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The small mammal community in Acacia savanna censists of
three omnivorous nocturnal rodent species. Mastomys nata-
lensis, Saccostomus campestris and Aethomys chiysophilus,
which eat varying proportions of seed in their diet. From a
seed removal experiment, it was found that rodents preferen-
tially selected Acacia tortilis seeds. The annual Acacia seed
consumption by rodents in a South African savanna ecosys-
tem was analysed by using estimates of rodent population
densities, diet compositicn, seed predation by captive
rodents and published estimates of field metabalic rates.
Tctal seed consumption was estimated to represent 1,6—
4 1% of the annual seed crop of A. tortifis, 0,7-0,9% of the
annual seed crop of A, nifotica and 9,3-25,0% of the annual
seed crop of A. karroo. Granivory of A. niotica seeds by
rodents may have a negligible effect upon seediing recruit-
ment. However, rodent predation of A. tortifis and A. karroo
seeds may have important implications on seed survival and
later seedling recruitment.

Die kleinsoogdier-gemeenskap in Acacia-savanna bestaan
Jit drie naglewende omnivaore knaagdierspesies, nl. Masto-
mys natalensis, Saccostomys campestris en Asthomys
chrysaphilus. Die dieet van die spesies bestaan uit variéren-
de proporsies van sade. Volgens die uitslae van 'n saadver-
wyderingsproef, het hierdie knaagdiere Acacia-sade verkies.
Skattings van bevolkingsdigtheid, dieet-samestelling, saad-
predasie deur knaagdiere in gevangenskap en gedokumen-
teerde metaboliese tempo's, is gebruik om die jaarlkse
Acacia-saadverbruik deur knaagdiere in 'n Suid-Afrikaanse
savannasisteem te bepaal Die totale saadverbruik het 1,6-
4,1%: 0,7-0,9% en 9,3-25,0% van die onderskeidelike saad-
produksie van A. tortilis, A. nilotica en A. karroo utgemaak.
Die verbruik van A. nilotica-sade deur knaagdiere het moont-
lik geen eifek op saalingwerwing, terwyl predasie op A
tortilis en A. karroo mooentlik belangrike gevelge toen in terme
van saadocrlewing en saailingwerwing.
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Rodents are important seed predators in communities such
as thickets of alicn Acacias in the south-western Cape
(David 1980; Holmes 1990). Sced predation may affect
community structure (Brown, Davidson, Munger & Inouye
[986). ¢.g. seed sclectivity may be critical o plant specica
survival. Although rodents have been reparted 10 fecd on
Acacta sceds (Kerley 1960; 1991), their umpact on the
Acacia savanng comiunity has not been documented.
Fluctuations in the abundance of nawral food sources
may determine the impact of rodems as Acacia sced
predators. Fewer Acucia sceds may be consumed during
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summer when there are many allernative food sources and
more sceds may be taken in winter when other food resour-
ces arc low. Rodent densitics also flucwate considerably
with changing abiotic factors such as rainfall (Christian
1977, Nel 1992), and although some rodent species breed
throughout the year, densitics in semi-arid communitics may
be higher in summer than tn winler (Skinner & Smithers
1990: Kerley 1992h),

This study was designed 1o (1) delermine rodent seed
selectivity and seed removal of the umbrella thorn, Acacia
tortilis Forsk. and the scented pod, A. nilotica Hayne in two
different paiches ol Acacia savanna in diffcrent seasons; (2)
asscss the species composition and population density of
seed feeding rodents and, (3) delermine the importance of
rodents as consumers of A, fortilis, A, nilotica and the sweet
thorn, A. karroo (Hayne) sceds in an African savanna
ccosyslem.

Rescurch was carried out in the winter of 1991 and sum-
mer of 1992 a1 Nylsvley Nature Reserve (24°40°S; 28°
43'E) in the northern Transvaal, South Africa. Acacia
savanna comprises 13% ol the vegetation. The otal rainfall
received in 1991 and 1992 was only 1491 mm  and
26%8,3 mm, respectively — close 10 the lowest rainfall ever
recorded.

The study siles held three species of noctumal, sced-
cating rodents: the multimammate mouse, Mastomys nata-
lensis A. Smith, the pouched mouse, Saccostomus campes-
iris Pelers and the red vell rat, Aethomys charysophilus dc
Winton. No diurnal rodents were captured.

Acacia sced sclectivity and removal by rodents was
assessed ut two different 1-hu patches of Acacia savanna
(sites | & 2). Each site was dominated by A, fortilis with
scaticred patches of A nilotica and A. karroo. Pods were
provided on petri dishes clevated 6 cm off the ground to
exclude predatory ants (Mares & Roscnzweig 1978; Par-
menter, MacMahon & Van der Walt 1984). Seed removal
and sclecuvity were quantified by supplying 20 g of A.
nilotica and 10 g of A. iortilis pods (wcights comprised
equivalent numbers of sceds) at cight randomly selected
locations within cach site. Owing 10 a pod shortage, the seed
removal experiment was not possible with A, karroo. The
dishes were closed during the day and opened at dusk.

Alter four days, the remaining Acacia pods were
collected. Since direct observations of captive rodents
revealed that seeds were removed Icaving an emply pod,
secd removal could be determined by subtraction, knowing
the dry weights of A. tortilis and A. nilotica pods and secds.
[t was assumed that all removed seeds were eaten in situ or
hoarded and consumed later,

Although (allen Acacia pods were only naturally available
during winter, the experiment was carried oul in winler and
summer to determine whether Acacia seed predation aliered
the availability of alternative Food sources.

Preference indices were caleulated from the formula P =
(U LAY 2, 1 A), where U/, = utilization, the weight of
seeds removed, A, = availability, the weight of sceds
supplicd (Kelrick, MacMahon, Parmenter & Sisson 1986).

Rodents were trapped both in summer and winter o
determine approximate seasonal differences in their densi-
lics, Filty Sherman teaps (7,5 X 9 % 23 ¢m) were placed al
both sites at intervals of 10-15 m in a grid arrangement over
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an area of (0,54 ha. Traps were baited with sunflower sceds
and were checked from dawn onwards for four conscoutive
nights (0 avoid drawing in and wapping mammals from out-
side the study arca (Hulme 199(0). Capturcd rodents were
weighed, identified o specics, marked by loc-clipping and
released. All Taecal pellets produced by identified rodents
within the Sherman traps were collected on the first day of
rapping in winter for later examination (Chucchficld 1984).
Recaptures were noted and rodent densities were culculated
(Caughley 1976),

In order o evaluate the impact ol rodents on Acucia sceds
in the wild, it was necessary 10 determine the dict of wild
rodents, rodent predation of Acacia sceds in captivity, seed
production and sccd availability in the wild.

Dictary analysis was carried out by microscopic examimi-
tion of collected fagcal pellets (Churchlield 1984). Faccai
remains were separated into three calegorics: vegelation,
seeds and sced fragments and insects. The percentage arca
occupied on a gridded slidc by cach constituent within cach
sample (a faccal pellet) was determined by the method of
Hansson (1970). Between 9 and 14 faccul pellets were sum-
pled from peooled pellets of cach species. Each pooled
sample consisted of pellets from 4-6 mice. Although small,
this was a suitable samplc sizc, since the percentuge of prey
types levels off rapidly with pellel sample size (Churchiicld
1984). There is a good correlation between the proportion of
sceds in the diet and the proportion in the faccal pellet
(Kerley 1990,

In wotal, six S. campestris, seven M. natulensis and six A,
chArysophilus were housed in small mammal ¢ages (30 x 20
X 20 cm) in a laboratory at Nylsvley during winicr 1941
and 1992, und led cqual weights of pods of A, tortlis. A
nifotica and A. karroo. Daily sced consumption was record-
ed for 12 days. Since faccal analysis showed that the rodents
were nol solely granivorous, this diet was supplemented
with grasses, herbaceous vegetation and sceds (from Acacia
savanna), food pellets and sunflower seeds. Given that the
caplivc rodents had a free choice of a vuariety of natural and
aruficial foods, all presented in excess, the data provide a
crude indication of possible {icld consumption raes of
Acacia. As later calculations show, major departures from
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these rates would be necessary 1o alter the conclusion of this
papcr.

A. tortilis, A nifotica and A. karroo pod production was
assessed within random belt transeets (20 X 100 m) in
Acacia savanna throughout Nylsviey, Although Acacia may
be patchily distributed, since five arcas were sampled
throughoul the Acacia savanna, il is considered that the data
represent the reserve as a whole reasonably well. Pod pro-
duction per ree was deterimined by a ‘cage count method’
(Miller 1993). From counts of the number of uces per ha, it
was possible to cstimate pod production per ha. Seed pro-
duction per ha could be calculated {from the mean number of
sceds per pod (mecan numbcer of seeds per pod £SE: A
tortilis, 6,1 = (,6; n = 100 pods, A. nilotica, 7,9 = 0,4, n =
78 and A. karroo, 7.3 = 04 n = 62).

The duration of Acacia seed availability in the wild was
determined by noting the day on which mature pods were
first and last present on the ground below Acacia tees in the
two study sites.

The annual impact of rodents on Acacia sceds was calcu-
lated from a modification of the ‘encrgenics approach’
(Kerley 1992b). The ficld melabolic rate of rodents was
multiplicd by the winter population size 1o give the energy
requirements (ki/ha/d) of rodents. The cnergy provided by
the sceds was estimaled from the proportion of seeds in Lhe
diet, assuring a digestive efficiency of 85,0% (Droze 1975,
Soholt 1973). The weight of sceds consumed daily was
calculated using the cnergy value of 7,11 kJ/g (afier Kerley
1989). The number of sceds of cach Acacia species
consurned on a monthly basis was then calculated using
results on daily Acacia sced consumpiion by captive rodents
(Maller 1993) und the average weight of Acacia seeds (Coce
& Coc 1987). The percenwge of the seed crop consumed by
different rodent specics was predicted from measurcments
of the Acacia seed crop (Miller 1993).

Acacia  sced  removal  varied  significantly  beiween
scasons, sites and Acacia species (3-way ANOVA, scasons:
Fiee = 33,67, P < 0,05; sites: Fisq = 5,94, P < 0,05; and
Acacia spp.: Fi s = 17,25, P < (1,05; Table 1). Significant-
ly mare A. rtortilis and A, nilotica sceds were removed in
winter than i summer at sites 1 & 2 (1, = 5,80; P < 0,03).
Significanily more A, tortifis seeds were taken than A

The weight (g). number and percentage of offered A. tortilis

and A. nilotica pods and seeds removed by rodents in different seasons
in the wild after 4 days, and rodent feeding preference for Acacia seeds

(Kelrick et al. 1984)

WU seeds
Acacia + puxds No.sceds % of pods
Season Sie specics removed (g} removed  removed  Preferonee [Variance)
Summr 1 A tortils 26,9 371 EEN] 010 {0,020
1991 1 A nillotica 12,9 34 Bo 0,024 {0,001y
2 A tortilis ns 159 194 0,120 {0,009
1 A nilonca 9 3 0,6 0,004 {0,001
Winter 1 A toridis fd,1 8L 80,1 0,087 0,015)
1992 | A adotica 558 612 349 0,638 {0,007
2 Al orilis 6.9 171 46,1 04078 (0,026
2 A nillotica LEW 136 276 0,047 {0,038)
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nilotica seeds in summer and winter at sites 1 & 2 (4, =
4,15, P < (,05). Significantly more Acacia sceds were also
removed (rom sitc 1 than {rom site 2 in summer and winter
(tgz = 2,44; P < 0,05). A tortilis was preferred 10 A, nélotica
at both sites 1 & 2 (Table 1).

The community was dominated by M. nataiensis, with
lower numbers ol §. campestris and A. chrysophilus. More
rodents appeared 1o be present in site 1 than in site 2, and
summer densities were apparently greater than winicr densi-
ties (Table 2), although statistical comparisons cannol be
carricd out to conlirm these apparent differenccs.

S. campestris, M. natalensis and A. chrysophilus con-
sumed vegetation, seceds and insects in their natural diet
(Table 3). In captivity M. natalensis, S. campestris and A.
chrysophilus preferred A. toriilis seeds (Figure 1), Predicted
sced loss varied among the Acacia specics (Table 4).

The relative impact of rodents as Acacia sced predators
clearly depends on their population density, seed composi-
tion in their dict and fluctuations in aliernative food sources.
Rodent densities in this study were lower than densitics
found by Korn {1987), and varicd from 1-6 rodents per ha
in unburnt Acacia savanna at Nylsvicy. There was a scvere
drougin at Nylsvley in 1991 and 1992, and the low rainfall
may have reduced rodent population densities (Christian
1977, Nel 1992), possibly by altering foliage density
(Ferroira 1992).

Dict composition compares favourably with other studics.
S. campestris, M. natalensis and A. chrysophitus have ali
bean classificd as omnivoreus (Watson 1987; Kerley 1989;
1992a). Swdies classifying S, campestris as a  strict
granivore {¢.g. Dc Graall 1981) involved analyses of check

Table 2 The population densities (no./ha) of M nata-
lensis, 8. campestris and A. chrysophilus rodents at
different sites and in different seasons, estimated from
Caughley {1976); it is not possible to calculate SE using
this method

Population density (no./ha}

Scason Site M. naralensis S, carmpestris A chysophilus Total
Summer 1 2,93 2,50 0 543
2 2,98 0 0 298
Winter 1 1,69 0 0,84 253
2 3,43 0,86 0 1,29

Table 3 The mean (+ SD) percentage area occupied by
vegetation, seeds and seed fragments and insect cormpo-
nents in slides of faecal pellets of redents; n = nurmber of
pellets

Percentage (mean * 50

Sceds and
Species Vegctation secd fragments [nsects "
M. natalensis 483 = 10,7 408 *101 113x94 12
S. campesiris 33,9 £ 14,6 349 =172 00=19% 14
A. chrysophilus 589 =75 139+93 8954 9
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pouches only, thus excluding any consumed material. Addi-
tionally, swdies classifying M. natalensis as a granivorc
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Figure 1 Acacia sced predation by capltive (a) Mastomys
natalensis, (b) Saccostomus campestris and ()  Aethomys
chrysophilus.

Table 4 The predicted total number of Acacia seeds
consumed by rodents during the winter seascn, and the
percentage loss of the seed crop at two different sites

Acacia Total no. seeds No. seeds % seed crop
specics Site consurmed produced/ha consumed
A tortils 1 15909 388762-391912  4,064,09
2 6564 1,67-1,69
A nolilica 1 579 5029260731  0,95-098
2 449 0,74-0,76
A, karrog 1 7567 3029830840 24,54-24,98
2 2868 9.30-9,47
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(Swanepoel 1980; Taylor & Green 1976) were carried out
adjacent 1o cultivated ficlds where sced availability was
unnaturally high.

Morc Acacia seeds were removed from site 1 where the
density of rodenis was apparently higher. As hypothesized,
fewer Acacia secds were removed in summer (when rodents
were apparently more abundant) than in winter, indicating
that peedation fluctuates with the availability of alternative
food sources. Kerley (1992b) also stresses that availability
of aliermative resources may  determine  rodem  sccd
predation.

Rodents are important secd consumers in many and and
scmi-arid environments (Abramsky 1983; Morton  1685;
Price & Jenkins 1986; Boyer 1987), and they can remove up
10 75% of the annual sced crop of a varicty of sceds (Nclson
& Chew 1977, Brown, Reichman & Davidson 1979). In
contrasl, rodents in a southern African semi-arid region
show negligible granivory (Kerley 1992b). Differences in
arcas of study will inevilubly lcad Lo different predation
levels.

Rodents may be seleclive secd predators (c.g. Nelson &
Chew 1977; Brown er of 1986: Kerley 1990). Secd
sclectivity may in tum influence sced survival (Kcerley
1992b), depending on the quantity of the sced crop consum-
cd. In Acacia savanna, rodents preferentially sclected A.
tortilis sceds. Since A. tortilis sced loss 10 other faclors s
high, c.g. 68,0% of A. rortilis secds may be infested and
destrayed by bruchid beetles (Miller 1993; Miller 1994),
sced loss 1o rodents may be umportant in reducing A. tortilis
recruitment, depending on whether recruitment is sced-
limited or not. Similarly 40% of A. karroo sceds may be
desuroyed by bruchids and thus the relatively high rodent
sced predaton may be sulficient to reduce A. karroo recruil-
ment. In contrasl, fewer (36,5%) of A, riloticu seeds may be
infested by bruchids and as sced loss 1o rodents 1s very low,
rodents may have little effect on A. nilotica recruitment.
Further research on Acacia seed survival, germination and
scedling establishment would be needed 10 assess the rela-
tive importance of rodent sced predation 10 scedling
establishment.
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Males control the duration of copulation
in the tropical millipede Alloporus
uncinatus (Diplopoda: Julida)

S.R. Telford*

Zoology Department, University of Pretoria, Pretoria, 0002
Republic of South Africa

J.M. Dangerfield

Cepartment of Biology, University of Bolswana, Private Bag
0022, Gaborone, Botswana

Prolonged copulation in Alfoporus uncinafus is a form of
mate guarding against sperm competition. Here we show,
using a simple experiment, that males control the duration of
copulation, an often overlooked assumption regarding the
adaptive significance of prolonged copulation. The sex-spe-
cific evolutionary benefits of prolonged copulation are dis-
cussed in relation to the role played by sperm competition in
the evolution of the mating system of A. uncinatus.

Lang paringstye by Afloporus uncinafus beskerm paarge-
note teen spermkompetisie. Ons dui hier met behulp van 'n
eenvoudige eksperiment aan dat mannetjies die duur van
paring beheer. Dit het betrekking op’'n aanname wat dik-
wels oorgesien word ten opsigte van die aanpassingsbelang
van lang paringstye. Die geslagspesifieke evolutionére
voordele van lang paringstye word bespreek met betrekking
tot die rol wat spermkompetise in die ontwikkeling van die
paringstelsel van A. uncinatus speel.

A controversy exisls over whether or not prolonged copula-
tion has evolved through more than one suite of selective
pressures  (Thornhill 1984) and benefits males (e.g. Parker
1970; Sillen Tullberg 1981; Dickinson 1986), females (e.g.
Wilcox 1984) or hoth sexcs (scc Walker 1980).

Clark (1988) tested two alternative hypotheses to explain
the adaptive significance of prolonged copulation in the waler
strider Gerris remigis. The data refuted a female foraging
hypothesis where females prolong mating to avoid interfer-
ence from other males, thereby improving their foraging effi-
ciency; but supported a male mate-guarding hypothesis in
which the mating period but not genital joining is prolonged.
However. implicit in both potential explanations are assump-
tions concerning the roles of males and females in controlling
mating time.

These experiments could not determine which sex control-
led copulation duration (Clark 1988). This knowledge may
have relevance in determining the sex-specific benefits of pro-
longed copulation. For example, if it is advantageous (o males
to guard females, physical control of female movement
would be an efficient mechanism particularly if achieved with
minimal energetic cost to the male. There may also be bene-
fits for the female though more likely there will be an associ-
ated cost which could lead to a sexual conilict of interest with
selection favouring discrimination and avoidance behaviour
by females especially if already mated.

Experiments that determine male and female effects on
mating time may be difficult to design, and for many species
observations alone are insufficient to  make the distinction
(but see Eberhard 1985). Consequently, most attempts to
address this problem have been indirect, with a tendency (o





