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ABSTRACT

COMPARATIVE DEMOGRAPHY AND WATER
METABOLISM IN THREE NAMIB DESERT RODENTS

By
Donald Paul Christian

This research was designed to examine the role of dietary water in
the population biology of small desert-dwelling rodents. Reproduction
and population growth in desert rodents are closely associated with
rainfall and the ensuing plant growth. The field portion of this study
tested an hypothesis that increased dietary water intake is a primary
factor in the reproductive response of these rodents to rainfall/plant
growth.

I tested this hypothesis in a 14-month field study in the Namib
Desert of southern Africa. Populations of two nocturnal gerbilline

rodents, Gerbillurus paeba and Desmodillus auricularis, and a diurnal

murine rodent, Rhabdomys pumilio, were monitored by mark-and-recapture

live-trapping on two areas. One of these areas served as a control, and
on the other drinking water was continuously provided in 80 self-filling
watering devices. Reproductive condition of live-trapped animals was
assessed by external criteria, and demographic parameters were estimated
from data obtained by direct enumerétioh of marked animals.

The major results of this field study may be summarized as follows:
1) The provision of supplementary drinking water was sufficient to
increase reproductive output in G. paeba and R. pumilio, but D. auricu-
laris showed no consistent reproductive or numerical response to the

experimental treatment. 2) Breeding intensities of G. paeba and
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Donald Paul Christian
R. pumilio on the control area declined during the hot, dry months of
the year; a major effect of the provision of water was an extension of
the breeding season longer into the dry season on the experimental area,
suggesting that the lowered breeding intensities on the control area at
that time were due in part to low water availability. 3) Differences
in the responses of these three species to the experimental treatment
paralleled the degree of seasonality of their demographic patterns on
the control area, with G. paeba and R. pumilio being highly seasonal
and D. auricularis being relatively aseasonal; this relationship
suggests that G. paeba and R. pumilio may require more water than D.
auricularis, and that, as a result, the former two species are
restricted to breeding primarily during portions of the year when
water availability is greatest.

The hypothesis suggested by result 3) was tested in a series of
laboratory experiments designed to compare water conservation in these
species. Daily food consumption and fecal production, minimum evapora-
tive water loss at three humidities, minimum fecal water content, and
maximum urine osmotic, urea, and chloride concentrations were measured.
These data were used to estimate daily metabolic water production and
minimal total daily water loss. An estimate was obtained of the daily
preformed water intake that animals of each species would need to remain
in water ba]aﬁce. The preformed water requirements were expressed as a
minimum necessary proportion of free water in the diet.

At all three humidities, G. paeba and R. pumilio would require
diets of very similar water content to maintain water balance.

Desmodillus auricularis could maintain water balance on a diet
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Donald Paul Christian

containing 0.62 to 0.67 as much free water (on a g water per g dry
food basis) as needed by the other two species. These results thus
provide support for the hypothesis that physiological differences among
coexisting species in environments where water availability varies
strongly with season may indeed have important demographic consequences.

An argument is presented that, due to its greater ability to con-
serve water, D. auricularis experiences a more predictable environment
(relative to water availability) than G. paeba and R. pumilio.
Differences among these three species in several correlates of life
history patterns that are generally associated with differences in
environmental predictability support this contention, and suggest that
this view may represent a reasonable interpretation of some of the
ecological consequences of the physiological differences among these

three species.



COMPARATIVE DEMOGRAPHY AND WATER
METABOLISM IN THREE NAMIB DESERT RODENTS

By

Donald Paul Christian

A DISSERTATION

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Zoology

1977



oy

enc

The
thr
Made
of 7

punc

Waly
demg
600-

Cons
Afr;
Spec
Loy

thei

Sup;



ACKNOWLEDGEMENTS

[ wish to thank members of my guidance committee, Rollin H. Baker
(Chairman), Marvin H. Hensley, Richard W. Hill, and Earl E. Werner, of
Michigan State University, Walt Conley, New Mexico State University, and
C. G. Coetzee, State Museum, Windhoek, South West Africa, for their
encouragement and assistance during this research.

Field work was supported by a grant from the Jens Touborg Fund to
The Museum, Michigan State University. Computer time was provided
through an NSF RANN Analysis of Ecosystems grant, no. GI-20, and was
made available through the courtesy of William E. Cooper. The Department
of Zoology and the College of Natural Science provided funds for key
punching. Additional financial support and use of equipment was provided
by the Department of Zoology and The Museum, Michigan State University.
Walt Conley generously allowed the use of his computer package for
demographic analysis. Numerous calculations were made on the Wang
600-14 calculator in the Michigan State University Museum.

The cooperation of the South West Africa Department of Nature
Conservation is gratefully acknowledged. Mike Miuller of the South West
Africa Department of Agriculture Herbarium kindly identified plant
specimens. I want to thank C. G. Coetzee, Michael Penrith, and Mary
Lou Penrith, of the State Museum, Windhoek, South West Africa, for
their assistance and hospitality. I am deeply appreciative of the

support and encouragement offered by Jens K. Touborg. I wish to express

ii



my Sinc
whose f
in coun

Fii
and supj

researct



my sincere appreciation to Thys and Antoinette Louw and their family,
whose friendship, generosity, and assistance contributed to the project
in countless ways.

Finally, I would like to thank my wife, Sandy, for her assistance
and support during the field, laboratory, and writing stages of this

research.

iii



LIST OF TA:
LIST OF FI
I FIELD ¢
INTROL
STUdY
METHOC
RESULT

G

Ev
Ur

Ca



TABLE OF CONTENTS

LISTOF TABLES . . . . . . v ¢ v v v vt v e et e v e e e e
LIST OF FIGURES . . . . « « v v v v vt v v v e e e e e e e e
I. FIELD EXPERIMENTS: . . . . . . . . .« o . .. e e e e
INTRODUCTION . . . . . & & v & vttt h e v v e e e e
STUDY AREA . . . . & . o o i e s e e e e e e e e e e e e
METHODS AND MATERIALS . . . . . . . . . .« v o v v v v o
RESULTS . . . . v o it e et e et e e e e e e e e
Gemeral . . . . . . . . . 0000 el e e e e
Population Size and Recruitment . . . . . . . . . ..
Reproduction . . . . . . . . . . .« .. 00 .

Mortality . . . . . . . . . ¢ v o 0 oo e e e e .
DISCUSSION . . . . . . . . o v v vt i e e e e e e

II. LABORATORY EXPERIMENTS: . . . . . . . . .« . . . ..
INTRODUCTION . . . . . . ¢ v v vt vt e e et e e e e e
METHODS AND MATERIALS . . . . . . . « v o v v v v v v v o
Experimental Animals . . . . . . . . ... ... ...

Fecal Production and ad libitum Food and Water
Consumption . . . . . . . . . . . ... ...

Evaporative Water Loss . . . . . . . . . . .. . . ..
Urine Concentrations and Fecal Water Content . . . . .

Calculation of Minimum Daily Fecal Water Loss and
Urinary Water Loss . . . . . . . . . . . . ...

iv

Page
vi

viii



RESUL

DISCY
LITERATURE



RESULTS . . . . . v v o v o o s s s e e e e e e e 83

Fecal Production and ad libitum Food and Water

Consumption . . . . . . . . . . .. . .. ... .. 83
Pulmocutaneous Evaporative Water Loss . . . . . . . . . 85

Urine Concentrations and Calculation of Daily
Urinary Water Loss . . . . . . . v v v v v v v v . 92

Fecal Water Content and Calculation of Daily
Fecal Water Loss . . . . . . . . . . « .« . . .. 99

Integration of Results: Daily Water Balance
Computations . . . . . . . . . .. ... ... 101
DISCUSSION . . . . . & i i e e e e e e e e e e e e e e 107
LITERATURE CITED . . . . .« . & i v e e e e e e e e e e e e e e 120



TASLE



TABLE

10

n

LIST OF TABLES

Plants collected on each live-trapping area. Asterisks
indicate relative abundance, rare (*), minor (**), common
(***), and abundant (****). An (x) indicates presence in
1974 only . . . . . i i e e e e e e e e e e e e e e e e e

Representative body weights, adult body measurements,
and litter sizes of D. auricularis, G. paeba, and R.
pumilio. Sample sizes are shown in parentheses . . . . . .

Efficiency of 1ive-trapping procedure on the two grids.
Data presented are the distributions of percentage catch
of the minimum number known alive in each trap period . . .

Finite rates of increase in population size per two
weeks (1) of rodents on the two live-trap areas . . . . . .

The proportion of the total recruitment occurring per
dweekS . . . . . e e e e e e e e e e e e e e e e e e

Results of X2 tests for significant differences in
breeding proportions of G. paeba on control and experi-
mental areas. Trap periods when there were no signifi-
cant differences are left blank. In others, the
probability and directionality of differences are
indicated . . . . . . . . . .. o000 0. e e e e

Results of x~ tests for significant differences in
breeding proportions of D. auricularis on control and
experimental areas. Symbolism as described in Table 6

Survival rates of rodents on the two areas (per two weeks).

Correlations between survival rates (s) and breeding
percentages in each trap period, and between male and
female survival rates. Significance levels are prob-
abilities of significant correlation; NS = not

significant . . . . . . . . . ... 0000 0oL

Life expectancies (ey) in weeks of rodents 1iving on
the two areas. Maximum e, is the highest e, value calcu-
lated subsequent to ey at first capture . . . . . . . . ..

Composition of Wayne Lab-Blox. Data provided by Allied
Mills, Inc. . . . . . . « ¢« ¢ i i i e e e e e e e e e

PAGE



THBLE

Fecal p
tion in
otherwi!
Data sh

Estimat
(9/9/28

Maximum
obligat
meters ¢
daily u
fidence

Fecal w
shown a

(alcula

Correla
rodents
Lower 1,
totals,




TABLE
12

13

14

15

16
17

Fecal production and ad libitum food and water consump-
tion in D. auricularis, G. paeba, and R. pumilio. Unless
otherwise noted, values are in g/g body weight/24 hr.

Data shown are means +1.96 standard errors. . . . . . . . .

Estimates of minimum daily evaporative water loss

(9/9/28 hr) .« v v e e e e e e e e e e e e e e e e

Maximum urine concentrations and daily minimum
obligatory water loss via urine. Measured urine para-
meters shown are means +1.96 standard errors; calculated
daily urinary water losses are means and 95 percent con-

fidence intervals . . . . . . . . . . ¢ ¢ . i v e e e e ..

Fecal water content and daily fecal water loss. Values

shown are means +1.96 standard error . . . . . . . . . . .

Calculated dietary preformed water requirements . . . . .

Correlates of r- and K-selection in three Namib Desert
rodents. See text for description of ranking procedure.
Lower rank totals represent relative r-selection, higher
totals, relative K-selection . . . . . ... ... ...

vii

PAGE






FIGURE
1

10

1

12

LIST OF FIGURES

PAGE
Monthly mean daytime maximum and nighttime minimum
air temperatures during the study . . . . . . . . . . .. 9
Monthly rainfall during the study . . . . . . . . . . .. 11

Minimum number of D. auricularis known alive in each trap
period on the control” (@] and experimental (o-=0O) areas
ArBAS . . v 4 e e e e e e e e e e e e e e e e e e e e e 24

Minimum number of G. paeba known alive in each trap period
on the control (e==e) and experimental (0-=0) areas . . . 26

Minimum number of R. pumilio known alive in each trap
period on the control (@=—e) and experimental (0-=0)
APBAS . v ¢t ot et et e e e e e e e e e e e e e e e e e 28

Cumulative proportion over time of the recruitment of
new animals on the control area . . . . . . . . . . . .. 35

Percentage of G. Eaeba males with scrotal testes on the
control (e=—=e) and experimental (0=—0) areas . . . . . . . 39

Breeding measures in G. paeba females on the control
(=) and experimental ©-=O) areas . . . . . . . . . . . 41

Breeding intensity in male and female D. auricularis on
the control (@=——e) and experimental (o-=oO) areas . . . . . 43

Minimum hourly evaporative water loss in D. auricularis,
G. paeba, and R. pumilio . . . . . . . . .. .. ... .. 87

Relationship between mean evaporative water loss and mean

body weight in G. paeba (®), R. pumilio (®), and D.
auricularis (a) at the three test humidities (rh).
Dashed Tine indicates expected slope . . . . . . . . . .. 91

Percentage weight loss over time during exposure to
water deprivation . . . . . . . . ... o000 95

viii



FIGURE
13

Wal
She
da
uri
of

wat
inc



FIGURE
13

PAGE

Water balance data. The upper portion of the figure

shows daily metabolic water production (MWP) and total

daily water loss partitioned into evaporative (EWL),

urinary (UWL), and fecal (FWL) losses. The lower portion

of the figure shows daily requirements of preformed

water (PFW). Vertical line at the top of each bar

indicates * 1.96 standard errors . . . . . . . . . . . . 103

ix



Deser
environmen
and rainfa
months of
environmen
reasonably
faced with
The varigy
that al1oy
documenteg
1964, Schm
st dea)
enVimnmen‘
e"”mnmen~
in "eprogy,
ga., g
contribut].(
Strateg]-eS

Thig \

variatio“ ;



[. FIELD EXPERIMENTS

INTRODUCTION

Deserts are typically characterized as extreme and highly variable
environments, with large daily and seasonal temperature fluctuations
and rainfall that is low, unpredictable, and often confined to a few
months of the year (Cloudsley-Thompson, 1975). The nature of the
environmental problems with which small desert rodents contend seems
reasonably well understood. First, they probably are periodically
faced with shortages of food, water, cover, and other critical resources.
The various physiological and behavioral attributes of desert rodents
that allow them to survive these extreme conditions have been well
documented (e.g., Brown and Bartholomew, 1969; Eisenberg, 1963; Hudson,
1964; Schmidt-Nielsen, 1964). An additional feature with which animals
must deal is the temporal variability or unpredictability of desert
environments (Low, 1976; Conley et al., 1977). Associated with this
environmental variability is great seasonal and year-to-year variation
in reproductive performance among desert rodents (see especially French
et al., 1974). This demographic pattern has been discussed in recent
contributions in terms of shifts between relative r- and relative K-
strategies (Conley et al., 1977; Nichols et al., 1976).

This variability in reproductive activity has been correlated with

variation in rainfall and the resulting primary production (French et

1



al., 1974;
1960). Mo
growth, bu
the quanti
observed ci
breeding i
year, and s
number of h
quantity or
for increas
(1974) sugq
of increase
dailable e
iddition tgo
Walitative
rodent repro
Priman’]y of
"getation
With increas
b Grasfr ¢
0 the inges
intake (Beat
tects of o
vegetation (F
of these hypg
ey dese,

be W] denon



2
al., 1974; Beatley, 1969; McCulloch and Inglis, 1961; Reynolds, 1958,
1960). Not only do rodents breed primarily following rainfall/plant
growth, but also the intensity of reproduction appears to vary with
the quantity of available food. For example, French et al. (1974)
observed correlations between available food supply and not only
breeding intensity but also litter size, reproduction by young-of-the-

year, and survival of newborn in Perognathus formosus populations. A

number of hypotheses, most of them relating to changes in either the
quantity or quality of available food, have been advanced to account
for increased rodent reproduction following rainfall. French et al.
(1974) suggested that these reproductive changes may be a consequence
of increased energy availability, with reproduction occurring only when
available energy supplies exceed those needed for maintenance. In
addition to these quantitative effects, there are a number of possible
qualitative changes in food following rainfall that might influence
rodent reproduction. Many desert rodents shift from a diet composed
primarily of seeds to one that includes higher proportions of green
vegetation following plant growth, and this shift has been correlated
with increased reproduction (Bradley and Mauer, 1971; Reichman and Van
De Graaff, 1975). Proposed explanations for this reproductive response
to the ingestion of green vegetation include increased dietary water
intake (Beatley, 1969; Bradley and Mauer, 1971) and the stimulative
effects of estrogenic or gonadotrophic substances found in germinating
vegetation (Pinter and Negus, 1965; Bodenheimer and Sulman, 1946). Al1
of these hypothesized mechanisms attempting to explain the association
between desert rodent reproduction and rainfall/plant growth remain to

be well demonstrated.
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3

Of the proposed rainy-season or post rainy-season resources that
are critical for reproduction in desert rodent populations, an increased
dietary water intake attracts particular interest because of 1) the
universality of aridity as a characteristic of desert environments
(Cloudsley-Thompson, 1975), and 2) the attention given the water
relations of small desert rodents in the literature. The hypothesis
that increased dietary water intake is a primary factor in the repro-
ductive response of these rodents is easily justified on physiological
bases.

Reproductive functions involving both males and females, as well
as functions pertaining only to females can be envisioned as entailing
increased water costs. First, successful reproduction requires finding
a mate, courting, and copulating. Although little information is
available on the natural history of these activities in free-living
desert rodents, we know that they are, at least in part, performed
above-ground (Kenagy, 1976). Rodents in burrows are exposed to high
ambient humidities and experience minimal evaporative water loss
(Schmidt-Nielsen, 1964). Changes in the schedule of burrow and above-
ground activity (Kenagy, 1973; French et al., 1966) that presumably
accompany reproductive activities in these rodents would result in
their spending more time in low humidity environments and sustaining
higher evaporative water losses (Baudinette, 1972; Schmidt-Nielsen,
1964). We might therefore expect that breeding rodents of both sexes
would need higher water intakes to balance the increased losses incurred
in above-ground activity.

In addition to these humidity effects, activity per se may result

in markedly higher evaporative water losses (Chew and Dammon, 1961;
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4

Wunder, 1970). A critical question that remains unanswered in this
regard is whether or not the increased water losses associated with
activity are balanced by the greater production of metabolic water.
Wunder (1970), in a study of the energetics of activity in Eutamias
merriami, found that the ratio of evaporative water loss to oxygen con-
sumption in running animals was at least twice that in resting animals,
suggesting that the higher losses were not balanced by the greater
metabolic water production. On the other hand, Raab and Schmidt-
Nielsen (1972) reported only slight effects on the evaporative-water-

loss-to-oxygen-consumption ratio with activity in Dipodomys spectabilis,

and concluded that activity would have little effect on water balance
in these animals. The latter authors, however, ignored the increased
fecal production (and probably water loss via that route) and greater
formation of metabolic wastes (thus either increasing urinary water
loss or necessitating increased urine concentrations) that would
accompany higher metabolism.

The reproductive functions of female rodents produce increased
water demands (Chew, 1965). Dice (1922) measured water consumption
increases of 217 and 171 percent in, respectively, pregnant and

lactating Peromyscus maniculatus bairdi, and 360 and 370 percent in

Peromyscus leucopus novaboracensis. In addition, he observed increased

water intakes of 140 percent in nursing Microtus ochrogaster. Lindeborg

(1950) found that the water intake of female P. m. bairdi increased by
35 percent during the final 10 days of gestation, by 111 percent of
the 14th day of nursing, and by 158 percent at weaning. Smith and
McManus (1975) found that the increased water needs of lactating Mus

musculus during the last week of gestation were proportional to litter
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5
size. In a study of Australian rodents, Baverstock and Watts (1975)
found that the water intake of females nursing small litters was only
slightly elevated in four out of five Species. With larger litters,
water intake progressively increased over time during lactation. 1In

two species (Notomys alexis and Mus musculus), restriction of water

intake below ad libitum levels did not alter survival of the young, but
did Tead to reduced growth rates, especially in larger litters. Com-
plete water deprivation in two nursing N. alexis led to eventual death
of the young, with some being killed by the mother.

In another study of N. alexis, Breed (1975) noted that water
deprivation had a variety of detrimental effects on female reproductive
physiology. The length of the estrous cycle was greater due to an
increase in the diestrous phase. Uterine atrophication, impairment of
normal follicular development, and an increased frequency of unluteinized
follicles were also observed. While the generality of these phenomena
is unknown, the similarity of reproductive functions in various rodent
species would suggest that water is of similar importance for most
rodent species. The available data indicate that there may be strong
pressures for desert rodents to reproduce only when adequate water
supplies are available.

The present study was designed to examine the effects of increased
dietary water on reproduction in populations of desert rodents. The
premise upon which this study was based is that if dietary water
represents a critical rainy season resource for these animals, it should
be possible, by increasing water availability, to either increase
breeding intensities during and immediately following the rainy season

or to extend the breeding season longer into the dry season. The
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6
paradigm used was to provide experimental populations of free-living
rodents with an artificial water supply and compare responses of members
of those populations with controls. In a manner similar to other recent
studies (Bradford, 1975; Newsome et al., 1976), water was provided via
drinking. Parameters of particular interest included differences in
time-specific breeding intensities, in the seasonality of breeding
activity, and in consequent demographic performance (especially popula-

tion growth, recruitment, and survivorship).
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STUDY AREA

This study was conducted between February 1974 and May 1975 at
Gorrasis (25°18'S, 15°55'E), a non-working sheep ranch approximately
120 km inland from the Atlantic coast in southern Africa. This ranch
is at the extreme western edge of the proNamib subdesert transition
zone (Coetzee, 1969), and thus borders the coastal Namib Desert. Prior
to 1971, when all domestic animals were removed from the ranch, Gorrasis
had been used for about 15 years for raising karakul sheep.

The climate of this region is strongly seasonal. The summer months
of December through about March are hot; during the winter months (May to
September) nighttime temperatures often drop to near or below freezing.
Monthly means of daytime maximum and nighttime minimum air temperatures
during this study, recorded about 1 m above the ground surface with a
Taylor maximum-minimum thermometer, are shown in Figure 1. Maximum air
temperature recorded during this study was about 44°C. Day and night
air temperatures frequently differed by as much as 28-32°C.

The rainy season coincides with the hottest months of the year. Mean
annual rainfall in this area is less than 100 mm. Total monthly rainfall
during each month of this study (an average of three conical rain gauges,
one at the ranch headquarters and one at each of the two study areas
described below) is shown in Figure 2. Rainfall in 1974 (at least 165 mm)
was the heaviest in the area in many years, with some rain occurring before
the author's arrival in late January 1974. Rainfall in 1973 was low, with

as little as 12 mm falling on some neighboring ranches.
7



Figure 1.

Monthly mean daytime maximum and nightime minimum air

temperatures during the study.
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Figure 2.

10

Monthly rainfall during the study.
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12

Fog serves as a water source for some Namib Desert animals (Seely
and Hamilton, 1976; Louw, 1972), and occurs up to 40 days a year in
portions of the Namib close to the Atlantic coast (Schulze, 1969). At
Gorrasis, however, fog is rare, occurring during this study on qnly a
few days during the winter months following a disturbance of prevailing
winds (generally easterly between midnight and noon, and westerly
between early afternoon and midnight). Dew is frequently present early
in the morning, but only during the winter. Although I have no infor-
mation on evaporation, Schulze (1969) presents data on potential
evaporation for two localities in South West Africa (Gobabeb, 23°24'S,
15°03'E, in the Namib Desert 56 km from the Atlantic coast; and Windhoek,
22°34'S, 17°06'E, on a high inland plateau). Evaporation from a free
water surface in a class A evaporation pan at each of these localities
is about 3500 mm per year, with minimum evaporation occurring between
May and September and maximum amounts between October and January.

Two study areas, one serving as an experimental area, were located
1 km apart on the floor of a broad intermontane valley. Soil at this
site was loose sand and gravel, and overlaid a layer of partially
exposed calcrete. Vegetation consisted primarily of annual and
perennial grasses, various forbs, and low, sparse bushes (Rhigozum
trichotomum). A list of plants collected on each area and their
relative abundance is shown in Table 1. Vegetative growth had begun
at the start of the study in February 1974, and seed production took
place before April of that year. From May 1974 until after the 1975
rains, grasses were dry, and seeds were abundant on the ground surface.
Rainfall in 1975 was later than usual, with heavy rain not falling

until March. Seed production was completed and the grasses dried and
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yellow by the termination of the study in early May 1975.

Only minor differences existed between the two study sites. As
seen in Table 1, plant species composition on the two areas was similar.
The calcrete layer averaged 6.6 cm below the soil surface on the
control grid and 5.2 cm on the experimental (1210 depth readings on

each grid). Censuses of Rhigozum trichotomum bushes on each grid

showed an average height of about 40 cm on each. The average density

of these bushes on the control area was 3.5 per 100 m?

, compared with
4.3 per 100 mZ on the experimental area. Seasonal distribution of
rainfall was similar on the two areas, with nearly equal amounts
falling on each during the study (157 mm on the control area, 140 mm
on the experimental).

Small mammal predators observed on or near the study areas included

two owls (Bubo africanis and Tyto alba), a variety of small carnivores

(Vulpes chama, Canis mesomelas, Felis libyca, Ictonyx striatus, and

Genetta genetta), and at least two reptilian predators, puff adders

(Bitis arietans) and yellow cobras (Naja nivea). Grazing animals using

the study areas were hares (Lepus capensis and L. saxatilis), steenbok

(Raphicerus campestris), and, infrequently, gemsbok (Oryx gazella),

springbok (Antridorcas marsupialis), and ostriches (Struthio camelus).
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METHODS AND MATERIALS

Demographic data were obtained by mark-and-recapture live-trapping
on two grids on the areas described above. Each 2.7 ha grid consisted
of 144 trap stations at 15 m spacing in a 12 x 12 pattern. Each trap
station was marked with a short wooden stake (maximum above-ground
height about 30 cm), and one folding Sherman live-trap (23 x 9 x 7.5 cm)
was placed within 0.5 m of each stake. Traps were baited with a mixture
of rolled oats and peanut butter. Trapping was conducted for three
nights at two week intervals, beginning in early March 1974 and con-
tinuing through April 1975. Traps were set and baited 0.5 to 2 hours
before dark, checked and closed generally within one hour after daylight,
and baited and re-set the following evening. Each trap period ended
when traps were closed on the third morning. During the winter, traps
were re-baited concurrently with the morning check, left set, and
checked throughout the day to increase captures of the diurnal Rhabdomys
pumilio. At these times, traps were again baited in the evening.
Rectangular pieces of cardboard were placed on top of the traps to
protect captured animals from the sun. At the end of each trap period,
any remaining bait was shaken from the traps and traps were washed as
necessary. The traps were removed every 2-3 trap periods for use on
other live-trap areas, thus effecting randomization of placement of

specific traps.

15
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Upon first capture, each animal was marked with a toe-clipped
number (constraint of two toes clipped per foot). At first capture in
each trap period, the data recorded for each animal included its
identification number, species, sex, location on the grid, and body
weight to the nearest g (measured with a 100 g capacity Pesola spring
scale). At subsequent captures within each trap period, only the
animal's identification number and its location on the grid were noted.
Reproductive activity was assessed by the following criteria: for
males, the position of the testes (scrotal or abdominal); for females,
the condition of the vaginal opening (perforate or nonperforate), and
the relative size of the nipples (small, medium, or large). In addition,
females with bulging abdomens were noted as being pregnant.

Supplementary water was provided on the experimental area in 80
self-filling watering devices arranged in an 8 x 10 pattern (15 m
spacing) superimposed over the live-trap grid. Each waterer consisted
of a flat pan, 8-10 cm in diameter and 2-3 cm deep, partially buried
in the ground at the base of a trap station stake. Into each pan was
inverted a 750 ml brown glass bottle which was filled with water and
attached to the stake with a loop of wire. Each pan was partially
filled with small stones to support the bottle at the proper height and
reduce the exposed water surface area, thereby minimizing evaporation.
The drinking surface area provided at each waterer was roughly 6-10 cmz.
The water bottles were filled as needed to maintain drinking water
levels in the pans.

Durihg three trap periods near the end of the study (20-22 March,
2-4 and 11-13 April, 1975), I made a check on water usage on the experi-

mental grid using Rhodamine B, a dye which, following ingestion,
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flouresces in fecal material under long wavelength ultraviolet light.
A 0.5 percent solution of Rhodamine B in water was placed in the
waterers at these times, and fecal pellets from live-trapped animals
were collected and placed in labelled envelopes until analyzed. In
addition, the identification numbers of animals showing pink stains on
the mouth and face were recorded.

Occasional trapping with snap-traps was conducted (at least 1.5 km
from the grids) to obtain animals for analysis of food habits and litter
size and for use as voucher specimens for species identification.

Demographic data were analyzed on the Michigan State University
Computer Laboratory CDC-6500, using a computer package written by Walt
Conle}, New Mexico State University. Population sizes were estimated
using the direct enumeration technique (Krebs, 1966). Other methods of

data analysis are discussed in appropriate sections under Results.
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RESULTS

General
The three most abundant species on each of the two grids were two

gerbilline rodents, Gerbillurus paeba and Desmodillus auricularis, and

a murine rodent, Rhabdomys pumilio. Less common species captured were
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