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ABSTRACT

The following aspects of physiological adaptation and
resource usage were examined 1in several species of

arid-adapted African rodents:

The effect of temperature on thermoregulation,
metabolism, evaporative water loss and thermal
conductance was studied in the North East African pigmy

gerbil, Gerbillus pusillus. This gerbil did not

strictly maintain homeothermy and like most
arid-adapted rodents had a  reduced basal metabolic
rate. When G. pusillus was maintained on an ad 1lib.
food and water diet, its daily energy expenditure was
similar to that predicted by mass. This increased to
116% of the expected allometric value when deprived of
water. On a diet of air-dried millet seeds, increased
kidney concentrating ability, reduced pulmocutaneous
evaporation and a reduction in faecal water loss, were
sufficient +to impart virtual independence of exogenous

water and the maintenance of a positive water Dbalance.

If food was restricted, G. pusillus utilized forpor to
precisely balance energy expenditure with that
available and  so maintained a constant body mass.
During torpor, assimilation efficiency was signif-

icantly reduced. The cost of maintaining coenothermia
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for the full duration of food processing would be
prochibitive and it was estimated that it would have
utilised approximately 50% of the daily energy
available. The cost of employing torpor (0.5kJd.day ')
on the other hand was insignificant in comparison with
the savings accrued by the use of torpor (32.25kJ.
day 7). Parsimony of water loss with food restriction
enabled the maintenance of a positive water balance

during this period.

The importance of microhabitat in thermoregulation was

investigated in Gerbillurus paeba, inhabiting the

thermally stable confines of a plugged burrow, and in

Aethomys namaquensis, a crevice dwelling rock rat. The

rock rat, 1living in an environment characterized by
large diel ranges, precisely controlled body
temperature. It did this by compensating for its
reduced basal metabolic rate, with a 1low rate of

thermal conductance. Gerbillurus paeba' tolerated a

labile body temperature and used a high rate of thermal
conductance to remove metabolic -heat, for the high
humidities it encountered in its milieu would impede

the use of evaporative cooling.

Daily energy expenditure of both Namib rodents, was
monitored when they were maintained on a low fibre food
source (golden millet) and then when this was replaced

with a high fibre food source (high-bulk bran).



Aethomys namaquensis showed a DEE similar to that

predicted by mass and this remained constant,
irrespective of the food source or the presenée or
absence of water. The DEE of G. paeba was more
variable. When water was freely available DEE was
higﬁer than that predicted by mass and was éimilar to
that predicted for an insectivore of similar body mass.
Thié miéht vreflect its propensity towards  an
insectivorous diet. When water-stressed on a high

fibre diet, DEE of G. paeba declined by half,

suggesting that G. paeba employed torpor when
conditions were stressful and when the quality of

resources was reduced.

On a low fibre diet, both species were able to maintain
a positive water balance when deprived of water,
showing similar reductions in water loss to that of
G. pusillus. Low assimilation efficiency and the
concomitant increase ;n faecal water loss precluded the
maintenance of a pdsitive water balance when they were
fed a high fibre food source. Despite increased urine
concentrations and reduced evaporative water loss both

species succumbed to chronic water-deprivation.

Daily water turnovers and urine concentrating ability
was monitored in 17 species of African rodents from
arid areas. In general, rodents belonging to the

Cricetidae exhibited lower water turnovers and voided
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smaller volumes of wurine at signifiéantly greater
concentrations than the murids. All these «cricetid
rodents were found to produce a crystalline precipitate
of allantoin in their urine when water stressed. The
quantities of crystalline allantoin excreted were far
greater than that.expected from purine catabolism and
accounted for 30% of the total n;trogenous wastes of
the cricetids when deprived of water. It was thought
that the substantial quantities of allantéin excreted
were responsible for the lower water turnover rates 1in
the cricetids. It is suggested, therefore, when water
is limiting, there is a shift in the nitrogen pathway
from urea to allantoin, so conferring an eco-
physiological advantage to these long term residents of

the arid regions of Africa.
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PREFACE



Deserts have been defined as ‘"areas where the
environment places insurmountable obstacles in the way
of 1its inhabitants" (Schmidt-Nielsen, 1979). It is
difficult to define precisely these 3arid—zones', for
these areas are a direct result of a combination of
several factors, namely temperature, rainfall and
evaporation. Louw and Seely (1982) consider the most.
useful definition to be that suggested by Noy-Meir
(1973). He has defined an arid =zone as a water
controlled system with infrequent discrete and largely
unpredictable water inputs. Large animals inhabiting
these hot hostile environments are generally nomadic,
emigrating when conditions become too stressful.
Rodents, by virtue of their small size, cannot migrate
under these circumstances and must therefore be able to
withstand prolonged periods of arought. They are
forced | to cope with scattered unpredictable food
resources, lack of water, extremely high day
temperatures and the concomitant problems of heat
dissipation, and lack of cover for predator avoidance.
Natural selection, being an optimising process, results
in the phenotypic specifications of the animals
interacting with the environment in such a way as to
maximise the spread of descendents (Gould and Lewontin,

1979).



Rodents in general have shown a remarkable ability to
adapt to and exploit every type of terrestial niche.
The adaptability of these animals is both of medical
and of agricultural importance (Taylor, 1970; Bray,
1974; Brooks, 1974; Myllymaki, 1979; Johnson et al.,
1981) and consequently their eco-physiology has been
the focus of muéh attention primarily in Europe and in
North America (Robertshaw, 1974; Bradley et al., 1975;
Gates and Schmerl, 1975; Golley et al., 1975; MacMillen
and Christopher, 1975; Bligh et al., 1976; Hill, 1976;
Johnson, 1976; Stoddart, 1979). Ecological and
physiological research of African small mammals has
generally beeh neglected. It is indeed only within the
last five years that rodent eco-physiology has evoked
much interest (Christian, 1979%9a and b; Kassir et al.,
1979; Amirat et al., 1980; Christian, 1980; Perrin,
1980; Withers et al., 1980: Christian, 1981l; Haim,
1981; Knight and Skinner, 198l1). Prior to this period,
most eco-physiological research on African rodents was
restricted to renal studies conducted in the arid zones
of Egypt (Burns, 1956; Khalil and Tawfic, 1963; Haggag
and El-Husseini, 1965 El-Husseini and Haggag, 1966;
Haggag et al., 1968; Khorshid et al., 1969; El-Husseini
and Haggag, 1974;AHaggag and El-Husseini, 1974; Mostafa

et al., 1975; Moussa et al., 1977).

During an investigation on the adaptive renal

efficiency of three species of rodent from the Namib



desert, it was observed that the two cricetid species,

Gerbillurus paeba and ‘Gerbillurus tytonis responded

differently to water-stress than the'murid, Rhabdomys
pumilio (Buffenstein, 1977). Consequently other
aspects of adaptive physiology were examined in several
species of both murid and cricetid rodent from the
Namib desert and from the arid zones of north-eastern
Kenya. This thesis is concerned with these
physiological adaptations and is presented as a series
of papers. As the papers had to comply with the
requirements of the different scientific journals to
which they were 'submitted, editorial inconsistencies
are evident. The most obvious of these concern the
format of the reference 1lists at the end of each

chapter.

The chapters can be essentially divided into six parts.
Part one (chapter 1) gives a general introduction to
the animals and includes information on their taxonomy,
distribution and social structure and alludes also to
the available 1literature on African rodents. This
section will not be submitted for publication. Part
two (chapters 2 to 4) 1is concerned with the
eco-physiological adaptations of the smallest Africanv

gerbil, Gerbillus pusillus, to available resources and

to temperature fluctuation. This section examines
firstly, their basal metabolic rates and thermo-

regulatory ability. In addition, the conditions



resulting in the employment of torpor and problems
associated with torpor are investigated. Part three
(chapter 5) deals with thermoregulatory problems which
might be exacerbated by microhabitat. This is done by
comparing basal metabolic rate, evaporative water loss,
thermal conductance and lability of body temperature in
two Namib desert rodents: a crevice dweller, Aethomys

namaquensis, and a semi-fossorial burrow dweller,

Gerbillurus paeba. Part four (chapter 6) examines the

importance of the quality of food and resource
selection when : water is 1limited. This is done by
monitoring both energy and water balance when the
rodents are maintained on a low and high fibre diet.
The energy and water regquirements of.a crevice dwelling

murid, A. namaguensis are compared also to that of a

semi-fossorial cricetid, G. paeba. The taxonomic
differences 1in nitrogen excretion and renal efficiency
of 22 species from both arid and mesic areas are
discussed in part five (chapter 7), which is followed

by the Summary and Conclusions.
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The study animals;
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CHAPTER 1

their distribution and habitat.’



The study animals

Whilst fourteen species of rodents from the arid zones
of both North Africa and South West Africa were
collected and wused in this thesis, only backgfound
information for the three species examined in detail is

given here.

Taxonomy

The arrangement of the African subfamilies within the
Cricetidae and Muridae is at best confusing (Swanepoel
et al., 1980) and is in dire need of revision (Missone,
1974; Davis, 1975; Schlitter, 1978; Chaline and Mein,
1979). The classification used throughout this thesis
follows that of Davis (1975), in which the African
cricetids are assigned to a separate family from the

murids.

Both Gerbillurus paeba and Gerbillus pusillus are

members of the Gerbillinae. Much confusion still
exists in the taxonomy of this group. Whilst treated
as a subfamily of the Cricétidae, they themselves may
warrant family rank. This has been suggested by Petter
(1966) and more recently by Chaline and Mein (1979).
In addition, Petter (1971), Schlitter (1976) and Osborn

and Helmy (1980) stress that modern methods of
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taxonomy are required to separate the closely related

species.

The taxonomy of the East African Gerbillinae subgenus
Hendecapleura was revised by Roche (1975). He
suggested that the following are merely synonyms for

Gerbillus pusillus (Peters 1878):- Gerbillus

ruberrimus (Rhoads, 1896), .Gerbillus diminutus

(Dollman, 1911a) and Gerbillus percivali (Dollman,

1914a). However, there is _still much controversy
concerning the inclusion of G. ruberrimus into this
species (Yalden et al., 1976; Rupp, 1980). Roche
(1975) admits himself that a proportion of the
specimens of G. ruberrimus cannot be allocated with
much certainty. Yalden et al. (1976) and Rupp (1980)
therefore have excluded G. ruberrimus from this
species. Only G. pusillus from Somalia has been
karyotyped (Capanna and Merani, 1981). Once other

morphologically similar gerbils are karyotyped, species

allocation will become easier.

Gerbillus pusillus are recognised by their small size

(8-18g), naked soles, normal tympanic bullae and fawn

coloured dorsal fur.

Gerbillurus was considered a subgenus of Gerbillus by

Shortridge (1934; 1942) and Ellerman et al. (1953).



However Roberts (1951), Davis (1975), Schlitter (1976)
and Swanepoel et al. (1980) have elevated it to generic

rank. Gerbillurus differs from Gerbillus in that

bullae are more inflated (Davis, 1975). Schlitter
(1976) has shown that it is phylogenetically closer to
Tatera than to Gerbillus after comparisons of the
enamel patterns of the molars and molar alveoli of the
different genera. This genus 1is 1in urgent need of

revision (Coetzee, 1972; Schlitter, 1973). Gerbillurus

paeba was thought to be a synonym for Gerbillus

gerbillus by Ellerman et al. (1953). - However, Herold
and Niethammer (1963) disagreed with them as have
several other more recent authors. At present the
following species are thought to be synonyms for the

hairy footed pigmy gerbil:- Gerbillus broomi, Gerbillus

calidus, Gerbillus kalaharius, Gerbillus leucanthus,

Gerbillus mulleri, Gerbillus oralis, Gerbillus

swakopensis and Gerbillus swalius (De Graaff, 1981).

These gerbils are recognised by; their slender form,
weight (21-35g), hairy distal part of their hind feet,
slightly tufted lohgish tails, grooved upper incisors,
well developed ears and the fact that the posterior

portion of their bullae are not conspicuously developed

(Davis, 1975; De Graaff, 1981).

Smithers (1971) and Schlitter (1978) consider that the
genus Aethomys 1is also in need of taxonomic revision.

This species was originally placed under Praomys by

17
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Thomas (1915). Ellerman (1941) regarded A. namaguensis

as belonging to the genus Thallomys and considered all
African rats to be closely allied. At the moment, the

Namaqua rock rat, A. namaguensis is included in the

sub-genus Micealamys (Davis, 1975). There are sixteen
synonyms for this species (Davis, 1975). Aethomys may
be recognised by their size, (33-75g), mottled ochre
and grey dorsal fur and their ventral white fur.  The
fur 1is fairly long and soft. 1In addition the tail is
proportionately very long and is covered with fine and
closely spaced conspicuous scales and short fine

bristle like hair (Smithers, 1975).

Evolution

The African desert fauna contains the second most
complex assemblage of rodents in the world, the first
being that of the deserts of North America (Mares,
1980). This high diversity may be due, in part, to the
the formation of desert refugia during the Pleistocene
(Schlitter, 1976). World arid zones attained their
pronounced aridity with the orogenic activity of the
Miocene and Pliocene periods (Tchernov, 1975).
Gerbilline fossils date back in North Africa to the the
late Pliqcene and early Pleistocene (Lavocat, 1978).
Since that period, the continental land mass of Africa

has enjoyed greater stability of climate and geology
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than most parts of the world, allowing an enormous
time for the evolution of a suite of adaptive
morphological physiological and ecological character-
istics and fér the establishment of complex and stable
biological communities. This long term stability has
undoubtedly greatly influenced the composition of the

present fauna (Moreau, 1952; 1963).

No work appears to have been done concerning rodent
fossils in the Namib (M. Avery, pers com.)}). It is,
however, generally conceded that the cricetids have had
a longer evolutionary history in this area than have
the murids. Lavocat (1978) has traced the African
cricetid origin to the Asian cricetodonts of the
Miocene and believes that the Murinae also originated
in Asia from cricetodont stock, but arrived in Africa
later. Coetzee (1969) came to similar conclusions.
Missone (1969) suggested that Cricetidae in general are
in a regressive position in comparison with the Muridae
and that it is only their extreme specialization and
adaptation to the more unfavourable niches that have

ensured their survival.

Distribution

Apart from the records of a number of early collections

in Kenya and Ethiopia (Dollman, 1911a and 1911b; 1914a:
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Hollister, 1918; 1919; Saint Leger, 1935; 1937; Thomas,
1900) sparse information is available on the
distribution and ecology of the small mammals in the
more arid regions of north east Africa (Roche and
Petter, 1968; Coe, 1972; Hubert, 1978). It is not
possible to demarcate the distribution of small mammal
species in this area with any degree of confidence}
nevertheless, Fig. 1 indicates the known distribution
of G. pusillus. The Gerbillinae occur mostly in the
arid zones and to a 1esserv extent 1in the grassland
savannas of tropical Africa (Delany, 1972; Delahy and

Happold, 1979). Gerbillus pusilius is no exception and
¥

has a more or less endemic distribution in arid parts
of tropical East Africa: It has been recorded in
southern Ethiopia (Hubert, 1978); south western Somalia
(Capanna and Merani, 1981), in the open scrub savanna
in the Voi district of Kenya (Dollman, 1911la; 1914b;
Peters, 1878) and into northern Tanzania' (Hubbard,
1972). Cockrum and Setzer (1976) have no records of
G. pusillus in the countries where they conducted their
surveys, namely:- Algeria, Egypt, Libya and Tunisia.

Gerbillus pusillus in this study, were collected near

Archers Post in N.Kenya (approximately 0°38'N,

37°40'E).

Distribution records for Southern African small mammals

are more complete than their North African counter-

parts. Both A. namaquensis and G. paeba have
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comparatively wide distributions (Figs. 2 and 3, taken

from Davis, 1974). Gerbillurus paeba 1is found

throughout the drier parts of southern Africa, ranging
along the south coast from tpe Alexandra district in
the Eastern Cape to the Cape Flats. From there, their
distribution moves inland and northwards into the Namib
desert of both SWA/Namibia and Angola, the Kalahari and
into the relict patches of Kalahari sand to the north

of Soutpansberg in the Tranvaal (Coetzee, 1969; Davis,

1974). Gerbillurus paeba 1is not associated with

densely vegetated river beds and rocky areas and
favours sparsely vegetated sandy areas. Aethomys

namaquensis on the other hand 1is only associated with

rocky areas (Davis, 1962; 1975; Stuart, 1975; De
Graaff, 1981). It too has a wide distribution (Fig. 3)
and is commonly found throughout southern Africa, south
of the Zambezi except in the central regions of the
Karoo and the northern coastal areas (Smithers and
Lobao-Tello, 1976). It does however extend across the
middle of fhe Zambesi into south eastern Zambia and

southern Malawi. Aethomys namaquensis is abundant on

the 1inselbergs 1in the southwest, west and northwards
into west-central Angola to Pungo Andongo (Davis,
1975). Southern African rodents were collected in the

Namib Park (Fig. 4). In this study A. namaquensis was

collected at Tumasberg (23°29's, 15°32'E) and at Groot

Tinkas (22°50'S, 15°26'E) whilst G. paeba was collected

near Gobabeb (23°34's, 15°03'E), near Swartbank
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(23°20's, 14°50'E), and near Rooibank (23°10's,

14°35'E).

Geology

The three areas where the rodents were collected are
geologically different (Fig. 5). The geology of the
north east African site resulted from Tertiary ané more
recent laval flows of olivine basalt {(Cooke, 1978).
This gives rise to a plateau of poorly structured and
excessively drained volcanic soils. These soils
(Fig. 6) are generally shallow with a low available
water capacity. In some places, though, other
superficial materials may overlie these laval flows and
result in deep, almost structureless, soils of a brown
calcimorphic type (Young, 1976). However, G. pusillus
appear to occupy the shallow, 1lighter sandy and dust
like soils (Hubert, 1978). Coe (1972) found this
species to be restricted to the eroded Plio-Pleistocene

alluvial sediments near lake Turkana.

As both A. namaguenis and G. paeba have a fairly wide
geographical distribution, only the Namib desert, where
they were collected is described. The Namib desert
comprises a relatively narrow tract of land, mostly
less than 200km wide and approximately 2000km long

(Louw, 1972). This area 1lies west of the escarpment



Figure 5 : Geological Map of Africa (from Clark, 1967)
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Figure 6 : Map of Africa showing different soil types
(from Clark, 1967)
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between the Oliphants river (Cape Province) and the
Carunjamba river (Moc,amede district, Angola). The
region is not homogenous, but includes a wide variety
of geomorphologically different environments, notably

sand seas, sand dunes, gravel plains, inselbergs and

coastal salt flats, pans, ephemeral rivers and streams.

Aethomys namaquenis wusually 1lives in cracks and

crevices on the rocky inselbergs or in piles of stones
on low 1lying ridges (De Graaff, 1981). These
inselbergs consist of granite, granite-gneiss, mica
schists, dolerite, feldspar formations and often lime
deposits (Logan, 1960) and are thought to be of
Jurassic age (Ollier, 1977). The age of the sand dunes
is 1less certain. However, their formation is thought
to have been started in the Oligocene by south to south
easterly' paleo winds mobilising and depositing aeolian

sands (Ward et al., 1983). These sands consist

\

"primarily of quartz and felspar, with their
charateristic reddish colour due to the ironhydroxide
coating around the mineral grains (Scholz, 1972). The
sands overlie a bed-rock platform thought ¢to be

sediments of the Cretacious age (Fig. 5).



Figure 7 : Climatic Map of Africa (from Clark, 1967)
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Climate

Mean monthly temperatures of gﬁe tropical zones
(15°N-15°S) do not show much seasonal fluctuation
(Owen, 1976). Cloudsley-Thompson (1969) reported that
no cold season exists 1in the arid zones of tropical
Africa and that the minimum monthly temperature seldom
falls below 18°C. The mean monthly temperature over a
wide area between northern Kenya and southern Ethiopia,
varies by as little as 0.5°C (Coe, 1972). Coe (1972)
found the mean monthly temperature at Lokori (1° 57'N;
35°37'E) to be 29.8°C. Daily temperature fluctuations
were, however considerable, with a diel range of 19°C.
Even 1in the cooler season a diel range of 16°C was

observed (Jarvis unpubl. data).

The arid regions of North East Africa are shown in
Fig. 7 (Clark, 1967). The mean annual rainfall over 30
years, from 1946-1976, for Archers Post was 354mm
(Barkham and Rainy, 1976), slightly exceeding the
‘-rainfall 1levels characteristic of _deserts (<300mm).
However, the rainfall is extremely unreliable. Its'
variation from year to year may be as much as 250% of.
the mean. The annual rainfall has only fallen within
50mm of the mean in sevén of the 30 years monitored
(Fig. 8). Rainfall is essentially bimodal, with peaks

usually in April and November.



Figure 8 : Annual rainfall totals for Archers Post 1946 - 1975;
(a) year to year variation with the dotted lines to
show the means for different periods; (b) frequency

histogram totals (from Barkham and Rainy, 1976)
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Low relative humidities are characteristic of ‘tropical
arid climates. There is however, some seasonal
variation related to the movements of the intertropical
convergence zone (Charney, 1975) and the occurence of
rain. Diurnal fluctuations inversely follow the

diurnal fluctuations in temperature.

High temperatures and 1low humidities result 1in a
potentially high rate of evapotranspiration. This, as
well as the low unreliable rainfall, place this region
in the arid ecological zone (zone VI) as designated by -

Pratt et al. (1966).

The climate of the Namib is more arid than that of zone
VI of Pratt et al. (1976). It has been described as
arid to extremely arid (Rautenbach, 1978). Arid
conditions found in the Namib are caused by the
combined effects of the South Atlantic anticyclone, the
cold Benguela current, the upwelling of cold south
Atléntic central water and the divergence of the south
east trade winds along the coast (van Zinderen Bakker,
1975; Seely, 1978). The aridity of the area is
furthermore accentuated by this area lying in the rain
shadow of the great escarpment. All these factors
combine to <create a climate characterised by low
rainfall (Fig. 7), fairly high humidities and a high

incidence of fog near the coast (Logan, 1960; Schulze,

1969; Seely and Stuart, 1976). The mean temperature
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amplitude in the Namib is similar to that of the
tropics (6-8°C). In winter, the -easterly to south
easterly hot, dfy berg winds sweep off the escarpment
and, in doing so, raise the temperature. In the summer
months, north to north westerly winds prevail,
resulting in mild temperatures with no marked seasonal

fluctuations (Robinson and Seely, 1980).

Vegetation

Gerbillus pusillus 1is found in the grass steppe and

subdesert steppe (Fig. 9). This map is however too
generalised, for tremendous vegetative differences are
found in relatively small areas. These differences
result primarily from the geomorphology and topography
of the area and are not as distinct as the lines on the
map suggest (Barkham and Rainy, 1976). There are very
few published detailed accounts of the vegetation of
semi-arid and arid =zones of East Africa. Lind and
Morrison {(1974) have closely examined the grassland
savanna of Tsavo (Kenya) and Barkham and Rainy (1976)
have thoroughly surveyed the vegetation of the Samburu/
Isiolo (Kenya) game 'reserve. | They found they could
sub-divide this area into 18 distinct vegetétion

groups.
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Gerbillus pusillus is found abundantly in very arid

vegetation types, comprising open shrub (Euphorbias,

Adenium obesum, Cissus rotundiflora, Adenia venanta,

Caralluma ruselliana, and Maerua crassifolia, to

mention the most common) and rare leathery xeromorphic

herbs (Hubert, 1978). Gerbillus pusillus 1is also

common in vegetation classified as Acacia desert scrub
(Walter, 1971). Here the vegetation type is
essentially bare and comprised of scattered stands of

Acacia nubica and Acacia reficiens interspersed with

short annual grasses. Ground cover here, varies
considerably both seasonaily and annually in response
to differing amounts of annual rainfall. A lush
ephemeral vegetative carpet occurs after the rains
(Delany and Happold, 1979). Coe (1972) found that
G. pusillus and two other species of gerbil were
restricted to this habitat type near Lake Turkana. The
more favourable riverine habitat in this region, hosted

several other species.

In addition to the above mentioned vegetation types,
G. pusillus has been recorded in the dry savanna
(Dollman, 1911b; 1914b; Hubbard, 1972) and in semi-arid
bushland type (Lind and Morrison, 1974). This 1is

dominated by Commiphora, Acacia, and Grewia,

accompanied by a variety of herbs and grasses including

Chloris, Zomia, Erogrostis and Panium.



Figure 9 : Map of Africa showing the different vegetation

types (from Clark, 1967)
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Vegetation in the three types described above, have
been considerably affected by human activity (Rapp.
1974). Overgrazing by domestic herds of goats and
cattle has had a profound effect on the vegetation,
resulting in an exceptional increase 1in spiny shrubs

(Indigofera spinosa and Volkensinia) and the dominance

of the following grasses; Aristida, Cenchrus and

Dactyloctenium and trees; Acacia tortilis and

Commiphora species (Cloudsley Thompson, 1969). It has

also been suggested that the impact of overgrazing on
the vegetation, has in turn substantially reduced the

amount of rainfall in the area (Charney‘gzug}., 1975).

There is a negligible amount of human interference 1in
the Namib vegetation. This 1is primarily due to the
harshness of the <climate and its resulting sparse

vegetation. Aethomys namaquensis inhabits the areas of

the Namib where there is the 1largest diversity of
perennial vegetation (Coetzee, 1969; Louw and Seely,
1982). Here fog run off and occasional rain, support a
fairly rich succulent vegetation of primarily:- Aloe

dichotoma, Aloe namibensis, Euphorbia virosa,

Commiphora sp., Lithops sp. and even the occasional

Acacia tree. These ensure there is always some form of

moisture available to this species.
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The dune vegetation shows a paucity of species (Louw
and Seely, 1982). Most df the vegetation occurs in the
dune troughs and along the lower slopes. The main dune

vegetation 1is Stipagrostis sabulicola and Trianthema

hereocensis. Both these species are able to continue

growing and flowering throughout the year, despite the
absence of rain. This 1is facilitated through their
ability to rapidly absorb moisture from fog (Seely et

al., 1977 and Louw and Seely, 1980).

Microhabitat, social structure and activity.

The activity patterns of all mammals may be determined
by a wide range of factors such as food availability,
climatic conditions, nutritive demand and protection

from predation. Gerbillus pusillus is granivorous and

nocturnal, living singly in shallow superficial
burrows. These burrows are approximately 20cm long
ending in a sleeping chamber, approximately 15cm below
the soil surface. The entrance to‘ the burrow is
plugged with sand during the day, thereby enabling the
gerbil to. avoid exposure to extreme temperatures,
intense solar radiation, sandstorms, strong winds and
day time predators. A plugged burrow invariably has a
fairly high ambient humidity and facilitates the

conservation of body fluids.
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Although living singly (pers. obs), these rodents are
gregarious, with their burrows grouped together.
Social behaviour and socio-ecology in the Gerbillidae
has been examined by &gren (1979) and‘Daly and Daly
(1975). Both these papers suggest a territorial
organisation in the females and a hierarchial system in
the males. This has not been investigated in either

G. pusillus or G. paeba.

Gerbillurus paeba 1live in simple excavated burrows

either 1in the open or more often close to clumps of
dune grass. The sand in both these areas is solidified
by either gemsbok urine or by fog precipitation falling
from the plants (Seely, 1977). This together with the
presence of plant roots, facilitates burrow
construction. De Graaff and Nel (1965) studied the
tunnel systems of G. paeba in the Kalahari and found
the tunnels to be 30-40mm in diameter and 2-3m in
total 1length, 1lying épproximately 20cm below the soil
surface. The tunnels were simple excavations with a
few entrances and blind chambers in which the gerbils
lived singly but in fairly close proximity to one
another. The entrances are plugged with sand during

the day.



40

The Namaqua rock rats live communally. Ten or perhaps
even more rock rats utilise the same hollow nest
(Smithers, 1975). Their nests are quite .conspicuous
and conéist of grass and sticks stuffed into crevices.

The entrances of these are open holes.

Reproduction

Other than 1litter size, 1little is known about
reproduction in all three species. Breeding animals
were found on field trips to both the Namib and
northern Kenya shortly after the rains. Shortridge
(1934), Christian (1979) and Withers (1983) have found
breeding coincides with the rainy season. Breeding
stimulation by rainfall is a common occurrence in arid
environments, (Happold, 1966; Bubert, 1978; Taylor and
Green, 1976), for this would ccincide with the period
when seeds rich in protein and energy are available
(Hubert et al., 1981). Loveridge (1937), whilst'
surveying the mammals of the rainforest region in East
Africa, reported that G. pusillus were seasonal
breeders, with a three week gestation period. He
found the newborn gerbil to be blind and Aaked. . There
is some controversy as to whether the animals he
described are infact E: pusillus, as more recent

research does not extend their distribution into the

rain-forests. Breeding G. pusillus, G. paeba,



A. namaquensis, collected during this study all had

relatively small litters. Only one G. pusillus was
collected with her offspring and in that instance there

were two. Gerbillurus paeba produced on average three
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to four pups and A. namaquensis had litters of three to

five young. Smithers (1971)~reported litters of up to
seven young. Both G. paeba and A. namaguensis bred in
captivity. The youﬁg of the latter cling resiliently
to the mammae while the mother moves around whéreas the
offspring of G. paeba normally remained in the nest

while their mothers were out of the nest.

Diet and Predation

Mathur and Prakash (1980) found a greater readiness 'in
rodents from arid areas to sample new foods, albeit in
small quantities for the first few days, than rodents
from areas where food supply is more or less continuous
throughout the year. It is hardly suprising then that
the diet of these three African rodents is primarily
granivorous but also generalistic, supplemented with
leaf, stem and insects when available (Jarvis pers
com., Buffenstein, 1977; Christian, 1979; Wassif and
Soliman, 1979; Withers, 1979). Several species are
known to hoard caches of food in their burrows
(Happold, 1968; Christian et al., 1977; Pettifer and

Nel, 1977; Wassif and Soliman, 1979). This was
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certainly true for G. paeba, but not for A. namaguenis
and it is not certain whether G. pusillus conforms to

this trend.

Petter (1961) found well worn paths running from the
burrows to the feeding areas in G. pusillus. They tend
to forage close to cover so as to avoid detection by
predators (Kingdom, 1974) and this seemed to hold true
for the Namib species examined. Virtually nothing is
known of the predators of these rodents. Silver jackal
have been observed inFerfefing with traps;I however it
is probable that most of the abundant small carniQors,
snakes and raptors prey upon these animals (Coetzee,

1969; Stuart, 1975; Delany and Happold, 1979).

Limited studies have been conducted on the two Namib
species. Christian (1979; 1981) has examined the
demography of G. paeba. Included in those studies are
some data on their reproduction and water requirements.
Withers (1979) conducted a year long population study
of the rodents on the inselberg at Tumasberg. This
provided much information about the microhabitat of
Aethomys, its population stability (Withers, 1979) and
its reproductive cycle (Withers, 1979; 1983). In
addition he also examined their daily water turnovers
and daily energy expenditure (Withers et al., 1980).

Besides these studies 1little 1is Xknown about these



animals. Aside from the taxonomic studies and scant
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references to habitat and reproduction of G. pusillus

normally incorporated in 1listings of rodents from
various areas, nothing is known about the ecology and

physiology of this nocturnal granivore.
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Synopsis

The effect of temperature on thermoregulation,
metabolism, evaporative water loss and thermal

conductance was studied in Gerbillus pusillus. 1Its

resting body temperature (TB) was 34.6 °C, approximately
5° higher than the mean ambient temperature (TA)
encountered in its burrow. As TA increased above 34 °,
its ability to lose heat to the environment decreased.
It overcame this problem by tolerating increases in TB
to a non-lethal maximum of 41°, whilét also
eliminating increasing quantities of obligate heat by

pulmocutaneous evaporation and conduction.

Metabolic rate was 41% lower than that predicted from
Kleiber's (1975) allometric equation. This confers a
considerable saving in energy in an environment where
food is often scarce, whilst simultaneously reducing

heat production and the degree of gaseous exchange in
the already oxygen poor and carbon dioxide rich

environment encountered 1in the plugged burrows of its

natural milieu.

Gerbillus pusillus therefore does not maintain strict

homeothermy and wutilizes a labile TB and reduced
metabolic rate as an adaptive mechanism for survival in

the arid zones of tropical Africa.
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Introduction

The smallest African gerbil, Gerbillus pusillus,

weighing approximately 13g, is found in the drier
regions of Eastern Africa. Despite its abundance,
little is known of its ecology other than that it is
found in shallow burrows (approximately 15¢cm deep) on
open alluvial flats (Coe, 1972) and in open scrub
savanna (Hubert, 1978). Here Ahigh soil sur face
temperatures, low humidites and sparse vegetation
render the area a most unsuitable terrain for small

mammals.

Because of their small size and thermal sensitivity,
rodents have made maximum use of burrows to avoid
exposure to hostile environments (Kirmiz, 1962;
Schmidt-Nielsen, 1975; Louw and Seely, 1982). However,
this 'escapism' is insufficient to insulate them
completely from the stresses of their milieu and has
led to a great divefsity of thermoregulatory responses
to climate iﬁcluding: hibernation (Bartholomew and
MacMillen, 1961; Bradley et al., 1975), aestivation
(Hudson and Bartholomew, 1964; Hill, 1975; Hudson and
Scott, 1979) and other physiological responses
(Gorecki, 1968; Jansky et al., 1969; Hainsworth and
Strickler, 1969). All these studies have underlined
the importance of considering the microclimate in which

the rodent lives, in relation to its physiology.
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Inhabitants of c¢losed burrow systems are exposed to
very different environmental conditions when compared
to other terrestrial mammals: light, temperature and
humidity are relatively constant (Schmidt-Nielsen et

al., 1970; Baudinette, 1972; Arieli et al., 1977}).
Oxygen 1¢vels are lower and carbon dioxide 1levels are
higher than atmospheric (Darden, 1972; Kay, 1975).
Burrow humidities are high, thereby 1imi£ing the
avenues for effective heat exchange through evaporative
water loss. Convection currents in the plugged burrow

are also impeded and limit effective heat exchange from

the animal by conduction and radiation.

This paper examines the metabolic and thermoregulafory
adaptations in G. pusillus to determine how this animal
overcomes the thermal problems encountered in its
milieu and whether its thermoregulatory adaptations are
consistent with those of other rodents (Hart, 1971)

inhabiting harsh arid environments.
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Procedure

Maintenance

For two months prior to the experiment, a pool of
fifteen G. pusillus (collected in northern Kenya:
0°38'N, 37°47'E) were kept individually in glass
te;raria floored with fine sand and containing a nest
box. The terraria were placed in an air conditioned
room with a 12L:12D photqperiod at a temperature of

22-26 °C and a relative humidity of 44-50%.

The gerbils were fed an ad 1lib. diet of mixed bird
seed. Water was provided in the form of fresh
vegetables. During this period body mass was regularly

monitored +to the nearest 0.1g using a Mettler portable

balance.

Experimentation

The effect of ambient temperature (TA) on body
temperature (TB), oxygen consumption and evaporative
water loss were monitored together in twelve gerbils.
This was done during daylight hours (8.00h - 17.00h)

when the gerbils are normally inactive.
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Body temperature

Diurnal changes in TB at a constant TA of 22 - 26°C
were monitored between 7am and 2am. A copperconstantan
thermocouple was inserted approximately 1lcm into the
rectum at two hourly intervals. The thermocouple was

connected to a calibrated digital display (Bailey Bat).

The relationship between TB and TA (12 —'41°C) was
monitored in twelve gerbils. The gerbils were given
four hours to become.thermally equilibrated before TB
was recorded. At TA above 40°C, this équilibration
period was reduced to 2.5 hours. All measurements were
taken immediately after monitoring oxygen consumption

and evaporative water loss.

Oxygen consumption

Oxygen consumption (VO,) and evaporative water loss
(EWL) of twelve gerbils were measured simultaneously
over TA 12 - 41°C. This was done by plécing a
non-fasting post absorptive gerbil (i.e. one that had
eaten during the scotophase, but had stopped eating at
least four hours prior to the commencement of the
éxperiment), in a clear perspex chamber (75mm by 150mm)
with a wire mesh platform on which the rodent rested.
The chamber and a similar one without an animal (the
control) were placed in a larger constant temperaturé

and humidity chamber (TA control + 1.0°C, humidity
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control + 2.0%). Each‘chamber was equipped with ports
for a thermocouple and air vents. Air at 50% humidity
flowed through the chamber at 132 cm®.min=' and then
over a relative humidity probe (Vaisala humicap HM1-14)
before being dried over silica gel and fed into an
oxygen analyser (S-3A, oxygen analyser, N-37 oxygen
sensor, Applied Electrochemistry Inc.). The oXxygen
analyser monitored the difference 1in oxygen content
between the two chambers. The oxygen analyser,
temperature thermocouples and relative humidity probe
were connected to a data logger (Esterline Angus P.D.

2064) which was programmed to record at five minute

intervals.

At each new TA the animal was allowed to equilibrate
for one hour. Thereafter, VO2 was monitored fpr at
least three hours. At each TA, the lowest six readings
for each animal, corrected to STP, were used 1in
calcuiating the post absorptive resting minimal
metabolic rate. Rectal temperatures were taken at the

end of each run.
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Evaporative water loss

Evaporative water 1loss was determined from the change
in relative humidity between the air ‘leaving the
experimental chamber and the control‘ using the

equation:

CTA x © RH x F x 60

I

WL

1000 x 100 x M
where WL is water loss (mg H 0. g. 'h"'), CTA is mass
of water in saturated air at TA (g.m~%®), ©RH is the
change (%) in relative humidity caused by the animal, F
is the flow rate (cm®.min '), and M is mass of the

animal (g).

So as to avoid damage to the oxygen sensor no mineral
0il was placed beneath the mesh in the chamber. During
the experimental run, the chamber was frequently
_.examined through a viewing port in the outer
temperature control chamber. If the gerbil had roused
and urinated, the run was interrupted, the apparatus
cleaned and dried and 1left to equilibrate for 20
minutes. As most gerbils urinated on handling, prior
to being placed in the chamber, such interruptions were

infrequent.



Thermal conductance

'Conductance 1is the rate of dry heat transfer (i.e.
excluding evaporative water loss) per unit area to or
from the animal per degree temperature difference
between the animal and 1its environment' (Dawson and

Schmidt-Nielsen, 1966, p. 466).

Mean conductance (Cd) between the body core and 1its
environment was measured by the simultaneous
measurement of metabolic heat, heat dissipated by EWL
and the difference between TB and TA, using the
equation:
HP - EHL
Cd = — (Dawson and Schmidt-Nielsen, 1966)
T xS

where Cd is dry thermal conductance (J.cm."? °c.'n ™),
- HP is metabolic heat production (J.h~™') assuming 1 cm?
oxygen 1is equivalent to 20.1J, EHL is evaporative heat
loss (J.h ~') assuming 1lmg water is equivalent to 2.34J,
T is (TB - TA, °C), S is surface area of a mouse (cm? )

where S = 10 x mass®°®7(qg).

Thermal conductance, measured this way, shows the
capacity (summating all the individual characteristics
e.g. vaso-constriction, pilo-erection, posture, etc.)
vof the animal concerned, for heat 1loss through

conduction, convection and radiation.
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Minimal conductance
Minimal conductance (i.e. including evaporative water
loss) is calculated from the equation:

M

cm = —— (McNab, 1980)
TB - TA

where Cm is the minimal conductance (cm302 .g. " °. ™
h "') and M is the resting metabolic rate (cmaoz.

g. ~'h 7).

Minimal conductance was also calculated from the slope
of the graph relating VO2 with TA, below the region of
thermoneutrality, using McNab's (1980) correction

factor.

Unless otherwise stated, means and standard errors are

given with the number of observations in brackets.
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Results

Body temperature

A diurnal cycle in TB was apparent at TA 22 - 26°C.
The TB during the day wés fairly stable ranging between
33.6°C and 36.9°C (mean TB 34.69 + 0.12°C; n = 45). 1In
the evening, TB was higher ranging between 35.7°C
- 37.2°C with a mean of 36.25 + 0.08°C, n = 30). The
TB of G. pusillus was fairly stable over a TA range of
12°C to 34°C. At these TAs, TB of G. pusillus ranged
between 33.5°C- 36.9°C with an average TB of 34.64 +

0.12°C (n = 70), indicated in Fig. 1 by the line AB.

Above TA 34°C the gerbils became hyperthermic TB
rising with TA (as shown by the line BC in Fig. 1) in

accordance with the equation:

TB(°C) = 14.3 + 0.6 TA(°C) r = 0.93 (n = 54)

Two animals died after exposure to TA 41°C for two
hours. The lowest experimental temperature used (TA

12.0°) did not induce hypothermia.
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'Oxygen consumption

Rates of oxygen consumption for males (n=6) and females
(n=6) showed no significant difference at all

experimental TAS (p>0.10). Data were therefore

combined.

Between TA 12° and 31.4°, VO, decreased linearly (as
shown by the 1line AB in Fig. 2) with increasing TA

according to the equation:
VOz(cmaoz.g."h 'y = 7.75 - 0.21TA(°C) r=0.95 (n=72)

Extrapolation of this line intersects the abscissa at
TA 36.33°. This is 1.69° higher than the resting TB
but is the same temperature as the mean TB recorded at
night when the animals are active. The intercept value
of 7.75 cm’0,.g7'h"" at TA 0°C was found to be

approximately seven times the minimal metabolic rate.

Between 31.4 and 38°, oxygen consumption was minimal
and constant (mean 1.07 + 0.03 cm® 0,.g™’h™', n = 37;
as shown by the line BC in Fig. 2). These temperatures

were the limits of the zone of thermoneutrality.

Above the upper limit of thermoneutrality (38°C), VO,
again 1increased linearly with TA (as shown by the line

CD) according to the equation:



Oxygen consumption (cm3 g'h )

75

0.0 A 20 30 40

TA (°C)

Figure 2 : Effects of ambient temperature (TA) on oxygen

consumption in Gerbillus pusillus
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Vo, (cm®0, .g™'h ™) = -14.49 + 0.41TA( *C) r=0.88 (n=36)

Evaporative water loss

In the comparatively dry air of the experimental
chamber, at TAs between 12 and 38.5°, the mean rate of
EWL remained fairly stable at 2.43 + 0.07 mg H O.
g'h. ~'. Evaporative water loss began increasing at
the upper critical limit of the TNZ and reached a
maximum of 13.82 mg H,0. g. "h "' at 41°C, the lethal

TA.

The ratio EWL/VO2 ihcreased with increasing TA (Fig. 3)
from a low of 0.49 # 0.04mg H,0. m17'0, (n'= 12) below
17°C to a maximum of 1.83 + 0.08mg H,O. ml"O2 (n = 13)
at 31.5°. Above this temperature, water loss

increased rapidly and individual variation was marked.

This high water loss was probably dJdue to excessive
salivation at these temperatures.

1

Energy values of 2.34J.mg ™' water and 20.1J.cm® oxygen
were used in converting EWL and VO, to thermal units.
The proportion of metabolic heat 1lost through
evaporation was a maximum at the lethal temperature

when 62.8% of the heat produced was removed through

water loss (Fig. 3).
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Thermal conductance

Below TA = 30°C, Cd remained relatively constant with a

-1 -1

mean value of 1.00 + 0.21 J.cm'a.°C. h (n = 50).
Under these conditions, Cd was minimal and insulation
maximal. As the differences between TA and TB
decreased (Fig. 4), the Cd increased becoming maximal
when TB - TA approached zero (Fig. 4). In five
instances at high TA, Cd values were negat