the animal in question. This
method has been defended by Blair (1951a). Its objectivity is strongly
in its favor, and estimates of home-range size by other methods (tracks
and location of home sites and refuges) indicate that it gives a fairly
reliable estimate of the arca ranged over.

2. Size of IIome Range

Some estimate of the size of the home range is available for 39
species of rodents, representing 24 genera in 5 families. Home-range
estimates are also available for 10 other species representing 7 genera
in 4 orders of mammals.

a. Cricetine Rodents. The deer mouse (Peromyscus maniculatus)
was estimated by Blair (1940b) to have a home range of 0.63 + 0.04
acre in the case of males and 0.51 4 0.04 acre for females in a bluegrass
association in southern Michigan. The tendency for the mice to remain
in the same area throughout their adult life was illustrated by a female
that ranged over 0.49 acre in a month but had a known range of only
0.53 acre over a year. Howard (1949), in the same area, estimated that
the deer mouse regularly travels over an area of 5 or 6 acres. ITe based
his estimate on the combined results of nest-box observations and live
trapping, by taking the distance of movement from a nest box of resi-
dence to the trap in which the mouse was caught as the radius of the
home range. The assumption that the nest is usually near the center
of the home range is probably not justified, as Howard himself pointed
out. Blair’s (1940b) estimate, on the other hand, is probably too small,
as little was done to offset the tendency of the mice to be caught in the
traps nearest to their homesites. The average home range of the deer
mouse in bluegrass probably lies between the two estimates.
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Murie and Murie (1931), trapping in a woodland population of
deer mice in Wyoming, found that most mice were retrapped less than
100 yards from the point of release and concluded that the diameter
of the home range was about 100 yards. Murie and Murie (1932) found
that, after one year, 5 deer mice were living in the same home ranges
they had occupied the previous summer. Storer, Evans, and Palmer
(1944), in a forest population of deer mice in California, obtained a
minimum home-range estimate of 0.24 acre for males and 0.21 acre for
females. Their estimates were probably too low beeause of the method
of plotting home ranges and because there was no manipulation of
trapping technique to prevent most captures being in traps nearest to
the homesites. Blair (1942), in a forest population of deer mice in
northern Michigan, estimated home ranges of 1.39 + 0.16 acres for fe-
males and 2.31 + 0.27 acres for males. The largest home range of a
male comprised 5.64 acres, and the largest for a female was 3.28 acres.
The estimated home ranges for the males average significantly larger
than for the females. That movement is not at random from the home-
site was concluded from the fact that the grid squares in which the mice
were most frequently caught were not in the centers of their home
ranges.

Blair (1943a), in a deer mouse population of a mesquite desert in
southern New Mexico, estimated the average home range of males at
4.66 + 0.33 acres and the home range of females at 4.10 + 0.39 acres.
The largest home range of a male was 9.92 acres, and that of a female
was 8.30 acres. There was no significant difference in the estimated
size of the male and female ranges. Month to month variation in the
size of the estimated home range was shown by a male that had a range
of 3.53 acres in March, 3.22 in April, and 2.71 in May. Another male
had monthly ranges of, respectively, 8.00, 5.76, and 5.27 acres, and a
female had ranges of 5.43, 5.51, and 6.41 acres. Comparison of the dif-
ferent monthly records of movements of each of these individuals
showed that there was some fluctuation in distance of movement, but
that the animal remained in the same general area of terrain. From
these studies of the deer mouse, it may be concluded that this species
usually ranges over less than 5 acres and that the range of the
species may be smaller in forest than in grassland habitats.

Beach mice (Peromyscus polionotus), studied by Blair (1951a) on
Santa Rosa Island, Florida, ranged less widely in areas of dense vegeta-
tional cover than in areas of sparse cover, and they ranged less widely in
the fall and early winter than they did in the spring. Mice living in
the densely grassed, back-beach dunes had average home ranges of
197 + 0.26 acres in fall-winter and 5.76 &+ 0.74 in spring. Mice living in
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the sparsely vegetated interior of the island had ranges of 6.38 + 0.81
in fall-winter and 10.66 + 1.46 in spring. Males and females did not
differ significantly in size of home range. Tracking some of the mice
in the sand tended to confirm the validity of the estimate of home-range
size. Each home range contained an average of about 20 beach-mouse
holes, of which an average of about 5 were entered by the mouse, while
the others were used by mice with overlapping ranges. The holes uti-
lized changed from time to time, which indicated that the location of a
particular nest site has little to do with the location and permanence of
a home range. The mice seemed to be attached to an area of familiar
terrain rather than to a nest site. Movements within the home range
appeared to be principally for feeding or food gathering. Other ap-
parent motivations included exercise, sexual activity or play, and main-
tenance of nest and refuge holes. Activity of the mice was inhibited by
half moonlight or more.

The wood mouse (Peromyscus leucopus) was studied by Burt (1940)
in small oak-hickory wood lots in southern Michigan. Using the subjec-
tive method of plotting home ranges, he estimated the average home
range of males to be 0.28 acre and that of females to be 0.21 acre. Nich-
olson (1941) studied the same species in the same region with nest boxes
and found that, of 174 mice taken 2 or more times, 112 were in the same
nest box each time, and 62 were in 2 or more boxes. Only 7 adults and
4 juveniles were retaken more than 200 feet away from the point of
first capture. Ile believed that most of the movement when a mouse
changes its place of residence seems to be local, that is, within the normal
range of the individual. Blair (1940b), working in the same area, found
that the wood mice ranged over both forest and grassland and reported
an average home range of 0.81 4+ 0.15 acre. These mice had about 25%
of their range in the forest and about 75% in grassland. Burt’s failure
to recognize that the mice ranged out from the small wood lots into the
grassland probably accounts in part for his small estimate of the home-
range size. Blair (1943a), working in a mesquite desert in southern
New Mexico, obtained home-range estimates for a few individual wood
mice. Four males had an average range of 3.1 acres, with a maximum
of 4.2 acres. Two females had ranges of, respectively, 3.5 and 5.5 acres.
This suggests that the western, brush-inhabiting race of the wood mouse
ranges more widely than does the northeastern, forest-inhabiting race.

The brush mouse (Peromyscus boylin) was studied by Storer, Evans,
and Palmer (1944) in California. The estimated home range of males
averaged 0.27 acre and that of females averaged 0.41 acre. These work-
ers noted that there was much more of a tendency for the brush mice
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to wander than for the deer mice to do so. Their estimates of home-
range size are probably too low because of technique.

The pygmy mouse (Baiomys taylori) was studied by Stickel and
Stickel (1949) in a prairie in southern Texas. The maximum distance
of movement recorded for males was 43 feet, which was the minimum
distance between traps. The maximum distance recorded for females
was 86 feet. They concluded that it is probable that the normal Baiomys
range in this habitat is less than 100 fect for both sexes. It seems doubt-
ful that they recorded a complete home range or maximum distance
of movement for any individual.

Two species of grasshopper mice (Onychomys), which are primarily
insectivorous rodents closely related to Peromyscus, were studied by
Blair (1943a) in mesquite desert in New Mexico. Four male O. leuco-
gaster had an average home-range size of 5.8 acres, with a maximum of
8.0 acres. Two females had an average range of 1.8 acres, with a maxi-
mum of 2.1 acres, but both of these may have been incomplete. Four
male O. torridus had an average home-range size of 7.8 acres, with a
maximum of 12.4 acres. Five females had an average range of 5.9 acres,
with a maximum of 7.8 acres. These insect-eating rodents had signifi-
cantly larger ranges than did primarily seed-eating rodents in the same
habitat.

Three species of cricetine mice (Thomasomys sublineatus, Akodon
arviculoides, and A. nigrita) were trapped and marked along a line of
traps in a second-growth Brazilian forest by Davis (1945). On the basis
of the distance of capture along the line, Davis estimated that these
species have home ranges with radii of less than 100 meters. The as-
sumed relationship between distance of capture and radius of the home
range, however, has not been established. The cotton rat (Sigmodon
hisptdus) was studied by Stickel and Stickel (1949) in a prairie in
southern Texas. The maximum distance of capture of males was 279
feet, but it was only 94 feet for females. It was concluded that the di-
ameter of the male home range was 200 fect or less and that the diameter
was 100 feet or less for females. Erickson (1949) studied this same
species in a Georgia marsh, where he found that most males were retaken
within 200 feet of the original point of capture and most females were
recaptured within 130 feet of it.

The movements of the Florida woodrat (Neotoma floridana) were
studied by Lay and Baker (1938) along wooded stream banks in eastern
Texas. The average distance traversed between traps by 8 rats was 108
feet. The shortest distance was 35 feet, and the longest was 285 feet.
Erickson (1949) in Georgia reported that 2 immature rats of this species
were retaken at distances of 100 feet. The dusky-footed packrat (Neo-
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toma fuscipes) was reported by Vestal (1938) to bring cuttings of
vegetation from at least as far away from their houses as 100 feet. For
the same species, Linsdale and Tevis (1951) estimated that a rat is within
50 feet of its house nine-tenths of the time it is outside the house.

b. Microtine Rodents. The meadow vole (Microtus pennsylvanicus)
was studied in New York by Hamilton (1937a), who estimated that the
home range of an individual vole rarely encompasses more than 1 acre.
This estimate is questionable, because the traps were set only 3 to 5
yards apart, and there is no evidence of any attempt to make the captures
at random. Blair (1940a) studied this species in southern Michigan.
In dense bluegrass, males had an estimated home range of 0.28 + 0.03
acre, while females had an average range of 0.19 + 0.02 acre. In com-
paratively sparse bluegrass cover, the males had an estimated range of
0.50 4 0.07 acre, and the females had an average range of 0.31 + 0.02
acre. The estimated ranges of the males were significantly larger than
those of the females in both types of cover. The ranges of the males
were significantly larger in the sparse than in the dense cover. The esti-
mates of home-range size are probably too small, because animals were
included with as few as 2 captures. The largest range of a male was 1.11
acres, and the largest for a female was 0.45 acre. Gunderson (1950)
studied this species in a ‘‘sedge mat’’ in Minnesota and obtained an esti-
mate of 0.31 acre for females and 0.19 acre for males, but his estimates
also are probably too small because of technique. Jenkins (1948), using
the greatest distance between points of capture, estimated the average
diameter of the home range of female Microtus montanus at 82 feet and
that of males at 188 feet. The average diameter of the home range of
female M. longicaudus was estimated as 161 feet and that of males as
194 feet.

The pine vole (Pitymys pinetorum) was studied by Burt (1940) in
oak-hickory wood lots in southern Michigan. He estimated that the
average home range was 38 yards in diameter and concluded that the
normal home range of this species is about 14 acre in extent. He also
estimated that the home range of a female lemming vole (Synaptomys
coopert) had a diameter of 40 yards. The bank vole (Clethrionomys
glareolus) was studied by Chitty (1937) in England. Most individuals
moved less than 60 yards when the traps were moved about to prevent
recapture in the same spot, and the maximum distance between captures
was 300 yards. Evans (1942) studied this same species at the same place
and concluded that 83% of 139 individuals were confined to home ranges
of 60 yards or less, on the basis of maximum distances between captures.
The greatest distance of movement was 300 yards. He also minimized
the probability of recapture in the same place by moving the traps in a
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regular pattern. A male red-backed vole (Clethrionomys gapperi) in
northern Michigan was found by Blair (1941c) to have an estimated
home range of 3.56 acres. A female had an estimated range of 0.57
acre, but this was possibly incomplete. Gunderson (1950) reported an
estimated average range of 0.23 acre for 3 individuals of this species in
Minnesota and quoted unpublished data of W. II. Marshall indicating
an average range of 0.698 acre.

Errington (1939) found that muskrats (Ondaire zibethica) show
varying degrees of attachment for their home ranges when their habitats
go dry. e found that most remain where already established, although
living routines must be changed, intraspecific strife increases, and preda-
tion may be heavy. Takos (1944) in Maine found evidence of small
home ranges in the muskrat, for in 184 recaptures of 40 banded animals
509% of all recaptures were within 25 feet of the point of original cap-
ture. Seventy per cent of all recaptures were within a 100-foot radius
of it. The maximum distance of capture was 570 feet for an adult male.
Aldous (1947) in South Dakota found that in 250 recaptures of tagged
muskrats only 15.2% of the animals showed movements of more than
31 rods (511.5) feet. The maximum distance of movement was 200 rods
(3300 feet).

c. Murine Rodents. The long-tailed field mouse (Apodemus syl-
vaticus) in England was found by Chitty (1937) to make movements of
up to 480 yards in the case of males and up to 200 yards in the case of
females. Evans (1942) working with this same species in the same area
found that 76% of 194 individuals observed in a period of 16 months
were apparently confined to home ranges of 100 yards or less.

The house mouse (Mus musculus) in some environments has been
reported to have the smallest average home range of any rodent that has
been studied. Southern and Laurie (1946), working in England, re-
ported that under ‘‘domestic’’ conditions the average home range was
about 50 square feet. A small home range in buildings is also indicated
for this species in Wisconsin by Young, Strecker, and Emlen (1950).
The average distance between captures for males was 13 feet, and for
females it was 11 feet. Mice in the building with the best ‘‘cover facili-
ties’’ moved shorter average distances (11 feet) than did those in a build-
ing with less cover (16 feet). The reliability of these estimates must be
evaluated in view of the fact that 64% of the mice retaken were recap-
tured only once, and 85% were recaptured no more than twice. King
(1950), working with urban house mice in Kansas, found that 50% of
the mice recaptured were taken at the original point of capture and that
71% of the recaptured mice appeared to remain within one building.
He presented evidence to show that mice found to move more than 113
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feet seemed to be seeking new homes. All these results indicate that the
home ranges of commensal house mice are small.

Baker (1946), in an area of grassland, modified forest, and coconut
groves on the island of Guam, found that 38.4% of the house mice were
retaken at the point of original capture, 41.4% were taken at stations
5 to 25 yards apart, and 20.2% were taken more than 25 yards apart.
The average, maximum distance of capture of males was 35.8 yards, and
it was 29.8 yards for females. Erickson (1949), in a Georgia marsh,
retrapped 7 house mice one or more times. He found that 3 were re-
taken at the place of original capture and the others were retaken at
distances of, respectively, 200, 400, 600, and 2200 feet. Comparison of
the results of studies in domestic and wild environments indicates that
the home range is usually compressed in the case of commensal house
mice.

The brown rat (Rattus morvegicus) in urban and farm-building
environments in Maryland (Davis, Emlen, and Stokes, 1948) lived in
definite areas of seldom more than 100 feet in diameter. Supporting
evidence from Baltimore showed that 71% of recaptured males and
77% of recaptured females were retaken within 40 feet of the point of
original capture. In farm buildings, 75.3% of the recaptured males and
84.0% of recaptured females were retaken within 40 feet of the point
of original capture. Only 11.6% of the males and 10.0% of the females
were caught in a different building from that in which they were first
caught. Tracks of individual rats in fresh snow showed that the rats
seldom moved more than 100 feet. Use of dyes in the food to color the
feces and the distance of recovery of colored feces also indicated a range
of about 100 feet in diameter. Wild populations of two species of rats
(Rattus mindanensis and R. exulans) were studied on Guam by Baker
(1946). He plotted average distance of capture and concluded that
these rodents lived in small ranges of less than an acre in extent, but
he believed that some males of both species ranged beyond the limits of
his study area.

d. Zapodid Rodents. A jumping mouse (Zapus hudsomius) was
studied by Blair (1940c) in southern Michigan grasslands and marsh.
Males had estimated home ranges of 0.89 + 0.11 acre, and females had
estimated ranges of 0.92 £ 0.11 acre. The maximum range of a male was
2.59 acres, and for a female it was 2.50 acres. The mice disappeared in
several cases only to appear again at a later date, which probably indi-
cated less fixity of home range than has been found in most other small
mammals. Gunderson (1950) worked with this same species in Minne-
sota and estimated that the ranges of both sexes averaged only 0.47 acre.
He also noticed the tendency for the mice to disappear and later reappear
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on his area. Quimby (1951) studied this species in Minnesota and esti-
mated the home ranges of males at 2.70 &+ 0.50 acres and those of females
at 1.57 + 0.22 acres. The difference between the sexes was significant
at the 0.05 level. Ile belicved that the home ranges were unstable and
that the mice shifted ranges. Another jumping mouse (Napaeozapus
insignis) was studied in a hardwood forest in northern Michigan by
Blair (1941¢). Eleven males had estimated ranges of 1.08 to 8.96 acres,
and 12 females had ranges of 1.05 to 6.55 acres.

e. Sciurid Rodents, The California ground squirrel (Citellus
beecheyi) was studied in central California by Evans and Holdenried
(1943). Nearly 70% of the squirrels with adequate records were never
trapped outside of areas whose greatest length was 150 yards, although
some were occasionally taken several hundred yards from their normal
ranges and others permanently transferred their ranges to different
areas. These workers estimated the average home range of males at
0.36 acre and of females at 0.59 acre. Linsdale (1946), working with
this speeies in eentral California, found that 84.2% of the animals were
always retaken within 200 yards and 61.6% were always retaken within
100 yards. He concluded that most of the ordinary squirrel activity
takes place within 100 feet of the burrow and that these squirrels rarely
go outside an area 300 yards in diameter. Fitch (1948b) studied this
species in California and observed that in nearly half of 1043 squirrels
the maximum distances of movement were between 100 and 400 feet.
He also plotted the ranges of a few individuals from ‘‘hundreds of hours
of observation’’ of these diurnal animals and reported that the range
is only 100 to 150 yards in greatest diameter and that most of the activity
is restricted to an even smaller arca in the central portion.

The Mexican ground squirrel (Citellus mexicanus) was studied by
Edwards (1946) by direct observation of this diurnal species in western
Texas. The area roamed over by a squirrel seldom exceeded 100 yards in
diameter and it was usually no more than half of this. The long-eared
chipmunk (Eutamias quadrimaculatus) was studied by Holdenried
(1940) in California. The maximum distance between captures aver-
aged 700 feet for males and 456 feet for females, and it was believed
that the males range more widely than the females. Storer, Evans, and
Palmer (1944) studied this same species in California and estimated the

-average home range of males at 2.2 acres and that of females at 1.2 acres.
They, too, believed that the males range more widely than the females.
The eastern chipmunk (Tamias striatus) was studied by Burt (1940)
in southern Michigan. For 4 females, he estimated that the greatest
diameter of the home range was, respectively, 67, 70, 85, and 100 yards.
For 2 males, he estimated the greatest diameter of the home range at
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100 and 125 yards. Blair (1941c) studied this same species in northern
Michigan and estimated the average home range of males at 2.31 + 0.30
acres and the average range of females at 2.15 4 0.38 acres. The largest
home range of a male comprised 4.71 acres, and the largest range of a
female comprised 7.27 acres. There was no significant difference between
the two sexes in home-range size.

The fox squirrel (Sciurus miger) was studied by Baumgartner
(1943) in oak-hickory wood lots in Ohio. e found that 85.9% of the
tagged squirrels were retaken at a greatest distance of less than 250
yards. The average distance traveled by 60 males was 154.3 yards, and
that traveled by 69 females was 129.7 yards. The flying squirrel (Glau-
comys volans), studied by Burt (1940) in southern Michigan, was found
in some cases to include the entire arca of a 3.72-acre wood lot in a single
home range. Jordan (1948) studied this same species in the same area
and found that the greatest distance between captures was 175 yards.
He concluded that the eruising radius of these animals is small, usually
covering about 160 yards.

f. Heteromyid Rodents. The Tulare kangaroo rat (Dipodomys
heermanni) was studied by Tappe (1941) in California. He found that,
of 49 animals recaptured from 1 to 10 times, most were taken within 14
mile of the point of original capture and 1 was approximately 24 of a
mile away. Fitch (1948a) studied the same species more intensively in
California. Among 1270 individuals recaptured one or more times,
54.5% were always retaken within 100 feet, and 74.6% were always re-
covered within 200 feet. IIe concluded that most of the foraging range
of an individual is probably in a familiar area 100 to 400 feet across.
The Merriam kangaroo rat (D. merriami) and Ord kangaroo rat (D.
ordit) were studied in southern New Mexico by Blair (1943a). The
average home range of male Ord rats was estimated at 3.41 + 0.25 acres,
and that of females was estimated at 3.29 + 0.47 acres. The differences
between the sexes in home-range size were not significant. The largest
home range of a male comprised 6.93 acres, and the largest of a female
equaled 10.41 acres. The estimated average home range of male Merriam
rats was 4.07 4+ 0.24 acres, and the largest range of a male equaled 8.78
acres. There seemed to be a seasonal difference in the ranges of female
Merriam rats. The estimated home range of females averaged 1.94 +
0.22 acres in March, but in April and May it averaged 3.88 4 0.51 acres.
The largest home range of a female was 12.52 acres. York (1949)
studied the Merriam kangaroo rat in Trans-Pecos Texas and estimated
the average range of males at 6.89 acres and that of females at 4.26 acres.
The average home range of the Merriam pocket mouse (Perognathus
merriami) was estimated by this same worker at 1.88 acres for males
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and 5.87 acres for females, but his numbers were too few to indicate
whether or not the difference in home-range size between the sexes was
significant. Another pocket mouse (P. penicillatus) was studied by Blair
(1943a) in southern New Mexico. The estimated average home range of
males was 2.72 + 0.48 acres, and the largest equaled 5.54 acres. The
average range of females was 1.09 + 0.14 acres, and the largest was 1.43
acres.

g. Lagomorphs. The marsh rabbit (Sylvilagus palustris) was
studied in Florida by Blair (1936), and 2 marked individuals were never
caught more than 100 yards from the point where they were first trapped.
One was shot after 6 months within 30 feet of where it was first trapped.
When the traps were moved 200 yards, other individuals were trapped,
but the marked ones were not taken. The eastern cottontail (Sylvilagus
floridanus) was studied in Connecticut by Dalke and Sime (1938), where
they estimated the range of males to average about 8.3 acres and the
range of females to be about 3 acres. Allen (1939) studied this same
species in southern Michigan and obtained an estimate of 3.62 acres for
males in winter and 2.22 acres for females at the same time. He believed,
however, that his estimated ranges were incomplete and that the rabbits
actually ranged over 5 to 10 acres. Schwartz (1941), working with this
same species in Missouri, estimated the average range of males at only
1.4 acres and that of females at only 1.2 acres. He attempted to explain
the small ranges on the basis of a uniform distribution of food and cover.
Haugen (1942) studied this species in southern Michigan and reported
much larger home ranges than those estimated by any previous worker.
He estimated the average home range of females at 22.5 acres in the
breeding season and he believed that the males ranged over 100 or more
acres. He estimated the average range of females in the non-breeding
season at only 14.0 acres. Ilis results indicate sex and seasonal differ-
ences in home-range size. In the desert cottontail (8. audubonii) of Cali-
fornia, Ingles (1941) estimated that the home range of a male may be as
much as 15 acres, since 3 were taken at stations 400 yards apart. He
estimated that the home range of a female is often less than an acre.
Fitch (1947) worked on the same species in California and found that
the average ¢ foraging diameter’’ for 134 individuals was 632 feet. He
concluded that, if the distances between captures actually represent the
extent of the foraging areas, home ranges of roughly 8 or 9 acres are
indicated for both sexes, but he believed that in most cases the ranges
were somewhat larger.

The European rabbit (Oryctolagus cuniculus) was studied by South-
ern (1940) in England by marking the ears with celluloid disks and
watching the movements of individual rabbits with a telescope. This
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method of observation was facilitated by the fact that these animals are
colonial and live in rabbit ‘‘warrens’’ containing numerous individuals.
Southern observed that the approximately 150 animals living in a warren
of about 14 acre used a total feeding area of about 2 acres. About 1
acre of this was heavily grazed, and the rest was used for more occasional
excursions.

h. Insectivores. The short-tailed shrew (Blarina brevicouda) was
studied by Burt (1940) in oak-hickory wood lots in southern Michigan.
Twelve individuals were recaptured at distances of from 55 to 360 feet,
and the maximum distance of capture averaged 153 feet. Burt estimated
the home range at about 50 yards in diameter and at an area of about
0.4 acre. Blair (1940d) studied this same species in bluegrass fields in
southern Michigan. Thirteen males had estimated home ranges of from
less than 1/ acre to 4.43 acres, and 13 females had estimated ranges of
from less than 1/ acre to 0.88 acre. One female was living in June in
the same home range in which she was first marked the preceding
September. Blair (1941a), in a beech-maple forest in northern Michi-
gan, found that a male of this species ranged over 1.39 acres, and 5
females had estimated ranges of from 0.56 to 1.46 acres. Three of the
females had ranges that exceeded 1 acre.

i. Carnivores. The raccoon (Procyon lotor) was studied by Stuewer
(1943) in southern Michigan. On the evidence from trapping and from
tracking in snow, the diameter of the male home range was estimated at
about 1 mile, and the average female range was estimated at 0.7 mile.
Both sexes of the spotted skunk (Spilogale interrupta), studied by Crabb
(1948) in Towa, were found to range over less than 160 acres in winter.
In the spring, males ranged over 2 to 4 square miles, and females ranged
over no more than 14 of a section.

j. Marsupials. The common opossum (Didelphis virginiana) was
studied by Lay (1942) in eastern Texas. For 29 opossums, the average
maximum distance between captures was 1460 feet, which was taken to
indicate the diameter of a theoretical circular home range of 38.4 acres.
In Brazil, Davis (1945) marked small mammals along a trap line and
observed that females of the common opossum (D. marsupialis) and the
wooly opossum (Caluromys philander) remained within a small area
for a long period of time, but the males were seldom recaptured.

8. Factors Affecting Home-Range Size
Burt (1940) believed that the size of the home range is limited by
‘‘the animal’s ability to travel and its necessity for food and protection.’’
Blair (1940b) listed the factors that may influence the size of the home
range as: (1) location of homesite or homesites, (2) available food, (3)
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distribution of preferred cover, (4) location of temporary refuges, (5)
relations to other individuals of the same sex and species, (6) relations
to individuals of the opposite sex of the same species, (7) relations to
individuals of other species, (8) weather, (9) microclimates. The ac-
cumulated information of the past few years now permits a more precise
evaluation of the factors that affect home-range size.

a. Sex. Males appear to range more widely than females in most
species of small mammals in which the size of the home range has been
estimated. The females presumably range less widely than the males
because of their greater attachment to the nest and young, but there is
no direct evidence on this point. Smaller home ranges in females than
in males have been reported in: Peromyscus maniculatus (Blair, 1942;
Storer, Evans, and Palmer, 1944), Sigmodon hispidus (Erickson, 1949 ;
Stickel, and Stickel, 1949), Microtus pennsylvanicus (Blair, 1940a), M.
montanus and M. longicaudus (Jenkins, 1948), Apodemus sylvaticus
(Chitty, 1937), Eutamias quadrimaculatus (Iloldenried, 1940; Storer,
Evans, and Palmer, 1944), Sciurus niger (Baumgartner, 1943), Perog-
nathus pemicillatus (Blair, 1943a), Blarina brevicauda (Blair, 1940d),
Didelphis marsupialis and Caluromys philander (Davis, 1945), Spilogale
interrupta (Crabb, 1948).

Larger home ranges for females than for males were reported for
Citellus beecheyt by Evans and Iloldenried (1943), but this was refuted
by Fiteh (1948b), who found in an extensive study that females ranged
less widely than males. Larger home ranges for males than for females
were reported for Sylvilagus floridanus by Dalke and Sime (1938), Allen
(1939), and Haugen (1942). Schwartz (1941), on the other hand, re-
ported no difference in this species, but his estimates of home-range size
probably represented small fractions of the actual ranges. Ingles
(1941), on the basis of few observations, believed that male S. audubonii
range more widely than females, but Fitch (1947) found no sex differ-
ence in home-range size in this species. Little or no sex difference in
home-range size has been found in the species of kangaroo rats that have
been studied. These include: Dipodomys ordii and D. merriami (Blair,
1943a) and D. heermanni (Fitch, 1948a). York (1949), on few individ-
ual records, believed that male D. merriami range more widely than
females.

b. Age. Young animals, as they first venture from the nest, ap-
parently range over smaller areas than do the adults. This has been
observed in Sylvilagus floridanus (Haugen, 1942), Peromyscus mani-
culatus (Blair, 1942), Citellus beecheyi (Evans, and Holdenried, 1943),
Citellus mezicanus (Edwards, 1946), Ondatra zibethica (Takos, 1944),
and Sylvilagus audubonii (Fitch, 1947). However, Howard (1949)
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caught a male P. maniculatus and his 4 offspring together 300 feet from
the nest box in which the young were recorded the previous day. Blair
(1951a) found that the young occasionally traveled with adult P. polio-
notus, for young mice were sometimes caught with an adult in single-
catch traps.

c. Food Habits. There is some indication that insect eaters tend
to range more widely than vegetation eaters. Blair (1943a) found that
insect-eating Onychomys leucogaster and 0. torridus ranged more widely
than did comparable-sized, vegetation-eating members of the related
genus Peromyscus in the same habitat. The short-tailed shrew (Blarina
brevicauda), which feeds primarily on insects and other invertebrates,
ranges more widely than do vegetation-eating rodents in the same habitat
(see Blair, 1940b, 1940d). The explanation for this difference may be
that insect eaters must cover more ground than vegetation eaters in order
to obtain comparable amounts of food.

d. Pood and Cover. The density of the vegetational cover has been
shown to affect the size of the home range in several species of small
mammals. The area ranged over tends to be larger where the cover is
sparse and smaller where the cover is comparatively dense. It is difficult
to analyze separately the effects of protective cover and food supply on
the movements of small mammals, as both are provided mostly by the
vegetative complex in the case of most small mammals. Availability of
food is probably more important than availability of cover, but this
needs further investigation. Allen (1939) stated that in Sylvilagus
floridanus the ‘‘most favorably located’’ rabbits had the smallest home
ranges. Blair (1940a) reported that Microtus pennsylvanicus living in
sparse bluegrass had significantly larger ranges than those living in dense
bluegrass. Linduska (1942) found that Peromyscus maniculatus living
in field-shocked corn in winter in southern Michigan ‘‘moved only spar-
ingly from the shocks,”’ whereas those in near-by wheat stubble moved
200 to 300 feet. He concluded that the greater food supply available
in the corn shocks accounted for the smaller ranges of the mice living
there. Blair (1943a) reported that P. maniculatus and P. leucopus liv-
ing in comparatively sparse cover on a desert basin in New Mexico
ranged more widely than the same species in more dense cover in south-
ern Michigan. Schwartz (1941) believed that the uniform distribution
of food and cover accounted for the remarkably small estimates of home-
range size he obtained for Sylvilagus floridanus in Missouri. Davis,
Emlen, and Stokes (1948), writing of Rattus morvegicus, stated: ‘‘ The
distance a rat regularly moves is probably largely dependent upon the
relation between suitable harborage and food supply. If the two are
close together the rats travel little, if they are far apart the rats travel
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much.’”’ Fitch (1948b), writing of Citellus beecheyi, stated: ¢ Occasion-
ally some preferred food source induces a squirrel to make unusually
long foraging expeditions from its home base, beyond the limits of the
usual home range.”’ The home ranges reported for Mus musculus living
under domestic conditions (Southern and Laurie, 1946 ; Young, Strecker,
and Emlen, 1950; King, 1950) are gencrally larger than those reported
for feral house mice (Baker, 1946; Erickson, 1949), which presumably
must get their food from less concentrated sources. Blair (1951a) re-
ported that Peromyscus polionotus ranged less widely in densely grassed
dunes than in areas of sparse vegetational cover on the same island.

e. Mobility. Highly mobile mammals such as bats undoubtedly
range more widely in their feeding activities than do earth-bound
rodents. I have scen Mexican freetail bats (Tadaride mexicana) leav-
ing their roosting places in the evening and traveling distances that
would indicate that the diameter of the home range is to be measured in
miles rather than in feet. Among terrestrial rodents, there is some indi-
cation that the saltatorial jumping mice (Zapus) are less restricted
to a circumseribed home range than are non-saltatorial rodents (Blair,
1940c, 1941c; Gunderson, 1950; Quimby, 1951). Saltatorial kangaroo
rats (Dipodomys), however, ranged no more widely than did non-salta-
torial rodents in the same habitat (Blair, 1943a).

f. Size of Animal. Large mammals tend to range more widely than
small ones. By comparison with the few acres regularly traversed by
mice and other small rodents, the raccoon may have a home range a mile
in diameter (Stuewer, 1943), and male eastern cottontails may range
over 100 or more acres (Iaugen, 1942). Greater food requirements
may account in part for the greater home ranges of large mammals, and
greater mobility also may play a part. Present data arc inadequate for
testing the relationship between body size and size of home range where
there is not great disparity in body size. In Peromyscus, the smallest
form studied, P. polionotus, ranges at least as widely as any species that
has been investigated in this group (see Blair, 1951a).

g. Season of Year. Blair (1943a) reported that in 2 species of
kangaroo rats the females ranged less widely in Marech, at about the onset
of the reproductive period, than they did in April and May. Blair
(1951a) noted that in the beach mouse the average home ranges were
significantly smaller in spring than they were in the fall.

h. Size of Area. Baumgartner (1943) reported that home ranges of
fox squirrels living in small wood lots were smaller than those of squir-
rels living in larger ones.

i. Homesite. The location of a suitable nest site may be a control-
ling factor in the location of the home range if the animal is highly
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specialized in its choice of a nest. The location of a hollow tree might
determine the location of the home range of such tree-nesting forms as
the wood mouse, raccoon, or fox squirrel. The location of the nest, how-
ever, does not necessarily determine the location of the home range. In
the beach mouse, Blair (1951a) reported that the location of a particular
nest site has little to do with the location or permanence of a home range,
for the holes actually utilized in the home range may change from time
to time, whereas the home range remains comparatively constant. Lins-
dale (1946) apparently observed similar behavior in the California
ground squirrel, for he wrote, ‘‘ Apparently the site of a nest is occupied
for only a short period, though removal to a new site may not be far.”’

j. Population Density. There is no cvidence that population density
has any influence on the size of the individual home ranges. Southern
and Laurie (1946) found that in house mice living under ‘‘domestic’’
conditions the range was not compressed by an inerease of density, but
that under such conditions the range was shared. Calhoun (1948),
working with Rattus norvegicus, found that when additional individuals
were introduced into a population already at about carrying capacity
the residents remained in their previously existing home ranges. Young,
Strecker, and Emlen (1950) reported that lowering the density of a
population of house mice by poison did not affect the range of those mice
that remained.

4. Significance of the Home-Range Habit

Restriction of normal activity to a small area of familiar terrain is
of obvious survival value to the individual animal. The chance of an
animal’s escaping from a predator would appear to be greater in the
home range, wherce the animal knows the location of every refuge hole
and the location of protective cover, than in an arca of unfamiliar ter-
rain. Burt (1940) and Blair (1951a) have pointed out that dispersing
individuals, seeking an area in which to establish residence, are probably
more vulnerable to predation than established animals. Davis, Emlen,
and Stokes (1948) also hold that intimate knowledge of the terrain- of
the home range is of survival value, and they suggest that the home-
range habit may have originated through selection. According to their
hypothesis, ‘‘the individuals which tended to remain in a home range
would be less susceptible to predation and hence on the average would
survive longer than individuals which did not tend to remain in a home
range.”” There seems no question but that the activities of most small
mammals are strongly conditioned by an awareness of danger. Fitch
(1948b) in writing of the California ground squirrel states: ‘‘The
tendency of each to explore new territory is limited by the tendenecy to
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keep where the home burrow or other safe and familiar shelter is easily
accessible. As the squirrel works out from these it becomes increasingly
uneasy and alert.’’ Blair (1943b) showed experimentally that activity
of deer mice decreased significantly when the illumination was increased
to the equivalent of one-half moonlight, and he reported similar observa-
tions on wild populations of rodents. Blair (1951a) reported similar
behavior in the beach mouse. Burt (1940), working with the wood
mouse, wrote that, ‘‘my general impression is that one is likely to have
a better catch on a dark, rainy night than on a clear, moonlight night.”’
Fiteh (1947) noted that Sylvilagus audubondi tends to forage in the
vicinity of cover during the day and range more widely at night, for
individuals were caught at night in open grassland where they were
never scen to venture in daylight. The awareness of danger and the
ability to learn the terrain are probably important in limiting the size
of the area over which an animal ranges.

The home-range habit has important effects on geographic variation
within the species population in that it tends to retard dispersal of
hereditary characters through the population. Free mixing of indi-
viduals throughout the species population would strongly inhibit the
formation of locally adaptive gene complexes.

Attachment to the familiar terrain of the home range may be ex-
tremely strong. Errington (1939) noted that even when dried-out
muskrat habitations no longer show evidence of occupancy, animals may
still be living not far away in woodchuck holes, corn fields, ete., in a
range that is patently familiar to them.

5. Territoriality

Territoriality is the defense of territory, usually against other mem-
bers of the same species and sex. The simplest definition of territory
is the one by Noble (1939) that ‘‘territory is any defended area.’”’ De-
fense of a breeding territory by the male is of widespread occurrence
in birds (see Howard, 1920; Nice, 1941). Defense of territory during
the reproductive season has been reported from several species of mam-
mals. The evidence comes principally from the failure of the home
ranges to overlap and from observations of intraspecific strife. In the
former case, complete failure to overlap is taken to indicate that the
territory and the home range are the same, while marginal overlap is
taken to indicate that a smaller, protected area exists within the home
range (see Burt, 1940). Burt (1940, 1943, 1949) belicves that terri-
toriality is of widespread importance to mammalian populations, for he
writes (1943) that ‘‘nearly all who have eritically studied the behavior
of wild mammals have found this behavioristic trait inherent in the



POPULATION DYNAMICS OF RODENTS 23

species with which they worked.”’ Actually, among 46 species of small
mammals studied by various workers, evidence of territorial behavior
has been reported for only 11, and for 3 of these other workers have
denied that there was territorial behavior.

Squirrels appear to be more inclined to show territorial behavior
than any other group of rodents. Gordon (1936) observed several
species of squirrels at feeding stations and concluded that Sciurus fre-
monti, 8. douglasit, and Cvtellus lateralis showed territorial behavior.
He reported a ‘chase order’’ in C. lateralis and Eutamias quadrivittatus,
involving a hierarchy of progressively dominant individuals. DBurt
(1940), working in southern Michigan, reported territorial behavior in
Tamias striatus on the basis of an observed female that protected an
area about 50 yards in radius but had a foraging range that extended
100 or more yards from the nest. Blair (1941b), working with the same
species in northern Michigan, observed that in only one case was there
overlap between the ranges of 8 breeding females, and chipmunks were
often seen chasing others of their kind. Storer, Evans, and I>almer
(1944) reported that female Eutamias quadrimaculatus apparently
maintain separate ranges, with only slight overlap. Evans and Ilolden-
ried (1943) wrote that in C. beecheys adult males appear more aggressive
than other squirrels and they may maintain individual territories which
they defend against invasion by other males. This was denied by Fitch
(1948b), for in an intensive study of this species he found no evidence
of territorialism. He reported that 5 or more males occupied the same
burrow during the breeding season, while adjacent areas were unoccu-
pied, and, although fights were frequent, there was no evident intent
to exclude a rival from any definite territory. Edwards (1946), work-
ing with C. mexicanus, observed that these squirrels tolerated other
squirrels in their ‘‘territory’’ (home range) but not in their burrows.
There was a great deal of overlapping of home ranges, for he reported
that on an area of about 50 acres, all acceptable to the squirrels, there
was an estimated population of 20 squirrels, of which 18 lived in an
area 100 yards in diameter. The evidence seems conclusive that much
intraspecific strife is characteristic of many, if not most, sciurid popula-
tions, and there is less satisfactory evidence that in some species there is
defense of territory.

Heteromyid rodents resemble sciurids in that there is much antag-
onism between individuals of the same species, but there is little evi-
dence for defense of territory in this group. Blair (1943a) found that
Perognathus penicillatus females appeared to have mutually exclusive
ranges, while the ranges of female Dipodomys ordit and D. merriami
broadly overlapped the ranges of others of the same species and sex,
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although apparently suitable, unoccupied areas existed nearby. York
(1949) confirmed these observations on D. merriami and found that
Perognathus merriams behaved similarly. He observed that in both
species there was overlap of range but not sharing of dens. Fitch
(1948a) found that D. heermanns is inclined to be hostile toward mem-
bers of the same species, but he felt that lack of ‘‘true territoriality’’
comparable to that of some birds is indicated by the fact that burrow
systems of different individuals are connceted by surface runways. The
antagonism between individuals of the same species that characterizes the
seiuromorph rodents is probably influenced by the almost universal
habit of food storage in this group. Any intruder is apparently re-
garded as a potential robber of the food cache.

Territorial behavior does not seem to be of very general occurrence
among myomorph rodents, although a few apparent cases have been
reported. Burt (1940) deduced territorial behavior in P. leucopus fe-
males from the failure of their ranges to overlap broadly and concluded
that the territory is a smaller, defended area within the home range.
Blair (1940a) also found evidence of female territoriality in Microtus
pennsylvanicus, for the home ranges showed little overlap. Storer,
Evans, and Palmer (1944), working with P. maniculatus in California,
obtained results that ‘‘suggested that the home range of any single
adult tended to be separate from those of other adults of the same sex.”’
Very different results were obtained for this same species in Michigan
by Blair (1940b, 1942) and by Howard (1949), for neither found any
evidence of territoriality. Howard found that: ‘‘In areas where sex
ratios of adults were unequal, as many as 3 males lived with one female,
and as many as 3 females lived with one male during the breeding sea-
son [in mnest boxes].”” Absence of territorial behavior in this species
was also reported in New Mexico by Blair (1943a). Another intensively
studied species that has failed to give any evidence of territorial be-
havior is Mus musculus. Young, Strecker, and Emlen (1950) found
these mice highly gregarious, with numerous adults and the young of
several litters occupying the same community nest. Scott (1944), work-
ing with this species in the laboratory, found no evidence of territori-
ality.

IHaugen (1942) reported territorial behavior in females of
Sylvilagus floridanus on the evidence of the failure of the home ranges
to overlap. Lay (1942) reported that Didelphis virginiana showed no
discernible evidence of territories. Stuewer (1943) found no indication
that either sex of Procyon lotor displays any territorial behavior.

The theoretical importance of territoriality has been discussed
briefly by Burt (1940, 1943, 1949), who holds that territorial behavior
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ensures (1) populations at or below the optimum size in the preferred
habitat, (2) dispersal of genes through the population, and (3) ex-
pansion of the species range, possibly into other types of habitats. The
first of these is of unquestioned theoretical value to the species popula-
tion. In the case of gene dispersal and range expansion, there is no evi-
dence presently available to indicate any greater rate of gene flow in
territorial than in non-territorial species or any greater tendency for
them to expand their range. Burt’s (1940) measurcments of dispersal
distances in young Peromyscus lcucopus, a species which he regarded
as showing territorial behavior, were no greater than the mecasurements
of dispersal distances in the non-territorial P. maniculatus by Blair
(1940b) and Howard (1949). The non-territorial P. maniculatus is also
the only species of the genus for which there is evidenee of a major range
expansion in historic times (see Dice, 1931a; Hooper, 1942; Hamilton,
1950).

6. Homing ‘Instinct’’

The tendency for an animal to return home after being released
at a distance has been called homing instinct. If such a phenomenon
exists, it should be of some importance in ensuring the return home
of accidentally dispersed individuals, thereby acting to restrict gene
flow in the species population. The data respecting homing instinet in
rodents fall into two classes: (1) the numerous instances in which an
animal was transported such a short distance that it was apparently
released within the normal home range or within a somewhat larger
area with which the animal was almost certainly familiar, (2) the few
cases in which an animal returned from greater distances than it would
be expected to know.

Return of an animal released within or near the home range calls
for no behavior other than the previously discussed attachment of an
individual to an area of terrain, or home range. Cases that evidently
fall into this category are those reported for: Peromyscus leucopus
(Johnson, 1926 ; Townsend, 1935 ; Burt, 1940 ; Stickel, 1949), P. manicu-
latus (Kendeigh, 1944), Microtus pemnsylvanicus (Hamilton, 1937a),
Neotoma floridana (Lay and Baker, 1938), Zapus hudsonius (Quimby,
1951), and Ondatrae zibethica (Takos, 1944). Linsdale (1946) reported
that Citellus beecheyi made returns of up to %, of a mile, but he be-
lieved that this species had little homing ability. Fitech (1947) reported
3 returns of Sylvilagus audubonii from distances of 3150 to 4400 feet,
but 20 others that were moved about 3/} of a mile failed to return. His
results suggest that the rabbits failed to return when moved beyond
familiar terrain.
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The return of animals from comparatively great distances can be
interpreted as indicating that (1) the return was due to chance as the
animal moved away from the point of release, or (2) the animal knew
a much larger area of terrain than its normal home range, or (3) the
animal had some unknown ability to navigate homeward through un-
familiar terrain. Murie and Murie (1931) found that in Peromyscus
maniculatus 4 of 40 mice returned when moved 1 mile, 1 of 23 returned
from 2 miles, and none of 15 returned from 4 miles. They preferred
the hypothesis of a homing instinet. Chance alone seems inadequate
to account for their results. The probability that an animal would start
in the right direction is not prohibitive, but there must be added also
the probability that it would travel far enough to reach the old home
range and that it would escape predators while traveling through un-
familiar terrain. Familiarity with the terrain seems an equally tenable
hypothesis to homing instinet to account for their results, particularly
in view of the decrease in the rate of return with increased distance.
It is possible that the returned animals had retained knowledge of the
considerable areas normally covered during the dispersal phase of the
life history, when, in this species, dispersal distances of up to 34 of a
mile have been reported (Blair, 1940b; Iloward, 1949).

Hungerford and Wilder (1941) moved 15 Sciurus carolinesis dis-
tances of 3,000 to 14,800 fect a total of 24 times. They obtained 11 re-
turns, of which 2 were from the maximum distance of 14,800 feet. Only
one of the returning animals was a female, which returned a distance
of 5,600 feet. Dispersal distances of up to 14 miles have been reported
for a related species, S. niger, by Baumgartner (1943), which indicates
that tree squirrels may know much larger areas than their home ranges.
The returns of tree squirrels reported here, therefore, could easily have
been from areas with which the animals were acquainted. There seems
no evidence at hand that requires the hypothesis of any special sense
whereby rodents can return home through unfamiliar terrain.

IV. DISPERSAL

The movement of young animals away from the nest before they, in
turn, reproduce is the principal means by which dispersal of individuals
(and hereditary characters) through the species population is accom-
plished. Dispersal movements also permit expansion of the geographic
range of the species population and they may theoretically induce ex-
pansion of the ecologic range by leading to experimentation with pre-
viously unoccupied environments. Dispersal movements generally come at
the onset of sexual maturity (Burt, 1940; Blair, 1940b; Southern, 1940;
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Fitch, 1948a). This results in continuing dispersal through the repro-
duective season in species that produce several litters in a breeding season.
In forms that produce a single litter per season, the dispersal move-
ments may be concentrated in a comparatively short period. Evans and
Holdenried (1943) reported that young Citellus beecheyi moved most
often in August and September. Baumgartner (1943) noted that in
Sciurus niger the dispersal movements in any one year seldom last more
than 2 or 3 weeks, in August and September. In species that show
marked, cyclic fluctuations in numbers, dispersal is possibly limited
almost entirely to the periods when the population is building up to,
or has reached, ‘‘peak’’ densities.

1. Couses of Dispersal

Dispersal movements of rodents may be attributed to one or both of
two major causes: (1) an inherent tendency to disperse, stimulated by
physiologic changes as the animal becomes sexually active, (2) popula-
tion pressure, resulting from active and passive intraspecific competition.
Both of these major factors may possibly enter into determining the
time and distance of dispersal of an individual rodent. Iloward (1949)
argues that in Peromyscus maniculatus part of the stimulus for dispersal
movements might be a direct response to a hormonal secretion by the
reproductive organs, because many of these mice disperse when their
reproductive organs are becoming functional for the first time. IIe found
no evidence of dispersal before the approach of sexual maturity, and he
found only one case of an extensive movement after maturity. His
argument is strengthened by the fact that fall-born mice, which usually
did not become sexually active until the following March, generally
remained through the winter in family aggregations. That population
pressures also influenced dispersal is indicated by the wide range of
variation in distance of dispersal and by the fact that numerous indi-
viduals failed to disperse beyond the limits of the parental home range.

Drastic changes in population density (and pressure) may affect the
behavior and local distribution of resident animals, and it is to be in-
ferred that there would be major effects on young, unestablished indi-
viduals. Bole (1939) has written extensively on the problem of ‘‘drift’’
in making estimates of population density involving the removal of
individuals from a quadrat. Population density of Peromyscus manicu-
latus was lowered by Blair (1940b) when 37 of 47 residents were re-
moved from a 4.6-acre area in the midst of a uniform habitat. At the
end of 2 weeks, the population had rebuilt to 25, of which 20 were
sexually mature animals that moved from adjacent areas and 2 were
young mice. An isolated 2.9-acre area inhabited by 1 pair of deer mice
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was overpopulated when 22 adult males, 19 adult females, and 4 young
females were released there. Trapping during the second week revealed
only the resident pair, 2 liberated adult males and 3 females, and 5
juvenile mice. Ten of the mice that disappeared were retaken at dis-
tances of 825 to 1815 feet. Both of these experiments indicated movement
from areas of high to areas of low population density. Stickel (1946)
demonstrated similar behavior in Peromyscus leucopus when she marked
the mice on a circular, 17-acre area before beginning to remove the mice
from a central, 1-acre plot. As the animals were removed from the cen-
tral plot, others were taken there from increasingly greater distances.
Spencer (1941) ran snap-traps on a 5-acre plot for a period of 10
months to measure ‘‘drift”’ in rodent populations. Iis results strongly
support the argument that there is a tendency for movement to be from
areas of high to areas of low population density. Over the 10 months,
1254 individuals of 22 species of small mammals were taken from the
5 acres. Two species comprised the bulk of the records. Spencer re-
ported that 174 Neotome albigula originally resided on the plot or had
the extreme edges of their ranges touching the plot, but during the 10
months he removed a total of 682 of these pack rats. An average density
of 4 Dipodomys merriami per acre was estimated in the area, but he
removed 251 individuals from the plot. The available evidence seems
to indicate that dispersal is influenced by both an inherited tendency
to move away from the place of birth and by population pressures.

2. Distance of Dispersal

The evidence for distances of dispersal in small mammals is frag-
mentary, with the best estimates coming from the few nest-box studies
that have been made. Nicholson (1941), using nest boxes, reported
movements of 200 to 1500 feet among 11 Peromyscus leucopus. The
greatest movement was made by an adult male. Howard (1949), also
using nest boxes, reported that among 155 young P. maniculatus of
which the birthplace was known, 31% of the males and 15% of the fe-
males moved at least 550 feet. The maximum distance of movement was
3300 feet, but 119 of the mice bred within 500 feet of their birthplace.
Howard’s results suggest greater distances of dispersal in males than
in females and they suggest a rather slow rate of dispersal in this
species. Dispersal distances estimated from trapping records alone
are rather unrcliable, because onc is never certain that the animals were
first recorded at the birthplace. Burt (1940), working with P. leucopus,
reported that 51 of 154 young mice moved distances of 100 to 900 yards
from the place of original capture, and 103 remained within 100 yards
of it. The average distance of movement of the mice that dispersed
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more than 100 yards was 266 yards. Among 133 adult mice, only 7
moved distances of more than 200 yards. Burt also reported that 5
young and 3 adult Tamuas strietus moved distances between 225 and
700 yards (average 370), and 1 Pitymys pinetorum moved 300 yards.
Blair (1940b) reported the average of the dispersal movements of 6
young male Peromyscus maniculatus as 1334 feet (maximum, 3960) and
the average for 4 young females as 453 feet (maximum, 1030). Blair
(1943a) reported movements of 1200 to 2300 feet for the same species in
New Mexico, of up to 34 mile for Peromyscus leucopus, and of 2000 to
2700 feet for Dipodomys merriami and D. ordii. Blair (1951a) reported
that 14 young Peromyscus polionotus moved an average distance of 1415
+ 89 feet (minimum, 980 ; maximum, 1970).

Distance of dispersal, like size of home range, seems to be roughly
proportional to body size. Errington and Errington (1937) and Er-
rington (1939, 1944) found that young muskrats dispersed distances of
from zero to 21 miles. Tracking showed that one individual covered
2800 yards in 15 day. Baumgartner (1943) reported that 6 fox squirrels
moved distances of from 0.4 to 14 miles. Dalke and Sime (1938) re-
corded a movement of 2.4 miles by a young male Sylvilugus floridanus
and movements of 1.1 and 1.4 miles by 2 young females. Schwartz
(1941) reported movements of 1322 and 3542 feet by 5 young and 5
adults of the same species. Fiteh (1947) found that onc young 8. audu-
bonit moved 3300 feet. Southern (1940) recovered or observed 21 Oryc-
tolagus cuniculus after they had moved from the warren in which they
were born. Six moved less than 70 yards, 9 less than 140, 3 less than
210, and 3 less than 280. Stuewer (1943) found that 9 young male rac-
coons dispersed an average distance of 11.75 miles (minimum, 3.5;
maximum, 27) and 5 young females moved an average of 8.25 miles
(minimum, 4.5 ; maximum, 16).

3. Rate of Dispersal

The actual rate of dispersal is affected by so many variables that it is
not presently possible to estimate reliably the rate of spread of a char-
acter through a population. Haldane (1948) has used the available
data to attempt an estimate of the relationship between the intensity
of selection, mean distance migrated per generation, and the slope of the
cline in races of Peromyscus polionotus. He has had to make so many
assumptions that, as he points out, the results may be wholly fallacious.
He has assumed that there is only one generation annually, but the evi-
dence now available indicates more than one per year for this species
(Blair, 1951a). He also assumed for purposes of mathematical analysis
that the population density is equal throughout the area occupied. This
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species is actually very discontinuously distributed because of its pref-
erence for certain soil and vegetation types (Blair, 1950). Since rodent
populations generally show a mosaic pattern of densities, with some
environments avoided, others tolerated, and others preferred (Blair,
1951b), measurement of the rate of dispersal through unfavorable as
well as favorable environments becomes necessary before we can estimate
the theoretical rate of diffusion of a character through a widely dis-
tributed population. We do know that dispersal may occur through
unfavorable environments, although presumably at a lower rate than
through favorable ones. Blair (1940b) found that deer mice moved
through habitats not normally used when there was an artificial increase
in population pressure. Howard (1949) reported that on occasion young
mice of this species will disperse through unfavorable habitats such as
woods.

V. PaATTERN oF REPRODUCTIVE BEHAVIOR

The duration of the reproductive alliance between members of op-
posite sexes has a direct bearing on the potential strength of reproduc-
tive isolation between members of closely related species. Species that
form more or less permanent pairs are less apt to exchange genes through
hybridization than are those in which mating is promiscuous (Mayr,
1942). Little attention has been given to this important phase of rodent
behavior., A few species have been shown to form comparatively
permanent pairs, but the extent of such a social pattern in rodent species
is unknown. Howard (1949) found that once two Peromyscus manicu-
latus had become mated, they remained mated for the duration of that
breeding season. No mouse selected a new mate during one breeding
season so long as its original mate remained alive. Blair (1951a) found
evidence for similar behavior in P. polionotus, although some sexually
active individuals gave no evidence of pairing. Burt’s (1940) records
for one individual P. leucopus suggest the possibility of similar behavior
in this species. Linsdale (1946) believed that Citellus beecheyi forms
temporary pairs by occupying common ground for ‘‘possibly as long
as 2 weeks.”” Fitch (1948a) pointed out that Linsdale’s argument
lacked supporting evidence and argued from his own evidence that
these squirrels are probably promiscuous. The solitary nesting habits
of sciuromorph rodents apparently preclude any such pairing as that
reported for the few species of myomorphs that have been studied.
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VI. Lire SpaN

The average life span of a species in nature, by comparison with
the potential or physiological span, is indirectly indicative of the selec-
tion pressure on the species, but, of course, it does not reveal the selective
agents. A high annual turnover within the population is evident in all
the species of rodents and other small mammals that have been studied.
The estimates grouped in Table 1 suggest that in a given population
of these animals not more than 6% will usually survive as much as a
year. These significantly are all small animals that constitute a major
part of the food supply of predatory birds, reptiles, and mammals.
There is additional convinecing evidence to support the argument that
in nature small mammals live out only a small fraction of their potential
life span. Pearson (1945) kept Blarina brevicauda in captivity up to
33 months and through 3 breeding seasons, but he found that in nature
only 6% survived from one summer to the next. Hacker and Pearson
(1946) kept Apodemus sylvaticus in captivity up to 53 months, but in

TABLE 1

Reported Percentage of Population Surviving Through One Year in 14 Species of
Shrews, Rodents, and Lagomorphs

Species Locality Per cent Authority
surviving
Blarina brevicauda Pennsylvania 6 Pearson, 1945
Sylvilagus floridanus Michigan 7 Allen, 1939
Sylilagus audubonii California 32 ggig; Fiteh, 1947
Dipodomys heermanni California 5 Fitch, 1948a
Eutamias minimus Michigan 6 Manville, 1949b
Tamias striatus Michigan 21 Manville, 1949b
Michigan 6 Blair, 1941d
Peromyscus maniculatus {Michigan 14 Manville, 1949b
Michigan 34 Manville, 1949b
Michigan 4 Burt, 1940
Peromyscus leucopus {Pennsgylvania 4 Pear,son, 1945
Microtus longicaudus California 2 Jenkins, 1948
Miorotus montanus California — Jenkins, 1948
Clethrionomys gapperi Michigan 3 Manville, 1949b
Clethrionomys glareolus England 1 Evans, 1942
Apodemus sylvatious England 1 Evans, 1942
Rattus norvegious Maryland 5 Davis, 1948
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wild populations they estimated an approximate mean monthly survival
rate of 0.876 which means that one would expecet 7 out of 8 individuals
to be alive at the end of a month. They concluded that in some years
few mice, possibly none, survive from one winter season to the next.
Blair (1948) found that in 3 species of rodents the average life span
among individuals that lived until they left the nest was less than 5
months. The estimates were: 4.88 + 0.20 months for Peromyscus
maniculatus, 4.64 + 0.21 months for P. leucopus, and 4.23 + 0.22 months
for Microtus pennsylvanicus. That these rodents lived only a fraction
of their potential life span is indicated by the facts that Peromyscus
regularly lives more than 3 years in captivity and Microtus has been
kept alive more than a year. Dice (1933) reported individual P. manicu-
latus living to 7 and 8 years in captivity. Howard (1949) reported that
in this same species only one-fifth of the mice born in nature reached
sexual maturity. Ile found a scasonal difference in mortality rate, with
only one-fourth of those born in spring, summer, and early fall surviv-
ing to 4 weeks, whereas one-fourth of those born after the middle of
September survived to 21 to 25 weeks of age. Mortality of both young
and adults was high during the spring months owing to increased pre-
dation and occasional late snow and slect storms at a time when dispersal
movements away from the place of birth were under way. Fitch (1948a)
found that in Dipodomys heermanni 35.3% remained in the population
no more than 1 month and an additional 34.2% remained no more than
6 months. DBlair (1951a) reported that in a Peromyscus polionotus pop-
ulation only 19.5% survived as much as 4 months. Southern (1940)
observed high mortality in Oryctoleagus cuniculus in the stages soon
after weaning. Tn one set of observations, all young had disappeared
from the population in 9 weeks, but this could have been accounted for
in part by dispersal. Bourliére (1951) quotes evidenee of a similarly
short life span for Microtus guentheri from Bodenheimer and for Citel-
lus pygmaeus from Kalabuchov.

The only argument contrary to the considerable evidence that a
small mammal rarely lives out its potential life span in nature comes
from ITamilton (1937b, 1940). Ilc apparently believed that Microtus
pennsylvanicus ‘‘burns out’’ physiologically because of (1) attainment
of sexual maturity at an uncommonly early age, (2) extreme prolificness,
and (3) little cessation of activity in its search for food. In regard to
Sorex fumeus, Iamilton (1940) reported that the life span is short, for
all adults die of old age when 14 to 17 months old. Hamilton’s argu-
ments are not supported by any other workers.

Although such factors as unfavorable weather, disease, and para-
sites undoubtedly affect survival, particularly in special cases, predation
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is probably the most important single cause of the short life span of
small mammals. The list of vertebrate predators that feed principally
or entirely on small mammals is too large and too well known to need
repetition here. In addition, the behavior in natural populations indi-
cates that small mammals generally live in constant fear of capture
by predators (Hatfield, 1938; Burt, 1940; Fitch, 1947, 1948b; Blair,
1943b, 1951a). The rate of selection imposed on a species population
in respect to the characters that may affect ability to remain unde-
tected by, or to escape, predators is obviously related to the rate of
predation on it.

-
VI1I. PATTERN oF DISTRIBUTION

The potential diffusion of hereditary characters through a species
population is affected not only by the tendency for the localization of
individuals exeept during the dispersal phase of the life history but
also by the pattern of distribution of the population. A species popu-
lation of small mammals is not evenly distributed through the geographie
range of the species. Dice (1931b) has called attention to the limitation
of mammalian species to particular kinds of physical and biotie (vege-
tational) environments, and this phenomenon is well known to any field
naturalist. The pattern of distribution of a species population conse-
quently will reflect the pattern of distribution of more or less suitable
habitats for that species. Where favorable habitats are frequently inter-
rupted by unfavorable ones for the species, there will be a greater or
lesser restriction on the exchange of individuals between the subpopula-
tions inhabiting favorable environments. The theoretical cffects of such
a pattern of distribution on the differentiation of the local subpopula-
tions have been discussed thoroughly by Wright (1931, 1943, 1946, 1948,
1949a, 1949b) and others, but only a minute beginning has been made
toward accumulating the data mecessary before Wright’s caleculations
can be applied to natural populations of vertebrates. Only enough is
known at present about the pattern of distribution of small mammals to
indicate that the pattern is usually a complex one. Blair (1950, 1951b)
has discussed the general features of the pattern of distribution of
mammalian species and has pointed out that there may be considerable
geographic variation in distribution pattern, with attendant effects on
local differentiation. A single specics, such as Peromyscus leucopus,
may show areal continuity of distribution (in the sense of Wright, 1943)
in one area, dendritic distribution in another, and may exist in small,
isolated populations in a matrix of highly unfavorable environments in
another. A complication of the dendritic pattern of distribution in
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P. leucopus has been noted by Thornton and Al-Uthman (1952). In
the Texas Panhandle, this species is largely restricted to cottonwood
groves along the major streams, but, since the groves are not continuous
along the flood plains, there is a more or less linear distribution of small,
semi-isolated colonies of usually less than a dozen individuals each. In
southern Michigan, this same species is largely limited to wood lots of
oak and hickory that were left intact when the land was cleared for
farming, although the mice do range out into the edge of adjacent grass-
lands. Dice (1937) has shown that there is measurable differentiation
between populations of wood lots no more than 8 miles apart.

MecCabe and Blanchard (1950) reported that 3 species of Peromys-
cus (maniculatus, truer, and californicus) in the region of San Fran-
cisco Bay, California, show essentially linear distribution along the edge
of the chaparral, although the mice may be missing from the ‘‘edges’’
where the chaparral changes gradually to other vegetation types. These
workers reported that no Peromyscus were taken in dense and continuous
chaparral more than 40 yards from the edge. The deer mouse (P. man-
tculatus) is the most widely distributed rodent in North America, and
it occupies many kinds of environments within its range. At any given
locality, however, the preference for certain environmental conditions
results in a mosaic pattern of distribution. In northern Michigan, where
this mouse is a forest inhabitant, Manville (1949b) reported population
densities in 8 forest types over 3 seasons. Densities were highest in
white-birch forest, with an estimated 4.25 to 11.04 mice per acre. They
were lowest in jack-pine forest and black-spruce swamp, with none to
0.85 per acre, and the other forest types had intermediate densities.
This species is a grassland inhabitant in central North America. In
southern Michigan, deer mice are largely limited to bluegrass fields,
where their home ranges rarely reach the edge of adjacent forests (Blair,
1940b), although Howard (1949) has evidence that they occasionally
disperse through oak-hickory forest. Along the eastern border of the
central grasslands in Texas and Oklahoma, the grassland habitats of this
species are interrupted by the intrusion of forests on favorable soils and
along streams. In New Mexico, this species occurs commonly in the high
mountains, where it is abundant in the dense montane forests (Dice,
1942) and in the desert basins. Dice reported that it is rarely encoun-
tered in the sabinal belt of the lower mountain slopes, which would in-
dicate little gene exchange between the montane and basin populations.
The distribution of this species in the Tularosa Basin of southern New
Mexico has been described by Blair (1943c). The deer mice are mostly
limited to scattered areas dominated by mesquite and to grassy washes.
Most of this desert basin is occupied by atriplex and creosote bush,
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which are avoided by these mice, so the suitable environments for deer
mice oceur as isolated pockets in a matrix of unsuitable ones. The effects
of this pattern of distribution on adaptive color differentiation of the
deer mouse have been reported by Blair (1947). There was no dif-
ferentiation in the frequency of adaptive color genes at a distance of
4 miles in a linearly distributed population, but there was strong adap-
tive differentiation on differently colored soils at a distance of 18 miles.
Populations 13 miles apart and separated by a wide expanse of unfavor-
able environment for deer mice showed strong, adaptive differentiation
on differently colored soils. Populations 20 miles apart and with gene
exchange inhibited by a wide barrier of inhospitable environment, but
on similarly colored soils, showed no adaptive differentiation in the fre-
quency of color genes. Presently available information about the pattern
of distribution in Peromyscus indicates that the distribution of genetic
characters in the species population is strongly affected by the complex
distribution of each species in many more or less isolated populations
of various sizes.

Little accurate information is available about the size of the
subpopulations of a species. Cursory observation indicates that freely
interbreeding units may consist of only a few individuals, as in the
Peromsycus leucopus populations of cottonwood groves in the Texas Pan-
handle. In other cases, there may be no limitation but distance on the
interchange of individuals in a population of millions of individuals,
as in the case of the same specics in the brushlands of southern Texas
(Blair, 1951b). A few estimates have been made of the size of sub-
populations of small mammals. Diece (1939) estimated that the P.
maniculatus population of the Black Hills included between 1,000,000
and 5,000,000 individuals in the late summer of 1935. The entire popu-
lation of the Black Hills might be considered a major subpopulation, as
Dice believed that the population of the Black Iills is to a large extent
isolated. It is, nevertheless, divided into smaller subpopulations, for Dice
recognized 10 vegetation types with varying population densities of mice
and including grassland, pasture, and cultivated land in which he re-
ported that deer mice were extremely scarce. Most estimates of the size
of interbreeding populations are for insular populations. Hatt (1928)
estimated that an island in Lake Champlain with only 1100 square feet
of terrain had a total mammalian population of only 2 adult and 5 juve-
nile Microtus pennsylvanicus at the time of study. Manville (1950)
estimated that a 9.5-acre island in Lake ITuron had a population of 2
adult female Peromyscus maniculatus and 25 Microtus pennsylvenicus,
exclusive of young in the nest. Blair (1946) estimated the population
of P. polionotus on Santa Rosa Island, Florida, at between 9270 and
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17655 in the winter and spring of 1941-42. MecCabe and Cowan (1945),
in analyzing the remarkable, post-Pleistocene differentiation of P. manic-
ulatus on the islands off the coast of British Columbia, estimated the
populations of the smallest islands at less than 100 individuals. On
larger islands, they estimated populations of from a few hundred to
3000 mice.

VIII. SuMMARY

The behavior in natural populations of rodents and other small
mammals, as revealed by live-trapping and nest-box studies, theoreti-
cally has important effects on gene exchange in these populations. At-
tachment of the individual to a limited area of familiar terrain, or home
range, tends to restrict gene dispersal. Estimates of home-range size
for 39 species of rodents and for 9 other species of small mammals, al-
though difficult to compare because of differences in technique, do show
the widespread occurrence of the home-range habit. Size of the home
range is affected by such attributes as sex, age, mobility, body size, and
food habits and by such ecologic factors as vegetative cover, size of
area, and season of year.

Defense of territory against others of the same species, or at least
strong antagonism between individuals, is ecommon in seciuromorph ro-
dents but rare in myomorphs. Various cases of homing by small mam-
mals that had been moved from the point of capture can be explained
by return from within the home range or return from an area with which
the animal made some acquaintance during the dispersal phase of the
life history.

Dispersal of young away from the place of birth at the approach
of sexual maturity is the most important means of dispersing gencs
through the population. The tendency to disperse may be inherent
and it may be stimulated by sex hormones, but population pressures
probably have important effects on the distance of dispersal. The little
information available indicates that distance of movement is roughly
proportional to body size; it also indicates that there may be a sex dif-
ferential in dispersal distance and that the distance of movement may
be quite short in small rodents.

The formation of permanent mating pairs, a reproductive pattern
that should make for strong restriction on hybridization of sympatric
species, has been reported from a few species of myomorph rodents.
The average life span of small, prey species of mammals in nature is only
a small fraction of the potential life span, which is taken to indicate
high selection pressure on these animals through predation and through
other selective agents. The pattern of distribution of any species of
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small mammal is usually complex, and there is frequent subdivision into
numerous, partially isolated subpopulations. Freely interbreeding sub-
populations may sometimes consist of less than a dozen individuals.

IX. REFERENCES

Aldous, Shaler E., 1947, Muskrat trapping on Sand Lake National Wildlife Refuge,
South Dakota. J. Wildlife Manag. 11, 77-90.

Allen, Durward L., 1939, Michigan cottontails in winter. J. Wildlife Manag. 3,
307-322.

Baker, Rollin H., 1946, A study of rodent populations on Guam, Mariana Islands.
Ecol. Monogr. 16, 393-408.

Baumgartner, Luther L., 1943, Fox squirrels in Ohio. J. Wildlife Manag. 7, 193-202.

Blair, W. Frank, 1936, The Florida marsh rabbit. J. Mammal. 17, 197-207.

1940a, Home ranges und populations of the meadow vole in southern Michigan.

J. Wildlufe Manag. 4, 149-161.

1940b, A study of prairie deer-mouse populations in southern Michigan. Amer.
Mqdl. Nat. 24, 273-305.

1940c, Home ranges and populations of the jumping mouse. Amer. Midl. Nat. 23,
244-250.

1940d, Notes on home ranges and populations of the short-tailed shrew. Ecology
21, 284-288.

1941a, Techniques for the study of mammal populations. J. Mammal. 22, 148-157.

1941b, A simple and effective live trap for small mammals. J. Wddlfe Manag.
5, 191-193.

1941c, Some data on the home ranges and general life history of the short-tailed
shrew, red-backed vole, and woodland jumping mouse in northern Michigan.
Amer. Midl. Nat. 25, 681-685.

1941d, The small mammal population of a hardwood forest in northern Michigan.
Contr. Lab. vert. genet. Univ. Mich. 17, 1-10.

1942, Size of home range and notes on the life history of the woodland deer-mouse
and eastern chipmunk in northern Michigan. J. Mammal. 23, 27-36.

1943a, Populations of the deer-mouse and associated small mammals in the mes-
quito association of southern New Mexico. Contr. Lab. vert. biol. Univ. Mich.
21, 1-40.

1943b, Activities of the Chihuahua deer-mouse in relation to light intensity. J.
Wildlife Manag. 7, 92-97.

1943c, Ecological distribution of mammals in the Tularosa Basin, New Mexico.
Contr. Lab. vert. biol. Univ. Mich. 20, 1-24.

1946, An estimate of the total number of beach-mice of the subspecies Peromyscus
polionotus leucocephalus occupying Santa Rosa Island, Florida. Amer. Nat. 80,
665-668.

1947, Estimated frequencies of the buff and gray genes (G,g) in adjacent popu-
lations of deer-mice (Peromyscus maniculatus blandus) living on soils of dif-
ferent colors. Contr. Lab. vert. biol. Univ. Mich. 36, 1-16.

1948, Population density, life span, and mortality rates of small mammals in the
blue-grass meadow and blue-grass field associations of southern Michigan. Amer.
Midl. Nat. 40, 395-419.

1950, Ecological factors in speciation of Peromyscus. Ewolution 4, 253-275,



38 W. FRANK BLAIR

1951a, Population structure, social behavior, and environmental relations in a
natural population of the beach mouse (Peromyscus polionotus leucocephalus).
Contr. Lab. vert. biol. Univ. Mich. 48, 1-47.

1951b, Evolutionary significance of geographic variation in population density.
Tex. J. Sci. 3, 53-57.

Bole, B. P., Jr., 1939, The quadrat method of studying small mammal populations.
Sci. Publ. Cleveland Mus. nat. Hist. 6, 15-77.

Bourliére, D. F., 1951, Vie et moeurs des mammiferes. Payot, Paris, 250 pp.

Burt, William H., 1940, Territorial behavior and populations of some small mam-
mals in southern Michigan. Misc. Publ. Mus. Zool. Univ. Mich. 45, 1-58.

1943, Territory and home range concepts as applied to mammals. J. Mammal. 24,
346-352.

1949, Territoriality. J. Mammal. 30, 25-27.

Calhoun, John B., 1948, Mortality and movement of brown rats (Rattus norvegicus)
in artificially supersaturated populations. J. Wildlife Manag. 12, 167-172.
Chitty, Dennis, 1937, A ringing technique for small mammals. J. Anim. Ecol. 6,

36-53.
Crabb, Wilfred D., 1948, The ecology and management of the prairie spotted skunk
in Iowa. Ecol. Monogr. 18, 201-232.

Dalke, Paul D., and Sime, Palmer R., 1938, Home and seasonal ranges of the east-
ern cottontail in Connecticut. Trans. 3rd N. Amer. Waldlife Conf. 659-669.
Davis, David E., 1945, The home range of some Brazilian mammals. J. Mammal. 26,

119-127.
1948, The survival of wild brown rats on a Maryland farm. Ecology 29, 437-448.
Davis, David E., Emlen, John T., Jr., and Stokes, Allen W., 1948, Studies of home
range in the brown rat. J. Mammal. 29, 207-225,
Dice, Lee R., 1931a, The occurrence of two subspecies of the same species in the
same area. J. Mammal. 12, 210-213.

1931b, The relation of mammalian distribution to vegetation types. Sci. Mon.
N. Y. 33, 312-317.

1933, Longevity in Peromyscus maniculatus gracilis. J. Mammal. 14, 147-148.

1937, Variation in the wood-mouse, Peromyscus leucopus noveboracensis, in the
northeasten United States. Occ. Pap. Mus. Zool. Univ. Mich. 352, 1-32.

1939, An estimate of the population of deer-mice in the Black Hills of South
Dakota and Wyoming. Contr. Lab. vert. Genetics Univ. Mich. 10, 1-5.

1942, Ecological distribution of Peromyscus and Neotoma in parts of southern
New Mexico. Ecology 23, 199-208.

Edwards, Robert L., 1946, Somo notes on the life history of the Mexican ground
squirrel in Texas. J. Mammal. 27, 105-115,

Erickson, Arnold B., 1949, Summer populations and movements of the cotton rat
and other rodents on the Savannah River Refuge. J. Mammal. 30, 133-140.

Errington, Paul L., 1939, Reactions of muskrat populations to drought. Ecology
20, 168-186.

1944, Additional studies on tagged young muskrats. J. Wildlife Manag. 8, 300-306.

Errington, Paul L., and Errington, Carolyn Storm, 1937, Experimental tagging of
young muskrats for purposes of study. J. Wildlife Manag. 1, 49-61.

Evans, F. C, 1942, Studies of a small mammal population in Bagley Wood, Berk-
shire. J. 4nim. Ecol. 11, 182-197.

Evans, F. C., and Holdenried, R., 1943, A population study of the Beechey ground
squirrel in central California. J. Mammal, 24, 231-260.



POPULATION DYNAMICS OF RODENTS 39

Fitch, Henry 8., 1947, Ecology of a cottontail rabbit (Sylvilagus audubonii) popu-

lation in central California. Calif. Fish Game 83, 159-184.

1948a, Habits and economic relationships of the Tulare kangaroo rat. J. Mammal.
29, 5-35.

1948b, Ecology of the California ground squirrcl on grazing lands. Amer. Midl.
Nat. 39, 513-596.

Fitzwater, William D., Jr., 1943, Color marking of mammals, with special reference
to squirrels. J. Wildluife Manag. 7, 190-192.

Gordon, Kenneth, 1936, Territorial behavior and social dominance among Sciuridae.
J. Mammal. 17, 171-172.

Gunderson, Harvey L., 1950, A study of some small mammal populations at Cedar
Creek Forest, Anoka County, Minnesota. Occ. Pap. Univ. Minn. Mus. nat. Hist.
4, 1-49.

Hacker, H. P., and Pearson, II. 8., 1946, The growth, survival, wandering, and vari-
ation of the long-tailed field mouse, Apodemus sylvaticus. (Survival, by H. P.
Hacker). Biometrika 33, 333-361.

Haldane, J. B. S., 1948, The theory of a cline. J. Genet. 48, 277-284.

Hamilton, W. J., Jr., 1937a, Activity and home range of the ficld mouse, Microtus
pennsylvanicus pennsylvanicus (Ord). Ecology 18, 255-263.

1937b, Growth and life span of the ficld mouse. Amer. Nat. 71, 500-507.

1940, The biology of the smoky shrew (Sorcz fumecus fumcus Miller). Zoologica,
N. Y. 25, 473-492.

1950, The prairie deer-mouse in New York and Pennsylvania. J. Mammal. 81, 100.

Hatfield, Donald M., 1938, Studies on rodent populations in a forested area. J.
Mammal. 19, 207-211.

Hatt, Robert T., 1928, Relation of the meadow mouse Microtus p. pennsylvanicus
to the biota of a Lake Champlain island. Ecology 9, 88-93.

Haugen, Arnold O., 1942, Ilome range of the cottontail rabbit. Ecology 23, 354-367.

Ilayne, Don W., 1949, Calculation of size of home range. J. Mammal. 30, 1-18,

Holdenried, Robert, 1940, A population study of the long-eared chipmunk (Eutamias
quadrimaculatus) in the central Sierra Nevada. J. Mammal. 21, 405-411,

Hooper, E. T., 1942, An effect on the Peromyscus maniculatus rassenkreis of land
utilization in Michigan. J. Mammal. 23, 193-196. .

Howard, H. Eliot, 1920, Territory in bird life. John Murray, London. 308 pp.

Howard, Walter E., 1949, Dispersal, amount of inbreeding, and longevity in a local
population of prairie deermice on the George Reserve, southern Michigan. Contr.
Lab. vert. biol. Univ. Mich. 43, 1-52.

Hungerford, K. E., and Wilder, N. G., 1941, Observations on the homing behavior

of the gray squirrel (Sciurus carolinensis). J. Wildlife Manag. 5, 458-460,

Ingles, Lloyd G., 1941, Natural history observations on the Audubon cottontail. J.
Mammal. 22, 227-250.

Jenkins, Hubert O., 1948, A population study of the mcadow mice (Microtus) in
three Sierra Nevada meadows. Proc. Calif. Acad. Sci. (4th ser.) 26, 43-67.
Johnson, M. 8., 1926, Activity and distribution of certain wild mice in relation to

biotic communities. J. Mammal. 7, 245-277.

Jordan, James 8., 1948, A midsummer study of the southern flying squirrel. J.
Mammal. 29, 44-48.

Kendeigh, 8. Charles, 1944, Homing of Peromyscus maniculatus gracilis. J. Mammal.
25, 405-407.



40 W. FRANK BLAIR

King, Otis M., 1950, An ccological study of the Norway rat and the house mouse
in a city block in Lawrence, Kansas. Trans. Kans. Acad. Sci. 63, 500-528.
Lay, Daniel W., 1942, Ecology of the opossum in eastern Texas. J. Mammal. 23,

147-159.

Lay, Daniel W., and Baker, Rollin H., 1938, Notes on the home range and ecology
of the Attwater wood rat. J. Mammal. 19, 418-423.

Linduska, J. P., 1942, Wimnter rodent populations in field-shocked corn. J. Wildlife
Manag. 6, 353-363.

Linsdale, Jean M., 1946, The California ground squirrel. University of California
Press, Berkeley. 475 pp.

Linsdale, Jean M., and Tevis, Lloyd P., Jr., 1951, The dusky footed wood rat. Uni-
versity of California Press, Berkeley. 664 pp.

MecCabe, Thomas T., and Blanchard, Barbara D., 1950, Three species of Peromyscus.
Rood Associates, Santa Barbara. 136 pp.

McCabe, T. T., and Cowan, lan MecTaggart, 1945, Peromyscus maniculatus macro-
rhinus and the problem of insularity, Trans. roy. Can. Inst. 1945, 117-215,
Manville, Richard H., 1949a, Tcchnique for capture and marking of mammals. J.

Mammal. 30, 27-33.

1949h, A study of small mammal populations in northern Michigan, Misc. Publ.
Mus. Zool. Unw. Mich. 73, 1-83.

1950, A comparison of trapping techniques. J. Mammal. 31, 377-383.

Mayr, Ernst, 1942, Systematics and the origin of species. Columbia University
Press, New York. 334 pp.

Mohr, Carl 0., 1947, Table of equivalent populations of North American small mam-
mals. Amer. Midl. Nat. 37, 223-249.

Murie, O. J., and Murie, Adolph, 1931, Travels of Peromyscus. J. Mammal. 12,
200-209.

1932, Further notes on travels of Peromyscus. J. Mammal. 13, 78-79.

Nice, Margaret M., 1941, The role of territory in bird life. dmer. Midl. Nat. 26,
441-487.

Nicholson, Arnold J., 1941, The homes and social habits of the wood-mouse (Pero-
myscus leucopus noveboracensis) in southern Michigan. Amer. Mudl. Nat. 25,
196-223,

Noble, G. K., 1939, The role of dominance in the life of birds. Auk 56, 263-273.

Pearson, Oliver P., 1945, Longevity of the short-tailed shrew. Amer. Midl. Nat.
34, 531-546.

Quimby, Don C., 1951, The life history and ccology of the jumping mouse, Zapus
hudsonius. Ecol. Monogr. 21, 61-95.

Scott, J. P., 1944, Social behavior, range and territoriality in domestic mice. Proc.
Ind. Acad. Sci. 53, 188-195.

Schwartz, Charles W., 1941, llome range of the cottontail in central Missouri. J.
Mammal. 22, 386-392.

Seton, E. T., 1909, Life histories of northern animals. An acecount of the mammals
of Manitoba. Vol. 1. Charles Scribuner’s Sons, New York. 673 pp.

Southern, H. N., 1940, The ecology and population dynamics of the wild rabbit
(Oryctolagus cuniculus). Ann. appl. Biol. 27, 509-526.

Southern, H. N., and Laurie, E. M. 0., 1946, The house mouse (Mus musculus) in
corn ricks., J. Anim. Ecol. 16, 134-149.

Spencer, Donald A., 1941, A small mammal community in the upper Sonoran desert,
Ecology 22, 421-425,



POPULATION DYNAMICS OF RODENTS 41

Stuewer, Frederick W., 1943, Raccoons, their habits and management in Michigan.
Ecol. Monogr. 13, 203-258.

Stickel, Lucille F., 1946, The source of animals moving into a depopulated area.
J. Mammal. 27, 301-307.

1949, An experiment on Peromyscus homing. Amer. Midl. Nat. 41, 659-664.
Stickel, Lucille ¥., and Stickel, William II., 1949, A Sigmodon and Baiomys popu-
Iation in ungrazed and unburned Texas prairie. J. Mammal. 30, 141-150.
Storer, Tracy I., Evans, Franeis C., and Palmer, Fletecher G., 1944, Some rodent

populations in the Sierra Nevada of California. Eecol. Monogr. 14, 165-192.
Takos, Michael, J., 1944, Summer movements of banded muskrats. J. Wildlhfe
Manag. 8, 307-311.
Tappe, Donald T., 1941, Natural Instory of the Tulare kangaroo rat. J. Mammal.
22, 117-148.
Thornton, W. A., and Al-Uthman, II. 8., 1952, Pattern of distribution of the wood-
mouse in a part of the Texas Panhandle. Tex. J. Sci. 4, 99-101.
Townsend, M. T., 1935, Studies on some of the small mammals of eentral New York.
Roosevelt Wild Iafe Ann. 4, 1-120.
Trippensee, R. E., 1941, A new type of bird and mammal marker. J. Wudlife
Manag. 5, 120-124.
Vestal, Elden H., 1938, Biotie relations of the wood rat (Neotoma fuscipes) in the
Berkeley hills. J. Mammal. 19, 1-36.
Wright, 8., 1931, Evolution in mendelian populations,  Genelics 16, 97-159.
1943, Isolation by distance. Genetics 28, 114-138,
1946, Isolation by distance under diverse systems of mating. Geneties 31, 39-56.
1948, On the roles of directed and random changes in gene frequeney in the
geneties of populations. Evolution 2, 279-294.
1949a, Adaptation and selection: wn Geneties, paleontology and ecvolution. pp.
365-389. Prinecton University Press, Princeton.
1949b, Population structure in evolution. Proe. Amer. phil. Soc. 93, 471-478.
York, Christopher T., 1949, Notes on home ranges and population density in two
species of heteromyid rodents in southwestern Texas. Tex. J. Sei. 1, 42-46.
Young, Howard, Strecker, Robert I, and Emlen, John T., 1950, Localization of
activity in two indoor populations of house mice, Mus musculus. J. Mammal.
31, 403-410.






The Genetics of Polymorphism in the Lepidoptera

E. B. FORD, F.R.S.

Genetic Laboratories, Zoology Department,

Ozxford, England
CONTENTS

Page
L Introduetion . . . . . . . . . . . . . . 44 0. ... . 43
II. Balanced Polymorphism . . e e e e e e e e e . . 45
1. The Control of Balanced Polymorp}nsm F -
2. Mimetic Polymorphism . . . C e e e e e e w4 . . b6
3. The Evolution of Mimetic Polymorphlsm e e e e e e e .. . 63
4. Evolutionary Studies on Baluneced Polymorphism . . . . . . . . 71
III. Transient Polymorphism (Industrial Melanism) . . . . . . . . . . 17
IV.Summary . . . . . . . . v 4 0 0 4 e e e e e e e e . . 88
V.References . . . . . . . . . . . . . . . e v v u ... 85

I. INTRODUCTION

There are many striking examples of polymorphism in the Lepi-
doptera, yet little is known of their genetics. This is the more surpris-
ing since the few instances which have been subjected to adequate genetic
analysis have proved of exceptional interest. Some of this work was
undertaken at Oxford, and we hope to continue it and to enlarge its
seope in the new Genetic Laboratories now being developed there. Thus
it seems appropriate to review the geneties of polymorphism in these in-
sects before the start of this more extensive program. I have twice
before undertaken such surveys. The first of these was restricted to the
Lepidoptera but, having been published in 1937, is largely out of date.
The second, though more recent (1945), covered animals and plants as
a whole, and consequently the space which could be devoted to any one
Order was limited. It is not my intention now to catalogue all the work
which has been done on this subject, however superficial, but rather to
describe and discuss the more important results which have emerged
from it.

Advances in our knowledge of the polymorphism of the Lepidoptera
have been retarded for several reasons. Unfortunately these insects are,
in general, slow breeding. Great numbers of the species have but one
generation in the year, and more than four generations is quite excep-
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tional. Moreover, the most numerous and remarkable of the polymor-
phic forms occur in the tropies/ These are often difficult to breed and
the material difficult to obtain in temperate climates, while facilities
for the necessary researches in their own habitats have so far been
poor. There can be no doubt also that the T.epidoptera have proved
unattractive to some geneticists because they do not provide good cyto-
logical material, their chromosomes being small and numerous. Further-
more, in many instances, the polymorphism is restricted to one sex, a
condition which greatly handicaps genetic work. These considerations
have delayed the study of a situation which, analyzed by a combination
of genetic and ecological methods, is exceptionally well fitted to unravel
and demonstrate certain aspects of evolution.

I have defined polymorphism (Ford, 1940a) as the occurrence to-
gether in one habitat of two or more discontinuous forms of a species
in such proportions that the rarest of them cannot be maintained
merely by recurrent mutation. A few words are needed to expand and
explain that definition. In the first place, it excludes the following
types of variation: (1) geographic races, though, of course, the occur-
rence of polymorphism in one district, and its absence or different na-
ture in another, may be an important attribute of them; (2) ‘‘continuous
variation’’ under multifactorial (or environmental) eontrol. In a given
locality a butterfly or moth may have an intergrading range of varieties
falling within a curve of normal distribution. This is no more poly-
morphism than is the variation to be observed in human height in a
freely interbreeding community; (3) the segregation of rare recessives;
and (4) the appearance of heterozygous forms, both of which are nor-
mally eliminated by selection and maintained in population only by
mutation pressure.

On the other hand, polymorphism as here defined, includes two
distinet conditions:

1. A permanent or balanced polymorphism is maintained by a bal-
ance of selective agencies which favor diversity and oppose uniformity.
This is exemplified by the instances in which a heterozygote is at an
advantage compared with either of its corresponding homozygotes and
also by those mechanisms which ensure outbreeding, such as heterostyly
in plants or sex itself. Here it is necessary to remark that, though clearly
falling within the definition of polymorphism, it is not my intention
to discuss sex determination in this article, for that constitutes a special
aspect of the problem which requires, and is usually accorded, separate
treatment (See the studies of Goldschmidt, 1933, on Lymantria dispar
L.). Neither is its fundamental analysis at all suitably restricted to the
Lepidoptera, or indeed to any other single group. In fact, the success
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of Winge (1932), whose work has so greatly advanced our knowledge in
this field, is due largely to his freedom from the restriction of material,
for it was by passing, with rare facility, from fish to flowering plants
that he provided an experimental demonstration of the evolution of
the XX XY chromosome mechanism.

2. A transient polymorphism involves only the temporary diversity
which oceurs while a previously disadvantageous gene spreads and dis-
places its allelomorph. This is usually due to a change in environment
or to a species colonizing some uew habitat.

II. BaALaNcEp PoLyMORPHISM

A balanced polymorphism necessitates the existence of some ‘‘switch
mechanism’’ which shall maintain alternative forms within the same
population. This is unusually achieved genetically by the scgregation
of a pair, or at most a few pairs, of genes. The environmental control
of polymorphism, such as that dcetermining the development of a fer-
tilized egg into a queen or a worker in the honeybee, 1s rare. No instance
of it is known in the Lepidoptera, though some combination of the two
types is inherently probable, since environmental seasonal variation of
an extreme kind occurs in the group. Indeed, in some species the tem-
perature difference, or other agency responsible for modifying the
color-pattern, works so aceurately that intermediates between the forms
characteristic of spring and summer or of the dry and wet scasons are
very infrequent (e.g., Araschnia levana Ti, Europe; Precis sesamus
Trim., Bast Africa: both Nymphalidae).

When the members of a pair of allelomorphs are of equal survival
value, the rarer ean displace the commoner only at an exceedingly slow
rate. If derived from a single mutation, the number of individuals
which possess it cannot greatly exceed the number of generations since
its oceurrence (Fisher, 1930a), while the mutation rate is too low ma-
terially to accclerate the process. That is to say, the period of time in-
volved is so great that the balance of neutrality must almost inevitably
be upset by changing conditions long before the process is complete.
Fisher (1930b) has shown that to be effectively neutral this balance
must be remarkably exact. In consequence, it must not only be short-
lived but also seldom attained. Therefore, even if the less common of
two allelomorphs occupies no more than one or two per cent of available
loci, we can be almost certain that it must have reached that frequency
because it has some selective advantage. We have here only to except
very small populations (of a few hundred individuals or less) judged
over a brief period of time; nor will the genetic ‘‘drift’’ which can occur
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in such circumstances contribute anything of importance to evolution,
since its cffects will be overwhelmed by sclection as soon as the numbers
rise (Fisher and Ford, 1947, 1950; Sheppard, 1951, and in press).

If a gene spreads unchecked through a population, the poly-
morphism involved is of the transient type. It can be permanent only
when an advantage decreases and is converted to a disadvantage as the
form possessing it becomes relatively ecommoner. It is not to be ex-
pected that the point at which the opposing sclective agents are bal-
anced will remain constant in all conditions, genetic and environmental.
Thus, even in the same locality, the frequeney of polymorphic forms
may sometimes vary from season to season or it may fluctuate in relation
to population size, for a species is in a different ecological situation when
abundant than when searce. Such changes in the frequency of the
genes controlling a balanced polymorphism, owing to variation in their
equilibrium position, have been little investigated (see, however, p. 74).
On the other hand, though geographical variation does not constitute
polymorphism, it may greatly affect it: a subject on which we possess
much more information. A species may be monomorphic in some parts
of its range and polymorphiec elsewhere, while the forms constituting
the polymorphism may differ in kind or in frequency from one locality
.to another. These situations will all be illustrated by the examples de-
seribed in this article,

1. The Conirol of Balanced Polymorphism

The nature of the opposing sclective agencies which give rise to
balanced polymorphism is sometimes evident. Any outbreeding mechan-
ism, such as heterostyly or sex, clearly promotes diversity, and so does
Batesian mimicry. In other circumstances, we have little or nothing
to show what are the advantages that are opposed to one another.

If equilibrium is reached when one of the controlling genes is at a
low frequency (occupying a few per cent of the loci), we have effectively
a dimorphism, segregating on the basis of heterozygote and one homozy-
gote (assuming that a single pair of allelomorphs is involved). The
other homozygote will be very rare, so that there will probably be little
opportunity for dominance-modification to take place. Consequently,
the heterozygote will usually be semi-dominant.* There may sometimes
be physiological reasons why it approaches the rarer homozygote in ap-
pearance, though the needs of the polymorphism will tend to keep it
distinet from the commoner one. Thus a single dose of a gene may so
far check pigment production that two doses cannot double the visual

* There is, unfortunately, a tendency to describe any distinguishable heterozygote
as ‘‘dominant,’’ whether it is identical with one of the homozygotes or not.
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effect; similarly, in the opposite direction, if a given quantity of pig-
ment approaches visual saturation, the result produced by doubling the
amount may be negligible.

An important consequence automatically arises from the fact that
in polymorphism we frequently have the situation, not otherwise en-
countered, that heterozygotes may be common and the species adjusted
to their occurrence, while one of the corresponding homozygotes is a
rarity which does not play an essential part in maintaining the balance
of variation. Genetic research in many different organisms has clearly
shown that one of the most frequent types of mutation is the recessive
lethal. Yet here is a situation in which such lethals can accumulate
in a region of chromatin close to the semi-dominant gene, since this will,
to a preponderant extent, be present in the heterozygous condition.
Thus, assuming equal viability of all genotypes, when one form of a
polymorphism is due to a semi-dominant gene occupying two per cent
of available loci, its homozygotes will be approximately two hundred
times as rare. Evidently the lethals will only appear in double dose
and be eliminated by selection in the occasional homozygous phase of
the dominant (or semi-dominant) gene controlling the polymorphism, and
when separated from that gene by crossing-over. The protection ac-
corded to the lethals diminishes as their distance from the dominant gene
increases. Consequently, the rare homozygotes in a polymorphism tend
to become inviable, and the process is a cumulative one, since such in-
viability augments the shelter given to the lethals. Therefore, in F'; seg-
regations it is usual to obtain an approach to a 2:1 ratio when a 3:1
ratio is expected. Morcover, it is frequently found in breeding such
polymorphic forms that the rare homozygotes are delicate, infertile, or
nearly unobtainable, but that occasionally homozygous individuals ap-
proaching normal viability appear. These, of course, result from a cross-
over which has separated the gene from some of its associated lethals.

If the heterozygous form in a polymorphism occupies a considerable
proportion of the population (say 18 to 50%), the ‘‘rarer’’ homozygote
would be quite frequent (1 to 25%), all other conditions being normal.
It may be that the advantages of the semi-dominant gene have been im-
proved by selection, so that it has spread through the population from a
lower to a higher frequency—from a condition, therefore, in which it
accumulated lethals because of the rarity of its homozygote. This may
ensure that the homozygote remains quite uncommon and but semi-
viable even when the proportion of heterozygotes is high. In these cir-
cumstances dominance may still not have become complete.

The control of polymorphism in the Lepidoptera can now be
illustrated from examples.
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The European moth Sterrha aversata L. (Geometridae) is of a pale
brown color and dimorphic¢ in both sexes. There is an abundant plain
form, remutata L., and a rarer one, aversate, in which the wings are
crossed by a broad greyish-brown band. This scems to ocecupy about
5% of the population. Hawkins (1937), confirmed by Bergmann (1938),
found that the difference in unifactorial, with the unbanded form
homozygous and the banded normally heterozygous. The small amount
of breeding work which I have mysclf been able to conduct on this
insect shows that the rare homozygotes are in general similar to the het-
erozygotes but that their banding is rather more extreme, being blacker.
IIowever, the two genotypes overlap one another in appearance and are
not always distinguishable. Thus the banded form is nearly, but not
quite, dominant. I obtained only three F. broods. Since these proved
to be substantially homogeneous, they may be combined, and give a total
of 88 unbanded and 208 banded forms. These latter fall below expec-
tation, though the differcnce does not reach significance (x3,= 8.5).
It is likely, however, that with larger numbers the deficiency of homozy-
gotes would be clearly established.

Cleora. repandata Ti.. (Geometridac) is monomorphic in eastern
Britain but dimorphie in the west, including the extreme south and north
of the country, where, in addition to the normal unbanded C. r. repandata,
there oceurs an alternative black-banded form C. conversaria Hb. This
is an incomplete dominant, the ground color of the heterozygotes being
grey or brownish and that of the homozygotes white (Williams, 1950).
Most of the bred families have been of the backeross type, and Fg broods
are small and few in number. These have segregated in their correct
proportions with the exception of one which produced 8 repandata and
11 heterozygotes, but no homozygous conversarur, which suggests that
this genotype is sometimes defective. Cockayne reports a large count
of wild specimens in Ross, northwest Scotland, amounting to 480
repandata, 141 heterozygotes, and 5 homozygous conversaria. Consid-
ering the small numbers of the latter class, no importance can be at-
tached to the slight excess of heterozygotes over expectation. This
species has an extensive distribution in Continental Europe, and conver-
saria is widespread there, but exact details of its oceurrence arc lacking.

Angeronia prunaria L., a member of the Geometridae, found in
Continental Europe and in Britain, is a dimorphic species with a
commoner unbanded form (prunarie) and a rarer one in which the
orange (male) or yellow (female) ground color is reduced to a central
band bounded by dark pigment. This is corylaria Thun., which is al-
most a complete dominant; but the homozygotes are distinguishable
owing to the absence of dark striations in the pale areas (Williams,
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1946-47). Tt is not known whether they are relatively inviable. The
width of the band in corylaria is very variable, and Williams has shown
that it is much affected by the segregation of other genes. By means
of selection, he has, on the one hand, been able to reduce it to a small
spot in the center of the fore wings, and, on the other, greatly to ex-
tend it.

Ellopia fasciaria L. is widespread in Europe and monomorphie,
with a reddish-brown ground color, over the greater part of its range,
including Britain. In some districts (e.g., southern Germany) a green
phase, prasinaria Schiff., also oceurs which, though rarer, is common
enough to indicate a dimorphism. Ileydemann (1943) has shown that
this is dominant to the brown E. f. fasciaria.

Xanthorhoé ferrugata Cl. (Geometridac), found in Britain and
Continental Europe, exists in two forms: the broad bands on the fore
wings are purple or black in the commoner and red in the rarer. Their
proportions seems to vary considerably in different localities but have
never been accurately assessed. Doncaster (1907) pointed out that the
extensive breeding work conducted by Prout (1906) on this species in-
dicates that the red-banded phase is dominant. Ocecasionally inter-
mediates arc found, and it is likely that such variation is due to the
segregation of other genes affecting the cxpression of the one chiefly
responsible for controlling the dimorphism.

The species so far mentioned are dimorphie only, but we have some
information on the genetics of those with multiple phases. Dysstroma
truncata Iufn. includes a complex assemblage of forms. Some of these
are subjecet to continuous variation, others are rare aberrations, but a
number of polymorphic conditions can be recognized among them. Some
of these have been studied by Groth (1935). The dark form nigerrimata
Fuchs is a semi-dominant; N being less, and NN more extreme. The
grey perfuscate Stephens is common in its heterozygous phase (P), but
the homozygotes, which comprise the dark-banded variety albonigrata
Lempke, are very seldom secen. The frequent variety with an orange
central area on the fore wings, rufescens Strom., is nearly a complete
dominant (R), and Groth was able to show that the homozygotes (ER)
are less fertile than normal and deficient in numbers. Russata Hb. is
the triple heterozygote mnpprr. This is an exceedingly abundant and
widespread European (and British) species. Its three genes so far
studied apparently assort independently. It must be admitted that
the data are not complete enough to exclude a loose linkage, but the
large number of chromosomes in the Lepidoptera makes this inher-
ently unlikely.

Bovey (1941) has undertaken a detailed investigation of the geo-
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graphical variation and geneties of Zygaena ephialtes L. (Zygaenidae).
This is found throughout Europe, including southern Russia, but ex-
cluding the Scandinavian countries, Britain, and the Iberian Peninsula.
It occurs in two principal forms:

1. ephialtes. This is a blackish insect with five or six spots on the
fore wings and one or two on the hind. Red or yellow markings are
reduced to a band on the body and the two basal spots on the fore wings,
the other spots being white.

2. peucedani Esp. In this form, the red or yellow coloring is ex-
tended to all the fore-wing spots and occupies the basal area of the
hind wings also (on which the hind-wing spots can still be seen by trans-
mitted light).

Red coloring is a simple and complete dominant to yellow, and peuce-
dams is dominant to ephialies except that the heterozygotes are more
variable than the dominant homozygotes. These two pairs of genes
are not linked.

Peucedani is found almost exclusively in the West (France), and
ephialtes in the South, but over large parts of Europe the two occur
together. Red and yellow specimens may be intermingled in ephialtes,
but in some districts (Cyprus) only the red are found and in others
(the Italian peninsula, for instance) only the yellow. Consequently,
it is clear that in certain areas either form or either color may have a
selective advantage in nature. It is a matter of much interest, therefore,
that in one combination the two genes interact in a disadvantageous
way, for yellow peucedani are always rare and local; they are absent
save in a few places in central Europe and are found there only where
red and yellow ephialtes and red peucedant form a mixed population.
This is a striking instance of the selective effect of factor interaction.

A rather similar situation involves the spotting of the hind wings.
Two spots are dominant to one; the allelomorphs concerned are not
linked with the two pairs already mentioned. Ephialtes is dimorphic
for this character, but two-spotted peucedans are unknown in nature,
though they can be produced by the appropriate crosses in the labora-
tory. On the other hand, variation in the spotting of the fore wings is
multifactorial, for there is no clear segregation when the five- and six-
spotted forms are crossed.

In the instances so far mentioned, polymorphism affects both sexes,
but it is often limited to one of them by means of sex-controlled inheri-
tance. As indeed is to be expected (p. 68), species with polymorphic
females and monomorphic males are far commoner than the reverse.
We may take first an example of the latter kind, and then consider female
polymorphism.
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Parasemia plantagimis L. (Arctiidae) is a black and yellow insect
(sometimes with the addition of red pigments in the female, see below)
but in the males, though not in the females, the yellow color may be
replaced by white, hospita Shiff. This is due to a sex-controlled dom-
inant (Suomalainen, 1938). It is probable that the homozygous dom-
inants are at a disadvantage in nature, but they are not detectably
deficient in segregating families. This dimorphism is evidently related
to the ecology of the insect, as all polymorphisms must be, and in a
striking manner, for, though hospita occurs here and there throughout
the range of plantaginis, it is found only on mountains, where it oc-
cupies a proportion of the males which varies according to locality,
being about 5 to 10% in the Lake district of northern England, but
much greater on some mountains in Continental Europe. Schulte (1952)
reports that all the males are of the hospita form in a locality near
Abisko, Swedish Lapland.

This same species also provides an example of the reverse type of
sex-control, for the specimens marked with red, rufa Tutt., are all fe-
males. They are absent throughout the greater part of the species’
range, but 15 to 20% of the females are of this form in some districts
of north-eastern Scotland. Pictet (1938) states that they are dominant
to the normal yellow, but it is desirable to confirm this in more detail
and with larger numbers.

The Palaearctic butterfly, Argynnis paphia L., is monomorphic
in the male sex, which has a rich brown ground color on the upper side.
The females, however, are dimorphic in some localities, though mono-
morphic in others. The commoner, and in many places the only, form
(paphia) resembles the male in coloring but is slightly more dusky. In
certain areas, a second phase of the female, with a dull blackish-green
ground color is also found. This is valezina Esp. In the New Forest
in England it constitutes about 5 to 15% of the female population. Else-
where in that country it is mainly of sporadic occurrence and has the
status of a rare variety. A similar situation exists in Continental
Europe, where the females are dimorphic in some districts only. Gold-
schmidt and Fischer (1922) showed that wvalezina is a heterozygous
form, autosomal and sex controlled, and that the homozygous ‘‘dom-
inants’’ are usually absent, so that the F; generation segregates in a
2:1 ratio. Yet during the course of their work they encountered homozy-
gotes that were relatively free from linked lethals, and consequently
they were able to produce broods in which all the females were valezina
and to obtain segregation in a 3:1 ratio. It is not clear whether valezina
is completely dominant, but certainly the heterozygotes and homozy-
gotes closely resemble one another.
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The significance of these facts will be evident from what has al-
ready been said, but two further points remain to be mentioned in re-
gard to the female dimorphism of A. paphia. It is reported that all
the females are of the valezina form in some parts of the southeastern
Palaearctic region. The statement may or may not be correct. It is of
the type often made on rather slender evidence and without verification
from sufficiently large samples. It seems to me unlikely, but by no
means impossible. Assuming the truth of it, we must suppose that the
advantage possessed by this form is so marked there that it quite out-
weighs the counterbalancing claims of the normal females. In these
circumstances, valezina would spread until the potential homozygotes
comprised so considerable a proportion of the population that there will
be heavy selection in favor of those of them which become separated
from their linked lethals by crossing-over, as in the breeding work. The
further accumulation of lethals would then be prevented, as they would,
at a high frequency, be exposed to and eliminated by selection.

In addition, there is considerable though somewhat anecdotal evi-
dence that this gene alters the habits as well as the appearance of the
species. For the valezina females are generally thought to be the more
shade-loving. Argymnis paphia is usually a woodland species, inhabit-
ing sunny clearings and pathways, but experienced collectors believe
that they are most likely to find valezing by hunting for it away from
the normal form and within the shadow of the overhanging trees. I am,
myself, strongly inclined to endorse this view, though I have no numeri-
cal data on the subject, which, in fact, might not be easy to obtain.

The genetics of habit, though obviously of importance, is a subject
on which little information exists. For it is very difficult to study and
our knowledge of it is restricted to tho