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ABSTRACT

Using radiotelemetry, the spatiotemporal surface

activity ;:»at:*t:va:r:'|

thg Merriam kangaroo ra% {pipodomys

merriami) were in relation to several physiological

and ecological s. It was found that males were more

active than femdl during the breeding season but not

ctherwise. Femalles' surface activity varied in relation teo
reproductive condition with estrous females most active,

pregnant, and lactating females intermediate, and anestrous

" .
females least active. D. merriami home range sizes were

s-——§exually monomorphic in all seasons.and ranged in size from

+

0.03 to 1.16 ha. The majority of activity, héwever, was
restricted to an area of about 0.03 ha. Animals exhibited
substantial range overlap with female; ovegiapping males

more than othef females. No diffe:ence“was apparent for

males. Ranges femained relatively st;ble in 1ocation with b
only a few animals making substantial s@iftgf Day burroﬁs,

-

of which animals used several, were'régularly distributed so

that nearest~neighbors tended to be at maximal distances. (\‘

As with spatial overlap, females! nearest-neighbors tended

L
-

to be males.

Thes'e finding; contrib;te to the natural history of
D. merriami and to thé.study'of small mammal social systems.
These findings also suggest that this species may have a more

. - L4
complex social structure than heretofore thought.

iii
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Chapter I

Precis

-

L}
Nl\fhis thesis examines the behavior patterns of .

free-ranging Merriam kangaroc rats (Dipodomys merriami)

emphasizing the socio-ecological approach to the study

of maﬁ%alia social systems. In this Brief chapt;r I will
present t rationale and underlying assumptions of this
study and ; precis.of_the chapters to follow.

Until recently the naturaf Sehavior patéerns and
social systems of small, free-ranging mammals such as rodents
were relatively unknown due to their often cryptic and
usudlly.nocturnal‘habits. The develdpment of radiotelemet%y,
however, m;de.it feasible tP concurrently adnitor the spatio-
temporal.patterns of a small population of individualsj thus
prov;ding a crﬁciai data base forlthe study of social \
étructu¥é. As a result of tﬁis tecﬁnological breakéhrough,

provided new insight into the diversity

of the gai:}otemgoral ac

several rodent species/f(e.

sever%& studies have
‘ 'vitiesrand social behavior in

. Brooks and Banks, 1971; Banks,
S: Mineau and Madison, 1977;

Brooks, “and Schshél, 1

Madisen, l1978a,b,c; Schroder, 1979).
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_resource exploitation, predator avoidance, and mating and

The Merriam kangaroo rat is a burrow-dwelling,

nocturnal rodent of the family Heteromyidae ubiquitous in the

arad southwest of Nortﬁ Amefica. This species' physiological
ahaptatio;é to the dese;t enviroﬁment and its role in desert
community ecology are well~studied, yet little is known ;bout
its int%aspecific behavior in relation to physiological and
environmental factors. Furthermore, virtually nothing is

known abdut how individual behavioral variation in this species
may reflect different adaptive strategies by'animals differing
in séx, reproductive condition, and age- :or size-giaséra?‘how
different strategies function in the context of this sggcies'
social érganization. .-

The structure and function of mammalian social systems

has long Keen an important problem for workers in'animal

beﬁayior, but only rxecently hqs.significant theoretical

progress been made‘linking Darwiniap'natural selection to the
formation of various types of systems, A promising avenue

of research is the.socio-ecological approach which, as
outlined by Crook, Ellis, and Goss-CUstard (1976), considers
social structure to .be the product of the complex interactions

between the adaptive behavioral strategies of individuals for
' ‘ v

'
rearing of progeny. The type of social system exhibited by

]
any particular species of, indeed, a local population will be.

. -
limited by intrinsic (species) and extrinsic (envirochmental)

parameters. The former may include the intensity and duration




of parental care, risk of ?redation, body size, mobility,
and foraging and feeding patterns while the latter may
include spatial and temporal qistribution and/eocr density

of resources and the density and/or distribution of potential

predators. - u\\’ﬁ .

. The‘socio—ecological approach is comparative by nature;
inter- and intréspecific variations in social systems are
interpreted "as adaptgﬁions to differént ecclogical
circumstances. This method has been used to identify
significant felationships_between social structures and
intrinsic and‘ext!insic parameters in primates (Crook™ 1970;
.Clutton—srock; 1974), Pirds {(Crook, 1964}, African antelope
{(Jarman, 1974), and Saharan gerbils (Daly and Daly, 1975).

This thesis is not a sociq—ecqlogical analysis of D. merriami
social organization per se, but rather provides basic

information which should contribute to subsequent socig~-

ecological analyses of small mammal social systems. A more

-

detailed application of the socio-ecological approach to
kangaroo rat social systems will presented in later chapters.
In'tgf following chapters I will describe several
aspects of Merriam kangaroo rat natural history and spatio-
tempeoral activity patterns in relation to é variety of
physiological and environmental factérs. Where the data
warrant, the attempt will‘Be madé to generate conceptual
statements or hypoéheses_about the factors influeqcing

behavior in terms of theories of Iife history tactics and/or




e, .

)

socio-ecclogy. Obviously the natural behavioxr of most

animal species is under multifactorial control and these

factors are often difficult to separate, especially in a
. J
field situation. A strength of the socio~ecological

approach, however, is that it considers the entire ecological

milieu.as providing the context for behavioral adaétation a;d,
=4

as a consequence; the organism is viewed as a compromise

design, Also, it is hbped that by assuming multifaétorial,

control of behavior excessive reductionism, which may occur .

" when behavior is partitioned and considered out'of its

ecclogical context, will be avoided (See Gbu;d and Lewontin,
1979 and Mayr, 1983 for arguments about the study of
adaptation and the problems of biological reductigniSm).
Chapter 2 presents a general review of the literature
on kangaroo rats regarding their morphologfbal and behavioral

<]
adaptations to desert existence and their habitat and resource
: . i

use. In this chapter, I discuss several topics including

body size, mobility, pbsaiblé mechanisms for predator
avoidance, physiological regulation, habitat‘pieferences,
and foraging and feediné habits. This information lays the
g;oundwork for later discussions of spatiotemporal pattérns
and social stru&ture. Parenthetically, itbshould be noted
here that statement; about the relationships between
behavidral'patterns, for example predator avoidance and

social structufe, do not imply phylogenetic causality.

Rather, it is assumed that the different selection pressures

.

.
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impinging on an individuaf form a complexly interwoven
feedback system. Although it is difficult to specify

cah;al patterns, consistent relationships betﬁeen some
beha;iors should bLe apparent. For example, kangaroo rats are
"highly moBile and thus have the capacity for large home.or
c?uising ranges, Hence, mobility has ramifications for how
lanimals space themselves, how they exploit their habitat,

and whether resources, including potential mates, are -
economically defendable.

Chapter 3 contains the methods' for the.laboratory
ana ﬁield studies discussed in Chapters 4 through 7. This
chapter includes descriptions of the animals'used, the field
study sites, equipment, and procedures for data collection.
A separate methods chapter is included to aveoid redundanc§
‘between chapters and to Provide a convenient reference for
the reader,

In Chapter 4 I describe the‘reproductive activity
of Merriam kangaroo rats in the laboratory and the field.

The mating and rearing habits of this species including the

reproductive physiology, growth and .development, sexual

. -

y ‘ r
maturation, and initial emergence from the natal burrow are
considered in the context of life history tactics. How these

reproductive traits may reflect adaptation to existence in an

unpredictably fluctuating environment is discussed.

b

Chapter 5 focuses on the spatiotemporal activity

..

patterns of this species with particular emphasis on how




'patterns of surface activity including relative distances
moved<;nd time on the surface are related to sex and
reproduction. These relationships will be cénsidered from
a cost—beneﬁit pérspective in which behavior (e.g. surface
activity) is assumed to vary in net benefit {or cost) i;

raccordance with factors such as risk of mortality, resource

"

availability, or reproductive state. An interesting
question, for example, is whether reproductively active.

animals take more "risks" than non-reproductive animals

through increased surface activity and Presumably greater
exposure to predators or climatic stresses. Another concern

of this chapter ,is whether individuals have such different
\ .

surface activity. patterns that a description of so-called

B

"species-typical™ ranging behavior is misleading.

- Chapter 6 examines the temporal patterns of D. merrxriami

surface activity. 1I- also consider the influence of several

environmental factors on surface activity including moonlight,
air'teméerature, and precipita;ion in this chapter. For
example, natural selection may operate on surface activity
unéer gooﬁlight if moonlight in&reases the risk of predation.
The evidence for a,moonlight effect on kangarooc rats, however,
is eq:ivocal (Lockard and Ohings} 1974b;: -Schreder, 1979).

I pfesent evidence supporting the notion that these animals
should be sensitive to moonlight. Air temperature shéu%ﬁ

influence surface activity if animals are sensitive to the

energetic costs of surface activity (e.g. thermoregulation).

i

‘®
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In Chaptexr 7, I turn to the spatial relationships

e
(] .
f,s‘

between 'conspecific individuals. The primary concern here
is how individuals space themselves:sﬁow ranges.are used,
the extent of spatial overlap in ranges, and how range r
“

parameters vary in relation to such factors as sex,
reproduction, and season. Included in this.chaptér are v
some descriﬁéions of cbhserved social enco;nters between
conspecifics in the field and their relevance to questions
about the degree of intraspecific aggression and
territoriality.

In Chapter 8 I attempt to collate the diverse v

y '

findings of this thesis and present a general description S
of D. merriami socio-ecoloéy. The relationships between
‘reproduction parameters (i.e. life history tactics), social

n

~behavior, and ranging behavior areadiscussed.




. Chapter II

A General Review

L
Intrecduction

—q
Many aspects of the natural history of.kangaroo Tats

(DiEodomzs_spp.) and their physiological, morphological, and

behavioral adaptations to harsh and unpredictable desert .

environments have been studied. This genus and the family

Heteromyidae in general have been of particular interest to

workers in physiology, evolutionary biology, and ecology with
the result that these rodents stand among the most thoroughly
studied in North America. This chapter includes a synopsis of
what is kﬁown about the geqeral habits of kangaroco rats in the
field, a brief selective review of kangaroo adaptations to

arid ané semiarid hakhitats, and a selective review of the
11Ferature concerning their putative role in desert community'
ecology. The information presented in this chapter provides

a general backgrouné froT-which to examine data presented later.

) -

Distribution and General Description of Kangaroo Rats

There are 21 extant kangaroo rat species distributed

thfoughout the arid and semiaxid”regions of western North

e e e



America and northern Mexico: (Burt and Grossenhelder. 1976) .
This genus. is generally considered to be desert- adapteé

(e.g. needing,liéfle or ne free water to survive) but the
various species are found in a range of habitats with respect
to ralnfall and flora, from the relatively wet Pacific Coast
Range {(e.g. D. agilis and D. venustus) to the extremely hot
a;d.érid Coloradoe and Secnoran Deserts ée.g. D. merriami and
D. deserti) (Burt and Grosstheider, 1976} . Non;theless,‘

*

kangaroo rats are a relatively'homogeneous group
morphologically, physiolog;cally, and behaviorally. Both the
common name 'Kangaréo rat' and the genus name 'Dipodomxs',
which dexives from Qhe Latin dipgdia meaning 'two .feet',
accurately d;scribe the cutstanding feature of this genus.
These animals possess relatively lérge rear legs which enable'
them to move bipedally in a saltatory fashion across open
grecund. But kahgaroo rat species ana other Euadrupedal and
pipedal heteromyid species (e.g. pockéﬁ¥mice and kangaroo mice
respectively) also share several other characterlstics. All

are primarily granivorous {(with the exceptlon of D. microps

which feeds on saltbush leaves, Atriplex confertifolia, when
available; Kenag&,'1972,1973b; Csuti, 1979), nocturnal, and
burrow-dwelling in their habits and all possess external fur-
lined cheek pouches used for transporting seeds and other
foods {e.g. green. vegetation or insects) backe to their home
burrows or shallo:‘&ood caches establlshed nearby.

Field studies indicate that kangaroo rats are active
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on the surface throughout the year despite the fact that soil
" surface temperatures may range from 0 to 50°¢C during their

agtive periods. Pocket mice {(Perognathus spp.) and kangaroo‘

mice (M¥crodipodops spp.), on the other hand, become dormant

s .
or torpid.in the winter months in response to cold stress or
poor food resource conditions {Carpenter, 1966;: Kenagy, 1976a,
1973a; O'Farrell, 1974). There is some evidenco, however,
that D. merriami too maf enter torpor during extreme cold in
the field (Mullen, 1971) and tg%s state hasg been induced by
cold stress amd food deprlvatlon in the laboratory (Yousef
and Dill, 1971) . .

D. merriami, the subject. of this thgsis, is ‘the
smallest member (30-50 g) of the genus DlEodomzs which
includes species as larqe a? 180 g (D. ingens). D. merriami,
found in the driest regions of this. genus' range, is one of
the most wiaoly-distribuﬁed kangaroo rgté. For this reason,
and because it is one of the kangéroo rat species with the

capacity to thrive on a diet of dry seeds only, D. merriami,

is the best-studied member of this genus,

Morphological Adaptations of Kangaroo Rats

Bipedalism:” Bartholomew and Caswell (1951) suggested that

saltatorial bxpedi@ locomotion by rodents inhabiting a sparse

- .

environment is advantogequs for reasons related to foraging
efficiency and predator avoidance. Saltatorial locomotion

enables an animal to move across open, sparsely vegetated
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ground much more gquickly (at least 32 km/h for D. merriami,
Kenagy 1973a) than quadrupedal locomotion. Consequently,
an animal can move between widely scattered food patcheg
efficiently ahd minimize the amount of time spent in open
;reas ;nd the time‘spenp engaged in foraging activities.
Presumably this adaptatioh reduces predation risk and
exposure to climatic stress. Its poﬁerful rear leg;‘also
enable the kangarog rat to elﬁde predators including owls,
shrikes, snakes, and coyotes by leaping and ricocheting off

the substrate, rocks, and Shrubs.in an erratic maanner. It
e .

seems _ clear that.bipegalism serves some adaptive function(s)

for @esert existence because nearly all bipedal hopping

mammals are inhabitants‘of arid environments. But whether

the hypothesize§ ééaptive f;nctions of bipedaiism are the

actual ones remains untested.

In contrast to 'explanaticns for bib}dalism based on
foraging efficiency and pPredator aveoidance, i£ has been
suggesté& that bipedalism ‘confers sa&ings in the energetic
costs of locomotion (DaQson and Taylor, 1973). It is well
established in quadrupeds that running speed and oxygen
consumption (VOZ) are pbsit%vely correlated up to the
attai@ment of maximum aerabic capacity. For bipedal hopping
mammgls, however, there is some evidence that VO2 becomes ,
independent of speed prigr to aEtainmentdof maximum aerobi
capacity resulting in energy saving;nat higher speeds (Dawson

and Taylor, 1973; Dawson, 1975). Thus in certain desert

Lo

¥y
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communities where competition for food resources may be
severe, animals capable of exploiting scattered food
patches as a result of lower locomotion costs shouid be at
a selective advantage.

Thompson et ii' (1980), however, failed to demonstrate
that bipedal hopping by kangaroc rats conferred energetic
savings; This failure to demonstrate the energetic advantages

of bipedal hopping must be treated with caution, though,

[

because of the theoretical and methodological difficulties

associated with thi’s study. Although the theoretical
difficulties a:;_beyond the scope of this discussion,

Thompson (1980) points out that the standard equations used

)
-

to predict VO_, from bhody size may have been inadequate'for

2

this genus. Furthermore, difficulties were encountered in

training kangaroé'ratslto‘hop J; the standard type of
treadmill used for metabolism studies resulting in measurements
for a very limited range of speeds. For instance, at speeds

greater than 6.2 km/h for D. deserti and 3.3 km/h for D.

merriami subjects began to break stride and "ride" the

2

questionable validity. Hence,'it remains unknown whether

treadmill. Thus the obtained measures “of vo,_ are of

bipedalism is a cost-efficient mode of leocemetion in the

field.

-
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Auditory Specialization: A distinctive feature of kangaroo
rats is a large cranium resulting from their relatively
large metatarsal bullae: Kangareo rats possess an enlarged
migdlefear cav;ty, which through the‘increased size of the
tympanic memb?ane, mechanically enhances low freguency
sound sensitivity. The increased size of the tympanic
membrane reduces ifs damping effect and thus resonance is
facilitated. Webster (1962) determined D. merriaqi peak
auditory sensitivity to be at 1400, 1800-2200, and 2é00 cps.
Webster also anest;gated the potential adaptive value of
low fregquency-sound sensitivity in kangaroo r#ts byfexposing
animals with bilaterally reduced middle-~ear cavity vé&umes
-
and intact controls to two natural predators: an owl ahd a
sidewinder rattlesnake. All deafened animals were killed
“™py the predators whereas two:of the Eour intact cbntrof;
successfully avoided the owl and all eluded the snake.
Interestingly, none of the deafened animals agtempted to
escape'from the predators. Control tests indicated that
this lack of escape behavior resulted from éurgical.
deafening ra;her than deficits in locomotion. To support
the hypothesis that‘low frequency sensitivity may be an
adaptation for prgdator avoidance, Webster showed thaththe L
sSunds of attacking owls in flight contgined frequencies
around 1200 cps and thoselof a striking' rattlesnake

contained frequencies around 2000 cps. These freguencies

fall within the range of D. merriami peak auditory
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. 1 ’ 3
sensitivity. / . .
It is Cdonceivable that low frequency dtnsitivity

by kangaroo rats may serve a social function also. ‘Kenagy

" (1976b) observed footdrumming by D. microps in the field

and D. merriami sometimes fobtd;uﬁ in captiﬁity (Pexr. Obs.).
What communicative function, if any, footdrumming serves in
a ]

the field remains unknown.

Physiéloéical Adaftations . ) - Co.

’ .
. .

Water and Heat Regulation: Kangaroo rats are perhaps moét' -

famous for their water conservation cap&bili;ibs; A series

of 'studies culminating in a major review of the water

metabolism of desert mammals by Schmldt Nielsen (1964)
ae

indicated that kangaroo rats (D. merriami-as thermain

'
. .

subject) conserved wdter in several ways. They conserve

water beﬁaviorally by occupying burrows duriné daylight

hours, thus avbiding high tumperauures which would otherwise
force them to expend water for h;at regulation (e. g. through
panting, sweating, or salivation and self-licking).

Subsequent studies by Carpente: (1966) on D. éefrgami and

D. agilis and Kénagy (1973a} on D. merriaui and D. microps
showed that maximum temperatures in the uest chamber or
wherever thefanimal'happens to 5e resting <in the buffow

system probabiy do not exceed the lower end of thermoneutrality
(about 30%c for kangaroo rats; Dawson, 1955). The lower .

~critical temperature of thermoneutrality may shift upward
~

Irl
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several degrees between winter and summer and thus allow
for some fluctuations in burrow temperatures without
r .

causing temperature stress (Hayworth and Behrends, unpublished
data). A more direct physiological adeptation by kangaroo
rats to water stress and heat fs that their evaporatEve
water loss is much lower than that of other mammals when

corrected for mass‘ e.g. 50% that of the white rat (Schmidt-

Nielsen and Schmidt-~Nielsen, ‘1?5‘2,- Soholt et al., 1977)."

—

This is probably due to theirlrelatively low basal metabolic
rate which is only 70% of that prédicéed for a mammal of the
same mass (Dawson, 1955; McNab, 1979,1970). Additionally,
the kangaroo ratlproduces”iow-volumes of highly concentrated
urine and its feces are much lower in moisture content in
comparison to the white rat's (Schmidt-Nielsen and Schmidt-

Nielsen, 1952; Schmidt-Nielsen, 1964). 'Finally, since

kangaroo rats inhabiting extremely arid gegions {e.qg.

D. merriami, D. spegngilis and g& deserti) are so efficient

in cqnserving water,.much of their water requirements are
sat;sfied by oxidative or metabolic water in conjunctionl
with the moisture content of the seeds and herbaceous
material they consume (Schmidt-Nielsen, 1964).' Schmidt-~

2,
.

Nielsen determined that only under very low humidity

1

conditions (<10%) would kangaroo rats suffer negative

watexr balance, an usual condition in even the hottest and

- driest daeserts.

Kangaroo rat species are distributed throughout a

\’.J

"G, .




diverse range of habitats, from.the mesic Pacific Coast

P . .
Range to the xeric desert. Consequently, one might expect
interspecific differences in the caphcity to tolerate
water stresss. Indeed, S&rk'(lB?B) demonstrated that
different species exhibited varying abilities to concéntrate
urine in a way negatively correlated with available
vegetatibn.. Moreover, studies have sho:ﬁ that sympatric
species_which differ in their feeding eColOgies also
utilize water differently. lInvestigatprs 1ooking_at
tritiated water turnover rate in the laboratory {Yousef et
al., 1974) and in the field (Mullen, 1971) found that the
‘folivore, D. microps, had a 60% greater water turnover rate

.
than the granivore, D. merriami. D. microps urine
concentration is the lowest reported for the genus and these
.

animals will succumb within a month if placed on a diet of
dry seeds without free water or succulént veéetation,

unlike D. merriami who thrive indefinitely én the same

regime (Kenagy, 1973b).

Heteromyid Commﬁnity Ecology and Forﬁging Behavior
Information about the natural ranging.;nd féraging
behavior of kangarooc rats is scant because detailed field
observétiéns are difficult to carry out. What li;tle.ia
known  about thege animals comes from studies of dgﬁp:t

community ecology which focus on the mechanisms of successful

coexistence by several heteromyid species (e.g. Brown,

-

2.

s~
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Reichman, and Davidson, 1979). A brief examination of this
literature is presented (1) to establish tﬁe basic patterns
of kangaroo habitat and resource use ~and (2) to point out
.some of the weaknesses of indiréct, nonobservational fiEld
techniques traditionally used to graw inferences about the

-

behavior of these animals.

Desert ecosystems haQe proven to be useful for

testing theories of how competition for resources by . o
-

morpholegically and behaviorally similar species may shape

a;d/or maintain animal communities. The'qqestion posed by

competition theorists is how desert granivores partition.

resources so that several species manage to coexist {Brown et

-

al., 1979). This point is important for this thesis because

interspecific competition may set limits on the extent of T

" intraspecific phenotypic variat}oﬁ. A central idea of

"community ecology is that severe interspecific competition

%
will lead to and maintain relatively specialized phenotypes..
capable of exploiting resources at a high level of efficiency
(Rosenzweiqg, 1981). Conversely, relaxation of competition

L]
should result in ecological or niche release in species

-~

which are flexible phenotypically or have retained enough
genetic variation to produce phenotypes capgble of exploitiné
newly available resources.

In most parts of their range, kangaroo ?a?s are

sympatric {geographical co-occurrence) with at least two.

or three and sometimes as many as six or seven potential
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competitors, usually pocke; mice (Perognathus spp.) and
often other kangaroo rat‘species. . There are three
reasonably well-established charackeristics of heteromyid
communities which are consistent with competitioq-based

hypotheses about intersp ic coexistence: (l) a structured

scale of body mass differenfes between species, (2) habitat
partitioning, and (3) resource partitioning. It will be
apparent that these characteristics, though different in

their focus, are:highly interrelated.

Body Mass Relationships: 1In heteromyid communities there are

consistent differences in the body masses of different

species which follow a mass ratio of 1.5 between a species

and the next heaviest member of the community (Bowers and
\ ) . :

Brown, 1982). This relationship may reflect the successful

partitioning of food resources by Wmnimals of different body

-

mass and, consequently, Qi;ferent energetic requirements.
»

An implication of this relationship is that competition
should res?rict intraspecific phenotypic variation in body
mass and prevent invasion of an ex%sting community by

species too similar in mass to residents.
)]

“

Habitat Parfitioning: Bartholomew and Caswell (1951)

suggested that saltatorial bipedal locomotion by kangarco

rats was an édaptation for tréversing sparsely vegetated
[N . '
areas quickly to minimize predation risk. Recent
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investigations of habitat partiti;ning by heteromyid
communities support the hypothesis that kangaroo rats
~qdtilize open aréas and that quédrupedal pocket mice utilize
areas around the dense canopy_of shrubs. The evidence for
habitat partitioning %K these two genera is based on two
fie;d techniques: (1) live-trappi'ng in different micro-
hakitats (écologically different areas within a habitat as
defined quantitatiwvely or qualitatively by vegetation type
or density, soil différences, etc.) and’(2) providing seeds
labelled with a tface; (e.g. dye or isotopes} in different
microhabitats and determining utilization by different
épecieg.
Studies have demonstrated that several kangaroo rat

species (e.g. D. deserti, D. merriami, D. ordii, and D.

spectabilis) are_likelier to be trapped in open, sparsely

vegetated areas and that, in general, pocket mice are
P ,

likelier to be trapped ‘around shrubs or in more densely

>

vegetated habitats (Rosenzweig and Winakur, 1969: Brown,
1973; -Btown and Lieberman, 1973; Rosenzweig, 1973; Congden,

'1974; Schroder and Rosenzweig, 1975; Lemen and Rosenzweigq,

-~

1978; M’'Closkey, 1980; Price, 1978a; Thompson, 1982a,b).

Experimental manipulations of vegetative cover demonstrate

-

" increases in kangarbo_rats and decreases in pocket mice
when vegetation is removed and the opposite when vegetation
i% augmented (Rosenzweig, 1973; Pricg, 1978a) .

,

Natural observations and experimental studies of
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seed utilizaticon also support the notion that kangaroo rats
utilize opeﬁ areas and pocket mice utilize a;eas with}:
denser vggetation. Based on the seed contents of cheek
po;bhes and the';;;umpt{rn that this measureé reflects
microhabitat use, M'Closkey (1980) determined that D.
merriami utilized microhabitats without large shrubs.
WOndolleck.(1978).placed dyed seeds in four dif%érent
microhabitats and found that D. merriami concentrated on
seeds from open microhabitats whereés pocket mice took seeds
Placed around vegetation. Lemen and Rosenzweig (1978)
placed seeds marked with various isotdpés in di?}érent micro-
habitats ghd found.that D. ordii avoided dense grass.

If different heteromyiﬁ species do coexist in part °
because of habitat partitioning, an important.qﬂéstion is
whether competition serves as a proximate mechanism to. ~--
maintain habitat partitioning or whether, as a co%gequence
of competition, microhabitat selectibn has become a relatively
permanent feature of the séecies. - One techniqug to test
whether the.presence of potential'compet}tors restricts a
specieﬁ from utilizing other microhabitats is to remove or
add competitors in a controlied environment ané monitor the
subsequent presence of a species in the different micro-

~

habitats. Price (1978a) found that heteromyid species
shifted their presence in microhabitats in the predicted
directions when combeﬁitors were added or removed. That is,

in the absence of typical competitors, animals expanded

-
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their activity to previously little-used microhabitats.

This evidence suggests that at least some heteromyid species

may be facultative habitat selectors and that competition

may serve proximally to separate species. The study by

Price was conducted in a large outdoor enclosure where the
population densities of the different species were carefully.
controlled and immigration by outside animals was eliminated,

A study of habitat utilization and competition by sympatric

D. merriami and D. ordii conducted by Schroder and Rosenzweig

(1975), in which immigration control was not pdssibLe,
yielded a different result. Before removal of segﬁents oé
the population of one of the two species on different site;,
D. ordii Qere mainly trapped in overgrazed.grassland areas

»
and D. merriami in immediately adjacent creosote-shrub

associations (a much sparser habltat). Aftér removal of a
substantial proportion of one of the two species, there was
no evidence of habitat invasion by the unmanipulated ggecies.
The manipulation simply resulted in an influx of previéusly

untrapped and presumably transient congpecifics.

These conflicting‘results are not surprising in

light of the methodological %ij{siipces‘between the two .
studies. But the differences\#lso point out the Tifﬁiculty
in generalizing about the role of interspecific competition

in maintainiqg communi;ies. Factors such as infraspec¢fic

competition, species diversity, and habitat diversity arey

L

important considerations. The role of competition, if

~—
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indeed, it is an imporﬁant factor in structuring and
maintaining communities, is likely to vary from community
to community. At this point, it is reasonable to assume that
heteromyid species have diverged morphologically and
behaviorally to the extent of being relatively specialized
halitat selectors. Under relaxed ecological conditions,
however, these species may utilize marginal habitats; i.e.
they may be rather opportunistic when the costs are low.
All of the studies cited thus far conclude that
kangaroo rats uvtilize open areas and pocket mice restrict
themselves to areas around shrubs. The efidence Seems

r

compelling since there are no contrary results from studies

usinyg trapping or seed utilizéﬁion techhiques. Howeﬁer,
.evidencp based on these‘ eld methods may indicate only that
kangaroco rats are'likel er than pocket mice to traver%; open
areas and that seeds fortuitousily encountered in transit are
utilized._ There ¥gjno direct evidence, based on these
studies, that kangaroo rats preferentially utilize gpen

~areas. To the contrary, Thompson (1982a) directly observed

the foraging activities (slow, quadrupedal- locomotion,

digging, and gleaning) of free-living E.'déserti, D. merriami,

and the much smaller Perognathus longimembris (7-9 g).

The fofagiﬁg activity of the'kqngaroo rats was only slightly
_less confined to areas around the”protective canopy of shrubs
f.

compared to the pocket mouse (75% vs. 89%). Kangaroco rats

did_tend to traverse ofen areas more than the pocket mice
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Analysis of seeds collected from
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r
but these movements were between shrubs. Thompson suggests

that the morpheolegical differences between kangaroco rats

‘and pocket mice are reflected by their foraging differences.

The greater body size of the kangaroo rat necessitates
L ]
movements between shrubs in search of high yield food

patches whereas the shaller pocket mouse is energetically

'satisfied by foraging around a few shrubs. These data must

be treated with caution teo,, however, because Thompson

approached to within 10-20 meters of the focal animal for

his observations. The close presence of a human observer

may bias the spatial activity of the animal (Pers. Obs.).
LS

Furthermore, it is difficult to discriminate between

behaviors such as sniffing and gleaning by a free~ranging
‘ L |
kangaroo rat or pocket mouse from & distance of 10-20

meters (Pers. Obs.). Unforﬁﬁnately, Thompson did not
- :

establish the‘reliabifity of his observations.

4

Resou;ce Partitioning: Anothgr possible mechanism for the
coex%stence of heteromyid communities is tha; different

species may concentrate on different food types or dispersions.
the cheek pouches of wild-
trapped heteromyids indicated a positive cor?elation between
the size of the seed and heteromyid body mass (Brown and
Lieberman, 1973}. This.result made intuitive sense because
the energetic cost of homeothermy increases with mass and,

on average, larger seeds should contain more energy. - Lemen



(1978) reevaluated this relationship by using the sa%e seed
samples and Eorrelating seed weight rather than size with
heteeryid body mass., He found no correlation between the
two variables, Two more recent studies have shown that,

on the basis of cheek pouch anflysis, heteromyids do

collect seeds of particular sizes but the distributions vary

.

in relatien to their availability in particular microhabitats

rather than to body mass (Stamp .and Ohmart, 1978; M'Closkey,

1980). Furthermore, there is evidence that heteromyids

select seeds on the basis of their net energiiic value, but

again this is not necessarily related to seed size (Soholt,

1973; Reichman, 1975,1977). The energetic aspects of seed

selection will be discussadmmore fully later.
Evidence from both the field and the laboratory
indicates that kangaroo rats.,preferentiall} utilize

substantial seed clumps and that pocket mice concentrate

-on smaller seed clumps and scattered dispersions. isotope-

labelled seeds placed in clumps in the field by Lemen and

Rosenzweig (1978) were more readily collected by D. oxdii

than were sScattered seeds. S5imilarly,  D. spectabilis_and
. T

b. merriami preferentially utilized clumped dispersicns of

isotope-labelled seeds placed in the field -(Frye and
Rosenzweig, 1980). Bowers (1982), through direct

observations of the foraging behavior of free-living D.

merriami, P. fomgosus, and P. longimembris, obtained data

-

consistent with the prediction that Dipodomys utilize seed

. T . ' 2

t." . \‘
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clumps and éerognaéhus utilize scattéred seeds. D. merriami -
moved férther between stops to dig and glean and staved
longer when they did stop. The pocket mice, on the other
hand, moved more slowly and continuously and appeared to be
continually gleaning or filtering the surface soil. Bower's
observational technigues, however, are subject to the same
criticisms directed toward Thompson (1982a).

Laboratory studies confifm that kangaroo rats are
likelier to utilize clumped seed Qigpersions and are better
at locating buried seed clumps'th;h_pPCket mice. Lockard
and Lockard (1971) demonstrated that D. deserti coula detect
seed clumps'buried 5eneath the sand at depths to 20 cﬁ.
Reichman and Oberstein (1277) cbmpa;ed the éetection and
recovery abilities of D. ﬁerriami and P. amplus for seed
clumps of various si#es buried at ‘different depths. 'g.
merriami were ﬁo:e accurate in ;ocating seed clumps as
indicated by digging léci and they dug dgeper when a clump
was located. Furthermore, the pocket mouse was likely to
enter torpor when clumps were buried at.the greater depths.

Price (1978b} allowed individual D. merriami and individuals
: ’ - N

of three pocket mice species to forage in isolation overnight

in a iarée room with scattered seeds, l-g clumps, and 3-g

-clumps available. The D. merriami preferentially utilized

Ed

"“the large seed clumps and the pocket mice concentrated on

the small seed clumps and scattered dispérsion.

Two laboratory §tudies have examined the effects of
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‘direct competition by naturally sympatric species on seed
utilization. Hutto (1978) found that'directly:competing

‘D. ordii and P. flavus could coexist indefinitély when
scattered seeds were available but the kangaroo rat excluded
the pocket mouse from obtaining seeds whgn only seed clumps

were available, Trombulak and Kenagy (1980) carried out

a similar set of experiments with pairwise combinations of

D. deserti, D. merriami, Microdipodops pallidus {pale

kangaroo mouse), and P. longimembris. When the different

species foraged alone, none showed a significant preference

for clumped or scattered seeds. Direct competition ‘resulted ,°

1

in all but P. longimembris preferentially utilizing the

clumped seed dispersion and invariably-the smaller of the
two competitors got less food than when it foraged alone.
These studies support the notion that kangaroo rats
preferentially exploit clumped seed dispersions and are
érobably able to do so because of théi:;greate¥ mobility
and social dominance over pocket mice. bue to their smaller
body mass And. hence, lower energetic césts, pocket‘mice can
aff;rd to conéentrate on scattered seeds without suffering
energetic deficits. As a consegquence, tﬁese animals‘can
proéably‘meet their energetic needs within a relatively
small area, thus eliminating the'eneigy and predation costs
associated with high moﬁility. Kangaroco rats, because of
their superior sige_aﬁd'mobility, have greatei-energetié - =

demands which must be met by concentrating on more profitable

T
»,
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clumps of séeds.

At pfésent, resource partitigning as a function of
the different energetic demands of heteromyid species is
considered ;o be the best candidate for a mechanism which

could shape-and maintain heteromyid cpﬁmunity structure.

A
.-

PR

Food Selection: An important consideration for any-organism
is diet selectién, a problem that has received considerable
theoretical treatment in the past (Emlen, 1966; Schoener,

. )

1971; Pyke, Pulliam, and Charnov, ‘1977). 1In theory, a

,organism*should select the diet that provides the maximuw net

yield of some relevaﬁt resource (e.g. energy or some important
nutrient). Furthermore, the inelusion of'a particular item
in the diet,éhould not depend on ‘its availability but rather
on the availabili;y offthg md;e preferred items. A

Some of the studies cited'earli;r'usea cheek pouch
cop;ents to infer seed selecigon by heteromyias, with the
géﬁeral result that seed types are selected rath?r

- . S

oppextunistically; that is, in proportion to.their
availability in particular microhabitats (Leﬁen}'lé78;_ Stamp
and Ohmart, 1978; M'Closkey, 1980). Reichman and Obersﬁein
(1977) éuggest‘that different seed types;may clump different-
ially, perhéps“on the basis of size, weight, shape, or modes
of dggpersal: If heteromyids do indeed partition the habitat

and/or resources based on their clumpedness, one could

-

account for differehtial seed’sélection among species.
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Preliminary data on.natural seed densities in various
Sonoran Desert microhabitats (e.g. around.shrubs, sandwashes,
rocks, and depressions) indicate differential seed densities
with some of the.highest densities found in open areas ..
(Reichman and Obersteln, 1977). ©On the cther hand, Thompson
(1380) found that seed densities in the Mojave Desert ware
higher beneath shrubs than in the open.. However, different
vegetation, sampling-procedures, season of census, weather
patterns, topography, etc; cou%d easily accounﬁ’?;:rthese
differences. The point is that resource disttibutions will
vary between habitats and thus, foraging dynamics will be
expected to vary es well., o '

Despite earlier cited results based on cheek pouch
contents whioh‘suggest that kangaroo rats .do not select

particular seed types within a fictohebitat, there is ample

evidence to the contrary. In general, a kangaroo rat's

- Ve

dlet consisgts primarlly of seeds of grasses, forbs, and

o

shrubs, greenery to a lesser extent (although up to 60%
t

when available), and ingsects in small amounts {(Pappe, 1941;

Chew and Chew, 1970:; Chapman, 1972; Alcoze and Zimmerman,

1973; Bradley and Mauer, 1973; Flake, 1973, Soholt, 1973;
” . -

. A
Reichman, 1975,1977). To a large extent, the seed types
selected depend on their availability in different habitats,

but there is some indication that energetically superior

.seeds are préferred {Soholt, 19%3; Reithman, 1977).

" Reichman .(1975), for exampie, looked at seed_selection and

-
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- pouch and stomach contents re ealeﬁ/that 75-85% of the

29

relation to the available reyQurces. n analysis of cheek

3 - » i . :\
anlmal's‘dlet was comprised of seeds (mostly of forbs and,
e W

td a lesser extent, of grasses and shrubs) and 15-25#
consisted of gréenery and insects. Furthermor 3 preferred
seeds were ingested in relatively greater proporﬁions than
their ;ccurrence~in random soil samples. 'Reichman (1977).
determined that colle;tedrseeds were also energeticallx
superior to those in-random soil samples ang that ingested
seeds were energetically superior to those collected. “But
g. merri;mi alko' collected apd ingested some relatively

unavailable ‘and ergetically inferior seeds- suggesting that

. . .~
energy value may not be the only relevant dimension for seed

selectifon. Although Reichman (1375,1977) considers D.

~\
merriami_to be a food generalist, these data Indicate

discnimiiation of food items both ji situ duringhforaging
bl .
and later during actual ingestion. There is some evidence ’

that D. deserti also discriminate between potential food
. A :
items based on their energetic value. Lockard and Lockard

(1971) presented D. deserti commercial seeds differing in .
carbohydrate, protein, and lipid.conteﬁt in a laboratory

. E-4
setting with the rdsult that seeds high in carbohydrate were

,Ssignificantly preferred.
One difficulty which arises in attempting to predict

Jfood selection in heﬁeromyid species is how to determine the

._\- N
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salient proper}ies_df the.reé urce which influence foragiﬁé
gecisions. The degree tozwhifk\éiffereht seed types glump
in dispersal may determine the_net energetic rewards to be
g;fned. In other words, utilization of a large clump of
energetically inferior seeds may be more profitable than
searching for more dispeﬁgeqwenergetically superior seeds.

Clearly this situation will Yield variable food preference

°

. o
t simply related to the energétic

hierarchies that are

value of individual seeXs.

To furth ’coﬂg'icate the issue of food selection,

the risk of\QJtaining seadg may influence the degree of

/

in situ seed digcrimination. ay and Fuller (1981) determined

the preference hierarchies of D. merriami and P. fallax .
-

for natqparly avallable seeds and then placed preferred and

non-preferred seeds in separate containers eiﬁher‘unde; the

-

protective'cahgpy.of shrubs or in presumably riskier open-
areas. The ratio of preferred to n9n-préferred sead removal
by rodents was significantly higher in the open g¥eas than

under the ghrub canopies. One interpretation of this result

.
is that the higher ‘cost of obtaining seeds in the open

. ‘
-® .precluded foraging for less-preferred food items. On the

other hand, an animal can "afford" to bi_relatively

. - —y

.indiscriminate in selecting food when foraging undii_fif

protective canopy of a shrub. , .

-

Clpawply the question of food seledtion by kangaroo

rats is ¢ mplix %né must take into account' the food types
. s '

‘\ ) . -t
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available, their energy and 'nutrient values, their distribu-

tion parameters, and the risk of obtéining them. It makes l\

-

intuitive sense, however, that kangaroc rats should coellect

seeds that are generally available on the surface if
sorting ané discrimination of seeds during foraging
significantly increase; the risk of mortality due to
predators or climatic stresses. If diet selec£ion is truly
impcrtant to these animals, perhaps it sho;ld occur Qhen
the animal is ingesting the seeds in the relative safety'

s Al

of its burrow (Reichman, 1975). . . '
Conciusion - ‘ .
In this éhapter I havé discussed a variety of issues
concerning the aaaptations of kangaroo rats to deser£ |
existence as well as their role in desert community ebology._

. , ‘ _ - }
This chaBter illqurages the wide breadth of studies on
kangaroo rats, but ié‘is apparent that sgrious’gaps in our
knowledge'still exigt. The data concerniné'behévioral and
physioldgicaiJadaptations to water and ﬁeaé stress.are

reasonably straightforward and well-accepted by the scientific

community. ©On the other hand, whether Qipedal locomotion

fﬁ@ctiohs to mihihize-tigéel time and so redﬁcéwkredétioa
risﬁs or whether it serves to conserve energy at high speeds
has not‘been éﬁsolved. Despite the many field studies of
kangaroo rats, little is known hbédt their social organ{?ation

or individual behavioral strategies. 1In the past, ecologists

v T
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have primarily concentrated on the energetic relationships
between surface activity (i.e. range patterns and habitat
use) and foraging-feeding patﬁerns while tending to neglect
other presumably costly surface activities (in terms of time,
energy expenditure, and risk) such as reprsdugtion and social
interactions. Behavioral ecologists and sociobiologists ére
becoming increasingly aware, howeveff that repgbduction and
social behavior (e.g. competition_f'r mates; mate choice,

and nepotism) are imbortant considerations for how ;n'hnimal
budgets its.time and energy. Unfoftunatgly, generalizations
about the social organiz;tion of kanéaroo :at'species have
beenlbaséd, in large part, om ecological studies using field
methods inadequate for addressing sﬁch Questioﬁs (e.g.
capture-mark-recapture techniques).__These limitations have
led to the coneclusion that kangaroco rats, in ;ddition to
being solitary, ;ré asociél creatures with relatively simple
and uninteresting social systems. While it may be krue tﬁat

kangaroo rats are relatively asocial compared to some

gregarious rodents (e.g. many sciurids), such a g@neralizatipn

overlooks the possibhility of more subtle and interesting

social relationships.

e et e i af et e i L
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Chapter III ‘/

General Methods

s In this thesis I will present information about the
behavior patterns and social organization of D. merriami
stemming from both laboratory and field studies. Laboratory
studies were undertaken in 1978 to,délablish basic information
about gﬁe feproductive physiology‘and behavior, growth and
development, and maternal behavior of D. merriami. Since
1980 three separate field studies consisting of in;ensive
radio-trackihg in gonjunction with regulaf trapping h&ve
been conducted to investigate the free-ranging behavior

of D. merriami. We have been interested in how sex,

reproduction, and environmental factors including season,

'weather, and meteorological event® are related to variations

in ranging behavior. 1In the c¢ourskg of these fiéld'studies

we have accumulated information abou¥ predation and home

range stability as well.
s

This chapter is composed of two méjor parté: (1) a

b

3description of the methods used for the laboratory studies

of reproduction, growth anfl aevelopméné, and maternal

.behavior and (2) a~ tption of the field methods used for

the study of the fre g D. merriami.

33
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Laboratory Studies of Reproduction

Breeding Cvycles

As will be discussed in Chapter 4, the informatien
about the breeding cycles of kangaroo rats has been rather
scattered and unreliable up to this point despite the fact

that these animals possess some interesting reproductive

-

traits. As a result, we have carried out long-term studies

of the breeding cycles of D. merriami, the results of which
are presented in Chapter 4. It will also be apparent that
this information is important for interpreting the field

study results presented in Chapters 5 through 7.

Animals: ‘Fourteen D. merriami females wild- trapped in tFa
Great Basin Desert near Big Pine, Inyo Count;\\Callfornla
in 1978-1979 were used. ‘All were adults when captured and
had been mainﬁained in the laboratory 1-7 months before
observations began. -

The énimals were housed individualiy in clear
plastic ﬁages {33 X 28 X 17 cmﬁ with sand substrate and‘a

half-liter cardboard tube or can provided as shelter. They

‘'were maintained on mixed wheat, sunflower seed, and rolled

cats and water ad libitum and provided with fresh lettuce

or gspinach daily. A reverséd 13L:11D light cycle prevailed
> L Sy ;

-and ambient air temperature was maintained at'approximately

-ty

22%.

34
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External Genitalia: Females were examined for 204 consecutive

days between March and September 1979. Althougﬁ pairig)ﬁith
maleé when vulvar swelling occurred, no females copulétéd
during this observation period. - B
External spring calipers were used to measure the
diameter of the vulva to the nearest .5 mm. In addition, a
descriptive catalog was develcped to charactefize the
external appearance of the vulvar, The degree of vulvar
tumescence was nominally characterizéd as flat (F)}, mediuﬁ
(M), or swollen (3), or transitional (FM or MS). The
vagigal-orifice was categorized as open or closed.. Differing
vaginal di#charges noted included (1) slcughed, dried, and
flaky substance only at the vaginal op;ﬁiné or occasionally
in guantities covering much of tﬁe vulvar region, 42) a
"vaginal cast" of sinew-like sloughed material mucous-like
in color that exuded from the vaginal orifice, (3) a
copulatory plug confusable with a vaginal cast but which
lacks the well-defined ridges of the cast and is not secreted,
and (4) fresh or dried blood. Simultaneous but ihdependpnt |
observation and recording of appropriate descriptors for the
same animals by three people resulted in an.overall

concordance of 82% for these nominal categories.

/

Estrous Cycle Length: To determine the inter-estrous

intervals, the day of estrus was defined according to a

hierarchy of criteria: (1)} day of copulaticen,, (2) if ne
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copg}atioh occurred, the day of maximal wvulvar swelling,
Y -

"" .

(3) if two days of maximal swelling occurred then the day

the vaginal orifice was open and/or the day of greatest
Pl _ §

vulvay diameter, (4) if  no maximal swelling, then maximal

vulvar| diameter provided a value at least 2.5 mm greater /
ehan the mihimum measure at last cycle.
& -

Development and Growth

Information about the development and growth of J‘
young is basic to undefstanding a species' life history.
Important developmental questions addressed here include
the gourse and speed of growth and aevelopment, the age.&t
which the young become relatively indqpendent of the mother
(e.g. weaning age, emergence from the natal burrow), and the’
égé of sexua; maturity of females. The results of these

studies are also'presented in Chapter 4.

Development: Twalve D. merriami litters (34 individuals)

from ten females wild-trapped near Big Pine, Inyo County

!

or near Palm Springs, Riverside Couﬂty, California were

observed.
Five litters from females already pregnant when
captured were observed between March and July 1978 at the

(\/} University of California, Riverside. Mothers and their

N____. - litters were houied’in "burrow boxes" 53 cm ackgés, 37 em

front to back, and 92 cm high. ‘A 53 X 32 cm platform was ‘“/,f

hd L}
~'w a . .
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situated 31 cm deep in the burrow box resulting in a burrow

area 61 X 53 X S cm. Boxes were constructed from plywood

and clear plexiglas facing which allowed a view of the™

burrow area.

Animals were maintained on wheat seed and water
ad libitum and provided fresh lettuce three times-weekly.

A 12L:12D reversed light cycle prevaiied and ambient air
temperature was maintained at abproximately 22?C.

Sevgn litters observed in July and August 1980 were
from five females housed at McMaster Univeréity in the manner
described in the previous section on bfeeding cycles,
Pregnancies in these females were from l#boratory copulations.
Observations weré made with the mother and‘*her litter in ™~
their home cage. ‘ ) ' . -

Observations wefe generally c;:iied out within six
hours of the onset of the dark cycle under a red light,

Daily observations of 15 min dura;ion were conducted fof the
first 25 days posgpartum, at which time the pups were weaned
but left together, "After day 25" postpartum, observations were
made at five day intervals until day 50, at which time the Pups
were separéted and observations were terminated. The mother

‘ - " .
was not separated from the pups during observations to avoid

. disturbance. In the fir§§ few days postpartum a single pup

from the litters housed in the Plastic cages was,
‘ 5
unsystematically selected to check for tooth eruption.

Otherwise the pups,were not handled by the observer.
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Observations-were recorded manually on a ohecklist
with categorijes forfthe development of morphological
tharacteristiés,-1ocomo}ion, grooming, digging, feeding,
an& social interactions (see-Appendix A for list and
description of characteristics). The checklist developed
by Daly (1971) for the observation of golden hamsters was
easily modified for kangaroo rats.

Individuals within_a litter were not uniquely
marked or‘aexed S50 a characteristic was considered present

if exhibited by. at least one Pup. As such, each litter was

treated as a statistical unit.

GroX&h Measurements: Twenty- four Pups (10 males and 14
fema:es) from 12 litters produfed by ten females were used.
‘These animals were housed in the same manner as de5cribed
above in ‘the section on breeding cycles. _The Pups were
weaned and separated at 25 days postpartum.
. | From day 1 postpartum (approximately 24 hrSvfollowing
p
birth) individually marked pups were removed one at a time
for measurements of'several‘morphological features.
Measurements were made with a metri¢ ruler to .5 mp. TOtai
body length from.snoﬁt tip to t ilAtip and ear length were
measured for 25 days g'stpartud. Tail length'and hind‘foot
length were monitored for up ‘to 80 days postpartum (tail

breakage ‘'was a common problems and body welght te .5 ¢

was recorded for 120 days postpartum. Only animals surviving

*

— N )
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at least 120 days postpartum were included in the results.
- .

Y
L

. i\w.‘.

Age at Female Sexual Maturity: Forty-six laborétorYrborn

females housed as described above were examined daily from
day 18 postpartum for thé onset of sgxual maturity as i
indicated by external genitalia (see above methods).

Three social groupings were established: (1) 22 pups
were weaned and housed separately at day 25 postpartum,
(2) 10 pups were weaned at day 25 but remained witﬁ litter~-
mates an additional 15 days, and {(3) 14 pups were weaned and
housed separately at day 40 postpartum. l | n

1

Nest Attendance by the Mother¢ Four of. the five litters

housed in errow boxes as described above were used in this

study. Observation was via video monitor

’ «

in. a separate room

with the camera mounted on a remote-cqntrolled re&olvihg . —

pedestal encircled by the burrow boxes. Observations wer%;

carried out thfee times]ﬁeekly until weaning at 25 days

postpartum. Each litter was observed at least ten days..

Se§siops-began-between four and ten.ﬁburs from the onset

-~

of the dark cyc;g and observations were made under a red

light. The location of the mother and the pups was recorded

as either ‘on the nest or surface at 5 min intervals for two -

hours yielding a total of 24 samples per session.
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Field Méethods

‘’ 'Before describing the methods used in thé'fiqid'

»
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studies, it is useful to review, compare, and contrast live-

trapping and radiotelemetry techniques. It will be apparent

- . * 19 N
that these technigques have their.strangths and weaknesseés

with respect to their effects on the natural movements of

animals and the validity of their results.

-

Until the advent of: sophisticated radiotelemetry
systems-in the early ‘1960's (see’ Cochran-and Lord: 1963),‘
the study of movements by small mammals including activity,
home range, migratiln, immigration, and emigration was | «
difficult due to. the.often cryptic nature of these animals.

. -

Field workers have used a vafiety of techniques to study

. . ! . . . ’
animal movements inclyding direct obserxrvation, tracking,

radioactiﬁe markers, dyes for urine and feces, photographic
éevicesrvlive-trapping, aad radio-tracking (see Sanderson,
1966). Live-trapping and, more xecently, radfotelemétry
are probably the ﬁost common methods in present use.

& . . . .
Live-trapping: The use of live-traps to study small mammal

movements is very,simple; an animal is captured, marked for
L ] .

future identification, released at the point of capture, and

sdbsequently recaptured. At the time of capture, the

animal is usually sexed, weighed, and inspectéd for reproduc-,

A}

tive condition. Usually a trapping grid is established with
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one or more traps placed at pgrmanent stations located at
specific intervals. Trapping is generally carried out

on a predetermined schedule over a relatively long time
period. For example, trapping‘several days per month for

one or more years yields information aKout short- and long~-

term range patterns including changes in the size and

stability of ranges in relation to season, rebroductive
condition, rand population structure and/or dens ty. Live-

trapping may also be used to investigate circadian cycles

" in natural populations by checking traps frequently over 24

‘hour periods (e.g. Kenagy, 1973a,1976a). As was discussed

) ~
extensively in Chapter 2, live-trapping is a '‘primary method

used by ecologlsts to examine aspects of 1nterspec1f1c
competltlon including microhabitat and resource utilization.
Despite fhe,many kinds‘of questions,%ddrgssable with
live-trap data, the technigue suffers geveralqjeriéqs
limitations, at least two of which stem frdﬁ the EEQSible
adverﬁé effects of trapping on the .animal's natural movements.
Foremost is that an animal's further movements are‘cqnstrained."
. ) g . |
A nocturnal creature;captured early in the eVﬁning, for
instance, may be restricted from normal movements for at

least several hours if not the entire night. The effects of

confinement on the captured animal's subsegquent ranging

'behgvior and the ranging behavior of conspecifics during

its absence have not been evaluated. Second, if trapping is

carried out too frequently, the regular provisioning of

s
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animals may lead to unnatural changes in movement patterns.

An animal with a "homesite" relatively far from the trapping-

-grid, for example, may encounter a trap during an unusually

long excursion and, as a consequence, shift its range to
include a portion of the trapping-gtid.:

Problems associated with the interpretation of
trapping data have received much moreé treatment iﬁ‘the

literature than the problems cited above (see, e.g., Mohr

and Stumpf, 1966; Jennrich and Turner, 1969; Metzgar, 1972,

species since topography, resource distribution, and inter-

1973a; Koeppl, Slade, and Hoffmann, 1975;’ Van Winkle, 1975;

Xnderson, 1982). Since the practice of establishing

pe;manent-trap stations on a grid limits the number of

spatial posxtions at whlch an animal can be recorded,

- inferential techniques for -estimating range size and use

must be used. Statistical home range eetimates, for example,
often assume that ranges are elliptical in shape and that
the animal's center of activity lies at the geometric mean

of the range (see, e.g. Jennzich and Turner, 1969). This

assumption of normality is probably not justified in many

L) '

and intraspecific interactions will strongly influence an
animal's range utilization patterns (see Metzgar, 1973b,
however). A non-parametrlc alternative is the utilization
densit} map described’ by Anderson {1982) which makes no
assumption .about the underlying distribution of séace use

and does not assume an elliptical range shape. The consensus:

-~

&r
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of studies comparing different home range analyses is that

no one technique is adeguate to examine the range patterns
. \ :

of all species (see Mohr and Stumpf, 1966; Jennrich and

Turner, 1969; Anderson, 1982). -

Another difficulty in interpreti g -ovements indicatedC\
by pping data is that such movemen may only be relevant h
to fdo -getting. Unless other biclogically relevant‘
stimul ‘are Placed in traps ({(e.g. odors of conspecifics),
one cannot be certain that ranging and other activities

unre)Yated to forading are reflected in the trapping data.

-

R'diotelemetry: Radiotelemetry systems used to track the

movements .0of small mammals ake quite simple. Miniature radio

traz;mitters witich emit Sily-localizable, pulsating signals

are implantedoaf affixed to the animal by means of a collar
or harness. The transmitter frequencies are individ&i}ly-

‘tuned so that a mul&iplé-channel receiver can be used to

*
. discriminate ameng‘ﬁany individuals.' The Egkérding systems

.

are.of two general types: (1;/;gxeable sys¥ems in which the.

observer physically approach&s the focal animal *and+ (2)

)
' remote systems in which at least two antennae are mounted

on spatially-separated towers and an animal's location is

o '
found by triangulation.' Simply, the antennae are\ rotated

untdl the peak ‘radio signal is received, a compass

for éach tower is recoiffh, and the intersection of
T .

directional veétors from the towers is taken to be the

. -
sl
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animal's location. The remote syséem is particularly
useful for frequent sampling of the locations for a large
number of relativeiy sedentary aniaals. Its resolution or
accurécy, however, is inferior to that of the portable
system. Furthermore, highly mobile animﬁls ;uch as
kangaroo rats, may move entirely out of the receiver's
rande. Portable systems, though quitellabor intensive, have
several advantages in addition to tgeir potepiially greater
accuracy. The most ‘significant advantage of the portable
system, perh;ps, is that animals can be visually observed
once located, thus leading to information about surface
activity that cannot be gained using remote systems.

- Radiételemetry is superior to trapping in general
because it yields more data, a focal animal can be located
anywhere within ifs range at any timey'actiﬁity_éycles
(e.g. circadian rhythms) can be studied by freqﬁe;t time
sampling, home burrows and nests can be located, and social

interactions (e.g. proximity, cchabitation, étc.) can be

monitored. Furthermore, descriptive rather than inferential

rdata analysis technigues are more feasible when aularge .’

*

number cof data points are available.

The major disadvantage of radiotelemetry is that
animals must be héndled more extensively than fér trapp;ng.
This procedure ofteﬁ requires anesthesia and sometimes
surgery, in the éase of subcutaneous or peritoneal implants.

’

Moreover, the extra weight and somghiaié cumbersome attachment
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of a transmitter may restrict natural movements and activity
Patterns. Hamley and Falls (;975), for‘exampie, demonstrated
a decrease‘in running on an activity wheel by.transmitter-
carrying voles even though their ranging behavior seemed
'normal’gn the basis of trap data. Ten days were required §
for animals to recovér to‘their prgvious baseline activify
levels. Most investigators, however, do not consider the
Presence of a tragsmitter to be a serious hindrance if it is
attached p%ope;ly and its weight does not exceed 10% 6f the
animal's weight. .

Radiotelemetry has proven invaluable in several
studies of rodent spatiotempofal ranging and habitat

utilization patterns. For instance, Schroder (1979) studied

Dipodomys spectabilis foraging and home range utilization.

Brooks and-  Banks (1971) demonstrated range differences in the

collared lemming (Dicrostonyx groenlandicus) in relation to

sex and reproductive condition. Banks, Brooks, and Schnell

(1975) conducted a similar study of the brown lemming (Lemmus

trimucronatus). Mineau and Madison (1277} and Madison (l978¢)

investigated the ranginq, habitat'utilization pPatterns, and
social interactions.of the white-footed mouse (Peromxscus‘
leucopus). Madison (19‘78a',b,1980,1981) ‘has conducted ‘
extensive studies on the movements, habitat use, social

Structure, maternal behavior, and predation susceptability

of the ‘meadow vole (Microtus pennsylvanicus). Cranford (1976)

examined dusky-footed woodrat (Neotoma fuscipes) home range

i
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and habitat utilization.
In the remainder of this chapter I describe the

methods used to carry out similar field studies of the

behavior of free-ranging D. merriami. /

Study Areas

.

Field,wurk was carried out on.two study.siues,
designated the Ramada site and tﬂ? Coyutu ﬁaéh site, iucated
l.4 km apart on a north-south axis ou Qhe upper alluvial
plain within the couflnes of the Boyd Deep Canyon Reserve
(el. 300 m) approxlmately three kilometers south cf Palm
Desert, Riverside County, Californla. We changed field sites
in December 1981 because the Ramadu site was designated as *
an undergraduate teachinu area and, thus, was no longer a
suitable site for longitudinal studies. Radioltracking.iu
conjunction with trapping was carried out on the Ramada site
between Novembe; 27 and December 22, 1990 (study‘periqd 1).
Similar work was carried out on the Coyote Wash site between
December 11, 1981 and May 25, 1982 (study period 2) and
November 11 and December 22, 1982 (study pekioad 53.

The lower ecological zones of Duep;panyon are part
of the warm and arid Colorado Desert which encompasses much
- of southern California, Arizona, and northern Mexico. -nthly
temperatures ranée from a mean muximum'of 39°C in-July o

e s o .
a4 mean minimum:of 9 C in December. This area receives a

average yearly rainfall of only 120 mm (range 25-305 mm

PR

——— e e e e e
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~

/fiom records since lQQ}) from generally predictable winter
rains ;nd uﬁpredictable and oftén to#r?ntial storms in the
late summer and early fall.

Due to the close proximity of the two study sites, -
fﬁeip topggraphic and floral characteristics are similar.
'Figure 3.1 depiets the main topogrﬁphic'features of the two
sites. Both contain interspersions of sandy waéhes, hummocks
and rocky strips. Plant shrveys at an elevation of 240 m
summarized by Zabriskie (1979} show that 14 perehnial-shrqb‘

species cover 14% of the ground. The evergreen creosote bush

(Larrea tridentata) is the domihant rub species and accounts

, / ‘
for 29% of the vegetative cover. /OtRer important perennial
: . i ;
- species are drought—deciduouS'ani include indigo bush (Dalea

gschottii), burrobush (Ambrosia dumosa), sweethus {Bebbia

juncea), brigtlebush {Encelia fa}inosa),’chees bush\ (Hyfrenodlea

salsola), desert lavender (Hyptus e;:}yil, and chuparqcf.

ﬁBeléperone californica). Lérge perennial species which ma
[y ”

be arbitrarily classified as tree or shrub include palo verde

. ~
(Cercidium floridum}, smoke tree (Dalea spinosa), and cat's ;
claw (Acacia dregii). Five cactus genera occur in the area
. with the pencil cholla (Opungﬁa ramosissima) as the most- .
. : L q

common species. : ) s
The Deep Canyon alluvial plain also contains at

least 93 annual specieslwith cryptantha (Cryptantha genus)

and evening-pfimroses (Cammissonia genus) as the dominant

genera. However, the most abundant species are the woody
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Figure 3.1. The Ramada and Coyote Wash 'study sites, Dotted
lines indicate sand washes, scallops indicate ridges, closed
circular figures are large palo verde trees, and the rectangles

) . . represent the perimeters of the trapping-grids.
» 3

X
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plantain (Plantago insuléris) and the introduced a u-mashi(
1

.{Schismus barbatus). Most of the annuals germinate 5-14

déys following fall and winter rains-and flower ln\er spring

but ﬁfme species germinate andzflower in the summer follow1ng

rainfall. .

General Trapping Procedures: One hectare grids were .

established on the Ramada site in 1979 and the Coyote Wash
sitg in 1981. On each trapping grid single Sherman live-
traps (8 X 9 X cm) were placed at—trap stations
established at 10/m intervals yvyielding a total of 100 trap '
1 ( -

stqﬁions per site. 1In general, the traps were set within

. \—/ ) ..".‘_.
an hour of dusk, baited with rolled oats, and checked either
four to five hours later or)the'nextlmorninq.

-

In addition to D. merriami, all captured rodents

including pocket mice (Perognathus spp.)}, the desert woodrat
. Y
: 4
(Neotoma lepida), and the cactus mouse (Peromyscus eremicus),
8y . .

were - welghed, sexed, and inspected for reproductive condition. 2
. : : - S

Females' external genitalia were examined -and classified in

- * N -~ .
the manner described in the previous section for cycle . ,)
lengths. :Aasiqnment'of pregnancy was s;;aightforward in most

s
cases. In study perlod 2, Ziﬂfemales captured on the Coyote

Wash site were determined or suspecteﬂ to be' pregnant. In 13
of the 23 cases pregnancy was confirme? because the female

» Vs . .
was captured before.and after partuxrition, indicated by an

abrupé!&eight loss (§ = 4,7 + %zi\g ) and the development of

§ - | | b

B P,

e et pmn e ian
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L ) red, distended nipples. In four cases females were captured -

) only duriﬁg thg lactation per{oq. Six‘Females showed signs
é; pregnancy but were not capturéd during lactation. Iﬁ one
case the female's wéight increased from 34 to 40 g-in one’
week and in another weight increased fram 38 to 45 g in 30
days in combination with the appearance of protruding
nipples. Finally, four females were suspected to be pregnant
on the ﬁasis of weights‘gi 40, 43, 47/, and_so g compared to
the average anestrous féemale)weight of 35.5 g (+ 2.5 q).

- B . Males captured on the Ramada éite in 1980 were judged to bg

V/ : in reproductive condition if they exhibited a scrotal sac.

To better characterize mélé reproductive condition, males
captured on Fhe Coyote Wash site in 198? were judged-to be
in reproductive condition if the testes were expressible by
~palpating the lower abdomeq (présence of a scrotal sac is
QY?rﬁbA?ly a reliable c;iteridn for reproductive potential

-

antial variation between testes length

but there is s
. ] .
in males p?s essing scrotal sacs). In the fall of 1982

e

égz‘iqnﬁt ‘of\ the expresséd testes was measured with calipers
5 mm. Furthermore, in the 1982 study Periods
oot lengthland tail measurements were taken and the

of the male's dorsal gland was notaed.

: .
. - . - »
%L_“iﬁ” ~ Rodents captu on the Ramada site in 1980 were ear-tagged
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.

The intensitw of trapping varied between study periods
|

so each is described separately. In the fall of 1980 trapping

was primarily conducted to capture subjects for radio

~

implantation, subsequent hormone treatmen&s (to be discussed
¥ V- ' :
in Chapter 5), and for radio retrieval. 1In the winter and
—— - "-h_) -
spring of 1982 trappin;‘was conducted on a weekly basis
v ’d 4 ) 3 3 L]
exceﬁthhen animals were needed for radio lmplantatlon or
. g
partlcular anrmals requiring examlnqtlon were not captured
on the regular trapplng night. In the fall of 1982 trapping
was conducted once fevery three days on averege to ensure

that an estrous cycle (swelling and subsidence) would not be

N ’ -

Radiotelemetry Procedures

-

Animals: ,Sixty adult (i.e.> 30 g’ D. merrz.am:. including 32

—
males and 28 females were radio- tracked Eq‘ periods rangbng

from 1 toc 84 Qays 4; the_three study periods between November

- .
1980 and late December 1982. A complete descrlptlon of the

;s&bject pﬁﬁﬁlations and . the data collected for individuals

-

/

. will be presented in the results section-of Chapter 5.

v
L)

Eguigment:\Standard radiotelemetry equip@ent was used (AVM

.

Instrument Co., Dublin, California) "including SM-1 mouse-

style transmitters with an internal antenna and individually-
) !

tuned frequencies around 151 mHz, an LA-12 multiple-channel.

]
receiver, and a hand-held Yagi antenna. The transmitters

A
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were powered by 1.35 volt mercury batteries rated to last
two months. - For therfirét and part of the second study
periods, the transmitter-battery unit was eﬁcapéulated in
epoxy and then dipped in beeswaf yiélding an implant unit
weighing about 3.8 g. Due to problems with application
of" the epoxy (lumps and ;mall gaps) and thé difficuity of
its removal for baqtéry replacement, dental acrylic was
subséqpently psed for initial éncapsulggion of the radiob‘
unit. The virtues of 'acrylic are that”it tlows more evenly,;
sets faster, and can easily be "washed away" in an agitated
acetone g%th in ﬁrQer to recover and re-use the transmitéertf
v .

Furthermore, acrylic—encapéulated_units weigh less than 3 g.

Transmitters have a signal range of 30 to 60 m at ground

level depending on the slope and rockiness of Jthe terrain.

——

i

For radio-implantation, animals captured on the study ’
site were transported to the laboratory at the research -
center and 1ight}y anesthetized with a weightﬁdependent'doéé
of Ketaset (0.001 ml/g). " Transmitters weré implanted
subcutaneously to the right or.lgft'of the dorsal'midliye.
Usually animals were returned g heir point of capture
within 1-3 héurs follqwiﬂg surgéry. If bleeding occurred
the animal was kept ove;night, closely monitored, and
‘;eturned to the fiela the next evening. No animal was ‘kept

out of the field more than 24 hours.

-

.-’ | ‘ ' (v:



Data Collection: Systematic'radiptéﬁemetry data were Al

collected by locating each radiofimplanted animal approxi- -

mately hourly during'the night. 1In thelfirst gnd sécond'

study periods six or seven locations were collected for each

animal per night either from dusk until midnight or midnight

until dawn on an alternating basis. 1In the third study

perlod &ach animal was located hourly throughout the dark
"period yielding a total of 15 locations pe;'hight. In the

first study period radio-tracking was carri out tn

consecutive nights between Novembefli7 a 'December 22, 1580. 4

In'thg second study period rtdic—t;ack;ng was generally

. . 7
carried out four nights per week between December IS, 1981

3and May 20, 1982. 1In the third study. period radio-tracking

was conducted two out of every three nights between Novembel

11 and December 22, 1982. D&y burrows were located every

day a worker-was in the field throughout the studies. The

procedure for locating an animal was simple. -Oncg'an

signal was received, the observer walked

.

toward the signal' source scanning the 4rea ahead W.tl the

aid of a dip headlamp. If the animal was not visually

detected £te obgerver contlnued until the signal wgs\of !

a strength indicating that the animal was within about 2 m./
. -~
At this point the observer would move approximately 5 m to

faée the signal source at a 90° angle from the original

: 9051t10n in order to triangulate the_ anlmal s locatlon.

Us;ng this procedure an animal could be lt;;RQ? to w:i.th;'.:}\\\I
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. 2 oA .
approximately 1 m . If the strength and/or direction of
the radio signal varied persistehtly during close approach

the animal was considered to be aboveground and moving. 1If

visual contact was not made, an approximate location was

recorded with the signification that the aniiil waS'ﬁoving.

The error associated with these situ¥tions was probably not

greater than 5 m in most cases.
The two study sites were mapped as gkids with 10 m>
gquadrats to the extent of the animals’ rangqg[\\ggch radio

location was recorded as an x and y coordinate pair (i.e. a

cartesian coordinate) to a one meter level of precision.-

Several other observations were recorded along with hourly

radio/apcations: (1) the microhabitat (e.g. shrub species

or open ground) in which the animal was locatéd, (2) the air

\u

temperatu {(3) the presente or absence of the moon, and

-

(4) migcellaneous comments about weather conditions (é.g1

rain, or cloud cover)./

wind,
-Data analysis methods will be deferred to the relevant
F4
chapters- ' . -
'h'-; -

VA

IR
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Kangaroe Rat Reproduction

[

~ Introduction

—

Life in the.desert Presents an organlsm with a special
" set of problems to solve for survzval and’ reproduction. A
variety of morphological and Behavioral adaptations for, -
desert exlstence possessed by kangaroo rats were dlscussed

in Chapter 2. In this chapter the reproductive characteristics
‘£ the Merriam kangaroo rat and some of its congeners are .
examined. Rather than Smely describe the species- typlcal :
reproductlve patterns of kangaroo rats, I will assume that
1nd1v;duals are decision-makers or "strategists“ with resPect
to reproductlon and, furthermore, that 1nd1v1duals vary on

parameters potentlally related to reproduction such as age,

-

physical condition, social standing, or quality of territory
- O0r range. In tﬁe following chapgers I:V?ll attempt to relafeL
the reproductive tactics of Merriam ‘kangaroo raes to ehe;r
socioﬂspatiai behavior patterns. . : N

| To provige a general‘theoretical framework from
which to eaamine the ‘reproductive tactics of kangaroo rats,
it is usefulntofdraw upon iife hisgor; theorx (see”Gadgil

*

and Bossert, 1970 andASt,eai:ns, 1976 for e:’ccelient #eviews).

56
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This body"'of theory combines the study of reproduction,
ecology, and genetics with the aim of understanding how
combinations of reproductive traits a e relaEed to ecological

circums;anées. A?&eproductiGe‘trait & set of coadapted
(D *

v.traits designéd by natural selection to solve an ecological

— Il

probled (6tearns, 1976). As ‘a decision-maker, th

problem for any organism is how to partition time

and effort between somat:j/ﬁxewfh'and reproduction

\\Hﬂ lifetime so that its con ribution of_genes to futur

generations is maximiged.

makes the point more cogently is that allocation /for the

1
$ should be such that it maximizes the o

reproductive pro

rate of reproductive profit.oﬁ investment (Williams, 1966a).

The four traits most often addressed by lif@ Mistory theory

at what age to first breed, (2) how often to breed,

size brood to proddce, and (4) what size offspring

3
-

to producel

At present, life history theory is still in its

infancy, beset with Poorly defined concepts],abstruse -

quéntification, and weak empirical support (see Hirshfield )

-

and Tinkle, 1975; Stearns,” 1976,1977; Horn, 1978?L/

z ~
Nonetheless, this body, of theory has p:ovided&several useful

concepts,

of repr




_relative reproductive value of different age classes which

Fisher (1958) defined as the value of future pregeny, in
E@ims of units of. biclogical fitness, of an organism at any
age, Al;hbugh this concept has been modified by different
authors (see Stedrns, 1976) it remains essentially the same
as Fisher's original definition. For example, Stearns (1976)
defines reproductive value as the present value or average

L
number of fufbfe offspring a female at Age x can expect to

have over the rest of her lifetime given a specified’
population growth rate. It should be intuitively clear that
any 1nstantaneaus me;surement of reproductive value w111
depend on a multitude of intrinsic and extrinsic factors
including age, s;ze, mortality risk, current reproductive
effort, physical conditiou, and season (Pianka and Parker,
1975). The impqrtance of thié,concept is that reproductive
behavior should vary between indiuidu;ls in relation to
their reproductive value "which, in.turq, depends on the
interaction of the factors stated above.

At this point it is useful to introduce the notion

of reproductive effort to clarify the relationship between

‘reproductive wvalue and reproductive tactics., Reproductive

e{fort is t?ply the organism's investment of resources
(energy, Ci:rients, time, é;c.) in reproduction oypr a
specified uimellnterval (Williams, 1966bh; Pianka and ParEer,

1975; Stearns, 1976). One difficulty is that, in a sense,

q;r investments by an organism for survival may be considered
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to benefit reproduction so that assigning costs to activities
directly concerned with reproduction can be problematic
(see Williams, 1966b}). The probléms of interpretation
ﬁotwithstanding; reproducti;e effort‘in organisms yithoﬁt
parental care is %5ually measured as the ratio of reproductive
gissue to somatic tissue. Extensive comparisons between
conspecific lizards and ogﬂér reptiles‘on this measure haye.
been carrjed out recently (Hirshfield and Tinkle, 1955;
.Pianka and ﬁarker, 1975; Stearns, 1976,1977). In organisms
with parental care, repioductive effort may be divided int;-
mating and parental effort (Léw, 1978); Héwever, the costs
" associated witg mating %ffort (e.g. courtship, risk of
S ' “ ‘

predation, transmission of disease) and parental effort (e.qg.
nuture and/or defense of offspring) aré'not.easily gquantified
So many est;mates'Sf?reprpductive effort are at éest ordinal.
Despite these problems, the nofion of reproductivé effort
has heuristic value for considerations of individual reproduc-
tive tactics. B

To.cbnsider the relationship between reéroductive
value an@ reproductive effort, ;t is necessary to partiéion
r;productive value into its two components, namely.preseﬁt
‘yeksus future progengs' The latter tefm represents the
organism's‘residuai réproductiﬁe value in the next age
category multiplied hy_i;s pfobability of Jurvival to thé

next interval (Pianka and Parkér,‘1975). It is generally

assumed that reproductive effort and residual reproductive;
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value should vary inversely as a consequence of their mutual
feedback (e.g. Williams, 1966a,b; Gadgil and Bossert, 1970;
Pianka and Parker, 1975; Stearns, 1976,1977; Snell and
King, 1977). It should be-apparenﬁ that increases in
reéroduqtive effort will lower residual reproductive valpef
due £o the investment of energy and 6ther resoﬁrces and tﬁe
likely increase in the risk of mortality due to poor physical

conditj‘ exposure to disease or predators. The extreme

case is sémelparity in which the or?ﬁnism uses fall of its

Pt

avail7ﬁ1e-resources for breeding and d{g thereafter,

T

as in some Pacific

!ET\}t reducesg

éossert, 1970)/. In this case high reproductive Ef

‘residﬁif“?E ductive value to zero. Additiopally, in
species where residual reproductive value rea;hes some low.
value as Q'Fesult of past reproductive effort or séme bthgr
factors ihCIQEiii age-specific fecundity (e.g. menppaugf)
.se1eqtion should result in increased reproductive effort with
agé; When residual repfoduétive value is low fhe organism
has no reason to allocate reproductivg effort in a
conservative manner. | S (»

. A compérison of reproductive tactics by organisms
occﬁpyiﬁg different ecological niches reveals that certain
com?inations of traits tend to occur togetﬁer. Maththur
and Wilson (1967) coined the terms xr- and K-selection to

describe two combinational extremes in reproductive tactics.

In population biology r is the intrinsic rate of increase

\
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{

in a population unencumbered by ecological constraints (e.qg.
populﬁﬁion saturation, predators, etc.) and K is the

v
carrying capacity or saturation level of a specified,
environment. r-selected organisms exhibit early sexual
maturity, many small young, and large reprodqptive effort
(often semelparous) whereas” K-sélected organisms show later

sexual maturity, a few large young¥ a long life, and smaller

reproductive effort (usualiy iteroparous). -Furthermore, r-
.

-
.

q‘~ﬂ’229,x-sele ;35 organisms tend to occur with certfain ecolecgical

-

circumstances.” r-selection is usually as ociated with
. -~

n
densities, and wvariable intra- and inters

(Pianka, 1970). K-selectis&vaﬂr

associated with fairly constant ahd/or predictable climates;

cific competition

the& hand{ is generally

directed and density-depeﬁdent md%télity (e.g. juvenile
mortagdity generélly exceeds aduit'mortality), fairly constant
populationhsizes at or near carryiné capacity (K) anah
generally severe intra- and interspecif{i.competition {Pianka,

1870). It is clear that r-selection places a premium on
. LY

immediate and high productiyify ereas K-selection, in
. L]

T Ty

association with a satu

gat @ environment, favors the

channeling of resourcef into growth and maintenance and

the production of a fewpmextremely fit offspring (Pianka,

1970).

<

iscussions using the terms r- and K-selection often
R .

kfﬁ
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lead to confu51on because authors scmetlmes fail to state
By .
clearly whether ?hey con51der r- and K—selection,to represent
\ -
the two xtremes of causal forces leading to the different.

combinations of reproductive traits or whether the terms

are simply .descriptive labels. -In this theéis I will use

r- and K-selection only as descriptive labels.fgr the

\H\Siscussion of the reproductive traits and tactics of

kangaroo rats. ’*\\\;

4

Kangaroo Ra Rebroﬂéctlon -
/ . .

Environment: An lmportangkllmltlng factor for reproductlcn

w

by mapy organisms is resource availability. It is generally

the case that animals must be in good physical condition for
successful reproduction to occur. FqQ:—fhe above discussion,

it is cldﬁr that an animal's dec15103 to reproduce must be

.

'based in part on the 11kelihood of successful reproduction

if it-is assumed that ngsent reproductive effort lowers

residual reproductlve value. Hence, in iteroparoqﬁ.organisms
/

. faced’ w1th‘poor environmental.conditlons for breeding the

best decision may be to forego reproduction untll conditions
zmprove. For example. in iteroparous spec1es highly
dependent upon the availability of resources for successful
reproduction one may expect to find rather opportunistic
breeding habits. It will be shown that kangaroo rats tend
to he opportunistic breeders in relation to climate and

resource conditions.

~
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Deserts are usually characterized as having harsh

and often unpredictable climates, an important consideration

for the germinatioq, ripening, and seed shedding of annual

plants. It is well established that the germination of

annual plants is dependent upon the appropriate combination’

- )

,of moisture ahd temperature (Beatley,'1969{ Mayer and

‘Poljakoff~Mayber, 1982). Beatley (1969) determined that the

production of winter annuals in the Mojave Desert, a D.

merriami habitat, is under fhe contrel of precipitation

between September and December with a; least 25 mm required
for annual germination. If 15-25 mm of rain falls in this
interval énly séattered planfs germinate. Furthermore, if..
no rain falls annuals simply do not germinAte and perennials

become dormant. There are inter- and intraspecific

differences in responses by- annuals to moisture and

temperature as well. Went (1957; cited in Mayer and Poljakoff-

& 1

. Mayber, 1982) found that winter ‘annuals germinated when

. o ,
moistened at lower temperatures (10 C) while summer annuals

only germ;nated when mo;stened at hlgher temperatgﬁfs (26~ 30
c). Mayer and Poljakoff Mayber (198 discuss the possibility

th&t desert-adapted annual species possess some isrt of

\Ew;nhibi;ozé-which act as rain gaugés ‘.hf prevent ggrmination

.under suboptimal conditions for seedling survival galthough

they admit that this possihilify remains controversial).
. R ‘ - : .

\\ The timing of precipitation and the production of

nnuals are similar for.the Deep Canyoﬁ Reserve and the

SN
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Mojave Desert so it is ekpggfed that my subject populdtion

is subjected to resource conditions similar to those

“ described by Beatley {(1969).

. .
\ / \ ‘
N .
Population Fluctuations: If kangaroo ‘rat pcgylatiqps are
. ¢ . -
resource-limited, population fluctuations in association

pramay

with differing climatic conditions should be apparent.
These fluctuations may occur as a resuly of increased

' . A . .. . .
mortality, inhibition of reproducgfve activity, emigration,

or suppressed immigration.

//N\/\f——’

There are few longitudinal studies on kangaroo rats ™~

: L 4
which provide data suitable for examining the correlation

between climatic factors and population changes and fewer

:

\55___/' yet which establish the factors responsible for the X

4 - .

. population fluctgations. The fgw studies—which pave'Begn
.carried out ovei s#fficient time pertﬁgzséo, héﬁé;ér, seem
to establish a relationshiplpetween ecolcgisgl paraméters
and population densities. )
Reynolds (1958) conducted trapping over a 12'§ear
period on a sample area‘of.approximately 30,900 acreé in "“i'
southern A?izona. vaer this- time period annual precipitation
-varied/'bétween 170 and 380 mm, annual plant prbduction
begweeﬁ'g and 3; kg/acre, and perenhial plant broduction. -
beéaénn}13 and Qi kg/acre (Reynolds does not state how these
estimétes were arrived at).r Likewise the population of
D. merriami fluctuated widely from a-low_of'l.4 animais/acr
o /
] : ; ‘ . ./
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~to a high of 7.0 aqimals/acre. The densité of animals in
general was not well ;o;related with annual precipitation
or the overall p;oduction of annual plants. A breakdown of
the type and timing of precipitation, however, indicatégzﬂ
thatlpqpulation increases did tend to occur in relation to
- rain adequate for average and-abovefaverage‘winz?r and.
summer annuals production. In two separate yéar;, for
example; winter poépulation levels wefe high following

 better tﬁan average. summer ‘annual production. Populakions

’

declined with heavy or late winter snowfalls and torrential

Jdownpours. It seemed to be the case that population

umme
///ﬁ::;si'ies did, in general, track the availability'of food

Beatley (1969) monitored D. merriami_ populations in ;
N thE\HBTHVE“Desert over f4ve year period and found additional

evidence for variations ulations associated with

climatic patterns. Her findings. were similér to those of .

Reynolds with ﬁﬁmmer population levels down when autumn

rainfall was nil and subsequent winter annual germination

v ' +
was sporadic. -Conversely, when auvtumn rains were '
. . v ‘

(ektraordinarily good, there was a‘concbmitant increase im
Nt . [l f
rodent populations the following summer. Chew and Butterworth
§ [
.(}964) noted a similar rise and fall in D. merriami populations
in relation to precipitation in the Mojave Desert., In their

study, however, population changes tended to lag about a

year behind the weather patterns.

SR
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) 66
. e
A relationship between populatidn densities and the

production of vegetation is apparent. Most studies indicate

-
that there is a primary effect of climate and consequent

resource variability on reprﬂ%}é&ion. It is not known,
however, whether this relationship reflects a specific
adaptation to desert existence by kangaroo rats.

-

Mortality and dispersal should be important determi-

nants of rodent population densities and they certaiqu are

3

important considerations for the treatment of reproductive

tactics (see discussion section below). Unfortunately, the

relative contributions of mortality and diépersal to

disappearances from kangaroo rat populations are not knowWn. =
, '

These animals are reported to live as long ast93-monthé

captivity (Egoscue, Bittmenn, and Petrovich, 1970) but 14

expectancies in the field, based on the sparse data availaaii/;)
‘ ) -

(1967) constructed survivorship curves for D. merriami and

D. microps based on a 2.5 year trapping study on fenced

(i.e. free of dispersal effects) and unfenced plots.™ The
survivofship curves are not true life tables for three
.reasons: (1 e lifespan of an individual was defined as

[ : _ . o
the time between fits first and last appea;*nce in the trapping

“record, (i) many‘animals were of adult size when the study
began, and (3) it was impossible to estimate mortality rates
for the period between birth and first caéture. However,

these data ‘are useful for examining juvenile and adult 2

> 1 /\‘-\/— - *
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morgglity and disappearances. The mean 1"eqexpectancy on

’

fenced plots was 4.3 months for D. me iami and 4.9 montls

4
for D. microps. While 50% of both species survived six ////,,,,ﬂ—

month%, only 18% survived one year and 3-4% survived more

than 30 months. Furthefmore, it appéars that juvenile
mortality exceeds adult mortality since survivorship was’
~lofver on the pPlot with proportionally more juveniles. ©On the

unfenced plot, disappearances (a combination of mortality
b .

*ané_dispersal) were much mbnp dramatic. For both kangaroco
rat species only 18%*P§'the animals remained after four

. \
months and 1-5% after 10 montKs. French et al. (1967)

suggested that dispersé&sand k{t fox predétion accounted for
thé increase in diséppearances from this ﬁlot.

2 ' Two other long-term trabping studies obtéined
similar resu;ts for the disappearancé of kanga;oo rats froﬁ'
a local pogulation‘ . Holdenreid (1957), based on a two year

period of regular trapping, reported that 12% of adult )

annertail kangaroeoo rats‘(g. spectabilis) remained in the

tr ing area over the first year. Of the animals in the

at the end of the first year, 22% remFined in

—

‘populatio
the area thrjugh the second year of trapping. The actual

disappearance rate due to dispersal and mortality was lower,

though, because these figures inq;pdg$§q}mals which died in

traps. Chew and Butterworth (1964) found that 12-19% of

iad LT, : ; ‘ ;
k\%‘ merriaml remained on their trapping area over a one year

Qﬁ;fad bagsed on a 29 month study. Furthermore, they
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estimated that the disappearance rate was less than 10% per
month for May through September but was greater than 20%

per month for October througﬁ April. They assumed that the

i

high disappearance rate for the w1nter months was

attributable to high juvenile disappearance and the harshness
‘f winter. S D

Although these studies only crudely estimate

R}

survivorship, it is apparent that the chance of surviving \“/Z

from one breeding season to the next is rather low. Hence,

-

it would make sense for individuals to expend a great deal -
of reproductive effort whee breeding conditions are good

and it is‘expecte% Fhat sexual maturation should be relatively
rapid so that'ind;viduals may b;eed in their natal vyear.
Howaver, better-@ata on survivorship and reproductive effort

for different age groups are nepded to examine reproductive

tactics. A possible bias may gxist in these estimates of -

ﬂ

survivorship as well. There may tendency to conduct

trapping studies in the better habitats where populatlpn
levels, reproductlon, and turnover rates are atyplcally high

;Id hence, survzval unusually low. The populations of lower

nsity habitats may be more stable and have higher surgival.

Reproductive Activity in the Rield ] R €>

. o . : LY
Seasonality: The peak breed g season for all kangaroo rat

~species studied occecurs from gid~> ntepfg;rough spring with

occasional smaller peaks in late summer and early fall
. . -



(Duke, 1944; Fitch, 1948; Quay, 1953; Pfeiffer, 1956;

’ .

Holdenreid, 1957; Reynolds, 1960; Beatley, 1969; Bradle?
and Mauexr, 1971,1973; Kenagy, 1973a; Reichman and Van De
Graaff, 1973,1975; V;n De Gréaff and Balda, 1973: Flake,
1974) . Reproductive activity in male D. merriami (Reynolds,
1960; Kenagy{ 1973a) and D. m%progs (Kenagy, 1973a), as
indicated'by‘the presence of scrotal testes, beqins before
and extends'beyond the reproductive activity of females so
that ,active males ﬁre.available'when femgles begin cyecling.
The literature suggests that virtually all adult individualX¥s
are capable of reproduction during the peak breeding season
but that only éome individuals may be inlreprZZthgve

’ .
condition during smaller peak periods (e.g. Kenagy, 1973a).

vl ‘.","f"' | _ -/ (.

Precipitation and Green Vegetation: A controversial question

concérning reproduction by kangaroo rats is what factor or
—

combination of factors triggers reproductive activity,
especially in females. 1In Chapter 2 I diécussed thé
adaptations of kangaroo rats to cope with water stress. It
was pointed out-that'sevéral kangaroo rat species can
survi#e without access to free water. The added physiologica
stress of pregnancy ang 1ac£ation, however, may require
females to ingest free water to aveid a negative water
balance. The mostllikely saufce ofrfreé water for many
desert species is green vegetation. Thﬁs it has been

suggested by &Everal investigators that precipitation and/or

-



green vegetation is necessary for the initiation of
reproductive activity by kangaroo rats. Some early studies

had noted that reproductive activity declined severely in

wr v *

associatio; with drought (Chew and Butterworth, 1964;

French et al., 1§67) and subsequent studies have examined

the relationship between reprodugtion,’eriip‘j‘.};:altion, and

vegetation in gﬁre detail (e.g. Beaq}ey, 196?; Bradley and

Mauer, 1971,1973;. Kenagy, 1973a; Van De‘ﬁraaff and Balda,
) !

1973; Reichman and Van De Graaff, 1975; Soholt, 1973,1977).

The point was made earlier that the absolute amount

[

: nual precipitation and production of annual plants was
: i /
n

ot Frqngly correlatea with cg%hges in D. merriami populatidﬁa_f R
densities (Reynolds, 1958). This finding suggestg Epat the
initiation of reproduction should be assgsociated only with .
the appropriate amount and timihg of precipitation and annual
plant production. For example, Kenagy (1973a) found that
reproductive activity in female 2.‘merriami closely followed -
ﬁoderate,rainfall in the rate fall anﬁ early winter but not
large rainfalls. He also noé;d thét this reproduct%ﬁe !

aétivity was associated with the great proliferation of

previously germinated annual plants and considerable new

germination. Based on five years of data, Beatley (1969) .
<:L) concluded that autumn rains sufficient for germination of ., D
?, , wirter annuals (see above discussion) were necessary for

.
A .

spring reproduct'&z by D. merriami.

o —

In addition to noting the‘:fiationshig betweén the



T 71

production of winter annuals and reproduction, other workers

have investigated the feeding habits Sf kangaroc rats in and
’ out of the breeding season. .Analfsis of stomach contents

and reproductiveﬁ:SH&ition indicate that D. merriami include )
a greater p;oportion of green vegetation in~their diet
during the breeding season (Bradley and Mauer, ;973; Soholt,
1973,1977; Reichman and Van De Graaff, 1975) . -

. The weakness of these correlational studies is their

. N
3 inability to establish causal relationships petween precipi-
tation, vegetation, and reproduction. It is not known whether
precipitation itself triggers reproductive activity i} such

a way that the pro&uction of annuals coinqigég{temporally.
with the initiation. of pregnancy and/or l;ctation.or whether
germinating annuals contain some sort* of nutrient or fome

T

U estrogenic €ubstance necessary for the pnset'of raproduction.
M ’ .
There is experimental evidence that herbaceous
vegetation and/or free water is important for successful

'-reproduction} .Soholt (1977)‘examined thea  consumption of -

.‘I

herbaceous ‘vegetation and water by D. merriami during gestation
and lactation and found that watg;f?onsumption-by anestrous
and pregnant_ffmales was sigilar but that lactating females

l increased their, water consumption 225% on average. This_

increased water consumptipgn drops”&%f'at‘dbout 23=-24 days

-

ostpartum, which coincides with my obsaq'ations of the
. ‘fu'tim ¥ of.weaﬁinggﬁﬁ't@is species (see results Eeiow).

_Furthermore, water consumptidp ﬁag related_to litter size

~

v . ° * ' . . .
. - - . - . N . . . r .
. ) ’ o ’ - . ] . . ‘w o
. ’ ) l '. ’
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and, in fact, two females each weaned a single pup without

incr;asing their water congumption. Scoholt concluded that
the consumption of herbaceous material or water is
necessary to support lactation but not for the initiation
of reproduction or.support of pregnancy. —

v

The trigger for reproductfbn in kangaroo rats remains

own but 1t is procbably some cue pgedictive of norﬁal
prodyction of winter annuals. It would appear on the basis

of Beatley's data (1969) that a certain amount of rainfall
between teﬁée} and December or sogething associated with -

the germinatixn of annual plants (e.g. nutrients oxr some

estrogenic substance) are the best candidates.

-

Fecundity: In the discussion of life histpry tactics

presented earli?;f I gstated severai’important questions
concerning reprééuction including when to breed, how ofteh,
and at what age; The information on kangaroo rats gegarding
'thegé iséﬁes is [:;ttered but :gasoﬁably consistent within
énd between the few specieshaxaﬁined. I pfeviously discusaed
* the se;sonaiity of breeding in the preceding section. But how
often does a female breed w;thinma gseason? With a gestation
'Opendod of' 30~33 days and lactation- lasting three’'to four w;aks
(see results below), a female fir§£ breeding in late Decemb;r'
r'early January.goﬁld coﬁceivably w§an.three litters by

mid-June. -Furthermore, as Qi;l be,dﬁgii, females are

sexually mature in two to three months, and thus a female




criterion alone is used (Pers. Oba*L;//ﬁg:etheless, Reyn
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born in January or early February could breed in her natal
season.
At least three previous field studies have provided

evidence for multiple breeding by females within a season.

Holdenreid (1937) observed one female D. spectabilis to be

Pregnant three times within a season and once the next

Pl

season. The inter-brood interval for this femaie was 42-49
days betﬁeen the first and second litters and 37-42 days
between the second and third litters. Bradley and Mauer
(1971) reported that second litters for D. merriaqi females

that had been marked and retrapped were cogfimon on their

Mojave Desert field site. : \

™ -
The data concerning the age of. first breeding are a

bit more suspect, mpstly due to the practice of eétimating

ages by weight. Seasonal flucuations in Qeight may be so

-

great that adults could be categorized as juveniles if t:?s

lds

]

(1960) reports breeding by females in their natal year and

Bradley and Mauer (19f£) estimated that sexual maturity occurs
ét less tham two months of age based on evidence of placent&i
Bcars and estrus. Up to this tipe.there has been no direct’
eviéence of first-year females succéssfﬁlly breeding. As
will be shqﬁn in the résults_sectiqn, there is now unequivocal
evidence for breeding by first-year femalbs. -

The eﬁidence is good that multiple %ﬁtters may be

- -

pPrdduced w%&hin a breediﬁ? season, probably in associatiom

/{-.—_./

.

N— ~

~
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with high production™6f winter annuals. There are no data,
howeyer, concerning the relationship between population -
density and reproductive output. It would be interesting to
determine whether high\eopulation densities and, presumably,
fewer opportunities igf'juveni1e§ to g;tabliqh.themsevaQ\
lead to a suppression of bfeeding. There is, for example,

2 substantial body of-liéerature on.socially- and chemosignal-
induced breeding subpression and delayed maturation in Aouse
mice (e.g. Vandenbeggh, Drickamer, and Colby, 1972; Driciamer,
1974,1977,1979,1982 Vandenbergh, 1975; Massey and
Vandenbergh, 1980).

" -4

Laboratory Breeding

.It is generally desirable to study the reproductive

behavior of a species under naturally varfing conditions if

W

one is interested in reproductive téctics.’ UnfortunatglyA

kangaroo rats aptivity have, until the present study,

resulted in little information about reproducﬁion in this o
genus. I;‘thib section I review the spé{se litquture oﬁ
éspects of kangarco rat reprodﬁc:igg/in caééivity includiﬁé
breeding cycies, coepulatory patterné, gestation lenqth;

litter gize, nnd'davalopﬁbnt. More definitive ITnformation

about reproduction in g.-merridmi will then be presented.

ey
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Breeding Cycles: Several authors have noted a relationship

between seﬁual activity in female kéngaroo rats and distinét
horpﬁological changes in fhe‘size and.appearance cf the
vulvar region (Day, Egoscue, and Woodbury, 1956; Pfeiffer,
1956, 1960; Holdenreid,11957; Chew, 1958; Eisenberg and
Isaac, 1963; Butterworth, 196la; Chew and Butterworth,
1964 'Behrends, 1981). Pfeiffer (1960) administered’
estrogen (.01 mg/day for 3 déys) ané/or prﬁgesterone {2.5 mg/
day for 3 days) to female D. ordil with the result tH“\:B
estroge: ca“§ed vulval swelling and a reduction in the
thickness of the clitorine urethral epithelium while
progesterone inhibited the action of estrogen. Pfeiffer
suggested that under normal hormonal conditiqns the vulYa i
swells during proe;trgs follicular_deveiopmeﬁt and remains
enlarged fof long period; of proes}rous growth., The vulva -
decreases ig size after ovulation and remaihs small and

1

3 ' t —y ) L}
closed in anestrous females.,) -
. ]

Temporal pqtter;s for breeding cytles in Fangaroc
rats have not been reliébly established, primarily due to
the diffiéulty-of maintainihg réproductivgly active a als
in captivity. Chew (1958) reported that D. merriami feplales
exhibited gwollen and open vaginas for an—aveégge length_
of six days (renge = 3-11 daysi and that the average b eeding
cycle was 25 days (range = l3-4§,days), However, these data
were collected on few animals over rel&tively short time . )//_.\g__,

perieds.



76
& .

——— ]

Copulatory. Patterns: Kangaroco rats have been difficult to.
‘. LE . < . . .
breed in cagtivity although scattered reports of attempts

exist (Allan|, 1254; Butterworth, 196la; Eisenberg and
s .
Isaac, 1963; Eisenberg, 1967) and at leasE one observation

cf a copﬁ$§tion by D. microps in the field is reported
(Kenagy, 1976b). Behrends (1981) provides the most complete

—_—

. f‘\gescription of the copulatory patterns of a kangaroo rat,

\\\\gﬂ species. D. microps were paired under contmolled condifions

when females exhibited wvulvar swelling. Pre-copulator
behavior by both the male and the fepale.is often charactarized

by aggression, including defensive posturing, ventral-=ventral

i
L}
!
H
1
¥
:
i

fighting, and biting. If the female is-sexu&lly receptive 2
thi; initial® aggression uswally, K subsides within 10-15 min of
A*( pairing and thekfemale.reinns stationary in the.lzrqﬁtic
. position and allows the male to approach and éttemp to
mount. Mutual éircling,‘allogrooming. and sniffing or
liEking of the perineal area-hy the male may also éﬁcu;; In
N this sbecieé'there is a single contintous mount of 1-6 min ]
duraEion with repeated intravaginal thrust}ng until ejacula-
. tion; Soon after copulation a‘hard,gelati;ous copulatoxy
Plug develops in the, female's vagina. In the 20 copulations ' o
. observad b& the author, eight i;cluded second ejacﬁlations.

' Four litters were produced from the 12 sinﬁi:f:;§¢ulationslﬁéy

! . . and three litters were produced from the eight double

ejaculations. Whether sec?pu$copulations occur under natural

“conditions is not know;: Kenagy (1976b) reported no

+

(
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subsequent interaction between a male and female D. microps
after a single copulation in the wild. The fact that litters. .
were producéd by females that had copulated only once in

!

a test session verifies tﬁizjmultiple ejaculations are not

necessary for fertilization nor for ad uaEe pProgestational

- stimulation for implantation and succeséfu Pregnancy. . / //>
Anecdotal reporgi in the literature (see Eisenbexg

and Isaac, 1963) indicate thaﬁ copulatory patterns ér RN

similar in other kangaroo rat species although there does ' .

seem to hevvariation in the degree of-intraspecific
‘ r

aggression associated with pre-copulatory behavior.

Gestation Length and Litter SlzeﬂgLaboratory studies have

established the gestation lengtm of several kangaroo rat’

'species to be about 29-33 days (Day et 53., 1956; Butterworth,

1961la; -Eisenberg and Isaac, 1963) ‘although Chew (1958) reports

a gestation length for D. merriam

of 17-23 days. The

‘,
estimate is cerxtaihly in error. T o e

. .
reason for thii/ﬂi;ge discrepancy is not c¢lear, but Chew's
All field and laboratory. studles report modal litter
Yy sizes in kangaroo rats of two or three with a range of one
to five (Fitch, 1948; Doran, 1952; Day et al., 1956;

Holdenreid,  1957; Reynolds, 1960; Chew and Butterworth, ,J///,,.
1959; Lackey, 1967; Bradley and Mauer, 1971; Flake, 1974). & —
There are scattered observations of growth and -

u\_ﬁ\ _ﬁéGZIEEEEEQ of kangaroo rats (Culbertson, 1946; Fitch, 1948;
- f

. . -
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oran, 1952; Holdenreid, 1957; .Chew and Butterworth, 1959;
Reynolds, 1960; Butterworth, 1961b; Lackey, 1967} but

most suffer from small sample siges and a lack of systematic

observation. Because I have i‘llected_substantial data on

’

the growth and developmental trends in kangaroo rats, I will
defer treatment of this topic toﬂthearesulgs section.

F Although one can glean from.the literature a
substantial -amount of anecdotal inforpation on the reprgduction
of kangaroo rats in the field’and captivity, there is-; lack

(
of convincing quantitative data and several glaring

inconsistencies, especéally in regard to‘hreeding.cyfles

.,and gestation length. 1In response to the paucity of reljable

*

information, Margo Wilson, Martin Daly, and I have conducted

several laboratory studies and observations of the reproduotive

" behavior of D. merriami and D. microps including investigatioh§

of the changes in external genitalia in females, vaginal
nytologyr-ovarlan histology, GT?ﬁ?ts of hormone replacements,
maternal behavior, and growth and development. These datN*S \;>
are presented in detail elsewhere (Wilson, Raly, ané‘ t
Behrends, in prep; Dalx( w;lson, and Behrends, in press;’

Behrends, in prep); thus I will restrict my discussion here

to laboratory observations relevant/ﬁ our field studies

on free-ranging D. merriami includin

the length of bregding
cycles, the efficacy of female external genitalia for

assessing reproductive state, maternal behavior, and growth

and dev&{’pment In addition, I wi resent data on the
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‘ . . I -
.rTeproductive activity of f;}p-ranglng D. merriami gathered
in the courser of the radiotelemetry studie In the
discussion section I will comment on the reproductive

traits of D. merriami from the 1life ﬁiftory theory
perspective. K; R : '
% A : -

Results of Breeding Studies

.r

. ™~
External Genitalia: A total of 106 estrous cycles were:*

‘recorded for 13 females between Aqrch'and September 1979.

The daily changes in appearance of exférnal genitélia are
shown in Figure 4.1. Vaginal opening EE? maximal vplvar
swelling.wgrellimited to Llor.z days of the cycle ft estrus. =«
The presenge of a vaginal east Qas limited to 1 day after
estrus and the;preqence of blood occurred reliably 1-3 days

-
before estrus-.

D. merriami did not begin breeding in theﬂlalqratory
\huntil June 1980'sbjthere‘were no ?opulatibns recorded for the
-Q&me period when the.giternal.geni;alia of th; fi?éi;;_::re
monitgred daily. However, for the %eriod betwk\‘ Juna 1980
and Decembex 1982 welgave data on the appearance of the
external genltalia on 66 day? of copulation {behavioral
' estrus) for 31 fdmales. At behav;oral estrw€ the external
genltalia were(Jharacterized by medium to fhaximal vulvar
qwglling, a perforable vag£:;1 orifice, and no discharge.
The diameter of the vulva was measured in Qix anigg}s with

-'&x .

'
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Figure_4.1. ily changes in the appearance of D, merriami

external genitalia over the estrous cycle. a. Vulvar
diameter. b. Percent of individuals mediuvm-swollen or
swollen. c¢. Percent of individuals with an open vaginal

orifice. d. Percent of individuals with a filamentous

discharge. e. Percent of individuals with a blood discharge.

~
: »
k\u// E represents the day of estrus.. ‘

-

™~ ‘ . ) _
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two at 5.5 mm, three at'6.0 mm, -and one at 6.5 mm {(anestrous -

females generally measursp 2-3 mm). In matiné tests, three

of these six females copulated.

Estrous Cycle Lengih: A hierarchy of criteria (see meéthods

in Chapter 3) was us to select a female for mating and to

define vaginal estrus and inter-estrus intervals. Two

independent observers selected the same day for vaginal estrus
fqr 79% of the 119 estrous periods used to define’estrous
\eycle length. Although pone of these females copulated,

the data are similar for the appearance of the external

genitalia of females that ‘copulated between June 1980 and
December 1982. The reliability of the estrous cycle 1en§t£
is illustrated in Figure 4.5; The modal cycle length of
106 cycles-;or 13 females wae 15 ;:Xs (Figure 4.3). )

| Overian h;;tology (fbr“deteils see Wilson et ;&-,
‘1n prep) indicated that the formation of eerpoxa lutea after .ﬂ;ﬁ
ovulation dees not depend on stimflation during copulation;

in Dipodomys ovulation -6hd formation of corpora lutea

L]
. . d L
evidently occurs spontaneously.

-

S . .

Gegtation Length and Litter Size: Due to the practice of

..: N - - N ,4\ . . »
checking females‘fqr litters once a day it is poseiﬁle that <;

- l‘

_an estimate of gestation 1ength could qﬂﬂbed\the actual

__d,/ﬁ od by one day if a female ﬁellvered soon after the daily \

.
check The modal geatation length ¥or 65 pregnancles in.

. Ce . Lo

. T .
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Figure 4.2. Representative estrous-cycle lengths for
D. merriami females. :Open circles indicate days on which
the vagina was perforate. The height of the curve indicates
the degree of vulvar swelling. Numbers between maximal
\ . ’ .
s - .swelling points are the numbdr of days betwegn maximal
swellings:(i.e. the cycle length).
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Figure 4.3.

Estrous cycle lengths for D. merriami females.
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which the date of copulation was certain was 33 days (Table

4.1). .;l

Between April 1978 and April 1983, 322 D. merriami
D. merriami

» ) .
"Pups were born to 51.females in %2? deliveries for a mean

-

litter size of 2.50 (Table 4.2). .Of these, ten wild-

conceivéd litters (x = 3.703 were siqnificahtly.}arggr

(ElZTdf = 4.75;: Ej<-?01) thaf 119 laborat%ry—concelved
litters (; = 2.39). Thg lower I)roductivit.y of lab‘orato:y

matings cannot be attributed to inbreeding since related -

-animals were not mated.

-

4

. .

Development: The appearance of some representative

.developmental l#ndmarks is found in_Tébie 4.3. Pups are

bgrn hairiehs but pelage appears within 5 few days and
animals are fully. furred by 10-12 days'postpéftum. If the
mother i; present ané not disturbed, the pups remain in the .
riest for the first seven days. Development tends to proc;ed
rapidly fr&m about day 10 postpartum. At thié time the pup's
EYes ;dd ears begin to open, 1ocomo;ion and gréoming attempts
come under brogressivély finer-motog'control, and the pups -
begin to‘sit up, manipulate, and ingest solid food. Between
da;é 15 and 20, the pups_éxhibit grooming behavior including
complex sequences of scratching and grooming of the heqﬁ,

.body, and tail. ~At th1§ time the pups exhiblt their first

crude attempts to sandggthe, incorporatlng bothﬁignztal and

side rubs. Forepaw dlgg;ng in combinaticen Wlth a hind foot

|



Table 4.1. Duration of gestation for D. merriami.
. - ' AN

Durafion'of Gestatléﬁ'(nays) ’

- - ' '

32 33 - 34 35 - 9

# Pregnancies 22 31" 11 1
. i

-
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Table 4.2. Litter .sizes for D. merriami.
Litter Siz?
1 -2 —3- 4 ST 6 .
Lab-conceived . $5 11 1 0

13* 59

Wild-conceived 0 0 5 4 o 1

) . :
* Values are

- L] A

frequencies
- v -“ . A
‘r
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Y
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Table 4.3. Devélopmental landmarks for

’ ~

D. merriami juveniles.

Character;;ticﬂ N x Days of Age - Range
Pelage- ‘ 3.7 . 2-5
Lower Incisor " 7.5 | 5-10
Upper Inciso; f- 8.7 6=-12
Flank ‘Scratch S 10.6", 7-16
Head Groom 13.7 ._ -~ 1l0-18
Body Groom o 14.0 13-15
. . e
Tail Groom l16.6 11-24‘
EYes Opén : : 12.0 10-14
- ‘thSolid Food '2. 11.7 . e-15
Pig and Kick - | | 1904 14-30
Sandbathe. . - 19,2 13-35
- Bipedal Hop - 14.3  11-18
‘Face“Face Sniff with $ib  16.3 11-23
. Chase Mother T l9.5 ; 15?25
_ Weaned " 23.0%
Ears Open - _ 15,3 12-18
- _ :
* Approximate Age 'f )
. ’ .
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kick used for burrowing i;so appears abouf this time. Social
interactions become more‘directed at this time with face-
face sniffing, pawing,;ventral-ventral wrestling, chasing,
and'biting. Bfﬂdays 20-25 postpartum the pups exhibit a
range of b®&favioral characteristics similar to those observed
in adults. Weaning Probably occurs between 20 and 25 days

although this determlnatlon is difflcult due to the limited

sample perlod each day.

Growth: The body mass growth curves for 24 pups of both
F)
sexes for the first 120 days postpar;um is presented in

.

Figure 4.4. The measurement for the 1nstantaneous percentage
A
rate of growth is according to Chew (1958) where'
kK = ((lnmz -_1nm1}/(t2'-_tl));°°

in“which lnm1 and_lnm2 are the_natural logarithms ef'the
eeaeurements at time period 1 (tl)‘aﬁd'teme period 2‘(t2).
"Growth rate is highest at an everebe of 8% pef day for days‘
1-20 postpartum and then abruptly declines after that point.
Welght at birth is about 10% of weight at day 120, 50% at day
23, 74% at day 52, and 90% at day 80.

A breakdown'of individua% pup mass and litter masd
based on 1iteer size (Table 4.4) indicates that there is a
inverse reletionship between litter size and individual pup
size elea?ugh these differences are not testable statisti-
ce11y~due,to sﬁa{l sample sizes for litters with three or '

_fouf Pups. Not surprisindgly, litter mass increases

A\
b



Figure 4.4.- Body mass growth

D. merriami up to 120 days of

different intervals are given

»

(see text for calculation and

curve for male and female
age. The values of k for
beneath the growth curve

interpretation of k).

&
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Table 4.4. D. merriami litter and individual pup weights.

, . . Day 1 -~ Day 1
Litter Size # of Pups X Pup Weight x Litter Weight
2 18 \hj' 4.59* 9,20
- ) . ‘
3 6 4.29 12.89
4 4 4,04 16.16
[ { i
* Weight in grams R '
\_‘,'
9

ey
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with litter size.
Tﬁg growth cuive for tail length is presented in
Figure 4.5. The tail grows throughout a kangaroo rat's
iifeséan, albeit slowly in ;dulthood, and may reach 1enqth5 
of 15-16 cm i‘r}'thé field (Chew, 1958). The pattern of tail
grOWth here is very similar to that for body weigﬁt with
an 8% iﬂb?ease per da§ oh average for days 1-20 postpartum.h\"
Using 15 cm as the adult téil length, animﬁls achieved 931
of tail growth by day 80 éostpartum:
The growth rate of the hind foot, depicted in sigure,

4.5, is strikingly differe;z>‘ Ninety-two peféent of the _,

adult size is achjeved by day 20 postpartum.

Nest Attendance: The mean percentage of observations of the

#mother attending the ﬁestlwith}n a session.(i.e. at or on
.the nest) are presented in Figurev4.6. Nest attendance was
vary high for the first.give days postpartﬁm and then
generally decreased over the fallowing zo-days. Although
not shown in the graph, th§ increased time off £he nest was
related to an iﬁcrease in the‘perCEntage of samples during
which the female was observed on the surface feeding. Food

-

intake by the dam was not measured so it is not known whether

the surface feeding reflected a greater intake or simply a
change of location.
=
The mean percentage of samples within a session for

which at least one. pup was on the surface is also shown in

e



H

Figure 4.5. The growth curves for tail and hind foot for
D., merriami up go 80 days'bf age. "®= tail and o= hind
foot. The values for k.for tail Iengtﬂ are givgn beneath
the curve (see text ﬁorlcalcﬁlation and interpretation of

ky.

»
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x5

Figure 4.6. The percentage of observations in which the

.mother (®) was on the nest afid at least one pup (o ) was

off the nest. Vertical bars represent one standard deviation.
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;Fignre 4.6. Pups were not observed to leave the burrow until
about day 15 postpartnm, after which activity increased

dramatically. There was, expectedly, an inverse relationship

between the percentage of samples in which a female was

attending the nest and the surface activity of the pups

Sexual Maturation: Forty-four females were examined for

i

onset of sexual maturity and subsequent estrous cycles from

is days of age to, an average of 138 days of age (range = 64~
'i' ) )
194 days) Examinations were terminated when females were

Presumed to be pPregnant. Vaginal openings first.occurred
at 74 days of age on average (range = 71 77 days, n = 28)
and maximal vulvar swelling occurred at 58 days of age on
avetage (rang;\= 24492 days, n = 39), The early vulvar

swelllngs were associated with a perSLsnent crusty and/cr
flaky dlscharge. The onset of adult-like estrous cycles

cccurred later, 89 days of 5ge cn average (rsnge = 73-105

days, n = 1l1) and the first subsequent inter-estrous interval

was 18 days later on‘avsrage (range = 12-24 days, n = 10).

Four females first gave birtﬁ'cn day 57, 155, 167, and 172
days of age, the earliest fertile'mating”occurring on day 64.
Separation of the pnps from their mother onddsy 40
rather than day 25 apparently.rgtnrded the growth in diaﬁéter
of the female pups' external gsmicslia;(Figure 4.7)., There

was no apparent effect of separating the littermates at the

time of weaning (25 days) compared to 15 days later.




ﬁ;

Figure 4-.7. Vulvar diameters of juveénile female D. merriami
under:three\goc;a " conditions. Condition 1 (o): Pups were
N I
weaned and housed| separately at 25 days of age. Tondition
2 (e): Pups were weaned at Zsrdays of age aﬁd housed

separately at 40 days pf age. Condition 3 (A): Pubs were

weaned and-hopsed separately at 40 days‘bf age.
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Furthermore, the sex dgmposition of the litter had no

apparent effects.

We have established several basic parameters of
Dipodomys reproduction and development in the laboratory.
The signigicance of these opsgrvations will be presented
more fa}iy in the main discussion of this chapter following
the results of the fiéld obse}vations of reproductive '
activity. Suffice to mention here that these data also
provide important practical infermation for the ) v
interpretaéion of field observations. The bharacterization§

of female external genitalia and, inter-estrous intervals are
useful for the assignment of repx;ductive éondition to wild-
trapped females. 1In Cﬁapter 5, I present data on the ranging
activities 6f females in relation to reproductive condition

and thus accurate evaluation of reproductive state is

critical.

Field Breeding-nctiv{tx

Animal Captures: A summary of animal captures on the two
. [}

gtudy gites between November 1980 and December 1282 is
presented in Table 4.5. The number of individuals marked
on the Coyote Wash site includes 14 individuals captured off

the trapping-grid when traps were set around the day burrows

of radio-implan:ed animals. All suﬁsequent analyses will -

4

include only animals captured on the regular trapping-grid.
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The community structures of the two study sites
were quite different with more cricetid rodents (i.e.
Neotoma and Peromyscus) occurring on the Ramada site.
Slightly more male than female D. merriami were marked on T
both sites. Monthly data on captures and the recruitment

of new individuals to the Coyoté Wash site trapping-grid

{Table 4.6) reveals only small fluctuations in the=ov§rall

trapping population size. However, the monthly differences

from January to May 1982 in the number of newly marked

‘individuals approach significance—(){,zSdf = 8,06, .iO<:Eg<.05)u

e b n e ¢

Ten of the 1l new individuals cdptured in January, February,
and Margh were of adlult size (>35 g) and ten of the 17 new
individuals captured in April and May were probably juveniles
§<28-g).“ The‘greater turnover rate of individuwals in April
and May may reflect the intensification of intraspecific
competition resulting from the influx of juveniles. Another
possibility is that predator density increases around this
time (especially snakes which become more active with ;priné
rises in temperature) and thu; provide the opportunities for
immigration by conspecifics. A breakdown ?hd explanation of ‘

the different fates of individuwals captured on the Coyote

Wash grid from December 1981 to December 1982 is provided

in Table 4.7. There was no sex difference for any fate - . I
category. Although it is impossible to estimate survivorship
and longevity in the field from these data, it is possible B

to compare males and females on the number of days they were .

h Y
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Table 4.7. Fates of D. merriami at Coyote Wash site.

Fate Female Male Definition - .
Disappear . 14 - 18 ‘Never retrapped :
Snake 2 2
Other 5 5 Animal found dead or implant-
: found
Accidental ' 3 3 * Human intervention )
Survive 11 9 Alive when study 3
. terminated
. bdd w
K
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in the trapping population, defined here as the interval
betwgen the first and last captufe (or lagt radio location
in the case of radio-implanted_animals). For females the
median numbér of daYS{in,the popuiation was 42 (range =
1-377 days: n = 35) én& for maleé, 4} days (range = 1-335(
n= 37).

\ .
' \

v -

Reproductive Activity: The percentage of captured individuals

- in reproductive conditfzp on a moqﬁhly basis is illus;;ated
in Figugo—4r8" With the exception of November 1980;‘Etst
males ;ere reproductive during the months tﬁe populations '
wére sampled. By contrast, females were reproductively
inactiQe in the fall with the exception of December 1981.
During this month, 50% of the captured females showed gf

_evidence of cycling;apd from January the pajority of femﬁifs
showed évidence of reproductive-activity until termination
of the study in late May. A summary of the breeding'activity
for ;egularly-caught females (fgble 4.8) shows that the
majority of females'brgd at least once and it is likely
that most were capable of brgeding twice or more withih the

. season. The mode of one litter is probabiy ah artifact of

fewer captures of those females.

Inter-brood Interval: It was necessary to use anePdotal

information to estimate the minimum inter-hrood intervals

because of the large time gaps between successive captures

-



Figure 4.8. The percentage of captured D
o .. '

). merriami
"individuals in reproductive condi£ion_(see éekt of‘Chapﬁer
3 for details of asaigning reproducti&é condition) during
differeht months on the Rama% and Coyote Wash sites.

O= females, e= méles.
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Table 4.8. Reproductive activity of D. merriami

females during study period 3.

-

# of Pregnancies

T 2 3

# of Femalég 13 4 -1

" Median # of Captures ° 4 15.8 = 7
. . .

111
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for many females. The data from three females indicate that

a female is capable of producing successive litters at 50-60

-

day intervals from weaning. For example, female HLA4FR2

weighed 37 g and was lactatihg on February 17 and weigled 44.g

on March 19 (Figﬁge 4.9). This 30'day interval from lactation

to late pregnant weighﬁ was amonj the shortest observed.

ast April

Furthermore, this female was lactatfhg until at

21 and subsequently weighefl 41 g on May 6 sugg,}ting.thatﬁshe

was pregnant a third time.. Female 1498 was lactating !del
i

about February 19 and subsequentlf weighed 47 g on March 15,

an interval of only 24 days from late weaning to late pregnant

o »

.weight (Figure 4.9).

Juvénile Breeding? The field data demonstrate that females

Fl

may breed in their natal season. Of five presumably juvenile

females marked (see below for this determination), S:o *

exhibited clear signs of reéproductive éctivityf A‘ male

estimated-to- be born'ig the last week of January became

pregnant at approxima'tely 40-50 days of age and successfully

L]

* carried a litter to full term, as evidenced by lactation.

lr ‘ S~ . R
Another 23 g female had a Ewgllen vagina and copulatory plug L

-
e

on April 29. Apparently this female did not become pregnant
. )

" because she exhibited vaginal bleeqzizfiznfay 15 and May 19
‘and” a closed, swollen vagina with d4f harge'on May 25. This
20-25 day inter-estrous interval was not unlikg those observed

8

LS
in laboratory-raise§ juvenile females. ; 3Téi

v

- -
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Figure 4.9,
/

captured D. merriami females during stﬁdy periocd 2.

.

P = pregnant and 1 = lactating. ’

Temporal aspects of breeding by four £

équentlf

LY

-t P
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Age at Emergence: In two cases female pups, whose approximate

N -

records, were observed making excursions from the Ratal ’ )

dates of birth were known from their mothers' captIre
burrow with their mothers. In both cases the pups were 20-

25 days of age when first observed on the surface. One pup

-’

weighed 21 é at approximately 23 days of age and the.other
24 g at apprgﬁimatel§ 30 days of age. These Valdéé ééree wi£h
those for 1abo£atory-raised pups at the same age (Figure 4.4)
-indicating that field weights up to 25 g may be used t§
assess the. age of juveniles. Assessing the age of field t
animals weighing over 25 g from the laboratory standard is
dubious, however. We have recorded wgightg under‘30 g in )
known adults in the-field whereas laboratory animaib on . : "
ad libitum diets do not drop below thid weight once it has
been obtaingd. .Qn the assuﬂition Fhat weights les: than 25 g
provide a useful estimate of age, we have also captured -
. juveniles of appreximately 19, 25, 29, aéd;jﬁ’days of "age. .
:%?“. .‘The ;se of tail length to estimate ages in thg
field p;oved to be impractical because of the difficulty of‘

accurate measurement and the common occurrence of tail

breakage in the Sherman traps.

-

BodYVWeight: Table 4.9 presents the average boay weights.for

adult males and females during the three study periods. Males

are significantly heavier than females without accounting for



llse

Table 4.9. Mean body weights (g) of D. merriami.

Study Period Male Female
1 35.7 (3.31) 34.1 (3¢40)* -
2 . 38.4 (4.40) 37.5 (3.64)
3 " 36.5 (2.70)  33.0 (1.52)
= ‘ =
Overall 36.9 (3.85) 35.2 (4.00)

* Standard deviations are 'in parentheses
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reproductive condition (t 2.74; p<.01l).

—1044f
It is generally believed that animals must be in
good physical condition to breed. One_common metric of
physical condition is body weight.- Females were heaviest
during the breeding season }i.e._study Period 2) but this
difference was, in bPart, due to tﬁe}&eavier weights of
pPregnant and lactating females (Table_4.10). For instance,
within the breeding season.females were significantly
heavier during lactation compared to non-reproductive

perlods (t 3.27; P<.01}. The difference in non-

—adf
reproductive fema}e body weights between the different study
periods was not clear-cut. Aithough non-reproductive
females in the second study period were not significantly
ﬁeavier than non—reproductice females in the first study
period, they were significantly heavier than non-reproductive
females on the same site in the thirg study perlod (t33df
3.52; p<.01) . S s

' A positive relationship exists between reproductive
condition and body weight in males as well. Due to small
sample sizes, it was not pPossible to compare the body weights
of scrotal and non-scrotal males within each study period and,
hence, control for environmental factors such as resources,
cllmate, season, and populatlon differences. Combining '*:

the data for three study period, however, revealed a

significant difference (t

tshar =‘3_5o{ P<.0l1) in body welight

I
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Table 4.10. Body weights (g) of D. merriami females

at different reproductive stages.

Non-reproductive Pregnant Lactating
Mean 35.5 (2.50) 40.9 (2.50) 38.1 (2.80)

Sample Size _ 17 16 14

LY
' L]
’
- F
B \s
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between scrotal (x = 38.2 +3.9 g), and non-scrotal (§ = 34,9
-y

+2.9 g ) males.

Climate and Reproduction: It is interesting to note that

.

Deep Canyon received 25 mm of rain for the months July to
Novembef.' in the fall of 1981, the year that 50% of the
females exhibited breeding activity in December. On the
other hand, 58 mm of rain fell in 1980 and 116 mm fell
{(including 91 mm on one day in September} in 1982_over the
-same time period. 1In December of these years no females
were in reproductive condition. Unfortunately we were not

in the field beyond December to.record the onset of_thp
: - oo
breeding season these years. It may be the case that
excessive rainfall~interféreg'€ith the normal.germinaﬁion

of annuals or whatever cue happens to trigger repioduction.
It is also possible that flooding éctually washes awa{ much
of the seed crop. Npﬁetheless, the relationship between the
optimal amount and timing of fainfal; for good annual plant
germination (Beatley, 1969} and the eéfiiest breeding
recorded oye% the three study periods i;‘interestfhg ahd
consistent with éeafley'g evidence for a relationship between
precipitation, greén vegetétion, and i:productive activity.
It was noted, hbwéver, that surface growth of herbaceous
veéeﬁation was ﬁot necessary fJf_the successful rearing of

offspring. For instance, female 1314 gave birth to at least

one offspring in late January and successfully weaned the

.

. O
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pup by mid-February (see earlier results) when annual
vegetation had not yet appeared. It is possible that this
female obtained free water from sub-surface growth or

perennial leaves, however.

A

Discussion,

r

+
A comparison of the reproductive tactics of mammals

reveals a diversity of patterns which defies taxonomic or
ecological categorization. Mammals solve very similér
problems of reprbduction in a variety of ways (see.bonaway,
1971; Weir and Rowlan%s, 1373). .
Rodents in general possess several traits Which
indicate that they are rela®ively "r~selected” mammals.
In most rodent species the life expectancy of .an individual
»
attaining maturity in a natural population is probably
rather short, perhaps on the order of only.a few months.
Consequently, a general characteristic of an r-selected
rodent should be the capacity to produce many offspring
over a short period of time. D. merriami, though. typical
for/ a rodent its size Qith respect to some reproductive
traits, possesses some traits which indicate that it is
relatively "K—sélected"x
Conaway (1971) and Weir and Rowlands.(1973) suggest

that short estrous cycles should be associated with high

- m
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turnover prey_ species; that is, rapid recovery from a

non-pregnant cycle should he strongly selected for in species
with shoft life expectancies. The non-pregnant estrous

cycle of D. merriami, however, is relatively long at 11l-14
days compared to several small rodents including Rattus

species, the house mouse, and the golden hamster which have

. )
cycles ranging from four to eight days {Conaway, 1971).

The'physiological explanation for the difference is

.

straightforward. Our studies reveal that D. merriami has

.

spontaneous corpus luteum formation after spontaneocus
: {
ovulation, a pattern similar to the guinea pig (Wilson et al.,
B ‘

-

8 '
"in.prep). It has been qggopstrated in many mammal species

that secretion of progesterone from the corpus luteum

inhibits a return to the“estroué condition (Weir and 'Rowlands,
. 1973}. Corpus luteum formation in the aforementioned
myomorph rodents, on the other ﬁand,'requires the stimulation

of mating. If, for example, a sterile mating occurs in

~

these species, a luteal phase~or'“psﬂédo-pregnancy“ of 9=12

" . .
days follows, after which estrus is reinstated. N,

Exactly why D. merriami has a épontaneous luteal phase

as opposed to a phase ‘induced by stimulation, from an
-

evolﬁtionary view, is more obscure. A provocative argument

i

is that spontaneous corpus luteum formation phyletically

preceded.the induced‘pattern which aroge in a later peribd

in high tu:ggyer Prey species (Weir and Rowlands, 1973).

An gbservation consistent with this hypothesis woul% be that
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kangaroo rats and other rodents with spontaneous corpus
luteum formation have longer life expectancies in natural'
populations *than do rodents with induced corpus luteum
formation. As pointed ocut in the introduction, however,
documentation of survivorship in natural kangarco rat
bPopulations and other rodent species is poor. Thus it is
difficult to examine the relationship between pepulation
turnover and cycle length across Species,. Furthermore,
questions‘pertaining to the phylogeny of estrous cycle
length are cloudedtfor at least two feasons. Fi}stlyh

observations of nom-pregnant cycles in natural populations

are rare even though these same species may exhibit quite ‘ s

" regular cycles in the laboratory. Conaway (1971) and Weir

and Rowlands (1973) make the point that "'under natural
conditions the trous cycle may not normally he involved
in reproductive acWivities and, therefore, selection pressure

would not have acted on its length. Secondly, even if one

could demonstrate high turnover in species with spontaneous

. : .
corpus luteum formatipn, the question as to whether the

species possessed the Physiological preadaptations or
genetic variability to develop the pattern of induced corpls

luteum formation would remain.

Another 'way in which some rodent Species (e.g} many

microtines, cricetids, and murids; Cohaway, 1971} enhance
| .

their reproductive output is by a postpartum estrus. In these

.

speciés the female becomes sexually recdptive within hours

L 3
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of parturition and apparently even between the delivery of

offspring (stated in Weir and Rowlands, 1973 without giving

r

a specific reference). Although delayed implantation Br

embryonic diapause may occur with postpartum estrus, the
lnter-brood interval is SLgnxflcantly shortened..
Consequently, this strategem allows a female to preduce a
large number of offspring over a shott.period of time. For
some species there may be a limited périod of time in which
th: chances for survival of the offspring are maximized.
Furthermore, a postpartum estrus would lead to rapid . .
re?lacement if a litter is iost eaily.

There is-no evidence for a postpartum estrus in b.
merriami from ourllabﬁggtggx and field observations,
Observations ot e;ternal genitalia and‘inter—brood intervals.
of 50-60 days under natural conditions indicate that females
come into estrus in late lactation or shortly thereafter and
estrus occurs at three to four weeks postpartum in the
laboratory as well. , '

Comparative.ﬁammalian development .is a-complex'topic

due to the variety of factors which may influence

developmental rates including-the absolute size of the female,
; S ‘ .

_the degree ef enqephalization.of the young, ‘the relative

metaboli¢ rate of the female, and the structure of the
placenta (Eisenberg, 1981). Although it is beyond the scope
of this chapter to treat this topic in great detail, I will

show that D. merriami‘exhibits developmental patterns similar



124

- -

to other rodents of its size on two measures presented by
Eisenberg (1981).

In mammals generally, gestation‘length tends to
“increase with increases in body size (Kihlstrdm, (1972},
but the condition of the young at nirth may be highly
variable; ranging from altricial :;d redquiring_substantial
patental.care to precocial end requiring little or no
Parental care. To control for the condition of the young at
birth,'Eisenberg (1981{ considers the relationship"between
adult body size and gestation‘length pPlus the number of days
to eye opening (Figure 4.10)._~C1eariy D. merriami falle
well within the deeelopmental range for myomorph anq‘
sciuromorph rodents.

It is also well establiehed that the nnmner.of days-
nequired to reach adult body size increases with adult body.‘
size (Eisenberg, 1981).- Figure'4.11 shows that the postnatal

growth rate of D. merriami falls between the smaller Baiomys

and the larger Neotoma and Spermophilus. Although s

growth rate at the earlier stages_is slightly faster than the
‘smaller Ochrotomys, it is clear that the postnatal growth

pattern of D. merriami is typical for a rodent its size.
Observations of behavioral“development, ineluding'
locomotion, grooming, and social interactions, indicate that

laboratory-raised D4 merriami are probably quite independent

of, their mother by three to four weeks of age, about the time -

.

-

of weaning. The timlng of reduced maternal nest attendance
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Figure 4.10. A comparison of D. merriami with selected
myomorph and sciuromorph rodeénts with'rhsbect to. the
relationship between body weight iyégla)'and gestati?n iethh
+ days to eye opening. The polygon rébres;nts the outérmost

(i.e. range) of points for diffegent'apecies (from Eisenberg,

kS

l1981).
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Figure 4.11. }A comparison of the D. merriami body weight

curve to the weight curves for selected rodent species.

0= D. merriami, *= SE,ermthilus (>500 g), A = Neotoma

(100-150 g) . A= Baiomxs (9-12 g}, ang I= Ochrotomys (22~25 g).
{(£¥™om Elsenberg, 1981) '
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and the pups' emergence from the burrow boxes is consistent.
with this con;lusion. The two field observations of.

excursions from the natal hurrow by a female and her pup
and age estimates for %éveral captured'juvgniles indicate
that pués emerge at three to four weeks df‘age and begin

maklng lndependent excursxons at four or five weeks of

age (see also Jones, 1982)..,

Ay

Laboratory and field data demonstrate that females

2
may become sexually mature at less than two months of age.

Consequently females may breed in their natal season. Although
l"d

"I have documented one flrst Year. female brlnging a litter to
/
full term, whether this is a common occurrence is not known.

\'.

Cenclusion

I began this chapter with a brief discussion of

e

life history thep%y which assumes that a reproductivé tactic

The ﬁrimary "decisions" animals must make regarding

reproduction are at what age to Breed,.how often to breed,
,what:size brood to produce, and what size-offspring to
produce. Some relatively definitive answers to the;e
questions have béen.providéd by th;-preceding.results and
d@scusgion. Q.,merriami possess'some relatively consérvativé

reproductive traits compared to some other high turnover

R e SR

e ————
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prey species. For instance, the relatively long estrus
cycle, the probable lack of a postpartum estrus, and small
lltters suggest that thls species, and very likely the
en%ire genus, either has not been subjected to éelection
pressure for high reproductive output or is subjected to
environmental factors which limit reproductive potential.
Obviously the phylogeny of reproductive traits is difficult
to establish and the assumption that reproductive traits
‘;ossessed by this species- are indeed adqptations to desert
exiétence is tenuous. LA detailed comparison of the reprqduct~
ive traits of‘kangaroo rats with those of non-desert genera
of the'same family (i.e. Liomys and Heteromys) is needed.
Progress towara a full uhderstanaing of the life
history of D. merriami is impeded by the-lack of information
about.surﬁivorship in natural populations and aﬁe-graded
fecuhdity and hqﬁ thesg_factors interact with ecological
- circumstances (é.g; populagion density, resource availability,
or predator'density). -An'important éuestion requiring

-

this type of information, for example, is what the rposts of

reproduction are in terms of phy31010g1ca1 decrements or
increased risk of predation. Likewise, is it better to ’

invest less in regproduction as a young female and to invest

more with age (see discussion of reproducttive value and

effort in introduction)?

The literature and our field observations indicate

-~

* that kangaroo rats are solitary creatures. Males and females

e



do not share burrows nor -do males caré'for yo It is

possible that mating Tonstltutes the only significa
lnteractlon between conspecifics. As a spontan;ous ovulat
behavioral estrus in D. merriami méy last for only a few
hours two or three times a b?eeding season at intervals of S0
to 60 days. Furthermore, if females mate promiscuously
there would be, perhaps, liQEle advantage to maintaining
specific social relationships.f On this basis, one might
Predict that D. merriami should be qu;te asocial. On the
other hand, litters are small and there is evidence that
juvenile\mortality exceéds adult mortality (Prench et al.,
1967), hence there are probably few Juvenllés available for
recrultment £o xistlng populations. Consequently,_
populatlonsrma .have,relatively low turnover and stable age
cla;s structurkes (i.e. once adulthood is reached and a stable
hoﬁé range is‘estahlished, animals maylbe guite long;lived).
Undef‘these.conditions the opportunity forta stable social
structﬁre and distinct social relatioﬁships should exist.
Fo¥ instance, the maintenance of specific social relationships
ghroggh direct soc%al'contact,rspatial,prqx}mity, or
olfactory communication (e.g. scent-marking by sandbathing)
ﬁay be important to reproductive activities in regard to mate
. ‘

choice and/or intrasexual competition. The maintenance of

specific social relationships may be important for non-

reproductive activities; for example, with respect to -

competition for food, burrows, or territories. Furthermore,

e 131
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the opportunity for nepotistic behavior may exist in species

v - s )
with low turnover and a stable social structure (see, e.g.,

Jones, 1982; Sherman, 1981). ﬁ

“
L]
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Determinants of Surface Activity Variation

) Animaldh must budget their time and energy for
aé;ivities which contribute both directly and indirectly to
reproductive success. For kangaroo rats, some of these
activities, including foréginJ; sandbathing, and social

.

interactiéns, must be barried out aboveground. Thus a
kangarco rat must “decihe“ when to emerge from the relative
safety of its burrow, how much time to spend aboveground,

and how to allocate its time aboveground to different
activities. These behavioral deciéions are important if

one assumes that individuals irnkur certain costs (e.g. energy

expenditure, pred@tion'fisk, or climatic stresses) and gain‘

certain benefits (e.g. energy, nutrients, or matesg) as a

. * ' "
" result of their aboveground activity. 1In theory, ‘one

should be able to measure the‘tradeoff-betweeﬁ these costs
and benefits and detefmine the ultimate net payoff in terms
of units of biological fitness. A factor which shoﬁld be an

important determinant of the costs and benefits of surface

activit} Is an inhividual's reproductivg potential or

. apécity (which may be related t? sex, reproductive condiﬁiqn,k/

ocial c¢lass, etc.). Since reproductive potential varies

133 .
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between individuals and, indeed, for the same individual at

follows that the costs and benefits of

v

surface activity will vary as well. It is assumed that these

differences will be reflected by variation in several indices
of surface activity} including the proportion of time spent
abovegroﬁndt th létance moved o§ef specified time periods,
home. range size, and habitat utilization patterns.

The focus of this chapter is the relationship between

such individual characteristics as sex, reproducti?e condition,

and size-class and the surface activity of free-ranging.D.

merriami as determined by radiotelemetry. It is first
necessary, however, to‘review several sgmthat diverse topiFs
wﬁiqh provide the theoretical and informational framework

for the presentation of the radiotelemetry data in thfgj'
Ehapter and the chapters to follow. !Since a major aim of

our studies is to elucidate the socio-écology of D. merriami,
a brief outline of this approach will be presented. Next,

. s .

the observed variation in surface activity by kangaroo rats

in relation to sex, reproduction, season, and moonphase will

be interpreted in terms of -a cost-benefit analysis. Third,
I will discuss studids pertainimg to the free-ranging
patterns and spatial relationships ekhibifed by three

kdngaroo rat species including D. merriami.

) .
LY . Y

’
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Socio-ecology ’ : .

o«

Socio—eco}ogiéts assume that a population's social

structure is the prqQduct of complex interactions between

individual behavior patterns for mating, rearing of progeny,

resource exploitation, and predator avoidance. In order to
simplify the analysis of social systems, Crook et al. (1976)
consider these behavior pattgrns to be "functional subsystems”,

T

despite their non-independence. How animalss carry ocut these

subsystem activities is determined by ‘both intrinsic ({(species)

and extrinsic (environmental) parametefs. The former may
include thé intensity and duration of ;arental care,
susceptability to pnedators, body size, mobility, and

\ 4
foraging and feeding \patterns. The latter may include the
spatiotemporal distribution and/or density of ¥ood resources
and potential'predators;  An }mportant task of a socio-
ecological analysis is tﬁe assignmeqt of these parametgrs
to tpe behéiioral sussystem(s) to which theylaré important.
For instance, mdbility may be relevant to matiﬂg, resource

exﬁioitation; and predator avoidance, but not to the rearing
" - :

‘The ultimate goal of the soéio—ecoloéical

—— v

of offspring.

is £o incorporate intrinsic and extrinsic parameters

into a del of the structure‘anﬁ function of é&%ﬁal systems.

»

One of the goals.of this thesis is to éluci&ate the

al relationships,

L

relationships between activity Eégterﬁs, soci
and intrinsic and extrinsic parameters.

The remainder of this section is a summary of the

PO .
) -~
» i) : -

:k ' . ) -
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information about kangaroo r#ts pertinent. to the socio-

ecological approach broken down into the subsystems described
by Crook et al. (1976). Since many of the facteors important

to a species' socio~ecology are highly interrelated, some

redundancy in the concepts présented below will be apparent.

Mating: The male-femaliair-bond in Dipodomys is apparéntly

short in duration, per

s only spanning the time necessary

for a very brief courtship (15-30 min in duration) and mating
(1-6 min in duration). For instance, Kenag} (1976b) observed
"no subseguent interactions between a male and female D. micrégs
after a single cop&lation ip’the field. It is not known
whether D. merriami have a polygynous 6r promiscuous m;ting

system., Likewise, how mate choice operates in. this species

. - .. o - . o
remains to be determined. . .

Rearing: Like most mammals, male kangaroco rats apparently

do not invest in their offspring after copulation} Femélés,

.

on the other hand, appear to invest quite heavily in their

- Lo

offspring unéil wténinéwat approximately three weeks
- ~ -
postpartum (see—SdH;;;, 1978). Our field observations (see

. . /4
Chapter 4) suggest that the mother-offspring bond in D..
merriami does not persist much beyond four or five weeks

i .
postpartum. Two juvenile females dispersed distances of

approximately 100 Eﬁ(zng/m from their natal burrows while

the déms did not move.

We have no information about

-r
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. !
dispersal by juvenile males in our study population, but

males in a southern Arizona population apparently disperse

.o < . . o . .
at least to the same extent as fgmales (Jones, 1982)., It
is not known whether close relatives maintain differential

social contact compared to non-relatives after dispersal.

t

Resource Exploitation and Predator Avoidance: Three parameters

- '

important to social systems (Crook et al:é 1976) are’gqmmon

to- both the resource exploitation and predator'évdidancq-

+

subsystems: (1) group size,'(2)'group stability, and (3)

' refuge or cover utilization. A fourth parameter relevant to -

Vi . . . .
the resource exploitation subsystem is range exclusivity.

From all the evidence, D. merriami Iivg,ifrage, and avoid_

predators solitarily. With respeét to the fhird parameter,

4

. phis burrow-dwelling species may be tbrmed a temporary refuge-

- ~ ’

user; individuals spené the daylight hours and several hours

at night in relatively safe and benign burrows while certain
. A} -
activities-including.foraging, sandbathing, and social

Ainteractions are carried out aboveground.

Range use and the séatial relationships of D. merriami

are not well documented. A review of the trapping data .

(Maza, Frénch, and Aschwanden, 1973; O'Farrell, 1978,1980) °

“and radiotelemetry data to be presented 1atér indicate that

animals' ranges may overlap quite exteﬁsively although
individunals may maintain a relatively exclusive “core area"

é}oupd their home burrow.,
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Intrinsic (Species) Parameters: Crook et al. (1976) 1list
five intrinsic parameters which may set important constraints

" on:thé type of social structure that a species can develop:
LI . . ~

(f) the duration and intensity of the mother-infant bond,
(2) the susceptability of the Species to predators, (3) body
size, (4) ﬁobility of the species with respect to speed of
movement and areal range cqpac'ty, and )5) the speciess=
t&pical foraging and feeding patterns.

The intensity of the mother-infant bond has important

ramifications for-social structure. The presence of offspring,

.for example, may very well affect a female's interactions with

conspecifics of either sex (e.g. defensge of natal burrow}.
¥

In addition, the duration of the mother-infant bond may

dicti‘e how 6ften a female breeds'duriné the reproductive

. . N €.
season. Since D. merriami young mature rapidly and disperse

during their nhtal seasoh, the female may have the opportunity

for multip;é breeding. 'The likelihood of estrous females

o . /
being available at various times throughout the breeding
season should ihfluence ranging pﬁtterﬁs, spatial relatiohships,

o '
social status or dominance relationships, intrasexual

competition, and mate choice.
The susceptability of_a species to predation and its

modes of defense will also have important ramifications for

social structure. As small, relatively defenseless rodents,

D. merriami are probably highly susceptable to p%gdé;ors,

'although previous data on pPredation are quite sparse (see

- N



139

French et 1., 1967). It seems likely that predation is a

-,

selection pressure which limits the amount of- time animals
] [N :

spend-ahoveground and, consequently, the frequency, duration,
and intensity of social interactions. Furthermore, there
should be selection against social aggregations if these
_aggregatiens increase the detectability of the potential
prey 'without aidinfg in their defense against predators. ' S
In several‘respects, body size”may be an impo;tant
determinant of‘social behaeior. For instance, boey size in
conjunction with resocurce distribution and/or density will
determine the area needed te meeat energetic demands. In
Chapter 2 it was_snggested that intgrspecific competitien
between pocket mice and kangaroe rats, and the la;ger size

of the latter, forced kangaroco rats to specialize on widely

. . * .
dispersed clumps of seeds. Lonsequently, kangaroo rats may

=
-

regquire father large and, perhaps, overlapping home ranges
which may, in turn, lead to frequent encounters between
’conspecifics. Under such circumstantes, one'might expect the
‘development of . certain social responses which modulate

-encounters (e.g. discrimination between neighbope and

strangers). Another way in which body size is important to,
social structure is through inter- and intrasexual size:
relationships. Sexual dimorphisms in body size are apparently
‘intimately tied to mating systems (Ralls, 1977) and intra-
sexual size differences (e g.rrelated to age—class or'

e ’ .

differential access’to food - resources) have obvious
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imélicd@ions for intrasexual'sociai_relationships, dominance,
cJ;;;titionbfor resources, and so forth. D. me;riami'show
only a slight degree of sexual dimogphism in body size #
(Chapter.4). Moreover, once individqals reach maturit?,

within-sex variations in size are similar for males an

females, This su éests that laréer bodyﬂ§ize in males

confers no gre dvantage with respect to reproductive

success. %ale—ﬁ le competition leading to differential

acgesé to females and mate choice, if indeed they are operative
P .

in this spegfes, are probably not stroﬁél} related to

Ld

differemfes in body size.

The: mobillty of a species should lnfluence the number
¢ 1Y

of conspecifics an i ;%VLdual pay potentlally encounter in its

e

ranglng activities< Kangaroe rats are highly mobile animals

ue to eir powerful ;éar 1e;g'and'bi§eda1 locomotion.
. e

ALt ough bipedalism in kangarpq1rats has been posﬁulated to

- ) - -

. . . - ) .
serve\fo d&ng, Predator avoidance -(Bartholomew &nd Caswe%&ié=g'

1951), and energy éavings functioﬂs (Dawson and Taylor, 13}3;

Dawson, 1975}, this high mobillty alsmo " Prevides the powentlal

for individuals to monltor and/or 1nteract with several

R

conspeciflcs over sh3rt time perlods. Thq_degree-of

_mohility or ranging of D. merriami will be a major focus of

v

the results section.
.. . r . ¢ i
As mentioned before, D. merriami inhabit environments

with fluctuating resource distributioﬂ\§éd/or density.

Consequently, large fordging ranges may not be economically

o
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defendable in the sense that one would not expect animals

to waste tlﬁgfan ‘energy or rlsk injury or death in

aggressive encounters over food resources. On the other

hand, this species does establish small surface caches

—
around home burrows which should pe defendable. Thus the

likelihood of adgregsive encounters between conspecifics
might ;;Ha&sbance-graded; éncounters in the immediate
vicinity of an individual's home burrow would be aggressive

whereas encountefiyjrcurring at mutually distant locations

would be relativelwy./passive. The results cqncerniﬁg spafigl

-relationships and social interactions between individuals

will-be presented in Chapter 7.

Fxtrinsic (Envirénméﬂtal) Paramete;s: At least two éx;rinsic T
parameters are thought to influeﬁce social sfructyre:-(l)

the spatiotemporal distribution and density of food resources
and (2)'£he distriBution, densiéf,#and ﬁdde'of hunting by.-
.potential'predators-(Crook et al., 19786). An 1mp11cation

of environmental 1nfluences on social relatlonshlps is that
different populations of the same species may exhlblt qulte
dlfferent social systems (Lott, in press).“For instance,

a 1oca} population inhabiting an aréa with apundant, evenly e
dispersed food resoﬁrces may exhibit relafﬁvély exclusive, .
well-defined territories,_.Individuals may belfamiliar and/or
interact only with adjacent territory-holQers. On” the other
hand,.populations inhébitiné areﬁs.wiﬁl?spgfse, patchily

f. | .' F\\ " "

.

nknisihabinde's
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L
distributed food resources may exhibit large, overlappiné
home ranges which are not économically dgfendable. As will
be shown in.CHﬁpterl7, thisAseemsito be the case for D.
merriami. In this situation, individuals may very well be
socially familiarAwith several conspecifics. Alth;ugh it is
likely that kangarxoo rats live in a variety ;f habiéats
ranging between the two extr;més, it is difficult to
evaluate the relevant resource conditions of the different
habitats. As a conseguence, detailed examinations of the
relationship between resource. conditions and social structure
have not been carried put.

The effeqts of. predation on social structure remain
unstudied as well. D. merriami are faced with a variety of
avian and terrestrial predators. On-our study site;, for
example, kan;aroﬁ rats must contend with great horﬁed'owls,
'loggé;head shrikes; cofoées, three fattlesnake species, and
several non-venomous* snake species. . Kangaroo rats may
reduce their risk from some of theséipfedatoré.by limiﬁiné
the duration éf their aboveéround actiﬁity, especially to the
necturnal predators which take prey on the surface. Other
predators, for~exémple the coachwhip snake, probably tékg
kéngaroo rats in their burrows and, henge, may noﬁ exert

significant gelection pressure on the aboveground behavior

of these aﬁ%mals. '

-
rtict-Y
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Individual Factics

To reiterate, the data presented in this chapter

address gquestions concerning the relationship between surfjce

activity and individual characteristics. For heuristic
: -

-

burposes, it is useful to return to the perspective of . the
individual as a "decision-maker".where the ‘behavior maximiziﬁg
the net benefit in"terms of some biolbéiéél currenc& is'
chosen (%ee, e,g.,.ﬁaynard Smith, 1976; McFarland, 1957;
Parker, 1278; Pyke, Pulliam,.and Charnov, 1978). Too little
is known aboué the behavior of D. merriémi to apply optimalit?.
models with any quintitative riqor,.but é cééé;benefit e

perspective provides a useful heuristic for considering the

function of behavior. Roseénzweig (1974) developed a

qualitative graphical cost-benefi odel of the abovegrofind

for this model was

activity of D. spéctabilig. The impetu

a2 report by Lockard and Owings (1974) that D. spectabilis

we}e inactive during moonlight hoﬁrs in the fall and winter
but became Lﬁdiscriminate in the sprihg. Loaka}d é;dnoyings
suggested that g.'sEectabilis were active during moonliéht}‘.
on the shorte? spring nighfs.in order to meet tﬁeir energet%p
.

requirements. According to Rosenzweig (1974) this

explanation was inadequate because at no time were animals

LS

active during the entire dark period of nights with moonlight.

In response, Rosenzweig presented several alternatives in the

form of graphical models to account for changes in ahoveground

activity seemingly related to moonlight. The general model

N v bne .

e e e S

et — A e .

- e ka1
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where the” concave function represents the ﬁortalityrfégk due

£ predatbrs or climatic factors such as cold or heat and the
sigmoidal function reprefents reproductive capacity. Animals

must spend some7minimum amount of time aboveground'to meet

} =R

_éﬁheir bésal energetic demands. After the exposure time

where the benefit curve rises above the horlzontal axls, the
/

anlmal has to decide how much time to spend aboveground

'engaging in other important activities. By increasing their

. For instence, seasonal differences in predation risks may

time abovegréﬁnd, however, animals increase their risk of

-

mortality qﬁe to predators and/or climatic stresses. According

to the model there exists-an optimal exposure gime,‘Ei,‘that
maximizes reﬁ&oductive success; exposure timeSngeater or
less Fhan fi.yie;d submaximal returns on investment. F?om
this general model, %&:15 easy to generete plaugﬁb‘ H

explanations or predictions about the variation between |

individuals or for the same individual at idifferenf times.

affect aboveground activity. Predation by snakes is highest

in the spring and summer so the cost of aboveground activity
. ’ S ~ oo
per unit-time dur{ng this;period will be higher relative to

fall and winter (assuming that moriality due to other predators

does not decrease). Consequently, the.eptimal exposure ti@e

and

will shift to the left of the fall and winter Ei




Figure 5.1. Cost-benefit curve for surface activity by

a fossorial rodent:. The concave function represents
mortality risk_and the sigmoidal function represents
reproductive gapacib& (i.e. the benefit function). é and

1
&y represent optimal exposure times with different cost

‘functions (see text for a detailed discussion).. (from
3-,"

—— I
Rosenzweig, 1974)
e .

%
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. 1
activity which counteract pressures for‘a reduction of
i ]

activity. During the reproductive season it may be necessary

to spend more time aboveground to acquire mates or meet

. - . s
the increased energy demands of ;Fproduction.’?Clearly, a //—\

thorough understanding of the conflicting demands. confronting

*

a animal is necessar? to generate adequate cost-benefit

8

curves, ' : //’* . ‘ ‘ -\\\_/J

Field Studies of Dipodomys Social Structure

L4

. Few studies have expressly addressed questions

.+pertaining to kangaroo rat social organization in the

natural environment. Schrodgr-.and Geluso (1975) ﬁéamined

the home mound dispersions of D. spectabilis and@ Schroder

(1979) used radiotelemetry to determine the home kange and

~habitat utilization patterns of this same species. Home

ranges 4and, spatial relationships have been determined-/for
D. microps and D. merriami using captg;e-ﬁark-recapturé.
techniques by Maza et al. (1973) and O'Farrell (1978,1980).

A generalization stemming frpﬁ-tﬁgzs‘studies is that kangaroo

-t

rats have a closed-dispersed social structure; ind%}iduals

occupy regularly dispersed’home burrows andt%filiza home.

ranges in a manner minimizing range overlap and, presumablx,
B . - M L

confrsgpations with conspﬁ?&fics; Laboratory obgservations
) . : . r

of intrar and interspecific social behavior tbnd.to support

. \_f'\ . .
differences, bdtwéfen- and &ithin—sex pdired-encounters tend

- »

this.gﬁgefalizziién. Although there are interspecific

.
L]
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td_be aggressive and occq&}pnally fatal except under breeding

s

conditions {(Eisenberg and Isaac,A1§63; Blaustein and Risse%]
1276; Behrends, 1981). It hés not.been demonstratgg,
however, thgt the high degrge of intraspecific aégression
ocbserved in the laboratory occurs in natural circumstances

Y

and/or serves as a mechanism for territorial defense or

social dominance.. _— . '
Th; existence of‘a closed—d;spersed social structure
. need not imply that socio-spatial relationships are static.
Space use and inter?individu;l rélationships will vary as a <L
function of éeveral factors.iqcluding br;eding condition,
season, reséurce density and distributio;, and pogulation ‘n“a
density. Ehé_varianbe in ranging behavior and i;?tial.
b

relationships by three kangaroo rat species %}v- een_

lnvestlgated usxnzf&rapplng technlques and ;dlo eIemetiy
Maza et al. (1973) ca..rr:Led out a seven yea ) }

. ]
enclosures were cernSused monthly. Desp¥te the guestion
validity of ;rappin ~foPr.estimating ab ize

and éctivity patterns (Chapter 3), these data are useful |for

1.

\
{ merriami lay within a 37 m radius of the individual's center

-

of activity (i.e. one'staﬁdard deviation based an a normal

exam{{ing‘the effects of sex ‘and season on behavior.

repokt ‘that 39% of the captures for male-afhd female D.

. o . : .
model) whereas for D. microps these values were 27 m for

males and 25 m for females. A breakdown of ranging patterns -H/
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- D. merriami were llkeller te be captured on two dlfferent

149

by season revealed that D. merriami of both sexes had larger

summer than winter ranged. Furthermore, the longest excursions

were by reproductive male D. merriami in the spring.

Differences in ranging patternsg between D. merriami and D.

microps were noted by Kenag¥ (1973a) as well. 1In ividual

quadrats 62 m apart (28 times by 11 1nd1v1duals) than D.

mxcroEs (only once). . ~ . i

By trapping a grid several nights every month for a

vear, O'Farrell {1978,1980) was able to investigate dynamic

changes ln,intraspecific spatial relationships in relation to

sex, reproductxve condition, and season. O'Farrell concluded

that male-male spatial overlap was greatest during . .'

‘reproductlve act1v1ty in the winter and spring. To a- lesser .

extent, the pattern of male-female overlap was similar. .Home
range sizes, shapes, and orientations, as determined by Y

prrnc&eal components analysig’ (i e.’ yielding elllptical home
LY

ranges),‘differed seasonally as well. 0 Farrell suggests

-

,-——"'".-
that these seasonal dszerences in range ove?iap, shape, ‘and

sizae, reflect changes in.the population structure (e. g. the

influx of juvenzles), resource density and ‘distribution, and

.-~
)

reproductive behavior. . S o o~
. ~ . ‘,fk\

‘Radiotelemetric data on the ranging-patterns and

spatial‘relationships-of D. spectabilis-collected b}ISChroder

(1979) are markedly different from those based on trapping
! \ ) .

for D. microps and D. merriami. Schroder found that b.
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spectabilis coﬁfined much of their surface activity to a

small range of about 0.05 ha around a centrally-located

home mound. In fapt, only 20% of the ?ggio fr¥es found,
animals more than six.meters beyond their home monnd.

Memsers of this species are probably territorial because

they maintained very exclusive home‘ranges. An interesting
flndlng was that male areal home rhnges were thce as large

as female ranges. In further contrast to the flndlngs for

D. merriami and D. microgs, there was little apparent seasonal

a

variation in D. spectabilis .home ranges. Comparisons between

spec¢ies based on differen

AT

field nethods must, however, be

treated with caution. Upon comparison of the radioteélemetry
. Cwr

and trapping techniques for estimating the spatial overlap

of particular iggiyiduals, Schroder found that analyses baSed”

.

on trapping data overestimated spatial overlap.

Several points can be made from these field studies.

First, Schroder's (1979) study makes it clear that-

-

‘radiotelemetny and trapping may yield guite different' home

‘range and activity results for the same i idual>_ As was

discussed in Chapter 3, radiotelemetry eliminares man} of
the biases in estimating gurface acfivity and home range

parameters associated with trapping data. Second, it is

‘apparent that Lnterspecific differences in ranging and spatial

relationships exist. ~The 1mplzcations of these findings for
interspecxflc dlfferences in_ kangardo rat social structure

remain unknown. That species differ pn.these surface

;
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N .-

ractivity measures is, perhaps, not surprising in Yight of
’ ‘ ’
the interspecific differences in body size, foraging and

feeding ecélpgies, and geographical distribution- (Chapter 2),.

v

These factors, in conjunctién with differences in resource

- distribution, will influence activity and habitat_utilization

-

patterns. Ekactl? how these,intrinsic and extrinsic factors
- .

- .
interact to yield the observed interspecific variation-cannot
be evaluated on the basis of the aforementioned studies.

The variatiom in'ranging and spatial relationships By

. ' s . I/ Y
D. merriami in relation to sex, reproductive condi ion, d

season is particularly interesting. An,implicatTBﬁ‘ﬁf these

results is that indi;i&uals behave differently with changes

- .
in their physiological state, resource conditions, and the

density and behavior of conspecifics. Unfortunately Maza et

al (1973) and O'Farrell (1978,1980) did not Presernt their

findlngs in sufflcient detail xo exak}ne lndividual behavioral

K’\ : l‘. - L4

strategies. - -
- 0 K——
LTS ‘ N . “ L]
The Present Study
P The remainder of this chapter focuses on the surface
r

agtivity patterns of D. merriami in relation to study period,

se oductlve condxtlon, and ¥ q_ze—class as revealed by
. . ~
= radlotelem try. e’approach taken here is that inferences

about ‘a species' soc1al structure by examining
the activity §atterns of individuals. If, for ‘example, somhe

males range more widely than others, one might hypothesizeqTfL\

SN

P L
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- that these differences reflect dominance relationships or
. . .
differential access .-to resources such as food, territories,

ér mates.

' In the interest of simplicity, the analyses presented

here are restricted to relatively straightforwar

activity includihg (1) the mean distance moved between

. ‘ successive radio fixes (D), (2) the averade-deviation from an

-

individual's nightly center-of-activity (SD-COA), (3) ‘the u/q\

- “percentage of radio fixes ah animal was determined to be on

tﬁé surface (%AG), and (4) the distance between an animal's

nightly center-of-ac¢tivity and its day burrow location
- <

QA-DB). 8Since these inaices are based on Eime interval

sampleg rather than cgdiinuous observation, they are not to

-~

measures are useful for reIative,cbmparisons‘of activity by

r the same individual’Ft different

dif‘jérent individuals
.- s -

t%més. One seeming difficulty which may become apparent in

.. o thgu;des to follow is that in some cases groups will

y differ statistically on one measure but not another. Although

A s
b
|
1
! , | - -
LFJ/ be taken as absolute measures of activity. Nonetheless, these
i - _ N '
]
|
|
1
|
:'
1

Ahese activitf meaguresftend to be correlated, they are, in.
fact, sensftive to different aspects of behavior. Moreover,
they may be différentiariy affected by the sampling procedure.
TQe average move between'sdccéssive fixes, fof e#é@ple, is'a
sﬁraightforwa;d and eé;ily calculabie_stat}stic which.sefves
; well as a relﬁtive index of- activity. It is also ugeful f0f

! _ examining temporal behavior pa tern;} Madison (1978, )

A
=
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however, found that this statistic~was sensitive to changes
in the sample in®erval. A resultant limitation.of this
measure is that combarisons tan only be made when the sample
intervals are similar. The deviation ground.a nightly.
center-of-activity,.on the other hand, is relativély imper-

vious to chahges in the sample interval (Madison, 1978a).

-

A statistic-summarizing the proportion of radio fixes finding

' the animal on the surface provides very different information

from the movement indices. Some animals with relatively

low movement scores were frequently observed on the surface

afognd Fheir‘home burrows. The "percentage aboveground"

statistic é;sériminates between sédentary-surface-éctiye

’ . |
individuals .and sedentary surface~inactive individuals..
Finalfy, the statistic concerqing the d;étance-hetQEeh an
animal's center-of-activity and its day'burroy is inéeregtihg

because it provides information about how animals distribute

théir activity spatially with respect "to the safety of their

Y _

home burrow. This statistic may thus be useful for examining

"risky" behavior. o

Y

¥
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Data Analysis

- .

Data Selection: Data collected in study periods 1 ang 2 were -

' P

selected for analysis B ing the same criteria. For nights
L ) ‘

when data were collécted between dusk and midnight, the
. . ) - *

preceding day location and all of the subsegquent night

w

locations were used. For nights when da;:/aﬁgglcol ected

between midninif’&nd dawn, all night locafions plug/ the

lowing day location were usedq™ For study period 3, in

which data were ¢ollected through

t ight, the preceding

day location and the subsegquent night locations were inciuded
in the analyses: Summary.statigtics for animal movements- and

surfa“ctivity were generated on both a per night and
o ’ ) e - ~TA
overall basis. Thesesstatistics were also generated for ‘

females at different re fqductive stages (see Chnptér 3 fon

denéral'methods of'assignment of anestrqs,‘estrus, pregnancy,

and lactation). For‘t;e analysis of movements and activity

by estrous females, only.the day of maximal vulvar swellinq

and the two days surrounding maximal swelling were used,

. For statistical purposes, each animal's data were weighted

equally because there was no correlation between any of the_\k _ /L/
- .

summary statistics and the number of nights an animal was

tracked (D, r = -.,08;

COA-DB, r = -.14; all




-

]

Mean Distance Moved: qpe mean distance moved (in meters} by

b —
- an animal between successive radio fixes (D) is found by the

simple formula f—
- 2 ‘ 2 4
' D = ((x Hpgd  * (v Ye_1) )) /n _
where x and y are the cartelsian coordinates for the stud

site grid, t denotes the present location, and t-1 denédtes

o

;/// - the immediately preceding lB}gtion. n is the number of

locations used for the summary statistic.

-

LR Standard Deviation around the COA: The center-of-activity

(QOA) is the mean x and Y coordinates for n radioc locations.

fhe-standard deviation around COA .is found by the féllowing
formula o v .

L _ &
SD~COA = (((x -0+ (yi - y) )/n)

where % -::x /n and y -;yi/n.

Al
-

-

‘%' Observed nbovéQEOuhd: . An animal was scored as aboveground

if i£ was visually observed or if there wére éhangesnin tﬁe

‘direction of the peak radioc signal indicating movement.  The

dgpdﬁinator,for-the calculation of this statistic was the .

—

numhexr of nigﬁt lbcatians (i.e. not including day burrow

-

determinations).

-~
. L
- . .

Distance Between COA and Day Burrow: The distance hetween an

anlmal's center-of-activity and its day burrow LCOA-DB) was

calculated on a per night basis and a grand mean (i.e. a mean
N
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of means) was generated for the overall statistic for the
reason that animals regularly change day burrows. This

distance was found with the formula

COA-DB = ({COAX - DBX)2 + (COAY - DBY)z)H

/ : '
where COAX and COAY are the x and ¥ coordinates for the COA

and DBX and DBY are the x”and y coordinates for the day burrow.

g Regults

A summary of the radio-tracking data collected over .

the three study periods and included in the analyses below"
- W
is presented in Table.5.1. In study period 1, four females

and three males were implanted with.hormone-secretlng

L

)

silastic capsules midway through the study to examiné éhe
influence of hormonal state on md&émenéé-(tﬁesé data were
;eported'eléewhere; Daly, Wilson,‘and Behrends, 1981); The
data for hormonally ménipulated animals arelpmitted from

Tﬁblé 5.1 and all subsequént_analyses in.this‘thesis so that
all pgﬁparisons are &mong hormonall? unmaﬁipulatéd‘animalsu'

Throﬁéhout‘thg studies, an attempt was made to collect

equivalent Amountﬁkof daka from particular indéxidualg (e.qg.

by rddio-implanting several_individugls over a short time
perioé)h_but @here was Qubsﬁantial variation among indiVidualq
due térgisappearances, predation; eqﬁipmenﬁlf&ilure, and two
surgery-related deaths. As stated above, howéver} the movement

and activity indices used here are relatively unaffected

Ny
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by the number of data points. - (The number o? locations

becomes important for mégéures of range size and utilization
, . .

pParameters, see Chapter 7). Eo:\?alesh,;he range in the

number of locations for differe

- - .

nt/individuals was 14-430

~ar ’ N .
and the range~for the number of nights radio- cked was

2-40. For females, these values were 11-392 an lr§4,

respectively. 1In total, the data used for the analyses

below represent 8500 animal hours and 920 animal days.,
1
Ag .

- .

General Activity Patterns: Kangaroco rats are not strig;£§~

nocturnal creatures, but rathgpﬁﬁhow a degree of c;epuscular
activity as wkll. Animals ggﬁerally emerge from their day
burrows around dusk and on many occasions cauld de sbotted
visually withqut the aid of a head 1am§. Animals pay be ,
active at any hour of the night, but the heaviest
conqehtrati&n of 5:tivity tends to occur in the threé to four
hour time span follo#ﬁng the oﬁset of darkness (seé Chapter 6
for a discussion of temporal a&tivitg\patterns). Individuals

may .return to their day hurrows(gpveral times throughoutﬁzhe

night, perhaps tc store féod, reduce eherg%}&gﬁcosts, or

avoid predators. Anlmais-usually return to their day burrows
. : |

permanently before 'dawn, although occasionally an animal

moved following the dawn check (some predations, probably by

loggerheéd shrikes, occurred after the dawn cheéki.

el

.




_Study Period% Average movements and activity by animals

broken aﬁirzﬁy study period are summarized in Table 5.2. '

M .
With the sexes combined, there were significant differences

between study periods in Several‘instaﬁées.- Animals in study

period 1 moved less than those in study period 2 (for 5, E43df

[

= 2.21, p<.05;\for SD-COA, £,,.. = 2.19, p <.05; both two-

tailed tests) and those in study period 3 (for.B, EBBdf =
™~ ‘

4. 97’12-<-001; for SD-COA, t = 3.7IT\Bﬁ&.001} both two-

3gdf iR B

. Study period 1 animels were also on the

tailed test

surface si nificantly less than study period 2 animals C£43df
e

. ~
= 2.63, p«.02, two-tailed test, arcsin transformation)'and

study period 3 animals (t = 7.26, p<.001, two-tailed test,

—=38df

"arcsin transformation}. _Finably, stpdy reriod 1 animals

located their%EUﬂzs closer to their day burrows than either

~r

study 2 animals (t43df =

study period B'animals_( 4. 26, p-<(001, two -tailed

3Bdf =

test). Likewise, study period 2 qpimals moved less than

study 3 animals (for D '3.12, £g<.01 and for SD=-COA,

-41df =

E41df = 2.20, p <.05, both two—t-a_tile‘d‘ tests) and were

observed on'th? surface less <£41df

tailed test, arcsin transformation].

="3,97%, pP<.001, two- =

"Sex: The movement and activity measures broken dowg by sex.

over the three study periods are provided in Tabie‘5.3." For™

&

study period 1, in’which females were non-reproductive, only

the means for COA-DB were srgnificantly different (t18df =

L

3. 06, E.< 01, ‘two-tailed test) or o .




Table 5.2. Overall summary (sexes '‘combined) of D. merriami

surface aétivit} where 5,= hou¥l§ move, SD-CaA = the

" standard deviation arcund a center-of-activity, %AG = the

. - )

'percentage of samples in whféhfthe animal was ob§erygd or
défexmined$to¥be moving aboveground, and COA-DB = the
distance between an_animal's day burrow and its nightly
ceﬁfer—of-aétivityr gtandard deviatiohs.are in parentheses

here &ﬁé throughout.

StulL,.Kériod ) - SD-COA $AG . COA-DB

N 'h\" * N
o1 . 10.9 12.4 9.8 7.0
h ‘ {8:0) (9.8) . (6.9) (3.4)
2 16.8 18.5 18.4 . 13.7
. . . . (9.3
—_ | (9.7) (8.9) (12.2) .. (9.3)
i " 27.5 - 25.9-°  31.0 15.9
' (12.8) (13.1) (8.0) {9.4)




| ]
»
\'-L
& : .
Table 5.3. Surface activity of D. merriami broken down .
- by sex and study period. \“\
Study Period D SD~COA . %AG COA-DB
1 Male 11.5 13.1 Q1.8 6.3
(9.8) (12.8) 15.8) (2.6)
. . '; -
Female 1041 11.5 0.6 %ig;:r*’//
(5:2) . {3.9) 7(9.1) (32’
. '-’\v_ i
2 Male 20.4 7 TR210N 18.4 15.1
(11.3) (10.7) (14.3) (11.8)
Female 14.1 15.1 18.4 11.8
-, (4.77  (4.4)  (9.4) (4.3
'3 Male 28.9 . 27:7 '30.4 . 15.4.
. (15.1)  .(16.4) (9.4) (8.2) . .
Female 25.9  24.7 31.8 15.9
(10.4) (8.8) (8.6). .. (9.4)
- , . ’_’d"
e -_"’[
-." -
-
: 7
f‘. '
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2.12, p< .05, two-tailed test) with female COA's located
significantly farther from-daf burrows.;han male COA's.
Although miigs and females in study period 1 did not differ
iﬁ ‘their avefage D of S5D-COA, within male variance was

significantly greater than within-female variance on the

-

movement measutes (F

: ] , — ’
—max,lldf 3.55, p<.05 for.D a?d F .

—max,lldf
= 10.8, p«<.01 for SD-COA). There was no apparent djifference

between males ap@,{syales in the proportion of time spent

on the surface (EIQdf

/,4’ﬂh\¥4L\ ﬂiﬁlthe second study period (fhe b:;eding season},
animals we;;’:SQlonly more active on the/é;rface than those

in the first study péried7’ﬁcz males noved relatively more

1.72, p<.05, one~

1.32, p>.05).

<than did females bagsed on D (Ezzdf =

tailed‘tést)'and SD—COI_\‘(E22df = 1.83, E-ﬁﬂos,-ope-tailed test) .
The-avergga mQve between radio fixes\for males'has 45%
greatér thanlthe average move by females- and the éyerége“male
SD-COA q;s_42§ great8¥ than the average female SD-COA.
Moreover, for each of the megsﬁreé%.with the exception of

' %AG, between male—vériancg was greater thén between-fepale

< variance (F .- = 5.78, p<.0l for D; Emax,lzdf = 26.0,

\\H\E' *max,ide .
. ¢ - . . -
<.01 for SD-COAW. F. . %,.. = 7.53, p<.0l for COA-DB) .

"D for males ranged frém 4.8 m to 38.7 m while the D range for
females was only 8.8 m to 23.5 m. Despite the differences in
movement indices, the average percentage of samples on the

sdrface by males and females was similar.

_In study period 3, aﬁ‘in study period 1, 511 females

- :
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. Were non-reproductive ang\iiTe males lacked scrotal testes.

The overall movements of animals were greatest during this

study period, but there were no differences between the

~sexes.on any of the measures with respect to avefage values

or within-sex wvariance. .

A summary of the results %or D broken down - by sex’
- - . .

and- study period is depicted in Figure 5.2; On the one hand,
wh;n females were non-reprodﬁ:tive and tﬁere was variability
in,male reproductive cdpdition, as in study periods 1 and 3,
the_st were similay fo; the two sexes. In the breeding .
season (sgudy peried 2), on thé other hand, the 513 for_m;lgs
and females were diﬁferen?. Figure 5.2 also illustrates,th;t
throughout the three study periods, males had the largest D's.

.

Reproductive Condition:. The-ﬁ:h for étudy period 2 females

in different reproductive staQes are summarized in. Table 5.4.

\

Despitg small sample sizes, t-tests for depgndent groups

revealed that movement by females varied in relaticn to

their reproductive condition. . Movements, as indicated by,ﬁ,

were three times greater on average for females in estrus

compared to anestrus (t3df = 3.63, p<.05, two-tailed test). ' .
—2dL. & K

Likewise, females moved more_during pregpancy than anestriis
(qas = 2.3&.'23<.05. tgo-taliad test) and also during [

lactation compared to anéstr B (t

= 3.48, p«.05, two-

tailed test). Although the/differences were not statiitically

significant, D tended to He greater for estrus compared to
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)

-~

Table 5.4.. Hour ; moves of D. merriami females at

differgnt reproductive stages.

Female Non~reprod. Estrous Pregnant Lactating
1500 ' 3.5_ 12.3 14.6 . 14.8
1485 . 10.4 34.3 12.5 26.1
1314 . 8.9 - .5 14.0
1312 - - #22.5 26.1
1 QLI - 14.1 15.8
1498 ' Q\§~ - 28.9 8.3 12.8
HR3 - a.z 1 26.6 20.3 12.9
1497 4.8 11.6 - -
HLA¥R2 , - - 26.2 13.3
AN "



w/

-

Figure 5.2. The Percentage of D. merriami individuals

Sy

in different average hourly move categories. Values in

a = study

-

the abcissa airﬂthe midpoints of the interval,
period 1, b = study period 2, and ¢ = study period~3.
Males are solid bars and females are- open bars?’ For example,

in study period 1 approximately 55% of the méles had

average hourly moves between 1 and 10 m.
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Pregnancy (t,,. = 2.00, .10>p >.05, one~tailed test) and
estrus compared to lactation (t3df = 2.18, .10>p >,05,
' one-tailed test) as well. The same comparisons with the .

¥AG measure yielded similar results: anestrus vs. estrus
- ‘, =
14f 7.70, p<.0l, two-tailed test), anestrus vs. p:egnap%,

-

(t

(E4df = 5.30, p<.01, two-tailed test), and %nestrus v

1actatlon (t Lagr T 6.89, Rﬁ%.OI, two-tailed test).?.Anestrous
*
females were generally on the surface for less than 10% of g

- ' ~

the samples whlle females in reproductive condltlon were

" observed aboveground on 25% of the samples, on average.

Figure 5.3 dépicts the most complete set of data“en

- . 4
a single female s mo éments through different reproducthwe

stages. Despite the substantial variation in D from night to
1
night, there' were dramatlc increases in movement around perlods *

of estrus. These Levels of movement were matched only when

H

this fema;e was lactating and, presumably, foraging more as

Y]
- 1y
o7

a result. Furthermore; this particular female, whose averege.

day burrow move was 15 m when anestrous, pregnant, and

~

. lactating, had dag‘burrow moves of 100 m and 95 m during two

L] .
estrus. periods. On both occasions, this female returned to

her previous day b@rrow ared one or two days after eschs.
Unfortunately, only date:from the tﬁird_studf period
are usable for examining the relaticmehiﬁ'getweeh teeficu;ar
develogmenc in:maIe;.and surface activitf. In ;he first amd
. . oy

mseccﬁd stﬁdy/periods'the evaluatioh of male reproductive

condition was subjective (see Chapnter 3 for methods) whereas

. - L)



l68
Figure 5,3. The qppef graph is summary of the ﬁightly
hourly move; (D) Sy female 1485 jk?qgghout study period 2. )
E = dgtrubk, P = pregnant, ?nd_L = lactating. The lower
graph depicts the female's reproductive condition over the
same time period in the manner desqribed in Chapter 3.
. - | .
s .
. %
- . \f’

~
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testes length was measured to the nearest 0.5 mm in the third
study period. A summary of average testes length.;nd activity
measures,is found in-Table 5.5. There were significant
positive correl;tions between average testes length and D

(g = .79, p<.02) and between testes length and SD-COA (r =

.78, p<.02)., There was, however, noc linear relationship

-between testes length and %AG.

Body Weight: For males, physi€al factors whice may, in part,
account for the substantial variation among individuals are
net élear-cut. Over the three study periocds there was only

a mild positive relationshi&betﬁéen _bod;\ﬁeight -;u-zd D (‘5 a
.28, p«<.05, one-tailed test). This statistic.shoﬁld be

vfewgd with caution, however, due to the difference in this

relationship between the threeastudy periods. In the firs

study ﬁé}iod, the relationship was only s}ightlx positiye

(r = .10) and in'the second study period this ref;?i6;;::p was,
in fact, sligﬁtly-negative (i = -:11).. Oniy in thq third
study period was there a reasonably convincing posi%ive

relationship between body weight and D (r T .57, p<.08).
- .) ] . . —

[ .
The results were quite different for the 3AG measure. The

overall correlation between %Aq ;nd bpéy weight was”only

-.03. But égain, a breakdown of this relationship by stQﬁy

period revealed stz."iki'ng differences; for étudy period‘ 1 E::

= .13, fozhztudy period 2 5;; .13, and_fgf study-period 3
Rt o s

. ——
-.68 (p<.05, two<Tailtd test).

N - .

S D O
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Table 5.5. Surface activity of individual study period

3 male D. merriami in relation to body weight and

- v

-
reproductive condition.

Male Body Testes D SD-CoA %AG 3
Weight - Length -
{gm) {mm}
HL1 32.2 ° 5.0 - .2 17.7 33.8
HR2 33.7 6.6 6.2 27.6  39.0
HL3FL3 38.7 .2 22.3 26.0 30\§' -
12 41.0 9.0 24.1 28.0 - 19,9
HR4 - 34.7 9.3 27.2 28.7 32.1
HR1FL4 36.7 9.3 11.6 12.3 22.4 -
B ' v . .

HL4 34.7 25.2 45.7 -
HL3FL2 38.2 20.2 ., 29.5 /
13 39.7 6774  36.9
HL2FR2’ 42.2 57.3 14.4 - -

\.‘ =
oo el

! i ¢ ¢ ¢ . . ."-
,/'\-/H\
L- -
: [}
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-

fﬁ? For females. thHere was no relationship between
non-pregnant boedy weight and D (r = ~-.25, p >.05) or %AG
(x = -.19, p >.05) over the three study periods. 1In addition,

= 4

a2 breakdown by study period revealed no significant linear

relationships between body weight and D or %AG.
e

[

The Risk of Surface-Activity: One of the assumpthns of the

-

cost-benefit model of gurface activxty presented in the
T
Lntroductio:fwas that gpe risk of mortality should increase
B e
with increages in surface exposure time. One prediction

from this assumption is that an animal's tenure in a

population should be negatively related to its level of

2 . '

surface activity. To test this assumption, I selected ‘<
.

animals first trapped on the Coyote Wash site in December

11981 or January 1982 and thch were subseguently radio-
. N .
implanted. Only animals trapped during this_period weigk

used in orden to-avoid confounding the resukls with animals
enthlng the trapping populatxon at a later date. I then

corréf;?Eé the animals' overall D's with the number of days

-

they were in the- trapplng populatlon (i.e., the number of

days from first capture to last captugs,or,last radio-
T . r

tracking day).” The results of this .analysis showed a rather ,
% surprising positive correlatf%n oétween tenure and D
~ - b .
although the correlation did not deviate significantly from

0 (r_=".44, p>.05, one-tailed tést). Furthermore, of the

" 13 animals used for this anal{iij;/;he nine who disappeared

. - T A
o & . .,

-
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*

da ~ | ;
(i{:j\;}eyed upon, lost transmitter,

or were never recaptured) had a D of 10.8 m (+3.4), whereas

during the study perio

the four animals which remained until the end of therstudy
period ‘had an average E'O!Li9.3 ﬁ (x8.7). This difﬁerence
is probaBly biased by th; génerally higher activity levels
recorded inﬁthe spring, but the point remains that animals
who disappeared were not more active than those remaining aq/f
the end of the study period. 1

Another way to tgqt the relationship between surface

or

activity and risk is to.look for an increase in .activity by
; e

an aniﬁal shortly befdr; it,is'preyed upon or disappeirs from

the p?pulation. -This anhlys}s was suitable for six of the

eight gnOWn predation c&qgs"(chapter 4{; tha£ is, movements
,ffsfr;erq recorded for tﬁe‘daf of predation: A comparisoq of

ah animal's average D with its D on the qry of-predation

showed that of the six animals, one was more active on the

day of predation, four.were less active, and one was equally .
o \ - . . - - . .

i .
active. For cases of disappearance (including known

. . . &
predations), 15 animals over the three study pgriods met tHe
. :

cri;érion of disappearing the same day for which there wis

movement data. Of thege animals, eight were more active on

-

the day of disappearance, six were less active, and one wag//*fgﬁ\
" /

ot ,

equally active. . Lol . AR . ‘

RN
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'relationshigs are suggestive but requi;e further study. t
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Discussion

The '‘data presented in this chapteﬂ;and‘in the remainder

-0f this thesis represent the most complete information about

the daily surface activity of kangaroo rats collecteld to

date. As the first concerted effort t&{establish bash
informaticn about the surface activities and socio-spatia
relationships of D. merriami, the data concerning certain

"

is also apparent that certain. factors could have been

‘investigated more cérefﬁlly through experimental manifulation

(e.g. resource availability), but priority wasigiggh to

collecting data under natuyrally varying c&nditioﬁs. I take
~

some freedom in this discussion to speculate about the .
i .

L ‘ . .
function(G?%Eertain observed behavior patterns d, in doing

so, I hope tp identify questions deserving further study. °

4

Reproduction _ - ) . )

Time and movements abovegyound could be positively
L]

related to reproduction for several reasons. . Foremost,
P [ . . '

during the Hrggﬁing season animals may spend more time

aboveground and range more widely in order to gain access to

mates. How animals gain access to mates, however, maj take

‘a variety of forms; For example, regularly visiting

opposite-sexed conspecifics and éstablishing soc¢ial familiarity

may be imp;;EEtt " mating in some solitary species, as seemsg
Y . - . . . -/-

2N Lt . .

A\
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to be the case/for ;he Mongolian gerbil‘(Dal§, 1977}. For
-males in pafticular, it may be advantageous to visit several
females frequently esough to monitor their reproductive
condition. éstrous females, on the oﬁher hana, may ensure
mdting by spendiﬁg more time ;bovegrouﬁd, scent-marking to
attrac£ males, or Qisiting particglar males. In.gzkggal, -
intraspecific and intrasexual competition, fof example, for

food resocurces, burrow sites, territories, and mates (in the

case of intrasexual competition), should be partiq&}arly
. . 5

keen during the breeding season. An increase in the-intghsiﬁy

of competition'could result in more pat ling and defense of

<

territories which pfobably requ&fes a substantial commitment
v - \':
of time ahd'energy to'surface activitwy.
— .
Non-social factors may'influence aboveground activity

.durghg the breeding season as welif“'Pregnant and lactating
) ’ .
D. merriami ingest significantly more dry food and herbaceocus ,

material than non-reproductive females (see later discussion).

Since D. mérr?@mi do not hoard large amounts of food, it is

-

expected that reproductive females would spend more time -
dﬂ:cégroupd foraging. ' .

From the above considerations, one would expect animals

to bicﬁzgp active on the surface during the breeding seascn
{ﬁ;n during nbn-breeding periods. The data, however, do not

mhpar out this prediction. Although animals in the second

.
-

study period {(the breeding §eason) were significantly. mor¥’

active than the non-breeding animals in the first E}ndx\'

a
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period, they were significantly 1ess'active/ihan the non- \\' -

. .
breeding animals in the third study period. Despite the

- l'\ . .
relationship between reproduction and aboveground activity

within the breeding season {(see resulblts ahove and discussion
- ! b II ’
below) , variation over longer ti e periods te.g. between

skasons or years) appears to be dependent upon some otrer

factorégr set of factors, fQ:,example, population density,

/'}‘

weather patterns, and resource conditions. I will_Siscuss

Y

these factors in a later section of this chapter,,

Sex Differencés: As was remarked in Chapter 4, male D.

merriami most likely do not invest in their offspring heyond
- ‘
the contributzbn of sparm. Free from parental investment, ’ -
. N ' . . 1Y
defined by Trivers (1972) as "any investment by the parent

ip an individual off;piing that incregges the qffspring's.

chance of surviving (and hence repr'ﬁLctive success) at the jf/ .
‘ - !

cost of the parents' ability to invest on other offspring.”

—"

{pg. 139), maI!s—fre expected to q§rect their reprpducﬁive o

effort toward inseminating as many ffmalés as possible,

-

Moreover, sinceskemaleg are the nurturant sex and, ¢hus, have\\\
a limited reproductive Eapacity, they are a limited ‘regource

for which males must compete. Obvious characterlstlcs
Y
related to 1ntrasexual comﬁffitlon for Rates (e.g. sexual

”

s8ize dimorphxsm,'specxal weaponry) have notkevolved in -

kangaroo rats and this genus does not pOssqas)any obvious

-

secondary sexual characteristics which cguld sexve as the ' e,
.- “wo . _ - ! S e
' —.‘/'- ' ) -
L t
4 .
r . g -
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asis for mate selection..\It seems that if males do .compete
for females, competition mus cur in a more indirect way.

+Perhaps males who establish social contact and visit females

. on a frequent basis enjoy the greatest reproductive success.

~_. 'nhw-'~ _ | i Ya

Ssimilar patterns of visitation of females by males on a

regularx basis'and/or around the time of estrus have been -

described for some solitary-living'fodent species. For
oz some 2 _

instance, Daly and Daly (1974) describe a social .system in

‘free-living Saharan gerbils (Psammoffys obesus) whereby

females establish Burrow sites in patqﬁzly-dist buted

vegetation (theif ry food source) and males inhabit
. Fi * .

A

burrow s?tes.that are;, nevertﬁeless,

e

females' burroﬁs. Thﬁs, ;t is possible

vegetationally po
. . . . /

located near severa

Similarl¥, Madison (1980) reported that while female meadow
. ved

voles '(Microtus pennsylvanicus) maintained exclusive home

»

-ranges . from other females,,males' faﬁges”dvgrlapﬁed Eqd, ) ¢

furthermofe; males temporarily inhabited the ranges of

estrous females. Finally, Brooks and Banks (1971) determined
. . } o - . . [ Y

that male collared lemmings§;(Dicrostonyx gfoehlandicus) f‘“

maintained no consistent center-of-activity, but rather had

[

‘several rest areas near female home sites. Apwarently males

were -able to visit females every 1-2 days.

If male D. merriami do indeed compete indirectly for

access to females in some way éﬁﬁt is reflected by their

A rangiﬁékﬁatterns, either by visiting females or simply "

- -
‘J [ !
. CoL C N

- . : \ 1?7

5

»
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spending more time on the surface, one would expect the

patterns of the two sexes to vary in-relation to the

females"reproductive‘conditicn. Indeed the results show
that ranging patterns were sexually dimorpnic only during
the breeding season with males moving more tnen femalest
These results provide circumetantialievidence that movement
patterns withipn the breeding season are in some way reiated&
to the different'reproductive strategies of m&ies ande

females. 1In order to interpret this divergence in ranging,

more informéfﬁcn about how mate selection operates in this

" species is necessary. With respect to the male's rcle,

however, possible reasons for this difference include the
regular vieiu‘!&on of females, either to maintain social

familiarity or to monitor the females’ reproductive condition,'

~1ncreased patrolling ‘of home ranges in order to maintain their
z -
range or Prevent rival males from vistting females, or

ng more time on the surface to increase one's

simply spen

‘chance of e countering a receptive female. Somefof-these
alternatives i1l be eddressed in Chapter 7_when I!&eal with
spatial relatiqnsnips.
\\ A common finding on the ranging behavior of soIitary .
rodents is that males range more‘WLdely-than do females, .
althcpgh this dimorghismtis noc always restricted to the

reproductive season, as-seems to be ‘the case with D. merriami

and a ‘Saharan gerbil, Meriones libycus (Daly and Daly,

1375). Species in which a sexual range dimorphiam exists




sgccessiul and ‘unsuccessful males? 'Likeﬂ‘ie, females a
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include the collared lemming (BrOOhi_éna Banks, -197 . the

.fat sandrat (Daly:pnd Daly, 1974}, the brown lemming

(Lemmus trimuncronatus: Banks &t al., 1975), the dusky-

footed woodrat (Neotoma fuscpes; Cranford, 1976), the
k) R - ,

"white-footed mouse (Peromyscus leucopus; Mineau and Madison,

1379), and the meadow vole {(Madison, 1980)/ Thus, there is

mounting evidence for a general pattern of sexual dimorphism
™ o . 4
in the ranging beﬁavior of émall,~solitary rodents. This
-

stands in markéﬁ contrast to the sexually monomorphic home

ranges of the monogamous oldfield mouse (Peromyscus

. . . i .
polionotus; Blair, 1951) and pine vole (Microtus pinetorum;

FitzGerald and Madison,” 1983). ' o
%

//, I . ' -‘ s

B

i . R . -‘ R .. ’ M
Reproductive Condition; . The observation that ranging patterms

w§r4 oﬁly sexually dimorphic during the‘breeding season

.1977), the bannertail kangaroo rat Dn\ spectabilis; 5cﬁroder,

suggests that surche activities reflect different reproduct-’

ive strategies by males and females. Nevertheless, this
. - ’ ' | ) 4
information tells us little about individual behavioral

st:ategies.r'For example, if'the assumption that males compete

for access to females is true, whith factors.distinguish

[
.

L

different reprqductiwe‘stages’are faced with different -

-

physiological and"éqvjronmental demands. Estrous females

must carry\dut activities. that ensure mating sliccess:

. Pregnant and lactating females must contend with the increased

-J-’/
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energy, putrient, and water demands of reproduction and,

perhaps, with threats'to their offspring hy conspecifics

and pregdators. Non- reproductive females, on the other hand,

ide their time" and thus avoid costly behav1or until
LI

th€y have ‘breeding opportunities. Thus males and females

alike;must/make mpbrtant "decisions". about ghe timing,

duration, and i ensity of surface dctivity such that they.

. ’+

"choose" the behavior that.w111 maximize some net benefit,

be it energy from foraging or the number of viabhle offspring
fron reproductive behavior. 1In the Same manner as Rosenzweig\\\
(1974)5}I‘will assume that surface activity reflects

“decisions" that have ra;ifications for reproductive success

(in Principle, this assumption is testable by assessing the

relative fitness of indiviguals which behave di{ferently,

‘ ¢

surfece activity varied. in relation to reproductive condition.

The\\ost striking observation was the d;aeayic increase in

but in practice this is an extremely difficult uoif}taking).

The results clearly demonstrated that females'

-

surface activity by fenales-in estrus. This finding accords '

]
-

well with those of laboratory investigations of the. -
o/

reLatifnsh;B between hormonal state and behavior in female‘

e t .
rats and\gti:ea pigs. For instanoe, ?iﬁger (1969) showed L

-~

that running wheel aotivity by female - rats was, greatest during

+
.

estrus. Mdte recent studies have shown that/estrous rats

. amhuiate more aqd defecate less in oPen field-tqsts than do. _~

diestrous rats (Birke and Archer, 1975), both estrous, rats

- -

P



‘béen observed in the‘field ae well. ;Calhouo-(lgszi'reported
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.and guinea pigs show longer object investigation (Birke,

1979), estrous rats are less distractable (e.g. less likely

to shift attention. in maze tasks and food selection
4

experiments (Birke, Andrewa, and Best, 1977), and estrous

ﬁ! . . ' .-
rats patrol mazes more rapidly and enter illuminated mazes

more frequently (Martinr?nd Béttig, 1980). Birke (1979)

suggested that spending more time investigatlng cbjects  in
Fl -

the environment at estrus serves the function of findipg
males, for example by spending more time at scent-marking

t - . N -
lagations. Increasesyin ambulation by estrous females have

thqtmfemale rats move more on the.night of proestrus-aﬁd'
, oo 1 .

suggested that these femeies might be scent-marking to attract

malesﬂ Brooks and ganks-(lS?}) noted,that.female collared'

4 ¢

lemmings ranged more widely during postpartum estrus,oas did

the female meadow voles studied by Madieon (1978). A very

interesting observation in the Present study was the- R oo~
: L - - . 1”-! - . . f ;
dramatic day burrow moves by female '1485 around estrus.

’

Moreover, during the first estrus period this‘feﬁale moved

-

2 .

to a day burrow that was near the day burroét of three males~
(these day burrows were located when tﬂ\\males Were radio- cle \

implanted two weeks later;\\ Visual Qbservations of this

. -

female during this period ofvestrus found her to be in close

p}oximity {e. g. under the same creosote bush) to at leeat ‘ - 5-‘

two unidentified animils for approximately ona-half‘hour.

Kt no other time have animals been observed'to be in such -
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cloge proxihity for'this length of time., The unidentified

animals may. well have been the malés'subsequenéiy found to

have bﬁrrowé nearby. It is not clear whg; function surface

activity by estrous females serves, but the episode jusf

described suggests ;hatﬁfemales may actually seek out malég .

during estrus. This actiyity would net preclude the

possibility of‘males visiting females since social faqiliarit§

based on priox iritergctions may be important for subséq& “

;ating. Alternati;ely, fegsles m;y £e sceht-markihg to

advertise their sexual state orrthey may simply be on tﬁéf

éurfaceimore“to maximize the chance of eﬁcouﬂterihq a male..

With'arrelatévely'long estrous cycle of 11-14 days and a’

restricted breeding Qeaéon, fgma}es probablf éannot afford b

td miss Qating oppcrtﬁnities. . |
Pregnant and lactating femaﬂgiufléb showed elevated

surface acFivit& c;mpareﬁ to their‘aﬁestrous condition. This

finding i%lquitq differegk from'patterns foj&d in.some other

rodént.épecies; Female du;ky-footed'woodrats, for instance,l

had their-smallest‘hoﬁe ranges during the_breeding séason

(Cranford, 1976). Brooks and. Banks (1971) estimated the | fr_\ﬁ

home range of female collared lemmiggs to be:aboué 0.16 ha

with no distinét center-of-activity before mating and during

tﬁe first two weeks of gestation but only 0.02 ha from late

gestation to weaning kwith the excepfign of a ra;u{gence

around postpartum estrus). A similar paﬁtern'waa ngktﬁ for

female meadow voles by Madison (1978a) with ranging
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decreasing around parturition, remaining suppressed through

earlyllactation, and then increasing tgﬂard weaning (also -

-

with a resurgenée around postpartum estrus). Madison !
suggested that this movement reduction by meadow voles in
late pregnancy and early lactation may combine with more o

L4
intense use of local food resources to result in energy 'S}

sévings for females. He also suggested that diligent nest'hwh
‘ _ .
attendance in eérly lactation may;ﬁgnction to protect the
heipless offspring from infanticidal"attacks by conspecifics,
a situation we%l documented in several mammal specieé
inclﬁ&ing male collared lemmings ?n the 1abo£a€ory (Malloxry
;hd Brooks, 1978). Increased activity 'during pregnancy and
lactatian by D. mer:iami may_b? related to the increased:
energy; nutrient, and water demands of reproduction. Pregnant
" and lactating D. merriami‘copsume more solid food,thap do
anestrous females.under.laborator§_condgtions (Behrends,

unpublished data) and lactating D. merriami consume more

vegetative matter than do anestrous and pregnant animals

el ’

(Soholt, 1978). éince.g. merriami do not establish large-
food caches in their burrows, it.is reasonable-to assume . that
£heir foraginﬁ-requirements are ggsatér during pregnancy and .
lactation with the result that females musﬁ spend moré‘gime
aboveg;ound. It would also be interesting’to knoﬁ whether
increasgd foraginé'activities and,-hence, fimé away from the

natal burrow, increase.. the 6ffsprings' risk to infanticide

by conspecifics or piédation. Infanticide by female
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conspecifics has been reported for Belding's ground sqguirrels
by Sherman (1981) and-may be related, as he suggests, to the
\ infanticidal -female's potentigl competition with another

female's offspring for future breeding sites and food

-
- v

-résoﬁrces. Competition for burrﬁws may not be a concern

for D. ﬁerriami since burrowF are simple, affairs and quite
qbiéuitogs isee Jones, 1982 and Chapte£ 7)., but fuﬁurh food
résources may be a concern for competing conspecifics. Thus,
there may be a risk té ofﬁspring associated with aﬁoveground ' -
activity during early lactation.which could necessitate a

compromise between foraging and nest attendance. Laboratory

. . A '
M;Sbservations of nest attendance by female D. merriami

(Chdpter 4) indicate .that females spend most of their time

at the nest until the pups' eyes open -and they begin ingééting_'

. ‘;.]"r )

solid food, but this may be an artifact resulting from the

readily available food supply. More data on the reproductive

females' activigflbudget are needed.

-

'Y A hoteworthy finding in‘these'studiés was th;t'within-.
'S sex Gar}ance was consistently higher for maleé than for
females; and significantly S0 during.the breeding season. )
This fihd;ng suggests that males are subﬁected to somewhat 'ﬁﬁ',_
dié@ef;nt exigencies than;are females and may reflect
differéntial accesg By males to resources such as food, -
//‘1 _ 'hurr;;s, territories, or mates. These differences.may, in

turn, be related to a male's age. (and perhaps tenure of a° e

territoky), size, social status, or hormonal sta;c’f;hich

ko B ot B
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may interact with other physical factorg)./jkt this point in
- . 1- - !

. ou? studies we'ca%not look beyond simple correlations

X X ' T
between ranging pattexrns and physical factors because we do

not know what functional difference, if any, exists.between

the different ranging patterns. For example, some males may

range yidely‘éo visit females whereas others may do so

because 'they occupy ranges of_in%erior rgsource quality.

One obvious factor whicht may influence the ranging -
: : - ra
behavior'qf males, .as it does in females, is reproductive

-

condMioh. Experimental st

has the effect of enhanéing‘ earch.behavior ip chicks
/ ' ' :

(Andrews, 1972k; ihcreasing-

chicks (Andrews, 1978), nd increasing ﬁtrsistgnce in runway

tasks by mice (Archef, 1977). Bésed on.fhese findings, one

might expect testicular D. merriami to exhibit range patterns

.

data for looking at this relationship are from the third
study'period since these males exhibited substantial

variation in testicular development and ranging behavior fy\
P 7 . . ..‘ .

(see Table 5.5). As was reported in the results, there were
~ : :

- -

significanthdsitive correlations between testes length and

D and'SD-COA. The Tollowing examples demonétrate just how

i

strikiﬁg the differences between males were. ! Male 13's

testes measured 14 mm in length versus %he ave e of 9.6 mm
Ja .

for all males. His average hourly move rsus an .

average by males of 29 m and 23% of his hourly moves were

A

ls5

ies have shown that testosterone

ersistence in food selection by -

_ ' ‘ ) S
different from their non~reproductive cocunterparts. The best



important factors in

lase

over 100 m versus the male average of 4% (inclﬁding a singl®
move of 250 m). Similarly, male HL2FR2's testes measured

lﬁ.SfmmJ his average move was 57 m and 12% of his moves

-

were over 100 m, including a move of 184 m. ©On the other

hand, male HL1l; who exgﬁbited no evidence of- testicular

. My :
development, had an average move ¢of 18.2 m and had no moves

ovei_so m. In fact, 80% of HL1l's moves were under 31 m.
(and )

Clearly there are factors which differentiate males

from one another. Whether hormonal staté is of critical

importance is difficu;t to evaluate on the basis of

correlational data.

These data suggest ‘that reproductive

‘condition and, ‘presumably, level of testosterone are
- . . '

uencing aboveground activity. On the

other hand, -males- impl

ted with testosterone-secreting .

capsules in study period 1 did not range significantly more -

-

-than unmanipulated, but reproductively intact, males

(Daly et al., 1981). Furthermore, variation ampng males

-during the breeding season, when all males were apparently

+

in reprodudtiv€‘condi§iont indicates that other factors must'

-

be important to the ranéing beha@ior of males. Y
. | : . .

¥

.Body Weight: Another physical factor which could conceivably

be related to aboveground activity is body weight, 'For'ui
inétance, weiqhﬁ may be positivély correlated with such

factors as age, social status, or differential access to

resources. Whether body weight should re pasitively or -

-
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negatively correlated with aboveground activity, however,

is not immediately obvious. For example, *"clder animals or

those with higher social status may occupy better guality

v 1

Jl ranges and, thus, would q%f have to range as widelf for
resources. On the other hand, such animals may spend more
time patrolling their ranges, perhaps'either to visit

° opposite-sexed conspecifics or to exclude competitors. The

data do not reveal any clear relationship bétween boay

. : . . » s . .
weight and ranging. Despite the_ ocveral positive relationship

-~ between-body ‘weight ‘and. ranging behévior, the sthdy-té-study,
differences prévent any general conclusions.

Risk-taking -and Ranging

P .

An important assumption of the cost-benefit appioach
o the -aboveground activity of kangaroo. rats ig that the
risk of mortality shqula incréase with longer exﬁosﬁre time
‘(see Figu?e 5.1 and explanatiﬂg.;n ;he introdﬁction). As was
demonsgratea.in the'results, however, the data presented here
do not support that assuppti&n. On the other hand, the small'

-

‘ , .
number of known predation instances limits one's, conclusions
: . - . . ..

- abhout this gelationshib. I considered predations as a single
—

separately (i.e. snake vs. sh?ike, and so fofth). Surely

actor, rather than considering each type of predation -

different'predators call "for different kinds of anti-predator

strategies. 'For example, limited surface activity may be
. ‘ - , e

effective against avian predators but not against some snake
: . : : - 1

|
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predators. Clearly, much more data are needed to examine
the impact of different predators in relation to the surface

activity of kangaroo rats.

Study Period

There were clear differences in the aboveground
movement and éctivity patterns of animals between study
periods. Factors which conceivably could account for these
-differences include reproduction, popuiation density, weagher
" patterns, aﬁd resource &ﬁailability. I discus;gd.tﬁe'role
5 : .
of reproduction in the previous sectioP: In the following
,sectiong; I discuss how environmental factors may influence
the‘behavior of D. merriami in gemeral. I then compare the

study periods with respect to these factors and the observed

activity patterns. .

To examine the possible'ﬁnfluence of environmental
factors on surface activity, I wizl comgafe data from the
first and fhird study period§._ These daﬁa were collected
over similar‘Seasonalrperiods {i.e. November and Decemher)
and no Breedinq was evident in either study. Wéather data
were recorded a£ Ehe'aoyd Center (a U.S. Weather Service

station) located only 1.4 km and 2.8 km from the two study

sitea., Since food resources on the two study sites were

]

not- directly assessed, I depend on the rainfall data from
the Boyd Center and the relationship between desert annual

producﬁion and rainfall established in earlier field studies

T\
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(e.g. Beatley, 1969} to make inferences about resource
availability.

Population Density: Population density may affect ranging

behavior in at leas% two distinct ways. First?)when-
population density is high, gompeﬁifibn may result in food
shorﬁages. Under these condition;, animalq,may be forced
to forage more widely. On thé other hand, if populatien g
density is high but food is plentiful and economically
defendable, one might find smaller, more exclugive ranges
or territories and,a.;oncomitanﬁ decrease in surfacé activity.
iﬁ addition to }ntraspecific competition for resources,
kangaroe rats probably comp;te with pocket mice,.othér rodent
species, ants, and birds throughout much of their
-geographical range‘(Bréﬁp et al., 1979) . For this reason,
" the entire biomass of granivores inhabiting or temp;rarily
exploiting ke.g. some birds)-an area is probably the
. r .
populationqvariable.ﬁost relevant to ranging behavior.
‘VUnfqrtunately we do not‘haQe population data on non-roden£
granivores. As a result, estimates of granivecre density
"and thus potential competition must be based on trqpﬁing
-Qata, in this Ease nightly tr;ppiﬁb success and the 3umher
An .éf different inaividuals captured. On average, 54% of the
available traps contained roderts dufing study period 1 of

which 10% were occupied by D. merriami, 20% by pocket mice, 3%

by woodrats, and less than 1% by cactus mice. In étudy

- ]
-
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pPeriod 3, 38% of the traps contained rodents on average with

a breakdown of 16% D. merriami and 22% pocket mice. Despite

4

the greater diversity of rodent species on the Ramada site

2

(X = 67.5, p«<.01), the average nightly t;aﬁ success was

3af _
not significantly different for the two study sites. With
respect to Q..merriami,-howeve}} signifiéa;tly more
individuals were captured on a nightly basis in séudy period
3 compared to study period 1 (p<.05, Mann~Whitney U test),
deséite the fact thét the overallinumbérs of different "
individuals captured on the two sites were similar; 28 |
individuals on the Ramada site in December 1980 and 29 and

23 individuals on the Coyoté,Wash shit n Novembef and
Decemper of 1982, respectively. Unfortunately, soge
confounds exist in these data-which mak;“it difficult to draw
comparisoné between the. two égudy sites. For instance, the

lower trapping success of D. merriami on the Ramada site,

despite similar numbers of individuals, may reflect the lower

activity levels of animals that were observed in this

.

population. On the other'hahd, individuals-may have been
spaced more widely, resulting in less frequent visits to thé
trapping grid;by.somemoré distant inéiGiauals. )
On th; basis of ﬁpeég data, it is Aifficdlt to assgess
the relationship beﬁwéen rodent populatioﬁ density and the
ranging beh;vior of D. merriami. As it stands from the |

overall traﬁbing success measure, however, it would appear

that the difference in activity bgtween'the study periods was

-

€
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: not strongly related to populaticon densities.

[
Weather: Estimates of kangaroo rat activity under different
( weather conditions based on trapping data indicate that
these animals are relatively impervious to cold and/or

severe weather conditions. , Animals may be aédtive on the

"coldest winter nights with temperatures falling well below

OOC and the occasional snowfall (Kenagy, 1973a; O'Farrell$

1974). However, a more sensitive method of monitoring
surface activity such as rédio-tracking might reveal changes
i in activity patterns in relation to wea£ﬁer factors, ;specially
, . il.animals are sensitive to the energetic costs (e.g. -
ther;or;gulation) of surface activity (see Chapter 6 for a
detailed examination of this relationship).
On niéhts animals ﬁere radio-tracked, the mean
minimum temperature at the Boyd Center was lO.AOC for

November-December 19860 and 11:2°C for November-December 1982

(£

ti4asf .84, p>.05). Therefore the difference in surfﬂﬁ# i

activity betweeh the two study periods cannof be accountéa
for by differences in the éverage minimum air temperature.
This finding, however, doeé not imply that air temperature
exerts no control whatsoeve£ dver.surfacélacﬁiﬁity. In

) study period 1 there‘vés a‘posiﬁive‘relationship'(£ = ,36)
between air tempegature and B, but éhere was 58 felationship

between these variables for study period 3 (r = =.08).

This discrepancy may partly be explained by the relatively



9

small range in minimug §ir temperatures in study period 3
(7-14°C) compared to the.ranqe‘in study period 1 (4—19°C).
On the other hand,.othe; factors (e.g. food rescurces) in
study periocd 3 may have been more important than air

A : _ ;
temperature - to animals' activity budgets.

PréciPitatiOnlméy ihflnence the aboveground activity
of ﬁangafoo rats for at least two reasons. Firsﬁ, it would
seem to be imporﬁant for a:-small maqmal‘to keep its fur "N»
dry for insulation. Secong, kangaroo rats may hot’be able
to forage efficiently when the substrate is wet since their
foraging involves_filterihg the soil for small seeds. This
difficulty may persist for several days fedlowing heavy
rainfall. Bytlit appears that precipitation cannot account
for the observed differegces in activity patterns'between the
gtudy periods either. Theré_was no_measurable rainfall
“during the first study.pefiod:‘ Oon the othe? hénd, 'Boyd_
Center received 7.5-cm of rain over thé course of the third
study period. If anythipg;'the predicted direction of’ ‘
differences in surface activiﬁy would be oppésite to those

-

ocbserved. Rainfall does inhibit surface activity on a night-

- . R .
to-night basis however: on a night when animals were radio-
tracked during a rainstdrﬁu the D was 1044 m, the lowest

-

‘nightly avefaée for the study period (Chapter 6).

Resources: It is difficult to evaluate the role food

availability may have had in inflﬁencinq surface- -activity

192
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since food density and distribution were not directly
assessed dﬁring the study periods. The vegetational
characteristics éf the closely—si;uate; sites were
gimilar. For example, each 1 ha trapping-g;id ﬁad 24 palo
verde.trees and “the Ramada site had 78 grédsote bushe§ versus
93 for the Coyote ‘Wash site. One posgibility i; that, as a
result of different amounts ‘and timing of rainfall, the two
study sites differed ln their food production over periods
preceding the studies. This hypothesis is not teatable from
the data available bug a few speculations based on the
observed rainfall patterns can be made. Froﬁ September to

-/
December of 1979, the time when moisture is necessary for

the ge;minaiion of winter annuals, onlf 3 mm of rain fell
at the Boyd Center, well below that needed for‘égoq
éermination (Be;tley, 1969). This lack of rainfall should
haée depressed winter annual seed production in 1980. But
in July and August of 1980, Boyd Center received 25 mm of
rain, perhaps fesulting in good summer aﬁhuél praoduction ;nd
ensuring an adequate food supply for the animals in the fall.
From September through November ¥f 1981, Boyd Cenﬁer

I
received 25 mm of rain, tﬁe qp;;mal amount reported by
_Beatley (1969) for good winter annual production in the
.Mojave Desert.; Hence, winter annual seed‘productibn in 1982 _
should have beén good; In -September of 1932 a severe

thunderstorm struck the region around Boyd Center and, with

a deluge of over 90 mm of rain in one day, triggered a
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'f}aghkflood on the Coyote Wash site. It is not known what

specific effects the flood had on the food supply} bﬂt it

seems plausible that seeds were washed away and much of

i
what remained germinated. The flora of Deep Canyon was

unusually lush in November and December of 1982 with reports
of the presence of annual species that had not been seen
[ ] . . .

before (Burke, perBonal communication)-;naytﬁg observation

that there was unusually good germination of-palo'verde-giees

{Mitchell, peréonal communicatioh). Thus, animals in the

fall of 1982 could have been faced with a shortage of food
which, consequently, would have led ‘to increases in their
surface activity to hmeet energy-nutrient demands.

Y

: \ )
The aforementioned: factors (i.e. reproduction,

>population density, weather, and resources) proﬁahly do play
a role in the observed seasonal and yearly differences in

surface &Ctivigy, but the nature of their influence reméiﬁs-

]

unknown. The main point is that variability‘OVér_the long

- . . ‘ , _ i . .
term exists and that no single factor appears to be sufficient

to acéopnt for the variation. Long-term variation }n

surface activity probably requires a multifactorial

explanation and much more longitudinal data are required to

address these kinds of‘questions. .
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Conclusio

In-tn;s chepter, we have:seen that the aboveground
activity of D. merriami can vary subl;entially from season;
to-season and from year-to-year. Moreover, these differences
are not sineularly reflﬁfd to reproductive condition,

population density, weather patterns, or resource availanilit;.
Rather, the aboveground activity of tnese animals probably
results from the bomplgx infleraction of these facnofs‘end
possibly others not ceonsi ed hene. A long-term study on

) g . .

the same site is necessary to evaluate the influence of
: .

these factors on surface activity. It should also be possible
to manipulate such factors ae resource availability and
population density to‘determine their effects on surface
activity. The very Ffact of inter-gtudy Lifferences'is.
important, however, because they cleerl& deéonstrate that
descriptions of so-called "species-typical" behavioral
pPatterns based on short- term field studies or those w1th

inadequate methodology (e.g. trapping techpiques) are
suspect. . o~ B

A moreﬁsubstantial contrinq;ion oX the information:
presented in this chapter, in regard to ce iderations,of
benavioral strategies, is the observati of sexual dimorphism
in the ranging patterns of D. merriami only during the

breeding season. This finding indicates that ranging patterns

‘prohably serve functioné beyond the acqulsitlon of food
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resources and, consequently, that some aspects of ranging
- .

may be requeajto the different reproducfive Sstrategies of

the two Séies'aﬁd, moreo%er, of individuals. That female
ranging v&ries significantly withAreproductive condition is
further e;idence for this. The variance in male ranging
behavior may also.reflecﬁ different behavioral strategies.

One may speculate that the greater within-sex variance in

rangiﬁ% by males compared to females during ﬁhe breeding

.
.

sSeason is somehow related to the greater variability‘qf

males' access to mates and, hence, reproductive success.
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Chapter VI

-

Relationships Siéyeen Bhysical Factors

and Surface Activity

Innumefable iaboratory séudies have demonstrated thai_
the d;ilyjactivity patterns of captive sﬁall mammalz are 1  )
influenéed b& Sebg;gl environmental factors including éhe
'time of day, incident and ambient light, ambient air
température, and thidity (seé Kenagy, 1973a, 197éa, for

o

example). Presumably, small free-living mammals too are
sensiéive to variations in environmental parameters and -
modify. thedr behavior_accordingly; Unfortunateiy,'ﬁowever,
comparativgly few studies of smali mammals have been abie to
dém;nstrate coﬁvincing'relationships betéeen b;hhvior in the
naturalrenvironment and env£ronmental féctoré. The lack of
experimental gcontrol and methodological ;nd inferéntial
limitations inherent in most_fi?ld studies (see Chapter 3)
have contributed to this difgacﬁlty. |
Throughout this thesis I have assumed that animals
make behavioral "deéisioﬂé“ which reflect the cost-~benefit

relationships of their activity (refer to discussion in

‘Chaptexr 5). Several environmental factors could conceivably

[

197
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influence the cost-benefit relationships of kangaroo rat .
) -~
activity either by affecting predatiod risks or energetic
e )
relationships. Those to be discuzsed here include moonlight,
temperature, and pfecipitation. Some studies'investigating

Y

the responses, of sﬁall mammals to these environmental
factors provide evidenée that in many cases animals behave in
ways coﬁsistent with predictions from coét-Benefit models of
.acfivity. . | |
.‘ Followipg a"briefuseiected review of these studies,
data coﬁcerning D. merriami surface activity in reiatioﬁ to
moonlight, time of night, temperature, and Precipitation will

he presented.

Moonlight

Suppression of aqtivity under moonlight may be a means
by which small hocturﬂ;l mﬁmmals reduce their losses to
predator;. For example, owls, which are important predators

of nocturnal rodents, probably hunt more effectively under

‘;Sﬁhlight than in total darkness. Dice (1945) demonstrated

Y

experimentally that barred, lpng-eared, and_parn owls locaéed
dead prey athus eliminating auditory cues) more rqadily under
low light levels than in total darkness. Likewise, Clark
(1983) using a ¥light chamﬁer, gimulated moon pha;e;, and
'live_deermice as prey, found tﬁat.the hunting effectiveness

Sf*aMort-eared owls increased with a waxing moon and that

search and capture time were significqntly reduced under
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simulated full moonlight.
Moonlight avoidance has been reported for some
kangaroo rat species including the Tulare kangaroo rat,

D. heermanni {Tappe, 1941), D. spectabilis {(Lockard and

Owings, 1974a,b; Lockard, 1975,1978) and D. merriami
(O'Farrell, 1974). In contrast, other studies-have failed
to indicate moonlight avoidance by kangarco rats including-

D. spectabilis (Schroder, 1979), D. merriami (Chew and -

Butterworth, 1964), and D. nitratecides (Lockard and Owings, ,

» .

1974a} .

A se;ies of field studies by-Lockard and Owingé

)
N

provides perhaps the most convincing demonstration of

i3

Qe L
Ml
ilis

1
1

U-'.t

moonlight avoidance by any species of rodent. D. specta

-

activity was monitored by automatically recording the

visitation of animals to seed dispensers placed in the field.
Lockard and Owings (1974b) and Locﬁard (1978) found a

sgriking reduction in visitations under moonlight during long
winter nights &ﬁég'dark hours were also availabie for foraging. --
Howevef, D. spectabilis were active during ﬁoonlight in the 5

spring. This seasonal difference led Lockard and Owings

.

to suggest that animals were forced into:moonlight activity
on the shortef nights in the spfing in order to meet their
energetic demands. In contrast to these findings, Schroder
{1979} failed to observe m;onlight avqidanqe in any season

by radiotelemetered D. spectabilis. If, however, D.

spectébilis in the Lockard and QOwings studies were indeed

e

»-




‘ 200
foraglng during moonl??ht in order to meet energetic demands,

it is conceivabld. that the D. spectabllls observed by

Schroder (1879) weig faced w1th food shortages in the winter
. and thus forced- to forage under moonlight as wall.

- It makes sense that D. spectabllls, as 1arder hoarders

wlth large food supplles in thelr home mounds, would avoid
'uopeoessary surfape activity ‘under moonlight when predation ’
risks may be higher. D. merriami, as scattér hoarders, do not
woéve'large food stores in their bﬁtrows (Jones, 1982) énd.thus
may be required to fofooe during moonlight to meet their

- energetic 'demands. on the other hand, D. merriami are much

. » I
'smaller than D. spectabilis (35-45 g versus 100-150 g) -and,

L

‘thus, have lower energetic demands which may be met without

resorting to moonlight activity.
Y

Until the present study, the evidence for moonlight

avoidance by D. merriami has been equivocal. Chew and

‘Butterworth (1964) found no evidenceffor-moonlight avoidance. ' "

by D. merriami based on trapping data. However, O'Farrell
(1974), although providing no quantitative data, states .

that "When the moon was present activity was low, but if a

cloud were to pass in front of,the‘moon activify immediately

Y

increased." (pg. 817). It is not clear whether'this

statement is based on-trapping data or anecdotal observation.

In any case, solid quantitative measures of moonlight activity-

by D. merriami have not been reported.

It should be noted that moonlight (natural and
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simulated) has been obserﬁed to suppress the acti{fty of

several otheg;small mammal species including cactus mice,
- . - . - . - o

Peromyscus eremicus (Owings and Lockard, 1971), deermice,

Peromyscus maniculatus (Clark, 1983), harvest mice,
" «

Reithrodontomys megalotis (Pearson, 1960), grasshopper mice,

Onychomys leucogastér‘(qusﬁag 1970,1973), meadow voles,
; EY - . )

Microtus pennsylvanicus- (Doucet and Bider, 1969), a neo-

tropicgf/§::itzbat, Artibeus jamaicensis (Morrison, 1978),

and masked shrews, Sorex cinereus (Vickery and Bider, 1978).

. Y
- . - .
. Temporal Activity and Temperature

Information about a species; temporal actiVify
patterns is crucial fo; understanding its energy/&ctivity
buﬁgets:? The temporal activity patterns of kangaroo fats
afe particularly interestiﬂg because h;teromyids'hﬁve
developed'certaig'foraging épecializafions (e.é. cheek pouches

’?“"‘éné hoarding bepavior) which bfesumably sexve to miniqize the
amount of time spent away from the burrow (Kenagy., 1973a).
Vari;tions in temporal activity pagterns should raf;ect

~phang;s in resource coﬁditions. for'example, when resourcés
are scarce or energetic demands are hiqher: animals must

spend more time on the surface foraging. Indeed, Lockard

- [ 4

(1978) found that D. spectabilis were active on the surface

during daylight hours following ﬁzz;rgl months of severe
drought. However, it is likely that temporxal activity

patterns do not vary merely in response to changes. in-food

R
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'resources. Ample evidence hag been presented in this thesi§
né;fthai D- mgggégmi surface activity entailé more than the
acquisigion of foed to ;eet energetic demands.

An interesting study of D. merriami nocturnal activity
was carried out by Reynolds ({1960) in which activity was
monitored in the field by movemeﬁfs across a treadle
positioned at the eﬁtrance of a nest boi} In this st;dy,

D. merriami ma&e frgquent trips thrﬁughout the night with
peak‘;ct}vity occurring about two hours aﬁte; sunset'aﬁd
about two hours before sunrisgﬂ._kniﬁals_seldom spent mdre

than ;bout 35 minutes out of any hour away'from their nest
boxes even at peak activity.

Two studies in‘which trappihg was conducted over
successive periods within a night reveaied rather différent
temporal agtivity patterns b} two éeparate_g.'mefriam;
populations. Kenagf'(1973a) found that-g. merriami activi;y
(iﬁferred by the relative numbers of animals entering traps)
increased ove;'successive guarters of the night. This.‘
finding was unexpecéed since it meant that D. merriémi were
most active during thé cpldest“pért of the night when
energetic costs should he highest. Conveksely, OFF;rfell

' _
(1974) found that D. merriami activity levels were generally
greatér in the early part of the hight. In addition,
O'Farrel;\fgund thaf temporal activity varied in relation

to season and sex. In. the winter,; animals entered traps at

about the same rate'ﬁhfoughout the night and there was no
o
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difference between males and females. In the spring and

summer, actiéity was greatest in FHe early part of the q;ght

with males more active than females throughout the night;

In the fall, a pattern similar to the spring-summer éattern‘

was observed but there was a smaller aifferencé between males

and females. -

i This finding of two fdndamentqlly different npcturnal
activity‘pééterns by two separate D. merriami‘populations'is
interesting. 6n both study sites D. merriami are éympa;fié
with g.-microgs., Kenégy'ﬁuggested thaé g.,mer;iami‘aré more
active later in the night in-brder to avoid confrontations
with the larg;r and socially éominanf-g. microps. Why the
same interaction was not apparent oﬁ O'Farrell's'study site
is not °l€fr' It is possible that the two sites have
different community structuées.and, éonsequently, different

levels of interspecific compétition. For instance, the two

sites may differ in the relative densities dflg. merriami and

E. micfoEs populations or in the utilization of different

-

microhabitats. Nonetheless, it is apparent that D. merriami
alter their nocturnal patterns in relation to season and-
perhaps social factors. ‘

Taken together, findings from the different studies
suggest that D. merriami temporal act}vity patterns are
relatively labile. Generéiizﬁtions about activity patterns
should be avdiﬁed:in the absence of specific information

about resource conditions and inter- and intraspecifié

interactions.
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Ambient air temperature is a potentially important
determinant of nocturnal activity. During extremely cold
or hot temperatures, the metabolic costs of surfaqe activity
will be significantly higher than those associated with

. - . : i
activity during milder tenperatures. Animals should therefore

- modify their surface activity, for example, by reducing

‘ \ .
. . . - . . -
surface time or by avoiding microhabitats with more severe

climat;é conditions fe:g. open windy areas or low spots where
cold, moist air may collect). : -

Unfortunatel&, trapping studies pro@ide relatively
poor informat%onlabout tﬁe fesponses of anim;ls to temperature.
Traps generally are not ehecked frequently enough to detect
fine-tuned responses po temperature fiuctﬁhtions‘otcurriné
tgroughout the night. However, there is eviﬁence that 2;‘
merriami are active on the surface at temperatures down to
-19° and as high as 30% (K;naqy, f§73a). Animals may also
be active during and ghortly after light snowfalls (Kenagy,
1973a) although O'Fafrell (1974) reported that animals were
inactive when there was more than 40% snow cover. Kangaroo
rats have insulatiné fur on tﬁe bottom of their rear feeﬁ
and thus may be relatively impervious to extreme cold if they
minimize the dﬁration of the;r surface bouts.’

Radioctelemetry is a more useful technique for

monitoring nocturnal activity and responses to-temperature
changes. It will he shown’ in the results that_temperature,

.at least in the range recorded in the present study, is not

-
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an important determinant of surface activity.

Precipitation -

Humidity and rainfall may differentially influence °~ .
the activity batterns of different small mammal species.

Species exhibiting'enhahced activity with high humidity or

light rain include the masked shrew (Vickery and Bider, 1978),

the harvest mouse (Pearson, 1960),w¥he grasshopper mouse
(Tahoda, 1970,1973) and the oldfield mouse, Peromyscus
polionctus (Gentry;;nd Odum, 1957). nThe response of anipalsf
‘mdy also depend on the ;nﬁensity and timing_of rain wiégh

respect to the animals' typical daily activity patterns.
Gra;shopper mouse activify isg suppressed in heavy rain

(Jahoda, 1970,1973) and masked shrew activiﬁy is' greatest wheh
rain shortly precedes nocturnal activity (Vickery and Bi‘der,J/\"T
1978} . | |

1
For carnivorous or insectivorous animals such as the

- .- -+

gfasshoppef mouse and the masked shrew, high humidity and

light rainfall may be associated with increases in the

apundanceiof prey. ARActivity under humid or rainy cqndi;ions
may also be advaptageous during'the‘wiﬁter since temperatures
are generalif milder. ' |

For kangarcoe ‘rats, trapping success is geanally

lower-on rainy nights. Tappe (1941), rather surprisingly,

: ' ©®
found that D. heermanni did not enter traps on rainy nights

. {0 rats in 300 trap nights in the rainl). Similarly,

*
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O'Farrell (1974) found that trap activity by D. mefriami
and D. microps was suppressed by reinfall.f Kenagy (1973a),
on the other hand, found that whlle D. merriami wefe'somewhat
suﬁpressed both D, merriami and D. microps were active in all
'feur quarters of a"night with continpeus moderate rainfall.

As primarily granivorous'rodents (with the exception
of D. microgs; Kenagy, 1972,i973b; Csuti, 1979), it seems
‘that foraging by kangaroc rats would be hlndered by rainfall

since seeds must¢ be gleaned from the soil. RainfaIl also

releases some rather pungent odors from many desert plants

whlch may mask the odor of seeds and thus make them more
dlfflcult to detect. * 6 mlcroEs, yhlch were not deterred
by the rain in the Kenagy (1973a) study, feee on séfiﬁusﬁf
and thus would not be affected by rainfall.

The Present Study

u

The studies cited above provide coarse analyses of

relationships between environmental factors and surface

activity. . Radiotelemetry, with the advantage of.providing
‘more continuous monitoring of unrestrained animals, should

Provide a finer-grained analysis of these relationships.’

‘uo
~ .

4.
-

' B s o T L e L S
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Analyses
[} —\.

Moonlight Avoidance: The h§§>§hesisthat moonliéht inhibits

the surface activity qf‘g, merriami was tested by'comparing
the hourly movements of individuals for moonlit and dark
Qeriods in the following way. Data for Enalysis were dra;n
from nights with at least two hours oflmoonliq&z_aﬁd two

hours of dark within the sample interval.' The average

‘movement by an individual under moonlight was calculated

from the pooled hourly moves for the two hours preceding

moonset or following moonrise. slmzlarly, the average move

=

for dark periods was calculated from the. pooled hourly modgs

o

for the two hours precedzng moonrise or followlng moonset.

The difference between the means were then tested using

'1i;ﬂ

. . - ! ‘-

Student's t-test for correlated groups. S o

., -

The relationship between the inhibitory effects of

moonllght and the intensity of moonlight was examined by

-

correlating the fractlon of the moon rlluminated on a given
nlght with the mean difference between moonlight and dark
surface act1v1ty for that nlght. Difference scores were
caleulateqd by first flndlng for each individual the mean
hourly move for_the tWwo hour mopnlzght and two hour dark
periods; respectively, on tracking nights used in the above
analysis. Grand means (i.e. a mean of means) for moonlight
and dark period movements were then geeerated from the
individual means for each night and the dlfference hetw;en
¢!

s .
-
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the moonlight and-dark movement means was found. \\\\\, e

Temporal Patterns: Temporal actldvity patterns were ¢

established by determining the mean move per hour by an

[y

individual at each hour of the night. The means for
individuals were pooled within each studyeperibd to provide

a description of populational temporal behgvior patterns
for a particular season and night length. The data from
study periods 1 and 3 were tested for sex &ifferences and

trends using ANOVA with one between-groups factor (sax) and

one within-subjects factor (hour of night).

Temperature Effects: The analysis of the effects of air

-

*

temperature on sufface activity presented in Chap&arhs ) -
failed to revedl a consistent linear relationship between
average hourly movement and minimum nightly air temperature
]5 = .36 for studffpefio&jl and r = -,06 for stﬁdy~period 3h;a
Nonetheless, the possibility‘remaiﬁs that, over-the course-

of a‘night, apimal'ﬁovements vary_in relation to hour;to-hour-
fhuﬁgas in amﬁient air temperature; To'éonfound matters, v
however, thére is a strong neéative relationship between air
tempera?ure and the number of hours past sundown (e.é., r.=

B

~.96 for study period.a). In adddition, as will bhe shown .in

-

‘the results, there was a negative linear trend in surface ' R

-
E

activity over the course of the night in study period 3.

Hence, the data were tested to determine whether time of
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night and temperature had separate and/or interactive effects.
‘ . ) . : .
Data from study peg;od 3 were used for analysis
because that period provided a substantial data set collected
simultaneously for several individuals of both sexes owver a °’ t

relatively short periodeéf time; i.e., 21 tracking nights

in 35 days. Each hourly movement for an individual was

. ’ _ .
categorized by hour of the night and air tempergfure. (For

-

simplification, the dark period was broken do into four.

intervals: 176;n}k1 2000 .hr, 2100 to 2400 hr, 0100 to 0400 ’ - .

'
hr,.and 0500 to 0700 hr; Aair temperature was collapsed into

two categories: warm (>41 C) and cold (Sll C). Means_for

e »

., each time- temperature category were found for each 1nd1v1dual
and then subjected to ANOVA WLth one between-groups factor J

and two d;thln—subjects factors {hour and al% temperature). '
. )

* v

Results ' ‘ . T .
N

Hooelight: Moonlight had a clear inhibttory %ﬁfect on the
movements of animals.. For'both study periods.b and 3 animal;
. moved‘B m less on average during moonlit peribds versus dark
periods (15.9 m.vs. 24.0 m for study_period 2,‘£ledf'=‘42,¥5, ',‘
P <.025, one-tailed test|an§ 24.9 m vs. 32.92 m for study
ﬁerioe 3, ElS&t = =-2,72, p< .01, ohe—tailed'teet).‘ Males and
females responded similarly to tte presence of moonlight. In
study period 2,‘6 of 10 Temales and 6 of 9 males were less
active during moonlight versus dark. 1In study petiod 3, 6 o

: . | N
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b
of 8 females and 7 of 8 mades were less active during
moonlight, ' . ) ‘ : \
, Whether the reduction ;!f surfaceitivity by animals

under moonlight is positively related to e intensity of

b

meonlight is equivocal. There was no linear correlation

between the difference scores (i.e. between moonlight
A .

movement and dark movement) and the fréctiqn of the moon

illuminated for study period 2 (r = -.09, see Figure 6.1).

. ’
On the other hand, this correlation was significant for study

period 3 (r = .73, p<.05, see figure 6.1). Th§/9ata from

study period 3 are more suitable for calculating a correlation

becdugse samples were"from a wider range of fraction'iﬁluminate§‘

values. Frpm Figuge 6‘1, however; it is diffi?ult to see how
a‘wiﬁg§¥kapge of ¥11umination values for study.period 2
would have.changed the résultg siqce five‘difference scores
in the 60-80% illumination éange‘weré negative.

~,

- T -

. Temporal Patterns: In general, surface activity occurred )

-linearity. ﬁlgure 6.1la shows thatlthese a

throughout the night in_all three study periods (Figure 6.2
a~-f) but there was variation in the relative 1e§els of
activity. For study period 1, analysis of variance (Appendix

B} revealed temporal activity differences (gl 3.32, °

,208df
tly'from .

wald exhibited

temporal\ bimodality in- their surface activity w§;h peaks

p<.0l) with a trend that departed signif.c_

after dusk and again around midnight. - Animals in study

e
w

-—'; ‘ .
Q -

e i

et i o 7 e m
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Figure 6.1. The relationship between the fraction of
the moon illuminated and the moonlight-~dark surface activity

difference score (see text for explanation). o = study period

2, e= study period 3. r = -.09 for study perfod.% angd
r = .73 for study period 3 (p=.01). -
¥ P ! y

\h;,\\\
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Figure 6.2. Average hourly moves (D) . throughout the night.

a. male-female combined, @= Dec. 1980, O= Dec.
Jan. 1982, ® = Nov. to Dec. 1982. b. Dec. 1980,

®= female. c. Nov. to Dec. 1982, o= male, e=

d. Dec. 1981 to Jan. 1982, c:.= male, e= female.

1581 to
0= male,
female.

e. Feb. to

March 1982, ©= male, ®= female. £. April to May 1982,

0= male, @@= female.
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-

3 also exhibited variation iQ their activity over the course

of the night (E13,182df

£
L3 s Y 2 0 F —3
there was a significant linear trend (—lin,13,182df

P <.0l). Figure 6.2a shows that activity levels in this

= 5.56, p<.0l) but in this case

63.3,

Population were highest éhortf& before dark with smaller
peaks occurring just before midnight and again shortly before
dawn. The temporal patterns of study period 2 apimals during

the winter depicted in Figure 6.2d,e were similar to study

period 3 animals but these data were not analyzed statistically

. 3

due to the small sample sizes for these‘periods. The

L 4

temporal patterns of study period 2 animals during the spring
. - /

months (Figufe 6.2F) aré”differeﬂt from the fall and winter

'patterﬁs; gnlmals were continuously active fr;m shortly after
dusk to shortly hefore dawn, perhaps in.response to factorsﬁ
such as warmer air temperatures, shorter nights, or some
social or geproductive coqiiﬂé;ations.

The above énalyses describe the temporal patte;ns
seen in the population on a whole. To examine the tem;SEél
patterns of individuals, three study pev¥iod 3 animals were
selected at random and one single-night sample from each was
selected at randqm for illustrative pqrposés. Fiéﬁre 6.3a-c
shows that the temporal patterﬂs dgscribed for gtudy period
3 animals hold for individuals as well. Despitg'the'variqtion
among individuals, these single-nigﬂt samples exhibit‘é-

. .

variable but decreasing trend in movements throughout the

night similar to the pooled data presented in Figure 6.2a.
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Figure 6.3. Hourly moves (D) over a randomly selected night
by a randomly selected individual from study period 3 (see
text for details). Female HRIFL4 on Dec. 21, 1982, Male HR4

on Nov. 20, 1982, and Male HL3FL2 on Nov. 22, 1982.
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Sex Differences in Temporal Activity: Analysis of variance

{Appendix B) revealed a significant sex by time of night

interaction in study pefiod 1 (F 1.93, p<.05).

13,2084f
Females were relatively more active in the early mofning
hours than the males (Figure 6.2b). However,.fur the same
season and.under similar ubpulational reproduutive conditions
in study period 3, there was no uex difference (Figure 6.2c).
Although the data were not statistically analyzgdi from
é%bruary through May there was a sex differehce.in activity
but the temporal pa}terns of the two sexes appear*to be uery
similar (Figure 6.2&-&). |

B T :
Temperature Effects: The analysis of temperature effects on

surface activity as a function of sex:and time of night
indiqgfgs that, at least in study perioad 3, temperature uas
‘uot ap im§ortant f!%ﬁgr. In accordance to the results repouted
in the pfevious secuiou, time of night was a siqhificant

factor for surface activity (ANOVA, 11.6, p=<.01).

E3;36df

'As Figure 6.4 indicates, a mild interaction exists bétween_

temperature andltlme vof night (F3 16df ° 2.03, «25>p>.10).
If such an interaction were verified, it would indicate )
. —
that animals mass their surface activity over shorter periods

—of time when faced with cold temperatures whereas activity is
more qyeﬁly distrlhuted throughout the night when temperatures

are warmer, B ) .
s .
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Figure 6.4. The average hourly move (D) at different

gquarters of the night at warm (0O ,>11°Cr) and colad

(o, Slloc) temperatures (see text for explanation).
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Precipitation: Surface activity during or immediately
following rainfall ie reduced‘ratﬁEr_dramatically. Foc

study period 2, movements were monitored on four nights'

with rain occurrinq either before or during the sample period.
Cn these nights, 12 of 13 animals exgibited D' 's that were
.below their average D. On .':w'eragvef.L hourly moves were.

reduced 50% on nights with rainfall. The results were

similar for the single night animals wene tracked during

rain in study period 3. fwelve cf 12 animels showed reduced
D's compared to their anerage D with an average reductipn of

60%.

. biscusggion
The sufface'activity of D' merriami varies in relation
';'to moonlight, time of night, and precipitation. ,As discussed
in the introduction, these environmental facto:e.have

potential importance to the cost-hg2efit.relationships of

surface activity.

Moonlight Avoidance: ' The finding that D. merriami move less

under moonlight agrees with an earlier anecdotal report of
moonlight avoidance by this species (O'Parrell 1974) and

-the findings for D. spectabilis by Lockerd and - Owinge (1974e,h)

and Lockard k197e}.- The data’ were insufficient, however, to

determine yheﬁher_there was a seasonal componeng to'g.'
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merriami moonlight avoidance

i:yiiiijto that obser in

D. spéxtabilis.

The seasonal nature of D. spectabilis mdonlight

voidance (Lockard and Owings, 1974a,b; Lockard, 1978)

suggests that this behavior is facultative and'may depend
on the availabiiity of resources and/or the time available'
. -, - .
for foragiﬁg. This may account'for the apparent lack of

moonlight avoidance reported elsewhere for D. merriami

(Chew 'and Butterworth, 1964) and D. spectabilis (Schroder,

1979} .

Rosenzweig (1974) proposed an alternative explanation

for the seasonal nature of'g. spectabilis moonlight avoidance
) . - \_/

based.on a more general cost-benefit model. By assuming that

the potential benefitf of surface activity (in terms of

N ~ . S
reproductf‘n) were hig?:f in the spring, Rosenzwaig suggested

tﬁ;t E. speétabilis»wer insensitive to moonlight 4h the

spring due to the greater opportunities for raproduction.

If this hypothesis were true, study period 3 animals (i.e.
. . ‘ -

nen-breeding) in the present éfﬁdy should héve,exhibited

relatively greater suppression under moonlight than study -
period 2 animals,(i.e. breeding) This was not the case. o
S R

For stﬁﬂgysériod 2 animals there was a 34% reduction in

movement under moonlight while the reduction for study period-

3 ) .
3 animals.was only 24%:. Furthermore, if reproductive

potential 4s an. important determinant of surface activity

under moonlight} the sex with the greater pdtential {presumably

rl

.

-
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m:les in kangaroo rats; see discussion in Chapker 5) should
: P
be less affected by moonlight. There was no sex difference

) . 224

-

.in the suppression @f surface activity under moonlight.
™, vt )

Despite the apparent absence of seasonal and sex

.

differences in the avoidance of moonlight by D. merriami,

th%fe questions certainly deserve further study. The data_

were ot-‘,.adequate to make detailed compa'ri‘sons of moonlight

investigate these questions.‘ As an example, . .
N . /

Martin and Bdttig (1980) found that estrous laboratory rats

entered illuminated mazes @dre frequently“that diestrous N
o /

rats. i -

An unresolved issue concerns the function of moonlight

C .

avoidance. Although}The assumption that moonlight aVoidance

serves to reduce the predation risk of'small prey is

e
,—-
a' .

supported by at least one laboratory study (crtrk ,l983), at .

1

presen ere is no direct evidence_that this ‘is the case
under Ynatural* circumstances. o .

‘ N -
- o

Temporal Activity‘satternsz The temporal activity'ﬁaptegns

“of D. merriami in theupresent study were\gigflar to .those

reported by O'Farrell (1974), but somewhat different £rdm
the patter ported by Kenagy (1973a). In the fall and

winter month he great&gt activity occurred in the early

L

-~

Vs \

~, ~
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.

. ‘ .
hours of the night with smaller peaks occurring 5-7 hours

after dusk and 1-2 hours before dawn. 1In‘April and May of

—

study period 2, animals were active throughout the night with

-

no apparent lulls. If one assumes that animals are sansitive

to the higher energy costs .of surface activity in the face
. § &»
oﬁ cold temperatures, these temporal patterns make sense.

Lo

. L L.
During” the fall and winter, temperatures are warmest in the

4

early evening while in the spring air temperatures are .
. { - - :

relatively mild throughout the night. However, when the . -
‘effects of ambient air temperatures and time of night were _ T
examined together for study period 3, air temperature was -

not a significad;*factér.

- . -

.. - -
Seasonal variation in-D. merriami temporal activity .

patterns could possiﬁiy result from changes in the

availability of resources and the‘timg.available for.for;ginq.‘ .

- -

Long fall and winter nights may allow an animal sufficiént

timé to forage and.still spend several hours ip its bqrrqg:‘\
-On shorter spring nights an aniﬁal may have Eozﬁe ;n the
surface foraging most of the dark hours. pfn addition, it is
ﬁﬁriné the late winter and spring that femalesf'enqrgetic S

‘demands will be higher due to reproduction. )

The sex_difference in surface movements féporteé for

study period 2 animals in chapter 5 is- reflected in their
temporal patterns as well {Figure 6.2e,f). Males were
more active than females at all hours of the night from

February through May of 1982, There was no consistent sex
' : . i : . .



‘adjustments occur as a result of hormonal changes. “An

226

difference in temporal activity of the non-breeding periods

of studies 1 and 3. The interactron between sex and season -

o

with respect to temporal activity is similar to the pattern

for D. merriami reported by O'Farrell (1974).

Taken together, the evidence from this_study and -
earl%erlsttdies (O'Farrel;,.1974ﬂ Kenagf, 1973; Lockard,
1978) suggests that the labile teﬁporal activity patterns
of kangaroo rats are'protably infltenced py both endogenous
and exogenous factors ineluding sex, ener;etic demands.
resouroe conditions, aqd interspeeifrc competition. Tha
most striking example of adjustmente'in activity bp kangarooi

rats in response to envxronmental factors is" the diurnal

activity of D. _pectabilis following several months of drought

'(Lookard,,1978).' The demonstrated flexibility of temporal

attivity‘by kangaroo rats raises important questions about

the proximate control of these behavioral adjustments. One

'poBsxbllity is that relatively slow-acting and long-term

» -

o,

‘alternative, but not necessarily_exclusive, possibility is

—

“

that animals are constantly processing efternal\information

in order to assess environmental conditzons such as resourceeh-

inter— and intraspeoific competition, and the availability of

‘mates. The latter possibility assumes that a more complex

cognitive process is in operation than the former. It would

be interesting to examine the cognitive abilities of“these

»

animals given the behavioral fléxibility they exhibit in the
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field (see, e.g., Daly, Rauschenberger, and Behrends, 1982).

Precipitation: In agreement with_trapping studies of

kangafoo rat activity by Tappe (1941) and O'Farrell (1974),
D. merriami in the present study were significantly less
active‘on rainy‘nights compared to dry n}ghts. This standé
.in contrast to sgveggl smali mammal species which exhibitu
elevated levels of activity with high humidity and rain
{Gentry and )J0dum, 1957; Pearson, 1960; Jahoda, y970,1973;."?;/
Vicker} and Bider, 197B).  The significagcé of kangargo rat
avoidance of rain is unknown but some possibilities include
problems with foraging, predafo;‘ayoidance, or thgrmbregula-
tion. Unfortun;tely; Eoo few éata are available‘on;g.
merriami activity under different intensitiesrof rainfa%l

. £o determine whether animals respond dji;arentially._
Conclusion

The results of this chapter indicate that D. merriamir

modify their surface activity'in response to several
en;ironmental factor; including moonlight, timé of night, .
season,_aﬂd pregi?itation.

Surface activity is suppressgdfunder moonlight and
ﬁﬁy be a ﬁeans Hy which animals.feduce fheir losses to |

predators. However, there is presently no direct evidence

that. predation risk is higher under moonlight.

.-



There was an interaction between_temporél activity
patterng and season. In the fall and winter, activity was
i highest in the early pgrt of the night with lulls and

smaller activity peaks later in the night. In the spring,

activity was high throughout the night. Variations in

228

temporal patterns with regard to seaso&\and sex may occur in

response to changing resource éonditions, energetic deman&s,
-~ the amount of time a;ailable Eor forag%ng, and reproductive
| | activities.
. E These results suggest éhat D. merriami make short-

and long-term adjustments in surface activity in response to

both endogeﬁaus and ekogenogs factors.



- Chapter VII

Range Use and Spatial Relationships

v

A pﬂimary method used by field workers to study the

social structure of small, free-ranging mammals is té assess

spatial patterns (e.g. home range size and use) and inter-
individual spatial relationships including the'spatial

distribution of homesites, territories, and ranges. There
'
is ample evidence that spa§ial patterns and 1nter—indiv1dua1

w

spatlal relatlonsths are lmportant factors for the social'

" behavior of many species (see Brown and Orians, 1970 and the

disaussion in Chapter 5). Recall, for example,, the finding

and Daly (1974) that male fat sandrats inhabit

-

oor burrow sites which are nevertheléss located
near several females' burrow sites. The finding by Brooks

and Banks (1971) ﬁhat male collared lemmings maintain no

consistegt.center-ofeactivity but rather have'several rest
areas in their range near female homesites is also a good

example of a relationship between séatial patterns, social

hehavior,_and reproduction. = “‘('}_ . #

- a +

¥

I prev1ously reviewad the literature pertaining to

the spatial relationshlps of free-ranging kangaroo rats in
T229 - : g

Y
s ’
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Chapter 5. In the iﬁllowing section of this chapter I will
outline the rationa:; anq metRods for the analyses,d;ta'to
examiné the spatial patterns a;d inter-indivldual.spatial
relationships of D. merriami. These iﬁclude”ﬁome rahge size,
range use'patterns,'spatial overlap, and day burrow
gistfibutioﬁ and use patterns. This section will be followed

by the results #nd a discussion of D. merriami socio-spatial

behavior.- ’ " o

Minimum Home Range: eséme of the.pechniques used to estiﬁ;te
home ranges were discussed in Chapter 3. Since there is no
single accepted staﬁistical technigue for eétimatiﬁé hdmef:
rangeég'and due to the ﬂiffigulty ﬁﬁisatisfying:the.under-_
| lying assumptions of the;e metﬁ&ds, i-yili~éré§ént the.hoﬁg.
range data.in a very descriptive manner. Gi . tﬁe\large
numbexr"'of r'.a.dlic? fixes collected for most a’hgs} 'it-is likely
féhaél;hé'r;ngea described bélgw are véry close to the énimals“
‘agtual rénqes. )
i _Home r;n;e ;é’geqerally defined here as the areal sum

of thg‘quad;ats (see below for an explanafiﬁn of the mapping
system) "in- hich tHe animal was radio-located plus the areal

- oo .

sum of the minimdm'numbér of quhdrats the animal &quld have

o
ocations were :recorded. '

o

.i”/ , - . (

. t A Lo . . . )
.. #had tb:trayerSe in o:derﬁto{geacT disjunct quadrats in which k,-

N

-
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correlati&n between average hourly move and home range size
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-

The calculation of home range is very straightforward.
Each study site was mgpped as a two-dimensionél grid (i.e.
x-y coordinates) with each guadrat lOi_m2 in size. To find
tﬂe home range, the different guadrats occupied by an e
animal are mappea and cquntéd and the minimﬁm number of *

intervening quadrats needed to reach distant guadrats is
A . - - . .

. determined. . Home range (in hectares) is 'determined from the '

foilowing equation
HR = Q/100

where @ = the number of quadrats occupied plus the minimum

.number traversed. An.example of a home range for a male is

- degictéd in Figure 7.1. This male was radio-located in.16

different qﬁadrats with three having no adjacent occupied .
quadrats. This male would have to have traversed at least
six additional quadrgfs, and thus the home rangé is 0.22 ha.

.Only animals with more ﬁhan 50 night fixeé'were
included in this ;nalysis since within eq#h study period home
rgnge tended to increase to an‘a5§mptote with 50-60 fixes.

| Détailéd‘séatisﬁiéal comparisons between study

periods were not carried out on home range for several
réasons. Firét,.there was a significant positive corxelation

. “ . .
between the number of night fixes and home range £of all

-

animals with mare than 50 night fixes (¥ .48, p<.001).

Howe?er,‘thgre was also a reasonably cqnsistent positive

when broken down by sex and_étudy period (Table'?.;).‘ Since
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Figure 7.1. A sample home range for a:study period 1 male.

This male was radio-located in the quadrats which enclose
. » -

a solid circle. Open quadrats represent the minimum

quadrats the animal would have had to traverse to reach

disjunct gquadrats. Home range = 0.22 ha.
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Table 7.1. Pearson correlation coefficients for . -

the relationsﬁip between mean hourly move and -
. .

v

home range size.

Study Period

Ve .
, 1 2 - 3/
« . - —_J .
‘Male .86 - .68 .87 ..

Female .86 .45 - .26

‘ -
._ .

L
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the average number of fixes per animal increased with each
'study‘period {see Table 5.1), the correlation between .the
number of fixes and home range size may be an artifact

stemming from the inter-study differences in surface activity.

§

Nonetheless, inter-study comparisons have to be treated with

—

'caution; Second, and related to the previous problem,,
anima;s in different study periods were radio-tracked for
varying 1eﬁ§th§ of time with different prdtbcols; 'Thus_the-
sdme?number of radio fixeg‘fpr ;¥o animals may be collé;tedv

- over different time periods.and, conversely, animals followed

over comparable lepgfhsiof time may have different numbers of

fixes, MThird, extensive inter-study comparisons of\movement
q‘ . . .

patterns i?ﬂe.-ﬁ‘%ﬁd SD-COA) were présgpted in Chapter 5.
The reasomably strong positive correlations between D and
hogf ranée for the two sexes witpin each study period

Suggest that further comgarisqns would he'rédundant.i For <.

these reasons, I will focus maihly'on variations "in home
) . )

-

range within each)study period.

Range Use: An important supplément to,éhe-descriptioﬁ-of-an
individual's or a population's home range area is information )
aboﬁt how the individual .(or population)”distributes its -
acti#ity in épace and time. For instance, an individual'maﬁ_
distribute activity over its hoﬁe rénée uniformly or it may
maintain a center of intense activity with a decreasing

probability of using areas progressiVely farther from the

[
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core area (e.g. a bivariate normal distribution). A simple
description cf'home range area 1is inadequate to distinguish
these two range patterns and therefore an index which
assesses the relative occupasionalrdensitg of quadrets is
necessary. duch a.range ‘index may be based on the actual
duration of'the time spent in a quad#at or the number of

1ocation Samples in a guadrat. I use cluster analysis,

i', eimilar to that used by Madison “(1978a), which describes -the

relative concentration of an individual s aotiVLty within its

—

home range based on the percentage of the total numbef of
’ -
fixés located in each quadrat. The concentration of actiVity'

-

will be described in’ terms of (1) primary.clustering (PC}
defined as the percentage of the’ total number of fixes that
lwere in the quadrat with the highest frequency, (2) secondaryr
lclustering (SC) defined similarly but with the second highest

frequency, and (3) tertiar? clustering (TC) -defined similarly

/ .

but with the third highest frequency. These cluster scores

are ueeful for making inter-study comparisons as‘well as
'lntra-study comparisons since the correlation betwaen Pc, ’
" for example, and the numher of night fixes does not deviate

from 0 (r = -.20).

1
»

Rangeiuse patterns, as indicated here hy the cluster
analysis, should be relevent to several ecological factors
including rasource ahundanoe and distribution,_inter-'and
intraspecific_competition (e,g. for space,‘food, or mates),

. S . L L
and the type, density,$and distribution of Predators (see

+
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Brown and Orians, 1970 for an ‘excellent review of these

v . ' '
issues)., With respect to Kangaroo rats, cluster patterns
should prqvide information relevant to foraging behavior.
For exXample, one might expect hoarding animals to bring fo
back to a central location (i.e. a-central pléce forager)/ for
processing and feeding and thus spend a large proportion of
time around their burrows. Cluster patterns may also reflect

the social behavior of kangaroo rats. If males are indeed

eir fanqes in order to equude'rival males and/

pat:olrinq

or to visit /females, ;hén the cluster scores for males should

PN

be iower than for females. - -

. . " } . '
Range Overlap: A useful measure for investigating the

.likélihood of éociar/;nteract;ons'bétween'small mammals is

range ov'r;ap.z,Qveriéﬁ‘measurég indicate which animals are
likely to interact either directly or indirectly {(e.qg. Cow

- -

thrgagh stnt-marking) undex va;ious.cbﬁditions fe.q. _‘-;-ésf'

reproductive versus nonfrepcnddﬁilve seasons). O'Farrell

(1980), for instancd, concluded that D. merriami male-male »

-
- -

spatial overlap was grpatest during reprbdubtive'activity in
- . v ] - " * . “
the winter and spriﬁﬁ. ‘On the other hand, Schroder (197%) D

found that D.'spectabilis maintained'relaﬁﬁvély exclusive

home ranges throughout the year, including the reproductive

r

season. - s

The overlap results reported hqiﬁjare based on the

average proportion of an iﬁdividuél's home range shared with

- | ‘.\h)' -
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a conspecific. Using set theory notation, overlap was

calculated with the equation _ -

OL =, Q. /Qltot

where: QinQj = the number of quadrats shared by individual i
and individual j over the time period that both individual i
| and 1ndiv1dugi j we{é’#adio-tracked. Qitot X
‘number 6fﬁﬁhqgigts occupied by individual i over the time

= the total

peridd that both individual i and individual j were r§§io-

tracked. .o \;) . .

Day Burrow Distribution and Use: A potentially important

consideration for many énimals which establish stable
territories or home ranges is the choice of a homesite which -
pr;vides protection from predators and other environmental .
stresses. For some species thé home site or the area around
‘the homesites may he a limiting resource for which ;nimals

must compete. This situation might cccur where the number of

suitable homesites is limited or where relevant resourceg are

.patﬁhily.@is;ributed. : For examplq,.é. spectabilis homesites

consist of elevated mounds requiring.-two to three years to

construct and suhstantial effoft to maintain, but whicﬁ alQo
.provide large s;orage space-for-hoarded fpod and protection
from.fldoding (Jones, 1982). Jocrnes snggestﬁ that these
mounds are a potentially limitiﬁg iesourbé for which .' /

competition is severe and- which ih‘fact, may be '

matrilineally passed on to offspring. Jones also suggests

.
. .
. } .
. -
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that burrows are not a limiting resource for D. merriami

1] .
based on the evidence' that these individuals continually

-

moved te new burrows. Upon excavation, Jones found that

D. merriami burrows are simple, typically consisting of a

single chamber 10 to 20 cm in diameter, 5 cm high, and
generally less than 30 cm in depth. This evidence doég not
imply, however, that Q. merriagi choose burrow sites
.randomly since the iocation of a burrow or set of burrows
relative to fo;d resources or cons#ecifics may be an
impo#tant éonsideratidn.

The dispersibn‘of occﬁpied burrows shoula pProvide

some clues about social structure. . If burrows are aggregated,

the poteptial for social interactions should be high. If,
on the othér hand, burrqws are uniformiy dispersed so that
nearest-neighbor distances are large,- the potenfial for

'socia; interactions may be relatiyely low. sSuch a finding

would imply active repulsion or avoidénce. .

-~

vk
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° Results
Hom® Range \
The results presented-in Table 7.2 indicate that ﬁkme
! ! : - . . -

ranges were smallest in study period 1 with an overall (i.e.

sexes combined) average size of~0.195ha, soyewhat laiger'ih .

study period 2 at 0.31 ha, and largest in study period 3 at

-

0.48 ha, The inter-study home range differences+reported
here thus exhibit a pattern similar to the intér-sEudy
difﬁerencés in hourly moves (éee Table $.2). The results

given in Table 7.2 provide no evidernce éhatbpever of\a sex
. FA )

differenée in home range in any of the study periods (Eledf

.91 for study peried 1, Eladf = .71 for study period 2, and

Elsdfg'gl for study pericd 3). .

t

As with' the movement patterns described in Chapter 5,
individuals exhibited substantial variation in home ranges
within each study period.: In study period 1 the range in

home range was 0.04 to 0.32 ha, in .study period 2 the range

"

was 0.13 to ‘0.56 ha, and in study period 3 the range was Q.24

. 4
to 1.16 ha, To illustrate the variance between. individuals®

'spatial patterns with respect to home range and the geheral;

Y

dispersion of ‘activity further, Figures 7.2a-f depict the

‘ranging pattern of a randomly selected male and féﬁale from
each study period. Each individﬁal appears to utilize one to
three quadrats intensively (see cluster analysis below) and a

i

varying number of other quadrats to a lesser extent. Clearly

. 240
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Table %,2. The‘averégé hoﬁg_range éizes tin ﬂectareé)

) Qfgké; down by sex and study period.

P . .
, Study Period .
.
V1 2 3
. Male ¢ .18 (.08) .33 (.14) .52 (.27)
Female  '°.21 (.06) .29 (.11) .43 «.14).
"
A ’

o
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Figure 7.2 a-f. _Maps of quadrats in which.randomly selected

~

animals from each study period were radio-located. The size

"of the circles indicates the relative fraquency that the .

animal was located in the quadrat. a,b are from study period
1; é,d are from'stud? pefiod 2; and e,f are from study perigd‘

" (S

3.

-

1y
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the activities of some individuals are ﬁﬁch ﬁore dispersed
than others évén ;ithin study periods (e.qg. male‘13 vs.
female HL2HR2). |
There -is some evideﬁcg that range sizep is related to
5 male reproductive condition based on a positivehcorrelation;.
\\; 'bgtween testes size of stgay pericd 3 males and range size

iﬁ‘ {r = .58). :The sample size is too small to test this
L i LY

relatiopship statistically, however, and fhe.data for male .

-
\

reproductive condition in study periods 1 and 2 were.. . c?‘

inadegquate to examine this relationship. Unfortunately, the

4

data on variations in female reproductive condition are too

scant to relate tohome range sizes.” ‘Based on the enhanced

-

- surface*hctivity by females in relation to reproductive

events and the generally positive relationship betwaen hourly

.

- &
moves and range—size, 'however, one would predict that female

—

home ranges vary in relation to reproduction as well.

Cluster Analysis

N

Animals on both the Ramada and Coyote Wash sites

_mqiﬁtained relatively stable cére activi l.ci' idhin their

.home ranges regardless of the length oé time aq‘animél was
radib-tracked. Table 7.3 sho&s that on ;verage 30-50% of
nocturnal activipy (inéluding subterranean activity) was
restricted to & single lO—mzlquadrat. In fact, the majority

(50—76%} of all nocturnal activity was confined to only three

quadrats or an area of 0.03 ha. Fiéures,?.za—f further CJ
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Table 7.3.
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s

Overall cluster scores for D. merrdami

for the three study period; where PC = primary cluster,

SC = secondary cluster, and TC = tertiary cluster.

Study Period IPé ‘ sC TC
. _ — .
1 ""49.6 (&3.4) 16.8 (7.1) 8.7 (4.1)
. * i —,
2 - 2B.6 (10.5) 15.7 (5.4) 9.5 (3.9) s
3 29.1 (9.4) 12.7 (5.1) 7.5 (3.3)
- - v //$\
2 T
e .l.l':,'.; N .
e . E . .
\
: 3 L] . -
L - ‘=
LY N
- ‘ " te - .
. . '.‘ ' -
¢

-
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pra : . -
’ _illustrate this finding by showing that each individual
3 - - . maintained l;3 areas of intense use‘and occupied other
- quadrats much less frequénfly.
‘. . . .The high degree of clustering by D:. merriami in part

L

reflects the extensive use of ddy burrows throughout the
night. For 45 of 52 animals, the quadrat wfth the highest

cluster score was also the guadrat with the most frequénﬁly

used day burrow.

-

There was some evidence for inter-study differenceﬁﬂ/k

ih eclustering. The mean primary cluster score (PC) for study \'

-

period 1 animals (Table 7.3) was significantly higher than

‘&- the PC score for study;period-z,animals.(t 5.20, p<.001,

=34df
* \two-tailed test) or study period 3 animals (EdefJ='5.20,

Ol,Itwo-tailed E}ﬁt).. Study period 2 and 3 animals dia

not differ in PC nor were there any inter-study differences
§ .

ﬁJ/ . in SC or TC.

There was no .
a ;hyéis that males ahd femaiés use their home ranges
. ‘

L4

"igE: évidence'qn the basf's of .cluster

dﬁ:i:éf Y. The data ﬁreseﬁtéd ip Table 7.4 indicate that

. the cluster patterns for males and females are similar with

y - .

the exception’ that studf period 1 males had a higher averége
-

SC score than females (t,6q9¢ = 2-22, p<.05, two-tailed test)

,and‘study:period 3 females had a higher average TC score than

males (t,,.q¢

= -2.19; p<.05, two-tailed test}.
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fable 7.4. Cluster scores for D+ merriami broken
: Co Q '
~down My sex and study period.

iz

Study period PC sC TC

1 Male 48.9 (11.6)  19.4 (6.9) 8.3°(3.5)
. Female . 50.6 (16.8) ~ 12.8 (5.6) 9.4 (5.2)
2 Male 30.4 (11.8)  15.6 (6x6) 7.7 (3.7)

'éemaie T27.1 (9.8) 15.7 (4.7) 11.0 (3.6)
3 Male 26.8 (6.0) - 14.2 (2.9) '7;2-(3.3)‘

Female . 31.4. (11.9)} 11.3 (6.5} 7.8 (3.6)

-3
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a high“of 24.3 m over

.than their weekly shifts wiﬁh the exception of study period

; - —_ 251
Rangé Shift X . .

Range use may also be investigated b} determilning N
center-of—activié}\égfhg changes qve? time. -An an%mal with "
a high degree ¢f si‘e attachme;t (i.e. occupying éhe same -

p——

ime) should exhibit’
[

NN

territgry or ran%ilzﬁi? a, long period cof t
nightly variations.in its COA which are indeﬁendent ofy.the

time span over which the. animal is radio-tracked. make

this determiﬁdt£3§+.1 coméared each animal's total COA\ghift

defined here as the ([distance between its first and last

nightly COA, ‘with its average weekly shift. The results
indicate that-D. me:riami have a re.atively hiéh degree of
site attaéhmgnt'for periods of dp to at least' six months:

7.1 m'over an avéraée f two weeks by study period 1 males to

Tabl N> shows that[ﬁotal Con_éhifts%:?ged from a low of .

average of five .wekks by study period
2 males. A 25 m COA ghift by animals with excellent~ranging

qayabilltieq'(e.g. male 13's several hourly moves over 200 m)

w
-

- would seem relativély-small. More iﬁportantly, the total

COA:shifﬁs by tMese apimals ﬁere;not significantly larger

4
2 females (£7d£'= 2.91, p<«.05, two-E?iled test). Four

animals, including thrae males and one female from study

period é,were'suhsegge e implanted with transmitteﬁ;

*

in study period.3. Wi xception of male 13 whose COA

shifted 121 m, the hnimafflinhabited the same general area.

Female 1500's COA shift was 15 m, male 12 shifted 36 m, and

- -

- R . R Ci
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G
o
- . ~/ . .
Table 7.5. Center-ofractivity shifts (meters) on a.-——
weekly and overall basis.for male and female D. merriami I
during different study pericds. _
Study Period //\MIV/’/
1 M 2 3
L]
Weekly Total 'Weekly Total  Weekly Total
Male 8.0, 7.1 . 22.3 2443 15.0  14.0
to {5.1) (4.4) - (14.1) (23/8) (7.6) (7.9) &
Female 15.5 16.5 12.7 . 3.5 11.1 - 13.7
. - (11.1) (12.3) (3.9) {9.2) {6.9) (12.0)
L . /
"‘.' .
i i
T
4
i
e
-~
L) ﬁ




253 -\\\\

{

male HL3FL2 shifted 43 m.

-

. Within study ﬁeriods there were sex differences in

weekly COA shifts for periods 1 and 2. Females in study’

period 1 had significantly greater shifts than males (
—
2,35, p<.05, two-tailed test). Males in the breeding

ti6ar

s;;kon {study period 2) clearly exhibited‘the most erratic

ranging behavi?’rom week to week (see Tablg 7.%)Y. This
i o difference is pPrimarily due to the actiWvity of four males

who exhibiﬁgéTsome drift in their home ranges (see also day

'L burrow results below). Of these four males, male 6 had an

-

a?erage'week;y CoA shift of 45 m, malq HL3FL2 had a 35 m

shift, and male 12 had a 39 m shift. e average weekly

COA shift by the remaining eight males of 15 m was gim;laf to
e . _

the other weekly averages given in Table 7.5. .

Range Overlap

Range'dverlap among conspecifics can be difficult
. ' o *
to evaluate if range size and use and/offpopulation detsities

fluctuate sigﬁificantly. However, the‘data.just pPresented .
suggest that individual range use patte?ns are consistent
over time. Furthermore, this statistic can provide essential
information abcdut the potential for social interactions. The
spatial pverlaé'results presented here.should be regarded as
minimum estimates of actual ieraspecific ?vérlgp sincé we

did not radio-implant all animals on the study sites. It is

therefore likely that some animals without tfansmitters had -



N

"greater than female-female overlap (t

254

home ranges that were interspersed among e ranges of
" .

radio-implanted animals. This likelihdod would lead to

biased estimates of the, absolute proportion of an individual's

range overlapping with conspecific$é. Hence, for
comparative purposes, I calculated for each individual a
mean score for spatial overlap with conspecifics of'thg same
sex, the opposite sex, and the sexes combined. This spatial
overlap score is expresgedsas.a percentage of the total-
numher o§\$q§§rats in which the individuaiiwas radioélocated.
Tabl;‘7.6 gives the results for qutial overlap
broken down by sfudy period and sex. It N evident'ffom the
combined overlap sco;es:that the differeece'inl’pégial
overlap between sthdy periods and bgtweeﬁ“th€;‘exgs were

small despite the changes in breeding condition between study

periods, A noteworthy ﬁinding was that females tended to

overlap more with male consﬁeqifics than female conspecifics.

This difference was .gignificant for study period 1 females

(Lcqe = 2.70, p<.05, two-tailed test) with similar, but not

ot

™

statistically significant trends for study periods 2 (t = 1.71)

. ) ‘ )
and 3 (¢t = 1.45). Combining the data over study periods,

however, revealed that female-male overlap was significantly
21df = 3.22, p«<.01,
two-tailed test). A similar relAtionship was apparent in

study period 1 with male-female overlap significantly‘gieaten

than male-male overlap (£7df

However, this difference was not apparent in study periods 2

L

= 2.53, p<.05, two-tailed test).



Table 7.6.

4

)

The mean percent of home range overlap

by D. merriami broken down by sex and study period.

Study Period

Overall

Same'Sex

Opp. Sex

. K 7
1 Male . '15.1 (12.3) 14.5 (13.9) 2 (6.1
Female 12.8 (3.5)° 8.5 (3.5)  14.8 (4.5)
Combined 14.3 (9.9) - 11.9 (10.9) 18.0 (12.0)
2 Male 13.8 (4.8)- . 13.4 (7.9) 13.3 (6.4)
Female 12.6 (3.7) 11.6 (2.0) 14.8 (4.6)
Combined ~ 13.9 (4.2) 12.3 (4.6) 14.2 (5.2)
“3 Male 11.1 {3.5) I‘&1.3 (6.7) 12.3 (3.9)
b .
Female 12.3 (4.0) _ 8.8%6.7) 1249 (4.6)
Combined "11.7 (3.7) 10.0 (6.6) 12.6,(4.1),
— -
o
N
] ) v "‘-
o T——
—



ang 3 males.

r

—) \//Mogt individuals of both sexes overlapped to some
degree with several conspeclflcs ~The medlan number of .

conspeciflcs overlapplng with any single 1nd1v1dual was 5

[
_(range = 1-14). The median number of Same-sexed conspecifics

overlapping was 2 (range = 1-7) and the median number of
[ A

opposite-sexsoscpnspecifics oﬁeflapping was 3 (range = 1-7),
~ . ThHere were no -cases of overla ong animals' pC
™ . = !

SC, or TC q . However, in several cases the cluster

quadrats. individnelsiwere adj%cent. In study
o 7 7 : ) : ;
period 1 there were two cases of adjacent«female-female SC's,
. / ' . R
one adjacent female PC-male TC, one adjacent female SC-male

PC, and one adjacent'female SC-male sC. In study period.a,

- there was on:\aﬁgacent female SC -male SC and éne adjacent

female PC-female SC. In general, overlapping quadrats
between any two individuals were in_areTf that were 1itt1e—

used by at least one of the animals.

L4

Day Burrow 'Distribution
A means of gaining insight into the socio-spatial
7
relationships of animals is to examine the spatial

digtribution of their homesites, or in the case of’ kangaroo
rats, day burrow sites. As a solitary speciles, it Js
expected that D. merriami should select day bur:ow_SLtesiin

a2 non-~random fashion se that nearestfneighhor distances are

large. Such a strategy would result in a uniform distribution

-
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of day burrow sites.

“In order to test whether D. uerriamiiday burrows are
ﬁore uniformly distributed than raﬁdom, I comoared.the mean
nearest-ueighbor distance betweeu day burrow‘sites cbserved
in study periode 1 and 3 with the mean nearest-neighbor

- - %
distance generated from a computer simulation utiliz;ng a
'randoq_diepersion mode}. The day burrow locations were from
- one randomlxrselectedrday each from study periocd .1 and 3

(;uere-were probably few animais without radio implants that

were lnterspersed during these study periods). The analyses

were based on 18 animals for study period 1 and 12 animals for
study per}od 3 (a female whose nearest-neighbor was 95 m
away &ae.cousidered_to be au.outlfer and 'thus was omitted).
Tue computer simulation WasAdesiéued to generate a mean
\Eiareét-neighbor‘dietance to the nearest 0.1 m using a random;
dispersion model ‘and the grid size and day burrow density as
parameterst The s;mulation program generated a random set of
;fl grid (i €. x-y) coordinates without replacement, the nearest-

nelghbor for each coordinate palr was found, and the mean_of

.

P

the nearest neighbor digstanées was calculated This procedure

was carried out 1Q¢ times“to generate”a’mean.of thé;eampLinq
‘ dist‘ribution ~‘j/means. for-,neares't—nei:ghhor distauce' ‘
. L , .
Figures 7. 3a,b depict the day burrow 1ocatiops for

[ 4 .
the two randomly selected days fromlstudy pe?iqd I and study
1 ) P . V . . K . ) 4
. The meah\nearest-neighhor‘distance for study

o 4 .

De€ember 15 was 34.8 m (i%2,7)-which was "

¢S .

s
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Figure 7.3 a,b. Day burrow locations for male (o) and

female (‘) D. merriami .on two randomly selected. days each

1

,_ftom‘study peripd 1l (Dec. 15, 19801 and study period 3

Kot

(Dec. 22, 1982), ' . v
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significantly larger than the expected mean of 25.7 m (El df

= 3.04, p S5 N\one-tailed test). The mean nearest-

- -

- neighbor distance r December 22 of study period 3 was 40.9

—\\j7_\\\\‘ - h (£17.7) which was significantly larger than the expected
mean of-3079 m (Elldf = 1.9?, P <.05, one-tailed test). This

evidence supports the notion that D. merriami day burrows are

;:iy) ‘ uniformly distfibuted and that individuals space themselves
in a manne>\E:ich.reduceé intraspecific interactions. ; f
It was shown'earlier thaifsew\yas'r;;evant to spatial
) ) oﬁ%klhp pattefns with féma;e—female %yérlap significantly

less- than female-male overlap. It is possible that sex might

also be a relevadgt factor for the spatial distribution of day

L ) burrows. To_gxamihe this possibility, the nearesi-neighbdr'
' . - . ’ . . . -
- distances to the day burrows of same-sex and opposite-sex

conéﬁhQifics were compared for each indiﬁi ual using the day

L.

!

|

|

|

I « . burrow-data from the same days in the pr¢ceding analysis.
| * N |

|

}

N . . :
Since there-were more males than females\ on both days, :

randomly selected males were excluded fro the analysis so

that there was &n equal number of potent} l nearest-neighbors

AT -

of each sex. Otherwise nearest-neighbor distances wéuid be
t

biased toward the more pumerous sex. The results of is

analysis are given in Table 7.7. It is apparent that nearest-~

neighhors tend to be of the opposite skx, but the results

are only significant. for females (t = 1.81,.E-<.05, one-

l24af
tailed test). One interpietétiongfjthese results is that -
- : \ .

kY

E females attend more to the day burrow locations of‘conspecific

}
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Table’ 7.7. Average nearest-neighbor distances (meters).
Lo

Study Peribd 1l Studf Period 2

g -

Male ' Female - . Male Female

Male 54.4 42.6 56.7 N, 48.3

Female 45.1 | 57.2 - 53.9 {//J 70.4
- . ‘ﬂ

. \J - »
.
- ) \
-, N _
T~
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females than to male day hurrow location whereas males do-not

appear to discriminate. s

Day Burrow Use

There are several aspects of day burrow use addressed
in this'section including the number of day burrows occupied
over a given period of time, the number of muves-between day
\burrpws, whether old day_burroﬁu are ?eused, the distance

' betweeu quccessive day burrows, andiuhether‘individuals have
"favorite" day burrow sites. | . ;‘

The data used to investigate day burrow use come from
a subsef of animals from'study periods 1 and 3. Day burrows
from'theée two studf-pe du were recorded daily throughout

.the studies with tﬁe egjzztion of one day in study ﬁeriod 3.
Anlmals that were r%Eio-tracked throughout most of a study

perlod were selected ylelalng 16 animals radio-tracked f;g;\'

-y

l to 22.days for study pericd 1 and nine animals radio- . .

tracked from 32 to 40 days for study period 3. N
In general, each Lndividual used several day burrows

over the relatively,short periods of time the animals were
.

radio-tracked. However, in most cases only one or two day.
N—— ' . h ] v

burrows were used with high fregquency. In‘many.instances,
an individual used a particular day burrow for several
consecutive days, switched to a new'hurrow for one or two

\eays, and then returned to the orlginal day burrow. The

combined results glven.ln Table 7.8 bear out these qeneral
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conclusions.

four different day bur

{range = '15-40).

;jkrange

. ‘
However, indivdiduals did not use different

day burrows with équal frequency.

day burrow was used 64% of ‘the days on average (range = 27 to

100%) and two day buffows accounted for 86% of use on average

v
(range =\54—100%)}

the number %f day burrow moves to the number_df_different day
burrows used by .each individual is greater than one indicatfng -

that_aniﬂ%ls tended to return-to or recycle previously used

day burrows.

switched day burrow locations never returned to a previous

loc¢ation.

and females utilized day burrows in'either Study-periéﬁ

- (Table 7.8) with respect to the number of day burrows used,

in which one or two particular day burrows were used.

*

" Considering the differences in the number -of days

L4

appear to be any study differences on these measures either.

'ﬁhed! two study periods at 15.7 m-.(ra

females 'in study p

(L7

= 1.63, p>.

Table 7.8 shows that the average ratio of

-

Y

L.

05}

o

.

On avﬂiiz:; each individual used approximately
>y
1-8) over a 25 day period

For each individual, one

In fact, dnly three of the 24 animals who . \

-

There were no apparent differences in fhe wéy_males

the tendency to reuse previogs day.burrows, or the ihtensity

were followed in the different study‘périods,

!

There was no difference on this measure between males anl

= 1.02)_or study period ‘3

nimals

.o The average day.burrow'move'was relatively-sﬁa%& for

nge = 3.6.£o_53,2 m) .

265
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An interesting finding in siudy period 3 was that
animals made more day hurrow moves in Novemher than Dgcémber.

The median proportion of animals moving on any giveh day in

L

study period_3‘ﬁas 0.22. Figure 7.4 illustrates that on 14

'l —

of 17 days in November, a greater number of individuals had

day burrow moves than expected (p = .005, binomial test). In

pont;ast} on 16 of 20 days in December, fdwér individuals had

day burrow.movps tﬁaﬁ expected (p.=_.005, binomial test).
Though it is not cleay what proximate factors trigger

day burroq moves in general, there wara.seferal géecific day

burrow moves appareﬁtiy_related to reproductton, dispersal,

. range shifts, and social interactions..
Unusually large day burrow moves by one female, 1485,

were associated with estrus. As mentioned in Chapter 5, this

' *

-

parficuiar female, whose average day burrow move was 15 m

/'Nh

when anestrous, pregnant, and lactating, had.day‘burrow moves
of 100 m aqd'Qs‘m, resbectively, during two estrus periods.

Oon both occasions,
: 8

burrow area one or--twg—days after estrus.

this female returned to her previous day

-

Fémalea continue to change day Qurrows throughout

late gestation and lactaﬁién, presumably moving their
A T
offspriing to the new day burrow sites since there was no

evidence that females termiﬁated lactation around the time of

-

the moves. For ihstaﬂca, female 1485 had a 28 m mo:g;z;}p

da&s preceding parturition and a 20 m move no more than 7

days Pomtpartum. Female 1312 showed a similar pattern with a

\_ . '.‘ i '. )’ . . )




Figure 7.4. The proportion of bD. merriami that switched
day burrows each day in study period 3. The dashed
horizontal line is the hedi@&/gioportion (.22) of animals

moving day burrows on a given day. ) ¢

. «
GN;\u)‘ ‘ . . ;, .
o r -
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62 m move at qut 12 days before pa¥turition and a 36 m move

- no  more than 5 days postpartum. Female 1500 had a 25 m move

Eollpwed by a 24 m move the following day‘hb more than 7 days

preceding parturition and an 8 m move no more than 7 days
postpartum. Finally, female 1 had a 51 m move within 3 days
of parturition (it is not known whether the move occurred

before or after parturition} and a 20 m move no more than 14
A Y - .
days, postpartun. ' L

Some dayAburrew moves by adult males in April and hay
N

of study period 2 were unusually large. Male 6, for example,

had a day burrow move of 102 m, male 1451 had moves of 88,

1

91, and 48 m, male HL3FL2 had moves of 87, 110, and 84 m, and

bt .
male 12 had a move of 76 m. Of these males, male 6, male

.
\

HL3FL2, and male 12 had major COA ghifts (se;'earlier results

in this chapter) indicating that these day burrow moves were

related to home range shifts. Figures T;Fa,b iX¥lustrate the

association between day burrow moves and range shifts for

+
-

males §L3FLE andwmale 12. Male HL;FLz's'range progressively
shrftgg\ﬁést over a one month pericd with a cohcomitaht
reductioh in eize; The change from a rather erratic ranglng
pattern to a compact and consistent rxange suggests that this
male may have been in the .process of establishing a.day ;
burrow and range area. Further ‘support for this possibility
is that this male was first captured on the grid only 5 days

before radio-implantation on April 17.. The range shift
- :

' pattern exhibited by male 12 indicates that long-term

. 1 — - .

-

-  J

LY ¢
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Figure 7.5 a,b. Home ranges fof two males from study peripd
2, for 7-10 day intervals. Squéres enclosiﬁg Symbols/iAdicate
burrow locations and puﬁperg indiéaﬁe the interval in which
th day*hurroﬁ was used. a: Inferval-l (o) . April 18-25; .
Interval 2 _(..\_,%;ri_l' 26-May 5; ;ntefval 3 (@) May—10-20.
]

b: Interval 1 (o) AP£11‘14-23; Interval 2 (@) April 24-May 5;

Interval 3 (o) May 10-17. ,

i Y . .

- #y
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residents may also have substantial range Aiifts. This mé‘g'

was .initially captured on January 20, 1982 and thus had been
R ~ . . - .

a. grid resident for almost three months when he exhibhited a

large range shift., However, as indicated by the CbA‘shift

13 J B
results.presented darlier, ran¥e shifts Yof such magnitude

were unusual occurrences with most animals having on%y small

X
COA shifts over relatively long periods of time.

,/” One sét‘of déy‘burrow moves in study period 3
suggests that social considerations may influence'éay ﬁurrbw
locations and use patterns. Female HL2 was killed by a
coachwhip sn%}e on Ndvember 25, which then remained in the

burrow until December 3. Subsequently, on December 8, Qale

HL3FL3 moved 53 m to- female HL2 s formea day burrow. On

VDecemher 10, female HL2HR2 moved 24 m to male HL3FL3's,

-
»

former day’'burrow and was lpcited.there five of the next

i - ’ N o -
nine days, including December 19., On December 20 male HL3IFL3

was again in his férmer day burrow which had just been

"occupied by female HL2HR2 the previous day. On occasion-

‘ "'n’: ‘e i
animals have‘bezk located in the-foaﬁer day burrows of other
animals, but this was the only case in which the shared day \\

burrow was reoccupied by the former owner.
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‘Dig€ussicn
Home Ra#ge ' . ’ "
Home ;ange was defined by Burt .(1943). as the area,
£ . -
usually éround_a‘homesite, over which an animal normally 4

travels in search of food. Despite this seem;ngly simple
déginition, home range is a rather 6nerous.concept which bah
generated much debate about its iﬁasurement and meaning. One
point of contention is the time course over which home range

* should be ijiﬂufed. For example, ¢hould home range be .

. L S
calculated onf{a wekkly, monthly, s :lonal,.or annual basis?
culag & -
. ’ : N

b

"Another diffic

in the calculatio

{issue is what movements should be inqlﬁdéd
of a home range. The occasional long sally

probably should-notl be considered a part of-an animal's

"normal” home range,'but_what-ié meant by a loné sally is not.

always ngreed upon. This question led to the formulation of

probabilistic¢ descriptions of home range (e.g;AQS% probabi%}ty
.ellipses) which were discséed in Chaptef 3 (see alsé, a.g},- "y

Jennrich énd Turner, 1969). It has become increasingly clear
s . ’_' . *

tRat debates abbut the proper or single-meost effective way to

. v Y s

. ? L.
cojllect and describe home fpange data are fruitless. - Each

investigator must decide which methodology will most

~ 1

_acéuratélywconvey the hehavioral phenomena under study.

LY

Questidns.concerning the funptioﬂ of poma'rapga'have

'brought about a more fundamental split among workers. On .the.

oné hand, many ecologists comsider home range size and use

.
- s

oM

-
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patterns to primarily reflect” the organism's energy demands
{e.g., McNab, 1963; Harestad and Bunnell, 1979; = Mace and

Harvey, 1983). On the other hand, the woxzker intergsted in

social behavior may consider home range to reflecti
socio-spatial interactions (see Brown- -and Orians, 19?0 for a

review). Certainly most investigators would agree that

»

ranging patterns reflect the interaction between eﬁergetic

demands, food density and distributlon, and-*social and -

reproductive exigencies. This perspective can be subsumed

.

N A
under the socio-ecological approach ocutlined in Chapter 5.
—r
In the introdugtion of this chapter, I defined home
range ,as the area iﬁvﬁhiqh the animal was radio-located plus

the minimum area’'the animal must have traversed to reach
-t

!

distant locations. I have thus included long sallies in home
range under the assumption that' unusual movements have some

biological relevance. Since the major focus here is. the

association between home range and soclo-spatial relationships
rather than the relationships between rdnge-size and energetic

: demands, I feellthat the inclusion of long sallies is -

Justlf d:

. ' The av&rage seasonal range siée of 0.37 ha (range =

ﬁh 03 to 1. 16 ha over all study periods) agrees well with the

-

.average aﬂnual home range size; of 0.49 ~Ira (range = 0.05 to

*

2.35) for D. merriami in Nevada calculated from retrappinq‘

data by O'Farrell (1978) owever, O'Farrell calculated home.

range sizes using prind pponents analysis (i.e. 95%
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probaoility ellipses). Thus, simple coppariépns be een the
two sets of résultg\_gst be viewed with caution.

Despite the variance am ng indivi&uals, home range
sirps'fall within the_samé or er-of magnitude. This probably )
does'in fact reflect é basic nelationsnip‘between energetic
demand, range size, and food supply. AHowever, one is still
- left with.tne-question of  why indivfﬁ&n{s exhibit such great

variation in home range size. Certainly some of this

variation can be accounted for by differences in habitat

- ad L]

quality, but the evidence rnat scme individuals make many -
long sallies'oJkr the home ranges.of several conspecifics
(e.g. male 13 overlapped with 14 radiorimﬁlanred conspecifics
in study period 3) indicates that factors unrelated to
foraqing are probably impgrtant as wéll. 'Thofpositive
correlation bétween'testes size and home range in'otuﬂy
period 3 males suggests the possibility -that males in
‘reproductive condiéion may range more w1dely to visit females
or to monitor the: 1ocation of conspecifics in general. This
possihility raises questions‘aboqt factors relat;d to
réproduction.inoluding sooial famiiiarity, nnteichoioe, and

dominance patterns.

‘e

éexual'dimorghiém in home range size wad .not apparent

¥

Py -

(see d%fcussidn of thersignificance of range dimorphism'in
Chapter 5}. Even though this finding agrees with O'Farrell

(1978), it was surprising in light of the differance in’

novéments between'méleg and females durinq the breeding season
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[
(see Chapter 5). Apparently males move about their home

.
ranges\moxe widely than females rather than ranging farther
afield. The differehtial sensitivity of home range and ﬁove-
ment meagures to sex-related differences poiht to the weakness
of ho ‘range size as an indicator of ranging dynamics,

As' indicat gy cluster analysis, animals tend to
spend posr/df t lght in and around their day burrows with
periodic'sallie to more distant locations. This RN
distribution of activity is generally consistentlwith the

axpected activity distribution of a central place forager.

e

Food provisioning experiments in the field (Daly, Wilsoﬂ, \\\.
and Behrends, unpublished data) show that uporf discovery'of,
rich food sources, animals pouch approximately 2 g of food

(xplled oats) and immediately transport the food to their

’

current day burrow. Severfl trips are made in gquick
. 4

-

thﬁ! experiment).until the food is depleted. ItLMs}likely

'that under normal circhmstances animalsrmake severa{ ﬁoraginéb—

trlps each night and spend part of the remaining nocturnal

_hours feedlng in the safety of their: burrow. As a scatter

hoarder, D. merriami also establish small surface food caches
/
in, h&f.viganity of their_burrows (Pers. Obs.), but it is not
[ ' | | . .o .9 )
known how important these caches are as ;ohg-term food
‘ " . _ ‘ .

stores. It-seems that severe losses of food from these e

;
:

- caches'would occur from raids by conspecifics and pocket. .

-

mice.

'.’. N /

. 'r'\’“- .

LRedE ’ ‘ . . .



: 278

.

Despite’ the movement differencés between males and

females during the breeding season, the two sexes had Similar .
'range use patterns. ' Based on the cluster_scores,'there was
no evidence that males patrol their ranges,nore_than females.
-'Difference; in clustering between study-period 1 and

study periods 2 and 3 provide further ev1dence “that study

period 1 animals were j?re sedentary than study period 2 qr 3'

animals. Study period 1 animals were, radio tracked on a

LS

‘different study site making compariﬂons with study periods 2

and 3 difficult. However; as discussed_in Cnapter 5, there
uere.noiconsistent differences inﬁweather,patterps including *

Ptémperature differences'or precipitation‘that‘could aodount.

for tHEwinter-study differences.u 5
It is noteworthy that so%e individuals were found in j
Lo : ‘ :
the,same general area from-53ason to-season and from year tot .
P . . R e- o -

year. This finding, along with the conservative reproduction

J

of this species and the. evid_nse that juvenile mortaiigy R

c. “

sxceeds adult mortality FFrench et al.,‘1967), implies that. d?t

:social communities may be relatively stsble over seasons and '

perhaps even'years. Long-term stability in,communitiest 'J
'should provide the opportunity for complex’social structures '

fto evolve with social familiarity, mats choics, kin : ‘,_ ' \

c o, A N

relationshipshfand domin:hps psttsrns ag potsntially importanﬂ
° ’ ’ LB . . "
- factors (see Chapter'B).‘ Af-the 1eastu~it seems. stable B

home ranges should provide the opportunity for repeated <
I} ’ ‘ .

.social interactions between individuals with the result that -
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neighbors become sociaily familiar.

s
* . - )
[}

Range Overlap . . ot

The degree of intraspecific range overlap provides _.
indirect information about the likeliheod of social

“

. . N . '
interactions. O'Farxell (1980) reported that individual D.

Fl

merriami overlap was g eaﬁeét during the breeain $eason.
ferriami ; ¥ ‘hg

Moreover, he-found that male-male overlap was greatest, . 1‘5

el

" male-female overlap intermediaie, and female-female overlap '

. ' t
least. Unfortunately no statistics supporting these ;
findings were reported.: . : : . }

‘There was substantial intraspecific range overlap in

~

the présent study, but)the patterns were different from those -
reported by O'Farrell. There were no seasonal differences in

the degree of overlap and no difference between opposite-sex '
. T

and mdle-male overlap. Similar to O'Farrell's findings,
1 I . A

however, overlap between females was significantly ‘less thaﬂ

Y

overlap between the-sexes. _
.Apparently D. merridmi(;olerate substantial range

overlap with conspecifigé; a2 not atypical mammalian>pa£tern

‘(Brown and Orians, 1970). <The extensive range overlap of D.

merriami stands in marked constrast to the rather exclusive

ranges of D. spectabilis (Schfoder,_1979). Brown and Orians

: i . ol
(1970) point out that due to tHW relative lack of miobility of o i
many mammals, the cost of defending a foraging _.range probably |

outweighs the benefits gafned. Thus,.the large overlapping

——— e - - -
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ranges of D. merriami may in part reflect the exploitatio
L)

of scatteged, eéonohically undefendable resocurces.
. - 'Estimating the liFelihood.of.direct physical
‘encounters among overlapping indiyiauals_is difficult on
the basis.oflghese data. Hoﬁgyér, the 1ackl;f spatial

P

overlap among individuals' core areas suggests "that direct

encounters pnobably occur at a relatively low rate,.
Nonetheless, on several occasions, individuals have been

observed‘visiting'the &éEaS'aréund conspecifics' day burrows.

On many occasions, two, gand, on one occasion, three

-

inaividuals have been observed ip close proximity (1 tb 5 m)
under a shrus, creosote busﬁ, ax paloiverde tree. Sometimes
_;ghééunteré are aggressive, usuaily with one animal chasing
*  the otheri but at othér-tiﬁes the animal% are:passive and
_seem obliiious ﬁo the close presénce of a' conspecific. These
observatioks of aggressive-%nteractions‘suggest that D.
merri;ﬁi may'ﬁaiptain territories (i.e. defended areas; Burt,
1943) arcyqd their'd§y burrows and corg activig% areas, but
these data are too ;parse to make any conclusive statements.
Tﬂe,relative lack of spatial o§erlap between females
compared to the overlap between'thé sexes or between males is
. ‘ .
not ﬁnéommon jn solitary rodents (see, e.g., Daly and Daly,
.1975; Madison, 1980) and suggesté that there is relatively
“ less direct social interaétion between females. The

lgsplihood of mutual avoidance by females is reinforced by

the demonstration that for females, .the neaxest male day



.

burrows were significantly closer than the nearest female day

burrows. Malgs, on the other hand,-tendedu;o overlap females -

as much as males, with the'exceétion of study period 1 when

male-male overlap was sijnificantly less than male-female

foverlap_(Table 7.6). Moreover, males exhibited no specific

sex~related day burrow distribution patterns. These‘results_

- "are quite different from O'Farrell’'s findin§ that the

. . . R .
greatest degree of overlap was between males.

One may speculate that '‘a relevant dimension for a
female's choice of a day burrow location and use of a home

range is the sphtial_loca?ion of conspecific females. Males,

despite theib's;milar uniform spacing, do not appear to

choose their day burrows or have overlap patterns that are

" related to the sex of nearby conspecifics.

With respect to day burrow distribution in genqral;

. -
it is c¢lear that individuals spacg themselves in a regular

manner, as indicated by the nearest-neighbor analysis. A

regular distribution of D. spectabilis mounds was also noted

by" Schroder anQIGeluso (1975). The implication of this sort.

of day burrow distribution is that animals space them%?&ges

‘to avoid mutual interactions. Well spaced day burrows may be

important,for minimizing costly conflicts over resources (in

rd

terms of time, energy, and risk of injury- or predation).

Despite the }egular spacing of ddy burrows, however, D.
‘/‘
merriami exhibit much more range overlif/jgan D. spectabilis.

For D. merriami, uniform day burrow distribution may not be

.
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~for mutual avoidance per se, but ratKRer for minimizing

~Day Burrow Use

. several day burrow

282

. . ; .
interactlons between conspecifics in areas where the cost of

such ipteractions are ?afticularlyﬂhigh,(e.g. loss of food

.‘-o.

stores .or disruption of reproductive activities). As was

discussed in Chapter 5, individuals ma§ be agéreésivéfaround'

-

their burrows and core activity-areas,- but relativaly*gassive

in other parts o% their#®range.

It is interesting that individuals tended to use

L 4 1
and, moreover, d%ually‘returned to

-

.

Brpowé. No external factors triggering day

. w* .
ere apparent, although it was notéd that day

previously used

burrow mo es

burrow moves occurred together in study period 3. No_'

individual characteristics seemed to be related to unusually"
. = T

frequent or distant moves with the exception of long moves by

an estrous female and several males apparently in the process

" of range shifts.® Day burrow move patterns were similar for.

males and'females_over study periods 1 aﬁﬁ'B. ﬂ ——

Though the factors responsiblé for day buzrow moves

are uﬁknown, these moves ﬁﬁem important. The fact that
several lactating females switched day burrows, presumably at .

some risk to their pups, indicates that this is so. Of

course, lactating females may be switching day burrows for
* L]

some reaSon unrelated to those normally operating such as

reducing the pups' risk to infanticidal conspecifics  (see
-
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Sherman, "1981) . One possibility is that animals switch day

burrows to avoid nest parasites. The only evidence to

~

support this idea is that D. merriami are reiatively free of

.t%éks, fleas, -and mites compared to pocket mice (little

—

information is available on burrow use by pocket miée, but
they do go torpid for months at a time; Kenagy, 1973a).
Since D. merriami do not store large amounts of seeds in -

their burrows (Jones, 1982); perhapé the leaét costly way to

. 3 . . .
avoid parasites is to vacate a burrow for a period of time.

Anotﬂ%r_possible reason for fggquen; day burrow shifts is to

aboid'certain predators (e.q. snakes) which may be attracted

to the. strong oﬁor of a heavily used burrow. Finally, the

day burrow shifts may be a way of avoiding raids on smaller

arding by these animals ‘may be related to

competition

’ Conclusion

-

/) The data presented in this chapter include basic

information on the home range size and.use patterns of D.
[

merriami. Despite the season to season and yvyear to year
variations; ranges were Sexually monomorphic. Rénge.use
patterns were very similar for the two sexes as wéIl with the
majority of nocturpal activity occurring\in aﬁd around an

individual's day burrow.
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The investigation of spatial relationships revealed
. o . . ’ : §
some interesting results. Spatial range overlap varjed in

rebatipn to sex. Females establish day burrows and ranges

that serve to isolat& them from conspecific females whereas
. . '
males ‘do net appear to discriminate. -

The relative stability of home range areas, the

substantial degree of spatial overlap, and yet, the regular
W ! .

distribution

of day buf}ow5“§uggests that D. merriami social
4

Structure may be more coﬁpiex.than here;oﬁpre thought. These
animals are by :%\ﬁeaﬁs gr?gariqus, 3ﬁt'at the same.time,‘
they are not particularly asocial. Direct social ericounters
are not uncommén (not to meﬁtion indirect communication, e.é.,
through olfacto;y.cﬁes) and, thus, social familiarity and
dominahée Patterns may be important for both community
stability and réproduction.' These iséues will be discussed

more fully in Chapter 8.
' . O

1.



Chapter VIII

/-‘

Summary .and Conglusions

This thesis has examined several aspects of D.

merriami natural history including reproduction, ranging
. RN
behavior, and.socio~spdtial relationships.. This summary

A .
0 R, .
chapter contains a general description of D. ferriami - ¢

behavior based on the findings presenéed in the éreﬁious
chapters. I will also identify several unresolved issues
thét are important for undérstandipg the socio-ecology of
this species; . |

The mdét'outstand;ng‘social attribute of D. merriami
is their solitarylnature'which is exeﬁplifibd by the uniform
distribﬁtion of their ‘day gurrqws. .That is, day.burrows
tend to be located at maximal distances from nearest-

neighborg. This spatial distribution may serve to minimize
intraspecific interactions-with fegard Eo competition for'
space and resources. However, there is some evidence that
social fact&rs also influence these spatial relationships.
It was found} fﬁr example, that the.nearest-neigh§ors‘?or

females tended to.be maies.

. 285
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Despite the uniform distribution of day burrows, ;‘//

there is substantial spatial overlaé of D. merriami ranges

with most individuals overlapping with several conspecifics,

As with day burrow locations, range overlap appears to be

.

partly influenced by social factors since females overlap

more with conspecific males than other females. Males

show no such discrimination. Although little overt aggiession

has been observed in the field and these animals are relatively

unaggressive toward conspecifics in laboratory pairings,

.

;ndividuals probably maintain relatively exclusive core o

activity areas . near their burrows. The core areas of
individuals (as defined in Chapter 7) never overlapped ‘with

the core areas of conspecifics.

The eéoloqical signi%}cance of the socio—sgatial

relationships of D. merriami is not completely understood. —_—

It is ggnerqlly accepted that abundapt, evenly distributed

food resources will give rise to iform spacing and
- ' N . “

territorial defense ofispaée and resources by animals.(Brown
énd Orians, 1970). ©On the other hand, as Brown and qPians
point out, when resources are scattered and/or econsgically
ﬁndefendagle, substantial.overlap may occur. If this is the
case, intraspecific variation in spatial overlap in relation
-to variations iﬂ food availability and distribution should be
_deménstrable. At present, the relatiodnship between.résource

conditions and spatial patterns has not been investigated.

The reproductive traits of D. merriami are ostensibly
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. the speed of morphological and behavioral development of >
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rather conservative compared to some other rodent species

.{notably myomorphs including-Rattus species, the house mouse,

and the golden hamster). Our labbrato:y studies have

-

shown that femalés have‘ép 11-14 ‘day estrous cycle, no

postpartum estrus, and small litters. O©On. the other. hand,

.
-

offspring is similar t? other rodents of comparable size and
'dispersal occurs at about four to six weeks. Conseguently,

a female may breed several times ‘within the reprodgctive
season. Furthermore, sexual maturation is fairly rapid with
females ‘capable of breeding in their natal season. Generally,
D. merriami.abpear to be opportunistic b;eeders in relation

to environmental conditions, particula;ly with respect to the
‘producti;n of green vegetaﬁion (see introduction of Chapter

5).

The type of mating system exhibited'by D. merriami g*

- remains unanswered by direct evidence. Since these animals

do not pair-bond for feproductive purpoges, monogamy is
ruled 6ut. On the other hand, these animals arelhdt gﬁrongly'
sexually dimqrphic in body size or ranging bghavior nor do
they‘;ossess any obvious secondary séxual characteristics
indicative oﬁ strong sexual selection in theiyr evolutionary
hispory and,-gence, a high degree of-polygyny..

. L' As with_spatial relationships, ecological cénditions

may be an important determinant of' the mating system of a

spécies. Emlen and Orians (1977) point out that the degree

]
»
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of polygyny of any species depends in part on the “E;Qaamig\

monopolizability" of several mates; i,e. the degree to which

multiple mates or the resources necessary to gain mates are
economically defendakle. For . D. merriami, it is likely.tpgt

resources (including mates) are too widely scattered to be

defendable from potential rivals. Hence,. strong sexual

dlmorphlsms in body size and ranging Sehav1or have not arisen.
What, then, is the nature’ of the mating system of

D. merriﬁmi and what proximate factors determine who maéeé

and wiﬁh wh;m? Tﬂe informationrcollected over the last

three years has not provided directanswersff} these questions
h

but some interesting possibilities exist.
.

e ‘following
discussion is meant to identify some of the factors
potentially important for the sorciobiology of this species

and to direct future research.

-

First of all, it is apparent that the majority of

adult females reproduce during the breeding season. . This |

is a typical mammalian pattern'in'which the majority of .

females reproduce at some point in their lifetime. For males,

_however, only the éstablishment of Paternity can verify

1] .
reproductive Success. So, even though all of the adult males

in 'the breeding séason were apparently capable of
reproduction as indicgtea by scrotal testes, whether all

enjoyed reproductive Success remains unknown.

Some behavior patterns exhiblted by males ~suggest .

_that this species, like most mammals, is at least“‘Iﬁly
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polygynous. Torocghoht.the field studies, the variance

between males in surface activity was greater than the

-

variance between females. Even during the breeding season

when male ranging behavior was significently‘greater than

female ranging, several males had movements less than Oﬁ

-

" similar to females while a few males made extremely long .o

moves. Unfortunately:}no consistent indigldual cha{fcteristics
were associated with the differences between males. During
che breeding seacon, the biggeet moves were by the smaller’
males while in the following non-breeding study period just

the reverse was crue. Nonetheless, these ‘differences between
males may be in some way related to_cifferential ;ccess to
females. |

Iﬂnéhe absence of strOng‘sexual dimorphisms,. what

[y

other factors might bring about differential breeding

success by males? Ooe_such factor might be social
familiarity. :£ was shown.in Chapter 7 that individuals'
home ranges remain relatively'stable over time thus providing
the, opportunity for complex social relationships to develop.
Perhaps a male's "worth" as far as a female'is concerned is
related to his_abilitylto establish and'ﬁaincain a-stable
home range and that the relevant factor forlmate choice is
simply soczal familiarity. Such a system would be consistent
with our flndings of ‘sex differences in range overlap and

the tendency of some males to make many long_sallies. of

seeming importance to the issue of mate choice is also the (x/
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striking increase in ranging by estrous females.

'
Clearly the factors involved in intrasexual

competition and.mate choice require further clarification.

Howgver;‘the varlatlon observed in the ranglng behavior of:

- males and - females suggests that mating is probably nbt

r .
random (1 e. promlscuous) and that D. merrlaml-are at

b

least mlldly polygynous. ' ’ ' 'éi.

An important issue concerning the sociobiology of

‘a species is the extent to which relatives interact after

the dispersal of young and,-thus, the potential for nepotiem
{i.e. discriminatine behaviof‘ﬁhich enhances the inclusive
fitness of ; relative). Evidence from our studies indicétes
that nepotism may not play an lmportant role in the soc1a1
behavior of D. merriami as it appears to in some other
sciuromofph rodents (e.g., shermant 1980). A motner and
daughter had day burrows that were located over 200 m apart

»

and showed no ranga overlap.

-

-

Conclusion : .

The field and laboratory studies presented in

this thesis have Pprovided some definltlvecgzd provocative

‘information about the behavior of D}lmerriami. As one of .

the most ubiquitous rodents of the arid regions of North

America, but whose habitat in many areas is belng destroyed

in favor of deVelopment,'g. merriami is a worthy subject for



~

study. It is hoped that the ihformatipn presented here will

be useful for the further clarificlatidn of rodent social
<,
ethology and socio-ecology. The findings of this thesis

provxde further evidénce that so—called "solitary" species
are not always particularly asoc1a1 and may lndeed exhibit
[ 4 ‘.

qulte lnterestlng and complex.social structures.

ey
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Appendix A ¢
A
. . Rodent Developmgnt Checklist o .
oot -t e :

Morphology: \ v
Hair-none ) .

vibrassae SR ’fﬂ

back t _

belly ' .

color?

Nails-toes, flngers c+early dlfferentlated°
Eyes—-open?

Ear-stages. until open? 4
Teeth-incisorspy ® -
molars? —
Locomotion and Groxs Body Movemehts:- . .
Body twitch whole-body twitches )
Limb twitch limb twitches .~
'Limb Xtend . single limb extensions '
Finger spread finger spreading
Toe spread - tqe spreading
Pull forwa ¢ FP ing self forward with forepaws

Alt st altetnating hind foot strides?
BN -Tdh 3 - or without use of foothold)
Root_under sib ng undexr sibling

c Fp- . -Wwith or without use of forepaws
¢ HF : with or without use of hindfeet .
Crawl on sib crawling over siblings N -
Self rite ¢ thrash: , . self-righting by 1rregular thrashing/(f\*h
_ _ about - v
c / roll - self-righting by dlagonal roll over
Y shoulder
¢ fwd roll self-righting by forward roll between
. legs
Walk clear grdund walking keeping body clear of ground
"~ ¢ head turns " walking with or without side-to=-side
‘head movements . "
Trot alternating 'trot' gait
Gallop _'gallop' gait (hind feet together,
o . \\jore together) .
Run un (high speed walk)
Dash .dash (very quick short run)
Hop hop {quadrupedal saltation)
Bipedal hopl : ipedal hop . )
Nest _eXit nest departure
Wall rear rearing up wall

‘' open rear open rear (= no forepaw support)
-~ 2 @ ’




Freeze

Grooming:

Scr air

Sdr flank
Scr shoulder
Scr crown
Scr chk/eye
Scr+bodtwist

- Scr+fpotlick
Scr bout

Scr pit
FPG
& Snout

Pawlick
FPG to eye _
FPG eye-ear™

FPG over ear
‘Nonsync HG

fPG eitup

BGM
flank
thigh
foot
ft.+FPhold

£t.+2FPhold

Groom Bouts
Scr + FPG
Scr + BGM

FPG + BGM

LY

All 3

Tail groom (FP+M)
Sandbkathing

Ventral rub

Side rub

Yawn

Str body
alt.Fp
simult.FP
Diagonals

Yawn + stretch

.yawn and stretch together
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freeze alert

scratch without contact

scratch flank

scratch shoulder

scratch .top of head

scratch cheek or evye

scratch with body thst toward
scratching foot

scratch with foot-licking
scratching bout with 5uccessxon of
places scratched

scratch armpit with arm-1ift
forepaw grooming

snout groom (2- handed wiplng of
snout tip) .
paw=-licking

forepaw grooming below eye
forepaw grooming between eye and

rear

forepaw grooming above ear
asymmetrical head-grooming {paws
out of synchrony, pulling over .one

side more that other) ‘ j
forepaw grooming sitting up without
support

body grooming with mouth

foot holding with forepaws (to mouth
it)

foot holding with two forepaws (to
mouth it).

-

scratching with forepaw grooming

scratching with body grooming with .
mouth

forepaw grooming w;th body grooming
with mouth
Tail grooming with paws and ﬁouth

rub ventrum on sand
rub side on sand -

géietch whole-body

stretch forepaws alternately
stretch forepaws simultaneously
stretch diagonals

oY
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BSR (bearskinrug) 'bear-skin-rug'-

Shake body - shake whole-body

head . shake head

+dash shake + guick dash
Digging: ,
Nest Build NB ++ mouthing nest material (NP = nest
\§¢I' paper) ) ;

Mouth NP * mouthing it and holding it
Hold NP )
Shred NP . shredding or chopping it *
Manip NP . ' arranging it with forepaws
Pat NP patting down :

in bumping with snouty & forepaws into

. nest wall
Long FPD NP Dragging nest-material under self
' with long forepaw. strokes

+ eXit . n " . n . "
. ‘ while leaving the nest
FPD altntng . forepaw digging in substrate -
simult? - ’ (alternating or simultaneous?)
HF apart hindfeet firmly planted apart
HF kick: , hindfoot kicks )
simult? simultaneous? . .-
FPD + HF kick integrated bout of forepaw digging
) and hindfoot kicks
Burrow . . burrow under nest material
Peek-a-boo peeking from undexr nest material
Eating: _
Mouthin mouthing (objects) food
Hold ¢ FP-+mouth ) holding it down with forepaws and
-mouthing . '
Eat ' : " clear ingestion
Eat+situp eat sitting up :
Hold food holding food in forepaws h
Steal food o steal food from sibs
Hoard food . - carry food to nest to eat
Protect food ' protecting food from sibs by turning
back to them and ewasion
Carry food dragging food about
. Pouch food- stuffing pouches with £opd (objects)
bDrink . drinking, prolonged boutP '
pickup+drop food - picking up and dropping food
pile food . : piling food
Elimination: ’
Defecate - ' defecate without maternal assistance
Urinate . urinate without maternal assistance

(further refinements, e.g. urine
posture, extraction of feces, etc.)

N\




Social Interactions:
Face-face pawing
Fase~-face sniffing
Noke-nose sniffing
Sniff flank
Sniff a-G '’
Play fights
mqtual_swat
V-~V wrestle,.

-

Pounce

+bite : -

-+mutual bite

~chases
befense Posture

+ears fwad

+hissg
Suckling

out of nest

successful?
Sniff mom's A-G
Sniff mom ear+nip
Sniff mom mouth
Playfight mom
Chase mom
Groom sib

Groom mom

Mounts?

295

face to face pawing - R

facea .to face sniffing
mutual nose to nose sniftf
sniff flank

sniff ano-genital area

mutual swatting

rolling together ventral-ventral
wrestle

play pounce

with biting?

with mutual flank biting

with chases

defensive posture-- turning on back
ears forward?

hisgs?

suckling attempt out of nest

sniff mom's ano-genital region
sniff, nip mom's ears

.sniff, corner of mom's mouth
pPlay-fight, chase, etc, with mom

mutual grooming {(or unilateral)
with sibling

mutual groomimg (or unilateral)

.with mom . '

e e et

b e

S b e e
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Analysis of Variance
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. - 2
Study Period 1 .
Source SS af MS F
A (sex) 801.5 1 801.5 2,30 ns.
Subj. w. groups  5570.8 16 348.2
B (time of night) 2476.9 13. £ 190.5 3.32 *i’?v'_'-'
AB 1435.6 13 110.4 . 1.93 *
B X Subj. 11923.1 208 57.3 ~
w. groups ’
* p<.05
** p<.01
ns = not statistically significant .
Xx
TR
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Study Period 3
\ &7 =

Source Ss df MS F
A (sex) 58.4 1 58.4 2.89 ns
.. . .q. -
Subj. w. groups 282.6 14 20.2
B (time of night) 8157.2 13 627.5 5.56 **
AB 330.8 13 25.4 0.22 ns
B X Subj.

W. groups 20531.3 182 112.8
** p<.0l )
ns = npot statistically significant

~



-

** p<,01

ns

not statistically significant
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Study Period 3- Effects. of Time and Tem%?ragure;
Source 58 df MS E
A (sex)' 1:9 1 1.9 _ 0.002 ns
Subj. w. groups  14367.0. 12 1197.2
- (temperature) 21.3 1 21.3 0.78 ns
<///i;“ § 7.8 o1 7.8 0.29 ns
B X Subj. ‘_ .
wW. groups 325.7 12 V/}L ?7.1
N .
€ (time Qf night) 5860.6 3 1953.5 11.80 *=*
AC E 86.1 3 . 28.7  0.17" ns
‘¢ X subj. 6074.3 36 168.7 ‘
W. groups
" BC | 222.0 3 74.0 2.03 ns
ABC 53.0 3 5 17.7 0.48 ns
BC X Subj. _ -
Ww. groups 1313.7 36 36.5
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