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Abstract

Studies of the rodent communily in regeneraling
coastal dune forest areas north of Richards Bay, South
Africa, have indicated that a number of species occupy
newly rehabilitating areas. Unstable environmental
conditions result in habitat changes, rather than com-
petitive interactions, being the major determinant of
rodent community development. This led to the present
study, which investigated the effects of supplementary
food on rodent assemblages. We atlempted to stabilize
food availability in order to elucidate some of the
mechanisms responsible for the development of the
rodent community. By only increasing an existing por-
tion of the resource spectrum, we reduced species
diversity, probably through dominance by competitive
superior exploiters of the augmented resource. Thus,
species diversity decreased with food supplementation,
as aresult ofan increase in the abundance of Mastomys
natalensis rather than because of a change in the num-
ber of species or the abundance ol other species.
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Résumeé

Des études de la communauté des rongeurs dans les
zones forestiéres des dunes cotiéres en voie de régénéra-
tion de Richards Bay. en Afrigue du Sud, ont montré que
de nombreuses espéces occupent les régions qui com-
mencent a se régénérer. Des conditions environnemen-
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tales instables aboutissent au fait gue des changements
d'habitat plutdt que des interactions compétitives sont
le facteur déterminant principal du développement de
la communauté des rongeurs. Cela a amené la présente
etude, qui a investigué les effets de suppléments de
nourriture sur les regroupements de rongeurs, Nous
avons essaye de stabiliser la disponibilité de la nourri-
ture, pour mettre au clair les mécanismes responsables
du développement de la communauté des rongeurs. En
augmentant seulement une portion existante du spec-
tre des ressources, nous avons réduit la diversité des
espéces, probablement par la dominance des consom-
mateurs, supérieurs dans la compétition, de la
ressource accrue. Done la diversité des espéces a
diminué avec l'augmentation de la nourritare, en résul-
tat de l'abondance accrue de Mastomys natalensis, plu-
tit qui cause d'un changement du nombre despeces,
ou de labondance des aulres espicces.

Introduction

According to a model developed by MacArthur (1972),
species diversity can be increased by a decrease in aver-
age width of utilization curves, by an increase in aver-
age overlap of resource use between species, or by an
increase in the resource spectrum. An increase in the
total resource spectrum would increase diversity
because resources that were formerly too scarce to
form an adequate diet and which were therefore not
counted as part of the resource spectrum, now allow
species to survive (MacArthur, 1972). However, diver-
sity may also be decreased through dominance by those
species that are competitively superior in exploiting an
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augmented resource when only a small part of the
total resource spectrum is increased. This implies that
species in the community will only coexist il the over-
lap of resource use between these species is relatively
small (MacArthur, 1972). Different responses Lo
increased production of resources are Ltherelore depen-
dent on the pattern of the increase in production and
can shed light on mechanisms responsible for commu-
nity structure, e.g. possible competitive inleractions.

Abramsky (1978) was the first to test MacArthur's
(1972} theory with a food supplementation experiment.
By increasing the resource spectrum he increased
diversity. hence supporting MacArthur's (1972) theory.
Only a few other experiments have dealt with the effects
of food supplementation at the community level lor
small mammals and/or rodents (Brown & Munger,
1935 Bowers, Thompson & Brown, 1987 Dickman,
1988; Monadjem & Perrin. 1996, 1997), with some of
these studies illustrating interspecific interactions
{Brown & Munger, 1985; Bowers ¢f al.. 19587 Dickman,
1938). Most other food supplementation studies have
thus far addressed questions of population regulation
and limitation (see Boutin, 1990 and relerences
therein),

The present study was carried out in newly regener-
ating coastal dune forest areas north of Richards Bay.
South Africa (see Van Aarde et al., 1996 lor description
of the area). Ferreira (1997) studied the rodent commu-
nity in thisarea and concluded that a number of species
occupy newly rehabilitating areas, but that Mastonys
mittalensis (Smith 1834) dominates. Other species have
no problem colonizing the areas but once they are pre-
sent struggle Lo establish themselves permanently.
Their colonization appears to be related to source popu-
lations and habitat suitability. with interspecilic inter-
actions playing no significant role because of unstable
environmental conditions (Ferreira. 1997). Purther-
maore, the densities of potential competitors never reach
equilibrium values. resulting in habitat changes, rather
than competitive interactions, being the major determi-
nant of rodent communities (Ferreira & Van Aarde,
1999}, The present study investigates the effects of sup-
plementary food on the abundance, richness, diversity
and interspecific interactions of rodent assemblages. We
Increased only a small part of the total resource spee-
trum and attempted to stabilize food availability in
order to elucidate the mechanismis) inlluencing the
development of the rodent community following the

disturbance resulting from sand mining. Based on
MacArthur’s (1972) model, we expected a decrease in
species diversity, as a resull of dominance by those spe-
cles that are competitively superior in exploiting the
augmented resource.

Materials and methods

Studyy area and field procedures

The study area, in northern Kwa-Zulu Natal, South
Alrica, is located 8.6 km north and 9.3 km east of the
coastal town Richards Bay (28°43'S, 32712'E). The cli-
malte is humid and warm to hot, with seasonal differ-
ences thal are nol very pronounced. [t rains
throughout the year (mean annual rainfall of 1292
mm) (Van Aarde et al., 1996), and the mean daily maxi-
mum temperature ranges from 22.6°C in June to 30°C
in January. There is no frost and the relative humidity is
high, ranging [rom 59% in August to 72% in April and
November (Avis, 1992), The current land use within the
region includes mining, [orestry, subsistence agricul-
ture, industry and recreation.

Four replicate sites were selected for the present
study, on which post-mining dune [orest rehabilitation
started 2 years prior to the onset of the study. The sites
varied between 7 ha and 21 ha in area and were charac-
terized by annual exotic species (Pennisetiwm ameri-
camum, Crotalaria juncea, Sorghum spp. and Helianthus
sp.), sowed as part of the rehabilitation programme,
being replaced by indigenous grasses such as Eragrostis
curvile and Cymbopogon valides (Van Aarde et al.,
1996). Towards the end of this study these grasslands
had developed into a dense scrub land dominated by
3080 em high stands of Acacia karreo shrubs. These
early stages of dune vegetation regeneration support
relatively dense populations of rodents (Van Aarde et al.,
1996}, probably as a consequence of the abundant seed
crop available in the topsoil spread over the dunes as
part of the rehabilitation programme. However, rodent
densities lall dramatically alter the lirst year of habitat
regeneration (Ferreira & Van Aarde, 1999),

Each of the four study sites selected comprised a
treatment and a control trapping grid. These grids were
al least 200 m apart and 100 Sherman live traps (H. B,
Sherman Traps, Inc., Tallahassee, FL, USA) (8 x 9 = 23
em), arranged in a 10 x 10 configuration with 10m
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intervals between trapping stations, were set on each
ol the 0.81 ha grids (90 »= 90 m).

Monthly trapping (five consecutive nights per ses-
sion) began during April 1997 and continued until
August 1998, Therealter the trapping took place at
bimonthly intervals until April 1999, Treatment and
control grids within a specilic site were trapped simul-
taneously. Traps were baited with a mixture of raisins,
rolled oats and peanut butter. Captured individuals
were marked (toe-clipped) and released following
inspection for previous marks and identification. Trap-
ping began 1month prior to the experimental supple-
mentation of food on the treatment grids.

Supplementary food (sunflower seed) was placed on
the treatment grids at >-day intervals for the full dura-
tion of the study, starting in May 1997, Seed was placed
in feeders at feeding stations located at the centres of
the squares formed by the trapping stations, Each grid
had 81 feeding stations but those on the control grids
received no seed, A feeder consisted of a plastic con-
tainer inside a plastic plant pot holder {30 em) lurned
upside down. The sides of each plant pot had lour
evenly spaced holes that allowed free access for rodents
but limited access for larger granivores, such as vervet
monkeys (Cereopitheens aethiops). Bach leeding station
received 200 g of seed per week, The amount taken per
feeder was also recorded.

Density was estimated as the minimum number of
animals known to be alive (MNA) during a trapping ses-
sion per grid (Chitty & Phipps, 1966). Species diversity
was caleulated as species richness (8. the total number
of species monthly) and Shannon—-Wiener diversity
(H') (Ludwig & Reynolds, 1988), Dominance was calcu-
lated by dividing the number of individuals of the two
most abundant species by the total number of indivi-
duals in the community (McNaughlon, 1968), Contri-
butions of each species Lo the average Bray-Curlis
dissimilarity (4) between the treatment and control
groups were calculated for each month using the SIM-
PER program [rom PRIMER Version 4.0 (Carr. 1996),

Statistivol analysis

The varlability of the amount of seed taken over time
(recorded by weighing at weekly intervals) was mea-
sured lollowing the method described by Pimm & Red-
[earn (1988), The measure of variability was presented
as the standard deviation of the logarithm of the
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monthly amount of seed taken, An increasing variabil-
ity would indicate a cyelic pattern in the amount of seed
taken. The amount of seed taken was related to rodent
densities using least squares regression analysis (LSR)
(Sokal & Rohll 1995

The Bray-Curtis dissimilarity values were regressed
against time (LSR) in an effort to assess the influence of
the treatment. The relationships between species densi-
ties were investigated using LSR (Sokal & Rohlf, 1995).
The repeated measures analysis of varlance (ANOVAR,
Potvin, Lechowicz & Tardif, 1990) was used to test {or
the effect of food supplementation on rodent density,
species richness, diversity. dominance and the densities
ol individual rodent species. All analyses were carried
oul using the statistical package SAS release 6.12 (5AS
[nstitute Ine.. Cary, NC, USA). Huynh-Feldt adjusted
probabilities based on the Huynh—Feldt epsilon were
used Lo determine any signilicant differences between
treatment and control grids (Von Ende, 1993). Signifi-
cance was laken at the 93% level (P=0.05) in all
CHSES,

Results

Resource use

About 85.2 g (SE = 7.0) of the 200 g of sunflower seeds
provided per feeding station was laken per week. The
calculated variability increased over time, suggesting a
cyelic pattern in the amount of seeds taken. The
amount of seed consumed increased significantly with
number of rodents (LSR: F=7.22, P < 0,05, r* =0.36)
and with M. natalensis numbers (LSR: F=13.85, P <

005, r* =0.52). However, the amount taken did not
increase over time (LSR: F = 3.27, P > (.03, r* =0.16).

Commnnnity variables

The mean MNA was higher on treatment than control
grids but no significant difference was recorded (AND-
VAR: F=0.82, P > (0L05). At the onset of the study, the
MNA on control and treatment grids was similar, but
after 5 months values on the control grids decreased
below those on treatment grids (Fig. 1a). MNA on the
treatment and control grids increased and decreased
simultianeously with similar temporal trends but dif-
lered in amplitude. The mean MNA for the treatment
and control grids combined increased and changed sig-
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nificantly over time (AxoOvAR: F=2.32, P < (L05). The
interaction between the treatment vs. the control grid
and time was tested and no significant diference was
recorded (ANOVAR: F=1.58, P > 0.05). This indicates
that the treatment did not cause a significant response
in abundance over time.

Species richness increased on the control grids after
11 months and differed significantly from treatment
grids (ANOVAR: F=873, P < (L05) (Fig. 1b). The mean
species richness for the treatment and control grids
combined increased and changed significantly over
time (F=2.29, P < (.05} However, the interaction
between the treatment vs. the control grids was not sig-
nificantly different (ANOvAR: F =046, P = (1.05).

No significant difference was recorded between the
mean diversities for the treatment and control grids
(ANOVAR: F=5.39, P > 0.05) (Fig. 1c). However, diver-
sity on treatment grids varied but decreased over time.
The decrease in diversity on the treatment grids caused
the mean diversity value for the treatment and the con-
trol grids combined to decrease rather than to increase
over time. This decrease for the combined diversity
therefore changes significantly over time (ANOVAR: F
=315, P < 0.05). When the interaction between the

T4
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treatment vs. the control grids and time was tested, a
signilicant difference was recorded (ANOVAR: F=2.24,
I* < (,05). This implies that the supplementary food on
the treatment grids caused a significant decline over
time in the rodent community diversity. The Bray —Cur-
tis dissimilarity between the treatment and control
grids increased significantly with an increase in the
treatment duration (LSR: F=4.71, P < 0.05, r* =0.2)
(Fig. 2).

After 12 months ol treatment. dominance began to
decrease slightly on the control grids. However, mean
dominance for the treatment grids did not differ signifi-
cantly from that of the control grids (ANOVAR: F = (193,
P = (.05} Dominance for treatment and control grids
combined decreased significantly over time (ANOVAR:
F=3.02 P < 005) In addition to the time effect, the
interaction between treatment and time showed a sig-
nificant effect (ANOVAR: F=195, P < (L05)(Fig. 1d).

Species and their interactions

Five rodent species (M. nmatalensis, Mus ninutoides
(Smith 1834), Dendromus melanotis {Smith 1834), Sac-
costomus campesiris (Peters 1846) and Otomys ango-

T T T T T T T T T L] L] ¥ T T L] T T T T T L3 1
0 1 2 3 4 5 6 7 B 8 1011121314 151617 18 19 20 21 22 23 24 25
Maonihs since stan of treatment

Fig 2 The least square regresslon line illustrating temporal trends in the Bray—Cartis dissimilarity vilues caleulated to show
differences in the community variables of the trestment and the control grids { § start of treatment |
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Table1 Resulls from the repeated measures nnalysis (A 80vA R) for each of the live species that occurred within the different sampling
areas, Mean treatment effect represents the difference between the mean of the treatment grids against that of the control grids. The
time effect represents diferences over time of the treatment and control grids combined. The treatment and time Interaction represents

the differences between the treatment and control geids over (ime

Mean treatment effect Time effect Treatment and time interaction
¥ P - Fad* ¥ P~ Fadj)t r P (H-TFadj)*
Mastomys natalnsis 1.95 NS 2.80 0,003 2.65 (L5
Mg miretoides 0.27 NS 5.25 < {1,0411 (h.h3 NS
Saccogtamus campestris 002 NS 107 (1031 (LE8 NS
Dendromus melanotis 4.93 NS 0,17 0.003 313 (h047
(Mengys angortiensis .07 NS 1.98 (1049 (.58 NS

*Huvnh=Feldi adjusted Pvalues,

niensis (Wroughton 1906)) were present on the differ-
ent sampling grids. Their MNAvalues for treatment and
control grids did not differ significantly (Table 1). How-
ever, all of them did show a significant difference when
the MNA of treatment and control grids were combined
and tested for significant differences over time (Table 1).
The MNA of all the species Nuctuated over time, with.
for example, M. natalensis increasing in numbers, while
others (e.g. M. minutoides) decreased in numbers. Sac-
costomus campestris numbers [luctuated, with a slow
increase in numbers over time, Ofmmys angoniensis
occurred in low numbers, which fuctuated over the
period with no specilic patterns. After a 12-month per-
iod, L melanotis had a short period (5 months) of
increase in numbers that was followed by a decrease.

The interaction between treatment and time was
only significant for two species, M. natalensis (ANOVAR:
F=265 P <005 and Ixmelanotis (ANOVAR: F=
3.13, P = (.05). Supplementary food caused M. natalen-
sis numbers Lo Increase on treatment grids over time,
but not on control grids (Fig.3). After 12 months of
treatment 1. melanetis did show an increase in num-
bers for a short period of 3 months. No specific trends,
other than the simultaneous changes on treatment and
control grids over time, were recorded for M. min-
teddes, 8. campestris or O, angoniensis,

M. natalensis and M. minutoides were the two most
abundant species, with a significant linear positive
relationship on the control grids between their num-
bers (LSR: F=30.65, P < 0,05, r* =0.6). Although the
relationship between these two species was negative on

the treatment grids, the latter relationship did not devi-
ate significantly from zero. There were no other signifi-
cant interspecilic correlations between the density ol
M. natalensis and any of the other species present on
either the treatment or the control grids. No relation-
ship could be established between M. natalensis and D,
melanotis or (L angeniensis due to low densities of the
latter two species. Mus minutoides likewise showed no
signilicant interspecilic correlations with 8. campestris,
1 melanetis or O, angoniensis.

Discussion

The preponderance of M. natalensis on our study site
confirms that the rodent assemblages here were in the
carly phase ol ecological succession, in response to the
disturbances evoked by sand mining. Further habitat
development will most probably give rise to M. natalen-
sis being replaced in dominance by 8. campestris and
Aethomys chrysophylis (Perreira & Van Aarde, 1996,
1999}, Farly seral stages of coastal dune succession are
assoctated with high production and a lack of struec-
tural complexity (Ferreira & Van Aarde, 1996). How-
ever, this stage is followed by the development of scrub
land with limited seed production, associated with a
dramatic decline in rodent numbers (Ferreira, 1997)
and a change in the characteristics of rodent assem-
blages [Ferreira & Van Aarde, 1999). Accordingly, food
supplementation on these sites may have had some pre-
dictable consequences for the development of rodent
assemblages. On the one hand it may have benefited the

o 20000 Bast Alrican Wild Life Seclety, Afr. . Evol., 38, 343-351
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early colonisers (sce MacArthar, 1972), such as M. nata-
lensis, giving rise to reduced rates of colonization of
such areas by potential competitors (i.e. S campestris
and A, clrysophylis). On the other hand, food supple-
mentation may have negated competitive interactions
for food as a resource, thus giving rise to an increased
rate of development of rodent assemblages, Should food
not be a limiting factor in the development of these
assemblages, supplementation is not expected to have
any influence on them.

The increase in M. natalensis numbers on the treat-
ment grids in contrast to control grids may be ascribed
to supplementation representing a secondary distur-
bance, giving rise to M. natalensis beneliting as a pio-
neer. However, [ood supplementation may have merely
increased the period of abundant food supply, thereby
providing early colonisers such as M. natalensis the
time to increase locally through breeding on the sites,
rather than increasing inabundance through immigra-
tion (dispersal from other sites).

Given that intraspecific competition may limit the
abundance of M. natalensis during early stages ol habi-
tat development (Ferreira, 1997 ), food supplementation
during our study may also have given rise to an increase

1 2000 East AlfricanWild Life Society, Afr. . Feol., 38, 343351

in this species’ numbers by relaxing the consequences
of intraspecilic competition. The amount of seed taken
increased with an increase in rodent numbers and,
more specilically, the numbers of M. natalensis support-
ing the latter statement that supplementary food
enables M. natalensis to increase in numbers. This Is in
agreement with other studies, where rodent numbers
tend Lo increase with food supplementation (Akbar &
Corman, 1993; Doonan & Slade, 1995 Monadjem & Per-
rin, 1998; Perrin & Johnson, 1999). However. in con-
trast to these studies and to the situation with M.
natalensis, the numbers of other species typically
occurring at low numbers during carly succession ser-
ies (M. minutoides, D, melanotis, 8. campestris and O,
angoniensis) did not increase with food supplementa-
tion. The presence ol species seems (o be affected by
habitat requirements and suitability (Ferreira, 1997).
However, rodent communities on areas supplemented
with sunflower seed became more dissimilar over time
compared to those with no supplementary food, sug-
pesting that rodent community development may also
be related to factors such as food availability. Ferreira
119977 concluded that seed bank composition had a
greater explanation value lor rodent community com-
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position than habitat structure. Limitations imposed
by food availability thus seem to be relevant to the
development of these rodent assemblages within an
unstable enwironment.

In our study species diversity decreased with lood
supplementation as a result of an increase in the abun-
dance of M. natalensis, rather than a change in the
number of species. Rodent densities did not increase
and species richness did not decrease with food supple-
mentation. However, the decrease in diversity is in
accordance with the findings of Abramsky (1978}, who
tllustrated an increase in diversity through the increase
of a scarce resource. However, the increase in diversity
recorded by Abramsky (1978) could be explained by an
increase in species richness and is at variance with our
study, where the decrease in diversity could not be
explained by a change in the number of species. By only
increasing an existing portion ol the resource spec-
trum, thereby benefiting M. natalensis as an opportu-
nistic coloniser (Meester. Lloyd & Rowe-Rowe, 1979),
we reduced species diversity. probably through domi-
nance by competitively superior exploiters ol the aug-
mented resource.

Pimm & Pimm (1982) tested and supported a model
in which the subordinate species is forced to specialize
on clearly inferior resources because the dominant spe-
cies controls the better or more prevalent resources. M.
natalensis may therefore force the second moest domi-
pant species, in our case M. minutoides, from the super-
ior resource. The inferior resource may still have been
sufficient to support and maintain the numbers of sub-
ordinate species on the treatment and control grids.
Least squares regression analysis Lo investigate the rela-
tionships between specles gave no indication of a nega-
tive interspecific interaction between specific species.
The increase in M. natalensis numbers therefore
affected only the species diversity, with no influence on
interspecific interactions.

In conclusion, food supplementation for a developing
rodent community resulted in a decrease in diversity as
MacArthurs (1972) model predicted. However, the
decrease in diversity was not as a result of a decrease in
species richness, but rather the result of the increase
and maintained dominance of the pioneer species M.
natalensis. The rodent community is therefore shaped
by factors other than interspecilic interactions, with
supplementary food having no effect on species other
than M. natalensis,

Acknowledgements

We thank Bheki Mbokazi, Greville Camp. Jaco Delport,
Tony Knowles, D. G. Erasmus, Leon Theron and Lukas
Wiemand lor feld assistance. The fruitful discussions
with Dr Theo Wassenaar are much appreciated.
Richards Bay Minerals, the Department of Trade and
Industry and the Foundation for Research Development
provided linancial and logistical support.

References

ABRAMSKY, 7 (1978) Small mammal community ecology:
Changes in species diversity in response to manipulated
productivity, Oecologin 34, 113-124,

AKBAR, % & GoORrMAN, ML, (1993) The efect of supplementary
feeding upon the demography of a population of woodmice
Apoderenes sylvaticus, living on a system of maritime sand
dunes. [, Zool,, Lond, 230, 609-617,

Avis, MoAL (1992) Climate, solls and land use potential. In:
Fnvirommental Impact Assessment, Eastern Shores of Lake 8t
Luecha. (Kingsa/Tojan Lease Area) Spectalist Report,Vol, 1 (Eds
COASTAL ANDENVIRONMENTALSERVICES L. CSIR, Pretoria.

Bowkks, M.AL THOMPSON, DB & BRowy, [LH, (1987 Spatial
arganization ol a desert rodent community: food addition and
species removal. Qveolagin 72, 77-82.

Browx, LH. & Mescer, O (1985) Experimental manipulation
of a desert rodent community: food addition and species
removal. Ecology 66, 1545-15013.

BouTin, 8. (1990) Food supplementation experiments with
terrestrial vertebrates: patterns, problems, and the future, Can.
| #nal. 68, 2032200

CARE, M.R. (1996) Primer User Mara! (Plymoth Rowtines in
Multhvariate Eeological Research). Plymsolve, Plymouth, UK.

Currry, I, & Priees, B (1966) Seazonal changes in survival in
mixed populations of two species of voles. [ Anim. Feol. 35,
313-331.

DICEMAN, O, (1988) Sex-ratio variation in response o
interspecific competition, Am. Nal. 132, 2892497,

Doonan, T.] &SLane, N.A. (1995} Efects of supplemented food
on population dynamics of cotton rats, Sigmaedon hispidus.
Ecology 76, 814-826.

FERREIRA, S.AL (1997) Determinants of Srewell Mameeal
Comenerniey Straecture on Refhabilitating Dine Forests in MNerthern
KwaZal/Natel, South Africa. PhD) Thesis, University of
Pretoria, Pretoria.

FERREIRA, S.M. & VAN AARDE, R (1996) Changes in
community characteristics of small mammals in rehabilitating
coastal dune forests in northern KwaZulu/Natal, South Africa.
Afr. J. Ecol, 34,113-130,

FERREIRA, .M. & VAN AARDE, R.]. (1999] Habitat association
and competition in Mastomys-Saccostomais-Aethomys
pssemblages in coastal dune forests, Afr [, Eeol. 37, 121-136.

20000 East African'Wild Life Soclety. Afr. | Eced,, 38, 343351



LUDWIG. |.A. & REYNOLDS, LE (1988} Statistical Ecology: a
Primeron Methods amd Computing Wiley-Interscience, New
York.

MACARTHUR, B.H. (1972). Geographical Ecology. Harper & Row.
Mew York.

MeNAUGHTON, 5.]. (1968) Structure and function in Callfornia
grasslands. Ecology 49, 962-972,

MEESTER, [.. LLovD, CMN. & RowE-RoOwE, 1T {1979) A note on
the ecological role of Prasmys natalensis, 8. Afr. [ 8ei. 75,183~
184,

MONADIEM, A, & PERRIN, MLR, (1996) The effectof additional
food on the demography of rodents in a subtropical grassland
in Swaziland. Mammalia 60, 785-789,

MONADJEM, A& PERRIN, M.R. (1997} Effect of food
supplementation and fire on small mammal community
structure in a Swaziland grassland. 5. Afre | Sel. 94, 89-92,

MoxADIEM, A. & PERIIN, MR, (1998) Effect of food
supplementation on the habitat selected by Mastomys
matalerrsis (Murldae: Rodentia) in a subtropical grassland in
Swaziland. 8. Afir [, Zool. 33, 172-177.

PrrRin, MR, & Jouxson, 5.0, (1999) The effect of supplementary
food and cover availability on a population of the striped
mouse, S Afr LWildE Res. 29,15-18.

i 2000 Bast Alrican Wild Life Soclety, Afr. [ Ecol., 38, 343-331

Food supplementation end rodent communities 351

Pisis, S.L. & Prvad, JW.{1982) Resource use, competition and
resource availability in Hawaitan Honeyereepers. Ecology 63,
1468-1480L

Pisist, 5.0 & REDFRARN, A. (1988) The variability of population
densities. Neture 334, 613-014.

POTVIN, C., LECHOWICR, M., & TARDIE 8. (1990) The statistical
analysis of ecophysiological response curves obtained from
experiments involving repeated measures, Feology 7, 1389
14010,

SoKAL, B.R, & Rounr. B (1995). Biometry. Tive Principles and
Practices of Statistics in Blolagicel Research. W, H. Freeman, San
Francisco,

Vax Aanne B, FERREIRA, S.M., KRITZINGER, ... VAN DYK,
EJ. Voor, M. & WassenAaRr, T.IL (1996) An evaluation of
habitat rehabilitation on coasial dune forests in northern
KwaZulu/Natal, South Africa. Rest. Feol. 4, 334-345,

Vior ENpDE, C.N, (1993) Repeated-measures analysis: Growth and
other time-dependent measures. In: Design and Analysis of
Erotogical Experiments {Eds SCHEINER, 8. . and GUREVITCH, LL
Chapman & Hall, New York.

(Manuzeripe accepted 9 Febraary 20000



