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Summary. The effect of dietary fibre content on
food consumption, dlgestlve ability and water bal-
ance was studied in two Namib desert roc rodents,
Aethomys namagquensis and Gerbillurus paeba. In
addition, changes in these factors were monitored
when free water was withheld.

1. Daily energy expenditure (DEE) for 4. na-
maquensis remained fairly constant and similar to
that predicted by mass despite changes in food and
water regimes. The DEE in G. paeba was more
variable. On a millet (low-fibre) diet with ad lib.

water DEE was 35% higher than the expected

value. This increased still further within the first
week of water deprivation before dropping back
to pre-water deprivational levels once mass had
stabilized. On the high fibre diet, the DEE of G.
paeba was similar to that predicted by mass when
water was freely available. This was reduced by
half when the animals were water stressed, suggest-
ing that G. paeba might employ torpor under these
circumstances.

2. Water balance was assessed by measuring
water intake and loss. Faecal water content when
maintained on a millet diet was similar in both
‘. species, irrespective of whether water was freely
available or withheld. However, urine concentra-
tions and estimated evaporative water losses were
higher in G. paeba. Observed differences in water
loss are largely a function of variables related to
weight specific metabolic rate. Differential water
losses were offset by differences in metabolic water

production, enabling both species to attain a posi-

Abbreviations: DEI daily energy intake; GEI gross cnergy in-
take; FE faecal energy; ME energy from the mobilization or
deposition of fat; DEE daily energy expenditure; 4L apparent
assimilation cfficiency; MWP metabolic water production;
EWL pulmo-cutaneous evaporative water loss; © SW change
in the amount of stored water

tive water balance and survive indefinitely on a
millet diet.

3. When provided with a more fibrous diet, low
assimilation efficiency and the resulting increase
in faecal production, coupled with increased faecal
water content, increased faecal water loss to such
an extent that it precluded the maintenance of a
positive water balance in either species. Despite
‘increased urine concentration and a decline in
evaporative water loss, both species rapidly suc-
cumbed to chronic water deprivation.

Introduction

Deserts have been defined as ‘areas where the envi-
ronment places insurmountable obstacles in the
way of its inhabitants’ (Schmidt-Nielsen 1979).
Consequently, interest in adaptation of animals to
these environments is considerable (reviews:
Schmidt-Nielsen 1964; Louw and Seely 1982;
MacMillen and Hinds 1983).

The Namib desert, on the south-western coast
of Africa, is an extremely arid environment in
which the annual evapo-transpiration greatly ex-
ceeds the mean annual precipitation. This has had
a profound effect on the quality and sources of
food available to the rodent inhabitants. Potential
foods vary in their preformed water content and
in the degree of digestibility. The latter may affect
energy and water balance, in that it controls the
dietary energy and hence the amount of metabolic
water liberated per gram of food consumed. In
addition, it influences the amount of water lost
through production of faeces (Withers 1982).
Apart from the preformed water content, however,
the importance of diet and digestive ability has
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been generally overlooked in studies of water bal-
ance.

The rock rat, Aethomys namaquensis, and the
pigmy gerbil, Gerbillurus paeba, whilst occupying
different microhabitats in the Namib desert, are
subject to similar energetic and water constraints.
This study compares the energy and water balance
of these two Namib species when the animals are
fed low fibre (millet) and high fibre (bran) diets,
both with and without drinking water.

Materials and methods

Experimental protocol. Rodents were trapped in the Namib
Desert Park at Tumasberg (23° 29’S; 15° 32°E) and near Goba-
beb (23° 34'S; 15° 03'E). Fifteen gerbils and twelve rock rats
were housed individually in an air-conditioned laboratory
(20+2 °C, 52.3 + 9% relative humidity) with a twelve hour pho-
toperiod. Prior to experimental treatments, rodents were main-
tained in plastic hamster cages with a sand substrate. Sand
was removed during experimental runs to prevent the contami-
nation of food and faeces.

Over a six month period, all rodents were subjected to an
experimental diet of golden millet followed by Kelloggs ‘high
bulk bran’ (Table 1). A six week transition period occurred
between these two experimental food treatments, during which
the animals were provided an ad lib. supply of sunflower seeds,
millet, oats, barley, bran and fresh vegetables. Throughout the
transition period, the proportion of high bulk bran was gradu-
ally increased until, during the last week, a pure bran diet was
supplied. It was only after this that the quantity of bran con-
sumed was monitored. Bran was chosen as the high fibre food
source after an abortive attempt at using dry lucerne as a food
source. Bran was fairly stressful even under ad lib. water condi-
tions, causing most rodents to lose weight.

For the first two weeks of each experimental food treatment,
free water was supplied. During this period, food and water
consumption were monitored. Water bottles were then removed
and exogenous water was supplied in the form of lettuce. Let-
tuce was gradually eliminated over an eight day period; five
days thereafter, daily energy intake (DEI) and associated pa-
rameters were monitored. Water deprivation experiments were
terminated when two animals of each species had succumbed
to-hydropenia (deprivation of water). )

All rodents were subjected to a sequence of two different
water regimes: (i) an ad lib. supply, (ii) the withholding of
all exogenous water. After experimental periods of six and

twelve days, urine, faecal samples and 200 pul of blood were
collected.

Energy balance. measurements. An energy balance was calcu-
lated by assuming that energy intake should equal energy ex-
pended plus changes in energy stored within the body:

DEE=GEI—(FE+U)+ME

where DEE is the daily energy expenditure; GEI is the gross
energy intake; FE is the faccal energy; U is urine energy content
(ignored in these calculations because it has been reported to
constitute a neglibible fraction of energy exchange; Grodzinski
and Wunder 1975); ME is the energy content of changes in
fat stores. The daily energy intake (DEI), often referred to as
energy assimilated, was determined gravimetrically as the differ-
ence between the energy content of food consumed (Gross En-
ergy Intake; GEI) and faeces produced per day. Food consump-
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Table 1. Food values of the two diets supplied to the animals

Millet High-bulk bran
Energy (kJ-g™1)® 20.88 18.15
Protein (%) 12.7 18.0
Carbohydrate (%) 574 72.0
Fat (%) 35 14
Crude fibre (%) 5o 0.4 6.0
Dietary fibre (%) 1.0 230.0
Preformed water (%) 9.0 5.0

® Energy content was determined in this study. All'other millet
values were taken from Leung and Rao (1972). High-bulk
bran data were supplied from the cereal manufacturers, Kel-
loggs (Braamfontein)

tion was determined by initially supplying a known quantity
of food greatly in excess of the rodents’ requirements. Uncon-
sumed food was collected and weighed after six and twelve
days. Control samples of food were monitored to correct for
any weight changes due to desiccation or water absorption.
Faecal production was determined by collecting all the faeces
produced during the monitored periods. The energy content
of the food and faeces was determined by microbomb calorime-
tery.
" ‘Apparent’ assimilation efficiency (AE) was calculated as:

AE =100 x DEI/GEI.

Daily energy expenditure (DEE) differed from DEI because
of changes in the energy stores within the body. Only non-
breeding adult rodents were used and thus it was assumed that
changes in weight were due to fat deposition or mobilization
only. Daily energy expenditure was thus calculated by correct-
ing DEI for energy changes due to the mobilization and deposi-
tion of fat (23.36 kJ-g~! of fat mobilised and 33.9kJ-g~' of
fat deposited; Jagosz et al. 1979). The DEE values determined
this way are maximal estimates.

Water balance measurements. Water balance measurements
were based on the assumption that water intake equals water
loss. Water intake was determincd by weighing the drinking
bottles initially and again at the end of the two six-day monitor-
ing periods. Control bottles were kept so as to enable correction
for water loss due to evaporation and handling. Preformed
water in the millet and bran was determined by drying known
quantities of seed at 60 °C to constant mass. Metabolic water
was calculated assuming 0.03 ml water per kJ of energy ex-
pended (Schmidt-Nielsen 1975).

Faecal water content was determined from faeces voided
whilst the rodents were handled. Faeces were weighed to the
nearest 0.01 mg as soon as possible after voiding, and then
again after they were dried at 60 °C to constant mass.

Water loss in the urine was determined by collecting 24-h
urine samples under light liquid paraffin on the sixth and
twelfth day of each experiment. Each urine sample was weighed
and its mass converted into volume using a correction obtained
from the weight of a 10 pl aliquot of that sample.

Pulmocutaneous evaporative water loss (EWL) and changes
in stored water were not measurcd, however, minimum and
maximum estimates were extrapolated from the water balance
equation:

D+P+MWP1 +MWP2+© SW=U+F+EWL

where D is water drunk; P is preformed water in food ; MWP1
is the metabolic water produced from oxidization of the food
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eaten; MWP2 is the metabolic water produced as a result of
the oxidization of mobilised fat; © SW is the change in stored
water; U is water lost in urine; F is water lost in faeces; and
EWL is evaporative water loss. Minimum and maximum esti-
mates of EWL are calculated from the water balance equation,
by assuming that weight changes are either entirely due to fat
mobilization (MWP?2) or are due to dehydration (© SW).

On the sixth and twelfth days of each experiment 200 pl
of blood were taken from the canthal sinus on the anteriodorsal
aspect of the orbit, according to the method of Halpern and
Pacaud (1951). After haematocrits were taken, plasma was sep-
arated and frozen in sealed capillary tubes.

Statistical analyses included Student’s r-tests and, where ap-
plicable, paired t-tests (Zar 1974). -

Results

Both species survived water deprivation when pro-"

vided with millet. However neither species survived
water deprivation when their diet consisted only
of high bulk bran. On the bran diet, three G. paeba
died within seven days of water-deprivation and
two A. namaquensis died on the eighth day. The
severity of the bran diet in the absence of free water
is also indicated by the rapid weight loss shown
by both species (Fig. 1).

Energy balance
Water available

i) Millet: Both species when provided with millet
showed similar digestive ability (P=>0.10) and
changes in mass (P=0.10). However, species dif-
ferences in rates of food consumption, faecal pro-
duction and GEI (Tables 2 and 3) were significant
(P<£0.05), resulting in very different DEIs and
DEEs (P<0.001). This difference in DEE does not
merely reflect differences in mean body mass, for
percentage deviations were significantly different
from values predicted by mass for a granivorous
rodent using Grodzinski and Wunder’s (1975) allo-
metric equation.

ii) Bran: Despite the fact that bran was gradually
introduced into the diet, this food was generally
avoided. DEI values when bran was the only food
source were insufficient to meet the DEE require-
ments and even under conditions of ad lib. water,
mass declined. The apparent assimilation efficiency
of this diet was low (Table 3), reflecting the high
fibre content of this food supply, and no species
difference was observed.

Water deprived

i) Millet: Gerbillurus paeba and A. namaquensis
showed different dietary responses to water depri-
vation when maintained on a millet diet. Gerbillur-
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Fig. 1. Changes in mass for Aethomys namaquensis (top) and
Gerbillurus paeba (bottom) when deprived of water on i) a low
fibre diet of millet (solid lines) and ii) a high fibre diet of bran
(dashed lines). Values are means + SEM

us paeba lost weight rapidly and, if mass change
is assumed to result from fat mobilization, DEE
increased during the first week of deprivation of
water. Once body mass stabilized DEE rates re-
turned to within the range observed under ad lib.
water conditions (Table 2). Adethomys namaquensis
lost weight more gradually but continued to do
so for much longer (Fig. 1). No significant changes
in DEE were observed in any of the energetic bal-
ance variables monitored on the millet diet in the
presence and absence of drinking water (Table 2)
in this species.

ii) Bran.: The DEI of both species declined signifi-
cantly with water deprivation on a bran diet; al-
though the AE of both species remained un-
changed (Table 3). Both species rapidly lost weight
and it is assumed therefore that they responded
to this decline in energy intake by mobilising fat
reserves. In A. namaquensis, there was complete
compensation such that DEE was similar under
both treatments of water, whereas in G. paeba,
there was a 45% decline in DEE after water depri-
vation.
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Table 2. Influence of water availability on the energy balance of Aethomys namaquensis and Gerbillurus paeba when maintained

on a low fibre diet (millet)

+H,0 —H,0 1 week —H,0 2 weeks

X + SD x SD x + SD
Aethomys namaquensis
No. of animals 8 -8 8
Mean weight (g) 51.86 10.63 47.73 11.07 46.53 10.43
Food consumed (mg-g~!-day™!) 78.48 7.50 69.51 10.30 73.65 10.16
Faecal production (mg-g~!-day ") 4.78 1.72 4.56 2.25 4.42 2.04
Mass change (mg-g~'-day™ ") 2.40 2.43 - 17.36 . 1.37 2.59 12.08
GEI* (kJ-g~'-day™ ") 1.64 0.16 1.45 0.22 1.54 0.21
FE* (kJ-g~!-day~ ") 0.09 0.03 0.09 0.04 0.08 0.04
ME® (kJ-g~!-day™!) — 0.08 0.08 0.18 0.17 — 0.08 0.28
DEI* (kJ-g~!-day~?) 1.55 0.15 1.36 0.20 1.45 0.20
DEE* (kJ-g~!-day~ 1) 1.46 0.13 1.55 0.12 1.53 0.17
AE*® (%) 94.31 1.95 93.98 243 94.60 2.27
DEE* (%) 107.81 13.76 114.76 6.33 106.76 20.31
Gerbillurus paeba
No. of animals 8 8 ) 7
Mean weight (g) 27.90 4.36 26.52 4.61 25.83 4.85
Food consumed (mg-g~'-day™!) 124.58 14.22 115.56 18.90 129.67 15.79
Faecal production (mg-g~'-day ™) 6.35 2.09 4.73 1.41 5.39 1.29
Mass change (mg-g~!-day ') 0.05 10.39 —17.98 11.90 3.14 5.11
GEI* (kJ-g~!-day™?) 2.60 0.30 2.41 0.39 2.1 0.33
FE* (kJ-g~!-day~ ') 0.12 0.04 0.09 0.03 0.10 0.03
ME® (kJ-g~'-day~ ) — 0.04 0.29 0.42 0.28 — 0.13 : 0.16
DEI* (kJ-g~*-day %) 2.48 0.26 2.32 0.40 2.60 0.31
DEE* (kJ-g~!-day~1) 2.48 0.27 2.74 0.29 2.50 0.31
AE* (%) 95.53 1.12 96.15 1.34 96.21 0.72
DEE* (%) 134.92 7.92 145.46 9.20 130.97 15.76

* GEI gross energy intake; FE faecal energy; ME energy from mobilization or deposition of fat; DEI dajly energy intake;
AE assimilation efficiency; % DEE percentage of the predicted daily energy expenditure as calculated from Grodzinski and
Wunder’s (1975) allometric equation :

:_abl(ebl I;lfluence of water availability on the energy balance of Aethomys namaquensis and Gerbillurus paeba on a high fibre
iet (bran '

Aethomys namagquensis Gerbillurus paeba

+H,0 -H,0 +H,0 —H,0

£ + SD £ + SD £ + SD £ + SD
No. of animals 8 7 7 5
Mean weight (g) 55.45 11.72 39.58 11.64 26.65 3.99 18.99 2.05
Food consumed (mg-g~*-day~') 90.13 17.40 34.03 6.50 151.30 49.63 37.09 11.78
Faecal production (mg-g~*-day~!) 35.72 10.10 11.60 2.16 56.29 18.63 13.31 6.03
Masi changfl(mg'g T.day™') —12.56 7.38 —47.27 7.38 —2.86 9.84 —25.80 7.16
GEI* (kg *-day~ ') 1.64 0.32 0.62 0.12 2.78 0.88 0.67 0.27
BB )¢ day ) 0.60 0.17 0.20 0.04 0.99 0.33 0.24 0.11
ME* (kI g day™h 0.29 0.17 1.11 0.18 0.04 0.27 0.60 0.17
DEI* (kI-g ! day”! ) 1.04 0.25 0.42 0.11 1.79 0.56 0.39 0.11
DEE* (kJ-g~"-day ") 1.33 0.19 1.52 0.25 1.83 0.40 1.03 0.12
AE*® (%) 63.31 8.69 66.82 6.10 64.45 2.10 64.58

( 63. ! ; : Y . ' 7.02

DEE* (%)* 101.99 13.40 98.76 21.89 97.99 22.08 46.85 6.66

" GEI gross energy intake; FE faecal energy;
lr_)tak?; AE assimilation efficiency; DEE %
zinski and Wunder’s (1975) allometric equa

ME the cnergy from the mobilization or deposition of fat; DEJ daily energy

‘_' the percentage of the predicted daily energy expenditure as calculated from Grod-
tion
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Table 4. The gffecl of ]ow ﬁbre (millet) and high fibre (bran) on the drinking rates, urine production, faecal water loss and
plasma and urine osmolality in Aethomys namaquensis and Gerbillurus paeba, kept both with and without drinking water

Drinking rate Urine production  Plasma conc.  Urine conc. Faecal Faecal
“(mg I_-llzo-g'l (mg H,0-g~ A (mOsm-17) (mOsm-17) water water

-_day ) ‘_day D) content (%) loss (%)

x + SD X = SD X £ SD x + SD x + SD X + SD
Millet
A. namaquensis
+H,0 95.2 304 20.9 6.0 332 36 1,762 914 53.08 2098 397 2.04
—H,0 1 week = 8.3 4.1 - 3,263 474 45.35 2.86 7.16 3.38
—H,0 2 weeks - 8.1 32 396 52 3,732 610 4570 2.96 697 2.69
G. paeba
+H,0 117.1 477 40.8 18.1 350 37 2,576 1,178 54.01 3.31 379 131
—H,0 1 week - 5.8 23 o= 3,956 499 4452 2.57 411 1.14
—H,0 2 weeks - 44 2.8 426 57 4,150 1,087 4647 3.59 538 1.04
Bran ‘ '
A. namaquensis
+H,0 2158 127 56.9 5.6 337 S 1,710 197 58.05 0.71 2139  8.95
—H,0 - 8.5 43 414 o4 4,396 837 50.68 1.95 2541 497
G. paeba
+H,0 2839 582 109.6 373 362 49 1,679 313 60.97 1.47 28.81 12.32
—H,0 - 4.6 29 471 68 5,615 816 4999 1.20 41.07 20.54

Water balance

Drinking rates of the two species were not signifi-
cantly (P=0.10) different (Table 4). Both species
drank significantly more water (P<0.001) on the
bran diet than when millet was the food source
(Table 4). Species differences in total water intake, -
however, reflect mainly differences in the amount
of water liberated from their different rates of me-
tabolism (Table 5).

When water was deprived, urine production of
both species declined markedly on both diets, al-
though it was most pronounced when bran was
the food source (Table 4). Urine concentration was -
inversely proportional to the quantity of urine pro-
duced and was highest when the rodents were on
a diet of bran (Table 4).

Estimated EWL of both species were similar
(P=0.10), irrespective of diet, when drinking water
was freely available. EWL declined markedly with
hydropenia, irrespective of diet, in both species.
Aethomys namagquensis showed lower rates of EWL

than G. paeba (P=0.001) when deprived of water '

on a millet diet. The converse was true on a bran::
diet, where EWL of G. paeba was significantly
lower (P<0.01) than that of 4. namaquensis.

Both species, irrespective of diet, produced
faeces with similar water contents (P=0.1). When
deprived of water, faecal water content declined
(Table 4). Faecal water-content was greater on the

bran diet than on the millet diet. Consequently,
when maintained on a bran diet, faecal water loss
contributed significantly more to the total water
flux (Table 5). :

Discussion

Millet

i) Water available: The DEE observed for both
G. paeba and A. namaquensis fell within the range
expected for rodents (Grodzinski and Wunder
1975; French et al. 1976). The DEE for 4. nama-
quensis was similar to that expected (Withers et
al. 1980), whereas that of G. paeba was far greater
than predicted by mass for a granivorous rodent,
indicating a greater propensity of G. paeba to sup-
plement its seed diet with insects (Grodzinski and
Wunder 1975). This is confirmed by stomach con-
tent data (unpublished observation, and Withers
1979). Both species maximally utilized their food
source, having high assimilation efficiencies.

ii) Water deprived: Both A. namaquensis and G.
paeba were able to survive on a millet diet without
exogenous water for 10 weeks. This ability to sur-
vive indefinitely without water (Schmidt-Nielsen
1964 ; Chew 1965; Shkolnik and Borut 1969 ; Brad-
ley and Yousef 1972; MacFarlane 1975) is due to
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Table 5. Influence of diet and hydropenia on water balance
in Aethomys ndmaquensis and Gerbillurus paeba. All values giv-
en are in mg H,0-g™!-day ™!

Millet Bran
+H,0 -H,0 -H,0 +H,0 -H,0
1 wk 2wk

A. namaquensis

Intake

Drunk 95.2 - - 215.5 -

Preformed 741 6.3 6.6 4.6 1.8
" MWP food* 46.5 40.8 +43.5 314 124

MWP fat® -24 5.4 -25 8.7 333

Swe —24 74 —-2.6 12.6 47.3

Min total? 146.4 52.5 47.6 260.2 47.5

Max total? 146.4 54.5 47.7 264.1 61.5

Loss

Urine 20.9 8.3 8.1 56.9 8.5

Faeces 5.4 3.8 3.7 494 11.9

Min EWL®  120.1 40.4 35.8 1539 271

Max EWL® 120.1 424 359 157.8 41.1

G. paeba

Intake

Drunk 1174 - - 283.9 -

Preformed 11.2 10.0 11.7 73 1.9

MWP food* 744 69.6 78.0 53.8 13.0

MWP fat® —-1.2 12.6 -39 1.2 18.0

Swe -0.1 18.0 -3.1 29 25.8

Min total? 201.5 92.2 85.8 346.7 329

Max total?  202.6 97.6 86.6 348.4 40.7

Loss

Urine 40.8 5.8 44 109.6 4.6

Faeces 7.5 3.8 4.7 102.4 133

Min EWL* 1532 82.6 76.7 134.7 15.0

Max EWL® 1543 88.0 71.5 136.4 228

MWP is metabolic water production, assuming 0.03 ml of
water are liberated per kJ metabolized

Assuming all loss of mass is metabolic substrate

Assuming all loss of mass is water

Totals are determined by including either MWP fat or S
in water intake

EWL is evaporative water loss estimated from the water bal-
ance equation assuming water intake = water loss

b
c

d

reductions in evaporative, faecal and urinary water
losses.

Gerbillurus paeba showed a greater weight loss
in response to hydropenia (Fig. 1) which was re-
flected in the significant increase in DEE in the
first week of water deprivation. This increase in
DEE can be attributed to fat mobilization (assum-
ing that all mass change is due to fat mobilization

and not dehydration) and might therefore reflect -

increased initial metabolic stress or hyperactivity
resulting from increased searching for a water sup-

'

ply. Thereafter, weight stabilized in this species and
the DEE returned to predeprivational rates. Aetho-
mys namagquensis showed a more gradual weight
loss (Fig. 1). It continued to lose weight through-
out the period when food consumption was moni-
tored and in doing so, helped to maintain the DEE
at approximately the same level as under ad lib.
water conditions. The coefficient of digestive abili-
ty remained high with water deprivation which not
only allows the maximum utilization of resources,
but reduces the faecal output, thereby reducing the
quantity of water lost through the faeces.

Weight-relative water requirements of the two
species were found to be significantly different
(P£0.05). Gerbillurus paeba, having a higher DEE,
liberated more metabolic water (P <0.001). These
estimates of daily water turnovers were within the
range observed for most xerophilic rodents (Mac-
Farlane et al. 1971; Holleman and Dietrich 1973;
Yousef et al. 1974; Hewitt et al. 1981).

Gerbillurus paeba was initially more stressed by
water deprivation. However after six days without
free water, mass stabilized. Because G. paeba has
a smaller body size than A. namaquensis its surface-
area/volume ratio and weight specific metabolic
rates are higher, causing a higher rate of evapora-
tive water loss and greater water stress. As with
other desert rodents (Haines and Shield 1971;
Christian et al. 1978), evaporative water loss de-
clined with hydropenia in both species. Reduced
urinary water loss in G. paeba was facilitated
through an approximate two-fold increase in urine
concentration and the excretion of some nitroge-
nous wastes as a solid precipitate of allantoin (Buf-
fenstein et al., in preparation).

Aethomys namagquensis gradually lost weight
over a longer period. Total metabolic water liber-
ated exceeded water lost through pulmocutaneous
evaporation ensuring virtual independence of ex-
ogenous water. Although G. paeba reduced urinary
water loss while 4. namagquensis reduced evapora-
tive water loss (Table 5), both species were able
to maintain a positive water balance on millet.

Bran

i) When millet was replaced with a more fibrous
diet, neither species was able to maintain a positive
water balance. The digestive ability coefficient on
this diet was much lower than that of millet. Di-
gestive ability varies inversely with fibre content
in Microtus pennsylvanicus (Shenk et al. 1970). Di-
gestive ability on a bran diet was lower than re-
corded for rodents on a natural diet (Johnson and
Schreiber 1979) and would therefore be more



stressful. Whilst 30% of bran is indigestible fibre,
the low assimilation efficiency suggests that less
of the potentially digestible food was digested. This
probably resulted from faster rate of passage
through the gut. A concomitant increase in faecal
production and decrease in DEI accompanied this

low digestive ability in both species. The GEI was

not significantly different (P=0.10) to that on a
millet diet in either species. Both species attempted
to adjust intake to meet the requirements for nutri-
tion. The low digestive ability and finite capacity
of their stomachs, however, prevented the achieve-
ment of a constant DEI. The deficit in energy in-
take was rectified by mobilizing fat reserves even
under ad lib. water conditions. Gerbillurus paeba
showed a greater weight specific GEI and related
faecal output than 4. namaquensis, accounting for
its higher DEE.

ii) Water deprived: When water deprived, GEI in
both species was markedly reduced. This seems to
be maladaptive for less water of metabolism would
be liberated: Assuming GEI when hydropenic was
the same as that when water was supplied ad lib.,
both species would show a negative water balance
only when the percentage faecal water content of
hydropenic animals was the same as that of ro-
dents supplied with drinking water (Tables 4 and
5). Therefore, the only way increasing or maintain-
ing GEI could be disadvantageous, would be if
the animals could not control the hydration of the
faeces. If a low water content of faeces comes
about only by having a slow rate of passage (en-
abling more absorption of water) and a low rate
of passage can only occur by eating less bran, then
a high GEI and a low faecal water content are
mutually exclusive. Even with the decline in food
consumption, faecal water loss during hydropenia
was 3—4 times greater than on the millet diet.

Aethomys namaquensis maintained similar lev-.

els of DEE on both diets, by balancing the energy

intake deficit with energy stored as fat. In addition, °

the apparent assimilation efficiency increased with
hydropenia, although it was still much lower than
on a millet diet. This is a common occurrence when
food intake is reduced. Reduced food intake prob-
ably allowed for a slower rate of passage and hence
the opportunity for more absorption of both water

and nutrients. It is not known whether 4. nama-
quensis uses coprophagy, but it has been seen lick- -

ing faeces in the laboratory. Under stressful condi-
tions coprophagy would be advantageous. .
Gerbillurus paeba showed a marked decrease
in DEE accompanied by declines in evaporative
water loss and in apparent assimilation efficiency,
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suggesting that it employs torpor under these cir-

. cumstances. Similar declines have been observed

in Gerbillus pusillus in torpor (Buffenstein 1984).
Neither species survived more than eight days

- without free water. Their inability to survive may

be attributed to their low assimilation efficiency
and the resulting increase in faecal water loss. Al-
though A. namaquensis consumes proportionately
more fibrous food than G. paeba in its natural diet
(unpublished data) and its gastro-intestinal tract
is morphologically better adapted to handle fi-
brous food, through caecal fermentation (unpub-
lished data), it too could not survive dry high fibre
diets. The significance of faecal water loss to water
balance is seen in Tables 4 and 5. Because of the
marked decline in mass, it is extremely difficult
to estimate accurately the energy budget during
hydropenia. Mass decline has little effect on water
balance (Table 5) in that the quantity of water li-
berated by the catabolism of fat (1.1 g H,0-g™!)

. is approximately equal to the amount of water as-

suming all mass changes are due to dehydration.
It does appear that when on a bran diet, water
was mobilised from various compartments and
that these rodents had become dehydrated. This
was shown by elevated haematocrits and increased
plasma osmolality in both species. Similar haemo-
concentration has been observed in other arid-
dwelling rodents e.g. Dipodomys (Kenagy 1973;
Scelza and Knoll 1982), Gerbillus, Jaculus (Haggag
and El Husseini 1974), Rattus (Baverstock 1976)
and Meriones (Donaldson and Edwards 1981).
Urine volumes on a bran diet declined to 60%

of those in animals deprived of water on a millet

diet. Maximum urine concentration on a bran diet
was higher than in rodents on a protein-loaded
diet (unpublished data) and were also greater than
that predicted by relative medullary area;
3850 mOsm-kg~' for A. namagquensis and
4606 mOsm-kg ™! for G. paeba (unpublished data).
Concentrations higher than those predicted by rel-
ative medullary area measurements (Brownfield
and Wunder 1976) have also been observed in Di-
podomys, Notomys and Jaculus (Deavers and Hud-
son 1979; Hewitt 1981).

It is evident that increased faecal water loss
(Table 5), as a result of the high fibre content of
the bran diet, was primarily responsible for the
negative water balance obtained during hydro-
penia. Faecal water loss is normally overlooked,
as most water balance studies provide rodents with
a seed diet where digestive ability approaches a
physiological maximum. Faecal water loss under
these circumstances is proportionately low (<8%).
It is obvious, then, that diet selection against high
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fibre foods in the wild would be critical during
the periods when water is severely limiting.
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