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Section 8

NUTRITIONAL BALANCE : GRASSLAND PRODUCTIVITY
' 'VERSUS HERBIVORE DEMAND

8.1 INTRODUCTION

Interspecific competition for food resources needs to be
examined wﬁéﬁ determining which factors are fegulating a
population of wild ruminants (Sinclair, 1974, 1977). My
assumption was that competition existed between the wild
herbivores sharing’the open graésveld at Etosha. However
it was also possible that mutualism occurred within this
larger concept, for example when zebra opened up areas of
tall grasé to wildebeest, which grazed at a lower level
(Bell, 1969, 1971). Nevertheless, potentially
competitive species havelbeen confined within Etosha's
boundaries since 1973. During this relatively short
period of five years, the long term adaptations which tend
to ﬁinimise direct interspecific competition (Moen, 1973),
have not héd sufficient time to develop. Consequently,
the present interspecific grazing association may very well
be unétable, favouring those herbivores which are catholic
in their foraging habits. Less fléxible feeders, such.as

wildebeest (Watson, 1967; Attwell, 1977), could suffer



under these conditions. Furthermore, competition may
have been linked to the seasons, for example when the food

. resources or a specific nutrient became limiting during

- ST AR e e sy

dry season dormancy.

In this Section I will estimate energy and protéin
requirements in the major competitors of wildebeest at
 Etosha, taking into account their age-sex ratios and
population trends. Thereafter, I intend balancing the
‘energy~-protein supply of the grasslands against the
seasonal demand for these critical nutrients‘by the large
herbivores, including wildebeest. This approach will
make it possible fo establish whether competition for
food existed and if so, which seasons and areas were

involved.

The five major herbivore species which, togethef with

- wildebeest, inhabited the open grassland of Etosha were
Burchell's zebra, springbok, gemsbok, red hartebee§t and
ostrich. All are large in size and were relativef¥ easy
to dbserve from the ground, although springbok were‘%ften
overlooked during aerial censuses. The red hartebeest,.

by preference a bush and woodland dweller at Etosha, was
not uncommon on the plains. Consequently, I have included -
this species with the food competitors of wildebeest by

. referring only to the numbers counted on the plains. - No

328
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attempt was made to assess the status of smaller herbivores
which inhabited the plains, such as ground squirrels and
hares.  Neither were graminivorous birds taken into

~account.

8.2 METHODS

8.2.]1 Aerial Counts

Estimates of the numbers of major competitors were made
during aerial census of wildebeest (Section 12). I
carried out four major censuses of competitors by
helicopter from 1974 - 1978 and referred to earlier counts
by Ebedes et aZ, (1970) and Joubert et al. (1973). Only
twb age classes could be distinguished during aerial
counts, namely animals leés than one year old and those
older than one year. Competitors could not be sexed

during these observations.

8.2.2 Ground observations

More detailed age-sex classes were established during‘
observations made from a vehicle, over a period of four
years (1974 - 1978). All five major competitors were

sexed and divided into three age classes : less than
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one year old, one to two years old, and full grown. To
avoid bias in determining the populations' structure,
family units or whole herds wefe aged and sexed when

possible.

8.2.3 Calculation of Energy Budgets

In the absence of quantitative data on activity patterns
and related enérgy budgets in the ruminant competitors of
wildebeest at Etosha, I applied the increments over RMR
which had been establishedvfor the various age-sex classes \
of wildebeest (Sectioh 5.3.7.5) to the competitors; These
theoretical values probably approximate those which exist-
in other ruminants, namely springbok, gemsbok and red
hartebeest, 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 somewﬁat lowér than that of ruminants because zebra may
be able to utiliée more fibrous grasses (Janis, 1976).
éonsequently, zebra may be less active than the selectively
foraging wildebeeét. | I have nevertheless allocated an
arbitrary mean value of 2,0 for inqrement over RMR in
zebra. This is based.on the minimum value of 1,5 for
activity alone and an upper limit of 2,3 when the energy
demands of growth, gestation and lactation are considered

(Moen, 1973). Similarly, because increment over RMR in
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free-living ostrich is unknown, an arbitrary value bf 1,9

was allocated, which made allowance for the fact that
gestation and lactation were not involved (refer Section
5.3)._ Nevertheless, an energy cost fdr egg production

- does exiét, and was added to the increment over RMR of g
1,9 in adult hens. Similéfly, the energy cost of

incubation to both cocks and hens was considefed

(Siegfried and Frost, 1974) and added to the increment

over RMR of 1,9 in both adult sexes.

Tovestimate the eneréy cost of egg production in ostriqh,
I used a mean fresh egg mass of 1 187 g (Sauer and Sauer,
1966) and, based on the mean mass of 10 ostrich egg shell§
which I found to be 19 % of the total egg mass, I

calculated the yolk and albumen to be 962 g per egq.

Y

Assuming that 13 % of the yolk and albumen is composed of

is fat (Maynard and Loosli, 1962), the

oe

protein.and 10,5
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 protein and 9,12 for
fat, I estimated that one eég would contain 1 596 kcal.
Furthermore, based on data for domestic animals (Crampton
and Harris, 1969), I assumed that the to£a1 ener?etic
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 kJ).  Taking the average
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annual production of an ostfich hen at eight eggs (Sauer
and Sauer, 1966), the enefgy cost £o a laying hen would be
85 472 kJ.year_l. ~Because the rate of sudcessful egg
production ih wild ostrich is unknown, I assuméd 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 Wg;75

(National Research Council, 1966) for all mammalian

kcal.day-l

competitors. For RMR in ostrich I applied Lasiewski and

Dawson's (1967) regression equation for non-passerine

0,723 1

birds of 78,3 Wl kcal.day .

'8.2.4 Calculation of Protein Budgets

Nitrogen requirements for maintenance, growth, gestation
and lactation were calculated for the major competitors,

using the equations detailed in Section 6. In the case
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of ostrich, i estimated nitrogen fequifements for egg
production. Subsequently, protein budgets were derived
for individuals and the popuiations as described in
Sections.6.3.5 and 6.3.7. I now propose tb-deal briefly
with the method of computing nitrogen requirements for
each of the five species of competitor. |

e

8.2.4.1 Zebra

The basic formulae for calculating nitrogen reguirements
in wildebeest were applied to zebra (Moen, 1973; cf.
Section 6.2). Fo: data on mean body mass, growth and
gestétion in Zebfa I referred to the substantial findings
of Smuts (1974) . Furthermdre, When calculatingvMFN, thev
seasonally changing milk : forage rafios of foals were

" taken into account. In the calcqlatioﬁ of Qng' the RN
(retained nitrogen) values were taken at 3,5 % for zebra
foals and 2;4 % for the one to two year old class

(Section 6.2.1.2). The expression of th used for zebra
included a correction factor of 0,6 to allow for the
relatively short pelage. an in zebra takes into account
the dﬁration of pregnancy, which is + 375 days (Smuts,

- 1974) . The calculated wvalue of an was 29,63 g.day-l.kgv
foetus mass at term; which gave a total cost of 1 007,42 g N
- per pregnancy (29,63 x 34,0 kg birth mass). in was

computed by allocating a value of 0,48 % nitrogen in the



milk, derived from a protein content of 3,0 in the milk of'
Equus spp. (A. Smith, 1970). The quantity of protein
required by a zebra foal was taken at 3,3 g.day-l, which-
is the lower figure in the range of 3,3 - 6,6 given by
Moen (1973). Allvother components of the expression for
estimating Q,; were the same as for wildebeest (Section

6.2.1.4).
8.2.4.2 Springbok

Biometric data required for the estimation of nitrogen

" demand in springbok were obtained from Dorst and Dandelot
(1970),. Mentis (1972) and Appendix 26. The expressions
used were based on those for ruminénts (Moen, 1973) and
followed the computations applied in the case of wildebeest
(Section 6.2), except wherevobvibus differences in species
occur. For instance, the relatively short gesﬁation
period of + 170 days in springbok (Mentis, 1972)
-necessitated a change in the constants used in the -
'expression an (Section 6.2.1.3). Consequently, I
_applied the.data for domestic sheep as a baseline, where

" foetal mass at term is 5,9 kg and gestation runs. to 140
days (Moen, 1973). Thereby the equation fitted tovthe

expression of an in the case of springbok was

e(-2,3623 + 0,0407)

334



assuming that a single lamb is born (Moen, 1973).
Furthermore, only the ary, hot season‘is involved to any
appreciable extent in the nitrogen demand for'gestation
_in'springbdk. Another instance of difference in nitrogen
requirement of springbok when compared to wildebeest is
the length of the pelage, which is greater in springbok,
especially on the rump. Accordingly, in the expression
of th, I applied an arbitrary conversion factor_of_0,8
instead of 0,6 (Section 6.2.1.2). Springbok milk has a
protein contéht of 8,0 % (A. Smith, 1970). Thus; to
calculate Q_ ;, the nitrogen present in the milk was taken

at 1,28 %.
8.2.4.3 Gemsbok

Gemsbok are similar in body mass (Tébles 5.1 and Appendix
26 of this thesis) and gestation period (264 days; Mentis,
1972) to wildebeest. Consequently their nitrogen
requirements will be comparable; For additional biometric
data on gemsbok I referred to Ebedes (1969) and Dorst and
Dandelot (1970). All equations used for the estimation

of nitrogen demand in gemsbok were based on fhose applied

to wildebeest (Section 6.2).
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8.2.4.4 Red Hartebeest

.Red hartebeest require much the same intake of nitrogen
as wildebeest to meet the demands of free existence.
However, the body mass of hartebeest is lower (Dorst and
Dandelot, 1970 and Appendix 26). Also their gestation
period‘is shorter (242 aays, Mentis, 1972).and calving is
usually completed by AuguSt. This resultéd in é
prbportionately lower daily demand and no an (gestation)v
" value dufing the dry, hot season (Appendix 32).  As in
the case of gemsbok, I based the calculation of nitrogen

requirements for red hartebeest on those used for

wildebeest (Section 6.2).

Because ostrich may breed in all seasons at Etosha with a
peak in the dry, cold season (personal observations), I
allocated similar seasonal nitrogen requirements to the
various age-sex classes throughout the year. Furthermore,
EUN in ostrich is better estimated by taking into account
their RMR, which differs from mammals (Lasiewski and
Dawson; 1967) .

2 x 78,3 (wor723,

— kg .
Thus Qeun = 16560 (cf. Section 6.2.1.1)
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in ostrich was calculated by taking a wvalue of

5,0 g DM.kg—l.day-lv(ARC, 1965) for all age'classes,

men
.since'a liguid diet in the form of milk plays no part.
thbwas considered to represent the nitrogen requirement
for feather growth and replacement. With no published
data available on this requirement in ostrich{ an
“arbitrary correction factor of 2,0 times that required
for hair production in mammals was applied. Obviously,
'an and in-cannot be considered for ostrich, although
nitrogen is needed for egg production. To calculate
nitrogen demand in:laying hens(wl,aséumed that 125 g

protein occurred, Qﬂﬁaverigg; in an ostrich egg (Section
8.2.3). Consedﬁggtly 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, I
rmultiplied 160 g N by a factor of 1,38 (Crampton and
Hafris, 1969), thereby obtaining'a final estimate of

221 g N.year_1 per laying hen. Finally, 90 % of the

adult hens were presumed to lay each year.

8.3 RESULTS

8.3.1 Population Estimates and Trends

Counts of the major competitors of wildebeest over an
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1l-year period (1968 - 1978)'wete available from reports
‘of previous workers at Etosha and my observations. These
are given in Appendix 25 together with the corfeéted
values which were calculated. A summary is pfesented in
Table 8.1. The limitations imposed by the type of

aircraft available have been discussed in Section 12.

Aerial counts are underestimates of the tofal population of
a wild animal species (Melton, 1978a). Fﬁrthermore, most
species give such Variability in successive couhts that
aefial censuses may be invalid even as an indicator of
trend in population (Melton, 1978b). It is therefore not
surprising that thé resﬁlts in Table 8.1 are characterised
by great variability. The findings at Etosha support
those of Melton_(1978a, b), namely that wildebeest
(Séction 12)band zebra are reliable species in aerial
countihg because the bias factor for undercounting is
relatively small and they can consequently be ﬁsed as-
indicators of population trends. However, the margin of
errof by which springbok,_gemsbok, red hartebeest and
ostrich are undercounted haé not been determiﬁed.

. Springbok especially, are difficult to see‘from an
aircraft under certain conditions and so the qounts made
on them as well as the remaining competitors must be
treated with caution. Moreover, the tendency to

undercount is clearly demonstrated in Appendix'ZS by the
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overali lower figures obtained with the fixed-wing

aircraft, which had greater limitations in regard to
visibility, speed and mahoeuvreability than the heliéopter.
In addition, the five competitors were nbt exclusively
limited to the open plains, but moved back and forth to the
woodland areas éf Etosha for varying lengths of time. This
may also explain the'peaks and troughs in successive years'
counting, since aerial surveys concentraﬁed on theAplains.
Wildebeest, in contrast, were almost exclusively encountered

on the treeless grasslands of Etosha.

I propose to approach these problems by firstly considering
the overall numerical trend in each competitive species
and secondly, by making an adjustment to the actual numbers
counted, which may compensate for undercounting bias. For
the purpose of this study, the numbers of competitors can
only be appliéd meaningfully from 1973'onwards, since this
is the first year in which yield data of the grasslands

' were available.
8.3.1.1 Zebra
Reviewing their three aerial surveys (1968-1970), Ebedes -

et al. (1970) were of the opinion that the zebra population

did not exceed 15 000 and was probably decreasing.
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Furthermore, between 1974 and 1978 a decline in the
population became evident. The helicopter counts suggested
this, and théy were substantiated by ground counts which
showed a low recruitment rate. To correct for under-
counting bias, a factor of 1,22 was applied to each
helicopter count, siﬁce Melton (1978a) found that, on
average, 82 % of zebra were seen from the aif?fmﬁg¥eover,
allowance was made for the humber of zebra counted in the
western area of Etosha. They are a discrete sub-population
which do not cross the ecological ‘barrier impoéed by an“

80 kmbwide>area of mopane shrub. To obtain comparable
figures between the types of aifcraft used, it was necessary
to allow for avgreater margin of undercounting bias by
fixed—wing aircraft. In the case of zebra this was 37 %
lower than the helicopter counts and so the adjustment
factor was 1,59. Thereafter, the factor for helicopter
undercounting (1,22) was applied to estimate ‘the actual

number of zebra present.
8.3.1.2 Springbok

In contrast to zebra, the springbok population appeared to
have increased very significahtly in the past decade.
Helicopter counts showed a doubling in humber during
1976-1977. This was probably due to a mass movement from

the bush and woodland areas onto the plains, which



augmented the natural rate of increase. Ebedes et al.

(1970) were unwilling to state a figure for the population

because they regarded their springbok counts as inaccurate..

I used a correction factor of 1,40 to allow for
undercouﬁting beﬁween fixed-wing aircraft and helicopter
(Joubert et al., 1973), and a factor of 1,69 for
undércoﬁnting‘by helicopter. In therlatter case springbok
were considered equal to impala, of'which 59 % were counted
from a helicopter under favourable éonditions (Melton,
'1978a). As with zébra, springbbk found to be |
ecologically sepérated from ﬁhe wildebeest population were

not included in the calculations.

8.3.1.3 Gemsbok

The population was considered to be relatively stable.
Fixed-wing aircraft counts were, on average, 77 % of the
total counted by'helicopter. Consequently a factor of
1,30 was usea to make them comparable with the helicopter
~counts. In the absence of data on undercounting bias of
gemsbok by helicopter, a corfection factor of 1,22, based
on zebra (Melton, 1978a), was used. Only gemsbok
sighted on 6r near wildebeest habitat were included in

the corrected counts.'

- 342
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This speciee cannot be coﬁsidered a true plains animal at
Etoshanend enly those found in or near:areas of wildebeest
habitat were included as food competitors. To eompensate
for undercounting bias, a fixed-wing aircraft : helicopter
ratio of l,O2v(Joubert et al., 1973) was used. The
vfactor for undercounting by helicopter was 1,69 which is
the same as for springbok and was based on the visibility

of impala to the observer in a helicopter (Melton, 1978a).

Their diStinctive'plumage made cocks easily.visiblebfrom
the air, but hens and immatures were difficult to see.
Considering this, a correction factor of 1,46 for
undercounting by helicopter Was applied. This is the
intermediate wvalue betﬁeen zebra‘(l,22) and impala (1,69)
when counted under favourable conditions (Meiton, 1l978a).
According to Joﬁbert'et al. (1973), 87 % of the ostrich
sighted by helicopter were seen from a fixed-wing aircraft,

giving a conversion factor of 1,15.

8.3.2 Age-Sex Ratios

In the course of five years (1974 - 78), I aged and sexed
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.the major competitors of wildebeest from a vehicle and a.
hide. vThe majority 6f these observations were made at
waterholés where animals usually approached in file to
drink. uih total,‘l3 191 animals were aged-visﬁally,'of

v which 2 999 (23 %) could be accurately sexed. The results

are given in Table 8.2.
8.3.2.1 Zebra

The three age classes were determined subjectively.

Because growth data indicate that visual age classification
V of zebra in the field is only reliable up to the age of
about two years (Smuts, 1974), valaced all full-grown zebra
into é single age»category. There may have been some errorx
in the ageing of yearlings which were difficult to
distinguishvin size from the animals entering the one to .
two-year oldvclass. Nevertheless, the results werev
consistent with those of Kruger Park‘zebra, where 11,95 %
were under one year of age, 6,28 % were one to two years
old, and 81,78 % were fully grown (Smuts, 1974); Sexing

of zebra was done by observing differences in the shaéﬁ of
the perineal skin (Smuts, 1974) and by the extrusion of the
penis, which is é common feature of zebra stallions at
‘Etosha. -Sex ratios of Etosha's zebras were similar to
Kruger Park, where 44 % of the sub-adults and adults (two

years and older) were stallions and 56 % were mares (Smuts,
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1974). The Etdsha ratio Qf 1 stailion : 1,13 mareé

deviated significantly from parity (X2]= 4,12 at P < 0,05).
This is a well established phenomenon in ﬁost large African
hérbivorés, namely that mortality rates are higher in adult

males (Mentis, 1972).

'8.3.2.2 Springbok

The stages of horn growth in both sexes made it relativély
easy to place springbok in the three broad age categories
used here. Age distribution in the sample takeh

suggested an expanding population (Odum, 1971) and was
confirmed by the aerial counts (Table 8.1). Etosha's
population was comparable to the.populétion composition of
springbok in the Bontebok National Park (David, 1978a)
where 63 % were adult and 37 % were juvenile. Furthermore,
the sex ratio of springbok at Etosha was 1 ram : l,SO ewes
Which‘was disparate (X2'= 104,52 at P < 0,00l)./ Earlier
studies at Etosha and Kalahari Parks gave ratios of

1 ramf : 1,75 - 2,33 ewes, which were even further from

parity (Bigalke, 1970).

8.3.2.3 Gemsbok

No intensive studies have been completed of the population

structure and sex ratios of gemsbok (Estes, 1974).
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Consequently, I used earlier observations frpm Etosha for
comparison with my data. Du Preez (1971) found that 85 %
of thevpdpulation-were’adults, 9 3 were yearlings, and 6 $%
wére calves. This parallels my finq;ngs in the present
Study. ' An-inferesting éspect=dgﬁggfh these sets of data
was that yearlings appearéd'to be more numerdus than |
calves. However, this was probably due to the cryptic
colouring and thé»concealment behaviour in young gemsbok
calves which is characteristic of the "Ablieger Typ" or
"hidérs" (Estés, 1974; Walther, 1978, pers{comm.).
Insofar as sex ratio Was concerned, records kept since 1971
on a punch card system at Etosha gave 1 bull : 2,28 cows

(n = 439) which is remarkably similar to my findings of

1 bull : 2,77 cows. Both sets of data are disparate

(X2,= 95,87 and 64,56 respectively, at P < 0,001). In a
relétively small sample (n = 97) from Kalahéri Park, there
were 23 bulls and 74 cows (Mentis, 1972). This is a rétio

of 1 bull : 3,22 cows and supports my data, being disparate

(X2'= 35,15 at P < 0,001).

Very little is known about the social organisation and
- population structure of red hartebeest and only cursory
reference has been made to the species in this respect

(i.e., Estes, 1974). However, Mentis (1972) presented
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a brief demographic piéture of sex ratios. Comparisdn of
my data was limited to his summary and to observations
carried out at Etosha by earlier workers. = Joubert et,aZ.
(1973) found from aerial counts that calves comprised 16 %
of the population. My observations from a helicopter gave
.a calf component of 8 $ - 16 % and so the figures of 12,4 %
(calves) and 8,3 % (one to two-year olds) tha£ I obtained
by ground counts, seemed ieasonable. However, in regard
ﬁo sex ratio my data were at complete variance with those
refiected in the punch cards of nature conservators at
Etosha since 1971. They recorded a ratio of 1 bull : 1,82
cows,(n'= 843) which was diéparaté‘(x2 = 110,34 at P < 0,001),
whilst my figures favoured females only slightly (1 bull.:
1,15 cowé) and did:not differ significantly from parity
(Xz = 2,24 at P > 0,10). Also, my findings agfeed closely
»with the review published by Mentis (1972) which givesva
vratio of 1 bull : 1,01 cows, being virtually at par |

(x2 = 0,04 at P > 0,80).

8.3.2.5 Ostrich

'There appear to be no reliable data on age-sex ratios in
wild populations of ostrich, although Sauer and Sauer (1966)
regarded a ratio of 1 cock : 3 hens to represent a "balanced"
population in sexually mature ostrich at Etosha and in the

Namib Desert. Records from punch cards kept at Etosha -



since 1971 gave a ratiovof 1l cock : 1,07 hens (n = 313)
which is at parity (X2 = 0,75 at P > 0,30). This was
confirmed by my observations of 1 cock : 0,97 hens

(X2 = 0,20 at P > 0,50). Furthermore, ostrich are
normally mqnogambus (McLachlan and Liversidge, 1978) and
‘SO my findingslat Etosha appeared'acceptable; It should
be noted however, that aerial census of ostrich have given
unreliable figﬁrés in which the sex ratio appears
significantly disparate, favouring the cocks. This is
because cocks aré more easily visible than hens fromvan
aircraft. For example, Joubert et al. (1973) found a
ratio of 1 cock : 0,9 hens (n = 479) and I have recorded
ratios of 1 cock : 0,4 - 0,7 - 0,8 - 0,9 hens during four

counts by helicopter.

The small'number of chicks observed (2,7 %) in relation to
the total sample was probably due to the fact that youhg
birds and their parents were not seen at waterholes, where
most of my observations on age-sex ratios were made. This
would be a logical defence mechanism against predators.

All chicks.seen were found away from waterholes, in
vegetation which favoured their cryptic colouring, and this
biased the observations further. Consequenﬁly, the
number of one to two~year old birds (16 %) appeared
disproportionately high. Nevertheless, chick’mortality

may be very high, as I have frequently seen a pair of
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ostriches with less than five chicks, whilst 15 = 20 eggs

may be laid (McLachlan and Liversidge, 1978).

8.3.3 Energetic Cost of Free Existence

Energy budgets for the five major competitors of wildebeest
were calculated for the individual animal on a daily and
yearly basis (Appendix 26)' and summarised in Table 8.3.
Thereafter,'the population energy budgets for all herbivore
species were approximated on a yearly basis for the period

1973 - 78. This was achieved by applying the relevant

....

census figﬁrés fér each year. When calculating energy
demands for seasons other than 1977/78, my assumption was
that the increments over RMR remain the same. The reason
for this is that activity budget details strictly apply
oniy to 1977/78 (Section 4) and the calculations involved
for estimating all the parameters fbr free existence would
be too time consuming in terms of the small benefit in

increased accuracy. Nevertheless, I attempted to set up

as many age-sex classes as possible, with their accompanying

0,75 0,723
kg and 78,3Wkg .

I then applied>the number of individuals in each class,

means in body mass, to calculate 70W

rather than taking mean biomass of whole populations.
These yearly energy budgets are presented in Appendices 27

to 31 and summarised in Table 8.4.
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Table 8.3 :

Yearly, individual energy budgets for five

major competitors of wildebeest at Etosha

Energy Requirements

Species Age-Sex Class -1
(MJ.year )
Burchell's Zebra O - 1 year 9.528
1l - 2 years 12 833
Full-grown female 16 742
Full-grown male - 16 100
Springbok O - 1 year | 2 335
l - 2 years 2 878
Full-grown female 3 063
Full-grown male 2 751
Gemsbok 0 - 1 year 5 653
1l - 2 years 9 137
Full-grown female 11 664
Full-grown male 10 169
Red Hartebeest O - 1 year 4 643
1 - 2 years 7 884
Full-grown female 9 186
Full-grown male 8 195
Ostrich® 0 - 2 years 4 385
Full-grown female 7 019
Full-grown male 7 238
%

The energetic cost of egg production and incubation.

was added when calculating the population energy
budget (Table 8.4).
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Table 8.4 : Estimated yearly population energy budgets for
the five major competitors of wildebeest at
" Etosha (1973 - 1978)

Species Year Total Energy RéquirfTents
(terajoules.year )

Burchell's Zebra 1973 ‘ © o 214,1
1974 246,2

1975 208,2

- 1976 170,0

1977 145,0

1978 141,2

Springbok | 1973 23,4
1974 27,4

1975 : 36,6

1976 45,9

1977 - 87,8

1978 89,7

Gemsbok ' 1973 23,1
| 1974 22,1
1975 15,9

1976 9,6

1977 - 13,3

1978 6,8

Red Hartebeest 1973 1,0
1974 1,4

1975 o 1,1

1976 0,8

1977 0,6

1978 1,0




Table 8.4 (continued)

Species

Year

Total Energy Requirements

--(terajoules.year_l)

Ostrich

1973
1974
1975
1976
1977
1978
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~In the case of ostrich, I added the ‘énergetic cost of egg
production and incubation to the increment over RMR, which
was 1,9. For éxample, in 1973 the ostrich population was
estimated to be 822 (Appendix 31), of which 81,3 & (668)
were adult (Table 8.2); Furthermore, 49,3 % (329) of the
adults were hens and 50,7 % (339) were cocks (Table 8.2).
Assuming.that 90 % (296) of all adﬁlt hené laid a éomplete
clutch, then 296 x 85 472 kJ.year © (Section 8.2.3) =

25 299 712’kJ.year'-l would be required for egg production.
To calculate the ehergetic cost of incubation for 1973, I
assumed that one hen in three, namely 99 hens, would |
incubate (Saugr and Sauer, 1966). Thereforé 99 x 20 490
kJ.year_l (Section 8.2.3) =2 028 510 kJ.year_l would be
required fof ihcubation by hens. Similarly, 2 873 970

kJ.year--l would be required by incubating cocks.

No aerial census was undertaken in 1975 and so I applied

the mean of the pépulation numbers in 1974 and 1976 to all
species of competitors. In 1973 when three aerial censuses
- were méde (Table 8.1), I used the helicopter census for .my
estimates of population energy budgets because the

subsequent censuses were also done by helicopter.

" 8.3.4 Nitrogen Demand for Free Existence

The nitrogen demand in free-living wildebeest has been
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discussed on a seasonal basis in Section 6. A similar
estimation of the individual, daily nitrogen requirements
in competitors of wildebeest is presented in Appendix 32

“and summarised in Table 8.5.

8.3.5 Protein Budgets

Seasonal protein budgets were first caléulated fqr
individual animai competitors (Table 8.6) by applying a
conversion faétor of 6,25 to the daily nitrogen demand
(Table 8.5) to obtain the amount of protein reéuired
(ARC, 1965). - Thereafter the seasonal pfotein budgets

- for populations of competitors could be computed for the
period 1973 - 78 (Appendiqes 33 to 37) and are summarised
in Table 8.7. For this purpose the estimated
‘populations in each year (Table 8.1) were taken in
conjunction with the age-sex ratios which had been

obtained (Table 8.2).

8.4 DISCUSSION

8.4.1 Energy Supply and Demand

The energy demand of the wildebeest poéulation was based

on that estimated for 1977 — 78 (Section 5) and the
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Table 8.5 : Estimated seasonal, individual nitrogen budgets for five

major competitors of wildebeest at Etosha

Seasonal nitrogen requirements -(g.day-l)

Species Age-sex ‘
' class Wet, hot season | Dry, cold season | Dry, hot season
(Jan. to April) (May to Aug.) (Sept. to Dec.)
Burchell's | O-1 yr 113,38 19,13 22,41
zebra 1-2 yrs 17,86 17,15 18,14
Full-grown

female 80,56 85,27 63,90
FG male 19,07 16,53 16,53
Springook 0-1 yr 3,13 3,79 4,64
1-2 yrs 3,40 3,49 3,70
FG female 11,86 8,56 3,34
FG male 3,64 3,32 3,32
Gemsbok 0-1 yr 10,68 12,30 13,87
1-2 yrs 13,08 13,04 14,76

FG female 44,53 23,11 30,83 -
FG male 15,05 13,30 13,30
Red o1 yr 8,33 9,53 110,83
hartebeest | 1-2 yrs 10,84 11,01 12,06
FG female 34,68 16,26 - 30,88
FG male 11,75 10,29 10,29
Ostrich™ 0-2 yrs 9,43 9,91 9,91
| FG female 8,84 7,92 7,92
FG male 9,14 8,18 8,18

- F The nitrogen cost of egg production was added when calculating the

population protein budget (Table 8.7).
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Table 8.6 : Estimated seasonal protein budgets in individual competitors
of wildebeest at Etosha
. N\

Individual protein requirements (kg DM)

Species Agt]a-a:zx
Wet, hot season | Dry, cold season | Dry hot season
(Jan. to April) | (May to Aug.) | (Sept. to Dec.)
Burchell's | O-1 yr 10,035 14,706 17,088
zebra 1-2 yrs 13,395 13,184 13,832
Full-grown '
female 60,420 65,551 48,724
FG male 14,303 12,707 12,604
Springbok o-1 yr 2,348 2,913 3,538
1-2 yrs 2,550 2,683 2,821
FG female 8,893 6,581 2,547
FG male 2,730 2,552 2,532
Gemsbok O-1 yr 8,010 - 9,456 10,576
1-2 yrs 9,810 10,025 11,255
FG female 33,398 17,766 23,508
FG male 11,288 10,224 10,141
Red o-1yr 6,248 7,326 8,258
hartebeest | 1-2 yrs 8,130 8,464 9,196
FG female 26,010 12,500 23,456
FG male 8,813 7,910 7,846
Ostrich™ 0-2 yrs 7,073 7,618 7,556
FG female 6,630 6,089 6,039
FG male 6,855 . 6,288 6,273

% The protein cost of egg production was added when calculating the

population protein budget (Table 8.7).




Table 8.7 : Estimated yearly population protein budgets for

the five major competitors of wildebeest at

Etosha | (1973 - 78)

Total Protein Requirements

Species Year (Metric tons DM)

Burchell's Zebra | 1973 1 363
1974 1 570

11975 1 326

1976 1 072

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 Hartebeest 1973 5
1974 7

1975 5

1976 4

1977 3

1978. 5
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Table 8.7 (continued)i

Total Protein Requirements

Species Year (Metric tons DM)
Ostrich 1973 17
1974 14
1975 14

1976 13 !
1977 25
1978 15
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additional estimates for the period 1973 - 78 are givén in
Table 8.8. The combined supply and demand for energy by
wildebeest plus their major competitors is set out in |
Table 8.9. These data are based on the supply and balance
of energy as measured in Section 7 and the theoretical
demand and resultanc,balance calculated in Section 8.3.3
From the results obtained in Table 8.9, it appeared that

I consistently underestimated demand for the five years

for which reliable data wefe available. Furthermore, from
the rainfall recorded, it was evident that this under-
»estimation occurred dﬁring years of low, average and high
rainfall. The mean rainfall for the period 1973 —'78

(476 mm) was, hoWever, above the norﬁ of 419 mm for the
study area. Thus my investigaﬁion took place during a

wet. cycle.

I will now discuss the possible errors in my estimates
which indicate that I employed a conservative method for
calculating enérgy demand. Firstly, the"energetic cost
of rumination could not be estimated during the study on
activity patﬁerns of wildebeest (Section 4). Likewise,

I only examined the lower critical temperature range -
encountered by wildebeest (Section 5). I also did not
consider the energy drainvby parasites which, although it
may be negligible in the case of wildebeest, would‘almost |

certainly be a considerable factor in zebra at Etosha,



Table 8.8

: Estimated yearly energy budgets for the

wildebeest population on the grasslands
of Etosha (1973 - 1978)
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Year Estimated Population Total Energy Rquirements
' (kJ.year 7)

1973 3 717 36 532 525 259

1974 '3 300 32 434 233 426

1975 2 969 29 180 788 552

1976 2 638 25 927 588 703

1977 2 969 29 180 788 552

1978 2 493 24 502 522 022




Table 8.9 : Yearly energy supply and demand by wildebeest plus their
major competitors on the grasslands of Etosha (1973-78)

Theoretical

_ . Amount of bal
Year | Rainfall Energy energy perceifcﬁ;easo £
T ; v
() (terajoules) | ° 1 a1 balance
1973 250 Actual supply 882
' Theoretical demand 304 +144 o
Balance: theoretical - +578 °
: actual +401 '
11974 701 Actual supply - -2 137
Theoretical derand 335 +128 2
Balance: theoretical +1 802 °
' : actual +1 405
1975 ~424 Actual supply No data
S - | Theoretical demand 296 -
Balance: theoretical '
' : actual
1976 577 | Actual supply 2 365
- | Theoretical demand 257 +169 2
Balance: . theoretical 4+2 108 , °
: actual +1 250
1977 316 Actual supply 803
. Theoretical demand - 285 +128 &
Balance: theoretical +518 ?
4 : actual +404
1978 590 Actual supply 1 494
Theoretical demand 268 +16 4 s
Balance: theoretical +1 226 °
s actual +747
Mean 147 %
SD . ' +19 %
Mean underestimation of demand , 58 %
Mean theoretical balance +]1 246 TJ
Mean measured balance +841 T
Mean measured usage 695 TJ
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whiqh carry a heavy parasite load (Biggs,.l979, pers.comn. ).
An additional factor which contributed to the underestimated
theoretical energy démand was the basis I used for calculating
RMR énd its various increments (Section 5). RMR was based
on net energy requirements whereas the calculation of
nutrient energy was based on metabolisable energy.
Thereforevthis resulted in an overestimation of energy
available in the food. According to Drodz (19275) not all
the metabolisable energy is utilised for maintenance,
activity, growth and reproduction. He estimated that

3 - 20 % of the gross energy is lost to the heat of'the
~calorigenic effect of food, depehding upon the type of
forage ingested. ~ Maynard and Loosli (1962) present data
which show that feeds similar to thoseifound in Etosha have
a heat increment potential of 17 % of the metabolisable
energy available to a'ruminant. Also, Rogerson (1966,
ll968) established that wildebeest used corrected
metabélisable energy with an efficiency of 82 %,

indicating that 18 % was lost to heat incrément.
Consequently, if my data are adjusted upward by 18 % to
compénséte for this difference between_metaboiisable

eneréy and net’energy the underestimation of demand

(Table 8.9) is considerably reduced.

Finally, the basic formula which I used to calculate RMR,

0,75

na'mely-70Wkg (NRC, 1966) is based on domestic ruminants



and may be higher in wild ruminants such as wildebeest.
For example, Rogerson (1966, 1968) has presented data
iaQr 73

showing that wildebeest may have an- RMR of 104, 3W

kg which

suggested that they would require 20 - 30 % more
metabolisable energy than domestic cattle. If this
estimated increase in energy requirement is applied to my
data in Table 8.9, then the underestimation is reduced

further.

Thus, if all these factors which I consider likely to have
caused the underestimation in energy demand are taken into
account, the difference between my theoretical estimates
end actual energy dsage, ae 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 8.9), it is clear that
errors in estimation of the.demand could increase by a
factor of 5,2 without exceeding the eupply of energy.

For example, in a low rainfall year (1973) the measured
supply exceeded the measured usage by 183 % and in.a.year
of high rainfall (1974) the supply exceeded the usage by
292 %. If bias for undercounting has not been totally
removed and a large percentage of the residual,grass:is

too short to be available to the herbivores, this surplus
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may be significantly reduced. MoreoVer, most of my
estimates have been on the conservative side-except for an
important assumption that all the competitors eat’only :
grass. ‘This is not the case however and certain of the
competitors, particularly springbok, utilise significant
amounts of browse. In summary then, it would appear as
if an adequate supply of energy exists for herbivores at
Etosha._' This is borne out by the good nutritional status

of the majority of these animals (Section 9).

8.4.2 Protein Supply and Demand

The.proteih demand by the wildebeest population was based
on data collected between>1976 - 78 (Section 6). . Estimates
for the period 1973 - 78 have been calculated in the same
way and are given.in Table 8.10. Protein supply and
demand insofar as it affects the wildebeest and their
ﬁajor food competitors have been estimated for preferred

. grazing areas and are presented in Table 8.11.

The strong inflﬁence of season on the availability of crude
protein is‘evident from the data. Seasonal influence on
the jevels of this critical nutrient in the forage is
further influenced by years of rainfall extremes. For
example, in 1977 rainfall was 75 % of average and in- |

addition it was erratically distributed in time. Under



_Table

8.10 : Estimated seasonal protein budgets for the wildebeest
population on the grasslands of Etosha (1973 - 78)

366

Popu_lation protein requirements (kg DM)
Year _ Seasonal totals o .
Wet, hot season | Dry, cold season | Dry, hot season Yearly totals
(Jan. to April) (May to Aug.) (Sept. to Dec.)
1973 61 431 58 114 54 433 173 978
1974 54 534 51 602 48 331 154 467
1975 49 070 46 429 43 257 138 756
| 1976 43 590 41 257 38 637 123 484
1977 49 070 46 429 43 257 138 756
1978 41 381 38 989 36 318 - 116 688
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these conditions, measured supply of crude protein was 18 %
of the previous year when rainfall was 577 mm, which is

138 % above average.

As in the case of the energy supply and demand, there
appeared to be no shortage of protein dﬁring the wet, hot
season. My mean, theoretical estimate of demand for five
years was 43 % below the usage as measured by exclusion |
plots. Factors cbntributing towards this underestimate

parasite 16ad in the case of zebra (Biggs, 1979, pers.
comm.) and the fact that I used the basic formula of 70W§é75
(NRC, 1966) in the calculation of endogenous urinary
nitrogen (Section 8.2.4). As discussed under the energy .
balance, wildebeest and their competitors may have a higher
RMR‘than the standard formula used for ﬁhis investigation
(Rogerson, 1966, 1968). In addition, the'protein
requirements for gestation were based on domestic cattle
and sheep, which could have contributed to the under-
estimation of protein demand in Etosha's free-ranging .
ungulatés.and zebras. Nevertheless, the mean measured
balance of protein was 2,5 times greater thanbthe mean
usage as measured by exclusion plots (Table 8.11) and
errors in my estimation of demand could still increase by

a factor of 8,0 on average, without exceeding the protein

supply. = In the two years where rainfall was below average
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(1973, 1977) my estimates of protein demand were closest
to the measured demand (20 % and 16 ¢ underestimate
respectively). This was probably because the poor

- production of gfass.caused some herbivores,‘notablf
springbok, to switch to alternative sources of protein,
namely browse. This premise is supported by my field
observations and is also refleceed in the energy demand
calculated for 1977 (Table 8.9). Even so, under these
conditionS'ofvlowered grass production, the ﬁeasured
balance exceeded the measured usage by factors of 2,9

(1973) and 4,0 (1977) respectively.

The situation during the protracted dry period, lasting up
to eight months at Etosha, is notably different to_the

~ abundant quantities of protein available during the wet

) seasoﬁ of four months. It is evident that my mean
estimate of demand exeeeded the mean measured usage by a
factor of 1,1 for four of the six years (Table 8.11).
Since the estimates of the yearly energy demand as well as
£he protein demand for the wet season were well below the
usage as meesured by exclusion plots, my estimates during‘
the dry seasone indicate that some of the herbivores had
changed from grazing to browsing. This surmised change
in diet was confirmed by an observed movement of zebra and
springbok from the grasslands to adjoining mopane savanna

in the dry season. During two years (1976, 1978) very
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good rains resulted in highvgrass.productivity, keeping
herbivores on the open plains for most of the seasonal
year. Consequently, my estimates of demand are about

50 % below the measured usage which is of similar magnitude
to the underestimate for the wet seasons when protein was

freely available.

A point I wish to stress is that while the major competitors
Were able tovinclude browse in their diet when protein
levels dropped during the dry, ho£ season, Wildebeest were
confined to the opén grasslands becausé of their

preference for short grass. Thus ﬁhe catholically
foraging zebra and.springbok which comprised the greatest
live mass of hérbivores, would be able to withstahd

serious depletions of grass protein more successfully than
the specialised wildebeest. .A definite'possibility of
protein deficiency exists for wildebeest during the nadir
of grass production, particularly in years 6f poor rainfall.
However, the surplus protein which is usually available
during the wet season probably enables wildebeest to

build up body reserves which can be tapped auring.times of
nutritional stress. Also, the ruminating wildebeest

can rely on its ability to recycle urea. Therefore,
although I do not consider the protein factor to be a

gross problem at Etosha, and certainly not one whiéh

could have limited the Wildebeest population during the
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six years under review, protein has been identified as a
possible critical factor for grazers at Etosha. It is

also significant that the maximum demand for protein by_
wildebeest, namely during peak lactation, does not oceur

during the critical period of supply.

Aisensitive'dry season grazing aree which could be the‘
pivotal factor in wildebeest nutrition during a drought'is
the Etosha Pan itself. This became clearly evident as

ny investigation, whichvtoek place in a wet cycle,
progressed. The Pan produced up to 20 000 hectares of
protein-rich, short grass, namely Sporobolus téneZZus,
which appeared.to be preferred by wildebeest above all
other grazing. They chose to forage this species even at
a residual biomass of only 4,O.g/m2 in pieference to the
coarser Sporobolus spicatus which grew in profusion on

the adjacent plains. For example, during an aerial census
in September 1978, a total of 1 629 out of 2 493 wildebeest
(65 % of the population) had moved onto the Etosha Pan
where‘SporoboZus tenellus occurred in pure stands. it is,
howe?er; possible that the likelihood‘of decreased predation
~was also a reason for wildebeest preferring the Pan. The
failure of this afea, which in 1978 accounted for 44 % DM
of the total grass produced by the dry season grazing
areas, eould nevertheless result in a.éritical protein

shortage for wildebeest. This would be aggravated by the



presént fenced boundaries of Etosha which prevent
wiidebeest from migrating to their traditional dry season
grazing éreas in Owambo to the north. In this context
it should be remembered that Etosha's boundaries were
completely fenced in 1973,and_tﬁat sinée 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
at certain seasons of the year. ' This has been discussed

in detail in Section 7.4.3.

8.4.3 Nutrient Supply in Relation to Driﬁking Water

In addition to the aforegoing considerations, I wish to
underline the fact that wildebeest, being obligate
drinkers, were limited to a»maximum»recorded radius of
15 km from water during the dry season (Section 7.4.8).’
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
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~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 lO and 15 km from the nearest available waterhole;'

the remaining 72 % were less than 10 km from water. . This

agrees closely with Western's (1975) findings in the arid

Amboseli 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 I found that
springbok, gemsbok and ostrich occur up to 24 km from
arinking weter and‘this would favour their survival during
a drought when compered 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 seasoh; I

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 water-food dependence,

competitors of wildebeest at Etosha may have greater
capacity for survival when nutrient availability becomes
critical. . Evidence of wildebeest's sensitivity to

drought has been presented on several occasions (Van der
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Spuy, 1960; Child, 1972b; Hillman and Hillman, 1977).
Management plans at Etosha should take into account the
susceptibility of wildebeest to drought conditions when

the food-water link may become ¢ritical.

8.5 SUMMARY

8.5.1

The energy and protein requirements of the major food
éompetitors of wildebeest at Etosha were estimated by
applying formulae ﬁsed for establishing these demands
in free-ranging wildebeest. This made it possible to
give an approximation of the total demand of energy and
protein by the largé herbivdres. By balancihg the
measured supply of these critical nutrients against
‘the estimated demand as well as against the measufed
usage, it was clearly evident that sufficient energy was
‘available, but that protein, particularly protein

- percentage, could become a critical factor during a dry

climatic cycle.

8.5.2

~Aerial censuses were used to estimate the total

populations of the five major competitors, namely
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Burchell's zebra, springbok, gemsbok, red hartebeest and
ostrich. . Correction factoré were applied to these counts
to compensate for undercounting bias. Age-sex ratios of
the competitors were established and appiied to the
corrected population : estimates in order to provide a more
refined measure of live mass for calculating energy ahd

protein requirements.

8.5.3

In the éase of mammalian competitors, total energy demand
was estimated by applying an increment df 2,0 over RMR
WBich was based on the findings in wildebeest. Total‘
protein demand was calculated for maintenance, gfowth,
gestation and‘lactation, using suitably modified equations
developed for domestic animals. In the case of ostrich,
total energy demand was calculated by first taking 1,9 H
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.

8.5.4

A feature of the theoretical estimate of energy demand for

the grazing herbivores, including wildebeest, was that it
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consistently undéreétimated the measured ﬁsage by an
aVerage of 58 %. However, when compensatory factors
such as reduction of metabolisable energy in the grass
to net energy, the cost of rumination, parasitism and
ceftain aspects of homeothermy were taken into account,

the margin of underestimation was substantially reduced.

0,75
kg

RMRbin the free-ranging competitors and in wildebeest may

In addition, the basic formula of 70W used to calculate
have contributed to the underestimation of energy demand.
Nevertheless, the measured energy balance was 1,2 times
greater than the measuredbusage and errors in estimation
~of demand could have increased by a factor of 5,2 before
excéeding the measuréd supply of energy.} Consequently,
energy was not considered to be a limiting factor for
wildebeest or for their food competitors.during the

period 1973 - 78.

8.5.5

The strong seasonal influence of rainfall on protein

levels in the grasslands of Etosha resulted in an abuhdance
of this nutrient for wildebeest and their compgtitors
during the four-month wet season. Again, the

thedretical demand underestimated the measured usage by

‘43 % and may have been due to the omitted cost of

- parasitism especially in zebra, and the under-calculation

of endogenous urinary nitrogen and the nitrogen required



for gestation and lactation. During the wet season, a
surplus of protein was reflected by the measured balance

which exceeded the measured usage by 2,5 times.

The lengthy dry season of eight months was identified aé

a period when.protein deficiency could occur. Although
no negative bélance was found for the period 1973 - 78,
Wﬁich was charécterised by good rainfall, negative protein
balance could occur during a drought situation. Wildebeest
were considered to be more susceptible to protein
deficiency in grass than other herbivores because of their
“inability to inéorporate'significant amounts of browse

in their diet; The Etosha Pan itself was the most
important dry season grazihg érea for wildebeest during
the study, but it could fail entirely to prbduce a stand

- of Sporobolus tenellus in times of drought. This
halophyticvpérennial is the only grass capable.of growing
iﬁ the present, highly saline conditions existing in the
Etosha Pan. In the event of sevére drought, the closure
 of traditional migration routes by fences and the failure
of the dry season grazing areas infEtosha could result in
.a-critical-deficiency of protein for grazers such as.

wildebeest.

|
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8.5.6

The susceptibility of wildebeest to drought was'fﬁrther

underlined by their daily water requirement which imposed

on them a maximum recorded 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 water-food link were to become critical

during drought conditions.

- 8.5.7

The overall finding of‘this investigation was that the
Etosha wildebeest population was not nutritionally
stressed during the period 1973 - 1978, before which no
suitable data exist to make conclusions. In making
this inference, it was‘necessary to take into accoun£
the fact that the period of investigatioh was dominated
by years of above avefage rainfall and that the supply
of hutrients was consequently liberal. _ The danger of
criticél nﬁtrient'deficiency in wildebeest is likely to

exist during a prolonged drought.
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Section _9

NUTRITIONAL STATUS

9.1 INTRODUCTION

This investigation Was designed to assess the nutritional_
status of Etosha's wildebeest.pépulation, on a seasonal
basis. - Nutritional status or "condition" indicates the
ability of an énimal to withstand internal stresses, such
as disease or sexual activity, and external stress factors,
such as reducea foéd or water quality, predatioh and
changes in climate (Sinélair, 1977). Wildebeest whose

- nutritional status is at a high level will be better able -
to withstand internal and external stresses to which they
are exposed. inability to do this may result in the death
'of the animal as has been shown by massive die-offs of
wildebeest populations during droughts (Van der Spuy,'l960;
Child, 1972b; Hillman and Hiliman, 1977). Consequently,

i attempted an objective assessment of the condition of
individuals from the Etosha population, using internal
examinations to predict their chances of survival. Because
detailed internal examination.is time consuming, I also
subjectively assessed the external physical condition of a
large ana‘representative sample of the population at

critical seasons.
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9.2 METHODS

9.2.1 vVisual Ratings

Since the external physical appearance of an ungulate is a
gooa indicator of its nutriﬁional status (Riney, 1960), I
used five mutually exclusive categories whereby the
nutritive level ofvwildebeest could be subjectively
measured. Thése cétegories were based on a technique
'which-was successfully employed on a populaﬁion of free-'
living gemsbok (Hamilton et al., 1977). The physical
apﬁeafance of a wildebeest was judged by the degree to
which the skeletal aetails of its body were visible

(Fig.’9.l) and points were awarded on this basis. = Thus :

_5'(excellent)

hindquarters well rounded and no ribs
-showing; general appearance in
relation to posture and coat sheen
excellent

4 (good) = hindquarters rounded, but ribs show -
slightly

3 (fair) = hindquarters angular in appearance and
ribs well defined '

2 (poor) = pelvic bones prominent and ribs

- protrude



e

1. VERY POOR

Fig. 9.1 : Diagrammétic presentation of the five categories
used to estimate the nutritional status of
wildebeest at Etosha (1976-79).
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1 (very poor) = skeletal details clearly visible and
rump concave; general appearance,
posture and coat condition

deteriorated.

It is evident .from these categories, that wildebeestvin
class "1" or "2V condiﬁion would be less likely to survive
than those occupying claSSes "3", "4" and "5". Although
the allocation of a condition category on this.basis is
subjective, thése five classes were easily distinguishablé
in the field and, with practice, a wildebeest could be
rapidly classified. In total I carried out visual ratings
on 67 marked wildebeest, which were resighted at regular
intervals, and on the population (n = 3 898) during the

period 1977 - 78.

9.2.2 Kidney Fat

The amount of perinephric fat, expressed as a percentage of
the.kidney mass has been widely used to assess the
nutritive level of ungﬁlate species inclﬁding buffalo
(Sinclair, 1977) and wildebeest (Attwell, 1977). Kidneys
from 19.shot wildebeest (Secfion 10), with the surrounding
fat suitably trimmed (Attwell, 1977) were measured to the
neareét 0,01 g. The kidney fat index (KFI) was then
determined using the methods of Riney (1955) and N.S. Smith

(1970) and expressed as :
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- _ . perinephric fat mass
KFl kidney mass x 100.

9.2.3 Bone Marrow Fat

Bone marrow fat is the last reserve of stored enérgy to be
utilised when an animal is exposed to nutritive stress
(Sinclair and Duncan, 1972). ConseQuently) it is a
 critical measurement of condition when stress becomes
extreme. Moreover, when bone marrow dry mass of
wildebeest was expressed as a percentage of its wet mass,
a linear relationship with the fat content of the bone“
marrow was found to exist (Sinclair and Duncan, 1972).

In addition, they found that bone marrow could be visually
rated to giVe a rapid classification of the nutritive
level of an ungulate‘if more refined techniques could not

be applied.

During the present study, I collected between five and
20 g of fresh bone marrow from 20 wildebeest which had
been shot, or killed by lions.‘ Marrow from the tibia
or feﬁur was méasured to the nearest 0,01 g before being
oven-dried at 100 °C to a constaht mass. Loss in
moisture was then calculated and the fat in the dried
marrow wasbextracﬁed with hot ether for six hours by

|

Soxhlet reflux. The ether was subsequently evaporated



and the dry fat residue was measured to the nearest
0,01 g. Fat content was then compared to the percentage
dryAmass/wet mass of the original marrow sample to

establish whether they were related.

9.2.4 Blood Analyses

The possibility of using blood conetituents as indicators
of nutritional status in ungulates has not given consistent
results (N.S. Smith, 1970) and in the case ef wildebeest,
no relationship could‘be‘found between packed cell volume
(PCV) and KFI or percentage bone mafrow fat (Attwell,
1977).  However, studies on Alaskan moose indicated a
felationship between several blood parameters and the
nutritive level of the animal (Franzmann and ILeResche,
1978). To investigate whether a similar relationship
existed in the case of Etosha wildebeest,vblood was taken
from 59»imﬁobilised and seven shot animals, on a

seasonal basis, over a two-year period (1977 - 78). Blood
samples were collected from the jugular or heart in a
heparinised, disposable syringe. The plasma was drawn

" off after 15 minutes of centrifuging in a portable,
clinical Centrifuge set at 7 000 rpm and immediately cooled
to -20 °c (+ 2 °C) using carbon dioxide. vThe'samples were
subsequently transferred to a.laboratory where they were

stored at the same temperature. Analyses were done by
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auto-analytic methods (Model SMA 12/60) and the results

recorded on charts (No. 940-0859-02a).

9.2.5 Liver Analyses

Sections of liver from 21 shot wildebeest were preserved
in 10 % formol-saline. They were analysed for macro- -
elements and tracévelements by the Veterinary Research
Institute, Onderstepoort and the Veterinary Regional
Laboratory, Windhoek. Eight of the samples were also
submitted to the Atomic Energy Board.(Republic of South
Africa) for analysis of zinc, cobalt and.selenium.. All
liver analyses were converted to dry mass and the values

expressed in umol/l.

9.2.6 Haemocytology

Blood smears, taken peripherally from 23 shot wildebeest,
were prepared and stained with Giemsa, according to Coles

(1967). The smears were examined under an illuminated
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1l00-magnification microscope for anaemia and other haemocytic

abnormalities.



9.3 RESULTS AND DISCUSSION

9.3.1 Visual Physical Condition

”To simplify the presentation of data, I distinguished
between adult bulls, adult cows, immatures (1 -~ 2 years
old) and calves (< 1 year), and expressed the visual

- ratings of nutritional status as a percentage for nine
seasons (l976v—‘l979).v The results are shown in

Tables 9.1 to 9.4.

A negligible number of wildebeest (<.2 % of the total
observations) Were:ih a poor or very poor condition.
Moreover,'those in very poor condition had injured legé
and were limping badly, or were calves which had been
separated from their mothers. Animals in a fair
condition comprised 21 % of all observations, whilst the

majority (62 %) were in good condition. The category

‘of excellent condition was awarded to 16 % of all animals’

observed.

I.applied the t statistic for two means to test for

significant differences in nutritiqnal status within and
between agé—sex classes. ' In all cases, more wildebeest
were in good condition than in fair condition (P < o,oz).

Similarly, there.were more animals in good condition than
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Visual physical condition of adult wildebeest

Table
bulls at Etosha on a seasonal basis (1976 = 79)
Year _Season. *Visual rating (%) ggiﬁfaé%
' Very . , °
poor Poor | Fair | Good | Excellent | average
1976 | Dry, cold| O 0 50 28 22 161
Dry, hot o o 29 43 28
1977 | Wet, hot 0 17 67 16
Dry, cold 0 34 53 13 60
Dry, hot 0 4 46 48 2
1978 | Wet, hot 0 0 18 60 22
Dry, cold 0 ) 19 56 25 112
Dry, hot 0] 0] 32 52 16
1979 | Wet, hot | - O 0 17 61 22 110
Mean o) <1 29 52 18 111
®n=1 103 observations
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Table 9.2 : Visual physical condition of adult wildebeest

cows at Etosha on a seasonal basis (1976 - 79)

Year Season *Visual rating (%) gglﬁfai%
. Very .
poor Poor | Fair | Good | Excellent | average
1976 | Dry, cold| o© 0 21 52 27 161
Dry, hot o o 19 62 19
1977 |Wet, hot | o | o | 40 | 54 6 |
| bry, cold o] 0 18 37 45 60
Dry, hot 0 2 21 51 26
1978 | Wwet, hot o) 1 41 53 5
Dry, cold 2 13 48 36 112
Dry, hot o) 8 73 11 '
1979 | Wwet, hot 0 10 17 40 33 - 110
Mean <1 2 22 52 23 111

n =1 234 observations
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Table 9.3 : Visual physical condition of immature wildebeest
aged one to two years at Etosha on a seasonal
basis (1976 - 79)

Year Season Xisual rating (%) . : g:lifaéé
Very . : °
poor Poor | Fair | Good | Excellent | average

1976 | Dry, cold 0 o | 16 65 19 161

Dry, hot 0] 21 75 | 4
1977 | Wet, hot 0 0 18 69 13
Dry, cold 0] 0] 17 60 23 60
Dry, hot o} o) 21 74 5
1978 | wet, hot o) o) 7 92 1
Dry,cold| © o) 15 74 11 112
Dry, hot | O o 26 70 4 |
1979 | Wet, hot | O o | 19 | 77 4 | 110
Mean | o o) 18 73 9 111

% n = 540 observations
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Table 9.4 : Visual physical condition of wildebeest calves,
less than one year old, at Etosha, on a
seasonal basis (1976 - 79)

Year Season . xVisual rating (%) Raiﬁfall
- , Very . . as % as
poor Poor | Fair | Good | Excellent | average
1976 | bry, cold 0 1 4 91 4 - 16l
Dry, hot 6] o) 32 49 19
1977 [Wet, hot | 1 | 1 9 | 85
Dry, cold <1l <1 4 91 4 60
Dry, hot 0] o 33 51 16
1978 | wet, hot <1 <1l 9 87 3 _
Dry, cold 0 o 31 46 23 112
Dry, hot 0 0 25 58 17
1979 | wet, hot | © <1 17 | 77 6 110
Mean - <1l <1 18 71 10 , 111

n = 1 021 observations



in excelleht condition (P < 0,01). The numbef of adults
in excellent condition did not differ significantly from
the number in fair condition (P > 0,05), but there were
more immatures and calves in fair condition than in
excellent condition (P < 0,05). This may have been due
to growth stress. When adult bulls were compared to
adult cows and immatures were eompared to calves, there
was no difference in the number of animals judged to be

in fair of good or excellent condition (P > 0;05).
Similarly, there was no difference in the number of adults
in fair condition compared to the number of immatures and
calves. However,:significantly more young animels were
in good condition than aduits; conversely, more adults

than young were in excellent condition (P < 0,0l).

Tests for seasonal differences in the nutritive level of
all age-sex classes showed that more wildebeest were in

excellent condition during the dry, cold season than

during the wet, hot season (P < 0,05). This may have been.

~ due to the stresses imposed by sexual activity in bulls
.end lactation in cows, which were maximal in the'wet, hot
season. Furthermore, wildebeest may only have shown the
benefits of improved nutrition in the wet season during
the subsequent dry, cold season. No other seasonal
differences were found in the number of animals in good

or fair condition..
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Jgdged by their external physical appearance, it therefore
' appears that the wildebeest population was at no stage
under serious nutfitive stress during the study. The
rainfall during this period was well above average, except
during 1977 when it was 60 % of average. Nevertheless,
the visual condition of the majority of wildebeest was
good throughout 1977 and this may have been influenced by
a sudcession of above average rainy seasons, commencing-
1974, which résulted in correspondingly high productivity»

of grass.‘

9.3.2 Kidney Fat Index

The age-sex and social status of 16 shot wildebeest was
related to their KFI. Their external condition was
judged visually before shooting.. The results are showﬁ
in Table 9.5. NO'significant difference existed bétween
- wet and dry season KFI values (t = 0,39 and P >'0,05).

The external physical condition appeared to be related to
the KFI in 15 out of 16 cases. The exception occurred
during the wet season whenva two-year old bull was judged
'to be in good condition, but had a low KFI value of 9,0 %.
This may have been due to the demands made on the animal.:
at a ﬁransitofy stage of its social status, namely
expulsion from a mixed herd. However, the KFI may not

always be a valid indicator of nutritional status
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Kidney fat index of wildebeest at Etosha, on'
a seasonal basis (1978)

Table 9.5 :

Season Age-sex and Visual condition | Kidney fat index (3)*
_ social status .rating Individual Mean
Wet One-month old
cow : ' Excellent 38,7
One-year old
cow Fair 9,0
One-year old Ny
bull Fair 8,7
Two-year old
cow Good 26,2
Two~year old ] 25,1
bull Good 9,0
Adult cow, ,
not lactating . Excellent 59,9
Adult cow,
lactating Fair 6,7
Adult,
territorial
bull Excellent 42,3
Dry - | 9-month old '
‘ . COW Excellent 20,3
9-month old :
bull Good 19,9
2l-month old:
cow Excellent 42,0
-] 21-month old
' bull Good 27,1
Adult cow, : '
pregnant Poor 9,6 22,3
Adult cow.,
pregnant Excellent - 41,1
Adult cow.,
‘lactating Poor 7,6
Adult.,
bachelor
bull Good 10,6
X XFT = Perinephric fat mass % 100

kidney mass




394

(N.S. Smith, 1970; Attwell, 1977) especially in growing
animals. Also, errors in the calculation of the KFI can
occur from inconsistent'trimming of perinephric fat

(Attwell, 1977).

in the dry seaéon, two adult cows, both about six months -
pregnant had KFI values of 9,6 % and 41,1 %. This
considerable difference may have been due to their age
difference. Based on tooth-wear ériteria of wildebeest
(Watson; 1967), the cow with the lower KFI value was aged.
at 10 - 15 years (condition rating poor), while the cow

with the higher KFI-value was agéd at 4 - 5 years (condition
rating excellent). . There is disagreement in the literature
about the relationship of kidney fat and reproduction. For
instance; Sinclair and Duncan (1972) found thaf flﬁctuations
in wildebeest kidney fat reflected reproductive activity
but no such relatibnship was apparent in wildebeest examined
by Attwell (1977). Because of such widely differing
results, coupled with the possible influence of age on the
nutritive level of a pregnant wildebeestbas indicatéd in

my study, it seems advisable to treat KFI values with
caution. This view is strengthened by the fact that kidney
fat in growing wildebeest (< 3 years old) is also considered
unsuitable as an indicator of seasonai nutritional status

(Attwell, 1977; Table 9.5 of this investigation).

»



From the results of my study it ié concluded that KFI
values should preferably be interpreted in conjunction with
| visual ratings of condition and a more critical parameter,
such as bone marrow‘fat,4when establishing the nutritional

status in wildebeest.

9.3.3 Relationship of Bone Marrow Fat to Nutritional Stress

Earlier‘investigations of wildebeest bone marrow fat in
relation to dry mass of the marrow have produced very
similar regression equatioﬁs bf y = 1,0042x - 7,2829
(Sinclair and Duncan, 1972) and y =.l,QO47x - 5,76
(Attwell,'l977). They céncluded that these prédictionsv
support the generélised equation proposed for most

ungulates, namely :

$ marrow fat = < dry mass -6 (Sinclair
and Duncan, 1972)

The results of my study (Table 9.6) are inconsistent with
these findings ahd gave a relationship of y = 0,90x + 20,07
(r = 0,70) which reflects a considerablé amount of scatter
of the data around the regression line. Consequently, my
findings did not indiéate a reliable relationship between
marrow fat and dry mass of marroQ. This aspect requires

further investigation at Etosha, but this was not possible
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durihg the present study due to the limited number of fresh
bone marrow saﬁples; However, for the purpose of this
thesis, it was sufficient to test the data er seasonal

and age~sex differences in bone marrow fat. Applying the
t statistic for fwo means, I found no significant
difference in fat content of the marrow during the Wet

and dry seasons (P > 0,05). Similarly, there was no
difference between the sexes or between immatures and
adults. The levelvof marrow fat was above 80 % in 13 of
the 20 samples, indicatiné that the ehvirenmental stresses
>at Etosha were not sufficiently severe to cause mobilisation

of marrow fat reserves.

The seven marrow samples which had a marrow content of less
than 80 % (Table 9.6) deserve closer scrutiny. Two samples
(69,33 % and 78,33 & fat) were from adult cows which were
respectively lactating and pregnant, and so the lower
"values may have been linked to the considerable

physiological stress they were experiencing.  The KFI of

X

these cows was 6,7 % and 9,6 % respectiVely (Table 9.5)
which is consistent with the findings of Sinclairvand
Duncan (1972), namely that kidney fat is mobilised before
bone marrow fat. A 21-month old cow with a marrow fat
‘content of 60,11 ¢ was in direct.contrast to a bull of

the same age which had a value of 98,48 %. No explanation

for this is immediately apparent, since the KFI of these
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two animals appears to contradict the marrow fat levels.
For instance, the cow's KFI waS‘42,0_%, whilst the bull's
was 27,1 %. This example emphasises the necessity to
approach the kidney fat and marrow fat indices with
circumspéction_bedause'of individual variation which

may occur. In this fegard Hanks et al. (1976) have
drawn attention to the fact that such indices may be
oversimplifiéd evaluations of complicated physiological
processes which are incompletely understood. In the
case of two adult territorial bulls the marrowvfat
céntehts were very similar at.39,37 % and 39,45 %. Both
animéls were killed by Iions at the end of the rutting
season (May) and the stteSs attending a peak of sexual
activity is clearly evident. Unfortunately no KFI could
be calculated from these bulls because of predation.

The two lowest marrow fat values obtained (2,29 % énd
3,01 %) were from calﬁes which had been purposely sampled
after they had lost their mothers. They were consequehtly
not included in the calculation of seasonal means of
marrow fat (Table 9.6). Nevertheless, their very low
values and the visual ratings of their condition confirmed
.that extreme stress, in this case starvation, was
reflected by the extent fo which their last fat resefves
Were mobilised. It is unlikely that they would haveu'

survived.
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In conclusion, the findings of this investigation showed
that most of the wildebeest sampled had adequate marrow fat
reserves throughout the year. This indicated that they
were not subjected to extreme nutritional stfess and that
where depletioh of these critical reserves of energy had

occurred, it could usually be related to reproduction.

9.3.4 Blood Status

Blood analyses of Etosha's wildebeest are given in

Table 9.7 and Appendix 38.

9.3.4.1 Plasma Proteins

- The plaéma samples from wildebees£ (n = 66) had a total
protein méan value of 69,65 g/1 + 7,49 (range 44,5 - 85,0).
Bulls (n = 42) contained 70,77 g/l total plasma protein‘
(TPP) which was very similar to the normal bovine male
level for 18 - 30 month-old animals of 69,7 g/l (Coles,
1967). Similarly, cows (n = 24) contained 67,69 g/l
compared to the normal bovine female level for five to
nine-year old animals of 75,6 g/l (Coles, 1967). This
lower level in Etosha's wildebeest cows may have been
induced by growth in young animals or by preghancy, which
may lower the circulating levels of proteins,:particularly

albumin (Dbxey, 1971). However, the albumin level of
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bulls (x = 36,81 g/1) and cows (x = 35,73 g/1) at Etosha

did not differ significantly (t = 0,99; P > 0;05).

Neither was there a difference in the TPP of bulls and cows.
But adults (n = 47) had a significantly higher level of TPP
(x = 71,12 g/1) than immatﬁres (n = 19) (X = 64,44 g/1) at

P < 0,01. | Also; the albumin in adﬁlt plasﬁa (x = 37,20 g/1)
was at a higher level than that of immatures (x = 34,49 g/1)
at P < 0,0l. This indicated that growth stress rather than
pPregnancy may have impinged upon the circulating levels of

TPP and its major fraction, namely albumin.

- When the combined séxes were examined on a seasonal basis,
vthere’were significantly higher (P < 0,01) levels of TPP.
circulating during the dry season (x = 71,04 g/1) than the
wet season (x = 67,05). This was coﬁtrary to the levels

- of crude protein existing in the forage at these seasons
»(Section 7.4.4) but was in accordance with my findings
(Section 7.4.5)‘that faecél crude protein was significantly
higher during the dry season than the wet season. I
ascribed this to factors such as food selection and the
ability ofvruminaﬁts to synthesize their protein from non-
protein nitrogenous coﬁpounds via microbial action in the

rumen.

The albumin fraction of Etosha's wildebeest plasma protein

(x = 36,42 g/1) was higher than the normal bovine values of
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32 (Belonje, 1978) énd 34 (Coles, 1967). Bécause TPP was
higher during the dry season, circulating albumin was also
predictably greater (P < 0,01). Since'circulating levels
of albumin are considered a good indicator of nutritional
status (Wilson and Hirst, 1977) and also of liver
dysfunction (Doxey, 1971), it appeared that the wildebeest
were not severely stressed in regard to nutrition or liver
abnormalities. By comparison, TPP of adult Sable antelope
in a suitable ﬁabitat was 65 g/l (Wilson and Hirst, 1977) -
and thaﬁ of adult Alaskan moose, considered to be in
average or better condition,' was 75 g/1 (Franzmann and
LeResche, 1978). Furthermore, the normal range of the
plasma albumin fraction is 40 - 60 % of TPP (Coleé, 1967).V
Wildebeést contained 52,29 % albumin in their TPP, which

was at the midpoint of this range.

The mean calcium level in all wildebeest plasma samples was
2,41 mmol/1 + 0,31 (range 1,16 - 3,02)f This was within

the range of the means reported'for bovines, namely 2,32 mmol/1
(Doxey, l97l) and 2,77.mmol/l (Belonje, 1978). Alaskan

moose, considered to be in good to excellent condition, had

a level of 2,60 mmol/1l éerum calcium (Franzmann and LeResche,
1978). There was no difference between wet and dry season

levels of circulating calcium, neither did sex or age
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differences feature sigﬁificantly (p > 0,10). In addition,
I could find no meaningful relationship between total
calcium and total protein (r = 0,15). This contrésted
with studies on dbmestic énimals where a decrease in TPP
was found to influence the total calcium level (Coles, 1967).
He neverﬁheless affirmed that TPP may have no relation to
the amount of physiologically active (ionised) calcium
present. Since excessive or deficient levels of |
circulating calcium (and TPP) have been associated with
renal dysfunction and severe nutritional stress

respectively (Coles, 1967), and neither condition was noted
in this investigétion, it seems reasonable to accept thatr
the wildebeest's.nutritional status was normal in regard

to calcium.

The level of free and theréfore physiologically active
calcium in blood is about 50 % of the total calcium, the
physiologically inert calcium being bound mostly‘to the
albumin fraction of TéP (Cardielhac as quoted by Franzmann
and LeResche, 1978). Free calcium is vital to neuro-
muscular function, cell membrane permeability and blood
coagulation (Doxey, 1971). To calculate ioniéed calcium

from total calcium, I used the formula :

4 720 Catotal—TPP

Ca mmol/1 = T3 TPP ¥ 730 (Louw, 1978, pers.comm.)
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720(2,41) - 69,65 _
12 (69.65) + 720 ~ 1+07 mmol/1

Thus :

which is 44,39 % of the total circulating calcium.
Consequently, on average, 55,61 % of the total calcium in
the wildebeest piasma samples was considered to be bound
calcium. To.establish whether a relationship existed
between bound qalcium and albumin, I computed the
regression.equation by the method of least squares. No
linear'relationship between these two parameters could be
found oh a seasonal or sexual or age basis.  This was
evident £from the correlatioh coefficients which were 0,56
{(wet seasoﬁ), O;O5 (dry seésoﬁ), 0,08 (bulls), 0,27 (cows),
0,53 (immatufes) and 0,02 (adults). Consequently,
predictions ofvalbumiﬁ lévels from bound calcium could not
be made in the case of wildebeest plasma nof wére they

necessary as both determinations had been carried out. .

9.3.4.3 Inorganic Phosphorus

Mean inorganic_phosphorus preSent in wildebeest plasma was
1,47 mmol/1 + O,51 (range'o,72 - 2,82). Normal bovine
levels are 2,87 mmol/l for calves and 1,78 mmol/l for
adults (Belonije, 1978), but immature and adult wildebeest
valuesiwere 1;75 and 1,35 respectively. Thus wildebeest’
calves had only 61 % of the normal inorganic phosphorus

in bovine plasma and adults only 76 %. Adult Sable
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'antelope, which were considered to be deficient in
circulating inorganic phoséhorus had a level of 1,62 mmol/1,
whilst those in a habitat with sufficient phosphorus in the
soil had a level of 3,66 mmol/l (Wilson and Hirst, 1977).
Adult Alaskan moose were considered fo be in average to
good condition when their blood level of inorganic
phosphorus reached 1,68 (Franzmann and LeResche, 1978).

It is theréfore probable that wildebeest at Etosha may
suffer from a marginal phosphorus deficiency. Deficiencies
df this important nutritive element are common in southern
Africa (Wilson and Hifst, 1977), including Etosha (Le Roux,
1877, pers.comm.). Moreover, water samples from Etosha
revealed no phosphorus in rainwater pools, river water,
boreholes or artesian wells and very low levels in fountains
from which wildebeest prefer to'drink (0,001 mmol/i;

Section 7.3.10).

One of the major causes of hypophosphatemia is inadequate
intake of this mineral and bovines appear to be especially
susceptible (Coles, 1967). A feature of phosphorusv
-deficiency is a low circulating level which may be
accompanied by‘primary clinical symptoms, namely bone
chewing (pica) and lameness (Coles, 1967). Neither of
these symptoms was observed in wildebeest, but I have

recorded bone chewing in Etosha's giraffe.



Because circulating phosphorus and ionised calcium levels

vary reciprocally, to the extent that a fall in inorganic
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vphosphorus may be accompanied by a rise in calcium following

resorption of calcium from bone (Doxey, 1971), I computed

a regression equation for inorganic phosphorus and ionised

calcium in wildebeest plasma. No linear relationship was
found (r = 0,01). This may have been because animals with
low circulating levels of phosphorus have been known to
show normal circulating calcium levels, even when clinical
symptoms of phosphorus deficiency were evident (Coles,

1967). ' ‘

Significant‘differences in- circulating levels of inorganic
phqsphorﬁs.on a seasonal, sex and age basis were.apparent.
For example, wet season levels of this mineral were
significantly higher than dry season levels (P < 0,01),
cows ﬁad a higher level than bulls (P < 0,05) and immatures
had a higher level than adults (P < 0,01). Seasonal -
differeﬁces may have been caused by area‘preferenCes, since
wildebeest congregated on annual grassveld during the rainy
season. Future research on nutritional status should
consequently moﬁitor s0il and grass phosphorus in the wet
season dispersal‘areas and dry season concentration areas
_of Etosha (Section 7.4.4). Differences related to sex
have been found during lactation studies on domestic

animals, when phosphorus loss may be as much as 1 g per



litre of milk (Doxey, 1971). This high phosphorus demand

would require that wildebeest cows forage from suitably
nutritive pasture, and evidence that they chose the best
grazing was.found during a study of their activity
patterns (Section 4.3.6). Higher levels of.inorganic

phosphorus due to bone growth were found to occur in young
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domestic calves (3,0vmmdl/l) than in old cattle 1,61 mmol/l)

(Doxey, 1971), which was similar to the findings of this

study.

9.3.4;4 Cholesterol

- — ot - o aroy

Circulating levelsléf plasma cholesterol originate.mostly
from the liver (Coles, 1967) and the mean in wildebeest
was 1,80 mmol/l ir0,35 (range l,lO - 3,04). This was

60 % of the normal domestic bovine values of 2,6 mmol/l
(Doxey, 1971) and 63 % of 2,86 mmol/l + 0,83 (Belonje,
1978) . Lowvlevels of cholesterol have beén attributed to
a low fat diet, anaemia, liver or thyroid dysfunction, or
they éouid have been caused by stress resulting from
capture or shooting (Coles, 1967). T will discuss this
stress factor in my conclusions (Section 9.3.4.10). Since
it is unlikely that aﬁaemia or organ dysfunction were
involVed in Etosha wildebeest (Basson, 1979, pers.comm.),
I examined the dietary fat levels which were obtained

when analysing the grass (Section 7.3.2; Table 7.1).
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The seasonal percentagé fat in_gréss was low throughout the
year, namely 2,59 at dormancy, 4,48 at sérouting and 3,62
at seeding. Consequently no hepatic lipidosis ("fatty
liver") which results from a high fat level in the diet
(Doxey, 1971) was observed during post mortem examinations
(Section 10). In addition, no statisticél differences in
the circulating level of cholesterolAwere found to occur
on either a seasonal or sex or age basis (P > 0,10).
Furthermore, because therdiet of domestic cattle in highly
developed countries is supplemented by vegetable or animal
vfats'(Maynard and'Loosli, 1962) it is likely that the
bovine blood chdlesterol levels considered normal for

~domestic stock have been increased by supplementary feeds.

Urea is the most important fraction of NPN, constituting
about 50 % of the total and is the end‘product of proteinv
metabolism (Doxéy, 1971). The mean level. of urea in
wildebeest plasma was 6,57 mmol/1l + 1,86 which was above
the normal bovine range of 1,0 - 4,48 mmol/l1 given by

| Belonje (1978). - However, it fell within the range

(1,99 —.6,64 mmol/1l) considered normal for domestic cattle
(Doxey, 1971), who stateé that values above 6,64, mmol/l
shouldAbe regarded as significant for prognosis bf
nephritis, providing urinary and clinical symptoms are also

significant.
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In wildebeest there was significantly more circulating urea
~during the wet season (x = 8,06 mmol/l) than during the dry
season (x = 5,78 mmol/l) at P < 0,01, but no differences:
were found between the sexes or in age groups (P $ 0,05).

: Although the wet season leﬁels of circulating urea were
above the normal limit of 6,64 mmol/1l (boxey, 1971) the
absence of significant pathological symptoﬁs‘in kidneys ahd
urine of shot wildebeest (Section 10) precluded the
possibilify of ﬁephritis. Blood urea nitrogen (BUN) is
increased byva dietary increase in protein (Coles, 1967)
which was found to be very much higher in the wet season

at Etosha (Section 7.3.2), possibly exceeding‘the levels
which could be utilised by wildebeest (Section 7.4.4). The
relatively high level of eirculating urea during the dry
season, when dietary crude protein was found to be below

a critical level of 5 % "/, DM (Section 7.4.3), was

]

probably a result of the wildebeest's ability as a ruminant
£o recycle urea via the blood and the saliva (Maynard and'
Loosli, 1962). | The significantly higher levels of crude
protein which existed in wildebeest faeces compared to the
feed during the dry season (Section 7.4.5} give additional

support for this argument.v

Similarly, urate levels in the plasma were significantly
higher during the wet season than during the dry season

(P < 0,01) with no sex or age differences occurring (P > 0,50).
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These'fraétions of undetermined nitrogen Were present at a
low level of x =,O’05 mmol/1 + 0,03 (range 0,01 - 0,15).
Because a decreased level of BUN is not a significant
indicator of disease (Coles, 1967) nor reliable for
nutritional asseSsmenti(Franzmann and LeResche, 1978) the

urates were disregarded for the purpose of this study.

The mean value of total bilirubin in wildebeest plasma was
2,78 mmol/1l + 0,56 (range 1,9 - 4,5) which was below the
mea{n of 3,42 mmol/l, but within th_é range of O - 8,55 mmol/l
given by Belonje.(l978); ~ There were no seasonal or age-sex
differences (P > 0,50). Since total bilirubih levels
increase only with severe hepatic dysfunction (Doxey, 1971),
the results were of limited value. Furthermore, total
bilirubin was not considered‘to be a good indicator of
nutritional status in Alaskan moose (Franzhann and LeResche,
1978), although the bound fraction of bilirubin is
associated with protein (Coles, 1967). Low levels ofvthis
excretory product of the. liver appear to have no nutritional
significance, since the normal range commences at zero
(Belonje, 1978). Consequently I considered the total
bilirubin levels in wildebeest plasma to be of little value
as an indicator of condition, bﬁt rather as a criterion of

linear pathology.
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The conjugated levels of bilirubin were zero in 64 out of
66 samples of plasma. In two cases, an immature bull énd,
an imﬁature cow, 1,0 umol/l was present in the wet season.
Belonje (1978) gives a mean value of 3,42 umol/l (range

O - 6,84) for domestic calves. The wildebeeét level of
.this bilirubin fréction, which is cbupled to glucuronic
acid in thé liver, was also disregarded as an indicator

of condition.

- o " e . Tt o ot W s o oy mn S

Alkaline phosphatase is associated with theideposition.of
phosphorus, calciuﬁ and protein during ossification of

bony tissue  (Maynard and Loosli, 1962). Therefore growing
animals will predictably have higher circulating levels of
thié_enzyme. In wildebeest the mean level was 99,24 Mu/ml
+ 18,0 (range 18,0 - 370,0). Belonje (1978) gives a normal
bovine level of 83,8 Mu/ml (range 33,4 ~ 440,3). A wide
range of alkaline phosphatase levels in ruminants appears
typical (Coles, 1967; Doxey, 19715. - Although no sex
differences in this enzyme were detectable (P >.0,50), wet
season levels were‘significantly higher than dry season
levels (P < 0,01). This may be due to greater availability
of inorganic phosphorus durihg the wet season (Section
9.3.4.3). Similarly,-immatures had higher circulating

‘levels of alkaline phosphatase than'adultsb(P <'0,01) which
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reflects greater phosphorus mobility during growth.
. However,'no'linear relationships were found bétween alkaline

phosphatase and TPP (r = 0,28) and total calcium (r = 0,17)
and inorganic phosphorus (r = 0,24). The normal levels of
this enzyme in wildebeest also indicated that no serious

osteosis or hepatitis was present (Coles, 1967).

s s . o S - A A gt S} T o S T i D v Yl B W Ve D e S AR D W ok, et S W G o W

GdT (aspartate amino transferase) has its principal function
intracellularly within muscle, the liver and intestines
(Coles, 1967). Therefore an increase in circulating level
of GOT reflects cellular.necrosis in these tiséues. GOT

in wildebeest plasma averaged 161,26 mU/ml + 37,05 (range
108 - > 300). The literéture gives a wide range of normal
GOT valﬁes for domestic cattle. For instance, Coles (1967)
| repbrts 438 + 57 mU/ml and 9OO mU/ml (range 560 - 1 650)

© from eérly investigations, while Doxey (1971) gives means
of 180, 200 and 293 mU/ml, with a range of 90 - 340 mU/ml.
The relatively low levels of circulating GOT‘ in wildebeest
plasma indicated no abnormal cellular damage in the orgahs
concerned. There was more GOT in circulation auring the
wet season than during the dry season (P < 0,01) which may
have been a result of the greater muscular stress caused

by exertion in captured and shot animals. This stresé

was a feature of sampling during the wet season when
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wildebeest were difficult to appfoach. No differences in
sex or adge existed in regard fo GOT (P > 0,10). I
concluded that GOT, although not directly related to
nutritional status, did indicate that vital digestive
systems such as the intestines and liver were functioning
normally in regard to enzymatic transformation ef.essentiel’

amino acids.
9.3.4.9 Iron

A mean iron level of 24,69 umol/1 + 6,88 (range 10,8 - 54,0)
was present in wildebeest plasma. This was within the
normal bovine range of 10,2 - 29,0 (Belonje, 1978) and_
compared’faVourably with the level of 16,11 umol/1l in

adult Sable antelope sampled from a suitable hebitat

(Wilson and Hirst, 1977). At Etosha there was no seasonal.
difference in wildebeest plasma iron (P > 0,50), neither
was there a difference between sexes (p > 0,10). However,'
immatures had significantly less circulating iron than
adults (P < 0,01). This may have been because of a higher
growth rate in these.animals, Nevertheless, the level in
immatures (x = 20,65 umol/l) was well within the normal
bovine range. In addition, the major symptems associated
with iron deficiency, namely anaemia and a mottled liver
(Dexey, 1971) were absent in all post mortem specimens.‘

Iron was therefore not a factor limiting the normal
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nutritional level in wildebeest.

9.3.4.10 §’££§§§_E§9’59.£§_é££§9‘si§9._§l99é_é§§l2§§§

A feature of the statistical findings from wildebeest blood
- analyses was that although most of the blood parameters
examined weré normal, no linear relationship was found to
éxist‘between assoéiated substances. For instance, there
was no linear regression between protein or its major
fraction, albumin. Neither was bound calcium meaningfully
related to albumin: Similérly, tests between ionised
calcium and inofganic phosphorus, as well as between
alkaline phosphatase, TPP, total calcium and inorganic
phosphorus all yielded low coefficienté of dgtermination.
These somewhat disappointing results may have been.due to
stress factors involved in the capturé ana shooting of

wildebeest for blood samples.

The.effect 6f capture stress and shooting on blood chemistry .
of springbok‘has shown that several circulating parameters
may be affected abnormally (Gericke et al., 1978). In
addition, it has been found thét the levels of.most blood
parameters.may be affected by any form of stress and this
will in turn_influence laboratory results (Coles, 1967;
Doxey, 1971). Thus, although the blood analyses of

wildebeest gave a fair reflection of the nutritional status
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of the animals, subtle differences and relationships were -
probably masked by the effect of capture and shooting

stress,

9.3.5 Liver Status

The resdlts of wildebeest liver analyses are given in
Table 9.8 and compared against levels obtained in wild and
domestic bovines. The small sample size did not warrant
- further statistical treatment. A feature of the results

was that six out of nine of the minerals assayed were at

X

levels varying from 10 —.78 % of those found in liver
samples from domestic cattle and several wild ungulates.
(Table 9.8 contéins a list of the literature referred to.)
These lower levels in Etosha's wildebeest may have been
caused by excessive calcium in the soil‘and the resulting
high alkalinity could have reduced the availability of

some of these mineral elements,particularly copper and
cobalt, to the growing plants (Louw, 1978, pers.comm.). The
effect, however, mﬁst have been marginal as the animals did
not exhibit overt signs of anaemia which is a typical

consequence of a deficiency of these micro-elements.

9.3.5.1 Macro-elements

—— S s e Wt s S el e D S S

In contrast to blood calcium levels (Section 9.3.4.2) liver
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calcium levels varied considerably, but not to the extent-
'found in adult Sable antelope (32 - 1 529 umol/l; Wilson
and Hirst, 1977). The lower calcium levels encountered

in wildebeest liver should not be considered significant(
since blood calcium was normal, reflecting the homeostasis
of this principal cation in body fluids. Wildebeest

liver phosphorus levels were consistently higher than blood
phosphorus levels, but were only 47 & of the mean level
found in other bovines. This strengthens my earlier
supposition that inorganic phosphorus may be marginally
deficient in the forage and water available to wildebeest
at Etosha. Liver magnesium in wildebeest was 1,29 timee
higher than in adult Sahle antelope (Wilson and Hirst, 1977);
however the range in wildebeest was far smaller and well

within the bovine range (Table 9.8).

9.3.5.2 Trace_and Toxic Elements

Copper, mahganese, zinc, iron and cobalt are indispensable
metallic cations.--_Copper levels in wildebeest liver were
only 30 % of other bovine levels, with the maximum value
of 136 umol/1l below the mean of 150 umol/l for bovines.
It therefore appears es if a merginal copper deficiency
may exist in wildebeest, alrhough no clinical symptoms,
which occur at levels of 8 - 11 umol/l in domestic cattle

(Doxey, 1971) were evident. Primary copper deficiency



manifests itself in anaemia, changes in pelage colour, and

bone brittleness in young animals (Doxey,'l97l).

Manganese was four times higher (8,1 umol/l) in wildebeest
than in adult Sable antelope (Wilson and Hirst, 1977) but

this was not considered excessive since levels of 50 - 125
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umol/1 are required to interfere with haemoglobin formation,

and severe symptoms such as growth suppression are only

apparent at levels of 1 250 - 2 000 umol/l (Garner, 1963).

Zinc and iron lévels were Within the normal bovine range,
but cobalt Was ldw and fractionally.above the level of
0,1 umol/l»whichvié'associated with deficiéncy (Doxey,
1971). A typical cliniéal symptom of cobalt deficiency
"is anaemia (Doxey, 1971) but this was not evident in the
case of wildebeest.

Selenium'levels.were only 10 % of thé levels found in
~domestic cattle and conSeqﬁently the minute amounts of

this potentially toxic trace element could be ignored.

In view of the absence of overt clinical signs of muscular

dystrophy, there was sufficient selenium in the diet.

9.3.6 Haemocytology

Haemocytological examination was limited to gross
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microscopic scanning of peripheral blood émears and no
haemocyte counts were undertaken. No,dvért.morphological
abnormalities in blood cells were seen and no anaemic
condition was evident (Basson, 1979, pers.comm., ).
Furthermore, during the examination of 532 wildebeest
~carcases at Etosha for anthrax in the blood (Ebedes, 1976b)
no overt haemocytic abnormaiities were seen (Ebedes, 1978,
pers,.comm.) . Thus, in the absence of more definitive
haemocytic measurements, it appeared that the wildebeest's
nutritiqnal status was not detrimentally influenced by.

inadequacy of the trace element nutrition (Section 9.3.5).

‘9.4 SUMMARY

9.4.1

The nutritional status of Etosha's wildebeest was assessed
using visual condition ratings, kidney fat, bone marrow

and blood plasma as indicators of nutritional stress.

9.4.2

‘The visual physical ratings of a large sample (n = 3 898)
showed that 78 % of the wildebeest were in good to
excellent condition. Twenty-one percent were in fair

"condition and less than 1 % were classified as being in



422

poor to very poor condition. At no stage of the three-
year visual sampling period did the population appear to be

" nutritionally stressed.

9.4.3

Although kidney.fat was an indicator of nutritionai status,

it was found thaf-a number of variables such as age, growth,
reproduction, as well as technique in determining the

kidney fat_index,‘could influence the results. Nevertheless;
the small sample (n = 16) supported thé visual condition
ratings, confirming that Etosha's wildebeest were in a

healthy, nutritional state.

9.4.4.

 Whilst no meaningful relationship was found between bone
marrow fat and dry massvof marrow in the small sample of

50 animals, the majority (13) had a marrow fat ieVel of more
than 80 %. The remaining seven wildebeest had lowef levels,
probably caused bybthe stresses of futting, pregnancy,
lactation and, in the case of two starving calves,
‘separation from the mother. Bone marrow fat appeared to

be the most sensitive indicator for asseésing whether

severe nutritional stress was present. However, individual‘

variation suggested that, like kidney fat, it be interpreted

with caution.



9.4.5
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The analysis of nine blood parameters confirmed that Etosha's

wildebeest were at a normal nutritional level in most
nutrients except inorganic ?hosphorus. There appeared to
‘be a seasonally induced chronic shortéée of this critical
element in.circulation._ The wet season's level, although_
significantly higher than the dry seaéon's level, was

nevertheless still below the'acceptable_level for bovines.

However, the absence of pica, the generally good nutritional

condition and high reproductive rate in the wildebeest

population suggest that, although a marginal deficiency of' ‘

phosphorus may exist, it is notva serious limiting factor
in the population dynamics. Significant and predictable
variétion in cirguiating levels of blood substances were
found between seasons,.bulls and cows, immatures and
adults.  Total circulatihg protein was significantly
higher during the dry season than the wet season which does
not reflect the seasonal dietary levels. This confirmed

" the earlier findings of the study on the effects of food
selection and faecal composition. In addition, the

relatively high level of circulating urea during the dry

- season supported the assumption that active urea recycling

was occurring. Bilirubin analyses did not reveal any liver

pathology.
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9.4.6

Although a functional association exists between the

majority of circulating nutrients, no linear relatibnshipv
could be demonstrated between any of them.  This may have
been due to the stress factors involved during the capture

and shooting'of'animals.

0 9.4.7

_Liver'analYSes,_like blood analyses, suggested that
wildebeest may have ingested inéufficient amounts of
‘phosphorus. In addition, copper and cobalt may also have
been marginally deficient although no clinical symptoms
were evident to confirm this. Calcium, magnesium,_‘
manganese, zinc énd iron were present in acceptable amounts,
whilst the level of selenium was negligible but sufficient.

9.4.8

'Gross haemocytological investigation did not reveal any
cellular abnormalities in the blood which supported the

findings that the trace element supply was adequate.

9.4.9

" The overall findings of this investigation indicated that

the nutritional status of wildebeest at Etosha was normal



425

to good, but that one'criticai nutrient, namely inorganic
phosphdrus, was chrohically But marginally deficient.
Nevertheless, the nutritive level of wildebeest was
sufficiently‘high to discount nutrition as being a limiting

factor for the population.
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Section 10

DISEASE AND PARASITES

10.1 INTRODUCTION

In this phase of the investigation my intention was to.
establish whether disease and parasites had contributed
to the sharp decline in wildebeest numbers at Etésha.
Veterinary aspects of wildlife managemeﬁt have sometimes
been regarded as a specialist fieldvby ecologists and

are consequently viewed in isolation when identifyihg the
factors which may limit or reduce po?ulationsf , Thus,
whilst some investigations of wildebeest reproduction

and population ecology have excluded the disease/parasite
‘factor (Attwell, 1977), others have drawn attention to
%he significant role it can play (Talbot and Talbot, 1963;
Watson, 1967). For example, the disappearance of
finderpest.virus from the Serengeti wildebeest at about
'the end of 1961 (Watson, 1967) resulted in a 263 % increase

in the populatioh over a lO-year period (Sinclair, 1973a) .

I therefore enlisted the aid of veterinary specialists to
make a study of the pathology and parasite loads existing

seasonally in Etosha's wildebeest. In addition, I
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referred to the extensive veterinary investigation carried
out by Ebedes (1976a, b) which reviewed the epizoatiology

of anthrax Bacillus anthracis in large herbivores at Etosha.

- 10.2 METHODS
10.2.1 Carcases

During a‘three—year period (1976 - 78), field diagnosis of
anthrax was based on the'pfocedure established by Ebedes
(1976a) .- Because thé presencevof lions at a cafcase did
not neceséarily indicaté death by predation, all such

cases where the "kill" had not been witnessed, were

examined microscopically for anthrax by taking bléodsmears.
Only undecomposed carcases Qere suitable for field diagnosis

of anthrax.

]O0.2.2 TImmobilisation

A total of 60 wildebeest weré immobilised on a seasonal
basis during the period 1976 - 78. From these,
ectoparasites were collected and where dermal 1esions or
appafent mange were present, skin scraéings were taken and

preserved in 70 % ethanol for laboratory investigation.
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10.2.3 Sampling by Shooting

In 1978 eight wildebeest were selectively shot at the height
of the wet season (February) and similarly, eight were shot
at the.height of.the dry season (November). Subsequent to
these samplings, a further nine wildebeest were shpt'in
February 1979 to provide additional veterinary material.
These 25 animals were individually selected by
veterinarians_aé being represeﬁtative of.the population and
likely carriers of disease ana parasites. The carcases
Qere autopsied by a team of three veterinariaﬁs and organs,
tissues, blood, urine and faeces were taken for detailed

laboratory analyses.

' 10.3 RESULTS .

lO.3.l. Anthrax Diagnosis

The diagnosed level of anthrax is given for wildebeest and
the other large herbivore species oéCurring on the grasslands
of Etosha (Table 10.1). From the data collected it is
clearlylevident that wildebeest were severely decimated by
anthrax, followed by zebra, springbok and.gemsbok. No
~anthrax was diagnosed in red hartebeest and ostrich during

this period but this may have been due to the small sample.



429

0 TC €¢ 1< 0 0 UOTI3S0
0 € € € o) o) Js99qITeH
o1 12 4 61 o) Z SOqSuED

Tz 9TT €9 98 9 144 sooputads
%7 L8T 65T 8 44 18 eIgey sxeak
29 99 19 6T 9 187 ISOSCEPTTM | S9I3 IO0F Te3ol
0 L 91 L o) o) - YOTIISO
O T € T o) o) JsoeqeaTEq
14 8 4 9 o) Z SOEWED)
61 T€ €2 ve T 9 sogbutads _
o€ 8C Sy LT 0 1T exqez | (*09q 03 +3dos)
oY ve €2 1T Z Tt JsoecepITM| uosess 30y ‘Aig
0 oT € ot o) o) UPTIISO
0 T 0 T 0 0 Jsoagelaed
0 ] 9 g 0 0 yoqsued |
14 17 LT 187 Z 4 sjodbutads
ve (47 143 ' 6C € o1 'IqeZ | (-Hny 03 yoxE)
[4°] €1 44 174 T 8 }SOSCPPTIM | uosess proo ‘A
O 4 v v o) o} YOTI3ISO

e T o) T o) o) EYeCleChbic s
o 8 L 8 o) "0 SfoqsueD
oy ov €1 TC € 9T sfogputads
1S LTT 8 9 T2 09 eagez | (TTady o3 -uer)
oL 6Z T 14 € -2z JSOSqEpPTTM | UOSess 30U ‘3am

2302 sosned I ‘o) uoTyepaad

J0 sbejusaxed se| 3 oAt ummMMuﬁ UMOUUN mc..%smwﬁ aaTIebsu | aaTiTsod
oaTaTsod xenpuy | samatsod Teaarn | o0 | sesneo Jetpg | Y | XEILWY sotoads . uoseog
A TTR3I0H ,

: (8L ~ 9L6T) BUSOIH I SOIOATOISY
SbIRT IDRO puR 3SSOASPTTM ut ATTe3a0u popIcosd TEI03 OF UOTIE[SI UT XeIYjue JO SOusSpToul @ T°OT oTCeL




430

As can be expected the number of carcases found where the

)

cause of death was unknown was high (48 % in wildebeest,

46 % in zebra, 31 % in springbok,,54-% in gemsbok; 50 % in
red hartebeest and 52 % in ostrich; x = 47.%). This Was
due to the rapidity with which carcases decomposed or were

scavenged at Etosha.

10.3.2 Other Infections and General Pathology

The pathologist's report (Basson 1979) has been summarised »
in Tablé 10.2. The findings indicate that the pathologically
- poor c¢ondition of seven of the>25 wildebeest examined could

be related to incréased parasitism and/or diseases such as

' infeétious pustula vulva-vaginitis (IPV) (= infectious

bovine rhinotracheitus) and brain lesions.  This was

regarded as being significant.

10.3.3 Endoparasites

The parasitologists' reports (Thomas, 1978; Biggs and
Anthonissen, 1978, 1979) are summarised in Table 10.3.
Their results show that all parasite burdens were very low

if judged against standard criteria for herbivores.



431

_ 3oy
Teurasojut-oxased Jaddn
3 eTTe3TUSh Hutpeaut
A1Teuotseooo S3SAD

- (Teozozoxd) STSOTITOUSSY

m\z TauwISpIds pPoOsITeoo] L'L
_ POOULIRTD ,
(s/u) QUeOTITUSTS JON B SUOTSOT TRISOSTA 7 (Te0z0301d) STSETPTUITID
UMoOw{tn ST AT Te3I0W 3091TP ~ SUOTSST ATaaTy0odsax (sepojewsu)
NG SUSHESM UOTIOSIUT OIOASS TeTysuoaq 3 Areuourng S'TT % L'LS wIoM TeTYouodq g wxambure]
_ SUOTSOT _
. spou YdwAT JusuTwoxd
Te3el ST UOTIOOIUT 9I9A9S 3 Areuaunnd TTRWS LL (pe3oadsns) sTsooAuo3serd
_ Jej3Tgey posoTo BSOULIRTD %
- ‘otushbAyun ut oTusboyred AIop | SUOTSST OTISIUS OIRISPON 9'p¢ (Teozoq01d) STSOTPTIO0D
ATTR3I0N _ (2neF ASTTRA 3ITY O UTe
Te3IEU-O9U B UOT3IOqe STUTISSOoq - SUOTSOT I2ATT 7 UTeIlS SNIATA) UOIQSTOSSOM
, (¢) etserdradiy
ATTerI00 TEIRU-O8U B UOTIIOQY PTOUdWAT TeuTasojul ¥ (Tebung) sTsoTPAWETYD |.
. ATTR3lICN SUOTSOT JIOATT (uatrTuoxd
Te3EU~-OSU B SUOTIIOUE OSTe B UuTeIq {STAITISW 3| O3 o3eIdpal G/TT) (sTaTutbea-eATnA eTnysnd
‘oTqrssod sTsooAwo3seTq ATEpuocoss | SUOTSNTOUT JIesTonueIjul o SNOTIOSFUT DUTSNED SNITA) AdI
AT309ITPUT 10 ATI09ITP oTIp ARl UNTPIROCAW pue (exo3drQ oT3TSeIEd
uotaemndod 3o obejueoiad TTeWS Y| STIqeITW 9391 UT SUOTSST 00T :x0309a Axewrad) STSRTISTOOPSD
I030e] HUTIBRWTOSP B Se oT0y sg=u (3) , co..nuﬂﬁcoo TeotboTOUIRg

swodwis

UOTIOSIUT JO TSI

(6L~8L6T) ©USCIH I ISOCSPITM Gz UT SuoTITpuoo Teotboroyized xoy Asdojne Axreuriojan JO SITNS9Y

(6L6T) UOSSEE UOIF POSTIRUNNG

2 20T °19elL




432

, (¢sauerd
3 Jo3emM USTMoRIq :SI030e]

oTqrssod uoseas AIp ur o aATjesneD) sSTATTRAd B TINOTED
A3TTe3I0W JURDTITUDTSUT INOOO SUOTSST }SOIoNADS €T TeUSI ‘STITISAD Snoaxeolr)
S/u pue PTTW AI9A SUOTSST O13edsH clzy SOSTUITA 3 Soj1seirnd TrRIsu=D
S/N SUOTSOT TeSEN S'TT (@uTwTay) STSeTIeTTI TeseN
s/N SNSSTY ©TOSnW UT SISAD g'08 (Teozonoxd) STsOpTIOdSOdIES
gz =u (%)

I030e3 BuTjeUWToep B Se ST0y

suo1AwAS

| uot3oRzUT JO TRMST

UOT3TPUOD TeoThOTOoYIeg

(PSNUT3UOD) Z*OT ST9el




433

SWOTCEIA TeOTUTTO URTM POIRTOOSSE WOPTIS aXe IopI0 STUL JO SIUNCO 6HH2 spojrwsN %

(6L6T *8L6T) USSSTUOUIUY ¥ SHHTE Aq SUOTIROTITIUSPT I9WRO T8 ¢ (GLGT) Sewour AJ WOTIedTITIUSPI

(saunoo  Kxeuourrnd)  Spojewsu

ISTaxEeD B Se popaebax
{(s/u) 3UeDTITULBTS JON

_ 19091
»OT AI9A 03 @aTIRBON

- s/N 6 03 aaTIeboyN *dds (¢) snynwoofigorq pue *dds sngfbuocaisoroad

‘ (SeaxeT pue S3ThpeR JO SIUNOD

s/N 8 03 eaT3ebeN Teur3asojur Te30l) pumrsyierd :sspoiss)

sjonbrTe

0G:T UO poseq susplng TeUT3So3uT Te3ol JO

s/M OST O3 oATIeboN | soaewryse) opojmmu :°dds (¢) sngAbuoaqsoyod]

_ - (s3onbtTe

- 0G:T UC peseq susping Teur3s9jutr Te3o3 Jo

s/N OGL Z 03 aAT3IEbaN sejewrt3se) spojewsu :*dds (&) seprorfibuoalg

(saonbtTe

v OT:T U0 poseq suspand Teur3issjut Te3o3

s/N ov 03 eATIebeN Jo ssgewTlse) spojewsu :*dds wnuwozsoraby

. (saonbTTe OT:T UO poseq suspang TeUT}SS3UT

S/N 09z T 03 aaTaIebaN Te303 JO So3ewT}sd) opojewsu :*dds SnyouUowWavH
_brsbho . _

S/N OOT €T O3 SATIRLON, (S3unoo Tedose]) BOZO10Id :S3SAOQ0 BTPTOOD

akm.mmmm .
S/N - 0Ot T O3 oaTIeboN (S3unoo Teooe]) mmmm SpOFeWSN
ATUO snyels

(sTeaws pooTq Texdyudriad)
vOZOJ01g :°ds ugogxnvifiy 10 *ds vwa?] 29U,

.Ho.._omm. buryeurroop v se oT0d

uoTiRlSSIUT JOo oaxbsg

a3 Tsexedopug

(6L ~ 8L6T) ®YSOIT Je STSeq TeuOsSess ® Uc PoTANeS 3SS9CEPTTM Gz UT sTansT sjrsexedopud : €°OT OTGRL




434

10.3.4 Ectoparasites

The reports of the pafasitologists (Biggs and Anthonissen,
1978, 1979) are summarised in Table 10.4. Tick and lice
burdens werérexceptionally iow. In spite of regular |
Gedoelstia pathdlogy‘(Section 10.3.2), the loads of this
dipteran larva were regarded as low to typical and the
parasite4host relationship appeared stable.  Nevertheless,
the possibility of mortality in calves as a result of

gedoelstiasis does exist.

10.4 DISCUSSION
10.4.1 Anthrax

The viable nature and ecology of anthrax have been
édequately_dealt with by Van Ness (1971) and'Ebedes
(1976b). | At Etosha, soils in the areas inhabited by
wildebeest are highly alkaliné, thereby providing.v’
conditions under which anthrax bacilli flourish.
Furthermore, fhe creation of numerous gravel pits for road
building in Etosha_boosted the disease's incidehce by
creating favourable incubator areas for sporulation.
Ebedes (1976b) confirmed that the manner in which anthrak'

could be transmitted, namely, by infected carcases, faeces,
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predators, scavengers, birds and insects, as well as by
~water and wind, made it practically impossible to eliminate
the disease in an area the size.of Etosha. He also
related the greatly increased incidence of anthrax at
'Etosha since 1966 to the emergence of over-—utilised
grazing areas. These "slum areas” (Ebedes, 1976a) were
created byvthe construction of drinking troughs'in the
vareas previously occupied by migrant herds in the rainy

Season only.

The findings of Ebedesl(l976a,.b) were su?ported by my
observations during this fiVe—year investigation. In
addition, I am of £he opinion that anthrax has resulted
in an ideal éituation in which predators and scavengers
can increase to an unnatural level (Section 11). ' My
supposition is partly derived from thé high incidence of
gnthrax in relation to recorded mortality (Table 10.1),
where it is apparent that a surplus of meat from carcases
would be available. When it is considered that anthrax-
infected carcases were especially abundant during the wet
seasbn, a period in which predators would normally
experience greatér difficulty in obtaining food (Schaller,
1972; Smuts, 1975, 1978c), the advantage to lions and
hyaenas is obvious. The combination of anthrak and
indreased predation pressure has in turn been reflected -

in declining herbivore populations, notably wildebeest
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and zebra. The impact of anthrax oh the reproductive
.componént of the wildebeest population should also be
considered.v - For example, the majority of wildebeest
cows died of anthrax during the wet season when they were
-nearing full térm pregnancy or had recently calved. This
resulted.in "double deaths" and may have contributed to a
high antenatal and neo-natal mortality'(Section 12.3)
since'milk—dependent calves are suckled only by their
mother and are not fostered by other cows. There was no
significant difference in mortality of the sexes in the
sample collected by Ebedes (1976b) : 308 bulls: 303_cows-
(P > 0,80). In the present study the sample reflected a
‘more distorted sex ratio of 24 bulls : 15 cows which was
not»significant at P > 0,02. This may have been due to

the much smaller sample size.

It appeared that wildebeest were more susceptible than
zebra to anthrax (Table 10.1) because the total numbe: of
anthrax;- positive'cércases located in relation to the
total population was 1,93 times higher in the case of
wildebeest} Ebedes (1276b) mentioned that poséibly‘SO %
of all anthrax-infected carcases werellocated, but I am
of the opinion that in wildébeest a much lower percentagé
was located. I base this on the fact that 48 % of my
sample was made up of dehydrated or decomposed carcases

from which no positive field diagnosis was possible.
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Furthermore, a predated carcass was seldom found in a
relatively intact, mummified stateVWhich characterised an
anthrax epidemic, when more meat was made available to
scavengers than coﬁld be utilised. None of these frequently
occurring dried-out carcases or remains could be positively
diagnosed in the field.. Moreover, while herbivores were
fatally éffected by anthrax, no records of predators or
scavengers dying of the disease were dbtained during a
seven-year investigation by Ebedes (1976b) or during the
present study. Consequently, carnivores fed freely from
anthrax-infected carcases, or dfank from infected water,
thereby gaining advantageously over the susceptible

herbivore populations.

Thus I consider anthrax to be a primary and major factor

. in the decline of wildebeest at Etosha. The data in
support of this are quantifiably demdnstrable from both
Ebedes' (1976a, b)vfindings and my results, namely, that

in our respective samples 74 % and 62 % of all diagnosed
deaths in wildebeest were positive for anthrax. Other
‘herbivores, especially zebra, appeared to be similarly
affected and this was reflected in their aeclining numbers

(Section .8, Table 8.1).



10.4.2 Other Pathological Conditions and Parasites

The autopsy findings indicated that two age classes
especially showed levels of viral infection and/or
parasitism which could be considered potentially fatal
(Basson, 1979, pers.comm.). vThese were the very young
calves (< 2 months) in which disease, nofably ipv,
resulted in prominent brain lesions and the 1 - 2 year
old immatures which exhibited widespread lesions from
migrating Gedoelstia larvae. In comparison, the older,
weaning calves (2 - 9 months) and wildebeest older than
tWo years were noticeably less prone to these conditions;
These findings dovetail well with'my surmise that there
was a high mortality of neo-natal calves, which, because
it could not be quantitatively determined, has been

" included in.my theoretical population.model as a reduced
birthrate in adult cows, namely 0,35 (Section 12, Table
12;5). Similarly, the pathology of 1 - 2 year old
wildebeest was well correlated to my field counts where
there was a greater decline in the number of calves
achieving immaturity (8 % decrease) than in the number of
immatures achieving sub-adulthood (4 % decrease) as is

shown in Section 12, Table 12.3.

The autopsy findings also confirmed a high incidence of

Gedoelstia larvae, and the burden carried by young calves

439 -
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pointed to the possibility of occasional deaths in ybung
animals as.a result of gedoelstiasis. .However, this
ectbparasite was not present in abnormally high levels in
Etosha's wildebeest. The remaining parasite'loads,
eSpeCially.ectoparasites, were exceptionally low in all
specimens examined and were regarded as having no

significant effect on the population's mortality.

10.5  SUMMARY

10.5.1

An investigation was undertaken to establish whether the
declining wildebeest numbers at Etbsha could be related

to Veterinary causes. This was achieved by monitoring a
total of 127 wildebeest caréases and 337 carcases of
Burchell's zebra, gemsbok, springbok, red hartebeest and
ostrich over a period of threé years. In the same period

a total of 60himmobilised wildebeest were visually

examined for external parasites and peripheral blood smearé‘
were made for blood parasites. | In addition, 25 wildebeest
were selectively sampled for detailed pathological and

parasitological investigation.
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10.5.2

Fresh carcass diagnoées yielded blood smears which were
pdsitive for anthrax Bac<illus anthrdcis in 62 % of
wildebeest, 43 % of zebra, 21 % of springbok, 10 % of
gemsbok and were anthrax-negative in hartebeest and
ostrich. Anthrax mortality reached a predictable-peak

in wildebeest; zebra and springbok during the rainy

season when 76 %,'51.% and 40 % of anthrax deaths.occurred

in these species respectively.

10.5.3

Péthology showed that gedoelstiasis caused by parasitic
dipteran'larﬁae and viral infectious pustula vulva- |
vaginitis (IPV) were prominent. Gedoelstia infestations
were responsible for lesions in the rete mirabile and
@yocardium of calves and 1 - 2 year old wilaebeest. IpVv
manifested itself predominantly as metritis in adult cows
and brain lesions in young calves.. Both thése conditions
could be fatal in neo-natal calves. Gedoelstiasis_could
also be fatal in immatures and IPV coﬁlé result in
abortions. Wesselsbron virus disease and fungal conditions

such- as chlamydiosis and suspected blastomycosis were

O

present in 4 - 11 % of the autopsied wildebeest.
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10.5.4

The low endoparasite profile in wildebeest was regarded as
an insignificant factor for limiting the population.
Similarly, the ectoparasite burden was exceptionally low,
except for Gedoelstia larval counts which approached .

typical herbivore levels.

10.5.5

The special conditions existing in wildebeest habitat at
Etosha favéured anthrax viability and the disease was
regarded as having become endemic with epidemics occurring
during the wet season. An abundance of anthrax-infected
carcases during the wet season probably resulted in
increased predator-scavenger populations. Carnivofes
Were apparently not fatally affected by anthrax. There
was no significant sex link in wildebeest mortality from -
anthrax but the deaths of reproductive cows naturally also

resulted in the loss of foetuses and neo-natal calves.

10.5.6

Reviewing the disease and parasite pressure on wildebeest
at Etosha, it is evident that anthrax was a primary and
.major factor in the reduction of the population up to

the present time and that it will not be possible to



eliminate it in the fofeseeable future. Other diseases
and parasites were found to be insignificant in comparison
to anthrax; but gedoelstiasis and IPV are potentially
fatal conditions which, if they were to become severe,

'could result in increased mortality.

443
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Section 11

PREDATORS AND SCAVENGERS

11.1 INTRODUCTION

During the investigation of factors which mey heve resulted
“in the deciine of wildebeest numbers at Etosha, I also.
considered the role of.predatore and scavengers. Predation
of herbivores and ﬁhe presence of scavengers are natural
phenomena and are desifable in any large area set aside for-
censervation of wild animals (Estes, 1967; - Hirst,.l969;
Pieﬁaar, 1969; Kruuk, 1972; Schaller, 1972). However,
because all.terrestrial Systems have been influenced by man,
it is possible that this'natural equilibrium can become
unstable, resﬁlting in an abhormal predator—prey ratio
(Smuts, 1975, 1976, 1978a, b, c). I consequently

examined the numbers, age-sex ratios, group size, prey
preferences and estimaﬁed the food intake of large
pfedators.and scavengers at Eeosha. These data were.used
to establish whether the predatof-prey ratio was within
acceptable limits when compared to other African

conservation areas.

At Etosha, information on large predators and scavengers is
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limited to the lion and cheétah, witﬁ a few records of
observed kills by spotted hyaena, leopard, wild dog and
black-backed jackal. No other relevant data exist for
these species, apart-from casual sightings. I have
thereforé been obliged to refer to subjective observations
made by staff and tourists when dealing with the lesser
known Species. in additién, since virtually nothing is
known about the predator-prey relationship in the bush and
woodlands ofvEtosha, I have dealt only with the situation
relating to the plains, which are the'major habitat of

/

wildebeest.:

11.2 METHODS

11.2.1' Number of‘Predators, Age—-Sex Ratios énd Group Size
To estimafe the predator and scavenger populations in the
areas inhabited by wildebeest and other large herbivores
sharing the'grasslénds, I relied on ¢ounts made by nature
conservators,vresearch’workers and my grouﬁd and aerial
observations during the period 1974 - 78. Data on age4sex
ratios and group size were recorded on punch cards and
subSequently coded on to Fortran sheets for sorting.'
Additional information was obtained from questionnaires

which were handed out to tourists.



11.2.2 Preferred Prey Species

Prey preferences could be obtained for lion, cheetah and
spotted hyaena and were calculated from the formula used

by Pienaar (1969), Rudnai (1974) and Smuts (1975) :

F
-PR = x
where PR = preference rating
F = relative frequency with which a particular
’ prey species is killed (%)
A = relative abundance of the prey species (%)

As pointed out by Schaller (1972), the tefm "preference" is
misleading in that a kill also signifies the prey's
availability and vulnerability. I have accordingly
considered the preference rating to be an ekpression of

these two factors as well.

11.2.3 Estimated Food Intake per Predator Species

With no data available from Etosha, I referred toAthe
coﬁprehensive inveétigations of Wright (1960), Kruuk (1972)
Schaller (1972), Eloff (1973b) and Bryden (1976). From
their data it was possible to extrapolate the estimated

amount of food required annually by lion, cheetah and

446
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spotted hyaena on the plains of Etosha. Although the
preferred prey species of large predators differs greatly
between various areas in Africa (Bourliere, 1963), the

amount of fqod required by large carnivores is probably -

X

consistent at 4 - 6 % of their body mass per day (Kruuk,
1972; Schaller, 1972; Smuts, 1975). Consequently, by
applying a mean daily food intake of 5 % of bodyvmass I
was able to estimate the amount of food required:by the
major predators and scavengers at Etosha with a reasonable
degree of cdnfidence and then balance thié requirement

against the live mass of available prey.

11.3 RESULTS AND DISCUSSION

11.3.1 Estimated Predator-~Scavenger Populations and Their

Composition

11.3.1.1 Lion

The_dfy season pride areas of resideht lion and ranging
nomadic groﬁps‘(as defined by Schaller, 1972) which inhabited
the Etosha plains during the period 1974 - 78 are shown in
Fig. 11.1. Pride areas were fairly distinct during the

dry season when availability of drinking water restricted

the movements of predators and most prey species. In all,
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- there were 21 known areas on.the Etosha plains which were
inhabited by'resident prides of nomadic groups. Pride
areas became obscure dufing the wet season when'
distribution of prey changed and wet conditions prevented
vehicles from leaving the roads. The mean pride 6r'group
size in each area or range wés calculated froh observations
during the five-year period (n = 356 observations on

2 562 lions). The ovérall mean pridé/group size was 7,2
(range 2 - 30, SD + 4,53), with a yearly mean of 285
individuals éresenf.' I was able to age and sex.565.lion.
Adult sex ratio was 1 male : 1,03 female (n = 354) which'
was not disparate at P > 0,70. Immature lion (0 - 3 years).

made up 37 % of my sightings.

By comparison, Séhaller (1972) found that Serengeti lion

- pride size was 15 (range 4 - 37) and nomadic group size was
2,8 (range 2 -~ 13) giving én overall average of 4 lion in
érides and groups: Their sex ratio was 1 male : 0,92 -
female (p > 0,50), whilst 43 3 of the lion on the

Serengeti plains were sub-adult (0O - 4 years). Thus the
mean pride/group size in'Etosha was larger than in
Serengeti, althougﬁ the age-sex ratios were similar.
Etosha's pride/group size of 7,2 is also greatér than the
figure of 4 - 5 given for Zambia by Mitchell et al. (1965),

but is more in keeping with the group size of 6 reported

in East Africa by Wright (1960). In contrast, Smuts (1975)
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reported an average of 11,8 lion per pride/group in the:

central Kruger Park.

My figure of 285 lion inhabiting the Etosha plains is iikely
to be an underestimate since only limited observations were
available from some‘of the areas and lion are usually
undercounted from the ground or by aircraft (Schaller, 1972;
Smuts,'1975). Because no correction factor for under—.
'éounting bias is known for free-ranging lion, I assumed tnat
approximately 70 % of the total population were seen by:
‘ground counts. Consequently I applied an arbitrary
correction factor of 1,4 to the average count of 285 liQn,
which'provided a theoretical total of 400 lion that may.
have been present on the plains of Etoshaiduring‘this

study. I subsequently used a range of 285 - 400 lion

when calculating predator density and food intake, since

it is likely that the actual number of lion presént fell

within these minimum and maximum figures. -

The plains of Etosha cover 8,1 % of the total area,

namely 1 793 km2 (Lé Roux, 1977).  Applying my estimates

of between 285 and 400 lion, the density is one lion/ 4,5 -

6,3 kmz. These first approximations are well within the

range of lion densities found elsewhere in Africa. For
example, one lion/2,6 km2 in Manyara Park, one lion/3,7 km2

in Ngorongoro Crater, one lion/4,6 km2 in Nairobi Park
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(Schaller, 1972) and one lion/7,9 km2 in Kruger Park (Smuts,
1975). My estimates of the lion population on Etosha's
plains therefore appear to be of the right order 6f

magnitude.

11.3.1.2 Cheetah

The records show that, on average, there were 70 — 80 cheetah
inhabiting Etosha's plains between 1974 - 78.  Allowing for .
double-counting. as well as for undercounting, I consider

that a population figure of 50 - 100 cheetah is realistic.

These estimates give a density of one cheetah/18 - 36 km2.

In comparison, Nairobi Park supported one cheetah/4,42 km2

(McLaughlin, 1970), while Kruger Park had one cheetah/72 km2
(Pienaar, 1969) and Serengeti's density was one cheetah/102

2 (Schaller, 1972). Group size at Etosha varied

- 107 km
from 2 - 5, The most adults reported together were three,'
whilst groups of 4 - 5 animals.were females with up to

four.cubs.

The number of spotted hyaena, hereafter referred to as hyaena,
inhabiting the plains of Etosha is unknown and I have used
the ratio of hyaena : lion from other areas to estimate a .

figure. Nonetheless, my casual observations and those of
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other observers at Etosha indicate that the hyaena population
is substantial and my initiai estimates can therefore be.
regarded as realistic. The ratio of hyaena : lion in
Ngorongoro Crater is 6,1 : 1 and in Serengeti it is

1,25 —'l,50 : 1 (Kruuk, 1972; Schaller, 1972). In the
Kruger Park it is 2,73 : 1 (Smuts, 1975), while in the
adjoining Timbavati Nature Reserve it approximatee 1 :1
(Bearder, 1975). Thus it appears that in large, relatively
natural conservation areas there are.at least as many hyaena
as lion and often more. Consequently, I estimated the
hyaena population on Etosha's plains to be the same as for

lion, namely 285 - 400. These figures are probably conservative.

Hyaena packs of more than three adults were frequently seén
at Etosha. The largest pack encountered in daytime was
12 and at night a pack of 23 was observed. By.comparison,v'
up to 25 hyaena in a pack were recorded at Serengeti -
ﬁgorongoro (Kruuk, 1972). Since pack information indicates
'either active hunting or patrolling of territory boundaries
(the lafter ih'itself indicates a fairly dense hyaena |
populafion according to Kruuk, 1972), it appears that
Etosha's hyaena hunt frequently. _The'recofds at Etosha
show that healthy, adult zebra, wildebeest, kudu and
spfingbok have been successfully hunted and killed by hyaena
packs. | This in tufn indicates that at certain times of the
year scavenging frem lion kills is insufficient to meet the

food demand of hyaena.
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No.information exists on the numbers of leopard and brown
hyaena at Etosha,»While in the case of wild dog it is
virtually certain that they did not inhabit the plains
during 1974 - 78. I estimate that there may be 1 000 -
2 000 black-backed jackal 6n the plains, giving a density
of 1 jackal/0,9 - 1,8 km?>. Up to 52 jackal have been
recorded at a zebfa carcass and groups approximating 30
are frequently encountered at anthrax carcases. There is

no doubt that the jackal population is high and my

estimates may well be conservative.

I have not considered vultures and other avian carrion
eaters in my estimates of predator-scavenger biomass, since
they are not necessarily'resident on the plains. The
omittance of thesé other mammalian and avian species lends

conservative bias to the estimated predator-scavenger

- biomass and consequently to the predator : prey ratios.

This bias may, however, be offset to an extent by the fact
that the major_carnivores I have considered also predate
and scavenge species other than the large herbivores

included in my estimates.
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11.3.2 vPreferred Prey Species

The prey preferences of lion, cheetah and hyaena are given

in Table 11.1. Lion showed the greatest.preference for
gemsbok, followed by wildebeest, zebra, ostrich and springbok.
Iniother areas where gemsbok are common, for example the
Kalahari Park, they are frequently taken by lion (Eloff,
1964). Howevér, prey preference is largely dictatéd by

-availability of species. For instance buffalo made up 9 %

in

ov

of the lion's diet in Kruger Park (Pienaar, 1969), 15
Servenvgeti (Schaller, 1972; Sinclair, 1977), but |
constituted 62 % of the prey species at Manyara Park, an

area where buffalo'outnumbered all other prey species
(Makacha And Schaller, 1969). Likewise at Kruger Park,.
where impala were the most plentiful prey species, they
constituted the highest frequency_(31,3 %) of food for

lion (Smuts, l§78b).

I suspect that the preference shown for gemsbok ét Etosha
'may be due to the establishment éf artificial drinking places
wherebgemsbok, a species which is relatively independent of
drinking water, are found iﬁ the dry season. Consequently,

~ these boreholes especially Leeubron, Adamax, Gemsbokvlakte
and Gaseb (Fig. 2.1) support large groups of lion. Under
natural (waterless) conditions, no lion could be resident

in these areas of Etosha during the eight months of dry
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season. A similar situation was fouhd to exist in Wankie
Park, where gemsbok and eland suffered disease and predation
stresses beyond their adaptive capabilities (Davison and

'Davison, 1968).

Wildebeest are marginally preferred to zebra by hunting lion
at Etosha (preference rating = 2,98 compared to 2,53). In
‘Kruger Park the PR for wildebeest ranged from 2,21 - 4,35,
while thét,for zebra wasvl,43 - 2,37, making wiidebeest
preferred above zebra, on a yearly basis, for a period of
20 years (Smuts, 1975). The PR values were of a similar
'magnitude in Nairobi Park, where wildebeest PR = 1,83 - 4,20
and zebra PR = 0,81 -~ 1,98 (Rudnai, 1974). Wildebeest

were also preferred above zebra by lion in the Timbavati

‘Reserve, Eastern Transvaal (Hirst, 1969).

Predictably, cheetah prey.mainly on springbok at Etosha,
although wildebeest,vespecially calves, may be taken.
Wildebeest appear to head the list of prey preferences of
hyaena at Etosha, rankingiabove zebra ané springbok. The
small sample size (n =.9fkilis) may, howevér, have biased

the findings.

11.3.3 ©Live Mass of Food Required Annually

Applying a mean daily food intake of 5 % of body mass, I
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estimated the food requirement in Etosha's iarge, plains-
dwelling carnivores'(Table 11.2). As mentioned previously,
leopard, wild dog, brown hyaena, jackal and vultures were
omitted from these estimates. Furthermore,.I presumed

that 37 % of the lion population was immature, basing this
on field observations at Etosha.‘ For cheetah, 32 % of the
population was taken to be immature (SChaller, 1972) ana in
the case of hyaena this figure was 25 ¢ (Kruuk, 1972).

Live mass of the three'carnivere species was based on the

means recorded by Kruuk (1972) and Schaller (1972).

Because lion and cheetah, on average, leave 33 % and 35 %
of a carcass uneaten respectively (Schaller, 1972), I have
estimated the total food actually killed to be accordingly
higher. 'In the case of hyaena,.my'assumption was that

almost 100 % of a carcass was consumed (Kruuk, 1972;

personal observation).

The estimates result in a total food requirement plus
uneaten residues of approximately 1 - 1,5 million kilogram
prey .annually. I wish to reiterate that these figuresﬂ
should be considered initial approximations, since my

calculations are based on several unproven assumptions.
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11.3.4 Predator - Prey Live Mass Ratios

Estimates of the'fatios of predator to prey dh'the Etoéha”

- plains are given in Table 11.3. To calculate these ratios
I used the estimated maximum and minimum total live mass‘of
the three major predators, namely lion, cheetah and hyaena
as derived in Table 11.2. This range Qf predator live mass .
was related to the live mass of wildebeest and the other five
major herbivore species which inhabit the plains. In
estimating the live mass of prey, i took into account the
contribution ﬁade to each species' population by the
different age and sex classeé, using the appropriate body
mass of each age-séx Class._' These data were obtained from
Table»S.l in the case of wildebeest and from Appendices 26
to 31 in the cases of Zebra, springbok, gemsbok, hartebeest
and ostrich. Furthermofe, I used the mean population of
?ach prey species during the period 1974 - 78 to correspond

with the mean predator populations for the same period.

Thereby, the total predator -vscavenger li&e mass was .
estimated to lie bétween 49 255 and 71 310 kg and the total
live mass of prey was estimated at 5 151 013 kg, as shown
in Table»ll.3. This gives a minimum predator : prey ratio
of 1 : 72 and a maximum of 1 : 105. A comparison of these
- ratios tQ those found elsewhere in Afriéa is made in

Table 11.4. Etosha appears to have a greater proportion
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Table 11.4 : Comparison of predator-prey ratios on the

grasslands of Etosha with other areas of

Africa

Area

Lion

: Prey ratio &
Predator : Prey ratio

Source

Albert Park
Kagera Park
Tarangire Game Reserve

Ngorongoro Crater

Serengeti Park
Manyara Park
Nairobi Park

Kruger Park

L Etosha Park

oo
(1] e

| nad

e i
e (1] (1] (X}

| nad

3607

300"

292%

260™

100**

250 -

174%%

1007

100™*
100 -
57 -

107 -

300

116
149
153

105

XX

XX

Bourliere (1965)

"
Lamprey (1964)
n
Schaller (1972)

Pienaar (1969)
Smuts (1976)
Smuts (1978c)

Present study

® Lion : prey ratio

XX

Predator : prey ratio
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of lion to prey than most other conservation areas for which

data are available. It must, however, be remembered that
Schaller's (1972) ratios for Serengeti include all major
predators, whereas the other sources refer specifically to
lion : prey ratios. For this reason I have presented

Etosha's ratios in both ways.

In central Kruger Pafk,‘which has éimilar ratios to Etosha,
a total of 335 lions and 297 hyaena, representing 63 3 and
80 % of the numberé in one area, were cropped between

1974 —.77 (Smuts, 1975, 1978c). Despite this high rate of
predator control, lion fegained 90 % of their former level
within 17 months while hyaena were slow to recolonise
(Smuts, 1978a). | Therefore it seems that the questioh of
direct predator control at Etosha would-have to be
approached with caution in view of the limited success

achieved elsewhere.

The 1 - 1,5 million kilogram prey removed annually (Table
11.2) is 21 - 30 $ of the estimated herbivore live mass

of 5 million kilogram (Table 11.3). This rate of removal
by predators is two to three times that in the Sérengeti
where 9 - 10 % of thebprey biomass is taken by predétors
(Schaller, 1972), whose findings indicated a dearth of
large carnivores. | The relative paucity of prey at Etosha

can be illustrated by the prey biomass which is estimated
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at 2 873 kg/km2 compared to 20 712 kg prey/km2 in Serengeti
" (Schaller, 1972). | Moreover, the lion biomass at Etosha is
estimated between 18;8 - 26;8 kg/km2 which is higher than
the range of 13,6 - 20,5 kg/km2 found in four areas of the
Kruger Park (Smuts, 1978c) despite the fact that he applied
a mean adult body mass of 158 kg for lion which is 9 %

higher than the figure of 145 kg which I used.

11.3.5 Combined Effect of Predetion and Disease

~ At Etosha, a portioniof the carnivores' foed is pro&ided by
diseaeed animals which die of anthrax (Section lO.3.l)i
Thus, during ah anthrax epidemic, lion and hyaena are not
required to hunt but can live off the abundant supply of
diseased‘meat without suffering any apparentvclinical ill-
effects. Nevertheless, lion may continue to hunt in the
presence of diseased carceses and there are records of
Etosha lion ignoring several zebra Which had died of
anthrax, to commence a successful hunt on healthy zebra in
the Vicinity. Under these circumstances the live mass of
herbivores removed by the combined effect of predation and
disease_would be higher than the estimates of 1 - 1,5 million
kilogram obteined in Table 11.2. Even if this were not |
the case, my estimates can still be considered conservative
because} during an anthrax epidemic, more herbivores'die

than can be eaten by the large carnivores (Section 10.4.1).
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I therefore consider my estimate that 21 - 30 % of the

X

largerherbivore live mass was removed annuall§ from the
Etosha plains to be realistic. Taking the minimum estimate
of 21 % removal,»it is clear that neither wildebeest nor
zebra which together cémprise 80 % of the lion's recorded
diet (Table 11.1) and 77 % of the recorded cases of anthrax
(Table 10.1) can withstand these mortality pressures..
Consequently, it ié not surprising that wildebeest and
zebra, with recruitment rates to the breeding stock of

11 - 18 & and about 8 % respectively (Tables 8.2 and 12f3)
are decreasing in numbers at Etosha. The wildebeest
population decreased by 24 % and the zebra population by

43 3 during the period of study (1974 - 78). These
declines were inversely proportional to thevdifferent
recruitment rates of wildebeest and zebra. For example,
the mean recruitmént ratevof wildebeest was 14,5 % which
was 1,8 times higher than that of 8 % for zebra and the
aecline in zebra numbers was 1,8 times greater tﬁan

wildebeest.

If‘the wildebeest and zebra populations dedline further,
which seems likely at this stage becausé of the endemic
nature of anthréx, then they could become relatively
unavailable to huhting lion which would be forced to turn
-to alternative prey species (Smuts, l978b).  This may

in turn result in increased predation on bush.and woodland

dwellers such as giraffe, kudu and gemsbok.



Finally, the status of springbok at Etosha supports‘my
findings that the combined effect of predation and disease
is the major cause of declining wildebeest and zebra
numbers. Springbok have increased more than threefold

in numbers (9 800 to 32‘000) between 1974 - 78. They -
also died of anthrax (15 % of all anthrax-infested carcases
found were springbok; Table iO.l) but apparently not to
the extent that wildebeest and zebra died. Also,'the
relative predation rate of springbok was far lower than
either wildebeest or zebra. Sprinébok constituted 17,8 %
of the live mass removal by predators, compared to 65,4 %
by-wildebeest and zebra combined (Tables 11.1 and 11.2).°

It can be argued that recbrding of anthrax and predation
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in springbok'were biased in favour of the larger herbivores

because of the rapidity with which springbok carcases aré
obliterated. This may partly be the case, but it is
nullified to.a'large extent by the fact that Etosha's
gpringbok population increased by a factor of 3,3 in five
years. It appears that the differential disease and
predation pressurés which exist between the springbok
population and the wildebeest and zebra populations are
justifiable reasons for their respective increase and

decreases in numbers.
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'11.4  CONCLUSIONS

Before the introduction of artificial drinking places at
Etosha from 1951 onwards, the cyclical nature of herbivore
movemenﬁs to and from preferred grazing areas was evident
(Bigalke, 1961). Refer élso in this regard to Section 2;6
in which.I review the development of Etosha for tourism.
Consequently, in‘pristine times, the short rainy season
provided an abundance of temporary drinking places for
grazers such as wildebeest as'weli as attracting them to
the apparently preferred annual grasses in the Okaukuejo
area, which are high in nutrients (Section 7.3). However,
before the advent of permanent drinking troughs, the
migratory herds vacated these "wet season dispersal areas"
(Bigalke, 1961) when the ephemeral rainwater pools dried.

- Thereby a natural, rotational grazing system operated which
precluded predators and scavengers from establishing
permanent populations in large parts of the Okaukuejo

area. Also, in the absence of roads and accompanying
gravel.pits, the.disease factor was not yet epidemic in

any part of Etosha (Section 10.4.1).

The provision of'artificial watering points in the form of
drinking troughs and gravel pits modified the earlier
migratory tendencies of herbivores and, at the same time,

stabilised the environment for predators and scavengers.



465

Following'on this, the redﬁcéd heed to migrate has

resulted in smaller group sizes of wildebeégt (Section 12.4).
This in turn make$ them more vulnerable to predation and
especially increases neo-natal mortality by rendering
calves more easily available to hyaena (Smuts, 1978b).

In the present study at Etosha, hyaena scats were found to
cqntain foetal and newborn wildebeest caif hooves as well
as amounts of4wildebeest calf tailhairs (Report No. 1768/77,
S.A. Police Forensic Laboratories, 1977).' Thus wildebeest
and other lafge herbivores at Etosha have to contend not
only with an increased lion population which has expanaed
spatially, but also with a substantial hyaena population
which can altéfnaté efficiently between scavenging and
predating. Cheetah may also exert predation pressure on

wildebeest calves.

In addition, wildebeest form a major prey item of lion and
hyaena. If the combined effects of this predation are
coupled to my findings that 62 % of all deaths in wildebeest
Vwere caused by disease, namely anthrax (Section 10.3.1), |
then it follbws that the pressure exerted by predators ana
disease is the major reason for the decline of wildebeest

at Etosha during the period of study.  Moreover, this
assertion is supported by the fact that the quantity and

quality of nutrients and water were not limiting during my

investigation (sections 5, 6, 7 and 8). This was also
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evident in-the good nutritional status of the wildebeest

(Section 9).

Whereas predation may have a negligiblé effect in a 3ystém
such as Serengeti (Schaller, 1972), where_herbivore mortality
was attributable mostly to malnutrition and disease (Wafson,
1967; Bell, 1969; Sinclair, 1977), predation can, under
certain circumstances, such as were encountered in
Ngorongoro Crater and Kruger Park, have a considerable
effect on the.herbivore population (Kruuk, 1972; Smuts,
1975, 1976, 1978b, c). It appears that the special‘.
conditions at Etosha, which have resulted from man's impact
on the environment in the form of fences, roads and
artificial drinking pléces, have created abnormal disease
and predation levels, causing wildebeest numbers to

decline drastically.

11.5 SUMMARY

11.5.1

The role of predators and scavengers on the Etosha plains
was examined in relation to the declining wildebeest

population during the period 1974 - 78.
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11.5.2

The estimated 285 - 400 lion, which included resident
prides and ranging nomads, had a group size of 7,2 and anv
adult ratio of 1 male : 1,03 females. .Immatures comprised
37 % of the sightings; A total of 21 known pride areas

or nomadic rangee were located on the plains during the

dry season,,butvthe situation ih the‘wet season was unknown.
Density was 1 1lion/4,5 - 6,3 kmz, which was comparable to

other areas in Africa.

11.5.3

Between 50 - 100 cheetah inhabited the plains, with a
density of 1 cheetah/18 - 36 kmz. Spotted hyaena numbers
were estimated-from data of other areas, assuming a ratio
of 1 hyaena : 1 lion. This gave an estimated population
of 285 - 400 hyaene. Packs of up' to 23 hyaena at Etosha
indicated frequent hunting and records of kills on zebra,
Wiidebeest, kudu and springbok were obtained. »An initial
estimate of black-backed jackal numbers (1 000 - 2 OOO)

gave a density.of 1 jackal/o,9 - 1,8 km2, the large
population being indicative of a substantiai predator

population. Up to 52 jackal were seen at one zebra carcass.
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11.5.4

Preferred prey species of libn at Etoéha were gemsbok,
wildebeest,.zebra, ostrich and springbok in declining

order of magnitude. Cheetah preférred springbok above

all else but sometimes killed wildebeest calves. Hyaeha
showed a preference for wildebeest, fbllowed by zebra and

springbok.

11.5.5

Based on a mean daily food intake of 5 % of body mass, the
lion, cheetah.and hyaena populétions on the plains were
estimated to require 1 - 1,5 millioh kilogfam of food
annually, including uneaten residues. .This demand
represented a yearly removal of 21 - 30 2 from the total
live mass of the six major herbivore species, namély
wildebeest, zebra, springbok, gemsbok, haftebeest and

ostrich.

11.5.6

At Etosha, lion : prey ratios were 1 : i07 - 153 and the
ratios of lion/cheetah/hyaena : prey were 72 - 105. These
ratios were higher than in most dther areas and of the same
order as those in the Kruger Park where the prédator density

was considered high enough to warrant control. Lion




biomass at Etosha was also estimated to be higher than at
Kruger Park,‘namely 18,8 - 26,8 kg/km2 compared to 13,6 -

20,5 kg/km2.

11.5.7

Predators and scavengers at Etosha benefitted from the
surplus of meat which was provided by anthrax—infected
carcases. Thereby their numbers may have increaséd and
the combined effects of diéease and predation were
considered to be the main reason for the decline in
wildebeest numbers and also in zebra numbers. Together,
wildebeest and zebra formed 80 % of the lion's recorded
diet and 77 % of thé reqorded céses of anthraxl In
contrast the springbok population; being relativel? muéh
less affected by boﬁh disease and predation, increased by
a factor of 3,3 during the five-year period.

11.5.8

The overall coﬁclﬁsion reached invthis investigation was
that the earlier, natural movements of the migratory
_herbivores at Etosha have beén modified by fences, road-
building and artificial, permanent drinkiﬁg places.
Disease, especially anthrax, has become eﬁdemic in areas

where gravel pits occur, while the predator-scavenger

populations have stabilised and increased where artificial

469
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water has been provided. Furthermore, disease is'
complementary to predation by providing an abundance of
carcases during anthrax epidemics. Taking into account
the findings that neither food nor water were limiting td
the wildebeest population and the fact that their
nutritional status was good, it was evident that disease
and predatiop had combined under the spécial conditions
.existing'at Etosha and together were the major cause of the

decline in wildebeest and also in zebra numbers.
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Section 12

- POPULATION STRUCTURE

12.1 INTRODUCTION

The aim of thisvinvestigation was to estimate the total -
population of wildebeest at Etosha, to examine its structure,
and to identify the factors which may have caused a decline

in numbers.

12.1.1 Decline in Total Population

Prior to aerial counts which cohmenced in 1966, only general
estimates of the wildebeest population were made. These
ranged from 20 000 to 30 000 wildebeest in 1913 (Jaeger, 1926-
‘1927), 7 000 to 10 000 in 1952 (Schoeman, 1952); 25 000 in
1954 (De la Bat, 1977 pers.comm.) and 30 OOObin tﬁe period
iending 1965 (Viljoen, 1967). In 1966 the aerial counts

were carried out in limited time and no population estimates
were possible (Ebedes ¢t al., 1967). The first dry season
aerial census in Septembef 1968, when wafer dependeht species
occupied "dry season concentration areas" (Bigalke, 1961),
gave a total of 4 073 wildebeest (Ebedes, 1968). According

to Ebedes (1977, pers.comm.), he underéounted by 10 - 20 & .



and estimated the total populatioh at 5 000. In April
1969 and February 1976 aerial strip counts were flown for
the first time at Etosha and were subsequently adopted in
preference to the previous method df random counting.
Thereby 4 773 (1969) and 4 789 (1970) wildebeest were
counted (Ebedes et al., 1970), but the increase over
previoue years was considered to be a result of the
improved method. Nevertheless, fixed-wing aircraft have
disadvantages, such as limited view and turning ability,
when eompared to a helicopter. " This became evident when
the first census of the Etosha plains was undertaken by
helicopter in September 1973 (Joubert et aZ.; 1973).
They eounted 3 717 wildebeest, an increase of 21 % over
the October 1972 couht of 3 078 (Du Preez, 1972). The

" subsequent counts T did by helicopter (1974 - 1978)
revealed a declining population whose numbers dropped froﬁ
3 300 to 2 493 (Berry, 1978). The decreasing trendvis

‘shown in Fig; 12.1.

12.1.2 Spatial and Temporal Distribution

The seasonal distribution of the wildebeest prulation is
illustrated in Fig. 12.2 and reflects the strong influence
of rainfall which resulted in dispersal over a large area
.between January and April (wet, hot season) and subsequent

concentration around perennial water sources between May
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and December (dry, cold and dry, hot seasons). During my
investigation (1974 - 1978) the population was divided into-
fwo discrete units. The westerly unit near Otjovasaﬁdu
comprised one mixed herd of up to 27 animals plus a few
solitary bulls.which grouped periodically into a bachelor
herd. 'Due to the isolated nature of the westerly unit and
because they inhabited terrain whichvmade them difficult
to locate, my observations were limited tovaerial census
and occasional sightings by vehicle. They appeared to be
more stable in numbers than the much larger, declining
population in the eastern sector of Etosha. - The latter
constituted 99 % 6f the total popﬁlation and was
concentrated in two areas, namely the Namutoni sub-unit
and the Okaukuejo-Halali sub-unit (Fig. 12.2). Although
some interchange occurred between these groups they

occupied discrete areas.

12,2 METHODS

12.2.1 Aerial Census of Total Population

A total of five censuses using a Hughes 300 C helicopter
and a total of three censuses using a Piper Super Cub ‘
fixed-wing aircraft were made in the period 1973 - 78.

On average, about 30 hours' flying time by helicopter



was required to adeqﬁately census the area inhabited by
wildebeest, and about 15 hours was needed by fixed-wing
aircraft. Wildebeest were counted individually in herds
numbefing up to 20, and 35 mm'photogréphic transparencies
were taken of larger herds for subsequent projection and
counting. In felatively small numbers, such as thoée
encountered in Etosha,vwildebeest are considered to give‘
.reliable counts from a‘helicopter, with closé to.lOOv%
sighting, especially with slow flight (Mélton, 1978 a, b).
Since his'fesulﬁs were obtained in the thickly vegetated
Umfolozi Game Reserve in Zululand, I considered the open

grasslands and comparatively sparsely vegetated thorn

savanna which wildebeest inhabit at Etosha to give very

close to 100 % sightings of the population. Conséquently

no upward adjustment of the census figures was made.
During aerial censuses I also noted the number of calves,
the'number of lone, territorial bulls and bachelor herd

bulls, as well as the number of neck-banded animals

sighted.

~12.2.2 Ground Observations for Age-Sex Ratios

Observations on whole herds were made to establish age-sex
and social status. Because of the synchronised nature of

' calving it was possible to identify up to four age classes,

namely O - 1 year, 1 - 2 years, 2 - 3 years and adult.
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Sexing of wildebeest is relatively easy, but required
practice (Watson, 1967), and needs no further explanation.
I was able to distinguish betﬁeen mixed herds and bull
‘herds,'thereby obtaining a confirmation of the proportion
of bull herds found in the population during aerial
census. During the dry season when wildebeest concentrated
at perennial fountains, a large and representative saméle
(31 %) of the population could be aged and sexed during
any one day.  This was facilitated by the good visibility
at fountains<m1theedgevof the Etosha Pan and by the habit
of wildebeest to aéproach water in file. In this way it
was poSsible to distinguish up to nine age classes during
ground observations while a tenth class, némgly lone,.

territorial bulls, could be identified during aerial counts.

12.2.3 Resightings of Marked Wildebeest

During this investigation a total of 60 wildebeest were
immobilised and marked with'numbered neckbands. I used
thevLincoln Index (Overton, 1971) on marked wildebeest
_which were subsequently resighted in the herds, to
estimate the total population. Thus I was able to
compare theée estimates with thedirect counts made from

the aircraft.
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12.2.4 Age Determination by Tooth Attrition

To establish mortality patterns in wildebeest, a total of
283 skulls were recovered from the areas occupied by the
eastern pepulation unit of Etosha. I made a chronological
table of tooth eruption and infundibular attrition;

based on data from Talbot and Talbot (19263) and the
vvdetailed investigations by Watson (1967) and Attwell (1977)
into wildebeest age determination. I also established the
ratio of maxillary premolar and molar crown height to

root length_and noted the degree of root apex occlusion.
Because investigation of incremental growth 1ayers'of
cementum or dentine is time consuming and not always
infaliible (Spinage, 1976), especially in older animals
which experience root resorption (Watsen, 1967), I did

not ‘attempt to relate growth layers to age.

Also, the deposition of dental layers may not all be

related to tooth attrition;  for instance, 18 % of the
sample inveetigated by Attwell was considered unsatisfactoryQ
Furthermore, there is uhcertainty whether4the deposition
rete of dental layers is governed by seasonal factors such
vas nutrition (Smuts;bl974; Spinage, 1976) or is the

resuit of an endogenous rhythm (Grimsdell, 1973). During
my study 10O premolars énd molars were sectioned, polished

and examined for incremental growth layers under a
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dissecting microscope at 6 - 50 x magnification. However,

the manifestation of several errors in this technique, such
as p0551ble misinterpretation of accessory and double lines
of growth, precluded its objective use and will require

" more detailed investigation. I therefore relied on tooth
eruption sequence which provided an accurate means of
‘ageing wildebeest up to three years. Infundibular
attrition, used in conjunction with Attwell's (1977) data,
gave a practical assessment of age classes above three

years.

12.2.5 Predictive Modelling

A preliﬁinary model, based on the methods of Starfield
"et al. (1976) and Shiell and Starfield (1977), was tested
on a Univac 1106 computer by’changing critical parameters
.which may have influenced the population. The parameters
tested were number of lions, yearly kill rate of lions,
calf survival rate; and birthrate.‘ The model was
initiated with the earliest, reliable census figures and
was run fcr 10 consecutive years (1973 - 1982) to obtain
predictions for change in the wildebeest population.

Field data for the period 1973 - 78 were used to adjust

the model to existing situations.
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12.3 RESULTS

12.3.1 Estimation of Total Population

The counts made by helicopter and fixed-wing aircraft are
given in Table 12.1 and include resightings of marked
wildebeest. A second, indifect estimation of the total
wildebeest population was obtained by resightingé of

marked animals from the ground (Table 12,2). ‘The total
popﬁlation was éstimated by applying the "urn model"
proposed by Overton (1971) for caiculatingbby Lincoln

Index and for setting 95 % confidence limits. I conéidered

this model to be the most suitable for my‘purpose because :
(i) the population was discrete;
(ii) the number of marked animals was known;

'(iii) a known sample of observations was made;

(iv) no bias existed in respect to the observation

of marked versus unmarked animals.

Thus N = n M/x

where N = estimated number of wildebeest at Etosha
n = number of wildebeest sighted
M = number of wildebeest marked
x = number of marked wildebeest sighted
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The results indicate that, on average, aerial and ground
counts underestimated the total population by 11 %.
However, because the possibility existed that marked
wildebeest could have died during the interval between
marking and a count, the'number of marked individuals

(M in the formula) may'have been too high. Cohsequently
I did not make any upward adjustment of the aerial counts;
Based on field experience, I considered the best estimate
of population numbers to be based on 39 separate gfound
counts (Table 12.2) which overestimated thé theoretical

population number, as gauged by Lincoln Index, by 3,2 5.

12.3.2 Age-Sex Ratios

Table 12.3 shows the range and mean jearly ratios of the
age-sex and sociél status of wiidebeest at Etosha. The
range indicafed change in a particular component of the

population during thfeyeariand was a measure of mortality
rate in calves( immatures and sub-adults. In the case

of adult bulls the yearly range also reflected their

seasonally changing social status.

12.3.3 Age-Sex Ratios in Mortality

A total of 15 age classes from birth to approximately 14

years were distinguishable and 197 of the 283 skulls could
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be accurately sexed (Table 12.4). Although the allocation

‘of yearly age classes to the sample of skulls must be

treated with caution because of individua} variation in the
rate of tooth wear (Watson, 1967; Attwell, 1977) the data
are accurate from birth to three years. From three years
to‘lO years éf age there may be a variation of up to one
year in the estimated‘classes and for wildebeest older
than 10 years this variation could be up to three years.
Nevertheless, the age-sex classes which are subjected to

the greatest mortality are c1early evident in Table 12;4.

12.3.4 Wildebeest Population Model

The trend in the population total was simulated by applying
realistic values for the model's selected parameters
(Table 12.5). Thereby the population model totalled

2 501 in 1978.which waé close to the final aerial count of

- 2 493 wildebeest. Having established this preliminary

model I then "tuned" the data input as suggested by
Starfiéld.et‘al. (1976) to find which parameter levels
would have to exist to maintain the population.at its
1978 total (Table 12.5). Subsequently, I purposely
altéréd each major parameter by an increase of 10 % and a
decrease of 10 % (Fig. 12.3) to‘predict the éopulation-
trend until 1982. A similar procedure (Shiell and

Starfield, 1977) was used on wildebeest and zebra populations
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models to test the sensitivity of parameters in the.Krugér
National Park. ' In the case of Etosha's Qildebeest these
increases and decreases were realistic and_cduld
conceivably occur if predation, calf survival and
reproductive success were favourably or unfavourably
“influenced. The model I used was kept relatively simple
to avoid confounding the prédictions (starfield et al.,

1976).

'12.4 DISCUSSION

12.4.1 Population Structure and Mortality Patterns

‘The stfucture of the Etosha wildebeest population>was
established by taking the mean of three years of ground
counts (1976 - 78) which were considered.to be more
detailed and accurate than total aerial counts, except

in the case of lone, territorial bulls where aerial
counts were used (Table 12.3)._ Nevertheless, the aérial
counts‘gave'a feasonably éimilar population structure to
that obtained from ground counts, thereby confirming that
the grpund counté.were representative of the population.
The detailed4population strﬁctu:e ié given in Table 12.6
.and I have chosen to compare it with the resﬁlts of a

similar investigation by Attwell (1977) which was, however,
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Table 12.6 : Population structure of the Etosha wildebeest
population (1976 -~ 78), compared to a
Zululand population investigated by Attwell

(1977)
Criteria used Area
Etosha™ Zululand™®

No. of wildebeest sampled 3 907 j 800

| Sample as % of population - 31,0 30,0
% Lbne; territorial bulls ' 3,7 9,0

| % Breeding herd bulls ' 2,7 ' 5,5
% Bachelor herd bulls | | 14,7 11,9
Mean size of bachelor herds | - 8,4 5,6
Range in size of bachelor herds 2 - 120 2 - 16
% Total full-grown bulls o 21,0 26,4
% Breeding herds » , 79,0 79,1
Mean size of breeding herds 33,7 14,4
Range in size of breeding herds 2 - 370 2 - 40
% Calves in breeding herds 39,0 { 19,4
% Calves in total population 22,0 | 15,4
% Immatures (1 - 2 years) ' 14,0 19,8
$ Sub-adults (2 - 3 years) 1 10,0 -
% Adult cows 33,0 38,5
Immature bulls : immatufe COWS 1 :1,17 -
Sub-adult bulls:sub-~adult cows 1 :1,53 ' -
Adult bulls : adult cows 1 :1,57 1 : 1,49
Calves : adult cows 1:1,50 1: 2,50

Based on ground counts (1976 - 78)

X Based'on aerial count (August, 1974)



488

based mainly on aerial observations. This comparison
attempted to establish which'components of the two
populations_were ;imilar, in view ofbthe fact that Attwell
(1977) estimated a 3,8 % decline in the population he

studied.

.Frém the data presented there appeared to be proportionately
fewer full-grown bulls at Eﬁosha and consequently relatively
. more adult cows in the population (1 bull : 1,57 cows_ét
Etosha, compared to 1 bull : 1,49 cows (Attwell, 1977)).
This suggests that bulls af Etosha were subjected to a
highér mortality rate and is borne out by the sexfratio

from skulls collected at Etosha (Table 12.4) which was

1 bull : 0,38 cows (X = 146,69; P < 0,001). In the
Kruger National Park adult wildebeest sex ratios were more
disparate (1 bull : 2,6 cows) which indicates an even
greater mortality in bulis, prQbably.due to a high rate

of predation (Braack, 1973).: Disproportionate mortality

of males in free-ranging ungulate populations is a well
established phenomenon (Watson,_l967} Estes, 1968;

Mentié, 1972; Crowe and Livérsidge, 1977; - Hamilton et al.,
©1977; Sinclair, 1977). Moreover, inCreased mortality

in adult bulls is, in turn, an indicator of predation
pressure (Schaller, 1972) and lone,'tefritorial bulls may

be particularly vulnerable to predation (Watson, 1967;

Estes, 1968). Thus, when it is considered that lone bulls
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made up only 3,7 % of the<Etdsha éopulation compared to
5,0 % in Kruger Park (Braack, 1973) and 9,0 % in Zululand
(Attwell, '1977), it is apparent that predation was a
sighificant factor in Etosha's bull wildebeest mortality.
This higher mortality in males is also illgstratéd in the
ratio of immatures at Etosha (1 bull : l,i7 cows) whiéh
is closer to parity than the sub-adult ratio of 1 bull -
1,53 cows or fhe adult ratio of 1 bull : 1,57 cows. Thus
there appears to be a logical progression of predation on
the maturing bulls if it is considered that the sex rétio
of wildebeest at birth is not significantly disparate

(Braack, 1973).

Bachelor'hefds at Etosha were larger than those in .
Zululana and this would afford the individual members a |
greater measure of protection from predators through
increased vigilance (Powell, 1974; Siegfried, 1980).
The,greatervnumber of bacheloflbulls present at Etosha,
compared to Zululand may, in part, reflect the survival
value of a larger'hefd size. With regard to breeding
herd bulls the lower percentage of this component at
Etosha can be explained by the fact that proportionately,
fewer and larger breeding herds, each with a herd bull

in attendance, existed at Etosha than in Zululand.

Ccalf survival at Etosha appeared to be higher than in



Zululand (0,5 compared to 0,4; Table 12.7) and is
confirmed by the higher percentage of calves in the

total population and by the ratio of calf : adult cow.

When the mortality patterns in Etosha wildebeest ére
examined (Table 12.4) it is evident that the heaviest
.mortality in adults of both sexes occurred in the three
to six year-old group (48 % of éll skulls found).
‘Furthermore, 91 % of all adult deaths had taken place at
the age of 10 yéars. No inferprefation of mortality in
wildebeest ydunger than three years was attempted from
skulls found because of the rapidity with which immature
skUlls and horns are destroyed. Nevertheless, the
available data show £hat at least 14 % of population

'mortality occurred in the one to three year-old age group.

In comparison, Attwell's (1977) findings in Zululand were
;hat 48 % of adult mortaiity occurred in the four to six
year—-old age group and that at 10 years of age 74 $ of
the adults had died. Therefore mortality in four to

six year-old wildebeest was the same in Etosha's and
Zululand'é samples but the four to 10 year-old mortality
rate was higher at‘Etosha (89 2). Consequently, 26 %
‘of Zululand's aduit wildebeest attained an age of more

than 10 years, while at Etosha only 11 % exceeded this

age.
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In summary, it appeared that the mortality patterns in neo-
natal calves among Etosha's wildebeest were typically high.
Also, up to fhe age of six years mortality was very similar
to declining populations at Kruger Park (Braack, 1973) and
Zululand (Attwell, 1977). Adult mortality at Etosha was
greater than other populations, up to the age of 10 years,
with only 9 % of the pbpulation surviving beyond this age.
When compared to other declining populations such as»in
Zululand and Kruger Park it seems as if maximum longevity.
of Etosha's wildebéest is approximétely 14 years and
thefefore about seven years less than the maximum age of
21,5 years (Braack, 1973) and 21 years (Attwell, 1977)
recorded in these 6ther populations. The data from my
investigatién are strongly suggestive of a normal calf
mortality while the adult segment, especially'lone,'
territqrial bulls, are subjected to heavy mortaiity due to
-a éombination of predators and disease. The endemic
nature of anthrax at Etosha (Section 10) appears to have
led to an unnatural predator—prey live mass ratio

(Section 11). This in turn has resulted in a situation
where mortality exceeds the birthrate and a consequent

decline in population.

12.4.2 The Etosha Population Model in Comparison with

Other Areas

The model I used simulated Etosha's wildebeest population



at its annual peak in numbers, namely, the end of the'
calving season, which is during March. To keep parameters
simple, only four age classes were used and sexes were not
distinguished. ' Three critical parameters wére selected
to represent intrinsic and extrinsic pressures which may
‘have limited the;population. . These are birthrate, calf
survival which leads to recruitment rste, and mortality

of animals oldei than one yeaf. To simulate conditions
at Etosha, the mortality was ascribod to the existing

lion population and their yearly kill rate per adult,
hunting lion. Furthermore, in doing this, I assumed that
all wildebeest older than one year which died were
eventually eafen by lions, although the proximate cause of
death may Have been disease, especially anthrax (Section
iO). in estimating the adult lion population and their
kill rate, I_réferred to punch card data at Etosha
Ecologicsl Institute from 1973 - 1978 and my observations
during this study (n = 912 pride compositions; n = 139

wildebeest carcases; Sections 10 and 11).

Calf survival rate was taken at 0,5 on average and
simulated the mortality from the end of the calving period
to one year .of age which was established by observation.
To simulate aduit birthrate I calculated that, on average,
63 % of the adult population were cows and that they had

a conception rate of 87 % (Table 12.3). Consegquently,
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_ thé upper limiﬁ for adult birthrate would be 0,54. However,
to reflect losses from aborted pregnanciés, still-born
calves and calf mortality at a very young agelwhich my
observations on calf survival counts did not detect, a
lower value of 6,35 was used. In detefmining this figure,
I took into account the fact that up to 50 % of new-born
calves may die (Talbot and Talbot, 1963). Unlike the
wildebeeét'population at Kruger National Park where
precdciousness in two year-olds resulted in a birthrate of
0,21 in this age group (Starfield et al., 1976), I did not
record any pregnancy or calving by immatﬁre wildebeest at

. Etosha.

Although the seasonal rainfall influenced the wildebeesf
population, it tended to confound the prediction of
population trend because compensatory factors may have
been brought into play. Fof example, years of low
rainfall decreased calf survival rate but this was
compensated for by a decrease in predation, because the
shorter grass cover afforded wildebeest improved
Qisibility. Conversely, in years of high'rainféll the
increase in calf survival was offset by improved
‘conditions for predators. Impinging on these patterns
was the considefable effect of disease, notably anthrax,
which varied in intensity depending on the temporal and

spatial distribution of the rainfall (Van Ness, 1971).



- Consequently, anthrax outbreaks may be as severé under low
rainfall conditions aszwhen heavy rains occur (Ebedes,
l976b). As a result, I have purposely "tuned" the lion
population and their kill rate in the model to include the
anthrax component of mortality, leaving the pafameters of
birthrate and calf survival conétant and based on a

calculated mean.

It is clear from the model that extrinsic factors such as
rainfall, predatibn énd-disease'are less predictable than
intrinsic properties of the population, namely birthrate
and calf surviﬁal, although birthrate appears to be a
very sensitive parémeter for change in the population as

will be discussed subsequently (Section 12.4.3).

If the Etosha wildebeest population is compared to éther
free-ranging populations in regard to birthrate and calf
survival, then the former parameter is somewhat léwer
while the latter is considerably higher than mést other
"populations with the exception of Wankie National Park,
Rhodesia (Table 12.7). Etosha and Wankie have similar
rainfall‘regimes and it may be that their aridity resulted
in the apparent inability of two year-old cows to
reproduce, as well as a lower birthrate in adult cows.
However, both Etosha and Wankie had very éiﬁilar calf

survival rates and in both areas calves formed 22 % of the



total population. Reviewing the data in Table 12.7 a
general trend is evident, namely, that well-watered areas
which supéort large populafions of wildebeest such as

East Africa appear to have highér birthrates than the arid
areas of Wankie and Etosha. In Kruger Park and Zululand;
both areas of moderate rainfall, wildebeest birthrates are
intermediate to those iﬁ East Africa and Etosha.
Conversely, the hugé wildebeest herds encountered in East
Africa result in'a low calf survival rate, in which calf-
cow separation is a major factor (Watson; 1967). The
smallerAherd sizes in Zululand, Wankie andvEtosha appear

to favour calf survival.

12.4.3 Sensitivity of Parameters in the Model to Change,

and Future Predictions

The effects of a.lO % change in each of the parameters
selected for the model of Etosha's wildebeest population
are clearly evideht‘in Fig. 12.3. The order of
increasing sensitivity fo change is calf survivai, lion
population, lion kill rate and wildebeest birthrate. The
parameters required for_an hypothetically stable
population are detailed in Table 12.5. It is unlikely
that the population of ¢. 2 500 wildebeest in 1978 wiil
remain at this level, since African ruminant populations

display cyclic fluctuations (Sinclair, 1973b).
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The modelled changee of + 10 %3 which I have ap?lied to
selected parameters could conceivably occur within the>
space of one seasonal year'andvindeed they could be much
vgreater in the event of a natural catastrophe. It is
worth noting that a iO % change in calgisurvival predicts

an increase of 1,0 $ and a slightly larger decrease of

1,1 % in population numbers after one year. Similarly,

a 10 % decrease in the lion populatioh results in a 1,4 %

increase in wildebeest, while a 10 % increase reduces
the population by 1,9 3. A decreased kill rate gives
1,6 % more wildebeest,vwhereas an increased kill rate of
the same magnitude (10 %) gives 2,4 % fewer wildebeest.
The birthrate is evidently the parameter most seneitive
to change, namely : 3 % population'increase or decrease

in response to a positive or negative change of 10 %.

If these relatively small changes in parameters are
projected four years into the future (1982) then the
cumulative effect is noticeable. For example, a

continued increase in calf survival of 10 % results in a

population increase of 5,6 % and a continued 10O % decrease

in calf survival resultsvin a population decrease of
5,1 8. In comparison, the more sensitive parameter of
birthrate gives 8,4 % increase and 7,8 % decrease
respectively. These predictions are for changes in

single parameters only and if two or more parameters were
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- to change simultaneously in favouf or against the
wildebeest population the consequences could be
considerable. For instance, it is possible that
prolonged drought could decrease birthrate aﬁd caif
survival and also increase adult mortality through an
epidemic of anth;ax (the latter effect would be reflected

in the model as an increased lion kill rate).

These projeétibns have been made with the view to
.underlining the sensitivity of the Etosha wildebeest
population to relatively small chanées in their-
environment. The consequences of a drastically altered
environment in othér wildebeest habitats, notably the
Kruger Natidnal Park, are evident in the findings’of
Shiell and Starfieid (1977) that wildebeest are not as
resilient to change as, for example, Burchell's zebra.
It follows that any attempt to modify a particular
parameter at Etosha, for instance by culling lion, may
allow the wildebeest population to recover, but could
very well lead to an explosion of the zebra population.
Management plans should as a result be made with
circumsbection, since the modei proposed here has been
purposely simplified, thefeby isolating the wildebeest
population from.the remaining ecosystem‘to a great
extent. Nevertheless, the model I have presented

serves as a first approximation by applying available
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data. It can be used, albeit cautiously, as a baseline
to predict what would happen to the wildebeest population

in a particular situation.

12.5 SUMMARY

12.5.1

Fellowing an apparent drastic'decline in the wildebeest
populatien at Etosha from ¢. 25 000 to 3 000 over a period
of 20 years, a series of total couﬁts were made by
“aircraft to establish the population size more accurately.

During the five-year study period the numbers decreased

X

by a further 24 % (3 300 to 2 500). Marked individuals,
released iﬁto £he free-ranging pepﬁlation, gave an
additional method of estimating population size, whieh,
when calculated by Linceln Index, showed a mean under-

estimation of 11 % in aerial and ground counts.

12.5.2

Age-sex ratios were established by seasonal observations
over a period of three Years. Calf percentage was normal
in eomparisoﬁ to ether areas ih Africa, but lone,
territorial bulls Were proportionately fewer than another

declining population in Zululend. However, because of
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_ relatiQely large bachelor herds, total perceﬁtage of bulls
in the'population did not differ greatly from other areas.
The size of Etosha's breeding herds was, on average, 34

~animals compared to 14 animals in the Zululand population.

Consequently, proportionately fewer herd bulls were
present at Etosha.' Maturing wildebeest reflected a
disproportionate, sex-linked mortality favouring the -
cows, the adult ratid being 1 bull : 1,57Acows which was
closer to parity than sex ratios in thes Kruger National

Park, bﬁt more disparate than in Zululand.

12.5.3

From a sample of 283 collected skulls, mortality patterns
were relatéd to age by tooth attrition and to sex‘ratios
by horn development. Immature animals were under-
represented in the Sample, invalidating the use of skulls
as a means of gauging immature mortalitieé. Adult
mdrtality in both sexes was greatest between three and
six years of age (48 % of all skulls found) and by 10
vears of age 91 % of all adults had died. The maximum
longevity recorded was approximately 14 years. These
mortality patterns corresponded well with those found in.
two other declining populations except that fewer
wildebeest at Etosha survived beyond 10 years and maximum

longevity‘was reduced by about seven years. A combination



of disease (anthrax) and predation pressure appeared to be

the'most likely cause of this early adult mortality.

12.5.4

A computer model‘was used to simulate the declining
pbpulation by manipulating thelcritical parameters of
‘birthrate, calf survival and combined mortality iﬁ all
other age groups. Plausible mean Valﬁes wére 0,35 for
birthrate which took into accouht neo-natal deaths and
_0,5 for calf survival. Mortality rates in animals

older than one year were established from field
observations and gave a yearly range of 260 - 700 during
the fivevyea; period on which the population was modelled.
This mbrtality exceeded the recruitment rate of two year-
0ld wildebeest to the breédingvstock. Lions were
assumed to be the ultimate\faétor:in wildebeest mortality
for the purpose of the model although anthra£ disease

was in many insténées the proximate factor. Birthrate
was found to be the population parameter which was the
most sensitive to change, followed by lioh kill rate, the
number of lions and lastly calf survival rate. Further-
more, overall birthrate in Etosha Wildebeest appeared to
be léwer than most other free-ranging populations, partly
because cows in their second year did not reproduce.

This lower birthrate appeared to be compensated to a
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‘certain extent by a normal to above average calf survival

rate.

12.5.5

Projections of population trends until 1982 showed that
relatively small changes in the parameters, namely a 10 %
increase or decrease, would result in éhanges 6f between -
5 and 9 %.in total popﬁlation. However, in the event of
a succession of major,.unfavourable changes in the -
environment, such as could be expected under drought
Conditions, the wildebeest population would decline
drasticélly. The model was a gross simplification of
the complicated ecological processes governing the
wildebeest population and did not consider the species
..interactions which would be éffected in the event of

changed parameters.

12.5.6

'~ When viewed against the past history of Etosha, where

changed conditions have resulted in the present drastically

reduced wildebeest population, it seems unlikely that the
former numbers will be regained. Instead, management
plans should be directed at maintaining the wildebeest

population at its present level. Since disease, notably
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anthrax, appeared td be the proximaté cause of decline.
during the study, further research in this field is
essential. The culling of lion or oﬁher predators is
not recommended because it may,only'serve to alleviate
the symptoms. - The obvious choice is to treat the cause,

" not the_effect.
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Section 13

GENERAL SUMMARY AND CONCLUSIONS

"This variety /of antelope/ does not exist for our
amusement or for our contempt; it has evolVed as
a complex of creatures making'the fullest possible

~utilization of part of a habitat. .'; evolution
is, as it were, always probing unoccupied niches

or finding new niches."

F. Fraser-Darling (1960)

Wild Life in an African Territory

.13.1 INTRODUCTION

In order to understand why the present environment at

Etosha has changed to the detriment of the wildebeest
population, it is helpful to consider the factors which
shaped the evolution of ruminants and,.in particulér,
African antelope. The primary determinants of food, water,
climate, disease and predation which changed the
environment, consequently made niches available to different
species. The inter- and intraspecific competition which
developed from niche overlap were the mechanisms by which

biological change occurred. In addition, the reproductive
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adaptations of species which evolved, had a profound
influence on the ability to survive a éhanged environment.
With theéevconsiderations in mind, I intend to synthesize
the implications of the results obtained in the present
study and then make practicalirecommendatiops for a |
management strategy thch may hélp to halt and possibly

reverse the decline in wildebeest numbers at Etosha.

13.2 'EVOLUTIONARY HISTORY OF AFRICAN UNGULATES

Although the first well-defined Artiodactyla can be traced
back to the Eocene, approximately 350 - 555 yrs BP, the
fossil-recofd of Tertiary period mammals indicates that.
~African ungulatés appeared,lz6 - 256 yrs BP during the
. Miocene (Cooké, 1972). The environmént of the forerunners
of these eariy ungulates was probably more equable than it
is now, in regérd to topography, climate and vegetation
(Moreau, 1952).  According to Cooke (1958, 1972), Africa's
landscape during the Eocene-0ligocene was‘topographically
monotonous, rising gfadually from sea level to a highland
of less than 1 700 'm. . Mean temperatures may have been |
higher than the present (Ddrman and Gill, 1959) and the

continent was well watered, giving rise to areas of forest

interspersed with savanna (Cooke, 1972).



With thé advent.of the Miocene, the ungulate fauna included
essentially African Bovidae (Géntry,A1968) and were equipped
with typical horﬁlike organs (Geist, 1966). These early
bovids commenced to diversify at the generic level in a
climate where temperatures were still above the present

and rift faults plusivolcanic activity changed the. formerly
even topography of north and east Africa (Cooke, 1972).
Based on evidence from oceanic cores, Siesser (1978)
suggests that a hajor cooling and upwelling of the Benguela
‘current in the late Miocene (ec. lO6 yrs BP) initiated
aridification of the Namib desert in the soﬁth*west of

Africa.

It'appears, however, that the central and east African
vegetation during the Miocene was basically similar to the
existihg WOodland-savanna environment (Chaney, 1933).
Declining températures, coupled with topographical
elevations in the Oligocene-Miocene should be viewed as
primary causés of the emergence of distinct climatic zones
and a considerable extension of the savannas . (Cooke, 1972).
These in turn favoured the adaptive radiation of ungulates.

6 yrs BP) was characterised by further

The Pliocene (36 - 12
topographical uplifting, coupled with volcanic activity
(Cooke, 1972). These geological events had a pronounced

climatic effect on the entire continent, withvdesértification



taking_plaee in the Saharan and Kalahari areas (King, 1962).
The Bovidae by now .included alcelaphine ferms whose great
diversity, as shown by fossil records, supports.the
“hypothesis that they were‘essentially African in origin

(Wells, 1957). -

Pleistocene fossil faunas of Africa indicate that this
successfui radiation of ungulates continued (Cooke, 1963).
However, a considerable numbet of bovid species, notably
the alcelaphines became extinct, probably due to their
inability to adapt to climatic change which accompanied
the alternating glacial-interglacial periods of the
Pleistocene (Cooke; 1972). Nevertheless, it is highly
probable that the Bovidae underwent a considerable
diversification during the stresées imposed by Pleistocene
climate and that they were completely differentiated to
the generic level at the beginning of this period (Wells
and Cooke, 1957). If this history of ehanging habitat and
its effect oﬁ the eﬁolution of African ungulates is
related to the present situation, the dominance of the
Bovidae with 78 extant epecies (Bigalke, 1972) can be

satisfactorily explained.

Understandably, the literature contains no reference to the
role of disease and parasites in the vertebrate faunas

during the Tertiary—-Quaternary, but the pressures exerted
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by predation are evident. The early carnivores, in the
form of Hyaenodontidae, evolved at the start of the\
Oligocene (Cooke, 1972) and so preceded the Bovidae. Thus
the bavids were prbbably éubjected to considerable
predation during their Miocene development when the
Canidae, Viverridae and Felidae were established (Savage,

1965). - The Hyaenidae consolidated the role of predators

during the later Pliocene (Hendey, 1970).

In summary, it is apparent that the presenthfrican bovids
have prehistoric origins and that their evolution has been
Shaped by environmentai pressures exerted on ancestral
forms ovér';illions of years. Their present dive:sity,
which is unparalleled by any community of large, terrestrial
mammals in existence (Bigalke, 1972), is the result of
sﬁcceséful adaptation to significant but slow changes in
the environment. It is important to the present situation
confronting wildebeest at Etosha and elsewhere in'Africa,-
that the time span required to produce ungulaﬁes as

highly specialised as wildebeest, must be taken into account
" when evaluating the effect of a rapidly changing, modern

environment in which man has the greatest impact.



13.3 ECOLOGICAL SUCCESS OF AFRICAN RUMINANTS

Here I use the term "ruminant" for any artiodactyl that
ferments cellulose.in its stomach. The success of
ruminants, and in pafticular the Bovidae, has been due to
their ability to adapt to long term environmental changes.
These adaptations have enabled them to colonise most of
the habitats which‘developed in Africa. It is generally
accepted (Keast, 1968, 1972; Bigalke, 1972; Jarman, 1974;
Sinclair, 1977) that vegetation is the all-important |
factof in terrestrial herbivore biology, providing food,
water, shelter from unfavourable climate and protection
from natural enemiés. Following Davis' (1962)
claSsification of six biotic éones in Africa; it is clear
that bovidé have successfully colonised the entire African
continent.

Bigalke (1972) draws attention to the fact, however, that
the bésic dichotbmy in extant bovids can be made between

forest and non-forest forms, a difference extending back to

the ancestral ungulates which inhabited the woodland-savanna

mosaic of the Oligocene (Cooke, 1972). . For the purpose
of this summary, I intend to examine the situation

‘relating to savanna antelope only.

The mechanisms which enable Africa to support 78 bovine
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species have been listed by Keast (1972) who comments that
savanna predoﬁinates in‘Africa, supporting 80 % of the
bovine species. Furthermore, antelope communities exhibit
the greatest number of species and produce the greatest
biomass iﬁ grassland and savanna, both factors being
attributable to their manner of feeding, food digestion and
their group size which are coupled to anti—predafor

behaviour and social organisation (Jarman, 1974).

To achieve this adaptivé radiation, the bovids inhabiting

savanna evolved several major characteristics which remain
vitai to their éurvival in an environment characterised by
short, unreliable rainy seasons; prbducing grass with high

levels of crude fibre. These are :

(1) The development of a capacious rumen which enables
the diet, comprising mainiy grass cellulose of low
digestibility, to be effectively converted by
microbial action into protein and digestible’
carbohydrates. Rumen bactéria are also able to
synthesize vitamin B complex, making the ruminant
relatively independent of an external source.
'Furthermore,.the ruminant stomach allows the
recycling of non-protein nitrogenous substances, in
the form of urea, to take place effeqtively via the

" blood and the saliva. Urea conservation is further



(ii)

advantageous in that it assists ruminants to
conserve water since excreted urea requires a
certain amount of water (Schaller, 1967). In
common With other ungulates, ruminants can
accumulate large amounts of cafotene during the
nutrient flush in plants, for storage as vitamin A
in the liver, and they effectively synthesize
vitamin C. Thus the ruminan£ is able to contend
very satisfactorily with the erratic supply of

nutrients produced by a capricious environment.

The evolvement of a quadfi—tubercﬁlar mouth
morphology With blade-1like lower incisors and
canines designed for rapid cropping and ingestion
Qf the forage fof subsequent reduction by chewing
the cud with grinding, molariform teeth. This
adaptation has been described as the "eat and run"
phenomenon which favours predator avoidance (Janis,
1976) and also thermoregulation, in that ruminants
are able to move from open grazing areas and shade
from direct solar radiation during the digestive
processes. A possible additional advantage of not

being obliged to masticate food thoroughly at the

feeding site would be the concealment of the newborn

-young while the mother moves about foraging for

relatively bfief periods.
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(iii)

(iv)

(v)
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The specialised limb morphelogy in artiedactyls by
way of a unique, deuble trochleared tarsal joint |
which has contributed to their survival by allowing
escape from predators throughlextremely rapid

acceleration (Janis, 1976).

The development of horne, which in males, and
sometimes females, can be effectively ﬁsed torcounter'
predator attacks and also in inter- or intraspecific
attack/defence situations (Leuthold, 1977). In

thoee ruminants having curvature of the horn cores,
such as alcelaphines, a further advantage exists in
bringing the centre of grAVity closer to the head,
thereby favouring balance dufing flight situations,

while retaining horn strength (Vrbra, 1971).

The evolution of a largeibody size in the majority
of species, which resulted in more effective long
distance locomotion coupled to energy conservation.
The latter is well illustrated by Benedict's

(1938) "mouse to elephant curve". These, iarge,
savanna-dwelling ruminants were able to develop
migratory habits Which enabled them to search for
and find the best quality forage during the brief
rainy periods which characterise large areas of

Africa's grassland savannas.
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(vi) The high degree of development of the neocortex of

the telencephalon, which is liﬁked'to'a trend in

~ greater social organisation and a change frbm browser
to grazer (Oboussier, 1979). This brain development
is also correlated with specialisation of the
stomach's strﬁcture as well as the morphology of

the lower jaw. The‘strong social characteristics
exhibited include territorialism which is
vadvantageous in. tropical regions where reduced
seaSonal fofage surpluses.favour high lbcai

population densities (Owen-Smith, 1977).

Thus, if these majbr chdfacte:istics, most of whiéh are
unique to ruminants, are coﬁsidered, it is not surprising
that they, énd in particular the Bovidae, have achieved
far greater success in their adaptive radiation than the
Equidae. There are 78 bovid species as opposed to five

equid species in Africa (Keast, 1972).

Dissension about the so-called "inefficiency" of digestion
in equids has been voiced by Janis (1976) who maintains
that caecal fermentation is superior>to the ungulate rumen
for dealing with a high crude fibre content in the forage.
It is acknowledgedvthét ruminants are less efficient
utilisers of energy and protein than non-ruminants (Reid,

1970; Smith, 1975; Owens and Isaacson, 1977). Consequently,
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if the mechanism of the rumen, namely pregastric
fermentation, is viewed against Hutchinson's (1957) concept
of "niche", then it‘becomes evident that thé microbial-
mammal symbiosis which exists in the ruminant, leads to
expansionvof the realised nutritional hiche, as argued by
Kinnear et al. (1979). They furthermore pose the hypothesis
that /ruminant and ruminant—liké mammals occupying these
relatively less nutritious, expanded niches largely avoid
competitive overlap for food by herbi&ores possessing
different digestive systems. What emerées then from these
debated points, is that the successful colonisation of
Africa's qrassland;savannas by ruminating herbivores has
probably been brought about by the principle of competitiVe
exclusion. By including_a microbe component in fheir
digestive processes, ruminants have had to concede one
trophic level to their infefnalvsymbionts, thereby
lengthening their food chain and lessening their energetic
and productive efficiency (Kinnear and Main, 1975). They
haVe gained adVantageously, however, by being equipped to
6ccupy expanded, but less nutritious niches. In so déing
ruminants avoid competition by excluding other mammals with

different alimentary systems.



13.4 EXISTING ENVIRONMENTAL CONDITIONS
FOR WILDEBEEST AT ETOSHA

With these foregoing considerations in mind, I will now
relate the basic requirements of a typical savanna—-dwelling
- ruminant, namely wildebeest, to the situation existing at

Etosha, as evidenced by the present invéstigation.

13.4.1 Water Requirements

Being a bulk and roughage grazer of grass and therefore
‘dépendent on water; wildebeest at Etosﬁa exhibited a daily
drinking pattern‘during 94 & of observations. This
obligétion.to drink was further underlined by their kidney
" function which, although relatively efficient, did not
show reduced water ioss via the urine during the dry
season.. This was demonstrated by insignificant seasonal
differenceé in urine osmolality. Their dependence on
water confined wiidebeest‘to a measured grazing radius of
15 km from drinking places and although neither water
quality nor quantity were limiting during my study, it is
predictable that wildebeest.will be the first large
herbivore species to suffer during a drought when the

water—-food link becomes critical.
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- Wildebeest at Etosha have therefore enjoyed the.advantages
of a specialist grazer during the past five years, a period
of above average rainfall and good forage production.
However, the fencing of Etbsha was completed at the start
of this period and the wildebeest have not yet had to cope
with a drought under fenced conditions. If successive
drought years were to prevail then the water-food demand

in wildebeest may not be met by the relative availability-
"of theée two critical factbrs. Unéble to migrate out of
Etosha, the species may well be facea with the choice of

dying of thirst or of hunger.

13.4.2 Food ReQuirements

At least 97 % of the diet of wildebeest at Etosha consisted
of grass. | This they grazed selectivély,'having up to 75 %
of nutrient~rich grass leaf and grass»sheath in their rumen
during the wet season. Proximate analysis of the forage
'available to wildebeest showed-high crude protein levels
(18 %) in the wet season, declining to 4 % during dry
season dormancy. Thus, although there may have been a
marginal shortfall Qf crude protein at the nadir of grass
production, the feeding selectivity of wildebeest, their
ability to circulate urea via the blood and saliva, and to
synthesize protein in the rumen by microbial action, makes

it likely that no real protein deficiency existed at any
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time of the year. Similarly, the soluble carbohydrate
content of the grass (46 - 61 %) ensured an adequate supply
of highly digestible energy to wildebeest. In addition,
the crude.fibre present (27 - 34 %) constituted an
additional source of energy.through the ability of
symbiotic flora in the wildebeest's rumen to transform
cellulose into energy-producing, volatile fatty acids.
Thus, during the period of study, the energy/protein
supply of Etosﬁa'é grasslands was sufficient to meet the
démands of wildebeest and other large herbivores.
Phosphorus, copper and cobalt may have been marginally
deficient in the diet, but there was no evidence of this
in the nutritional status of the wildebeest, which was
demonstrably good. Consequently, nutrition was not
limiting to the population during the period 1974 - 78,
but because of the food-water link in wildebeest
nutrition, a critical shortage of available nutrients may

occur during a protracted drought.

13.4.3 Reproduction

‘The high pregnancy rate in adult wildebeest cows at Etosha
(x = 87 %).is a further criterion for assuming that
nutrition was adequate. The synchronised nature of

- wildebeest calving, which occurred during the peak rain

period of January—~February, indicated that the demand for



protein by reproductive females has adjusted to the

" seasonal supply of this critical nutrient. The quality

of wildebeest milk was further confirma;ion of the
nutritional adeguacy of the grass. Milk levels of protein
and fat greatly exceeded those of domestic cattle while
gross energy value of wildebeest milk was 6,14 J.g_l
compared to 2,91 J.g_l in dairy milk. Although there
appears to be a negative correlation betweeh the amount

of energy invested in reproduction and the subsequent
survival.or reproductive performance of the parent, specific
nutrients, such as nitrogen may be more important to the
cost of reproduction (Calow, 1979). Considering this and
taking>into account the levels éf energy and protein in
thevavailable forage; their relative levels in the milk,
the high pregnancy rate and good nutritional status of
pregnant cows, it was evident that Etosha's wildebeest
were reproducing satisfactorily. Consequently,

reproductive ability could not be a factor contributing in

any significant way to the decline in wildebeest numbers.

13.4.4 Climatic Factors

Wildebeest at Etosha were ablé to adapt successfully to
heat and cold by shading, panting and orientation of the
body to the sun and wind. The details of these

observations have not been included in this thesis and
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they will be reported elsewhere (Berry et al., unpublished
data). Nevertheless, for the sake of completeness, it
can be stated that Etosha's climaté was not considered to

be limiting for wildebeest.

.13.4.5 Disease and Predation

Apart ffom_anthrax, no other major disease was diagnosed

in Etosha's wildebeest. Anthrax featured prominently in
ali seasons at Etosha, with 'a peak during the wet season
when 76 % of the known mortality in wildébeest was due to
anthrax. The endemic status of anthrax Has been

achieved by the establishment of "incubator areas" for

the sporulated phasevdf the disease in alkaline gravél

pits created for road-building. Under the ideal
conditions which exist at Etosha forlanthrax, epidemics
occur fairly predictably during the rainy season. Etosha's
carnivéres are apparently not susceptible to anthrax and
have, moreover, benefitted from the food supply provided
by anthrax-infected carcases.. Additional stability for
the major carnivores, especially iion andrspotted hyaena
has been provided by artificial water points and carnivores
can now inhabit the entire grassland area permanently.
Initial estimates gave lion-prey ratios of 1 : 107 - 153
and combined predator-prey ratios of 1 : 72 - 105. These

ratios show that Etosha has, on average, 1,7 times the
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live mass of predator to prey than other areas of Africa.
Furthermore, wildebeest were a major prey species for lion
and hyaena. ATogether then, the combined pressures of
disease and predation are seen aS the major factors in the
reduction of wildebeest numbers during the period 1974 - 78,
although earlier decreases may have been caused by the

vadded effects of drought.

During the study,:adult mortality, as evidenced by tooth

attrition in a sample of 283 skulls, was highest between

o

three and six years of age (48 of all skulls found).

By 10 years of age.9l % of all adults had died. This
early adult moftality was more severe than in other
declining wildebeest populations. A computer model which
simulated-the population's demography‘and predicted

trends between 1973 - 82, showed that 260 - 700 wildebeest
older than one year died annually and that this mortality

exceeded the recruitment rate of sub-adults to the breeding

stock.

13.5 CONCLUSIONS AND‘RECOMMENDATIONS FOR MANAGEMENT

During the course of my investigation it became evident
that man's activities are basically responsible for the

decline in wildebeest numbers. The~initial impact on the -



former, migratory population was fencing, erected along
Etosha's boundaries and elsewhere outside the Park. Some
of these fences were veterinary cordons, 2,5 m high and
well.maintained. They virtually eliminated the species'
ability to migrate, especially during dréughts. When
Etosha was fenced, wildebeest énd most other large, free-
ranging animals which were outside the Eark at the time,
Qere progressively decimatedvby a combination of hunting
and COmpetition with expanding populations of man and his
domestic stoék. The stage 'is now reached where the-former,
migratory population of ¢. 25 000 wildebeest has been
eliminated.‘. It is true that Etosha's boundary fence is
 almost never totaliy intact because of the vagaries of an
expanding élephant population. Eléphant fence-breaking,
however, takes place mostly in_the woodlands of Etosha and

the portidhs of the fence which span the grasslands are

seldom affected. Such breaks are conspicuous and are
repaired rapidly. The plains animals are consequently
effectively fenced in. Moreover, with the expanded human

settlements which surround Etosha, most wildebeest which
manage to leave the Park's sanctuary are killed by

hunting and therefore lost in any event.

The extermination of the large, migratory herds was the
first phase in the reduction of wildebeest numbers in South

West Africa. The remaining population of e¢. 4 000, which
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was confined to Ethha by fénced boundaries in 1973, was
further subjected to two other man-made factors in the

- form of artificial water points and gravel pits for road-"
"building. | The former expanded and stabilised the
predator—-scavenger component; the latter created incubator
areas for anthrax bécilli. © The effeqts of abnormal levels
Qf disease and predation on wildebeest and other large
herbivores has been quantitatively demonstrated in this
thesis. I wishvtb reiterate that since the closure of
Etosha by fencing, the resident wildebeest population has
not been subjected to a drought. As discussed earlier,
fhe food-water link in wildebeest is critical and if
drought conditionsvwere to prevail,vthe populaﬁion will be

subjected to additional environmental pressure.

My recommendations for management to counter the present
situation must be based on practical considerations. There
are two major options open for consideration : either

modify Etosha's boundaries or attempt to manage within the

existing boundaries.

13.5.1

Modification of portions of Etosha's present boundaries
should be aimed at incorporating some of the original

habitat of the migratory wildebeest as well as other
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'migratory species. Esseﬁtially this would include two
natural features which currently lie in Owambo to the
-north of Etosha. .One is fhe plains system surrounding
Lake Oponono; the other is the Andoni plains system of
whiéh the majority lies outside Etosha. Without these
two areas, a truevmigratory situation cannot exist and
consequently the previous numbers of plains animéls will
.not be regained. However, any boundary changes to
Etosha will affect political geography and would require
consensus at the first £ier of government. As a reéult,
other factors.which are beyond the scope of the present
investigation will have to be considered. @ I nevertheless
submit that the expansion of the Etosha conservation area
to encompass the Andoni-Oponono region will favour the'
migratory herds. Moreover, this increased area of
conservatioﬁ could be'managed to the benefit of the Owambo
people through tourism and possibly wild animal ¢cropping
on a sustained yield basis. The present situation is an
impasse which may result in further reductions of

wildebeest and other large herbivores within Etosha.

13.5.2

Whether the boundaries of Etosha are changed or not, it
is essential, not only in the case of wildebeest, but for

most other herbivore species as well, to counter the
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" imbalance caused by abnermal levels of disease and predation.
Since disease, notably anthrax, appears to be the primary
cause of decline in wildebeest numbers within Etosha by
direct mortality and secondarily by increases in the
predator—-scavenger populations, it is imperative that
research into the restraint of anthrax at Etosha be
extended. Burning of anthrax-infected carcases and
closure of gravel pits or their isolation by fencing cannot
be considered sufficient, since neither practice can be
effectively earried out in an area the size of Etosha.
Firstly, it is highly unlikely that all anthrax-infected
carcases can be detected and burnt before the disease is
spread by agents such as scavengers, idsects, water and
wind. Secondly, it is also highly unlikely thatrall
.animal and bird life which may serve as mechanical carriers
of anthrax can be effectively excluded from the hundreds of
gravel pits in existence. The anthrax problem is one
&hich'will requife combined research by veterinarians and
ecologists;  In additioh, it is strongly recommended that
the expertise of_applied methematicians be used to assist
in building predictive models for anthrax epidemics at

Etosha.

13.5.3

The unnatural levels of predators and scavengers at Etosha

AN
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are a consequence not only of anthrax but also of the
artificial drinking places provided for enimals. Here
there are two possibilities for menagement. Either the
artificiallwater sources affecting the movements of the
pleins animals must be closedvor the surplus of

carnivores must be directly controlled by culling.

I recommend the closure of artificial drinking places in
preference to the culling of carnivores for several

reasons. These are :

13.5.3.1

Intensive culling of lien and spotted hyaena for a period
of four'years has metiwith'limited success elsewhere.’
Lion regained 90 % of their former numbers only 17 months
after cessation of culling; while the effects on hyaena |
were difficult to measure, but indicated a slow |

- recolonisation.

13.5.3.2

It follows from this that the culling of carnivores would
have to be a continual process, lasting indefinitely,
since'we are deadling here with an effect, not a cause.
Such an operation will require considerable manpower and

equipment.
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13.5.3.3

Unpredictable and‘undesirable side effects may occur when
~animals such as carnivores, which occupy a tertiary trophic
level in the nutrient and energy flow through a system,

are injudiciously removed. It will be very difficult,.at
the present state of our knowledge, to aecide corréctly
just what surplus'bf éarnivorés must be culled and also,
which age~sex components must be removed. Also, with
insufficient data at hand regarding the interrelations
between predators, prey and their mutﬁal environment at
Etosha, it would be not only premafure but unwise to

initiate a carnivore culling project.

13.5.3.4

Finally, on aesthetic grounds alone, the intensive, lbng
term culling of predators and scavengers in a proclaimed
National Park will not meet with approval of national and

‘international bodies of dpinion, including the lay press.

Instead,‘I firmly recommend that initially, certain
artificial water points on the plains of Etosha be closed
'to alleQiate predation_pressure. These are Adamax,
Leeubron, Gaseb and Gemsbokvlakte in the Okaukueijo area

(refer to Fig. 2.1). They must be closed at the height

of the rainy seaSon, namély the end of February, to enable



water-dependent species in their vicinity to disperse.
naturally when the rains cease. Closure of these water
points during the dry season may result in certain water-

dependent species being left sStranded in isolation.

The effect of these closures on the large herbivores and
carnivores must be monitored and, depending upon the
results, decisions should be taken on the closure of

other artificial water points.

I also recommend that no further artificial water points

be made available to animals at Etosha without supportive

_résearch results. The ihtroduction of artificially
supplied water into an arid area such as Etosha, must be
made with circumspection, takiné into account the
periodicity of droughts, when primary food production may

fail to meet the demands made by the animals.
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Appendix 1 ¢ 11t of grasses rocorded from the main vegetation zones inhabited by wildebeest
at Etosha (1974~78). Species and authors are acoording to Merxmllller (1972)
and -tho State Herbarium, Windhoek (1980).
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Arachne racemosa (Heyne) Ohwi
Andropogon gchinzii  Hackel
Anthephora pubesceng Nees

A. gohinzii  Hackel

Arigtida adscensionis L.

congesta  Roemer & Schultes
effusa Henrard

hordeacea Kunth
meridionaliag Henrard
rhiniochloa Hoochgt
scabrivalvis Haokel .
‘stipitata Hackel sspe stipitata
stipoides Lanm.

Bothriochloa redicans (Lehm) A. Cams
Brachiaria eruciformis  (Sibthe & Sm.) Griseb.
B. - nigropedata Munro ex Ficalho &

Hiern) Stapf
B. - poaeoides Stapf
B. schoenfelderi C.E. Bubbe & Schweik,

Lenchrusg ciliaris L.
‘Chloris virgata Swartsz

Craspedorhachis sarmentosa (Hackel) Pilger
Cymbopogon excavatus  (Hochsts) Stapf

Cymbosetaria sagittifolia (A. Rich.) Schweike
ynodon dactylon (1,.) Perse - )
Dactylootenium segyptium  (L.) Beauv.

Denthoniopsis dinteri (Pilger) C.E. Hubbard

Dichanthium papillosum (Hochst. ex A, Rich.)

Stapf
Digitaria erlantha Steudel
Da perrotietii Xunth) Stapf
D. sanguinalis  (L.) Scop.’

8sPe ganguinalis
Do seriate  Stapf
De - setivalva Stent
De gmutgii Stent

Dinebra retrofiexa (Vahl) Danser
Diplachne fugca (L.) Boauve

D. cuspidata Launert
Echinochloa colonum sL.) Link
.E. holubii (Stapf) Stapf

_Eleusine indica  (L.) Gaertner

Enneapogon krachystachyus = (Jaubd. & Spach)

Stapf .
E. cenchroides  (Roemer & Schultea)
CsE. Hubbard
B. scaber Lekm ) -
E. gcopariug  Stapf

Enteropogon macrostachyus (Hoohsts ex A.Rioh.)

. Munro ex Benthe
Entoplocemia aristulata (Hackel & Rendle) Stapf
Eragrostis annulata Rendle
E. cilianensis (All.) Vignolo-Lutati
cylindriflora Hochst,
dinteri Stapf
echinochloidea Stapf

glendulogipedata Do Wint.
jeffreysii Hackel

laeviggima Hackel
lehmanniana Nees
miorantha Hackel
nindengis Fice & Hiem
omghekengis De Wint,
Pilgerana  Dinter ex Pilger
pilosa  (L.) Beauv,
porosa Nees

rigidior Pilger
rotifer Rendle

sabinae Launert
guperba . Payr.
trioophora Cosge. & Dar,

Pingerhuthia africana

Heteropogon contortus

Nees
(L.) Béauv. ex
Roemer & Schultes

melanocarpus  (Elliott) Bentham
egaloprotachne albegcens C.E. Hubbard
Miorochloa caffra Nees

Monelyirum luederitzianum Haokel

Odyssee paucinervis (Nees) Stapf
Oropetium capense Stapf

Panicum coloratum L.

P. kalaharense Mesz

Bc lanip_e_s ¥ez

P. maximum Jaoqe -

P. novemnerve Stapf

P, pansum  Rendle

P schinzii Hackel

P, stapfiamum  Fource

Phrepmites australis
Pogonarthria gquarrosa  (Licht. ex R, & 8.)

(Cav.) Steudel

P.

fleckii

Pilger
(Hackel) Hackel

Paeudobrachiaria deflexa (Schum) Lawnert
Bhynchelytrum bellespicatum (Rendle) Stapf

lnulgul:u

& C.E., Hubbard -

brevipilum (Haokel) Chiov,
Tepens  (Willd.) C.E. Hubbard
villosum (Parl. ex Hooker)

Rottbosellia exaltata

Schizachyrium exile
Schmidtia kalahariensis Stent
pappophoroides  Steudel

Sehima ischaemoides

5.

Ch.iov.
L. £, .
(Hochst.) Pilger

Setaria verticillata

§o

pallide-fusca

Forske

{L.) Beauv.
(Sctum,) Stapf &
C.E. Hubbard

Sorghum verticilliflorun  (Steud.) Stapf

§.

versicolor N.J. Andersson
Sporobolus acinifoliug Stapf

s. africanus  (Poiret) Robyns &
Tournay

8. albicang Nees

s. coromandelianug  (Retz) Kunth

Se engleri Pilger

S. ioclades (Trin,) Nees

S. spicatus  (Vahl) Kunth

S. tenellusg Sprengel) Kunth

= = galsus Mez)

s. virginicus (L.) Kunth

w

i

s.

2.

' Triraphis
T

pagrostis hirtiglume  (Steud. ex Trin &

Bupre) De Wint,
8sp. patula (Hack.)

De Wint,
hochstetterana (Bsck. ex Hack.)
v De Winte -
uniplumis (Licht ex R. & S.)
. De Wint,. .
Tetrapogon tenellugs  (Roxb.) Chiove
Tragus berteroni Schnltes
Taoemosus iL.) All. :
Tricholaena monachme (Trin.) Stapf &
C.E, Hubbard
Purpurea  Hackel
Lo ramosigsima  Hackel
Uroohloa brachyura (Haok.) Stapf
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Apsondix 2 ¢+ List of the larger wild mammal speoies recorded at Etosha (1974-78).
Dorst and Dandelot's (1970) elassification of larger mammals has basn ugeds
Where known, the approximate number of the speoies is given in brackets.
The mammals kept in the Kaross-Khoabendes quarantine enclosures of Etosha have
not_been included in thig ligt,

INSECTIVORA

Erinaceus frontalis  hedgehog
Elephantulus intufti elophant ghrew
Negilio brachrynchus " .

LAGON¥ORPHA

Lepus capensis Cape hare
L. saxatilig southern bush hare

RODEHTIA

Paraxerus cepapi yellow-footed bush squirrel
] ZXerus inauris Cape ground squirrel

. Xe princeps  Kaokoveld ground squirrel
Pedetes capernsis spring hare

Hystrix africaesaustralis crested porcupine '

PHOLIDOTA
Manis temmincki Cape pangolin

PRIMATES

Galago senegalensis  lesger galago
Papio urginus chacma baboon

CARNIVORA ) )

Canis mesomelas  black-backed jackal (2 000)

Yulpes chama Cape fox

Otocyon megalotis bat-eared fox

Lycaon pictus wild dog (20)

Ictonyx siriatus striped polecat

Kellivora capensis  honey badger

Genetta genetta common genet

Herpestes pulverulentus nigratus Cape grey
mongoose

H. sanguineus: slendor mongoose

Helosrale parvula dwarf mongoose

Mungos mungo  banded mongoose

Cynictis penicillata red meerkat .

Crocuta crocuta aspotted hyaena {500)

Hyaena brunnea  brown hyaena

Proteles crigstatug aardwolf

Pelig libyca African wild cat

P. nigripes  black-~footed cat

F. serval s@erval

F. caracal caracal

Panthera leo lion (500)

P. pardus  leopard

Acinonvx jubatus  cheetah (100)
TUBULIDENTATA .

Orycteropus afer aardvark

HYRACOITEA _

Heterohyrax brucei yellow-spotted dassie
PROBOSCIDEA S
Loxodonta africana African elephant (2 500)
PERISSODACTYLA .

Equus burchelli  Burchell's zebra (15 000)
E. zebra hartmannse Hartmann's sebra-

(800)
Dioeros bicornig  black rhinoceros (150)

ARTIODACTYLA

Phacochoerus aethiopicus warthog

Giraffa camelop=rdalis angolensis gouthorn giraffe (1 000)
Taurotrasus oryx Cape eland (200)

Tragelaphus strepsiceros  greater kudu (3 000)

Oryx gazells gemsbok (3 000)

Hippotrasus equinug  roan antelope (20) -
Alcelaphus osama red hartebeest (200)

Connochaetes taurinus blua wildebeest (2 500)
Aepyceros melampug petersi  black-faced impala (100)
Antidoroas marsupialisg  springbok (32 000)
Sylvioapras grimmig Grimm'’s duiker

Y Oreotrasug orootragis  klipespringer

Raphicenus campestris steenbok

Rhynohotracus kirki Damaraland long snouted dik-—dik
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Appendix 3 : List of wild mammal species referred to in

the text, which do not occur at Etosha (1974-78)

Species or sub-species

Common name

Aepyceros melampus melampus

A. . melampus rendilis
Alcelaphus buselaphus cokel
‘Alces alces gigas

Camelus dromedarius

Cervus canadensis

C. elaphus
Connochaetes gnou

Damaliscus lunatus

Gazella thomsoni

Hippopotamus amphibius
Hippotraszus niger

Odocoileus hemionus virginianus

Ourebia ourebi

Rangifer tarandus

Redunca arundinum

Syncerus caffer

southern impala
East African impala
Coke's hartebeest
Alaskan moose

camel “
Rocky mountain elk
red deer

black wildebeest

tsessebe
Thomson's gazelle

hippopotamus
sable antelope

white-tailed deer
oribi

barren-ground caribou/
reindeer ,

southern reedbuck

African buffalo
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Appendix 4 + PField cheok list for recording activity of wildobeest during focal —~ animal studies
and the prevailing environmental data at Btosha

Fortran .coding

gheet column : Field data required
number
1 Year (7 or 8) oo
2 and 3 Month (01 to 12)
4 and 5 Dey 201 to 31
6 and 7 Hour(00 to 24
8 and 9 Minute (00 to 60)
10 ) Cloud ocover = 0 to 8 oktag
11 Wind apeed = 0 to 9 Beaufort scale
12 - Wind direotion’ =0 iz calm
= 1 to 8 olockwise compass points
- » 9-designates a dust storm '.
13 and 14 . Shade temperature =« 00 tc S50 °C
' = 91 to 99 designates =1 °C to -9 °C
15 and 16 Sun temperature = 00 to 70 °C (black bulb thermometer)
17 and 18 Relative humidity = 01 %0 99 % ’
. = 00 designates dew present

19 and 20 Deily rainfall = 00 to 99 mm as recorded at 08 h 00 at the nearest

of four field stations
21 and 22 Map grid reference = 00 to 96 horizontal
23 and 24 = 00 to 32 vertical
25 Vegetation type a0t 9

where ¢ O = open pang and bare ground
1 = ghort grassland §<50 cm height
2 o tall grassland {>50 o height
shrudb savanna
thorn savanna and scrub
broad ~ leafed,wooded savanna
thickets
river beds and water courses
mixed vegetation
trangitional zones
26 Vegetation height =201t 9

where ¢ 0 = no vegetation visible
1o vegetat:.on up to 15 cm height

O P~ AN w

2 m " 30 om n
3= " n Y ey "
4= " "t 1n "
5 n L """ 2nmn "
6 - ", LU W "
7 - n n " 4 m "
8 - n n n 5 m "
9 = vegetation above 5 m "
27 i . Horizontal visibility « 1 to 5

where ¢ 1 = good up to 10 m )
2 = good up to 50 m o !
3 = good up to 100 m
4 = good up to 1000 m
5 = good beyond 1 km

0t 9

bull ~ unknown age

bull ~ lone, territorial

bull - adult in bachelor herd

bull = adult in mixed herd

bull - immature and sub - adult (1 -~ 3 yrs)
bull - calf { <1 yr)

oow = unknown &g

cow - adult

cow = immature and sub - adult {1 -~ 3 yrs)
cow - oalf (<1 yr)

28 Age - gex

where 3

VORI HBWN=O
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Appontix 4 3. (ocontinued)

Fortran ooding
sheet oolumn
number

Field data required

29 to 31
32 to 34
35 to0 37
38 to 40
41 to 43
44 to 46
47 to 49
50 to 52
53 to 55
56 to 58
59 to 61
62 to 64
65 to 67

ACTIVITY = 000 to 900 seconds

where : resting, lying (including ruminating and comfort movements)
resting, standing (including ruminating and comfort movements
grazing, stationary or slight forward movement
grazing, walking
walking, unrelated to intraspecifio social behaviour
trotting, unrelated to intraspecific social bshaviour K
galloping, unrelated to intraspeoiﬁ.o social behaviour
shading, lying
shading, standing '
drinking seasonal water (rainwater pools)
drinking perennial water (permanent fountains or drinking troughs)
suckling (by calf or cow)
social encounters (including all overt forms of territorial,
fighting, threat, dominance, sultmissive, displacement and
excitement displays)

68

Other specifio encounters e« 0t 9

where ¢ O = none
1= copula.tion
2 = birth
3 = death
4 = death by predation
5 = death by digease
6 = btull killed by predator
T = cow killed by predator
8 = bull killed by disease
9 = cow killed by disease

69

Influence of other species w04t09

where ¢ O = no visible influenoce

influenced by lion

influenced by hyaena

influenced by jackal

influenced by zebra

influenced by springbok

influenced by gemsbok

influenced by ostrich

influenced by combination of herbivores
influenced by other speciesn .

0
1
2
3
4
)
6
T3
8
9

70

Unnatural disturbance during focal time w0 1tc 2

where ¢ 0 = none
1 = disturbance due to obgerver
2 o disturbance due to tourist vehicle or geroplane

T1

?2

13

Distance moved during fooal time =0 to 9

where : none

up to 50.m

up to 100 nm
up to 200 m
up to 300 m
up to 400 »
up to 500 m
up to 750 m
up to 1 000 m
= more than 1 km
Digtance of focal animal from nearest other wildebeest = 0 to 4
(0 takes preference)

0
1
2
3
4
5
6
1
8
9

vwhere $ O = among other wildebeest

1 = up to 100 m from other wildeboest
2 = up to 1 km from other wildebeeat
. 3 = more than 1 km from other wildebeest
4 =.no other wildebeest in sight
Digtanoe of fooal animal from nearest other herbivore = 0 t0 4
{0 takes preference)

vwhere t 0 = among other species
1 = up to 100 m from other speoies
2 = up to 1 km from other gpeoies
3 = more than 1 km from other speoies

74 %o 76
77 %0 79

4 « no other gpecies in sight

Net viewable time = 000 to 900 seoonds
Total focal mampling time = 900 geoonds
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Appendix 6 1 Field check list for recording aotivity of wildebeest herds by the
ingtantanoous soan method and prevailing environmental data at Etosha

Fortran coding
sheet column

mmber Field data required

1 First or second coding sheet used for the scan, always entered as
"1" or "2" respeotively

2 to 10 Year (7 or 8)

(reserved for Month (01 to 12

1st or 2nd Day 01 to 31

ooding sheets)

Hour (00 to 24
Minute (00 to 60

11 and 12 Sun temperature = 00 to 70 °C (black bulbd thermometer) .
= 91 to 99 designates =1 °C to -9 °C
13 Wind speed = 0 to 9 Beaufort gcale ~
14 and 15 Daily rainfall = 00 to 99 mm as recorded at 08 h 00 at the nearest
of four field stationg
16 and 17 Map grid reference = 00 to 96 horizontal
18 and 19 a 00 to 32 vertioal
20 Vegetation type =0t 9
where : O = open pans and bare ground
1 = short graselands §<5o cn height;
2 = tall grassland >50 cm height).
3 = ghrub savanna
4 = thorn savanna and sorud
5 = broad ~ leafed, wooded savanna
6 = thickets
T = river beds and water courses
8 = mixed vegetation
9 = transitional zones
21 Vegetation height a0 to9
where : O = no vegetation visible
1= vegetat:.on up to 15 cm height
2 = 30 cm "
3= n n® &Ocm "
4 = n " 1m n
5 = " b " 2 n “
6= " noe 3 °®
7 - »n ”n l_' 4 n l'
8w n won 5m n
9 = vegetation above 5m . "
22 to 77 SEX —~ AGE —~ ACTIVITY categories, giving number of wildebeest (02 to 99)
(18t coding in a scan group engaged in a defined activity
sheet) . .
11 40 66 .
(2nd coding
sheet)
viz: Sex ~ age Aotivity
22 and 23 Unknown resting (including lying, standing, Tuminating and
; comfort movements?
24 and 25 n grazing (including stationary and forward movement)
26 and 27 " purposeful movement unrelated to iniragpecific social
behaviour (including walking, trotting, galloping, predator
evasion and migretion
28 and 29 n ghading, lying or standing
30 and 31 " -drinking geasonal water (rainwater pools)
32 and 33 . drinking perennisl water (permanent fountains or troughs)
34 and 35 " social encounters {including all overt forms of territorial,
fighting, threat, dominance, submissive, displacement and
excitement displays)
36 and 37 Full-grown reating
animal of .
. unknown sex
38 and 39 " grazing
40 snd 41 " purpogeful movement
42 and 43 " shading
44 and 45 w drinking seagonal water
46 and 47 " drinking perennial water
48 and 49 " sooial enoounters
50 and 51 Bull, adwlt| resting
in baohelor
herd
52 and 53 n grazing
54 and 55 " purpogsaful movement
56 and 57 " shading
58 and 59 " drinking geagonal water
60 and 61 " drinking perennial water
62 and 63 " gsooial enoounters
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Appendix 6 1 (o'ontimx‘od)

Fortran ocoding
sheet column

" Field data Tequired

number
64 and 65 Bull, immature resting
o in baohelor
herd
66 and 67 " grazing
68 and 69 " purposeful movement
T0 and 71 " shading
72 and T3 " drinking seagonal water
74 and 75 " drinking perennial watoer
76 and T7 ", sooial enocunters
(end of 18t
ooding eheet)
(start of 2nd
coding sheet) ' : N
11 and 12 Bull, adult in | resting
mixed herd
13 and 14 - " grazing
15 and 16 " purposeful movement
17 and 18 b ghading -
19 and 20 " drinking seasonal water
21 and 22 " drinking peremnial water
23 and 24 " soolal encounters o
25 and 26 Cow, adult in resting
. mixed herd
27 and 28 " grazing
29 and 30 " purpogeful movement
. 31 and 32 " shading
33 and 34 bt drinking seasonal water
35 and 36 " drinking psrennial water
37 and 38 " gocial encounters
39 and 40 Immature, in resting
mixed herd
41 and 42 " grazing
43 and 44 " purposeful movement
45 and 46 " shading '
47 and 48 " drinking seagsonal water
49 and 50 " drinking perennial water
51 and 52 " -8ooial encounters
53 and 54 Calf, in resting
mixed herd .
- 55 and 56 " grazing
57 and 58 - " purposeful movement
59 and 60 " shading
61 and 62 " suckling
63 and 64 " drinking water
65 and 66 L social encounters
67 Unnatural digturbanoce during scan a0 to2
where 2 0 = none
1 = digturbanoe due to observer
) 2 = disturbance dus to tourist vehiole or aeropland
68 Digtance moved sinoe previous goan =0+%09
where ¢ O = none
1 = up to 50 m
2 = up to 100 m
Jmup to 200 m
4 = up to 300 m
5 wup to 400 m
6 =« up to 500 m
T7=upto 750 m
8 » up to 1 000 m
9 = more than 1 km
69 and 70 Number of wildebeest in scan group = 02 to 99
T1 t0 13 Time taken to soan group = 001 to XXX seconds
(end of 2na ‘

coding sheat)

573



574

1'o - 131] - - - o't t'o | 9'te 2t 6've o'zl 8'si © JTEO 3TOU}TM AOO 3TOPY
2'z - gto - - - 1341 - gtzg gtol gize 9461 6oL 1T7q TeTIo3TIze; feuot ands
S0 2o 2o - L €' o't Lo | e . g't (ALY 1451 9tLi 3Te0 mod PTO Yjuow ¢
T4 - St - g'c 246 ¢‘o - 8%t 6% 9%9¢ 2tL vive JT%0 TTMA PO qauom €
6's - 9‘ - - - - - 9tL sh 8lLe vi6e €'gz | ¥WOTITA = YITA MOO »wﬂ«
L€ - 8‘o - - .- L4 Lo | 6'SL g'1 otlz tt92 G¢¢z | pxeq pextw UY TTRA 3TUPY Q.mms_
2t Lo - - ©o2's 6°LL Lo - 1€ o't Yz 2'6 gtee JTU0 Moo PTO Hiuom 2
¥to ¥o - sto Ly 9%0 341 Lo | 9% 135 g'z2 L'g 0‘62 JTeo 1T PO ﬁnmwmm
sh o - g'o glee LéYL 2o - €'s Sty glog oSt €'z ZuyrIeed Qi MO0 3TUPY .
9'6 - - - - - 2y - rAM} 1 3¢ 6'z2 9'lz 29t | preg pexTm WY TTN4 3TMPY wﬂ.wﬁ
S‘o St - - €'o ‘g'o t'o - 2 1AL €l o‘st 616 FTe0 Hoo PO [juom |
ro 2o - - ¥to AD] £‘o Lo | gt - 9l g2t 0'v9 JT® 1T™q PO H3uow |
1o 13 - - Lieg 9tL 13 - €L 9tz L4z 161 6°L 3190 UITA KOO 3TUPY
1387 - - 2'o 2'o - 9‘0 - g'gt o't Live g'cz o'lz | pxey pexym wy TT™q 3TOPY w%mo.rx
34 S‘o - - - ¥o I 1o | 24 - - 6%z Y99 JTe0 A00 uIoquey
g N - - - L Al 2'o | 6'S - - A 7] Gy FTeo TTNq WIogMey
- 9‘o - L% - - rAd! t%o | o'z gt 9'gy 6's Lio€ JTe0 Y3TA MO0 3TTPY
pIey pextu puw 8L6L
vt - - - - - 8%t - '€l 6'€ Li6¢ 1A(15 9tve JoTeyosq uT TIRG 3TWPY| 4LIemIqey
Lo - - €‘o - - c‘o Lo | 2%9l 134 gtly g‘L 02z | pxey pexw ‘moo Suyraeey
€' - - €‘o - - 130] - Lyl w..m LS r's L'zL | paey pextw‘(Tng Juyraeey
- 9'o - € €L 0's th t'o | 8L ‘o L'6g oz 2L JTEO YHTA MOO 3TRY
9*o - - - - - ¢‘o - L'n Pty gich 69t ytoz 1T0q T8W03TXIe} ‘eucy hmhmwan
.uova_s Jeyen .
SIe3unOOUS Tetwuweged | TBUOSEBES | SUTPUYS | Surfy Suypaom | Lxvuolsess | Surpueis Juilt
Tet008 | JQYTAOMS Supmpg | Supmiyg | $Surpeus | ‘Purpeqs | dorrep | 3oxr | TeM | ‘Sutzmap $3uyzean | $Suyysey| 4Suryseg
£374730% oFevjueoged . 85870 XO8 pue oy qiuox
507090380 L3TATIO0® JUSISIITP €| UT ‘38°0qepTw™ JO
PeSERT0 X908 PUV ofv Smolxea X8 Lq juweds ‘syseq L(yiuow € uo fouty JO owavnoou& oy Sutard (gL = E.m—v vysolg 3e Suxejyed £3TATIO0R 3830qOPTIM Jo Apmys .naa.“dd Teoog ¢ L xTpueddy

i




PI6Y PoX1Q
2'0 - - t'o - - t%o | - gtoz 0% vy (A €'y ut #o0 PTO Jvef g
pIey pextu
] - - - - 6% z'o - yicz Ll 2'09 9'¢ g2 uT 1T Pro Iead g ]
- - - t'o - - Lt - otstL L4y 9%¢t €L ztle 3TE0 3INOY3TM MO0 JTUPY
pasy Li6L
2o - ¥'o - - - glo | 1% 2L 14 06¢ o‘st L4632 Joteqoeq WY TINg $INPY| Jequweoeq
PIoY poxiu
- 1'o Yo - - - 140 - glee gt L6t Liol 66¢ UT M00 PTO Yjuow g
. . ) paey pextwm
£'o - glo - - - - - viet 6'S 9'€e glat 26z uy 1T Pro ameL Cft
2% - 4] - - - ot tto gL p's (47 6zt 6'Le JTE0 U3TA MO0 FTTRY|
- - 6' - - - 2% - tfog s tlol Liog Lz 1Inq TBWXo3Taxe) ‘enoq LL6L
' . 1040320
PIOY poxta
8‘o - - - - - z'o - Gzl 6'Y 1341 £'6L gLy uy #00 PO awef G¢|
. - pIey pextwi |
‘o - 90 - - - Lo - | €6 6'c gy g*st 9tle uF TIRq PTO Jwed Sy
1t - 6‘0 - - - Sto - €9 L'g g'se glle o‘tz JTE0 T3a MOD DY
(£pn3s TEUINgOOT) LL61L
24 - - - - - 9%0 - ttoL 2'¢ 94p¢ L 2%6¢ | pxey pextm my ITnQ 3INPY| Joquesdes
" PIoq pextlud
¥'o - - - - £ 1% - L4 6% Lzt 8%61L Lbg uy %09 PIO YRuoW 9
Paey PexTw
Lt - - - - - - - Gtol £lol Loz tée LiLg T T4 PTO Xwek Gy
1% - - - - - - - | 64 Lée €492 8're giey 3190 T A0 JTERY LL6
: t
z'o - 9%0 - - - 940 2'o | 2'e £46 g4ge géc1 g422 | pIeq pextm uy 1TNq 3TOPY 45030
pIoy pPOXTU
vo - - - - - €fo - | tta vtz €9l gLl Léy uF Moo pro Iwek GfY
pxey pexIu
€0 - €' - - - €0 | t*o | 6'oL £ vise 62 6'lz wr TTRq PTo Jeef GfY
1% 2% Gt - - - 2% Lo | 9Lt L £z o'z€ g6 JTU0 TU3a MOO 3TMPY L6
. t
- - 5% - - - 10 t'o | €L L4 8ot 6%gE 92z TIq TBTX03TIze; ‘euoq Lrup
PIeY poXTW
- - - - - - L%0 - 1534 g'g vivz L 0'ss WF M00 PTO Jeef G4y
) ) pIey pexiu
L% - - - - - Lfo - 66 Ly Ltz 13844 2tog uT TI0q PTO Zwed GfY
tlo - 8'o - - - 60 t'o | €4l Lot Sz gtz rAI¥ JTe0 H3Im #00 STUPY 116
: 1
9%z - - - - - t‘o - 6't rAd? giet 0Ly 6'6¢ | TTnq TeTo3TLIe; ‘euoq ewup
JO3EN J038M .
8J03UNO0UD Tetuusged | Teuos®es.| JuTpuwis 3utlt . Supaow { Lreuotieis | Surpuess Sutlt
Tei00S Suryeng Supmrag | Supupag | ‘Suypegg | ‘Surpeqs| doITeD| 0 | Nrem | ‘SBurzery ¢ Jutzexn | ‘Supysey | ‘Furysey
PR ISERT- - R X s8e70 Xo8 pue edy q3uoyq
(penayamoo) i L xypueddy




576

0AT30® LTTende LTTeT008 ©X® S9XeS .ﬁ.,on. tLéoL (44 - g6¢ L) 8193Un00Ue TBTOOS
’ LYTenbe eAom BoXeS Y3oq 96%¢ 056 L = IGE L = sueweAoW
sozeId X908 JeyjTeu 0 0 - 0 L) Sutzexd (pTo xeam | >) JTRo RoD
£L1renbe 3sex soxes yjoq ozto 280 9L = Mmoo G6L 9L = TTM ' Buyysex WIOQMOT *A JT®O TINQ WIOQAEy
QAT30%® LITenbo LTTPT008 &IB BOATBO puUe Sagnjvuut 0 2L 2L - 8I03UN0OUe TEFO0S8
BOATEO UTY} OIOW SAOW SOINYBUMT (3%474% WEP = 2026 = juewoAOl
85ATEO UBYF ©6J0W 62zBIF SOInIVUWT Ly%200 9 9V 9 = 069 2t = Suyzerld .
80ATE®D WeY3 S8OT 3891 sexnjsuuy Shtol ¥2€ 92 = JTeO 0l9 €2 = cumy Suissea BBATED *A Boanjewns]
mob.nwo UBY3 GAT30B axow L{[UTO0S oJ® BLInNpe Ledegé 098 - 626 € = 8I93UNO0US TET008
BOATR0 UWEY4 O6J0W 6A0UW E3TNPY 96%899 L 9G6 02 = oLG PE = jueuwaAOm
8OATBO WEY} oJ0W 928IXF BIINPE 02%9¢9 § 2l 6 = 926 69 = utzexd
83ATD UPYY SSOT 383 S3TNPE $94g28 €96 221 = JT®O g5€ Lot = 3Tnpe’ Sutysea (P10 xvel | >) S0ATBO *A 83TUPY
(uwotsBuwidxe JoJ 3x03 008 + )
. seJnjeumIT W] GAT30% 8507 AT[BT00S ©J8 B3 TNpPY 00'¢y oLz 06 . - BJO3UNOOU® TEFO08
ALrTenbe esow SoluyBUW PUE S3NPE 2o0‘o kg e = coc 2L = jusuasou
89I03BUUT UPY3 OI0W 0zBIT S3[NpE Ligte 289 g2 = L6 €€ = dutzead
800N BUWY Uy} S61T 359X S3TNPE (A YA 9€S 67 = cumy 220 €7 = 3Tupe Jurgsex ROO SINJTWU *A KOO FTNPY
'SOINYTLWT UEY} GATIO0T oI0w LTTEJO0S OI® g3 Tnpe 0049t 2Se - 96¢€ - £I63UNOOUS [BTOOS
: sequyvumN UvVY} SJI0W 6AQ0W S3TNPE griLL P96 LL = 069 02 = JusuwaAOlm
86IN}BWNT URY3 8807 ©z8xd s3TUPe 26699 L9S 1§ = Y6y o = Sutzead
BeqniBuMT WYy eJow 380X BRTUPR 89°%6L9 68€ €6 = cmmy 980 99 = 3TWpE Suyysea Tnq eanyTwmy *A TT0q 3TWPY
8400 WEBY3 6AT30® exom LTTETOOS oge BTN 614geE oLz - glzlL = BIojunoous TBTO08
4yrenbe aaow sM0D puw STINQ 09'¢ leczl = 29L 2t = juomsAOU
8400 WeR} orow 0zBId STING L9%616 - etlgz = 066 65 = Butzead (P10 8rees 2 = 1)
8400 uBQ} BSOT 3831 STNY LotsLL 9€6 6 = moo Lok 6€ = TInq 3utysex M09 eunyTWWE 4 TTnq eIngvy
8100 WBY} GAT30® 610W LTT®J008 8x® STTRq £g%6LL 1 gel - GOV = £103UN00US TBTO08
8400 TBYY ©I0W SAOW STTNQ Lote6y 1 ble 22 = L6E GE = }uemeAOU
BMOO WEY; BSOT ©zBLZ BTN r At ol tL = She 09 = Sutzesd ‘ :
8400 WBY3 8567 386X ST ottol €69 201 = Moo €66 L6 = TIMq Buygsex MOO 3TUPE SusIea TIRq 3TOPY
(L2g*ol 3= L00t0>4) : )
aoTsNIoUC) seureA . ¥ P3jernore) Avou_.oo.ﬂoov POPICOOI SPU0DSS TB30L poxedmos L}TAT3OV poexedwoo S9SSETO X©8 puv 63y

poyiewm TBuluv TeooJ oW} Jursm dxwel

ouo Jutanp $wvysoig 3® .._.moon..mv._”ﬂ:. Jo £3TAT308 Uy BOOUSISJITP JO g1siyeus exenbs - TqH s g xTpusddy




* 577

'

205 lze Lzt 12 | g2l 62€ L60 S 29% 669 1S g9v 95¢ 2t €6y 2 oot ST®30%
Lgt 220 SEL G2l Lz 2t €i¥ Sez Slg €S Amreyjoewoy
Ly 9sh 962 ¢ 2l €88 S92 + Sot 2vg 8 gec €LL 2 £37AT40® pue eowTUSjUTEW 665 £ BT $TPY
| 62L 2€1 €St 219 LLo LE L6E Loz 695 6¥ Auasqaoewoy
€L €8¢ 250 ¢ vl S8 162 0tS €6 1L 0zl 297 U0 T494.087
€05 €LS 661 2l2 669 Ly . 018 992 - 69L €9 uoTyuysed .
656 890 L68 ¢ | z1z €ckh 6ov 4 | o8l €88 L 69z 88 I £3747308 pue eouvuejufEw | sl ot 8400 oapjompOXder f3NRY
2SL ¥SS S Sly LiL € L6€ Loz 695 6% Lmreyzoemoy (. 400
2l9 €82 165 SLL 02Z€ 1YL 08l €88 L 692 88 1 £37AT730® PuU® eouTUOIuUTTHW 4] € eapomposdes ~ wou 3Ty
$g6 605 €¥ 9EL 66€ OF ey Sl 266 1Y Suzeyzoemoy
el 16% LLL 216 teg <8l gv0 S€L € Y62 6L qiroxs
67L OLO YL L | 968 S2L 9I¥ oty 020 L 26 Lot £334730® poe eouBUGIUTED ghe ot (sreeL € = 1) BITNq
$TUPE = Qs Pu? egngeumy
080 L¥6 1S 059 SLY 2L LEg 65t 202 8t Luzeyjoewmoy |
8L €69 06L | 0SE 096 g3t 06 2€Y 2 gLy 185 YyMoz2 (8weL € = 1) 8R00
€L6 Ll¥ 166 1 | S22 €L6 Sl Log Let 9 TEES Yov i 43TAT30® DUV EOWWUDIUTEW 174 1} $Tp® - qus pus eamyewny
96 ogF TV . | ¥8L ¥16 6 g6z €9 806 61 " Awregjoomoy
YIT oFe 6L0 T | 8LS v¥6 LGz 6T lot 2 196 L1§ qiMozs . ' ‘
L18 6¥8 Loy T | oLS €28 0SE ogh Lv6 2 Sob ol 49147308 puw eouruUBjUTEW g6v 0z 8eATE)
A_.l Teofe rx) Pl hdoh.da.ouv Awl I90Le () A—l JTeef* T80X) .
363pnq L3xeue. uofivrndog TenpTATPRT Jod pextnbex LIzeugm £LzoReqv0 LAxeuy uwotgeruded uyp zeqway | uwopierndod 3O eFejucoxed | BEEIO TET008 PUE XOS = 62y

(8L/LL6T) Teef euo

Suranp BYS0F 3® 3U68Q6PTIN JOF j62puq L2zeue uworyerndod perTeieq 6 XTpueddy




578

setet - - Sl - o'y | ogfs | &6t - - SLto - ooy | og's | 66'st - - SLto - 009 | o08°g jtrIRaq PIey Jot
i -oqoRq ‘3TnpY

stiet - - tLlo - 98¢ | 96'a | Sttt - - €Lo - 9g'¢ | 96's | Lo'St - - €' - gLiG | 9S's T0q Paey
. pexTa ‘3TUPY

vi'zt - - Lo - e | 2€'g | vl'at - - o - w'e | ze'8 | o9'pt - - uo | = L6 | 2¢'8 1% TeT203
=163 ‘euot

66'cz | €6'8 | €9'¢ | 9% - Ge'e | €6f'L | L6%'9E | cSt'oz | 10'0 | 9% - vot€ | oriL | 65%E | LS'st| o8t 69% - se's | so's nos
4 ywedaad’ S ,q

~a3087 ‘3TOPY

gz'ot - - 09‘0 - 69z | L6% | ostot - - 09%o - g6z | L6'9 | 961t - - ﬁ.o - 68'y | Lé'9 | moo juvniexd
~gou ‘31apy

65%91 - - | 69| te'% | sstc | tr's 18'61 - = | S0 | t'v| telt | ¥9'L | oS'st - - | 90 | Te¥| vt | VTSL | (sxfE-z) TTM
_ . 3Tape—qug

£9'11 - - 65'0 | 82'1 | 88'z | 88'9 | ¥E'tT - - LS% | sgz't| sl'z | tl'e | or'zt - - | 9st0 | ge*t| €o'v | €59 | (sxfE-z) moo
. $Tape-qug

gr'9t - =t | 9% | 99% | oLfz | 95% | getst - - | oS50 | 99'9| of'z | z28'S | 6641 - - | eb'o | 99'9 | 98z | vo's (sx£2-1)
: . 1Tq squyEwmay

8T'¥1 - - €5'0 | zo'S | svlz | St'9 | gz'ct - - ghfo | 206 | etfz | 85°G [ pelct - - th'o | 20'¢ | 18'z2 | @6 (82£2-1)
A0D eJuyvTm]

18'€T - - Se'o | So'g | 2€ft | 60y | otet - - 92'0 | Gog| €L'0 | 90'c | T9‘0T - - Lt'o | So's| gvto| €6't| (£1~0) JTeO
or | (TR | ()| ] T x| mm|remer | ()| )| | | mm| wxa|me| (B )| ™| | su| = BseTo
L1vag woty Tot} - q3moan eouruesuysy | LTTeq WTF |- ToR qMoInH eouguajuel |- LATTQ 0T} uoT: q3MOIH eouruo Uty TetTo08
~e}09] | ~e1Be) ~93087 | ~®380) =23oe] | ~8380n pUe Xos—aly

(*oeq 03 *3deg) 3oy ‘Ax

(*3uy o3 LBj) pProo ‘Lxg

(*ady 03 ~wep) 304 ‘jop

Aelbmu.mv sauswaxInbex wefog:Iu TvUOSEES

*3X93 o4} UT WeAld 87 sjucwexInbex PeTTRSP 43 Jo uoprBweTdxm *STS8q TRUOSEES B UC ‘eysojg 3B 350eqOPTTAM TENPTATPUT UT juswosnbez uefodjtu LTTeP JO uwoTyewIssy QT xypusddy



. 082 901
. , Te303 L1aeey
gTL 62 €80 2 - B Y:1 313 692 ¢ - 6LT 8¢ ysr 2 - 879303 TouOsTeg
689 ¥ (144 2eetor 9€9 € (343 Ltrtot “6LL € bee £99°11 Ttng pIey
JoTeyoeq ‘3TnpY
£00 T 001 Lzotot . Tt 00T - éottor ofT T 001 gogitt 1T%q paeq
_ _ PexTw *3TupY
98y o5 vIL'6 é9v T 0ST y6L'6 9T6E T . SLT 056*01 1T0q et
_ . . =031xI03 ‘suo]
289 €1 sl g6ztet , 65z 12 sl Ter'ge Sov 61 svL €v6'se nod jurudexd
‘Sutyeiont ‘armpy
lgs SL €28'L S09 SL 2lo'g €lg SL oLé's 200
gquen@end—uou ‘3 rupy
ot [4:] 0s9'at T 1 ¥6 - pstiet IET 90T SLeEtet {8z ¢ - 2)
_ h . ) TT8q $THPe—qug
280 T z2t 898'g 9TT T g2t . gL'y vz T et 00£*6 (sx£ € = 2)
, ROO 3TEPE~qRS
805 T ; 02T 996t | 9T et LvLttt 13728 491 1372811 (sxf 2 ~ 1)
, . TI8q eaugewmy
6ES 1T et 218'01 626 1 0ST pétéo1 6LS T 65T 0£6‘6 (£ 2 ~1)
AROO OJR3 U]
65T ¥ g6¢ ogstot 66 ¢ ‘ L£S 20646 96€ ¢ 8l9 8s6"L (1£1-0) saare
woF3ETdod STERPTATPUT TEUPTATPUY wotyerndod ETWIPTATPUT TENPTATPRE zoTrETNdOd STENPTATPUT TENP TATPUT -SSBTO [eT003
oq3 Jo 3adpng Jo *ou weey oq3 Jo 3e3png ey} jo 3edpng Jo *ou weey 83 Jo 3e2png eyq3 Jo 3e8png Jo *ou ueey eq3 Jo 3edpng pUe TOs-ady

(*oag o3 *3deg) uwosees 3oy ‘Lay (*3uy o3 Ley) :o.odo.m.w._”oc s Lo " (11xdy o3 ewer) wosees oY ‘jep

(@ 3) siuewazynbex uFezoxd

(8L61) =qsoyg 3% uotserndod

o3 PUY 3860qePTTM TPUPTATPUT UT 339prq wrejoxd TPWOSEes : 1T Ipueddy




580

Lpngs juesexd puw (L961) LoTuTL -

(L961) Letary

Lol ol o B
o

[ I

Lo o o A

o]

Lo o I

N Pe Pu By By o} 4 <

g/v

C m .
Boo B o B T P o R B o D

BINAYORIq BOTYOOIN
++ EUBOUSOBL T

4 BUUETUOIe3I6q EMIEXY

4+ Fuumidium S}380148d 36

++ TIOTEE 5

(NG CLCN *5
BRI[0JTUJ08 PATOQO0AE
TITUE WO TUed

5uedes umi30dox0

,, TTaxeuToned TeEEAT0

- TMaeT25 (300001 WOIJLL0UOK
BEUTqEE 3

4 TOFTIOX g
Tgupedisolnpucie ‘E
.L.+ Toprorqooutyoe T

+4 S¥EUSPUTL 3

s CFOLOUGE BT} 504561

- 993 8A405aq UOSOQeoULy
+ UNI70AF6Y TMTU6300143980
TOTAG40%P GopouLp

+ TFEIITA FTIOTHD

1, FTEETIT0 SRIOUS)
TIZUTqo8 7

THo55eqnd SI0TAOTY

+

* yuopuy

dopngy

_wed
quEs;TIeY) | eYS0IF | eYTqWO

BAOPUOHO

83(8TA%003D

90UB.LINDO0 JUPRTWOP JO Bexy

(d) .TeTuUReI8y
Io0

g) TeTUueIg
A 4 ¢ Tenuuy

getoeds BEYIDH

YBO}Y 3T GOUGIINOOO JUBUTWOP JO HEAIV PuU® 1800qOPTIM Lq wWe3ee BOSEEXp § 2| XTpusddy




581

L9z 6'gz = ¢'¢z oz ze =9l rto (847 gy =~ g'c JUBUIOP
9'oc L€ = oot 92 g2 = €2 8¢ y462 9%gt - L0z popees wed U803
ot 6%LE =~ L%62 £ 9z = €2 VAT 1af] Lo = 2% JUETIOP
€ige g8'6z ~ 0lz 65 oL =Ly €41 1418 9466 ~ 2%¢6 Suypees
Ltz 1462 - 9'Gz 09 1L = 0S Lt 2L g~ Liel Sutinoxds Juopuy
L62 e - €'gz 12 Gz =02  AFA Gig o'zt - G 4UBTIOP
[44 T e'cz = 9oz ¥g 26 ~ gL 99 t4g9 €48 ~ €409 Sutpees
Plog 2t2€ - L6z 05 g6 = ¢ 64¢ 1469 9tgl = 0%99 Surynoads dopnzgy
g ve Ltz = €t¢2 12 €2 = 02 rto a4 0'6 - 9%¢ juenIop
vive Lélz ~ 6*z2 1L €g =~ 8§ g% €499 899 = €fL9 Suypees
6'22 €462 = 242 6L 8 - L9 6'c G6L Vg ~ Lf9l Buyinoads quess TIey)
240 piE - g'ge 61 0z = gt g0 Loy 9% = ¢'c uwemIop
m.Fm Gtze = glog 144 ot = ov 2 2'c9 6°g9 ~ 2%6S Suypoes
o'se Lloz - 2'cz oL 9L = 29 vz L4l Géol = 2%L9 Suyinouds eIquO
gt92 g'gz = L'z €2 vz - 22 €4 L% 2'g - bt JuBmIOp
viie Livz = €461 €8 6 = L9 4¢3 Gicy g%oL ~ L*gS Butpess
0477 tilz - g'ce L 08 = €5 9'z. 1 ALS) Go2L = 7'ty 8uyynoxds XepuoHQ
w“m_. wnﬁ - Lt vz G2 -2 L% &'t L46G =~ €€ JuemIOp
9,82 Liie = otvz 1S 9L = ¥ ot tgs Liz9 = S'gh Juypees
S92 t'ge - g've €9 9L = 9§ 8%t A7) VALL = 4L Buinoxds 032143002)
*2:05)"4 s93BOoTTIdeX QL Teey mov.m.o.ﬂnwn oL TOT3BTAGD ueoy] soseotIdex Of guoad esex?
Jo e3uey Jo eduey pIepueLs Jo e3uey Jo e3e1g BoXY

(0¢) eamymxeduey,

(%) £37PTumy eatyerey

BUOTHTPUCO 3USTqUY

(» \Bv aany 810U 6FBUSIIOg

9L6L Sutamp BYS03E 3B SeToeds Pooy 3500QOPTTM JO 3UO3WO0 XVYEION €l Xfpueddy




582

o - ] .
8t'z ; Gollt | T'c g ol92 9%¢ 3 §'€2 'y 7 €8 Lo g’z vt 5 0% ety 7 v9'al as 5 ween
. .
A wnmm Lite ri6e gtz 7iL 62425 “ o
€9491 gice W.m w.ww m.m m.m Mm.mw " .
[}
WN.MM Mnmm rét s 91 Lig "LL*69 pasy soteqoeq $3THpe
oL'é1 w.wm M.MN 6 2t 0.2 6,9 vg L9 “«
oo 8.re .% LigE 94¢ 8!8 €549l “ .
€656t gilz M.mm m..vm N.m w.m o.v.mw " u
- m—.VN N-.HH OaN.v OhN M..Q Nw-ww " "
56T I'e m..vN .v-N.v w..N O.m 6z'ol o M
8—0.” m-mN M.-M.M m-wm ¢-m H-H.n l._. . o ‘o
M.O-ON NQMN .m .v-.n.v OaN .v.h Nm-mw 'y [}
€581 9.62 o'rs M.mm w.w M.m mw.m» Tor03sator oub
3 &4 0T
s5's1 9'ce 2oz Sty 8z 6% €riL \ paey pextm
s . TeW03 [XIey ‘3Tope
ww.mm mnmm m”wm : m“wm 2'¢ 2% or*sL paeq pextm ‘pro 8IBel g
82 881 gtob L'z ¥4 6L pasy pextm ¢pro aves [
: 1B
6* Y
oL gt s s R 3 o 4P s
s ' »
%.MM wnwm Slee | otee Lt vior go*LL Fupyeson] 43P
0S'oT mém vile yiLe 8l€ 26 2€'6L Burjejour-uon ¢3fupe
oflT e v re a-ov 02 6L St'se pro sreel ¢
906 \..WM 5,61 elor §ie Liot 2Liso pIo sIwal z (tydv
et Tee £ te ©0JTE gle cfot €ofgl PO ek T o3 *uer)
v 1ATAS gley L2 0'6 o5yl 120 PO qiuom T 30q ‘3ex
, . “DBOO
(32 %) ourea sy oxq13 ( A .
| g4N) -seyBaply F3:X 4 uje3oxd 80009} YEGI f8eTo 008 pU® X® [ ]
Z3roue esox, epnap oq1%0 e1qnTos oot %) - onﬁﬁowﬂ To TeToes P 5-e3Y wosweg

(zo33em L2p go 9) yueuodmon

(8L = 9L6T) ®qsosg 3® *syevq Teuosses ® o .moood..«

16500qOPTTA JO BesiTeus ojvmyxrosd pPuv 3we3uco oxnystoX : T XTpueddy




583

€2'z = Se'st £ = gt _
ry T 9%t G4¢ = Lo22 e - gt - :
re Iy 6'C 7 69 gloz vt £'¢ ¢ vlot T0'C 7 18°89 as g wee
mm“mﬂ 9411 - 6%91 g'es ¢ L
0861 ‘ T .
g€ ez St riee T'97 1% g5 s .o
9Lz et Lot 8,y gie 6411 095 oo
oz'€e €321 Ol 2ty G'e 341 - Y “
052z gué 252 6oLy v'2 2kl - ..
oLtoz e M.NN L5¢6 ¥4z 9491 - u u
05°ST T8LT L2 8,SY 34 oSt - . “
Om.-w.n o' L1 M-.ﬂN Q-Nm Av-N N-W Lo '} M
et 94ts B3 €408 ¥4z %9 0oL a u
oetlt LT 1z 0.8 viz 6'S €050 .
0091 g'0z L 8Ly viz 8's el Zo3. om0
- 8.3 €iGe €5y 43 ‘ 6¢ . S9 U703 T.zes f ouo
STilt m.mm %.% 454 6.1 .m.wﬂ mm.ww e PO TRTIOA TSR T
9L*91 ‘ ¢ 9ily T ¢ oy
o it i 1 A gl roro:oid
9491 ' 80 ‘ ‘ woowoow
ggtot oibe b1z €97 : 28 s coxoxow @
g6t Y. L8 2tgr 9'z ‘0 Py R
IS M mN W-h* m-N s T m.V mw “ "] ) u Wﬁ
. 2’6 26Ll9 paoy poxTm ‘pro Ieed %
mm“mﬁ Gz 911 :.w _ s5TINg
9691 e ¢ . : o
gLt e g,€0 4 s m.wﬂ s . .
mw“mﬁ 2'€e M.wm : .wnpv LK 0‘g m...mm . .
£20LT ¢ ¢ .
0g*91 852 L Aoe 75 v M”m iz89 . .
o i L | g L .
B 1 4 o'z ¢ ¢ -
T B
¢LY9T o'tz m.wm giey vie m.mﬂ M%.Qm pueudexd ‘Jupieionl-uou ‘yTupe
L9%0z ] 4 6ot pt s 4 .
G9'L1 M.%M M“mm 9Ly Av.w M.M m.n“mw ” n (38uny
2z b €% I €999 PTO Jeak 03 Ley)
. c 26'L9 | PpemopweqeézrEO PTO SYRWOW € Proo ‘Lxg
A $o onrm 18M0)
_.Uuonw ssoap i MMAF.“« (24n) seyzapiq 3ed utezoxd (%) -seoeey ysex
2 |op.»d.o |08 epnIy s uy owPMu.“oM SFETO 97008 PUS Xes-23y uoszeg
(xe33ew h.%. 30 ) jusumodwoy ’ .
Aucunﬁ.«noov t $T Nﬂun&a#




584

gL0 7 68’91 ey 5 6'2 L't 7 Loz 6% 7 U vloz v’z | 9'o el v6'2 3 §9'¢9 as 3 e
€9%91 0'z2 e Glop 2'z 2's ge'tr9 pIoy Joyeqoeq ‘3TupE
02451 0'Se 1461 oSy ¢4z 18] zhtol paoy Joteyoeq ‘jrupe
- pice o'¢cz %474 194 o'L 299 " "
00%91 ise 861 6*¢E 8'z '8 viteg “« ,ou
syilt 2oz g€z 2ty 1% L'L AT TeTI03Tad03 ‘euoy
s5TIng
T 0'Gz S'oz 14444 ¢'z 641 g*6s “ w e u
08*stT 0%z - 24T 6%y v'e el €49 . juen .
) «Joad $3uyzeionr-uon $3npe (Tequoosq
ottlt Lice g0z gést gtz 2L €169 Pro saved g o3 *3des)
65491 2 €461 Shop L1 948 £0%29 FTUO PIO SY3UCW g soq Lxg
_ $EHoY
( L 2¢rY) enrea sy eq 13 (Tan) 803 expLY seq uyozoxd ($) ®eoeey ysexy 8FETO TRJOOS PUR X05-83Y uosveg
. T330us 8502y epnIy ~0qI%0 91qaTog _epury T} ean38ToK
Auoﬂ.mu Lxp 30 4) yueunoduwop

Awopnﬂuoov 1 1 xTpueddy




585

6%z 7 6'¢ 9% €4¢ 7 0% L g st [ vlor g ste | v g sts as 7 weoN
b - 4 89 e 4 1Tnq ZoTeyoeq ‘3Inp®
b - b k:i4 B 1Y 8 00 Juyjeiony ‘3InpE
6 - 6 17 g - noo jueuduad $3upe
s l I 19 L2 S noo juswfexd S3mpe
g - 14 89 €2 ¥ 1T PO q3u0m 0Z
3 - 6 oL i ¥ MO0 PTO Y3uOm OF

s 2 € £9 vz € 110Q PIo H3uow g (z0qmoncy)

9 w } € o 8¢ <l R0 PO Y3uow @ joy ‘£ig

9% 7 1€ 1o 7h 5 €l 2 T 1 6's 7 S*e vy ¢ 6tap as g weey
3 - 8 17! 92 6 TTBq TeTI0pTe; Seuol
4 - ] oL 8¢ i Mmoo Sutjeion] f4rupm
4 - 8 Ll 2€ Lty #00 SUT3B3OT] = uOuU 3ImpE
¢ - 9. ol o v TIoq PTo Jeof g
€ - 9 gt €€ or o0 PO T80 2
4 - S 191 6€ 6¢ , 1IN pro Jves |

: : A S
, 4 34 JTP0 Moo Plo qiuow | 30U *308
86929 = uom 0 8300y oonoomo.n.o.n.«dH wo3 s : q3eeysg Jeo 8§90 V7008 PuR XO8 - oSy uoseeg

Tq®T3T3U6pTUY

sjweucdwoo 688XF JO xequmy

(8L6L) SU08Ee s TBOTIIO0 oMj Supamp perdwes ‘vysoyy 3¢ 3990GOPTTM JO Bju03w00 wewmg  : G| xTpweddy




0'6 = 92T 62€ 2T = 08§ 969 gF = 6'02T = 60421 = 06%€E = Sedrh =
otz * 009 6zv vT * ool £cv 66 * ¢ttvt * sttt oy * 98'09 ¥ as 7 weox
. ) - (6¢ = )
Tlet 009 ¥L9 z2 ooy €55 oL €222 €2tz v6'or L1'69 8L6T
(v = w)
€46 000 2€9 T 000 9t9 LT 0%91 09°1 oL‘st oftlt LL6T
. (2€ = 1)
Lz 000 PSE €€ 008 TGV 02T otlz€ oLzt 65468 604811 9L61
PO306TT00 BIEP OU GL6T
. _ : (1€ = @)
g'st 000 O¥€ LT 000 758 60T “otolt 00%LT (AL ol Lot yL6T
. v (L = =)
S92 o0z 2Lz 8 00z €Lz T¢ 118 18 66422 99*0€ €L6T
f v : (6y = w) (®2 000 20T)
9t . 008 YO € 00z SOL 22 LAFAY peie 20%61 92%22 2L6T ®H{OPUX0
: - o33eTA300ID
20T3ESTTTIR {,_=q4°31 x voxw BYI X eOIW . wed JSuyzead pesjoezoxd se3es BOIY
eZejusozeg tEaomex Te3op ) Aﬂ..ﬁot.. Te3QL ) = e 20352 ~t1dex Jo *om _
enpTSex pue
aeel TeUROSTOS
pasocmex ssexH Aus.wv PIOTL meey
. *fpnys juesexd moxy E3ED QLET *(6LET) xnoy et
WoXF B3P LLET ~-2L6T °sSsem Lxp 5e pessexdxe ‘wusosy Jo Seeaw JUTzRID UOSEES 46M 9UJ UT SaJoATqrey o2ael Lq [eAowoX Pwe S5BXZ Jo SPIOTX ¢ 9T xTpueddy




587

9'g < . mmm_ mm,_u. 2 - Tet €0l g = T469€ = 16%9€ = so'tr = T6'er =~ s>
U cre gL € * ofs g9t ¢ * LS * 19%¢ * ggesz + 2ztss ¥ weoil
, (o1 = ©)
29 oTT 8LL € 06€ 180 9 L4665 L6%6S 9549¢ €6%96 gL61
. _ (6 =1
6%y 089 899 2 oLz 050 ¥ 9'cey 9t tey £6'1z 62*79 Liet
. (L =u)
Tl 00T €1z § - oLy §Sg L o'Les oL'cg 66%or 694721 9L61
_ POg0eTT00 B1EP OU SL6T
, . (6 = @)
6'cs ozr 916 L 010 €96 8 et 1 vet6tr £6'z2 o letet yL6T
. ’ ’ : AF - .Rv
0‘g9 026 LIS 1 099 61€ 2 oSz ro'sz glitt ~eslse tL6T ,
(o1 = @) (¥ 00F §)
2'es 090 OL T 00T 2V6 2 2'9le 29'Lz £0*61 oLtsh eL6t _dopmg
uoIesITIIN (;_T9°3 = wose) (,_34°S x eorw) o3y w3 Suyzexs pesoesoxd ge3eo eIy
s3ejueczeq Teaomex 8308, ¥ prets TR0 = 4 20370 ~t1dez Jo *oum
A enpIses % xesl TeROSEBOg
) peaoueX B8BIpH Ame.wv PIOTL weey
(penutiuco) ¢ 9T Xypueddy




588

9%9T = oT€ S9L T 3 €€2 €10 € r 2ttob = Nﬂ.oe e il = 3.8 - asz
Toc * ger 6 2t weel Lt Lsvs * Lesws * p6tozT * giclt * weel
‘ (0z = @)
L't 00z 6L T 00z 750 8 0*g6t 0g*6€ Seert So'tet (0z o)
N -
‘ot ob9 S€2 2 080 Lo€ L 14806 1805 92461t L0%99T E EMW .
2'ee 032 888 € 089 690 2T Lggs Letgg ggtast detvle (ot ﬁw
0'6¢ 00z €0 § 096 $09 8 0€ST T ocsTT 62408 655661 @ ﬁmw
v's 000 8€9 02€ 695 L 0'SrT 05T €64LST €0'2Lt vL6T
g (oT = u) (=X oob ¥)
9'ge ogy 9oL ovg LL9 2 2Lt ZvLt rricy 9809 €L61 Tuopay
Tt - geg gog ¥ 5 €269z0 L = 2iole 3 29l = 60'lz ¢ p0'Sy o as >
Tt 096 Gt Lt ooz L et t gltgr * gtigr * 16'6¢ * 6o'gg * . wesf
. , . (02 = @)
6'tL 096 2L1 § 009 T6T L 9%1eE 91%¢S ¥642t otéob (o w»mw
: . z -
2'te 080 212 2 096 €80 L 8Tt gT'vT €e'1e iy (o :.w
N -
8'9g 007 94€ o1 ook 9tz g1 0'v99 ovt99 0508 06911 A ﬁmW
o oz =
o'tL 088 €5T ¥1 ogy TV 61 £9L06 £L'06 oT‘LE £8°L2T A m&w
. o : og=u
LAFES obz €z 8 02€ 166 12 6%LzS 6L2S 81488 L6ovt vL6T
. : (oz = w) (eq 009 ST)
0%29 008 096 ¢ 008 200 8 o'gre 084tE 06461 (3411 €L6T qQuES; TIeY)
TWOT3ESITIIR eI X woaw *§y x BexE .5 wed Suyzes? pesooroxd Seje0 Boxy
0P8I UGOIOY A_..nwboso.u .nda.o.uv AF MMoﬂM TR30L v wldn x 2 IogJ® =31dex Jo °ou -
' erpIsex % Jeel TvUOSEOS
pasomel BHRIN ( w*23) proTL mWeey
: [

*£fpnys juesead woxy ©4®p QLET *(6LE6T) xnoy el woxy v3wp LL ~ €LET
*8svu Lxp ge possexdxe ..mnmoﬂm Jo Seeaw Juyzeld uosees LIp oy} UT Sexoalquey edxel £q TmRAowes puv S88BLd JO SPIOTX 3 LI xtpueddy




589

: _ . (o2 = @) (®a 000 02)
6'cs v 000 002 Ve 000 0£8 .82 ootz 1T co'tet grice STt . 8L61 wed BYSOLY
. (0z = u) (=q oot T)
2'ré 000 €% T 00€ €65 T 0'syo T - 054yt St g6*ott 8L6t {1320
€61 = LoL Ly § = SeS ggE L = 7g6¢ = petée = | Llo'er = 6Ligy = as =
S AE 890 100 9 * 705 96v 11 * gvey ¥ évicy * 2846t * Certlg* weok
. . - , (0z = ®)
2% 000 669 L 008 €PL 11T 04586 06446 09%62 ot'48 (0 EMW
N -
vlét obT 6€0 T 00z 89€ §. €86L €54 - LEMTE . 06'ge ﬁ tmw
: gT = u
Lico , ook 699 ¥1 : 026 €20 €2 - 0%90 T 0£*901 ¥S409 84991 - me
. . : . . N -
. . PO30OTI00 TP O” y2t901 : ﬁ m&w
‘ : IT=x
viLe . oov €5L ¥ ooy 999 2T " o'eps oe*he 054LS 0816 16T
s : _ (Lt =9 (=q 008 £1)
_ oy oob 706 T 00z 8L9 ¥ ofgtT 08¢T ottoz 064¢e £L6T ©3[eTAYOq EWeD
T3USTTIIR Aﬁlﬂdomx X dooﬂﬂv . A eIy X .BO'MGV BY* S weg Suizesd pojoezoxd 859380 B|eIy
aFejuecteg Traowex Te307 Fprens Te3og b= . 2 RECR-] ~tidex 3o *ou
oupEsex o % Jvel TeUOSTEg
peaocwox §9eIn Ams.wv PIOTL weey

(peuntjuoo) s LT xTpmeddy




590

, (¥a°mIOP) PLoTL seexy [onpToey

S16 €16 g2 888 Sti 082 €0f 2 2€e 96L L €rL zog 06€ 180 9 8L6T
oLg €01 Li ol€ €8 065 18€ 1 ~ 180 Sig 6¥ 9€9 €S clz oS0 ¥ List
996 896 1€ | LiL SS1 0L 265 2 L66 §19 96 226 950 1 oLy 58 L 9L6T
Pe3oe100 W3wp oy . &R.ﬁ £€0%9 pejoeTTo0 ®3®P oON |  2662°zL oz'cL sLet
16S €89 L1 8oL Lg 065 vib 1 €68 L€z OLL Lt €81 b 010 €96 8 vL6T
L Lot 6 LSL ove el 296 625 82 61 90¢€ 099 61€ 2 tlet (®7 00¢ 9)
<68 088 V1 €8y 2l ovo 20z L 9ly 581 9¢ L6€ 98¢ 00} ev6 2 2L6t dopny)
Sgz 185 L2s Sy oLs 1 008 L8 L¥ 2LE €6L 0Bl 89 9L 9 . oob €SS ol Q.S
198 65¥ 9L1 | 65z Sz6 | 000 ¥10 91 986 282 S61 668 6L9 1 000 99 Li- LLet’
89€ 6EL 656 | 908 958 2 008 L60 L8 €6 €00 €€€ 4 | 110 LY Lt 008 1SY Ozt 9L6T
posjoeITo0 w3mp o 1610811 o' ’ Pej0eTI00 B3¥p O 1990°t1 .wm..m 1 slét
-L1o 12¥ 610 4 | -6S% €0 € 000 V1§ 26 Z9z b2l Skz2 L | tOL gSYy ot 000 ¥58 60t L6t
6L oSy €62 | €ev 6L 000 100 €2 2zl 160 o€ 60z LL6 2 00z €L2 1€ w26 nﬁwwmomwﬂw
86 vLL f1z° | e 989 oo¥ oot 61 | L€9 tlz 1Sz | SES 19t 2 o0z SoL 22 2L6T | e¥rTAz00D
(%) (wa 2x) (u 33) G |G (£3) (ux 2x) (wx8x) ({2 ) oo
T TR301 dd T®30L ssew T¥30p gw weey | dp usey EW 8308 4o _Te30L Ssem TRy0L | g uwey | o weey | awes
. : (Sutpess) PIO T4 B5ead wnmixel TeuosSTeg Toay

(8L = 216T) wusosg jo seese Fujzeid uoswes gem oyy Lq peonposd SSvIF

uy Aﬂzv £3zoue ©TqQUEITOqEIOW Puwv Eov utejoxd epnao Jo PreyL Tenpisox pue unmixey ¢ g xTpueddy




591

90€ LLE 1S 882 66¢ 000 0F9 292zt 9LéL grg vil 91§ obE 629 2 000 0£8 82 9586401 08'6 gLéL A““mommmmmv
oS 08§ LS 2 00 06 0696‘01 LL'2 981 ge Lt €29 L2l 00€ €56 1 9891 *1L €8tL gLé1 Aﬁmmwo;
216 Loz 1L LSE 19t 000 €0€ 9 . vLL 0S6 16 696 8L9 00z 750 8 8L6L
980 62 LS 628 621 oy 1lo § 6Lz ek €8 Lg6 S19 080 Lot L LL6L
65€ €8¢ 26 1€ 602 oov LLL g 9€g LvL LEL gL Lo 089 S90 2t _ 9L61
€00 116 6€ 65V 06 09L 2€S € L6211 95z V6 6v2 96 2gv Sel 096 509 8 SoiviLL g SL6L
S63 o€ 8L ehb LLL 02€ 1€6 9 2vL Siy 98 ¥60 9€9 02€ 695 L yL6L (= 0o )
B6€ €65 12 1€6 gy 09€ 116 L 095 1LS 0F oL See org LL9 2 £L6L TuOpUY
800 06L 12 8LS 29 ob9 810 2 100 Lzt 18 toL ¢EL 009 16t L 8LEL
$20 68¢ 26 %015 | om sy 9€L 216 6L 689 el 096 €80 L L6
€82 80 <3 8z vre 000 8L8 L . 181 L2l S0z ¥8S S98 1 oo 9€z 8l 9L6T
699 €LY 29 61¥ 6L1 009 LgL § r6L'0L orle 88 $S6 Ve €10 070 2 ogv L¥6 61 gogz* it €ztol SL6L
0ts ggr vt g 92 | 080 96L €4 €89 6L0 8ve 2L 6z z | O 166 L2 yL6T o2 09 50)
. 695 9€8-2€ 20€ ¥6 000 2V0 € 986 LLz 06 989 818 008 200 8 €L6T | amesyrren)d
(20 s ) =) | (e |6 (o) @ | g | (orm |G
W T804 d0_T®30L 858U 18301 SR ey wwow.www R TeI0L 40 T830% sseu Telof | &W weey wwoww”m RTYY :
}uUTUIOP) PTOTL 85815 (enpysey (3uTpees) ploth soedd mwixey Teuoseeg eoxy

(8L = €L61) wqso3g jo seexs Purzead wosees LIp euy £q peonpord ssexd up (@) £3xoue oyqesIIOoqQPIem pue (J) UTe30d OPTIO jo PTOA [ENPISSI pUe WnATXER 3 61 xTpueddy




592

€62 L9 € 18303 £13ee]

OLS 050 & v2'iL9 8 €80 ¢ i Stz 6204 | go'sEE g 692 2 805 V6 L L6°Sh8 2| 129K 872303 TeUOSTOg

. ’ . gpIey J0TeYoeq

068 tlz oo'Shez 2 (344 00'6 | oSz | - S€9 pi2 00'ShL L (343 00%S | oSz 009 162 ootocy 2 144 ostL | o052 Y 87TV 3TUPY

. = , gpxey perjm

¥o8 8 0o'zg 0ol 28 | e 982 66 - 00'zgt 001 28 | e | © ool 98 oo'cal oot g2tl | 1p2 uy 8TI0q 3IOEY

, i ‘ , sTTm

vot g2 oo“zte 0s vo'v | e2fe 809 S8 004969 051 yo'v | 2€2 09L 971 00°gLZ 6L 96%9 | g€z | TeIzo3txxe; ‘euos

. . : ar00 juewdexd ¥

66y e_h 88*9¢0 ¢ gL 90ty | €oz S19 6¥¢ ovlzvg 2 grl ogtc | o6t v6v 009 zL4o0 § ghl 69%9 | €2z Supieioe S3TOPY

sxoo juendexd

L 00‘zse sl 9t'c | €ot oL €€ 0s4rLz L 99'€ | €8t oLy 67 sLiy L 6v's | €81 - wow ‘3Tupy

t ‘ : . . : (82£ € = 2)

88 9¢ttlot 28 gty | tez log L gL'ége | - ¥6 vty | Log 22t 2L 20°109 50t L9%G | 68t | ST 3Tupe - aQug

N E : v _ (2L € - 2)

288 €5 oz'éer | ! 2z | o9'c | og | 6eL¥S wristy gt | er'c | vl | €tos 9€4SL9 yEL yo'S | g91 | smoo 3Tup® - qug

tav 6F ‘ ' 3 (o 2o

! 05'soy ozt gele | 69t Seg g trilee geL gs'z | thi 20V 99 geless 493 Lste | 611 STTHQ eJnyewny

yoL €6 L . , A S L)

oL ¢ o2 ory 2L oL‘e | St 8L 0§ oo*goy oSl ellz | 9tL LLE 99 _ 60'gss 651 ste | Lt 8100 oJu3emI]

erl 98 00°1LL S6¢ 08'L | o6 285 08 175444 LES 22l | 19 91'S 08 z21Ly sly 66%0 | €€ (£t = 0) s2atsy
@)L (@) (31) | (@ 3 = , #x) | ( x X =) | (:
e STEUPEATPAYF | eeiuy ool ) &0 STENPTATPUT oumgw“ et & sTEMPTATRPUT smaww« ngw
ﬁgﬁw”“ Pood|fxzany Boos #9 poog| £poq|- eJBIUT POOJ | ONBYUF Poog 3o poog | Lpoq{ eXeju} Poog | 683U Poog 3o pooy | £pogq
Te3op hmﬁwv Tejoy|roquna ueey | L1Teg | ueey|reucsees Te3o0f | LTTEP Teiog|Iequau weey | ArTeg | weey|Teuosess yejor| LTT8P TB10] xequmu Ueey LTt | weel

(*9eq o3 *3deg) woswes joq LI (*3uy o3 Xey) uosess P05 ‘Ax . (T7xdy o3 ‘uer) woSeas 30 ‘36l
h UO05e0 8 Xq O5e3UT 1071700 AXL sEeo Y1008
N pue 198 = o3y

8L6} Fuiamp exnjonys uwoyywTndod eyg uo peseq Seyso3g 39 3890qePTIM £q 63e3UT POOJ TPuUOSPes JOo WOTFBWIL8e payyeseq - : Q2 xTpweddy




593

(6L61) *T% 7% ae3utn 03 Furpaooos $(8L = PL6L) wqso3m 3@ 3808qEPTIM 04 eTqETTRAN uovm&. Supuixp Jo sedfy oeJys wogy perdwres JejeM UT BLIOI0Eq JO ©OUBIINOOQ

- OTqeITRAR Wegm LTOATENTOX0 POSIITIN = §
SUOTIBAIOBA0 JO % OG- POBTITAN ATWOTMOO = €
SUOTIRAIESAO JO % GZ») POSTITIR Lrjuenbesyuy = 2
SUOT}RAIESq0 JO % § > POSTTI4N WOLTES8 = |
. POSTITIR 30T = 0
33 98¢ 113 869 92 196 62 L L 113 296 8¢ Lxg 8LéL
62 69¢ g2 118 154 9¢8 €2 6¢L € 62 90t 82 194 8L61L
ot 1492 143 Yo 2 og LE€ 1€ shS L 133 88¢ Ot £Lxg LL6L
€ 143 Loy 43 S0 L 43 1Lz gz €8¢ € €L 30H LL6L
- - 6L 665 2 6L lgg § gl €00 L 6L vl 8 £xq Gl6L
- - Lt €81 oL . 6L 6 £66 L gy 2 £Lxg GL6L
- - te 095 € €L 028 2 L 160 € te LS L - Lag 2115 SUTTIUnOL
13 2L 13 €L € b4 € oL €. sz 2t £L1g 8L6L
t oL l o9y l 0 t (o} i 008 ¥ 308 8L61
. 14 161 ¥ 1119 € Ly b4 ¢l 14 020 St L1g Li6L
14 0oL 14 -89 12 05 14 Sit 14 G2z 2 304 LL6L
| - - 4 Sl 2 ol> 4 o> g 172 L1g GlL6L
It = 4 $6 b 0z 2 002 2 §93% £1g GL6L 8TTOA
- = l 092 2 o9 4 SoL ¥ 2 009 9 Lag yL6L TBTEO3IY
43 22¢ 43 o (4% LSL L ot 680 2 43 908 6§ L1g gLéL
ot 0g£2 of 5L 62 68 62 1544 (119 28t G1 3o gléL
. ot 666 o€ o L 82 eie g2 FAANNS 0t 6%¢ Ge £Lxg LL6L
Lz tie Lz 865 Lz 65 4! sLg Lz 122 L 36M LL6L
- - €1 9€e €L €6y ¥ €1 960 8 2t 6L €2 L1g cL6L
= - S 88 S g2l S 1972 S 291 L Lxg SL6L
= - S €98 S 99 12 L, S €06 2 L1z yL6L seTogezog
$609qopTIm £q Lousudbeay U W 00l/suz0y |mw @ 0oL/ u 1@ 00l u 1@ 001 a Tu/s31n00
SUPWHP eatyRrey | TTo00008 Y SPutxyxed TIDYI75010 nﬁhom.ﬂoo\ﬁwooam mshom:oo\._.dpoe opﬂm 18308 zopen
— . (se1dwes Jo Jequmu = u) S3UNO0 TBIL30®q UBSK uosees J80X Jo uldnI0
t |2 xtpueddy




594

4 _ (6 = w)
14 L 12%8| o 0 g} 0 e e |zl Lz{w |6t [vol itz 06 05 305 | s700d Tegeruiey

$56 2 o'oL] eoexy 0 €65 L 0 9 |ooo6!lo | ofol|ootl [of9]0 0z€ L | ov8 LL{ 2°M (¥ = w)
¢ osLls |96 - - salz [0 | S |lsge|~ | = |oar| 66 1] 9| St oSy 2z | €6v 6¢| 4= 20ATY WIS
, Ly (6L 61% | ov'o 96 0 €€ | L 16| 96182 | €LL € {9 ére 08€ 2 | %°M (€€ = g2 = 1)
13 196 ¥ 1'gl oo | o -l Lz 9€ | 186 vL| gb| Lt | 616 6411 €€ 68t ¢co € | L suTEymmO

| . _ : (2=m

b Seo €z |o%6| o 0 €65 1 0 2z |o0S 9 | Lzt tejly [ PSLS |G o 006 L | €€2 63| 4w STIOM URTSOLXY
9882 |84 | o 0 ey o v 166 | oLl6 |26 |9%t{olL loz | ellt | 2em (9€ - €€ = ®w)
l OftlL 2 6'L| o S1'o oLS 0 05 | Leb oL| oL|é | otb 8't | 2'al €61 Gi9 L | 4 setoqezog

4500q® e Ly 1utrerre dues
Eononmeny 4| (o @ owm) e | afoa | wmn | teson wfon |Zovs| 20 || w| x| = | a [wfon| Yos s | 30 sonamy pue
JuUPULIp eat3eTey | L37ATs0mpuOY ’ (1/30) BjuEWeTE = OJOBW JO FUNOTR UBO) , uosveg | Jejem Jo wISLIY

: *1z TTrueddy UT WOAYS 5U POUTLIElep SBM 4806qepTIM JO Lfousnbolxy FuTHUIIP oATie(ex oyl  *(6L6L) *Te 70 J63UTH PUE
(LL6L) sxTejry Jo3my Jo *3deg o3 Futpaooos ‘(8L - 9L61) TYE03T 38 4500qOPTIM 03 OTQBITRA® S90IN0S GATJ WOLF POTdWES JO}BM U S3uUOWOTe - OJOBW JO BOUSLINOD) 3 Zg xTpueddy




(S = u)
14 09z |os>| og Sz > | ovs oot> | 06> | s8> | o> | Se> | oz | 05> | ors | ored] or | s3es 8700d ZeguMuTYy
(L = %)
b oor ¥(ott | 0894 | Sz > |ole ozt 09 6z oz or 0s (911 oS 006 02 o0 JoATy ETIZ
o6L (tat>f oSk 1 | ogs |06t 1 | oot> | os> Sh> o6e> | Sh> | 06> | 06> o> ooL> [ oot>| 2em (2€ = g2 = W)
13 06L ozt | otoz | 09> [0zt | oot> | 05> ot > ob > | oL> | 05> | 05> o> 00L> | ofL>| Lxq : SUTERUNOg
_ . , (2 =9
4 061 2 (692 | 005 2t | otL €0 € | Oft> | ol> |. Se> 05 > | ogt oL> oL> St> ooi>| ovz | Lx sToA TR}se3IY
. 00y 166 | ogbL | 069 fozb s | oot> | 05> | Sz> | 06> | s> | 05> | os> | o> | ooe>| ol>| 2em (LE = 2€ = u)
_ ! oy 413 olot 08¢ 062 | o0L> | 05> > 06> 4 05> 0% > 05> oL> ooL>| o08>| 4Ly seogaxog
3599qepTIA g I ag .n ' ° X oy P9 7 I soydwes
B tomerioss ug s LE ¥ i J w 2 0 30 sovuma pav
WHUHP eatyerey Aa\wﬁv SjueweTe e0BI} JO jumows weey uogees Jejem Jo UlITI0

*(6L6L) *T® 7@

12 N.E:o.nmd UT UeALd S8 peurulresep mw: 4800qODPTIM JO ho:onvo.u.w SuT{ULIP SATIBIOL 6T
Je3uly 03 Juyprooow .AQ. = 9l6l) ®TYso3g 3v 3806qopTH 03 OTQRITEAR B6OJNOE OATJ WOXF PeTdWes JO4EM U BJUGWOTO 608X} JO €OUSIINOIQ

: €2 xTPueddy




59

(*o8q o3 *3deg) uosmes joy ‘Lig

(*3ny o} Ley) uosees prod ‘Lig -

(*ady o3 °usp) uoseos joy fjey

uosees £q uofjonpoxd TROEBI J033Puw Lig .

NNN. €89 L 1830% LrIver
LLL 2¥S|  v6'str ¥ €90 2 L€ 695 6L29 ¥ 69z 2 OLL 1S G265l ¥ ¥y 2 " 8Te303 TEUOSTeg
: . gpIey JOTeyoeq
98y ¥il Lr'ges (344 60'z oSz | LiL 68 trt6al (343 6otz 052 652 18 9TtLLY yet 6otz 052 ut sTInq 3TUPY
. 6pIoy pexTw
9Lt G2 00¢g02 0ol go'z wwe | 85 Sz “00'goe 0oL’ gole tbe 096 V2 00*goz ool go'z (874 uy STOq 3TRPY
, : sTTg
995 2t 00*€0L 05§ 902 2€z | Loo gt 00*60¢ oSt s0'e AT 09z € 05*09¢€ Sl 50%2 Z€z | Tewoytaze; ‘euor !
’ B gmos juvuFexd pue
216 281 00°96p L grL 0o'z €0z | 8z 18l 9stelt 1 gL L6%1 06t oLl €81 26°G25 1 syl yote €2 Butseiovl ‘3TOPY
. : amoo jueudexd
¥E6 LL | ootlht sL 96't |€gt | is0 @ 0o'Lyt 9] 9641 €81 ov9 Li 00*Lpt 9] 96%1 €81 - wou ‘3Topy
. ‘ . (82£ € - 2)
05 02 oL ‘g9t 28 So‘e vez | oz €z ¥6*ggL ¥6 to‘e Loz 850 G2 28'goe 904 L6%L 68L | STTmR 3InPE — qQug
_ ¥20 62 06'LEe zel S6°1L 08t | €¥S of ecigre g2t - 6L rlL vLg of getlse 141} 261 89t (8x£ € = 2)
A i _ 8400 3TUPB - qu§
T . : . . (sx£2-1)
6oL g2 | ovtoce ozt 26 |69 | zob i€ 0€'ese e sg't Q) 226 2€ Sethle 491 Lt 6it STIma SR Tl
L 2¢ 892 r148 68'tL g6t | t9lL €g . oS%vle . 061 £g't 9€L 185 €€ pgtL6e 651 glti Lt T (sxf g~ 1)
) 8409 egunjeum]
y1$ 6L SL1S9 S6¢ S9't 06 G6L L6 9L'v6L Leg gv't 19 gvy 86 8028 _8Ll9 124 €€ (24 | = 0) searey
(&=x) : (=) (3)
Feompoxd | (2Y) (%) (8) [woT30mpoxd (1) (87) (8x) | worsonpoxd (8) : (2x) (%)
190087 | WOTonpoId {STSNPTATPUS [UoTionpoxd | gsBw Teoe®y | uotjonpoxd |sTenpraATpuUT | moTjompoxd | ssew Tecesy | uoTponpoad | srEnpTATPRT | uojjonpoad | -ssem
Teuosees|  ATTep Jo Tooewy | Lpoq| TWuosses| Teoewny " 30 100wy | Lpoq Teuosees | Twoew] 3o Teoswy| Lpoq
Te305 |LT¥eP Te3Q] [Toquuu weey £17e7 | uBey 8305 | 178 T®307 |Iequmu weey LT | uweey Te30r | ATTEP T30l |Iequmu ueey L7Teq| uwwey

g887o TRI008
pue x908 = ofy

8L6} Zutanp 6amgonays wotieTndod on,p uo peseq .@pmof.m. 18 380aQepT s £q uoTjonpoxd TEOOEJ TBUOSESS JO WOTITWIIBO porfeieq : vz xTpueddy



(teL) - (gab) 29 5L0 2€) (991 6) 1 (sow &)
96¥ . 9L Awwmv Aomm gt €16 L B xequoydeg 8Lé6L
(e22 1) (€L) (Lhz 1) (€6 1€) (v1y 6) (309 *3en)
Leg 138 220 G€9 gt 9L L B qoIsy LL6L
(L99) (€ot) (206) Ly 9t) (6€0 L1 (pToo *4£1D)
Lsy L9 - 6€L AE. é Sho m.v , . EH Aur 9LéL
(Lol) (Lot) - (180 2 008 6 (200 9t : (proo ‘A1p) v
vay 66 mé. Fv Ame. mv 9Lt QV - H £rop yL6L
(228) (g21) (102 2) (L9€ 8) : (206 €1) (309 *4ap)
€9 9l. }og 1 166 v G6€ L1 (g) <e3dootrey aequazdeg €L6L
(208 ) (8€L) (b9l ?) (L1S ot) (€50 §1)
€L0 L 08 L1 Sy ¥ o9l L ey (30q ‘s0m)
. qoIBy €L6L
(€09) (56) (L€L 1) (€6v L) ¥z ot) . (30u ‘3em)
65¢ 44 €Ll Lot € 1gz § eMg £Lrenxqed cléi
, (98L) (0L1) (92L 2) ($20 L) (927 91) o (309 *£1p)
g9 Y9 6LL 1L . 696 2 gov ¢ . g 20G0300° zléL
(v8L 2) (88) (605 2) (268 6) (ott 1) e (30u ‘3on)
859 1 14 286 L 8L ¥ tlz L © Lxenaqeq - | 0Ll6L
(Ler 1) (s6) . (269 £) (L€5 S1) (vse 22 . (309 ‘3en)
958 A 149 o ogg€e g8y 9 8gt :V _ _ g Trdy 6961
(91£) (¥a) (206 1) (79 €) C(eo) |
88t 2L 661 22 L LIE é | ?Ew:«%.sﬁa (3ou *L1p)
. TH-POXT zequeydef 8961
QoI 80 1£800q038Y pey Yoqswep yoqlutads °xqez w..ﬂono.nnw :
: : sefoedg _ poyiey woswes pus Yuoy | Teex

*£puys quesexd oqy wouy gl ~ PLEL 207 {(ELEL) T 76 3Jequop woxy € ~ zL6L 20F {(0L6L) *T¥ 30 Sepeqy woxy OL = 996l 03 vyeq
: , *po33o3OBIq exw SBIq Jupjumoogepun JoJ 638suedwOs 03 PONTEA POIOOIIO)H
*(gL — g96L) ®qsolg 3¥ 3800qePTTM Jo Bx03Fjedwoo Jofew 6ATy €4} Jo 84un0d [BRIOY 3 Gz xypueddy




598

6gr gtz L ghéiLeg 61 ozt oTew O
671 610 L ¥slocz 61 6Ll elemer ng
obg Gof ¥ €910 21 09 8l 2 -0 6% YOTI380
Svz 61 g 2ltzsh 22 o8t | eTTw pJg 9L
296 681 6 26°S91L G2 o9t - etewey pd 1651
219 €88 L 76965 12 GLL wfz - oLtz 3800g0%IRY
bse €9 v y2tilz 21 oS ® | -0 1ete pey
2oL g9t ot 9p46se Lz .. obe eTem pJ 9641
609 €99 LI 60%G%6 1€ 0ze oTTmg Dd 164
LL8 9L 6 ¥stec0 Gz ovL 81l g - | oLtz
210 €59 S olL'lgr Si $9 ®i=-0 ete F0q8ue)
o Lve 16l 2 P64LES L k14 oTew HJ 964
Lo Ly €90 € gLé26¢ 8 Lg eewey Dd L6%1
639 Llg 2 g0'teg L o€ Bl gz~ | otz
Geb 6€€ 2 g6 9 oz L | -9 1ete qoqfutadg
892 001 91 2€loLL v gLe eTew py
895 ¥l 9t L€tL9g SV 113 eTewe] WMOLI-TTN
LSS 2tg 2L 69tlsL o€ ¢ge 81£ 2 = | ©IQ6z
€Lo 926 6 tetvor 9z 851 L L =9 oz 8,110q0ang
_ T8k oy _ Lep .
: b 351) sseu p:0%: ¢
S3uewsx Tnhox L3zeug 0q uwey 88870 XoS puw eIy J0AO0 jUEWeIOUY ' soToedg
.Aauou. oy3 Ul ueatr?d no._"v.mnd.nauov Suey Puv 5000 YITI3B0 3IpPe JO ©seo eys uf
6%1 Jo e3vx oTToqBjeW Jur3sel Jeao juewOIOUT 6Y3 03 POppe SeM uotjequout pus wotrjonpoxd I3e Jo 3500 oFjeSz0uc eyy
"WOTIRS0 207 . %u M £'gL pue sTeuUwen lo3 < me M OL 5% PoySINOTEO0 SUM 048I 0710q830W Juyisey
*EYS0IT ¥ 3SeeqepIIM Jo Sao3Tiodwos Jolew @Ay 03 wvomvﬁp £330ue TENPTATPUT ‘LTasel JO UOTITWILE0 PeTTRIe( ¢ 92 XTpusddy




599

2Lo 719 tht 96

Sh6 0SL SLL it Lgh € oTsw HI
o 2L6 8Lo 99 W6 € oTvwRy DI .
bee voL 12s 6 vl Bl g = |
6€L 008 2tF 6 066 @’ -0 991 6 8L6t
€L6 2€8 €66 Tt 269 8£0 669 LS 186 €. oTew DJ
leg o2t olg L9 yso v eTewdy NI
¥99 GLy gLL 6 29l sl g~
02€ 850 069 6 Lot @’ -0 iy 6 LL6L
Sl 226 856 691 glL 008 2lS L9 L6y ¥ orEw Hd
. 2€h 6€6 666 6L el v eTewey HI
ovy ¥ie 2Ly 1L Y68 8k z - |
sgy 2ly LSE 1t 6L L Xy =0 §¢0 Lt 9L6L
Ly €29 612 g0z " 960 8LS lgl 28 r4 7984 ST®W O
968 gov 69¥ L6 228 § oTewdy DI
GL6 69 LSO Vi c6ot 8L 2 =
085 986 OL6 €L - oSt UL =0 616 € sLey
oz 086 €91 9¥2 9LE LEE 200 86 180 9 erew pg
880 SYL 99¢ Gt 168 9 eTewey Dd
2L €66 0fE 9L 96z L s g -t
L 0LS fov 9t gel L £ L =0 200 91 yL6t
GGG 180 L2t b2 VgL Liz g€l S8 g8z S erew Hy
: 9t9 Lol L€2 001 lg6 S erewey weoxd ~ TN
28L 65y 6vF YL gzl ¢ sxl z = | :
€LS LE9 LoE 7t 105 L L =0 - 206 €1 €Lét
U0 F29
Trerndog B58T0 X008 pu® 63y TATPUT Jo ‘ .
Jequnu Pe}euts ey 8geTo X08 pur o3¢y uotsendod pejemissy Xeex

( |- Ived *o) Bjuomexynbex LSxeue Te30]

(sl = Q.m—v eqso3g JOo spuersswid oy3 uo woyjerndod eIqez §,TIOVOINg Oy} J0J S3e8pnq L3xeue Llreed jo TOFITUIEEY § 12 xtpueddy




69 1Lz €LL b2

og v1lG 159 68 9gL 8 oTSW g

LS ozl ogg oF ove €8 ererey od

gty 160 262 L Pes 2 Bxf g =

€L L€S Gof L oy L £ | =0 9Lo 2€ 8L6t
€62 186 95L Lg 695 olg SEL €2 Llz9 8 efen g

996 P9l 2Llg 6€ €oL €1 eTewm™J Hi

16 LL9 661 L 86t 2 8xf z - |

LgL gvz 066 91 Sle l £ -0 €6y 1€ LL6L
LIS 292 898 GF 6vg €20 OLE 2t 9%6r ¥ orsn DY

Y19 LYl G16 02 828 9 eTRwRy HJ

LGS gly 62l € 962 L 828 g ~ |

$6¥ 219 €58 8 16L € £ =0 Ly 9t 9l6}
€St LiL 089 9¢€ 896 60¢ LLg 6 06S € ereu Hyg

LES et €oL 98 13921 eTRISF D4

610 €OV 8L6 2 GE0 L 8L g~ |

€€6 6L9 tLo L 820 € £ =0 90t €L (911}
664 625 06¢ Le leb Lyve Lgg L $89 2 sTeW Hd

91¢ gty 8sh 2t Lot oTemey HA

ely Lez€ lee 2 77 8Lz~ | :

WWe Ly Lgg § Y92 2 x| -0 008 6 PL6L
686 Oth 49t €2 ¥et Lgo 90€ 9 262 2 oT®w DJ

Lol v18 299 ot Lgr € eTewey wmoxd - T

62V 25k 206 L - 99 B g = |

626 9lE VLS ¥ €€6 L £ L -0 Lot 8 €L6L

(o]
uwopyerndogd 88870 X088 puv &8y STENPTATPUT JO
Joqunu pe3ewWTLSy 85e[0 Xe8 puv o3y uotrerndod pejewILsy Jeex

Apl Jead ¢ry) oOjwemeaynbex fFzeud B0

(8L = €L61) ®eqsosg Jo spusysssid ey} uo uojjerndod Noquixds eys JoF 8302pngq 4LSy0me LTIeeL JO UOTFEWIISY ¢ gz xyPueddy




2L6 Loz 1€8 9 G12 966 €vb 14 eTem Dd

€€e 66L €85 ¢ £6€ oTeI} DI

986 108 026 LS sif 2~

9€G 069 282 0s L L =0 29 8L6}
1y 926 692 €L LLO ¥6€ 96L 2 6Lz - eTe™ nJ

810 666 OL6 8 ol eTewes DJ

Lbe €61 tL0 ¢ bLL sl g2 - |

Gvo zve gvs L6 £ =-0 vzt LL6L
68L 661 65 6 Lhb 2LG €20 2 661 erew D3

lzh €1€ 8tv 9 rA19 eTBWSS DA

961 066 0fL 08 sl g~}

€9l €9¢ Lo tl £ =-0 206 9L6t
,08L 866 918 St L8L ¥0S SPE € 62€ eTew D

: oLL oFS 099 Ot $16 eTBWwR} g .

¥€9 Yoz Gie t 131} sif g =~ |

6ve 6VL.GG9 9L 2L =0 267 ¢ 9113
ggl ¥hL LEL 22 6€9 v09.LL9 ¥ o9V 8TeU D

6GL LLL Lyg b1 €l i oTewRy DI

GEZ 22¢ 069 & 418 sl g2 =1

GsL ovh 26 €9 XL =-0 180 ¢ 17119
980 gtk 160 €2 g6L L¥L G9S ¥ Sgb eTew g

2€6 S zel St gveE L eremey wmoxsd ~ 1

268 Lzg 06L ¢ 961 81f g = |

¥90 gL€ 2l6 eli ak L =0 Loz ¢ tL6t

wot3erndog - 8geTo X0s pue &y STeRDTATRUT JO ) .
A—l qees *[y) sjuemernbox LArxeue Te}O] Joqumu Pe3BuUTISY ggeTo X088 puw €Iy uopseTndod pejewis sz Ea:1-) 4

(8l- €L61) ®Tusosg Jo spuerssesd eyj uo uojjerndod x.opmsaw ‘eq3 a0 ej3edpnq 4Szeue Lixvef JOo UOTIVWEREE : 6z XTpueddy




602

659 gog 2to L 616 9Ll 6gE - Ly eTew Hd
ghe 020 96¥% 14 eTemeg pd
2kl 61L 98 L Lz -y
Y90 262 YL 9t L =0 gzt gL6}
919 0L6 ¥6S Wi Leb 122 Lz eTeuw pg
166 26L Ve 1€ eTewg HJ
689 L0 LV 9 Bk 2 = |
ofe 68l LY 6 Ly =0 €L LL6L
i1l G10 6£8 190 61F LLE gt oTvw HJ
L6 9L vob 144 eTeuey nJg
. €16 890 €9 g8 L g =)
622 29t 09 £t ®i1=-0 €otL 9L61
€L} Y66 860 | €26 L9L 60% 0S5 erTew DJ
tlz LLS €26 LS eTeWey HJ
9SL 61L 98 4 sxf z - | :
€22 6€6 oL - L ®LL-0 set Glét
166 €96 65¢ L 9vS 606 66Y 19 eTew nHy
L6t SLL 289 1L eTeweg HJ
" g6S OLE oLl 14! sxl g =
9tz 80§ L6 12 £y -0 Lot bLéL
659 80z 2O L SLS 9Ll 6g¢ Ly eTen ng
: g€ 020 96% ¥s eTswey wMoxd ~ TINg
2€L 6LL 99 Lt sxl z =~
190 262 YL 9l X1 =0 g2t €L6L
aotserndod sseTo X68 pue oSy STENpTATPUT JO .
:l Jeef *(x) BjuewexTnbex LJxoue TB10] Jequmu pejswyIay | '+ ©8s8lo x08 puw oIy uopseTndod PoLTWIFBT I80%
3 Of xTPusddy

(gL - Q.mwv eYso3y Jo mwnd.nm.mdhm ey3 uwo uworisrndod 3800qe4IBY POI Oy} JoF 5303pnq LIxeue LTIESL JO UOTICWTLSY




603

Ll 6L2 SLL S m»m Q.M 9¥ 2 oL9 mum 2 ¢ - wmm “..m - ﬁmﬂa Dd
. 2 08L 99t 2 0£9 2ol L 261 80t 22 4 8 192 eTEweg Dd

006 020 26S - - - SEL - - 8x£ 2~ 0 el eL6L
9€0 266 otL ¢ 22¢ 861 S90 ¥ oy Lge v - £0S A4l - ersw I
gy LLL 199 € 0£0 210 ¢ 251 €69 L€ o5t Lt 1344 eTeueg DJ

982 2z Y00 t - - 622 - - sl g -0 w2t LL6t
L2 85 SoL ¥ 962 €16 222 2 ooF 22€ 2 - Gle 08 - erew pd
SSh Y06 V66 1 002 6€9 L- 082 €16 o2 1574 08 ove ereRy Dd

00S L9l gvs - - szl - - 8zl 2 - 0 L99 9lét

. 1 .

961 859 016 ¥ Ll lgl gz 2 o6t 6ot 2 - . €92 €8 - orew D4
P 656 gbL 290 ¢ olg ool i 950 L6L 12 ol2 €8 gve eT8wmg b

025 €2€ 196 - - g2t - - mLz=0 Lg9 aLéy
08L LLz €60 § | 995 906 6SE 2 05S Lob 2 - 262 -G8 - oTew pg
2€€ 906 YLL 2 059 LFL 1 09¢ S6L 12 £92 ag 114 eTemay Dd

088 V98 8LS - .- 251l - - 8xL 2 = 0 Lol L6t
oSE 269 g9v S | Lvlizl oStz | ol6slgz - 6€¢ 66 - oTow g
. €b2 ge9 9¢t 2 . 0l 802 2LL 662 G2 62¢ . 66 962 eTewog umoxd = TInY

09€ 2vE Gl - - ¥S1 - r - 8L g = 0 (£4:} EL6L

T®30% T®%0L Sutyequouy Sutler -~ 9283 .
wotserndog 85870 X085 puv o3y 18397, Sutiequour Buyler = 38y woseTRdod
( |- Jsal *[y) sjuewmexrnbex LIxoue TBL0( STEMPTATPUT JO Joqumu pejewt}sey 88870 X08 pue ey, pe3TuI} sy Jeey

(sl- Q.m:, eYS03E JO Spuelesel? oy uo noﬂud&on. QOI8O 8yj Jo0J 5309pnq Lxeue A[Iewel Jo woTrenIIEy 2 | XTpReddy




OU/{

xﬁ..m - -|l2't - | z6't | 66%% | er's- - -1L2'tT -] 26t | 66'Y | ¥1'6 - ~-1lz%t - | g8tz | 66'F eTea pJ
6L - ={rz‘t -~ ¥t | ¥ty | 26L - -iv2't -1 v8't | ¥8't | ve's - -[r2tt -] ol'z | v8't oTeey OJ
16'6 - =iLllo| 89ty [ FbiT | 20'¢ | T6%6 - -|LL% |89'y | t¥it | 20%c | V6 - -|LL*o | 89'y | 96°0 | 20'€ 8L 2-0 TOTX380
62401 - -1g6to - 1lg'z | ¥8'9 | 6201 - -1g6to -1 Lg%z | ¥o'9 | GLt11 - -186% - | ot*y | Lg%9 orem g
ggloc | €v'te 0 |58t =~ [ LS% | €€%9 | 92'9t. | eT'Y €9'2 |sS% =1 LS%2 | €€%9 | g9ttt g6%z | 100 [SS*0 - | 98¢ | €€t oTswey oJ
90°21 - -lob*o.] €6%¢ | 91'z | LG*G | TO'TT - -lzvto |€6'c | ¥8°T | €6'Y | vgtot = -logto | €6 | g2'z | L't 8X4 -1 | $9e9qesTey
£8‘01 - -l62to | 2t'9 | vo't | g€t | €6%6 - ~-l€2to 121%9 | 6S%0 | 6%z | €e'g - ~iptto | etle | 6£'0 89t s -0 pex
otiet - -leLlo - | ooy | 548 | ogter - -1eLto -1 o0y | vs's | Gost - -1€lto -1 gl's | ¥S¢g oTem HJ
£gtoc | L2'9T | 100 [69% - | 98'¢ | oo's | tr'cz | TL'g 68t 169% -1 98'¢ | oo'g | €Sty 0892 | 69'€ |69'0 - | 646 | 00'g oTEws; D
9Lyt - ~196'0 | 19¢y | 29‘z | Lé'9 | poict - —-l6v*o | 19*Y | ¥e'z | oL'S | gotl - -lehfo | 9% | og'z | vels s1£ -1
Lg'ct - -icefolGote | seft | ety | ogtet - -|L2%0 | So*e | gL'0 | oz*c | g9*ot - -|Lt%0 [ Go'e | €S% | €6't 2L =0 Foq8WL)
egie - -lecto - | g9% | etz | z2€'c - ~-1{€€to -1 890 | 1€ | ¥9'c - -iccto =1 00T {1€’e T Od
¥e'e - ] €L jotlo| . - |6S‘0 | otz | 9stg LG4 to‘o [of‘0 -| 65% | ot'z | 98'tt 15 0 |oglo ~ 1 68'0 ] ot'2 eremes oJ
oLt¢ - ~|€2'0 | 96% | 66'0 | 96T | év'c - ~-192%0 |96%0 | 8F‘o | 6L'T | of‘¢ -7 ~i02'o 960 | €90 L9't s1£ -1
vy - ~[v2to [ €0’z | ¥9'0 [ €LtT | 6L'¢ - ~[61%0 |€0'z | P20 | g€l | €T'¢ - -|tt'o [€0'z | STf0 | ¥B%0 L 1-0 | XoqAupAg
€591 - ~loé%0 -~ | 60'G | pStot | €S%1 - -loéto ~| 606 | vstotr| Lo'6T - -l06% - | €96L | ¥5tot oTww O
eTvwoy
06'cg | ¥Ttov S49 Ir6to - | 9€% | 96%0ot | Lz2'Se | e8'Ly | €10 [F6‘0 ~-| 9£4¢ | 96%1 | 95¢08 26485 L't ¥é6%o - | votg|96oL WOIZ-TT0Z
1A%¢:] - -iLL'o [ Llz'y | TT'% | 66°8 | STiLT - ~jzlto L2y | ol't | ov'e | 93'lt - ~[L9*o |Llety | 116 | 18%L 81£ 2-1 wIqes
'z - ~|w'ojosttt | sLle | 9T'L | €T'6T - ~|svto Josttr | 16'T | Le's | seler - -le€to | os*tt | 2ttt | #L'e &£ T=0 | B4TTPROIng
dw) | S : :
18303 ,@uw Anumw qwo | 3wy | WK NOT | 1ga0n @% Am% qwd | Bub | MK SO | 1000 .Amum Amns qup | 3w | RN o
_ATreg | —w3ow] | =w386) qmoxn eousuajuyBy | AT¥al | —~w30¥] | =m4Sop Y30 eousuequyey | £TTeq - | ~e400T | —ei8sH YNoIn | eournoiuyey
(=oaq o3 °3deg) joq ‘ixg (*3ny o3 £Lay) pros ‘Lxg (Trady o3 *uep) 3oy ‘sep
- . - 86870 XoS-0dY sopedp
( T.b% *3) sjuemdaynbexr  uefoI}TU TeuOSEe S
ax =

*34X6} 6Q3 U UaATF 6] ejuowsxrubes PoTFERep ou3 Jo uoyiewerdxy

©}TUTIS0 03 Wi JO TWOTLRINOTSO eyg

*YOTILE80 JOF

g2lto

¢égL pue sTewwrem Joy L 0L 3® ueyes sen epuomeatubex uedoryyu

*875eq TYUOSEOE v U0 fEysolg 3B 3500qSPTIA JO SI03F3edwoo UT Sjuemexfnbes uedoI3Tu LITEP‘TUUPTATPUT Jo uoTpemyshy  32€ XTpuesddy




605

. ma nMﬂ SM mm n% :m oTvR o4

% 2 : ot 2 gLy gte oTewd g DI

260 Lég v €92 £92 0T T8¢ L2t €L 6 L2z 90t 6€6 6 8xL -1
L16 91 655 11T GE6 6 £ 1-0 8L6T

i ik o o

25 L6t 92 € A oTTWg DJ

- Gob €26 08S 0L ovs o1 052 9¢€ 9%0 o1 cLe o1€ Loz o1 8L -1 A

gLt LT 966 1 902 01 £ 1-0 L6t

mmm «m ”MM 11 0€0 mw oTeu DJ

9€4 1€2 : g6k T1€ 911 182 eTewey Hd

gL 2ot oLt Lig 99¢ 21 ShT ¥et 98L 11 €80 TLE 6L6 1T BaL =1
69¢ 02 v 085 LT 296 11 £ -0 9L6T

mw Mm mmm mww mvm Qm. eTeu pd

2 8€9 T 9L T8¢ eTvmog ng

680 92¢ T S1S 98¢ 9T ST 88 28¥ 9¢r 71 0£9 ¥S¥ 899 ¥1 82l 2=
: . g6 ve o iy 12 169 ¥1 4 1-0 | . Sl6T

Tzl 9L’ gre LL 290 L8 eTew. pd

209 65€ 1 LSl sg€ etl 16v 1443214 eTemyy I

09 2€6 €Sy 926 Lt 855 TLS 980 LT 2TT g8¢s 96¢ LT 1L 2=
85 62 . 2Th Se ove LT £ 1-0 yL61

N % , s o0 i ot

: 2 ¥ 26¢ . geL 19¢€ eTEwg -1 T

L6 €9t 1 68 66¢ ¢lS ST 895 9G¥ Svs +1 vz Lot €80 ST . 8L Z=1
6v9 s2 v vio zz 290 Si £ 1-0 [ ¢€léT

19303 U073681ad0d B19303 659(0 1930% UOI3BvLad0d B30} BH6LD 1930% U0 1391040 B1%30% B5YL)) —
Te303 L{Tvex (*o8(q 03 "*3def) uosees goq A (*54y o3 %)) Uosees prod tXag (Tdy 0F *ue[) wosges 500 140H
819303 TUOSBOS
89870 Xo5=a3Y Xeo|
- (W1 33) sjuewearnbex uftezozd uotjerndog

$ €€ TTPueddy

(8L = €L6T) ®yso3g jo spueisswald oy} uo uoppeindod BIqOZ B,TTOYOINg OUF I0F s3eTpngq uwiejoxd TEwosees




606

oz 22 v 22 _ 986 62 oTew DJd
266 €€ ‘ 0€Q Lg 989 811 eTewmay Hd -

2Ll oof £09 68 grt L 9¢9 8€T 66L 9 £€g 2Lt 297 9 81l =1
LTz 92 (o1 ¢ 1 66¢ LT £ -0 | eL6T

g 12 910 22 266 €2 eTen DJ

tle €€ €2 98 626 9Tt etewey I

2tz Lot S19 g 610 L PIT 9¢T 6L9 9 €06 €91 e 9 81l z-1
6¢L G2 26T T2 280 L1 £ 1-0 | LL6T

$9€ 11 LY T1 plz 2t oTem 04

T6€ LT Gg6 v T2l 09 eTeuag Hd

¥6 102 e Sv 959 € 668 oL Ly € 10z S8 gog € sl -1
€1) €1 £vo 1T 106 8 £ -0 | 9L6T

060 6 29t 6 108 6 oTew D

688 €1 988 S€ . vév ov oTeway pd

20¢ 19T 219 9¢ 026 2 9t9 95 Ll 2 70 89 659 ¢ 81k =1
: €1L o1 128 8 ott L £ 1-0 GLET

86L 9 268 9 0£€ L oT=a DJ

8¢ ot €8 92 LGz 9f eTewag nJ

T19 021 SLE Lz €8T 2 oS¢ 2b Llo 2 188 0§ 8L6 T 8l 2=
010 8 G666 9 91f § £ -0 | pL6T

€08 § 6vg & LSz 9 oTeT O

998 8 806 22 L66 0f | oTemey wmoxd TTNJ

€L6 20T €LE €2 698 1 19T 9t €LL 1 6sy €F 989 1T 8xl z-1
_ 6¢8 9 €9 § 6¢S ¥ £ =0 | €leT
Te303 Lyawey 18303 sTe301 =303 sTes03 19303 8Tv30% sgelo Xo8-ady | Jee]

wor3eIndog B888T) uotseIndog 887D ‘uoyseIndog sser)
(*oeq o3 3deg) (*2ny o3 Ley) (trxdy o3 euwsp)
uosees joy SLxy uosees proo SAxg uosees 30y 4301
S7R303 TRUOSEOS
AE 3y) sjusmwexnber uresoxd uoryrINdog

(8L =~ €L6T) =qeo3y jo spue(ssead eqy uo uworserndod JoqIwutxds eqy 03 3@3_5 utosoxd Tenosees : ¥ xTpueddy



607

(®oeq o3 *3des)
uosees 3oy ‘Axy

(*3ny o3 Ley)
uosees proo $Lxg

(Trxdy o3 euwsr)
uoseoes 3oy ‘joy

878303 TERUOSEOS

(w1 33) szuowestnbex utesoxd worserndog

oy T FAYAR €09 T oTeU nJ

6¢2 6 206 9 G2l €1 oTEX0] D&

970 L€ 058 1T - 29 gLy 6 s 889 ST 645 szl -1
626 tly of £ 1-0 gLET

. 68l 2 28t 2 ¥oT € oTew Hd

096 LT €LS €1 916 G2 eTewes HJ

g6z W Y20 €2 6vz 1 gol LT ETT T 98 ot 680 T sxh 2~T
920 1, L16 LLL £ 1-0 LL6T

gr0 2 ¢eo 2 gve 2 eTem DJ

9L6 21 Log 6 9ty 81 eTEmeg DJ

966 16 79 ot 006 G1e €1 208 9€0 22 Gal 81l -1
. TSL L9 695 £ -0 | 9lért

9¢€ € Pot € L € oTsn Hd

9gy T2 : g9te 91 92§ 0t oTRLOY Do

250 98 obS Lz Lév 1 20 22 €€ T ¥y ot GOt T 8iL g-1
lez 1 L60 1 626 £ -0 | 6lét

mwm M €oL v _Nmm we oTew pyg

S 926 62 919 22 . ] eTeweg Od

™6 611 L6g gt 280 2 STL 0F 6eg 1 628 0§ 18 T 8af -1 :

el 1 wWs T - 90¢f 1T £ -0 | YLét

Mwm vm mmm 14 Sly m . M«u od

_ 9T : 6v6 €2 020 G |eTewex wmoxd TTRA

Lz6 921 2%9 o 902 2 66 € 696 T 96L €S €26 1 sxd 2-1
618 T 929 1 . . gLf T £ 1-0 | €l6t
T=303 A1Iwex T304 5T®30% Te30% 5T®30% Te10% sTejo0} :sEwT0 xoo-ofy | aeex

ubpeTdog 85eT) uotseTdog sse1) wotgeTdog 8ERT)

(8L ~ €L6T) ®©qs03g jo spuelesesd ogy wo uotjeTndod Joqswed -eq; XOF S1edpuq urejoxd [wwosweg i Gf XTpueddy




695 - _ Coale v ORI S ) v . eTem pg

lee T : GL9 ; : sob T eTeweg DJ

PET S 698 T 10T 152 1 €6 800 2 68 81£ 2=
rAY _ LT 00T £ 1-0 8LET

rqr b12 gte eTEw HJ

- olel _ 88¢ 908 T eTEweg Hd

9t6 ¢ 890 1 144 ©61L 154 - 67T T &b saf -1
17 . 99 ) 95 £ 1-0 LL6T

mmm. TOE : 1939 eTEw HJ

201 ‘ ’ o144 14 AR eTewey D

5T ¥ 6 1T vl 10 1 89 G29 T S9 sxk 21
Lot ’ 66 : 18 £ 10 9L6T

26¢ _ 96€ _ wh eTew DJ

LEE T €TL : ey T eTewey DJ

9Ty & ol 1 10T lze 1 €6 g éttz - 68 814 z-1
ovt _ 14 : 901 £ 1-0 L6t

6LY 13204 12134 eTeEw DI

699 1 898 g 1 eTemey DJ ‘

6L 9 gtv g 621 €9 T 911 0€9 2 yit 81l -1
€LT A 1418 €T £ 1-0 ¥L6T

69¢ ele : 484 eTew D4

: loe 1t gLy coy T [eTewez wmoxd TIvg

¥eT S 698 1 10T : 152 1 €6 : - gooe 68 s1£ -1
€T . _ . L1t - 00T . £ 10 €L6T
18303 £Tasex Te30% 87e30% Te3.0% s1230% 1930% 87%30% 85BTO X06-03Y Ieex

wotieTrdog sse1) uwotieTndog .- 8SEBTD uoyyerndod sge1)
(*o0q o3 *3deg) (°3ny o3 Ley) (Twdv o3 euwegp)
uosees oy dLig woseas ploo Lxg uos208 30y ‘3o
-8Te%303 TBUOSERg
(m &) mmnoEo.uﬂ.Pvah utejoxd uwoysendod

(8L = €L6T) ®ysosg Jo spuerssesd ouj wo uotsdrndod 3seeqe3sey Pex ey3 JoJ siedprg urejoxd Teuosess i 9t xtpueddy




609

8Te303 T¥UOSReS

Qﬁ 2%) sjueweatnbox uyejoad uog3eIdog

: TR 088 T 0%0 2 oTew nd

€09 71 Lol ¥ Ug 1 y6L ¥ 988 T . gro 6 o 2 oTewoy nd
020 T 820 1 1443 8x£ 2=0 QLET

GST ¢ €91 € gy € eTem nJ

299 Ve Lvo g 29T € €60 8 Lot € 0zS 8 26h € eTewos DI
ofL T . ShL 1 _ 0z9 1 saf g0 | Ll6T

Gel 1 . 6zl 1 63 T eTew DJ

85y €1 26E ¥ gal 1 Lth v 9€L 1 &vo ¥ 098 1 eTemey DJ
973 : 256 ¥g8 82l -0 9L61

, SLL T ogl T oré T eTeR HJ

198 €1 €Sy 8L T 05 ¥ G6L 1 gsl ¥ €96 1 eTewsy Dd
Lg6 GlLé . 606 8zf g~0 GL6T

: A9 T 9€8 1 200 2 oTE® DJ

99 ¥1 o ¥ 928 1 C 89t or8. 1 626 ¥ €66 1 eTEWS] B
~Leé . 900 T pe6 8a£ 2-0 pL6T

. Sl e rAR oK v . yet 2 eTeum D4

$85 9t 14321 €21 2 iy A 65T 2 ocL S LTE g | oToWeg wioas TIng
: yoT 1 . YA O 680 1 _82L 2=0 €L61T
o303 Lyaeex T830% - 8T®30% 8303 8Te30% =303 872303 88RT0 TOs-aFY Jsey

wotierndog CE &) uoyzerndog sserp uotserndog 8687
(*oeq o3 *3des) (*2ny o3 Ley) (Trxdy o3 ower)
woeees joy Ly uosees proo ‘Lxy nosees 30y ‘3ep

A.Q. = ¢€L6T) ®ysoyy Jo SpuvssVIF eyj wo no..n.fd._“aom qoTa380 o4z I07 mvcw.wsn. n..nuu,o.a teuwosseg ¢t Lf XTpweddy



610

Appendix 38 Nutritionsl status of wildebeest at Etosha es reflected by analyses of
blood plasma (1976-78)e Age is given as adult {ad.) or, in the cage of
:I.mmentur_ex;S to the nearest month or yeare The season is given as wet (W)
*

or dry (D Wet seagon samples were oollected from Jamary to April and
dry season samples were oollected from May to Deocember. ’
Age-gox &|Total | Albumin| Total |Inorganio |CholesterclfUrea Total |Alkaline|Glutamio
goeagon |protein oalcium | phosphorus : bili- phospha~foxalacetio
g/1) | (&/1) | (mmo1/1)| (mmo1/1) | (mmol/1) |(mmol/1)| rubin |tase transaninase
(umo1/1){ (/1) (=u/1) V
29r o7 | 69,8 | 32,0 | 2,62 2,13 2,35 8,8 3,0 278 203 “
Ad‘.' ¥ 68,0 30,5 2,12 1,81 2,45 8,8 2,0 102 165 '
Ad; 7 |e8z,8 | 38,8 | 2,75 1,75 2,55 8,8 3,0 81 | 22
2 {’r ¢ 69,5 34,8 2,62 2,98 2,15 8,5 3,0 178 217
1month | 44,5 | 26,5 | 1,98 2,22 2,00 6,6 2,0 370 | 12
‘Ad;‘ $ 10,0 33,5 2,53 1,77 2,00 8,3 3,0 17 | 193
1 f a7 | 56,5 29,3 2,20 | 2,57 1,65 | 8,3 3,8 | 340 201
Ad‘; $ 68,0 30,7 2,14 1,84 2,35 8,6 2,0 87 1687
1 zr ¢ | 453 24,2 1,50 2,82 1,35 97 3,0 228 | >300
Ad;' o7 | 61,0 34,0 2,52 0,63 1,30 157 2,0 46 150
Ad; o"’ 70,5 36,2 2,92 | 0,77 . 1,45 6,4 2,0 40 160 o
-Ad‘.' o7 | 10,0 37,3 2,62 1,01 1,38 4,5 2,5 55 145
2 grg_ 70,4 37,5 2,55 1,30 1,46 8,0 2,0 115 160 -
La, 7 | 61,6 33,0 2,08 1,18 1,10 Ts3 2,2 50 127
Aq; o7 | 69,8 | 38,0 | 2,40 0,50 1,45 | 8,0 3,0 38 195
2 ;‘,;r % 69,9 35,6 2,15 1,95 1,70 8,3 2,5 185 182
Ad‘.' 'l 12,0 40,0 2,11 1,17 1,65 9,0 4,0 53 150
Ad‘; 7 68,0 | 35,5 2,20 1,48 1,80 8,0 3,0 100 207
Ad‘.' 3 75,0 35,5 2,54 1,75 2,10 8,4 3,0 14 168
Ad‘.' o7 73,0 | 36,5 2,31 1,40 2,24 5,0 3,0 58 18; o
Ad'.' g 68,0 36,5 2,35 2,13 1,80 12,3 3,0 127 128
Ad;' o7 | 14,5 38,0 | 2,40 2,15 2,45 15 3,0 123 282 - -
Ad‘.‘ Ll 65,0 35,0 2,26 - 1,98 1,75 8,8 3,0 247 143' ‘ 1
. AdI.) o7 7540 37,0 2,35 | 1,93 1,85 4,2 2,5 105 197
ade o 1671,2 | 36,0 | 2,72 1,43 1,95 3,5 2,0 48 190
Adl.) @ | 83,0 42,9 2,88 1,77 2,05 7,4 2,0 180 156 |
Adl.’ gl 76,0 31,5 2,60 L5 1,96 550 1,9 s 172
Adl.)o” 75,5 37,5 2,45 1,50 1,78 4,5 2,0 60 - 167 -
‘Ad, 07 66,3 36,5 1,16 0,82 1,70 555 2,0 20 190
] Adz e 74,8 40,5 g,’so 1,40 1,68 593 2,8 20 180
Mi o7 69,0 | 36,0 | 2,55 1,30 1,65 33 20 | 41 197
Adl., o7 85,0 4,0 3,02 1,68 2,04. 4,0 3,0 50 163
Adl.’ 2 70,8 37,0 2,63 2,03 1,60 4,3 2,0 18 1og
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Appendix 38 ¢+ (oontinued)
Age—-sex &|{Total Albumin| Total inorganio Cholesterol{ Urea Total AlkalinejGlutamio
seagon protein caloium | phogphorus bili~  jphospha~|oxalacetie |
(&/1) | (g/1) | (mmo2/1)| (mmol/1) | (omol/1) |(mmol/1){rubin |tese trangaminagolll
: _ (omo1/1)} (hu/ml)]  (uti/1)
Ad.o?  |82,8 | 44,2 |2,50 1,60 1,85 4,7 3,0 23 | 144
Aal.)o” T,0 | 351 |[2,45 1,28 . 2,10 4,8 2,5 40 150
Aal.)$ 67,5 46,5 | 2,35 0,93 2,05 8,7 2,0 "io 147
Ad? o7 74,0 41,5 | 2,20 1,17 1,75 6,7 3,0 38 220°
1,? 72| 680 | 354 |25 1,13 1,65 555 0 | 17| ws
1.;5: yr 3| 74,0 39,2 | 2,48 1,57 2,35 6,2 | 2,6 175 114
1.%'yr 2 | 10,0 37,0 12,65 | 1,58 2,00 5.7 3,0 178 | 158
Ad. o7 74,0 43,0 | 2,12 1,25 1,75 6,2 2,7 61 200 .
-A_d;?- 19,5 | 40,5 |2,59 | 1,24 2,20 9,8 2,5 41 | 192
Agl.)oa 70,0 39,4 .2,43 1,14 1,90 6,3 3,0 34 153
Adl.)-? 74,0 39,0. 2,4 1,12 1,65 6,3 2,6 55 '1§4
Adid;’ 7575 35,5 | 2,37 1,21 3,04 1,7 3,0 164 | 137
Ad. ¥ 78,0 40,5 2,26 . | 0,9 2,00 8,0 3,0 67 | 127
1,? yr o7} 68,0 35,0 | 2,20 1,33 1,70 647 3,0 237 125
1,3 yr 9| 64,0 | 36,0 | 2,42 1,06 1,70 545 3,0 ss | 127
L3 a’| 60,0 | 30,5 |1,94 1,18 1,50 4,4 2,0 ns | 237
Ad. o7 70,0 39,5 | 217 1,02 | 1,70 5,2 3,0 27 122
_ Aazs. 13,0 39,3 | 2,12 1,33 1,75 513 3,0 37  128
1,15) yre?| 71,0 34,8 | 2,18 1,28 1,90 5,8 3,0 51 | 17
1,]5) yr &7 7g,o 37,0 | 2,23 _. 1,00 1,85 6,5 3,0 207 157
Ado 07 [ 69,0 | 32,0 |2,39 0,72 1,70 4,0 3,0 35 | 142
‘Ad;.:oa 66,0" 34,5 | 2,50 - 0,98 1',45 4,5 3,0 48 12;
Ade o™ 12,5 365 [2,72° | 1,80 1,75 9,2 3,0 294 162 =
Adz.?— i1 | a0 |2,68 2,40 1,60 - 5 | 3,0 105 | 168
1,]5) yr el | 11,5 45,0 | 2,82 2,17 1,55 6,0 3,0 102 127.
Adf» 2 69,0 40,3 |2,48 1,53 1,10 5,7 | 3,0 27 110
1.% yr 7| 69,0 39,0 12,75 1,84 1,35 4,1 3,0 117 148
Adl., 7 66,0 34,0 | 2,07 1,05 1,65 - 7,8 4,0 38 125
Ad]; T 59,5 29,0 | 2,55 0,82 1,45 5,3 3,0 46 | 117
Ad].) ¥ | 64,0 33,0 |2,72 0,73 1,32 6,4 | 30 5 131 ;
Ad]-) ¥ ST,5 | 33,5 |2,60 1,07 1,85 5,0 45 30 | 123 i
Ad].) $ 1630 33,5 2,40 1,15 1,65 4,4 4,0 50 127
2 yr $ 59,0 29,5 | 2,60 1,15 1,45 5,2 3,0 % 127






