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ABSTRACT

A first approximation of the total demand of encrgy and protein by
six large herbivore specics. namely blue wildebecst, Burchell's zebra.
springbok. gemsbok, red hartebeest and ostrich, was balanced
against the measured supply of these critical nutricnts, as well as
against the measured usage. 1t was cleardy evident that sufficient
energy was available, bul that protein. particularly protein percen-
(age, could become a crilical factor during a dry climatic cycle.
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! INTRODUCTION

This investigation formed part of a larger study directed
primarily at establishing which environmental factors
were responsible for the drastic decline in blue wilde-
beest Connochaetes laurinus numbers in the Etosha Na-
tional Park in nosrthern South West Africa / Namibia
{Berry, 1980). Here we estimate energy and protein re-
quirements in the major large herbivores inhabiting the
grasslands of Etosha, taking into account their age-sex
ratios and popuiation trends. Thereafler, we balance the
energy-protein supply of the grasslands against the sea-
sonal demand for these critical nutrients by the large
herbivores. This approach makes it possible to establish
whether competition for food existed and il so, which
seasons and areas were involved.

The six major herbivore species involved were blue wil-
debeest, Burchell's zebra FEgquus burchelli, springbok
Antidorcas marsupialis, gemsbok Oryx gazella, red
hartebeest Alcelaphus caama, and ostrich Struthio
camelus. All are large in size and were relatively easy
to observe from a vehicle, although springbok werc of-
ten overlooked during aerial censuses. The red harte-
beest, by preference a bush and woodland dweller in,
Etosha, was not uncommon on the plains. Consequent-
ly, we have included this species by referring only to
the numbers counted on the plains. No attempt was
made to assess the status of smaller herbivores which
inhabited the plains, such as ground squirrels and hares,
Necither were graminivorous birds taken into account.

2 METHODS
2.1 Aerial counts

Estimates of the numbers of large herbivores were made
during aerial censuses (Berry, 1980). We carned out
four major censuses by helicopter from 1974 — 78 and
referred to carlier counts by Ebedes et al. (1970) and
Joubert ¢ al. {1973). Only two age classes could be
distinguished during aerial counts, namely animals less
than one year old and those older than one year.
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2.2 Ground observations

More detailed age-sex classes were established during
observations made from a vehicle, over a period of four
years (1974 — 78). The herbivores were sexed and divi-
ded into various age classes: less than one year old, one
to two years old, two to three years old, full grown or
adult. To avoid bias in determining the population struc-
ture, family units or whole herds were aged and sexed
when possible.

2.3 Calculation of energy budgets

In the absence of guantitative data on activity patterns
and related energy budgets in the ruminant competitors
of wildebeest in Etosha, we applied the increments over
resting metabolic rate (RMR) which had been establi-
shed for the various age-sex classes of wildebeest (Berry
and Louw, 1982a) to the competitors. These theoretical
values probably approximate those which exist in other
ruminants, namely springbok, gemsbok and red harte-
beest, since ruminants have basically similar needs for
free existence (Moen, 1973).

In the case of free-living zebra, increment over RMR is
also unknown, but may be somewhat lower than that of
ruminants because zebra may be able to utilise more fi-
brous grasses (Janis, 1976). Consequently, zebra may be
less active than the selectively foraging wildebeest. We
have nevertheless allocated an arbitrary mean value of
2,0 for increment over RMR in zebra. This is based on
the minimum value of 1,5 for activity alone and an up-
per limit of 2,3 when the energy demands of growth, ge-
station and lactation are considered (Moen, 1973). Si-
milarly, because increment over RMR in free-living
ostrich is unknown, an arbitrary value of 1,9 was allo-
cated, which made allowance for the fact that gestation
and lactation were not involved. Nevertheless, an energy
cost for egg production does exist and was added to the
increment over RMR of 1,9 in adult hens. Similarly,
the energy cost of incubation to both cocks and hens
was considered (Siegfried and Frost, 1974) and added
to the increment over RMR of 1,9 in both adult sexes.

To estimate the energy cost of egg production in ostrich,
we used a mean fresh egg mass of 1 187g (Sauer and
Sauer, 1966) and, based on the mean mass of 10 ostrich
egg shells which was found to be 19% of the total egg
mass, we calculated the yolk and albumen to be 962
g per egg. Assuming that 13% of the yolk and albumen
is composed of protein and 10,5% is fat (Maynard and
Loosli, 1962), the protein content of an egg was taken
to be 125 g and the fat content 101 g. Applying Durnin
and Passmore’s (1967) calorific values of 5,4 for pro-
tein and 9,12 for fat, we estimated that one egg would
contain | 596 kcal. Furthermore, based on data for do-
mestic animals (Crampton and Harris, 1969), we assu-
med that the total energetic cost of egg production was
1,6 times the energy contained in the egg. The energy
cost of one ostrich egg was estimated at 2 554 kcal

(10 684 k). Taking the average annual production of an
ostrich hen at eight eggs (Sauer and Sauer, 1966), the
energy cost to a laying hen would be 85472 kJ.year'.
Because the rate of successful egg production of ostrich
in Etosha is unknown, we assumed that 90% of the
adult hens would lay a full clutch every year.

The additional energy cost of incubation was based on
data from Siegfried and Frost (1974), namely 165,2
kcal/bird-day for ostrich cocks and 116,6 kcal/bird-day
for hens. Incubation was taken at 42 days (Sauer and
Sauer, 1966; Siegfried and Frost, 1974). Thus the total
annual cost of incubation was estimated to be 6 938
kcal (29 030 kJ) for cocks and 4 897 kcal (20 490 kJ) for
hens, 90% of which were presumed to breed each year.

The basic calculation of RMR was 70 W} kcal. day-!
{National Research Council, 1966) for all mammalian
competitors. For RMR in ostrich we applied Lasiewski
and Dawson’s (1967) regression equation for non-passe-

rine birds of 78,3 };’keal. day-".

2.4 Calculation of protein budgets

Nitrogen requirements for maintenance, growth, gesta-
tion and lactation were calculated for the six herbivore
species using the equations detailed in Berry and Louw
(1982a). In the case of ostrich we estimated nitrogen re-
quirements for egg production. To achieve this we as-
sumed that 125 g protein occurred, on average, in an 0s-
trich egg (Section 2.3).

Consequently, there would be 20 g N x 8 eggs = 160 g
N required per egg clutch. To obtain the total cost of
nitrogen required to produce the eggs, we multiplied 160
g N by a factor of 1,38 (Crampton and Harris, 1969),
thereby obtaining a final estimate of 221 g N. year-! per
laying hen.

Subsequently, protein budgets were derived for indivi-
duals and the populations of all six herbivore species as
described in Berry (1980).

3 RESULTS

3.1 Population estimates and trends

Counts of the large herbivores over an ll-year period
(1968 - 1978) were corrected for undercounting bias and
are given in Table 1. Since aerial counts are underes-
timates of the total population of a wild animal species
(Melton, 1978a) and furthermore, since most species
give such variability in successive counts that aerial cen-
suses may be invalid even as an indicator of trend in
population (Melton, 1978b), it is not surprising that the
results in Table 1 are characterised by great variability.
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TAEBLE 7: Estimated yearly population protein budgets for six large
herbivore species on the Etosha grasslands during the
period 1973 - 78 (from data in Berry (1980)).

Total protein requirements

Species Year (Metric tons DM)
Wildebeest 1973 174
1974 154
1975 139
1976 123
1977 139
1978 117
Burchell’s 1973 1363
zebra 1974 1570
1975 1326
1976 1072
1977 923
1978 897
Springbok 1973 103
1974 121
1975 161
1976 202
1977 387
1978 401
Gemsbok 1973 127
1974 120
1975 86
1976 52
1977 71
1978 37
Red 1973 5
hartebeest 1974 7
1975 5
1976 4
1977 3
1978 5
Ostrich 1973 17
1974 14
1975 14
1976 13
1977 25
1978 15

cost of rumination could not be estimated during the
study on activity patterns of wildebeest (Berry et al.,
1982). Likewise, we only examined the lower critical
temperature range encountered by wildebeest (Berry
and Louw, 1982a). We also did not consider the energy
drain by parasites which, although it may be negligible
in the case of wildebeest (Biggs and Anthonissen, 1978,
1979), would almost certainly be a considerable factor
in zebra, which carry a much heavier parasite load
{Scialdo, 1981). An additional factor which contributed
to the underestimated theoretical energy demand was
the basis we used for calculating RMR and its various
increments (Berry and Louw, 1982a). RMR was based
on net energy requirements whereas the calculation of
nutrient energy was based on metabolisable energy.
Therefore this resulted in an overestimation of energy
available in the food. According 1o Drodz (1975) not all
the metabolisable energy is used for maintenance, activi-
ty, growth and reproduction. He estimated that 3 - 20%
of the gross energy is lost to the heat of the calorigenic
effect of food, depending upon the type of forage inges-
ted. Maynard and Loosli (1962} present data which
show that feeds similar to those found in Etosha have a

heat increment potential of 17% of the metabolisable
energy available to a ruminant. Also, Rogerson (1966,
1968) established that wildebeest used corrected
metabolisable energy with an efficiency of 82%, indica-
ting that 18% was lost to heat increment. Conse-
quently, if our data are adjusted upward by 18% to
compensate for this difference between metabolisable
energy and net energy the underestimation of demand
{Table 8) is considerably reduced.

Finally, the basic formula which we used to calculate
RMR, namely 70W {° (NRC, 1966) is based on
domestic ruminants and may be higher in wild rumi-
nants. For example, Rogerson (1966, 1968) has
presented data showing that wildebeest may have an
RMR of 104,3 WE;;”whiCh suggested that they would re-
quire 20 — 30% wmore metabolisable energy than
domestic cattle. If this estimated increase in energy
requirement is applied to our data in Table 8, then the
underestimation is reduced further.

Thus, if all these factors which we consider likely to
have caused the underestimation in energy demand are
taken into account, the differenice between our theore-
tical estimates and actual energy usage, as measured in
exclusion and control plots, is gratifyingly small. It is
therefore possible to accept the energy budgets with the
above qualifications. Taking all these factors into
consideration against a mean surplus of energy which is
1,2 times the requirement (Table 8), it is clear that errors
in estimation of the demand could increase by a factor
of 5,2 without exceeding the supply of energy. If bias for
undercounting has not been totally removed and a large
percentage of the residual grass is too short to be avail-
able to the herbivores, this surplus may be significantly
reduced. Moreover, most of our estimates have been on
the conservative side except for an important assump-
tion that the six herbivore species all eat only grass. This
is not the case however and certain species, particularly
springbok, utilise significant amounts of browse. In sum-
mary then, it would appear as if an adequate supply of
energy exists for herbivores in Etésha. This was also
borne out by the good nutritional status of the majority
of these animals (Berry and Louw, 1982¢).

4.2 Protein supply and demand

Protein supply and demand in so far as they affect the
large herbivores have been estimated for preferred graz-
ing areas and are presented in Table 9. The strong in-
fluence of season on the availability of crude protein is
evident from the data. Seasonal influence on the levels of
this critical nutrient in the forage is further influenced by
vears of rainfall extremes. For example, in 1977 the
rainfall was 75% of the average and was in addition
erratically distributed. Under these conditions, the
measured supply of crude protein was 18% of that of
the previous year when rainfall was 138% above
average, that is 577 mm.









had moved onto the Etosha Pan where Sporobolus
tenellus occurred in pure stands. It is, however, possible
that the likelihood of decreased predation was also a
reason for wildebeest preferring the pan. The failure of
this area, which in 1978 accounted for 44% DM of the
total grass produced by the dry season grazing areas,
could nevertheless result in a critical protein shortage for
wildebeest during drought conditions. This would be
aggravated by the present fenced boundaries of Etosha
which prevent grazing herbivores from migrating to
their traditional dry season areas in Owambo to the
north. In this context it should be remembered that
Etosha’s boundaries were completely fenced in 1973
and that since then the wildebeest population has not
been exposed to severe drought.

In addition to critical absolute amounts of protein, the
level of protein in the grass falls below critical levels dur-
ing certain seasons of the year. This has been discussed
by Berry and Louw (1982c).

4.3 Nutrient supply in relation to drinking water

In addition to the aforegoing considerations, we wish to
underline the fact that wildebeest, being obligate drin-
kers, were limited to a maximum recorded radius of 15
km from water during the dry season. Thereby the daily
drinking habit of wildebeest imposes restrictions on their
foraging ability, and although grass may exist in the dry
season, it may not be available to wildebeest. Clear
evidence of water as a factor limiting wildebeest grazing
patterns was found on the Etosha Pan during dry
seasons. In this situation the available drinking water
came from natural contact fountains which flow
perennially at the edge of the pan. At the height of the
dry season (September) a survey of wildebeest on the
pan (n = 453) showed that 28% were between 10 and 13
km from the nearest available water-hole; the remaining
72% were less than 10 km from water. This agrees
closely with Western’s (1975) findings in the arid Am-
boseli ecosystem of Kenya where all the wildebeest were
found within 12 km of water and 99,5% of the biomass
density of water-dependent species were nearer than 15
km to water. However, on the Etosha Pan we found that
springbok, gemsbok and ostrich oceur up to 24 km from
drinking water and this would favour their survival dur-
ing a drought when compared to wildebeest. Zebra were
not often recorded on the pan and then occurred less
than 10 km from water. In the mopane savanna which is
preferred habitat for zebra during the dry season, we
recorded them, and also red hartebeest, up to 20 km
away from water (cf. 16 km for zebra recorded by
Western, 1975). They too, therefore appeared to forage
further from water than wildebeest.

Consequently, because of this varying food-water
dependence, competitors of wildebeest in Etosha may
have greater capacity for survival when nutrient avail-
ability becomes critical. Evidence of wildebeest’s sensi-
tivity to drought has been presented on several occa-
sions {(Van der Spuy, 1960; Child, 1972: Hillman and
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Hillman, 1977). Management plans in Etosha should
take into account the susceptibility of wildebeest to
drought conditions when the food-water link becomes
critical.

5 SUMMARY

Aerial censuses were used to estimate the total popula-
tions of the six major herbivore species, namely wilde-
beest, Burchell’s zebra, springbok, gemsbok, red harte-
beest and ostrich. Correction factors were applied to
these counts to compensate for undercounting bias.
Age-sex ratios of the herbivores were established and
applied to the corrected population estimates in order to
provide a more refined measure of live mass for calcu-
lating energy and protein requirements.

In the case of ungulates, total energy demand was esti-
mated by applying an increment of 2,0 over RMR
which was based on the findings in wildebeest, Total
protein demand was calculated for maintenance,
growth, gestation and lactation, using suitably modified
equations developed from domestic animals. In the case
of ostrich, total energy demand was calculated by first
taking 1,9 times RMR for non-passerine birds and then
adding the total energetic cost of egg production and
incubation to hens, as well as the cost of incubation to
cocks. Protein demand in ostrich was estimated by using
modified equations to allow for maintenance, growth
and egg production.

A feature of the theoretical estimate of energy demand
for the grazing herbivores was that it consistently under-
estimated the measured usage by an average of 58%.
However, when compensatory factors such as reduc-
tion of metabolisable energy in the grass to net energy,
the cost of rumination, parasitism and certain aspects of
homeothermy were taken into account, the margin of
underestimation was substantially reduced. In addition,
the basic formula of 70 W *used to calculate RMR in
the free-ranging herbivores may have contributed to the
underestimation of energy demand. Consequently,
energy was not considered to be a limiting factor for the
grazing herbivores during the period 1973-78.

The strong seasonal influence of rainfall on protein
levels in the grasslands of Etosha resulted in an abun-
dance of this nutrient for the large herbivores during the
four-month wet season. Again, the theoretical demand
underestimated the measured usage by 43% and may
have been due to the omitted cost of parasitism, €s-
pecially in zebra, and the under-calculation of endo-
genous urinary nitrogen and the nitrogen required for
gestation and lactation. The lengthy dry season of eight
months was identified as a period when protein
deficiency could occur. Although no negative balance
was found for the period 1973 - 78, which was charac-
terised by good rainfall, negative protein balance could
occur during a drought situation, especially in wilde-
beest. In the event of severe drought, the closure of
traditional migration routes by fences and the failure of
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the dry season grazing areas in Etosha could result in a
critical deficiency of protein for pure grazers such as
wildebeest. The susceptibility of wildebeest to drought
was further underlined by their daily water re-
quirements which imposed on them a maximum re-
corded foraging limit of 15 km from water. Their major
food competitors were all capable of foraging beyond
this limit and this would have survival value if the food-
water link were to become critical during drought condi-
tions.

The overall finding of this investigation was that the
large herbivore species inhabiting the Etosha grasslands
were not nutritionally stressed during the period 1973 —
78, before which no suitable data exist to make conclu-
sions. In making this inference, it was necessary to take
into account the fact that the period of investigation was
dominated by years of above average rainfall and that
the supply of nutrients was consequently liberal. The
danger of critical nutrient deficiency in these herbi-
vores, especially wildebeest, is however likely to exist
during a prolonged drought.
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