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This work seta out to describe the socio-ecological niches of Otomys
irroratus, Bhabdemys pumilic and Praomys natalensie in the Natal midlands.
This objective neceasitated s broad-based approach in which aspects of tha
ecological nichena,; and the social behaviour and social organization of the
three apecies were investigated in field (habitat and trapping) end

laboratory (experimental and cbservational) studies, during the period

January 1976-May 1978.

To test the sssumption that the commonly sympatric O. irroratus,
R. pumilio and P. natalensis are primarily adapted to habitats which differ
mainly in respect of water availability. an attempt was made to define
their poaitions on m mesic/xeric continuum, The results auggest that in
terma of the parameters measured (responses to water and cover availability,
and to food and water deprivation), 0. irroratus la more nearly mesically
adapted than is R. pumilio, with P. patalensis pomitioned between the two
extremen. However, in the case of P, natalensis it is apparently of
overriding importance that this species is adapted to disturbed habitats.
The mesic habitats preferred by 0. irroratus are often of limited mize,
but resource availability within theme areas is lé:pmntl,y high and stable.
Extensive areas of suitable habitat mre available to H. pumilio, but
availability of rescurces is seascnally varisble, The disturbed habitats
preferred by P. natalenais arise unpredictably in nature and, depending
on the rate of ecological succession, may b= short-lived; hence availability

of resources to this species is highly unpredictabls.

Social behaviour was studied by means of dyadle encounters in the
laboratory. Cossunication in 9. irrorstus, B. pusilioc and P. natalensis
appears to be dominated by auditory, visual and olfactory signale



respectively, although 0. irroratus also has well developed visual signals
in its communicatory repertoire. Theae differences are explained mainly in
terms of patterns of diel activity and habitat preferences: M. pumilio is
adzpted to bright light, and its visual signals are subtle; 0. irroratus
is adapted to dim light, and its visual signals involve gross changes in
posture, while the une of loud, low frequency vocalizations would mllow
conspecifics to know their precise location in relation to one anather in
dense vegetation; P. natalensis is nocturnal, and hence appears to emphas i ze
olfactory (and posmibly ultrasonic) commumnication, which would permit
transfer of information in the dark. 0. irroratus is overtly highly
aggressive, but agonism is ritualized; rituallization of Aaggression has
probably evolved to allow high densities of this species to exploit limited
areas of prime habitat. R, pumilio is less overtly aggressive than

0. irroratus, but aggression tends to be unritualized; direct aggression
probably acts as a spacing mechanism, and is possible in view of the large
areas of habitat available to this species. Agonism is poorly developed
and ritualized in P. natalensis, permitting high sociabllity and group
formation in this species, and maximum exploitation of locally abundant

rendureén .

Boelal arganlzation was studied in the ﬂ.llﬂ.ﬂ:l'ﬂ'ph'll studies) and
by means of dyadle encounters in the leboratory. The social aystem of

0. Arroratus appears to include temporal territoriality, which would

permit animals to live in clome spatial association (im small aress of
habitat) while seldom actually meeting. MHisrarchical ranking occurs in
male 0. irroratus and R. pumilio, with competition in both most likely
being for mating opportunities. Breeding females of these two species are
intrasexually territorial, in the case of 0. irroratus thereby providing

disperaing young with adequate space for establishment of a home-range in



prime habitat, and in R. pumilio protecting the young against conmpecific
female aggression until dispersal. H. pumilic tends to aggregate in meaic
refuge habitats in winter, which apparently reflects the seasonality of
resource availability to this specles in drier environments. P. natalensis
ig colonial, an adaptation Tacllitating maximus exploitation of temporarily
abundant resources in transitory disturbed habitats. In response to intense
eourtship by the male, female R. pumilioc appear to undergo reflex ovulation;
this strategy would maximize the chances of fertilization occurring during
occasional meetings between meles and females. Courtahip intenaity ia low
in P. natalensis, and presumibly because the colonial social systsm of this
species ensures frequent association between potential mates, females

appear to ovulate spontanecusly. Sexual activity was not observed in

0. irroratus.

The life-history tactica of the three species are such that 0. irroratus
and P. natalensis respectively appear to be K- and r-selected, with

R. pumilio falling between these two extremes on an r-K continuum.
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1. INTRODUCTION

1.1. Approach to the atudy

This work sets out to describe how the social behaviour and social
organization of three species of African rodents, the viei rat Otomys

irroratus (Brants, 1827), the four-striped mouse Rhabdomys pumilic

{Sparrman, 1784) and the multimammate mouse Praomys (Mastomys) natalensis

{A. Smith, 1847), are adapted to the habitats in which they most usually

CCCUT .

The study was conceived in 1976 during discussions with A.K. Lee,
J. Meester and G.C. Hickman on the topic of soclobiology, as defined by
Wilson (L975). It was apparent that while such basic scological and
general biological information was available on 0. irroratus, R. lio
and P. natalensis (section 1.2.1) little was known of the structure and
adaptive significance of their social systems. A research project was
designed, therefore, to provide information on the social behaviour and
social organization of the three species; which was to be interpreted in
terms of ecological parameters, availahility of resources in particular.
Achievement of these objectives neceasitated an approach in which
complementary captive studies (analysis of soclal organization and
experimental work) and field studies (habitat and trapping) were

undertaken.

The study was primarily concerned with social phenomena, but
sufficient trapping was carried out to allow comparison with available

ecological information on the three species (section 1.2.1), and to

provide a basis for interpretation of social trends cbaerved in captivity
{Elsenberg 1967).



Trapping methods are widely used in the study of social organization
{e.g. Burt 1843; Calhoun & Casby 1958; Southwood 1966; Delany 1974;
Flowerdew 19768). Field cbservation may be useful in understanding the
modes of dispersion of larger rodents (e.g. Taylor 1966; Barash 1974;
Armitage 1977; Viljoen 1977), and while observational studies of
free-1iving small rodents have been reportsd (e.g. Scuthern 1955; Kikkawa
1964; Happold 1973, 1976; MNel & Rautenbach 1974), density of vegetative
cover (section 2.4.1) made this impossible in the present study.
Consequently, the cbservational studies reported here were on captive
animals, based on the techniques of Eisenberg (1967) and Happold (1973,
1976). Although Macfadyen (1975) has called for emphasis of field
experimentation {(e.g. Bendell 1959; Krebs & De Long 1965; Fordham 1971;
Flowerdew 1972; Bradford 1975; Christian 197%9a), I found it necessary to
use laboratory methods in gsimplified environments to supplement ecological

information obtained in the field (section 3).

1.2, General blology of 0. irroratus, R. pumilio and P. natalensis

1.2.1. Synopeis of earlier studies

Until about 1970, information on 0. irroratus, R. pumilio and

P. natalensia in Southern Africa was largely restricted to taxonomy,
distribution and disease transmission. Little was known of the ecology
and social systems of the three species. A major exception concerned
P. natalensis, with publications dealing with aspects of behaviour,
including social behaviour in captivity (Veenstra 1958), post-natal
development (Meester 1960), and reproductive scology of a free-living
population on the Transvaal highveld (Coetzee 1985, 1967). Msester &

Hallett (1970) discussed post-natal development in & number of rodent



species, including the three under consideration here.

In the late 1960's and early 1970's several important studies were
initiated by J. Mesatar and J.A.J. Nel of the Mammal Research Institute,
University of Pretoria, which resulted in dissertations dealing with
aspects of the biclogy of one or more of the three species. These
gtudies involved largely Transvaml highveld populations, commmities or
stock (captive studies), and were am follows: ecology, bshaviour,
post-natal development and other aspects of the blology of 0. irroratus
{Davis 1573) and R. pumilio (Brooks 1974); social organization of confined
R. pumilic (Marais 1974) and P. natalensis (Cilliers 1972); ecology of
communities which included R. pumilio and P. natalensis (De Wit 1972), and
P. natalensis (Swanepcel 1972). Of these studies the only one which did
not take place in the Transvaal was that of Swanepoel (1972), which he
undertook in Northern Matal (Zululand). To my knowledge, only three
publications have resulted from these studies, on the behaviour (Davis 1972)
and reproduction and post-natal development (Davis & Meester 1981) of
0. irroratus, and a published version of Swanepoel's (1972) dissertation
{Swanepoel 1976).

A number of studies on one or more of the three species have been
undartaken in recent years. There have heen two major studies on
. pumilio in the 5.W. Cape, a wide-ranging ecological investigation
{D-v_f.d 1880}, and an analysis of the social organization of captive and
free-living populations (Johnson 1980). C.N.V. Lloyd has completed a
major ecological study of R. pumilic in the Natal midlands, but the work
has not yet been published. Studies on P. natalensis include = general
biclogical review (Coetzee 1975) and a detailed study of post-natal

development of Natal midlands stock (Baker & Meestar 1977). The

ecological role of P. natalensis, particularly in relation to fire, was
e e P o 5 (]



the subject of a note in which 0. irroratus and H. pumilio were alsc
briefly dealt with (Meester et al 1979). There have been studies on the
effects of fire on all three species in the Natal Drakensberg (Mentis

& Rowe-Rowe 1979), and on small mammal communities in 5.W. Cape montane
fynbos which included O. irroratus and H. pumilio (Willan & Bigalke In
press; Appendix 1), while Bigalke & Willan (In press; Appendix 2) referred
to all three species in their review of the effecta of fire regime on
faunal composition and dynamics in South African ecoaystems. A serles of
papers on Q. irroratus end R. pumilio in the Fish River Valley, Eastern
Cape, have dealt with aging criteria and population age structure (Perrin
1979), food preferences (Curtis & Perrin 1978), feeding habits (Perrin
1980a), breeding strategies (Perrin 1980b), ecological atrategies (Perrin
1980c) and body fat content (Perrin 1581a): investigationa of digeastive
tract morphology and activity pattarns of a number of species of small
mammals, including 0. irroratus, R. pumilio and F. natalensis, were
undertaken by Perrin & Curtis (1980) and Perrin (1981lb), respectively.
Further studies dealing with one or more of the three specles include
work on nest-building behaviour (Stiemle & Nel 1973), climbing behaviour
(Earl & Nel 1976), distribution (Avery 1977), nest-building and activity
patterna (Packer 1980), distribution along altitudinal gradients (Bond

ot al 1980), and heat production (Haim & Fourie 1980s, b).

Elsewhere in Africa a large nusber of studies have been reported
which deal with various aspects of the biology of one or more of the
three species. These include the following: MNamibia (South West Africa):
Christian (1977a, b, 1978, 1979a, b, 1980); Botswana: Saithers (1971);
Zimbabwe: Choate (1971, 1972), Gordon (1978), Green et al (1978),
Swanepoel (1980, 1981); Zambia: Vesey-Fitzgerald (1966), Sheppe (1972),
Chidumaye (1980); East Africa: Delany (1964a, b, 1969, 1971, 1972),

Dieterlen (1968), Delany & Neal (1966, 1969), Heal {1970), Hubbard (1972),



~5-

Kingdon (1974}, Taylor & Green (1978), Delany & Roberts (1978), Cheeseman
& Delany (1979): Weat Africa: Bellisr (1075); and a taxonomic review

for the whole continent {Misonne 1968).

It is of intereat that R. pumillo colonies are maintained in the
U.5.A. where a varisty of captive studiea have besn carried out on this
specles (e.g. general behaviour — Dewabury & Dewson 1878; activity
patterns - Dewsbury 1980; climbing ability - Dewsbury et al 1980;

post-natal development of thermoregulation - Couture 1980).

1.2.2. Taxonomy

The genus Otomys is generally regarded as belonging to the Otomyinae,
& small subfamily of specialized cricetids (Dieterlen 1968; Misonne 1068:
De GraafT 1981), and Kingdon {1974) speculates that this taxon shares a
commen ancestry with the microtines. On the basis of morphological
(Misonne 1968, in Perrin 1980b) and palasontological evidence (Pocock
1976) it appears that Otomys may represent a line of murine radiation
allied to Rhabdomys (Perrin 1880a, b). However, the lamsllate molars and
enlarged M in Otomys are not typical of surine rodents, and the genus
18 probably cricetid (Misonne 1969, in De Graaff 1961) rather than
murid (Perrin 1980a, b). Perrin & Curtis (1980) included 0. irroratus
under the Cricetidae. In addition to the question of the taxon ta which
0. irroratus belongs (which clearly cannet bs resolved without further
investigation; J. Meester Fers. comm.] there are two difficulties
regarding the taxonomy of this species. The first relates to the
distinction, if any, between 0. irroratus in Southern Africa and
0. tropicalis in central Africa. A number of East African reports have
referred to irroratus (e.g. Delany & Neal 1068: Dieterlen 1688; Delany

1972), and while irroratus and tropicalis may be synonymous (Davis 1972;




Misonne 1968), Davis (1973) treated them as distinct for the purpose of
comparison with his own work in the Transvaal. I follow Davis (1973)

in this respect, the decision resting on the confused state of Otomys

taxonomy. A related problem involves the difficulty of distinguishing
betwean species of Otomys in the field. Although it may be possible to
peparate irroratus and angoniensis on external characters (Davis 1973),
cther authors were unable to distinguiszh between living specimens in an

irroratus/laminatus/saundersae complex (Bond et al 19B0; Willan & Bigalke

In presas). It therefore seems that unless an extensive voucher saries

was identified using acceptable criteria (Misonne 1968), studies purporting
to have dealt with 0. irroratus (or any other species of Otomys) may be of
doubtful validity. In the present study J. Meester (Pers. comm.)

identified all specimens from the study areas as 0. irroratus.

R. pumilic is a mesber of the subfamily Murinae, and is the only

gpacien of the genus (Misonne 1968).

Praomys is a diverse surine gerus which parallels Rattus in being
morphologically conservative and highly successful, but with close affinities
to other African murids (Misonne 1969, in Kingden 1974) rather than to Rattus
(Lee & Martin 1980). There are four sub-genera and 20 species of Praomys, of
which F. natalensis and four other species belong to the subgenus P. (Magiomys)

(Misonne 1968]). M has radiated extensively in tropical Africa, but in
Southern Africa only two other species of this genus are present, namely

F. (Myosyscus) verresuxi and P. (Mastomys) shortridgei (Misonne 1968).

P. (M) natalensis im by far the most common and widespread of these species,
however (De Graaff 1981). The taxonomic status of P. (M) natalensis, hereafter
referred to simply as P. natalensis, is complicated by the fact that three
different chromosome forms (2N = 32; 2N = 36; 2N = 38) are known to eccur

within this taxon (Matthey 1966), which may therefore represent not one but
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three speciea. Thess forms are apparently evolutionerily divergent since

the 32- and 38-chromosome forms co-existing in Zimhsbwe (Norton area) do not
hybridize (Gordon 1978) and show no chromcsome or haemoglobin adeixture

(Green et al 1978). In the Ivory Coast 32- and 38-chromosome forms are
present, but occupy slightly different habitats (Bellier 1975). Hallett
(1979) found the 32-chromosome form to occur in the Northern and Eastern
Transvaal, Matal, Zimbabwe and Mamibia (5.W. Africa), and the 36-chromosome
form in the Eastern and Northarn Cape, Morthern Orange Free State,
Southern Transvaal and Lesotho. Specimens from my study areas in the Natal
midlands were karyotyped as the 32-chromosome form (J.M. Hallett Pers.
comm.). No ecological or behavioural differences between these sibling
species have been noted in the literature, but in view of the likelihood
that such differences exist (and although they may be small) comparison

of information obtained during the present study with that already

existing on P. natalensis (section 1.2.1) must be tentative.

1.2.3. Morphology

0. irroratus is characterized by large, yellow, deeply-grooved
incisors, as are all Otomys. It is of moderate to large aize, compact
and stockily built, with short legs, a blunt face, shaggy pelage and
large, rounded, well haired ears. The tail is short (approximately &0%
of the head-body length) and fairly well haired. The dorsal body colour
is speckled buffy-brown, with the sides and ventral parts paler, the
sides of the muzzle buffy to rust-coloured and the chesks and throat
paler, the tail dark brown above and buffy below, and the fest greyish

(after Roberts 1951 and De Graaff 1981).

Standard measurements (mm) given by Roberts (1951) for 0. irroratus

are as follows:



B

Head-body  Tail Hind foot {s.u.) Ear Greatest skull length

Males: 140=216 90=130 28-33 20-29 3B-46

Females: 147-188 BZ2=-125 24-33 18-26 A7-43

These measurements indicate the occurrence of sexual dimorphism ln this
species, with males larger than females. This is borne out by the mass of
animals trapped during the present study in Natal, and in later studies in
the 5.W. Cape (Willan & Bigalke In press). In both aress malsa cccasionally
welghed over 200g while females never did mo, and non-parous females

generally waighed less than 150g.

Morphological characters investigated by Davis (1573) included phallus/
baculus structure, which was found to be of the complex type (Hooper & Musser
1964, in Davis 1973}, and the structure of the digestive tract, from which
it was concluded that 0. irroratus has high digestive efficiency. Parrin
& Curtis (1980) later showed the digestive tract of this species to be
specialized for an herbivorous diet. The dentitien is similarly adapted

(Roberts 1951; Perrin & Curtis 1980).

R. pumilio 1s of medius aize with a short, slightly harsh pelage,
and is characterized by four blackish stripes, separated by more or less
white stripes, running from the back of the head along the length of the
dorsum. The tail is a little shorter (80-90%) than the head-body length,
scaly, and short-haired. The ground ceolour ls yellowish grey-brown to
speckled buffy, with the chin, throat and belly whitish, the front of the
face and the cheeks darker than the flanks, the ears rusty=reddiah,
fringed with black on the outer anterior edge, the tail dark brown above
and buffy below, and the feet dull buffy. Colouration of individuals is
variable, scme being more yellow than the majority l(after Roberts 1851 and De

Graaff 1981). In addition, there are conspicuous banda of yellow hairs

above and below the eyen.



Male and female R. pumilic are of similar mass (Roberts 1951;
De Graaff 1981), elthough both in Natal and the S.W. Cape males frequently
weigh over 60g, while females rarely do so (Pers. obs.). Standard
measurements in mm (males and females combined; Roberts 1951) are as
follows: Head-body 90-130; tail 78-135; hind foot (s.u.) 18-27;
ear 10-17; greateat skull length 25-32. Regional variation in tail length
relative to head-body length occurs in R. pumilio, with the western
gemi-dosert form relatively long-tailed and the eastern form relatively
short tailed (Davis 1962; Coetzee 1970), while in climatically intermediate

arcas tail length is alsc intermediate (Coetzee 1970).

R. pumilic has no specialized morphological adaptations to diet;
gastric morphology is highly variable, and individual specimens may or
may not possess a gall bladder and/or caecal haustra (Perrin & Curtis

1980] .

The appearance of P. natalensis, which is distinguished by its
having 10-12 paire of mammae (De Graaff 1981), is typically murine, and
has been described as intermediate between that of Rattus rattus and
Mus musculus (Veenstra 1958). P. natalensis is medium sized, with
moderately long, soft fur, ovate ears, and the sparsely haired tail
about the same (seldom longer) as the head-body length. The dorsal
pelage is yellowish- or reddish-brown or buffy, with the underparts
varying from white to darkish grey, the tail brown above and whitish
below, and the feet white with a reddish tinge (after Roberts 1951 and
De Graaff 1981). Roberts (1951) draws attention to the great variation in
colouration between different populations, with low cover density resulting
in a paler form, and high cover density in a darker one, but there may

also be considerable varistion within a single population (De Graaff 1981).
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In general, male P. natalensis appear to become alightly larger than
females (Roberts 1951; Chapman at al 1859; De Wit 1872; De Graaff 1981);
the mass of P. patalensis males and females trapped during the present
study were marginally disparate, with males occasionally attaining
almost 70g, but females rarely attaining 65g. Veenatra (1958) states
that thiz speciss eeldom sxceeds a masa of 100, and In the present
study even animals which had been held in captivity for over s ysar rarely
reached 8 mass of B0g. Standard measurements in mm for P. natalensis are
s follows: Head=body 96-140; tail 76-129; hind foot (s.u.) 18-25;

ear 15-20; greatest skull length 26-32.5 (Roberts 1851).

Although P. natalensis has no gall bladder, its dentition is typical
of an omnivorous murid and it has retained a number of primitive features

in the digestive tract (Perrin & Curtis 1980).

1.2.4. Geographic distribution

0. irroratus occurs widely in southern savanna highveld and in
coastal, montane and sub-montane graaslands, as well as in Cape Macchia
(Davis 1974) (Figure 1). It extends from the S.W, Cape through Natal,
Lesotho and the Orange Free Btate to the Transvaal, with an isoclated
population on the eastern escarpment of Zimbabwe axtending into Mozambique.
It is largely absent from the S.W. Arid, although imolated populations
exist in "oases™ in this biotic zone (Davis 1962). The occurrence of

these populations suggest that its range was once far more extensive than
at presant (Dorat 1965).

R. pumilio is generally distributed throughout Southern Africa
(Figure 2) except in the eastern tropical savanns woodlands where Lt gives



Flgure 1. Geographic distribution of O, irroratus in Southern Africa
(quarter-degree squares: after Davis 1074).
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Figure 2. Geographic distribution of RE. pumiliec in Southern Africa
{(quarter-degree squares; after Davis 1974),
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way to the closely related Lomniscomys griselda (Davis 1962). It extendns
to central Angola, southern Malswi, Tanzania, Kenya, Uganda and Zaire
{Davie 1962; Mimonne 1968). In tropleal Africa it is reatricted to
montane and sub-montans grasslanda from about 1700m To 3500m (Kingdon
1674), but Iln Southern Africa It occurs st a wide range of altitudes,

{rom cosatal grasslands and Macchiam (5.W. Cape) to sub-montans habitats in
the Mstal Drakensbarg (Mentis & Aowe-fHowe 1978). R. pumilio is primarily
a savanna species but ranges extensively in the 5.W. Cape and S.M. Arid
Zones (Dawvin 1962, 1874). It has been chaerved in montane forest in the
Natal midlands (T. Oatley Pers. comm.), but there are no published
accounts supporting thim cbservation and penetration of forest is probably

localized and sporadic.

F. natalensis is widely distributed in Africa south of the
Sahara, and occurs in Morocco in the Palasarctic region (Figure 3]. It is
widespread in both northern and southern Savanna, equally in woodlands and
grasslands, but does not generally penetrate arid regions, the lowland
forests of tropical Africa or the S.W, Cape (Davis 1962, 1974). It is
gemi-commensal, and its present distribution may be the result of its
having followed early human population movements (Davie 1962; Kingdon 1974).
This theory is supported by Avery (1977) who hun shown that P. natalensis
only cclonized the Cango Valley, Southern Cape, with the arrival of White
settlers in the area about 200 years ago. The southarn limit of
P. natalensis distribution is now thought to be amlong a line between
Cudtshoorn and Plettenberg Bay, west of which P. verreauxi represents the
gerus. P. natalensis probably arose in the southern savanna but extended
its range by adapting to habitats degraded by man (Kingdon 1874),
Meester et al (1979} anticipate that it will become increasingly abundant

with increassing human influence on the environment. However, It generally
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doss not occur in large towna (Shortridge 1934), probably because it gives
way to Rattus (Veenstra 1958), and it is declining in parts of East Africa

whare the range of Rattus rattus is expanding (Kingdon 1074) .

1.2.5. Ecological distribution

The ecological niches of 0. irrorstus, R. pumilio and P. natalenais
appear to overlap extensively, and the three spacies are aympatric in
many parts of Southern Afrlca (e.g. Davia 1962, 1874; De Graaff 1981 .
This may be explained in terms of relative niche breadth (Miller 1967].
R. punilio occupies a broad niche within which is included that of the
more specialized 0. irroratus (Brooks 1974), especially in respect of
feeding habits (Perrin 1980a). Meester et al (1979) have postulated
that P. natalensis has even more generalized ecological reguiremanta than
R, pumilio, but this essumption needs to be carefully tested before final

conclosions can be reached.

0. irroratus is regarded as preferring mesic habitats which support
lush vegetation, often with wet =o0il and shallow standing water as found
in river valleys and marshes (Shortridge 1934; Davis 1973; De Graaff 1981),
but it is not restricted to such areas, and in montane grasslands may
inhabit ateep hillaidea some distance Trom water (Davis 1973; Mentis &
Rowe-Rowe 1079). It occurs extensively in 3.¥. Cape montane fynbos,
often a kilometer cr more from the nearest water, in areas which in sumser
are extremely hot and dry (Willan & Bigalke In press), and in the Esstern

Cape in areas of unpredictable reinfall (e.g. .Parrin 1980a) .

R pumilio occurs in a wide variety of habitats, ranging from wet

and lush to entirely waterleas (Shortridge 1934; Brooks 1574; De Graaffl
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1981). This range includes marshes, river valleys, forest margins, bush,
scrub, grasslends, fynbos and dry river beds {Hmrtﬂdﬂ_lﬂﬂ:
Hechter-Schulz 1962; Choate 1971; Smithers 1971; Brooks 1974; Bigalke
1978). 1In the B.W. Arid its distribution is generally limited by
avallsbility of suitable vegetation, as in dey river beds (Costzee 1970),
but it also occurs In poorly vegetated dune country in the Namib

desert (P. Laycock Pers. comm.). In Malewl R. pumilio favours damp
habitats supporting dense stands of bracken (Hanney 1965) or
bracken-sedge-kikuyu grass (Stewart 1972), and in East Africa (Tanzania)
ita preference is for dense vegetation in high altitude river valleys

and forest marging (Vesey-Fitzgerald 1966).

e

F. natalensis has wide habitat tolerances (Meester et al 1979],
oceurring throughout grassland and weodland savanna and in clearings in
West African forests (Coetzee 1975). It is, however, sbsent {rom Cape

.lu:r.'hu in which both 0. irroratus and R. pumilio range extensively, and
J does not occur in areas as dry as those penetrated by R. pumilio, for
. exanple the Namib desert (Coetzee 1975). In Southern Africa P. natalensis
prefers dense bush (Veenstra 1958) or picneer vegetation (De Wit 1972;
Meester gt al 1978), while in Tanzanim it is found in & variety of habitats
I including foresta, rank vegetation amsociated with water courses,
grasslond and rocky habitats (Vesey-Fitzgerald 1968). As a semi-commensal
it is common arcund human habitation and in cultivated or otherwise
disturbed mreas (Veenmtra 1958; Costzse 1975; Meester et al 1974), and
population densitiss are normalily higher in such habitats than in ones

which are undisturbed (Costzee 1975),

1,2.6. MNiche separation

While the niches of the thres species overlap in many respects, the
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fact that they are often sympatric {section 1.2.5) indicates that there
must exist mechanisma whereby competitive exclusion is avoided. In this
respect, differences in thelr requirements for food and shelter, in
patterns of diel activity and in habitat utilization are probably most

important.

0. irroratus is a specialist herbivore (Davis 1973; Perrin 1980a;
Perrin & Curtis 1980), and competition for food with the omnivorous
R. pumilio (Brooks 1974; Perrin 1580a; Perrin & Curtis 1980} and
F. natalensis {Veenatra 1958; Kingdon 1874; Coetzee 1975; Perrin & Curtis
1980) is probably slight. R. pumilic and P. natalensis would be expected
to compete for at least some food items, but whereas R. pumilio is mainly
diurnal (Smithers 1971; Choats 1972; Brooks 1974; Christian 1977a;
Dewsbury 1880; Perrin 1981b) P. natalensis is largely nocturnal (Smithers
1671; Choate 1972; De Wit 1972; Coetzee 1875; Perrin 1881b), thus probably
reducing competition for food between these specles. 0. irroratus
exhiblted regular short-term activity in a captive study (Perrin 1981b),

but wam mainly crepuacular (with some activity throughout day and night)

in Davia' (1873) Tield study.

P. natalensls typically occupies an underground burrow (Roberts 1951;

Veenstra 1958; Choate 1572; De Wit 1872; Coetzee 197%; De Graaff 1981),
while both 0. irroratus and R. pumilio generally nest on the surface, at
least in areas where dense vegetation exists (Robarta 1851; Davis 1973;
Brooks 1974; De Greaff 19681). Information given by De Graafl (1e81)
suggests that R. pwmilio is more inclined to burrow than is 0. irroratus,
but in a captive study using animals from the Natal midlands the reverse
was true, although neither of these apecies burrowed as extensively as

P. natalensis (Willan Unpubl.). In general, there may be no competition



for nest-sites between P. natalensis and the other two species, which may,

however, compete for nsat-altesn between themselves.

Free-living P. natalensis may utilize the vertical component al the
habitat (Earl & Nel 1976), but the other two species generslly do not
(De Graaff 1981), except that in the 5.W. Arid R. pumilic is known to
climb low trees and may occupy birds’' neats (Shortridge 1834). The
climbing abllity of P. natalensls is presumably an adaptation to arboreal
Teeding, which may be asen as further reducing competition for food

between this species and R. pusilioc.

1.2.7. BSeocial organization

0. irroratus was described by Shortridge (1934, p.240) as "not truly
gregarious”, although concentrated in suitshle habitats. The species is
now regarded sa asocial and tending to adult isclation (Davis 1972, 1973},

as is the poasibly synonymous (. tropicalis (Dieterlen 1968; Kingdon 1874).

R. pumilio was originally thought to be communal (Powell 1925), but
this was contradicted by Shortridge (1934) and Choate (1972), the latter
suggesting that males are intolersnt of one ancther and BEoUpy
well separated areas. Howsver, R. pumilio is now thought to be dispersed
&ccording to a complex hierarchical/territorizl system (Brooks 1a74;
Marals 1974; Johnson 1980), but with a tendency to aggregation durlng the
period of winter reproductive guiescence (Broocks 1974). In the Kalshar{
B. pumilic tends to be more socisble than in wetter areas, and

apparently forms cohesive social groups (Mel 197S),

Shortridge (1934, p.301) regerded P. natalensis as "not truly
gregarious™, but subssquent authors have described the species as highly
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sociable (Ansell 1960; Coetzee 1967, 13975 Choate 1972;: Kingdon 1974},
and territoriality is thought to be poorly developed (Veenstra 1958;
Cilliers 1972; De Wit 1972). Social cohesion appears to be maintained by

means of hierarchical ranking (Cilliers 1872).

1.2.8, Relationships with man

All three specles have been implicated in the tranaaission of
dissases infecting man, and many accounta exist of economic loss resulting
from their activities. Thess aspects have been the subject of reviews
comprehensively dealing with 0. irroratus (Davis 1973), R. pumilio (Brooks
1974) and P. natalensis {cilliers 1972; De Wit 1972). Consequently, only

the moat important features are discussed hare.

P. natalensis is ona of the principle African carrlers of goonotic
diseases such as plague (Dsvis 1964) and Lassa Fever (Coetzee 1875),
and on account of its semi-commensal habit readlly transaits such diseases

to man (Davis 1964; Coetzee 1965, 1975). In East Africa Rattus rattus may

be more important in transmitting plague to humana, becoming ltmelf
infected through contact with P. natalensis (Kingdon 1874). The plague
bacillus has also been isolated from Q. irroratus and R. pumilio, but
although these species may serve as wild reservoirs along with the primary

hoat Tatera brantsl, they relatively infreguently come into contact with

man and thus are probably less important vectors than is P. natalenais.
R. pumilio is a carrier of a number of haemorrhagic viruses which may be
lathal in man (J.W. Moodie Fers. comm.). Other pathogens have been

isolated from one or more of tha three species, but thay do not have the

same aerlous implications as those referred tao sbove.



=20

Both R. pumilio and F. natalensis have been cited as causing damage
to cereal crops (De Wit 1972; Delsny 1972), and P. natalensis may consume
a variety of stored grains and other products (Vesey-Fitzgerald 1966;
Kingdon 1974). 0. irroratus appears not to be implicated ln this type of
damage (Shortridge 1934), but together with R. pumilio is responaible
for extensive loss in timber growing areas, where young exotic trees,
mainly conifers, are déstroyed by ring-barking as the cambial layer ia
eaten (Davis 1942; Hechter-Schuls: 1962; Davis 1973; Hopf et al 1976), GSevaral
papers have dealt with the problem of rodent damage in exotic plantations
in Southern Africa (Davis 1942, 1966; Hechter-Schulz 1051, 1962;

MacKellar 1952).
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2. METHODS
2.1. Introduction

A numbar of techniques were employed in both the field and captive
anpects of the study, details of which are largely given in the relevant
chapters below. However, it is appropriamte in this section to define
termn, outline the methodological approsch, and describe methods which

apply to more than one aspect of the atudy.

2.2. Terminology: definitions and applicationsa

CASTE. A caste is defined here partly after Wilson (1975) as a
socially dimcrete group comprising animals of the same species, sex,
reproductive condition and spproxismate size, and in which social rank and
accens to rescurces, locluding social prerogatives such as matlng opportunitiess,
are assumed to be more or less equal. The four physical determinants {(above)
ware used to distinguish six castes for esch species, namely scrotal and
non=-acrotal males, perforate and imperforate females, sub-adults and juveniles.
The criteria used in allocating animals to castea, together with the aspects

in which thay were studied are given Ln Tabls 1.

The masses glven in Table | were derived from preliminary behavioural
observations, and are in total or general agressent with those obtained
directly or extrapclated from the following sources: Otomys irroratus (Davis
1973}; Rhabdomys pusilio (Choats 1971; Brooks 1974); Praomys ratalensis (Moester
1960; Coetzee 1975; Baker & Messter 1977). Although reproductive mctivity may

be largely reatricted to animals weighing over 40g in R. pumilio (Marais



Table 1.

in which they were studied (x).

Distinction between castes of 0. irroratus, R. pumilio and P. natalensis recognised in the study, and aspects

CASTE

DETERMINANTS OF CASTE

ASPECTS OF STHDY

Eeproductive Condition

Mass
0. irroratus R. pumilio | F. natalensis

Field

Captive Studles

Studies|

Obgervation EXpecimnant

Serotal malae

Ferforate female
Hon—szecrotal mals
Imperforata
female

Sub-adult

Juvenile

Testes fully developed
and descended

Vaginal crifice open

Teates undescendec or
not fully develaped

Vaginal orifice sealed

Either sex; below
minimum mase at sexusl
maturity, but above
Juvenile mass

Either gex: below
minimum sub-adult mass

g and over

80g and over

0z and ovar

g and over

B - -89.9g

Under 50g

38g and over

35g and over

35g and ovar

35g and over

25 - 34.9g

Under 25g

3bg and over|

35g and over

35g and over

Abg and ovar

25 - 34.9g

Under 25g

¥ X
X X
X
X
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1074) and E, natalenais (De Wit 1972), and in my study 0. irroratus
walghing under 120g were usually sexually immature, rare exceptions
ocourred, with apparent sexual maturity at below the specified welghts.

Buch animals were not used in laboratory trials, and none were encountered

in the field.

In mddition to the information given in Table 1, a mmber af
qualifications were applied in allocating anisals to particular castes.
In malea, the posmition of the teates may vary according to temperature
(Brant 1962), but those in which the testes could be stroked down into
the scrotal aaces were classified as reproductive (Brooks 1974). ‘The
conditlon of the vaginal orifice in females (open or sealed) may not be
& reliable indicator of reproductive condition as spontanecus pre-ovulatory
perforation {Everett 1961} or post-copulatory fusion (Marais 1974) may
occur. However, this method is generally reliable for R. pumilic (Broocks
1974), and probably for the other two apecies. In terms of the above
definition of caste, pregnant and lactating females comprise discrete
castes, but normally no attempt was made to ascertain whether free-living
animals were pregnant and/or lactating since the commonly used field
methods (palpation and expressing milk from the mammae respectively) are
poor indicators (Measroch 1954; Brooks 1974). Although Williams & Scott
(1953) did not include a sub-adult period in their definitive study, I
used onset of puberty, as indicated by behavioural changes and in one
case histological evidence (P. natalensis; Baker & Meester 1977), to

distinguish between sub-adults and juveniles.

Where appropriate the following abbreviations are usad: 'sepotal
and "non-scrotal” for scrotal and non—scrotal males respectively, and

“perforate” and “iImperforate” for perforate and imperforate females
respectively.



DYAD. An intraspecific group of two animals of any caste or castes.

The ters "palr™ has not besn used in order to avold connotations of

specifically male/female relationshipa,

OYADIC COMBINATION or CASTE COMBINATION. A group of analagous
dyads. The six castes distinguished in Table 1 combined in diallel cross
to form 21 dyadic combinations, of which 10 were studied in both

ohaervational and field studies, and 11 only in the field (Table 2).

ASSOCIATION. Presumed dyadic interaction between free-living animals.

ENCOUNTER. A period of time during which a2 dyad was studied in an
cbservation cage for the purpose of quantitative analysis of social
organization (Eisenberg 1967; Happold 1973, 1976). The ters is not used
here in the sense of a specific confrontation, as applied by ornithologists,

for example (G.L. Maclean Pers. comm.).

COLONIAL and COMMUMAL. Ornithologists appear to have grounds for
distinguishing between the meanings of these terms (e.g. Brown 1874}, but

no diatinction Iis made here. The tarms "l‘.‘-‘ﬂlﬂnll.l" and “"communal®™ as

used in this work are freely interchangesble, and simply indicate a

high level of soclal cohesion in mpace and time.

2.3. Field studies

Field studies were undertaken from September 1976 to July 1977 at
three sites in the Natal midlands, which were sslscted on the basis of
fundamental abiotic and biotic differencen among them (section 3.2.1.1).

Two altes were approximately 2km apart at Dargle State Forest, Natal



Table 2. Dyadic combinations of 0. irroratus, R. pumilio and P. natalensis studied both in cbservational and field

studies (x), and in the fleld studies only (+).

Perforate female
Non-scrotal male
Imperforate female
Subadult

Juveniles

Scrotal Perforate Non-scrotal Imperforate
CASTE siia el szl i Subadul t Juvenile
Scrotal male x x x x . *
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(29°28'S, J0"04'E; + 1450m), and are here referred to as the Dargle
grassland and Dargle plantation habitats. The third was at Darvill
Sewage Works, Pletermaritzburg, Natal (29°37'S, 30"26'E; * 650m), and

is referred to as the Darvill habitat.

0. irroratus and R. pumilio were important membera of the Dargle
grassland small mammal community, but P. natalensis did not cccur there.
A small population of P. natalensis was present at the Dargle plantation
site, along with even smaller numbers of 0. irroratus and R. pumilio.
P. natalensip was the most abundant species at Darvill, where 0. irroratus

and R. pumilic were also well represanted (section 3.2.1.1).

Trapping (section 3.2.1.2) and habitat studies (section 3.2.1.3)
tock place concurrently, facilitating consideration of the distribution
of the study species in relation to envirormental factors, water
(section 3.3.2) and cover availability (section 3.3.3) in particular.
Trapping data (section 3.3.1) were also used to analyse the modes of

dispersion of free-living 0. irroratus, B. pumilio and P. natalennis

(ssction 5).

2.4. Captive studies

0. irroratus and R. pumilio were obtained by removal-trapping at the
Dargle grassland area, and P. natalensis at Darvill, or animals wers

progeny of stock obtained at these sites.

Ubservational and experimental studies were essentially discrete,
although in some experiments data were acquired by direct ocbservation, and

regular observations were made of animals in all experimental situations.



2.4.1, Ceging and maintenance

Animals were housed in Labotec holding cages 50 x 25 x 2lcm or
50 x 25 x 10.5cm in a light controlled (1l4h light; 10h dark; fluorescent
lighting) and partially temperature controlled {18-32°C) animal housea,
with coarse pine sawdust as litter esnd shredded paper as bedding.
B. pumilic and P. natalensis were maintained on standard mouse cubes,
while in addition to cubes 0. irroratus were provided ad libitum with

carrots and twice weekly with kikuyu gress Pennisetum clandestinum.

Water was provided ad libitum. 0. irroratus were caged singly, and
BE. pumilio and P. natalensis singly or in intraspecific pairs or larger
groups depending on compatibility and availability of cages. All were

tog=clipped for identification.

Animals were held captive in this way for at least one menth prior
to being studied in any way, and none were tested more than conce in
ldentical circumstences. After use, animals were maintained in captivity

for a minimum of one month before being used again.

2.4.2. 0Obgervational studies

Observational studies were of two broad types, namely of intraspecific
interaction, reported qualitatively as Social Behaviour (section 4) and

quantitatively as Sociel Organization (section 5), and aspects of some

experimental studies (section 3).

Intraspecific interaction was studied in a partially temperature
(24-30°C) and humidity (65-B2%)} controlled observatisn room. A 1l4h light

(incandeacent white light)10h dark (incandescent red) light regime was
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maintained, and both white and red aystems were adjustable by means of
variable reaistors. Observation cages 120 x 60 x &0cm were glasa-fronted
with an external, removable nest-box 20 x 10 x 10cm at sach end. Neat-baxes
had ¢lear perspex lids which were covered with cardboard when not used
for observation of mctivities within. Cages ware furnished with soil,
rooks, branches and vegetation to sisulate a natural snvironmant
(Eisenberg 1967; Happold 1973, 1976), but cover was sparse enough to
permit constant observation of thes subjects. Cages were washed using
water only, and furnishings replaced prior to each trial. Food and water
were provided as in the animal house, and animals were isolatad and
maintained in holding cages (section 2.4.1) in the observation room for
one week {(in addition to the minimum of one month they were maintained in

the animal house; section 2.4.l1) prior to study. Fur-clipping in different

patterns allowed fdentification in dim light.

Q. irroratus and F. natalensis were studied under moderate and dim
red light respectively, with the white system at maximum intensity to
limit mctivity during the simulated day. H. pumilio waa studied under
dim white light, with the red system adjusted to minimum intensity. The
appropriate light settings for each species were ascertained during the
initial stages of the gualitative study (section 4) which affectivaly
served as a pilot study. This period also allowed me to become familiar
with the sccial repertoires of the three species, and to decide on tha
duration of cbservation necessary to provide adequate information for the
objectives of the study. Interaction was initially studied for the first
four hours after introduction and for at least one hour daily for a further
14 days. However, this amount of effort was found to be relatively
unproductive since interaction rates were generally extremaly low after the

first hour of the first day, and over 95% of social behaviour patterns were



normally utilized within five days of introduction. In addition, social
realationships (e.g. hisrarchical ranking) were almost invariably established
by the [ifth day, and thereafter adjustments were rare within the
filftesn=-day period. Consequently, observation time was limited to a
rigidly maintained Sh/dyad for the gquantitative study (sectien 5),

while in the qualitative study (section 4) observation time averaged
almost 10h/dyad, and effort was concentrated on dyads in which interaction

rates ware highest.

2.4,3,. Experimental studies

Studies were undertaken either in the animal house, under prevailing
conditions (section 2.4.1), or in a Conviron controlled environment
cabinet in which light, temperature and relative humidity levels and

cycles were independently adjustable (section 3.2.2).

2.5, Statiastical applications

An attempt was made to quantify observations wherever possible, and
to apply mathematical tests of significance. In most cases parametric
tests could not be used, either because only ordinal measuresent was
achieved, or because the assumptions underlying their use could not be
made (Sokal & Rohlf 1969). Thus, extensive use has been made of X',
Kruskal-Wallis one-way analysis of variance by ranks (mymbolised by M),
the Mann-Whitney U-test (U), and Kendall's rank correlation coafficlient
(ri tau) (Siegel 1958). These are among the most powarful of the
non-parametric tests, with power-efficiencies (i.e. the probability of

rejecting the null hypothesis when it {a false) in excess of 90% of those



of analogous parametric tests, under conditions where the assumpticns
agaociated with the statistical models of the appropriate parametric

teste are met (Siegel 1956).

Parametric teats, namely the F- and t-tests, have been used in some
instances, but only after the data were plotted on graph paper to ensure

that their distributions were approximately normal.

Throughout this work, degrees of freedom are given as subscripts to
the test symbol,; except that where degress of freedom equal one, the

fumber is not indicated.

Single-talled probabilities are given except where the variables were
potentially dependent on one another (i.e. where the research hypothesis

did not have dirsction; Sockal & Rohlf 19€3).
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3. ECOLOGY

3.1, Introduction

The guestions considered in this chapter were framed in terms of the

generalizations set out in the following three paragrapha.

Speclesa adapted to the same type of habltat often have aimilar social

organizations (Crook 1870). However, while Otomys irroratus, Rhabdomys

punilio and Pracmys natalensis are frequently sympatric (section 1.2.4)

the literature suggested their social systems to be fundamentally different
(section 1.2.7). This suggested that niche overlap (section 1.2.5) is
cverahadowsd by ecological differences between the three specles (msectlon
1.2,6]. Such differences would be expected since available information
indicated that 0. irrorstus is primarily mesophilous ({.e. adapted to mesic
habitats), that B. pumilio is more nearly xerophilous (i.e. adapted to
xeric habitats) than 0. irrorstus, and that P. natalensis is less nearly
xercphilous than B. pumilio, but more so than 0. irroratus (section 1.2.5).
In addition, P. patalensis im adapted to disturbed habitats (e.g. early
post-fire serea - Meester at al 1979; vegetation in which weed species are

dominant - De Wit 1972; areasm in the vicinity of human habitation = Coetzee

1975).

The relationship found by Barash (1974) to exist between envircnmental
harshness (or conversely, environmental stability, expressed in terms of
seascnal variationm in carrying capacity) and ﬁuimtn of soclability in
Marmota monax, M. flaviventris and M. olympus was in effect a correlation
with temperature gradients. M. monax occurs in the most stable of the
habitats considered (i.e. warmest, with the longest growing season), and

is the least sociable of the thres specien. M. olympus occurs in the



least stable habitat (i.e. coldest, with the shortest growing season),

and is the most sociable; M. flaviventria is intermediate between tha

two extremes in respect of both socisbility and habitat preference

{Barash 1974). Barash (1972) predicted that there exists a general
correlation between gradients of envirocnmentel stability and relative
socislity in Marmota, and studies on M. calipgata served to verify this
prediction (Barssh 1977). In her study of the social ecology of
conilurine rodents in Australia Happold (1973, 1976) found xerophilous
species to be gensrally more highly socisble than mesophilous ones.

This was interpréted as reflecting differences in envirormental stability,

with mesic habitats more satable than xeric.

Whereas productivity and Jength of the growing season in temperate
ecosystema are mainly limited by the physiological drought associmted
with extreme cold in winter (e.g. Barash 1974), sessonal water shortage
may be a more lmportant limiting factor in warmer reglons such as
hustralis (e.g. Happold 1973, 1976) or Southern Africa. Hence, it was
assumed that the social adaptations of 0. irraratus, R. purilioc and
E. natalensis evolved in response to the direct or indirect effects of

water availability in the habitats to which these species are primarily
adapted. .

Well defined environmental gradients which would have facilitated
description and distinction of the habitat prefearences of 0. irroratus,
B. pumilio ard P. natalensis are lacking in the Natal midlands, and thare
is no obvious correlation between their gtographic distribution and water
availsbility. The studies described in this chapter were thus deaigned
largely in an sttempt to deanignate esch species as primarily esither
mesophilous or xerophilcus. Perrin (1981b), citing various suthors, has

referred to 0. irroratus as inhabiting mesic habitats, and to R, pumilio
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and P. natalensis respectively as hsving a xeric tendency and xeric

tolerance.

The terms "mesic™ and "xeric" are relative ones, and in the context
of the generally moist Matal midlands {mee mection 3.2.1.1) are difficult
to define precisely, especially in view of the often almost imperceptible
gradation of one type into the other. In view of the high level of
sympatry among the three species, and the amsociated difficulty of
meeting the study objectives outlined above, a fine distinction between
the concepts of relatively mesic and relatively meric habitats is
attempted hers. For convenience, these habitat types are hereafter
referred to simply as mesic and xeric. I regard as sesic a habitat with
the following characteristics: water supply perennial or almost so;
vegetation lush and dense, with high productivity: and growing season
not limited by drought. Conversely, a xeric habitat is regarded as one
in which water supply varies seasonally, causing lower vegetation denaity,
lushness and productivity, as well as a shorter growing meason, than in
mesic habitats. In the Hatal midlands, mesic habitats are typical of
river valleys, especially river margins, and low-lying, marshy (vlei)
areas, while xeric ones (as defined here) often ocour on hilltops and
sloping ground, and constitute much of the grassland typical of the
region. An additional criterion whereby mesic and xeric habitats may
be distinguished lies in the fact that xeric areas are more susceptible

to fire than are mesic ones, especially during the winter, non-growing

paascn (Pers. oba.).

Aspects selected for investigation in the present study, together
with reasons for their t:_?miu:l and summaries of available information on

the specles in question, are ss follows:
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ECOLOGICAL DISTRIBUTION IN RELATION TO SURFACE WATER

Rationale : Primarily mesophilous species would be expected to be
agsociated with surface water; primarily xerophilous species would

notk.

Availasble information : There is no detailed information on this

subject (but see mection 1.2.5).

SWIMMING ABILITY

Rationale : Primarily mescphilous species would be expected to swim
more efficiently than primarily xerophilous ones. (According to
G.C. Hickman In litt., who hes published on swimming ability

in geomyid rodents - Hickman 1877, species which live in the
proximity of surface water are probably selected for greater

swimming proficiency than ones which prefer drier habitats].

Available information : MNone.

COVER REQUIHEMENTS

Rationals : In gensral, cover density decreases with decreasing water
availability; hence, primarily mesophilous amall rodenta would ba

expected to require more dense cover than primarily wxerophilous ones.

Available information : All three species occur at a wide range of
cover densities, but P. natalensis appears least and 0. irroratus
mont dependent on this factor (Meester et al 1979; Mentis & Rowe-Rowe

1979). P. natalensis appears to be a pioneer species which will
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occupy an area within as little as one month of its being burnt,
hence when cover density is very low {Meester et al 1979; Swanepoel
1981), and is known to migrate ento recently burnt grassland (Hanney
1965; Neal 1970; Swanepoel 1981; Lloyd In prep.). R. pumilio is
generally absent for several months after fire (Chriatian 1977b;
Meester et al 1979; Mentis & Rowe-Rowe 1978}, and recclonization may
take up to 12 months in montane fynbos where vegetative regeneration
is slow (Willan & Bigalke In press). 0. irreratus is the last of the
three speciss to recolonize & burn, taking up to 12 months in the
Matal Drakensberg (Mentis & Rowe-Rowe 1979} and two years in fynbos

(Willan & Bigalke In prees).

FOOD AND WATER DEPRIVATION EFFECTS

Rationale : Seasonal water shortage in xeric habitats (above) ia
known to inhibit primary production (Caldwell 1975), which would in
turn directly or indirectly reduce the food supply of small rodents;
the direct effects of scarcity of free water on oblipgate drinkers
area self-evident. Primarily xerophilous species would be expectad

to display greater tolerance to food and water deprivation than

primarily mesophilous ones.

Availeble information : None. However, Wright (1976) studied the
effects of food deprivation on drinking behaviour in mesically and
xerically adapted northern hemisphere rodents, and showed that

during fasting xerophilous species generally exhibited absolute
polydipsia (defined as water consumption at least 50% above that
during conditions of ad libitum food availability), whereas
mesophilous specles usually decreased consumption. Despite exceptions

to these trends, Wright tentatively proposed an hypothesis predicting
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that drinking patterns in other mesically and xerically adapted

gpecies would prove similar to those outlined above.

In the broader context of niche separation between Q. irroratus,
R. pumilio and P. natalensis a number of additional investigations were
undertaken. These are not described here since they were not designed to
contribute directly to the main theme of this chapter (i.e. mesic va.
¥eric adaptation), and will be reported elséwhere. The studies, cited
ag Willan (Unpubl.) in the present work, related to the distribution of
free-living animals in relation to plant floristics, and to the domiciles

and aspects of the feeding habits of free-living and captive animals.

3.2, Methods

3.2,1. Field studies

3.2.1.1., Study areas

Both Dargle and Darvill (section 2.3) are situated within the
Southern Savanna biotic zone (Keay 1953), The two study areas at Dargle
fall within Acocks' (1953) Natal Mist Belt ‘Hgnnﬁmni Veld (veld type 45),

and within Moll's (19635) Mistbelt secondary Aristida junciformis Orassland.

Darvill lies in a narrow spur of Acocks' (1953) Valley Bushveld proper
(northern variation; type 23a), bordered to the north by 'Ngongoni Veld
EtypelEEJ. and to the scuth by open tree Savanna, designated Southern
Tall Grassveld (type 65). However, both the Dargle plantation and
Darvill study areas were situated in disturbed habitats (below) and only

the Dargle grassland habitat fitted the deseriptions given by Acocks

(1953) and Moll (1965).
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The South African Weather Bureau gives the mean annual rainfall at

Dargle as 988sm p.n., and at Darvill (Pietermaritzburg Municipality

Weather Station at Darvill) as B23mm p.a. (Anon 1960). Mean annual

temperature at Pietermaritzburg is 18.9°C {Anen 1954), from which it was

estimated by D. Kopke (Pers. comm.) that the snalogous value at Dargle is

15-167C.

The main characteristics of the thres habitats were as follows!:

DARGLE GRASSLAND

The study area comprised a largely undisturbed grass-dominated
hillside which had been planted with pines (Pinus sp.) three years
previously, and adjoined an extensive stand of Mistbelt Mixed
Podocarpus Porest (Moll 1965). The pines were approximately lm
tall and were insufficiently grown to have shaded ocut the natural
vegetation. A perennial stream was present at the bottom of the
hill and vegetation denslty, Tloristic diversity and lushness
generally declined with increasing distance from the bank. However,
a narrow firebreak (approximately 5m wide) along the edge of the
stream was annually stripped of vegetation by hoeing, and the dead

material removed.

DARGLE PLANTATION

The area was approximately due west of the grossland mite. It was
virtually level and was situated in a senescont black wattle (Acacia
mearnsii} plantation in which fallen trees and rotting logs occurred,
and in which considerable regeneration of wattles was taking place.

A perennial stream flowed along one edge of the plantation, and a



number of narrow roads were present, largely verged by the grass

Eragroatis plana-

DARVILL

The study area sloped gently (approximately 5%) and was characterized
by an abundance of apparently mutrient-rich water seeping from the
lowest of & peries of sewage purlfication dams and running along
shallow drainage canals. The vegetation was dominated by the exotie

grass Pennisetum clandestinum, but dense stands of bullrushes Typha

latifolia and an herbaceous evergreen Polygonum salcifolium were

present in marshy areas. Prisary productivity appeared high in

this habitat, and it was perennially lush.

Table 3 lists the plant species prement in the three areas. Brambles
(Rubus sp.) ogcurring at the Dargle plantation belonged to a complex
"hybrid swarm" (A.V. Hall, Pers. comm.), and could not be keyed to species.
The lists were compiled from materisl eollected in the field (section
3.2.1.3) and identified in the Herbarius, University of Natal,
Pistermaritzburg. The high floristic diveraity at the Darpgle grasaland
aite (70 spp., including the pinea) suggested that despite afforestation
the habltat was largely undisrupted. In contrast the wattle plantation
raprenented a disturbed (disrupted) habitat in which species diveraity
was relatively low (25 spp., including the wattles), and in which seven
other species were either exotic or are regarded as pioneers or weeds
(Table 3). The Darvill habitat was also disturbed, as evidenced by the
low species diversity (10 spp.}, the high incidence of exotics, ploneera
or weeds (seven spp.; Table 3) and domiration of the vegetation by

Pennisetum clendestimum, an exotic graas.



Table 3.
and Darvill study areas.

Plant species pressnt at the Dargle grasaland, Dargle plantation

E = gxotic, weed or ploneer spp.

DARGLE GRASSLAND

DARGLE PLANTATION

DARVILL

PTERIDOPHYTA
IMohria caffrorus

Pellaea viridis

PINACEAE

|Pinus :lp."

POACEAE

Alloteropsis semi-zlata
Aristida junciformis
Arundinells nepalensis
Cymbopogon validus
Digitaria dimgonalis
Dihetercpogon amplectens

Mohria caffrormm
Fellasa quadripinnata

Agrostis bergiana
Aristida Junciformis
Brachypodium flexum
Eragroatis pluu'

Eregroatis planiculmis
Paspalus urvillei®

Diheterocpogon filifolius
frogrostis curvuls
Bulalia villosa
Hyparrhenia hirta
Hyparrhenis quarrei
Loudetia simplex
Siscanthidium capense

Bonocymbium ceresiiforme
Panicum ecklonii

Paspalum dilatatum

Pennisetum thunbergii
Rhynchelytrus setifolius

Setaria sphacelata
Stips dregsana

Echinochloa crus—galli"
Penninetum ;‘;lmdautimg"

Continued overleaf



Table 3. Continued.

DARGLE GRASSLAND

DARGLE PLANTATION

Setaria sphacelata

Themeda triandra
Trachypogon spicatus

CYPERACEAE
Carex zulusnsis
Fuirena pubescens
Kyllinga odorata

Mariscus sisheranus

Scirpus costatus

JUNCACEAE

Juncus affusus

TYPHACEAE

TRIDACEAE

Crocoamia pottaii

Watsonia densiflora

AMARANTHACEAE

ASCLEPTADACEAE

Schizoglossum hamatum

Cynoglossus lanceolatum

Carex zuluensis

Cyperus albo-striatus

Achyranthes siculs

Typha latifolia

Continued overleaf




Table 3. Continued.

DARGLE PLANTATION

DARVILL

CAMPANULACEAE
Wahlenbergla undulata

COMPOSTTAE

Anter pekerisnus

Conyen obscura

Hellchrysum aureo-nitens

Bldann pllunn!

Conysa cenadenais

Helichrysus auriceps
Midorella suriculata
Senecio helispais
Senscio hygrophilus
Senscio isatideus
Senscio polyodon
Vernonia natalensin

EUPHORBLACEAE

Acalypha peduncularis
Acalypha punctata
&:IIIEE! wilmaii

Helichrysum aurec-nitens
Senecic deltcideua

Senscic nldlgnunarlungggf

Tagetss minuta"

mearnail®

Continued ovarleaf




Table 3. Continued.

DARGLE ORASSLAKD DARGLE PLANTATION DARVILL

n_rn-rulnhiu tuberosum

Calpurnia obovata

Ericasna sp.

Indigofera hedyantha

LILIACEAE

Asparagus virgatus

MALVACEAE

Hibiscur asthopicus

DCHNACEAE

Hyperlcum lalandii

ORCHIDACEAE
Coryeiun magnun
Eulophia calanthoides
Satyrium longicauds
Satyrium neglectum
Satyrium ocellatum

POLYGOMACEAE

Pnlglnnum saleifal lum

PROTEACEAE

Protea multibracteata

Continued overleaf



Table 3. Contlinued.

DARGLE GRASSLAND

DARGLE PLANTATION

DARVILL

ROSACEAE

Leucoaldea asriceaa

Rubus ludwigii

AUBTACEAE

Borreria natalensis

Conostomium natalanss

Pentanisia prunelloides

SCROPHULARTACEAE

URTICACEAE

Verbena bonariensis

Rubus Bp.

Conostomium natelenas

Suteria floribunda

Rubus cunei l"nll.l.u'

Solanum ;Eggﬂi:m'

Solanum m:.rit_imml

Solanum Eﬂl

Urtica spp. "




The locatiops, in relation to major features of the thres habitats,
of traplines on which sampling of small mammals took place, and around
which habitat studies were concentrated (sections 3.2.1.2, 3.2.1.3) are
shown in Figures 4 (Dargle grassland) 5 (Dargle pluntafinnh and
6 (Darvill). Figure 4 also shows the location of a 60-station (10 x 6)
grid which was trapped during the study (section 3.2.1.2). Figure 7
comprises profile diagrams of wvegetation structure slong the traplines,
with the two Dargle grassland lines combined as a single profile, since

in physiognomic terms they were not materially different.

Small mammal community structure in the three areas was ascertained
by means of ad libitum trapping before commencing the studies described
in section 3.2.1.2, Table 4 lists the spécies present in the three areas.
Species diversity was highest at Darvill (11 species), and a large
population of P. natalensis was present, together with smaller numbers of
O. irrcoratus and R. pumilio. Eight species were present at the Dargle
grassland, although Thallomys paedulcus, being essentially arboreal, was
trapped only at the Mistbelt Mixed Podocarpue forest ecotone (Figure 4).
The Dargle plantation community was depauperate judging by the presence
of only four species, including a small pupulntién of P. natalensis and

limited numbers of 0. irroratus and R. pumilio.

Potential predators on small mammals which were identified at Dargle
and D;r\rill are listed in Table 5. In addition, a single snake was seen
at the Dargle grassland but not identified. Predatory birds were identified
by Jennifer Willan, and their feeding habits ascertained from Brown &
Amadon (1968) and McLachlan and Liversidge -{1978). Martial and crowned

eagles (Table 5) rarely take small rodents, but on three separate occasions
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Table 4. S=mall masmal species present al the Dargle grassland, Dargle
plantation and Darvill habitata. Presenca indicated by x.

SPECTES ::::m :::L:“ - Darvill
RODENTS
Otomys irroratus X x K
Ahabdomys pumilio x X X
Proomyn natalensis K b
Dasynys incomtus X )
Dendromus mesome las x
Mus minutoldes x x
Mus susculus x
Rattus rattus x
Thallosys pasdulcus x
INSECTIVORES
Crocidura [lavescens x %
Crocidura mariquensis X
Nycaorex cefer . P
Mycsorex variun % X




Tuble 5. Potential predators on 0. irroratus, R. pumilio and P. natalenais
at the Dargle grassland, Dargle plontation and Darvill study arean.
Presence indicated by x.

Dargle Dargls

POTENTLAL PREDATORS grassland |plantation Darvill

CLASS AVES
Family Agquilidas

Accipiter tachiro - African goshawk x

Buteo buteo - Buzzard x

Buteo rufofuscus — Jackal buzzard =

Elanus caerulesus - Black-shouldered kite| X X

Polemaétus bellicosus - Martial eagle x

Stephanoadtus coronatus - Crowned eagle x
Famlly Ardeidae

Ardes melanoccephala — Black-heéaded heron| x

Family Bubonidae

Bubo africanus - Spotted eagle-owl x
Family Scopidas
Scopus usbretts - Hamerkop x

CLASS MAMMALTA
Family Felidae

Felis domesticus — Domestic cat (feral) x

Family Viverridae

Ha-___[p--tn! ichneumon - Egyptisn mongoose u
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a sub-adult crowned eagle was obser . ed to spend long periods {up ta Zh)
perched at the foreat fringe at the Dargle grassland site (Flgure 4],

apparently seeking prey in the adjoining grassland.

3.2.1.2. Trapping studies

Four types of traps were available: hardboard live-traps
270 x 90 x ASam (Meester 1970), PVC live-traps 218 x 68 x S4mm (Willan
1979), and Museum Special and large (rat) snpap-traps. During the course of
the present study the relative effTiclencies of hardboard and PVC traps were
teated, and they were found to be complementary, with PVC traps more
efficient for very small animals, and hardboard traps for larger ones
(Willan 1979; Appendix 3). Both of these trap types have transparent
perspex rear doors, and the results of a later study (Willan In prep.)
led to the conclusion that this feature may increase trap efficiency for
0. irroratus and R. pumilio, while not reducing efficiency for other
specien. Trapa were bajted with & rolled oats/raisin mixture, following a
limited trial during pilot trapping at the Dargle grassland aite in which
this bait provided generally higher catches than ocats/peanut butter.
The cholce of this bait was later proved to be justified in more
comprehensive trisls in which oats/raisins wes shown to be relatively
highly arfficient, and oats/peanut butter relative inefficient (Willan
In prep.}. Pre-baiting was not employed as its effects are poorly

underatood (see Flowerdew 1976).

Debris was removed from traps whensver necessary, but traps wers never
washed, either during or between trapping sessions. Little is known of the
effects of trap odour, but clfactory cues asppear to influence trappability

of at least some species (Rowe 1970; Boonstra & Krebs 1976), generally



with a positive correlation betwsen captury rate and presence of
conspecific odour. This appears to be the case in R. pumilio (C.N.V.
Lioyd Pern. comm,], but in contraat overall trap efficiency say be
reduced by the odour of P. natalensis (C.N.V. Lloyd Pers. comm.) or

C. flavencens (D.T. Rowe-Rowe Pern. cosam.|. Consequently, there can be
no cartalnty that the practlice of not wnahing traps influenced their
affTiclency elther way, but since odours dissipate with time it is unlikely
that the results of discrete trapping sessionas, which were usually a month

npart, ware lnflusnced by trap odour.

Additional invarishle aspects of trapping methodology (except during

ad libitum trapping, bolow) were as followa:

1. The distance between trap-atations was 10m.

2. Traps were aet within la of station-sarkers, abutting runways if
these were present.

3. Traps were cleared morning and evening (approximately sunrise
and sunset].

4. An excess of traps was provided at every station, evidenced by
the fact that in less than 2X of cases were all traps occupied
8t a particular station at the same time. Since the number of
traps/station varied according to local sbundance of small
mammals, datls are interpreted in terms of "station-nighta" rather
than “trap-nights”. This was dons to provide indicem of relative
abundance (section 3.2.1) which, irrespective of the number of

traps/station, were directly comparable as between specien and
sites.



Details of trapping procedures are giv-n in Table 6. The bulk of
trapping comprised removal trapping on traplines, but during the
gapture-nark-recapture (CMR) procedure, animals were released at the point
of capture after having been marked using the 1-2-4-7 toe—clipping method.
Animals were in &ll cases weighed and sexed, and their reproductive
condition was noted, together with the time, place and other conditions
of capture (e.g. trap-type). Ad libitum snap-trapping of habitats other
than those referred to shove wes undertaken at Dargle during September
1876 = January 1977. This was done largely in an &ffort to locate a
P. natalensis population which could be monitored simultanecusly with the

Dargle prassleond community. However, the only population located (in the

wittle plantation) proved too ssall to warrant major sampling effort.

0. irroratus and H. pumilio live-trapped on the Dargle grassland
lines, and P. natalensis from Darvill, were removed to the laboratory for
experimental and cbservational study. P. natalensis live-trapped at the
plantation site were removed to the laboratory but were not used in the

present study.

Study skins were prepared of representative samples of all three
species from both Dargle and Darvill, and lodged in the Department of
Inology, University of Matal, Pielermaritzburg. ALl animnla handled
during the study were examined for ecto-parasites, and snap-trapped
Specimens for endo-parasites as well. Parasites were pregserved in 4%

formaldehyde solution end lodged in the Matal Museum, Fietermar|tzburg.

Trapping at Dargle was discontinued after May 1977 when {t became

obvious that population densities, which had been expected to rise in

autumn (0. irroratus - Davis 1973; B. pumilio - Brooks 1974; P. natalenais



Table 6. Methods used to sample 0. irroratus, H. pumilio and P. ru\:!j_umi.' at the Dargle grassland, Dargle plantation mnd
Darvil! study areas. Traps: H = hardboard; P = PVC; M = mumsum specinl.

Months sampled

Total station nights

(Total trap-nights)

8 (October 1976-May
1977)

60
(2880]

1 (January 1977)

420

(840}

3 (March-May 1977}

180
(5a0)

DARGLE GRASSLAND DARGLE PLANTATION DARVILL
PARAMETERS

Traplines Grid Trapline Trapline
Type of trapping Hemoval CME Hamowval Removal
Nusber of stations 20x240 10xfi=60 20 20
Traps/station I(H,P,N) 2(H,P) I(H,P,N) 6(3H,3P)
Nights/station/month 3 {3 days, 3 nights) 7 (7 days, 7 nighta) 3 (3 days, 3 nights) 3 (3 days, 3 nights)
Station-nighta/month 120 420 B0 B0

2 (April, May 1977)

120
(720)

= P. natalensis absent from Dargle grassland habitat
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= Coetzee 1965), were too low to warrant furthe: sampling. Trapping at
Darvill was discontirmued at the same time, aince a sufTicient muaber of
captures had been made of P. natalensis to permit comparison with avallable
data on 0. irroratus and R. pumilio from the Dargle grassland study area.
On account of the amall sample sizea monthly data were sussed or each
Bite;, and interpretation of trapping results is based on mean densities
and overall distributions. Consideration of seasonal variation in

environmental paramsters (= thus also ositted (section 3.2.1.3).
3.2.1.3. Habitat utilization studies

The presence of shallow (up to Scam) standing water occcurring within
Gm of station-markers at Darvill was charted on graph paper and scored
according to the scale:

0 = no standing water

L = up to 5% of the area water-coversd

2 = 5% of the area water—-cowered

Relative cover density at each trap-station (section 3.2.1.1) was
ascertained by measuring light penetration to ground level using a light-
dependent resistor (LOR Phillips 2322 600 93001) attached to a BO0cm probe
and coupled to an ohmster. In the vicinity of some stations at Darvill,
Solanum mauritianus (a ssall tree 3-8a in height] lformed a partial canopy
which was insufficiently dense to ccclude lower-growing vegetation
(maction 3.2.1.1). Where light readings were taken under vegetation shaded
by the trees, the value cbtained under the trees alone was also recorded,

A similar procedure was followed in respect of Acacia mearnsii at the Dargle

plantation. During each trapping session (mection 3.2.1.2) and in July



1977, 10 readings were taken within Sm of each station-marker, in small
mammal runways when posaible, and always on cloudless days between 1Zh00
and 14n00. Data for each station were summed for all months, and station
means calculated. These wers based on the fol lowing numbers of readings/
ntation: Dargle gragaland 90; largle plantation 40; Darvill 30. An
inverss linear relationship existo betweon light intenslty and resistance
of LDR'a (i.8. readings in ohma decresse as light intensity increases).
Hence, low readings wore correlated with low vegetative cover (i.e. high
light penetration) and vice versa. Thus, although a curve is given for
conversion of ohma to lux (the 5.1. unit of light Intensity} (Figure B},
derived by calibration of the LOR-chmeter device againat & Jux Beter,

light penetration data are presented as ohms.

3.2.2. Experipental studies

The source of animals used in laboratory studies and details of

their confinement prior to experimentation are given in section 2.4,

Responses to subatrate moisture and cover availability were tested
in the animal house (section 2.4,3) in a choice chasber apparatus
consisting of four plexigines boxes 30 x 25 x 2%m, linked in horizental

series by l0cm lengtha of Scm plexiplass tubing located lem from the
bottom of the boxes. Each chamber was fitted with a removable
Elsber-framed gauze lid, and & food dish and calibrated water bottle were
attached to ann wanll. Bofore all trinin the Bpparatlun was dimmantled o
washed in hot water: thereaflter approximately lkg of fine, clean, dry
sand was spread nbout in each chambar, and nesting material (shredded

paper) and ad libitum food {crushed mouse cubes, plus carrot in the case
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Lux = 103

a7

Figure 8,

10
Ohma x 103

Calibration curve for conversion of ohms to lux.



of 0. irroratus) and water were provided. Food was weighed and avallable
water wam recorded bafore commencement of each trial. Responses to two
setn of conditions (i.e. high and low cover, and wet and dry substrate;
below) were tested separately by providing differing environments in
alternate chanbera. Animals were individually placed in the apparatus
and left for 24n. Utilization of each chamber was measured in terma of
food and water consusption, fasces depomition, and nest construction.
Twenty animals (10 manles, 10 females) of each species were tested under
oach set of conditicna, although in an initial seriea of calibration
teats, hall that number were used, Additional detalls of methods were

as follows:

Initial calibration., The chambers were identically furnished (above),
and animals did not discriminate between thes in terms of the

parameters moasured.

Substrate molsture. Water (about 300ml) wam added to the mand in

two of the chambers, either the odd- or even-numbered cnes in & serins
numbered 1-4.

Cover availahility. Heavy black cloth was draped over the odd- or
even=-pumbered chasbers.

Seimming ability of 20 animals (10 malea, 10 females) of each species
was studied in the animal house (section 2.4.3) following the method
described by Hickman (1977). Tests were conducted in a 251 polythens
bucket filled to a depth of Mca with water (23°C at the commencement of
each trial). Mlll_ll were tested individually. They were held by the

scruff of the neck, gently lowered into the water, and released whan



apparently buoyant. Care waa taken not to drop them to avoid unneceasarily
wetting the fur. Swimming behaviour was noted throughout each trial, and
duration of swisming recorded to the nsarest minute. A trial was

terminated by removing the animal from the water when its nostrils firat
submerged, since it was then in danger of drowning (Hickman 1977). Briefl
submergence of the nostrile during tnitial panic when an animal was first
placed in the water was ignored, The selected endpoint (i.e. Tirst
submergence of the nostrils) may be regarded as subjective, but drowning

the animals was undesirsble. In additlon; the animals were mo weakenad

by the time the endpoint was resched that they would apparently have drowred

soon therealter.

The effects of food deprivation on body mass and water consumption,
and of water deprivation on body mass and food consumption In the three
sprcies were ascertained In holding cages 50 x 29 x 2lcm (section 2.4.1) in
a controlled environment cabinet (section 2.4.3). In all experiments the
light cycle waa 14h light, using the fluorescent lighting ayatam sat at
high intensity, and 10h dark. With the sxcaption of trials in which the
responses of R. pumilio and P. natalensis to water deprivation under harsh
environmental conditions were tented (below), temperature and relative
humidity were respectively 25°C/50% RH during the light period and
I5*C/70% RH during the dark. This regine was designated "standard”.

Harsh environmental conditions, which were assused to approach those
obtaining in arid environments such am the S5.W, Arid, were respectively
35"C/20% RH and 15°C/70% BH during the light and dark pericds., A
thermohygrograph placed in the cabinet for one woek under each regime
showed the delay in temperature adjustment from one part of tha oyele to
Ehe next to be approximately 10 minutes, and in relative humidity

appreximately 35 minutes under standard conditions. Under harsh conditions



adjustment of both temperature and relative humidity took approximately
twice aa long. Each cage was eguipped with & plastic Peeding diah and
galibrated drinking bottle, but litter and bedding were not provided

during deprivation experiments since animals, particularly R. pumilio, were
found to ingeat both sawdust and paper (section 2.4.1) during starvation.
However, mectiona of PVC downpipe of the type used to construct PVC traps
(¥Willan 1979) were provided in which animals were able to take cover. The
cabinet was able to hold eight cages, and two replications/species were run
in which sither males or females were tested. The sexes were separated to
avold the possibility of sex-related odours influencing the resulta. Each
run was preceded by a period of one week's acclimstization during which
food and water were supplied ad libitum. This was followed by a further ad
libitum period, an experimental (deprivation) period, and & final recovery
period, during all of which ingestion and body mass were recorded svery 24h.
The fooda of the three species during deprivation experiments were the
sase as those provided under holding conditions (section 2.4.1), except that
0. irroratus was not supplied with kikuyu gress. To facilitate comparison
of food consumption in Q. irroratus with that in the other two species the
energy values of mouse cubes and carrot were ascertained using standard
bomb calorimetry, and the mass of food ingested converted to its Bnergy
equivalent. Only crude comparison was possible, however, since the

physioclogical fuel valuea of the two foods were not inveatigated.

Activity of the thras species in relation to food deprivation was
atudied under standard conditions in the controlled environment cabinet
(abovel. In the case of H. pumilic and F. natalensis sctivity wheels were
conmtructed to fit into holding ceges 50 x 25 x 2lcm (section 2.4.1). The
wheals were 471mm in aircumference, and were constructed of BOmm=wida

plecen of l0mm welded wire mesh set Smm from the edge of plexiglass



disca 155mm in diamster. The wheoels rotated on motal spindles ast into
plexiglass backing-boards, to sach of which wes attached a microswitch
that waa activated at every rewolution by a metal pim set into the back
of the wheel. The microswitches were connected via a port in the cabinet
wnll to a battery of externally located elactronic counters. 0. Lrroratus
was found to be too large to use these wheels, and an apparatus cosprising
a larger (765eam circumference) activity wheel with attached cage and
mechanical counter was used. The general method, including provision of
food and water, was the same as for the deprivation experiments described
sbove, except that in the case of 0. irroratus 16 replications were
necessary to provide sufficient data for comparison with those for the
other two species. The counters were read swvery 24h, and the number of

revalutions converted to km/fh.

In order to atandardize the above deprivation experiments, conaideration
wWas given to running them until the animals died. However, as in the case
of swimming trials (above), this was regarded as undesirable; moreover,
information was required on recovery rates following deprivation (above).
When possible, deprivation was terminated before any animals died, when
their condition was such that further deprivation would apparently have
resulted in mortality within a period of 12h. This endpoint may be
regarded as subjective, but animals were generally so weakened by the
time triasls ware terminated that they were incapable of efficient
locomotion. In the sheence of food or water {depending on the circumstances},
free-living animnln In such condflion would not be expected to live for
more than & few hours, and the maximum tolerances to deprivation recorded
in this study (section 3.3.4) probably reflect the field situation qui te
accurately. Furthermore, theare were gross differences in the tolerances

to deprivation of the three species (section 3.3.4), and it is highly
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unlikely that selecting a different endpoint would have materially
influenced the conclusions reached in this regard (sections 3.4.3,

J.4.4,1).

3.3. Results

3.3.1. Trepping data

Ninety-two individual 0 irroratus, 159 H. pumilio and 276 P. natalenais
were trapped during the study (Table 7). HNumbers at Dargle (both sites)
were too low to warrant estimation of relative population denmitiem by the
removal method (Southwood 1966), and percentages of trapplng success/
station-night of effort were thus calculated to provide indicea of relative
abundance in the three areas (Table 7). The reaults of trapping on
traplines at the three sitea are comparasble In view of the mimllarity in
sampling methods (section 3.2.1.2). Population denslitiss of all three

apecies were apparently higher at Darvill than at either of the Dargle

aites (Table 7).

The distribution of 0. irroratus, R. pumilic and P. na is on
the traplines is illustrated in Figure 9.

3.3.2. Water
3.3.2.1. Distribution of free-living snimals in relation to water
On the two traplines at the Dargle grassland, statiocn 1 was at the

edge of the stream, while atation 20 wam 100m from the stresa {section

3.2.1.1}. At Darvill, standing water was present as follows:
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Table 7.

plantation and Darvill atudy areas.

Numbers of 0. irroratus (0), R. pumilic (R) and P. natalenais (P) captured at the Dargle grassland, Dargle
n = pusber of anisals; ¥ = per cent trapping success/station-night of effort.

DARGLE GEASSLAND DARGLE PLANTATION DARVILL
Traplines Grid Trapline Trapline
MONTHS
o R 0 B P a it P
n X n % n % n ® b 4 n % n % n = n % n %
Oetober 19768 1 0.8 q 7.5
Novesber i1 ©0.8]10 8.3
Decembar 15 12.5| & 5.0
January 1977 5 5.0 6.7 |23 8.9"|19 7.2
February 8 7.8 7.5
March 2 1.7 5.0 (1] 2. 8.3 15 25.0
April 8 &4.2|1r .2 1] 3 50 |10 16.7 |11 1B.3 | 23 38.3 | 104 173
May a3 25|10 B85 1.7 1.7 4 8.7 |15 25.0 | 3 60.0 | 142 235
TOTALS 42 4.4(75 7.8 |23 8.9%|19 7.2 0.6 | & 3.3 |20 161 |26 21.7 | 99 49.2 | 2456 205
MALES 19 40 12 11 4 13 14 n 119
FEMALES 23 as 11 a 2 16 12 26 127
& Caleulated for total animals caught in first three nighta
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Stations Scare Dencriptions

4 =11 o No standing water; “dry"

13 - 16 L tp to 5% water-coversd; intarmediate
1-3; 123 17-20 2 More than 5% water-covered; marshy

The distribution of 0. irroratus at the Dargle grassland was negatively
correlated with increasing distance from the stream, and F. natal WEE

negatively associated with atanding water at Darvill (Table B},

3.3.2.2. Responses of captive animals to subatrats molsture

Tahle 9 susmarizes the results of choice-chamber responses (section
3.2.2) of 20 animala (10 males, 10 females) of ench speciesa to wet and dry

suhatrates.

0. irroratus and R. pumilio constructed significantly more nests in
dry chasbers than in wet, but P. natalensis did not discriminate (Table 8).
Fewer animals msoved nesting saterial betwoeen chambers than occurred when
responses to cover were tested in the same apparatus (section 3.3.3.2),
with a single A. pumilio and two P. natalersis approximately doubling the
amount of material in the chasber in which their neats wers built

(H. pumilio in a dry chomsber; F. natalemmisn, one wet and one dry).

A qualitative account of swimming ability and behaviour in the three
species 15 glven in Table 10. Males and fesalea are not distinguished

gince there wore no apparent differences between the sexes.



Table 8. Regresaion annlysis (Kendall'm 7) of the distribution of

0. irroratus, R. pumilio and P'. patalensis in relation to water at the
sites indicated. N = number of trap-satationa; T = Kendall'a tau

statistic; = = normal distribution statistic; P = mtatimtical asignificance;

o = correlation; =ve = negative.

DISTANCE FROM WATER ETANDING WATER
SPECLES Dargle grassland (K=40] Darvill (N=20)
T 2 P c T ] P -
0. irroratus =469 =4 1% 00003] =ve {-.244| =1.51| 0685
H: pumilio = 086 | «0,.75% 2086 =288 | =1.52| .064%
P'. natalensis -.364 | =2,24| 0125 | =ve




Table 9. Intraspecific analysis (Student's t; X*) of the responses of captive 0. irroratus, B, pumilio and
P. natalensis to substrate moisture, measured in terms of food and water consumption, and numbers of fascal pellets

depoaited and nests constructed in wet and dry chambers respectively.

than the 5% level of significance.

P given whers values of t and X' were less

PARANMETERSE

SPECIES X Food (g) X Water (ml) X Fesces [number) Rests {total)
9. irrorstus 21.5|3%.2 | 1.71 4.4 |s.0 | 1.53 40.2 | 30.1 | 0.97 2 10 |13.76|<.001
Rs lio 2.4 1.8 ) 2.08 5.0 5.8 0.73 20.1 | 25.0 | 1.49 2 12 T7.14 | <01
E- natalensis 22 1.9 | 0.87 3.7 4.2 Q.79 14.0 | 16.3 | G.43 2] 11 0.20




Table 10.

Swirming behaviour of captive 0. irroratus, R. pumilio and P. patalensip.

BLDY POSITION

LOCOMOTTON

VOCALIZATION

swimming, with
attempts to elimb
out of bucket.

Angle from
horizontal

increasing with
tims.

Initial wigorous
movemsents of all
four limba and
undulation of
tail, Thereafter,
effort reduced,

| 8oy initially at & 30

from harizontal, «wlEh
angle graduslly incressing
urtil almost vertical
[usually when about
two-thirds of duration of
trial had slapmed). Hody
masa largely supported by
Pruff” of unwetted hair
around neck — inclination
increasing as aren of
"ruff" reduced by
watting.

Aftar initial reaction,
elffort reduced to £ 108 of
initial affort, with only
pocanional movements of
limbs and tail. Liwbs
moved directly under body
in motion enalogpous to
running. Periods of up to
L minuta spent floating
with no limb or tail
movenents .

Mone audible.

PARAMETERS COMMON TO ALL 0. irrorstus F- pumilio F. natalenais
INTTIAL REACTION Frantie (panic) Lasting & 1 minute. Lasting £ 3 minutes. Lasting 2-5 minutes.

Initially horizontal (first
3-5 minutes), but inelining
et £ 45° from harizontal
whan initisal frentic
swimming ceased. Ears
submarged during thia

(1 45°) stage. Body almost
vertical during last 5-10
jiinutes, with noatrila juse
clear of surfacs.

After initial reaction,
affort reduced to = 25%,
but further reduced to i 5%
during last 5=10 minutes.
Limba moved directly under
body, as in 0. irroratus.
Swimming attempts largely
ineffectual during last few
minutes {(about ocne-third of
duration) when body almost
vartical .

Animals often squeaked
during stage when body at
45%,

I‘_Hl " hﬂr] T
futilized, limh movements j

Body initially at & 30°
from horizontal, but angle
increasing to 1 60" within
1% minutes, and reasining
at about that inclination
thereafter. Body sass
imrgely supported by
"ruff", as in 0. irroratus,
and inclination increasing
with decreasing area of
ruff.

Little attampt to swim
after initial reaction,
with effort reduced to £

and tajil wndulation
atronger than in other.
two Bpecies. 'F'nﬂ-li!hﬂ
moved directly under body,
but hind Limbs held
further out and used in
atrong 3culling motion.
Long periods (up to 3 )
miputes) spent fluntlu.;_--‘“

None audible. /

L iroow=i |

Sl

E 'c.--lj.‘.ll,i
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Mean swimming duration (mimites} was not significantly different between
the sexes in fl. pumilio (males 15.0; females 16.4; tyg = 0,%; F».05) and
P. natalensis (males 31.6; femalos 38.B; t4 = 1.18; P»,08], but Q. irroratus
females [31.9) were able to swim for significantly longer than males (21.2)
(tyg = 3.09y Pe.11]., Consequently, in statistically cosparing mean
nwimming duration in these apecien {(Table 11], data for male and female
0. irroratus are treated separately, but are combined for the two sexes

ef . pumilio and P. netalenais.

Swimming ability was significantly greaster in both male and female
0. irroratus and in P. natalensis, than in B. pumilic, but whereas
F. natalensis endured for algnificantly longer than g. irroratus males

there won no significant difference in respect of females (Table 11).

4.9.9, Cover
d4.3.0.1, Distribution of free=living animals in pelation to cover

At the Dargle grassland, station 1 on traplines A and B fell within
the Sm-wide firebreak (section 3.2.1.1), where cover density increased
rapidly with time {ollowing the previous clearing. These stationa ara thus
ilial b with aeparately Fram II1'.]'1.l remoinder. At all other stations at the

three sites, cover dermnmity reasined approximately conatant during all

mwbha aaapled,
Pistribution of cover at the thres sites is illustrated in Figure 10.

9. irroratus wis positively associated with high cover denmity on the

Dargle gramnland, but this factor did not significantly influence its



Table 11. Intergpecific analysin (Student's t) of mean swisming duration
{mirutes) of captive 0. irroratug, A. pumilic and P. natalensis. F given
whers valuer of t were leas than the 5% level of significance.

g « Llrroratuis

' R. pumilio P. natalensis Statistics
Males Females
|
Ly 15.7 Loy = 2.69; Pe,0l
31.9 15.7 tag = 5.74; P«.001
42 33.7 tag = 4.53; P<.001
3l.% 33.7 tog = 0.54
15.7 3.7 tag = 8.20; P<.001




/\ Dargle grassland A
IF Y

o ——

\“"""--.--1
m Ll L L L L ¥ ] Ll L LI L] L L L3 n
" Dargi® gressimand B
—
\E /\
“ﬁ ._.f"'-_""-,/.-_ .\"-."_'-“"h;*
-
= D2v T T T | g T L T T T L L T
]
E
o 151
\ Dargle plantation /...,_"
1 /\ <
qﬂﬂ L i L] L] L L L3 L w L ¥ L L L L L L)

FE

N
: <
B
.
8
>-
s

"L---._,-’" 8

m L] L L] L L Ll L LI Ll L] Ll L L L] Ll Lil Li L L
1 2 3 4 5 8 7 8 % 10 1M 12 13 14 15 18 17 18 19 20
Trap=stations

r]q“ru lﬂp Dlﬂtrlb“tiun nf CcCOverE ﬂ' Fhe DEF‘IE lrﬂlﬂihﬂﬂ ttFIPLlnEH ‘ ﬂnd
B), Dargle plantation and Darvill study areas.

02 x 10" chms = resding
in full sunlight.



-

distribution at Dargle (Table 12), where svailahle cover was ln excess of
its spparent minimum requiremsnts (below). Howeaver, cover density on the
Dargle grassland was negatively correlsted with distance from the stream
(T=—-.454; 2 = =4,01; Pe<.00003). Together with the negative association
of U irroratus with distance from the stream (section 3.3.2.1), this
suggests the distribution of this species to have bsen determined by an
interrelated cover/dismtance from water complex. Osmparison of values of
T for the distributlon ol' 0, irraratus in relation to cover (Teble 12) and
distance from water (mection 3.3.2.1) permits the tentative concluaion
that the effects of these two variables were almost indistinguishable
(Siegel 1956). In general 0. irroratus appeared to favour dense cover
close to water, although its distribution may have heen independently
determined by either of these factors, and not by the combined effects of

both.

The distribution of R. pumilic on the Dargle grasslsnd and at Darvill,
and of F. natelensis at the two sites where it occurred, wam not

significantly influenced by cover avallability (Table 12).

Although the distribution of P, natalensis in the Dargle plantation
wan not correlated with that of overall cover density as meamured in this
study (Table 12), conmideration of eover exclusive of that provided by the
wattles showed this species to have been strongly associated with ground

rover, which was practically absent from the plantation proper

fr = +.549; z = 3,38; P<.00005).

Four D, irroratus and three . pumilio were trapped on the Dargle
jrassland firebreak (station 1; traplines & and B combined; Figure 9],

which had been denuded of vegetation during Septemher 1878, tha month



Table 12. Regression analysis (Kendall's1 ) of the distribution of 0. irroratus, H. pumilic and P. natalensis in

relation to cover denaity at the mites indicatad,

normal distribution atatistic; P = statistical significance; ¢ = correlation; +ve = poaitive.

N = nusbher of trap-stations; T = Kendall's tou statiatic; z =

0. irroratus R. pumilio P. natalensis
CONER DENSITY
T E P e T | P T E P
Dargle grassland (N = 38) +.447 |+3.95 |<.00008] +ve |+.075 | +0.67| .2514
Dargle plantation (N = 20) -,006 | -0.22| .4219
Darvill (N = 20) . 109 |+0.67 | .2514 «,241 | +1.43| .0681 +.006 | *0.59| .2776
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prior to commencement of sampling. These pumbers of animals were gimilar
to those Tor the adjoining stations (24, 28}, where mean cover density was
approximately 10 times as high as at station 1 (Figure 10). The first

Ite pumi Lii was teapped on the Tiechreok when serlel cover was negligible
but 0. irrcratus did not appear wuntil light penetration Eo ground level
had. Fallen to approximately 275 ohms (343 lux)} (Figure 11}. Elsewhare on
the traplines 0. irroratus did not ocour at stations where light
penetration was greater than 285 ohms (330 lux) (Figures 9, 10), and these
values (about 340 lux) may approximate the upper limit of light tolerance
of this species, Ths f{irebreak was sgain cleared in June 1977, and was
trapped ad libitum the following month (40 station-nights}, without

SUCCeES.

3.3.3.2. Responses of captive animals to cover availability

The results of cover response (choice-chamber) trials (section 3.2.2),
representing mean valuea for 20 animals {10 of either sex) of sach species,
are given in Table 13. During the daylight part of the light cycle
(section 3.2.2) light intensity, measured with the LEA-chmeter device uaed
in the fleld (section 3.2.1.3), was approximately 3200 ohms (23 lux) in the
darkened (cloth-covered) chasbers, and approximataly 450 obhms (198 lux) in
the ones which were not covered. Thesa values were reapectively similar

to those in areas of high and low cover density in the field (section

3.3.3.1}).

All three species constructed pignificantly more nestz {n high=cover
than low—cover chambers {(Table 13). 0. irroratus in addition consumed
a significantly larger proporticn of its food in high-cover than in low-cover
chambers, while P. natalensis depomited significantly more faeces in

low—cover than {n high-cover ones (Table 13),
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Table 13. Intraspecific analysis (Student's t; X" ) of the responses of captive 0. irroratus, R. pumilio and P. natalensis
to cover availability, measured in terms of food and water consumption, and numbers of faecal pellets deposited and nesta

constructed in high- and low-cover chambers respectively. P given where values of t and ¥* were less than the 5% level of
significance.

-
FARAMETERS?S
SPECIES ¥ Food (g} ¥ Water (ml) ¥ Faeces [numbar) Mests {total)
High | Low | tig P High | Low | t1q P High | Low | tig P High | Low| x* P
_':',' ieroratus 42.0 [ 15.7 {1 3.69 [<.001 8.7 7.0 | O.86 26,6 | 27.9 | 0.68 i8 I JEG.2L 00l
H. pumilio 2.8| 2.6|0.31 5.5| 6.6|1.21 22.1 | a5.0| 1.72 12 3 | 5.40{<.0%
P. natalensis 2.7 1 2.4 [0.47 4.4 ] 3.5 1.09 7.8 21.7 | 3.01 | =.01 20 0 120.00 |<.00L
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In several inntancea 0. irrormtus and P. natalensis, but not
H. pumilio, moved all or moat nesting materinl into the chasber in which
the nest wam conmtructed. This occurred in seven 0. irroratus and four
P. natalenain., In mddition, Five D. Llrrorstus (all of them malss) moved
carrots from low-cover to high-cover chasbera; in thess casss conausption
of carrot in low-gaver chambers was scored am zero. A similar phenosenon
(4.0, dragging sbouk of lorge Food (tems] waa recorded during obssrvational

Wtudies (section 4.3.3).
3.3:.4, Food and water deprivation

In this section body masn curves represent proportions of mean body
mass recorded during live-day periods on standard laboratory diets
(section 2.4.1) which preceded each trial (i.e. as g/ad libitus g body
mans). In other words, data on mass loss mnd gain are presented as
proportiona of lg of the pre-deprivation mass of each animal. This has
been done to allow easy reading of figures and statistical comparison
af data pertaining to animals of different mass (section 1.2.3).
Similarly, food and water consumption hlstograma respectively represent

kJ/ad libitum g body mass and mlfed libitum g body mass.

Whare responaes to deprivation differed significantly hetween the

nexen of a particular speciea, the sexes are treated separately; otherwise,

no such distinetion is made.

4.3.4,1. Reaponses of cuptive animaln to food deprivation

Figure 12 illustrates changes in the proportion of body mass and
water consumption in 0. irroratus, R. pumilio and P. natalensis associated

with periods of ad libitum food and water availability before and after
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Flgure 12. Effect of food deprivation on sean body masa (curves) and water
consumptlon (hiatograms) of 0. irroratus males (— —) and females (——-},
and in R. pumiiio and P. natalensls. A&, R = D-day periods under conditions
of ad libltum food and water availabllity; D = food deprived; vertical bars
= 2 5EM above and/or below the mean; sample size = 16 animals of each

speciea (B males, 8 Temales), except am indlcated by numbers in the body of
the figure.
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food deprivation, and during fasting. The most important information

contained in Figure 12 may be summarlzed as follows:

SURVIVAL OF FOOD DEPRIVATION. All eight O. irroratus males survived
throe days of fasting; two fesales were withdrawn befare reaching
two days without fend, while one died and ons was withdrawn before
reaching three days. Fourtesn R. pumilio survived five days of
fasting; one male and one female were withdrawn before reaching five
days. Eight P. natalensis survived three days of laating; cne
fesale died, and three females and four males were withdrawn before

resching three days.

MASS (gfad libitum g body masa). Mean proportion of body mass of

0. irroratus males and females, R. pumilioc and P. natalensis after
three days of fasting, and at the end of the five-day recovery period
are compared statistically (Student's t) in Table l4. The most
important differencen ware as follows: mean proportlon of mass of

0. irroratus males was higher than that of femalea at the end of both
the deprivation and recovery periods; mean proportion of nass of

R. pumilic (after thres days of fasting) was lower than that of

Q. irroratus sales, but higher than that of fomales; at the end of
the deprivation pericd mean proportion of mass of P. natalensis wes
lower than that of 0. irroratus males; mean proportion of mass of

F. natalensin wam higher than that of 0. irroratus females (but not
af malea) after recovery; and while sean proportion of mass of R. pumilio
{which had undergone five days of fasting compared with three in the
other two specien) wis lower than that of 0. irroratus males and

P. natalensis, it was not significantly different from that of

Q. irrorstus femalen.

WATER CONSUMPTION (ml/ad libitum g body mass)., Water consumption

during the initial ad libitum period was significantly higher in



Table 14.

Interspecific analysis (Student's t) of mean proportion of mass

(g/ad libitum g body mass) of captive 0, irrorstus males and femalew,
R. pumilio mnd P. ngtalensis in relation to food deprivation (Figure 12).
P given whers values of © axcesd the 5% leavel of signiflcance.

A:; Moon sasa after three days of food deprivation

SPECIES

0. leroratus

SPECTES + 9K females 2. pusiiio P. natalensis
+ SEX
0. irroratus tll.} = 3.28; P<.0Ol tap = 1.78; Pe.0& tya = 3,17 P<.0]
0. irroratus t1g = 2.04; Pe.0% ty=1.59
Temales
E. w tlu L .!‘.DI; Pz, 05 tm = .48

B. MNean mass after five days of recovery following food deprivation.

SPECIES
. SEX E. irroratus "
SPEOTES e e B. pumilio P. natalensis
+ SEX
u- 1:"'["!:l'ri.|‘.1.|.l E = ® | W i
2. i 1 = 6.87; P<.001 tﬂﬂ = T.82; P<.001 t‘l-l = 0.38
a. irroratus
ﬂlﬂl-llll tlu = ﬂ-Il t-iu = B-Hl F{.m.l.
E+ E“_ﬂ t-l' L Dnm t.ao - B_u] Pe. D@L
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. pumilio than in P. natalensis (tysg = 2.04; P¢.05), and significantly
higher in P. natalensis than in O. irroratus (tisg = 9.62; Pc.001).

0. irroratus elevated water consumption by 156%, -323% and 535X on days
one two and three of fasting respectively; by the third day of the
recovery period water consumption approximated that during the infitial
ad libitum pericd. Both R. pumilio and P. natalensis depressed water
consumption during food deprivation, by daily averages of 6% and 72X
reapectively. By the second day of the recovery period water

consumption in P. natalensis was approximately normal, but in

H. pumilio this did not occur until the fourth day .

Activity levels in 0. irroratus, R. pumilic and P. natalensis before,
during and after festing are illustrated in Figure 13; the following

sumsarizes the main content of this figure:

SURVIVAL OF FOOD DEPRIVATION. The period of food deprivation was
limited to two days in O. irroratus and P. natalensis trials, ond to
three days in the A. pumilio trial. One 0. irroratus female dled,
and one female and two males were withdrawn before reaching two days
without food, but all P. natalensis survived two days of fasting
(although this species performed worse than O. irroratus in the food
deprivation experiment described above). One female R. pumilioc died
and one male was withdrawn before resching three days, and one female
died during the first day of the recovery period.

ACTIVITY (km/h). Under conditions of ad libitum food and water
avallability prior to fasting mean sctivity of 0. irroratus was
significantly Lower than in either R. pusilio (ty5n = 5.89; P<.001)

or P. natalensis (tjsa = 5.68; P<.001), between which there was no
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Figure 13, Effect of food deprivation on activity of O. irreratus,

B. punilio snd P. natalensis. A, R = S-day perlods under conditlons of
ad libitus food and water availability; D = food deprived; wvertical bars

= ¢ 5EM abowe the mean; sasple sige =« 16 animals of each specles (B males,
B femalen), except aa indicated by nusbers In the body of the Tlgure.
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aignilficant difference (tigq - 0.19] P».08). 0. irroratus did not
significantly increase activity while food deprived (tygs = 0.8%;
Ps.08), and post-deprivation mctivity on all five days approximated
the pre-deprivation level. R. pumilio significantly increased
sctivity during the firat two days of fasting (ty110 = 3.27; Pe.,OD1),
but by the third day the animalas were exhausted, and motivity

decl lied to signiClcantly below the pre-deprivation level {tgp = ?.91;
P<.01). Fasting P. natalensis significantly reduced mctivity

(ty1g = 1.93; P<.05]). Return to the pre-deprivation mctivity level
took longer in B. pumilio than P. natalenais, although had R, pumilio
fasted for only two days the recovery rates af the two species would

probably have been nimilar.

3.3.4.2. HAesponses of aaptive animals to water deprivation

Water deprivation effects on the three specles (Figure 14) may be

summarized s follows!

SURVIVAL OF WATER DEPAIVATION. ALl ©. irroratus and P, natalenaia
survived 10 days, and all R. pumilio three days without water, but

two P. natalensis {one male, one femals) died on the firat day of the
recovery peried. (It had beon conlidently anticlpated that H. pumilic
would better tolérate water deprivation than the other two speciss - sas
sectiona l.2.4, 1.2.5. However, in a trial run undertaken in the
animal house prior to the experiment reported here, an antire batch

of eight R. pumilic wan inadvertently allowed to die by subjecting

them to water deprivation for four days.)

MASH (1/pd Libitum o body mmm). 0. irrorstus maintained mess (or the

full 10 days; fur this resson o recovery period was warranted for
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Figure 14. Effect of water deprivation on mean body mass |curves] snd food conmuesptlon {(histograms = dotting indicates carcot;
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this species. Rates of loaa of mass were mimilar in R. pumilio el
P. natalensis to the third day without water when H. pumilio trials
wore curtailed, and mean proportion of mass of the two species was
not aignificantly different at that time (g3g = 0.87; P».058). By the
end of the deprivation period mean proportion of mass of Q. irroratus
was significantly higher than in sither R. pumilio (tag = 5.02;
P<.001) or P. natalensls (tap = 8.94; P<.00Ll), while that of

R. pumilic was significantly higher than of P. natalensis (tag = 5.79;
Pc.0OL). The rate of recovery of those F. natalensis which survived
was rapid, and by the end of the first day of the recovery pariod
there was no pignificant difference betwean mean proportion of mass

of this species and of . pumilio (tpg = 1.12; B>, 05).

FOOD CONSUMPTION (kJ/ad libitum g body mass), Ad libitus food
consumption was significantly lower in 0. irroratus than in P. natalensis
{tygg = 2.78; P<.01), and in P. natalenais than in A. lio

(t15g = 3.42; P<.001), presumably at least in part reflecting the
differences in sizes and associated surface-volume ratios of the

three apecies (mean mass during pre-deprivation period: 0. irroratus
= 162.7g1 H. pumilio = 46.8g; P. natalensis = fi0.4g). Overall food
consumption by 0. lLrroratus remsined approxisately constant throughout
the ad libifum and water deprived periods, but the proportion of
carrot taken in the absence of water increased to a mean level that
was significantly higher than under conditions of ad libitum water
availabllity (tpag = 3.38; P<.00l). This lncrease doubtless related
to the high propartion of water contained in carrot {approximately
BTH at 25°C) relative to mouse cubes (mpproximately 11% at 28°C),

Mean volume of water present in food conmumed during ad libitum

water availability, ealeulated for comsumption at 25°C, was 0.21 ml/g
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ad libitum g body /mass/day [0. 0l fram carrot, 0.00lml from cubes),

and during water deprivatlon 0.37mlfgfday (0.37ml from carrot,

0.001ml from cubea}. Bokh B. pumilic and P. natalensis significantly
reduced mean food consumption during water deprivation relative to

that during ad libitum water avallability prior to deprivation
{respectively, tipg = 4.01; P<,001; and tpgg = 3.16; P<.001l). Thers
was, however, a tendency for P. natalensis to increase food consumption
after the third day without water. Food consumption in both R. pumilio
and P. patalensis increased on the firat day of the recovery pariod o
a level that was significantly hipgher than Lhat prior to deprivation
(respectively tgq = 3.61; P<.001; tgu = 4.10; F<.001}. Thereafter
mean food consumption declined to a level which, by the third eor

fourth day of the recovery periocd, approximated the pre-deprivation

Lavel .

The sbility of P. natalensis to survive water deprivation for more
than three times as long as R. pumilio (Figure 14] raises interesting
questions regarding the geographical distribution (section 1.2.4) and
hence ecological tolerances of the two species. Since R. pumilio occurs
I the driest partas of Southern Africa, where water ls an spparently
Limiting resdurce (Christian 197%9a), it had been expected that even on
relatively dehydrated food {(i.e8. mouse cubes : 10.P% and 14.4% waker at
25*C and 15°C respectively) this species would display bigh tolerance
to water deprivation. Accordingly, the ability of R. pumilio and
P. natalensis to survive water deprivation under more harsh conditions
{viz. 35°C, 20% RH during the light peried; 15°C, 70% RH during the dark
period) than those previcusly employed (e.g. Figure 14; 25°C, 50% RH;

15°C, 70% RH) was tested (Figure 15). Food consumption was not measured
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during these trisls. The moat important content of Figure 15 is as follows:

HESPOMSE TO IMCHEASE IN ENVIRONMENTAL HARSHNESS. In both species mean
mass declined in period Ap relative to period A, with minimum mass
reached by the second or third day (period Ag), and a tendency to

increass again thareslter.

SURVIVAL OF WATER DEPRIVATION. ALl 18 P, patalensis survived 10 days
without water, and In contrast to the sarlier water deprivation
experiment where two animala died during the recovery period

(Figure 14}, all recovared in spite of the haraher conditlons. The
difference in survival was not significant, however (X' = 0.13;
P>.05), One male R. pumllic died befors commencesment of deprivation,
and another before the end of tha first day without water, while three
males and one femals died before reaching the and of the sscond day

of deprivation, when water wnas again provided.

MASS {g/ed libitum g body mess). From the first day under harsh
anvirensental conditiona to the end of the experimant R. pumilia
females maintained a higher proportion of original body mass than
did maies. Comparison with mean proportion of mass at the end of the
second day without water under standard eaviponmental conditiona
(Figure 14) showed the E. pumilic male and female means at the
termination of deprivation under hersh conditions (Figure 15) to be
sipgnificantly lower (sales - tyy = 2.98; FPe,0l; femalen : gy =
2.01; F<.05}. In contrest the equivalent P. netelensis means after
10 days of deprivation were not significently different {tm = 0,39;
P>.05). The two aspecies displayed similar patterns of mass recovery

following deprivation, with neither refurning to thelr original mass
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wntil standard environmental conditions (a,g. Figure 14} had been

restored.

3.4, Mmoussion

d,4.1, Water

The negative correlation betes=n the distribution af 0. irroratus and
dintance Tfrom the stream on the Dergle grassland (section 3.3.2.1] waa
apparently relalsd (o availability of dense cover cloas to water (sesctiom
1.0.3.1). The presence of water itself may be of Little direct importance,
howaver, pince this specien did pok need to drink during watar deprivation
trials (aection 3.3.4.2). Hence, it seems that the pattern of distribution
of 0. lrroretus on the Dargle grassland (section 3.3.1) (as well as its
reputed general preference for mesic hahitats; section 1.2.5), was only
secondarily related to water availability, snd that vegetative cover and
nasociated factors, themselves largely dependent on water, were mora

important In this respect. Thess facktors are dipcupsed in section 3.4.3.

The preference of 0. irroratus and B. pumilio for dry chambers in
which to nest (section 3.3.2.2) probably reflected their choice of
nent-gltes In the fleld, which was spparently determined by availability
af plant species providing suitable cover for their domiciles (sse
section 3.4.2). E. patalensis did not discriminate betwsen wet and dry
chanbers far neating (esction 3.3.2.2), which was surpriaing in view of
the avoidance by this species of areas at Darvill where stending water
was presant [section 3.3.2.1). 1t is likely. however, that those animals
selecting a moint environment (n which to nest dld so on the basis of

differences in relative humidity rather than substrate molsture. RH was



measured on only one occamion (at 24°C during the final P. natalensis
trinl), averaging 97% in the wet chambers and 2% in the dry. In

P. natalensls burrow systems HH is presumably high, and the wet chambers
may have provided a neating environsen! similar to that experienced by
free=living animala, although thelr avoidance of marahy areas at Darvill
{mection 3.3.2.1) appears to infer an inability Lo burrcw and nest in such

ArEils

Swimming was qualltatively best developed in P. natalersis which used
atrong undulations of the tail combined with a ventro-lateral sculling
motion of the hind limbs during forward sovement (section 3.3.2.3)., In
the two other species undulations of the taill wers lesaa powsrful than in
P. natalensis, and both fore- and hind-limba were moved directly beneath
the body in a motion snalogous to terreatrial runming. The long fur of
0. irroratus and P. natalensis (section 1.2.3)} which forwed a "ruff" of
unwetted hair round the neck (section 3.3.2.3), asaisted in maintaining
bucyancy in these specles. R. pumillo is relatively short-haired (mecticn
1.2.3), and lacking a “ruff" its body inclined more rapidly from the
horizontal, so that attempts to propel ltself forward became ineffectual

more quickly than in the other two species (pection 3.3.2.3).

A number of sdditional cbasrvations in respect of the awimming ability

of the three species warrant recording, as followns:

Animals of all three apecies trapped during an earlier study (Willan

& Meester 1978) und releassd into a pond spproximately 2m wide, swam
rapidly from the point of release to ths opposlte bank, and escapad

into the surrcunding undergrowth. On several occasions P. natalensis
dived beneath the surface on releass, and swam under water to the

opposite bank. This behaviour was not obeerved (n the present atudy,
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suggesting that the test situation (mection 3.2.2) was not conducive

to diving.

C.N.V. Lloyd (Pers comm.), studying the direct effects of fire on
survival of small msmmals at Midmar Dsm Nature Reserve, Natal,
observed R. pumilic taking to water until the flamea had pasmed
"several minutes later”, and then returning to the bank. About a
week after the name fire the bodies of two 0. irroratus were found in
a piece of floating hydrographic remearch appaeratus anchored midway
between the banka of an inlet approximately 400m wide (A. Twinch
Pers. cosm.). Fost-mortem showed that the animals had starved to
death rather than drowned (Pers. obs,), and it seems that they had
swun the 200m to the apparatus whers they became trapped and
subsequently died. The tise of death was impossible to eatabliah,
and it is not known whether the animals entered the water to escape

the fire or on account of food shortage on the burn.

Duration of swimming was approximately equal in Q. irroratus femalea
and P. natalensis, and both endured significantly longer than 0. irraratus

males, which in turn endured significantly longer than R. pumilio (secticn
3.3.2.3).

An apparently important difference batween 0, irroratus males and
females, which was not the case in the other two apecies, was that male
. irroratus used in the atudy were significantly heavier than females
(respectively, X = 186.9g and 141.83; t;y = 2.63; Pe.0l). This difference
appears to have strongly influenced swimming performance in the two aaxen
of 0. irceratus. Similarly, Thomomys bottae, the smalleat of three species

of pocket gophers (Geomyidse) tested by Hickman (1977}, was shown to swim
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better than the larger species. It was postulated that superior swimming
ability in T. bottae was an adaptation to survival and dispersal during
periodic flooding of its preferred habitat. 0. irroratus frequently plao
secupies areas subject to flooding {section 1.2.5), and in view of the
present findings (section 3.3.2.3) it would be expected that females

and immature animals survive Cleoding in greater numbers than mature
males. The reproductive strategy of this apecies (section 5.4.2.1)
appears such that removal of edult males from the population would have
Little effect on fertilizatlion rates of females once breeding resumed
after recolonigation of & flooded area. In gpite of this, Davis ([1573)
noted that flopding of part of his grid had the effect of interrupting
breeding and reducing population density of 0. irroratus in the area.
{Mone of the abowve is meant to imply that sewusl dimorphisms in this
species 1s in any way related to floeding; rather, the large size aof

males probably has a social function - see secticn 4,3.3.)

The poor swimming ability of A. pumilio (sbove) suggests that it is
less well adapted to survive flooding than are the other two species.
This may be compensated for, however, by the tendency of . pumilio to
move awey from mesic habitats during the breeding season, which broadly
coincides with the rains in the summer rainfall region (Brooks 1974).

R. pumilio is thus well represented in flood-inaccessible areas during

the period of maximum danger of flooding, and areas depopulated by

flooding may be rapidly recolonized, as in Brooks® [1974) study.

Well developed swimming in P. natalensis (above) implies adaptation
to mesic environments, with the ability to dive and swim undsr water

suggesting that this behaviour is used to escape predators in the vicinity

ol water.
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Flood waters may force animals to emigrate, and may thus be beneficial
to speclea in which vagility im low (e.g. pocket gophers; Hickmen 1877 .
This fector is probably of minor significance in relatisn to the opetiss
under consideration here, since socially determlned dispersal appears
well deoveloped in all three (mection 5.4.2), sand they are in any event
considerably more mobile than the fossoriaml species referred to by
Hickman (1977). The geographical distribution of 0. irroratus, B. pumilio
and P. natalensis is not limited by major rivers (section 1.2.4), and
involuntary crossing of such barriers probably occurs from time to time

as a result of animals being swept away by floods.

J.4.2. Cower

The results presented in section 3.3.3 are in general agreesent
with the conclusions reached by previous authors in respect of the cover

requirements of the three speciea (mection 3.1).

Cover is obviously of direct importance to small mammals in that (¢
provides protection from predators, but the preference of 0. irroratus
for dense cover, referred to in section 3.4.1, may only in part be
determined by its requirements for cover itself, The role of two important
Factors which relate to cover and which would influence habitat preferences,
namely availability of nest-sites (for surface-nesting specles such =3
8. irroratus and R. pumilio; section 1.2.6) and food supply, are discussed
below. 1t would perhaps be prefershle to firat deal with neat-site
availability as being more directiy a function of cover than ls food
supply, but here the order s reversed mince the domiciles ef 0, Lrroratus

are discussed jointly with those of R. pumilio.



fs a specialist herbivere (section 1.2.6), the food supply aof
Q. lrroratus iz probably most esbundant in mesic, well wvegetated habitats.
As 8 critical limiting factor, food availability doubtless exerted a
powarful influsnce on the distributlon of 0. irroratus on the Dargle
grasaland, where vegetation gradlients, in terms of specles diversity and
standing crop, were extreme (Willan Unpubl.}. 0. irroratus has previously
been recorded as wtilizing a diversity of plant foods within a given study
area (Davis 1873; Perrin 1980a). Of the 70 plant species recorded on the
Dargle gressland (section 3.2.1.1) at least 20 (29%) provided food for
0. irroratus (Willan Unpubl.); since these were utilized in the field
rather than in laboratory trials where only & limited choice was available
{e.g. Curtis & Perrin 1979), they may be regarded as palatable to this

rodent. Only two of the plant species in question (Hyparrhenia hirta and

H. guarrei, both grasses) were common in the area, 8o that while a wide
variety of food plants was available te @. irroratus, the majority were
either uncommon or rare. Although only one of the palatable species

(H. quarrei) was significantly most abundant near the stream, 14 of the
remaining 19 recorded food plants were either restricted to or moat common
in areas of high vegetative cover near to water. It is likely, therafora,
that the preference of 0. irroratus for such areas wes at least in part

determined by availability of palatable foods,

The preference of 0. irroratus and R. pumilio for high-cover chambers
in which to nest (secticn 3.3.3.2) apparently reflected their choice of
nest-sites in the field. Eight 0. irroratus and five R. pumilio nests were
located on the Dargle grassland, end none at the other two sites (Willan
Unpubl.}. The neats were all situated under grasses {Aristida juncifaormis,
Diheteropogon amplectens or Eragrostis curvula) which are perennial and

form dense tussocks (Tainten et al 1976). Such grasses présumably provide
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cover against rain and wind to animals neating undar them. The vegetation
on the Dargle grassland had not been burned for at lsast three years

{prior to afforestation; section 3.7.1.1), and the cover provided by these
grasses was 50 dense that even during torrential rainfall the soil beneath
them was only slightly wetted. A possible additional advantags to animala
nesting under these particular grasses is that when mature all are unpalatabla
to livestock (Tainton et al 1976), and possibly to other large herbivores.
Thus, while small mammal population demsities smay decline in grazed relative
to ungrazed habitats (Davis 1942), surface-nesting species selecting
nest-sites under unpalatable vepetation would suffer less disturbance than
if palatable vegetation were selected. No 0. irroratus or R. Eilin neats

were located under cover provided by Theseda triandra, a highly palatable

species (Tainton et al 1976), and the most common in the area. In contrast
A- Junciformis and U. smplectens were far less common, while E. curvula
accounted for less than 2% of overall cover. This suggests, therefore,
that suitable nest-asites may have been in short supply at the Dargle
grassland, and possibly represented a limiting resource in respect of

0. irroratus and R. pmilio.

The general activities of . pumilio were apparently uninfluenced by
cover availability within the ranges recorded In the present study
(section 3.3.3.1), although this species appears to require dense cover
under which to nest (above).

The preference of free-living P. natalensis for dense ground=cover
at the Dargle plantation (section 3.3.3.1) may have been the result of

som¢ restriction other than cover. Two possibilities supgest themealves,

namely that the spotted eagle owl Bubo africanus which was resident in the

piantation (section 3.2.1.1) removed animals which ventured from cover, or
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that Teeding opportunities were better in the grassy Verges than in the
plantation itself. The presence in the plantation proper of abundant
wattle Acacis msarnaii seeds, which wers utilized as food by F. natalenais
(¥illan Unpubl.), suggests that predation may have been the more imsportant
of these two factors, Moreover, P. patalensis is generally known not to
be restricted to demse vegetation (mection 3.1). HNeating under high cover
in the present captive study (section 3.3.3.2] doubtless reflects the habit
of free-living animals of nesting in burrows (section 1.2.6). The fact
that most fasces were deposited ln low-cover chambers was probably related
to nest sanitation (i.e. = tendency to defaecate Ln the cpen rather than

in the burrow; see section 4.3.1).

9.4.3. Food and water deprivation

Fourteen out of 18 E. pumilic survived five days of fasting (ssction
3.3.4.1), and this species i3 clearly better adapted to survive periods of
food shortage in the fleld than either of the other two. 0. irroratus
sppeared better adapted than P. natalensis in this reapect, although the
difference between numbera of animals surviving thres days of food

deprivation in the laboratory (respectively 12 and 8) wes not significant

(x" = 0.80; P>.08).

It was noted by Brooks (1974) that R. pusilic carries large reserves
of visible Tat, and in the present study this species consistently cerried
more fat than either of the other two (Pers. oba,|. Perrin {1881a) has
shown in a quantitative study that H. punillo contains more fat than
Y. irroratus. This difference was interpreted ms reflecting differences in
the Teeding habits of the two apecies, with 0. irroratus adapted to stahle

l'ood availability, and E. pumilic exploiting more nutriticus but epheseral
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foods (Perrin 19A1a). In addition, the present study suggests that stored
fat in R. pumilic may act as An energy reservolr pernitting survival of
prolonged periods of food shortage, as for example during enforced

emigration of mn extensive burn (below).

While s nusher of aignificant differenceas existed in mean proportion
of mass after three days of fasting (section 3.3.4.1), these were all
the result of the different tolerances of 0. irroratus males and females
(below]. However, values for the three specles were similar when data
for the two sexes of 0. irroratus were combined; this also sppliea to
mass recovery after fasting. R. pusilio would doubtless have regained
mass as rapidly as the other two species had it been food deprived for

only Thres dnys,

The greater tolerance to food deprivation of male 0. irroratus
relative to fesales (section 3.3.4.1) suggests higher survival of males
during food shortage in the field. The remson for this is not clear,
but probably relates to mass differences between the sexes. Prior to
food deprivation mean mess of male 0. irroratus (189.7g) was significantly
greater than that of Temales (141.2g) (tyq » 2.81; Pc.0l); thias difference
[34%) appraximated that recardsd in the field (Pers. oba.), and reflects
the wall davelopsd sexual dimorphism in thin spscies (section 1.2.3). A
lower surface/mass ratio would result in reduced energy (heat) loes
compared to conspecifics with a higher surface/mass ratio. Assuming
similar metabolic rates and energy expenditure on mctivity shile fasting,
differential heat loss prabably accounted for the observed differences in
survival of the two sexes of 0. irroratus. Sexual dimorphism is not
well developed in R. pumilio and P. pnatalensis (section 1.2.3), and there

were no intersexual differences in survival durlng food deprivation in
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thass gpecien.

The patterns of activity displayed by the three species in relation
to fasting (section 3.3.4.1) suggest that R. pumilio would increase and
P. natalensis would decresse locomotor activity in the event of suddenly
reduced food supply in the field, while 0. irroratus would saintain
activity levels similar to those preceding reduced availability of food.
Fire is the factor most likely to cause a sudden reduction in food supply
of free=living rodents in Southern Africa. In grassiand and sisilarly
combustible habitats fire may eliminate the food of 0. irroratus and other
Otomys spp. (Green & Taylor 1975; Swanepoel 1981; Bigalke & Willan In
press), as may otheér causes of vegetation removal (Creen & Taylor 1975).
In contrast, vegetation in mesic areas (such as slong water courses) is
less prone to burn than is more xeric vegetation, as defined in section
3.1, a fact previously noted by Vesey-Fitzgerald (1968), snd referred to
by Willan & Bigalke (In press). MHaturally, mesic habitats may burn from
time to time, but not with the same frequency as xeric ones, where fire
often occurs annually or blemnially (Phillips 1985). Many Southern African
animal species, including several rodents, have heen shown to be fire-ndapted,
in the sense that they benefit from or otherwise adjust to clrcumstances
brought about by fire (Bigalke & Willan In press). Such epeécies muy be

regarded as fire-adapted, even though the adjustment made may be to emigrate
from the burn.

Since the food supply of 0. irroratus may be eliminated by fire
{above), the failure of this species to increase its level of activity in
the experiment in question (section 3.3.4,1) suggests that it would be
unlikely to do so on a burn, and hepce that it is poorly fire-adapted.

This indicates that it e primarily adspted to mesic (leas combustible)
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habltats rather than to more xeric, combustible ones.

Fire probably reduces rather than eliminates the food aupply of
omnivorous rodents such as R. pumilio and P. natalensis (C.N.V. Lloyd
Pers. comm.). The activity responmes of these two specles to fasting
apparently reflect the wayw in which they cops with food shortage aiter
fire, R, pumilio by omigration, and P, natalensis by remaining on or near
the burn (Green & Taylor 1975; Christian 1077b; Moester et al 1979;
Mentis & Rows-Fowe 1979; Swanepoel 1981; Bigalke & Willan In press) .

P. natalennis would be expected to reduce locomotory energy expenditure
on the burn (section 3.3.4.1), thua sccosmodating for lower food
availsbility. Both the R. pumilioc and P, natalensis strategies outlined
above may be sesen as adeptations to relatively xeric, combustible

habitats (section 3.1).

An additional question in respect ol survival in relation to fire
of B. pumilio and P. natalenais (whose food supply may not be eliminated;
above)] relates to the possibility of increased predation resulting from
reduced vegetative cover. Differences between the patterns of diel
activity and neating habita of R. pumilio and P. natalensis (section 1.2.6)
may partially account for the different ways in which they respond to
fire (Bigalke & Willan In presal. Being lergely diurnal and generally
nesting on the surface, R. pumilico would be more vulnerable on a burn to
predation by diurnal raptors, which hunt by sight, than in aress of better
vegetative cover. In contrast, P. natalensis nestas In a burrow, which
would itself afford sume protection against predators, snd is nocturnal,
thus being vulnerable mainly to nocturnal predators such as owls. However,

Christian (1977b) noted that the owls Tyto alba and Bubo africanus were

absent from & burn, but hunted on a nearby unburmmt control. In the sbaence
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of evidence from areas other than that considered by Christien (i.e. &
desert grassland in Namibia), it can only tentatively be suggested that
levels of nocturnal predation, at least by owls, may in general be lowar

in burnt than in unburnt habitakta.

water consumption under condltiona of ad libitum food avallability
was lowest in 0. irroratus {section 3.3.4.1), presumably reflecting the
fact that part of its diet (carrot) contained approximately eight times
as much preformed water as did mouse cubes (section 3.3.4.2), on which
the other two species were fed. The water requirements of free-living
0. irroratus probably change with seasonal variation in leveln of hydration

of the plant material on which it leeda.

The significant difference in ad libitus water consusption af
R. pumilio and P. natalenais (section 3.3.4.1) may at least in part have
bean related to differences in levels of hydration of their food (mouse
cubes) during the day and night parts of the light cycle (section 3.2.2).
Mouse cubes contained 10.8% water durlng the light pericd when H. pumilie
was most active, and 14.8% during the dark when P. natalensis was active
{(Pars. oba.]). These activity patternm were similar to thoas of fres-living
gnimaly (section 1.2.6). Assuming the water content of dry seeda to wvary
according to temperature and relative humidity in the field, R. pumilio
would appear to obtain less water than P. natalensis from this food source.
However, B. pumilio probably consumes greater quantities of highly hydrated
foods than P. natalensis, namely invertebrates (Willan Unpubl.) and green
plant material (Kingdon 1974), although Perrin (1980a) has shown that at
lenat in the Fastern Cape R. pumilio im not primarily a herbivore, a=
reported by Kingdon {1874}, It im thus probable that free-living

R, pumilic require less drinking water than P. natalensis, not more as in
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the captive study [section 3.3.4.1).

In terms of Wright's {1976) hypotheais, water consumption during food
deprivation had been expectad to decline in 0. irroratus, and to rise in
fi. pumilio and P. patalensis (section 3.1). The fact that while fasting
both B. pumilio snd P. natalensis depreased drinking (mection 3.3.4.1)
suggests that these species are primarily mesophllous {(Wright 1976}, and
the occurrence of B. pumilio in the §.¥. Arid is probably explained by its
ability to efficiently utilize invertsbrate food (below). Taking into
account the large amount of preformed water obtained from its food by
0. irroratus (0.2lmi/g body mass/day; section 3.3.4.2), this species
depreased drinking while Tasting by a daily average of 18% of total
{preformed plus free) ad libitum water comnsusption, 0. irroratus may thus
alsoc be classified as mesophiloum (Wright 1976), which is in keeping with
ather information on the habitat preferences of this species (section
L1.2.5}). The amount of water obtained from mouse cubes by R. pumilic and
P. natalensis (approximately 0.02ml/p animal mass/day) was negligihle
relative to the large amounts obtained from carrot by 0. irroratus. The
small decline in total water consumption of fasting 0. irroratus was to

be expected In wiew of the highly hydrated nature of it= food.

The high tclerance of 0. irroratus to water deprivation (10 days
without mass loss on m diet which included carrot) waa expected in view
of the high proportion of water in its food (section 3.3.4.2). 1In
contrast, the patterns of gesgraphic distribution of R. pumilio and
V. natalensia (mection 1.2.4) had sugpested that their responses would
be the reveras (relative to cne another) of those cbserved (i.8. that
B, pumilic would perform better than P. natalensis). It is probable that
the difference in the ability of R, pumilic and P. natalensis to survive

without water {(respectively three and 10 days) is at least in part
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explained by differencen in the amount of free water avallable to the

two mpecien in their food (see above). In addition, evaporative water
loss in P. natalensis was probably lower than im R. pumilie, the difference
being explained by differences in the asbient temperatures and relative
humidities at which the two species were active (section 3.2.2). The
magrnitude of the difference in survival strongly impllesa that free-living
F. natalensis are phyniologically better squipped than R. pumilio to
talerats water shortnge (aee discusmion of Tactors apparently influencing

the geographic distribution of these two species, below).

The conclusion that f_". natalensis ia probably phyaiologically better
adapted to water stressa than is R. pumilio (sbove| waa reinforced by the
cesarved responses of the two species to water deprivation under haramh
epvironmental conditions (section 3.3.4.2). g natalensis elevated water
consumption by less than one-tenth of the average increase exhibited
by B. pumllico when environmental conditlons were made more extreme, and
while all P. natalensia survived 10 days without water, the k. pumilio
trials had to be terminated after two days to avoid further mortality
after six had died. P. natalensis performed more or less squally well
under standard and harsh conditions, preaumably because the environments
in the two mets of trials were the same during the dark periocd when this
spocies was active. R. pumilic performed significantly less well undse
harsh conditions than under standard, apparently reflecting the influence
af increased temperature, and of reduced relative bumidity mand water

content of mouse cubea (7%) during the light period, when moat BCctivity

occurred.

Male H. pumillo were lean tolerant of harah environmeantal conditiona
Lhan were 'emales (section 3.3.4.27]1. This wan not anticipated aince malen

used in the experiment were larger (X - 53.7g), and thus would have been
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axpected to better withstand the effects of dehydration thon females

(¥ = 46.8g). The explanation may partly lie in differences in behavicural
responses to deprivation of the two sexea. Activity in relation to water
deprivation was not quantitatively measured, but in all deprivation
oxperiments (sections 1.3.4.1, 3.4.4.2) male . pumilio tended to be more
active and apent more time attempting to escape from thelr cuages than did
remales. In activity/fasting trials (section 3.3,4.1] the difference was
not significant (tgq = 0,97; P>.06), but male activity was 7% higher than
in females. The difference was probably of similar magnitude during other
deprivation trials, and while this was apparently not critical during water
deprivation undar standard conditions it probably contributed to the lowar
aurvival of males under harah conditiona when evaporative water loss was
high. Coupled with this, captive R. pumilio males tended to accumulate
more vislble fat Ehan did femiles, and this say have contributed to thair
low survival rate under harsh conditlons. While oxidization of fat
provides more water (g) than the mass of fat metabolized, increased oxygen
requiresents may result in respiratory water loss in excesa of oxidative
gain (Schmldt-Nielsen 1965), and such loss increases with increasing
temperature (Ingram & Mount 1975). Hence, while it wam postulated (above)
that fat storage in B. pumilio may be an adaptation to proleonged murvival
without food, survival without water appears not to benefit from this

factor, at least for R. pumilio studied undar harsh environmental conditions

as dafined in this study.

{Perrin 1981b obsorved that free-living B. pumilio females are fatter
than males. Fat accumulation in captive males of this species wan probably
the result of lower activity levels than in the fisld, where energy

expenditure in reproductive sctivity is probably considerable; section
si‘IEIEI I‘
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The occurrence of R, pumilio in the 5.¥. Arid zone (section 1.2.4)
where water aveilability limits reproductive ability and population
density (Christian 1879a), may in part be explalned by the ability of thia
species to efficiently utilize insect food (e.g. to gain significant mass
during a three-day period on a diet comprising only flylng ants -
Magrotermes sp. primary reproductives; Willan Unpubl.). In the S.W. Arid
R. pumilio is probably largely dependent for food on seeds, which are
abundant and thus more readily available than insects (Maclean 1974).
However, apart from their nutritional importance to R. pumilio (Perrin
1980a) insects would be expected to provide much of the water required by
this specles, especlally in areas of transient availability of surface
water and highly hydrated plant saterial. An ability to cope in this way
with arid-zone water shortage is known in sany snimal species, including
birda (Maclean 1974) and small masmanls (e.g. Scheidt-Nislsen 1968),
Arid-mgone H. pumilio probably represent a race which differs physiologleally
from that occurring in wetter parts of its geographic range (D.P. Christian
In litt.). Furthermore, arid-gzone H. pusilic probably have lowsr water
requirements than shown by Natal midlands stock (section 3.3.4.2), and
poasibly & lower intake of insects than in wvetter areas such as the

Transvaal highveld (Brooks 1974) and Eastern Cape (Parrin 1980a).

The high tolerance to water deprivation exhibited by P. natalensin
{section 3.3.4.2] was not expected in view of its preclusion from the
drier parts of Southern Africa (section 1.2.4). However, thia apecien
lgst significant mass on a flying ant diet (Willan Unpubl.)., The
inability of this otherwise broad-niche species (Meester et al 1879) to
penetrate the 5.W. Arld may thus result from (ts apparently poor

utilization of inseckt Ffood.
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3.4.4, Conclusiona

3.4.4.1. Niche separstion as detzrmined by water

A summary of the differences between the responses of the three species
to the parameters investigated (section 3.3) is provided in Table 15,
which includes qualifications made of these results in sectlons 3.4l =
1.4.3. Efficiency of utilization of invertsbrate food by §. pumilic and
P. natalensis 1s included in this tsble for the reasons met out in mection

3.4.3.

In an attespt to quantify as far as possible the ecological
preferences and responses in relation to water of 0. irroratus, RH. pusilio
and P. natalensis, scores were allocated in respoct of sach parameter
which distinguish the level of mesic or zeric adaptation of each species
relative to the other two. Weighting was not emsployed, and although
consideration was given to sanipulating data in order to emphasize the
apparently greater importance of sose paransters than of others, this haa
been avolded becausne, in the present state of nowledgs of the escology
of the three species, decisions as %o relative importance would of necessity
have besn subjective, and hence poasibly misleading. However, in several
instances acores wers allocated on the balance of probability rather than
on purely smpirical evidence, but a brief explanation of every score is

provided, together with references to the text (Table 15). Scoresa were

nllocated am followm;

1 ¢ indicating m mesophilous tendency

0 : indicating neither a mesophilous nor a xerophi lous tendency
=1 ¢ Indieating a xerophilous tendancy



Table 15. Summary of ecological differences between Q. irroratus, RB. pumilic and P. natalensis in relation to water, and

quantitative comparison in terms of the parameters listed.

0: neither mesophilous nor xerophilous tendency;

Boores indieate the following:

=1: xerophilous tendency.

1: mesophilous tendency;

0. irroratus R. pumilio F. natalensis
PARAMETERS MEFERENCE
(section])
Explanation Lﬂ:nru Explanation Lcanr Explanation an—q
WATER 3.3.2
Distance from streas 3.3.2.1 |Negative correlation 1 Mo correlation 4] Hot present
{(Dargle grassland) {apparently related
to cover; section 3.4,1)
Standing water 3.3.2.1 Ko correlation o No correlation o Negative correlation
(Darvill) {but probably
determined by burrow
opportunities; section
3.4.i41
Substrate moisture 3.3.2.2 |Ory nest sites 0 | Dry nest sites 0 | Moist nest sites (but
{Laboratory) probably determined by
humidity; section 3.4.1)
Swimming ability 3.3.2.3 |Males worse than, and a Worst developed =1 Better than 0. irroratus

{Laboratory)

femalea similar to
F. natalensis

male=, and simllar to
females.

Continued overlesf




Table 15, Continued,
0. irrcratus H. pumilio P. natalensis
PARAMETERS REFERENCE
{meaction)
Explanation Explanation Score Explanation Score
COVER 3.3.3
Associntion with 3.3.3:.1 | Poaitive correlation Ko correlation g |Not presant -
cover (Dargle (apparently related to
grass | and) feeding opportunities;
section 3.4.2]
Colonization of 3.3.3.1 | Later then R. pumilio Sooner than 0. irroratus| -1 |Not present =
firebreax (Dargle g
grans land)
Arsociation with
ground cover
(Dargle plantation) 3.3.3.1 | Inadequate data Inadequate data - |Positive correlstion 0
[but probably
determined by
predation; section
J.4.2)
Food congumption 3.3.3.2 |More under cover Mo discrimination 0 |Mo discrimination o
(Laboratory)
Faoces deposition 3,3.3.2 |No discrimination No discrimination 0 |Less under cover (but o

(Laboratory)

probably determined
by sanitation; section
3.4.2)

Continued overleal



Table 15. Continued.
PARAMETERS NEFERENCE 5. irroratus f. pumilio P. natalensis
(section) L‘: "
Explanation ard Explanation Soore Explanation Scara
OEPRIVATION
{ Laboratory) 3.3.4
Survival of food 3.3.4,1 |Better than 0 | Best (five days) =1 | Worse than Q. irroratus| 1
deprivation P. natalensis
Mass loas during 3.3.a4.1 |S5imilar to other two D Similar to other two 0 | Similar to othar two o
food deprivation apeciea (section 3.4.3) species (section 3.4.3) species (section 3.4.3)
Yass recovery after 3.3.4.1 |Similar to other two 0 Similar to other Two 0 | Similer to ather two g
food deprivation species (mection 3.4.3) specles (section 3.4.3) species (msction 1.4.3)
Water consumption 3.3,4,] |Results biased by high - Probably lower than -1 | Probably higher than 1
(md libitum food) water content of food P. natalensis in the R. pumilic in the field
{section 3.4.3) field [section 3.4.3) (section 3.4.3)
Water consumption 3.3.4.1 |Depresssd, taking into 1 Depressed 1 | Depreased L
(focd deprived) account preformed water
obtained Trom [ood
{ssction 3.4.3)
Activity during 3.3.4.1 |Sinilar to normal level 1 Increaned (suggeats =1 | Decreased (suggents -1
food daprivation {sugpests lack of migration during food redured activity
adaptation to food shortage; section during food shortage;
shortage; section 3.4.3] 3.4.3) section 3.4.3)
Survival of water 3.3.4.2 |Results biased by high - | vorse than | Better than K. pumillo | -1

deprivation

wnter content of food
{section 3.4.3)

P. natalensis

Continued overleal




Table 15. Continued.
0. Llrroratus B._pumilio P. natalensis
HEFERENCE
PARAMETERS isection) L:
Explanation Score| Explanation ore Explanation Score
DEPRIVATION (Continued)
{ Laboratory)
Mans loss during 3.3.4.2 | Results blased by high -~ |Similar to P. natalensis| O |Similar to . pumilioc 0
water deprivation water content of food
isection 3.4.3)
Yiams recovery after 3.3.4.2 | Not temted - |less rapid than 1 [More rapid than =1
water deprivation P. natalenais H. pumilio
Food consusption 3.3.4.2 | Results biased by high - |dreater depresmion 1 |Lower depression than -1
(water deprived) water content of food than P. natalensis R. pumilio
(eection 3.4.3)
Responses to harsh 3.3.4.2 | Mot teated = | Worse performance than 1 |Better performance than | -1
environment P. natalensis R. pumilio
ADDITIONAL FACTOAS 3.4,3
Ucilization of 3.4.3 Doea not utilize - | Better utilization than | -1 |Woree utillization than L
invertabrate food invertebrate food P. natalensia than R, pumilio
{section 1.2.6) s
TOTAL BCORE T T ~L 0
—_— T e
MAXIMUM POSSTIBLE
POSITIVE SCORE L3 20 18
INDEX OF MESIC
ADAPTATION 5 . A6 - o 0P 0
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Scorea for each species were totalled and then divided by tha maximum
posaible poaitive score, thus providing indices of meaie adaptation whileh
represent the position of each species on a mesic/®erlec continuum,
arbitrarily defined as having & numérical range of 1 [100% mesophilous] ta
=1 {100% xercphilous) (Table 15). Clearly, ecalogical nichea cannot be
deaignated by isolated points on a continuum, since this takes no account
af niche breadth or of intraspecific variation or individual adaptabllity.
The indicea ascribed to the three species are thus taken toc represent mean
valuss (for Natal sidlands populstions), around which there are at present
unknown ranges of séological tolerance which permit occupation of marginal

habitats.

Matribution of the scores allocated to the three species (Table 15)
wam not algnificantly different H-IE = 4.23; P>.05), although the 0. irroratus
and A. pumilio meores did differ significantly (U = 81.5; P<.05). There
were no significant differences in the other possible comparisons {i.e.
. irroratus ve. P. natalensis;: U « 78.0; P>.05; B. lio vs.
P. natalensis : U = 173.5; P>.05). This analysis permits the following

conclusiona in terms of the paraseters measured [Table 15):

0. irroratus is spparently mare nearly mesophilous than either

H. pumilio or P. natalensis, both of which displayed adaptations which
placed them approximately midway on the mesic/xeric continuum

described above. This sisiiarity was not expected (section 3.1), and
isplies support for D.P. Christian‘'s (In litt.) suggestion that

savanna and arid-gone R. pumilio represent different physiological

races (section 3.4.3). However, the Importance of efficient utilization
of invertebrate food hy A. pumilio (where only -1 was scored) was

probably underentimated relative to the tolerance of P. natalensis io



=111-

water deprivation (where o total of -4 was scored}. Manipulations of
dats to compensate for this probable discrepancy would be out of
place on the basls of information at present availsble. In any
avent, Perrin'a (1981b} description of H. pumilic as having a xeric
tendency and P. natalenais only s xeric tolerance, with O. irraratus

meaically adapted, appears to have been supported without weighting

of BCOrEes.

1,4,4,2, Ppeferred habitats and habitat stability

As pointed out in section 3.1, it is difficult to distinguish between
the nebitat preferences of species such as 0. irraratus, K. pumilic and
P. natalensis, since they are so frequently sympatric (mection 1.2.5).
This difficulty is added to by the wide environmental tolerances of the
three species (section 1.2.5), especially when their entire geographic
ranges are considered (section 1.7.4). However, it is apparent from the
conelusions reached in section 3.4.4.1 that st least In the Natal midlands
the habitat preferences of 0, irroratua, R. punilic and P, natalensis

differ in terms of the quantity of water present in the snvironment.

As a major factor limiting primary productivity and length of the
growing season in Southern Africa (section 3.1) water, in determining
habitat preferences, presumably mainly acts indirectly by influencing
plant growth in space and time. This in turn would affect the abundance
and atability of the food supply of animals feeding at 81l trephic levels.
Furthermore, other critical resources such as drinking water, nest-aitea
{mainly for surface-neaters such as 0. irrorstus and B. pumilio, but also
apparently for the burrowing P. natalensis; section 3.4.1), and even

availability ol polential mates, which would themselves be adapted to select
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a particular type of habitat (Krebs 1978), would be influeanced by

wnter. Thus, in general, high and constant water supply would result in
high and stable resource availability. Happold {1973) reached similar
conclesions in respect of rescurce availabllity in the habitats occupled

by several speciea of conilurine rodents in Australla.

Taking into account the above general statement relating availability
of resources to water supply, it is possible to make certalin assumptions

regarding the preferred habitats of the three speciea.

The mesic habitats favoured by 0. irroratus would have higher and
more stable resource availability than the more xeric areas preferred by
fi. pumilio. Perrin (1980a) has previcusly shown that even in the Fish
River valley where rainfall ie lower (¥ = S07me p.a.) than in the Matal
midlands {section 3.2.1.1) and may be as low &s 222mm p.a., the lood
supply of . irroratus is more abundant and atable than that of R. pumilie.
A aescond important factor relating to the preferred environments of thess
two gpeciss la that, at least in the general area where the present atudy
was undertaken, the grassland habitats favoured by R. pumilio are extenaive,
while the mesic ones favoured by 0. Irroratus are fragquently no more than

2 few hectarss in siss.

Perrin's (1980b} paper on the breeding atrategles of 0. irroratus and
. pumilio Includes a table of templet characteristica (l.s. ecological
characteristics; Southwood 1977), in which the patch size (i{.s. areas of
favourable habitat; Southwood 1977) of the two species are described as
follows: 0. irroratus - large permanent grasslands, and R. pumilio -
small areas with temporary aggregations of insects or seeds. Theae

conclusions do not mgree with my own (above).
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In the Natal midlands Q. irroratus does occur in grasaland and is not
confined to mesic habitats, but at the Dargle prassiand study area this
spacies was most abundant in lush vegetation associated with a perennial
water supply (section 3.3.2.1). This type of distribution has been
coenfirmed by observation and trapping at numerous sites in Natal and
eloewhere (Pers. oba.), as well as in 5.W. Cape montane fynboa (Willan &
Bigalke In press) and the Transvaal highveld (Davis 1973). The implication
is that the study area selectad by Perrin (1980a, b, ¢, 1981b) may have
been marginal for 0. irreratus, and that the attributes of the Fish River
valley population described by this author may not be reprementative of

tha species in Soethern Africa.

The description of the patch size of R. pumilio as small (above) is
probably not generally applicable, inasmuch as the term implies & smaller
range of local movement in this species than in 0. irroratus. There is
ne published Information which would allow direct comparisen of spatial
patterns of habitat utilizaticn in R. pumilic with those of 0. irroratus,
and data obtained in the present study were unsuitable for this type of
analysis. However, information obtained in §.¥. Cape montane Tynbos during
a single four—day CMR trapping seselon (December 1979) on a 100-station
grid with 15m between atations (Willan Unpubl.), and uslng technigues
which were equally suitable for both species (Willan In prep.) Buggents
that the movements of 0. irroratus tend to be more reatricted than those
of f. punilio. Calculations were made of Av.D (i.e. the mean average
distance between successive captures of individual animals; Brant 1962)
for the 18 0. irroratus and six R. pumilio trapped more than once (out of
40 adult 0. irroratus and 23 adult R. pumilio known to be on the grid),
thus providing data suitable for Inclusion in the caloulations (Brant
1962). Av.D for R. pumilio [nine suitable capturen) was 27.5m and for

9. irroratus (28 suitable captures) 15.5s. This difference in nignificant
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{tyg = 2.87; Pe.01), and although the sample was small, shows that at
leagt in the habitat and at the time in guestion the movements of

R. pumilio were almost twice as extensive ag these of 0. irroratus. In
addition, six 0. irroratus but no R. punilic were captured more than once
at the game stations. This suggests that while 0. irroratus was able to

find sufficient food in a restricted area, aggrepations of food for

R. pumilio {Perrin 1980b)} did not exist.

The danger of extrapolating from the above conclusions to Natal
midlands habitats and populations ia fully sppreciated. However, fynbos
ia known for its high floristic diversity (Acocks 1953}, and local
apgragations of food {e.g. Protea seeds) suitable for omplvorous rodents
such as A. pumilio {above) would be more llkely to ocour in thiz type of
vegetation than In areas such as the Natal midlands where floristic
diveraglty is lower [(gection 3.2.1.1), with food [e.g. grass seeds) more
continuously distributed through the habitat. Hence, it is probably safe
to conclude that at least ln the Natal midlands, food and other resources
esgential to survival and reproduction ere more widely dispersed in the

case of R. pumilio than in 0. irraratus.

If judged only on the basis of the influence of water supply apd its
correlates, P. natalensis would be expected to have lesser gquantities of
essential resources available to it than 0. irroratus and greater
quantities than R. pumilic. However, P. natalensis, in addition to its
habitat preferences as determined by water, is adapted to disturbed (i.e.
disrupted, degraded) environments (De Wit 1972; Kingdon 14974; Meester et
il 1978). In the present study this species occcurred in two disturbed
habitats (Dargle plantation and Darvill) but not in the relatively

undisturbed Dargle grassland arca or elsewhere in the vicinity (section

100 R ) 1Y
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Three important features of disturbed habitats may be seen as
influencing the availability of rescurces in reapect of the ploneer
F. natalensis. First, disturbed habitats appear to provide this
ppecies with abundant resources, as indicated by increases in population
density after fire (section 3.1}, by the higher densities recorded in
wead=-dominated than in climax vepetation (De Wikt 1972}, by the higher
depsitles ip cultivated than In undisturbed areas (Coetzee 1875), and by
its tepdency toward commensalism (section 1.2.5). BSecond, as successicn
proceeds from a disturbed toward a climax situation, P. natalensis is
replaced by more specialized rodents such as 0. irroratus and H. pumilio
(Meester et al 1979). Hence, the preferred habitats of P. natalensis
appear markedly ephemeral in the medium or long term (see section 3.1), thus
differing from these of R. pumllic which are seascnally ephemeral (Perrin
1980a}. Third, while extensive areas of habitat in Scuthern Africa may
be regarded as disturbed at present, this has clearly not always been the
case. In this respect Meester et al (1979) have sugpested that
F. natalensis will become increasingly abundant as a result of increasing
human disturbance of the environment. In the evolutionary history of
this specles, preferred (disturbed) hebitats were no doubt less common in
space and time than at present, resulting from natursl perturbations of

the environment and the limited mctivities af pre-historic man.

In summary, the following generalizations may be made in respect of

the preferred habitats of the three species, at least in the Natal

midianda:

0. irroratus. Mesic areas with good vegetative cover; resource
availability is wvariable ip space (i.e. gmall areas of aptimum

habitat), but within these areas is high and stable in time,
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H. pumilio. Drier areas with less dense vegetation, and with
regource availability less variable in space (1.2, large areas of
optimum habitat), but less stable in time (i.2. seasonally ephemeral)

than in the mesic habitats favoured by 0. lrroratus.

P. natalensis. Disturbed habitats;] availability of such habitats,
and hence of rosources, iz highly variable in space (i.e, resulting
Trom possibly localiged chance disturbance of the environment) and

time (i.e. dependent on the rate of ecological succession).
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4, SOCIAL REHAVIGUR
A. 0.  Inkredection

Socjal behaviour may be regarded as behaviour to do with more than
ane individual (Tirbergen 1953; Dawis 1572; Happold 1973, 1976), behaviour
which influences or potentially influences another animal (Thompson 1968},
behaviour which functions principally to influence a conspecific (Ewer
1068), or, in addition, is influenced by a conapecific (Barnett 1963},
and behaviour related to the natural group (Crook 1970) and group cchesion

{Barncit 1963).

In this work I regard sccial behaviour as aubordinate to social
organization and ultimately to socla-ecological nicha. Conseguently, 1t
is treated at the level of functional units (Huxley 1966; Eisenberg 1867)
rather than discrete elements (Einanberg 1867; Eibl-Elbesfeldt 1975), and
movements are not described eucept where they appear to bear directly on
mocial function or where description elucidates important interspecific
differences. Soclograma (Wilson 1975) are species-specific and the units
constltuting them are analogous rather than homologous (Eisenberg 1967;
Happold 1973, 1976). However, it is convenient to refer the social
repartolres 4 the three species to & standardized nomenclature, aa Tar aa
poasible after that of Eisenberg (1967). Similerly, Tunctional units are

placed in logical order, although behavioural sequences in rodents are

flexible, and much individunl varlation exista.

The behavioural study was undertaken to provide a standardized account
of the mocial inventories of the three species, which would serve A8 &

basin for analysis of their secial systems, Analysis of social arganizstion
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was not possible from the available information on O, irroratus (Davis 1972,
1973}, R. pumilic (Choate 1972; Brooks 1974; Marais 1974; Johnson 1980} and
P. natalensis {Veenstra 1958; Choate 1972; Cilliera 1972; Coetzee 1975},
gince a varliety of obsepvational and descripbive methode were employed.
However, behavioural development from birth o séxual maturity, and
parent/young relations, have been adequately described Ln terms of the

Willioms & Scott (1953) definitions: 0. irroratus (Davis 1972, 1973},

H. pumilio (Meester & Halleott 1870; Choate 1971; Hrooks 1974) and

P. natalensis [Heester 1960; Meester & Hallett 1970; Baker & Measter 1977).
In view of this coverage, and because sociograms largely refer to adult
behaviour (Eisenberg 1962, 1967; Happold 1973, 1976), the animals used
were all of adult weight, although half of them were not in reproductive

condition.

4.2, Methods

Caging and maintenance are described in section 2.4.1, and the
observation room and cages in section 2.4.2. Social behaviour of 4-6 dyads
of each of 10 combinations of sexually mature and immature animals of both
sexes (sectlon 2.2) was studied on a more or less ad libitum basls
(section 2.3.2) for a total of approximately 400h/specie=. Records were
kept of behavioural postures and sequences, and of potentially social acts,
namely sound production within the range of human hearing, and marking
behaviour. No histelogical or biochemical techniques were employed to

ascertain the communicatory significance of movements apparently representing

marking behuviowr,

Five broad categories of social behavicur were distinguished and

defined as follows:
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COMMUNICATION. Hendering of information and perception of the social
environment; including potentizl stisuli such as scent marks and
incidental mctivity mounds made in a non-sociel context {Happold 1973,

1976).

INITIAL COMTACT BEHAVIOUR. Inveatigatory; generally lacking overtly

attracting or repelling elemants.

AGOKISTIC BEHAVIOUR. Repelling; comprising aggressive or defensive

elements; tending to keep animals apart (Happold 1973, 1976).

AMTCABLE BEHAVIOUR. Attracting; promotion of social contact; tending

to keep animals together (Hsppold 1973, 1976).

SEXUAL BEAAVIOUR. Courtahip and mating.

When difficulty was experienced in separating behaviour patterns, theay
were classified sccording to apparent intent and to the result of contact
when established {(Delgado 1966). To eliminate conaiderations of social
hierarchy (which is dealt with in section 5) from behavioural descriptions,
the terms "aggressive™ ("aggressor”) snd "non-aggressive (“non-aggressor™)

are ussd in preference to "dominant” and "subordinates™ (Happold 1973, 1978).

4.3. Results

4.3.1. Communication

Responses to activity sounds in all three specles were more evident

in non-aggressive than aggressive animals, the tendency being to freeze or’

flee. R. pumilioc most frequently regorted to flight in these circumatances,
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and P. natalensis least frequently.

The units of auditory communication which occurred during social
interaction are limted in Teble 16, together with the circumstances in
which they were usually produced, and the responses they eliclited.

0. irroratus was consistently most vocal, and the sounds it produces are
sufficlently loud to be heard at considerable distances in the field

{Davis 1973). Tall-gquivering occurred as part of the agonistic repertoires
of all three species {section 4,3.3) but only in 0. irroratus was contact
betwean the tail and the substrate so violent as to be sudible.
Tail-quivering is known to provide auditory as well a8 visual cues in some
rodents (Clark & Schein 1966; Ewer 1968), and may be well developed in
specien which rarely engage in hiting attack (Ewer 1968). Specles in which
toath-chattering occurs, such as K. pumilio. may be more prone to bite
conspecifics (Ewer 1068). Sounds produced by P. natalensis are mostly in
the ultrasonic (i.e. >10kHz) range (D.H. Gordon Perm. comm.), and
ultrasounds have been detected in R. pumilio in association with three
catogories of agonistic behaviour (analogous to aggressive approach, flight
and submission, aa defined In this study; section 4.3.3] but were not
associated with courtship and mating in this species (Johnson 1980). Sound
production in 0. irroratus may be concentrated at lower freguencies,

Judging by the apparent social significance (Table 16) of vocallzations

audible to humans (i.e. < LOWHz).

Movements which were interpreted as marking behaviour were infrequently
obaorved [(Table 17), and intpudera showed no more interest in sites where
nieont marks had apparently been depomited than, for exasple, in places
where another animal had rested. However, It is likely that in spite of
regular washing of cages and replacement of furnishings, residual odour of

previous inhabltants wos present, thus moderating the communlcatory valus



Table 16. Auditory comsunicatlon in Q. irroratus, E. pumilio and P. natalensis.
'sw::: FUNCTIDONAL UNITS DETAILS OF OCCURRENCE TYPICAL RESPONSE

“Chitting” by a non-aggressor normally

LOuUD “cHIT Extenaively used by both animals in agonistic situations,
{Davis 19731) increaning in frequency and intensity with decreasing checked advance or caused withdrawal of
o distance between them; normally accompanied by an BN AgEressor.
; upright posture.
M ALARM SQUEAL Insusd by & non-aggressor under threat of attack by an Almost invariably preventsd attack by an
¥ (Davis 1873) nggreafor, Aggressor.
5
TAIL-QUIVER Umed by & highly aggressive animal in an agonistic Variahle (see section 4.3.3]).
mituation.
R
" SQUEAK Rarely emitted by a non-aggressor during flight from an Unknown.
; aggreancr; Marais (1974) notes that males agueak while
D pursuing cestrus femalss.
2 TOOTH-CHATTER | Rarely umed by a non-sggresscr during defensive threat Unknown .
v {asction 4.3.3).
5
P
" MUTED SQUEAK Occasionally emitted by 2 non-aggressor in an agonistic Urknown.
A altuation, vsually prior to Flight or subsission
3] {nection 4.3.3).
M
¥ MUTED “CMEEP" | FProduced by a non-receptive female during male sexual Unknown.
8

advanten .




Tahle 17, Olfactory comsunication in 0. irroratus, R. pumilio and

E‘ natalensis,

LFEEIES

FOMCTIOMAL UNITS

DETAILS 0OF NCCURRENCE

0= X3 =5

CHEEK-RUB

NASO=-ANAL CONTACT

PERINEAL DRAG

lﬂaraly ocbegerved rubbing of the side of the
face against a prominent object (e.g. a
feeding dish}.

IRelatively rare.

Common in aggressive animals, normally in an
upright posture; & rare guadrupedal
variation was performed by males which
rapldly raised and lowered the posterior
|part of the body several times, forcibly
applying the scrotum to the substrate.

L= EOO®DE>TD

CHIN-RUB

MASD=ANAL CONTACT

PERINEAL CRAG

Occasionally cbserved chinning (Ewer 1968)
of small ebjscts such as pebbles.

Relatively rare.

Common in aggressive animals, particularly
fmales; In an upright or semi-upright
posture; previougly identified in
aggressive R, pumilio (Maraeis 1974), and in
sexually aroused males (Choate 1972:

Brooks 1974,

00 = 3 )t

CHIN-RUB
CHEEK-RUB
HECK-RURB

MASO=ANAL CONTACT

GENITAL PRESENTATION

PERTNEAL DHAG

Movements which eccurred with greater
frequency than their analogues in

0. irroratus and R. pumilio, but still
relatively uncommon; prominent objects such
85 feeding dishes and branches were marked.

Relatively common in intra- and intersexual
dyads, with mutual sniffing of the
anc-genital region.

Observed in male/female dyads, with either
animal turning to present the posterior to
be sniffed; this was a typical unit of the

F. natalensis sexual repertoire (section
4.3.5}).

Common in aggressors, usually in an upright
posture.
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of more recent marks. In addition to the movements listed in Table 17,
Davis {1972) described 0. irroratus as rubbing the base of the tail against
the cage wall, and suggested that the sovement had & sarking function, bat
this was not observed in the present study. In all thres species, spgreasive
animals in agoniatic situntions consimtontly applied the perineal region,

or in males the enlarged scrotum;, to the subatrate. Although this

behaviour was nover cbasrved am a dlserete unit, Bubt in conjunction with
other unita, usually upright or seml-upright, it appeared to represent a
perineal drag, ms occcurs in many other rodenta {Eisenberg 1962, 1967;

Ewer 1968 Mappold 1973, 1978).

0. Irrératus frequently urinated at regular sitea, which suppests
marking (Davis 1972), and defaecated more or less at random, but H. pumilio
often performed the two functions at specific points, aend both may serve as
marks (Marais 1974). Johnson {1980} notes that during perineal drag
H. pusilio deponita droplets of urine on the substrate, which suggests an
immediate tranafer of information rather than sarking (see section 4.4.1).
P. natalensis did not use specific points for defascation or urination, and
ls krown to resove faeces from nest-boxes and dispose of them (Cilliers
1972}, while Taecal pelleta are rarely found in their burrows (Schults
1951, in Veenmtra 1058). Wone of the speciea displayed preat intersst

in conspeciflc fasces or urine, possibly also because of residual odour.

Visual comeunication, implied by postural changes and adjustments to
the disposition of various external organs; occurred Ln all three speciea.
These aignals are summarized In Table 18, but their functiona are expandad
upan Lo sectionm £.3.2-4.3.5. Although movementa of the foré-paws were
used by all thrée speciea to physically ward off adversariea, hence

providing tactile cues (below), the paws often did not come inte contact




Table 18. Visual communication in 0. irroratus, R. pumilio and P. natalensis: movements associated with aggressive (A) and

defensive agonism (D) and mamicable interaction.

indistinguishable from that in solitary animals.

N repreasnta "normal®, and infers posture or organ disposition to be

GROSE SIGNALS SUBTLE SIGHNALS
BEHAVIOURAL
SPECIES | crate
Body Fore-paws Tail Eyes Ear pinnas Face Pelage
A
G A |Upright ¥igorous Stiff or N N or slightiy | Mot averted [N or slight
0 warding violently forward pilo-arection
N quivered
0 1
T E
. X
; I D |Upright Vigorous N N or N or alightly | Mot averted N
v c warding narrowed flattened
5
ARTCABLE Pusdrupedsl N " N ] Seldom L]
averted
A
2 G A |Quadrupednl Warding 8tiff or Dilated N or forward Kot averted |Extrems
N S or upright quivared {extroms) pile-srection
A I
B 5
D T D Buadrupedal Fesble N Karrowed Flattened Blight |
) 1 or upright warding or closed version
M c
¥
g AMICABLE |Quadrupedal or M N Narrowsd N ar Extrems ]
semi-upright or closed flattened averaion

Continuad averleafl




Table 18. Continued.
o OROS5 SIGHNALS SUHTLE STGNALS
BEHAVIODURAL
SPECIES STATR
Body Fore-paws Tail Eyes Ear pinnas Face Felage
)
g A Quadrupedal Warding Stiff or ] Variable Slight N or alight
N or upright quiveread aversian pilo-erectian
e T
” 8
" T
0 1 D |Quadrupedal Feebla N N or Variable Slight N
M e or upright warding narrowad avarsion
Y
8
AMICABLE |Quadrupsdsal or N N N or Varisble Extreme L
semi-upright narcowed averaion
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with the othar animal, so that sarding movements must be regarded as alwso
providing visual information. Visual signals appeared to fall into two
categoriea, those involving large-scalé or gross changes in body poaturs

and wigorous movements of the fors—pasws and tail, and those that wera mora
subtle, namely changes in the disposition of the eyes, ear pinnae, face

iand paloge (Table 18). Although most of the recognizable units were present
in all three species, P. natalensis appeared in general not to emphasize
visual signalling, while 0. irroratus and BR. pumilio did so, but in different
ways. H. pumilio displayed extreme lability of the syes, esrs and pelage,
and of the position of the face, while in 0. irroratus signals in the

other (gross signals) category were well developed. In addition to drawing
the body upright and fore-paw and tail sovements, aggressive 0. irroratus
alno employed a lateral display (a slight turning to one side during
advance; Davis 1972), a probable adaptation to enhance the apparent size

of the animal. Ear sovements in P. natalensis were so variable that their
function in comsunication was difficult to assess, and unlike E. pumilio,

and to some extent 0. irroratus, it was ispossible to use the position of

the pinnas as an indicator of behaviocural state.

An estimate of species-apecific emphasin of suditory, olfactory and
visual communication was obtained by scoring the recognizable units on the
basis of relative development in the three species (Table 19). Auditory
communication is included in this analysis although the auditery repertolres
of the three species are certainly more complex than suggested by the
number of unita identified here (wee above). Scores of thres, two and ape
were respectively allocated to highly, moderately and poorly developed
unites, and no score was given whers units were entirely abment. The
distributions of these scores between the three apecles were compared for

each category using Kruskasl-Wallis one-way AOV by ranks (mection 2.5)



Table 19.
0. irroratus, R. pusilio and F. natalensis.

2 = moderntely developed; 1 = poorly developed.

Emphasia of auditory, olfactory ond visunl communication in
Scoring: 3 = well developed

-
L ]

FURCTTONAL UNITS

E

B. pumilio

P. natalensis

L - - = T R I = B -

Il-l:utl "chit®

Alarms sgueal
Squeak

Muted squeak
Muted “chasp"
Tall-quiver
Tooth-chatter

TOTAL SCORE

o
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Cheek-rub
Chin=rub
Reck-rub

conitact
Genital presentation
Parineal drag

TOTAL BCORE
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15

- > S 0 = o=

Body upright
arding
Faoe aversion
Eye disposition
pinna disposition
Tail disposition
Filo-erection

Lateral display

TOTAL SCORE
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This test gives some welght to zero scores (Table 19) so that the values

of H (below) represent the minimum probabilities of statistical
aignificance. The distributions were algnificantly different in the case
of oclfactory communication, where P. natalenais acored most highly

(Hy = 6,415 P<,06}, but were not significantly differesnt in sither the
auditory (Ha = 0.94; P».05) or visual (Hy = 3,12; P»>.05) categories.
However, a number of pussrical if not mtatimtical differences were present
in the auditory and visual distrlbutions. On Che basis of these scores,

0. lrroratus appeared to utilize auditory signalling to a far greater
extent than either H. pumilio or P. natalensis, and P. natalensis to utilize

visunl communication to a far lesser extent than either 0. irroratus or

H. pumilio.

The role of tactile communication ls difficult to asseas, but such
activities as allogrooming, huddling, and reating ln contact in or out of
a nest-box (section 4.3.4) say be assused to strengthen sccial ties.
Hi"-pl‘t-:iunlnthlli of all three apeciea engaged in this contact-promoting
behaviour, but allogrooming wam moat typlcal of P. natalensis, Similarly,
in agonistic situations all three species warded off opponents with the
fore-paws (section 4.3,3). This activity preaumably transmits information
regarding relative strength and aggression, particularly in 0. irroratus
where the mavements are highly co-ordinated and exert considerable force.
The robust courtshlp behaviour of male ". ilio, in which unreceptive
females were persistently jostled and mounted, may provide tactile stimuli

which are partially responsible for rapld onset of oeatrus in this species

{mreckion 4.3.5),

4.3.2. Initial contact behaviour

Initial contact was naso-nasal in all three species and followed slow
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elongats approach with the body low and the tall held stiffly clear of

the substrate. 0. irroratus displayed potential agonism during spproach,
which tended to be hesitant and in & poature indistinguishable from
aggressive approach (section 4.3.3). Ons of the animals would often break
off to avoid the other before contact was made, while in some cases
sgonistic ssquences were entered Into prior to inveastigatory contact. In
contrast, approach in F. natalensis was more direct and sssentially amicable,
and although some particularly aggressive animals reacted aponistically,
most dyads followed naso-nasal contact by mutual sniffing of the face and
neck, and in many cases the ano-genital region. Approach in R. pumilio
was similarly direct, but was neither overtly aggressive nor smicable, mnd
the posture was interpreted as being neutral. Contact between male

R. pumilio was at times immediately followed by agonistic sequences, and
in intersexual dyads male amicability or sexual intereat was commanly

responded to by low intensity aggression by the female,

4,3.3. Agonistic behaviour

Sixteen functional units of agonistic behaviocur were identified. The
names of these behaviour patterns are largely self-explanatory, and In
general only details of their cecurrence are given (Table 20). In this
table units have been paired where sapression of one was apocifically
dependent on that of another (viz. flight and chasing; attack and fighting;
nest attack/defence; nest-guarding/restriction). In addition, the units
have been scored as in the cosmunication analysis (section 4.3.1), on the
basia of relative development In the three species (Table 21}.

Predictably, all three gpecies displayed a caste-apecific Eradation

in potential aggression as follows: scrotal male » perforate female »non-scrotal



Table 20. Agonistic behaviour in 0. irroratus, R. pumilio and P. natalensis. Sysbols following the names of the functional
unita indicate whether the behaviour was used by an aggressor (A) or a non-aggressor (M),

FUNCTIONAL
UNITS

COMMOM TO ALL SPECIES

0. irroratus

R. pumilio

f_. natalensis

AVOTDANCE
{N)

Remaining in nest=box or
hiding at ground level.

Hiding arboreally ar
attempting to escape from
CRge.

MUTLIAL
AVOIDANCE
(A & N)

Both animals avoiding clome
Bpproach.

In direct confliet
situationa both animals
breaking off and moving
away Trom one anaother.

AGGRESSIVE
APPROACH (A)

Slow approach, with tail
clear of substrate, eithar
stiffly held or quivering.

Body low and elongate, with
ears slightly forward and

pilo-erection restricted to|

neck or abament; tail
sometimes guivering on
substrate, throwing soll
about; occasional lateral
display during advance;
seldom resulting in attack
on non—-aggresanr.

Hunched posture with
perineal drag, eyes
dilated, ears Torward, and
extreme pilo-erection;
agpressors often attacking
non-aggressors if they did
not flee; perineal drag
previously reported in
aggresaive A. pumilio
{Marais 1974), and as
"magturbatory sorotum
dragging” in malea (Choate
1972).

Body low and elongats,
with pilo-erection
regtrictad to neck or
absent; rarely followed by
attack on non-aggressor.

FLIGHT AND

(A & M)

Usually following
aggresaive approach, with
aggressor attespting to
bite tail or rump of
fleeing non-aggressor.

Flight usually direct to
nest=box; followed by nest
attack/defence sequences;
encapeo—leaping rare.

Flight rarsely to nest-box;
flight/chaning asquences
often protracted, with
non-aggressor
ésgape=leaping whan
eornered; at timea
resulting in locked

fighting.

Flight often direct to
neat-bax, but sustained
running abaut the cage,
with [requent
egcape=loaplng not
unumual; locked fighting
cccanlonal Ly resulting.




Table 20. Continued,
FUNCTIONAL
UNTTS COMMON TO ALL SPECIES 0. irroratus R. pumilio P, natalenain
DEFENSIVE Warding with fore-paws. Upright posture accompanied |Upright posture, but seldom |Semi-upright posture,
THREAT (N) by vigorous warding and utilized; feeble warding with feeble warding and
loud "chits"; defensive accompanied by muted squeaking; readily
threat highly aggressive, |tooth-chattering, with sars |transmuted into
and almost invariably flattened and eyes narrowed |submission, uwsually
preventing attack by or clossd; rarely preventing|preventing attack by
BEETESSOr. attack by sggressor, Bggressor.
UPRIGHT Upright posturs, including [Well developed, even in bouts, transitional|Warding accompanied by
SPARRING warding; injury rare and greatly outweighed between aggressive approach |head-weaving, with sach
(A & N} asuperficial. non-aggressors; accompanied|and flight/chasing or attempting to get under

by loud “echits" and
vigorous warding; agoressor

leaning forward to lunge at |both attempting to bhite;

and jostle non-aggressor;
non=-aggressor more upright
or leaning backward; may
eatabl ish relative
dominance (Davis 1972}).

fighting; usually betwesn
well matched animsls, with

tarmed "boxing" by Marais
{1a74).

the other's guard; biting
uvnusual ; normally in a
well matched dyad, with
less forceful animal
{non-aggressor)
eventually omitting head
and fore-paw movemsnts,
and submitting to being

groosed .

Continued overleaf




Table 20. Continued.
onzrs | COMMON TO AL SPECIES 0. irroratus R. punilio P. natalensis
SUBMISSION Almost inwvariably following|Norsally in response to Ugually following upright
(w) upright sparring, with amicable approach by former [sparring; semi-upright or
non-aggressor felling onto |aggressor; quadrupedal quadrupedal posture, with
its side with body twisted |posture, with sars ayves sometimes narrowead
and arched, its hind feat flattened, eyes narrowed or land face almost invariably
remaining in contact with closed, and face averted to|averted to permit sniffing
the substrate, while it permit head and neck to be [and grooming; submissives
continues to face the sniffed; slight rarely attacked.
agpresaor; accompanied by |pilo-erection in some cases]
vigorous warding and loud |submissive behaviour
alarm squealing; ineffective in preventing
non—-aggressors maintain & |attack following aggressive
high lewvel of sgpression, approach; recorded as being
even if greatly outweipghed;|s rare behaviour (Johnson
submissive non-apggressors | 1980]).
rarely attacked.
ATTACK AND | Generally uncemmon, and Generally in an angled Head to tail pomition most [Head to tail pesition
FIGHTING gserious injury rare in head to head position, usual, following aggressor [usual (explanation as for
(A & N) observation cages following non-aggressor biting tail or rump of [R. pumilio)}; most bites in

{(0.72m" ).

turning to face aggressor
when cornered; damaging
fights uaual between
animals {even males and
Temales] housed together
in holding cages
(0.125m" ).

fleeing non-aggressocr and
*hanging-on®™ (Marais 1974);
animals locking together
following non-agpresgor
turning to defend itselfl;
fighting uncommon in
holding cages.

. natalensis inflicted
ateriorly (Cilliers
1972); Tighting rare in

clding cages.

Continved owverleaf



ml. E‘ﬂ- h‘ltim.lldn
FIINCTIONAL
UNITS COMMON TO ALL SPECIES 0. irroratus R. pumilio P. natalensis
NEST ATTACK/ |Aggressor sttempting to Well developed nest attack |Well developed nest attack | Mest attmck and defence
m enter nest-box occupled behaviour, including involving aggressor moving | similar to 0. irroratus,
and defended by vigorous attempta to enter |rapidly about nest-box but aggressive
non-aggreasor. nest-box or dig out entrance and suddenly F. natalensis less

scoupant; neat defence rushing past non-aggreasor | forceful , with no attespts
equally well developsd, into box; in spite of to dig out non-aggressor;
with non-aggressor warding | non-aggressor attampting vocalization limited to
aff intruder with to bite, aggressor rarely |msuted squeaking by
fore-pawn; accompanied by prevented Trom entering; non-aggreancr; aggressor
both animsals “chitting® sequences usually brisf; saldom able to entar.
lowdly: sequances often cccupant usually driven
prolonged; aggressor from box and pursued.
rarely able to enter.

NEST - Guarding behaviour of These units lacking from |Nest guarding/restriction

GUARD aggressor lying 30-50cm R. pumilio agonistic saquences functionally

RESTRICTION from occupied neat-box and | inventory; nest-box indistinguishable from

(A & N} occcaslonally "chitting” or |utilization frequently 0. irroratus but

going up to Investigate
entrance, cosmonly
reatricts non-aggreasar to
neat for several hours at
a time.

avoided by non-aggresscor
{also noted by Marais

1674) .

aggreseive E.- nataleanain
less overtly agoniatic,
lying approximataly 10cm
fram entrance and

sllently going up to anifl
it every few minuten)
maximum obperved
restriction af
non=-agEressor to neat=box
was 32 minutes.

Contineed overleafl




Table 20. Continued.

ponture with head lowered,
fur erect, sars Tlattened
and eyes narrowed or
closed; similar to Rattus
(Stainiger 1950].

FUNCTIONAL
UNTTE COMMON 70 ALL SPECTES 0. irroratus H. pumilio E. natalennis
FOOD THEFT Oecasional sarties by
(A) nept-regtrlcted
non-aggressors to drag food
{e.g. carrot) into nest
often thwarted by aggressor
reaching 1t first and
dragging Lt away.
:ﬂﬂ::’:::“ Sitting in hunched




Table 21. Emphasis of wnits of agonistic behaviour in 0. irroratus,
R. pumilio and P. natalensis. Scoring:
moderately developed; 1 = poorly devaloped.

3 = wall developed; 2 =

FUNCTIONAL UNITS 0. Lrroratus B. pumilio P. natalensis
Avoldance 1 3 1
"Defeat”™ posture 3
Mutual avoldance 3 2 1
AgEressive approach 3 3 2
Flight 2 3 2
Chasing 2 3 2
Defensive threat 3 1 1
Upright sparring 3 1 2
Submirsion 3 3 3
Attack 2 a3 2
Fighting 2 3 1
Nest attack 3 2 1
Neat defence 3 1 1
Ouarding 3 h
Heat restriction 3 1
Food thelt 5
TOTAL SCORE o Y ]
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male = imperforate femple. In intraceste situstionz, the heavier animal was

normally the more aggressive.

Distribution of scores obtained by the three aspecies for agonistic
behaviour (Table 21) were significantly different (Hz = 9.90; P<.05).
0. irroratus was superficilally the most aggresaive of the three species,
pogsegsing all but one of the ldeptifiable unlts of agonistic behaviour,
of which 10 were well developed, and cbtaining the highest total score
(Table 21). P. natalensis was least aggressive in terms of total score,
and although 14 units were present, most were poorly developed. R, pumilio
poseessed only 13 units, but eight of them were well developed, and this
species was the most directly aggressive, readily engaging in behaviour
which resulted in potentially demaging fights. Locked fighting is less
frequently engaged in by bipedal than by fully quadrupedal heteromyids
(Eisenberg 1963), and s similar trend was apparent in my study, with
B. pumilio, the species least often engaging in body uprights, most often
regorting to locked fighting. In contrast, Us irroratus hed highly
developed behaviour inhibiting attack and Tighting, although they did occur
from time to time. Neither aggressive nor defensive agonism was highly
developed in P. natalensis, All three species posseased well developed
submissaion behaviour, but whereas this was nopmally sufficient to prevent
attack by agegressive 0. irroratus and P. natalensia, apgressive R. pumilio

frequently attacked submissives, Buggesting that ritualization of aggression

is poorly developed in this species (section 4.4,3),

Fighting to the death was rare in the laboratory. However, one

Q. irroratus female was killed by another female in an observation cage

{0.72m" ), but serious injury was far less commen than in holding cages

(0,125m" ), where even interasexual dyads eould generally not be housad
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without the risk of one animal being killed. Davis (1673) likewine

recardu captive 0. irroratus fighting to the death. Although one mala

R, pumilio was killed by another male In an observation cage, serious
injury was unusual. Fighting was sufficiently uncomson in holding cages

to allow housing R. pumilic together in dysds or larger groups, and although
fatal wounding occurred it was usually anm a result of cospatition betwoen
males for an cestrus female, ms noted by Choate (1972), who also records
particularly aggressive males killing cestrus fesales. However, confining
R, pumilic at high density in a 386n" enclosure showed that although both
intra- and intersexual fighting occurred, wounding was restrictad to

mature males {(Marais 1974). In contrast, P. natalensis rarely inflicted
wounds, even in small cages, although Cilliers (1972) records a single male
killing four other males and three females over a period of three months,
reducing the population in a 3.4a" enclosure to three animals, the male

gnd two females. -

4.3.4., Amicables behaviour

Five units of contact-promoting behaviour were represented in all
three species (Table 22}, with the major interspecific differences
quantitative (section 5) rather than qualitative. In view of the small
number of units and the similarities of expression, no attempt has been
made to estimate species-specific emphasis of amicable behaviour. However,
three major interspecific differences were observed. While amicability was
developing, approach behaviour in 0. irroratus and P. natalensis was almost
indistinguishable from aggressive approach (section 4.3.3) but in
A. pumilio the postures were clearly different. In addition, whereas
recognition contact in R. pumilio and P. natalensis was sither quadrupedal

or seal-upright, in 0. irroratus it was invariably quadrupedal. Finally



Table 22, Amicable behaviour in 0. irroratus, R. pumilic and P. natalensis.

FURCTLONMAL
UMITS

COMMON TO ALL SPECIES

Q. irroratus

R. punilio

P. natalensis

AMICABHLE
APFROACH

turing development of
amicability approach #low
and cautious with body
elongate and tail held
normally or stiffly, clear
of subatrate; some animals
fleeing at swuch approach by
formerly aggreasive
partnar.

Once complete amicability
developed, approach
diresct, without overt
nervounnens in sither
animnl .

Response aften aggreanive
(e.g. defensive threat;
section 4.3.3) during
development of amicability.

Tail =t times undulating
GBlowly approximately lce
from substrate; reaponse
usually submisaive.

Responses ¢lther submissive
ar ismedliately amicable.

RECOGNITION

Almost invariably
naso—nasal, with mutual
sniffing of face and
gurrounding areas.

Quadrupedal ; face—-averalion
seldom cbserved, and then

very slight, cyves and ear
plnnae normal.

Guadrupedal or
sami-upright; face-averaion
by former non-aggreasor to
permlt snlffing by partner;
neck at times twiated so
that head is partially
inverted, but decréasingly
extrese with lncreaaing
familiarity; eyes ususlly
narrowed or cloaed and
sara flattened.

Guadrupsdal op
semi-upright; face-aversion
as in B, pumilio, but leas
extrems] naso-anal
investigntion often
following nasoc-nasal
contact; eyoems mometimes
narrowed, but =ar position
variable.

Continued averleal



Tabla 22,

Continued,

DNITS

CONMON TO ALL SPECIES

iio

=

E. natalensis

HUDDLING

Noermally an esxtension of
recognition contact, and
intersperned with bouta of
allogrooming or sutual
m‘-!

Animals sometimes feeding
with bodies in contact.

AND MUTUAL

Maximum grooming attention
£o head, neck and dorsus.

Allogrooming at times
asccompanisd by holding
partner's face in the
fore-paws .

Partner at times held down
to be groomed, but common
only in intersexual dyads.

Partner occasionally held
[down to be groosed.

MEST-SHART

nce relationships

responfaes variable from
dyad to dyad.
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0. irroratus were never observed to hold down a partner while grooming it,
thereby adopting a bipedal posture, but the other two species from tLime to

time did so.

4.3.5. Sexual behaviour

Reproductive activity im 0. irroratus breaks down in captivity {Davis
1974), and there are no existing records of this species bresding in the
laboratory. A single litter was conceived in captivity during the present
study, but although the male was removed before parturition in the hope that
this would improwve the chance of the young surviving, they were killed by
the mother shortly after birth., Mating behaviour was not observed, and
apparent sexual behaviour was limited to & single act In which a female
approached a male without the usual naso-nasal recognition contact (section
4.3.4), sniffing and nuzzling the base of the tall and scrotum. The male

did not respond.

R. pumilic and F. natalensis breed freely in the laboratory, and
sexual behaviour was observed without difficulty. Courtship and mating in

the two species are described in Table 23.

Important differences were apparent in both courtship and mating
behaviour in the two species (Table 23). During courtship, visual "display"
by sexually aroused males was typical of R. pumilio, but in P. natalensis
olfactory cues appeared more important. This was predictable in view of
the apparent emphasis of visual communication in R. pumilio, and of

olfactory communication in P, natalensis (section 4.3.1). Courtship

intensity was extremely high in R. pumilio, and on cccasion resulted in

copulation within 15 minutes of animals meeting for the first time, but in



Table 23. Sexual behaviour in R. pumilio and P. natalenais.

FUNCTIONAL
UNITS

COMMON TO BOTH SPECIES

R. pumilio

P. natalensis

COURTSHIP

MALE: Initiating most sexual
contact, and performing most
allogrooming, as in many other
rodents (Dewsbury 1975):
allogrooming attention mainly to
female genital region; frequent
attempte to mount even unreceptive
females.

FEMALE: Often moving off during
courtehip; at times lifting tail
to permit male sniffing and
muzzling genital region.

MALE: Approach direct; similar to
aggressive approach (section 4,3.3)
with pilo-erection and perineal
drag; movements rapid and jerky;
Temale moving off during courtship,
closely Tollowed.

FEMALE: Rarely making sexual
approaches to male; repeatedly
moving off at high speed with male
Tollowing; tail=lifting only in
receptive females; copulation
often within [five minutes of
commencing tail-lifting.

MALE: Approach rapid and direct
in hunched postures with perinsal
drag and slight pilo-erection;
often pressnting rump to be
sniffed and nuzzled by female;
femals moving of f during
courtship aften not followed.

FEMALE: Relatively fregquently
soliciting male mexeal attentions,
but then moving unhurriedly away
with male at times following:
tall-=lifting common @ven aaveral
days prior to osalrus;
solicitation lnvolving anifTing
and nuzzling male genital region,
and presenting rump, an in male.

MATING

MALE & FEMALE: Female adopting
lordoais posture in response to
being mounted and gripped round
flanks, thus permitting
intromission and copulation of
1-2 seconds' duration.

Copulatory sequences relatively
protracted (up to 17 intromissions
in spproximately 15 minutes);

females tending to move off between
intromissions, but closely attendsd

by male.

Copulatory sequences relatively
brief (up to aix intromissions in
approximately two minutea) .
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pome cases where mating did not ooour within two or three days males tTended
to lose intsremt, and courtship ceased. In P. natalensis the courses of
events was always slower, with courtship recurring intermittently for at
least 48K, and in soms cases for a wesk or more bafore copulation was
achieved. Frequency of copulation waa far greater in R. pumilio than in

P. patalensis, but I did not undertake detailed study of copulatory patterns
to ascertain, for instance, the atage at which spera tranafer occurred
(Dewsbury 1975, 1878), so that extrapolation from this difference ia

impossible,

4.4, Dscussion

The social inventories of 0. irroratus, R. pumilic and P. natalensin
show broad similarities. Behevioural analogues may result from persistence
of basic rodent characters or close taxonomic affinities (Mappold 1978),
but Wilson (1975) suggests that the coarse nature of behavioural
nomanclature frequently results in functionally discrete behaviour
patterns being included under the same name. However, in a comparative
study of the present nature it seems unlikely that functional analogy would
be mAcribed in error, and aince the three species are not clossly related
(section 1.2.2) it i probable that behavioural similarities at least
partially reflect charmcter persistence (1.e, persistence of basic rodent
characters). Moreover, basic similaritiss wers predictable in view of the

degree to shich the ecological niches of the three spociea overlap (section
1.2.5).

Behavioural pestures are transsutative (Elsenberg 1962), and although

behavioural states (Altmann 1974) often remained unaltered for conalderable

periods in this study, the units comprising aach state genarally formsd a
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rapidly changing continuum. Intraspecific differences im social responses
tended to be quantitative, and were largely dependent on the sex, reproductive
condition and/or mass of one animal relative to its partner (section 5).
Qualitative disparities were similarly influenced by dyadic partners, and
mlthough nmall behavioural differences may be important in highly detailed
studies {e.g. Dewsbury 1975, 1978), 1 found all behaviour other than that

relating to mex (section 4.3.5) to be available to all castes.

Discusslon in the following sections on cosmunication (4.4.1),
agonistic behaviour (4.4.2) and sexual behaviour (4.4.3) excludes
consideration of environmental influences on social behaviour; this aspect

im dealt with under Social Ecology (sectiom 6).

d,d,1, Communlcation

In general, communication in O. irroratus, R. pumilio and P. natalensis
appears to be dominated respectively by the auditory, visual and olfactory
sennes (section £.3.1). Although Davis (1973) suggests that D. irrora
relies moat strongly on olfesction, my cbservations support Kingdon (1974)
who atatea that In m auditory communication is of overriding importance.
The position of the ear pinnas in F. natalensis was highly variable, and
was not a reliable indicator of behavioural state. The Frequency with
which ear position wan changed suggested that adjustmenta were being made
to isprove auditory perception, and this speclies may, In addition to
possessing extreme olfactory acuity, esphasize ultrasonic signalling, as
suggested by D.H. Gordon (Pers. cosm.}. R. pumilio may be leas dependent
than P. natalensis on cossunication of this type, since ultrasounds are
associated with only three types of behaviour, all of them agonistic

(mection 4.3.1), and were emitted only by a non-sggressor attempting to
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appease an aggressor [Johnaon 1980).

Maraln (1874) noted that H. pumilio is able to follow & conspeclflc
peont. trall, implying well developed olfactory capabilities, and it =
likely that 0. irroratus in sisilarly endowed. The majority of rodents
apparently depend largely on olfactory communicetion (Eisenbarg 1662, 1863;
Barnett 1963; Ewer 1968), but it ls ocbvious that further information is
required on both auditory and olfsctory signalling in the three species
under conmlderation here before Final conclusionm ean be reached In respect

of their systess of communicatlon.

4.4,3, Agonlatic behaviour

Behavicur inhibiting closing with and actumlly fighting a rival appears
to be better developed in 0. irroratus and P. patalensis than in R. pumilie
(section 4.3.3). In addition, 0. irrgratus did not employ the typically
aggressive upright posture during amicable interaction, or hold a partner
down while grooming it, while the other species did hoth (section 4.3.4),
and it seesa likely that the lack of uprights in the 0. irroratua amicable
invenitory I8 related to avoidance of conflict, WNon-apgressive R, pumili
tended to flee rather than threaten or subsit, so that fighting im
fres-living societies im probably rare. In sddition, this apecies waa the
tnly one in which non-sggreasors vigorously attempted to escape from Eha
cage In agonistic circumstances, and to adopt & "deleat" posture (Steiniger

1950) . which suggeats that in conflict situstions a Strong urpe exists to
withdrow.

The abuve suggests that wharenn 0. irrorstus and P. natalensis have

cvalved portially ritualized agonintic repertoiren, A, pumilio has not.
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However, agonistic buffering (Crook et al 1976) appears to occur in all
three species. Animals do not usually engage in potentially lethal
combat, but rather attempt to drive competitors away or establish
supariority, thereby ensuring dispersion to optisum apecies-specific
density levels, and reducing flghta to a minimum,. These requirenents have
neceasltated retention of aggression even Lo mammals in which dasaging
Fights are rare (Eibl=Elbeafeldt 1962), and have been accomplished by
adaptive ritualization of conflict in many species (Hinde 1966).

0. irroratus and F. natalenais sppear to have avolved signals which minimize
damaging intraspecific conflict, am reported in a number of rodenta
(Eibl-Eibesfeldt 1862; Eisenberg 1962; Ewer 1068), while A. pumilio
apparently falls into a non-ritualized category in which aggression tends
to be direct, and in which non-aggressors are attacked but readily escape
{Eibl-Eibeafeldt 1962).

The different patterna relating to neamt-box cccupation, In which
non-aggressive 0. irroratus and P. natalensis wore normally able to defend
the entrance against an aggressor, but F. pumilio was not (section 4.3.3),

presumably also relate directly to ritualization of aggreasion.

4.4.3. Bexual behaviour

Sexual behaviour in R. pumilio waa considermbly more intenae and
encrgy consuming than in P, natalensis, but was Renerally compensated for
by rapid achlevement of copulation (secticn 4.3.5)., Females usually
require specific courtehip behaviour by males prior to copulation (Trivers
1972), and may be stimulated to accelerate onset of ocestrus (Ewer 1068),
which was apparently the case in R. pumilic. The rate at which frea-living

fAnimals are likely to meet may determine the reproductive atrategy of the
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male |(Parker 1974), and conversely, reproductive time investment is likely
to be an indicator of specles-gpecific modea of dispersion. Hence, the
digparity in reproductive atrategiea of R. pumilio and F. natalensis seams
to relate to their respective social systems [(sections 5.4.2.2, 5.4.2.3}.
Moreover, Dewsbury (1975) sugpests that species Iin which copulation is
rapldly inltiated are unlikely te be monogamous, s¢ that R. pumilio would

be expected to mate promiscuously, while P. natalensis may tend toward

yair-bonding and copcomitant monogamy .
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5. SOCTAL ORGAMIZATION

5.1, Intreduction

Modes of dispersion and related phenomena in animal societies are
determined by social organization, which is itsell determined Dy
inbor—individual social behaviour of conspeeifics (Crook 19656; Happold 1973,
1876; McBride 1876) between which reciprocal communication and co-operation
occur (Happold 1973, 1976; Wilsen 197%). 1In general terms, social asystems
fit recognizable species-specific patterns (McBride 1976}, but they are
subject te both intrinsic {genetic) and extrinsic (environmental} influence
and are dynamic in space and time (Crook 1970; Happold 1973, 1976; Wilson
1975; Crook et al 1976). Hence, soclal organization is capable of
svolutionary selection and should therefore be adaptive (Barash 1874},
even though the individuals comprising a society may act to maximize
their own inclusive fitness (Hamilton 1964; Maynard Smith 1964; Wilson

197%; Dawkins 1976; Barash 1977).

The soclal organization continuum is represented at one extreme by
dispersed or solitary systems in which animals may physically associate
together only Lo mate, and at the other by cobesive, highly integrated
gyatema of inherently sociseble species. However, all social systems
appear to heve a numbar of characteristics in common, although there is no

congensus regarding definition of the essential qualities of sociality.

Happeld (1973, 1976) recognised the following essential components of
mammalian social organizations: COMMUNICATION - a prerequisite of
sociality; CO-OPERATION - individual contributions toward the adaptive goal

of Lhe species; DISPERSION AND TERRITORIALITY - products of mutual repulslon
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engendered by agonistic behaviour; COHESION- the result of mutual attraction
promoted by amicable behaviour. Wilson {1975) listed 10 gualitiea of social
organization, the majority of which were directly related to comsunication.
Crook et 8l (1876) classified mammalian soclal systems into 12 soclotypes
on the basis of mating, rearing and grouping, and disperslon sirategles.

In an attempt to provide a standardized method of describing social
orgenization, Mcliride (1876) compiled a lengthy questionnaire to facilitate

pusmarizing available information on sociality in particular species.

Accepting Wilson's (1975, p.16) warning that "classification based on
all relevant traits is a bottomless pit”, the sethodological approach to
the present study was kept s aimple as possible. Happold (1973, 1676)
uned the following parameters to catagorize social organization; CAPTIVE
ANTMALS - Eypes of relationshipas (attracting or repalling), ococurrence of
cammunal neating, and duration of the pair-bond as Indicated by commsunal
nesting during pregnancy, parturition and lsctation; FREE-LIVING ANIMALS -
rumber, ages, and sexes of animals found together in nests or burrows. I
adapted Happold's captive study parameters to my own requirementa (mection
§5.2.2). However, Tield conditions (e.g. vegetation density; section
3.3.3.1) snd the fact that 0. irroratus and R. pumilio neat on the surfsce
{pection 1.2.6) made it impomaible to use her field parameters in the present

ntudy. Hence, an alternative sethod of estimating sociability In free-living

poc leties was developod (section §5.2.1).

Studies of small mammal social orgenization normally it into one of
three categories. First, post-natal development studies may include
desoription of mocial ontogeny from birth to sexusl saturity, and of
parent /young relationships {e.g. Williams & Scott 1953; Davis 1872, 1973;

Broocks 1972, 1074; Baker & Meeater 1977; Willan & Meester 1978), although
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there is o tendency for little detail to be available on the Jjuvenile
period (weaning to sexual maturity; Williams & Scott 1853}, Second, some
investigations deal almost exclusively with mdult interaction le.g.
Eibl-Eibesfeldt 1967; Eisenberg 1962, 1963, 1967). Third, attespts have
been made Lo describe soclal organization in integrated rodent societies,

as for example in studies on Marmota (e.g. Barash 1974; Armitage 1977).

A vnluable contribution to the underatanding of differentiation of
svclal roles was provided by Wilson (1973) in which she showed that
differences in the social environment of sexually issature Microtus
agrestis of full sdult size may be reflected in the population cycle of the
following year. The broad implications of these findings led me to include
10 caste cosbinations of each species in the captive study, and to annlyns
trapping data in terms of 21 caste combinations (section 2.2). Furthar,
an overview of the effects of the sex and reproductive condition of adults
on sociability was obtained by analysing data so as to treat these factars
separately.

5'1-2' i Hﬂthﬂd..

'-hE- 11. fluld. ‘miﬂ

0. irroratus and . pusilic were trapped at the Dargle grassland study
are, and F. patalensis at Darvill (sections 2.3, 3.2.1.1), using the

methods outlined in section 3.2.1.2.

From trapping data, eatimates were made of overall mssociation and of

agnociation in 21 caste combinations (section 2.2) of each species. A
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simple formula was used to calculate indices of association (A}, expressing
an assumed relationship between the number of dyadic associations for a
particular caste combination (a}l, the mean total captures for the castes

they represented (c), and the mean time interval between assoclated

captures (h):

L
= | =
==

Dividing by ¢ % h expresses the egsumption that greater affinity was
indicated by & preater proportion of dyadic associations in comparison to
the number of available animals, and by a smaller time interval between
associated captures. The maximum interval (h) permitted in this analysis
was 48h, and only animals trapped at the sase or adjoining trap-stations
(vertically, laterally or diagonally adjoining) within this period were
regarded as associated, Captures which did not Tall within these limits
ware regarded as isolated from one epother. The rationale of using indices

of aaaociation as defined here is set out below.

Animals captured at the same or adjoining trap-stations may be assumed
Lo be associating wlth one another (Happold 1973, 1976), but cumulative
mapping of captures made during discrete trapping sessions may be of little
value slnce the size and position of home ranges and centres of activity
may change with time (Brant 1962; Brown 1966; Jewell 1966). Hence,
associations in a free-living society form a contipuum in gpace and time.
The criterion of capture at the same or adjoining stations was qualified
by the condition that no more than 4Bh separated any two caplures regarded
as associated (above) on the grounds that the probability that scent marks
or other signs will be detected by a conspecific decreases with time. AE

least some secretions lose most of their potency within 12-24h (Johnston
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1974), which explains repeated marking by mammals [Ewsr 1968; Johnson

1573, 147%; Johmston 1975). In the abaence of more specific evidence
rogarding the temporal qualities of remote signals such as scent marka (see
gection 6.2.1), the 48h period was nelected as providing o good compromise
between almont certain assoclation (i.e. mimultanecus capture at the mame
atatinn) and a far lower probability of associstion (e.g. capture ot

adjoining stations in dilferent months).

The use of indlices of association, as defined here, has certaln
afdvantages: whereas assessnent of modes of dispersion by home range
sapping requires at least 10 (Flowsrdew 1976) or 15 (Stickel 1954)
captures/ani=al, the sethod 1 have used ragquires only one, as in removal
trapping, for example. This maximizes the useful data obtained from small
numbers of captures, and permlts Joint treatment of data from different
types of trapping (section 3,2.1.2). In sddition, the difficulty of
azsessing the role of transients (Braat 1962; Jolly 1965) s overcome.
The interpretation of assoclation between two animals, depending sa it does
on pn "onfofT" aituation, ls such that lmmigration and emigration are
irrelevant to the analysis, and tranalents are regarded as part of the
social complex at the time they were captured. However, the indices are

capable of only non-parametric statistical comparison.

5#2!2# mtl."fl !tl.'l.lll.ﬂ

Caging and malntenance, and the conditions under which the study was
undertaken are deseribed in sectiona 2.4.1 and 2.4.2. Interaction of four
conspecific dyads of each of 10 caste combinationa (section 7.2) was studied
in neutral arena encounters (Eisenberg 1967; Happold 1873, 1878) for Sh/dysd
[section 2.4.2}. Additional encounters were staged betwesn scrotal malss

and pregnant or lactating females of sach gpeciea. Dyads which had not
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previously met in the lsboratory were selected as availables, and sach
animal was used twice, each time in combination with a member of a
different caste. Encounters were atarted ons hour after the atart of the
appropriate part of the light cyele (section 2.4.2}, and subsegquent
observation periods were at the same tise on successive daya., Before an
encounter the subjects were weighed and placed in separate nest-boxes
Logether with nesting matérial from their holding cages, and confined there
for 30 minutes so that the new nest became associated with the home-cage
environment (Happold 1973, 1976). Neast-boxes were then opened, giving the
occupants access te the srena (living area) of the cage. Interaction was
observed for the first hour and for one hour daily for the next four days.
In addition, observations were made of dyads or larger groups, usually a
male, female and one or more litters of different ages, in holding cages

in the animal house (section 2.4.1).

One-zero scoring with l0-second time intarvals was used to record
frequencies of agonistic, smicable and sexual interaction directly on
record sheets. One-zero scoring was selected as 1t couples convenlence

with relatively low bias (below).

It is important to accurately define the scoring msethod used in
bohavioural studies (Altmann 1974). In one-zaro scoring the sbeolute tim:
spent in a particular behaviour is not recorded, but rather the numbar of
intervals (in this case 10-second intervals) which include any amount of
time spent in that behaviour. If more than one behaviour cccurs (n a single
Interval only the first is scored; equally, Lf the same behaviour ocours
more than once in the same interval it im scored only once. Simpaon &
Simpson (1977) have criticised one-zero scoring, as has Altmann (1974,

P-253) who suggests that the number of intervals scored for & behaviour im
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the "upper bound" on time actually spent in that behaviour. Dunbar (1976)
empirically tested one-zero scoring against actual time spent in a particular
short-duration behaviour, and found that use of 5- and 15-gecond time
intervals produced over-estimations of 6.0% and 17.3% raspectively. Use of
intervals of one gecond or less, although impracticable, can be assumed to
produce errors approximating zero. The relationship betweon a hypothetical
arror of zero using one-second inteérvals gnd Dunbar's (1976) errors is
practically linear, and it may be sssumed from this that for 10-gecond

time# intervals an error of 11-12% would have occcurred. It follows that

bias of this order of magnitude may be present in my study, with over-estimation
of short—-duration units (above} and, hence, under-estimation of units of
longer duration. However, sample sizes were large enough (1.e. B total

of 432 000 one-gzero scores) for it to be expected that errors would generally

have nullified one another.

Happold (1973, 1976) combined data for each dyad, thereby implying
absolute reciprocity between interacting animals, but the gualitative study
(section 4) showed that although behavioural states were nermal ly
interdependent, they were frequently at least briefly independent. Similarly,
frequencies of interaction were often partially independant, since
polentially social acts by one animal were not always reagponded to by the
other. In an attempt to obtain a gquantitative assessment of differences
in the social potential of animals of different size, sexX and reproductive
condition, freguencies were recorded separately for the two animals
comprising each dyad. However, X' (contingency table) analysis showed that
none of the above differences were statistically significant for any dyad.

Accordingly, unless otherwise stipulated, the results glven in section 5.3.2

represent meaned dats for cach sncountesr.

The variable matrix resulting from use of the methods described above

is large and unwieldly, and interpretation of results has been difficult.
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A portion of this matrix is given in Table 24 [viz. that for four
replications of 0, irroratus serotal male/scrotal male encounters, each
involving five cbservation pericds). Illustration af the varlable matrix
for the entire atudy would have necessitated duplication ef columfis 3 An6d

4 (Tabla 24) for the remaining nine 0. irrorstus caste combinations, and
duplication of columns 2, 3 and 4 for A. pumilic and F. natalensis. There

12 to my knowledge no established methodology for dealing with behavioural
dats of this mature (but soe below), and ko avoid repetitive description

I have grouped data where appropriate (e.g, mccording to sex and reproductive

condition}.

Frequencies of total interaction (i.e. agonistic, amicable and sexual
interaction combined) were subjected to analysis of varlance (F-test)
using the Del Ecott Rummage programme on & Univac 1100 computer. The
prepared data were not nomally distributed and the variances were not
homogeneous, but the distributions wers more or less normalized by log
transformation after adding one to each value. Adding one to each valua
prior to transforastion may be used to eliminate large nusbers of pero
valuse (A in my data) prior to ADV (Sckal & Rohlf 1949). In discussing
AV it {a customary to use the term "interaction™ in reference to statistical
significance, Howevar, Intéraction in this work refers to social behaviour,

and to avald confusion the term Is placed (n guotes (1.2. "“lnteraction™) when

used in ita AOV sense.

Data other than thoss referred Lo above were unmultable for parametric
statistical comparison, and non-parasetric teats (mection 2.5) were used
whensvar practicabla. The distributions of frequencies of amicable
interaction in the three species (mections 5.3.2.1C, 5.3.2.2C) wers compared
using y' contingency analysis. X' tests are insensitive to the effects of

order when degrees of freedon are greater than one {Bokal & Rohlf 1084).



Table 24 : Part of the variable matrix resulting from the study of social organization of captive 0. irroratus,
B. pumilic and P. natalensis. For additional details, see text.

atc.

Borotal male/Parforate female

VARTABLES
1. BPECIES 2. CASTE COMBINATIONS 3. HREPLICATIONE 4. OBRSERVATION PERICDS
Q. irroratus Scrotal male/Scrotal male 1 1 2 3 =
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Order was critical to these comparisons, since interaction frequencies
differed not only between species, but also between observation periods for
8 given spscies. Therefore, compariscons were generally mads using 2 x 5
contingency tables (i.e. for two species at & time), generally for thoas
pairs of species for which the distributions (i.e. curves) wers obvioumly
closest. X' could not be used to compare frequencies of agonistic and
arxual interaction since the frequencies for given ocbservation pericds were
generally too small (see Siegel 195G, p.l110), and differsnces wers
tentatively ascertained by inspection. Differences between percentages

of total interaction devoted to emicable behaviour were also ascertained

by inaspection.

5.3. Results

§5.3.1. Field studies

Indices of association (section 5.2.1) were based on 121 captures of
65 0. irroratus and 143 captures of 94 R. pumilio at the Dargle grassland,
and 150 captures of 150 P. natalensis at Darvill, A total of 246
P. natalensis were removal-trapped at Darvill (section 3.3.1), but anly
the first 150 captures were used here so as to avoid the possibility of
biss in comparing indices of association for this species with those for
the other two. This number (150) was not significantly greater than the
121 caplureas aof 0. irroratus (X' = 3.10; P»>.05), although the difference
spproaches significance, and there was no etatistical difference between

the numbers of captures used here for all three species (X5 = 3.32;
F:;m‘.

Numbers of captures {total, associated and isolated; section 5.2.1)

of six cantes af sach species (section 2.2) are listed in Table 25.



Table 25. Total (T), associated (A) and imolated (I) captures of 0. irroratus, R. pumlilio and P. natalensis used to
caleculate indices of association.

0. irroratus R. pusilio P. natalensis
CASTES

T A I T A I T A 1

Scrotal males a0 23 7 3l 17 14 11 i | o
Perforate females 30 27 3 18 18 a 13 13 o
Non-gcrotal males 14 11 3 13 8 5 38 3A o
Imperforate females 10 5 5 16 =] 7 as 35 L)
Sub-adults 26 21 5 16 13 3 31 31 o
Juveniles 11 10 1 49 ] 10 22 22 o
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Indices of association for 21 ceste cambinations of gach speciea (eecticn

2.2) are given in Table 26.

[nter— and intrespecilic analyses of data are provided in sections
%.1,1.1 nnd §5.3.1.2 respectively, Ln which the term “adult complex® refers

ta the 10 caste combinations also atudied in encounters (section 2.2}

5.3.1.1. Interspecific analysis

Composite indices of association for the three species (all 21 caste
combinations) were as followa: L. irroratus 99.9, R. E‘lhu 80.4, and
F. natalensis 621.%, It is clear from these indices that the F. natalensis
population was far more highly aggregated than were those of 0. lrroratus
and B. pumilie. Thia is borne out by the aignificant dilfference between
' the three specles in the distributions of individual caste combination
indices (Table 26) (H, = 26.94; P<.001), However, thers was no significant
difference between the distributions of the O. irroratus and R. pumilio
individual indicea (U = 203: 2 » 0.44; F = .23), and at the population

level theas mpeciss sppear to have been similarly dispersed.

To parmit direct comparison with the findinga of the captive study
[s&ction 5.3.2), compoaité Indiceés of association were calculsted for Ehe
adult coaplex of each species, as follows: 0. irroratus B8.1, R. pumilic
53.6 and P, natalanais 336.9. The distribution of Lndividual adult complex
indices (Table 26) between the three species was significantly different
(H,  H.00; Pe. 051, with Lho P. natnlensin valuem clearly higher than in
the other twn, betweesn -uhi.rh. there was no statinatical differencea (U = 40;
*».0G}, Hence, the adult complexes of each species appeared to have béen

dinperned in the same general way as the entire populations, with



Table 26. Indices of association of free-living 0. irroratus, R. lio
and F. natalensis.

CASTE COMBINATIONS Q. irroratus | R. lio |P. patalensis
Serotal/fserotal 34.7 43.0 10.1
Scrotal/perforate 58.3 £1-3 24:3
Serotal/non-scrotal 10.1 4.9 66.0
Serotal/imperforate 0.0 42.8 68.1
Farforate/perforate 32.6 0 32.8
Parforate/non-scrotal 27.8 o 52.5
Perforate/imperforate 4.2 1] 38.5
Non-scrotal /non-scrotal 4.0 22.8 150.1
Non-scrotal /imperforate 18.7 6% .0 131.9
Imperforate/isperforate 33.3 a 184.6
Sub-adul t/scrotal 33.0 14.2 57.5
Sub-adul t/perforate a7.a o 30.3
Sub-adult/non-scrotal 4.7 15.3 206.1
Sub-adult/isperforate 2.3 5.2 141.9
Sub-adul t/sub-adul t 18.1 18.2 22246
Sub=adult/ juvenile [+} 15.2 2010
Juvenile/scrotal 0 4.7 B3.9
Juvenile/perforate 2.7 263 252
duvenile/non-scrotal B:7 2.7 112.3
duveni le/ isperfors Le ¥ 0 13.5 B .4
Juvenile/ juvenila 15.2 71 .3 144 .9
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P. natalenais most highly aggregated and 0. irroratus and R. pumilioc less

s0. In spite of the absence of statistical aignificance in the distribution
of individual indices between 0. irroratus and E. pusilio, the difference
in adult complex indices suggests 0. Llrroratus to have been more cohesively

dispersed than H. pumilio.

5.3.1.2. Intraspecific analyails

Compoaiite indices of mamocistion according to sex and reproductive
condition in the adult complexes of the three species are given in Table 27.
The sample aizes were too amall for effective mtatistical compariscn of
the distributions of the Iindividual indices (Table 26), but pumerical
differences in the composite indices permit the tentative conclusions

pummarized In Tahle 27.
65.3.2. Captive mtudies

Descriptions of patterrs of interaction in the 10 dyadic combinations

nf each species are given in Table 28,

Section 5.3.2.1 provides a comparative account of intersction in
9. irroratus, R. pumilic and P. natalensis, dealing with species totals and
means, and describing relative socimbility at the whole species level.
Variation within specien is dealt with in section 5.3.2.2. In both sections
connideration is given to total interaction and Lts sub-divisiona:
Bgonistic, amicable [(including sexunl; Happold 1973, 1976) and mexual

behaviocur. The same gereral format is used in both sections, with analyses

in termm of nusbers of interacting dysds and nusbers of chservation periods

in which interaction oecurred {A), time elapsed to first observed amicable



Table 27.

Composite indices of association and summary of relative

propensities for association according to sex and reproductive condition

of free-living adult 0. irroratus, R, pumilio and P. natalensis.

"Greater

than" (>) and "equal to" (=) refer to relative propensities for association

mccording to the indices in thias table.

reproductive; N = non-reproductive.

M= male; F = female; A =

TR SPECIES | 0. irroratus | R. pusilic |P. natalensis

SEX:

Male/male 29.1 35.5 182.2

Female/fenale 34.4 0 173.8

Male/female 58.0 43.0 162.1
Summary N/F>M/M=F/F | W/M=M/F>F/F | W/ W=F/F=i/F

REPRODUCTIVE CONDITION:

Reproductive/reproductive 86.7 47.8 45,9

Non-reproductive/

non-reproductive 24.6 22.1 289.5

Reproductive /non-reproductive 25.0 17.4 108.8
Summary R/R>N/N=R/N | R/R=N/N=R/N | N/N>R/N>R/R




Table 28. Patterns of interaction in 0. irroratus, H. pumilio and P. natalensis encounters. A = number of dyads in which at
least partially emicable relationships developed; N = number of dyads in which nest-aharing was cbserved.

avoidance after day
one .

replaced by totally
amicable intersction
in all dyads.

largely replaced by
mutual avoidance in
two dyads, and

amicability in two.

0. irroratus R. pumilio P. natalensis
COMBINATIONS
Interaction A N Interasction A N Interaction A N

SPECIES CHARACTERISTICS Aggression high 19 10 |Aggression high 38 17 [Aggression relatively |38 35

intenalty but intenaity and direct, low intensity and

apparently ritualized and apparently apparently ritualized

{section 4.4.2); unritualized (=zection (mection 4,4,2): males

heavier animal almost 4,4.2); males invariably more

invariably mare invariably morae aggresas ive than

aggreaaive than aggressive than famales, irreaspeactive

lighter, irreapective females, irrespective af masa .

of sex; interaction of mass.

entirely agonistic on

day one of encounters;

intenaity of

aggregsion usually

declining after day

ane .
SCROTAL/SCROTAL Tendency for mutual 1 1 |Initial agonism 4 3 |Initial agonimm 3 2

Continued overleaf




Table 28. Continued.

avoidance of males, but
with one dyad
displaying strong
affinity after day one,
including nest-sharing
from day two.

agonism occurring
largely as result of
female aggressive
responses to male
sexual approaches;
courtship prolonged
relative to scrotal/
perforate encounters.

0. irroratus R. pumilio P. natalensis
COMBINATIONS
Interaction Interaction Interaction

SCROTAL/PERFORATE Agonism initiated by Generally high Agonistic, amicable and|
male, but with females frequencies of sexual Interaction
at times obtaining anjicable intaraction genarally interspersed.
higher scores due to throughout; male
defensive overreaction; saxual interest
tendency for females tof generally of brief
avoid males after day duration.
one .

SCROTAL/NON-SCROTAL Tendency for Generally wall No agonistic
non~scrotal avoidance developed avoidance ‘interaction observed|
of scrotal males; ready by non-scrotal of genarally high levels
submission by scrotal males. of amicable behaviour
non—-scrotal males throughout.
preventing attack by
aggEressOors .

SCROTAL/ IMPERFORATE Tendency for female Initial (day ane) Generally high levels

of amicable
interaction following
initial agoniam.

Continued overleal




Table 28, Continued.

by imperforate avoiding
perforate females;
however, three dyads
developing fully
amicable relatlonships
toward end of
encounters.

imperforate to avold
perforate females in
two ancounters, but
fully amlcable
relationahips

deaveloping in remaining

two.

0. irroratus R. pumilio P. natalensis
COMBINATIONS
Internction A N Intaractian Interaction
FERFORATE/PERFORATE Agonism malntalned 0 0O |Generally high levels One dyad largely
throughout, with of amicable interaction avoiding contact,
lighter animaln throughout . although totally
avoiding contact as amicable; remainder
far s poamible. amicable following
initial agonism.
PERFORATE/NON-SCROTAL Either animal 3 2 |Day one agonism Generally high levels
initiating agonlss on resulting from femals of amicable
day one, and even aggression in response interaction following
Eroatly ocutweiphed to male courtahip initial agonizm.
males non-submissive; behaviour; generally
intersction largely high frequencies of
male=-initiated in two nmicable and sexunl
oncountera, and interaction throughout.
fomale-initisted in
remaining two.
FERFORATE/ IMPERFOHATE Initial agonism followed 3 3 | Tendency for Generally very high

levels of amicable
interaction following
initial agoniam.

Continuad ocwverleafl




Tabhle 2A8. Continued.

COMBINATIONS

NON-SCROTAL/NON-BCROTAL

0. irroratus R. lio P. natalenais
Interaction Interaction Interaction
Strong tendency for Tendency for mutual No agonistic

mutunl avoildanca
following initial
hostility.

avoidance in all but
one dyad.

interaction observed;
generally high
Interaction
freqguencies following
mutual avoidance on

dey one.

NON-SCROTAL/ IMPERFORATE

dtrong tendency for
mutual avoldance,

Agonistic, amicable
and sexual interaction
generally interaperaed.

Generally high
frequencies of amicable
interaction following
brief initial agonism.

IMPERFORATE/IMPERFORATE

Some amicability
following initial
sgoniom, but mt low

Trequencies.

Agonistic and amicable
interaction generally
intersperaed.,

Amicability levels
genarally high
following initial
brief agonistic
BequUenceE .
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interaction and nest-sharing (B), interaction frequencies {C) and synopses

of the moat important featuren of subsectiona A-C (D).

5,3.2.1. Interspecific analysis

A. Numbera of dyads and observation pericds

Total nusbers of dyada and ocbservstion periods (reapectively out of
40 and 200 for each species) in which interaction cccurred (total,
sgoniatic, amicable and mexusl interaction, and nest-sharing|, and the
nusber of females fertillized during encounters, were subjected to X'
analysis (Table 29), and the results summarized in Table 30. 0. irroratus
is omitted from comparimon of reproductive interaction since its failure

to breed in captivity (section 4,3.5) ia elearly aberrant.
B. Time to first amicable interaction and nest-sharing

Mean time elapsed to [irst asicable interaction and neat-sharing In
those dyads which developed such relationships (subsection A, above)
differed significantly among the three species, with the 0. irroratus
values significantly higher than those for A. pumilio and P. natalensis,

betwesn which thers were no significant differences (Table 31).
€. Interaction freguancies

Frequences of total interactlon in the three species displayed
significant "interaction" (in the AOV mense; section 5.2.2) EFE = A7,03;

Pc.00OD0). This "interaction” is reflected in the specles means for total

interaction, given am 10-second intervals/dyad/observation period:



Table 29. Interspecific analysis (x') of intersction in 0. irroratus, R. pumilic
and P. patalensis encountersa, in terms of mmbers of Interacting dyads and
obsarvation periods in which interaction occurred. Degrees of freedom given in
brackets; P given where valuos of X¥° were less than the 5% level of significance.

INTERACTION
PARAMETERS e P
Q. irroratus | R. pumilio |F. natalensia
TOTAL INTERACTION
Dyads 38 33 40 0.05 (2)
Obmervation periods 120 148 161 6.14 (2)| <.05
AGONISTIC 120 161 5.98 (1) | <.05
INTERACTION
Dyads 38 2a 29 1.69 (2)
Observation periods a7 54 A 20,56 (2)| =.001
ANICABLE a7 54 12.25 (1) | <.001
INTERACTION
Dyads 19 38 39 7.04 (2)| <.05
18 33 6.33 (1) | <.05
Observation perlods 35 128 157 70.02 (2) | <.001
NEST-SHARING
Dyads 10 17 35 16.08 (2)| <=.001
17 35 6.23 (1)| <.05
Observaticn periods 17 41 82 46.30 (2)| <.001
17 41 8.83 {1})] <.01
41 a2 13.67 (1) ] <.001
SEXUAL INTERACTTON
Dyads - 15 4 6.37 (1) <.06
Observation periods = 36 i2 12.00 (1) | <.001
CONCEPTION™
Number of females - 4 o 4.00 (1) | <.05

® Fertilization during encounters




Table 30. Summary of interspecific analysia of interaction in 0. irroratus
(0), R, pumilio (R) and P. matalensis (P) encounters, in terms of rusbers
of interacting dyads and observation perioda in which interaction occurred.
"Greater than" (>) and "equal to"™ (=) respectively refer to differences
below and above the 5% level of statiatical pignificance; empty cells
indicate no significant differences.

INTERACTION
PARAMETERS
Dyads Observation periods

Total interaction P>0; OsR; ReP
Agonistic interaction OsRaP
Amicable interaction P=R>0 PaR>0
Nest-sharing P>R=0 P>R>0
Sexual interaction BsP Bsp
Conception (females)® RaP -

= Fertilization during encounters



Table 31. Mean time elapsed to first amicable interaction and nest-sharing in O. irroratus, R. pumilio and P. natalensis
encounters, and interspecific analysis (H, U) of distributions of individual values from which means were calculated. P
Eiven where values of H and U were lens than the 5% level of significance.

MEAN TIME ELAPSED (HOURS)
PARAMETERS BTATISTICS
Belating to Dimtributions
0. irroratus R. pumilio P. natalensis
Amicable interaction 56,8 13.9 8.7 Hy = 50.39; P<.001
56.8 13.8 U=4a64; = = 1,74; P = 0409
131-9 Ei? U L 792: Ew I:I..H
Neat-sharing 76.8 42.2 40.3 H, = 61.00; Pe.001
76.8 42,2 U = 48; P<.05
42,2 £0.3 U= 290.5 2= 0,04
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0. irroratus 19.7, H. pumnilio 55.6 and P. natalenais 64.5.

Moan frequenciea of agonistic and amicable interaction and mean
percentages of total interaction devated to amicable behaviour are plotted
sgainst time (obsefvation periods) in Figure 16. There was a general

gradation in agonletic intermction: O. irroratus > §, pumilio > F. natalensis,

which was particularly marked during the firat observation pariod,

0. irroratus displayed significantly lower levels of amicable Iinteraction
than either R, pumilio (X'4 = 37.60; Pe<.001) or P. natalensin {(x*, = 21.79;
P<.001). The B. pumilio and P. natalensis distributions also differed
significantly (X', = 37.60; Pe,0l), with the F. natalensis values generally
the higher, but the curves were statisntically indimtinguishable during

the first three observation periods (X', = 4.09; P<.05). Percentages of
anicable interaction were initially far higher in R. pumilio and P, natalensis
than in 0. irroratus, but the difference decreaned with time as the majority
of 0. irroratus dyads either developed amicable relationships or avoided

contact.

Mean frequencies of sexual interaction in f. pumilic and P. natalensis
male/female encounters wers calculated for the 16 male/female dyads of each
species (Figure 17A). The R. pumilic curve was higher than that of
P. patalensis. In addition, Figure L7A illustrates the tendency for
sexual activity in R. pumilioc to decrease with time, while in P. natalensis
it remained approximately constant (section 4.3.5). The disparity in
overall levels of sexual behaviour in these two species (Figure 17A] was
largely the result of the majority of R. pumilio male/female dyads engaging
in gourtship, while in P, natalensis only scrotal/perforats dyads did so.
B. pumilic scrotal males indiscriminately courted both perforate and

imporforate females, and two menmbers of each female caste were fertilized
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by scrotal malen during ancounters. The epparent anomaly of méxually
immature males engaging in precocial sexual activity may be explained in
tarms of rapid descent of the testes in males which were clasaified as
non-serotal &t the start of encounters (section 2.2), but in which descent
usually occurred before the third or fourth cbservatlion period. However,
the testes never attained full size within the five-day period, and no

remales were [ertilized by initially non-scrotal males.

Figure 178 shows the distribution of mean frequencies of sexual
interaction in R. pumilio and P. natalensis scrotal/perforate dyads. The
differing tendencies of the two gpecies in rempect of sexual sctivity in

time (above) are well illustrated in this figure.

Interaction in relation to parturition and lactation was studied in
two categories of R. pumilio and F. natalensis dyads, ones in which a
scrotal male and pregnant female were combined a maximum of four days
before birth of the young (newly cosbined dyads), and ones which had been
caged together for at least one month before birth (established dvads).
This study was qualitative, but is reported here rather than in section 4
since the length of time dysds had been caged together directly influenced
survival of the young, and hence beare directly on social organization.
Interaction in newly combined and established f. pomilioc and P. natalensis
dyads is described in Table 32. A single newly combined 0. Lrroratus dyad
waa studied following introduction of a scrotal male te an encounter cage
in which a female had produced two young five days previously. The male
wae intensely aggreasive toward both female and young during the firat
{4h) cbservation period, and by the following day the young had been killed,
presumably by the male. The sale itself had been badly injured on the face

and neck, presumably by the female, and the animals were separated.



Table 32. Interaction in relation to parturition and lactation in R. pumilic =nd P. natalensis established and newly combined
dyads. For definitions of "eatablished” and "newly combined", see text.
FUNCTIONAL COMMON TO R. pumilio P. natalensis
UNLTS BOTH SPECIES
Establ ished Mewly combined Established Nawly combined
PARTURITION ESTABLISHED DYADS: Nest-building Ne increass in

Male and femile
neating together
prior to birth of
youngi parturltion

not ahgerved,

HNEWLY COMBINED DYADS:
Pregnant femalas
flways attempting to
preclude male from
her nest; parturition
not observed, but
male almost certainly
precluded; young
always absndoned or
killed, usually
within few houra or
birth; adults largely
amicable after
parturition, but
female always
attempting to
preclude male Trom
her nest while young
allve,

activity of Cémale
increasing at lsast
one day beforse
parturltion; Brooks
(1974) notes male
being present during
parturltion, at

times grooming
femele and young.

Cyads often
intensely agonistic
before parturition,
with eithar animal
initisting
oggression; femala
tending to
hyperactivity,
attempting to escape
Trom cags.

neat-bullding
nockivity; female
avieting mll other
arnimals from neat
before parturltion
{cilliers 1972).

Female inltiating
aggression; male
raraly spgreasive,
but female repulsing
all approaches by
male; Cilliers
(1972) notea that
pregnant female may
chase malea which
are some Jistance
from her neat; male
once observed
removing young froam
nest but not killing
then; stressed
Tfemales may kill
their own young
{Choate 1972;
Cilliers 1972).

Continued overleal



Table 32. Continued.

E. natalenala

ONLY: Total
amicabillty, with
male usunlly
sharing nest with
female and young:

post-partum ocestrus

ususl .

nest in some cases
{Choate 1972;
Marais 18972).

not males, permitted
to enter neat
(Cilliers 1972}, with
lactating femalen
tolerating only
companiona of - long
standing (Choate
1972).

FUNCTIONAL COMMON TO R, pumillo
UNITS BOTH SPECIES
Establishad Hewly combinsd Entablishad Newly combinesd
LACTATION ESTABLISHED DYADS Male excluded from Other females, but
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The first two litters born to an established R. pumilic dyad normally
survived, forming a group of 10-12 animalsn in most cases, but a third litter
did not survive, and theresafter breeding was curtalled while the group was
maintained together. Even in a holding cage interaction in such a group
was entirely amicable until onmet of sexual maturity in membera of the
first litter, when the group had to be separated to prevent mortality of
animals apparently competing for breeding rights. In P. natalensis survival
of two or three litters compriming up to 25 young was usual before sustained
ancestrus in the female, an noted by Choate (1972). Such groups were too
large to be maintained together once the young approached adult size, and
the first litter was generally removed at about six weeks old, when
sexual maturity was imminent (Baker & Meester 1877). Housing an entire
P. natalensis litter in a holding cage often resulted in all of the animals
(males and females) surviving to sexual maturity and commencement of

reproductive activity.

The relationship between parturition and sexual activity in established
R. pumilio and P. natalensis dyads, each comprising a scrotal male and
pregnant female, was quantitatively studied in four dyads/species (Figure
18). This figure, which illustrates sean frequencies of sexual interaction,
ghows that sexual activity in B, pumilic was strictly post-partum, but
while P. natalensis displayed a mexunl peak immediately following

parturition, sexual contmct was maintained before as wall as after the

assumed post-partum ceatrum,

D. Bynopsis

The evidence presented mbove (submections A=C) shows unequivocally

that under the conditions of the
present study 0. irroratus displays a far
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lower propenaity for interaction and davelopment of amicable relatlonships
then either R. pumilie or P. natalensis. Overall levels of intaraction and
amicability were gonerally similar in R. pumilio and P, natalenais, =lthough
P. patalensis scores for these paramatery were in all respects higher than
in A. pumilio. In particular, the high number of P. natalensis dyads in
which nest-gharing occurred appears to place this apecies above R. pumilio

an an ascending scale of relatlve mociabllity.

Puring the firat obaervation period 0. lreoratus dyads were conslgtently
hoatile at interection [requenciea that were higher than those of periods
2 and 3, during which animals tended to mvoid contact. However, overall
interaction levels rose during the later stages of encountars as a relatively
small proportion of dyads developed fully smicable, nest-sharing relationships.
Once such relationships had developed in 0. irroratua they wers more or leaa
stable, as evidenced by the increnss towards the end of the {ive-day
period in mean frequencies of amicable interaction, and steadily declining
agoniss. [n contrast, asicebility predominated from the outset In R. pumilio
and P. natalensis, and interaction frequencies were higher than in
0. irroratus for given obsesrvation periods. However, In both R, pumilio
and P. patalenais mean frequencies of smicable interaction declined toward
the end of the [ive-day period. In P. natslensls the decline was small
enough to be disregarded, but in E. pumilio it appeared to represent a
definite trend. This conclusion 18 reinforced by the incresse in agonistic

interaction in R. pumilio during thes fifth period.

A higher proportion of total interaction was devoted to sexual
activity by A. pumilio than by P. ratalensis. Additional phenomena

agsociated with sexual betaviour in R. pumilio were the tendency for sexual

activity to decline with time, the involvesent of males in courtship prior

%o Tull sexunl matur:ty, end the relatively high rale of fertilization which
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occurred during snceunters. These traits were lacking in E. natalensis.

5.3.2.2., Intraspecific analysis

Interaction in the 40 encounters for each specles was analysed in
terms of arrangements of data according to the sex and reproductive

condition of dyadic partners, as follows (numbers of dyads in brackets]

SEX: male/mala {12); female/female (12); male/female {16);
AEPRODUCTIVE CONDITION: reproductive/reproductive (12)3 non=-reproductive/

non-reproductive (12); reproductive/non-repreductive (16).

Reference should bhe made to Table 28 for details of interaction in individual

dyadic combinations.

A. HNumbers of dyads and observation periods

Prior to analyais, data for male/female and reproductive/non-reproductive
encounters were corrected (by moltiplying by 0.76) to raflect values
comparable with those for the remaining combinations (i.e. scores out of 12
and 60 for numbers of dyads and observation periods respectively). Total
numbers of dyads and observation pericds in which intersction occurred
(total, agonistic and amicable interaction, and nest-sharing) were compared
using X' analysis in Tables 33 (data arranged according to the sex nf

dyadic partners) and 34 (reproductive condition), and the results summarized

in Table 35,

B. Time to first amicable interaction and nest-sharing

Mean time elapaed to [irst smicable intersction and nest-sharing in



Table 33 : Intraspecific analysis {X") of interaction in 0. irroratus,

E.. Eilln and E.. natalensis encointers according to the pex of dyadic
partners, in terms of nmbers of interacting dyads and obasrvation perlods
in which interaction occurred. W = male; F = {emsle; degreea of frecdom
given in brackets; P given where walues of X° were less than the 5% level

of significance.

IRTERACTION
PARAMETERS X P
MK F/F M/F
0. irroratus
TOTAL INTERACTION
Dynds 11 12 11.2 0.05 (2)
Dbsarvation periods 32 41 5.2 1.15 (2)
AGONISTIC INTERACTION
Dyads 11 12 11.2 0.05 (2)
Observatlon periods 2R az 27.7 0.39 (2]
AMICABLE INTERACTION
Dyads 4 6 6.7 0.70 (2)
Observation periods a 12 14.2 1.73 (2)
HEST-SHARING
Dymda 3 3 3 0,00 (2)
Obtaervation perioda 4 4 6.7 Q.98 (2)
TOTAL INTERACTION
Dyada 10 12 12 0.24 (2)
Observation pericds ar 46 4R.7 1.71 {2}
AGONISTIC INTERACTION
Dyads 10 ] 7.5 0.36 (2)
Obsarvation periods 22 16 12 3.0% (2)
AMICABLE INTERACTION
Dynds 10 12 12 0.24 (2)
Observation periods 24 a2 45,5 7.56 (2] | <.05
e . 4.91 (1) | <.08




Table 33. Continued.

INTERACTION
PARAMETERS x
MM F/F M/F
MHEST-SHARING
Dyads 4 5 G 0.40 (2)
Obgervation periocds B 17 1z 310 2]
P. natalensis
TOTAL INTERACTION
Dyads 12 12 12 0.00 (2)
Observation periods 40 53 81 2.04 (2)
AGOHISTIC INTERACTION
Dyads £ 11 10.5 3.59 12)
Obgervation periods 6 13 14.2 2.9 (2]
AMICABLE INTERACTION
Oyadse 11 1z 12 0.06 (2)
Observation periods 3a 52 50,2 2.48 (2)
KREST=-5HARING
Dyads 10 1 10.5 0.98 (2)
Obeervation periods 22 23 27.7 0.77 (2)




Table 34. Intraspecific analysis (X') of intersction in 0. irroratus.

R. punilic and P. natalensis encounters according to the reproductive
gondition of dymdic partnera, in terms of numbers of [nteracting dyada
and obsarvation pariocds in which interaction occcurred. R = reproductive;
N = non-reproductive; degrees of freedom given In brackets] P glven whare
values of X! were less than the 5% level of mignificance.

INTERACTION
PARAMETERS x P
R/R NAN R/N

E. irroratos
TOTAL INTERACTION
Uyads 12 11 11.2 0.08 (2)
Obsarvation perloda a0 26 40.5 a.e2 (2)
AGONISTIC INTERACTION
Dyads 12 11 11.2 0.05 (2)
Observation perlods 38 20 29,2 5.87 (2)
AMICABLE INTERACTTON " ® %50 (3] | =08
Dyads 3 5 8.2 2.78 (2}
Obaservation periods [ a 18.7 8.5 (2] < .05

8 18.7 4,29 (1) <.08
NEST-SHARING
Dyada 2 : | B.2 3.57 (2}
Obsarvation periods P 1 10.5 12.11 () <. 01

2 IG-E L] [

i s 5.78 (1) < .08
TOTAL INTERACTION
Dyads 12 10 12 C.24 (2)
Observation periocds S0 40 43.5 1.16 (2)
AGONISTIC INTERACTION
Dyada 7 10 & 0.54 (2}
Observation periods 10 23 15.7 5.24 {2)
AMICABLE INTERACTION " e 5.2 (1) { <.08
Dyada 12 10 12 O.24 (2)
Observation periods 46 i3 Ba.7 2.38 (2}

Continued overleaf




Tabla 34. Contimisd.

INTERACTION
PARAMETRRS x* F
R/R M/N RN
NEST=SHARLRG
Dyads @ 4.5 a.84 (2)
k| 4.45 (1)| <.056
Obsarvation periods 28 2 8.2 po.04 (2)]| <.001
2A 8.2 10.83 (1) | <.001
P. natalensis
TOTAL INTERACTION
Dyads 12 12 12 Q.00 (2)
Observation periods a4 a7 52.5 0.78 (2)
AGONISTIC INTERACTION
Dyada 11 7 8.2 0.97°(2)
Observation periods 19 7 8.2 7.66 (2)]| <.05
19 8.2 4.29 (1) <.05
AMICABLE INTERACTION
Dyads 11 12 12 0.06 (2)
Obeervation mrlmﬁ 41 47 51.7 1.23 (2)
NEST-SHARING
Dyads 7 12 12 1.62 (2)
Observation periods 10 27 34.7 12.658 (2) | <.01
10 27 7.81 {1)| <.01




Table 35 : Summary of intraspecific analysis of interaction in 0. irroratus, R. pumilic and P. natalensis encounters
according to the sex and reproductive condition of dyadic partners, in terms of nusbers of interacting dyads and
observation periods in which interaction occurred. “Greater than™ (>) and "equal to” (=) respectively refar to
differences below and above the 5% level of statistical significance; empty cells indicate no algnificant differencos;

M = male; F = female; R = reproductive: N = non-reproductive.

SEX REPRODUCTIVE CONDITION
FARAMETERS
Observation
Dyads Parinds Dyads Obaervation Periods

0. irroratus
Total interaction
Agonistic interaction

R/R=N/N; R/R=R/N; N/N=R/N

Amlcable interaction R/MN>R/R=N/N
Neat-sharing H/N=R/R=N/N
H. pumilio

Total interaction
Aponistic Interaction

M/N=R/R: R/R=R/N; N/N=H/N

Amicable interaction F/P=M/F=M/M
Nest-sharing R/R=N/N; R/BR=R/N; N/N=R/N R/R=R/N=N/N
P natalensis
Total interaction
RAR=RM=N/N

Agonistie interaction
Amicable interaction

Nest-sharing N/N=R/N>R/R




~185-

those U. lrroratus and A, pumilio dyads in which such behaviour was observed
did nat differ snignifleantly accerding te s=ither the sex (Table 36) or
reproductive condlitlon of dyadic partners (Table 37). FP. natalensis
male/male dyads took significantly longer than elther of the other two
combinations (female/female, male/female] to make amicable contact (Table
36); nest-mharing firat occurred significantly later in reproductive/
reproductive dyads of this species than in non-reproductive/

non-reproductive and reproductive/non-reproductive ones (Table 37).
€. Interaction frequencies

Mean (requencies of total interaction according to the sex and
reproductive condition of dyadic partners ere illustrated for the three
species in Figure 19. Renults of X' analysis of the values on which

Figure 19 are based are given in Table 38.

Mean daily frequencies of agonistic and amicable interaction, and
percentages of amicable behaviour are illustrated according to mex and
reproductive condition in Figures 20 (0. irroratus), 21 (R. pumilio} and
22 (P. natalensis). In the cases of R. pumilio and Py natalensin,
campariscn of the curves in these figures was carried out as in section
5.3.2.1C (Table 39), but this was impossible for 0. Lrroratus (see
section 5.2.2), and all differences in refapect of aex and reproductive
condition in this species were tentatively mscertained by inspection.
Similarly, in mome cages contingency analynis showed pairs of curves
(Figures 21, 22) to be significantly different (Table 39), but day to day
variability in levels of amicable intersction made it necessary to

ascertain by Inspection which curve was generally the higher.



Table 36. MNean time elapsed to firat amlcable interactlion and nest-sharing

in 0. irroratus, R. pumilio and P. natalennin encounters according to the
sex of dyadic partners, and intraspecific analyais (H, U) of diastributions

af individual values from which means were caleulated.

M= male; F =

female; P given where values of H and U were lesa than the 5% lsvel of

signifTicance.
MEAN T
IME ELAPSED (HOURS) STATISTICS
PARAMETERS Relating to
M/N ¢ /F WIF Distributions
0. irroratus
fmicable interaction 65.7 L E1.3 Hy = 1.14
Nest-aharing a7r.5 7.6 &0.7 Hy = 2.60
RH. pumilio
Amicable interaction 21.2 15.6 a.i Hy = 1.04
Nest-sharing 60.4 33.7 38.4 HEl = 2,66
P. natalensis
Amicable interaction 15.4 2.9 3.6 HE = 10.38; P<.01
15.4 3.6 U= 32; Pc.O1
Nest-sharing 8.7 a5.8 37.1

HE = 0.39




Table 3%, Mean Lime eclapacd to Fieat smicoble interaction and nest-sharing
in 0. irroratus, R. pumilio and P. natalensis encounters according to the
reproductive condition of dyadic partners, and intraspecific analysis

{H, U) of distributions of individual values from which means were calculated.
R = reproductive; N = non-reproductive; P given where values of H and U were
lenss than the 5% lewel of signilicance.

MEAN TIME ELAPSED (HOURS) STATISTICS
PARAMETERS Relating to
/R NN A/ Distributions
0. irroratus
Amicable Inteéeraction 36.0 61.9 60,3 HE = 3.88
Nest-sharing 96.0 96.0 68.6 H, = 3.42
B. pumilic
Amicable intaraction 12.2 17.d 13.2 Hy = 3.30
Neat-sharing 33.3 G0.3 49,9 Hy = 2.81
P. natalensis
Amicable Interaction d.4 9.9 5.9 Hy = 1.98
Neat-sharing 72.0 34.3 30.9 H‘."' = 11.31; P<.O1
72.0 34.3 U= 20; Pe.05
34.3 30.0 U= 84.5
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Table 38. Intraspecific analysis (X®) of interaction in 0. irroratus, R. pumilio and P. natalensis encounters
according to the sex and reproductive condition of dyadic partners, in terms of mean frequencies of total
interaction. M = male; F = female; H = reproductive; N = non-reproductive; degrees of freedom given in brackets;
F given where values of X" were less than the 5% level of significance.

SEX REPRODUCTIVE CONDITION
SPECIES
Test X P Teat w P
0. irroratus M/M, F/F, W/F 0.89 (2) A/R, NN, R/N 28.58 (2) <,001
R/R, M/N 7.8 [1) .01
Hr‘lﬂp H"I'H d .00 Il] < .05
H. pumilia M/M, F/F, M/F 5.26 (2) R/R, MN/N, R/N 80,21 (2) <. 001
M/M, F/F 5.01 (2) <.08 R/R, R/N 37.95 (1) <. 001
M/M, M/F 3.04 (1) N/N, R/N 7.08 (1) <.01
F. natalensis /M, F/F, WF 0.11 (2} R/R, N/N, R/H| 25.18 (2) <.001
R/R. N/N H.54 (1) < .05
W/N, RSN 712 (1) < .01
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Table 39. Intraspecific mnmiysis (X" ) of interaction in R. pumilic and
P. natalensis encounters according to the sex and reproductive condition
of dyadic partnera, in terma of mean frequenclea of amlcable interaction.
M =male; F = female; R = reproductive; N = non-reproductive; degrees of
freedom given in brackets; P given where values of X' were less than the
5% level of significance.

SEX REPRODUCTIVE CONDITION

SPECTES
Test ¥ P Test x P
R. pumilio MM, F/F | 28.84 (4)] <.001 R/R, B/N | 54,90 (4)] <.001
/M, M/F | 37.98 (4}| <.001 R/R. R/N | 14.51 (4)] <.01
F/F, M/F | 26,22 (4)] <.001 NN, RN | 17.37 (4)] <.01
P. natalensis | W/M, F/F | 16.58 (4)| <.01 R/R, N/N | 72.00 (4)) <.001
F/F, W/F | 31.73 (4)] <.001 NN, R/N | 90,48 (4} <.001
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Toble 40 provides a sumsary of intraspecific differences according to
sex and reproductive condition, in terms of the parameters referred to

BhHOVE .

Only tn B. pumilio did sexual interaction occur in sore than one
male/female dyadic combination (section 5.3.2.1), and totals of mean daily
frequencies were as follows: scrotal/perforate 12.6; scrotal/imperforate
31.5: non-scrotal/perforate 31.5; non-scrotal/imperforate 13.0. These
values are significently different (%' = 18,30; P<.00l). In addition,
frequencles of sexual interaction in dyads in which the animals were in
the same reproductive condition (i.e., ecrotal/perforate; non-scrotal/
{mperforate) were significantly lower (X = 12,9) than in reproductive/

non-reproductive dyads (X = 33.3] (x' = 9.01; Pe.O1).

b. Bynopsis

The scores for aine of the 14 parameters analysed above (subsectiona
A, B, C) were significantly different according to either or both sex and
reaproductive condition for one ar more of the three species (Tahle 41).
In the foregolng, "greater than™ (>} indicated lower rather than higher
mamicability whan réfeorred to three paramaters (nmumbsra of observation
pariods during which agonistlc intersction cccurred, and mean time
elaspsed to firat observed amicsble intermctlon and nemt-sharing). Thin

inequality has been corrected in Table 41, and > infers higher amicability

In all cases.

The information contained in Table 4l has been condenased Tor the
two arrangements of data (sex and reproductive condition) for each species

by totalling numerical values allocated for each parameter, as follows:



Table 40.

Summary of intraspeclfic analysis of interaction in 0. irroratus,

R. pumilio and P. natalenais encounters according to the sex and reproductive
condition of dyadic partnéra, in terma of mean frequencies of total,
agonistic and amicable interaction, and percentages of smicable interaction.
"GCreater than® (>) and “equal to" (-} respectively refer to differences
below and above the 5% level of atatistionl aignificance, or as distinguished
by imspection; empty cells indicate no significant differences; N = mals;

F = female; R = reproductive; N = non=reproductive.

SUMMARY OF INTERACTION

% amicable (nteraction

PAHAMETERS
Sex Reproductive Condition

0. ilrroratus
Total intersction R/N=R/R>N/N
Agonistic interaction RSR=>N/N>R/N
Amicable Interaction M/F>N/M=F/F R/N=R/R>N N
X amicable interaction N/F=M/M=F [F BR/N>R/R=N/N
R. pumilio
Total interaction F/F>M/M; W/M=N/F; F/F=M/F R/E=R/N=N/N
Agoniatic interaction N/N=R/N=>R/R
Amicable interaction F/F=M/F>N/K A/R=R/NN/N
% amicable interaction F/F=M/F>m /8 R/R=R/N=N /M
P. natalensin
Total interaction R/N>N/N>R/R
Agonintic Interaction
Amicable interaction N/ R=R/N>8/R




Table 41.

Relative amicability according to the sex and reproductive condition of dyadie partners in 0. irroratus,

H. pumilio and P. natalensis encounters, in terms of nine parameters of sccimbility, summarized from subsections A,

B and C {above).

"Greater than” (>) and "equal to" (=) respectively refer to differences below and above the 5%

level of statistical significance, or as distinguished by inspection; empty cells indicate no significant differences;

M = male; F = female; R = reproductive; N = non-reproductive.

J. irroratus H. pumilio P. natalensis
PARAMETERS |
- Reproductive Reproductive s, Raprodistive
=]
e condition Bk condition s condd tlon
—— |

A. NUMBERS
Aponistle Interaction | NSH>R/R B/H=N/N NS NeR/N>=R/A
Amicable interaction /N =R Rl N F/F=M/F=M/M
Nest-sharing (periods) R/MN=8/R=N/N R/R=H/N=N/H N/ MR/ N=F/R
Nest-sharing (dyads) R/A=N/N
B. TIME
Amicable intepraction F/FaM/F>MN/ M
Mest-sharing H/H=R/N=>HR/R
C. FREQUENCIES
Total interaction R/N=R/R=N/N F/F>M/M R/R=R/N>N/H R/N=N/N=R/R
Amicable interaction M/ FaM/M=F/F R/N=R/R>H/N F/F=M/F>M/M R/R>R/N=N/N N/M=R/N>R/R
% amicable interaction M/ >N/ M=F /F R/N=H/A=MN F/F=M/F=M/M f/R>R/NNSN M/H=R/N=R/R
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a scora of two in cases where the values of two combinations were
significantly lower than that of the ons under considecation, and a score
of ona where only & single value was lower. For example, in a hypothetical
case A>B >0, A would score two, B one, and C sero. The total scores
allocated in this way, together with thes resulting pummaries, are given

in Table 42.

S.4. Discuaslion

The fleld studiea (saction 5.3.1) s=et out to confirm and enlarge on
the findings of earlier reports on Q. irroratus (Davis 1973), R. pumilio
(Brocks 1974; Marais 1974) and P. natalensis (Coetzee 1967; Cilliers 1972;
De Wit 1972), and to provide standardized data capable of direct nnm;;r'llnn.
In addition, the captive studies (section 5.3.2) were relatively comprehensive,
Whereas trepping records give a basic understanding of scciml arganization
in free-living societies, captive studies may be of mors use in slucidating
the forces operating to maintain specific sodes of dispersion (Elsenberg
1967). As a result of emphasizing the cbservational study using four
castes, and analysing field data to conslder mix, the results suggest
that the modes of disperalon of the three species comprise complexes of
sub-systems In which the relative weighting of components (e.g. attraction,
repulsion) is largely dependent on caste, =séx and reproductive condition.

It follows that complexes of social mechanlsms underlle these sub-systems.

5.4.1. Relative socisbility of 0. irroratus, He pumiliv and P. natalensis

The captive study findings (mection 5.3.2) supported by those in the
field (section 5.3.1) showed P. natalensis to be generally more highly

sociable than either 0. irroratus or A. pumilic. However, while captive



Table 42.

Relative amicability according to the sex and reproductive

condition of dyadic partners in 0. irroratus, R. pumilio and P. natalenais

encounters, summarized from Table 41,
scores. "Greater than" (>) and “equal to" (-] refer to relative amicability
according to the scores in thia table.

reproductive; N = non-repreductive.

Sse text for method of allocating

R =male; F= female; R =

SEX REPRODUCTIVE CONDITION
SPECI1ES

u/m FIF N/F ] NN /N
0. ilrroratus
Total acoren 0 ¥ i 2 1 10
Relative amicability M/F=M/NeF [ R/N=R/R=R/N
R. pumilic
Total acoren L] ] 3 1o (1] 3
Relative smicability F/Fau/F=M/M B/R>R/N>N/R
P. natalensis
Total scores a 1 1 0 T 7
Relative amicabllity F/F=M/F>#,/M N/N=R/N>R/R
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B. pusilio wers significantly more socinble than D. irropatus this did not
appear to be the osce in Ppes-ilving s ek i oo, dnivrd R. wimi ! bo wan
marginally the more digperned of the twn species. This anbiguity may be

expinined in terms of the following!

1. The social organisation of 0, lrroratun appeers Lo involve
temporal territoriality (Davim 1973), and evidence ia presented hare
which substantiates this conclumien {see section 5.4.2.1). The
methandan of temporal territorisllty allows the hose ranges of
njggrasnlve animals such as domestic cata Lo overlap in spacs but not
in time, so thal overlapping aress are utilised by differont animsals
at different times, and by Keeping strlct "time schedulss™
{Leyhausen 1965, p.252) they penerally avoid meebting foce to Cace.
Such o mechanism would permlt the generally asocial and potentially
highly aggresalve 0, lrroratus (seclions 4.3.3, 5.3.2) to exist in
ancleties wnich ara suparficinily relatively cohesive (gection 5.3.1)
but in which confrontation im avoided by the expedient of snimals
seldom meeting. Moreover, hierarchical ranking (Davis 19735 section
5.4.2.1) and ritunlized aggression in this species (=ection 4.4.2)
would permit de facto s well as trap-revealed close sssocistion
between nose members of O. ireofstus socleties. Leyhounen (1965)
noted that while & kKind of ranking order may exist in domestic ocmta
it does not develop into & rigid hierarchical system. 3Such a syntem

would be expected to obtain in 0. Arroratus .

¢+ B, pumilio societies, and breading females in particular, are
relatively highly dispersed during the breeding season (spring-autumn;
med section 7.2.3), but tend to aggregate during the winter
non-bireeding period (Brooks 1974). OF the eaptures on which R. pumilio

indices of asnoclation were bamed (gection 5.3.1) over 9% were mads
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during the pericd October-April (section 3.3.1) when forces of
repulsion within the populaticn were probably at their highest
{territoriality in lactating and/or pregnant fesales; coapetition

for mating opportunities in reproductive males; section 5.4.2.2).

This would account for the relatively low overall association in the
free=living population. These mechanisms did not operate in encounters
(section 5.3.2), and in the six intrasexual caste combinations
reproductive activity was impossible. It is likely, therefore, that
except in male/female encounters the levels of amicable interaction
observed in captivity approximated those of reproductively quiescent

rather than active R. pumilio.

5.4.2. Bocial organization

In discussing the social systems of the three species (sections
5.4.2.1, 5.4.2.2, 5.4.2.3) only those associations (section 5.3.1) and
relationships (secticn 5.3.2) have been included that appeared most
pertinent to the phenomena under consideration. Discussion is at an
intraspecific level, and relative terms (e.g. high; low) refer to results

for individual species, not to the cosbined spectrum for all three.

5.4.2.1. 0. irroratus

A. Dispersion

On the basis of a high degree of intrasexual home range overlap a
probably hierarchical social syatem was postulated for 0. irroratus by
Davis (1973) who, in additicn, suggested the occurrence of intrasexual

territorial defence in the vicinlty of the nest. He also reported
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gxtensive territorlal overlap, leading to the suggestion that temporal

territoriality might be represented in the social system of thias species.

Development of at least partially amicable relationshipe in 18
encounters, with nest-sharing in 10, and with these selatlonahipa in all
cases following intense agoniss (section 5.3.2.1) serves to verify Davia’
{1973) conclusions regarding hierarchical ranking in 0. irrorstus. Dominance
hierarchies require that subordinates are able to appease conspecifics
which threaten attack (Ewer 1966). Submission (sectlon 4.3.,3) was
particularly evident in non-reproductive 0. irroratus in response to
aggreasion by reproductives, and in the final captive atudy analyais
(section 5.3.2.2) the reproductive/non-preproductive combination proved
relatively highly sociable. The relatively low reproductive/non-reproductive
association in the field (section 5.3.1.2) probably relates to the ability
of free-living non-reproductives to escape the attentions of reproductive
animals, which was lmpossible in eaptivity. Thie aspect i3 discusssd

further in subsection C (below).

Submimmion was rarely observed in encounters in which the animals wepre
approximately evenly matched, although signalling mn;,r have oceurred which
waa too mubtle for identification. This was possibly the caseé in the only
scrotal/scrotal dyad to develop an amicable relationship [sectien 6.3.2.1],
where the animals were of similar size (184g and 175g) and were at first

equally aggremsive, but by the fifth cbservation pericd ware totally

amicable and nested together.

The fact that 21 dyads did not develop amicable relationships and
largely avoided contact mfter the first observation period (section 5.3.2.1)
supports Davia' (1973) contention that 0. irroratus is at least partially

territorial. This probably applies in particular to reproductives of the
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same sex (section 5.3.1). Davis (1973) found intrasexual territoriality
{in reproductives only) to be less well defined in females than males, but
although my encounter data contredict this (section 5.3.2), 0. irroratus
males are less likely to develop intrasexual emicable relationships while
competing for breeding rights in the field than in dyadic combination in
the laboratory. My data suggest selection favouring increased intrasexual
territoriality in reproductive females relative to males, the pressures
involved stemming from direct impingement on behawviour of the female

reproductive strategy (see subsection B, below).

Non-aggressors of all four castes typically defended their nest-boxes
against aggressors, which were rarely able to enter (section 4.3.3). This
behaviour may correspond to territorial defence of small areas around the

nest in free-living 0. irroratus, referred to above.

Davis (1973) produced no direct evidence for temporal territoriality
in 0. irroratus. However, in the present field study no two animals of
the same seX wers captured at a particular station at the same time,
although intrasexual captures were on occasion made at adjoining stations
at the same time, or at the same station but at different times within the
48h period stipulated as indicating association {(sectionm 5.2.1). This at
least implies a tesporal restriction on the presence of one animal by that
aof another of the same sex, and may be sufficient to postulate intrasexuasl
temporal territoriality, the pattern fitting that described in section
5.4.1. This interpretation does not affect the probability that 0. irroratus

defends the ismediate vicinity of the nest as a territory in the sense of
Burt (1943).
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B. Mating strategy

The high level of intarsexual association in the fleld (section
5.3.1.2), particularly that of scrotal males and perforate females (section
5.3.1), and high amicability in encounters, including early cessation of
agonistic interaction (section 5.3.2.2), were almost certalnly relsted to
breeding or potential breeding in animals which were not sexually mature.
Further, the high reproductive/reproductive association (mection 5.3.2.2)
and moderately high scrotal/scrotal association (section 5.3.1) imply

active competition for mating opportunitien between male 0. irroratus.

Perforate females and non-scrotal males were moderately associated in
the field (section 5.3.1) and relatively highly amicable in captivity
(section 5.3.2.1), indicating precociel male interest in gexyally available
females. However, the relatively low association levels of imperforate
females with scrotal and non-scrotal males (section 5.3.1) suggests

Eeneral male attraction to sexually mature rather than immature females.

The zero association between ecrotal males and juveniles (section
5.3.1) and the fact that eight of the 12 juvenile associations were with
perforate females, presumably their mothers, suggeat that lactating females
do not essociate with reproductive males except for mating, hence only during
oestrus. Thi= situation may derive from a male threat to neonates, as in
captivity (section 5.3.2.1). These factors, together with mualtipla
home-range overlap (Davis 1973), suggest a promiscucus breeding system in
0. irroratus, although dominant males would presumably have higher
reproductive success than subordinates. 2 male threat to neonates further
implies that mating occurs at some distance from the maternal nest, in

which the young are left during the mother's sclicitation of a mate.




Alternatively, since in the laboratory the fesale was unable to prevent
the male from entering her nest-box or attacking her young (section 5.3.2.1},
it is possible that mating occurs in the vicinity of the maternal nest,
from which the young Tlee during the male's presence. However, this
interpretation may be invalidated by the necessity of assuming the
post-partum ocestrus to occur later in this species than is normal in
rodents, since the motor capabilities of young O. irroratus are relatively
poorly developed until about five days of age (Davis 1972). Regardless of
where copulation takes place, mating ls probably unaffected by the
occurrence of nipple-clinging in Q. irroratus (FitzSimons 1920; Meeater &
Hallett 1970; Davis 1972}, as the young do not remain permanently attached

even in the first days after birth (Davis 1972).

It was postulated (subsection A, sbove) that breeding females are
intrasexually more highly territorial than males. Apart from the immediate
necessity of defending the young, increased intracaste aggression in
reproductive females (section 5.3.1) may be seen as discouraging their
breeding in close proximity to one another. This would ultimately provide
the young with adequate food supplies and space for establishment, and

may be an important factor relating to their dispersal over an average

distance of only 18.3m (Davis 1973).

C. Dispersal

The low level of reproductive/non-reproductive associstion (section
$.3.1.2) appears to reflect the ability of free-living non-reproductives
to avoid contact with reproductives (subsection A, above). Hence, while
the captive study ghowed the existence of mechanisms (e.g. well developed

Sppeasement behaviour) whereby some young animals would be able to establish



themaelves ln the vicinity of the breeding stock, others may respond to
reproductive aggreasion by emigrating. There is obvious value in some
non=reproductives being assimilated inte the resident population, in that
a pool of potential mates would exist to replace animalas disappearing (rom
the breeding population. Further, in terma of the theory of kin selection
{Hamilton 1964; Maynard Smith 1964) the animala least likely to emigrate
would be those attempting to establish hose reangss overlapping those of

' the mother and other close relatives, full siblings in particular. The
mechaniss permitting such establishment would be the lower level of
agoniam which would be expacted in an mesemblage of this nature relative
to that which would be experlenced elsewhere In the community. This does
not imply that the species characteristiec of high potential aggression

would be entirely lacking in such a group.

In addition to the lnducement to emigrate referred to above, the
noh-reproductive/non-reproductive assemblage largely avoided contact in
captivity (section 5.3.2.2) and was poorly mssociated in the field
{section 5.3.1). This apparent lack of attraction between non-reproductives
suggesta them to be internally dispersed acoording to strong mutusl repulsion,
While reproductive/non-reproductive socialization may actively precipitate
emigration (mbovel. passive sutual avoidance by non-reproductives may be
more important in this respect, generating sufficient social pressure
within the group to necessitate a high rate of emigration af “recently
matured animalis* (Davis 1873, p. 52). It is significant that within seven
days of birth smome important patterns of agonistic bshaviour typlcal of the

species have emerged in 0. irroratus, and are used to repel siblings
{h\‘i! 1??2]-

The moderate sssocilation betwsen sub-adults and reproductive females

(section 5.3.1) apparently reflects the short distance of dispersal from
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the birth-site of those young able to eatablish themselves (subsection B,
above). However, the lack of assoclstion between sub—adults and juveniles
(sectlion 5.3.1) implies thet breeding Temales are intolerant of an earlier
litter in the presence of & later one in the immediate vicinity of the
maternal nest, so that dispersal may occur in response to female agpreassion
during advanced pregnancy. (This reasoning is expanded upon in relation to

dispersal in R. pumilio; section 5.4.2.2C.)

Optimum 0. irroratus habitat, at least in the Natal midlands, is often
reatricted to narrow belts of isolated riverine vegetation (section 3.4.4.2)
and high mortality of emigrants would be expected, as may be the general
case for the species (Davis 1973). However, in order to explain species
integrity between relatively isolated societies it is necessary to assume
gene flow via the survival of some emigrants, and their reproductive
success in other societies. Considering the relative dependence of
Q. irroratus on mesic habitats and the concomitant difficulty of croasing
drier areas (section 3.4.4.2), coupled with the low probability of gaining
social acceptance in a new society, the rate of genetic exchange in this

speciea is likely to be low,

5.4.2.2, H. pumilio

A. Dispersion

The social erganization in an artificial enclosure of R. pumilio from
the Transvaal highveld was described by Marais (1974) as a complex of
female intrasexual territoriality and male hierarchical ranking, Brooks
(1874) largely supported these findings for a free-living population on

the Tranavaal highveld, but added that there ia a slight tendency for males
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to use ewxclusive areas at the height of the breeding season, and that both
males and females tend to aggregate when not breeding (ssction S.4.1).

In a study on a confined colony ol H. Euﬂl].l.n from the Capes Flata, it waa
found that the social system of this species is based on & mals dominance
hierarchy, with territoriality in alpha males and pregnant females; mocial
organization in a free-living population was gimilarly structured (Johnson
1880). In view of the above, Choate's (1972) suggestion that male R, pumilio
are highly territorial is open to question. However, Choate's report dealt
with H. pumilio in Zimbabwe, raising the possibility of extreme regional
variation in modes of dispersion in this species. This is supported by
Nel's (1975} report that R. pumilic tends to form aggrepgated social groups

in the Kalahari.

R. pumilioc tonds towards direct, unritualized aggresaion (section
4,4,2), and although appeasement behaviour appears relatively poorly
developed (section 4.3.3), at least partially amicable relationships
developed In all but two dyads in captivity, and neést-sharing was observed
in 17 (section 5.3.2.1). The probable reasons for the discrepancy between
the finding that this species was relatively highly amicable in captivity

(section 5.3.2) but relatively poorly associated in the fleld {section Enalpl}

ara® set out in section 5.4.1.

The most feasible axplanation for the moderats male/mala association
at Dargle (section 5.3.1.2) is that hierarchical ranking operates in males
(Brooks 1974; Marais 1974). This system may be sesn as reducing levels of
direct conflict (once relative dominance has been eatablished) in males

which probably meet frequently as a result of reproductive competition

between them [(subsection B, below). Howaver, in the absence of well developed

appeasement behaviour, as ocours in . lrroratus (section 5.4.2.1), 1t is
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DARGLE GRASSLAND

DARGLE PLANTATION

DARVILL

Setaria sphacelata
Themeda triandra

Trachypogen spicatus

CYPERACEAE
Carex guluensis
Fuirens pubescens
Ryllinga odorata

Mariscus sieberanus

'E::i.glu_n costatus

JUNCACEAE

Juncus &fTusus

TYPHACEAE

IRIDACEAE

Crocosmia potteii

¥atsonia densiflora

AMARANTHACEAE

ASCLEPIADACEAE

Schizoglossum hamatum

BORAGINACEAE

Cynoglossum lanceoclatum

Carax :ulmmﬂ

Cyperus albo-strintus

Achyranthes sicula

CEEI‘L&I immenaus

Typha latifolia

Continued overlas®




likely that, if attacked, subordinates would flee rather than submit
{section 4.4.2). The type of relationship observed in the captive study,
in which 10 male/male dyads engaged in amicable intersction; and four
nested together (section 5.3.2.2), sesms unlikely to develop between
free=living males in the breeding season. Excluding the combinations
apparently engaged in reproductive activity (subsection B, below) most were
poorly associated in the field (seetion 5.3.1), 8o it is improbable that
the relatively high scrotal/scrotal index reflects affinity. HRather, it
appears that more than one reproductive male was attracted to each of &

limited number of potential mates {subsection B, below).

Females were totally unassociated in the field (section 5.3.1.2),
and are clearly intrasexually territorial when breeding (Brooks 1974;
Marais 1974; Johnson 1980). This would apply to reproductivea rather than
non-reproductives, but imperforate females were similarly unassociated
with one another (section 5.3,1). Avoidance of contact in this caste may
possibly be explained in terms of precocial intrasexual territoriality

related to rising ocestrogen levels prior to pubarty {(subsection B, below).

The high number of juvenile captures {49) oceurred mainly during a
capture-mark-recapture procedure adopted in January 1977 (section 3212},
and appeared to be the result of trap-proneness of that caste. Since
0. irroratus was being simultanesously monitored it was not feasible to
remove traps in which particular animale were repeatedly captured {Brant
1862). Baited traps are generally attractive to rodents (Fitch 1954;

Patric 1969; Delany 1971: Flowerdew 1976), and juvenile B. pumilio
possibly revisited trap-stations simply to cbtain food. However, it seems
as likely that juveniles were attracted to particular stations by conspecific

odour (section 3.2,1.2) as by availability of food. As a result of this



uncertainty the high juvenile/juvenile associatlon index (mection 5.3.1})
may be regarded as suspect, but for the present will be taken to infer
strong intracaste juvenile affinity. This is reasonable since judging

by the masses of assocliating juveniles, most were probably littermates.

Both encounter (section 5.3.2) and field data (section 5.3.1) suggest
that non=-reproductives would be largely incapsble of entering a cochesive
oversintering complex (Brooks 1974). However, some intrasexual dyads
involving non-reproductives achieved partial amicability, and although
intaraction frequencies were generally low (section 5.3.2.2), the
implication is that a small proportion of young animals would be able to
overwinter in close proximity to other R. pumilio. Appropriately, those
young born toward the end of the breeding season (immediately prior to
winter) would be expected to have increased opportunities for entry into a
refuge complex. This would result from riaing adult agonistic thresholds
(i.2. » declining propensity for agonistic behaviour) associated with

post-reproductive recession of the gonads.

B. Mating strategy

High overall male/female amicabllity in the lsboratory (section
5.3.2.2), with courtship in all intersexual encountere but one (section
:‘:,3.2.1_.]. permits the conclusion that high assoclation of free-living meles
and females (section 5.3.1) related directly to breeding. As in
9. irroratus (section 5,4.2.1), high male/male and reproductive/reproductive

association in R. pumilio (section 5.3.1.2) strongly suggests that males of
this species compete for mating opportunitiss.

The relatively low association of scrotal males with perforate females,

and negligible association with juveniles (section 5.3.1), make it likely
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that male/female relationships are only for the purpose of mating, and

that pair-bonding does not normally occur. Marais (1974) noted that

young R. pumilio are never killed by males. This suggests that absence of
pair-bonding is related to promiscucus maximization of reproductive
success, and not to female defence of her young, as postulated for

0. irroratus (section 5.4,2.1). By virtue of pultiple intersexual home
range overlap (Brooks 1974) female H. pumilio are also likely to mate
promiscucusly, but locally dominant males (subsection A, above) probably
have higher fertilization rates than submissives. Relative immobility of
females during the breeding season (Brooks 1974) suggests that mating occurs
in the vicinity of the maternal nest. Lack of male aggression toward young
may have evolved to facilitate mating while the mother remains close

enough to protect her young against other females. However, prolonged male
presence may have the effect of the young being abandoned or killed by the

mother, as in captivity (section 5.3.2.1).

The dispersed mocial system of breeding R. pumilioc females (mubmection
A, above) implies a reproductive advantage to animals of both sexes which
are capable of precipitate mating during chance meetings. The phencmanon
whereby energy expenditure in courtship declined with time (mections 4.4.3,
5.3.2.1) is likely to be more defined in free-living than in captive
animals. Minimizing time investment in courtship would provide a sslective
advantage to females by increasing the number of litters produced per unit
time, n-.rm to malesm which curtail sttention To females in sustalinesd
ancestrus and seek mating opportunities elsewhere, by increasing their
fertilization ratea relative to those of competitors (Parker 1974). This
would explain why female R. pumillio may be induced to enter oeatrus soon
after meeting a suitable mate (section 4.4.3), a8 well as explaining the

apparent reproductive strategy of the male. The mechaniam described above



may be reinforced by the fact that females become aggressive toward
conapecifics soon after mating (Marais 1974}, which would presumably deter
males from courtahip of prégnant Temales, as in captivity (section
§.3.2.1). In Marais' (1974) study over BO% of adult females wers normally
pregnant at a glven time, and this may provide a further reason for

relatively low scrotal sale/perforate female association in the field

{section 5.3.1).

Reflex avulation is known in & humber of mammals {Ewer 1968), including
some rodents (Foster 1934; Greenwald 1956), and appears to occur in B. pumilio,
the appropriate neural stimuli being provided by the courtship "display” of
the male (section 4.3.5). In additieon te evidence given above for reflex
ovulation (relating to reduced time investment in courtship), ita existence
is further implied by the fact that mating say occur at any time of the day.
In contrast, spontanecus ovulators are usually more specific in the timing
of ceatrus, as in Rabtus norvegicus (Everstt 1856) and possibly P. natalensis
(section 5.4.2.3), Reflex ovulation in Rhabdomys pumilic would presumably
have evolved together with the reduced time investment strategy of the
male as a mechanism ensuring that chancs meetings between reproductive
males and females would be more likely to result in pregnancy than 1f

timing of oestrus imposed limits on the chances that mating would eccur.

Free-living imperforate females appear sexually mcceptable Lo both
ucrntll' and non-scrotal males {section 5.3.1), as in captivity (section
5.3.2.1). Involvement in sexual activity of prepubertal R. punilic appears
to have evolved to accelerate onset of reproductive maturity in both males
and females (section 5.3.2.1), as evidenced by the highar time investmant
in courtship observed in dyade in which one partner was in reproductive

condition while the other was not (section 5.3.2.2). High time investment
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in courtship of imperforate females by scrotal males may relate to female
odour., Sex pheromones are well known in rodents (Carr et sl 1865
Johnston 1972, 1974; Hayashi & Kimura 1974}, and are controlled by
sestrogen levels (Hayashi & Kimura 1974). Since cestrogen secretion
commences befora puberty (Everatt 1961}, it is reasconable to assume the
appearance of specific pheromones which act as indicators of approaching
reproductive capability, and which stimulate increased male time

investment in courtship.

The high level of sexual interest of captive non-scrotal males in
perforate females (section 5.3.2.2) contrasted with their zeroc asscciation
in the field (section 5.3.1)}. The mechanism by which non-scrotal males
may be prevented from courtship of perferate females probably involves
direct agonism by scrotal males, as in enocounters, and would explain the

negligible scrotal/non-scrotal association index.

Higher time investment in courtship by captive non-scrotal males of
perforate compared to imperforats females (section 5.3.2.2) suppests that
male R, pumilic are discriminating even when sexually inexperienced. In
contrast, lack of discrimination by sexually naive males is known in

Rattus norvegicus (Carr et al 1970) and Mus musculus (Hayeshi & Kisura

1974), and may relate to endrogen differentials which are governed by

differences in sexual experience (Taleisnik et 8l 1966). The golden hamster

Mesocricetus auratus is discriminating even when sexually inexperienced

(Johnston 1974}. Wwhile the social systems of R. norvegicus and Mus musculus

are highly cohesive (Barnett 1963}, that of Mesocricetus auratus appears to

invelve territoriality and strong mutual repulsion (Eisenberg 1966), as

in Rhabdomys pumilic (subsection A, above). Since R. pumilio, Rattus

norvegiocus and Mus musculus are murids, and Mesocricetus auratus ericetid,
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the mbove facts suggest the possibility of a correlation between social
organization (rather than taxonomic affinity) and the sbility of naive
males to discriminate between reproductive atate In females. In

Rhabdomys pumilio, and possibly M. auratus and other rodents with si=milar
social organizations, the adaptive function of such discrimination probably
relates to maximizing male reproductive sfTicliency by lncreaaing time
investment in courtship of females which are likely to rapidly become

receptive, relative to those which are not.
€. Diapersal

The tendency for mutual avoidance (section 4.3.3) in non-reproductive/
non-reproductive encounters (section 5.3.2.2), and the low overall affinity
of this complex at Dargle (section 5.3.1.2), suggests that high denaities
of sexually immature R. pumilic in free-living societies would caune
emigration of some. However, reproductives and non-reproductives were
generally poorly associated as well (sectlon 5.3.2.2), and in addition,
attempta by non-eggressors to escape from captivity (section 4.3.3) were
far fewer in non-reproductive than in reproductive/non-reproductive
encounters. Marais (1874) also observed attespts hr non-Bggreasors to
escape from his enclosure in response to adult aggreasion, and Brooks
(1974), summarizing Marais' (1974) data, suggested that in free-living

populations non-aggressors would emigrate. This view is almost certainly

correct.

Brooks (1974) did not mpecify the age/mass at which emigration mont
commonly occurs. Although mechanisms apparently exist whereby emigration
of nen-scrotal males and imperforate females may be precipitated (mection

4,3.3), the bulk of large-scale movements probably involve younger animals
#
according to the reasoning set out below,
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The high juvenile/juvenile associstion index (section 5.3.1) apparently
reflecta high sibling affinity which may parallel that of Mus minutoides,
for which Willan & Meester (1978) postulated group dispersal, with a litter
leaving the maternal nest at about the time the next is born. However,
juvenile R. pumilio were, in addition, moderately associated with perforate
females (section 5.3.1), presumably their mothers. In Marais®' (1674)
enclosure experiment territorial females frequently killed the young of
other females, and In the field an adult R. pumilio (presumably a female)
was observed to attack an unguarded nest and kill and partially consume the
young occupants (Flockemann 1976). In the present study mothera tolerated
an earlier litter in the presence of a later one, although a third did
not survive (section 5.3.2.1). These facts suggest female tolerance of
her own weaned young in her territory, but they would be unlikely to
neat with the mother and new litter. The upper juvenile mass recognized
in this study (24.9g; section 2.2) is reached at about 40 days (Brooks
1974), which would coincide with late pregnancy, and probably increassd
aggresnion in multiparous females. It also coincides almost exactly with
weaning of the second litter (mean interval between litters of 25.4 days,
plus 16 days to weaning; Brooks 1974). Judging by the laboratory pattern,
the mother is likely to expel the criginal litter from her territory at

about this time, allowing the second to replace it.

If the above asseasment ls correct it would explain why all subadult
{25-34.9g) indices were low (section 5.3,1), since leaving the mother's
territory would necessitate entering the contiguous ones of other, hoatile
femalesm, in which the subadults might be attacked. This mechanlsm would
probably be reinforced by aggression by scrotal males, or at least by
approaches to which the young might overreact, as in some intrasexual

reproductive/non-reproductive encounters (section 5.3.1), and may be seen



an resulting in large-scale subadult movenents away from centres of

raproductive sctivity.

R, pumilio weigh only mbout 10g at weaning (Brooks 1374), and are
céartalnly less fit than at the suggested second-phase dispersal mass of
25g. Evolution of & two-phase Eystem would be sxpected to have besan
pelected for by higher survival of those young which remained in the
mother'n territory for an additional period after weaning, compared to

thoae which did not.

Both Brooks (1974) and David (1980) recorded high rates of
disappearance of B. pumilio from their study areas, citing predation and
emigration as the major contributing factors. Brooks did not give values
for emigration, but estimated immigration at 12-31%/month; David estimated
immigration at 25%/month. These values may approximate emigration as well,
since a particular area in reasonably homogeneous habitat is likely to
experience similar rates of movement in all directiona. DBrooka showed
that all large-scale movements sway from his grid were undertaken by malea,
and David that twice as many males as females undertock such movements,

It seems likely, therefore, that gene flow in R. pumilioc results largely
from male rather than female dispersal. Evolution of this system may be
explained in terms of the different modes of dispersion of males and
females. Intrasexual territoriality in females (subsection A, above) would
largely preclude ismigrants of the same sex from becoming established in
optimal breeding sreas. In contrast, mince intrasexual male socialization
involves hierarchical ranking, inmigrant males might be expected to survive

and compete for mating opportunities in any area once they were fully
matire.
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5,4,2.3. P. natalensis
A. Disperaion

P. natalensis is regarded as highly sociable (Coetzee 1975, citing
various suthors), The present study substantiates this, with nest-sharing
in 35 of the 39 dyads in which amicable interaction wes cbserved (section
5.3.2.1), and high overall associmtion in the field {section 5.3.1.1). Da
Wit (1972) found no evidance for territoriality in a free-living population,
except that female home-ranges did not overlap for a three-month period
during the breeding season. The social organization of P. natalenais in an
artificial enclosure which was too small (6.7m') to permit the study of
territoriality was found to be based on hierarchical ranking (Cilliers
1972), with the structure of the hierarchy dependent on demographic
factors (below)., The mechanisms facilitating social cohesion in this
species appear to be determined by its high agonistic threshold (section
4.3.3) and partial ritualization of aggression (section 4.4.2). However,
within the framework of generally high sociability, considerable variation

exists which has not been adequately expleined in earllier reports.

Befors discusaing the results of the present study, it is necessary
to outline those of Cilliers (1972) who demonstrated extreme lability in
E. natalennis social organization in response to population density and
age structurs. Such lability would be expected of & mpecias which is
subject to periecdic irrupticns, as is P. patalensis (mection 1.2.7). &
similar phenomenon has been observed In enclosed colonies of Mus musculus
(Croweroft & Rowe 1957) and Rattus norvegicus (Barnett 1963). In contrast,
while social organization in e confined Rhabdomys pumilio colony varied to

some extent with population demography, basic epacing mechanisms remained
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relatively unaltered (Marals 1974). By approximately matching age structure
in the Darvill sample against the sppropriate age gtructure and social
phase in Cilliers (1872} etudy, it is sopsible to establish the probable

social mechanisms which would have underlain the indices of association

reported in this atudy (section 5.3.1).

cilliers' (1972) study commenced with the intreduction of five male
and five female F. natalensis, all mdults or subadults of unknown
relatedness, into an enclasure equipped with adequate shelter, food and
water. During the first [thres-month) phase of the experiment a aingle
male weighing over 40% more tham any other animal killed the remalning
males as well &8 thres females, was totally dominant, and was the only
sale to achieve copulation, although only one litter survived. Femalas
probably killed their own young (Cillisrs 1972), which they are known to
do under conditions of social stress (Choate 1972). Attempting to
establish a Rattus norvegicus colony using adult stock may also result
in uncharacteristic conflict, resulting in elimipation rather than
subordination of other anisals (Barmett 1963). In P. natmlensis the second
(five-month) phase was characterized by rapid population growth, the result
of all litters surviving. By ths ¢nd of the period 148 animals were
proesent, 12.8% of them adult, and all were descendants of the original
dominant male and two females. As the young matured, conflict ensued
which was of lower intenmity than during the firat phase, and the original
alpha m;uu was gradually supplanted from his dominant position by a groop
of four or five large males which did not fight among themselves. The
third phase lasted three menths, after which half of the population was
sacrificed. During this period there were no surviving litters, the
population declined to 116 animals (97.4% adults), and a group comprising

#ailx males and gix females dominated the colony, did not fight among
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themselvena, and were responaible for most reproductive effort. As in the
first phase, damaging fighta took place, and over 20% of the population was
eliminated by the alpha group. HRemowval of half of the population (above)
one month hefore terminating the experiment resulted in a reduced number
of attacks by the resaining dominants en subordinates, and renewed survival
of young. Choate (1972) also recorded group formation in & captive

P. natalensia colony, but did not elsburate on dominance or group composition.

No attempt was made by Cilliers (1972) to explain his findings in
terms of natural P. natalensis socleties. However, it is clear that the
firat phase outlined above would be unlikely to océcur in nature, except
posaibly following a catastrophy (e.g. flood) in which a few unrelated
animals were obliged to occupy a small refuge habitat. Ewven then it ias
likely that subordinates which were frequently attacked would emigrate
despite the risks involved in entsring unsultable habitat (Krebs 1978).
Similarly, dispersal of subordinates would be expected to prevent the third
phase baing reached except during sn irruption (section 1.2.7) or other
exceptional circumstances (balow), when emigration might be impossible due
to all surrounding habitat being occupled (Kingdon 1974}, In such a case

the third phase density regulaticn mechanisms described by Cilliers (1872)

would be expected to contribute to eventuml population decline.

'n?. Darvill population was relatively highly mature (i.e. with a
large proportion of adults: &64.7% of captures used to calculate indices
of association were of animals weighing 35g or over, and hence were regarded
as adult; section 2.2). At lesast three of the 13 perforate females captured
were pregnant, and 11 scrotal males were present, showing the population to
have been reproductively setive. This was in keeping with the fact that

trapping at Darvill was undervaken during April and May, during the period
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of maximum reproductive activity and recrultment of young (Comtzee 19G67;

De Wit 1972). Although it wam impossibla to estimate numbers of unweaned
young, the proportion of weaned juveniles (14.7%) wan surprisingly low,

and implies low nestling survival. Thers was no gvidence for high predation
rates, but the ntudy arsa was situated in more or less homogeneous habitat
throughout which pilot trapping (section 3.2.1.1) had shown the presence of
high numbers of P. natalensis. It is possible, therefore, that migratlion
was restricted by population pressure in areas surrounding initial home
ranges, or that emigration was neutralized by immigration. In either avent,
high Juvenile mortality (above) may have been the result of social inatability,
as in phase three of Cilliers' (1972) study. If this was a0 then the

P. natalensis dominance hisrarchy would be expected to have been maintained
by alpha anisals of both mexes. These would have been the largest animals
(Cilliers 1072), namely scrotal males and perforate females, which, Judging
by the appropriate indices of association {sections 5.3.1, 5.3.1.2), would

have had relatively little contact among themaelves.

Indices of association for caste combinations which included reproductives
were generally far lower than those in which reproductives were not Included
(section 5.3.1); the means for the two sets of indices were 41.6 and 158.2
respectively. In addition, all indices for combinations which Lncluded
reproductivea were lower than those for combinations which did not (sectlon
5.3.1)., Thess data strongly imply that these two classes (i.e. combinations
respectively including and excluding reproductives) represented discrete
social groups, with relative isnlation and association (section 5.2.2)
réspectively characteristic of reproductives and the other four castes.

The mechanisa by means of which such a system would be expected to operate
would invelve high aggression (within the constraints of a generally high

agonistic threshold] in reproductives relative to the remaining castes.
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The laboratory findings (section 4.3, 5.3.2) were in some respects
inconaistent with the above explanation of social organization in free=living
P. natalensis. However, conflict appears to relate mainly to competition
for mating opportunities (Cilliera 1872), which was imposaible in the present
dyadic captive studies. Hence, while such competition may be indirect
{subsection B, below), free-living reproductives are probably less

intrasexually compatible than waa the case in captive dyads.

Veenstra {1858) notes that in no circumstances does P. patalensis
engage in damaging fighte, but his trials were apparently conducted in
similar fashion to my own. In addition, his cbaervations involved animals
from a long-established captive colony, and the possibility exists that
they had prior familiarity with one another. MNeighbour recognition is
known to reduce conflict in Peromyscus leucopus, which is relatively
sociable, but not in P. maniculatus, which Is leas gsociable (Vestal &
Hellack 1978). Hence, in the highly socimble Pracays natalenais animals
(viz. neighbours) which recognized one another might be expected to engage
in lower frequencies of less intense agonism than ones which had not
proviously met. The high agonistic threshold in P. natalensis appears not
to be restricted to captive mnimals, since Choats -tlg'?z} réports that while

family groups normally occupy a single burrow in the field (subsection B,

below), adult males may also be found nesting together.

De Wit (1972) reported that with the exception of breeding females,
home range overlap in P. natalensis occurs independently of the sex and
age of the animals involved. However, while my field data agree with
those of De Wit in respect of sex, it appears that dispersion at Darvill
was highly dependent on reproductive conditien (mectlon 5.3.1.2).
("Reproductive condition" as here understood is more or less synonymous

with “age" in De Wit's work.) The reason for the disparity may lie in the



=221

different age (i.e=. reproductive condition) structures of the two
populations. During the 12 months of De Wit's study an average of 7.9%

of animals were of a mass (40g) regarded aa Indicating that they were
sexually mature, while 17.3% weighed 35g or over, the masa I used to
indicate reproductive maturity (section 2.2). During April and May, the
months in which trapping was undertaken at Darvill, De Wit's 40g and 35g
averages were 2.5% and 9.2% respectively. Hence, the populntion studied

by De Wit appears to have remainsd in the second demographic and social
phase (Cilliers 1972) for the whole year of the study. It follows that
social pressure would have been lower than in the Darvill population, with
alpha animals lesa highly aggresaive, thus facilitating non-agonistic
contact between animalzs of both sexes and all ages. De Wit (1972) reported
that emigration from his study area was not a significant cause of logs of
animale from the population. However, & mumber of potential predators

were prasent in the area, and although their sffect was not ascertained, it
seems likely that predation was a major factor limiting individual survival
to an estimated 2% over a six-month pericd (De Wit 1972), and hence

maintaining the population in = state permanently approximating Cilliers'

(1872) second phase.

P. natalensis social erganization is clearly based on hierarchical
ranking (above). However, lack of home range overlap in breeding females
(De Wit 1872), elimination rather than subordination of competitors in
some circumstances (Cilliers 1972), and evidence from the present field
study (section 5.3.1) combine to suggest that this species may be partially
territorial, with the territorial initiative heid by reproductives of both
gexes. While dominants probably avoid conflict among themselves, potential
aggression toward other members of the alpha group would be expected to
increase in the vicinity of the home !'haut. Dominants did not nest together

in Cilliers' (1972) study. but rather were dispersed among nest-boxes



-222-

containing subordinates. There is at thi= stage no evidence for group
territoriality in P. natalensis, but future research may show the existence
of this phenomenon, as in Aattus norvegicus (Barnett 1963) and Mus musculus

{Lidicker 1976).

B. Mating strategy

Reproductive activity in the lnboratory was restricted to animals
which were sexually mature (section 5.3.2.1). It seems likely that this
gituation is well defined in free-living P. natalensis, with large dominants
meking the greatest reproductive contribution, as in Cilliers’ {(1972)
solony (subsectlon A, above). Mareover, both the present study and that
of De Wit (1972) showed male/female affinity to have been no greater than
in the male/male and female/female combinations (section 5.3.1.2), suggesting
that males do not compete directly for mating opportunities, as postulated

for 0. irroratus (section 5.4.2.1) and Rhabdomys pumilio (mection 5.4.2.2).

Rather, competition may be for improved position in the dominance hierarchy
which, once achieved, would facilitate Incressed fertillization rates

{Cilliers 1972).

The low intenaity but high duratien courtship of F. patalensis (sectiona
4.3.5, 5.3.2.1), during which females were generally compliant but were not
avidently induced to enter ocestrus (secticn 4.4.3), appears to relate to
the esaentially cohesive socinl organization of this spacies (subsection &,
above).  In such a system average rates of male/female interaction are
likely to be high (Parker 1974). Hence, selection pressures such as those
responsible for the postulated R. pumilio mating strategy (section 5.4.2.2)
would appear not te function in the case of P. natalensis, and spontaneous

ovulation would have evolved, rather than time-saving courtship and associmted
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reflex ovulation. While meting in this species always oocurs at night
(Cilliera 1972), the sample size in the present study was too amall to
mscortain whether the timing of ocsstrus waa sa apecific as in other

spontanecus ovulatora (e.g. Rattus norvegicus; Barnatt 1963). Hence, there

is no direct evidence for spontaneous ovulation in P. natalensis. However,
gelection appears to have favoured prolongsed mals sexual availsbility,
sustained by a complex of solicitous behavicur in anoestrus females {(section
4.3.5). In addition, intermittent involvement of both males and females in
courtship (section 4.3.5) appeara to reflect the operation of selection
preasures which also led to evoluticn of soclal cohesion in this species

(subsection A, above).

Hodents such as P. natalenasis in which prolonged courtship occurs
(mections 4.3.5; 5.3.2.1) are generally monogamous (Dewsbury 1975; 1979;
section 4.4.3); D.H. Gordon (Pers. comm.) suspects that pair-bonding occurs
in P. natalensis. However, this wes not the case in Cilliers' (1972)
study, although in the initial stage of phase two, when the breeding
colony comprised one male and two females (subssction A, above), a
polygynous system obtained. Thereafter, dominant males achieved the
majority of matings in a promiscuous breeding :y-t.'um. The existence aof a
similar symtem in free-living P. natalensis s implied by the low scrotal/
perforate index of mssocistion (section 5.3.1), but it is interesting to
note that If the dominant male group comprised siblings (as in Cilliers'
study) the system would approximate polygyny in the genetical sense.

Apart from the obvious selective advantage to dominant males achieving
high fertilization rates, an advantage would also acerue to females with
which they mated. This would occcur through the young inheriting penes

favouring thelr own future dominance, and hence reproductive success.
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In 0. irroratus and Shabdomys pumilio, juveniles were moderately
associated with perforate females, from which it was concludad that systems
of protracted matarnal care operatad in those specles (respectively,
sections 5.4.2.1; 5.4.2.2). However, in P. natalensis the two castes were
relatively poorly asmociated (section 5.3.1), implying that maternal care

in this species does not extend beyond wsaning.
C: Dispersal

In the cases of 0. irroratus (section 5.4.2.1) and R. pusilio (section
5.4,2,2) there appeared to be evidence that the bulk of large-acale

movements at Dargle would have been undertaken by non-reproductives. The

mechanisms obliging young animals to emigrate apparently related broadly
to aggresaion of reproductive adults, and to non-reproductive/non-reproductive

mutual avoldance.

Emigration may have been of minor importance in limiting population
growth of P. natalensis both at Darvill (subsection A, sbove) and in De
Wit'a [(1972) study, and it appears that mechanisms such as those referred
to in the above parsgraph may not operate in this species. This is
suggested by high non-reproductive/non-reproductive and reproductive/
non-reproductive amicability in captivity (section 5.3.2.2) and association
in the field (section 5.3.1.2]. HReproductive/reproductive scores ware
low in both cases (sections £.3.1.2, 5.3.2.2), and mutual repulsion between
reproductives, which may provide a basis for partial territoriality in this
species (subsection A, above), might also give .imtu to emigration of
animals in reproductive condition. Judging by the relatively low scrotal/
scrotal amicability in encounters (sectlon 5.3.2.2), their negligible
association in the fleld (section 5.3.1), and the high incidence of

inter-male conflict reported by Cilliers (1972), the majority of animals



leaving the parent group would probably be scrotal males.

The hypothesized system of dispersal described above closely parallels
that of Mus musculus, in which adult males were the most frequent emigrants
from social groups in a large (385" ) enclosure (Lidicker 1976). Males
were rarely able to enter another group, although females wera marginally
more succeanful in this respect. Weaned young seldom attempted to leave

the parent group.

Lidicker {19768) did not discuss the mechanisms underlying attespted
dispersal in !.. muaculus. However, to avoid conflict with dominanta,
P. natalensis reproductives which ware not members of the alpha group
{subsection A, above) would be expected to emigrate, although thelir chances
of acceptance in another society would be slight. This is borne out by
the fact that animals entering Cilliers' (1972] enclosure from the outalde
were always killed. In contrast to the pressures on subordinate (and hence
non-territorial, subsection A, above) reproductives to disperse,
non-reproductives would not pose an imsediate challenge to dominants, and
would function within the society as a pool of potential mates to replace

anisals disappearing from the breeding stock.

M. musculus sociml groups resist immigrents, and hence genetic
contamination, but extensive gene flow may occur as a result of formation
of new groups in empty spatial and social niches (Anderson 1970; Lidicker
1976). No information ism at present avallable on the -uch-nu- involved
in gene flow in F. natalensis, or its extent. However, based on other
similarities in the social systems of M. musculus and P. natalansis (above),
and on ecological similarities (e.g. comsensalism; section 1.2.5), it is
reasonable to suppose that the mechanisas and rates of gene flow in the two

species may also be similar.



The fact that both juveniles and sub-adults were relatively poorly
associated with perforate females in the field (section 5.3.1) suggests
that young lesve the vicinity of the maternal nest soon after weaning.

They would then be axpected to remain in the society of their birth at
least until sexual mebority, and thersafter to snter the dominant bresding
population, to remain in submissive non-breeding roles, or to emigrate.

The last course would probably occur relatively frequently at low population
densitiea, increasing the rate of gene flow, but at high densities a

large subordinate non-reproducing populstion would be expected, as appeared
to be the case at Darvill (subsection A, above), and the rate of gena flow

would be low.
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. SUOCTAL ECOLOGY
B.1. Introduction

Social ecology has been defined am the atudy of social structure in
relation to ecolegy (Crook 1970) and ms the study of the biological basis
of social beshaviour (Wilson 1975; Barash 1977). Tha subject In thus

concerned with the adaptive significance of social phenomena.

In recent years thare has been incressing emphasis on the interpretation
of mocial structure in terms of environmental parameters, although studies
have concentrated mainly on species which may be sasily observed in the
field, such as birda (e.g. Crook 1965), large herbivores (e.g. Geist 1971;
Jarman 1974) and primates (e.g. Croock & Gartlan 1066; Clutton-Srock 1874).
The study of rodent social ecology was initially also confined to sasily
cbservable species, for example tree squirrels Tamiasciurus (Smith 1968)
and marmots Marmoka, the latter being dealt with in series of papers by
Barash (e.g. 1973, 1574) and Armitage and his co-workers (e.g. Andarmon et
al 1976; Armitage 1977). A watershed in the ecologicnl interpretation of
social organization of crypiic rodents was pmvtde& by HMappald's (1673)
study, referred to in section 3.1. Thers have been no studies of Southern

African rodents which could be described as primarily socio-ecological.

Ln'-ttqt is made in this chapter to interpret social phenomena in
Otomys irroratus, Rhabdomys pumilio and Prmomys natalensis (sections 4, 5)
in terms of the apparent hshitat preferencea (mection 1) and other aspects

of the scology of theae species, In section 5.1 reference was made to the
danger of attempting to classify mocial crganization using too many traits

(Wilsen 1078). It would appesr equally impractical to attempt socio-ecological
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{nterpretation using sll available information. Consequently, in the
following sections (6.2, 6.3) attention i=s mainly given to those goclial
attributes which, on the availsble information, appear most distinctly

edaptive.

For convenience, the summary given in section 3.4.4.2 of the apparent
habitat preferences of 0. irroratus, R. pumilic and P. natalensis, at least

in the Matal midlands, is repeated here, a8 follows:

0. irroratus. Mesic areas with good vegetative cover; resource
availability is varieble in space (i.e. small areas of optimum

habitat), but within theseé areas is high and stable in time.

R. pumilic. Drier areas with less dense vegetation, and with
resoiiree availability less variable in space {1.e. large areas of
optimum hebitat), but less stable in time (i.e. seasonally sphemeral)

than in the mesic habitets favoured by 0. irroratus.

P. natalensis. Disturbed habitats; availability of such habitats,
and hence of resources, is highly varlable in space (i.e. resulting
from possibly localized chance disturbance of the environment) and

time (i.e. dependent on the rete of ecological succeasion).

6.2. GSocial behaviour and ecology

6.2.1. Comsunication

The communicatory repertoires of 0. irroratus, R. pumilio and

E. natalensis (sections 4.3.1, 4.4.1) respectively appear to be dominated



by suditory, visual and clfactory signals. {This generalization is expanded

upon below.)

Systems of communication are greatly influenced by light avallability.
Whereas diurnal mammals hove good visual aculty and emphasize visual
signalling (Ashby 1972), nocturnal ones have reduced the visual role in
{favour of other forms of communication (Eisenberg 1967). Aspocts of the
communication syatems of 0. irroratus, R. pumilio and P. natalensis observed

in this study (sections 4.3.1, 4,4.1}, clearly illustrate this dichotomy.

At the two extremes, the diwnal R. pumilio and nogturnal P. natalennis
respectively appear to emphasize visual and olfactory communication, while
the largely crepuscular 0. irroratus has well developed auditory and visual
aslements in its communicatory repertoire (sections 4.3.1, 4.4,1). Jochnaon
(1980) also noted well developed visual communication in R. pumilio.

Visual emphasis in 0. irroratus may be explained by the fact that this
species exhibite considerable daylight activity, although Davis (1973)
suggestad that its vision is poor. This may explain why its signals tend
to inwolve gross postural movesents rather than the more subtle changes in
organ disposition which predominate in the almost t.atnllj diurnal

R. pumilio (Brocks 1974; Christisn 1977a). This may Iin part be explained
by semi-crepuscularity in 0. irroratus and lts preference for dense cover

(sections 3.3.3, 3.4.2), which allows little penetration of light to ita
mmn-mrud to those of H. pusilio. In consequence, social mctivity

in 0. irrorstus must normally take place in dim light, necesaltating improved
non-visual communication, as in Mlcrotus townmendi{ (Boonstra & Krebs 1978},
and resulting in reduced visual scuity (Davis 1972), from which the use of
large-acale movements as visual signals would be expacted to have followed.
However, interpretation of the prominent upright posture and tall and fore=paw

movements (section 4.3,1) as largely of visual significance may be simplistic,
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since the upright position in 0. irroratus frees the fore-paws for warding
{section 4.2.3) which is strongly tactile, and tail-quivering may provide
ayditory rather than visual cues (Ewar 1968; Hickman 1979), especially in

narrow runways where the tail would make audible contact with the surrounding

vegetation.

Probably also 1n responses to differences in patterns of diel activity,
sggressive approach (section 4.3.3) and early amicable approach (section
4.3.4) differ markedly in R, mllu but are almost indistinguishable in
P. natalensis. Similarly, agaressive and amicable approach behaviour are

almost identical in 0. irroratus.

R. pumilio appears to possess morphological adaptations which would
facilitate signalling with tha eyes and ears while 0. irroratus and
P. natalensis do not. In R. pumilic the eyes appear to be eaphasized by
pale yellow bands approximately 2mm wide above and below, which contrast
strongly with the remainder of the face (section 1.2.3). Other diurnal

rodents (such as Lemniscomys griselds and Paraxerus cepapi) have aimilar

sarkings defining the eyes, as do at least some of the largely diurnal
Macroscelididae (Pers. obs.}. Buch markings do not cocur in P. natalensis
or in other nocturnal small mammals examined (e.g. F. verresuxi, Acomys

subspinosus, Asthomys chrysophilus, A. namaguensis, Dasymys incomtus,
Dendromus melanotis, D. mesomelas, Mus minutoides, Saccomtomus campestris,

Tatera opp. and & nusber of Soricidae). 0. irroratus does not have the eyes
defined by pale markings, and Davis (1973) umed the absence of this character
to distinguish it from 0. angoniensis, in which rings of orange hairs
surround the eyes in the otherwise dark face, While 0. irroratus and

0. angoniensis have similar patterna of diel sctivity, irroratus tends to
inhabit more densely covered habitata than angoniensis (Davis 1973). This

appears highly significant, and supports the argument that pale markings
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around the syes have evolved to improve visual gommunication in small
manmals sctive at high light intenaitiea. The ear pinnae in R. pumilio
appear to be similarly adapted since, when viewed anteriorly, the inner
yellowish area contrasts strongly with the black edge (section 1.2.3)
and with the head and face. WMo such contrasting colouration exists in

P. natalensis, while in 0. irroratus the ears are particularly inconsplcuous.

The prominent stripes along the dorsum in R. pumilio {gection 1.2.3)
do not appear to play a specific role in communication, as no pos tures
were ohsarved in which they were emphasized. Although the characteristic
pattern may facilitate recognition by conapecifics, {t ia likely that the
stripes relate to cryptic colouration, and that they may be regarded a8 an

adaptation to diurnal sctivity in poorly vegetated habitats.

The modes of dimpersion of the threa species are discussed in section
6.3 but it is appropriate =t this stage to deal with the effects of

dieparsion on communication.

Territoriel exclusion (Burt 1943) implies either considerable energy
expenditure in boundary defence as in some birds (e.g. Lack 19%4), or use
of alfactory or other delimiting signals as in many mesmals (Ewer 1068).
However, visual smphasis in captive H. pumilio suggests that both territorial
integrity in females and hierarchical dominance in malea {mection 5.4.2.2)
may be maintained by agonistic confrontation (mection 4.3.3) involving

immediate visuml signals rather than remots olfactory oneas.

Similarly, the available svidence, although not con¢lualve, suggests
that communication in 0. irroratus may be dominated by immediate, in this

case auditory, rather than remote signalling, and although marking occurm,
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it apparently fails to deter conspecifics, while conspseific urine and
faeces are largely ignored (Davis 1973). The adaptive significance of
non=-olfactory emphesis may partly relats to the mode of dispersion of this
species (section 5.4.2.1), since the existence of potentially aggressive
animals such as 0. irroratus (section 4.3.3) in close proximity to
conspacifics would necessitate awareness of their preclise location in
relation to one enother. Such information would be less efTiciently
rendered by persistent scent marks than by non-olfactory aslgnals. Further,
selection for auditory emphasis concelvably occurred in direct response to
the preference of 0. irroratus for densely vegetated habitats (section 6.1)
in which animals might be invisible to one another sven when comparatively

cloase together.

P. natalensis possesses & relatively complex marking inventory, and
probably relies largely on olfactory communication. However, it is
esgentially non-territorial (section 5.4.2.3) and its use of odour may

relate to group cohesion, ms for example in Rettus norvegicus (Barmett

1963), The fact that intruders entering Cilliers' (1572) enclosure ware

killed probably resulted from their odour being unfamiliar to residents.

B.2.2. Agonistic behavieur

The features most descriptive of the scelal behaviour of the three

species relats to agonistie interaction (sections 4,3.3, 4.4,2), and are

as follows:

0. irproratus. Highly aggressive, but agoniem is ritualized.

R. pumilio. Looa overtly mggressive Lhan 0. irreratus, but agonismn

tands to bBe direct and vunelEualisad
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P. natalensis. Agonism is poorly developed and ritualized.

Partial ritualization of aggression in 0. irroratus and P. natalensis,
and retention of more direct aggression in R. pumilio (section 4.3.3)
appear to be adaptations which promote dispersion to suitable species-specific
density levels (section 4.4.2), which are in turn limited by environmental
factors. Among the many variables which may influence population size of
small rodents, such as food (e.g. Bendell 1959), water (e.g. Christian
1979a) and availability of suitable nest-sites (e.g. Seely 1976), is

included local availability of suitable habitat (Krebs 1978).

In the case of R. pumilio, which is primarily a grassland species
with a distinct xeric tendency (section 3.4.4.1), areas of suitable habitat
are extensive in the Natal midlands (section 3.4.4.2). Hence, this species
may not have been subjected to selection for ritualization ;f aggression
imposed by the pressure of limited available space. In other words, in
the evolutionary history of R. pumilio animals which were obliged to
emigrate from the vicinity of the birth-site as a result of direct
congpecific aggression would have found themselves in a similar environment

to that of the parsnt population, and enforced emiération would thus not

have acted as a powerful agent of selection.

The optimum (i.e. mesic) habitats of 0. irroratus are often of limited
size (séction 3.4.4.2), and animals emigrating from such areas would be
strongly selected against. Selection may therefore be seen as having
favoured animals which remained within the parent population, hence also
selecting for ritualization of aggression to reduce levels of damaging
conflict in situations of high population density. A similar argument may
apply in the case of P. natalensis, particularly since favoured (i.e.

disturbed) habitats were presumably less extensive and less common historically



than at present (mection 3.4.4.2).

8.3, Soclial organization and ecology

The soclal ayatems of tha three specles appear to it the following

general descriptions:

0. irroratus (section 5.4.2.1). Animals live in close spatial
asgociation (i.sa. the myntem im coheaive in apace), but the probable
existence of temporal territoriality (mee section 5.4.1) in this
apecies suggeats that individualam may seldom meet face to face (1.e.
the system is dispersed in time). In addition, breeding females are
intrasexually territorinl, and hierarchical relationships exist among
males,

R. pumilio (mection 5.4.2.2). During the breeding meason dimpersion
ia based on female intrasexual territorlality and male hiesrarchical
ranking. There ia a tendency [or aggregation in mesic reafuge

habitats in the winter non~breeding periocd,

B. natalensis (mection 6.4.2.3). The colonial socinl organization is
based on dominance hierarchies, the structure of which depend an
dlqnlrlphlu factors (mee mection 5.4.2.3)., Alpha animals of bath
sexen probably maintain small territories in the vicinity of their

nests.

Wilson (1976) draws attention to two Important ecological determinants
of modes of animal dispersion. First, the area of the home range must be

large encugh to ensure sufficlent energy for survival and reproduction,
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and ildeally it should not be much greater than this optimum size. Although
Wilson refers specifically to energy, the area must of necessalty almo
provide other resources auck as water, nest-altes and mating opportunities.
Second, modea of dispermlon are dapsndent upon the distribution of resources
in space and tiee, with uniform distribution favouring evolution of
territoriality and patchy distribution selecting for colenielity and group
exploitation of the habitat. In this respect, gradients of environmental
stability were used by Barash (1374) to explain the gross differences in

the soclal aystema of three specles of marmot Marmotza, referred to in
section 3.1. Brown (1974) lists the following three factors in addition

to those above, as selecting for species-apecific modes of diapersion in
fiew World Jays: Aintraspecific eompetition, susceptibility to predation,

and the energy cost and effectiveness of territorial defence and foraging.
Consideration of the last three factors would require detailed information
which is not at present available for the specles being considered here, and
the following discussion is thus confined mainly to the relationship between
wodes of dispersion and aveilabllity and distribution of rescurces in their

preferred habitata (sections 3.4.4.2, §.1),

Before going on to deal with characteristie attributes of the modes
of disparsion of each species, festures developed to a greater or lessep
axtent 1n all three (above) are briefly discussed, namely hierarchiecal

ranking and maintsnance of territories.

Intrasexual hierarchical ranking is gpparently prominent in male
0. irroratus and R. pumilio, and in both P. natalensis sexes (above).
Dominant animals of any specles lave greatsr socess to limiting resocurces,
and hence greater individual fitneas than subordinates (Wilson 1975;

Dawkina 1978; Barash 1977); reproduction is a vital componant of fitneas
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(Stearns 1676]. The fact that it ie only male 0. irroratus and R. pumilio,
and not females, which form dominance hierarchies suggests that availability
of mating opportunities (s the critical rescurce for which competitlion
occurs. Similarly, while both P. natalensis sexes compete to join &
dominant group, reproductive Succeas may be largely confined to this

group (section 5.4.2.3).

An interesting aspect of hierarchical relationships in tha three
species ls that they appear to represent betier ordered contests in
0. irroratus snd P. natnlensis than in R. pumilio, where flight by &
non-aggressor from an aggressor (s characteristlc (section 5.4,2.2). This
disparity apparently reflects selection in response o differences in the
areas of suitable habitat available to these species (section 3.4.4.2],
for the same reasons as those given in section 6.2.2, relating ritualization

of aggression to habitat slge.

Intrasexual territorielity sppears better developed in breeding female
than in male 0. irroratus (section 5.4.2.1) and B, pumilio (section 5.4.2.2),
while in P. natalensim thia phenomenon is probably poorly represented
(section 5.4.2.3). Territorial dafence in femals E irroratus probably
relates mainly to providing disparaing young with sdequate space, and hence
resources for establishment in the limited area of prime habitat avallable
to this species (section 6.1). Such a strategy would provide a powerful
salective advantage to Temales able to meximige their reproductive success
in this way, and may be regarded as an extenslon of the highly efficient
maternal care (e.§. nipple-dragging) deacribed for this specles by
Mecster & Hallett (1970). The territory of female B. pumilio is probably
held to ensure the safety of the young until dispersal, probably to a
relatively distent area of suitable hebitat, and therefore would also

reflect the inclusive Titheszs of the wother. Lack of well developed



territoriality in fesale P, natalensis apparantly indicates a low level of
conspecific threat to the young, at least during periods of rapid population
growth (below), but aleo shows that parental care is poorly developed in

this species.

The apparent eccurrence of temporal territorislity in 0. irroratus is
clearly an adaptation permitting high population densities of intranpecifically
aggresasive animals to nocupy limited areas of prime habitat (section 1.4.4.2].
Similar ressoning was invoked to explain rituallzation af ageresajion in
this species (section 6.2.2). An appealing explanation for the evolution
of tesporal territoriality in this species stems from kin selection
theory (Hamilton 1984; Maynard Smith 1964), and is based on the probability
that within any small area of habitat many or most of the 0. irroratus
present may be closely related. Thus, temporal territoriality may
represent a form of altruistic behavicur which serves to reduce the
probability that close kin will emigrate into marginal environmenta,
thereby reducing their chances of survival and reproduction, and reducing
the inclusive fitness of the population. Thim reascning is supported by
the short distance of movement from the maternal territory of dispersing

young (section 5.4,2.1).

It is interesting briefly to speculate further on the evolution of
temporal territoriality in O. irreratus. During the Plelstocene, the
vegetation of Southern Africa was greatly inf{luenced by variation in
rainfall sssociated with alternating pluvial and interpluvial periods,
&nd mesic habltats were periodically far more extensive than at presant
{Cooke 1962). Evidence that the area of habitat suitable for occupation
by 0. irroratus has become reduced is provided by the oceurrence of
isolated populations of this species in the S.¥W. Arid and in eastern

Zimbabwe (section 1.2.4). It would be expected, therefore, that the



=238~

social organization of this species, under conditions where extensive
areas of sultable habitat were available, would have been based on
territorial exclusion of conspecifica, am im the case in Marmota monax
(section 3.1). With the gradual reduction in size of areas of available
habitat, selaction for reduced dimpersal distance may be envisaged as
having occurred, accompanied by compression of territoriea, leading to

territorial overlap and ultimately to tesporal territoriamlity.

Q. irroratus has always been thought of as asocial (section 1.2.7),
but it has recently been referred to as colonial [(Perrin 1980b,c). Thia
conclusion was at least partially based on evidence that soee kin-selected,
colonial New World jays are K-selected (Brown 1974), with it following
that since Q. irroratus is clearly K-selected (section 7.31), and probably
kin-selected (above), it should also be colonial (Perrin In litt.). However
Perrin (In litt.) agrees that there may be exceptions to what he regards
as the general correlation between coloniality and K-selection. There s
to my knowledge no evidence that 0. irroratus is colonial, and on the basis
of the information presented in sections 4 and 5, and by Davis 1973, the

social system of this species must be regarded as dispersed rather than

cohesive (section 5.1).

An leportant aspect of the mode of dispersion of H. pumilio {above)
as it relates to habitat preferences is the tendency of this specieas to
aggregate in the winter, non-breeding season (Brooks 1974). The whole of
Brocks' study area was essentially mesic, comprising a marshy habitat in
which sedges were dominant and covar avaraged B3%, and a less wet ares
where hydrophilous grassland species predominated and cover averaged 73%.
B, pumilio displayed seasonal changes in utilization of the two habitat
typen, and in the winter aggregation of 1970 the marshy habitat, which
represented o refuge area (Brooks 1974), was preferred. In winter 1971
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aggregation occurred in the grassland and not the marshy habitat which was
apparently preferred for over-wintering. ™his was probably as a result of
competitive exclusion by O. irroratus which was largely restricted to the
marshy area, and was more than twice as common inn 1971 than it had been in
1470 (Brooks 1974). Agpregation in winter of R. pumilio in mesic refuge
habitats probably improves over-wintering success as a result of greater
availability of staple resources such as food and water in mesic than in
drier habitats, particularly in winter (section 3.4,4.2). It would be
expected that over-wintering aggregations of H. pumilio in mesic refuge
habitats would be more characteristic of this species in drier areas, or
in ones where gradients of water avallability were well defined, than in

more generally wet areas such as Brooks' study area.

From the apparent winter preference of R. pumilic for mesic habitats
arises the guestion of why this species does not parmanantly occupy wetter
areas with high resource availability. Competitive exclusion of R. pumilio
by 0. irroratus (Brooks 1974) is probably an important factor in this
connection, for while competition for food may be slipht (Brooks 1974; Perrin
1980a), such resources as nest-sites (section 3.4.2) and living-space in
general (Brooks 1974) may be in short supply. Another factor which poesibly
influences seascnality of habitat utilization in R. pumilio is that of its
poor swimming abillity, and the risk of occcupying flood-accessible areas
during the breeding season, which coincides with the period of maximum
danger of flooding in the summer rainfall region (section 3.4.1). Poor
swimming abllity is doubtless an effect rather than a cause of habitat
selection, but the short hair and lack of & buoyant "ruff" in this species

(section 3.4.1) would have made the evolution of efficient swimming less

likely than in 0. irroratus and P. natalensis.
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pbundant resources appear to be availsble to P. natalensis in disturbed
habitats, but under natural conditions [i.e. excluding human interference)
optimum areas may be localized, and thelr carrying capacity for this species
may decline rapidly as succession proceeds (section 3.4.4.2). Hence, an
area conducive to rapid P. natalensis population growth might, as succession
proceeded, rapidly become so unfavourable as to either eliminate this species

or reduce it to only a few survivors.

Coloniality and hierarchical ranking in P. natalensis (above),
together with its high reproductive potential [section 7.2.3), are adaptations
which fevour maximum exploitation of available areas of disturbed habitat.
Cilliers' (1972} findings in respect of a cenfined P. natalensis population
({section 5.4.2.3) are instructive in this repard. In recently disturbed
habitats where small numbers of P. natalensis were present, whether as
regidents in the srea prior to disruption or by immipgration, exponential
population growth would probably occur. Rapid growth would be facilitated
not only by the high fecundity of the species, but alsoc by its coloniasl
habit, in that ocestrus females would almost certainly be mated es a result
of regular social contact with the dominant male. When saturation density
was reached and social conflict commenced (phase three; Cilliers 1972)
emigration of subordinate animale into marginal fjundisturbed) habitat would
be expected, with the poasibility of some emigrants surviving and reproducing
in such hebitats, end some possibly colonizing other disturbed areas. The
course of events would be similar if, as &8 result of rapid plant
succession and colonization by specialist competitors (Meester et al 1973},

the area became unsuitable for P. natalensis.
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7. LIFE-HISTORY TACTICS

T.1. Introduction

In his review of theorles pertalning to life-history tactics, Stearns
(1976) points out that & life-history trait or combination of co-evolved
traits may be explained in terms of any one of several plausible hypotheses.
It is not necessary here to undertake an exhsustive discussion of these
hypothesea since Stearns (1976) has done so, while Perrin (1980b) has
reviewed the major areas of life-histery theory, emphasizing ideas pertinent

to the bresding strategies of 0. irroratus end R. pumilio.

The concept of r- and K-selection (MacArthur & Wilson 1967), as
developed by Pianka {1970}, has been used to explain a wide range of
life-history phenomena. Pianka's model has been employed to interpret,
for example, variation in reproductive rate of terrestrial Protozoa (Bamforth
1980), population stability of hibernating small rodents (Kirkland &
Kirkland 1979), reduced population fluctuation [(relative to other

microtine rodents) of an island population of Microtus breweri (Tamarin

1978), and differences in social organization l-un: conllurine rodents
{(Happold 1873). The breeding strategies of 0. irroratus and B. pumilio
were discussed mainly in terms of r- and K-selection (Perrin 1980b), with

this author concluding that R. pumilio is r- and 0. irroratus K-selected.

The theory of r- and K-selection predicts that species occupying
unstable or unpredictable habitats will be comparatively r-selected and
those in stable, predictable habitats comparatively K-selected. At the
r= endpoint of the r-K continuum there is a thearetical ecological vacuus

In which there are no density effects or competition, while the K=ondpoint
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represents a sltuation where density effects Are nt a maximum and competition
is keen. Thum, tha optimum r-atratégy involves maximization of productivity
by reducing body size, longevity, age at sexusnl maturity, parental care,

gize of the young and generation time, by increasing litter size and number
of offspring, and by evolution of memelparity. The optimum E-strategy
maximizes efficliancy of resource utilization and competitive ability by
increasing body size, longevity, parental care, size of the young and
generation time, by delaying reproduction, by reducing litter size, and

by iteroparity. Logically, no specles ever achisves either the r- or
K-endpoint, but each achievea a cospromise position at some point along

an r-K continuum (Pianka 1970).

Interpretation of life-history tactlies according to r-K theory poses
certain problems. Life-histories are dynamic in time, both in a
unidirectional evolutionary sense, in response to long-term environmental
change (Stearns 1976), and in the sense of edaptive shifts to sccommodate
short-term environmental variability (Perrin 1980b). A second practical
difficulty is that when the correlates of r—- and K-selection are exasmined
ln terms of an alternative hypotheais, named bet-hedging by Stearna
(1976), predictions are generated which differ markedly from those of
Planka (1970). In essence, the bet-hedging hypothesis distinguishes
between environmental impact (in unatable environmenta) on juvenile and
adult mortality, predicting that when juvenile mortality is high selection
favours increased longevity and reduced reproductive effort, but when
adult mortality is high selection oecurs for reduced longevity and
increased reproductive effort (Stearns 1976: Parrin 1980b). There is at
present little evidence to support this hypothesls, and Perrin {13806}
only noted the ilmportance of alternative explanations for life-history

tactics, while Interpreting his data mainly in terma of r- and K-theory.




[ slect to follow Perrin (1980b) and numerous other authors by heras

interpreting life-history phenomens largely in terms of r and K. Thia
dacision rests on the generally good fit of the avallable informatlon on

0. irroratus, . pumilio and P. natalensis (section 7.2) to the theoretical

model (Pianka 1370).

The key life<history traits, on which discussion in section 7.2 18
concentrated as far as possible, are the mean and variance in age at first
reproduction, clutch {litter) size, size of young, and the interaction

of reproductive effort with adult mortality (Stearns 1978).

7.2, Correlates of r- and K-selection

The corralates of r- and K-selection discussed in the following sections
{7.2.1 — 7.2.6) are listed in Tahle 43, which is modifled after Planka
{1970), Stearns (1876) and Perrin (1980b). Much of the information used
in this section is from the published and unpublished work (e.g. theses)
of others, since I did not set out expreassly to elucidate many of the
parameters listed (Table 43), and my samples were often too amall to be
useful. Tt should be noted that in some instances data have been used
which are only comparable in a general sense; for sxample, Litter sizes

recorded in both field and captive atudies are listed and compared.

In section 7.3 an attempt ia mads to describe the relstive positions

of the three speciss on an r-¥ continuum.

7.2.1. Habitat stability

Earlier authors (section 7.2) in the context of r- and K-selesction

have referred to climatic stability or predictability, but where species



Table 43.

Some correlates of r— and KE-selection.
1970, Stearns 1976 and Perrin 1980b.)

{Modified after Pianka

Interspecific competition

Poorly developed

CORRELATES (PARAMETERS) r-selection K-selection
Habitat stability (predictability) Lese stahle More stable
Body mize Bmaller Larger
Longevity Shorter Longer
Reproductive capacity Higher Lower

gestation period Shorter Longer
generation time Shorter Longer
litter alze Larger Smaller
reproductive effart (energy) Higher Lower
seasonal ity Semelparity Iteroparity
fartility Higher Lower
parental care Leas More
Population density More variable Leas variable
Social organization Coheaive Dispersed

Well developed
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occupy habitats within the same climatic zone (section 1.2.5), the term
habitat stability is to be preferred. As cutlined in sectlions 3.4.4.2 and
.1, the preferred habitats of 0. irroratus are relatively stable, of

R. pumilio seasonably unstable, and of P. natalensis markedly ephemaral.

7.2.2. Body size and longevity

0. irroratus is far larger than either R. pumilioc or F. natalensis

which are of the same order of size (section 1.2.3).

0. irroratus apparently has a greater ecological longevity than
B. pumilio, which in turn appears longer lived than P. natalensis (Table
441, In the context of trapping studies, the term longevity refers only
to animals which remain in the study area. The maximum life span of
19 months in R. pumilio was based on the survival of only two animals out
of 2281 (David 1280). The greater recorded life-gpan of Cape Flats
R. pumilio relative to that recorded on the Transvaal highveld ias probably
accounted for by the fact that David's (1980) study continued for five
yeara, while Brooks (1974) trapped monthly for only one year, with only
three trapping sessions in the following year. Davis (1973) trapped
concurrently with Brooks {13%7a), and 0. Ilrroratus probably has a greater
ecological longevity than the 22 months recorded. De Wit's ([1972) study
tock place during a peripd of abnormally low reinfell and in an area of
apparehtly less than prime P. natalensis habitat. Thus, the maximum
lifespan and over—wintering success of this species may be generally

greater than those recorded in Table 44.
T.2.3. PReproductive capacity

The suggested gestation period of about 40 days in 0. irroratus (Davis

1873) is considerably greater than that of R. pumilio and P. natalansis



Table 44. Longevity of D. irroratus, R. pumilio and P. natalensis in the
arean indicated. T = Transvesal highveld; C = Cape Flats; 1 = De Wit (1972);
2 = Davis (1973); 3 = Brooks (1974); 4 = David (1980); S = Davis & Meester
(1981).

SPECIES LOCALITY | MAXIMUM LONGEVITY SURVIVAL" SOURCE
0. irroratus T 22 months 13X for one year 2;9
R. pumilio T 16 months 2.3% for one year| 3
R. pumilie c 19 months 1.3% for one year] &
P. natalenais T 339 daye 2% over-wintering| 1

& survived and remained in the study area
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{Table 45). Similarly, genaration time, the sum of gestation period and
age at sexual maturity, is greater in 0. irroratus than in R. pumilio and
P. natalensia, for which approximately the sams period has been recorded
on the Transvaal highveld (Table 45). However, a single record exists

of @ P. natalensis female producing its firat litter at 77 days old
(Mesater 1960). Histological evidence (Baker & Meester 1977) confirms
that both males and females of this species are physically capable of
reproductive activity before reaching an age of 54 days, the time when the
female that gave birth at 77 days old (Meester 1560) would have been mated,
assuming n 23-day gestation period (Table 45). The reduced generation time
of R. pumilio on the Cape [lats relative to that on the Transvaal highveld
(Table 45) may mimply reflect the abundant food supply (mainly the highly
nutritious seeds of alien acacias) in David's ll!'lm;i study area, which
could result in accelerated sexual maturation. However, it is also
possible that under the rigorous conditions obtaining in the 5.W. Cape
(i.e. the prolonged summer drought), B. pumilic has been selected for
earlier breeding and thus tenda to be more nearly r-selected than in less

harah snvironments.

(The generation times given in Table 45 refer only to young born
early enough in the breeding season to permit their own reproductive
activity before the onmet of winter. Reproductive esasonality in the
three species is dimcussed balow.)

Mean litter size of 0. irroratus appears to be less than half that
of R. pumilio, which in turn is about half that of P. natalensis (Table 46).
The suggested mean litter size of 10 in P. natalensis (Costzee 1975) is
higher than any other which has come to my attention, and in terms of this

parameter (compared to other rodents) P. natalensis clearly tends toward
the far r-extreme of the r-X continuum., This species is, in addition,



Table 45. Gestation period and generation time of 0. irroratus, R. pumilio
and P. natalensis in the areas indicated. T = Transvaal highveld:; C =
Cape Flats; 1 = Johnston & OLiff (1954); 2 = Costaee (1967); 3 = Messter &
Hallett (1970); 4 = De Wit (1972); 5 = Davis (1973); 6 = Brooks (1974);

7 = David (1980); B = Davis & Meester (1981).

SPECIES LOCALITY | GESTATION PERIQD GENERATION TIME SOURCE

0. irroratus T ! 40 days 4-5 months 5, 8
R. pumilic T 25 days 3 montha 6
R. pumilic ¢ 25 days 10 woeks 7
P. pnatalensis T 23 daya 1, 3

P. natalensis T 3 months 2, 3, 4




Table 46. Litter size of 0. irroratus, R. pumilio and P. natalensis

in the areas indicated. T = Transvaal highveld; F = Fish River valley;

C = Cape Flatu; M = Natal midlands; 1 = OLiff (1953); 2 = Meeater (1060);
3 = Davin (1963); 4 = Coetmee (1965); 5§ = De Wit (1972); B = Davia (1973);
7 = Brooks (1974); B = Coetzee (1975); 9 = Baker & Meeater (1977); 10 =
David (1980); 11 = Perrin (1980b); 12 = Davis & Meeater (1981).

SPECIES LOCALITY X LITTER SIZE SOURCE
0. irroratus T 2.33 &, 12
Q0. irroratus F 1.48 11
R. pumilioc T 5.90 7
R. pumilic r 4.90 11
R. pumilio c 4.92 10
P, notalensis T 7.3 1
P. natalensis 4 T a.5 2
P. natalensin T 7.0 3
P. natalensis T g.22 4
P. natalensis T 8.0 5
P. natalensis N 11.27 o
P. natalensis L] 10.0 a

& mean value given for the species
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capable of producing as many Aas 17 (Messter 1960; Baker & Meester 1977) or

even 19 (Cootzes 1965) young/litter.

Reproductive effort, the proportion of the total female energy budget
invested in reproduction, may provide a measure of a apecies' position in
relation to r— and K-selection (Millar 1977}, and was used as such by
Perrin (1980b). Estimates of reproductive effort per pregnancy are

obtained by calculating

ﬁ ﬂ-ﬁ .‘1
=

{ )

Ry = N ¥, %

where Ry = reproductive effort, N = litter aize, W = masa of individual
offspring at weaning and m = adult mass (Millar 1877). Table 47 gives Ry
values for 0. irroratus and R. pumilio after Perrin {19800} who made
caleulations from his own Fish River valley data and those available for
the Transvaal highveld (Davis 1973; Brooks 1974), and for P. natalensism,
calculated from data in Meester & Hallett (1870), Coetzee (1975) and Baker
& Meester (1977). David's (1980) data were unsuitable for calculating
reproductive effort am he did not include the overall mean mass of breeding
females or mass at weaning, but judging by the mean litter size he gives
(4.92) R, on the Caps Flata is probably about the same as elsewhere (Perrin
1980b). In the case of P. natalensis (Table 47) Baker & Meester (1977) did
not give the mean maas of parturient females, but since the animals they
used were welighed at the time of capture (Pera. obs.), the mean mass of
adult females at that time (41.Bg) has been incorporated into the ullﬂulltlnn;
The resultant value, R, = 4,48, is higher than all but one of the

100 mammal ian F.t'l given by Millar (1977), and a source of potential error
in the calculation was thus sought. The sean mass of parturisnt females was

probably higher than 41.8g, but even using a value of 50.0g (probably an



Table 47, Reproductive effort’ of 0. irrorstus, f. pumilioc and P. natalensis
in the areas indicated. T = Transvaal highweld; F = Fismh River valley; N =
Matal midlands. 1 = Meester & Hallett (1970); 2 = Davis (1973); 3 = Brocks
(1974); 4 = Coetzee (1975); 5 = Baker & Meester (1977); 6 = Perrin (1880b);

7 = Davis & Meester (1981).

SPECTES LOCALITY ] W, m Rg | SOURCE
0. irroratus T 2.33 30.1 140 0,74 2,7
0. irroratus F 1.48 22.0 109,56 0,44 6
R, pumilio T 5.90 10.4 45.5 1,95 3
R. punilio F 4.90 11.0 39.9 1.86 &
F. natalensip N 11.27 12.2 41.8 4.48 5
P. natalensis i 10.00 11.0 50.0 3.21 1, 4

A, =NV, .75 (m u'“| -1

== possible general speciss mean
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overestimate), the result is it' = 3.91. The HE referred to as A possible
general species mean for P. natalensis (Table 47) was calculated using the
general mean litter size of 10 supgested by Coetzee (1975) in conjunction
with a mags At weaning of 1lg (Meester & Hallett 1970) and a probably
inflated femnle mams of 50g. It ia apparent from the l?l.. valuea in Table 47
that reproductive effort per pregnancy in P. natalensis is considerably
higher (prcbably more than twice as high) than in R. pumilic, which in turn
invests as much as four times as much energy per pregnancy as 0. irroratus
(Perrin 1980b). However, Perrin (1980b) draws attention to the fact that
differences in the seasonality of breeding in 0. irroratus and R. pumilio
(below] may approximately halve the annual disparity in reproductive

effort between these species.

Perrin (1980b) suggests that the reproductive effort of sale
Q. irroratus and R. pumilic may be similar. Very little is known of
reproduction in 0. irroratus, but the amount of energy expended in courtship
by male R. punilio seemed far greater than in P. natalensis (sections 4.4.3,
5.3.2.1). In view of the modes of dispersion of these two specles (section

5.4.2] there is no reason to doubt that the same disparity obtaina in

froe-living males.

The majority of Southern African rodenta for which records exint
(Roberts 1951; De Graaff 1981) display distinat reproductive assasonallity,
breeding during the wetter months, at least in the summer rainfall region,
and undergoing & period of reproductive quiescence in winter. 0. irroratus
R. pumilio and P. natalensis all have about a nine-month breeding seamon
(September - May) on the Tranavaal highveld (De Wit 1972; Davis 1973;
Brooks 1974; Davis & Meester 1081), although Costzee (1965} noted greatly
reduced winter breeding in a P. natalensis population at Roodepoort, rather
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than an absolute lack of breeding. In the 5.W, Cape (Cape Flats and
elsewhere) A. pumilio has retained the seasonal pattern of reproduction
described above, presumably because food supply is preater during the
warmar months than in winter (David 1980), despite the almoat total lack

of rainfall during the period October - March. R. pumilio breeds
intermittently in the Fish Hiver valley, with pregnanciss cecurring in
spring and autumn, and not in winter or mid-summeyr; in contrast

0. irroratus breeds throughout the year, with S0-100% of adult females
being pregnant in ail months (Perrin 1980b). In Perrin's study, breeding
in R. pumilio, but not in 0. irroratus, was positively correlated with
rainfall of two (pregnancy) or three (recrultment) months previously. Hence,
it appears that a tendency toward semelparity is typical only of R, pumilia,
while in certain circumstances both 0. irroratus (Perrin 1980b) and

P. natalensis (Coetzee 1965) may tend toward iteroparity.

Perrin (1980b) appears to regard continuous breeding in Q. irroratus
as typical of the species, and cites FitaSimons (1920) as stating that
breeding in this specles occurs year-round. However, FitzSimons also
said that 0. irroratus produces 5-12 young/litter, which is clearly
incarrect, 80 that he was doubtless referring to some other speclies; this
makes his reference to year-round breeding highly suspect. Perrin (1980b)
also uses as supporting evidence the fact that the central African
[+18 trgﬂ. icallis, which he regards as synonymous with Q. irroratus, is a
continuous breeder (Dieterlen 1988). However, irroratus and tropicalis
are unlikely to be synonyms (section 1.2.2), and even if they were,
continuous breeding in the tropics could not be taken to indicate that the

same pattern would occur in the more temperate Southern Africa (Pianka
187a).



The most likely explanation for the different patterns of reproductive
activity observed in 0. irroratus by Davis (1973) and Perrin (1980b) is
that this species hazs adepted its breeding to local environmental
conditions. An obvious and probably important difference (as far as
breeding in 0. irroratus is concernad) between the Transvaal highveld and
Fisgh River wvalley enviromnments lies in the distribution of mean monthly
rainfall in the two areas. Ouring the months June - Auguat, when
0. irroratus did not breed in Davis' (1973) study area, rainfall is at
its lowest in that region, ranging from 1lem in June to an insignificant
4mm in August (Davis 1973; Davis & Meester 1981). 1In all of these months,
mean rainfall is higher in the Fish River valley (approximately 24mm in
June, 16mm in July and S56mm in August: Perrin 19806} than on the Tranevaal
highveld, and is spparently high enough to maintein at a more or less
constant level throughout the year the quality of the plant material on
which 0. irroratus feeds {Perrin 198Ca). ©n the Transvaal highveld,
rainfall was cited together with photoperiocd, temperature and food as
potentially controlling reproductive activity in 0. irroratus (Davis 1973;
Davis & Meester 1981), although the occurrence of continuous breeding in

the Fish Hiver valley appesrs to cast doubt on the idea that photoperiod

influences breeding in this species.

Fertility, the actual level of reproductive performance of a population,
must be distinguished from fecundity, the potential level of performance
under ideal conditions (Krebs 1978), Fertility may be measured ss the
product of litter slze and the number of litters produced over a given
time. Table 48 gives the eatimated annual fertility of 0, irroratus,

R. pumilio and P. natalensis from data available in the literature. The

fertility value of 24 ascribed to R. pumilic (Table 48) was calculated using

4 mean number of four litters, which is probably more realistic {Powell



Table 48. Fertility of 0. irroratus, R. pumilio and P. matalensis in the
areas indicated, measured as the product of mesan litter size and mean
annual number of litters. T = Transvaal highwveld; F = Fish River wvalley;
C = Cape Flata; 1 = Coetzeo (1965); 2 = De Wit (1972); 3 = Davis (1973);
4 = Brooks (1974); 5 = David (1980); 6 = Perrin (1980b); 7 = Davis &
Meester (1981).

SPECIES LOCALITY [K LITTER SIzE|mo. LI mtﬁ:} SOURCE
Q. irroratus T 2.33 & or 5 9 - 12 37
0. irroratus F 1.48 7 10 &
R. pumilio T 5.90 a* 24 4
R. pumilio F 4.91 3 15 6
R. pumilio a a.92 2 10 5
P. natalensis T 9.22 4 37 |
P. natalensis T 8.00 3* 24 2

= extrapolated values; see text
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1925) than the maximum possible number (six) given by Brooks. The value
of three litters used to calculata the fertility of 24 in F. natalensis
was extrapclated from the length of the breeding season and short lifespan
of this species (above] in De Wit's (1972) study area. Two trends are
avident in Table 48, namely that the fertility of R. pumilio and

P. natalensis, but not of 0. irroratus, appears regionally variable, and
that there is a gradation in fertility: P. natalensis > . pumilio >

0. irrcoratus.

Burvival to reproductive age is a vital component of fitness, and
relative development of parental care, even if only to weaning as in moat
rodents, is an important determinant of overall reproductive capacity.

The significance of well developed parental care in 0. irroratus was
discussed by Davis (1973) and in more detail by Davis & Meester (1581).
These authors concluded that while litter asize is low (above), good survival
of young would permit high overall reproductive potential in this species.
Threa interrelated adaptations which appear to potentially increase

survival of young (by reducing susceptibility to predation) are here

distinguished, and their relative development in the three species

described (Table 49).

A number of parameters of parental care included in Table 49 require
comment. During the gestation period, young experience not only extreme
environmental stability but also a high degree of protection (Millar 1977),
particularly against predation. (There iz mlso an advantage to the mother
in a prolonged gestation period, namely that the energy cost of pregnancy
is lower than that of lactation; Millar 1977.) Young which are large in
size and precocial at birth, and which rapidly develop efficient lecomotion
and wean early, are presumably less vulnersble to predation and other

mortality factors than are altricial young (Millar 1977; Davisg & Meanter



Table 49. Parental care in 0. irroratus, R. pumilio and P. natalensis. 1 = Meester & Hallett (1970); 2 = Davis (1973);
3 = Brocks (1974); 4 = Costzeo (1075); 5 = Baker & Meester (1977); 6 = Davias & Meester (1981); 7 = present study (section
5.4.2.2).

SPECIES CONDITION OF YOUNG AT BIRTH RATE OF DEVELOPMENT BEHAVIOURAL FACTORS SOURCE
0. irroratus |Large (X = 12.5g) and precocial | Rapid {locomotion efficient Nipple-=clinging 2, 6
(gestation period 40 days or by day 5; weaning by day 13). | characteriatic. Short
more) with incisors erupted. distance of dispersal.
H. pumilio Small (R = 2.5g) and altricial Less rapid than 0. irroratus | Possible two-phase 1, 3, 7
(geatation period 25 days). but more rapid than dispersal from matarnal
P. patalenais { locomotion tarritory.
effivient by day 10; weaning
by day 14).
P. natalensis | Small (X « 2.2g) and altricial | Slower than R. pumilio Parturition in underground 1, 4, 8
(gestation period 23 days). {locomotion efficient by day | burrow.
12; weaning by day 20).
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1981). The phenomenon of nipple—clinging in 0. irroratus (Table 48] is
regarded as reducing mortality in this species (Davis 1973; Davim & Neaster
1981); and judging by the amall litter sizes of species in which
nipple-clinging oceursa (Davis 1963; Meester & Hallett 1970) this may
generally be the case, although not necessarily so (Millar 1977).
Eastablisheent of somé young within or in the vicinity of the mother's
territory in 0. irroratus, and possible two-phase dispersal ln H. pumilic
(Table 49) appear to represent extensiona of maternal care beyond weaning,
although in these instances reduction of intraspecific competition may be

more important than reduction of predation (sections 5.4.2.1, 5.4.2.2).

The content of Table 49 and of the above paragraph suggests that there
is a gradation in the degree of parental care, and consequently of
survival of young, in the three species: 0. irroratus > R. pumilio s
P. natalensis. However, the apparent disadvantage of P. natslenals in this
respect may be partially offset by the fact that the young are produced
in an underground burrow, the more or less stable microclimate of which
would tend to increase juvenile survival relative to that in 0. irroratus

and R. pumilio, which generally nest on the surface (section 1.2.8].

7.2.4. Population denaity

Few atudies have been undertaken which permit comparison of population
density in Southern African rodents. Concurrent studies on 0. irroratus
and R. pumilio or. the Transvaal highveld (Davis 1973; Brooks 1974) showed
that there were year-to-year changes (over a 27-month period) in the
proportions of the two species in their catehen, Puring the period
March-November 1970 R. pumilic was numerically the more important; thereafter

(December 1970-May 1872) numbers of 0. irroratus were greater than thome of
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R, pumilio. In the Fish River valley Perrin (1980b) observed similar
variability in relative numerical importance of these two apeciea over an
18-month period, with R. pumilio initially predominant {July-Decesber 1976),
and theresfter (January-December 1977} 0. irroratus was more numerous in
most montha; in terms of biomass 0. irroratus was more important than

R. pumilio in all but three months (July-September 1976). In Da Wit's
{1872) 16-month (February 1970-July 1971} Transvaal highveld study

P. natalensis was the most abundant species in all months other than
January-March 1971. H. pumilio was present in small nusbers throughout
the study, but was numerically unimportant. In the present study the
limited amount of trapping undertaken (mection 3.2.1.2) suggested that
generally speaking R. lioc was more abundant than 0. irroratus at the
Dargle grassland area, and that P. natalensis was more numerous Lthan

0. irroratus and R. pumilic at the remaining sites (section 3.3.1).

All three specieg display distinct seasonal variation in abundance,
although the occurrence of density peaks seems to vary from area to area.
On the Transvaal highveld densities of both D. irroratus and R. pumilio
peaked in late autumn and early winter (May-June; Davis 1973; Brooks 1974).
On the Cape Flats peak densities of R, pumilio generally occur in late
summer and autusn (February-May; David 1880). The early peak in
E. pumilio numbers in the 5.W. Cape, which was fairly consistent over a
five-yaar period (1972-1977; David 1980), is probably associated with
the intensity of the drought prior to the commencement of the rainy
season. FPerrin's (19800) Fish River valley atudy showed fluctustions in
density of both 0. irroratus and R. pumilic to be less regular than in the
areas referred to above, probably because of the unpredictability of
rainfall in the E. Cape. However, population densities of 0. irroratus

ware generally less varisble than those of R. pumilio (Perrin 1980&).
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Peak densities of P. natalensis generally occur toward the end of autumn
and beginning of winter, both on the Transvaal highveld (Coetzea 1965} and
plasewnere (Coetzee 1975), HReproductive activity in P. patalensis is
strongly influenced by rainfall (e.g. Costzee 1975}, and the abnormal
autumn decline which occurred during 1970 in De Wit's (15872) study was the

result of dry conditions at that time.

While all three species are clearly subject to variation in population
density, 0. irroratus may be generally less susceptible to such fluctuations
than is A. pumilio (Perrin 1980b), which in turn probably experiences more
stable population densities than P. natalensis. The latter conclusion is
based on reports of periodic Llrruptions and subsequent crashes in density
of F. natalensis [(Veanstra 1958; van der Merwe & Keogh 1970, in Cilliers
1872; Choate 1972; Kingdon 1974; Coetzee 1975). While irruptiona of
P. natalenais occur unpredictably as a result of unusual circumstances
(probably climatic/vegetational; J. Meester In litt.), and are superimpoaad
on the annual cycle referred to above, they nonetheleass serve to illustrate
the extrese varisbility in population density of this species. There have
been no reports of irruptions of elther of the other species, and David
(1980) specifically noted the absence of evidence for long-term cycles in

R. pumilic in his five-year study on the Cape Flats.

T.2.5, bocial organization

Happold (1973) considered the adaptive significance of the social
systems of several specles of conilurine rodents in terms of the carrying
capacities of the habitats in which they occurred. She concluded that
cohesive and dispersed sccial aystems are r- and K-atrategies respectively,

and although factors other than the carrying capacity of the habitat Ay
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influence social organization, atudies on other taxa wore cited mas
supporting her conclumions (Australisan parrots — Brereton 1971, and African
bec-caters - Fry 1972, in Happold 1973). However, the existence of
coloniality in K-selected New World jays (Brown 1974; see section 6.3)
shows that there is not a universal correlation between well and

poarly developed sociality and r- and K-selection respectively, although
the occurrence of such a correlation has not, to my knowledge, been refuted

in the literature pertaining to small masmsals .

The secial systems of 0. irroratus (dispersed; section 5.4.2.1) and
P. natalensis (cohesive; section 5.4.2.3) are here regarded as correlates
of K- and r-aelection respectively. The tendency for aggregation in
nen-breeding R. ilio, in which territorliality is well represented
during the breeding season (section 5.4.2.2), suggests that in terss of
its social arganization it would fall betwesn 0. irroratus and P. natalensis

on an r-f continuum.
7.2.6. Interapecific competition

Little is known of the competitive abilities of the three species
in relation to one another, or to other small mammal species. Competition
for food between 0. irroratus and H. pumilio in the Fish River valley may
be minimal (Perrin 1980a), although competition for space on the Transvaal
hlﬂwiiﬂ appears to result in R. pumilio giving way to 0. irroratus
(Brooks 1974). The upright posture and “chitting”, prominent in the
Q. irroratus agonistic repertoire (mection 4.3.3), are employed by this
spacies in aituations of interspecific confrontation in the laborataory,
and cause the withdrawal of both R. pumilio and P. natalensis (Pers. obs.).

P.
E. natalensis im known to give way to both O. imhuuﬂﬁ.w.m
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grassland recovering after fire (e.g. Natal midlands; Meester st al 1979),

and to Rattus rattus in areas suitable for habitation by this mainly

comnensal species (Kingdon 1974; Coetzee 1975)., FP. natalensls flourishes
in disturbed areas (section 1.2.5), but low numbers of 0. irroratus and
R. pumilio in such habitats is probably the result of factors (e.g. cover;
section 3.4.2) other than competition with pioneer rodent specliea. Thus,
there is probably s general gradation in interspecific competitive

abilities: 0. irroratus > R. pumilio > P. natalensis.

7.3. r- mnd K-selection In g. irroratus, B. pumilic and P. natalensis

In terms of all of the correlates of r- and K-melection listed in
section 7.2, 0. irroratus approaches the K-endpoint more closely than
either R. pumilio or P. patalensis {sections 7.2.1 - 7.2.6), except that
there is an apparent tendency toward iteroparity in P. natalensis (section
7.2.3), which is characteristic of K-melected aspecies. In terms of all
correlates (mectlion 7.2) other than body size (which im similer in R. pumilio
and P. natalensis; section 7.2.2) and breeding seasonality (where
P. natalensis tends toward iteroparity while R. pumilio does not; section
7.2.3) P. natalensis approaches the r-endpoint morae closely than
B. pumilio (sections 7.2.1 - 7.2.6).

It is clear from the above that compared with the other species
considered here 0. irroratus is relatively K-selected and P. natalensis

relatively r-selected, with R. pumilio falling between these two extrenes.

Perrin (1980b) is clearly correct in describing 0. irroratus as
relatively K-selected. Davis & Meester (1981) suggested that this species

probably occupies an intermediate position in relation to r and K, citing
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a number of characteristics as indicating K-selection (large body sizs,
high lengevity, small litter size, prolonged bresding season, well
developed parental care and high survival rate of young), but stressing
the affocta of environmental instability on food supply and population
size of 0. irroratus as favouring r-selection in this species. However,
Davia & Meester (198l) refer to the stabilizing influence of dense
vegetation on microclimate in the mesic habitats favoured by 0. irroratus,
and such areas are probably better thought of as stable rather than
unstable (section 3.4.4.2). In addition, Pianka (1970) noted that
terrestrial vertebrates in general appear relatively K-selected, and all
three species being considered here are doubtless more nearly K- than

r-selected, but with 0. irroratus most closely approaching the K-endpoint.
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This atudy has added to a growing body of information on the
relationship between rodent social organization and ecology. Socio-ecological
trends similar to those observed in the conilurine rodents (Happeld 1973,
1976) and marmots Marmota (Barash 1974), on which work the present study
was largely based, have been recorded in the species considersed here,
nasely that stable and unstable environments appear to select for dispersed
and aggregated social systems respectively. However, as pointed out in
gection 6.3, thism type of correlation is by no means universal asong
animal species, and it is clear that further information (see below) is
required before a general socio-ecological hypothesis can be proposed

{Barash 1977).

Conclusions in respect of availability of resources to Otomys irroratus,
Rhabdomys pumilio and Praomys natalensis in their preferred habitats
{mection 3,4.4,2) would have been strengthened by detailed information
rogarding seasonal and long-term variation in the carrying capacity of
different habitat types for these species. Newsome (1967) described a
mathod whareby the food supply of [ree-living E musculus was measured.

By placing individuml mice in open—bottomed containers of known asize in
the field and weighing the animals at regular intervals, he ascertained
for how long they could maintain messs on the food naturally present in that
area -.-;r habitat. Adaptation of this methed to local conditions would
poasibly provide a measure of the carrying capacity of different habitat
types for Southern African rodents. (I attempted to measure the food
wupply of 0. irroratus and R. pumilio at the Dargle grassland study ares
using Newsome's method, but the results were too variable to be of useo;

this was probably because the 0.5n" enclosures used were too small to

contain a representative area of habitat, and their small size led to some
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animals expending considerable energy, hence losing mass, in attempting

to escape; Willan Unpubl.)

Previous work on socio-ecology has often concentrated on species
which belong to the same genua (e.g. Marsota; Barash 1974; Anderson gt al
1976: Armitage 1977) or are otherwise closely related and have a clear
monophyletic origin {(e.g. conilurine rodents; Happold 1973, 1978). Al though
valuable comparative work has besn done on species which are not closaly
related {e.g. large herbivores; Jarman 1874), Barash (1977) suggesta that
comparative socio-eécological studies at the intrageneric or intraspecific
{i.@. subspecieas) levels are the most valuable. A number of potentially
valuable inveatigations into the social ecology of Southern African rodents
have suggested themselves as & result of the present study. I have recently
started a study on the social ecology of 0. unisulcatus, which occurs in
drier, less stable habitats, and is thus predicted to be considerably more
sociable than 0. irroratus. Other species of Otomys will be investigated
in due course, for example saundersas and sloggetti, which occur in unatable
montane habitats and like unisulestus are probably comparatively sccimble,
and angoniensis, a grassland species which is probably more sociable than
irroratus, but less so than the other species referred to above. An
intereating and informative study could be undertaken on relative
sociability of R. pumilio from differsent parts of its range, for example
the 5.W. Arid where it is comparatively sociable (Mel 1975) and Zimbsbwe
where males appear to be highly territorial (Choate 1972). Quantitative
confirmation of these observations would provide strong support for the
correlation referred to above, relating low mocisbility to high
environmental stability, and vice versa. Bimilarly, a comparison of the

social organization of 0. irroratus adapted to harsher environsental

conditions than obtaining in the Natal midlands would be of intereat. A
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small number of observations on dyadic interaction between captive
0. irroratus from 5.W. Cape montane fynbos (Pers. obs.) sugpgested that

this species is less overtly aggressive in that region than in the Natal

midlands.

Attempts were made in the present study to observe social interaction
in the field, but due to the density of vegatative cover this was generally
unsuccessful (section 1.1). However, it is possible to observe free-living
animals of all three species in areas where vegetation is leas dense than
in the Natal midlands (Pers. obs.), and such observation would provide a
useful supplement to information at present available. Observation at
feeding stations of previcusly marked animals (e.g. by fur-clipping or
using ear tags) would maximize the useful data cbtained in this type of
study. Radio-tracking has not to my knowledge been used in work on African
terrestrial small mammals, although bats have been studied in this way
(L.R. Wingate Pers. comm.). Use of this technique would provide more
precise information on patterns of movement, habitat utilization and
social organization of free-living small mammals than is obtained by

trapping.

Following Stearns (1978}, Perrin (1980bk) has emphasized the need to
consider life-history tactics in terms of hypotheses (e.g. bet-hedging)
which offer alternatives to the envirenmental stability/instability
#xplanation of r-K theory, which he regards as simplistic. However,
consideration of the life-histories of Q. irroratus, R, pumilic and
E. natalensis in terms of bet-hedging would require information which is
not at present available on these species. The bet-hedging hypothesis
predicts that in unstable environments high juvenile mortality raaufts in

selection for increased longevity and reduced reproductive effort, with
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the opposite effects in the case of high adult mortality (section 7.1).
Predation is generally the most important mortality facter in rodents

{Rlair 1948}, but the effects of predation on the three species considered

here have not been carefully investigated.

Prior to any attempt to interpret the life histories of the three
species in terms of bet-hedging, attention ehould be given to at least the
following important questions in respect of mortality in the three species:
1. The comparative importance of predation and other mortality factors in
determining adult and Jjuvenlle mortality; 2. The effect of differences in
patterns of diel activity, nest-site selection and environmental veriables
(e.g. cover} on the vulnerability of adults to predation (0. irroratus and
R. pumilio display wider ranges of diel activity and generally nest on the
gurface, and are thus exposed to a greater variety of predators than is
P. natalensis, which is strictly nocturnal and nests in a burrow, the
entrance to which may be plugged during the day - Pers. obs.; 0. irroratus
prefers high vegetative cover which may make it less accessible to predators
than are the other two species, but thie may be counteracted by the
possibllity that predators are generally more abundant in mesic than in
more xeric habitats); 3. The effect of differences in nest-sites and
parental care, especially nipple-dragging in 0. irroratus, on survival of
young (parental care in P. natalensis appears less well developed than in
the other two species, but birth of the young in & burrow may provide
considerable protection againgt predation; moreover, the existence of
food-caching in F. natalensis - Veenstra 1958; Cilliers 1872 - and the fact
that heavily pregnant or lactating females rar;ly leave the nest - Cilliers
1972 - suggests that survival of young may be high); 4. The effect of
pregnancy, when females are at their most vulnerable, on survival (at birth,
a P. natalensig litter may weigh 40-50% of the mother's mass, suggesting high

vulnerability to predation compared to 0. irroratus and R, pumilio, where
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the litter may weigh 20% or less of the mother's mass; however, restriction
to the nest may greatly reduce the danger of predation to heavily pregnant

P. natalensiz females).



The study aimed to describe the socio-ecological niches of Otomys
im in the Matal midlands.
irroratus, Rhabdomys pumilio and Pracmys natalensis in
To achieve this cbjective, it was necessary to Lnvestigate various aspects
of the ecology of the three species which were poorly understood, and ta
undertake comparative studies of their social behaviour and social

arganization.

Field studies (habitat and trapping) were undertaken during the period
September 1976-July 1977 at three sites (two at Dargle State Foreat, and
one at Darvill Sewage Works, Fietermaritzburg) which differed in terma of
abiotic and biotic characteristics. Thess studiea aimed to distinguish
the primary habitat preferences, as determined by water avallabillity
(i.e. distribution in relation to distance [rom watar, substrate molsturse,
and cover density), of the three species, which are sympatric in many
parts of Southern Africa, and to investigate the modes of dispersion of
free-living populations. Experimental and cbservational studies were
undertaken during the period January 1976-May 1978. Captive studies on
responses to substrate moisture, cover avallability, swimming ability and the
effects of food and water deprivation provided data supporting and extending
information obtained in the field and available in the literature.
Observational studies on the interaction of conspecific dyads permitted
Mﬁm analyses of social behaviour and sociml organization in
captivity, and provided a basis for interpretation of trap-revealasd dyadic

asgociation in the fiesld.

The position of the three species relative to one another on a

mesic-xeric continuum, defined ss having a range of +1 (100% mesophilous)
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to -1 (100% xerophilous), was ascertained using data for 21 categorles of
information obtained im the field or labocatory. On this continuum,

0. irroratus obtained a score of +0.456, indicating a mesophilous tendency
relative to the other two species; R. pumilio scored -0.05, suggeating a
slight xerophilous tendency, and P. natalensis a neutral (i.e. neither
megophilous nor xerophilous) 0.00. However, weighting was not employed

in the scoring system, and the importance of efficient utilization by

R. pumilic of highly hydrated foods (e.g. insects) was probably
underestimated. Hence, R. pumilio is probably more nearly xerically adapted
(relative to the other two species) than indicated by its small negative
score, ahove. Apparently overriding the influence of water svailabhility

on the habitat preferences of P. natalensis, this species favours disturbed

anvironsents.

The habitats preferred by the three species in the Natal midlands
ware described as follows: 0. irroratus - mesic areas with good vegetative
cover; resource availability is varisble in space (i.e. small areas of
optimum habitat), but within these areas is high and stable in time;

B. pumilio - drier areas with less dense vegetation, and with resourca
availabllity less variable in space (i.e. large areas of optimum habitat),
but less stable in time (i.e. seasonally ephemeral} than in the meslc
habitats favoured by 0. irroratus; P. natalensis - disturbed habitats;
availability of such habitata, and hence of resources, ie highly variable
in space (i.e. resulting from pessibly localized chance disturbance of the

environment) and time (i.e. dependent on the rate of acological succeasion).

Social behaviour of approximately 50 dyeds of each species was
qualitatively studied in cbservation cages for about 400h/speciea; records

were kept of the structure and function of behavioural postures, BEQUENCes



and responses, and of potentially social acts ({i.e. sound production

within the renge of human hearing, and marking behaviour) .

Communication in 0. irroratus appeared to be dominated by low
frequency vocal signals, although visual signals which involved large-scale
changes in posture were also well developed. H. punilio also emphasized
visual communication, but its signals were subtle, mainly involving small
changes in the disposition of various external organs such as the eyes
and ear pinnae. P. natalensis appeared to rely largely on olfactory

communlcation.

0. irroratus was the most overtly aggressive of the three species,
but agonism was ritualized, and damaging Tights were rare. R. pumilio was
less overtly aggresaive than 0. irroratus, but agonisa tended to be direct,
with non-agpressors tending to flee from rather than submit to aggressors.

Aggression was poorly developed and ritualized in F. natalensis.

0. irroratus does not breed in captivity, but sexual behaviour was
observed in the other two species. In R. pumilio, energy expenditure in
courtship was high, but mating occurred more rmiﬁlr {at times within
15 minutes of animals first meeting] than in P. natalensis, where
courtship continued intermittently for at least two days before mating waa

achieved. Ovulation appears to be reflex in R. pumilio and spontansous in

P. natalensis.

A quantitative study of dyadic intesraction in the three species was
undertaken in the laboratory. Four dyads of each of the 10 possible
combinations of four castes (scrotal and non-scrotal males and perforate

and imperforate females) were studied for Sh/dysd (one hour/day for five
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days). Trapping data were used to calculate indices of association for
free-living dyads; 21 dyadic combinations were recognized for each specles,
and comprised all possible combinations of the four castes listed above,
together with sub-adults and juveniles. Animale of the same apecies

were regarded as associating together in the field I they were captured

at the same or adjoining trap-stations within 48h of one another.

The results of the field and laboratory studies, together with
information available in the literature, permitted the following descriptiona
of the social systems of the three specles: 0. irroratus - animals live
in close spatial association (i.e. the system is cchesive In space), but
the probable existence of temporal territorlality in this specles suggests
that individuals may seldom meet face to face (i.e. the symtem is dispersed
in time); in addition, breeding females are introsexually territorial, and
hierarchical relationships exist among males; R. pumilie - during the
breeding season the system is based on female intrasexual territoriality
and male hisrarchical ranking; there is a tendency for aggregation in
mesic refuge habitats In the winter non-breeding pericd; F. patalensis -
the colonial sccial organization im bamed on dominance hierarchies,; the

structure of which dependas on demographic factora; alpha animals of both

sexes probably maintain ssall territories in the vicinity of thelr nests.

Dispersal in 0. irroratus probably occurs when the young are about
40 days old, coinciding with late pregnancy in the sother, assuming
fertilization during a post-partum oestrus. Distance of dispersal is
short in this species, with young apparently attespting to establish
home-ranges overlapping that of the mother. Young R. punilioc probably
disperse to the periphery of the breeding population, but a two—phase
ayntem of dispersal was proposed for this species in which young of a

first litter leave the maternal nest when a second is born, but remsin
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within the mother's territory until the birth of a third litter. Weaned
P. natalensis young probasbly remain within the parent population, with

dispersal mainly by subordinate adult males.

0. irroratus and H. pumiliao probably mate promiscuously, although
locally dominant males would achieve higher fertilization rates than
subordinates. In P. natalensis, members of an alpha group comprising males
and females appear to account for the bulk of reproductive activity. This

species may tend toward monogamy, particularly at low population densities.

In general, the social behaviour and social organization of the three
species are clearly adapted to their preferred habitats and other aspects

of thelr ecology.

0. irroratus is very vocal within the range of human hearing; 1ts
uge of loud vocalizations is seen as informing conspecifics of their
precise location in relation to onme another even in dengsely vegetated
habitats. BSuch informetion would tend te reduce levels of direct conflict
in this aggressive species, and would be an important mechanism whereby
temporal territoriality was achieved. The use by 0. irroratus of
large-scale movements as visual signals is probably an adaptation to
communication at low light intensities (i.=, this species is largely
crepuscular, and prefers densely vegetated habitats in which little light
panetrﬁtas to ground level). GSubtle visual signale such as those used by
R. pumilio would not be easily visible at low light intensities. Ritualized
aggression in 0. irroratus, together with temporal territoriality, appear
to be adaptations which would permit high densities of this species to
occupy small areas of habitat in which the carrying capacity is perennially

high. Intrasexual territoriality in females may have evalved to provide
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dispersing young with apace for establishment of a home-range within a

potentially limited area of prime habitat.

R. pumilio mppears to be largely dependent on visual comsunication;
Ltes use of subtle visual signals, which are esphasized by morphological
characters (e.g. bands of yellow hairs above and below the eyes), is
poasible because it is usually active under conditiona of high light
intensity (i.e. it is diurnal, and prefers arsas of less denses vegelbative
cover than 0. irroratus). Direct (i.e. unritualized) aggression in

R. pumilio probably acts ma & spacing mechanism, rellecting the large
areas of suitable habitat available to this species. The essentially
dispersed (rather than aggrégated) social organization of R. pumilio is
apparently adspted to the explolitation of resources which are more or

leas evenly distributed through large areas of habitat, and generally

less mbundant than those utilized by 0. irroratus. Female intramexual
territoriality and two-phase dispersal of young are apparently adaptations
to safeguard juvenilea againat conspecific female aggression. Winter
oggregation of H. pumilio in memic refuge habitats apparently reflects

the sessonality of resources avallable to this species in drier areas.

High energy investment in courtship by male R. % and reflex ovulation
in females would maximize fertilization rates in a social syatem where

animals are not in frequent contact with one another.

P. natalensis is nocturnal, and a8 such appears to emphasize olfactory
communication, although ultrasonic signalling is probably alse important
in this speciea. In addition to the conmtraints placed by low light
Avallabllity on communication (e.g. visual signals may be invisible in
the dark), odours may be important in saintaining group cohesaion in

E. natalensis, as in other highly sociable rodents such as Aattus norvegicus.
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Low levels of agonistic intersction in P. natalenais (and conversely,
higher levels of amicable behaviour than in the other two species),
together with ritualization of aggreasion, doubtless also serve to
maintain the cohesive social group. Coloniality and delayed dispersal

in P. natalenais are seen es permitting high population densities of thiam
species to exploit temporarily abundant resources in transitory disturbed
habitats. Small rodents adapted to desert environsents are generally also
subject to unpredictable svailsbility of resources, and are often coloniml.
(Arid-zone R. pumilio are apparently more sociable than populations in
wetter areas.) Low intensity courtship and spontaneous ovulation in

P. natalensis are possible because of the ready availability of potential

mates within the highly aggregated society.

The life history tactics of the three species were interpreted in
terms of the theory of r- and K-selection. Thirteen correlates of r- and
KE-selection were considered, and the positions of the three species on an
r-f continuum ascertained. In terms of all correlates, 0. irroratus
approaches the K-endpoint more closely than the other two species, except
that F. natalensis tends toward itercparity in some circumstances, which
is a K-selected character. P. natalensis approaches the r-endpoint more
closely than 2. pumilio in respect of all correlates other than body mize
{which is similar in the two species) and breeding seasonality {with
P. natalensis tending toward iteroparity, and R. pumilio toward semelparity). _
Hence, 0. irroratus is relatively K-seleacted comparad with the other two
Species, and P. natalensis is relatively r-selected, with R. pumilio
falling between the two extremes.
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Appendiz 1

The Effects ol Fire Regime on Small Mammals
in 5.W. Cape Montane Fynbos {Cape
Macchia)'

K. Willan and 0 C. Bigalhe

There is mo published Inforsotion on the
effecis of Fire on wmall somnls in fyebos
clthaugh ecoayalen dynomlcs comatl ba Tully
wniderstesd withoul browlsdge of thess effects.
Three sledies hows Lo soderbeles (Tees 1972
Lewls In prea; Blgelke ond Pepler Gopebl. ) ond
Bordd mned eihers [ TW0) cosented on potential
Mire affscis In the Sovikern Coane mauntelns. The
preseal pllel steds tesk ploce in 5.W. Cope
montoss (ynbed préparolery te intensive lnwvesti-

oa of the affezts of Flre regime on mon-
omorjol mall somals. The project hos been
tempoierily wespended, ard orellinbnory comcle-
alons ore presenled hera,

ME TR

Trapping was undarfokan from Augusi te
HMovember 1 al salectad sites in three
Dmportment of Farestry mauntaln esiehment
resepvan, Jonkershonk (11°59°5, 1B°57'E: ¢ 400m),
Werme raboek (J3948°5, 19901°E; & 800m) ond
Laboren (34*0975, 19509'F; + P00m). 34 sites
worn troppsd, 21 In representotive Fynbos and &
eoch In riverine hobitots ond rocky cuterops.

The riverine ond rechy suleres hebltats asseared
respectively ton wel and tos poarly loted ta
bBupr; Ly ware sonpled te cscerialn

polentlol of refuge hohitets ofter fire (Vessy-
Fllegerold Wad), when the surrounding vegetation
hid been deatroped. The Tyrnbes aludy orecs wese
selocied an the basin of ihe posi-fFice of the
vegeiation (1, 4, 0, 14 ond 18 waneld]. The
affecis of vorlobles ather thon post-firs age
wive lorgely nevirelised by seepling o meber of

"Presented st the Srmpasive on Oynamics ond
Horcpessnt of wdltertveen-lype Ccoayate—a,
A 10-14, 170, Son Dimgo, Califernio.

Mactures 1a Touloqy, lnlversiip of Fort Mere,
Private Fog X 114, Allce 5700, Soutls Aftica;
:'I'ﬂfl'll-nr ef Mature “arservalios, Dajwapsity of
-iulLembasehy, Stellevtionch 7409, South Alpiea.

"‘_"" Fab Bop %4 Pibonc, U0 Daillic Snsssms i i
TR Nhites bemis Sovune, 108 D pannim of Bl e

Abntroct:  fmell meessl specles richress,
ohunderce ool bjarcas sere delersingd in qepre-
gentotive 5 W. Cope mantane Fynle s hobitots of
wiat lgus past=Firea mpn, ond A riverire ond rocky
gulepap halillols Fedpecilvely oo wal amd Log
panrly wegetoted ba lmirn,  In Pyrbos the sara-
malers measured Jisplayed Lisodal distritet lons,
wilh sarly (F, 4 veors) and lote (38 yecod pecka
ored Emtirvering Limighs (LO-14 swenrz). Torrelo-
tlons with ploni seccesalen are Hiscorsed. In
comparisen «ith albar ecolyees, recslenizotisn &f
burns by wsmcl] seercls acewrs mere plaaly @n
fymbas, Species Flchewis, ohundsnce ond hiosons
af wmal] momals =i cecsislently higher im
riverine hohitals than o reclky owlcreas. The
fTarmer may ssrve a1 major seutoes of recalondso-
tisn alfter flrs.

sitea in sach ores which ware onalegeus to altes
in other areoi, [n this soy ores =ffecks
rasulting fres differences ln capect, slepe,
rechingss onad presisitly ba surfoce sulér ware rore
or lews slimincied. Unevoidohlo waristisn
oceurrnd Ln secten, altitude and vegetotion
fleristics ond phiniognemy. [n the i=ldé-ymar-old
arees, trosping slles included vegelailen
domimated respectively by Preisccen, Ericocen cnd
Restloncoen, but ihis wosn fepgasihle In the 38-
pl:;-nld areo -H:rhl repena ond

Widdrl io recdif lorn were ranl, although
ik= HIE wilre ar]z eut, leaving much deod
waad o the ground omd permitting recolonizotion
h; erlcos ond restios, The meat Impartont feotwre
of thess habltats in melallen {a the stedy ohjec=
tives wes thot while 1be young {1-ond 4 -year=old)
ond old [M-ywar-eld] wegetation covld be regarded
i predugiive (1.8, aclively growing, the latier
die to recslonisatien by ericos ond restiss], the
13=and 14-:“1-11:! vegeiatisn sas clearly reri-
bind, ond Fleristic and physiogronic diversity ==
comisiontly lower thon in sither (he young or
serezcent hehitats, In on aitespt e obloirn on
esvervies of wwall sowal preflersnces for theas
hotitols, date afe comhined Jhere orens of the
seme pereral Lypa (L.8. riverine ar rethy eulcrop
hobitots, or onei of the seew peat-Fire oge) ==re
sempled in differsnt colchesriy,

A wwmary &l gomling efTarl in eoch type of
hatsital Le given In Table 1. [n the Fynbas oed
meilc refeps hobltols, trepoing teck ploce on
tronsect Lines of vorioble length [19-20 stalions,
daperdleg on locol! conditions], =itk 158 bete=n
slotions, Tlmlz of rocky oulcroos wha more or
less of Libitum, with trops set at ploces were
thay teemod ==tl Likely to moke o coteh, 2 live-
troge wers weed of every statlon, 1 Shermen 737 x
BY w ¥ oom e | PV tunmel teapn 19 0 65 x T e
lafter Willan Y979, Trans wepe 401 within fm of
stabien marhers sbultlng small me=gl remenys if
pravont, anrl chegbed marrlng v renine Far g
totol UF d dove ondd alghiie, PBall wes o =laturs
af rallsd pots, relslos ond sumfloeer oll; pre-
bolilng mis nal oeolaved, Animols wers peleceed
ol the roint of coplure of bér species cnd =nes
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Fable T==ismpling sffart {utolise-nighta) in
wor Lasus §.9. Cipes Tyrdeors hualildl by Parnler
af altes sompled within eoch afen i3 glew Lo
ety

A2

[ Nant rirh TgF in ypeors
- ans ] ﬂf_”ﬂi ,L

fesic | Wackr i
"r_\-!rH: ulll-ﬂld_ l!lﬂl_l-_ i

Stidy oress) FHonth FIEI.IH

Wemmarahosk| August 1304 2)

Labanan Suptanlair o0[d4)
Jamkorshenk| loverter 2{2) WI4)

Tatals 1104y «30{d) JO0[4)

|33 |03} 2o0i4) S TR R
(1) el 440 |9}

(1 T T T T 7RI 1)

B33 MEOL3)  Molsy  J00(4) (LFLTET

hod besn recorded ord 1o aweld interfering with
praposed trop-mork-relesss studies, they ware
marend anly by sllpplag e Fur. PResells ore
interpreted ocs indicss af relotive obundonce
wapressed a8 trep-sucoens/atation-night of -I"Fnl'l.,
whera “stotbon=night®™ deseribed tropping For o
Yd=hour pariod =ith twe tresafstolion. Dolo ef
this tppe may b cspressed In terss of “tres-

" (e.g. Mesaler ond athers 1979 eatis
and Ryes-fase 179}, but in the present report
this weuld hows beee =lileoding sirce (1 was
vicommn (less thom 3 percand of coptures) lar
nare thon ore onimal fo be tropped ot the some
slotlen ot the some time. Relotive biomoss wos
caleuloted s total blemoss divided by sompling
effart; Pance ov g/vtatian-night,

u.?it:_‘n spo. ore diffieult to distinguith in the
o while J. Meester (pers. coom. )
lﬂ.-ldmf_r. frorates oll specinens In &

bup ond

»ET rom the 1 cobchmsreia, O,
0. soundersos also occer in Mynbos
I, =with 0, sounderice previecsly

recarded from jonkeryhesk [Siewart 19710, The
parilble jrroretus/loninotes fsoundersor comples
pressnl in # la refarfad ta on Dioeys
throughout, olthaugh the greot malerity sere
probably 0. Irrorotus, This otch oppeary
reasenoble in view al the tmﬁnr in hobits of

Clonvs spo. (Roberts 1957, Kingdon 1774).

Fiiss
;E ]

BESILTE

A total of 200 roderis ond insectiverocs,
tepresenting 11 losn, were coptured during the
study [fahle 21, BY pereent af which —ers

Jothonys ramoguengis, Of '+ Phabdeon
railly od bt el

Species richeass (Flg. 1] wes high=st in Uhe
rlwerine hobitots, where all bt one soacles
'll:r.l. 1-:1 wohmer il | -u‘:- present, and lossal

¥ sutcreps in veor -ald Fyibos.  In
the fprbes kebitots |1 won voriuble, «ith sorly
{d-poar| o Inte {38- | paskd, ond on inter-
vaning [ M om| W-pear] Lrough,

[Eﬂ- ) wos highesi in
lowest on rocky aut-
In the Tyrbas hobliats, reletive

e lnkive chundonca
ihe riverine habri tabs,

Lrogpm,

ohundance displaoyed sorly ond late peoks, with =n

intarvaning trouvgh, but within s seeroll bi-

madality coamalderalile species-woecilie worlof jon

epiated, The soad [spartont chorscisriaiics of

mtﬂ“"h‘ iea lloxtrot=d in Figuie I cte oa
DT

t--dbundanew of Asthomys ALY
mirmtoldes ord Dordrgman Ml;rﬁ:%i. with
increosing ope of the vegetalion, omd 0, messeelos

reploced O. melonatis as the vegelatlon becme
mare ik

1 spp. were initially (] yearm) pesrly
repae but therealter malnioired on
irporiont presance.

l—w Llis was masl abwndant in poung
(Fond 4 peup-a Eﬂ'ﬂlﬂ fynban, bul deelingd in
nicdle oge; ad libitus trepping in on area of

Frrbat TepociTie oge unkrawn| odjaining
the 10 year-old hobltat showed this species bz be
prasent ot Lebonen,

""%f' sinplnosws o geewrnlly poarly
wmm . - ent Trom 2 ond 4 pear-ald
L .

F—Imeciivores sers obsant From 7 year-sld
F;ﬂl:ml; small rembers of ;;ru-p_id_u_.r_Ell: ma ond €.
laweicens ware prasent enly im § yoer=ald
habl faf, Lut Myosares vorius shawsd &n almest

limtar increase wilh [Acreosing oge of the
vagatatien ir = O.F88; Pe .01},

d--Prmengs wwpresesi od Flephosiulun sdeardl
were rr-m'fiﬁ'h resiricted to riverire ond i
rocky estoren habiteta. P_ werpeuund la, howsver,
nol gecarally reitricted to riverine habltole,
eccurring en screbby hill-sleogs or format Aorqgies
in tha Inpana area (Dovis 19780, and en eell=
segetaied slapss (0 the Southers Toes mauntoine
fBored ool mtbaps §9007,

T-=The rivorira seall mowal comenjiiss ==
dominated by Closvs spa. and B, pumiLia, 1:l|'I||:|--ﬂI=

rocky sutersie by Asthewys rorcaenals,

Belotive tioosss (Tio. 3} wes bisedally dis-
tributed in the Fymbos hobitats, «ith pecks at 4
ond 30 yvarr.  The high incldence of Ofomes wno.
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Figure 1--Species richmess of small mammals in
wvorlous 5.W, Cope Fynbes habbitols, M = mesic
relugen; BD = rocky ostzrops.

(R = #g) in &-yeor-cld ¢ pmins 141 parcent of
totol coptures) and the reduced (spartonce of
this towon ot 7 yeers (M percent), ihar
with high J8-yeor musbers = M. voriua
K » 12g), lorgely espleins v shiTE of the highar
oeck Mrom 38 pears | ; Tlg. ) in 4 years
(blomons; Fig. 1), Relotive bissmis [n the mesic
hobitols wos idermilcal te thet In d-gear-sld
fimban (17 Ogfstptionnight), while rocky out-
ereps (1, Spfatation=night] suppertsd enly 17 per-
cont of the biomogs of the nest lowsst hobitat
(10-year-ald fynbos; 9. Tg/station-night).

&l pepcand

juppessiongl Tremds

Tha ovailable dato dewonstrole the calslence
of bimadol distributions of smoll scsmal spacies
richness, sbundance wed bloasss in respict of paa
Fire oge of montons Tyrbos, wiih early ond lats
peals, and Lrisrvenlng troughs. The de focta
sexlstance of o declire in
wppar tad by the foct thot Toss (1971) recacded
arly 1 ssall sossol species inao W
Pratsa ¢ stard ot Jankersheek, and Lewis [Ln
prep. ) ankty 1 species to be present ot e
iopm aile when the vegelotion won 17 yeors old,

It L significant thol small carnlveres, o
#videnced by irocks ord scots ohsarwed during the
prasent Tleld »ark, omd by Lntecfersnce with trap
wre only octive L0 d-orl 3B-ymare-nld Fyrbor, ond
in riveriss habliats, shere smcll mommols were
st oot .

A almllor binedality hor previouvsly bean des=
eribad |0 homid sortese geosslond (Metal Drokens-
berg; Uenlis ond BEpws=Bowe T979]. Thesr outhory
prepopes that (he recscn fer the bimodolity thay
abserved §a that different species {includi
w=all memecls, entolooe ord fromcolin) are :q:tl:
elther to frequently burred (Fire occessible) or
infreguenily twrned (Fire inoccessible) habltots,
but ot to soribueed hobltats of intermediols past
fire oge. It ses=: more econemlenl to orgue thot
o specics ore preccootsd te recently burnit
#rwiroreents, sxaloil the ressurces ownllokle
thers ond dacline in tha loler serel stoges. The
tecond e=ch results Tres the presence of care
;p;:ltl ol thoye confined 1o eld unbumi
obltots.
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Figure 2--Relative ghendonce af small acmmals
in vorious 5.W. Coge finbos habitots, WR =
wesic rafuges; RO = rocky cutecrops, Belotive
ghundonce coleculoted by dividing total
captiures for each specins by l..-mp'l_h-'.] wffnpt
{atalion-nighis],

On present knowledge the successionol pattern
in fynbos indicoted by our resvlts I3 net sasy i=
exploin Fully. Lisited cover ond food may hath
redirict smoll mommo]l apecios richress ond
g::l!il:.- on young burns. f['n'-'ﬂ raguiremants of

_hl:lﬂ-:l.r i nomoquensis are low ond Fhobdomys pumilio
prefers “grossy” ground cover, which (neludes
Poocuoe os well os the Cyperocecs nrd Pestionocoose
pramingnt in young fynbes (Band and sthers 17800,
fhe small sige of Wes mirutoides may enable L1 1o
vwig smoll resideal potches of shelter [Bigalke
ond Willen In press). 4 af the § rodents troppad
an the yaungesi burns (tohle 1) are cmnivoreus
[Bigolke end Willon in press) ood thus oble ta
sxplolt whotever food resources ore availobls.

The Fifth, Ctemys sp,, 1% o specialist herbivare
ol orly becomes obwmdont foter bn responss to
increosing covar [aes belaow],

210

Peglk small momeol spezies richeess, density and
biomoss measured ol £ years [toble 2, Fig. 2) is
altolned when ihes vegetotion §s recching the end
of [t3 yauth phose. During this tiee Fymbos
bacones dominated by restiorocsous ond grominaid
ploats and apfoutling shruba, the herbgseous plants
reaching roxlmus biomeoss of wp to BO00kgfha, -
Concpy  caver reaches obosul 00 percent of pre—buacn
leviels ond remainlng sprouting dpscies ottoin
repreductive malurity [Kruger ord Bigalke in press)
Food ressurees ore likely to be plentiful ard of
good gquality, For sone memols gbundont at this
Eime cover desaily s knawn o ba Impartont,

Bornd and ebiwrs [1930) Fourd o pasitive correlotion
belwsen the presence of Acomy: end falioge densily
betesan 20 ond £0em ulthm.-gFthlgh elevatlion and
rocky oreos wers also significont hobitol foctors
in Bovisonskloof. Otomvs spp, alse ashibit o
marked prefarence for dense shrubby vigetotian
[Aord ond sthers 19805,
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Figure 3—Felotlive bionoss of snall mamals I
varioes 5.W. Cope Fyeboa hobilois, W = meaic
refluges;: BO = rechy autcrops, Belotive blamsss
coleulaoted by dividing fotal bicmais by semaling
affart {stotion-nights],

fhe decline of small soewcls Ln matere Tpabos
=y reflect sevipories Lo derss conepy cover, ihe
reduced lmportonce of lewer harbocesus atirata
o decrensing plonl ipecies diverilby descr|bad
by Eruger and Slgalke {In préss). During the
sermioes] phioee of pont-fire suceersdon n Fprbigs
- gver chout M yeary - thise owlhora thaw thot
martality ceeng thrubs 1s high, the corepy opens
el soem seed regerarotion eay ecowr, A

such os presumchly ogsin Finds

T gicssy grownd cover while the oecemi-
loted litier say be an ispsriom Foclor Fovearlng
Yrosores.

Recalanisation Holes

Rotes of ssoll moemol recolonlsation of Barmi
in fynbos oppeor slower then in other seutbmen
Aricon scolppes.  The present sfiady did maol
irclude hobitois of less tham 2 years pest-Tire
oge, bl trapplng an e burn ot Duthis Bsservs,
Undveraily of Stellarbosch (J3"34°'5; W 31'E; &
Widn), Bigalke aond Pepler (unpubl.) Feusd me
small momnols e be presant onlll Bhobedom

1te meved i 11 manths af ter tRe Tlrs. Toes

sompled |-yeor-old vegotolion ol Jonker=

sheele gnd Fouwrel orly I species to be present.
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wations nreswily reflect the sloser rate of
regéneroljon of fysbas relallve Lo olhar vegeln-
Eiom tepes. [t Is of Inlerest Ln thls rebpact
Lhat af the soecies sampled b Uhis study, 2 may
= presesi [sesdiab=ls aftar Fire @ othar
~tolypsr M miseteides ol Myatarss wvorfles of
“Hdeor Dioe Watwrs Bessrss, toknl = besaier s

sthary TFTT, Wossres vorius in the Motol Drgerss -
bearg = benkla orel loes %791, Obar species
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Appendix 2
CHAPTER 14 ®

EFFECTS OF FIRE REGIME ON FAUNAL COMPOSITION
AND DYNAMICS **

R C Bigalke and K Willan

INTRODUCT I ON

In this paper an attempt is made to review the influence of fire -
considering type and behaviour, season and frequency = on the composition
and dynamics of Tauna in Southern Africa.

Imnediate direct effects are discussed First : To what extent does fire
regime cause faunal change by mortality, dispersal or both? Indirect
effects are then considered, distinguishing between those that are rapld
and short=-lived and those effective in the long term. What changes In
specles composition, species richness and population density arise from
destruction of food resourses or from Increased availabllity or quality
of food after a fire? What are the effects of alterations te vegetation
structure and thus to the nature and amount of cover? How do changes in
food and cover affect population structure and social organization?

Finally, evidence for postfire faunal successlon is discussed in relation
to plant succession and Flre-Induced changes In community structure and
functioning and some zspects requiring further research are idencified.

IMMEDIATE DIRECT EFFECTS OF FIRE

Fire can lead to faunal changes by killing animals or by causing them to
disparse,

Hartalitg

Slnce even the most modest tamperatures recorded 1n veld fires (eg Trollope
1981) are well above lethal levels for most living organisms, we might

expect death from heat, or asphyxiation, to be quite common. Records of fire-
induced mortality are nonetheless rare.

Responses of soil fauna have been little studied. By analogy with work else-
where (Ahlgren 197h4) it is likely that much of the sol] mesofauna - mites,
collembolans and other very small arthropods - as well as spiders, will be
killed, However Lamotte (1975) states that fire does not greatly affect the
fauna of the soil surface In tropical African savannas., Termites foraging in
wood, but not those in the soil, are thought to have been killed in a broad-
leaved savanna fire at Nylsvlel (Gandar 1979).

L4
For inclusion in P. de V. Booysen & N.M. Tainton (BEds.). The ecological
effects of fire in Bouth African ecosystems. C.S.I.R., Pretoria,

o
Manuscript not yet in final form - subject to further editing.
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Some arboreal Insects of the orders Hemiptera, Colecptera and Lepidoptera
survived In ecanopies of Dombaya rotundifolla trees 3 to hm high but all
were totally dastroyed on Ochra pulchra trees of about 2m In height
- (Gandar 1973)., The same fTra resulted in a 30% decrease in grasshopper
(Orthopterahcrididae) biomass, although how much was due to mortal ity
and how much to flight was not established, Y Gillon (1971) sampled
grasshoppers Immediately after 2 fire in tropical savanna on the lvory
Coast and recorded minimum figures of only 4,5% burned, 7,7% alive and
87.8% which had fled.

¥ Gillon (1971) also reports that a spectacular variety of birds congregated
about the fire, feeding on Insects as they flew away from the flames. The
affects could not be quantifled. Insectivorous birds commonly gather at
fires (eg Komarek 1969: Gandar 1979) and predation may be a significant
additional cause of insect mortality.

Mortality may be high in flightless arthropods. Populations of the tick
Inodes rubricundus are reported to be significantly reduced by fire in moun-
talns of the Karoo (Roux and Smart 1981), but this response Is apparently
not universal, Bosman (pers.comm)has shown that ticks in the Umfolozi Game
Reserve in Natal have well adapted escape mechanisms, dropping to the ground
In response to the presence of smoke. Among adult ticks at least, mortality
seems to be low, Among grasshopper nymphs death rates ranging from 4.,5% in
an African savanna (¥ Gillen 1871) to 100% In rangeland in the U S A (Hunter
1905) have been reported.

There are few records of flre-induced mortality among vertebrates. During
a grassland fire at Midmar Dam Hature Reserve "'a few' small mammals were
killed or injured (C N V Lloyd, personal communication to K Willan). Wild
fires in savanna In the Kruger Mational Park have killed or maimed about

L0 mammals on each of two occasions, Specles Involved were slephant
(Loxodonta africana), lion (Panthera leo), Impala (Aespyceros melampus),
kudu (Iragelaphus strepsiceros],waterbuck (Kobus elTTpsiprymnus), steenbok
(Raphicerus campetris), roan antelope {Hlppntr&ﬂ? equinus), dulker EH]-.“-
carpa grimmia), and warthog (Phacochoerus aethloplcus] (Brynard 1971)

Dispersal

Dispersal of animals fleeing fire may be an Important cause of faunal change.
In tropical African savannas fire tends to lead to the disappearance of
strongly flying insect groups, indicating either dispersal or mortality
(Lamotte 1375). Hore specifically, the species composition of pentatomids
(Hemiptera) in an Ivory Coast studyarea was altered through dispersal of

strongly flying heliophilous forms and death of sciaphilous species, which
fly only weakly.

Emigration was considered to be mainly responsible for a decline of 55 to 90%

in small mammal density following & fire In Terminalia-Dichrost savanna
(Kern 1978). Most impala left the burnt area and mﬁ%ﬂ of the
reserve in broadleaved savanna at Nylsviel (Gandar 1979),
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Effect of type and Intensity of Fire

The savanna fire In broadleaved savanna at Mylsviel rnl_:uftﬁ on by Gandar
(1979) was of low Intensity., Temperatures Hern‘slgnlfi-:.intl-y less than
250°C In the cancples of trees. This may enp!am why arboreal insects
were totally destroyed on 0. pulchra trees while some ll_lrﬂwd on taller
individuals of D. rotundifolla, Direct effects on termites and beetle
larvae In the soi) were negligible.  Tha fire which was applied at Myls-
viel burnt with an uneven front and left unburnt patches amounting to 21%
of the area In which grasshoppers were studied. Moblle insects could
escape through breaks in the fire front and sheiter in unburnt patches.
Grasshopper density In these patches was over 3 times prefire levels,

In contrast, conflagrations in the Kruger Mational Park, mentlonad above,
which caused the death of a variety of large mammals, followed 8 years of
protection against fire (Brynard 1971). Damgerously high fuel loads of

old grass had accumulated and about 25% of the Park's area was burnt out,
Trollope (19681) believes the fires to have been fast moving, Intense sur-
face head fires with considerable flame heights through which aven agile

animals would have had diFficulty escaping.

Effect of Season

Effect of burns at different seasons could vary considerably, For example,
coming at a time when seasonally restricted activities were in progress,
such as territory establishment, mating or breeding, fire would have a
greater effegt on populations than fires occurring at another time. There
Is 1ittle published information on this aspect. Gandar (1979) notes that
the Nylsviel fire took place In September when most grasshoppers were adult
and 50 able to dodge the flames effectively., The implication is that
mortallty would have been greater had there been more immatures about. A
fire mosalc of burns applied at different times of year maintains a richer
and more varled Insect population in tropical savanna on the Ivory Coast
than areas burnt in only one season (D Gitlon 1971).

Effect of Frequency

Type and intensity of fire are related to freguency and to the rate at which
fuel accumulates which In turn depends on vegetation type and climate, There
is litcle Information available on the Influence of different fire frequencies
on direct flire effects.

One consideration leading to the Introduction of more frequent burning in the
Kruger National Park wes the desire to reduce fire Intensity to aveld con-
flagrations capable of killing large mammals (Brynard 1971). In the Hiuhluwe-
Umfolozl complex, much of which is burnt regularly on a cycle of | or 2 years,
no ungulates ware reported killed by fire from 1975 to 1977 (Brooks and Berry
1980). We have already noted the Importance of refuges left by a patchy )ow
intensity fire for grasshopper survival at Mylsviel and of a fire mosale of
burns applied at different times of the year on Insect populations In troplcal
savanna on the |vory Coast (D Gillon 1971),
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INDIRECT EFFECTS OF FIRE

Fire alters the physical environment and the nature and quantity of food
and cover available to animais, while levels of compeétition and predation
may also change. These factors greatly affect faunal composition and
dynamics in the short term, much more so than the direct :ffa_;ts of a burn,
The immediate consequences of a fire wane as postfire succession proceeds
and the environment returns to its condition before the burn. The time
scale of short-term changes is influsnced by the rate of plant sucession
and mean flre frequency, which may vary from less than a year in grassiand
to as long as 40 years In fynbos and longer in forest. Where fire modifies
or drastically alters vegetation structure and composition, long=-term
faunal changes may occur,

Effects of short=term changes in Food Resources

Reduction of food supply. Fire may reduce or eliminate food supplles. For a
month after the Wylsviel fire foraging activity of termites was lower than
usual, perhaps partly due to high surface temperatures on exposed soil and
to dessication of the soll, and partly due to food scarcity (Gandar 1979).
(Gandar 1979) also sugoests a reduction in the supply of roots on which the
larvae feed or of the quantity of carbohydrates contained in the roots
(because of their diversion to newly stimulated top-growth), as factors
accounting for a decline in the number of adult beetles emerging from the
soill two months after a fire, Egg pods of grasshoppers and stick Insects
(Phasmidae) In the soil survived the fire but young nymphs emerging on
burnt areas a month later generally did not survive.

The food preferences of the majority of South African small mammals In which
responses to flre have been studled are poorly understood, but there Is
sufficlent Information to allocate them to one of three broad categories,
omnivorous, herblvorous or insactivorous. (Table 1). Comprehensive feeding
studles have been undertaken only on Otomys irroratus and Rhabdomys pumilio
(Curtlis and Perrin 1979; Perrin 1980). In addition, digestive tract
morphology and hence adaptation to diet, of a number of species listed In
Table 1 has been Investigated, and the feeding categories to which they
were allocated (Perrin and Curtis 1980) are included in this table,

Fire may totally eliminate the food supply of the speclalist herbivore

0. irroratus and other Otomys spp. (Table 1), and thelr disappearance from
rns may relate to food shortage. However, cover avallabllity appears more

important in the timing of recolonization (see below).

The remaining 1] rodent species under conslderation here are omnivores but
6 of these are pioneer species in at least some areas, remaining on burns,
while 11 are eliminated (Table 1). Similarly, while 3 of the 4 insectivores
disappear, ex varius may be present immediately after fire (Table 1).
There are no shed accounts of the specific dietary requirements of the

majority of these species (ie except R. ilic = Curtis and Perrin 1979;
Perrin 1980), but of the 6 pionesr rodents (Table 1), & were dealt with by

Perrin and Curtis (1980), who considered 3 to be true omnivores (eating

seeds, green plant and invertebrate food) while the fourth was a granivore/
Insectivore (eating mainly seeds and Insects). Pioneer omnivores may change
from primarily granivorous diets to herbivory, In accordance with prevailing
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supply leg Tatera leucogastar - Kern 197B), This species apparently crops
the Flush of green shoots appearing after fire. In spite of this, In-
creased movement on burns relative to unburnt controls (Christlan 1977a;
Kern 1978) suggests that food supply is probably reduced by fire, Pr s
natalensis, a primarily granivorous omnlvore (Kingdon I&?H{ which ploneers
@ varlety of disturbed habitats (de Wit 1972; Meester et al 1979), may
immigrate onto burns (Hanney 1965; Neal 1970). This specles was unable

to maintain weight on laboratory diets comprising only green plant (kikuyu
grass, Pennisetum clandastinum) or only Invertebrate {Tenebrlo larvae or
Macrotermes nymphs] food (Willan In preparation). BIF_M# miile lost
wﬂ|gﬁl on kikuyu grass, but galned weight on Invertebrate an in
preparation],

From the above it appears that species with the broadest food niches, at
least among rodents, appear most likely to remain on burns immediately
following fire (Table 1}. However, elimination of a number of omnivores,
albelit In at least some cases with narrower Tood niches than the true
omnivore category (Perrin and Curtis 1980; Table 1), suggests that cover
avallability or some other factor or factors may be limiting in some cases.

Large herblvores move off burns, for example impala at Nylsviel (Gandar
1979), as do common reedbuck in the Kruger Mational Park (Jungius 1971},
but recolonization may be rapid (see below).

Increase in guantity and quality of food, For herbivores, regenerating
vegetation soon provides a readily available source of palatable nutritious
food and burns are often rapldiy recolonized. Within a week two specles

of grasshopper appeared on the burn at Nylsvlel, one of them a mixed feeder
which took not only grass, forbs and litter but also ash, Three more specles
ware found after three weeks (Gandar 1979).

Rodent species trapped more frequently after a burn than before at Nylsviel
included Tatera leucogaster (but the percentage in the total catch did not
change) and Saccastomus campestris, They were thought to be feeding malnly
on surviving tres seeds ﬁ:r_ﬁ?&]. Mowever, T. leucogaster takes green
shoots as well; together with Steatomys pratensis It was ?nuﬁ to immigrate
onto triennially burnt plots in the months following a fire in the Kruger
National Park (Kern 1978). :

In burnt fynbos especially nutritious food resources, such as seed released
from plants, corms, cormlets and other structures among geophytes, and
;ant!l.lirn l..l.';:drﬁf a u;d- wr[ut'.rT?F IET'HnlIlntl including birds such as
rancol inus, Serlinus an ;trnEt;E a (Kruger, unpublished). Lav (1929),
and Kruger and Iqull'u {1 , Tound increased rodent mole ai;tlvft'rmun burnt
plots, presumably in response to greater availability of underground storage
organs of geophytes,

Mew green growth appearing after fire atiracts a wide variety of herbivores,
from tortolses to la?umrphi and large ungulates, in all major vegetation
types. Levyns (1929) observed "buck, a hare and several tortoisas" foraging
on recently burnt fynbos plots. Mountaln reedbuck (Redunca fulvorufala),
grey rhebuck ':;‘IH caprgolus), and oribl (Durebla ourebl), select strongly
for the green flush o grl‘u shortly following a fire Tn the Matal Drakens-
berg (0liver et al 1978). Mentis ‘({IE?H.'I showed that the crude protein

and phosphorus content of this young regrowth is higher than in unburnt grass.
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He alsoc noted an apparent increase in population densities of grey rhebuck
and oribl on a fine-scale mosalc of spring burnt and unburnt grassland with
a network of firebreaks prepared annually In winter,

In savanna of the Hluhluwe=Umfolozl complex elght species of grazing ungulates
were significantly attracted to winter and spring burns, Specles responses
were affected by their home range behaviour. Zebra (Equus burchelll), and
buffalo (Syncerus caffer) with the largest home rangés, and W ldebeest
(Connochaetes taurinus) and square-|ipped rhino (Ceratotherium simum) in which
home ranges are med um-sized, moved rapidly onto Burns, Vaterbuck and wart-
hog, which have small home ranges and which are closely associated with
riverine habitats in winter did not move onto burns quickly (Brooks and
Berry 1980). In this case, as with Impala at Nylsviel (Gandar 1979), a decline
in the avallability of young highly nutritive plant parts as the grass grew
caused animale to move off. Peak Impala numbers wera observed 21 to 30 days
after the fire at Mylsviel. Thereafter numbers started decreasing gradually
although density was still relatively high after 90 days, Brooks and Berry
{1980) found differences between specles In the stage of grass growth at
which they abandoned the burns, related to thelr regulrements for highly
nutritive forage.

Feeding behaviour of springbok (Antidorcas marsupialis) and blesbok (Damaliscus
dorcas) on burns reflects their regulrements for Increased food qual lF.r__—
THoveTlie 1978). On unburnt grassland mean feeding statlon Interval (time
spent at feeding station) was high on coarse mature swards high in crude fibre
and low in crude protein levels, Fesding statlon intervals declined with sea-
sonal reductlon in fibre and increase in protein. On burns feeding station
intervals were always low. The reasons proposed for this were tha high
nutritional valuve of resprouting grass, absence of obscuring mature plant parts
and lower overall abundance of forage.

Predators H‘{ also benefit from conditions following a burn, At Nylsviel
Gandar (1979) found a concentration of grey hornbiils (Tockus nasutus), which
feed on grasshoppers, around the burn for a few weeks after the Tire. The
birds were explolting Insects exposed after the fire.

Effects of shart-term changes In .'ul'nr.utlue Cover

Food supplies alone are not the only variable influencing animal populations
after a fire. Changes in the amount and nature of vegetative cover may be at
least as Important, if not more so, although 1t is sometimes difficult to deter-
mine the relative importance of these two factors.

Reduction of plant cover and exposure of the soll surface may affect micro-
climate : thus high surface temperatures on exposed solls mey have curtalled
the time of day during which termites could forage near the surface on the
Nylsvlel burn (Gandar 1979),

Increased Insolatlon Following removal of vegetation was partly responsible
for drying of the soil, which may have besn a factor In reducing emergence of
adult beetles two months after a fire at Nylsviel (Gandar 1979),
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Lack of cover, together with food shortage and increased vulnerability to
predation, are ikely to be largely responsible for postburn declines or
disappearances of small mammals (Dalany 1972). Cook (1959) and Meal (1970)
found these changes in small mammal populations to be related mainly to the
affect of fire on cover. It follows that specles which survive on burns

(or rapidly recolonize them) are able to tolerate reduced cover levels.

Four of the species listed In Table | as postfire ploneers include habitats
with little cover In thelr normal ranges. Gerbillurus paeba, Desmodillus
aricularis and Malacothria typica are found, among other places, In

g.parg.eiy vegetated areas of the Namib desert (Coetzee |5'55]'. and Tatera
leucogaster in areas of less than 708 cover or lltter In TerminalTa-
E?Eﬁm:acﬁn savanna In the Kruge- National Park (Kern 13787, Similarly
while F. natalensis occurs at a variety of cover densities (de Wit 1972;
Willan in preparation), in some situations it may forage In the open
(Kingdon 1974; personal observation by K Willan) in areas such as bare
ploughed Fields (Mendelsohn, unpublished). Hence, these four species appear
pre-adapted to survive on burns., Hus minutoldes and varius are
possibly sufficiently small (respectively approximateTy Bg and 12g] to avold
predators by making use of cover and refuges which are inadequate for larger
specles,

While the above provides possible reasons for the continued presence of
pioneer species on burns, It falls to explain the elimination of the majority
of specialist species (Table 1), There Is some evidence, however, that
specialists may be eliminated by Insufficient cover rather than by shortage
of other resources (Kern 1978). The speclalist herbivores (Otomys spp.) have
no food available to them Immedlately following fire, but the fact that they
do not reappear for at least several months, during which considerable
vegetative regeneration has usually occurred (eg Meester et al 1979; Mentis
and Rowe-Rowe 1979), strongly Implies a cover restriction In this case.

Bond et al (1980) found a correlation between nusbers of Otomys spp. and

the presence of densa, shrubby vegetation. While not entirely restricted

to high cover situations, 0. Irroratus appears to Favour dense vegetatlion
(Shortridge 1934; Roberts T95T; Davis 1973: Willan in preparation],

Rhabdomys pumilio appears less cover-restricted than 0. Irroratus (Willan

in preparation, but aven In the desert grassliand habl?ar.m Christian
(1977a), where R. pumilio would be expected to have evolved greater tolerance
to low cover avallablTTty than in higher rainfall areas (D P Christian,

personal communication to K Willan), it had not reappeared on a burn with
12 weeks,

Rhabd ilio and 0. irroratus, together with the majority of Otomys spp
m—mnn%‘r. among the specles T1sted In Table 1 in that thnfr nur:ullv nest unP
the surface, often under grass tussocks (Davis 1973; Brooks 1974) or other

sultably dense vegetation; hense, removal of cover by flre would prevent norma
nesting, and in itself would be sufficient to promote emigration from burns,

In addition, R. pumiilo, Lemniscomys griselda, 0. Irroratus and Qtomys spp.

are at least partially diurnal, with R. 1 11o almost entlrely so |Brooks 197
Christian 1977b). L. ?rluth (Kingden and 0, irroratus (Davis 1973) ar
predominantly crepuscular, us, all three species are exposed to diurnal rag

tors, which hunt by sight and are presumably more efficient at low than at hig
cover densities. However, in compensation for Increased predation by diurnal
raptors, it is possible that predation by owls on crepuscular and noctural
small mammals is reduced. Christlan (1977a) noted the absence of Tyto alba an

Bubo africanus from a burn but found that they hunted on a nearly unburnt
control,



In the Hatal Drakensberg, greywing (Francolinus africanus) and redwing

(F. levaillantii) francolins are very rare or absent in cleanly burnt
grassland (Mentis 1973; Mentis and Blgalke 19479), presumably in response
mainly to cover destruction, Among fynbos birds the sugar birds {Promerops
cafer), for example, depends on well-developed stands of Proteaceae about
8 years old and older for food and nest-sites. Fire deprives It of a
habitable environment (Burger et al 1976; Mostert et al 1980},

As an example of a large mammal responding to cover changes, the case of
common reedbuck (Redunca irunl;lfnufn: in the Kruger Mational Park may be
quoted. Jungius found reedbuck to vacate areas in which the tall
grassland they inhabited was totally destroyed by fire. 0ld territories
were abandoned and males competed for new sites in localltias where food
and cover was still available, such as gallery bush along river courses
or remnant grass patches. Social reorganization included the Formatlion
of new assoclations betwsen territorial males, females and Juveniles,

Long=term C 0%

Fire may drastically alter vegetation structure and so create long lasting
or even permanent faunal changes. Perhaps the most dramatic example s the
destruction of forest with its deapandent fauna. The extent to which forest
cover has been eliminated is discussed by Granger (1981). Fire-maintained
climax grassland supports a grassland fauna.

In savanna and woodland, flire can alter the density of woody species and
the grass=bush balance., For example Trapnell (1959) reports that 23 years
of early burning in June and July maintained closed canopy Brachystegia-
Julbernandla woodland. Late burning In October thinned nut.TEﬁ_
vagetation and led to Increased grass cover. Bush encroachment, which
resulted from frequent early dry season burning (and grazing) In the Kruger
Natlonal Park, was accompanied by a decline in grazing ungulate populations
and an Increase in browsers (Brynard 1964).

Influence of fire regime on indirect affects

T and Intensity of fire Whle one might expect the most intense fires to
EFEH Thé TEast Tavourabte postburn environments for animals, evidence
supporting this is limited. The low-Intensity patchy burn at Mylsvliel merely

scorched leaf litter. Beneath It Odontotermes and Thysanura were found foraging
shortly after the fire, The litter also served to protect tree seeds on which

Saccostomus s and Tatera leucogaster were able to feed. Unburnt patches
of grass nmizi 5uud and cover Tor grasshoppers (Gandar 1978). In contrast,
a fire as intense as that In the Cedarberg In January 1975, which killed most

resprouting harbs (Kruger and Bigalke 1581), might be expected to have royed
most animal food and cover. ! L e e e




Season of burn has & particularly striking effect on food in sour grassveld,
where nutritive values are at their lowest in the coldest, driest months.
From August to October, mortality asmongst small antelopes reaches a peak in
montane grassland of the Natal Drakensberg (Mentis 1978; Oliver et al 1978) .
There |s evidence that the higher crude protein and phosphorous content of
this grassland burnt in autumn reduces antelope mortality and that a change
from predominantly autumn to spring burning has led to a decline of antelope
numbers in Giant's Castle Game Reserve (Scotcher et al 1979).

Eight species of grazing ungulates were equally attracted to winter and
spring burns in the Hluhluwe-Umfolozl complex. Hixed feeders (nyala and
impala) showed a preference for spring burns, This may be because both
species switch from browse to graze at the beginning of the rains and thus
become less dependent on riverine habltats (which were not burnt) at that
time (Brooks and Berry 1980).

frequency
Frequency Firefinfluences the quality of pasture for herbivores to varying
Gegrees 1n different vegetation types and climatic zones. For example,
when a policy of burning not more than once every 5 years was introduced
in the Kruger Mational Park, it led to the asccumulation of moribund grass
and emigration of grazing ungulates. Subsequently burning frequencies
ranging from annual or biennlal in moist sourveld areas to once every & to
8 years in dry sweetveld were instituted to maintain acceptably short
palatable grazing (Brynard 1971; Gercenbach 1979).

Food and cover are probably both Invelved In the response of mammal and

bird populations te filra frequency In Drakensberg montane grassland.

Mentis and Rowe-Rowe (1979) found the greatest abundance and species richness
of francolin, small mammals and antelope up to 3} years after fire, There=-
after numbers of both specles and Individuals were low (but another peak was
found In fire-protected areas). Protectlion of grasslond from defoliation

for 2 or more years renders It unattractive to gulneafow! for nesting
(Mentis 1972).

Fynbos fires frequent enough to prevent regeneration of fynbos to the shrub-
land stage, requlred for example by the sugar bird (see above), would effec-
tively exclude this species.

In summary, fire frequency determines how often vegetation Is returned to the
beginning of the postfire successional process, whan food supplies for various
specles are elther diminished or improved and when low cover avallability
encourages some species and excludes others. Changes In community composition
reflect this and are probably most strongly influenced by frequency.

FIRE EFFECTS ON POPULATION STRUCTURE AND SOCIAL ORGANIZATION

Immediately following fire, vulnerabl!ity of grasshopper nymphs to predation
on exposed areas, together with Food shortage, combined to In:ru“pmrulltv

so that the grasshopper population after the Nylsviel fire consisted mainl
of large old individuals (Gandar 1979), J
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One might expect food shortages to reduce reproductive success In many
species, and competition on burns or In refuges to Increasa juvenile
mortal ity, but these speculations require confirmation,

Social organization may be disrupted in various ways, Home range sizes
of Gerbillurus pashba and Desmodillius auricularis (Christian 1977a) and
ter (Kern 19)8) Increased after fira, Animals emigrating

Tatera leucogas
from burns must expected to affect social organization in the unburnt
habitats they Invade. Thus many reedbuck abandoned thelr old territories

and males competed for new sites In remalning refuges. The perlod of
social reorganization sa the formatlon of new associations between
territorial males, femals and juveniles (Jungius 1971). Impala formed
large aggregations om the Mylsvlel burn (Gandar 1979).

It may be signlficant that of the three South African small mammal species
whose social systems have been studied, one, Pr natalensis, is highly
sociable and nonterritorial (Cilliers 1972; de Eit Ihmr remaln
after fire. Otomys irroratus and Rhabdomys pumilio Include territoriality
in their complex soclal organizations (Davls : Brooks 1974y Marals
1974) and are eliminated from burns. Soclability may perhaps rank with a
broad feeding niche and tolerance of low cover as a preadaptation to burns.

POSTFIRE SUCCESSION

Mortality, dispersal and responses to changes in food, cover and predation
result In altered postfire communities, Available information on the nature
and tempo of successional changes s reviewsd here.

Iinftial Phase

Early postfire communities studied to date are characterized by reduced
species richness, population density and blomass. In Namib desert grass-
land flve rodent species were present on a control plot but only three on
a burn (Christian 1979). Two small mammal speciés were trapped shortly
after a flre In montane grassiand, compared with seven 18 to 24 months
later; postburn population density was low (Mentis and Rowe-Rowe 1979).
Meester ot al (1973) trapped only one rodent species three months after
a fire In grassland near Cathedral Peak. In Terminalia=Dichrost
savanna a singla species of rodent was trapped two weeks after a Fire and
a second was present at two months. Peak small masma| biomass on annual
burns was only about half that on unburnt controls (Kern 1978). Grass=
hopper blomass In a mosaic of burnt and unburnt patches of Burkea savanna
immadiately after a fire was 70% of that of unburnt savanna, 1t dec!ined
to ULY after six wesks and was 42% after four months (Gandar 1979). In
transitional Coastal Renosterveld at Stellenbosch one species of small
marmal was present in the first year after a burn, compared with four In
;h:':::m;: Imlidib:n ;nlztiuhnqutnt years. Trap success was 3.6% in | to
old ve t 9% at age - -
st ooty ge 3 - & years. (R C Bigalke and D Pepler,
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Primary consumer species present in the early stages after a fire tend to
be unspecialized feeders tclerant of sparse vegetation cover., From the
first week after tha Nylsvliel Fire two grasshopper species r.imnd?d,
Acrotylus dians, & cryptically coloured specias favouring open habitats,
Afvd ACD 11idicornls, a mixed feeder eating grass, forbs, licter and -
on the burn = ash. ere was evidence that theses and othar grasshoppers
fed less selectively on burnt arsas (Gandar 1979).

It has already been pointed out that rodents found on fresh burns tend to

be those with broad food niches. Most also include habitats with little

cover within thelr normal ranges, for example Gerblllurus paska, Desmodi | lus

auricularis, Malacothrix typlca, Tatera leucogaster natalensis,
-m.: ploneers whl not fall Into this category = Mus minuto)des

and Myosorex varius - may be sufficiently small to aveic predation

making use of cover or refuges inadequate for larger species.

That predation is Important is suggested by the fact that most sma)| mammals
using Fresh burns are nocturnal or crepuscular. Furthermore, diurnal grass-
hoppers ware axposed to opportunistic predation by hornbills congregating

at the Mylsviel burn (Gandar 1979),

T a tians

in apparent contradiction of the trend towards species-poor, low density
communities following a fire, species exploiting abundant ephemeral resources
may become common for a while, About thres weeks after the Nylsviei flre the
grasshopper fauna was augmented by the appearance of three more species.
Another two followed a few weeks later (Gandar 1979,

Large herbivores often aggregate in spectacular fashlon, At Mylsviel Impala
began to appear In increasing numbers |1 to 20 days after the fire and reached
a peak at 21 to 30 days. They shifted thelr preference From Acacia communities
which were not burnt = to normally nutrient-poor Burkea which were usually
avolded (Gandar 13979), Eleven species of ungulates were attracted to burns In
the Hluhluwe-Umfolozl complex, aight of them to a marked degree (Brooks and
Berry 1980), If limited areas are burnt high population densities may be
attalned and management must ensure that burns are large enough to avold over-
grazing (Edwards 1381).

Aggregations of large grazers are a temporary phase In postfire successlion,
impala numbers at Nylsviel decreased gradually from 30 days after the fire,
although they were sti]! relatively high afrer 90 days (Gandar 1979). In
Zululand, species left when the burn no longer provided shorter, more palatable
grazing than surrounding veld. The order of their going corresponded to their
tolerance of long grass, warthog belng the first to leave, zebra and buffalo
the last (Brooks and Berry 1980),

Translents may also explolt seed released from plants, corms and sprouts, as
do birds such as Francolinus, Serinus and Streptopelia In fynbos. In this
vegetation rodent moles also increase in -Eﬁnu presumably in response to
increased abundance or availability of geophytes after Fire (Kruger and Bigalke
1981; Levyns 1929). Predators too may congregate temporarily, As noted sbove,
Gandar (1979) found grey hornbilis to be unusually abundant for several weeks
after the Nylsvlel fire, preying on grasshoppers which were read| |y avallable,




Success lon over the longer term

Successlonal changes are best documented for small mammals. They accompany
and are apparently mainly the result of postfire changes In vegetatlon
structure, Fig. | summarizes data re'ating to specles richness from seven
different studies (Toes 1972; Christian 1977a; Kern 1978; Mentis and Rowe-
Rowe 1979: Lewis in preparation; Willan and Bigalke in preparation;

R C Blgalke and D Pepler unpublished), The data of Toes, Lewls and Willan
and Bigalke are combined since they sampled similar habitats using similar

techniques.

Three trends are indicated in Fig. 1.

¥s species richness increased with time (but see point 3 below).

8 Rates of change are variable, Initially fewest spacies are
present In fynbos (data sets &, 5) and most in desert grass-
land (data set 1}, where the three trapped immediately after
the fire are adapted to low-cover environments (ses above).
Change was most rapld in Terminal ia-Dlchrostachys savanna
in the Kruger Matlonal Park whare [ive specles were presant
seven months after burning (data set 2) but species richness
was greatest In montane fynbos at 2 to 6 years (data set &),

3. In the two studies including relatively old postburn vegetation
(humid montane grassland, data set 3; montane fynbos, data set
&) two peaks of species richness are evident. In grassland
the second s attained earllier than in fynbos, a fact explicable
by the slower rate of vegetation cha in fynbos (Kruger and
Bigalke 1981). Mentie and m-m“ﬁaﬁi have suggested that
this bimodality is the result of small mammal and antelope
species being adapted either to frequently burnt or fire
inaccessible grassland habitats Sut not to those of Intermediate
age. A simpler explanation |s that some are preadapted to ex-
plelt postburn environments and decline in the absence of flre;
others are restricted to stable vegetation seldom disrupted by
burning.

Changes In species composition are also related to plant successlon, |

Terminalla-Dichrostachys savanna burnt triemmially, Tatera leu Ster was
domlnant while cover was less than 70% and there wss VIGtle ||§Er. By the

end of the cycle, when very dense cover and |ltter had developed, the shrew
Crocldura hirta was the dominant small mammal (Kern 1978). Similar patterns
of change are reported from montane grassland (Mentis and Rowe-Rowe 1979)
and fynbos (Willan and Blgalke In prepagation), Ae-emergence of a shrub
tll"llﬂil'j' In fynbos provides habitat suitable for sugar birds (Mostert et al
1980) and presumably also for other birds. Cody (1975) found species rich-
ness to be directly related to structural diversity of fynbos vegetation,

Abundance of small mammals as indicated by trap success hae also been found

to exhibit a bimodal distribution in montane grassland (Mentis and Rowe-Rowe
1979) and montane fynbos (W1llan £ Bigalke in preparation}, with the grassland
peak occurring earllar than that In fynbos. In Kern's (1978) Kruger Mational
Park study unburnt controls maintained a high stable density and biomass (and

species composition) while in annually burnt plots the seasonal peak biomass
was only half that of contral plots.
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In summary, available evidence suggests the follow! ng sequence of
successional stages after a burn:

Y. survival of or rapid recolonization by a few species with
broad fesding niches and which are tolerant of open habitats;
densities and biomasses are low.

A more or less stronaly developed phase of temporary aggre=
gation by opportunistic species exploiting ephemeral food
resources. High blomasses may be attained.

3. Gradual increase in species richness and population density
as structural diversity of vegetation Increases, with loss
of some pionears and appearance of species whose niche
requiremants are now met.

b, In the continued absence of fire, at least in montane grass-
land and fynbos, further species may be lost and density and
biomass may decline, te Increase again in the long term if and
when an essentially different type of community has developed.

It is worthy of note that successional changes may be Influenced
by fire behaviour and especlally by the patchinessof a burn,
which is linked to frequency, and by season, The effect of area
of burn may be significant but has not been studied.

CONCLUSIONS

Much less is known about faunal responses to fire than s known about the
response of flora and vegetatlon. Avallable data come from a few widely
scattered localities and relate mainly to some insects, birds and mammals,
so that it Ts difficult to make satisfactory generalizations.

Fire appears not to kill many animals directly bit more often results In
significant dispersal. Type and Intensity of a burn and the extent to which
it leaves unburnt refuges are Important variables affecting survival,
especially of species of limlted moblility., Scale is also likely to have a
marked effect but has not been Investigated. The Inhospltable postburn
environmént has little cover and at first offers little food to primary
consumers. Predators may however Find abundant prey during and after a

fire and may be an important contributory factor to the decline Tm animal
density typical of fresh burns.

As the vegetation regenerates, tempprary aggregations of primary consumers,
especlally large mobile forms, may exploit the accessible and palatable
resources of high quality food which becomes available, At a time of year
when unburnt vegetation is of particularly low nutritive value, as for
example in the cold dry season in montane grassland, burns may significantly
affect survival of antelope, and possibly of other species as well, by
making green pasture avallable,
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Change In vegetation structure, most marked in fynbos, appears to be the
maln feature Influencing changes in species composition and population
density in the course of postfire succession, From sparse populations of
few species adapted to open habitats and using a wide spectrum of foods,
communities grow In density and complexity. In high rainfall grassland
and fynbos, where the phenomenon has been studied, species richness and
population densities decline In the continued absence of fire, the time -
scale depending on rate of vegetation regeneration, Fire at appropriate
frequancies thus maintains high species richness and density. Late seral
species may however be eliminated by too frequent burning and a spectrum
of hablitats of different postburn ages is probably required to malntaln
maximum Favnal diversity. The scale of such a mosalec s likely to be
Important, especially to specles of limited mobility requiring a diversity
of vegetation forms within home ranges. Critical studles of faunal

responses to burns at different intervals and seasons and on varying scales
are needed,

Little Is kpown of the effects of fira regime on population dynamlcs,
Enhanced reproductive success and survival may be expected Initlally for
recolonizing species with access to high quality food and |lttle competition,
Dispersal may be significantly affected. Topics such as levels of Inter-
and Intraspecific competition and predator-prey interactions on burns have
not been studied. On many fronts there is a need for more research,

particularly in order to provide @ scientific basis for use of flre for fauns)
conservatlon and management,
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Postflre successional status and feeding categories of some South African
5 = speclallist; P = ploneer (for additional

small mammals. Succession :
Diet : 0 = omnivare; H = herbivore;

description ses text).

| = Insectivore; O/H = omnivore with tendency to herbivory (1h); G/) =
granivore/insectivore, consuming large amounts of Insects and seeds (14).
Numbers | = 19 are references,

DIGESTIVE TRACT

SPECIES SUCCESSIONAL STATUS HORPHOLOGY
| RODENTS

% subsplnosus s (18)
'E%nrl Erﬂﬂﬂﬁi:u- 5 tfg; o/4 (1h)

] 5 namAgUens | g { o/H (14

W-ﬁﬂu‘- melanot s s (13, 16, 18) Lol
Dendromus mesomelas 5 (16)
Besmod! 1 Tus auricularis P (8) G/ (L)
Gerb! Turus P EE;

[ riselda s 19 M
Ei-msgri: typlca P [B'.':I e
s minutoldes P (12); 8 (13,18) o (14
"F'F'm'_t‘uu ensis p E:is_u.n.m u Elh;

519

Praomys verreaux| 5 (16) 0

irroratus 5 (12,13,18) H (5,15,17) Ho(1h)
[ Spp. s (16,18) M

pumi1io s (8,12,13,16,18) |o (6,15,17) 0 (1h)

| Saccostomis campestris s (9) o (1, &/1 (14)
Et# pratensis 5 (9) 0 G/1 (1h)
Tatera ter P (9) (i o (14
Thal lomys Cus 5 {12) i 0 (1
INSECTIVORES
Crocldura cyanea 5 (16)
rocldura flavescens S (13,16,18)
Crocidura hirta 5 (9)
Mr“ varius P {12.13}; S‘I‘E‘JHP
i. Roberts (1951) 10. Wil nd
2.  Hanney (1565) . thrl::l:n {T;;;;" i
3. Neal (1970) 12, Meester et al (1979)
. Delamy (1972) 13, Mentis and Rowe-Rowe (1979)
5. Davis (1973) 14, Perrin and Curtls [lﬂl‘:—}
g. :rﬁ;&iﬁ:;“ 15. ~ Perrin (1580)
" ng 6. Willan
8. Christian (1977a) 17. HIII:n ?T: ::I':;:t:t::;}p““"“mj
9. Kern (1378) 18. R C Bigalke D Pepler (unpublished)

15. K Willan (Personal observatiaon)
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CAPTIONS

Fig. |

Number of small mammal species in relation to time elapsed since previous
fire,

. Desert grassland (Christian 1977a)
Iemina]ig-RPichrostachyg savanna (Kern 1978)

Humid montane grassland (Mentis and Rowe-Rowe {1979)

S W Cape montane fynbos (Toes 1972; Lewis In preparation;
Willan and Bigalke in preparation)

e S W Cape fynbos "island" (R C Bigalke and D Pepler
unpuhllshn:l}, uc : unburnt control of unspeciflied age,

cd : combinad data for the period indicated.
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APPEMDIX 3 n18

Design and field tests of a modified small

mammal livetrap

K. Willan

A PVC [poly=¥inyl-chionode} and meatal small mammal
live=trivp has bien developed and subjected fo fald lests.
The V0 fraps capiured gresiar numbars of vary amal|
rodienis and shrews bul fewer large rodents than did
hardbpand ones

5 Alr £ Poal 18 B1-B4 {1570

' PVC-an-melaal vanghok vir Kigin seogdiers is
ontwikkel an 8 gan toatse in die veld ongerwerp, Hierdin
PWC-vanghokka |5 meor dosltreffand wat klalnar
knasgdiare en spitirmuise betref] kardsnplankvanghokie

i gglar meer gaskik vir die groder knaagdinm
i, Tyoshy Dieric 14: B1-54 (1570)

K. Willen®
Dieparimemt af Zoology, Univeity of Matal,
Pk Hox 173, Peeiermaritchorg 1350

Acgepiod | November 191

* Presend addreis; Deparement of Mature Consersntiom,
Faculy of Foresiry, Universiy af Stellenboach,
Sirlleabosch Tal0

The faciors influensing tropability of small mammals,
including the tvpe of ap used, have been reviewed by
Flowerdew {1978}, Traps of similar design bot different
sizes: may ehicit differential response (Quast & Howard
1953, Wingate & Meester 1977) and even apparently
identieal traps may yield significantly different numbers of
nnimals due bo varying résponsiveness of their Inpping
mechanims (Grant [970), Differences in trap efliciency
for different species and casies (e males, females,
juveniles) necessiiale proving in fiedd inals that trmps
adequately perform the tasks for which they are used
(Wiener & Souith 1972). In ane af the lew trap-réiponee
studies thet have been dome under African canditions
Wingate & Meester | 1977) established that of six tvpes ol
livetrap tested, hardboprd boxveaps 270 x 90 % 835 mm
[Meester 1970) were most  effective in capluring
Ahabdones . punnlfie snd  Praomey movalensly,  while
oy freorginy was most [regquenily coptured in wire-
mesh ‘Tomahawk” traps 3105 |35 x 140 mim, Daves [ 1973)
found hardboard traps 1o be most successful for £
irvoraiat. Although hardboard traps are commaonly used
in South African small mammal field studies (e.g. Davis
1973, Braoks 1974; Lloyd in prep.) they hive a number of
mijor disadvaniages, Among these are their weight
lepproximately 700 g), lack of long-lerm durability, and
the high labour costs mvolved in iheir construction
Accordingly a PVC [poly-vinyl-chloride) and metal tunnel
trip was developed which appears in some ways 1o be an
improvement on hardboard (raps, or al |east o useful
addition to the range of livetraps available. A modification
of the hardhoard trap (Meester 19700, it is weatherprood,
cheap and simple to coneruct, and in field trials described
below proved to sample very small mammals more
effectively than did hardboard traps.

Design and construction of PYC tunnel traps

The trap{Fig. 1) is hased on the design of hardboard munnel
traps ( Mecster [970), The 216 mm tunnel consists of 2 mm
rectanigular 54 x 68 mm PYC "Classie’ downpipe iMarley
3.A. (Pry) Lud). cut from 4 m bengths on a circular saw
1'!:u:t with & perspex-cutting blade, Usinga 4 T T T
tipped blade, the tunnel was grooved across the 54 mm top
ahd bottem & mm from one end 10 a depth of § mm 1o hold
the sliding door at the back of the trap, Jigs were
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gonstristed to (aeilitate dolling with s dritb-press of thiee
pairs of 1.5 mm holes according 1o the placement of point
s bandc(Fig 1) The tmpdoor was comserueted of 0.9 mm
miluminiumn snd the treadie of 8.8 mm boawes shesting, and
ihe appraprisie hobkes (o wnd B were diilied priar (o
bending. The trigger was made of 1.5 svm brazing rod
snldered into position and bent into the appropriste shps,

The trapd ool and treadle were hingad by menns of 56
mm peeoes of 1.3 mm bracing rod fixed in pesiton with
1.5 mm brass washer sobdered oote ench cod, The thind
erost-mienber (e, Fig. 1) was added to reduce the minimam
distance hgiweon Lhe frant of (he trendle and the rotivm ol
the trapdoor 1o spproyimatedy 2 mm as the door pivaiied.
This was done I8 B0 abtiempt ie casure (hal Ccaptiees
atiempting 10 il ihe umpdoor o ewape would b
prevented from doing s by their paws jamimng tha
thwaring attempis to open the dowr. The sliding door was
made ol I mim perspex 49 8 Bl mm with a |2 mm perapex
wirip fiwed 1o one end with Tensol f cemem™ Wiih | e door
s position, & 3 mm bole wan drilled throagh the peripes
immeduiely below the maet edipe of the lunesl o allow
leckmg af the doar with a 1] mm aed. Winh the rucepuon
of the nail only non-lernom metals wese aved 10 obaigie the
possibality of rusiing. The linal weight af the wap
approximaiely 230 g snd comstruction ool escluding
labour, wis gpproximately 80 conts per tiag in 1976 when
they were made

Usng tinpi ks described above 1o colloo shrows B M
Baxier (peri. comm.) greatly reduced morality by
providing nesting material, food and water in plastic boro
155 2 1200 g RS mom cut 1o fit into the grooves Tor the sliding
door. These traps are probably too small for genersl

purpape tos piping, sod the design may be pdapied 1o use of
PYC “esguare’ downpipe 83 x T8 mm { Dusapentad,
Adiernatively. i b been sugyzsied by an anonymous
icleree of my manwcTipl that PV masns condait T2 & 83
mim. which s @ sticing 1op, be usd. This would abvine
ihe meed for & movable door a1 the hack os the sliding jop
would give secess to the mowiag pars and captuncd
speaimens. Miking such trups 30 min in lengih, wilh the
mving parts well forwand, would allow nesting maternal
10 be provided ot the back of the trap

Ralative effeciivenass of PYC and hardboard
tunnel traps

Materials and Methods

In Jamuary 1977 & trappung stody (5 lagely oodistumed
prassland st Dargle Seate Fosrst, Matal (9° 1T S, XF O
E = 1| 300 m) providad 1he opportunay of teshing the
relative efficiency of PV and hard board tanned traps, Thie
fallowing species wore trapped: Onwmrs  iroratis,
Rhohadfmmir  powwilio, M miewssiges.  Crociifrg
flavescemm mad W psorex vorig. Traps basied with rolicd
oaiy snd renine wore et i pabes, ont PVC and ase
hardspard, within | m ol ope ansther and wathin | m al
siation markers along twio 20-sation 1iaplines and ona 10
8 bestation grd with 1) m between stntions. Trapa were
checked morning and evening providing a totml of 1 90
irep-chesin. Trap preicrence and mas to the nearesi 0.1 §
were notad for ol capture shd animal were rebeasesd a1 1he
peamt ol capitre.

RAesulis
A ol of 208 caplures wey made, (04 n PVC and 99 I
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hrdbonrd traps. This dilference is not sipniflcam (37 =
0,13 B0 >p>T0) but the difference in mian mae of
animals captured in PYC (34,2 ) and hardbased (87,9 g)
trape is wery highly significamt 15, = &3 )
Numerical breakdown by species and into mass clisses are
given in Table I, together with 7 values. p pnel fevels of
significance, The mass classes were seleciod so ihat the frs
(nnlmal under 150 g) contained all Mo mimeides and
Myoserey varie, nd 1he last (80,0 g and oo commineil
orily Crorivy ieroiwien, Amimisls under 15,0 g in mass were
eaptured mgnificanily more ofien in PVC iraps while thoss
of 600 g and over were mosl [eowsenily caplered in
bardboard traps {Table 1), Coptures assigned 1o the three
clasies heiween 15,0 g and 9.9 g numerically [evoured
PYC traps but the differences were not stanstcally
dgnificant. However, capivres for the fowr classes 0 - 39 % g
combined statistically favoured PVC (BT animals) rather
than hirdbaard |35 animals) irapeix2 = 20, 1 00120, (0
frroratus wak most frequently captured in kardboard
traps, wnid M iminotokiles and W rosore s varenm PVC
traps. Mhabolorit pumilio snd Crocidure Meves ons had
presier capture freguencees in IPVC traps bul there were no
satistical diTerences in the case of thess species
Discussion

It & apparent thal PYC tunnel traps 216 x ¥ x 68 mm
sglectively captured the smaller animals sccwrming in the
Dharghe study §rea. while hardbosrd raps 770 8 30 1 K3 mm
were maore effective for larper ones. specifically Crsn
irrovaton. This ambivalence w probebly explained by the
preaier semativiiy of the irigger mechannm of ihe PV
traps. Wingate & Meester (1977] quote TNV, Lioyd
iperi. comm.) as finding peuting matcrial 1 hasdboand
traps together with MW oomorexr varis females. wugpesting
that they were able to emizr and leave the trags b nuember of
times “wfore triggening occwrred. Similarly Willin &
Meesier (1978) found o necessary Lo use tunned traps M) o
& x M0 mm with extremely semitive triggering

mechamisma [n order 1o consivienily irap M emimaroiles,
However, it is unlikely that trigger seasitivity (s the anly
Bactor detesmining trap sucoess, pariicularly in the cawe of
larjger animals, such &8 O irroramn wiich may be
nliinted from entering traps of small sire. OF the kS 2,
ieroraiun captored during the study, 11 weigghed over 130
and i & sgnilicant that all of thess were taken in
hardboird traps (o' = 12,0, 001>pl. However, af 15
irrcieaiaey weighing wnder 100 p. 24 were caplurmd in
hurdboard and 11 PYC imps. Although this distribation
Lends more lowand randamneis than ihat for animak over
150 g or lor the sprcics.as 8 whole | Table |)vhe diTesenoe is
slgnificani { a%= 4 8%, 05=p>073)

I may be concluded that ahhough the PVC vraps
sampled @ drrorgisn Bw eifioenly than did the lerger
hardboard ones, they were superior i respect of smaller
species and may prove wieiul ased in conjunction with
largsr traps in order 1o obiam enased Dield evnmaies
iSealandsr & Jamies 1950). Alicinatively, sdaplation of ihe
desipn presenied bere to PV ionneh of lirger domseriaona
abesisld resacly 1w 8 move venanle, durable and elliceent trap
suited 1o efficsemily sampling animal of 3 wider range of
sires.
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