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WLASCIWOSCI SRODOWISKA A AREAL OSOBNICZY 
MYSZY DOMOWEJ 

Streszczenie 

Badano wp!yw zr6tnicowania srodowiska pokarmu) na area} osob-
niczy u dziko zyj(\cych myszy Pokarm byi wykladany w r6tny spa-
sob, na osmiu dzialkach, kai:da o powierzchni 0,1 ha (Rye. 1). Wykazano, te nic 

. powoduje to zmiany arealu osobniczego u myszy, choc a-real ten jest istotnie 
u nit u samic (Tabela 1). 
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p8tterns of Recovery from Low Numbers in Namib Desert Rodents 

Donald P. CHRISTIAN 1 .,'1 s-o 

Christian D. P., 1980: Patterns Qf recovery from low numbers in 
Namib Desert rodents. Acta theriol., 25, 37: 431-450 [With 5 Tables .& 

· - -:rr· 

1 Fig.). Patterns o! growth were examined in eight populations of three 
Namib Desert rodent species during 1974 and 1975. Initial density of 
all populations was extremely low following an apparent drought-
induced reproductive failure the previous year. Subsequent to high 
rainfall and good plant production in early 1974, 
recovered from low numbers. Gerbillurus paeba, Aethomys namaquen-
SlS, and one popuiaHon oi- DesmodilZus auricularis increased at .rates 
approximately equivalent to a_!oublin_g in EOQUlation size each m onth , 
reached peak numbers in September or October 1974, and . subse-
quently declined in numbers. Other populations of D. auricularis 
grew more slowly but over a longer portion of .the year, attaining 
peak numbers in March-April 1975. Breeding activity in most .po-
pulations declined during portions of the hot dry season. In most po-
pulations, rates of were QOSitively correlated with recruitment 
rates and inversely correlat d w· .b The lowest density 
populations were c aracterized by a syndrome of low recruitment 
rates, suggesting poor reproductive success or high juvenile mortality, 
and a positive relationship between growth rates and survival rates . .. 
Survival rates in most populations were inversely related to breeding 
activity; this relationship was particularly strong for lactating females 
in all populations of G. paeba and one population of D. auricularis. 

{The Museum and Department of Zoology, Michigan State Univer-

sity]. 

1. INTRODUCTION 

Both the magnitude and the timing of annual rainfall in most desert 
environments are quite unpredictable. Reproductive performance in many 
desert-dwelling rodents is strongly dependent on 'this rainfall and the 
resulting primary production (Beat 1 e y, 1969, 1976; French et al., 
1974; M cC u 11 o c h & In g I is, 1961; Re y no Id s, 1958). As a result, 
desert rodents often exhibit considerable year-to:..year variability in 
reproductive activity. For example, French et · al. (1974) observed 
annual pregnancy rates that ranged from 0, in years of low plant 
production, to about 90 per cent, in years of high plant production, in 

l . Present address: Department of Biology, University of Minnesota - Duluth, 
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. of Perognathus formosus during 6 successive years. Ad-

.rtionally, litter sizes were larger and incidence ·of breeding by young-
- of-the year higher in years Qf good plant production (F r e n c h et al., 

"' 1974). Con 1 e y et al. (1977) and N i c h o 1 s et al. (1976) provide 
discussions of the adaptive importance of these reproductive patterns. 

One consequence of this annual variation in reproduction is frequent 
marked fluctuations in density (Beat le y, 1969; French et al., 1974; 
Re y no 1 d s, 1958). With high reproductive rates in favorable years, 
rodent numbers may increase substantially. With little or no reproduc-
tion in a single year of low rainfall and poor plant growth, or in several 
consecutive years, rodent populations may be reduced to extremely low 
densities. In addition to surviving these non-reproductive periods, one 
of the major demographic problems faced by these animals is recovering 
from the resulting low numbers upon the return of favorablc conditions. 
\Vhile this problem has been considered for Perognathus formosus 
(Con 1 e y et al., 1977; French et al., 1974), there are relatively few 
data on growth <:>f other rodent populations whose numbc:rs ha'.te 
been reduced following a reproductive pause of one or more years, and 
such information is almost completely lacking for rodents from deserts 
outside of North America. Because the ability to recover from these 
populatio_n lows is a critical demographic attribute of desert rodents, . 
and probably a general one, more thorough knowledge of patterns of 
population growth under these circumstances is essential to understand-
ing population processes in these organisms. The present study examines 
population growth and associated demographic events in three desert 
rodent species during a year following a severe reduction in density. 

2. STUDY AREA 

This study was czducted during 1974 and 1975 at Gorrasis (25°18'5, 15°55'E), 
a non-working sheep ranch on the eastern edge of the Namib Desert in southern 
Africa. Data on temperature and rainfall during the study have been reported 
elsewhere (Christian, 1977, 1979a} and are only briefly summarized here. The 
climate of this region is highly arid (mean annual rainfall less than 100 mm) and 
strongly seasonal. 'lbe rainy season coincides with the hot summer months of 
December through March or April, during which mean daily maximum tempera-
-..ures may be as high as 36 to 38°C. The winter months of May through Augu"it 
are characterized bJ cooler days, nighttime temperatures that often fall below 
freezing, and occasional condensation in the form of fog or dew. Rainfall in 
1974 (at least 165 mm) was the heaviest in the area in many years; total rainfall 
in 1975 between 60 and 120 mm among local areas. Rainfall in 1973 wa:; 
extrernely low, with as little as 12 mm falling on some neighboring areas. 

Excluding steep rocky hillsides and river beds, four major habitats for small 
mammals exist in this area. These are herein termed sand · dune, gravel plain, 
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rock plain, and bush plain. Demographic data for small mammals in the bush . 
;;;.,!'plain habitat have been reported elsewhere (Christian, · 1977, .1979a) and are· 

presented here in modified form for comparisons with the other three habitats .. 
One live-trap grid (described below) was established in each of the fou r 

habitats. The dune grid was located on the sloping (approximately 10°) north- tGI-
northeast face of a southward projecting dune. The nearest edge of 'the grid 
was about 130 m below the dune crest, and sand at the grid site was well 
solidified. The gravel plain habitat, characteristic of much of this region (C o et-
z e e, 1969), is typified by fine gravel (up to about 2 mm in diameter) overlying 
sandy soil. The live-trap grid in this habitat was located on a very gentle (less. 
than 5°) northeast-facing slope. 

Table 1 
Plant species collected in four habitats during 1974 and 1975 at Gorrasis 

(25°18'S, l5°55'E, South West 

Gravel Rock Bush 
Family Species Dunes Plain Plain Plain 

-------
ACANTHACEAE Petalidium serosum X 

Monechme desertorum X 
AMARANTHACEAE Amaranthus schinzianus X 

Caloricorema capitata X 
BlGNONIACEAE Rhigozum trichotomum X 
CHENOPODIACEAE Salsola aphylla X 
COMPOSITAE Hirpicum gazanoides X X 
CURCUBIT ACEAE Cucumis meeusei X 
GRAMINEAE A rist id a adscensionis X X 

Enneapogon scaber X X X 
Schmidtia kalahariensis X X x,. 
Stipagrostis ciliata X X X 
S. hirtugluma X 
S. obtusa :>< X X 
S. uniplumis X X 

LEGUMINOSEAE CrotaZaria damarensis X X 
C. apyraea X 
C. virgultalis X 
lndigofera auricoma X 

MARTYNIACEAE Sesamum capense X 
RU BIACEAE Kohautia caespitosa X X X 
SCROPliULARIACEAE Aptosimum spinescens X 
STERCULACEAE Hermannia modesta X 
ZYGOPHYLLACEAE Tribulus sp. X 

Total number of species 5 4 13 16 

The rock plain grid was located on a northeast-facing approximately 5° slope_ 
Soil at this site was sandy and was overlaid by igneous rock rubble (mostly 
2-4 cm in diameter but some up to about 30 cm). The bush plain grid was 
located on the level floor of a broad intermontane valley. Soil was loose sand 
and gravel and overlaid a layer of partially exposed calcrete. 

Plant species collected in each of these habitats are shown in Table 1. Grasses. 
were the dominant plants in each habitat, reaching heights of about 1 m on the 
dune area and 15-50 cm on the other three areas. Sparse bushes (Rhiaoz·um 
trichotomum Burch., up to about 70 cm height) were found on .the bush plain 
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Grasses were distributed uniformly over the dune grid, whereas vegetati0n 
,/ Was spatially more heterogeneous on the other areas. Vegetative grawth had 

_.. r begun at the start of the study in early : 1974, and seed .pro.duction 
occurred before April of that year. From May 1974 until after the 1975 rains, 
grasses were dry and seeds abundant on the ground surface. Seed production 
in 1975 was completed by the termination of the study in early May 1975. 

3. METHODS 

Demographic data were obtained ·by mark-and-recapture on one 
-grid in each of the areas described above. In the bush plain habitat, 144 trap 
stations were arranged in a 12 by 12 pattern at 15 m spa-cing; this area was 
trapped every two weeks. In each of the other three habitats, 100 trap stations 
were placed in a 10 by 10 pattern at the same interval. These areas were trapped 
monthly. The grid in the bush plain habitat and those in the other three habitats 
were probably sufficiently large that the effects of size differences between them 
on measured parameters were minor. One folding Sherman live-trap (23 by 9 by 

cm) was plac·ed at each trap station and baited with a mixture of rolled oats 
.and peanut butter. Each trap period consisted of three consecutive ·nights. Traps · 
were set and baited within · 2 hours before dark, checked and closed early the 
next day, and baited and re-set the following evening. Each trap period ended 
when traps were closed on the third morning. Trapping began in mid-February on 
the dune grid, early March in the bush plain habitat, mid-April in the rock 
plain habitat, and early May in the gravel plain. 

Upon first capture, each animal was toe-clipped for individual identification. 
At first capture in each trap period, the data recorded for each animal included 
its identification number, species, sex, reproductive status, location on the grid, 
and body mass to the nearest g (measured with a 100 g capacity Pesola 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 position of the testes (scrotal or abdominal) in males and the 
-condition of the vaginal opening (perforate or nonperforate) and the size of the 
nipples (small, medium, or large) -in females. 

Demographic data were analyzed on the Michigan State University Computer 
Laboratory CDC-6500, using a computer package written by Walt Conley, New 
Mexico University. Population sizes were estimated as the minimum nurnbeJ 
alive using direct enumeration (Krebs, 1966). 

4. RFSULTS 

4.1. Population Growth and Recruitment 

Demographic data described below are based on 6,205 captures on 
1,243 individuals. Only the most common rodent species on each area 
are considered. These were, in the gravel plain, and bush plain 
habitats, two gerbilline rodents, Gerbillurus paeba A. 5 m it h, 1836 
{adult body weights 20-30 g) and Desmodillus auricularis (A. S m i t h , 
1834) (adult weights up to about 75 g), and in · the rock plain ha}?itat, 
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. ,JJ ..... auricularis and a murine rodent, Aethomys namaquensis (A. ·smith, 

.. ,. 1834) (adult weights 40-50 g). 
As described earlier, rainfall in the eastern Namib Desert in 1973, a 

year prior to the start of this study, was poor. Rodent densities declined 
markedly between 1973 and 1974, presumably as a result of that failure 
of rains. Rodents had been abundant on the study areas in February, 
1973 (R. H. Baker, unpublished data). At the beginning of . the present ---;-·--. ro .......... -· s• ' ... ...._ ___ 
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Fig. 1. Population sizes of Gerbi'llurus paeba (closed circles, solid lines), Desmo- . 
ciilLus auricularis (open cir-cles, dashed lines), and Aethomys namaguensis (open 
triangles, solid lines) in four habitats 1974 and 1975. Population size 
estimated as minimum number alive by direct enumeration (Krebs, 19.66). 
Number below each population <:urve is peak density (number of animals per ha 

of live-trap grid). 

study in early 1974, rodent populations consisted of only widely-scatter-
ed individuals. In 2,928 trap-nights through April, 1974 on the bush 
plain, dunes, and rock plain grids, only 19 individuals were captured 
(0.65 animals per 100 trap-nights), and extensive surveys revealed only 
a very few active rodent burrows in the four major habitats. 
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,· Density began to increase following the rains at the start of this study. 
. and substantial numbers of ro<tents began to appear in May on the dune 

a nd bush plain grids and in July on the other two areas (Fig. J). 
Populations· of both gerbil species reached peak numbers in late October 
on the dune grid. In the other two habitats where they occurred together, 
G. paeba numbers peaked in September or October and D. auricularis 
in March or April. On the rock plain area, the pattern of population 
growth for A. namaquen.sis was comparable to that of the G. paeba 
populations. _Desmodillus auricularis did not appear in that habitat until 
August and did not reach peak numbers until the following ·March. Peak 
density, computed as minimum number of animals per ha of live-trap 

Table 2 
I n stantaneous rates of increase in population size (r) per month in Gerbillurus 
p ueoa (=G.p.),Desmodillus auricutaris (=D.a.) and Aethomys namaquensis (=A.n .) 
during 1974 and 1975. Horizontal line in column of r's sep3rates increase phase 
from decline phase. Values of r=O have been entered for mean rate of decline 

in .D. cu.ricutaris populations which showed no decline .· 
- ------

Du·nes Gravel Plain Bush Plai.n Hock Pla i!l 
G. p. D. n. G. JJ. D. Cl. G. JJ. D. a. A . n . D. a. 

- ·- ·- - -- ··- · 

March 1974 - - .- - - '1.946 -
April 3.555 1 2.197 - - - -.562 1.099 
M a y .554 1.203 - - 1.792 1.253 .846 
June .Hi6 .000 1.600 1.386 .982 -.342 1.272 
July .166 .095 .658 -.288 .425 .336 - .083 
Aug. .157 .351 .131 1.099 .329 .536 .300 1.099 
Sept. .131 .122 .086 .104 .215 .713 -.030 .513 
Oct. -.117 -.020 -.083 -.105 -.041 .131 -.223 . 588 
N ov. -'-.083 .000 -.062 .104 -.073 .131 -.616 -1.109 
Dec. -.223 -.Ot:i2 .030 .262 - .128 .157 .140 .285 
Jan. 1975 -.139 -.174 -.030 -.077 -.128 -.139 -.223 .405 
.F'eb. • 020 .140 -.030 .307 -.030 .077 .077 .604 
-- --- ---- --
1\ilean r .381 .350 .257 .327 .334 .353 .233 .341 
Mean r durLng 
increase .788 .661 .621 .327 .353 .687 .a4t 
Mean r dur.ing 
declin e - .108 -.023 -.035 .000 -.080 .000 -.146 .000 

1 Computed with a populat ion size of 1 in Apr.il , even though 'no animals were 
captured. 

grid area, varied considerably among species and habitats (Fig. 1). The 
dunes habitat supported the highest densities of both of the gerbils, 
although peak densities of D. auricularis differed only slightly between 
that habitat and the bush plain area. Of those habitats. where they 
coexisted, the gravel plain was the least productive for these two species. 
Aethomys namaquensis, D. auricularis in the dune habitat, and all three 
G. paeba populations declined subsequent to reaching peak population 
size, although, as discussed in · more detail below, the rate of .decline 
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varied considerably among populations. These decreases in population 
:.) :Size were not apparent in the other three D. auricularis populations. Any 

marked declines during the final 1-2 trap periods are probably an 
artifact of capturing less than 100 per cent of the minimum number 
.alive in each of those periods. 

Instantaneous rates of increase in population size (r) per month are 
shown in Table 2. Data for the last several trap periods have been 
-cx.cluded from this analysis to avoid bias due to the problem mentioned . in 
the preceeding paragraph. Overall mean rates of increase from the -time 
of initial population growth through February 1975 varied little among 
.species and areas, except for the relatively low overall rates of growth 
for G. paeba in the gravel plain habitat (mean r = .257) and for .1. 
namaquensis (mean r = .233). In all habitats except the dunes, D. auri-
cularis exhibited rates of increase greater than zero (:ndicating an _ in·-
cn'ase in population size) in a higher proportion of the trap ptriods than 
did the other species occupying that habitat. 

Patterns of increase were examined in further detail by 
_-;eparate mean instantaneous rates of increase for the period preceeding 
attair.ment of peak population size and for the period of decline after 
peak numbers were reached (Table 2). In all habitats, D. auricularis grew · 
to peak size more slowly than the other species found in that habitat. As 
described earlier, only in the dunes habitat did this species reach peak 
numbers before March 1975, and the rate of increase during the period 
before maximum size was reached was considerably higher in that 
habitat than for populations of this species on the other three areas . 
Aethomys namaquensis and all three populat!ons of G. paeba increased 
rapidly during the increase phase, with mean instantaneous rates of 
increase that approximate a doubling in population size each month . 
There is a striking relationship between the mean rate of growth during 
the per:od of increasing population size and the mean rate of decline 
subsequent to that time. For example, in the three populations of 
G. paeba these rates are highly inversely correlated (r=- .986). Among 
all eight populations the mean rate of increase and the mean rate of 
decline are significnntly inversely correlated (r=- .797, P < .05; com-
putations made using mean values shown in Table 2). Thus, those 
populat:ons which grew most rapidly to peak numbers also exhibited 
the highest rates of decline after maximum population size was reached. 

Recruitment was measured as the appearance on an area of previously 
unmarked animals. Tallies of newly-captured animals in a trap period 
were made without regard to age, and include immigrants as well as 
animals born on the area. The mean date of recruitment (computed using 
a formula by C a u g h 1 e y, 1977 for mean date of births) was used as 
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Aasis for comparing populations. Differences in this parameter generally 
, ./ paralleled those in population growth, with the mean date for D. auri-

./ cularis recruitment being at least one month later. than for G. paeba in 
bush plain (mid-October versus mid-September) and gravel plain habitats 
(mid-December versus mid-October) and slightly less than one month 
in the dunes · habitat (mid-October versus late September). Mean date 
of recruitment for A. namaquensis (early September) was several weeks 
earlier than that of the three G. paeba populations and preceeded by 
about four months that of D. auricularis in the same habitat. Recruitment 
rate and instantaneous rate of increase at each trap period were highly 
correlated with each other for most populations. The only clearly non-
significant correlation was for D. auricularis in the gravel plain habitat 
(r = .335); the correlation for this species on the rock plain grid was 
marginally non-significant (r = .714, n = 7, .05 < P < .10). In the other 
populations these correlations were significant (highest P < .05) with 
values of r = _. 532 (n = 25) and r = .654 (n = 22) in, respectively, bush 
plain D. auricularis and· G. paeba and values greater than r = .780 for 
the other population. Thus, varying rates ·Of appearance of new animals 
were refle:ted in changing rates of population growth for most 
popula t: ons. 

4.2. Reproduction 

Available litter size data are not sufficient to evaluate age-specific. 
. seasor.al, or habitat differences. Mean litter size for snap-trapped spec-
imens from all habitats throughout the study ·was 4.2 in G. paeba, 3.5 in 
A. namaqttensis, and 2.5 in D. auricularis. 

Breeding intensities, expressed as proportions of the total number of 
each sex captured in each trap period without regard to age, are shown 
in Tables 3 and 4. Breeding measures for animals in the . bush plain 
habitat arEt means of the breeding proportions observed in the trap 
periods in each month. Sa.mple sizes of D. auricularis on the ro:;k plain 
grid we:e too small to allow reliable estimation of breeding activity, 
although it appeared that reproductive success was low in that population. 
Similarly, the low numbers on all grids in the early months of the study 
precluded examination of breeding intensity during that period . Re-

l!ctivity was high in most populations throughout at least a 
portion of the winter n1onths (June through early September). Breeding 
intensity subsequently declined during parts of the hot, dry n10nths of 
September through February, with different populations varying in the 
degree 'and timing of reduced reproductive 

Aethomys namaquensis showed some breeding activity throughout 
most of the year, as did most of the other populations. Hovve\·er, pro-
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J)9rtions of animals in breeding condition declined in July 1974, were 
e./'" low until December and then increased, remaining relatively high for 

the duration of the study. No lactating females were observed between 
December 1974 and March 1975. 

Table 3 
Proportions of Gerb.illurus paeba and Desmodillu.s auricularis in breedi:ng oondition 
in -three habitats during 1974 a•nd 1975. Valueos for •bush plain habiltat are means 
of values observed in biweekly trap periods tin each month. {scr. =scrotal testes; 

per f .= perforate vag-ina i opening; Ja,c. =lactating). 

Month 

May 1974 
June 
July 
Aug. 
Sept. 
Od. 
Nov. 
Dec. 
Jan. 1975 
Feb. 
Mar. 
Apr. 

May 1974 
Ju.ne 
July 
Aug. 
Sept. 
Oct. 
Nov. 
Dec. 
Jan. 1975 
Feb. 
Mar. 
Apr. 

Male 
scr. 

.93 

.57 

.06 

.14 

.00 

.08 
:16 
.61 
.73 
.77 

1.00 
.94 

1.00 
.81 
.65 
.77 
.41 
.37 
.08 
.24 
.56 
.50 
.70 . 
.43 

Dunes Gravel Plain 
Female Male Female 

'PCrf. lac. scr. .perf. lac. 

G. paeba 

.81 .52 -

.26 .58 1.00 .50 

.00 .09 1.00 .78 .44 

.00 .06 .77 .33 .33 

.00 .04 .80 .27 .27 

.00 .00 .53 .14 .14 

.09 .00 .30 .18 .09 

.21 .10 .80 .30 .10 

.30 .00 .83 .08 .00 

.20 .00 1.00 .18 .00 

.62 .10 .87 .37 .00 
1.00 .84 1.00 1.00 .08 

D. auricularis 

1.00 .00 - - -
1.00 .25 - - -
.60 .50 .50 .50 .00 
.70 .50 1.00 1.00 1.00 
.32 .16 .67 .83 .17 
.25 .05 .00 .50 .00 
.50 .19 .00 .33 .00 
.54 .23 .67 .40 .00 
.82 .06 .40 .33 .00 
.40 .10 .62 .40 .00 
.74 .26 .67 .71 .14 
.67 .25 .50 .50 .33 

Bush Plain 

Male Female 
scr. operl. lac. 

1.00 .50 1.00 
.94 .42 .42 
.87 .59 .51 
.78 .24 .27 
.52· .36 .32 
.50 .25 .14 
.59 .24 .20 
.82 .11 .09 
.96 .30 .10 
.98 .36 .14 
.92 .54 .24 
.94 .59 .29 

.75 .75 .50 
.90 .50 .50 

1.00 .30 .20 
.83 .59 .30 
.54 .69 .22 
.43 .68 .30 

. . 38 .44 .20 
.30 .60 .20 
.48 .47 .22 
.37 .55 .12 
.32 .65 .17 
.34 .56 .09 

Reproductive seasonality was more pronounced in G. paeba than in 
D. au;icu!aris, and in G. paeba was particularly marked in the dunes 
habitat. On that area, no female G. paeba were observed in breeding 
condition between July and October 1974, and relatively low breeding 
intensities occurred in June and from November through February. Re-
productive activity in both sexes of that population increased sharply 
after the period of reduced breeding, although proportions of males with 
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. ..-crotal testes began to increase in December, several months before high 
,.,..... proportions of females were observed in breeding condition. 

/ Similar trends were observed in G. paeba in the other two habitats, 
but declines" in reproductive activity were slight compared to those on 
the dune grid. Differences in breeding intensity between areas in each 

. month were examined by comparing numbers of breeding and non-
"breeding animals in 2 X 2 ·l contingency tables. These tests indicated few 
-consistent differences in either male or female G. paeba breeding 
intensities between gravel plain and bush plain habitats. Significantly 
greater numbers of this species (both males and females) were in breed-
ing condition on each of these two areas than on the dune grid in at least 
Jour months behveen July 1974 and January 1975 (highest P < .05). 

Table 4 
Proportions of Aethomys namaquensis in 
breeding condition in rock plain habitat 

during 1974 and 1975. Abbreviations 
· follow Table 3. 

M a .le Female 
Mont h sc:r. per f. l a c. 

May 1974 .50 1.00 1.00 
Ju,nc 1.00 1.00 .33 
July .64 .70 .20 
Aug. .62 .33 .11 
Sept. .36 .20 .27 
Oct. .36 .40 .20 
Nov. .55 .60 .20 

.17 .25 .00 
Jan. 1975 .87 .50 .00 
Feb. .83 1.00 .00 
Mar. .83 .50 .00 
Apr. .80 1.00 .7!l 

- -- - ·· -- · -- -- --- -
In addition to these differences in breeding proportions during the dry 

:;eason, reproductive events in G. paeba appeared to occur earlier in tne 
<iune habitat than in gravel plain, suggesting that the former may be a 
more strongly seasonal habitat. In both male and female G. paeba, 
breeding proportions on the dune grid and those in coeval periods in 
gravel plain were not significantly correlated (r = .488 for males and 
r = .553 for females). However, these correlations are significant if, 
rather than using coeval data, breeding proportions on the dune grid are 
compared with those on the gravel plain area one month later (for males, 
r = . 756, P < .01; for females, r = .607, P < .05). Breeding proportions 
in G. paeba in the bush plain habitat were significantly correlated with 
those in both dune and gravel plain habitats (with dunes, r. = .800, 
P < .01 for males and r = .579, P < .05 for females; both n = 12; with 
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plain, 7'=.761, P < .05 for males and r=.747, P < .01 for females: 
both n = 11). Thus, seasonal breeding patterns in this species appear 
qualitatively similar on all three areas, although the magnitude of breed·-
ing proportions and the timing of reproductive changes may vary among 
habitats . ' 

Reproduction in D. auTicularis was more aseasonal than in G. paeba, 
as . was stated above and as would be predicted from the relatively 
aseasonal pattern of recruitment and population growth in most po_pula-
tions of this species. While breeding activity in D. auricularis (particularly 
in males) ·declined somewhat during the dry season, declines were 
considerably less marked than in G. paeba. Similarly, this species did not 
exhibit the sharp increases in breeding proportions seen in G. paeba at 
or near the end of the dry season. In several months during the period 
of June through October 1974, numbers of breeding D. auricularis males 
and females were significantly higher than those of G. paeba on all three 
areas where the two species coexisted (tested by y_1

, highest P < .05, 
5 differences in males and 9 in females on all three areas). These dif-
ferences occurred during the portion of the year when marked declines 
in G. paeba reproduction were observed. Conversely, in several months 
following December 1974, when G. paeba breeding intensities were in-
creasing, numbers of breeding animals of this species were significantly 
higher than in D. auricularis, particularly in males (highest P < .05, 11 
differences in males, 3 in females on all three areas). Thus, breeding 
activity \vas more evenly distributed throughout the year in D. auTicu-
laris than in G. paeba. 

4.3. Survlvorship 

Survival rates were computed from data obtained by direct enu-
meration of marked animals (Krebs, 1966). For animals on the dunes, 
gravel plain, and rock plain areas these were expressed directly as 
survival rates per month. For animals in the bush plain habitat, these 
rates were computed as probabilities of surviving through two 2-week 
trap periods (i.e., survival rates per four weeks), and a mean value was 
:omputed for each month to use in comparisons with other areas (Table 
5). !viean survival rates of most populations were relatively high, the 
major exceptions being in D. auricularis in the gravel plain and rock 
plain habitats. In general, survivorship was - lowest during the early 
months of the study. 

In each of the two .gerbils, differences in survival rates between sexes 
and among areas and months were tested using a three-way analysis 
of variance and data from the dunes, gravel plain, and bush plain 
habitats. In G. paeba, results of this analysis indicated: (1) a significant 
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of sex on survival rates (P < .025), with males having higher 
survival rates than females in all three habitats; (2) significant variation 
in survival rates among mon'ths ·· (B < .025); and (3) marginally non-
significant habitat effects (.05 < P < .10), with survival rates ·on ·the 

·dunes being somewhat lower than those on the other two areas. None 
:>f the interaction effects was significant. In D. auricularis, survival rates 
di.d not differ significantly among months · (P > .25). There was a 
significant effect of sex on survival rates, with females having higher 
survivorship than males (P < .005), and a significant habitat effect 
(P < .001), due primarily to the low survivorship in this species in the 
gravel plain · habitat. Hovvever, interaction effects of habitat and time 
and of habitat and sex were significant (P < .01 and P < .025, respec-
tively}, indicating that sex differences in survival rates and temporal 
changes in survivorship were dependent on habitat. 

The relationship between temporal variations in survival rates and 
those in instantaneous rates of increase in popula'iion she differed 
:onsiderably among populations. In all three G. paeba populations, pooled 
male and female survival rates were inversely correlated with rates 
:>f population growth, although significantly so only in the gravel plain 
habitat (r = -.908, n = 9, P < .01). On the dune and bush plain areas; 
these correlations were, respectively, T = -.498 and T = -.472. A 
similar relationship was observed in bush plain D. auricularis (r = -.666, 
n = 10, P < .05). Thus, in these populations survivorship was lowest 
during times of most rapid population growth. In D. auricularis on the 
d.une area there was essentially no relationship between rate of growth 
and survivorship (r = .071). In the remaining two D. auricularis pop-
ulations and in A. namaquensis, survival rates were positively but not 
significantly related to population growth (r = .384 and T = .649 in rock 
plain and gravel plain D. auricularis, respectively, and r = .414 in A' . 
namaquensis ) . 

Survival rates varied with breeding activity in several of the popula-
tions. The most striking relationship was observed in lactating G. paeba. · 
In all three populations of this species, female survival rates in each month 
were significantly negatively correlated with the proportion of females 
that ·were lactating at that time (in dune, gravel plain, and bush plain 
habitats, respectively, T = -.779, T = -.831, and T = -.838; all P < .01). 
Similarly, in bush plain auricularis, survival rates of females were 
inversely correlated with the •proportion lactating (r = -.729, P < .05).· 
Most of the other .correlations between sex-specific survival rates and 
male and female breeding proportions were negative but not significant . 
The major exceptions were in_ D. auricularis on the gravel plain grld · 
and in A. namaquensis, where all correlation coefficients between 
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-.. rates and breeding measures were positive, although not significant 
/ · 1 ,.' s between + .220 and + .583). · 

5. DISCUSSION 
This study was initiated on several populations of desert rodents whose 

:iensities had been drastically reduced following an apparent reproductive 
failure the previous year. In spite of the notably high longevity of many 
small desert-dwelling rodents (French et al., 1966, 1967, 1974; Hay-
:i en & L i. n db erg, 1976), it would appear that probabilities of local 
extinction may be quite high in such low density populations. We 
unfortunately have little information on that problem. Con 1 e y et al. 

using data from French et al. (1974), found that most simulated 
populations of Perognathus formosus retained the ability to recover after 
up to three successive years of no reproduction, but several of the 
simulated populations went extinct following a three year breeding 
pause. All pOpulations in the present study were able. to· respond 
reproductively ·to the onset of favorable conditions subsequent to a one 
year breeding pause, although success varied among species and habitats. 
Droughts of greater than one year duration are not uncommon in parts 
of the Namib Desert, and the effects on these pa.rticular species of 
several successive nonreproductive years are not known. 

Most of the populations responded rapidly to the rainfall and plarit 
grO\vth at the start of the study, confirming the previously-mentioned 
relationship between rodent reproduction and The 
;::,bserved instantaneous rates of increase in population size are extreme! 
high, exceeding those reported even for many rapidly-expanding mi-
crotine rodent populations (Krebs, 1966; Krebs et al., 1973), and 
warrant several comments. First, rainfall and primary production in 
the first year of the stud:y were exceptionally good, and there was likely 
Tittle . or no. on growth. Secondly, · the 
extremely low initial densities provide a natural analogy to a population 
introduced into a previously unoccupied habitat and increasing with 

constrain!§. These two factors thus provided ·ideal 
stances for attainment _9f high rates of population It should 
be noted that in -the-·first trapping periods 
were very low (0, 1, or 2 animals known alive), and a slight absolute 
error in these estimates could alter the computed rates of population 
growth. If the initial values are underestimates of the actual numbers 
:)f 'animals known ali.ve on the areas, the population growth rates shown 
in Table 2 would exaggerate the actual growth rates. I have no evidence 
=mggesting that population sizes were grossly underestimated, and believe 
that rates of increase reported here are reasonably representative of the 
real rates. 
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An important question concerns the relative contributions to high 
rates of immigration and of recruitment of animals born in situ.. 

These alternative forms of recruitment could not be distinguished in 
the trapping results. Of the three species, only A. namaquensis appeared 
to occur in relatively high densities in a refugial habitat (rocky outcrops 
snd low mountains) at the start of the study. However, the importance 
:>f that refugial population to population growth of this species in the 

plain habitat is unclear. Population growth in A. narnaquensis did 
not begin earlier than in the other species nor were growth rates h!gher, 
3uggesting that mass immigration from a localized region of high density 
played no greater role in producing rapid population growth in this 
species than in the two gerbils. In D. auricularis and G. paeba, no 
isolated pockets of high density remained from the previous year, and 
it appears that any »refugium« for these species during drought years 

. exists simply in the form of low density populations. In one instance, 
however, large-scale irrunigrat:on almost certainly made a major contri-
bution to rapid population growth in G. paeba. The rate of increase for 
this species in the habitat between April and May, 1974 (r of at 
least :3.555, equivalent to a 35-fold increase in population size) can be 
z:--:plained only by a large movement of animals onto the trapping grid . . 
Snap-trapping in other dunes habitats during April, 1974, prior to the 
large increase in population size on the dune grid, revealed loci of 
:;everal G. paeba each, primarily around large hummocks of grass 011 

the dune crests. In February, G. paeba had been no more -abundant in 
those locations than elsewhere. Thus, it appears that reproduction ·may 
have begun earlier in those specific localities than on the grid itself, 
with subsequent movement of a large number of animals onto the grid. 
In D. auricularis and the other populations of G. paeba, such early 
breeding loci were not identified. Initial rates of growth in these pop-
ulations -..vere sufficiently low to be explicable in terms of the appear-
ance of offspring of only a few breeding females, without mass 
movement onto the trapping areas. Of course, population growth in D. 
auricularis in the rock plain habitat appeared to be initiated by the 
movement of a small number of animals onto that area in August 1974. 

Except for slightly lower overall mean instantaneous rates of popu-
lation growth in gravel plain G. paeba and A. namaquensis, there was 
re:Tlarkably little variation among populations in this parameter. Despite 
the similarity of those mean values, however, there was a basic dicho-
torr.y in growth patterns in these populations. Aethomys namaquensis, 
3ll populations of G: paeba, and the dune grid population of D. auricul-
::zris increased at high rates over relatively short periods of time. There 
was general synchronization of attainment of peak numbers among these 
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-. ": ·'pulations, and all declined to some after. 'tha: tim:. Convers_ely, r mean monthly growth rates of the other three.·D. aurzculans populatwns 
/ were lower, but these populations grew over a· longer_ portion of the 

'P!!f';r year and exhibited little or no subsequent decline. Thus, there was a 
general· inverse relationship between rate of growth and length of time 
:iuring which growth occurs in these populations. The performance of 
D. auricularis in the dune habitat was somewhat atypical. Differences 
in breeding pattern between that ·population and others of this species 
were no greater than those between gravel plain and bush plain popula-
tions; However, growth in the dune population was more similar to 
that of the G. paeba population than to D. auricularis in other habitats. 
Whether or not this is a consequence of the apparent greater seasonality 
of that habitat is not known. 

Differences in rates and duration of population growth were related 
to differences_ in breeding patterns. Reproductive activity in most popula..:. 
tions diminished during at least part of the dry season . In general, repro-
duction in G. paeba and A. r.amaquensis was considerably more seasonal 
than that in D. auricularis, with more pronounced declines in breed-

. ing activity during the hot, dry portions of the year and more marked 
increases in breeding in the following months. C h, r i s t i a n (1979a) 
found that, when provided with drinking water, G. paeba and 2-nother 
:;pecies, Rhabdomys pu·milio (Sparrmann, 1784) (which has a demographic 
pattern comparable to that of G. paeba and A. namaquensis) maintained 
higher breeding proportions during potentially water-stressful periods 
than did control animals. Breeding season length in these species thu8 
is controlled at least in part by seasonal changes in the availability of 
resources which are critical for successful reproduction (Breed, 1975; 
Soh o 1 t, .1978; Y a h r & K e ss 1 er, 1975). This seasonality imposes a 
temporal limitation on reproduction and population growth. Correspond-
ingly, in · these two species and presumably A. namaquensis as well, 

on responding rapidly to the onset of favorable 
and on completing rep_r_9<!ucti.Q..ll and p_Qp_ylation__gr_o_yvth in 

:.1 short time period. In contrast, breeding ·proportions in D. auricularis 
were not increase d by the experimental provision of drinking water 

h r is t i an, 1979a). That result, and the relatively a seasonal breeding 
pattern shown by this species, suggest a less direct influence of varying 
resource av.anability on reproduction. Because D. auricularis appear's 
:apable ·of reproducing over a wider range of environmental conditions, 
rapid completion of population growth · may be less critical for this 
species. 'f'hus, population growth may occur · at lower rates but over 
longer periods of time. These results 'indicate two rather different 
strategies of population growth in these species; and two different means 
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of dealing with the strong . seasonality that is characteristic of . many 
.._rdesert environments. · , 

Christian (l979b) reported that free Wc;lter needs of D. auricularis 
are lower than those of G. paeba and R. pumilio, and suggested that the 
greater water-conserving ability of D. is a major factor in 
its aseasonal demographic pattern. While extensive data on water con-
servation in A. namaquensis are not available, this species also appears 
less efficient in this regard than D. auricularis (personal observation). 
In addition to these physiological differences, the more seasonal species 
are characterized by smaller body sizes and the production of larger 
litters. 

Recruitment and survivorship had varying effects on rates of popu-
lation growth. Those populations which reached highest peak densities 
\Vere characterized by high recruitment rates, suggesting good 
reproductive success, and a close association. between high ·rates of 
appearance of new animals and high population growth rates. In the 
two lowest density populations (D. auricularis in gravel plain and rock 
plain habitats), recruitment rates were less closely related to rates of 
population growth; recruitment rates in ·these two populations were 
relatively low, probably indicating low reproductive success and/or high 
juvenile mortality. In these two populations and in A. namaquensis, 
\Vhich also attained comparatively low peak densities, high rates of 
increase in population size were more closely synonymous with high 
survival rates than in other populations. In fact, in most ·of the other 
populations, survival rates were lowest during times of most r-apid 
population growth. In those p.opulations exhibiting a decline phase after 
reaching peak numbers, survival rates were generally higher during 
the decline than previously, indicating that the decreasing numbers 
were due not to higher mortality but rather to reduced recruitment 
rates. . 

Survivorship in some desert rodents has been shown to be inversely 
related to precipitation and plant growth and therefore inversely ·related 
to reproductive activity (Con 1 e y et al., 1977; French et al., .1966, 
1967). That is, survival rates appe'ar to be highest d1.;1ring adverse cmldi-
tions, presumably because relatively less time is · spent above-ground, 
gathering food, searching for . mates, and so on, and thus exposed .to ·· 
mortality factors, and a greater proportion of time is spent inactive in 
relatively secure burrows (Con 1 e y et al .. , 1977; French et al., 1966, 
1967). The same general pattern was observed in the present study, with 
survival rates in most being inversely related to breeding 
proportions. The strongest relationship between breeding activity 

· mortality was seen in lactating females in one population of D. auricul-
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and in all three G. paeba populations. Several studies · have 
:iemonstrated that lactation in small rodents produces increased demands 
for energy (M i 11 a r, 1975; 1978; Rand o 1 ph et al., 1977) -and water 
(Baverst.ock & Watts, 1975; Smith & McManus, 1975; So-
h o 1 t, 1978). Results of the present study suggest that obtaining these 
additional recources, or fulfilling other requirements during lactation. 
may translate into increased mortality. While these data do not provide 
a direct demonstration that lactating females had lower survival rates 
than non-lactating animals, they strongly suggest that a major cost of 
reproduction in these animals may be associated with lactation (see 
Con le y et al., 1977; Rose n z we i g, 1974). 
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