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INTRODUCTION

The success of large mammals, native to marginal areas in
AMrica, suggests that an understanding of their basic ecology will
lead not only to their survival through correct management, but
also to better conservation practices where ungulates form a part
of the economy. Gaining this understanding depends to a large
extent on field studies as, for obvious reascns, it is usually
difficult to submit wild populations to predetermined experiments.
Valuable complementary data can be expected from captive specimens,
although captivity bas limitations and it is often difficult to
assess the effects induced by captivity on the normal behaviour
of a species,

When undertaking a field uv;dj it is, however, economical
to select and exploit situations which provide easy access to certain
types of information which might otherwise be difficult to obtain.
These often involve a striking change in the animal-environment
relationship and Kiney (1958 and 1963,a) bas emphasised the oppor-
tunities arising from the sudden alteration of the animal aspect
which results from the introduction of large mammals, while in this
study, changes initially affected the enviromsent.

The present atudy sought to make use of conditions during
the formation of Lake Kariba, which resulted from the impoundment of
the Zambezi, Three important factors led to changes in the
ecology of the Kariba Basin, an area of 2,109 sq. miles, inhabited
by primitive tribesmen and supporting extensive populations of large
game mamuals, In chronological order these were : i) the evacu-
ation of the native inhabitants; 41) the preparation of fishing
grounds; and iii) the inundation of almost the whole floor of the
Central Zambezi Valley. The removal of the people resulted in
large areas, especially those on or adjacent to fertile alluvium,
which had been over-populated, being fallow until either cleared
for fishing or submerged by the lake. The bush clearing of selected
areas designated for fishing-grounds reaulted in the destruction
of most vegetation, while the filling of the lLake transformed a
terrestrial enviromment, bisoqted by a seasonally fluctuating
river, into a large static body of water within four and a half
years. The habitat tlms eliminated was typical of dry marginal
areas in Rhodesia, the remaining strongholds of large mammals in
the territory,

This paper aims at describing some of the effects of the
formation of Lake Kariba on large mammals and their response not
only to flooding, but also to the over-populated conditions which
arose on islands on which they became marooned. 1In so doing it
is, however, necessary to touch on the influence of past human



settlement on the distribution and abundance of large mammals

and on the effects of the clearing of incipient fishing-grounds.
It is also convenient to mention briefly some of the most obvious
respongses of other groups of animals,as they showed certain simi-
larities with those of mammals.

Periodic droughts in marginal areas lead to a temporary
reduction in essential habitat resources and consequent over-
population. Animals are also subjected to occasional floods,
which occur almost annually on an African wide basis, Conditions
at Kariba enabled these two extremes to be observed simultanecusly,
with the exception that water was always readily available even
when food or cover was limited.

It is obvious that when many rivers overflow their banks,
the strength of the flood waters is sufficient to sweep away
animals, even if they are accomplished swimmners. . This mechanical
effect is ignored when interpreting the observed response of large
terrestrial mammals towards flooding at Kariba., lere flooding was
more akin to that of lakes filling to unusual heights, of which
there have been several examples in Central Africa during the
past few years, or when mature rivers, such as the luangwa or the
Senegal overflow on to the flood plain seasonally, Mr. D. F. Vesey-
Fitzgerald (pers coum) indicates that the abnormal high level of
Lake Tanganyika in 1963/1964 generally favoured large mammals by
inducing better grazing conditions (of the soak zone at Kariba
na@), although a number of zebra became cut off by rivers and
eventually drowned.

The flood plain of the Ipangwa idver in Eastern Zambia
is uneven, so that temporary islands are cut off by a slowly
moving body of water during the floed season. Unfortunately,
the area is not well known at this time of the year, and the only
species so far reported as being marooned on islands are Impala,
while Vervet monkeys have become trapped in trees in the water
(Mr. M. Ronaldson, pers. coum). Mr. J. Feeley (pers. camm)
reports that under ébnomlly high flood conditions s the Impala
became isolated on termite mounds and under these conditions
some would almost certainly drown or starve, suggesting a remark-
ably close parallel to conditions observed at Kariba. Blair
(1939), Yeager and Anderson (1944), Stickel (1948), McCarley (1959)
and Ruffer (1961) have observed simllar behaviour in small North
American mammals and Bigourdan (1948) for Wart Hog in Senegal,

The effects of flooding on large mammals will thus depend,
to a large extent, on local topography and, in particular, on
whether or not islands are formed. It is nevertheless reasonable
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Iabls 1.

Results of Game Rescue Operations
(December 2nd. 1958 - June 30th 1961)

$ g 2 Rescusd Destroyed Total Ii’cgig;ztii
Spetier Driven Died % loss destroysd
Taotal to Handled During during
safety rescue rescus
Monkey. 175 175 .6 3k 99 2% 7.2
Baboon 217 120 97 2 c.9 206 423 1.1
" Hysons -2 2 6 - 2
‘Leopard- 1 1 e X 100.0 1
_ Amtbear 38 38 2 5.3 38 1.0
Elephant 3 2 1 0 - 1 A 0.1
Bhina 73 16 3 18.8 ; 16 0.h
Zebra €0 10 P 15 25.0 1 61 1.6
Bush Pig 49 A9 [N 8.2 LS 1.3
Wart Hog L87 17 A70 A beb 3 90 12,9
Dudlker 169 2 167 Y 2.4 é 175 k6
Grysbuck 296 1 287 b 1.7 296 7.8
Klipspringer 20 20 0 - 1 2 0.6
Waterbuck 8, 51, 3 3 3.6 8h 2,2
Impala 1,36 1,316 133 10.1 5 1,321 3.8
Sable 60 27 33 5 8.3 &0 1.6
Bushbuek 326 29 299 AG 12,2 2 3% 8.7
Kudu 1353 X 123 7 ko6 2 155 4.1
Total 3,474 299 3,175 261 7.5 326 3,800 100,0




the mainland and did not drown or become lost among the trees.
Any which showed signs of drowning were loaded into boats and
were then classed as "caught" in Table 1,

The next phase was to plan the removal of animals which
could not be driven to safety. Here the size and shape of an
island and the species on it had to be taken into account, but the
procedure was generally as follows =
Dangerous game was removed first. In most instances, Elephant
swam away from islands, but this had to be prampted on sevefal
_ large islands between 1961 and 1963 by shooting a few, and there
were three Elephant prior to this which proved difficult to move
(p.50). The small number of Lion and Buffalo trapped before june
1661, left of their own accord, but later mmbers of both species
were caught or destroyed. Leopard usually disappeared without
trace and probably swam to the mainland; the only attempt at
catching a Leopard failed when the animal drowned under the influence
of an immobilising drug. Black Khinoceros were immobilised with
drugs before being moved v the mainland, as has been described else -
where (Child and Fothergill, 1962 ).

Animals which could be driven into the water were dealt
with next, as it was easier to catch them from small motor boats
than on land. Here the size of an island was important for, as
shown in Table 2, most species took to the water more readily from
snall islands, Animals which were too powerful to be caught in the
available game nets were then run down. Men were distributed over
the island and the animals were kept rumning until they could be
caught on foot, This method was used for Zebra in particular, and
usually led to chases lasting over four hours, by which time the
animals were exhausted, so that the method was not satisfactory.

It was, therefore, delayed wherever possible on large islands, where
the bigger or more dangerous animals could be chased to one portion
of an island while smaller species were caught elsewhere,

Game nets, of quarter inch rope woven into a nine to 12
inch mesh, were very satisfactory for Impala and Wart Hog, the two
most common species on leinda. The nets were erected as an
enclosure (fig, 1), préferab).y across & narrow neck of the island,
so that animals were furnelled towards the entrance. Beaters drove
animals towards the nets, but these drives often had to be repeated
several times as animals broke and doubled back before entering the
enclosure, Wart iog that tangled in the nets well ahead of a drive
had to be removed quickly by men hidden behind the nets, as their
squeals alarmed other game, Once a group of animals was in the
enclosure, the entrance was raised by men concealed near the gate.



Table 2.

The Readiness with which Ungulates
Entered ths Water from Large and

Smsll Islands,

N
o

Islands Under 5 Acres Islands over 5 Acres
Sample | Entered 4 Sample | Intered

Zabra 7 > y2 AC 5 13
Bush Pig 10 10 100 A 2 50
wart Hog - 45 37 a2 74 8 1
Duflkey n p 11 100 b 0 0
Grysbuck 20 17 85 10 5 5
Klipepringer 5 3 60 o )
Waterbuek 16 16 100 4 A 100
Impala. 17 9 53 | 472 13 3
Sable 2 2 300 2 1l 50
Bushtuck 5 A3 9% 2. 5 42
Xudu 18 13 | = | w 16 %

Total 216 186 8.1 | 646 59 9.1
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The success of this sethod with Wart Hog and Impala, of
which up to 70 could be caught at a time, showed that, with modi-
fications, nets would have been suitable for most species. They
needed to be of stronger material for bigger animals and to have
bhad a finer wesh along the lower margin to prevent the escape of
the smaller species, :

The efficiency of netting was increased if the drive
took place from up wind and the enclosure was within the home ramge
of such species as Impala (see p,2! ). It was also advisable to
pay particular attention to the concealment of the side lowered as
a gate, This was done by covering it in a shallow trench and
reproducing game trails over the disturbed earth.

Animals which escaped the nets werewsually left until
an island had diminished in size and they could be drivem into
the water. Any that took shelter in burrows were them dug out,
Primates were left longer, until the island submerged and they
were marconed in partially submerged trees, but even then the
difficulty of catching them necessitated the destruction of manmy.

When caught, the smallest animals were placed in grain
sacks. Larger species had their legs tied with plaived ladies'
nylon stockings, which were elastic and did not chafe, but rope
had to be used for the biggest animals. The snouts of Wart Hog
and Bush Pig were bound securely and anchored to a firm object, to
prevent the worrding of other animals, Zebra had to be stopped
from biting or kicking and int Bears from kicking, The horns of
Sable were held, as this was the only antelope which attempted to
use its horns in self-defence.

Small animals caught om land were carried (Plate 1) to a
bolding point before being loaded into boats for vramsport to the
mainland, while larger species were carried on netting stretched
between two poles. All were kept as quiet and in as natural posi-
tion as possible, and the held was held up, as this reduced losses,
possibly caused by the disturbance of the rumen. dnimals were
seldom in captivity for over three hours, which probably accoumted
for the low casualties experienced (Table 1). Van Zyl ( 1961
and pers gomm) reports that losses of up to nearly 40% are to
be expected where large samples are caught and held for considerable
periods in the Transvaal, unless tranquilising drugs are used,
Largactil was tried at Kariba, but seewed an unnecessary expense
as, in most species, losses were under 107, The high figure
for Zebra (30% of those handled ) arose frem the unsatisfactory way
in which they had to be caught. Grzimek and Grzimek (1960),
van 1 (1961) and Davidson ( in press) reported lower losses, but



’late 1. Shows the method used for carrying small ungulates,
Note that the head is held up,.

(Fhoto: fhodesian Information Service).



had the use of jeeps or horses and only caught animals which
could be captured before they were too tired.

Other species with high lesses at Kariba were Bushbuck
(12.2%) and Impala (10,1%), both of which were prone to shock,
This was characterised by high body temperatures, rapid, shallow
respiration and a rapid, irregular heart beat, accompanied by a
tensing of the muscles, so that the neck acquired a rigid, shallow
uS" shape. Some animals with these s}mptons were saved by pouring
water over them to reduce the temperature and so help restore
normal respiration and heart beat, For example, a male yearling
Impala had a temperature of 106.4°F (the normal temperature in
five calves used to being handled, averazed 103.7, range 103.5 to
103,9°F) when caught. This was reduced to 103.4°F in 12 minutes
and was accompanied by a rapid fall in the respiratory and pulse
rates and a strengthening of the heart beat,

' Shock acted quickly and a struggling animal often died
within a minute. It seemed to affect animals in better physical
condition, possibly because they were stronger and more alert, A
curious property of shock in Impala was the way it seemed to be
communicated through a group, in much the same way as mass panic.
On several occasions, a mumber of parties of Impala were caught
under similar conditions and in one group mortality was higher than
in preceding or succeeding groups. The same sort of thing happened
in different boatloads of animals loaded simultanecusly, where con-
venience determined which animals were put into any particular boat.
An example of this occurred on 28 May, 1961, when eight of 10 Impala
died h\: one boat, although only four of 29 died in three other boats.

Animals were marked for future recognition with numbered
ear tags before being released. These metal tags were very
efficient in species where the incidence of tom lobes is normally
low, but tended to tear out in species like Wart Hog and Rhinoceros,
which frequently have damaged ears, Foutine records were made at
this stage, These included the sex, weight (where possible) and
estimated age of each animal, but during this study the following
additional data were sought: hind foot length, status of the udder
or obvious signs of pregnancy, scrotal length and physical con-
dition, and a few animals were mouthed to obtain the tooth formla,

3. DETERMINATION OF BREEDING STATUS

Breeding data from Kuriba was compared, wherever possible,
with information collected in other parts of Rhodesia. At Kariba,
dead animalas were autopsied in the field and this information was
augmented by observations of living animals, although elsewhere

this was not always possible and men stationed in the field preserved
reproductive tracts in 10%Z Formalin,



A careful macroscopic search was made for foetuses and
corpora lutea in dead females, the udders of all females were
tested for milk and obvious cases of pregnancy in living animals
were noted. In males, testicles were removed by a tangental cut
along the proximal edge of the corpus testis, and weighed. 1In
addition to this, a scrotal length was obtained for a few living
Mughbuck and Impala at Kariba., The scrotum of bound animals was
drawn horizontally along a tape and allowed to relax before measuring
it to the nearest half centimeter, This measure was useful for live
animals, as it correlated with the testis weight. In seven Impala
calves, where the testis was under five grams, the lehgth averaged
3.8 cm (range 3 to 4.5 cm), in 10 yearlings, with testes weighing
15 grams, it was 8.4 cm (range 6 - 11 cm), while in 20 adults,
with testes over 35 grams, the scrotum was never less than 11.5 cm.
and averaged 13.5 cm.

4. DEIERMINATION OFEHYSQCAL CONDITION IN LARCGE MAMMALS

The physical condition of individuals indi¢ates a popu-
lation response to the gtatus of the environment, Conditions will
demonstrate the relative suitability of a given habitat at the
current stocking rate and can aiso be used to predict the effects
deterioration of resources will have on population structure. A
differential loss of condition between different sex or age classes,
for example, shows which groups will be most sensitive to a further
decline in envirommental conditions,

The condition of animals was determined by the technique
developed by Riney (1960), and the resulta from this method have
been checked against the extent of fat reserves.

Riney showed that an objective assessment o condition in
deer and some African antelope was possible, if individuals were
assigned into one of three condition classes, based on the features
show. in Fig. 2. In animals in good condition (i), the points ‘'a’
to fc! are not angular and 'd' and 'e' are not readily visible.
Animals in poor condition (iii) bave 'a' to fc' clearly angular,
the lateral processes of the lumbar vertebrae are visible as a
shelf *d', and the ribs, 'e', are clearly defined. If, after a
critical examination of these features, animals were neither good
nor poor, they were ¢lassed as fair, as represented by (ii).

This method was teated on antelope in the Wankie National
Park, and elsewhere in Rhodesia, and worked well, but different
gets of criteria were necessary for other taxonomic groups and
dould only be developed if reasonable samples were available.

Baboons were divided into two categories., If the limb
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girdles showed clearly and the abdomens protruded, they were
classed as poor and all others were called fair,

Zebra classed as thin had well defined rib cages and
vertebral platforms, but these tended to be obscured by the dis-
ruptive effect of the animals! stripes and were difficult to
detect at over 25 yards, even when using 10 x 50 binoculars,

This probably accounts for the widely held belief (see for example
Shortridge, 1934) that Zebra are seldom thin, Zebra in poor
condition were not confined to islands at Kariba, as most samples
observed on a cropping scheme in the socuth of Rhodesia during the
latter half of the dry season contained a few (5 to 10%) thin
individuals,

Wart Hog, with the ribs and peints of the pelvis showing,
with slack skin over the abdomen and often with the dorsal pro- '
cesses of the vertebrae in the lumbar region forming a definite
ridge, were classed as poor, VWhere none of thsse features showed,
they were classed as good and all intermediates were called fair.
These criteria were developed at kariba and have been maintained
throughout the present study, although preliminary results from
elsewhere suggest some Wart Hog am, to a lesser extent other
species, classed as fair were actually in poor condition,

Other species were divided into poor or fair condition
on more subjective eatimates.

The measurements of fat reserves is being investigated
as a means of determining condition oflarge mammals in khodesia,
but preliminary results show a good correlation with the visual
assessment method. This work is based on Riney (1954) who
showed that the size of fat deposits gives a reliable index for
the condition of free-ranging Red Deer, Cerwvus elaphus, iinn,
but establishing criteria for Rhodesian species depends on the
availahiligy of suitable material ranging from good to poor.
Riney based his work on over 1,000 Red Deer carcasses alone, and
there were over 300 other autopsies invelving six additional
species. It is neither economic ner pragtical to kill sufficient
animals for this purpose alone, s0 that data has been taken from
animals shot for other purpeses, (Unfortunately, most hunting
schemes are in over-populated areas and take place mainlﬁv in the
dry season, so that, although data from animals in poor condition
is available, few animals in better shape are shot. Enough work
has, however, been done to show that the method will work with
most species.

Riney found that the order in which fat is laid down
or resorbed from given centres in the body is constant in several



distantly related taxoncmic groups, and data from rhodesian

species follows the same pattern, This ‘applies only to the
beginning and ending of the process in each deposit, as fat

may continue to change in one centre after changes have started

in another, In Red Deer in very poor condition, for example,

the first easily observed deposit to respond to improvements in the
environment is the bone marrow. This is followed by abdominal fat,
including fat around the kidney, and finally subcutaneous fat is
laid down. Loss 6{ fat is in the reverse order.

Kidney fat gives the best index for a wide range of
physical condition and wvas measured by removing the kidney with the
fat around it, using the cuts shown in Fig. 3, and weighing this.
The fat was then expressed as a percentage of the weight of the
kidney with the fat removed in order to atandardise readings from
different sized animals. The relationship between kidney weight
and live weight in Impala is shown in Fig. 4. in vhich fat animals
are excluded because of the obvious influence this fat has on an
animal 's weight,

Changes in the depth of subcutaneous fat overlap changes
at the upper extreme in the kidney fat and are useful for deter-
mining the condition of individuals high on a theoretical scale
extending up from death to animals in peak condition., The depth
was meagured to the nearest millimetre near the root of the tail
by making a cut at 45° to the dorsal processes of the lumbar
vertebrae. The groatest depth was taken, but if under one milli-
meter it was ignored and if between one and tiree millimeters, it
was described as a trace and taken as two millimeters when calculating
averages.

Changes in the marrow fat indicate condition at the
opposite end of the overall scale and overlap the lower limits of
changes in kidney fat. The femur bone was broken and the fat
was assigned into one of three classes. If whitish in colour
and waxy in texture, it was good, if red and gelatinous or watery
or oily, it was poor, and all intermediates were fair. The con-
dition‘ of the bone marrow could also be assessed in carcasses
which had been dead for some time., This was very useful in cases
where decay was fairly well advanced or where other deposits had
bsen damaged by ncavengers.f It is necessary to stress, however,
as some authors have overlooked this point, that although poor
marrow does show an animal to have been in poor condition, better
marrov does not necessarily me'an it was in fair or good condition,

These three indices can bo. combined to cover a wide
range of physical condition similar to that described by Riney (1954)
which show a satisfa‘cﬂry relationship to visual assessment of ;
condition. Vork at Kariba dealt mainly with animals classified
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as poor and it was important to be sure that these had depleted
fat reserves, The preliminary results in Table 3, show that
this was in fact the case, and indicate the correlation between
the extent of various fat reserves for a nuwber of species for
which adequate measurements are available,

It has been suggested that large fat reserves are
seldom developed in African game because it never has to face
eritical winters, similar to those experienced by deer in ranges
with winter snow. The five animals classified as good (Table 3)
did, in fact, have well developed reserves and at the beginning
of the flood season on the Kafue flats, Lechwe, Kobus leche Gray,
had large deposits, Back fat ranged between a trace and 30 mm
(mean 12 mm) in 41 females over a year old, while the kidney index
ranged from eight to 120 (mean 53.3) in 3¢ specimens, four of which
had indices of over 100, These measurements were taken at a time
when the lLeclwe were becoming limited to a small portion of their
range (kobinette and Child, 1964). The use of condition indices,
as suggested and elaborated by Riney for ungulates in temperate
regions, seems equally applicable in principle to most ungulates
in tropical regions, but much more work is needed to explore
further the uses and limitations of the technique as an index to
the suitability of specific enviromments for each speecies.

S, AGE DETERMINATION

The absence of established ageing criteria and growth
rates for all specles, except Duiker, proved a serious handicap
when determining the age structure of populations marooned on
islands, As a result, less precise methods had to be developed
on the study, and several species could only be divided into
arbitrary age classes, based on stages of development. The fact
that changes in the age composition of these populations could
still be detected further strengthens the conclusions reached in
this paper. :

Baboons were divided into infants, juveniles, sub-

adults and adults. Infants were dark in colour and judging from
a known age captive specimen included all individuals up to at least
. three months old, Juveniles had predominantly adult coloration,
but were less than half the size of adult females., nimals larger

than juveniles, but not yet full grown, were classed as sub-adults,
but the separation from adults was made difficult by the possibility
that young males may grow more quickly and would have been termed
adults, while the same aged females may still have been called
aub-adglt‘. Chnn'ge: in pobulation structure were, however, so
clearly defined that this problem did not alter the results ob-
tained at Kariba.



Tabls 3,

Comparison of The Visuzl Method of
Assessing Fhysical Condition with
: the Extent of Fat Reserves

Yisual _ Fat lMeasurements
issess Species Sample | Dack Fat mm. | Kidney Injex | larrow i)
ment Tpread | Vean | Opread | dean | G. F. F.
Tmpals. 3 | =17 | 16 | 72-48| 1011 3
Good Wart Hog 1 = 1 Cver X not l
. welighed
Klipspringer 1 - 81 - 631 1
Impala 11 Te-=11 | 7 | 20=5 - I 'S |
| wart Hog 1 - 7 - 13 1
Pake Grysbuck 1 - 3 - 65 , 1
Bushbuck 1 > 2 - 52 1
' Kudu 1 = 3 - 3 1
Reedbuck 1 = c i 3611
Zabra 1 - 8 - 3
Tupala 83 o6 1] o-39 715 15 45
Poor Dulker 72 0=0 o 0=2C [ 72
vart Hog 37 0-10 3] o-% .7 3711)
‘| Steenbuek 7% 0-0 0 ! oTr , 1A
Bushbuck 7 0-Tr 1 0-89 23y 7
Zebra 7 0~0 o | o0 © 6
Kudu 6 02 C | 3-5 7 6
Kiipspringsr | 6 | o | ¢ | oar 212 2 2
Baboon b 0=C ¢ | o0 o A
Sable L C=C 0] C=2C 1 L
Grysbuck 3 | o0=0 0| oor | 0 3
Tsessebe 3 O-Tr 1 | c-2 1 3
| Rhino 2 00 0] o0 c 2
Reedbuck 2 G0 o | 113 7 1 1
Buffalo 2 0=C o | o= ¢ 2
Roan 1 - 3 - 7 1
Total 275

G =Good, F=TFalr, P = Poor
i) The marrow was not eheexad on a fw skeletons retained as
speeimens
it) Addittona) investigation mednd for migrd.ny ecordition of
‘Wart Hog Harrow :

411) Average influenced markedly by a Bushbuck with no back or
marrow fat vhich died of atarvauon. with a kidney index
of 890
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by the state of tooth eruption and it was not possible to check
the teeth of many living Impala at kariba, They were usually
caught in groups which needed to be released quickly to avoid
losses from shock. The cheek teeth are difficult to see because
of the narrow muzzle and Child has shown that the incisor form
teeth are replaced by the age of 20 muuths in most specimens,
whereas yearlings at hariba in May to July were 19 to 21 months
old, Wear of these teeth might have been a guide, but was
considered unreliable because of the harsh feeding conditions on
sore islands, All casualties and carcasses found on islands
were, however, aged according to the method described by Child,

Small antelope, including Klipspringer, Crysbuck and
Bushbuck, but not Duiker caught in 1961, were aged from size.
This was not satisfactory for Orysbuck, except as a means of
distinguishing young calves, because they probably grow rapidly
as Riney and Child (1960 and 1964 ) showed that Duiker over six
months old were all about the same size. The average weight of
five Grysbuck with adult dentition was 20 lbs. (range 18 to 24 1lbs)
compared with an average of 34.9 lbs. (range 31 to 40 lbs) in 16
male and 38,5 lbs (range 27 to 47 lbs,) in 15 female Duiker, with
the same dentition, from the Cewali area and Doddieburn Ranch, so
that Grysbuck probably grow even more quickly.

In a sample of 31 Grysbuck, there was one which was
smaller than the range covered by specimens with all adult
dentition, It had a hind foot of 175 mm. compared with two
adult males with a hind foot of 194 and 214 mm, and four adult
females, where it ranged from 202 to 209 mm, (nean 206 mm). Live
welght was also of little value in ageing these small antelope,

Bushbuck are bigger than Grysbuck and compare in size
with Impala and, as in Impala, females, which mature earlier than
males, reach maturity at about one and a half years (Wilson and
Child, 1964). It therefore seems probable that visibly smaller
Bushbuck included all those up to a year old, and these were

classed as calves,

Large antelope, such as Kudu, Sable and Waterbuck, were
handled in relatively small numbers and were difficult to age as
little is known of their rate of growth and tooth eruption, or of
their age at maturity. The order of tooth eruption follows the
usual sequence in deer and antelope (excepting Duiker) so that
where the tooth formula could be obtained, age was expressed in
terms of the state of tooth eruption, or in animals with fully
adult teeth as wear, recorded as either light, moderate or heavy.
Two known age two year old Kudu helped in the assessment of age
in this species.



Buffalo were also divided into age chéses based on
the tooth formulae, iri this case obtained from a collection of
jaws and supplemented by flesh measurements,

The Author's own records of the age composition of
populations of large mammals trapped on islands is augmented
by departmental records of Game Rescue operations. These
records are used cautiously, as ages were estimated by 5everal
observers using different standards. It is safe to assume that
animals recorded as juveniles were very young, although "edults”
may have included many immature animals, TIdds meant that a
decline during the year in the proportion of juveniles, in species
with a marked peak in calving, could mean either a juvenile mor-
tality, or that the calves had grown too big to elass as juveniles.
This fact was not taken into acecount by Dasmann and Moasman (1962¢)
although there is littles doubt that the trends they described
were correct. .
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THE CENTRAL ZAYBEZI VALLEY

1. SITUATIUN

Lake Kariba lies between 16°25¢ and 18%515, and 25%5¢
and 29°51 E, {Fig. 5). It resulted from the flooding of most of
the Central Zambezi Valley, which is defined by Bond (Ms) as
lying between the Victoria Falls gerges and Kariba gorge, when
the river was Jdammed at Kariba. The river here formed the
boundary between Rhodesia and Zambia,

Field work took place all along the southern shore,
but on the north bank was limited to within 27 miles of Einga
(Fig. 6). The area on the east bank of the Humi Mver is
mapped in greater detail in figure 7, as it is discussed later
in the paper.

In order to avoid confusion with other published work,
it is necessary to point out that there has been considerable
alteration of place names in this region during the last few
years. The most important of these was the renaming of Northern
Rhodesia as Zambia and the Sanyati river as the Umniati. It
should also be mentioned that there are two Mwenda rivers flowing
into lLake Kariba, one from the north above Binga and one from the
south below Chete. Islands were allocated arbitrary mumbers
during the course of field work and these are retained in Figure 6.

2. GEOLOGY AND TOPOGRAPHY

Gair (1959) recognised the Zambegi Valley as an area of
subsidence overlaid by Karoo sediments, upon which alluvia were
later deposited. He c¢considers major geological change ceased in
early tertiary times and that the topography of the valley arose
from erosion,

Around the southern and eastern shores of the Umniati
basin, at the eastern end of the Lake, there is an alrupt escarp-
ment formed by the Matuzadonna and adjacent ranges (Fig. 6).

These mountains reach 4,068 feet and are over 2,300 feet above the
valley floor. Elsewhere, the descent to the valley from the
Fhodesian or Zambian plateaus is down a series of rough sandstone
ridges resembling giant terraces. The last. of these ridges varies
from under a mile to over 20 miles from the Zambesi river. It
skirts the valley floor, which is flat or undulating with occasional
isolated hills, and slopes gently from the foot of the ridge (see
cross sactions Fig. 8), Flooding covered most of this area, so
that the shores of the lake are along the ridge. ibe main exception
is a broad apron of flat land at the base of the Matuzadonna range,
between the Ummiati and Bumi rivers,
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Generally the soils of the valley floor were derived
from Karoo deposits, but there were arsas of fertile alluvium
along rivers, and old eroded alluvial térraces formed a band
some distance from the Zambezi, between the Sengwa and Umniati
valleys. 7The most extensive deposits of fertile alluvium were
between the Magumo and Sebungwe rivers, where the Zambesi
meandered through a plain up to five miles wide.

3. CLIMATE

The Central Zambexzl Valley has mild dry winters,
leading to a hot dry season before the rains, which are character-
ised by sporadic beavy falls over a period of six months. FRain-
fall and temperature figures from 1957 to 1961 for Kariba and Ringa,
the only two meteorological statfons on the south bank, are graphed
in Figure 9. A more detailed account of the climate is given by
Scudder (1962). v : .

The coolest months are June and July, with amage
temperatures aroumd 70°F. Froa then, mean temperatures rise to
a maximgm of 85 to 90°F, in October or Novesber, before the rains
begin in earnest, The annual rainfall at Kariba and Binga is
€ 25 and ¢ 26 inches respestively, and during the rainy season
mean tumatms remain around BG°F before declining to the
\dnur ninimun.

This climate is not as severe as that aasocutod
with seai arid rogions, although in common with them it has a
very dry season lasting twe to threc months. Riney (1963)
and others have referred to this type of situstion as "marginal®
or "iry marginal®, implying it approaches semi-arid conditions
and is unsuited to eenvmti.onﬂ agﬂ.ﬁﬂtm, except on & very
extensive scale. This term is appropriate for many of the gm“
areas in fhodeaia, including the Central mm valley, and bas
been adopted here for areas with fluctuating climatic conditions
vhich periodically experience poor rainy seasons..

4. YEGETATION .

The vegetation was characteristically deciduous
except for the narrow fringe of overgreen trees on fertile
alluvism along rivers and is described by Keay and Abreville
(1959) as produtmly savarmah woodland dominated by mopane,

mmpmemnothemogmmu
oeatmadl tln'ough it there were thickets, while in rocky areas
there was a mixture of other trees. East of the Sengwa river
,1 fthcnwaaambcltofammnmhwuh scattered small
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trees and tussock grassland ¢n the old eroded aliuvial terraces.

A. Riverine Vegetation

The riverine vegetation had been greatly modified by
the dense human settlement on fertile alluvium, so that limited
areas retained a closed canopy which had gensrally been reduced
to scattered big trees, with serub or native aultivation between
them. The species composition of 43L evergreen trees in an area
near Hinga is given in Table 8, which shows how the natives saved
those trees most useful to them (see Scudder, 1960)., The general
nature of the iegetation between the trees is analysed in Table 6,
based on point-line transects. In the most fertile areas, the
scrub was mostly icacia spp. with some Dierostachys cinerea
(glomerata) but even here grasses were poorly developed. Diospyros
quiloensis became very conspicuous in less fertile areas, while on
the oldest alluvium, where large trees were rare, ths scrub was

more varied and included Combretum spp., Commiphora spp., Terminalia

spp., some Grewia sp.. and a few stunted mopane.

This vegetation type supported few large mammals apart
from monkeys, as its distribution coincided with that of the densest
human settlement. Most of it was sulmerged so that it is now
represented by isolated, poorly developed pockets along some of the
tributaries leading into the Lake,

B. Mopane Veld

Hopane occurred in almost pure stands over most of the
valley floor between the riparian fringe and the rocky ridges in
the area described as (i) in the cross-sections of the Lake (Fig.8).
These attenuated trees up to 60 ft, tall, formed an open canopy and
grasses, mostly short annuals, were sparse. Usually there were

occasional taobabs, Adansonia digitata, and in some areas a few
Commiphora spp, trees or lerminalia prunioides. In one area
sampled, Commiphora accounted for 77 amd mopane 5% of a total
woody canopy of 09% along two step-point transects. (n another
transect, I. prunioides contributed 147 and mopane the remaining

Ju%Z of the woody canopy, The differences in the actual number of
trees was greater than these results suggest, as both Cosmiphora
and 7, prunioides have spreading forms which frequently covered
several points on a transaci: , whereas this was unusual for mopane.

Thompson (1960) attribntés the widespread occurrence of
mopane in the Central Zambezi Valley to soil comu.tioné, with a
shallow top soil overlylng an impervicus sedim—-domlhatéd subsoil.
tiere the shallow rooted mopane competes fawourably with deeper
rooted plants. He also found that mopane does not become estab-
lished where there is a good grass cover, but that once established



Table 5.

Species compoaition of large trees
on fertile alluvium near Hnga, i)

Species Number Counted ¢ Total >ample
Lonchocarpus capassa ' 159 34,87
Phyllogeiton discolor 108 23..2
Liospyros mespiliformis 47 14,31
Triplochiton zambesiacus 26 5. 70
icacia albida ' 21 4,01
Cordyla africana 18 3.95
Trichilia emetica 17 3.73
Tamarindus _indica 17 3,73
Azanza garckeana 7 1.54
Kigelia pinnata 6 1.32
Combretus: imberbe 5 1.10
Kirkia acuminata 3 Qs 06
Unidentified (5 species) 25 5.48
TOTAL 456 -

CREEXASESOREEEEDC RSN EESRIESDE

i) Nomenclature follows Boughey (1964)



Table 6. »

Vagetation on Fertile Alluvial Deposits

Ground cover “oody cover
Ho 7 0ld % vare ‘ ‘
Transsct| gi.tions | Cultivation ground; grass + | - forbs + | . total | 7 Diospyros | 7 Thorn i other ¥ total
canopy canopy quiloensis scrub * SPL.
1. 100 c 0.0 | 43.0 18.C 61.C 45.C 27.C e e
2. S0 26 92.8 | 3.2 9.8 45.C 3 39.8 8.0 18,C
3. 16C o 9.C | W.C 16.C 13.0 C.C 8.t 18.C 28.C

# Thorn scrub in this area consisted mostly of iAcacia spp., especially A. tortilis (hetracantha),

with some Dichrostachys cinerea (glomerata)
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it suppresses grass growth., This was borne out by the improved
grass cover observed in bush clearinss. TFor example, at the
height of the growing season there was 407 grass and grass canopy
averaging 20 inches in height in a clearing, compared with 19%,
averaging six inches, in uncleared mopang veld 20 yards away,

the significant improvement in the grass cover (standard error
difference of proportion = 0.,0044, P=0,.:l) was accampanied by
an increase in other woody species at the expense of mopane, and
this probably favoured browsing and grazing animals,

C. Serub Thickets

_There were patches of dense scrub scattered through
mopane veld, most of which were deminated by jesse, Combretum
elacagnoides, which seldom exceeded 15 ft, or Commdshora spp.
or Terminalia prunioides, which were small trees about 30 ft. tall,
Thickets in the Umciati basin contained most of the species
characteristic of open savannah, while in disturbed areas, they

were mostly .cacia spp., and Dichrostachus cinerea,

Thickets provided good cover and often contained
palatable browse plants, but the ground cover was negligible.

D. Mixed Woodland

Markedly deciduous woodland containing many different
species occurred in rocky areas, especially on the ridges forming
mich of the Lake shore., Conspicucus trees were: Sclerocarya
caffra, Kirkia acuminata, Strychnos spp., Combretum spp., Comssiphora

spp., Sterculia guingueloba and bacbabs. This vegetation had more
perennial grass than any so far described, but was relatively unime

portant in tle present study.

E. Open_ Savannah

The commonest of the small trees in open savannah are
listed in Table 7. Diospyros kirkij predominated in some areas
while elsewhere lerminalia randii and gombretum apiculatum were
common., The greatest mixture of species occuwrred along the
many water courses draining this undulating country. . ndropogon
gayanus and ioudetia flavida were widespread among the tall rank
perennial grasses which grew in most areas.

F. Yegetation of main study areas

The areas in which most field work took place were all
characterised by mopane veld. There was an intrusion of the open
savannah element assocliated with it in the hymmi Hiver area on
the west bank of the lomiati Kiver, where small trees and tushes
and tall perennial grasses were more abundant than usual. . The
mopane in the iml east area wis well developed and homogeneous
with scattered patthes of jesse. The greatest variation ocowrred
on Island 17, whose vegetation is shown in figure 10. The map




Table 7.

Important Trees in Open Scrub Savannah

Specles Status
Dios Yery commen
Termi a r i Common
I, brachystesma Locally common
T, stuhlmanniy Very common
bretum aj Locally common

. ghagsalense (turpifolia)

C, im

Acacia nipgrescens

A, tortilis (heteracantha)
Piliostigma thonningii
Kirkia acuminata

‘lycar ffra

Commi phora spp.
Croton sp
Colophospermum mopane

1
Pterocarpus teenanni

Conmen alo:ig some water courses
Scattered along water courses

Locally common
Scattered along water courses

Seattm(sune distance from
P water courses.

Scattered some distance from
water courses

Locally common in more broken areas

Sparse
Widespread relatively sparse

Seattered along water courses

Limited distribution
Locally common
Scattered near water courses




Mopane woodland
H.spinescens thicket
"1+ | Jesse thicket
Combretum apiculatum,

® IN. Netting Point

/ Commiphora locally dominant : l [ )
lerminalia brachystemma y ll Iu’ll
Mixed spp. '

Seasonal pans

Camp Roint

West Point




was drawn at the end of june, 1960, by packing off key distances
and estimating others in relation to these. By this time, the
island had a somewhat different shape from that shown in Figure 7,
taken from the 1,500 ft, contour on Federal Survey maps. Topo-
graphy and past human disturbance, asseciated with a light shifting
agriculture, were the chief causes for the greater camplexity of
the vegetation on the island. There vere a mumber of marula
trees, Sclerocarya caffra, Kirkia acuminatsa and Lopchocarpus
capassa trees on outerops, and Holmskieldia spinescens with some
Dichrogtachys cinerea, lerwminalia brachygtemma and Combretusm
apiculatum thickets marked old patches of cultivation.

Most of the island had had an anmual grass cover, but
neither these nor the scattered peremnials associated with
T, brachystemsa or C. apiculatum could be identified in june 1960
because of trampling by the concentration of game on the island,
Portions of the island, not sulmerged by early 1961, supported the
annual Digitalia sp.

Most of the Bumi west area had been bush cleared ut
had consisted chiefly of mopane veld with patches of jesse.
Thickets of T, prunioides and Commjiphora spp. were fairly numerous
along the Bumd river and Islands 201 and 210 consisted of a ridge,
where there were other species, including Combretum imberbe, C.apigu-
latun, Kirkia acuminata, . prunioides, Comsiphora spp. and fair
amounts of jesse, associated with thé mopane, Perennial gragses
were only plentiful on Island 201 and in parts of the clearing.

In the region of Island 7, there was typical open
savannah dominated by Terminalia randfi, and the uncleared crest
of Bumi Island had savannah woodland similar to that found on
rocky areas,

5. MAMALIAN FAUNA
Concentrations of game in the Central Zambezi Valley

have attracted hunters since before Rhodesia was colonised in 1890
(Gale, 1960), but it was not until Game Rescue (perations started

on the Lake in December 1988, that there was any sort of survey of

the Mampalian fauna, iven then Game '‘escue dealt mainly with large

manmals, so that much work remains to be Jdone on the smaller species.’
Table 8 lists the mammals 0 far recarded from the area, Kemarks

on distribution are general and abundance is indicated by ‘rare®,
“common" or "abtundant", as judged against nearby areas. The

scientific nemenclature and arrangement follows Ellerman et al (1953),

unless otherwise stated, but common names are those in general use

in Rhodesia, FRemarks on distribution in Zambian waters are based

on records kindly supplied by Mr. W. [, H., :nsell,




A Systamatic List of !azmals Recordad

from the KEariba Basin

Remarks on
Common Nama Selentific Name Abundance Distribution
Short-snouted Elephant Shrew T Kariba, Umniati R.,
Binga, Sebungwe Q.

Vervet Monkey

Side=striped Jackal

Mellivora capsnsis Schreber

4 S e
Genetta sp. (7all tigrine Schreber)

P, leo0 Linn

Loxodonts africana [lumsnbach
Dendrohyrex brugel GCray
Dicercs bicornis Idan

Sguus burchelli Grey

Fotamsechoerus poreus Linn
Fhacochosrus ssthiopicus Fallas
Hippopotamus amphibius Linn
Sylvicaprs grimis Linn
Haphicerus sharpei Thomas

Qreotragus oreotragus Zimmerasnn

Eobus ellipsiprymmus Ogilby
Aepycercs melampus Lichtenstein
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Kariba Area, Zambia
Throughout E of Sengwa R.

Una specimen caught -
Bumi E. area, also known
from Zambian watars.

Throughout

Throughout

both sides of Zashest =
Bumi R. and Binga

Ume pack recorded 3Jengwa R.
(Heseus Hsporta)

Pumd K. and Sampakarums area
an?! Zashisn waters in this

Kariba, Busi ares, Binga aves.
Alse in Zasbis in this ares.

Throughout
B.Umniati Basin (Smithers

. on ares and
opposite Sebungwe estuary.

Umniati/Zambesi conflusnce.
Sinasongwe, Zambia.

Zambia,K opp. Bumi R. alse
Ehed. Island no loeality
recorded,

Binga/Sebungwe fi. area
Puml R. Sinssongwe (Ansell 1964,



Table 8. continued Page 2.
Comaon Name Sefentific Name Abundance e tton

Roan Hippotragus equinus Desmarest R Bumi/Umnisti areas Rhodesias
10 miles #. Xariba Zongwe R.
area ‘Zaxbia.

Sable H, niger Harris C Throughout B, of Masumo H.

Bushbuek Iragelaphus scriptus rallas c Throughout

Kudu I. strepsicercs Pallas C. Throughout

Eland Taurotragus eryx Fallas c Chete tc Umniati R.

Buffalo Syncerus caffer Sparrman 4 Throughout E. of Masuweo R.

Hare Lspus sp. c Throughout

Porcupins Hystrix africasaustralis Feters c Chete to Umniati R.

Cane Rat Thryononys swinderianus Temminck ? Kariba/Umisti areas

Bush Zquirrel Paraxerus cepapi A. Samith A Throughout

Spring Hare Fedetss capensis Forster R Masumo R. and Bings srea

Red Veld Rat Aethomys ehryuophiluai) de “inton R Throughout

Namaqua Rock Rat 4. nazaguensis’’ A. Smith A Kariba area

Multimammate Rat _Pracuys’ ') natalensis A. Smith A Throughout, especially settled
areas

Pygry Mouse Mus mimutolides A. Smith ? Binga, Xariba

Single-striped Rat Lemiscomys griselda Thomas A Binga area

Spiny Mouse Acomys spinosissimstil) Peters c Kariba

Pouched Rat Saccostoms ca%;ig Peters ¢ Binga

Greater Gervil Tatera leucogaster ’ Peters A Throughout.s:

1) Ansell (1964)
11) Davis (In press)

111) Meester ot al (1964)

% Very abundant during rodent "eruption”, mid 1959

A = abundant

C = comnon

R » rare

7 = status not determined




Although large mammals are numerous in the area , there
are fewer species than in nearby game areas such as the m:
Valley and wankie National Park. Child and savory (19 e
remarked on species on the Fhodesian plateau which dei not ek
into the Zambezi valley and there are no specles so far co
in the Central Region which do not extend on to t.hg platcauf
Habitats in the luangwa valley are similar to the Kariba basin,
but there are three species found in the former and absent from the
latter. These are Jiraffc, Giraffa camelopardalis, linn and
wildebeeat, Copnochaetes taurinus, turchell, with relic popu;aum,
in the luangwa (Ansell, 1960a) and Pulm, hobus vardoni, livingstone,
which do not reach as far south as the Zambeszi /luangwa confluence.
It is also interesting that Otters, particularly Aonyx capensls
Schinz, have not been recorded along either the Central Zambezi or
Luangwa rivers, although they are known from tritutaries of the
luangva (Ansell, pers. comm.) and are coumon above the Victoria
Falls,

1f, as may be expected from their presence in adjoining
areas, Cheetah, Acinonyx jubatus Schreber, occur in the Central
zambezi Valley, there are 28 species of mammals, jackal-gised or
bigger. This compares with 32 species in the Iuangwa Valley
(Ansell, pers. gomm), and 35 species in the ankie MNational Park.

he following remarks on distribution and density of game
in the Central Zambezi Valley apply mainly to Rhodesian portioms of

the valley flooded by lake Kariba, as conditions in Zambia were
different.

Came was generally scarce in the densley populated
meander zone below the Bipge escarpment whers the river wound
through a flat fertile alluvial plain, up to five miles wide, before
curving eastwards towards the mouth of the Masumo River. (ame be-

came more plentiful between this river and the Msenda river and was
most concentrated east of this.

“Ant Bear, Orysbuck, Bushbuck and Kudu occurred along the
whole length of the valley, but were relatively scarce in the
meander zone. Elephant were widespread and numerous, although they
were rarely found on alluvium near Ringa before the beginning of
1960, but then became as common here as elsewhere. Baboon and
Klipspringer had a fairly even distribution, but Hippo and Duiker
were most common in the meander zone » where the latter were plenti-
ful. Hyaena, Leopard and Bushplg were also widespread, but their
secretive habits made it difficult to judge relative densities.

Impala and Buffalo became mumerous east of the Mwenda
river, especially between the Sibilobile and Umnlati rivers, They
extended as far west as the Masumo river, which formed a fairly
abrupt limit to their range, The only signs of either specles

in the meander zone were the spoor of two Impala, found on one




occasion, The distrﬂ:ution of lart g ‘nd Vaterbuck also
 followed this pattern, |
" Eland and Lion vere naver uoted west of chete, although. -
‘there were sporadic reports of lion, usually from some distance
away from the Zamberi, fm Chete to Kariba, where they occasion=
ally wandered f.hrcugh the tomship. hine only occurred between
~ the Mvenda and the lhn_iati rivers and, like Lion, bécame more
‘numercus dway from the Zambezi. Roan were limited to the area
botween the Wkniati and Bumt rivers, Zebra spresd as far as the
Sibtilobilo and Sable Antelope as far west as the west bank of the
Sengwa, o
The correlation of these distribution patterns with

~ human settlement are discussed below and at poater length, by

" species, beginning on p.3s.

6. ms NATIVE mwn"mrs- | | |

|  The majority of the native people belonged to the Tonga

- tribe, whose distribution in the valley was largely dependent on
fertile alluvium and is shown in Fig. 11, compiled from the best
available census (Scudder, 1962: Dept. reports). They had a
subsistence economy based on agriculture and supplemented by.
 hunting and gathering,  Themjority were casual hunters and
trappers, but many villages had a fev spectalists, who were kuown
~to kill most species, including Muffalo and Rhino, but it s
doubtful whet;her they hunted many Elephant

_ Hanting proba.bly had littls effect on large mamnal
populations away from densely settled areas and was probably
less significant than changes in the hatitat, resulting from
an expanding population retaining primitive agricultural methods.
Declining conservation values were characterised by a decline
in perennial grasacs and scrub encroachment, - YWhen the Tonga
were evacuated from the Lake Basin in 1957/58 (Nesham, 1950),

" perennial grasses colonised the cultivations they left, and
scrub in old abandoned lands became very dense in the absence
of goats which had matntained a clear browse line,

~ The dense settlement in the meander sone probably
accounted for the paucity of game there, as thee are heavy
concentrations of | large mamnals on similar alluvium below
Kariba and in the luangwa Valley, where there is also an inverse
- ‘correlation between the abundance of game and the density of human
settlement, fHere human settlement is not as dense as it was
along the Zambezi, although this is offset to some extent by
many tribesmen possessing firearms, énd in the luangwa, lunting



is probably more signifii.nt over larger areas than it had been
along the southern bank of the Zambesi, where there were very
few firearms. Further, tho trend cowards greater animal density
down the Central Zambezi Valley was related to dimini shing human
densities and consequently to progressively less disruption. of
the habitat. . Five species did not obey the general trend. The
rocky habitat of Klipspringer was useleas for cultivation and
offered itsclf reasonable protection from the regular early
burning policy of the Tonza, which, as West (1958) warns, is
detrimental to the veld in'low rainfall areas. Further, these
areas were not as heavily used by domestic stock. Hippo fed
extensively from river bank cultivations, while Duiker are well
known to favour intensively farmed areas allowed to go fallow,
and Baboons are common in-mahy ag‘iculwral areas in Rhodesia,

It has been noted that Elephant increased in these areas in 1960,
after the evacuation of the Ton,ga. ' |

Although hunting probably had a- umited effect on the
distribution and abundance of most species, it did explain the
distribution of Rhino (Roth and Child, in press). This species
is easily eliminated by hunting due to the low replacement rate,
resulting from long gestation and gmwth.periods and h_emiy
natural juvenile mortality. They were absent from the lake
area west of the Mvenda, where humans became more mumerous, and
along the Zambezi, wherec they were gasﬁy, accessible to hunters
from zzambia. Roth and Child attribute the lack of Rhino east of
the Umniati to past Tsetse Fly Control Hunting operations.

7.. TSETSE CONTROL HUNTING |

Tsetsé Control Hunting in the eastern half of the Umniati
basin between 1946 and 1956 (Lovemore, pera., comm) almost
certainly affected Rhino,.but it is dtfﬂ.cult to- assess the
effects on ‘other large mammal populati.ons. ' Finey (1963) has
shown how the cessation of hunting can cause populat.ions to increase
rapidly, and this may even take place during the operation if the
Tsetse hunting is not sufficient to arl:esi an increase in popu-
lations already under way for other reasons, such as may be
associated with changes in the environment , or because shooting
itself stimulates higher productivity (mriey, Ms.) Child and
Wilson (1964L) have demonstrated that the increase 'may contime
in a buiker population for at least 28 months after shooting stops.

Some knowledge of the history of the populations affected
by Tsetse Shooting would therefore be neceded to gauge its effect.
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8. H CLEARING OI' FISHING |

The third factor which may have affected game distri-
bution was the clearing of future fishing grounds. Trees sub-
werged by the Lake were expected to take a long time to decay so
that all woody vegetation and, incidentally, most other vegetation,
was cleared from 250,000 acres in areas selected for fishing., This
took two years, but at any given locality operations usually lasted
about a week and involved heavy earth-moving machinery, gangs of
axenen and fire. Plate 2 and Table 9 illustrate the effects of
¢learing in well developed mopane veld,

‘ Most large mmmmals avoided she disturbance and Impala,
Duiker and Elepbant returned to clearings immediately operations
had ceased. One Dulker allowed a bulldoser to pass within 40
yards of it several times, before belting from an 'island' of
surviving trees, less than 30 yards in diameter.

The regrowth of vegetation in clearings was rapid

(Talle 10). As noted (p.2! ), grasses grev wore vigorously
than in umhmd areas, and the propmton of wopane in the

incrmed.‘ Hamy of these grew to six fut er wore in three
seusons, whereas mopane seldom grow half thia height.

The followkng game vas recorded in clearings near Binga
wvithin six months: Elephant, Duiker, Kudu, Klipspringer, Impala,
Baboon, Antbear and Hippo. They mestly remained near the odécl,
but Hephant, Hippo and Duiker fed cut in the open. Table 11
gives an indication of the species and their abundance in clearings
botvcenthemendaandmmuurimwimayw It has bemn
suggested that some species became me nmerats in clearings, but
there is no evidence in support of this and it appeared that bush
clearing had little effect on the éistribution of game and altheigh
the biomass en Ukubula Ilhnd, which formad in a charing, was not
determined accurately, censuses on this island indicated an animal
density of the same order here as on uncleaved Island 17,

Although ehmm associated with the evacuation of the
Tonga and bush cluring cmhtoly altered the ecology of the ares,
the potontial per!.od Ior observation of the effects of these
changes on animals was limited by the rising waters of the new
luke. = The most lntcmr.hxg opportunities for the study of animal
hohaviour and Wl—-wirmmt Nhtlonshlps. and the most
profound and lasting ehlues in the .cwmm followed the steady
rise in the level of the Lake.



Flate 2.

Shows the edge of a bush clearing in well developed
mopane veld. Note the removal of all lesser
wvegetation. : :

(Paoto: G. Child).



Table 9.

Effectiveness of Bush Clearing in Mopane Veld
Illustrating the Radical Changes Wrought in
the Habitat within abmt a veak,

Transect No, of Unr- Cleared % grass + % woody % litter

No, points cleared grass cover
: on canopy
trans-
ect.

I 262 X 35.5 40,8 44,3
III 100 A& 0 0 8.0
Iv 100 X 0 0 9.0
\{ 100 ' X 1.0 1.0 11,0

Note the removal of most grass with the woody canopy,

iittle natural litter survived in clearings vhere it consisf:ed
mainly of ash and chips from felled timber.



Tabhls 10, Regeneration of Vegetation in Bush Clsared Aress

Interval
% Bare % Orass ¥ vicody Max.Ht. Hean Ht.
Transeet Ho. of  Season since £ litter ¥ Gress
: ground cancpy  ecanopy woody woody labitat
Foints clsaring CANOFY  CAnoRy
: 9 100 growing 5 wthe 24 12 12 29 o - - lMopans vald
2. 100 dry 12 mths 97 3 3 > 3 3.0 v 2.2 v Infertile alluvium with
TRpRAC .
3. 100 dry 12 mths 97 1 2 7 & 2.5 1.9 Infertils alluvium
mixed speciss
N 100 dry 12 mths 92 22 [ 19 2 3.0 3.0 Az last, but scil more
fartile
5e 100 dry 12 mths 9l 10 1 8 2 3.0 2.5 As No. 4, but burnt
aver
b, 200 dry 12 mths 98 8.5 2 3.5 k.5 6.0 2.9 Fertile =2iluvium with
Adeacia
- ald cultivation
a, 100 dry 12 mthe G2 22 6 19 2 3.0 3.0 Down-graded alluvium
9 150 dry 12 mths U 10 1 8 2 3.0 2.5 Fertils alluvium bumt
gvar old ou'tivation
0. 50 grodng 12 mths 9% 22 6 6 A 2.0 1.5 Fortile alluvium with
Acacia
1. 100 growing 12 mths n 3 6 L g 7.0 he Fertile alluvium with
Aeacia
12. 100 grovdng 12 mths 9% 10 I 10 3 7.0 beS Fertile alluviwn with
Acacia
13. 100 growing 12 mths as 3 8 L9 2 7.0 h.5 Fertile alluvium with
Acacia
k. 100 growing 2} yrs 9 21 o 1 32 9.0 L8 Hopane m:;w.
heavily
with gaae
15. 100 growing 2} yrs 98 ¢ 1 14 15 10.0 6.6 As last, but jesse with
the mopans
16. 100 growing

2} yrs 97 Y3 3 15 39 10.0 k.5 As No. 14, but T.




Table 11.

" Baboon
Antbear
Elaphant
Rhino
Zsbra
viart Hog
Hippo
Dulker
Grysbuek

laterbuck
Impala
FRoan
Sabls
Bushbuek
Kudu
Buffalo

Game Recordsd in Clsarings
Within Cne Year.

- eommen along edge, ons troop of ¥ out in clearing

-

two miles fyom tress,

COImon,

- groups ap t.ql? €Oommon.

ssveral along edgs, two wall oubt in eléurlng.
three hards of four, five and eight.

eommon,

common,

(et 1 )

-~ gammon in herds eof up to 19,

-~ numerous, some herds of over 10C.

~ ons herd of six.

individuals and saall groups common.

~ undateriained.,

COmnoN.

-~ three herds of over 10C and many smaller groups.
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THE_FILLING OF LAKE KARIBA

The dam wall at Kariba wvas closed on 2 December, 1958,
when the level in the Zambezi was 1,283.G feet above sea level.
At first the lovel rose rapidly, but then slowed down as the
. Lake began to spread out, ‘and it was not until May, 1963, that
" it reached its full capacity (Fig.12). The uneven rate at
which the water level rose was an important factor in the prese_nt'
s'wc_ly, It resulted in a number of islands forming rapidiy and
then not submerging while the lake level vas almost static.

1.  ISLIND FORMATION

- Changes in terrestrial habitats were mostly along the
shore where many islands formed, particularly near river mouths,
Some of these islands persisted for over a year, but most dis-
appeared sooner. Ovor 500 formed when hi.gh ground on a
peninsula wag eeparated fmm the mainland by lower ground,
which flooded first. - Big i.slands, like Xsland 17 (Fig. 7),
formed as water backed up diverging water courses, and most of
these subdivided before submerging. -

2.  CHANGES_IN THE VEGETATION
Changes ih'th'e _Vegetatibn along the Lake shore fell
into three categories s :

A. Partiallx submerged zeggtatim

, The importance of the fringe of part,ially submerged

_'vegetation depended upon its response to flooding. Effects

varied between species and individuals in the same ares, so that |
the following is necessarily a generalisation, Forbs and
. gi'asses, excepting reeds, (Phragmites sp), died within about
two weeks. Woody plants, however, survived longer and it was
hcre that there was the greatest individual variation. Generally
the, following were the maximum periods that plants survived 1n
water: .cacia spp. (excluding A, albida) and Dichrostachys .

v cinerea under four months, Adansonia g;g;g Q_, Tamarindus indica,
- Colophospermum mopane, Triplochiton zambesjacus, Jerminalia spp,

~ Combretum spp, Ficus spp, Holmskioldia spinescens, Phyllogeiton
‘discolor, lonchocarpus capassa, and Azanza_garckeana mostly died
in six to eiglit. months, although exceptional A, digitata, C. mOpane
and L. capassa lived for 12; .gacia albida, Dicspyros mespiliformis,
_ irida_acuminata usually died within 12 months, although a few
A, albida and K. acuminata lived longer, and some Diospyros
mespiliformis and Garcinia livingstonei lived in water at hinga
for over 14 months. It was noticeable that at Binga most
D, mespiliformis, Ficus sp. and A, parckeana died at about the
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same time and immediately after fruiting,

Most species standing in water came into leaf and/or
remained in leaf until they died. There were, however, three
exceptions which shed their leaves as usual., These were A,

digitata, K, acuminata and Sterculia guingeloba, This phenomenon
of deciduous trees remaining in leaf also occurred in the soak zons.

B. Soak Zone

The soak zone, as used in the present study, refers to
4 band 0 to 500 yards wide into which moisture permeated, causing
the vegetation to flush., It merged with partially submerged
vegetation and was not important during the wet season when the
surrounding vegetation was green. It did not have time to develop
when the lake was rising rapidly, but from june to November it
provided an unseascnable belt of green vegetation,

Four bands could be distinguished in the soak zone and
probably reflect the depths of rooting systems. The surface was
moist near the water's edge and grasses and forbs grew out of
season, although woody scrub such as Acagis spp, and pichrostachys
cinerea showed signs of distress, much as though standing in water.
In the second band, the soil was drier and favoured the woody
plants more, although grasses did not do as well. In the third
sone woody species and forbs were green but grasses were not,
while in the fourth band only woody plants benefitted.

In the best developed asocak zones near Ringa in 19359,
grasses and forbs flowered by the first week in October, two to
three months sarly, and had shed their seeds by December. This
green vegetation attracted birds and grazing mammals such as
H.ppo., Before it tluthod, spoor and droppings of two herds of
Hippo kept under observation, were conmon half a mile from the
Lake, but thereafter they seldom moved more than 200 yards from
the shore. The grasses were heavily grased and trampled and in
two areas spoor covered 52 and 39.7% of the points on step-point
trangects. Other species whose spoor was dense in the soak
zone were Kudu, Sable, and Waterbuck and, on overpopulated
islands it was very heavily used. On many $slands it resulted
in the trees remaining in leaf threughout the year.

The soak zone waa best developed on fertile alluvium
in 1959, and was less important in subsequent years when the Lake
shore was along less fertile soils. It is therefore considered
unlikely that it will give rise to extensive riparian vegetation
as, in many areas, the shore is against rocky hillsides.
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C. Floating Aquatic Vegetation

large carpets of floating aguatic vegetation (Plate 3)
develdped in sheltered parts of the Lake west of the Ummiati

. river. It was dominated by the fern Salvig;ifa‘ auriculata, a

native of South and Central /merica, which entered the lake in
early 1959, "By July there were large a_dcwmlations near Chete
and in April, 1960, Schelpe (1961) estimated it covered 75 sguare
miles, 'lhe rate of spread éppeared to slow doum in 1961 and v
1962, however, due to increased wave action as the lake grew and
gspread into bush clearings R where there wereno trees to protect

. the fern, ' '

. Effect on An‘l.mﬂa

Jackson (1960} described the ra;u.d build up of aquat.i.c
o_fganisms. Insects becams very ohundant along the shore,
" especially in the goak ‘zone( and my‘partially sutmerged treaes
were festooned with spider web while spiders were also very
conspicuous in ﬂaatmg vegetatiau. '

_ ‘ophibians were locally abundant in some soak zones,
but most reptiles were affected acversely as their habitat sub-
merged. As Fitz3imons (1962) notes most snakes can swim well,
as can most lizard.é, but both groups becume marponed on islands
or in trees where they fell easy prey to birds. [ven Crocodiles
were not numercus and to contuct seven along 40 miles of shore
vas remarkable. Low mmbers were partially attributable to
commerci.dl hum:ing before the lake formed, but then they became -
"spread out along the g-eatly extended shore; although there was
a tendency to gather near river mouths, Many of the sand banks
essential to breeding wore submerged and ezgs were found exposed
on'mud banks.  Thus, although Cmcodiles were found feeding on

. carrion on the last portions of several ialands to submerge,
mmbers are expected to remidin low for some years.

Iaguaana, Yaranus spp., were commor, especially
Y. nilotxcus. among part:lally submerged trees and fed extensively
‘in shallow water. Tortolses, particularly the Leopard 'ortoige,
A gochelone pardalis, often became marconed on islands where many
‘ must have drowned, even though their hwyam:y allowed them to
swim by paddling their legs. A Tortoise was once recorded
eating Salvinia, ) o .

: ‘The behmrimr of birds dw‘ing the fomauon of lake
Kariba is to be di.scussed more. fully elsewhere, btut generally
they fell into two important classes. } Terrestrial specles
disappeared or became concentrated on islands as their habi tat
. submerged." The high nwnbern found on ialanda were due to this






Flate 4. .« A well established carpet of & in dead,

partially submerged mopans veld. Note the growth
of pecondary plants, including sedges end grass and
dead Jalvinis deposited in the trees by wave action.

(Photos Mrs. Terry Doennelly)
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and to species which visited the islanis to feed, The former,

- which included Swainson's Trancolin, Irancolimus swainsoni,

Crested Cuineafowl, Gattera edouardi, Halmeted Guineafowl, A
Munida mitrata and Blue Yaxbill, Uragsintims angolensis, evenmally
‘became lind ted to trees in the water as iglands submerged and there
they perisghed wuile species like tiw Long-tailed Stdrliﬂb, Lampyro-
tornis mevesii, left islands when food was scarce. lost fruit-
cating forms, such as parrots,'}’ggcee&_al_q lus. rolbustus and P, mexgri’,'
lovebirds, Arapornis lilianae, and layards Bultul, ‘gmnonotus
barbatug made use of partially suﬁmergeﬂ trees when in fruit, and
insectivorous spedies, such as hornbills, Tochus spp., Dronges,
Dicrurus adsimins and bee-eaters, }erops spp, used dead trees as
well., : : _ -

e soak zone offset, to some extent, the loss of
habitat for a number of species and supplied seed-eaters with-
food earlier in the season than normal. ihe early apnearance
. of insects in these arcas attracted insectivorous species while

_rshi'abou, Leptoptilos crumeniferus, were able to pierce the roofs -
of rodent burrows in damp soil. ihere waz a false start to the
breeding season among Red Eishop Glrds, fuplectes oryx, in which
the males came into nuptial plumage and built nest frames two to
three months early, tut these were not occupied by females,

- Salvinia carpets atiracted 11 species, including Long-
tatled Starlings and Racquet-tailed Iollers, Coracias spatulatus,
whith normallyfeed on-the ground. These apecies returned to
flooded areas when the carpets formed. Wwaders and Lerons rested
“or fed on the fern and Black Crakes, Iimnocorax flavirostra, were
~ conspicuous on it when the soak wones, to which they had become
confined, were flooded, hlnte-winged Black-terns, ¢ lidonias
_ lsucoptera, rested on floating vegetation and fed on the spiders

in carpets of bhlvins.a in much the same way a8 they scooped
insect larvae from the water. Inmitially African jacanas,
actophilornis africanus,’ suffered frow the loss of aquatic
vagetation, but numbers soon increased in areas with fern where;
Judging from the. nfunber of juveuilas seen, they mast have bred

~successfully. .
wy

Most birds normally asseciated with open water became
- common on the lake. Waders were plentiful along sb;xnou water
and re-exposed mud-hanks, after the lake level dropped a fow
fest. They were especially plentiful near the soak zones

during the dry season and here, ducks and geese became very
rumerous at certain times of the year, especially in cleared
areas., Fishing species su;:b as arters, Aphinga anhinga,

keed Cormorants, Phalacrocorax africanus, Fish Cagles, faliaeetus
vogiicr and some of the kingfishers, Famlly ALCEDINIDAE, were
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less restricted by the depth of the water and were consequently
widespread.  Exceptions to these gemeralisations were the Pratincol,

Glarecla pratincola, and the Water Iikkop, Burhinus vermiculatus,
which became limited in distribution after 1959, :

. Generally terrestrial species had a reduction in habitat,
compensated to some extent by the soak zone and carpets of fleoating
aquatic plants, while those species namally associated with water
became numerous along the shore. Both groups, however, lost many

~ nests which subaierged while occupled, or were swamped by Salvinia
deposited in them by wave action, or were destroyed as banks

eroded away through the increased wave action,

There were similarities between the behaviour of birds
and mammals, as representatives of both groups became marooned on
“islands, while others visited islands to which they were attracted
by improved feeding conditions or experienced an increase in poten-
tial habjtat. Most mammals could swim to some extent, but many
drowned or becawe marooned on islands or in partially submerged
trees, where they starved or fell easy prey to birds. Other -
species benefitted from the soak ,one and some swam to islands to
feed, but then left when the food supply diminished.

Most rodents and other small mammals perished, Hirds
of prey frequently taok'up_ stations on amatl islands and several
were seen preying on mammals maroonsd in trees, where the commonest
spocies were Bush Squirrels, Night 4pes and Pouched Mice, Thére
~was an eruption of rodents at Binga in the first half of 1959, but
it is doubtful whether the Kariba jwoject was responsible. The
comuonest species were | Prayomys ngtalensis A, Smith, and Tatera
‘leucogaster Peters, which represented 69, 6% and 37.8% of the
rodents trapped between June and Jgost, 1959,  Although the
Tonga eat many rodents, the absence of the people was of little
importance, as rodents were plentiful 15 miles south of Binga in
densely settled areas. The spreading of the Lake displaced only
P, _natalensis for a short distance. Figwre 13, based on catches
in wvater traps at different distances from the shore, suggests
they may have been compressed in a band 50 to 100 yards wide along
the share, which supports Yeager and aAnderson (1944), Stickel (1948),
McCarley (1959) and Ruffer (1961), who found that rodents remain
in their hame rangek dx&ing a flood, i, leycogaster, on the other

hand, was more —plontiful away froa the water's edge where the '
sandier habitat along the foot of the Binga iscarpment was
- apparently more suitable, TFluctuations in rodent density over
1100 yards from the shore were attributable to local habitat differe
ences.  ‘The behaviour of thege twb'pomlatldns suggested 8 normal
eruption, - | : : : '



Mimbers were reported as high in 1958, higher in 1959,
but in 1960 rodents were scarce and only one Pouched Mouse was
caught in Angust under similai' conditions to those in which 18
P, natalensis and T, leucogaster were caught in six water traps,
exactly a year before. These two species were abundant down
river from Kariba in 1959 and the Tonga could recall similar
eruptions from previous years. © Mowbray (pers, comn) reports
high nunbers in the Sabi Valley in 1954, 1956 and 1959 and Malherbe

(1963 ) and Davis (1946, 1959, 1960) indicate similar ocutbursts
of these or related specxes m other parta of Central or South
Afnca.

Bush clearing, however, did appear to hasten the crash
in rodent mmbers. P, natalensig numbers declined during the
‘last week in july (Table 12), when many dead rodents were found,
even where scavengers were mmerous. There were few signs of
disease or heavy parasite infestation among 228 rodents autopsied
during July and most had 'sune;s:ubcutamws fat and fat around the
kidney, although 64 to 71% had not yet ncquii'ed adult size as
determined from flesh meastn't;ments; The drop in T. leucogaster -
mwmbers took place a little later (Table 12) and here too, the
142 specimens dissected showed no cause for the sudden mortality.

The presence or absence of rodent pellets was recorded
in plots of one yard radius at ¢very tenth "poin't along nine stép—
point transects, run in September, in similar cleared and uncleared
veld within a distan,cet of half a mile (Figure 14 (a)_) and showed
a fairly even distribution. Pellets were divided into fresh and
-old droppings s on colour and texture, and the incidence of fresh
pellets is shown in (b), mdlcating greater losses in the clearing
during the die off., 0Old rodent pellets were probably not over.
two to three months old, judging from pellets kept under obser-
vation. The covering of woody canopy, anl grass and forb canopy
along the lines is given in (c) and (d) respectively, and shows
the correlation between fresh rodent pellets and woody canopy.

It vas also significant that the dic off of P, natalensis coincided
with the general leaf fall in the ares sampled, suggesting shade
may be important for the survival of high mumbers of this species,
as Bodcnhéimar (1957) has demonstrated for other burrowing forms
in inarginnl areas. ‘mis would be particularly impurtant at the
beginning of the hot season in an animal whose burrows seldcm went
deeper than 13 inches.

_ large mammals were less sub,ject to predatmn than small
species and some moved to and from islands, tut there were many.
which perished in spite of Game legscuz operations. There were
mmerous islands which submerged before they were cleared, most of ‘
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which were surrounded by SaIv;hié. through which small boats could
not pass,  There were also islands where animals died of star-
vation before the whole population cculd be removed.



THE_BEHAVIOUR OF LARGE MAMMALS
 DURING LAKE FORMATION

_ ~ The rest of this paper deals with the effects of Lake -
formation on large mammals and the responses of the various species
to the marked changes induced in the habitat, In most cases, it
‘{8 convenient to consider, first their reactions to flooding, and
secondly their response to being mrooned on islands under differing
envirommental conditions.

:  The raadiness with which different species em:ered the
wvater and thair swimming ability are compared with present know-
ledge of their movement patterns, as the extent to which each '
species was localised in its movements appeared to be the main
reason some Species became trapped on small islands, others only
on larger islands and soze hardly at all Islands sometimes
- formed qu:lckly, but this was never a sudden process and was |
preceded by a’ concentration of animals on the peninsula giving
rise to an island,  Fres movements within mn animalts home range
at this stage would h@ye reduced its chance of being marooned,
unless the greater part of 1t§ range wag in the area giving rise
to an island, as the shore would have constanmtly deflected move-
| ments until the animal eventually reached the isthmus connecting
the inciplent island to the mainland. The greater concentration
of animals in this portion of the home range would have enhanced
the effect. mis_ ig borne out by the fact that animals which are
known to be very localised became u'apped' on mpall islands, those
with intermediate home ranges in larger areas, while others which
nmove congiderable distances were mly marooned on very big islands,

or when the spreading of the Lake cventually sutmerged their whole
home range,

The area from which the population on an island was
derived was calculated from 1:25,000, 25 foot interval contour
maps, taking into account the pattern of flooding in the region,
These areas répresent‘ed the maximm from ‘wh,ich animals would have
been moved without having been trapped on previcus islands, allowing
that such ielands formed from large enough areas,

Theé response of animala to flooding showed how gradual
inundation of an-area would affect a particular specigs,  Apart
fram animals which may actually be waghed away, this behaviour
would probably be similar during any severe floods; such as
affect parts of Africa almost every year,

the .heh&‘?iour of animals and animal populations marooned
on over-populated islands enabled some interpretation of their
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basic habitat requirements in the xariha Basin,  Also of partice
ular interest were the responses of brmng and grasing animals
to critical shortages of habitat resources on ulands which sub-
, merged slowly. o

_ It is convenient to descr.tbe each specie: individually
in the systematic order proposed by Ellernm et al (1953), begin-
ning with a brief elaborati.on of their distribution in the study
area, followed by their reaction to flooding and concluding with |
 the respcnse to conditions on islands of those vhich became S
'mrooued . . :

1, BABOON | | o
v " Chacma Baboons, - Pag;o gx_:sings Kerr, were common ail
v a.lcmg the Central Zambezi Valley where large mnbers became
marooned during the formation of lake Kariba. Many drowned or.
starved as islands submrged and they beceme confined to par-.

' tially submerged trees.  The mmber of Baboons trapped greatly
‘exceeded the totals shown in Table 1, based on Rescue Reports,

- as their agﬂitjﬁ in escaping through the ¢anopies of partially
nubmerged trees when disturbed by xotor boats, made estimating
" mmbers very difficult, eapecially as troops often split up in’
vdifferent directions.

_ _ _¥hile data was being collecced for this paper, priority

‘was placed on determining which sex and age classes were repr,esentod

~ ina group or troop, This information was more important for
“determining changing trends in population structure thar the

totals of animals present, ' |

A, Response to flooding

1— Baboons apparently became marooned on islands because
troc:ps occupied fairly restricted ranges. Near the Kyamune
River, soveral groups became iselated on islands of less than 10
acres, which Iomed slowly over several months in an area , which
did not exceed 700 acres. These small groups probably represented
the splitting up of a larger troop, (n the east bank of the Bumi
River two large troops, totalling over 80 individuals, were trapped
from an area of abaut 7.5 square miles, while on the wost bank of
the Buri a troo;{ of over 50 became marooned in an area which had
not exceeded 3.8 square miles,

 Six of the grouj:s in the Nyamine area were on islands
within easy reach of the mainland, as Baboons can swim well, took
to the water readily when disturbed and, in any case, could have
- covered a fair proportim of the distance to the mainland through
the canopms of partlally submerged trees.
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At least four trooins of Baboons of over 20 individ-
uals took to the water voluntarily and swam to fruiting trees.
‘One tree was within 10 yards of land, but to reach another
the Baboons must have swum at least 30 yards and Haslam reported
a third troop which he estimated had swum 50 yards, Rescue
Reports mention the return of a fourth trbop to trees from which
it had been driven the previous day. ‘

There were 49 obbervations of the behaviour of eight
troops on islands, towards the approach of humans.  Cenerally
they ran across an island and-into the shallows where they climbed |
treas before it bocame necessary to swim. This caused troops
16 break up as smaller animals had to ¢limb trees sooner than
adults. ‘This fragmentation of the troop was pﬁrely temporary
and 15 not to be confused vith the break down in troop structure.
described below.

If the Baboons in the troes were pursued, they showed
- J1itie hesitation before Jjumping into _tl_xe_ water, if other trees
were out of reach. This included all age classes, from small
adult-colcured Juveniles upwards, and all escaped individually,
. although Junor (1960) indicates dark infants were carried by
“their mothers, even when the latter were swimming, - This pattern
- of flight was to be apeéted from observations of troops under
normal conditlons; the main differemce being that mall animals
fell back more quickly, .

It is not surprising that Baboons took to the water
‘readily from islands or partially lubmrged trees, as Hall -
{1963 ) mentions that in the Cape of Good Hope blature Reserve,
- 8 troop crossed a shallow vlei, where several became drenched -
during a squabble.  He also hotes cm'c frequently, when feeding
-along the coast at the edge of the waves, ehese Baboons walked
: through rock pools.

Baboons swam well. - Junor (1950) describes how the
gmallest sptcimens swam under wvater like. tonkeys, while the
Tumbar regions of older animals were seldom sutmerged, although
they held their heads beneath the surface when approached. There
was a complete intergradation from small animals which swam under
water to 1ai-ge}animals which swam sn the surface, and the sube-
merging of the head was apparently an attempt .at concealment
derived from the way juveniles swam. The greatest distance a
Baboon swam under water was 20 yards, although the maximum dis-
tance swam, accoidi.ng_to'.‘pmr was one and a half miles., This
was exceptional, as they seldom escaped towards open-water amd -
usually climbed a.tree within 50 yards. An average swimmer
had little difficulty in mrertaki.n" faboons in peor physical con-
dition,
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Thus ,.'Béboéna took to water readily,, could swim well
when necessary, and could move considerable distances through
partiaily suhmerééd vegetation.  They moved off small on-shore
islands and from trees in the water along the mainla.nd shore,
‘80 that small home ranges appeared to be the main reason they
became trapped. . Although the actual sizes of the home ranges
" could not be determined, there wers at least five troops which
originated from a total area smaller than the smaller of two
ranges in the Cape describe_d by Hlil, where the _troops occupied

13 and five and a half square miles respectively. With the
exception of an island on the west bank of the Humi River, where
~there was an island of trecs in a large bush clearing, islands
were in continuous similar habi tat with that on the mainland and '
in all cases the islands formed alowly over - several months.

Near the Bumi River isthmuses persisted !_.‘or three to seven months,
while the incipient islands remained about the same size.” By
this time over-population was marked and had their ranges reached
" to the mainland, it is probable that they would have left the
islands, - Further, if they foraged three miles each day and did
‘not always returh to the same sleeping places (in this ¢ase trees),
as Hall found in the Cape, there would have been even lesa likeli-
hood of their being trapped, as they would have tended to move off
~the peninsulas. ' '

‘ It is to be expected that Baboons would. remain within
their hme ranges during abnormal floods. If the whole range
were affected, they would seek refuge on islands or in partially =
submerged trees. when these too disappcarcd, most of t.he popu~
- lation would be eliminated, as it is unlikely that many would
swim to safety across open.water, The ability to_cl.lmb trees
obviously makes then less susceptible to floods of short duration
~ than other purely terrestrial species, but if the floods persisted
_ the tendency to take to trees might be a_disadvantage, Instead

‘of giving ground before the rising water, they would becane
' _marooned, even where no 1slanda fumed. B

B. &haviour on Islang_!_

~ Baboons became too mamerous for the food aupply o a
‘number of islands where they also shmud signs of being short of
cover before the islands’ sutmerged.  iHsll (1960) does not mention
Baboons using cover to avoid danger, but the follwing observations
vdemonstrate that it is 1mportant in same circumstances. Fothergi.ll
watched two Baboons- being chased by a leopard. - They did not -
vattempt to climb trees, but went te ground betwecn wo rocks when

his presence distracted the Leopard. This was not simply a case
of the Leepard being too. close to allow thu to slow down and '

e »'elinb a tree, an. they bnd nmple opportunity of doing 30 when
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 Fotherglll intervened, Baboons also went to ground in holes in

- the presence of humans. This was observed on 22 occasions and
always involved lone adult Baboons in poor ¢ondition. This
suggested that. when weakened by starvation they attempted to avoid
- danger by hlding, but it is ‘possible that the same behaviour is
“used by small gr(mps when’ pressed by a predator, as Fothergill

did not consider the two. animala ’ menuoned above, to be in poor '
condition. ' ~ '
‘Ihere were two reports of their nhnring a hole with.
nnother species. On one occasioh it was a Porcupine, while on

the second there wis a Wart Hog and an Antbear in the hole. On
Island 17, most usable holes were occupied by Wart Hog or fHyaena

and there were 14 examples of Baboons hding in depressions quite.
inadeguate for the urpose. A Baboon usually lay on its side with
its hands near its face and remained motionless watching the ob-
server approach and at least three wm caught before they bolted.'

~ Baboons began dying of starvation on Island 17 early in

June, 1960. By then the island had been heavily trax_npled by the
concentration of other game. There were no fruiting trees and a
search for possible insect foods under likely rocks was unsuccessful.
They were often seen scratching for roots and bulbs in damp soil in
the soak zone, but an investigation of mumercus scats showed they
were feeding mainly on leaves and bark,, especially those of mopane, -
The droppings were large and aoft with a greenish appearance, due
to many poorly digésted fmgnents of mopane which indicated little
selection when feeding, as their digestive systems were unable to
‘cope with the mopane which is bitter to luman taste and was takcu
very sparingly by browz:ing species on the island.

Most of one troop fed extensively for about a week on
the internal fibrous material of a fallen baobab. They chewed
the tissue for juices and spét out the pulp, rather as Fobertson -
Bullock (1960), and Napier Bax and Sheldrick (1963) have described
for Elephant during periods of food scarcity.

Carrion was plentiful on the island and there was some

: eﬁ_deﬁce of Eaboons e,a;ihg flesh, althéixgh not to the extent which
| might have been.expected among starving cwniverous feeders. Heavy
Baboon 'spooi round a Wart Hog and an Impala carcass suggested they
may have been reépons.ible» for removing the viscera. The cries of
small Duiker, with the damp umbilical cord still attached, attracted
attention on 23 jJune. It was' being attacked by two adult Baboons,
one of which had bitten it about the head and left fore limb,
dutopsy revealed a tooth had punctured between the left frontal

and pArietal bones, but the attempt at ldlling was very clumsy

~ compared with the techniques of wost predators.
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On another 1sland Fothergill came upon DBaboons feeding
on a &mhbuck whose carcass was still wam, and which had pré-
smably been kilied by the Baboons. The abdomen had been ripped
open and part of the viscera was. missing. In yet another instance
where Baboons were starving, Fothergill found them eating maggots
arnund a rotting Elephant carcass. .

L Hall (1961) and {1963 ) Shertridge (1934) and Fitze
 simons, (1919) show that Baboons take a wide variety of plant and
 invertebrate foods, ag well as occasional lizards etc., but it is
unlikely that they were serious pmdators of game in the study
_ aren.v They may have ld.lled a number of newly born animals, but
‘even when starving made little use of abundant carrion, and seldom
attacked full grown animals. This is in accordance with Ansell
(1960a) and Poles (1956), both of whom conclude that Baboons
~seldom prey on game, and tends to contradict Dart (1963) who
describes predation on wild and domestic uxigulates in South and |
East Africa and recounts heavy predation on small stock in one
farming area.  Attacks were directed at adult as well as young
animals and Dart considers that mboons need a constant supply of
'protein. ' ' ' '

When islands subnerged Baboons lived altmoat exelusively
on browae and often denuded -one side of a tree or trees to a
. remarkable extent, leaving the other sides almost untouched, and
- feeding was usually limited to a few trees, although others of the
. same species were withm easy rench. :

: There were at least 79 Bahoona on Island 17 in June
1960, and during five weeks of observation, not a single animal
was classified as in better than poor condition and most were -
suffering from acute malmtriuon.' By the end of june, they
were dylng and a total ‘of eight carcases mre i‘ound Islands
202, 203 and 205 were also predominantly mopane veld, but there
was less ‘deterioraﬂ.o_n of habitat', and a troop of over 50 Baboons
‘were in much ‘bétter condition and were more alert in April, 1961,
On the other hand, eight Baboons were in very poor condition on
Island 108, a mopane veld island reduced to a diameter of five
yards by June 1961,  fThese animals had disappeared by mid-july,
The relative physical condition of these three samples reflects
the status of the habitat which wvas very poor on islands 17 and
108, and mich better on Ialands 202, 203 and 203, where in addition
' it was more varied. _ ‘ -

Under such stress the structure of Baboon populations
changed.  There was a reduction in breeding activity and a dis-
‘ organisatlon of normal troop structure. Rall (gp. cit) has
" pointed out that the gregarious habit and complex intra=troop
behaviour is characteristic of Baboons, except possibly under very
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 severe conditions such as appertained on islands at Kariba. He
worked on Islénd' 100 in July, 1961, and observed four major points
which are substantiated by work ¢lsewhere on the Luka: “{a) Baboons,

. with two exceptions, foraged in seall groups, often of six or less

animals, which Hall felt represented a splitting up of one or more
larger troops, (b) no ocestrus females were 6bscrved, (c) bnl’y two
~ carried infants were seen and (d) thers was a general breakdown in
the social responsiveness bem«m mnbers of a group. '

MoBt troops.on the mainland ware extrcmely vocal, hut .
on islandn Baboons were séldom heard to utter any sound at all and
the alarm bark was never recorded, not even on Island 17 where the
" -Rescue Unit camped near the Baboons for thres and a half weeks,
~ Not & single oestrus female or dark colcured infrant was seen in
: five troops on islands, totalling over 200 individuala. This
interruption of the female cycle in Baboons is para.llcled by the -
cessation of menstruation in wonen restricted under severe condi.tions
in japanese Concentration camps in Java between 1942 and 1946 (Dr.
G. Broekhnysen, pers. gomm, ) me only amimal which was carried
was a4 mmall fawn-colcured juvenile on Island 203 and even this wac»
- abandoned by its mother the second time the troop was flushed and
had to take to shautiw water. This and 11:8 size, 1nd1cated it
"was almost at the stage of becumng independent,

Hall (ep. cit), Ansell {1960a) and m\‘.kemnn (1931)
descridbe Baboons as breeding throughout the year, and’ while _
working on Island 17, two troops, contacted by the author on the -
mainland, each cqntatned' at. least. one oestrus female and several
dark infants. A large troop of over 60 in the luangwa Valley,
‘where the habitat is similar to tho Kariba Basin, had at least
~ five oestrus females and seven infants in July, 1963. According
to Hall the presence of oestrus famales and infants at any time of
the year is normal, and their absence on islands was, therefore,
unusual and apparently resulted from three 'aéparate factors: the
inhibition of the normal female cycle, pregnancy failure and a
heavy juvenile mortality, There wus no direct evidence of preg-
_nancy failures, but it cannot be discounted as, with a gestation
period of six to seven months (Asdell, 1946; Kenneth and Ritchie,
1953), wany t_"émales could have been mated before conditions
deteriorated. This was particularly true on Island 17, where an
area of 7.5 square miles was reduced to 130 acres in four months.

The reduction of breeding activity among females,
coupled with the obvious heavy'die' off among juveniles, led to
a marked change in the age compoaition of troops, which could be
expected during a natural catastrophe, similar to that induced by
the formation of Lake Kariba. o
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Fig. 15. Shows the areas occupied by the two troeps of Babeons
o marconed en Island 17.4hd-the direction in which they
norsally escaped. . Adults which broke swiy from these

- troops to forage infividually or in small trosps

~exteanded over the rest qf the island.
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The breakdown in troop structure found on Island 100 by
Hall, was also apparent on Island 17, where there were at least 79
Baboons, which had evidently belonged to two troops, occupying
roughly the areas marked as A and B in Flgure 15. The best counts
of these two troops were 35 (two counts) for A and 28 (one count)
for B, but by then the troops had begun to disintegrate and five
Juveniles had been caught. when flushed they usually escaped into
partially submerged trees in the direction of the arrows, suggesting
they had been compressed on to the island fram different directions
and had ended up in poor habitat. Further, conditions deteriorated
rapidly during June. A few solitary animals and groups of two or
three were noted on other parts of the island during the first week
of the month, They were all adults of either sex and the mmber
increased during the month until 28 were counted on the 20th. 7This
count excluded seaven carcasses and several other adults which were
destroyed or expired in partially m!mergéd trees.

Nineteen animals were removed from the island and in-
cluded the five smallest juveniles (one female with a hind foot
of 122 mu, and four males with feet ranging from 147 to 16l mm),
which were with the troop when caught; five large sub-adults or
young adults (two females with hind feet of 144 and 147 mm, and
three males with hind feet between 162 and 169 mm) also removed
from the troop, and 12 solitary adults. 1In the last group, six
females had hind feet between 191 and 212 mm, while in three males
they ranged from 196 to 223 mm in the largest male found on the
island.

Yhen the island was left on 5th, July, 1960, the two
troops still retained their respective areas, but were much smaller
and consisted of uniform-sized animals, It was difficult to
decide whether these were old sub-adults or small adults, but both
sexes were represented. In February, 1961, 19 of these animals
remained on Netting Point, the only unsubmerged portion of the
island, and they still retained a tight troop formation. There
were 12 left in April, by which time they were limited to partially
submerged trees, but even then resained as a compact group. The
eight Baboons on Island 108 were all about the same size as th> last
survivors on Island 17 and probably represented the remnant of a
troop., They included at least one male and three females and »
like those on Island 17, flushed as a group.

It would thus appear that the severe conditions on
islands affected Baboon troops in the following order: females
ceased coming into season and there wers very few infants or
other small animals; then as conditions deteriorated further,
adults became dissociated from the troop and lived and fed individ-
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ually or in small groups., These were the weakest animals on the
island and their carcasses were the only ones found, although some
juveniles probably died earlier. The last portion of the popu~
lation to survive in three troops consisted of animals just reaching
physical maturity, and at least one group remained gregarious for
11 months after the adults began breaking away. These animals

had completed the period of maxisum growth, assuming Gaboons follow
a normal growth curve, but probably had not yet bred which is a
severe strain on the individual » Judging from the cessation of |
breeding amonz older animals.

2. SPOTIED HYAENA

Hyaena, Grocuta crocuta Erxleben, were widespread
(Tatle 8), but remained inconspicuous and were known from only
two islands., There were five Hyaena on Island 17, judging from '
spoor after two had been removed.

Two sub-adults, with half grown permanent canines,
took to the water from Island 17 after three men had walked around
the island once on the day the Rescue Unit landed there. VWhen
picked up in a boat, they were swimming strongly, dog fashion, and
had covered a distance of at least 1,25 miles., The other three
Hyaena were never seen, as they spent the day in burrows, but they
remained on the island for three weeks before disappearing. They
visited several large Ant Bear holca most nights and apparently used
several for lying up in during the day.

Carrion was plentiful on the island and in most cases the
Hyaena limited themselves to removing the viscera, although on one
occasion they took the skin of a skinned Impala while the curcass
lying alongside it, on the side from which they approached, was
ignored.

3. LEOPARD

leopard, Panthera pardus linn, occurred throughout the
Central Zambezi Valley, but being more or less solitary, nocturnal
and silent, like Hyaena, they remained inconspicuous and even on
islands on which they were known to occur, were seldom seen,

They were found on a mumber of small islands, but kescue
leports are not specific as to their exact location, so that it has
not been possible to calculate the areas from which these formed,
In several instances, however, they did not exceed a few sguare
miles, but Leopards took to the water voluntarily and swam con-
siderable distances. The longest recorded swim was of a leopard
which left Island 21 on 7th. June, 1961, after most of the game on
the island had been removed the previous day. The Leopard was
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found soon after sunrise in an isolated tree about 1,000 yards from
the island and still some 2,000 yards from the mainland.

A. Behaviour on Islan

Leopards were very successful predators on a number of
islands, but disappeared from theislands when prey became scarce.
Shortridge (1934) and Foberts (1951) suggest Leopard feed mainly
on medium-sized antelope, of the sise of Impala or Duiker, although
smaller rrey may be taken, Mitchell et al (In press) analysed
96 Leopard kills, which included 21 mammal species ranging from
Hares to Wildebeest and lichtenstein's Hartebeest, Alcelapbus
lichtensteini, Peters, but included mostly Reedbuck, Redunca
arundims Boddaert, Puku, Dulker and Impala, The largest kdill
recorded on islands at kariba was & full grown Sable in very poor
condition, but the main prey in this area appeared to be Wart Hog,
and the smaller antelope, including Impala, Bushbuck, Duiker and
Grysbuck. Mitchell et al have one record of a Leopard eating fish
to which may be added three reports from the Zambezi Valley, in
each cage fish which had been stolen from fishing camps.

When Island 21 was first located, it supported at least
35 Impala, mmerous Wart Hog and smaller mmbera of Grysbuck, Bush-
buck and Kudu, in addition to four Khino. When it was cleared 13
months later, there were only 11 Impala, in spite of the intervening
calving season, and there were no recent signs of Wart Hog.  The
island was not sericusly over-pdpulated 80 that the reduction in
animals was attributed to the activities of the Leopard.

The Leopard left the island the day after the Impala and
two Kudu were removed, It is possible that the disturbance asso-
ciated with their rescus stimulated it to do so, but this seemed
unlikely as the Leopard remained en‘ the islands five weeks before,
while extensive areas of scrub were cleared in preparation for the
capture of the four Rhino. Further, there were reports of similar
behaviour on other islands. A Leepard disappeared from one after
killing 10 of the 27 Impala on it, while another only left an island
well stocked with small game when it had reduced their mmber to one
Bushbuck and two Baboons. A third report described a Leopard
moving from one island to another after game had been rescued from
the first.

This behaviour of Leopards suggests that, under normal
conditions, they would emigrate from an area when food became acarce.
leopards are usually regarded as fairly localised, which, if true,
shows a basic difference in their movement patterns from that of
localised ungulates, at least some of which stayye rather than leave
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an establiahéd range (p.8% ).

_ - The confined nature of the islands probably simplified
bunting and on Island 21, where the Wart Hog were eliminated, there
was a noticeable ahartage of burrows for cover. This situation
regembled the cxperimental conditions described by Cause (1934,
quoted in Allee et al 1961), in which predatory unicellular
organisms completely eliminated their prey before dylng out them~
selves, This probably rarely happens under normal conditions where
the Leopard could be expected o move out of the area or shift its '
- attention to a different species, before the whole population was
eliminated. ' '
4, LION
| Lion, Panthera leo Linn, were recorded on only four
islands and were not a conspicuous spacies in the Central Zambezi
Valley, where they we're_ seldom heard at night, The patchy dis~
tribution mentioned on p.%4 sugg gested they move abont a falr amount
and, although. ‘nowhere common, may be more numerous in areas of broken
count.ry. :

A. Resgangg to l‘lood_i_g&

. lions cross water quite freely and 1ike most cats are
'g;ood switmers, Carr (1962) describes how two tame Lions Irequently
crogsed the Iuargwa River, and Lien are well known to move on and
 off islands in the Upper Zambezi River system, where they are
reputed to prey mainly on Sitatunga, Wi Sclater,

and Bushbuck. Shortridge (1934) notes that, "like tigers and
leopards, lion enter the water readﬂy and frequently cross riverl.
In the Northern Kaokaveld they habitually swim across the Cunens -
which has an average width of 80 to 90 yards - and appear to choose
places where the river is rapld and canparatively shalloxw .... '
At !mdara, in tlxe Western Caprivi, where the Okavonga splits into
several ehannels, lion have often been known to swim to islands in :
mid-stream in order to a.ttacl. herds of cattle which are kept there”,
The most renarkable report of the svimming powers of lion comes B
from Mrs, joy Adamson (pers. comm), who describes their swimming
to islands beyond the coral reef off the Bast African coast.

A total of 19 lions were recorded on islands. Two on
Smpakarm Island, first roported early in 1959, may have been
marooned when the island formed. One was shot by a poacher late
in 1960 or early 1961, but the fate of the second was never estabe
~ lished, although Rescue Repurts indicate it disappeared from the

ialand. -

There were no Lion on Island 100 during the 1961



rescue season, but, by April, 1962, a pride of six had swum to the
island, which was then over cne-and-a-quarter miles from the main-
land. By April, the island had split into four, but still held
fair populations of game, includinz at least 39 Buffalo, four Zebra,
three Sable, a number of Impala, Xudu and other smaller animals
(Haslam, pers. comm). Spoor showed where the lions crossed between
islands on several occasions, substantiating the following report frem
Haglam. The Rescue Unit landed and camped on the islands in the
position shown in Fig, 16, During the first night, the lions moved
past the camp from the eastern tip of A, and the following morning
were found on D, They were driven fram here to C with some diffi-
culty, but by the afternoon were back on D, before returning to A
during the night. Two Lionesses were rescued in 1962, but the
remainder stayed until the end of Jamwry 1963, when & Game Scout
saw them swim to the mainland, a distance of at least six-and-a-
half miles. This undisturbed behavicur was similar to that
described for Leopards when prey became limited on islands,

ihe behaviour of this pride is described in same detail
as it wag similar to that of lion away from lLake Kariba, which cross
to islands inhabited by suitable prey. It is interesting that in
the Central Zambezi Valley they swam at least one-and-a~quarter
miles to game concentrated by lake Kariba, as there were no natural
islands in the region capable of supporting a large game populatien,
those in the Zambezi having been heavily cultivated.

The 11 Lion on Ukubula Island included four cubs from
two litters, which Haslam estimated to be about two and six months
old respectively, and a male believed to have swim 1} miles to the
island after having been disturbed from part of Ibuyuamonga Island
(Dr. H. Roth, perg. comm). Ukubula Island was well stocked with
game, those listed in Table 13 being a conservative estimate based
on the first survey of the island. An adult male and female and
one of the larger cubs were shot, but two days later the lLion were
still on the island. That night they were fired at unsuccesfully
but then disappeared and must have swum to the mainland, a distance
of at least one-and-a-guarter miles, as no drowned carcases were
found in an area where they could hardly have been missed.

Mitchell et al (In pregs) found that Buffalo were the
most important prey of Lion in the Kafue National Park, and it is
significant that three islands on which 19 lion were found, were
the only ones where more than three bBuffalo were known to have
been marooned, although one of those on Ukubula Island probably
swam there following its disturbance fram another island where there
were no Buffalo. Buffalo signs were widespread on Sampakarma
Island, although the population was never estimated, but on both
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the other islands there were large herds of about 30 and 200

respectively. The Buffalo became over-pomlated on these two
islands and lost condition so that, with other apecies on the
island, they must have been relatively easy prey for the iion.

Lion are strong swimmers, which apparently roam over
large areas so that it is unlikely that many would became trapped
by floods, as they are quite capabled swisming a swollen river.
They evidently benefitted temporarily from the concentration of
game on three islands at Kariba, where their behaviour on Island
100 showed a natural tendency for Lion to swim to islands with
suitable prey, ’

5 . ANTBEAF

The widespread distribution of Antbears, (rycteropus afer
Pallas, noted in Table 8, was based on the occurrence of their holes,
as this nocturnal species is rarely seem out by day,

A. Response to Flooding

Antbears sought cover in holes when danger threatened,
which made them difficult to drive into the water, although once
in the water they could swim reasonably well, as Junor (1960) has
noted. Antbears spend the days down holes, which are larger than
those made when feeding, suggesting they have fairly localised
babits, although little is known of their movements or how many
sleeping holes there are within an individual's home range. It is,
therefore, difficult to estimate the affects of flooding on an
Antbear population. The use of holes for shelter during the day
and their behaviour on large islands suggests many would drown.
This is supported by observations made by Mr. R. Smithers (pers.
coma ) during flooding in the Okavonga region of Bechuanaland,

Here the land is very flat and large areas flood to a depth of a
few inches and Antbears, driven from their burrows, become marooned
on the mound of earth thrown up nt the entrance, where they are
easily killed by Bushmen. On the other hand, Antbears never bscame
trapped on islands which originated from small areas at Kariba,
although their holes, including sleeping burrows, were common on
such islands. The amallest areas in which Antbears were known to
have been marooned were appraximately 1,000 and 2,000 acres res-
pectively. The littar was on alluvium and only one animal was
recorded, but there were two or three Antbears on the former in
mopane veld, where termitaria were more common. ‘

B. Dshaviour on Islands

Antbear burrows were important refuges for a nmumber of
species such as Genets, Civets, Wild Cats, lHyaena, Baboons, Wart Hog
and Grysbuck. Some of these may have disputed possession of the
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holes with the Antbears, as Rescue Feports describe at least two
with badly_ mutilated tails, in one case with tha tail severed come- |
plateiy. These wounds v)ere'atrributed to Bush Pig, as they were
the only species capable of having inflicted them. A dead Antbear
on Island 17 ‘may have becn killed by Ryaena. .

There were two islands where antbear could not dig and
where ‘they were found wandering about during the day. The first
was a flat alluvial island with the water table within 18 inches
of the highest point, Mumerous burrows had been started and
abandoned when they reached moist soil, 4n Antbear aplashed
ashore at 16,35 hours, after the observer had been on the island
about an hour and a half, during which time it must have been
hiding in the shallows, Conditions on this island were rather
‘similar to those in the Okavonga described by Smithers,

" The soil was rocky on tha second :I.sland which had
formed from the crest of a ridge. /n'Antbear was seen at 13.00
hours, while another vas found asleep in a shallow horizontai
burrow tunnelled three feet into the base of ‘a termite mound.
The animal was lying on its side in a semi curled-up position,
with the snout near tﬁe chest and covered by the‘fore limbs. It
did not wake up with four people less than six feet away, until
'deliberately disturbed whereupon it bolted out of the burrow,
-instead of at.tempting to dig away from the danger, as was thelr. B
custom, ' '

_ . The xslands' soils were mearly unsuited to burmwlng

and droppmgs found contad.ned a high proportion of earth to insect
'remains, compared wi.th those from other islands, There were

" several active.termite mounds s but except for the one mentioned,
none had been fed from to any marked extent, although most bore

.aigns of supériicial' zintlbea'r‘ activity. o had fresh castings

. whiere the Antbears had succeeded in plercing a small hole into one

of ‘the outer ‘chasbers of the nest. E‘acepting for one mound on

a steep rocky area, gll were old wlth well weathered aurfaces and,

judging from the scratches on them, were too hard for the animals

to dig open, bhortaget of Mtbear fo0d were reported from two

other islands, on one of which three Antbears were very-thin and

weak, ' ‘

_ - These food _sﬁortageé wére’. causedi Sy _thq unasual con-

~ ditions at Kariba as Antbears were forced into unsuitable habitat.
It is unlikely, however, that such specialised feeders would exper-
ience much intar»-specific compatition or suffer from the type of-

'food shortages facing most game mamnals, as a result nf fa.ilure of

- the vegetati.on through drought., L '
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v6 ELEPHANT

Elephant s Loxodonta africana Blmxenbach, were among the
most conspicuous mammals in the Central Zambezi Valley., A number
were cut off when large islands were formed, but céuld hardly be
classified as marooned as Elephant swam 'to'and from islands, This
‘was confirmed on 17 islands, but probably happened very much more.
frequently., One island was about a mile from the mainland and
here, the number of Elephant fluctuated irregularly between zero
~ and 14 over a period of nine months, during which time the Rescue |
Unit visited the island on eight occasions. Elephant now swim
to an from Ukubula Island (Dr. H. Roth, pers. comm), a distance
of one and a half milea.

How the Elephant found thelir way to the first of these
~islands through the homogenous, partially submerged mopane veld,
preseénted an interesting problem. It was also difficult to under-
stand why they took the trouble to swim to it, Some islands
visited by Elephant had well developed soak zones, which may have
attracted them, especially when grass was green out of season, but
in this case, the vegetado;n was' si.milar' to that aiong the main-
land and had actually been more heavily used by the Elephant,
 Nicholson (1954), Huss (1961) and Napler Bax and Sheldrick (1963)
all found that K!.ephant eat mostly grass when it 18 available,
although they also take woody'pinnts and yet there was very little
~ grass on this island, where the Elephant had ‘caten browse fram
species which were readily available on the wainland,

A posgible expléaation is that Elephant have conventional
movement. patterns, which in this case included the area in which the
island formed, but this still does not answer the guestion as to
how they knew of the island's pregence in sixch' flat country, or how R
they locdted it. Itis ha.rdly conceivahle that they :imply swWam
abmt in search of 151ands. '

It is not surprising that. Elephant could swim to and
from islands, especially those near shore, as they often swim to
islands in the Zambezi below Kariba and above the Victoria Falls,
and 1t 4s well known that Elephant take to water readily and can .
'swim well (see for example, Carrington, 1958) It is, therefore,
~ interesting that Elephant were reluctant to leave at least six
islands when lumans were present, although they did so later when
undisturbed, 1This: enmled a swim of over a mile for some, but
the maadmxm distance recor;:led was thét;- covered by a female which
had to be caught in the water to prevent her drowning.  According
‘to the men responsible for her capturs, she was at leaat two milea
from land, but probably had swum nmuch further, ‘ ‘

’ Only three elephant rmined on ‘i.slands for any length
of time after the habitat had deteriorated. An adult bull was
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found on Island 7 on 3rd. June, 1967, having swum to the island
since the Rescue Unit's previous vizit some four weeks before.
This Elephant could easily be chased into shallow water, where

it once attempted to hide by lying down, so that only its trunk
was above the surface, but all efforts, spread over five weeks, to
drive it into deep water failed. Shets were fired near it, it was
pelted with stones and a dead tree on ti*;e side of the island was
soaked with petrol and set alight, but with no success, although
the island was less than two acres and conaisted of two islets
separated by a narrow strait, The Elephant had starved to death
after removing all edible browse on the island and in the -shallows
by the time the [.escue Unit returned to the area in September,

The second island where Elephant remained after food
became scarce was Island 101. A& herd of about a dozen was first
reported there in uUctober, 1960, but left some time in December or
January, while a female stayed behind on the island. 1In February
it was noticed she had a small calf, but she and the calf did not
disappear from the island until the latter half of March., A care-
ful search for carcasses indicated that both had reached the main-
land almost a mile away. This demonstrated the remarkable swimming
ability of a young Elephant calf, which could not have been more
than three to four months old, DBy the time the cow left the islamd,
most of the browse had been eaten.

This cow had apmrently waited to calve and then allowed
the calf to grow before leaving the island, The reluctance of the
bull to leave Island 7 was probably due to fear resulting from
efforts made to drive it into the water, As already mentioned,
£lephant were reluctant to go into deep water in the presence of
humans, apparently appreciating how vulnerabie they are when '
swinming, Similar behaviour was noted for lhino (p.§3) and
Buffalo (p./06). |

Elephant are strong swimmers and can probably avoid
most natural floods as, although little is lnown of their move-
ments, it is obvious that they wander over considerable distances.

7. BLACK RHINOCEROS

The rescuing of Black ihinoceros, Diceros bicornis linn,
from island in the lake was a priority for the Fhodesian Rescue
Unit and, as they had to be drugged and handled individually, their
capture was better documented than thit of any other species. This
enabled Roth and Child (in press) to supplement personal observations
with Kescue lsports and so describe in same detail the diatribution
of the whole population from the area affected by the Lake. They
also deal with some of the characteristics of the population's
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structure and dynamics and eome of the behaviour of Rhino on islands
so that it s now necessary only to sumarise their findings and to
mention some of the behaviour they di.d not cover.

‘ The distribution of Ridno was limited to areas on the

_ sauth bank where hman setelement. had been sparse and where there
had been no previous Tsetse Control Hunting Operations (p.as ).
Roth and Child attribute this to the sensiti.vity of the Fhino
populations to hunting.” A total of 62 were recorded betueen the
Umniati and Mvenda Rivers and probably represented the bulk of the
population resident in this area as, although Rhino frequently
wallow, they avoid d’eep,wéter and were t!mrefore readily trapped

on islands.  The only reference fuund in the literature to their
'swimnlnlg is the vd‘es;:rikpt:iQOn by Hawthorn and leck (1960) of one
~ which had to swim at Kariba. ‘fHere, there were several additional
‘records of Rhino swimming up to 20 or 25 yards, which was approaching
the limit of their endurance, as Black Rhino are poor sw:lmers and,
unlike the ﬁsiatic species, do not like deep water. Mr.. N. Dean
‘(g__‘__s_. conm), senior warden in Hluhluwe Game Reservé, Zululand,
. which has.a dense Black Rhino population, is of the opinion that
this species will not cross a rapidly flowing stream if it is over

© 15 inches deep. .He 'aiso'found they preferred wallows with more

mud than water, a.lthough they continued to use them after rain with
water up to 18 inches deep. This is & contrast to the three Mnatlc
,fpms. Barbour and Allen (1932) note that the Javan Rhino,
fhinoceros sonda;gcus_' Desmarest, is partial to entering streams, and
Hubback (1939) records the same for the waa;tran species, Didermocerus
 sumatraensis Fiscber, which frpquently goes into clear streams up to
three feet deep, w_‘hile Ripley (1952) found the Indian Fhino, Rhino~
ge‘rds unicornis Iinn, to be an accomplished swimmer with, among
others, a record of one which awéun the Iralnapntra River.

, The fact that same Black Fhino went into deep water at
Karlba was therefore unusual, ' Rescue Reports describe spoor
leading from one island to another through _wﬁter up to three feet
deep, and a family party was observed 'fe,eding in about this depth
of water on Island 17, but charged back on to the island as soon
as they were disturbed, = The male of this group hid in the water |
on three occasions after the female and calf had been rescued. v
puring pauses while attempting to drug it, it waded 50 to 100 y:m‘ll
into the shallows and stood motionless in thickets with only its
head abov_e, the surface, but bolted back on to the island as soon
as men géthered, on the shore, It also ci'os;ed 1580 yards of water
up to three fect deep at least five times, but, as when hiding,
never did so while being chased. - This was the animal Hawthron ‘

. and Lock described swimming 'a’bmAxt 25 yards and was the only one
reported to have done so before being darted wi.th drugs, although
a number entered the water afterwards and some drowned when they
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collapsed in the shallows under the influence of the drug.

fhino are weak swimrers which experience difficulty in
holding thelir heads above the surface. Like Elephant, they appear
" to realise how vulnerable they aré in the water, which accounts
for the fact that they could seldc_mi be driven into the shallows and
explains the behaviour of the male on Island 17, which charged back
" on to the island as aoon as men threatened f.o block it off from
land,

Localised habits also contributed to their being marconed
on islandsa Six marked individuals were contacted after release,

. and all were within four miles of the release point. An adult
male seen at the north eastern corner of the Umniati West bush
cledring, had been noted in this area on several occasions by

Mr. Stokes, the Ranger in charge of the area. It was then 3.5
miles from where it had been released six months béfore,’ which
probably represented its maximum mﬁmmg in 11 months, as it
became marooned for a second time when Island 100 formed between
this locality and the release point, in March 1961

In this general area, two mark_ed Rh'mov wefe seen after
;| céupl‘e of months” within "a few miles” of the release point.,
One of these animals was later -contacted one and a half miles from
the release point a year after release, but the other died in the
area in the meantime, (Dr. H. Koth, pers., camm).

 /n adult female was retaken on Ukubula Island, which
formed nine months after its release. The break through giving
’risé'-to_ this island was ,fcur "mﬂes}fmm the release point. An
adult male from this island has remained within "about five miles®.
~ for several months since its release (P.arden P, Coetsee, pers, comm)
and another, liberated on the east bank of the Sengwa Flver, was
contacted five months after release when it had mwed less than
three miles into the nearest suitable habitat. |

, 16th. Apn.l 1961 an adult f'uhlno was diaturbed by

a boat and ran about a mile into a bush clearing but then slowed

down .and circled round, so that it headed ‘back in the direction -

~whence it came, When lost from- -sipht, it was almost back in the
 same clump of trees fyom which it had been disturbed,

Snall home ra'nge,s seen to be normal for Elack Rhino .
which freq’uehtly defecate in the same place, as Dean (op. cit),
 basing his conclusions on recognisable individuals in Hluhluwe,
notes that "For the greater- part (black) Thino have very definite
home ranges in which they appear to spend the greater part of their
lives. . I do not consider the home range to be in excess of six
gquare miles and often as 1little as _tfour square miles. An important
factor contrélling the size of the-home range here is probably the
availability of whater.' In most_'parts of the reserve ¢ven in _'dry'
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years, no great.di!sténce» need be travelled to find it. I have
only one record of a cow and calf leaving their normal home range
for another area, eight miles away, crossing a river (presumably
with little water) to do 8o where they have since remained perman-

- ently.®

There were two male Fhino in the Nagupande Tsetse Area
‘and these. remained in a small area of about 12 square miles for 12
months after selective, but intensive hunting (approximately one
“hunter per 3.5 square miles) began in the area, They then moved
13 miles and left the area, breaking through the game fence'surrouhd—
ing it, (Mr. J. Kerr, pg_:;_s;. comm ). A nalc with a peculiar kink in
its tail vas ohserved in July, 1963 s and was reported to have re-
mained within hali a-mile of the confluence of a small tributary
and the luangwa River, during the dry season, for at least two yeara. N

- although during the rains it may have been forced a mile or so fm

the I.uangwa by the immdation of the flood plain, This animal
was seen by the author within one mile of the same locality 14
munths later, in September, 1964. '

| This evidence indicates Hhino are ganerally fairly locale
ised although the availability of epen water probably detemines :

'the size of the home range as Dean has supgested. Ritchte (1963)
indicates they wander z‘j.va to 15 miles from water to feed in parts
of Kenya, as well defined Rhino paths lead out this distance from __

‘. wﬁter holes, - Stockley (1950) and Ripley (1958) have gone as far o

as to describe them as teiTitorial, on account of their deiec_at.i_ng -

" on middens and then scatteriﬁg their dung with their fest.  Although

a ) 'Rhino do occasionally fight, the active defence of tcrritoriea needs

substantiating in view of the anall amount of aggmanve behaviour

, _feund by Roth and Child, when Rhidno populat;lona become. canpressed o
 to islands at Kariba. - Further,’ Ripley {1952) has suggested the
great. Indian Rilno are also terrj.toﬂal as they too have middens,

-~ but Cee (1953) disagrees, as sever] animals may use the same dung
‘heaps and this author suggesta they may play a role in establishing
social hierarchies wi.thtn a grcup. : : ' : -

Black FRhino are probably auscept.ible to abnomal floods
- ‘where these affect the greater part of their hame range, even if
the: water were only & foot or so deep, A female and calf drm‘me_d o
in this much water within a few days of an island suhnerg.ng, B
 indicating it is esaent.ial for Rhi.no to 11e down. as they often do,
: when sleeping. ' :

v A, BeMOur on Islands o
.. Black Rhino are generally accepted as browsers of a
vaxiety of trees, bushes and “shrubs , although they seldan eat much
grass. - Thcy ‘experienced ahort.age: of food as islands diminished -
in size, whi.ch may ! have led to the deaths of two very mall calves -
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and an adult, but Roth and Child have argued that this had 1ittle
effect on the structure of the population, although most marconed
Rhino were thin,

The plants eaten by three ihino on Island 17, based on
observations of undisturbed feeding and the obvious signs of browsing,

Ancluded Cunbregtm apiculatum, mosm gggloensis, Holmskioldia

spinescens, Dichrostachys cinerea, and traces of mopane were found
in a few droppings.  These were similar to the plants taken by otler

browsers, especially Impala, the most mmmerous species on the island,
and suggest considerable competition for food. 'V'I‘hia may have caused
the three fhino to feed in the shallows, where Impala never went, and
was substantiated by the following incident. One of the Fhino had
broken down a branch of Canbretum apiculatum and was defending it
from Grysbuck, an Impala ard a Bushbuck. 1In this, it was not very
successful, as usually, when lunging after one of them, the other

two were able to nip in and feed, ' ' ‘

The breald.ng down of small trees or hranchen up to four
- and a half i_nches in diameter was more prevalent on this island than
in-any other area investigated on the lake, "It was done with the
chin and meant Fhino could obtain food from above the clear: brovse
line left by Impala (p.€§¢ ). This behaviour in response to food
shcrtiges'is ccmoh in Hluhluwe aécording tao'Dean, who describes
areas of two or t.hree acres in vhlch most of the Acagin garroo 1s
damaged. L : |
Rhino pohxlatipns withstood cond.dirable c«iprassion'

into tho small areas on islands, without th_e various smaller groups
losing their identity (koth and Child, op. ¢it.) and without inter—

npecific ccmpotition for food resulting in a heavy mortality. A
Obviously there is a 1eve1 at which food suppiies will limit further
growth of a rhino population, but as & limiting factor it may be -
less significant than hunting, or the availability of water to this
localised species, in exéenﬂvé areas of otherwise suitable habitat.
With the possible exception of the Smaliland race, D. bicornis -

cmahensig : (Stockley, op. gg.}_), Black Rhino are generally
agreed to be. dependent on ragxlar access to open water.

"Roth and Chfld havc uplalned the ease with which the

‘apecies can be eliminated by lumumz, as the replacement rate to
the breeding herd is slow (8% — 9% per lnmm) and the maintenance
of the population relies largely on the survxva‘l. and longevity

of sexually active adults. This means that a population could
only fluctuate slo&ly,and bporadic food shortages would not affect
mmbers to the same extent as they iuy in rapLdIy breedi_.ng spedés;
~which can became numerocus between successive periods of food
scarcity, even if the intervals are fairly short. Further, on
Island 17, Rhino evaded the critical lack of food by obtaining food
from a higher level than any other browsers, and the ability to

eat twigs meant that they used food unsuited to most species except
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Elepbant, This, , and’ the fact thst Fhino density is usually low
in poorly watered areas, suggesta that open water is tha main
l.imiting factor to this species, which lives 1n amall groups in
restricted home ranges.

8. BURCHELL'S ZEBRA | |

Zebra, gmus burchel;; Gray, were only recorded between
.the Mvenda and Umsniati Rivers within Riodesian portions of the
Kariba Basin, This indicates the inﬂtmnce of human settlement
on their distribution in the Zambesi Valley, where they are scarce
‘caompared with the southern lowveld. Hore 'n;mbers are high, eveh_ o
on down graded ranges, and they ai® one of the chl,af specles
_culled cammercially.. In one ares of just under 400 square miles,
14,307 haye been shot in the 11 years 'endihg in 1963 (Dept.Report).
.This population has ‘withst_ood an hmagg anmial crop o!‘ 1,301 head,
but Zebra may be more sensitive to habitat deterioradon', or hunting,
in"the Zambezi Valley, where the fatty nature of their flesh would
have been prized by the Tonnva. ' ~

61 head were recorded on_three islands during the present
study and constituted 90% of those found on islapds in Rhodesian
waters before 30th. June, 1961.

- A, Resp_onge 0 Floodi.ng

v v " Zebra were very reluctant to enter water. when trapped
on large 15}.ands. They were chased about a good deal on Island
17, both dui-ing their capturs and the netting of other species a
which preceded it. Two tangled in the nets and 31 were run down
in chases lasting three to six hours of June 13, 14 and 17, but

it was ot until the third day that any entered water over a few
 inches deep, On that day 19 crossed back and forth to netting .
point (Fig. 10) several times, through vater two feet deep, while
. 12 of their mmber were caught, Five of the seven left on the
‘4sland that evening had disappeared by next morning and the other
two took to deep water after a short chuu. ' :

The behaviour on Island 201 was similar. Two were
caught on land after three hours before cne took to the water and
again the four which remained on the island disappeared during the
night. On Island 151 all 17 were run down without going into the
water, althouzh the prolonged chase nsul‘:ed in 10 dying of ex- -
haustion, :

- On these three islands » Zebra were reluctant to go into
the water, even when pressed by beaters, but‘the islands were 25 -
to 120 acres. On a fourth small island, however, three took to
water as the Rescue Unit approached and drowned after swimning _
300 to 400 yards (Rescue Reports). These distances mist represent
the limit of their swimming ability, as the two from Island 17
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were exhausted within 200 yards and the one from Island 201 was
tiring after 150 yards. The first two had been weakened by
starvation, but the last was in fair condition, so that Zebra
are obviously weak swimuers. They are also slow, and the only
other large mammals which showed less ahiuty vere fhina,

Klingel (1964) gives the daily wmovements of Zebra in-
East Africa from the sleeping area to food and water as about
10 km. (c 6 sdles) and the smallest area in which Zebra became
marooned was 3.8 square miles. This suggests they would awvcid
most natural floods, although water would be an effective bariier,
and this iz borne out by Mr. D, F, Vesey-FitzGerald ‘s (pers. coum)
observations that they were cut off by rivers when Lake Tanganyika
reached an abnormally high level in 1963 /64, where they were the
only apecies drowned.

B. Behayiour on Islands.

" Zebra dre normally prtdui,hnntly grazers, judging from
most accounts and field observatiom, including 10 stomach analyses .
The oply area where they are known to make extensive use of plants
other than grass is in the Cape of Good Hope Mature Feserve, where
grasses are relatively scarce mumerically in the Cape sclerophﬂ
vegetation,  Lere at least two species of Gyperacen were eaten in
fair amounts in early 1950, in dddition to small amounts of six
‘species of grass, including Pentameris macrantha and Ehrharta sp.
Most remarkable in this area, to which Zebra have been introduced,
- was the extensive use made of the younger shoots and bristly flowers
of Metalasia cephalotes, a auffwamhed woody Compositae about
60 cm. Wigh. . Wwo Zebra were once seen feeding on nothing but the
apical shoots of this species for over half an hour, and judgmg
from the plants this was common hehavlmr. .

It was amazing that ubra withstood the food shortages
on Islands 151, and 17, both of which were in mopane veld and had
been heavily, trampled, Zebra frequently returned to the few over-
grazed tufts of perennial grass on Islamd 17, but ate mainly ‘ntte,r
derived from trampled annmual grasses and fallen leaves, The last
did not exceed 10% of the contents of any of the five stomachs
examined and were probably taken fcrmitmaly ag they were x-elatively
ruch more common on the ground, :

Un Island 201, on the other hand, there was ahple green .
perennial and anmual grass in April 1961, and this reflected in
the better condition of the Zebra. Both adults caught were fat
and even the juvenile was in better shape than the 24 Zebra
conditioned on Island 17, all of which were very thin.

: Being marooned seemed to have 1little effect on the sex
and age class structure of the 41 Zebra on Island 17, A young
mirsing foal was the firat to starve, but was followed within a
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week by two adults. The 36 Zebra handled consisted of equal
mumbers of males and females and included three additional foals
which were still nursing, and the five which disappeared from the
island without being sexed were all full grewn. Zebra have an
.extended foaling season in ihodesia aad !m.ngcl (op. cit) suggests
females mature at between one and two years in East Africa, so that
growth is obviously rapid, If the present sample, taken in Juhc,
is broken down according to hind foot lengths (Fig. 17) it gives
four (9.8 : 100 head of population) small foals and a total of
seven (17.1 : 100 head) immature animals. These compare with
3.7 and 9.6 "young of the year" and 5.6 and 21.7 total immature
per 100 headof sample obtained by Desmann and Mossman (1962b) in
samples of 514 and 83 taken between May and September and in April
from the Henderson's Kanches and the fort Tuli area, respectively,
in the southwest of Rhodesia. Talbot and Stewart (1964 ) obtained
18,2% juveniles under about 15 months old in a sample of 1,604
fram the Serengeti - Mara region of East Mrica.

Although these ratios vary constantly, depending on
current habitat conditions and stoecking rates, they support the
contention that there was no appreciable change in population
structure in the Zebra marooned on Island 17, It is to be
expected, however, that prolonged stress would lead initially to
a heavy juvenile mortality, so that it is not surprising that no
shift in the sex ratic was detectéd, Uasmann and Mossman obtained
109 males : 100 females in 88 Zebra culled on the Henderson's
Ranches, and Wildlife Utilization Services, operating in the south
of Rhodeaia, obtained 93 3 100 in an annual crop of 1,163 adults,
where no attempt was made to shoot either sex.

In spite of three deaths due To starvation on Island 17,
Zebra survived remarkably well while their range was reduced from
between 7.5 and 15 square miles to less than 120 acres, considering
the heavy competition from other ungulates. They subsisted mainly
on litter, but had free access to water which may account for their
obvious success on depleted range in marginal cattle ranching areas
in the south of ihodesia, where water is provided for domestic stock.
They are, however, very susceptible to fences. Wilson (Ms.) and
Child (unpublished ) have noted this in relation to game fences,
while Mr, P. Johnstone (pers. comm, ) bas found numbers lower in
areas cut up into paddocks than in undeveloped areas under a similar
management regime. In addition, Silberbauer (1964), recorded no
Zebra in the Central Kalahari from where they have apparently dis-
appeared as the result of a "disease control" cattle fence.
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9. BUSH PIG o _ |
Push Pig, Potamochoerus porcus Iinn, occurred through-
out the study. ai-eaf tut their sécretlie habits made any estimates -
“of relative _dénaitie's along the Central Zawbezi Valléy ®Ost un--
.reliable, They still occur in intensively farmed areas around
the City of Salisbury, ao that it ip u_nlikely thit any but the
dengsest Tonga aettl?ement would hava ali'minated them. :

. They became narooned on islands but were very adept at
avoiding capture and mdny must have drowned, although t.hey were
very hardy and few died after being caught.

A. Besponse to Flooding B

Bush Plg on 1slands went into the water w:lth li.ttle
hesitation, usually as the Fescue Umt approached, - They were lesa
afmtd of water than any spoeies, except Waterbuck and, in spite
of a tendency to hide in thickets, were usually among the first
“animals to leave an dsland. This bebhaviour was noted for 38
specimens, slthough Bush Pig remained ob part of Island 17 for
10 days while game was caught elaewhere on the island,

They were. strong swinmers and Junor (1960} recorded a o

'. marked male which swam over & mile, while a female swam an estim-

atvad 1,300 yards m_zd was still swimdng strongly when picked up.

~ This is not surprising as Fitzsimons (1919) remarks that they are .
Vexpert swimmers", and mgaman.-um) that they are excellent .

sw:hnnérs, crosﬂng large rivers without hesitation and in this way

appear periodically on lagoan islands 1n West Africa. -

'Ihere were five islands with Push Pig within easy sviuning
'distance of the mainland and it seems that, when more is known of
~their movements, they will be found to have localised hatits. Juner
(pera. comm.) suggests that the marked male he recaught was swimming
towards the island from which it had been removed and ancther male
. stayed on an island, where food was ¢ritical, within half a mile of
. the mainland, Finally, Bush Pig returned to islands with limited -
food even though they wére nearer to altemauvu and better habi tat,

B. Behavicmr on_Islands

Bash Pig are f ound in a variety of habltat types, but in
the Nagupande Area, where thé vege-ation is similor to that in the
Kariba Basin, most of the 109 shot on control were in areas with '
. riparian or Jesse thickets. The habitat on most islands was, there-
| fore, quit:e sui table although, in a mmber of cases; they lacked
nomal food and cover through overcrowding by other species.

_ ‘There were 17 to 21 Bush Pig on Island 17, but four was
the maximum recorded on other islands and intraspecific competition
| was generally light, They overcame the shortagé of cover by hiding



in the water where tbey xmade !‘reqwut use of termite mounds, which
showed nbon the surface and were often surrounded by scrub. There
‘was also a report of ome which kid in deep water and remained afloat
by resting its head on a branch. B

They nomany feed onm or other vegetable products
such as fruits, but meral autbou note ‘that they will take carrion
when it is available. They exp.riened eondderable competition
for roots from Wart Hog on Island 17, where there were no fruiting
trees, but were able to use the readily aiailable carrion which
wart Hog did not. Although criteria for assessing the physical
condition of Bush Pig have not been developed, with one excéption,
those seen or caught on islands vere mot thin. The exception had
extensive freshar tissue on the hind qwurs, apparently caused

by a Leopard.

No deaths were recorded fram starvation, even on Island
17 wvhere there was a high proportion of immature animals. Foberts
(1951) suggests they may farrow twiee & year, but most youag seem to
be born during the rains (November to March). There may be as
many as 10 foetuses in a ltter (Roberts, op. cit.) but Ansell (1960:)“
gives three or four as usual and, in the Nagupndé,'fiie unborn
litters varied from two to four (mean 3.2). On Island 17, there
vere two sounders and several individual gdult and sub-adult animals,
. The sounders each had two sub-adults, judged as yearlings, and one
bad three and the other four sucklings between four and six months
old. The high muber of immature animals in these two sounders and
the presence of other yéarliny indicated that there was little
stress on the sample, as Mohr (1960) describes juwenile mortality
as very sensitive to food supply in the closely related Sus scrofa
Linn, and this also applied to Wart Hog at Kariba.

Their elusiveness wmade it difficult to judge the effects
of flooding on Bush Pig pepulations, but their behaviour and sur-
vival on islands underlined their versatility, which is probably
largely responsible for their having remained widespread in developed
farmland within 10 miles of Salisbury (Child and Savery, 1964 ).

10. WART HOG

vart Hog, Phacechoerus aethjopicus Pallas, were plentiful
in the kariba Basin east of the Masumo River, particularly near the
Ami River, and wverc the second most mmercus species marooned on
islands, contributing 12,9% of the mammals rescued by the end of
June, 1561, Their absence from the meander zone was attributed
to the poor pereunial grass cover imduced by Tonga agriculture, as
they are fairly resistant to hunting,

They were virtually eliminated by anti-tsetse control
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shooting _‘opor‘utions in parts of ululand (. I, Playef; pers. cosm. )
but have withstoed similar operations in two areas in Fhodesia and
Zambia. Im a ﬂnrd, a !untin; intensity of one man per 3,5 sguare
‘miles rtsulted initi.ally in a rapid decline in m-bers, but then
for the next 18 months huting successes remained fairly uniform
and it is debatable whether this intensity of hmting would have
achieved their elimination. Bigourdan (1948) stresses their high
“intelligence” and adaptability when persecuted. Among other
things, they become less diurnal which explains contradictions in
literature between anthors such as Shortridge (1934), Stevenson
Hamilton (1947), Anasell (19602} and Molw (1960), who found them
most active durih; the day, and Fitasimons (1919) who describes
them as nocturnal. |

A, Response to Flooding

wart Hog were readily trapped on islands, in spite of
the ease with which many were driven into the water and their
considerable swimming ability, mainly because of localised habits,
Rigourdan found a mmber of groups resident in small areas through-
out the year, but does not indicate the size of the howe range in
either Semegal or the Sudan, where he worked. Riney (pers. comm.)
reports a known male, with an usmistakable tail reduced to a stump
about an inch long, which was regularly observed in the one clearing
in the Gvai Forest Reserve in Vestern Ehodesia for five years. It
was usually in the same part of the clearing and the greatest dis-
tance it was seen up and down a river was under a guarter of a mile,
The animal did not apparently cross the clearing, so that this vas
the edge of its home range, which may have extended back to the top
of a ridge about one half mile away. Mr. J. Kerr (pers. gomm) has
eight sightings, spread over 10 months, of a recognisable family
party on one side of a particular one mile stretch of road near
the Nagupande area,

The smallest areas which gave rise to islands on which
Wart Hog became trapped were of the order of 60U acres, while a
total of 72 were maroomed on Island 17, which arose from 7.5 square
miles, giving an average density of about 10 Wart Hog per square
mile. A similar, although less exact figure applied to Ukubula
Island, The low mmsber of recapture records during rescue opera-
tions of marked animals resulted from the ease with which Wart Hog
lost ear tags., At least four such animals were handled and others
may have been overlooked. (ne tagged animal was retaken on Island
17 within half a mile of where it was released seven to eight months
before the island formed. Another was on an island between the
one from vhich it had been rescued and the release point, and jJunor
(pers. comm) is of the opinion that it was returning to its former
home range. Finally, there was an adult male released and re-caught
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with the ‘same Grysbuck after lovm'nnths.

'rhe size of an island governed the ease with which
hhrt HOg could be driven into the water {Table 2). Although
_they wallowed in the shallowa around large islands, they were
-difficult to drive into the water und often flushed past un~
- concealed ‘bumans, rather than enter water in which they had to
swim, Adults showed a littla less hesitation before doing so
than either sucklings or yearhngs, but all that did enter, did
50 over recently submerged land betwaen two islands, The vege-
tation was sinﬁla} to that in the shallows elsevhere and, according
- to Silhelm (1933), they ha»e poor syesight and in most cases could
not bave seen the othcr island, so that their behaviour towards
. water is further evidence of loca]ised habits 1n an area with
which they were Iamiliar. '

: ‘I‘hey were etrnng mdmers, one mi.mal being caught

over a mile from the $sland from which it had been ﬂushed another
over half a mile , and swimning distances between 100 and 200 yarda _
were coomon,  They were strong, not especially fast swiomers and
often when apprmhed in the water charged a boat in a most deter-
mined fashion and in a few cases actually went out of their way to
attack, One female adult which had avoided capture on the fescue
Unit's first visit to an island, when all burrows were blocked, took
to the water immediately the Unit returned, after an interval of
over a month and hid behind a large mopane tree in deep water, where
in order to remain af_loat she rested her head on a branch., Two -
others hid beneath thick carpets of falvinia, with only the tip of ,
the snout and the . eyes above water, and did not flush until approached
to within five yards. ' '

With the exception of their swimming, the behaviour towards
flooding at Kariba was very similar to that dqscribed by Bigourdan
(1948) during seasonal inundations of the Sensgal River Valley. .
Here a proportion of the populatio’n becomes marconed on small .
islands for four or five months every year, while others, whose’
ranges do not includg tmxpﬁmry islands, -glve ground before the
flood, and Bigourdan suggests théy may disperse 100 km. from the
river as Wart Hog are found during the rains, in country quite un-
~ suitable for them in the dry season. Movements of such magnitude
require verification, including observations on marked individuals
as Wart Hog can do without water for long periods lqsting up to
- six consecutive months, althcugh as this author has noted, the
availability of water probably controls absolute mmbers. They
are resident in parts of Sechuanaland and the south east of Rhodesia
where there is no water for over 40 nd,les .ln the dry seagon, and in
the Nagupande Area, did not concenr.race on certain water holes as
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- others dr:led up at the end 6f the 1962 dry season, although there
was a rapid decliue in the physical condtti.on of specimens from
' aterless areas, ‘ -

Bigourdan 's work suggests thcy are well able to live in areas
‘subjected to regular seasonal flooding, but high losses were‘ )
recorded during the n;msp{ally severs floods in Zululand in July,
1963 (Natal farks Board m::onda).. In this ‘case, cold weather
preceded the rain and drove Wart tog into their burrowa where many
drowned. - Flayer {pers. comn) estimated that in parts of the
lhfolozi Came lﬁserve some 75% of the populauoh perished within

a fow days from the combined effectl of cold and drowning.

B. Bebav;rour on Islands

The essential cmponenta of Wart Hog habitat appear to
-include adequate suitable perennial grasses and good cover, which
in Rhodesia is often derived from the burrows in which the adults
of this markedly diurnal specie‘s”sleep. These burrows are also
very important during the farrowing season. Golgy (1955) gives
temperatures around 30°C and a relative hoddity of abdut_ 90%-
" in one he excavated, and Sowls and helps (Ms.) have shown that
sucklings have limited control aver their body temperatures and -
in the laboratory require artificial warmth, at least until they
- are over two months old, although by the time they are four months
old they can survive overnight at 40°F (4,4°C), This was sub-
stantiated by pracucal experience when raising young Wart Hog in
the Nagupande Area, where they continued to fawur wamth until
well over four months of age, -

_ : Several authors have atressed the importance to this
species of Antbear holes or other turrows and Mnsell (1959) suggests
a posiitive rehtionship betwéen the distribution of the two species:
in Zambia, although Rigourdan indicates ravines and dense thorn |
thickets are suitable alternatives. There is, however, littls
doubt that Antbear holes are important for high mmbers of Wart
Hog in the Central Zambexi Valley. There are few natural dens
and Wart Hog probably never mke their own holes, although they
will, modify those of other species, Captives used both the fore
feet and the rhinorium when thus engaged, The former were used
with the animal down on one "wrist", which enabled the other fore-
leg to be extended forward and then swept back with sufficient .
force to move a stone, six inches in diameter, some 10 to 12 feet.
this form of digging is apparently reserved mainly for hard cbjects,
as the snout is used in soil and », according to Mr, V, wWilson (Pers.

gomm) it can be used, with the animal 1ym<, ort its back, for rai.s:llg
the roof of a burrow,
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There were five Antbears on Island 17, which apparently |
provided enough holes in the 7.5 square miles from which the island
originated, for the 72 Wart Hog which became marooned there, As
the island diminished, however, Wart Hog became short of cover,
Normally they made frequent use of holes toavoid being cmght, but
on this and other islands s there vwere 32 records of their attempting
to shelter in holes which were already overcrowded, or were too
shallow to accommodate the whole animal, There were also six
records of Wart Hog sharing a hole with another species as follows :
two Antbears, a Baboon and an Antbear, a Gryabuck, a Civet Cat, and
twice with a Porcupine, and as notad, thres Wart ﬂog hid in the
shallows.

The use Wart Hog make of dense cover and their aptitude
for remaining hidden in small patches of scrub are not generally
recognised, but are probably impomﬁt for their survival in areas
‘where they are hunted extensively., In 1l instances, different
individuals remained hidden in thickets edght to 10 yards across,
and even when they were surrounded by men throwing stones and sticks
at them, remained motionless and would have been overlooked had
their presence not already been established, This behaviour was
continued on overbrowsed islands, but was naturally ineffective.

No serious iig;ht for possession of a burrow was noted,
even when cover was critical, or when Wart Hogs occasionally forced
their hindguarters into an over crowded hole. Three adults in
holes ‘on Island 17 did, however, edept an aggressive attitude when
_ appros.ched by & yearling which, in each ease, moved on :l.medi.ately. _

Gn this island there were three or four yearlings with scars on
their hindquarters, attributable to lunges from adults, which
occasionally jabbed at them when théy hampered theii* éscape during
a drive. The lack of fighting may have been due to their poor con-
dition and lack of energy, as Fitssimons (gp. cit) records Wart Hog
fighting for suitable burrows.

. The importance of burrows sucgests populations may have
been restricted, even before islands formed, when individuals became
canpréssed on to incipient islands or along the mainlend.,  Weak
animals crawled into holes to die, further aggravating the shortage,
as on Island 17 it was exceptional for an animal to shelter in a
hole containing a carcass. On Ukubula Island, carcasses wers found
on the surface only after most holes contained a dead animal s accore
, ding to Rescue Reports. This belﬁvlom' su‘,gests a useful adaptation

| against the spread of disease in a apecies which favours bodi.ly
contact to the extent that individaals will lddle together in the
sun or a wallow.
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Adults can survive without holes » but observations on
Island 21 demonstrated their importance for aveiding predation,
On this island a Leopard eliminated a population, described as |
“considerable" in Rescue feports, within 10 to 11 months. Rigourdan
is _of the opliion that adults ére immme to Leopards and are safe
from Lion whils in a burrow, but the former is obviously not the
. case and there are records &f Lion digging vart Hog out of holes in
the Vanlde National Park, |

: Fwer (1958) suggests Varg Hog are c)ﬂeﬂy grazers of

the aerial portions of grass and mly root as an emergency, as their
jaw musculature is unsuited for obt.aining food in this way, and.
although Mohr (1960) does not quots Bwer, she is in general agreement.
The leaves.and stems undoubtedly provide most of their food in Zulu~-
land, whers Dwer observed their feoeding, and after many years in the
field in this well grassed area, Mr. I. Player (pers, comm) could
‘only recall two occagions when he had seen them rooting,  In most

of their range, however, they root éxtensively, at least seasmuy.

. Fitzsimons (1919) records it in parts of South .Africa, Shortridge
(1934) in South West Africa, insell (1960,a) and Mitchell (1963)

in 7ambis, Lamprey (1963) and Geigy (1958) in East Africa and
Bigourdan (1948) in the Sudan and Senegal. This also applies in

all areas in Fhodesia and Bechuanaland so far investipgated, In
addition to grass-and sedges, they take frui.ta, and Bigourdan, vho
.notes their obvious’ liwking for vegetation_in damp places, also lists
ezgs, _rcdents; snakes, lizards, crickets aml carrion. The occasiom-
al use of carrien also remarked on by Steinhardt (1924), quoted by
Shartridge (193‘)‘, and Mr. P, 'Johnatoue (m. comn) and.the wide
range of cooked and uncooked foods, including most meat, with the
exception of rav Wart Hog flesh, taken by captive animals is importe
ant to later discussion, - - '

, Thirty two atunachs from the Naguparde area in uctober

1962 contained grass to the almost complete exclusion of other
- matter, Swnachs_'ii-nm most areas contained over 90% roots, parti-

cularly those of Loudetia superba, but also small amounts from
dicotyledonous plants, and there were extensive signs of rooting
with patches up to 18 yards in diameter campletely ploughed up,
Stanachs from areas where grass had flushed fblloﬁ’ing fire contained
varying proportions of leaves, depcuding on the extent of the flush.
A tame free-ranui,ng Wart Hog ate both roots and the leaves and

stems of grasses and sedges between February and July, but had the
exclusive use of 'gx-é_en vegetation around 3 spring. There wvag
ample green grass, both gnﬂuai and perennial, which had remained.
green later than usual in the soak zone extending over most of Island
201 in April 1961, Wart Hog had rooted extensively, h&wevet, and

the stomach of an adult male casualty in very good condition contained
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only the swollen roots and very basal portions of crass stems,

A summation of these observations suriests wart log
feed on the portions of grass, and to « lesser extent, sedres,
which seagonally have tie highest food value, and that rooting is
not an emergaency mechanism as fwer (1958) and Morh (196.) suggest.
Cn Island 231 grass roots were ver: swollen at the end of an
optimm growings season, while plants were growin: rapidly around
the spring and in burnt areas in ths ‘agupande and would, there-
fore, have had food reserves mobilized in the serial portions of
the plant., It is also possible that the explanation for the
survival of sart Hdog without free water for months at a time may
rest in their use of these roots, as in areas with a very dry
season, perennial gragses generaliy have a well developed rooting
system.

Feeding observations ani five stomachs from Islands 17
and 144 showed that even when critically short of food, vart tog
took little besides perennial srass, lLhole areas up to 30 yards
across on Island 17 had been rooted., ‘Their physical condition on
seven islands showed a close correlation with the status of the
grass, especially perennial species (Table 14) and 32 of 40 (80%)
animals over a year old and classed as good or fair, came from
islands where perennial grasses were arbitrarily asaigned as
common., IThe only exceptions were froam Islands 102 to 112 where,
althougzh plentiful, the grasses hud been heavily overgrazed. It
is, therefore, remarkable that ‘etrides and Swank (in press) found
tWart Hog anumbers increased in parts of [ust urica, while perennial
grasses deteriorated towards more bare ground and serub encroachment.

It is also interesting that “art ilog made little, if any,
use of the abundanmt carrion availaile on Island 17, as they are known
to eat meat, even when well fed incaptivity, This suggests that
in the Kariba Basin lart Hog are not as omniverous as Mohr (1960)
and Bigourdan (1948) imply, as the “art log on this island were
atarving,

The decline in nhysical condition culminated in losses
on several islands, inclnding Island 17 amxd Ukabula Island, which
led to shifts in population structure. (bservations on Island 17
covered relatively early losses, while jaws from Ulubtnla Island
included the animals which survived the lonrest and died on the
surface after most holes contained a carcass., Before discussing
chanzes in population structure, it is opportune to outline briefly
the life history of the species as far as it is known.

In most areas, there is a peak farrowing season, whose
timing varies locally, but in seneral and to a lesser extent in
the Sudan, where the seasons are not clearly defined, bigourdan



Table

L.

Physical Condition of '‘art Hog on Islands

LCCATION

COUDITICH

VEGITATICN

Aduits & Yearlings Young under I Year " Stats of Grasses
Good | Fair [Poor [} Good{ Fair| Poor jf _ Annual Spp. 7 ‘ Perennial app.
T [F |0 F | X{ TF |l GfF .1 F HIF Occurrence | Condition | Usa Qceurrence | Condition _Use -
Island 17+ 3| 3hgleg 1| alltopane and  {Common . | DPry = |Heavily || Bare Green Heavily
: - : scrub : trampled |} - grazed
Island 151 21 |s!3 1 Hopane: - lcommon Dry Heavily || Absent
- Island 1k o} j9t2 Mopane and | | g o . : o . .
: R . bush clearingsiConmon Dry Hdoderats || Comnon | Dry ioderate
Islands 202 - -3 8541 311 Terminalia andjCommon - - | Green . Light ~ Common Green - |Light
o 2eh ' { thicket ste. o ' o ' C
 Islamd 5 2|| Hopane - Comnon Dry. Heavily || Absent
o : 5 . ' used o
" Island 101 1 Thieket " | common Dry = .. | Light Comnon Dry |1ight
Islands 105 « 1| 4l 4] 3 11 | 3|2l mievial - |Rare Dry Light Common Dry {reavy
. n3 - A ‘ 1 |l pitlocks - | rank

f1 = Male, Fe- Female.
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(1943) recorded births in most months, but suspected a peak in the
Sudan during the rains (June to October). Child et al (Ms) describe
a definite peak in the Nagupande wea around the ead of (ctober,

with births from September to mid-~December, between 1962 and 1964,

M gourdan (1948) reports that litters varied fram one to
eirht, with an average of 3%, while Child et al (op.cit) found it S
be over 3.7 (range 1 - 8) in a sample of 21 lute term pregnancies
during the first season of hunting in the Nagupamnde, but note that
the average declined in subsequent seasons, probably as a result of
the hluntins,

Child at al (1965) agrec with Higourdan (1948) and .oth
(2965) thot gurly growth is very rapid, ut that itis readily in-
fluenced by the plune of nutrition, CGrowth is nrolonged and
continues in miles, at least, until they are over 36 months old.
emales nature in their second year and farrow for the first time
on their second birthday in the Nairsupande, where males mature a
year later {Child et al, Ms). It is possible, however, that like
other plgs (Mohr, op cit) improved habitat conditions may hasten
maturity in Wart Ho , as Hoth (gp. cit) describes a female which
was raised on a greatly supplemented diet and which, at seven to
eisht wonths, would have been indistinguishable from free ranging
adults, except for her smaller tusks, Similar early maturity is
known in domestic atock and deer raised under optimum conditions.

Bigourdan (1948) found they were practically weaned at
two wonths, when the sucklings left the btwrrow in which farrowing
tock place, The last lactating females were found in the Nagupande
four to five months after peak farrowin: and three to four months
after the last recorded pregnancy. In this area, sucklings left
the burrows within days of birth and over 39 wera captured with the
umbilical cord attatched and, in a few cases, still wet, and yet,
according to Mgourdan, the cord is shed after about a week.
thether or not these small young accompany their mothers for long
-periods or not requires further investigation, as unaccompanied none
pregmmant, lactating females are fairly common durlng the farrowing

geason.

Simpson (1984 ) describes rutting behaviour in May in the
Wankie National vark and Child et al (Ms) found it to be about the
same time in the Nagupande Area, which avproximates to the gestation
pericd of 171 to 175 days, given by !rawn (193¢) amd the cbserved
peak in farrowing in thig area,

Whalt males and female- .. niot assoclate together for
long periods, according to Bigourd i (1948) who describes several
preznant females running together, hefore splitting up to farrow, as
well as unstable bachelor groups of two to six animals. ids over-~
all sex ratio was very constant, hovever, with ejual numbers of
rales and females, which is similar to the ratio obtained for the
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Collared Peccary, Pecari tajacu (Linmeaus), by Sowls (1961). There
were 491 sexed wart Hog skulls collected during the initial six
weeks of hunting in October and hbveuber, 1962, in the Nagupande
‘Tsetse Area., Of these, 242 were males and 249 (97 : 100) were
females, including 12 male and 18 female sucklings, 64 male and 54
female yearlings and four mature females which could mot be aged
further, in addition to the adults listed in Table 17, which indicates
a remarkably constant sex ratio im all age classes. Further evi-
dence for a constant sex ratio comses fram Table 15, where the sex
ratio does not differ significantly from parity (Chiz = 0,82) and
remained constant at different levels of sampling, as lart lhg
were cleared from east to west on Island 17,

These data suggest that the breeding pair is the basic
sociological unit in the populatiom, particularly as Child et al (Ms)
obtained a complementary mmber of ismature males over two years old
to the mmber of mature unbred. fm].es. Further detailed research.
is needed, especially into male/female relationships, as it is
possible that an alteration of the ratio may produce effects impor-
~ tant to the management of the species.

Child et al (Ms) calculated a total reproductive poten-
tial of over 268 sucklings per 100 sexually mature females, but
Bigourdan (1948) argues that one youmg per year per female is ade-
quate to maintain a stable population with an average adult life
expectancy of three to four years, so that the value of multiple
births must relate to u:pandmg populatiens, the significance of
which is discussed on p.i22a.

Another fenmre of Wart kg behauour ‘which will be dise
custed later in the paper, is the habit of some females adopting the
young from others which have died. This is mentioned by Shortridge
(1934) and Mohr (1960), who also found it in Sus .scrofa, and is
apparently fairly common in some of the Zululand Came Reserves.
~ Mr. G. Stewart (pers. comm. ) has several records of females accom-

- panied by more young than the maximum litter size recorded in this
area, and this is particularly true for parts of the reserves in R
which there is uidescale culling of - thc expanding Wart Hog popu-
lation, ' :

‘The absence of mo}da of yremant or lactating females -
on islands at Kariba was due to the seasonal nature of births, -
coupled with the short gestation and lactating periods, and the
small sample of female casualties available for a:wbsy. It is

to be expected however, that the low plane of mtrition would have -
reduced the average litter surviving to full term, as this is estab-
lished in the Domestic Pig (Hammond, 1960), where the mimber of
developing concéﬁtigns is variable due to the resorbtion ,c;‘f surplus
embryos, and Child et al (op. cit) have found this tendency in Wart
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The Sex Ratio.at Different Levele
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Hogs. FRunts are aiso_ common in unborn litters and Mohr (1960)
describes variations in the reproductive rate of §. scrofa from
1507 to as low as 60% of the original population, depending on the
availability of food in a givén year, At least one hbglet was,
' ‘however, born on Ukubula Islzmd dur.tng the final collapge of the '
entire populauon.

It is possible to deduce a heavy mortality anong juvem.les
esbecially sucklings (o to 12 mom',hs), marooned o islands. Bi.gourdan :
(1948) describes heavy losses in Kart Hog tWo to six months old, and
Hohr' (1960) has found the same in other auids. Roth (1955) suggests
- that the weaning period is very critical for tart Hog, as captives
reared on a uniform diet showed a dowrnward deflection of thelr
growth curves at this age. [Higourdan's figures indicate a
marked decline in the suckling to adult female ratio dmﬁtng the
first balf year fram 350:100 to 200, or less:100,  Similar heavy
1osses are evident in most populations, but are less marked than
those found on islands at Kariba. '

. The 491 Wart Hog collected from the f;lrst aix weeks of
‘hunting in the Nagupande yielded 118 juveniles 11 to 12 months

old and 123 females 35 months old or older, and. therefore capable

of having bred the previous season, It was policy to eliminate

all Wart Hog, but hunters would have tended to have selected the

largest targets so that there may have been a bias towards shooting

more adults from mixed groups. If so, the ratio of 95.9 sucklings,

whlch survived the whole of the previous yea.r, per 160 adult femalu,

would have tended to be low.

- The ratio of three , seven to eight month old suckling,a
with 25 (12:100) adult females obtained on Island 17, was,’ houever,
very much lower ,» in spite of the suckhngs bedng younger. Cone
ditions became critical later in the year on Ukubula Island, ‘bt
~ here too the suckling ratio was very low, .Exghty four jaws were
available from the 93 carcasses foui_xd on the island and inc‘lud‘ed. "
three juVeniies approaching 12 months, and 68 specimens in their
third year or older, 80 that if half of the latter were females,'there 3
were about nine sucklings:100 adult females.

Suckling-loéscs were heavy on most other islands (Table 16),
even where food was 'relatifely plentiful and the edults in reasonable
condition, which stresses the sensitivity of this age group to the
availability of food » as well as cover, and thosxe handled were all

~very thin,  There are no published figures of - the proportion of
yearlings to be expected in a population, apart from general state-
ments to the effect that. Iem)_.es are often accompanied by one or
 two yearlings, in addition to the current season 's young, This
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infers a ratio of 100 to 200 yearlings: 100 adult females. The
sample of skulls from the Nagupande contained 94 (44 males and 50
females) 23 to 24 month old individuals, which représented 76.4
_yearlings- 100 females, which survived the previous year.

These figures may not be truly representative; but
serve as a guide, and underline the low numbers of yearlings, 13
with 25 (52:100) adult females, on Island 17,  Thirteen yearlings
survived with the last portion of the population on Ulubula Island,
indicating a survival rate to the age of 24 months of ¢39:100 adult
females during the final collapse of the population (assuming
approximately éven munbers of males ¢nd females among adults), which
is significantly lower (Chi ‘=6.62, P)G.Oz) than that found in the
Nagupande., -
. ; on both, these islands & differential mortality favoured
" wart Hog over 30 months old, primarily at the expense of the
sucklings, but to a lesser extent also the yearlings.  There may.
also have been heavier losses amony three~year-olds on Ukubula
Island than among individuals of four years and older. Child g}:_ al
(1965) found that 23 to 24 month old males had the third molar up
to 26 mm long, while in females it was 24 ym. In males 35 to 36
months old it reached 41 mn, while in females, where the division |
was less clearly marked, it was about 39 mm.  As few of the carcusses
on Ukubula Island could be sexed, the sample is-broken down, for the
purposes of, Table 17, using 25 mn and 40 mm M, lengths, as the
division between two-year-olds and three-year-olds, and three-year-
olds and older animals respectiéely. If two specimens with 40 mn
teeth are classed as ‘three-year, the difference in the proportion
of t}n'ee—year-olds on the island and in the Nagupende 1is algm.ﬁcam.
at the 57 level (ChiZ.3. 902), but if these specj.mans were older the
difference is significant at the 1% lewvel (cii%e6.921), The o
comparison is, however, based on single' samples and there was ne
indication that thre¢«year~olde were weaker than older animals oﬁ_ .
Island 17, so that the possibility that there is a differential
mortality among adult. tart Hog during the decline of a population,
requires further :.nvestigation.

. There was no evidence to mdicate a dlfferential loaa
from either sex on any islands, while the close adherence of a
sex ratio approsching unity suggests there was none.  The slight
differences in Table 16 are not statistically si.gniﬁ.cant (Ghi =0,547 )
r‘urther » Table 18, in addition to edmwing the distritution of the
two sexes over Island 17, also gives & remarkably constant sex
ratio for samples caught during a period of four weeks, when the
' population was on the brink of collapse. ‘Many of the animals |
- were so weak that they could hc.rdly walk so that had ‘there been
a marked difference between the two sexes, it would have shown as
_more of one or the other in later samples, ' ‘



Table 17.

The Age Structure in a Sample of Wart lHog
Two-years~old and Older Compared with that
of the Last Survivors on Ukubula Ieland.

Age in - yypuLA ToLAMD | NAGUPANDE-
"No. I Total lo s 160  Number % Total No ; 100
L years total b years
~and over-  (M,F) and over
2 13 160 2% 9(ks,50) 27,7 59
3 1B 222 3% 8245 25.7 55
e 50 62,7 100 158(80,78) 46,6 . 100
Total 81 - - 339(166,173) = -

M = Usle
F = Female
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Mortality in vWart Hog followed the classical pattern,

- with successively older juveniles being eliminated during a food
crisis. In this respect they were more akin to the solitary
antelope and Zebra than to-the highly gregarious forms such as
Baboons, Impala and Buffalo, although they were often under similar
stresses through over-population, as they became concentrated in
greater numbers than the more or less aohtnry species,

'l‘hus wart Hog, which associate together in amall groups,
typically have mlti.ple births and foed chiefly on perenni.al
grasses, were marooned on islands because of their restricted
_home ranges and in spite of their considerable swimming atility.
'mey were the second most numerous species handled'by the Rhodesian
: _Rescue Unit ard experienced limitations of habitat on several islands,
These led to a decline in physical - condition and a classical pattern
- of mortali_ty between’different age claasas,‘.with affected primarily
" the -sixcklings, and least, animals over 30 months old, '

_11. DULKER

o Duiker, lev:.caga M Iinn, was among the few specd.es
which were more common in densely aettled parts of the Kariba Basin,
_ They were numerous on alluvium along the Ioot of the Binga escarp—

" ment where the people had been absent for about two years. Seven
were once contacted along a-traverse of 250 yards in dense bush, and
- 14 were marooned on an island derived from about. 2,000 acres, giving '
a density of -one Duiker to 140 acres, .

1

o - They are well lmown to favoeur 1ntenshre1y farmed areas .
allowed to go fallow, apparem:ly because of the large amount of ,

" low browse which becomes avallahle with the encroaclnent of scrub.
and farbs, A mple of 64 Duiker collected :i.n October 1963, along

* the Mzola viei in the Cevali Tsetse Aroa. had eaten nothing but
browse. The ‘plants varied with local avnilability, but Duiker .
taken from areas where forbs were mmerous had-eaten little else

- and, in all the. stomachs’ identifiabh, fragnents were of browse,

. ohtainable within a foot of the gx'ound ‘

: The mmber and pmximity of many of the Duiker to old “
) ullages at Binga, suggested that the populati.on was expandmg
: rapidly. This may have been due to their r»lusa from a con=
_ siderable hunting pressure or to rapid environmental changes -
result.mg from the evacuation of the Tonga {(p.24). The Mzola -
' sample demonstrated the high producti,ﬂty of the apecies (Child B
_ and iﬁlson, 1984,b ) which, under ideal cmdltions, could theoretic- ’
: all.y qnadruple 1tse1f iu about two years.. -

. miker were rclatively scarce in areas :Ln which most
rescue work took place and constituted only 4,6% of the an:imls _'
removed from islands by the end of June 1961, :
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A. Response to F’loodigg

‘!hey took to water readily and, for their siae ’ were
strong swirmers, although they frequently attempted to hide in the
shallows, On 35 observed, 31 (89%) showed little hesitation in
going into the water when flushed, and the four exceptions were
on Island 17 and did not need to go into the water,

'rhey could swim about as fast as a man and junor (1960)
noted they swam up to 1,320 yards, The 1ongest distances re-
corded by the present author were § 1, over 300 yards; one, 200 |
to 300 yards, three, 150 to 200 yards; four, 100 to 150 yards and
four 50 to 100 yards, = None of these animals showed signs of
tiring when caught and, even those which covered more than 150
yards, could have swum much further.

Localised hatits probably accounted for Duiker beceming'
| marooned on islands. Dixon (1964) tells of a marked calf that
remained for several months within 200 yards of where it had been
‘marked, and two tagged adults, with moderately worn permanent
teeth, were re-caught at Kariba on the nearest land to where they
had been released.  In six wéeks, this pair had remained within

a mile, and three others were on the nearest available land after
21 »ménths. | wo were within two and the third within three miles
" of the release point, but in all cases most of the intervéning
* distance had been inundated, so that wlunmy movement was ‘less
“than hal.f a mile, '

The 14 miker on the Luland near mnga were limited to
‘three acres md when 11 of them were flushed, they bounded away
and then slowed down or atcspped before slowly working their way -
. back paat the observer to the same snall area of bush trm which -
. thcy had been disturbed., Similar behaviour was observed m the
'Nagupande Tsetse Area during the game drive described on p.‘33-
 Numeroua Duiker were flushed and after bonnding away 200 to 400
yards_ would tura apd double back through the beaters s Who in many
. znst.ancea were less than 10 yards apart. - Only two animals
- _ﬂushed along the edge of the beat attanptod to Out-ﬂank the drive. |

. an adult ram badded under the same bush for several days
.on Island 17, until the rising water forced it to an adjaeent one.
) 'Ihie was repeated thre- times over a period of two weeks and each
~ time it had to use Less and less suitahh shelter, as the water =
,' advanced towarda a clearing. ‘It could have avoided thia by moving :
100 to 150 yards into more suitable habitat. On the same island
.a fami.ly group, consisung of a nals, a fmln and an almost full-
grmm female calf, recogni.sable by their rmrkable colour vaxiation,
were usuallyv together in an area of about four acres, although the
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| island wvas 120 acres, supported only seven Duiker, and food
shortagea could have been expectad to induce less localised
animals to wandcr further.

Gradual £ looding wculd probably lead to the ehmi.nat.ion
of Duiker, in spite of their swimming ability, as they would remain
., on any small elevations which formed temporary i.alands. This was
noted on. five islets under 50 yards in diameter, near Bingas, wherl
a total of seven Duiker ‘became marconed and apparently perished
w:_u:hin'laﬂ yards of land, as no ligm of their havj.ng‘crossed to
‘the mainland could be found in dump soil along the shore.

. B. Behaviour on ;shnds v

Duiker were generally marooned in mall numbera; the
island on which 14 were trapped near Binga being a striking excep-
tion, so that there was‘little intra~specific competition, although
they obviously suffered to some extent from over-crowding by other
species. They were short of food on Island 17 due mainly to inpala,
_ but were among the least affected species. Extended periods of
observation of undisturbed feeding showed they ate mainly Holmskioldia
sﬂmgens, Combretum a;ggulntum, mclud:lng dry leaves and, to & -
lesser extent, Pterocarpus brenanij, the lagt of which was less
beavily used by other species. . Rimey (pers. gomn) found that
Dutker subsist around villages in parts of South Africa, where
there is no vcgtution available for several montbs of the year,
by eating human excreta, and they may, therefore, have used the
poorly digested. de!ecauons of oth:r speciu, such as Baboana, cn
Island 17,

On this and ot.her islands, they were short of cover, as
they freguently shelter in thickets or long grass, and seven were
scen hiding in vater nine to 12 inches desp,  Here they lay down
in dense vegeutmn ’ but never attenpted to hide in dceper water,

With the excepuon of a Duiker caught in Mirch, all 26
handled were in poor condition. They are, however, very hardy
and can withstand considerable depletion of fat reserves. The
‘66 Duiker collected on the Mxola Yliel were taken soon after the
vegetation began to flush at the end of the dry season, and all-
‘were classed as poor, as ‘none had more than a trace of back fat,
62 had no kldneyiat,and the bone mAYrow was poor t.hrcughout the
~ sample. Ih-_ spite of this, the pomi;tion was apparently still
increasing. . This hardiness was found in Dutker marconed on
islands, whej-c not a dngh natural death was attributed to
- utarvation. ‘

A cali was horn on Ialand 17 during the third week in

- June 1960, indicating Duiker continugd to breed under adverse
condi tions but, although the sample wvas amall, the low nuaber of
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pbysically immature animals found, suggested a high mortality
among Duiker under six months of age. This is supported by
Rescue Reports, which g:l‘ve. seven juvenile Duiker in a total of
_IM; including 57 males and 80 females. As Dulker grow rapidiy
(Rlney and Child 1960), and males develop horns fram about two

. months of age (Finey and Child, 1964), animals classed as juveniles
in Rescue Reports may have included only those np to four to six

" months old, nevertheless the mnbw is very low, as Duiker repro= '
duce rapidly. Riney and Child (1960) found calving in all months
between October 1958 and March 1960, in the Cewali Tasetse Area,
with minor peaks in January and june, and Ansell (1963) and Child
 and Wilson (19641) show that, in captivity and the wild respectively,
 females reach ‘sexual n:aturity at eight to 10 months, . In addition,
vthe last authors gve evidence of females calvmg twicn a year,

12. SHARPE'S GRYSBUCK

| Grysbuck, Raphicero Thomas, the smallest

‘antelope found on islands, occurred throughout the Kariba Basin

in enall mmbers and niado up 7.8% of the mamuals rescued before

30 june, 1961. This wide distribution and the small islands on
which they became maroconed, suggested a nuaber may have been overe
-looked durlng rescus operations, &s in the Nagupande Tsetse Area
they Iavourdd habd.tm; along water courses or the edges of thickets.

A, Regggnse 1o Floodigg

1ittle is known of the seauonal movements oi Grysbuck,
although the hahit of fnquently defecating on middens suggests
they are very localised. Three marked Grysbuck were re=taken on
the nearest available land to the release point. o were within

one mile after six to eight months, by vhich time most of the inter— .

vening area had been flooded, while the third was released and re-

captured by Fothergill vithin IOB yards, a.fter an interval of two
months. : ‘

‘ Mdj.ticmal evidence for their localised habits comes

, frcm the history of several ialandi on which they became trapped.

" A pair was found on two adjacmt. i1slands in a bay and within 70
to 150 yards of the maipltand, They crossed back and forth between
the two islands several times, in spite of ita necessitating a-
swim of 10 yards, but seven men vere unable to drive them into
the water in any other direcvion, although the toral area of the
island vas less than half an acre,

A Grysbuck became marconed on an island which formed on
the inside of a bend in the Ruzimuburu River. The island was
made up of part of the bank of the river and was nowhere over 150
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yards from the mainland, while the shortest distance was less

~ than 50 yards. This animal was cut off by the partial flooding
of two to two-and-a~half acres of similar habicat, which spread
beyond the affected area, so that chodee of cover would not have
influenced its movements, at a ti.mc vhen the lake was filling
slowly and island formation was gradval. Another 19 were on
small islandswithin 50 to 1,000 yards of the mainlami :I.n areas

derived from five to 15 acres.

Crysbuck took to the water nidi.lj, but al;mst alvays
over land which had recently connected two islands. of 29
observed, 26 (93%) were ‘caught in the water, the two exceptions
being animals caught on & large island, This secretive species
seldom rushed headlong into the water, but picked its way delicate~
1y through the amum, well ahead of the drive. They swam well
for their size, but could éasily be overteken by a man, There '
were four which swam over 100 yards, one over 300 yards, wvhile -
Junor (1960) gives the maximum observed distance as 400 yards,
but estimated another must have swum at least a mile,

This swimaing ability meant & few, which became marooned
‘'on snall onshore islands, may have been able to reach the mainland,
when these islandsabmerged, although generally their localised
habits and preference for habltat along water courses would make
them very susceptible to abnormal flooding, :

B. Bshaviour on Jelands |

- Grysbuck experienced severe campetition for food from
other species because of their low reach and lacked adequate cover
“on over-populated islands, although they were often thc only species
marooned on the smallest islands. - '

- Cover is obviously important to this largely nocturnal
species, which often flushes at under 20 to 40 yards during the
day, - ‘This distance increased te %0 to 60 yards on over-populated
1alah&a, vhere they were frequently observed crouching in unsuitable
vegetation.' " Three were seen to go to ground in Antbear holea,
which was not unusual according to personmel on the Rescue Unit ’
and has been recorded elsewhere (Shortridge, 1934), although it is
unlumly that they would share a lamw with a ware Hog under
noml conditions. - :

It s ganerally agrced that Cryshuck are predcninmtly

- browsers, which, in certain seasons, take young grass to the
‘virtual exclusion of leaves. This applied to two stamachs from
Kariba examined between April and July, which contained Terminalia
randii, I. stulmanii and small forbs, and to 17 from the Cewali,
Nagupande and Chipinda Tsetse Areas, all taken towards the end of



the dry season. They were, however, obviously short of food on
Islands 17 and 107, due to clear browse left by Impala and Bush-
buck, and on Island 17 one was secn actively competing for food
with a Rhino, an Impala and a Bushbuck (p.5S) at about 16.00 hours.

These food shortages reflected in their physical condition.
Seven caught on islands with plenty of food in March and April in-
cluded five adults in fair and two in geod condition, while 19
from over-browsed islands in june or later included 17 in poor and
two in fair condition. Normal seasonal fluctuations in the availe
ability of food could hardly have produced such a rapid deterioration
in condition, which resulted mainly from compstition with other
speclies.

It is difficult to assess the effects of unsuitable
habitat or food scarcity on the population structure of Grysbuck,
as very little is known of their hreeding blology or rate of maturity.
Stevenson-tamilton (1947) and Asdell (1946) suggest most calves are

born from early to mid sumser, which might have accounted for the
only small calf ard lactating female, handled on islands, being
taken in late September. A definite calving season seems unlikely,
however, as Ansell (1960,a) records births in the Central Zambezi
Valley in October, December and July, to which may be added the
September calf, another in February and one in May (neither of
which was over two months old) , and a well formed fully haired
foetus collected on 28 April., It is, therefore, likely that
Sharpe's Grysbuck will be found to breed throughout the year, as
in the congeneric Caps Orystuck, [, melanotus (Shortridge, 1934)
and Steenbuck R, campgstris Thunberg (Dasmann and Mosssan, 1962,4).
Only two calves were captured with 18 adult females (11:100) which
suggests an abnormally low ratio on islandas, either due to juvenils
mortality or reproductive fad.luré, and that there bad been a shift
in population structure in favour of full grown individuals. Therse
was no evidence, however, to suggest a change in aex ratio, as of
222 sexed Grysbuck recorded in Kescue Reports, 113 were males and
109 were females, and in many instances one or mors pairs were
captured at the same locality,

13, KLIPSPRINGER
Klipspringer, Oreotragys OFeotragus Zimmermann, were wide-
spread and cosmmon in the Central Zambezi Valley, especially along
the final rocky descent which gave rise to the greater part of
the ultimate Lake shore, Smaller mmbers occurred on isolated
hills and outcrops on the valley floor and it was mainly these which
became marooned. Only 20 Klipspringer were rescued in Rhodesian
waters before 30 june, 1961, as they tended to became maroconed in
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areas vhere game was generally scarce and where it was not economic
to employ the whole Rescue Unit, as would vhave been necessary to
effect their capture. ' ' '

The nature of their habitat rendered it least liable to
change as a result of Tonga farming ;n'actiées. This and their
ability to withstand hunting, as shown by their being one of the
few species to survive Tsetse Comtrol Hunting in Zululand (Mr. I..
~ Player, pers comm), would account for their contimued success
- along the fringes of dense human settlement.

A. Response to Floodinz

The occurrence of mnall mmbers of Klipspringer in _
isolated pockets of suitable hahitat and the behaviocur of defe-
‘cat,ing on middens, is 1-ndicadve of localised habits, They were -
also reluctant to enter water, with the result that they were
easily trapped on islands. In three cases, it was very difficult
~to chase them into the water, while in seven cases all attempts
falled. Conversely, Shortridge (1934) once saw a group cross
& shallow, fast flowing river without fear, and he felt they would
have swam if necessary, The behaviour at Kariba could not be
- attributed to the general tendency to escape uphill, as they were
frequently chased to the water's edge and two, caught by the author
on a narrow flat peninsula, attempted to break past three men as
they approached to within five yards, rather than go ipto the water.

. They were slower swimmers than any other antelope and
used the same luping gai.t in the water, as is used when bounding
‘over rocks, They could cover considerable distances with this
ungainly method, however, as Junor (1960) recorded a marked
individual which swam half a mile and saw another swim 300 yards,
while the present author caught one after it had .sn;m 120 yards.

Klipspringer sometimes ococuy -almig rivers , but this is
frequently near kopjes, so that it is unli.kely that unuaually hlgh
* floods would seriously affect than.

&haviour on ;slangs

Kltpspringir ‘became mroémd-on isolated hills and out-
crops, but, as the tops of these features provided the most
}favoumd habitat {Wilson and child, 1965), unlike ctber speclies ,'
they were never forced into entirely unsnitable habitat, Further,
the steep nature of most of these bills meant a relatively slow
reduction in area, .as the Lake level continued to rise, and Jd.ttle
competition from other species. This was borne out by the fact
that all five mpaprs.nger handled were in fair condition,

‘The aample of mpsprlnger caught was very mn, but
circumstantial evidence indicated their being among ‘the 1a§t
species to be affected by isolation on islands.
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14. COMMON WATERBUCK

Waterbuck, Kobus elipsjprimmug Ogilby, occurred through-
out the Kariba Basin east of Binga, but seldom became maroconed on

islands as they moved to and from islands more freely than any
other species, with the exception of Elephant., This meant they
seldom had to be caught and could be made to swim to the mainland,
50 that the sample handled by the Rescue Unit was biased in favour
of small calves, adult males and heavily pregnant females.

A. Response to Flooding

laterbuck took to the water very readily and were strong
swinmers. One appeared on an island vhich was nowhere less than
a mile from land, but Jjunor (196C) recorded them swimming up to
one-and-a~half miles. The swimming ahility was developed at an
early age, as a small calf, with eight inches of umbilical cord,
swam over 200 yards before being caught with difficulty. A halfe
grown calf was assisted when it showed signs of tiring after 600
yards, but adult rams were handicapped by the weight of their horns
ard two very gravid females had to be caught after 120 and 200
yardsa,

They were fast, manoceuverabls swimmers compared with
other antelope and were only a 1little less difficult to catch in
the water than Bushbuck. Junor indicates they usually swim in a
line, but this applied mainly to family groups, which tended to
arrange themselves in order of descending age behind the female,
as groups of males seldom did this., In the water, the white band
around the hindquarters had the apparent function of maintaining
contact between individuals in a family group and one small calf
actually rested its head on the rump of the animal ahead of it, in
the way jJunor has alrndy described,

Wacerbuck swam to at least nine islands, but probably
viaited many others, apparently attracted by vegetation which
flushed ocut of season, as they were very active in the soak zone
on the mainland. They left islands when food became scarce and
tires of four animals with permanent dentition were in fair con-
dition, the exception being a heavily lactating female,

As wvith Elephant, it is difficult to understand how they
located scme of these islands, separated as they were {rom the
mainland, by homogenecus partially submerged vegetation through
which the island could not be seen,

There was one case of & family group, consisting of an
ndult male and fmle and a well grown calf, hiding in the shallows,
(Dr, H. Roth, pers. comp), but gemerally this spscies was not
greatly affected by Lake formation. It is probable that they
could avoid any gradual flooding, although some were waghed away
in the violent floods in Zululand in July 1963 (Mr. I.Player, pers.

cm)o
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15, IMPALA
Impala, Aepyceros melampus L'lchteristein, was the most

common ’large mammal on the floor of the Central Zambexi Valley,
east of the Masumo River, where 1,316, or 39,1% of the large
mammals rescued, were caught by the Fhodesian Unit prior to the
end of june 1961,

They were mainly assoclated with well developed mopane
veld, even where this bordered densely settled areas, ‘The highest
concentrations found on islands were between the Sibilobilo and
Unniati Rvers, where large areas of flat homogeneous veld were
very susceptible to island formation. ‘There were 298 Impala on
Island 17 at the beginning of june 1960, Ialand 144 held 143
in May 1961, and other useful information for this study came from
a survey of Ukubula Island in December, 1962, and smaller groups
caught on Islands 14, 15, 21, 28, 201, and 203,

A. Desponse to }‘lqodihg

Impala are dry land antelope which are unknown to enter
water more than a few inches deep under normal conditions, and can
be contained in a required management area by a narrow river (Rinwy
and Kettlietz, 1964). It is, therefore, not surprising that they
were usually reluctant to enter water after they had become marooned
on islands. The capture of 389 was witnessed, of which only 22
(5,1%) were caught in the water, although most could have taken
to the water as they were chased about islands during netting
operations, or while. being run dovm on foot, There are, however, |
two reports of herds of 20 to 30 which took to water caaily, and
eight of the nine Impala on Island 203 went into the water when
the first men were put ashore. These exceptions are discussed
below in relation to the hame range of Impala and do not detract
from the generalisation that Impala were extremealy reluctant to
enter water,

, - Junor (1960) deduced the movements of one Impala which
swam two miles and saw another swim @ mile, but these distances

are remarkable as they were slow, weak swimmers compared with other
ungulates of a similar size, such as Bushbuck, Bush Pig and Wart
Hog. ‘They were easily overtaken by a man and ‘could not swim as
fast as Duiker, which were less than half their size. During the
present study, an adult ram crossed bstween two islands 500 yards
apart, two Impala had difficulty completing 200 yards and five of '_
11 wers exhausted within 100 yards, None of these was critically
thin, so that it is obviocus that Impala are poor swimmers.

Nevertbelesi, the main reason for large mmbers being
marconed on islands was their localised habits. They were never
trapped on islands which began ag less than four to five acres and
in four cases, where such islands were about to form, all the
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‘freshest spoor led on to the mainland, The smallest islands on
which they were marooned were originally 10 to 15 acrea.

The Natal Marks Board Staff have marked a fair mumber of
calves in the Hluhluwe Jame Feserve. Most contacts of these animals,
over a period of two years, have been within two miles of where they
were marked, although a few individuala have been sighted over 20
miles away. These exceptions can be explained in terms of dis-
persing individuals, discussed below.

Dagmann and Mossman (1962,c¢) have suggested that the
size of the home range in the scuthern lowveld of Fhodesia is
governed by the availabllity of drinking water, andmy extend
15 miles from water during the dry season, Lamprey (1963), on
the other hand, found Impala could subsist for long periods by
dtinktng dew, and Impala have been collected 40 miles from water in
the Culuene River area in the south east of khodesia, at the end of
the dry season, when dew is rare or absent, and in this case had
not fallen for at least 10 days, showing that, in some circumstances,
Impala may do without water for considerable periods. Data relating
to the movements of 161 marked Impala, which became marooned for a
second time, are summarised in Tabie 18, based on Keacue Reports.
These reports seldam define the releass and recapture pointa
accurately so that many recaptures have had to be omitted, while
others exaggerate movements, as particular care has been taken to
over-estimate distances where there is any doubt.

Most of the animals caught within one year were handled
at least once while the author was on the Rescue Unit. A second
factor leading to over-sstimates of movement was that it was seldom
possible to determine from which portion of an island animals were
caught and, of course, whether they had used portions of the island
which were currently submerged. Thus the animals' free movements
covered an area somevhere between the distance they were moved
by the rising water and the maximm distance they could have moved
awvay from the release point and still have been marconed on the
island, or portion of island, on which they were recaptured,

This distance approximates to the greatest “diameter", or distance
~ across the island from the point on the island nearest the release
point, although in several cases Impala did not use the whole
distance,

» Table 18 shows the localised nature of this species,
several of wham did not move over 1.5 miles on a year round basis,
although incipient islands became overcrowded, especially during
the dry season when the Lake level was almost static (Figure 12).
The maximm recorded distance that they moved freely was 1.25 miles,



Table 18.
Observations on Movements of Marked Impals

Date re- Interval Distanee Max, "diam®™ Max, distane
Date captured animals of Island moved,
Sex A’] ”'“"' m released Island mﬁnghi Localdty moved by or part of niles
- (A) formed water, Island.
(B) niles miles,
M Adult 1l IX 1959 II 1960 5 W. Usniati River 0.25 2
F Adult i VIII 1959 II 196 6 E. Bumi River G.1 Oody G.5
M Adult l X 1959 I 190 6 W. Bumi River ? Ce25 1.5
. Adult l VIII 1959 III 1960 & Sibilobile River ? 0. 25 3.0
M Adult 19 v 1581 I 1962 10 W. Bunl River 1.25 2.5 3.7 (1)
F Adult 17 v 198 II 1962 10 {. Buni River 1.25 2.5 3.75 (1)
" Calf 2 v 1961 I1 1942 10 W. Buml River 1.25 2.5 3.75 (1)
) 4 Calf 3 v 1961 I1 1962 10 W. Bumi River 1.2% 2.5 3.7 ()
F Adult 3 IIT 19%9 I 194C 11 E. Buai River C.75 1.5 2.25
M Adult 1 IIT 19%9 11 1940 1 E. Bumi River - 0,78 1.5
M Adult 1, v 1961 IV 1962 11 . Bumi River 0.1 1.1 1.25
| 4 Adult 37 v 1961 IV 1962 11 W. Bumi River 0.1 1.1 1.25
M Calf 13 v 1961 Iv 1962 11 W. Bumd River C.1 1.1 1.25
F Calf b v 1961 IV 1962 1 W. Bumi River S Ull 1.1 1.25
r A8 i ol - 1 bs AT N W. Duni River - (2) - (2) 2.5
M Adult 1 v 1961 IV 1962 1 W. Bumi River - (2) - (2) 2.5
F Aduls L v 1961 Iv 1962 n W. Buml River 1.75 1.25 3.0
o Adult 1 v 1961 v 1962 11 W, Busd River 1,75 1.25 3.C
M. Calf 1 v 1961 IV 1962 n W. Buni River 1,75 1.25 3.0
F Adult 1 VIII 1560 v 1961 n W, Umniati River = 7 2 3.0
M Adult 1 I 1959 I 196C 12 E. Bumi River C.75 1.25 2.25
F Adalt 2 v 1960 IV 1961 12 W, Bumi River 1.0 3.5 bhe$
F Adult s Vi 1960 IT 1962 19 E. Bumsi River C.75 1.5 2.25
M Adult 1 VIII 1959 Iv 196 p.¢] W, Bumi River 7 ? h.0
P Adult 1 VIII 1959 IV 1961 20 Y. Bumi River 7 Ca5 3.0
F Adult 3 IV 194 IT 1982 22 E. Busi River Ce?5 1.75 2.5
F Adult 7 VI  195%¢ v 1961 23 ¥W. Buai River ? 1.75 3.C
F Calf 1 VI 1959 v 198 23 W. Busi River ? 1,75 3.0
F Adult 1 Iv 1959 v 1% 2h W. Usniati River 1.25 3.5 4.75
M Adult 1 IV 1999 Iv 194 24 W. Umniati River 1.25 3.5 Le75
M Calf 1l Iv 1999 Iv 1961 24, W. Usniati River 1.25 3.5 h.T75
F Adult 3 V1959  III 1962 3 E. Bumi River 1.0 2.0 54C
M Adult 1 V1959  IIr 1962 3% 3. Bumd River 1.0 2.0 5.0
F Adult 1l v 1959 Iv 1942 35 W. Bumi Hiver L.75 1.25 6.5
161
L £ LTV 1]
(1) A large proportion of thess animals were reeaught within two miles of the release point, having been moved
1.25 miles by the rising water,
(2) These animels moved a minimum of 1,25 milss, They ware the only axceptions to th: general rule and were
not recaught on the nearest land to the release point., Therefors the distance they were moved by the
rising water could not be determined,
M =« Male

F = Female




These 4n1mals are signiﬁ.ed in Table 18 and were the
orzly ones which ware not recaught on the nearest unsubmerged land
to the release peint,

The sample includes 74 of 129 (577) Impala released
between 28 and 30 May, 1961, in the area where nmyuamonga and
myagetara Islands formed 11 months later. These included all
major sex and age classes, This a.rea way especially interesting
as 68 (927) of the recapturea had not moved over 1,25 miles,
although Impala were already comatn in the area and similar
continuous bush cleared habitat extended in all directions. Six
were caught on an adjacent portion of Ukubula Island and had moved
1.25 to 1,5 miles. Island 100 was the only one not connected to
the mainland by similar habitat, as the break through forming the
island was along the edge of a bush clearing in open scrub savannah,
which is not good Impala habitat.

Even greater localisation was evident on islands where
‘Impala remained in areaa which did not cover the whole island,
Attempts to drive Impala from four such areas were unsuccessful ’
until animals became exhausted, Impala often broke and doubled
back, but this usually took place anywhere during a drive and
could often be attributed to a disturbance ahead of the drive, unless
they were being encouraged to leave their home range. On Island
17 a muber of Impala were readily headed into the game nets from
area A, (Fig. 18). The next day, howsver, a herd of 27 could not -
be driven out of drea C, which was gbout 21 acres, and on seven
occasions doubled back past beaters in B, By this time, they
were so exhausted that they were caught on foot, but even then only
five left what was taken as the edge of their range, as the herd
had bedn seen almost daily for three weeks on this portion of the
island, There was nothing to cause the Inipala to double back at
~ this particular peint, The vegetation was similar over this part
of the island, any scent from the nets or people behind them would
have bean carried away by a cress wind from open water, and nei.thei'
_the men nor the nets could be seen through the trees with 10 x 50
binoculars. To test the hypothens that 8 represented the edge of
the herd's home rangs, two men were phced consphcuously up wind of
the Impala in area C during the fourth and fifth drives. The
Impala 1gnored them and many passed within 15 to 25 yards of them

Six rams behaved in a similar way on the eastern part of
Island 15 and, after doubling back in the same area five times, took
to the water from the point,. 'l’nis"pnlnt. and the neck separating
it from Island 14 was the beat Impala hatitat on a big island on
which Impala had been liberated, It was flat and open, with an
intrusion of palatable browse plants in otherwise pure mopane,
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o A large herd uas reg;larly zeen in the area where Island :
" 144 later formed. Three counts in April gave 108, 111 and 118
(mean 112), but there were othcr indivxduals and small groups,

_particularly yearling and adult males, . loosely associated with the _
he_rd, wvhich prob;bly accounted for the additlonal animals found on
,thé island in May. - .The herd alvays hung around the edge of the

" clearmg near the western tip of the islaml » and the distribution of
spoor shoved that they neitber vent far out into the clearing mor

' deep into the wodland, thus denonstuting, in almost classical -
_style, the “bounﬁary effect™ describad by Lamprey (1963), which

) ‘was also clearly discernible in. the behaviour of Inpala along the

edge: of bush cleared water coursea in t.he Chipinda Pools Tsetse
lrea.  The amwa in Fj.gnre 19 repnsent the approxiuate path

. taken on 12 unsuceesaful drxves to net these auimals.

In view of the above ohsenations, five attenpts were.

; nade to move a herd of 74 females and calves from a narrow peninsula
‘on Ukubula Island, using a Landrover and 20 beaters. The am.mls
_were driven about 400 yards on seven occasions; but then, ‘as |

expected, doubled back., On the third day, tlns apphed to the
* females and calves only, as five rams, which. had joined them since
the previous drives, did not turn hack with the rest of the herd at
the usual place. A drive in the Nagupa.nﬂe Tsetse 4Area produced _
" similar results. - The area,which was driven by a line of 235 beaters
was roughly triangular with a base two miles long and the other two
sides five to six miles long. The drive took place from the base,
“between a line of log fires at 20 yard intervals on one side and a
- game fence on the ot.her Three adult raqs doubled past the beaters
‘while they were 20 yarda apart, after the axunnls had been driven
about half a mile, but a herd of about 30 females and juveniles was
driven a mile and a half to two miles. Two escé:ped through the
fires and nine attempted to go throngh the fence, but only one
o suoceeded before the remainder broke back past the beaters, who
were then less than 10 yards apart. :

. This reluctanee to leave an establish@d range is similar g
to that described by H.'ahn md ~Taylor (1950) for k’hi.te-tailed Deer, -
vhich starved rather than do sc, and Riney (1950) was unsuccessful
in organising a drive to shift a Ianny of Mulé Deer Odogoilg;_g
 heminonus (Rafinesque), Irom their home range. = Impala on islands
. were limited to small areas. On Islands 144 and 15, they remained
 within the unsuhuerged portions of their original range,’ but whcther

this ‘applied on m other two 1slnnds could not be determined.

These observation; demonstrated how easily Impala ‘became
‘ “marooned: on .tslands over a few acres in area, and offered an explan-
_ ation as to why some took to water wore readily than the mjority, '
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. which'?:ere' very reluctant to de 50, e Impala on Island 203

had been in the area when Islands 203 and 202 were united, and

when they took to the water, they did so in the direction of Island
202, which had been part of their range until a week before. - Of

~ the remaining 15 Impila seen to enter water, 11 did so over the most
recently submerged land bridges emna;t:lng two islands, and this
was also the case with the two herds which were reported to have
taken to the water unexpectedly., Such behaviour would imply &
memory of the area in which they lived and is further evidence for
) the possession of restrictod howe ranges as, in flat country, the
partially submerged vegetation around an ialand was similar in all

~ directions.

_ 'I’he lzhni.ted home ranges occupled by Inpala in the Central
Zandmzi Valley, and their poor swimming ability, suggest that Impnla
would be particularly suscepti.ble to abtniormal flooding. It is
thereiore not surprising that fair mubers were known to have drowned
during drastic floods in the Zululand Game Reserves in July 1963

- (natal Parks Board Recards ). ~ The sexual segregation of adults into

different parts of the habitat, which Anderson {in press) bhad demon-
 strated, would make the female herds more susceptible than the males,
as he found males remained on high grmnd for moat of the year,
vhile females concentrated along the river 1n a small area in .
‘Hluhluwe Game Reserve.

The flood platn of the Luangwa River is not well documented

during the rains when the river overflows its banks for distances
of up to about three miles. the depth of this flooding varies and
mmerous islunds form in the slowly moving water., Mr. J. Feely
(pers. comm) has found Impala marconed on termite mounds during an
exceptionally high flood, while Mr. M, Ronaldson (pers. comm)reports
'a large herd was surrounded by water for some time during the 1963 /64
~ rainy season. An albino female had remained in the same small area,

about a mile and a half across, near where tlie second observations
were made ( Mr. V. Wilson, pers. cd‘m} for three to four yeérs, in-.
dicating a close parallel between observauons here and at Kariba.

B, Behaviour on Islanda

. The restriction of Impala to areas smaller than their
nonnal ranges led to a rapid deterioration of the habitat, which
was reflected by a fall off in the condition of the animals (Table 19) )
and evenitually to shifts in the structure of the populations. Impala
was the most numerocus s'ﬁecies on Island 17, and Ukubula Islémd«, where
observations of undisturbed feeding behaviour showed they were res-
ponsible for the clearly défined rowse line about 60 inches above
the ground (Figure 20). The main plants taken on Island 17 were

. Holmskioldia spinescens, W@, Terminalia brachystemna




Table 19.

~ Physical Condition of Impala  larconsd on IJight Islands

G = Good cqnditicn

F = Fair ccpdition
P = Poor condition

Location Cate  |Gawple o  Fhysical Condition Status of Habitat
S - | Thie % Female - Tales — Females |
Calven Yearlings Adults Total Yearlinos & Adults
| L G. F. P. ~G. t. P | G. F. P. 10, F. F.1G. 7. P.

‘Island 17 Juno/July 1960 | 197 26 25 70 1 106 - Good Impala habitat - severely
. - , S T . ' ' over-populated.
Islands 14/15 3Sept/Cct. 1940 9 8 8 1 Limited suitob’e habitat, over-

1 - . - populated _ g
Island 202 |  April . 1961 5 1.1 3 h o1 Good habitat, sbundant food.
Island 204 | ApFil 1961 9 1 1 e Good hebitat, food 1imited.
Island 1h4 Juns 1961 75 9 10 2 3 I 25 ‘Good habitat. overvpopulated.
Islend 21 Juro 1960 | 11 3 3 17 Limited suitable habitat.
Island 26 | June . 1961 | 3 1 2 Limited suitabls habitat.
Ukubula December 1962 | 141 7 23 3 57 17 Good hebitat, seversly over-
Island » o - | o populated.

b tetar g0 74 1 3 8 & am| 13 22
} SRS I—— .
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Ei'ﬂhrgzlm zmbegiactm, Diospyros guiloe nsis and traces of mopana,
Colophospermun mopane were found in all 62 stomachs 1mrest1gated. :

Mo grass and very little jesse, C. e¢lagagnoides, was taken by Impala
on this 1sland s although on Ukubula Island jesse had been very heavily
browsed,

The order of 'preferenée for common plants in the Island
' 17 area is glven in Table 20, which includes Terminalia randxi and
T._prunioides, which were not present on the island, but had recently ’
besn denied to Impala in nearby flooded areas. . Comparisons of the
acceptabili;:y olfk these species were made in two ways. Similar samples
of two species at a time, offered to between five and seven, sevenw
 month old calvea. As socon as one of the penned calves began feeding
the position of the two species was reversed. Ekcept:lng for the |
last four species nsted all aamples were eaten to some extent,
depending upon the combinationa in vhich they were offered. Fresh
'samples of C, apiculatum were preferred to H, spinescens and T, brachy-
stemma in that order, althoughit was difficult to obtain similar -
leafy bramhes_ﬁ of H. spinescens; because of its growth form, and the
preference for it over I, brachystesma, on tle ten bcéasions when
the two plan_ts were given togatht_r, was lesa pronounced than between
any two other species. There was usually no doubt which of the two
species was preferred as, after sampling bdth, most of the leaves were
eaten from one before an Impala moved to the second. [Mogpyros
guiloensis and T. prunlcides were not compared adequately but, on
the occasion they were presented together, T. prunioides was preferred
by both calvea tested. S

In addition to fresh material dry samples of C._apiculatum
and dry mopane leaves were compared with other samples. As shown,
dry C. apiculatum was taken in preference to all plante below
E. zambesiacum, but the dry mopane Jeaves were not eaten, even after
24 hours in the pen. This was interesting, as these leaves are often
described as useful livestock food in dry parts of rhodesia, (see

for example de la Hunt, 1954), and occurred in several stomachs
autopsied at the end of October, in the south east of Rhodesia
where the main diet was grass,

Other comparisons were made fram the feeding of Impala
on freshly felled browse. Approximately equal amounts of mopane,
F, _zambesiacum and jesse were brought within reach of Impala. Ater

two days, 987 of the £, zambosiacum had been caten campared with 127

‘mopane and 17 jesse, and only Impala spoor was ‘evident on the swept

ground, - In the same way, D. guiloensis was preferred to Commiphora
8ppe _ : .

Most ge;:eral works d_escﬂbg Impala as predominantly
browsers, which take fair amounts of young grass during the rains,
but the relative year-round importance of grass to browse varies



‘Table  20.

The Order of Preference shown by Impala
for Different Browse Flants on Island 17

- Order of

COmbi!emn ] _elaaagz:pides

. (:olo‘phb'spemr mopane (dry material)

Nt S Sl S Vst W

SPECIES Preference

Combretum ',aplk:qiatum (fresh material) 1
-Homskiol;dia sﬁimacens o | -2
Terminalia ”bmcmtm‘ | 3
Combretun apleulatun (dry mterial) 5
Exwﬂirélem. sambesimcum . 5
Terminali prunioides 6
Diospyros quiloensis | 7
Colophospermum mopane (fresh material) 8
Comuiphora spp

. Terminalia randii | .
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locally with population density and the conservation status of the
veld, 1In six areas in Fhcdesia, where the grass cover has been
severely down-graded, Impala live on browse for much of the year,
Lamprey (1963) has found they are mixed feeders, taking a reasonable
proportion of béth, ‘while in two areas in the south east of Lhodesia
they are predominantly grazers. Un Luffalo Range, perermial grasses
are generally rea'sonably well conserved and provide Impala with
most of their food. This is shown clearly in Table 21, based on
353 stamach samples taken by Africin technicians, who preserved a
convenieni handful in ICZ formalin, between March 1962 and April
1963, Small particles were floated out in a sieve and the pro-
portion of browse was estimated and recorded as zero or a trace,
1073, 20 to 807 or over half a sample, (rass tended to wash out
more readily than browse wiich loads results in favour of browse ’
including fruits and seeds, of which there were a fair proportion
seasomally, especially marula, Sclerocarya caffra, fruits and
Acacia seeds. June was the only wonth sampled adequately, in
which browse made up over 107 of the stamach contents in most animals,
ag even in October, just before tho rains, 687 of the animals had
eaten 107 or less browse. .rreserved material retained its colour
surprisingly well, from which it was clear that late in the season
Inpala were feeding mostly on dry grass. Mr. C. Savory (pers. ¢omm)
biologist in the Department of Wild Life Conservation, obtained
similar results on this ranch at the end of 1961 dry season. Only
‘one of the nine stomachs examined in September had wore than 107
browse, and in October there was anly ore of 16 which had eaten less
‘than 607 grass, vhen Impala' vere feeding largely on dry grass.
This was the case before any rain fell at the end of a very dry 7
season at Chipinda Pools, where the grasses were in even better cone-
dition, Torty sight stomachs were uaﬁned in the field and all
contained over 907 grass, in most cases with only a trace of browse,
Early in the month, most of the browse consisted of dry leaves,
including mopane, but the proportion of green leaves increased as
more plants came into leaf towards the end of the month, just before
the beginning of the ruins. The (upala here fed ulmost exclusively
on dry grass and, although the majority were in poor condition after .
a very dry year, they had better developed fat reserves than specimens
which had subsisted on browse alone at the end of the dry season in
less severe years.elsewhere, This was particularly noticeable in
the better quality bone marrow. ' |

Impala lived almost exclusively on browse on 1alands_a_xt
Kariba, As the islands became more and more over-pomlatqd, they'
" ate less and less palatable foods, but starved on Island 17 before
eating large Quanéitien of the readily available mopane and jesse.
~ Of these twp species, mopane was praferred and yet, on Ukubula Island
there was a well-defined Impala browse line in jesse (Fig. 20),
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while the mopane, which was less plentiful and therefore would have
been expected to show heavier use » was hardly touched. On this
island the extensive use of jesse was largely responsible for the v
prolonged survival of the population in 1962, as it was abundant and
had been browsed almost as heavily as more palatable forms, This
‘may have resulted from its being more palatable than on Ialand 17,
either because it had been cut back to ground level during bush
cienring operations, or because of some soil factors, as the island
had rela'tivevly sandy soils compared with the heavy mopane soils on
Island 17, Coetsec (1964) found Impala making extensive use of

’ grasées which grew in the soak zone in the 1963 dry season,

It i3 also noteworthy that dry mopane leaves, although
plentiful on Island 17, formed a veory low propui'tion of the food in
the 62 stomachs analysed. This haterial is fréquently found in
stamachs from the late dry season, and Mr. D, Rushworth (m. dam)
estimated as mich as 203 in two samples from the Beitbridge arca at

the end of the 1964 dry season, following a severe drought. -

Similar species to those on Iﬂmbula Island and Island 17
were heavily browsed on Island 144, btut here depletion of the habitat
‘was less complete on 28 and 29 May, than on the other two islands
later in the year, On Ialand 203, two large Terminalia prunioides
trees had been stripped of all leaves within reach, but the abundant
“jesse on mopane ‘soils had hardly been touched, although the Impala
were losing condition and there wex'e no alternatzve foods,

The wide range of foods tnken, which enabled Impala to
‘survive on 1slands such as Ukubula Island, indicates one of the
reas,on_s Impala are so successful in marginal areas, They can sub-
sist almost entirely on grass, apparently the preferred food wien
~ available, or can take a wide range of browse plants, Dasmann and
" Mossman (1962.c) suggest they are a successional species, particularly
well adapted to areas where the vegetatioh has been disturbed and
" down graded through human agencies. Here they compete for any
avallable grass, but can tide over critical periods by subsisting
on browse which, vi'ncidentally, would further aggravate scrub en-
croachment in down-—grading veld, unless numbers, which tend to increase
' greatly under such condxtmns, are managed to within safe limits.
Lamprey (1963) found they favoured transitional zones between woode
land and open grassland, and this was very appsrent on the east bank
of the Lundi River in the Chipinda Pools Area in October 1964. 1In
this area, which shows few signs of disturbance, there is a reasonably -
dense, but short, perennial grass cover in open mopane woodland, inter-
 gected by open, recently -b{xsh cleared water courses, the edges of
~which attyact Impala. ‘ - -
Impala have .‘be_sen found to prefer reasonably dense cover
only during the 1amb.thg seaso'n, although shade is impoi'tam’ during
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the heat of the day at all times, In seven widely separated
areas in rkhodesia and two in Zululand Game keserves, they appear
to favour habitats where their vista is not impeded by tall grass
or dense low scrub. They have never been contacted in tall
grass, which is possibly another reason they favour dareas over~
stocked with domestic stock, and tie only Impala found in dense
thickets have been females about to calve or with calves only days
old., [lor example, during the 1961 calving season on Duffalo
Range, very gravid females left the herds in small numbers not
exceeding four, and made for the densest available thickets in
generally open country. Lone calves were never seen during the
day, although 10 were observed at might, suggesting the calves
are left at night for the first week or so, and that after dark
the mothers rejoin the herds, when there were noticeably few
calves in herds of non-pregnant, adult sized females.

Impala were marooned on twc islands at Kariba with
extensive thickets, where they remained in mopane veld where food
was scarce, although abundant browse was available in the thickets.
On one island this may have represented a reluctance to leave an
established area, but on the other, they moved through a thicket
to alternative mopane veld when the first area became submerged.

It is, therefore, unlikely that shortages of cover,
arising fram over-browsilig. had any effect on Impala marooned on
islands except, perhaps, Ukubula lsland where the population was
trapped during the calving season. - Shade was readily available
on islands at all seasons, due to the effect of the soak zone.

Food was scarce on Islands 14 and 15 where most of the
trees were out of reach of Impala, which had to competa with bush-
buck and Kudu in terrain which wag not typical of Impala habitat
in the Kariba Basin,

The habitat on Islands 17 and 144 was similar, although
as noted, the former was more heavily used, due to the fact that
there was a greater density of animals and that it had taken five
to six months to reach its june size, compared with Island 144,
where animals had been marooned for under six weeks., Although
fat measurements show little difference, it was cbvious that
animals, particularly adult rams, were in better condition on
Island 144,

A8 to be expected, Impala Jost condition mere rapidly
on islands than is generally the ease, This culminated in a
considerable die off on Island 17, which affected some sex or age
classes more than others. Differences in plysical condition
showed that a similar pattern of mortality weuld have taken place
on other uia‘nda, had the animals not been rescued, However,
before the significance of this nortahty can be gauged, it is
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necessary to outline briefly the role of the different classes
in the year-round reproductive pattern of the species.

Impala have a well-defined calving season and most
young, are born within two to three weeks. The timing of the
season varies with locality and, to some extent, from year to
year,  insell (1960,b), for example, has described late Septecmber
and October for the peak on the Zambian plateau and November for
the luangwa Valley, and Child (1964a) cites November to early
Jamiary for four areas in rhodesia, On buffalo hange, the peak
was in the latter half of November in 1961 and few pregnant
females remained by the 30th. November, while in 1963, the season
was about two weeks later, according to Mr. U. otyle, the ranch
owner., The timing of the season is not a simple guestion of
altitude or latitude, as [oddieburn ifanch is similar in these
respects to Huffalo fange, and yet Dasmann and Hossman (1962,c)
describe the peak of lambing there as the latter half of December,
with few births after jJanuary é6th., in 1959 and 1960. Calving at
Ukubula Island took place during the second balf of November
(lescue leports) and was complete by llth, December, 1962, when
no pregnant fewales could be found among some 200 to 250 females
examined,

Dasmann and Mossman (op. cit) found lactating females
as late as August, six weeks after the rut, which occurred mainly
between 15th., May and 18th. june. On Islands 17 and 144, females
ceased lactating soon after the rut, which may have acted as the
final stimulus to wean their calves, Ffemales with developed
udders produced a fine stream of wholesome~looking milk, when
tested on Bth., Jjune on Island 17, but after 18th. june; yielded
only a few drops of watery milk. Udders tested later in the
month had an increasing amount of waxy material adhering to the
mammae, indicating that they were no longer being suckled, whereas
those tested on the Sth, were relatively clean. about half the
adult females caught on Island 144 on 28th, ‘May had wet udders,
which, in a number of cases, were clearly going dry.

Udder development has only been recorded in famales
over two years old, both at Kariba and elsewhere in Rhodesia.
The udders of yearlings are small and resemble those of calves,
in that they show no signs of previous development, such as
stretch lines, which are cosmon in older females, even when not
lactating,

The timing of the rut prebably differs in different
parts of Fhodesia in the same way as the calving season, but this

requires more precise definition from a number of localities, as
there is some contradiction in the lengths of the gestation period

quoted in the literature. -Asdell (1964) gives 195 to 210 days,
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Fenneth and ritchie (1953) 150 to 210 days, Stevenson~!amilton
(1947) 195 to 210 days, and Dasmann and Mossman {(op. cit ) suzgest
between 195 and 210 days from observation on Duddieburn lanch,
There was stremuous rutting activity in 1961 on Island 144 between
15th, May and 27th. May, but this subsided markedly towards the
27th.  The rutting activity included vigorous fights between
“adult males, which were frequently seen chasing females although
only two copulations were witnessed, both by Haslam., Five
foetuses found on the 26th. measured two to 13 mn. from crown

to rump, while 32 from Island 17 on 8th. june, 1960, measured
. three to 13 mm; indii:ating a gimilar nif.ting period there the
previous year. Vith a peak in calving activity in the second
half of November on Ukubula Island in 1963, this indicates a
gestation period of 180 0 200 days,

, The weighta of the testicles graphed in I‘igure 21 5
indicate males reach sexual mamrity during their third year R
although Kerr (1965) has found some active sperm in younger
animals. It seems likely, however, that mature males are only
sexually c_apable for a limited period each year (Figure 22.)
Serious fighting forms part of the rutting behaviour and Stevenson-
tamilton (1947) has noted that these fights may lead to bad wounds,
8o that horn developieﬁt (p.is )provides uscful supporting evidence
for rams not generally taking port in hreeding before they are
two and a half years old. . There was no evidence to infer that
fighting was more strenuous under the restricted conditions on
:leands, as no wournds were noted and, although three adult rams on
* Island 17 had broken horns, these were old wounds and the stumps -
had been worn smooth, | :

A hig,h proport,ion of adult and yearling females conceive,

Dasmann and Mossman fop. ¢it) obtained 977 adult and 85% yearling '
pregrancies on Dodcueburn fanch and the present author found 14 of

15 {(93%) adults, the except.ton being an old female in very-poor

condition, and all’ three yearlings, to be pregnant st Chipinda’
Pools, while at Kariba 94 of the 35 adults autopsied after the
- rut were pregnant, as were four of five yearling casualties, These
_ results suggest an ammwal reproductive potentj.nl approaching 1ooﬁ
‘of females over a year old, as examplss of multiple births have
. never been found and must be rare, and no examples of pregmant
calves, which have small uterae, have been recorded. It is sig-'-‘
nificant thzit even. under unfavourable conditions, which pravailed
on Island 17, 29 of 31 (93, 5%) adults and’ threa of four yearhn,s
~conceived, which suggests that a temporary low plane of nutrition
does not affect conception to any marked extent, although if pro-
longed, it would probably retard maturation and so limit the mumber
of smnny,maturé fearlings. - It was particularly noticeable
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on lmubula Island that. yearlinga were gmaller than usual at. 13
months of age.

Condit;ons on 1slanda led to shifts in the sex and age
claas composj.tion of Impala populations. these arc difficult
to ccmp&re with free—ranging populations for, as previous workers
have noted, there is obvious sex and age segregation between herds;
and even.within herds, of this highly gregarious species. Pre= |
liminary results suggest a further partial ecological segregation
of older males and females, which is supported by Anderson (in
press) from the Hluhluwe Game Reserve. These factors are probably
responsible for the impossibly high calf ratioa often obtained
from classifications of free-ranging Impala. Dasmann and Mossman
(gp.cit) mention no precaution against this possible bias, when
- describing population structure on Doddieburn Ranch, so that it
is difficult to juijge what’relatiiomhip'th'eir sample had ‘tb'thd
~ actual pomlati_on,--eqpecially as tﬁey acknowledge some segments
were probably inadeguately sampled at certain times of the year.
- Another difficulty is that Impala often run in herds of over 50
“‘head,‘b which predominate with one sex or age class, so that the
chance of contacting or overlooking such & herd could seriously
..al_ter‘s,amples !‘angi‘.n'g fram 152 to 564, such as these authers. used,

The only mainland sample, therefore, used for cwparauve :
purposes in this paper, is based on a collection of skulls from
" the Cewall Tsetse Control Hunting Arca. This sample was fairly
small , but represented kuls from 14 months in an area of about
300 square miles,made by 30 to 40 hunters, after 12 years hunting
* in the area.  Animals were extremely wary, and 14 lhunters inter~-
viewed all stressed the necessity of shooting the first animal
seen, 30 that the sample was as unbiased as could be expected.
Even 80, it is used with caution as it is not lmown what effect
such prolonged shooting would have on Impala., Most conclusions-
 of changing trends in population structure are, therefore, based
~on cmpariaons between different islands, where the whole po;:ue- :
lation could be observed together with the babitat. It is une.
likely that ecolog:.cal segregation of males and females would
have been su_fﬂcient to affect samples compressed onto islands
~ from several square miles for, as noted, both sexes were very
‘localised in this area. This is borne out by the insignificant
differerice. (@12-0.779 ) between the séx ratios of the 129 Iinpalar '
. released and t:he 76 re~caught on the west bank of the Bumi River -
(p.%t ). Theu is no . signi.ﬁcam: difference between the proe
portions of males at successive levels of. sampling on Island 1?
{Table 22), although the tendency towards more males in later
samplea, g!.ving a signiiicam d{fference between the first and
last quart.era (Chx »4,87, P> 0,05), when t.he proportion of males.
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‘in the pomlation was decuning, wAs attributed to males being
a little more diificult to catch than females.

_ Table 23 compares the proportion of calves in marooned
samples with that from Cewall, whick indicates a heavy loss from
this group on most islnrida. As noted, yearlings wers ‘smaller
than adults in December on Ukubula Island, and so could still be
easily separated from them. 7This sample included only complete
herds, while another herd in which only adult females and calves
were classified, brought the total to 20 calves and 91 adult fesales
(22:100), ms herd is mentioned as it contained a higher pro=-
portion of calves than any other, 80 that it is obvious that the
propertion of this age class was nry lw, four to six weeks after
the calving season,

Rotinette et al (1957) review the human as wn as the
large and small mml litexjature on the effects of nutrition on
pre and post natal mortality.  Generally there is a reduction in
~ the proportion of ‘male foetuses, which potentially exceed the mmber
of female foetuses, vlmn the plane of nutrition is low. The mmber
of implantations is lower » the average birth weight is reduced and
~ resorbtions or abortions increase. The reduced birth weight lessens
the survival rate of the young calves, which are at a further ‘dig-;-
pdvantége due to the impaired milk supply of their mothers. The
first calves on Ukubula Island were stillborn (Rescue Reports) and
it is probable that pfég:m:éy faﬂure wag the prime cause for the
‘low proportion of calvea, as no camssen were found when the island

" was thoroughly searched,

There were 298 Impala on Island 17 on ird. Junc, mcluding

~ those which were later nscued casualties from rescue operations, '
_ natural deaths and an adult ram which was léft on the island,  There
were 107 females, 96 males (48.7 males t 100 famales) and five full
grown arimals which were not sexed, - The total 1nc1uded 11 fenale
and 12 male calves, seven to eight. months old. The calf to adult
female ratio in Table 23 was calculated from the proportion of
yearling females in the rescue casualties, which apparently were
not selective, Four of 37 adult-sized females were yearlings ard
'if this ratio is projected to all mature 'fem'ales, it gives approx-
im&tely 165 females capable of having bred, or 14 calVes'IOO femal.aa.

Impala were dylng on Island 17 by 3rd. Ju.ne , when two-wsk-

old adult ram carcases were found. Thmatur ax more died between -

4th and 10th jJune, uven bemcn llth and 17th and 10 between 16th

and 24th, by which time most of the Impala had been rescued. The
first two female carcasses, an gdult and ‘a yearling, were found on’
‘the 23rd ard two calves died between 21st and 24th,



Table 2

. A Comparison of the Calf to Female Ratio of Impala Sampies
- From Islands with that from the Cewali Tsetse ‘Arsa

No. in

1) ’ "~ Calves

locality Females = Calves/100 F | Calves/100
Sample M F Total Yr.  Ad. Totel | Over 1 yr.old - Ad. F.

. Cewald 55 1 h 22 26 523 56
Island 17 298 2 |n | 23 2 |15 | s | oz 13.9
Island 144 75 o | & | 13 | k3.3 -
Island 201-205 U | o 8 o g
Island 21 11 o | | 8 0 -
Ukubula Teland 18 7 33 1 59 | 92 A 11.9
Total on Islands. 559 21 |15 | 43 s | 22 321, - -

-1l = Hals,

Fe Female, Ad = Adult, Yr = Yearling.

1) Includes males over 1 year 614 in the sample.,




However, the calf ratio on this island showed that, as
to be expected, the die off of adult rams had been preceded by a
heavy loss of calves, although both groups had very depleted fat
reserves. Between Bth and 16th june, no adult ram or calf casuale-
ties had any kidney fat and all had poor bone marrow, while other
groups had better developed fat deposits (Table 24).  On-Island 144,
where food was less critical about the same time of the year, adult
‘males werc in obvicusly better condition than the calves. The .
absence of calf carcasses on Island 17 indicated that losses among
them had taken place over an extended period and that'the carcasses
- bad- been suhnerged or removed by acavcngers, whereas the male die
off was sudden. )

~ Rutting activity, which placed an additiopal turden on the
- rams, was robably responaible for this, as in hig discussion on

' Impala, and in broad agreement with Fitzsimons (1919), Stevenson-
Hamilton (1947) notes that females are in poorest condition in |
summer, but pick up in winter when "herd rams! are thinnest. He
concludes that the improvemént in condition of femiles results

from the removal of the strain imposed by lactation, while the
demands of the rut causing the decline in condition of rams may be
read into the temm "herd rams", Observations on Islands17 and 144
support this hypot:heais and it is'a pity that neither author presents
- evidence for his conclusions or recognises more than the three sex
and age classes of calves, males and iemales.

_ ~ As noted s yearnng rams wore not yet. fully mature at. the

“time of the rut, while yearling females c¢nceived for the ﬁrst
time and could not, therefore, have suckled the previous summer.,

" On the other hand, the physical conditicn of yearlings was probably
fimpaired to some extent by growth, as Child (1964a ) has shown that
females reach adult size when about 18 months old. He also suggestl

~ that the greater size of adult rams over similar aged females

resulted .mainly from a longer growing period in males , &lthough

| growth in’the second year was much slower, ' '

'l‘heu was no. mnrked difference between the conditions of
adult and yearling fenales on Island 17, but male yearlings, in
general, were the class in best condition. The sample of males -
from Island '144 was gmall hut iuggested that here, too; they were
in better condition than the thinnest adult rams after the rut.

- . This was pr'obaibly';the to the strain of rutting activity, as Leopold
et al (1951) recorded & rapid deterioration in male Mule Deer during
the m_t » due to energy demands of copulation coupled with less o
feeding by raus competing for females, and Darling (1956) records
the same for lied Deer, which is supported by Riney (1954) who |
demonstrated the decline in fat reserves. thrt:hcr, the five adult
rams, vhose condition was agssessed before the rut, were in better



Fat Reserves in Different Sex and Age Classes of Impala on Islands 17 and lik,
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Table 24.
. Showing tha Poor Condition of iialea and Calves Relative to that of Penales
~ "Whosa Condition Deteriorated Rapidly During June on the Fi.rs’o Island.
‘ . Fat Daposite
Loeation Date Sex Age | Semple ‘Back Fat Kidney xr;deut Marrow
Rangs 1llean Rangs Hean | Gooci Fair | Poor
Island 17 | 8 June ¥ Adult 16 o-Tr 1 o-47 16 1 | 13
" ~ 11 Juné Fo- Adult 7 O-Ty 1 11-42 25 3 &
16 June " P Adult 3 2 2 O-31 17 2 1
21 June P - Adult 3 . 0=0 C 0-0 0 3
-2k June F Adult 2 0-0 o 0-0 0 2
- 8 June F Yearling -2 - O0-Tr 1 18-20 19 2
156-21 Juna ¥ Yearling -2 | 0=0 0 0-Q ' 0 2
8-21 June ¥ Adult 0% 0-0 0 0<0 0 30
| 18-21 June Vs Calves 7 0-0 0 0<0 - 0 7
Sub Total | . | Ky |
Islend 14 28 May P © Adult 4 Ol 3 047 19 1 3
' 28 May Pl Yearling h Tr-8 b 8450 - 19 1l 3
| , 28 May M Adult 7 C-Tr 1 0-19 ] 2 5
- Sub Total 15 | = -
- TCTAL 87

M» Male
F» Female

# This sanple ,inéludas 25 animals which died from starvation.
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condition than most females at the same time. These conclusions
receive support from the trends that smerged from pr_elinihai-y' work
carried cut on Buffalo Range immediately before the 1964 ruc.

Three adult rams had then an average kidney index of 101, whereas
in five mature females, all of which were in milk, it was only 13

~ and yet, later in the year, rams have usually been in poorer con- .
dition than ianalé. on this ifanch. . This is clearly demonstrated
by the differences in kidney fat indices found at Chipinda Pools in
October, 1964, where eight adult males averaged 8.0 (Range 2.1 to
15.0) and 11 adult females averaged 29,0 (range 8.8, in an old and
exceptionally thin female (the second lowest was 15,9) to 65.2).

| Fat reserveé were better developed in adule f”dmales with
dry uddera than in those still lactating after the rut on Island 17.
* Fight of nine with milk had poor marrow, while this applied only to
four of 18 which were not lactating, which supports the hypothesis
that suckling is a strain on Impala females, It is unlikely that s
early pregnancies recorded on the island would have mqteridlly
affected the condition of females, although pregnancy failures would
have been expected had they remained jmder such severe conditions,
Judging from the observations on Ulubula Island.

Several authors, 1nc1ud1ng Dasnann and Mossman (op. ¢it),

: huve remarked on the preponderance of females in Impala herds, e
Fothergill records a sample of 800 Impala rescued by 30th june,

1961, in which there were 517 fmlea, 264 males and 19 unsexed ~
individuals, giving an overall sex ratio of 51 males per 100 females.
On Island 17, the proportion of males was low (48.7:100), even before
the heavy die off following’ the rut, - Desmann and Mossman (op. cit)
suggest this results from a differential loss in calves, favouring
young females, as Taber and Dasmann (1954) found in deer. On the
other hand, Robinette et al (1957) found heavier losses among

: -femqlei__in,:leé_r elsevhere and thers is some contradiction in Dassman
and Mossman's reasoning, as they later assume the mmber of female o
yearlings in an Impala sample is equal to the mumber of male yearlings
classified. s noted, there wers almost equal mumbers of male and
female calves on Island 17 following a heavy die off, whﬂa_ Mr. G
' Stewart (pers. comm) found a sex ratio of unity in a sample of
‘several hundred calves of about 11 wmonths of age in lhku:i Game
Feserve, Zululand., ' .

. Evidence from Island 17 suggests that one reason for the
low number of males in Impala herds is thg hnvy mortality among
adylt rams after the rut in critical years. @ ratio of males
" over one ysar old to females of the same age changed fium 48.7:100
to 35.4:100 in four weeks on the island. Rushworth (1964) records
that adult female Impala were in better condition than males at the
-end of the 1964 drought in the Tuli Circle, A pregnant female shot
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was in reascnable condition, "although mot fat”, ut three adult
males were "in very bad condition indeed; so much so that the meat |
was unpalatable®, He also found a :olaﬁvdy higher proportion
of male carcasses, even allowing for the grénter distance at which
these were sighted. They were not aged unfortunately, but tend to
substantiate the findings on the uhad, and Fobinette gt al (op. git)
found a similar shift in favour of older fewales in Mile Deer, follow-
ing severe winters.

Predators :electmg for males may further the discrepancy,
but this is probably less significant thas the innate dispersal
mechanism described by Howard (1949) ard finey (Ms.). FHoward found
that male Prairie deermice, Peromypcus maniculatus bajrdij (Hoy and
Kennicott,) dispersed more readily and for a greater distance than
females, and Riney recognised similar bebaviour among deer in New
Zealand. These suthors found that a proportion of a given age
group, usually well grown sub-adults, in the species so far studied,
dispersed awvay from the parental home range, 30 furnishing a method
by which species, which normally occupy restricted home ranges, can
spread into new territory. In Impala, dispersion seems to involve
animals about 12 months old and takes place dnring the succeeding |
calving season, During the 1961 season on Puffalo Range, numbers
of these young animals were contacted away from the genmeral concen-
trations of Impala on the ranch, and were often in unsuitable habitat.
They were predaminantly lone males, although groups of up to three,
including some females, were noted. ~ This is the only season when
this normally highly gregarious age group has been found alone.
Further evidence for the timing of dispersion in Impala was provided
by Mr. G. Stewart of the Natal Purks Board, who found a sex ratio
among calves which approached parity just before the calving season
in Muzi Game Reserve, although the same age group contained many
more females after the next crop of calves had been dropped.

Thus, Impala are a highly gregarious species which became
marooned on islamds in large m-bersastbeymebothw swimners
and had very localised movements. The conseguent food shortages
reflected in a decline in physical coadition, which culminated in a
heavy die off on two islands. This affected primarily the calves,
but also led to a marked drop in the proportion of adult rams follow-
ing the rut.

16. ROAN

Roan, anmeu, were scarce in the
Kariba Basim, where a total of 1l were seen on two occasions, near
the west bank of the Umniati Kiver. This probably accounted for
their absence from islands, as Child and Wilson (1964a) found that
a warked Roan herd in eastern Zambia was much more localised than
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“three herds of Sable, a species which did become trapped on islands;_
This group of five Roan, including a bull, two cows and their calves,
remaihed wzlthin 30 square miles, whereas Sable ranged over & much

. _wider area,

17, SABLE

Child and \ﬂlson (1964a) found Sable, mmtragg_s m.ggr
Harris, are ch.tafly grazers which favour areas with an adequate
asbort perennial grass cover. This explains their distribution j.n
the lariba Basin where most were found in open scrub savannah,
~Although the. grasses here were taller than those with which they
were usually associated in eastern Zamm.a, perennial grassas were
_ better repreaented than in any- other ngetation typc. Smaller
-umbers also occurred :m Bopane veld, away from dense human settle-
. ment, possibly because of the adverse effects of Tonga agricultum ,
on grasaes, or the dismrhancs it caused.

o ‘!hey were not mnerous on islands, contributing only 1.6%
of the mammals rescued by 30th. june, 1961, . The magn!.tude of the
movements described by Child and wilsen (1964a) would, however, tend
to make them less susceptible to becoming warconed on islands, which
- is substantiated ',by Mr. P, Coetsee (pers, comm), who observed a herd
of 10, marked vith yellow ear stigs, about eight miles from their
release point after'abnut wd_-yeirs. This makes it difficult to
judge the relationship between this sample and their actual incidence
in the large mammal fauna. Judging from limited work on the maine
land, it did appear that they were more mmerous than these figures
suggest, especia]ly between the Bumi and Umniati Rivers, where they
were better represented than elaewbere along the Rhodesian shore,

A, Resjp___ge to Flood_;__&

, | Sable became marconed on islands and, although poor l
- swimmers, usually took to the water when humans approached, especlally
1f théy were without calves. This general conclusion, based on
~ Rescue Reports, was supported by observations of five bulls caught
during the present study. These animals all swam weakly for animals
- of their size, particularly when puraued, although junor (1960)
reports at least one which swam a mile, and the present author saw
one swim 600 yards before crossing a small islet and proceeding a
‘further 120 yards to ‘the mainland. _

" A herd of Sable was marooned on Island 100, which origin-
ated from an area of 25,9 square miles, while another herd of nine,
~ including five juveniles, was trapped on an island on the west bank
of the Sengwa River, which formed fxrom an area of 23.2 aquare miles.
On the other hand, two bulls were isolated on Island 101, which had
never excceded 375 acres. This suggested greater localisation



‘than that described by Child and Wilson (1964a), who found that
three recognisable herds moved an average of between 0,14 and 0,26
miles a day, between successive comtacts throughout the year, in

. muxch wider areas. The anmual, more or less cyclic movements of

_ome herd of' three to five Sable occupied about 200 square miles
for the nine uaht.hs of the year they were in the si;udy area, while
two bulls remained within about 30 aquare miles d\mlng.a similar
period.

’rhese apparent differences between movements in eastern
Zambia and the Kariba Basin can be explained by the distribution of
suitable babitat, In Zambia the habitat was furly uniform over
large areas, while at Kariba the most favoured vegetation types
ran in fairly narrow bands parallel to the Zambezi. This rapidly
became dissected as water backed up the mmerous stream beds, cutting
across it, so that to have remained in favoured habitat and not
become marooned, Sable would have had to travel Jonger distances
than observed in Zambia. Furtber, Child and wilsom found that
although Sable occur im grassland, they appear to prefer open wood-
land and this may have contributed té their being isolated on the
second and third illandl discussed " ubcre, as in both of these
vater cut through along the edge of a bush clearing.

4s Sable move about a good deal and seem to favour open
woodland, which usually occurs at some distance from rivers, it
seems unlikely that they would be smuch affected by flooding under
nommal conditions,

B. Behaviour on Iglﬁg

The four Sable handled during this study were in poor
condition and this applied to two herds of which there is a cine-
matographic record. (ne of these herds was on a heavily trampled
mopane veld island, while the second was on an island in open
scrub savannah, Some of the latter starved, and when the island
was visited seven months later, signs of over-grazing were still
very appareat and, in spite of the intervenimg growing season
without grazing, few of the grasses showed signs of 1life,

A mmber of Sable, including juveniles, died on islands,
but Rescue Reports are imadequate to determine whether or not this
led to any definite shifts in population stmctui'e, such as could
be detected for a number of other species,

Bushbuck, Tragelapims seriptus Pallas, constituted 8,77

of animals caught before the end of june 1961, amnd occurred through-
out the Central Zambezi Yalley where they favoured thickets, eapec-
fally those along water courses. They were least mmerous on
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densely settled alluvium, where cover had been greatly reduced
through cultivation and overstocking with domestic stock, espec-
ially goats, and were most common in broken ground along the foot
of the Matusadonna Range,

A. Response to Flooding

_ Bushbuck were among the first animals affected by the
formation of the Lake, when water bucked up rivers and streams
forcing them out of riparian thickets. They took to the water
very readily and were good swimmers, but becume trapped on small
islands because of their localised habits. O0f 57 observed, 50
(88%) entered the water readily, usually at the approach of humans,
or after a very short chase. The exceptions were two animals too
weak to run, and five on a big island, with ample room to escape
on land., Similar behaviour was reported in the presence of a
Leopaid (Rescue Reports). Sclater (19&0) has already noted that
"sometimes when hard pressed they take to the water and swim well",
Further, as mentioned below, they entered the water to feed and hid
in the shallows,

They are fast manoeuverable swimmers and were the most
difficult species to catch in the water. Junor (1960) recorded
one which swam between one and thmei;uarter and two miles and,
during the present study, the following distances were recorded 3
one over 3,000 yards before reaching land, three over 500 'yards
before being caught, five over 200 yurds, 12 over 10C yurds and
six over 50 yards. The first enimal covered the distance, con-
firmed on contour maps, in 13 minutes and, although tired, had
maintained. a speed about twice that of which a man is capable over
a shorter distance, and this through chop,y water with waves up to
18 inches high, The remainder of the animals showed no sighs of
tiring when picked up, although severél of them were very thin.

Sclater (op. cit), Fitssimons (1919) and Shortridge (1934)
all mention examples of Rushbuck which remained in limited areas
for considerable Ape‘riods. but, unforturately, give no indication of
the size of the ares. Four marked Ishbuck, three females and a
male, were releé.‘sed on the south bank of the Nyamune fdver on 3lst.
August, 1960, and recaptured on 16th, and '17th. June the following
year on islands which had formed the previous March. Four of these
were well within half a mile of the release point, while the fifth,
which was retaken on a narrow island 500 yards long, may have
wandered up to three quarters of a mile and still been trapped on
this island, Two other Bushbuck moved up to 4.5 and 1.5 miles
respectively, but in both cases the intervening land was submerged
and they were on the nearest land to the release point after 16 and
nine months, '
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Two young Bushbuck were trapped on an island which origin-
ated from less than 200 acres, while 33 became isolated on islands
which originated from areas of under three quarters of a syuare
mile. In one case a bushbuck was marooned under adverse conditions
within 5C yards of the mainland and 22 were within 400 yards.
Further evidence for their localised habits comes fram their
behaviour when flushed from an island. It was oiten possible to
chase them to alternative land, but they usually showed a strong
tendency to circle back to the island from which they had been
flushed, although on three occasions they passed close to other
islands, -

The concentrations of Bushbuck along water courses and
their very localised habits, would make them particularly suscep-
tible to abnormal floods, in spite of their considerable swimming
ability.

B. Behaviour on lslands

Most authors have found Bushbuck a secretive species of
dense cover, especially that along water courses. It is probably
the cover and not the proximity of water which is essential, as
Shortridge (op, c¢cit) reports them a long way from water, and four
‘contacts at the end of the dry season along tributaries of the
Nagupande River, were at least five miles from water, Thisis
significant, as the species was very localised in similar habitat
in the Kariba kasin, less than 50 miles away.

Water was obviously readily available on islands, on
eight of which cover was sparse, due to the nature of the vegetation
or over-browsing, On Island 17 they were often seen crouching in
inadequate cover, but flushed more readily than usual. They off=-
set this lack of cover on some islands by hiding in thickets in the
in the surrounding shallows. This behaviour was apparently very
marked during the 1959 hescue season, when most ushbuck were caught,
and was observed by the author on ll occasions. The animals re-
mained motionlezs in water ranging from under a foot deep to that
in which they could not stand and where an adult ram, in order to
remain motionless, had to rest its head on a horizontal branch.
Several others had only their heads showing and, thus concealed,
Bushbuck did not flush until approached to within 2¢ to 3u yards
by a motor boat,

It is unlikely that shortages of cover, unless accompanied
by food shortages, would have had any effect on physical condition
as three of five adults caught on islands with limited cover, but
adequate food, were in fair condition. They would, however, have
bteen more susceptible to predation.

It is generally agreed that Bushbuck are mainly browsers



- 09 =

and Wilson and Child (1964 ) have described some of the plants’

eaten by them in eastern Zambia. Grass is taken when green and

two, kept in captivity, did not eat it after it was about 18 inches

~ high.  There was some grass avallable in the soak zone on two
islands, but on others they were limited to browse, including

Combretum a;iicixla;um, Helmgkioldia spinescens, Terminalia prunioides,

T. stuhlmannii, Diospyros guiloensis, Ximenia americana, Boscia

matabelensis, Mundulea sericea, Gardenia resiniflua and Acacia pods,

as determined from direct observations of undisturbed feeding and the

contents of 10 st.anaci_as_. An unusunal observation was the presence"

of 20 Salyinia auriculata in the stomach of a female from Island 204

where there was adequate browse available in April, 1961. '

The physical condition of 54 Mshbuck from eight localities
is related to the status of the habitat in Table 25, They starved
" on Islands 17 and 106, due to ccmpet.iticn from Impala on the former
and through the destruction of their own habitat on the latter, where
there were 11 Bushbuck confined to less than a third of an acre by

mid-June 1961. Eight of these were dead by the 15th and t.ha re-

niaining three were in a very weak condition, but decomposition was
not advanced in any of the carcasses, so that all 11 would have died
within about a week of each other. |

There were five Bushbuck on Island 17, one of which was
removed and another, with very depleted fat reserves, died on 4¢h
“July and the remalning three had died before the Unit returned in .
Augast.  These animals were 'all in poor condition on 8th, June, and
became progressively weaker during the month. On this island, a
female was seen' feeding on H’olmgg' joldia spinescens in the 'slxallowz,
where it was protected from Impala, while another competed for food
with a Rhino, an Impala and a Grysbuck {p.ss).

v ‘There was a clear Bashbuck browse line on Xsland 107, v

wvhich was about an acre on 16th, June, 1961, Here food was less
critical than oen Islands 17 and 106, but most Lushbuck were in
extremely poor condition, The hnbitat was similar on Island 109,
but on the remaining islands there was adequate food when the animals
were removed.  The status of the habitat reflected in r,he condit.ion
of the ammala (Table 25), - '

Shortridge {op. cit) and St&vcnaon—h'ﬁmi.lton (1047) indi-
cate Bushbuck associate in breeding paj.rs or pairs consisting of a
female and her latest calf, Fitzasimons (op. cit) gives an example
_where only one adult ram was flushed with 11 does, but jackson (1899)
cited by Shortridge, considers two or three fewales per ram is usual
in Bst africa, Wilson and Child (ép cit) found singles. made up
. 53'01_’ 74 contacts, and a breeding pair 14 of tho.. remainder. The
~over-all sex ratio of 39 males to 35 females approached 'pax‘ity, but
aong adults with all permanent teeth, females outnumbered ma],es by



 oMle 25, A c:oqps.rs.aen of iveilability of Food and Fhysiesl

Condition in Bu..;hbuck.

| o Physical Condition
location - -Date - Sample ‘Calves Adult lales | Adult I”ema‘lca . Total Status of Habitat.
S | | &I TGV ¥F G F TP | G]FF | '
Ieland 1‘7 . R o June/July 1960 v5 - 2 ” 3 _ 5 Very over-populated
Islands 201/205 | - April 1961 . 9 A el sl jels | .Adeguate Toad
‘Ialand- lO‘.L h lareh 1961 b - 2 | 2 A Ademgate Food
© Island 151 . June 1961 1 1 R 1 Mdequate Food
- 1sland 106 June 1961 1 |2 9 {1 | criticelly over—populsted
ialand 167 June 1961 15 1 115 8 1 | | over-populated
Island 109 June 1961 3 B B '3 | Over-populated
Ialandes 111/333 - June -1961 ' 6, 1 1l -3 1 3 3 Adequaté i?ood

G = Good condition
- F = Falr condition
P = Poor condition
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19 to 15, These authers show that females which had not replaced
“the deciduous teeth, but had well grown third molars were sexually
mature, while rams probably did not reach maturity until t:ooth
replacement was complete. Their sample would, therefore, give 15
mature males with 25 mature females (60 males;l00 females).

A sample of six Bushbuck frém the Cewali Tsetse Area all
had permanent dentition and included four females and two males.
There were 18 males and 19 females shot in the Nagupande between
October 1962 and November 1963, so that it appears that Bashbuck
populations contain alout equal numbers of males and females, although
mature females outnumber mature males,

An analysis of the sex ratio of Bushbuck from 62 islands
or groups of islands, from which the whole population was apparently
removed, gives a total of 269, including 76 rams and 152 (50:100)
does classed as adults, and 19 males and 21 females recorded as
»;jmreni]}ea° Ageing by persomnel on the ’Eeacue Unit was based on
size (p. )7 ),80 that an unlénwn mmber of young animals of oither
sex may have been classed as adults, but it is unlikely that any
~ adult would have been recorded as a juvenile,

There were only six islands where males ocutnumbered

females, on four of which two rams were with a single doe, while

on the other two, there were four males and two females, and five
males and three females, Adult females outnumbered adult males
at 16 localities, but on seven islands there was a single breeding
- pair.  The greatest predominance of famales was on an island where
there were sight with a single ram, while on Island 106, there were
" ‘mine females (all sexually mature) with two mature rams.

A comparison of the sex ratios obtained from Tsetse Control
Hunting, with those on islands, indicate a lower proportion of males
‘at Kariba, Whether this difference was induced by the abnormal
conditions at Kariba or not is open to some doubt, as few Bushbuck
carcasses wore found and the discﬁ:pamy was also apparent on
islands with adeguate food. On tihe other hand, it was apparent
‘on Island 106, where two of the oldest carcasees were rams, and on
Island 17 the two rams, one of which died, were weaker than the
three does,  Whether prevailing conditions during the formation
of Lake Kariba led to a shift in the sex ratio of the population or
not muat, however, remain in abeyance until tbe behaviour of Bush-
buck populationa under adverse conditions is understood better.
Nevertheless, these shifts, if they did in fact occur, were not as
clearly defined as in Baboon, Impala or Buffalo, '

Little is known of the broeding hiology of Bushbuck, but
‘it seems that there was a very high juvenile mortality on islands.
Throe young, less than three quarters grown, were handied by the
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author in a sample including 34 full grown females (9 young : 100
females) while Wilson «nd Child (op. g¢it) obtained 20 juveniles
about this sise or smaller with 25 mature females (80 : 10U females),
The hiding of young, which could more easily be overlooked in a zame
elimination scheme than on islands, makeés this difference even more
significant,

Shertridge (op. ¢it), gquoting several authors, suggests
that except for the coastal regions of Houth Africda, bushbuck calve
mainly in summer (September to March), which would reduce the mumber
of very small calves expected on islands, hut Ansell (1960a) and
Wilson and Child (op. ¢it) found breeding throughout the year in
Zambia, and Brand (1963) recorded births in all months of the year,
except February, in the National Zeological Gardems of South Africa.

The low calf ratio can be attributed to post natal losses
ag at least three Rushbuck were born on islands, on two of which
food was scarce, and all six females which died on Island 106 were
pregnant, Four foetuses from over-populated islands im this area
weighed between 14 and 6 lbs., and at least nine of 16 other females
were gravid, the majority of which were very thin.

Thus Bushbuck are more or less solitary, predeminantly
browsers, which appear to calve throughout thé year. The over-all
‘sex ratio tends to parity between the sexes, but females predominate
in older age classes. They are accomplished swimmers which entered
the water readily, but becume marooned on islands at Kariba on account
of their localised habits. Food became critical on several of the
islands affecting primarily the juveniles, but although there was a
lower proportion of males on lslands than has been recorded in other
samples, its cause cannot be gauged until more is known about Bush-
buck populations under stress.

19, Kubpy

Kudu, Iregelaphus strepsicerog Pallas, occurred throughout
the Kariba Basin, where 153 were removed from islands before the end

of june, 1960. This represented 4.1% of the mamnals rescued, which
wias probably lower than their actual proportion in the fauna, because
of their movements to and from islands.

A. Response to Flooding

Kudu were intermediate between species which became
marooned on islands and those which swam to islands freely to feed.
They were among the first to take to water when men landed on an
island and only six of 35, whose capture was observed, were cauzht
on land, and these included three small calves. tThere were 17 kudu
on Island 17, but they disappeared following the first game drive in
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‘which a very young calf im:c:i'.dent:al.l_y 'tangled in the game nets. |
Spoor showed where the group, including two 'm;_h_‘er small calves,
had entered the water‘and_ swum over a mile to the mainland. It
was interesting that young calves could swim this distance, although
it was not remarkable that older females and juveniles did so, as -

Junor (1960) records then swimming 14 miles, He rightly points out
that Kudu are strong swimsers, which can easily outpace & man,
although adult rams are handicapped to some extént by the veighc of
their horns. : : : o

It is not surprising that kudu took to the water readily,

as they will do so to avoid Wild Dogs and, according to Shortridge
(1934 ), may do so when followed by Domestic Dogs.

Kudu moved back and forth between an island and the main-
‘land during 1960 and early 1961, but did not become trapped on the
island, which was never over 200 yards from shore. In 1960, there

was a reasonably well developcd soak gone with green vegetation,

 that may have attracted them in September and October, but in the
following June the vegetauon on the island was similar to that on
the mainland.  Junor relates a similar example of Kudu moving to an
islahd appai-ently to feed, and Parnell (1963 ) actually witnesaed

- thia behaviour, and yet Kudu became marooned on Lalands as feeding

conditions dcteriorated.

Little is known of their seasonal movements and evidence
from Kariba is not c‘qnclusive, but 20 of 22 which took to water
readily, did so over the most recently submerged land between two
islands, The partially w&ierged‘vegetation around these islands
: was similar in all directions and alternative land was geldom visible
: through the trees, so. that the bohaviour resembled that of a locale -
ised group, observed with Riney, in the Wankie National fark., This
group of six Kudu was recognised by 'itsvlnd‘ividual markings and -
followed the same 'de_vi_ous route when crossing a vlei in the dry
season, as they used to avoid shallow depressions which held water
- for a few months dﬁring the rains., = Riney kept this herd under -
‘regular observation for over 18 montha, during which time it was
contacted onl;; aloné one particular stretch of road 0,6 miles long,
This is supported by observations on the recapture of 10 tagged Kudu.
' ‘'Mwo adult females, whose release point was not very accurately
* defined, were recaptured on an island which formed within two miles
~of the relnase poeint six months later, by which time about half a

mile of the intervening’ distance ‘had been flooded. . Two females,
one adult and one half-grown, were retaken after 21 months withln'
15 miles, of which three-quarters of a mile had been submerged,
three adult females had been marconsd for a second time within three
miles of the release po_int , after 20 r:_xontha. < An adult female and
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two a_dult males were récapmea after 10 months 'witﬁj.n 3.75 miles,
of which 1.25 miles was sulxnefged'. The last were on very big
islands and may, in fact, have moved less than half a mile of their
own accord ' -

. ¢ Kudu are localised, their tendency to leave islands
such as Island 17, which necessitated 2 swim of over a mile, indicates
 that in the Kariba Basin they were either less localised than the
'group at Wankie, or they can be shifted frcn'thexr_,hane rdnges mora
_easily than most other ungulates discusséd so far, The readxnass
with which Kudu took to the water and their abih.ty to swim long
distances, make it unlikely that they would be affected by the
gradual flooding of an area, unless they became trapped on islands
some distance from land. This distance would depend largely on the
position of the islzmd in relation to their former home range.

B. Behaviour on \angvs

Kudu were found on only one island where they were
critically short of food., This resulted from their tendency to
leave islands when feeding conditions deteriorated too much, -and
' because they were the tallest browsers found on most islands, Wilson
| (1965) has described how this species, which feeds almost exclusive,ly

on browse from a variety of plants, attains maximum reach by standing
on its hind‘ legs. This was borne out on Island 17 by the patchy
browse lines eight to 10 feet from the ground on Fm g_x;x

~ zambesiacum and !blmsld.oldi.a spinescens.

_ 'mese were the only two species which showed marked sz.gns
of Kudu browsxng and both were taken readily by a captive calf which
refused COmhretun apiculatum, Terminalia brachystemma and Colo-
- phospermum mopane. = The condition of the Kudu on this island was not
‘assessed, unfortunately, before they disappeared, as one Kudu per
6.7 acres was the densest concentration found. Haslam counted 49
Kudo in mid-1962 on Ukubula Island, before habitat conditions deter-
iorated' By December, 27 of 28 animals, whose condition was gauged,
were J.n poor condition nnd seven carcasses were found. The latter
consisted of five females and one male with fully adult dentition
and a second male with permanent incisors, but otherwise all
deciducus teeth, Some of the youngest animals had been removed
from the isl@nd, but thoseremaining included a fair proportion of
sub-adults, most of which were estimated to be in their second or
third year. ‘

A large proportion of Ukubula Island had been bush cleared
and much of the vegetation was not over nine feet tall., Below
five feet, there was a well marked Impala hrowse line, so that Kudu
werc limited to the vegetation between these two levels, where they
expenenced competition Im mffalo,
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Two Kudu were in poor condition on Island 21, but neither
was fully mature, and this applied to the three of four females
classed as poor on Islands 11 to 13. But on islands 201 and 204
to 207, seven of 13 Kudu were in fair condition. These included
six females and a male, of which three females and the male were
mouthed and found to have all permanent teeth. The seven in poor
condition included four small calves, three with the first molar
erupting, a juvenile with M, just cutting the gum and a female with
adult teeth, This indicated that condition on these islands, where
there was no sign of over-browsing, was largely detemmined by age.

There was apparently little change in the sex and age
class composition in the kudu sample found on islands, which was as
to be expected from their swimming ability and the species' habit
of moving to and from islands. (f 119 gexod kudu rescued before
the end of June 19¢l, 84 were females and 35 males (42 males :

100 females)., These included 17 males and 66 females (20 males:

100 females) classed as adult in Rescua leports, 16 males and 15
females (107 males 3 100 females = parity) recorded as under three-
quarters grown, five animals whose ages were not noted, and one very
small unsexed calf, 4 collection of 133 skulls from the first 13
months of hunting in the Nagupande Tsetse Area, gave 75 females and
57 males (76 males 3 100 females), but among adults with all permanent
teeth, there were 50 females and 29 males (58 males : 100 females),
while in juveniles with the second molar erupting or younger, there
were 11 males and 13 fomales (85 males ¢ 100 females).

There was a significantly higher proportion of males in
the Nagupande samplae ((}hi2 = 10,22, 23,01), but Wilson (1965),
who obtained 86 males and 72 females (119 males : 100 females),
concludes that Tsetse shooting tends to select for males, as hunters
usually shoot only one animal from a group, and males generally
associate in smaller groups. Further, there was evidence of little
increased juvenile mortality at kariba and calves would be expected
to be more susceptible than adult males, The calf ratio recorded
at kariba was 31 to 84 (37 : 100) femalas of all ages, whereas
there were 24 young calves with basal skull lengths up to three-
quarters of that of adults of their respective sexes, and tooth
formulae up to N2 erupting, at Nagupande, in a total sample of 7§
females (ratio 32 : 100 females)., Calves with skulls about three-
quarters the length of those of adults are relatively small and
would probably have all been classed as calves in Rescue keports, so
that the similarity between these two samples is good evidence of
nornal losses on islands.

This evidence suggests kudu populations generally pre-
dominate with females, and that this becomes more pronounced in
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older age classes, so that in the light of present knowledg:c, there A
was little to suggest shifts in sex or age structure of the kudu
sample from Karida.

20, ELAND

Eland, Taurotragus oryx fallas, were contacted in small
groups between Chete and the Umniati River, but none was margoned on
an island before the end of jJune 1961, although Dr. i, H, hoth
(pers. comm) reports a herd with young calves, which became isolated
in the Sengwa Basin in 1963, over eight miles fram the Zambezi River.
Little is known of this species! movements in ihodesia, although
they are probably quite extensive, judzing by the way groups of a
few to over 100 appear and disappear from an area. Eloff (1959 a
and b, and 1962) suggests they are nomadic in the Kalahari Gemsbok
National Park in South ifrica, but recocgnises the need for prolonged

observations of recognisable individuals to determine whether or
not their movements follow a regular pattern,

Benson (196-) gives an observation in Zamdia, where for
several successive days, an officer of the Game and Fisheries Depart-
ment witnessed Eland move out more than two miles in the morning, only
to return in the evening., This represented only a part of each day'a
movements, but if Eland wandered to this extent in tha Central Zambezi
Yalley, they would tend to have moved off most islands as they were
formding. This was supported by frash spoor and droppings en three
islands, which were visited within a week of their separating from
the mainland.

21. BUEFALO

Buffalo, Syncerus caffer Sparrman, were common on the
southern shore of the lake east of the Masumo fiver and became
very conspicuous in bush clearings between the Sibilobilo and
Umniati rivers, where there were sevaral herds of over 200. Only
nine were recorded on six islands worked before the end of June 1961,
although they were also known to be marooned on Sampakaruma Island
vhere, judging from spoor, there was a fair mmber. Later in 1961,
bowever, a herd of about 20 to 30 were found on Island 100 and about
200 became marooned on Ukubula Island im 1962, This herd was ob-
served in December 1962 after a mmber, mostly juvenliles, had been
rescued, and 71 mandibles of the surviving animals, which were shot
in june 1963, were forwarded to the author by special arrangement.
These were accompanied by flesh measurements and the sex of the
specimen, "
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A, mepgnse t0 I«loodigg

There were apparently two rensons why so few Buffalo
were found on islands. little is known of their seasonal movements
beyorxi'the fact that they range" ovér fairly large areas (a marked
Buffalo, released f_rom_u Ukubtula island, killed an African same 15 to
18 miles from its release péint about two years later, Mr. P; Coetsee
~ pers, comm, ), and while doing s0 mmbers appear to fluctuate as
groups break away and reunite. Apart from the amall groups which
appear to have been composed entirely of old males, Buffalo occurred
only on large islands derived rom large areas. Ukubula Island
arose from between 24.8 and 29,5 square miles; Island 100 from 25.9
square miles and Sanpakarma Island from 7.9 square miles, which
separated from the mainland very yuickly, These areas may have
exceeded the home ranges of the Buffalo, but suggest movements are
extensive, large berds often moved up to three miles across portions
of clearings in the space of an afternoon, 30 that there was little "
| chance of their being trapped on any but the hrgest islands.

. A less important reason for the few Buffalo found on
ialanda was the readiness with which they took to water and swam
to the mainland as islands diminished in aize, alt.hough there is
no evidence of their having swum to islands. With the exception
of an animal shot in self defence, all the smller groups behaved
in this way although, like Elephant and fhino, they never did so
while humans were preseént, This applied to the herd on Island 100
even while a mmtber were mn_down on foot, and on Ukuhula Island,
v' five were dr\igged and 34 were captured from a land Rover after
" extensive chases, spread over two weeks, before the first animal

. took to the water,

This’ behavi.our was prohahly due to their vulnerability in
the water, which is borne out by four reports of high casualties
when herds have been st:ampeded inte a river by a predator. On the
other hand, when urmolested, they were strong swimmers. One was |
observed to swim over two miles from an island to the mainland, by
personnel employed on bush cl.earing operations, and two others swam
1) miles and one mile respectively, The only drowned Buffalo found
- by the Rescue Unit was trapped in thick balvinla :

Gradual flooding would p-obably have little effect on ‘this
specie- unleas large areas were affected. ’ﬂmy would either move
away or swim from islands on which they became isolated. = This is
borne out by the absence of recorded losses in the Zululand Came
Reserves during the 1963 floods (Natal rarks Board Records).
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B. Behavimr on Islands

- Duffalo left. most islands before food became critical hut,
on Ukubula Island, there was a marked decli.na in physical condiuon
ending in 47 deaths between mid-Novenber and mld-December, at the

end of the 1962 dry season, _when the island was severely overstocked.
The Buffalo trapped on the island are broken down by sex and age
classes in Table 26, dependmg on whether they were rescued or

_ survived the population craah, when 36.4,«; of t.hose on the island
died. :

‘The sample is aged_aécbrding to the sf.am of tooth erupe .
tion, Sixty calves were rescued late in 1962 for restécldng_othet"\
| gane areas in Rhodesia, of which six were examinéd by the author,
including two females considered too big for rostocking purposes.
Four males were 90 cm at the shoulder » had hind feet measuring 483
to {86 mn. and all deciduoua teeth, with the first molar erupting.
' The two females were 30 cm taller, had hind feet of 535 and 544 mm
~ and all deciduous teeth, but the molars could not be examined. A
" female ahot in June, however, had a hindfoot of 545 mm and the second
molar in an early eruptive state, so that it was safe to conclude that
none of. the calves removed f rem the ‘1sland was older than those with
M, erupting and they were, therefcm, placed in Class 1. '

- The ranaining sub-adults were divided into Class 11, which
were older than Class 1, but still had all their deciduous teeth, or
Class 1 » in which permanent tooth _eruption was in progress. Class
"1V included speci.mens with fully permanent dentition, |

4 In Table 26, there is a slight tendency towards malea in
Class 1, tut a greater mmber of females in Class 111 or older, where
»there were S0 males and. 72 females. There were 160 Buffalo on the
1sland when the first died of - -starvation, of which 31 calves were
removed during the following two weeks. Of the remaining 129, 4%
died of starvation amd two calves were stillborn at the end of 1962,'
and 84 survived until june 1963, when ‘71 were shot. These do not
include five calves born after mid-December and amitted from further
discussion on population changes, as they were not confronted with
the 1962 dry season,

, In ;hese two samples there were seven small calves, two of

which died, while two others died at birth, tut it is probable that
a‘mach h:.gher proportion of calves ‘would have died had 60 not been

: rescued, as those left on the uland probably included. the strongest
and most difficult to catch. ’ Three of the six (507) Class 11 and -
amdt 39 of 50 (78%) Class 111 animals survived, but only 28 of 57
(492) fully mature amimals lved.. This ‘showed a definite shift in
favour of CIass 11, mad.nly at the aXpense of Class Iv. . -



‘Table '26.

. ‘? = Sax not recorded

141) 7 Calvas born after sampling began

iv) Includes ons female which swam from thelslard.

Population Structure and Fate of Different Sex and Age
Classes of Buffalo on Ultubula Island
Age Removed Before - . .
Class Fopulation ' Died Survived Total
» Crash - _
| el Fo | 2. | Total m. | ro] 2. | Total gl F. | 2. ] Total Al F.l 7| Total
I 3 | 25 1 & | 5 " o1) W) 3 2 3 g a9 27 6 na3is)
I 2 1 3 1| 2 3 3] =2 1 6
m 6 12 |3 | n 16 |23 | | » 2 | 25 | 3 50
v 3 | 26 " 29 1 |w | 3] o u | s | 3 57
Full grown, |) | | ‘ _
i.e. I11 or iv ) '
ot not 10 3 13 bl b 2 | 1 TN 7 2 23
separatad |
TOTAL u, .| 28 1 73 13 | 28 6 {4 3 |45 | 8 ea 92 |01 {15 208
M o= llale . 1) 2 Oalvaa-l'aom on island
F = Female ' 11) 5 Colvas born on ioland after crach
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'Ihis shift in age structure, due to starvauon, resulted
1arge1y from the heavy die-off, amounting to 65%, in Class IV '
females and small losses, 8%, in Class 111 females. It was also
noticeable that’ tooth wear was generally less marked in the Class
IV female aurvivors s several of which had only just completed tooth
replacement. On the other hand, there was a slight tendency for
old males to survive better than those in Class IV, although this
was less marked and, at this level of smpling, was not stat.istlcally
' signiﬂcant. It was, however, apparent in December that some of -
the higgest bulls were more alert and in generally scmewhat better
) condition than the rest of the herd,

The sex ratio in Classes 111 and IV changed frun 36 males

and 65 females to 27 males and 37 females which, although not
© statistically significant, showed the same trend towards a higher

proportion of males which Christian et al (1960) and Woodgerd (1964)
found for 151andic_populat10ns-of Sika Deei', Cervus_nippon Tmim‘inck,
and Big?-hofn Sheep, Ovis canadensis Shaw, respectively, when th_e' -
habitat became. saturated. The relativeAplroportions. of Class 111 -
male and female Buffalo involved in reproduction might make this
‘trend more pronounced as, in most bovids, females mature eaﬂie:‘_* :
than males. - ' - '

The most significant shift in population structure , however,
concerned sexually mature females, which Apparently form the core of
" Buffalo herds, as this favoured younger animals with a longer poten-
tial reproductive life ahead of them, If mambers are reduced during
‘a catastrophe, this mechanism would favour a rapid regenerat.i.on of
the herd when conditions improve, o

. The limited calving observed on the island may have
favoured mature females in general and, therefore, the younger
adults in particular. TIwo calves died at birth during the popu- |
lation crash and only five were born to 41 (12 : 100) Class III and
1V females early 1_n 1963, There is little data on breeding and
calving rates in Buffalo, but Asdell (1946) suggests an extended
season with most births between September and March in South Africa, -
Thus, the low number of calves born between September and mid-December
indicates an interruption in normal breeding, which is supported by
the small mmber of calves born on the island compared with 64 Class 1
animals : 72 Class 111 and IV females (88.8 1 100)-or, if all the
unsexed adults were females, 77.7 : 100, when the herd was first
marooned. To have been born by early 1963, calves would have been .
conceived early in 1962 (gestation period 11 months, Kenneth and
Rtchie, 1953), before feeding conditions had had time to deteriorate
too far, 3o that pregnancy failure seemed the most likely cause for
the low number of calves. These embryos would have been about half
term when food became -critical which 15 the stage in development when
the foetus beging to compete with the mother for nutrients (Hammond , 1960),



DISCUSSION

The behaviour of large mammals during the marked habitat
changes agsociated with the construction of Kariba Dam, demonstrated
some characteristics of species native to the Central Zambezi Valley.
Ubservations relating to the spreading out of Lake Kariba and the
readiness with which a species took to the water, or their relative
swimming ability, have limited apslication, although Kennerly (1963)
has indicated the importance of swinming for ensuring gene exchange
between the two parts of a population separated by a perennial river.
Other information is of more general interest.

Species which were readily trapped on islands generally had
localised habits and would, therefore, be more sensitive to local
catastrophes such as food shortages or flooding of their habitat,
than those with greater home ranges, including forms which moved
freely to and from islands or did not become marooned at all,

The rapid over-population on some of the islands led to
a marked decline in habitat resources, which facilitated the obser-
vation of behaviour of the animals under conditions of stress, although
it is unlikely that their behaviocur differed basically from that of
free ranging populations under adverse conditions. For example, it
would be expected that limited space would elicit the same type of
aggressiveness between individuals which occurs normally, but on a
somewhat exaggerated scale,

This discussion deals with three main topics : (a) the
fauna of an area of typical mopane veld in the Zambezi valley and
its animal density compared with other areasj (b) observed relation-~
ships between a mmber of species; and (¢) mechanisms that assist
some porulations to regain their mmerical strength as quickly as
possille following food shortages., '

1, T LARGE HAMMAL FAUNA OF AN AREA OF MOPANE YELD

Mopane veld dominated the hkariba Basin and is widespread
in many good game areas in Jhodesia. This description is of an area
on the east bank of the Rumi Fiver and falls within Kegion VA of
Yincent and Thomas' (1961) agricultm-all'land classification of Southern
Thodesia, This is the second lowest category recognised, exceeding
only Fegion Z_-g, which they consider unsuitable for any form of agri-
culture.

The area was in flat country where slight undulations

governed the pattern of flooding and determined its extent, thus
eliminating luman bias in selecting its liwits. It was chosen
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for its uniform habitat and because it was one 61'" the few large
areas, in which game became marooned for which there i§ an accurate
tally of numbers. ’

" Islands 17 and 18 and a number of islets (Fig, 7) arose
from 15 square miles and were cut. off in Febi‘uary 1960, at the height
of the rains and just as the Lake level began to rise rapidly for the
. saason (Fig. 12). The separation, which was rapid in this flat
_ country, was further ensured by thick balv:mia which soon developed,
 and took place when there was the maximm food available to animals
which became marooned. The pattern of flooding was such that about
half the original area gave rise to Island 17, so that ‘animals listed
in Table 27 may be r.aken as or:.ginating from 7,5 square miles
(-- 0.2 square miles). ' .

_Chance may have detcrmined which side of a depression animal s
happened to ,be when water backed up ond so, initlially, whether the_y |
were isolated in thé whole area or, later, on Island 17, ‘Similar '
objections apply to any census method based on a single series of
observations in & sample area, which is all that most authors, with
the notable exception of Lumprey (1963), have been able to achieve.
The objectitm in this case is largely answered by the fact that, apart
~ from Zebra, all important species on Island 17 were also marconed on
Island 18 and other adjacent islands, Animals whxch became trapped
. on islets around Island 17 can be ignored, as none had more than the.
odd Grysbuck or smaller spccies on them, y:hlch is not surprising for,
as noted in the apecies ac'coun'tsv,‘ most anim#ls did not become marconed

in such small areas,

The vegetation was uniform mopane woodland, with scattered
Commiphora trees and scrub thickets, ,e'specially on Island 17 (Fig.10)}
vhere the vegetation- achieved its greatest cumpiéxity. Rivers were
flanked by a chin riparian fringe, chiefly Acacia spp, and there were
a few small mtrusions of open scrub ‘savannah along the Makuzapela
River, too limited to detract from its being typical of good mopane
veld in the Zambezi Valley. 'Settlem(ént was verjr light in the region
(Fig. 11), so that thére. was very little disturbance, éz;&art from
occasional signs of a light, primitive shifting agriculture, Occas-
ional fires from cutSide may have motiified the végetatlon slightly,
but effects of domestic stock were limited by the presence of tsetse '
- fly, so that the area was almoat undisturbed by mmans. |

_ Similar habitat on tbe s.d,jar.ent painland was in a haalthy

" state thh no signs of over—populauen or veld determration, indica~
t.ing ‘that the animals found in this area represent those of undisturbed -
mopane veld. This basic information is difficult to obtain in Fhodesia
because of wulespread human :mfluence s which may- cause animal popula-
tions to 1ncrease or decrease (Riney, 1964a J
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The animals found on Island 17, and their origiml stocking
‘rates, are listed in Table 27 where two alternatives are given for
Zebra, which probably occupied most of the original 15 square miles,
as this gives a.sgmilar density to that. fcmmi..’u'x an aréa on the
opposite bank of the Bumd. Elephant, Buffalo and Waterbuck were
| known in the area, but 'did not becowe marooned and Eland occurred
just beyond its limits, - Others in mopane veld within 10 miles of

the island, exclud_i,ng amall mammals, were Leopard, lion, Honey Badger, '

© ¥ild Cat, Side-striped Jackal, Hippo, Klipspringer and Sable. This
gives 26 species, the size of a Jackal or bigger, including two large
cats and 16 large herbivores. Dasmann and Mossman {1962,b) also
obtain 16 spgcies of h,er'hivorei on Doddieburnr Ranch, where the habitat
is also predominantly mopane veld, although their spectrum of species
wvas slightly different. They includu Giraffe, Wildebeest and Steen-
buck, whose geographical ranges do not extend into the Kariba Basin,
but had no Sable, Hippo or Rhino which have, apparently, been exter~
‘minated on the ranch. :

It was interesting that such a uide range of large ma:mals,
particularly large herbivores, was found, at least occasionally, in
one small area of mopane in the Zambezi Valley. Clasgsifying mammals |
as large, nedium or- mall 1s, at best, an arbitrary process and it is
of ten not ce:tqm‘whgther authors include all the large species in an-
area, bqt neﬁurth_elesa Table 29 ghows mopane habitat suphor_ta a con=
siderable mumber of species, even when compared with more diverse.
-habitats. Klipspringer are dependent on rocky outcrops, but all the
other s'pecies make some use of 'the veneral’ﬂ‘!getatiom o

: Eight herbivores trapped on Island 17 were resident within
7.5 square miles and this appli.ed to Zebra in 15 square miles, The
density figures in Table 27 are low, as they do not include animals
vhich died and whose carcasses were lost, particularly those of young
" harc Rog and Impala. Nevertheless, these losses would not account
for the density being only about a third of that described by Dasmann
and Mossman, vhen their Buffalo, Eland and mterhuck are excluded. »
It is interesting, hwever, that thelr figure of 42 Impala per square
mile was similar to that obtained at Kariba, both of which are very
guch lower than the 200 per square mile they calculited near Fort Tuli »
where Impila aye seversly aversiocked. They found Impala, Zebra and
Wildebeest were the daminant species in the south western lowveld of
- Rhodesia, but lﬁldebeest ‘becane much less mumercus towards the east,
where Kudu are plentiful in some areas. In the Zambezi Valley,
there are no Wildebeest and Zebra are relatively scarce (Table 1),
but Wart Hog mumbers are much higher than in the south, where they
are not especially common,

Klipspringer and Hippo were yncommon in mopane veld in the
Kariba Basin and Sable favoured open scrub savanna, probably seldam
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The Criginal Censity of Zammals
ilarooned on Island 17.

Species | Ho. on Island - Animals/Sq. mile.

Tonkey o 2 v} ‘ 0.
Baboon _ | - 79 - 10.53
Pangolin | 0.13
Genet Cat 0.13
aarduolf
intbear

0.13
- 0.67
' 0.53

0.40

R Y~ A

Fnino |
Zebra | e O gzz';g
Bush Pig o w | 2.4
vart Hog . o ! - 10.27
‘ - o o o
Gryatunk o o 11_6 : 1.  ‘ | .83
Impals o 28 | 29.73
Pushbuek o s | 0.67

-buiket'

-3

Kodu . : Y - .z
Bars R 0a3
Porcuptne 1 013

S TOTAL o s . 7560 - 72,81
large Herbivores BRX 62,81 - 60,27
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lingering in mopane, as this was their habit in the Nagupande irea,
where they favoured open woodland on halahari sands. Elephant,
inffalo, waterbuck and probably tfland, used Island 17 for part of

the year, but had ranges which extended beyond its lumits., xcluding
tirese species, the biomass of all the species recorded in iable 27
was over 8,100 lbs per square mile (iable 28), of whiclh large
harbivores coatributed ¢ 7,700 lbs. ihese figures are conservative
ag they make no allovance for the lost carcasses aml are based, us
iar as possible, on weights olbtained at pariba, where many animals
were in very poor condition.

{he weight of animals on Island 17 is related to that fram
other areas in Table 29, Such comparisons arekrough, for as others
(Stewart and Zaphiro, 1963: Lamprey, 1964) have noted, there is
little standardisation between the methods used by different workers
and no allowance is possible for populations being at different
stages in eruptive cycles, such as those destribed by hkiney (1963,a),
The comparison does, however, indicate relative differences in the
amount of game recorded in different vegetation types, suggesting
that mopane, which has hardly been disturbed, can carry reasonably
larpe gamne populations, and this is significant in view of its low
agsessment for agricultural purposes. It is also interesting as
mopane veld is relatively uniform with few associated plants and
mopane, which is leafless for severai months of the year, wag itseld
eaten by few animals, even when they were starving on islands. 1t
may, therefore, be significant that chemical analyses of grass samples
irom the iuangwa Valley, carried out oun behalf of the Zambian vame and
Figsheries !epartment (.non, undated)}, show that some annaal species
retain 2 higher food value in the steus during the dry season than
perennials, whose energy reserves are in the root.

Dasmann and Mossman's (190i) figures for the Henderson's
ranches give an ungulate biomass of © 25,100 lbs per syuare mile on
an area claracterised by "open mopane woodland", devoted entirely to
wild animals. iIf non-residents iu the Island 17 area are deducted
from their figures, by reference to usmann and Mossman (1962,b),
the figure is reduced to ¢ 23,8JJ lba or about three times that on
Island 17. They ascertained populations by means oif road strip
counts (Daswann and Mossman, 1962,a) and, although they made no
allowance for the possible attraction of roads towards game and
calculated the width of the strips from the vertical distance from
sighted animals to the centre of thw road, instead of the longer
diaronal distance to the animals fron where they were first seen,
they are satisfied that their figures are conservative. In any
case, there is little doubt that, in spite of a lower rainfall (c 20
inches a year), the ranches sup.orted a substantially hizher weight
of animals than the ared around Island 17,



Takle 24,

Tha Biomass of Larpgs Jartals (faroonad on Island 17,

w@i@ts t¢ ths nearest 5 lbs.

Ad.w Adult,

: e  Total '.'.!.b. : | Blomass - | ‘ ey
Specios Humber st li?ié"" 7 Biomass ‘Basis of walght caleulation.

Impala 298 2,430 3,258 40,1 186 Ad.+ Yr.F, 8 Ad.s Yr.l, 5 Ad.?, 23 calves at . 2, 93.2 and

o ' o . . o © 5h.5 1b.-av. of 79, 28, 29 at Kariba.,
 Zebra 2.5 13,535 1,805 2.2 1/2 wt. of 41, 37 id. and 4 foals et 710 1b: gor Ad.(av. w17 in

o . B ' : N.I) & 200 1b. per foal, eatimated.
Yiart Tog M 8,375 1,117 13.7 3k Ad.+ YrJM, 35 Ad.+Yr. F, 3 Suck. at 118.8, 112 & 3.9 1lb. av.
o o | f . of 12, 26 & 2 at Kariba.

Rhine 3 ' 5,000 667 8.2 ‘2 Ad.+ 1 fuv. &t 2,000 & 1,00C b (Child & Fotherpill, 1962)
Kudu 37 4,885 651 8.0 iv. wt. of unselected sample of 12 F. & juvs. froa Chipinda 287.4 1b.
Baboon Cg 2,120 283 3.5 Av. wt. of 11 of all agss from Island 17, 26.8 1b.
Bush Fig 15 700 93 1.1 ~ 6 M. L juv. 7 suck. at 116.8, 90, 20 b. av. of 7 Ad. & Juv,ot

‘ _ ‘ Kariba. suck, sstimted.

. Hypaena 5 6K a5 1.1 -5 a8t 128 1b. wt, of Ad. F. cullected by author,
- Antbear b WG - 59 0.7 A 8t 109.4 1b. &v. 5 at Kariba.

Bushbuck. 5 AL 55 0.7 2 Ad.H, 3 Ad.F at 108.7 & 65.2 1b. av. of a & 6 at Kariba.
Dutker 7 Y 33 Dol 7 M. at 37.7 1ba. av. wb. 58 id. Cewall.
‘Grysbuck 6 120 16 . 0.2 6 Ad. at 20 lb. p.16. -
Percupine 1 35 5 0.1 1 4d. av 2 at Kariba.
Aardwolf 1 20 3 - C1Ad. av. 2 iniLM. -
lonkey 2 2 2 - 2 at § 1bs. av, wh. 6 (Headd%ody 517 tns.) at nar-upande

TOTAL, 6,1%0% -

n. %, = National T’usaum; Bulawayo, Yee.rling.

Juv.= juvenile, ii=llale, F=,Female, suck = suckling.
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Although the habitat on the ranches is chiefly mopane veld,
parts have been greatly modified through hman occupation. Water
has been manipulated by the construction of dams and there are clear
signs of misuse in the form of scrub encroachment and deteriorating
grassland, with trampling particularly severe near the water. This
trampling is now caused by game, which is certainly too mmerous to
allow the habitat to heal, although the original cause of the trouble
was probably the mis-management of domestic stock. The result has
apparently been an increase in animals, but a decrease in species, with

the extinction of Sable and keedbuck, both grarers of healthy grass-
land,

Riney (1964,b) has described the sensitive nature of mopane
veld to the mis-management of fire and damestic stock and, in another
paper, (iiney, 1965) has shown that the time lag between cause and
effect may take decades to become abundantly obvious, by which time
reversal of the trendi may be diffiecult to achieve. These observations
indicate that stable mopané can support a reasonably dense and varied
game population. Practices detrimemtal to its long term stability
may increase the standing biomass temporarily, but lead to a decrease
in the range of species. It would be interesting to know whether
this is triggered by disturbances increasing annual grasses at the
expense of perennial species, for, as Riney's work shows, mopane is
sensitive to this change, which would make its proper management very
critical,

2. INTER AND_INTRA~SPECIFIC RELATIUNSHIPS

Extreme over-opoulation on islands accentuated competition
between animals of the same and different species and, to a limited
extent, the effects of predation on prey populations, Naturally,
relationships varied with the species present and with their relative
mumbers, and, as to be expected, intra-specific competition was more
pronounced than that between species. Under these critical conditions,
however, it was posglblo to gauge the maximum extent of certain relation-
ships between species, )

A, Competition for Iood

The critical food shortages on Island 17 in jJune, 1960,
forced animals, most of which were in very poor physical condition,
to eat any available food plants, thus reducing the effects of
different food preferences discussed at length by Lamprey (1963).
The first adult deaths on this island were among Baboons and Impala.
The latter, as noted, contributed the greatest biomass (4U%) and had
defoliated most plants to a height of 6Q inches. Impala deaths
were due almost entirely to intra-specific competition.
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‘Cmpetitioh from Impala resulted in critical food shortages
for most other species. Kudu could reach abové the Impala browse
line ad enhanced this by standing on their hind legs, but they
generally swam off islands before food became top critical. This »
also applied to Waterbuck and Elephant, both of which were known to
have returned to over-populated islands after the animals had been
cleared and the vegetation allowed to recover.’

Bushbuck, on the other hand, were very"localised and
starved on Ialand 17, where they made up only 0s7% of the total
biomass, It vas surprising that they were never recorded standing
on t'taeir hind legs, as by doing so they could have reached above the
Impala browse line, and this behavicur on Island 106 led to the
removal of all food to a height of 66 to 69 inches before the popu-
lation starved. They did, however avoid some competition by feeding
in the shallows, where the vegetation was [rotected from Impala,
Grysbuck and ithino also did this and the latter were able to obtain
food above the browse line by breaking down branchas. | '

Thase observations émphasise the :hnportance of special
anatcmical or. behavioural characteristics for the survival of a
species faced with direct inter-specific competition for the same
food plants, Duiker, which are cliefly low browsers, were shorter
than bo'i:h Impala and Bushbuck, but remained in relatively batter |
condition, in spite of the virtual absence of forbs and other low
browse on Island.17. This is obviously a very hardy little species
which no doubt accounts for its wideapread success throughout much of
Africa,

On this island, shortages of CGrysbuck food were duc mainly |
to Impala, although on Island 110 it was attributable solely to Bushe
buck, B

Wart Hog and Bush Plg rooted extensively on Island 17,
where the latter remained in reasonable condition while the former
~ starved, This may have been partly due to the differences in their
respective mmbers, but the main reason seemed to be the use Bushpig
made of carrion, which Wart Hog seldou touched, in spite of their
being known to eat dead animals,

Zebra remined exclusively grazers, apart from occasional
fragments of dry leaf taken in error, and experienced competition
~ for any available grass with most species on the island, It was
remarkable that, with their high biomass (22.2%), they survived so
long, The possession of upper incisora enabled them to bite off
the few tufts of perennial grass shorter than other species, but
the main reason seemed to lie in their use of dead trampled annual

grasses.
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Baboons competed very little with other species for food
as, when they began edting leaves and bark, they took mostly mopane,
aid starvation resulted from competition between themselves,

Collias (1944) stresses the importance of the peck-order
dominance in vertebrate animals, espocially Jduring; adverse conditions,
for determining which individuals su-ceed in obtainin; food, a mate
or a territory, so that it was surprising that no agoression was
observed between undisturbed Jmpala cutside the rutting season.

This a.plied even when individuals were dving and yet seven penned
calves attempted to “"hora" each other; purticularly while feeding,
and this behaviour was -crformed with equal intensity by the hornless
females as by the horned nales,

There was also very little aggression noted between
members of other species, while feeding, althougi: Wart liog competed
with each other to a limited extent for suitable burrows. this
even applied to Baboons, in which there was a general breakdown in
the social organisation of troops, which is discussed further on
pPp. 11Q and 122.

The pushing down of trees by ihino was beneficial to other
specles and leaves seldom remained long on these branches, and, as
noted (p.&§s ), an Impala, a fushbuck and a urysbuck were seen feeding
on food brought within reach, in spite of the ihino's attempts to
drive them away. 7This was the only case of aggressiveness recorded
between spyecies while feeding, although the Impala calves attackad
bumans in their pen, once they had become accustoamed to them, in the
sam@ wdy as they butted each other, and an adult Bush iig charged and
forced a full grown Wart ibg to yleld during a pame drive.

It is perhaps surprising that so little aggressiveness was
shown between species and individuals, includinz species like Rhino
(p.126), when animals became crowded into small areas where food
was so critical. Lamprey (gop. cit) noted that under less severe
conditions species which tended tu compete in the same habicat,
associated peacefully in mixed groups and observations at hariba
suggest this is generally the case among large mammals, although
there are obvious exceptions, such as when Elephant chase idldebeest,
Buffalo or Ciraffe, This is very different from the aggressiveness
shown between different species of birds feeding on a rich source of
foud (see for example Petrides, 1955, and hild, 1904,b), or when
birds of the same species feed together.

Deaths from competition were all attributable to starvation
as, with one exception, carcasses had wr& depleted fat reserves,
This exception was the Bushbuck which, although it had no back fat
and very poor red watery bone marrow, had a kidney fat index of 89.
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Christian (1950). describes a Stresa;'smm which causes deat_h '
and inhibits bx;ceding when animals became too crowded, even if
“there is adequate foot, Christian et al (1960) correlated the v
mass mortality of an islandic herd of Sika Deer, when the population
reached one animal per acre, with over stimuladon of the adrenal
glands and found no indication that the die off was due to food
. shortages, as ‘animals atill pessesSed reasonable amounts of fat.
Impala reached a density of over one animal per half acre on Island
17 without intermption to the breading cycls and it aeemed unli.kely '-
that stress, due to over-crowding, caused losses in this species, as
greatly depleted fat reserves pointed to plain starvation. ) _tx'hm '
also applied to Bushbuck on Island 106 and many species calved on
over-populated islands.  Some stress factor may, however, have -
mhibited ‘breeding in Baboons and Buffale, although losses in these
two species also resulted l‘ rom starvation. '

B. Predation

» There were a few observations of the relationships between
large mammal predators and their prey. Lion were noted on three
islands contalning reasonably sized groups of Buffalo, and in at
least one instance the Iion had swum over 1} miles to the island, --
although once on the :l'.aland'they preyed on other spccieé. The only
island where predation was allowed. to proceed a]moSt_unchec‘ked was
Island 21, where a Leopard aiim!.na‘ted all the Wart 'lbg and most of
the Impaln before leaving the island after the 11 surviving Impala
had been rescued., '

As suggested on p.us, it is unlikely that a I.eopard would
eliminate tart log in an unrestricted habitat with adequate burrows,
'which, incidentally, highlights the relationship between kart Hog
and Antbear, which was so obvious on a muber of islands, as Antbear
were absenc from Island 21. Further, there does not appear to be
an authenticated case of a free-ranging large mamsal population being
seriously curta:ued by predation alone, Even the frequently quoted
example (see Allee et al 1961, ~.707) of predator control causing an
eruption of deer on the Kaibab Plateau, described by Leopold (1943),
may have been ovér-simpliflcation. according to Mr. L. Robinette
(pers. comn. ), historical records indicate deer were not mmerous in
the area until it was temporarily oéexj-stocked with cattle, which
resulted in improved deer habitat as scrub encroached into grassland,
Deor numbers increased and eventually overtaxed the range and crashed
during two severe winters. Had predators- not been controlled, they
may have cushioned the eruption, but it is debatable whether they
would have prevented an upsurge, triggered off by marked cbanges in
the habitat.
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- wnght {196()) considers Baboons may have increased in’ parts
of Fast A{rica due to the heavy poachmg of Leepards, but leada little
evidence in support of thia. | Leopold (1950) feels predators are _
usually vell adjusted to then' prey, unless nan has interfered \m:h the
equilibriua, and it is generally accepted that the prey populations '
benefit from predat.ion {see Allee ot al, op, §_§_, p.374 £f£). A.mrie
(1040 and ‘1944) and Borg (1962) hava shiown that predators attack mstly
axckly or weak animals and have no adverse effects on the prey,: ulnch
benefits from the renoval of aniuals which. are already doomed. Murie
notes that this would tend "zo quici:en the adjnscement of deer {also
Caribou, Rangifer arcticus (R:.chardmn), and Dall Sheep, Ovis dalli
Nelson ) populations to conditions of the range" and Allee et al
quotc other ways in which predation night bencfit populations of animals

"other than large mnals. o '

N eulling or cropping of hrge ungulates on a sustained yield
basis demonstrates how nany wild pepulations can withstand an increased
’ annnal ‘mortality, while Riney (Ms.) and Child and Wilsen (1964b} have -
o sbown that certain intensities of . hunting may stimulate an mcrease in

" numbérs so that it is reasonable to assuie predators could have

similar effects under cercaxn ¢ircumstances. An analysis of Wright's |
(op. git) and Mitchell et al's (in press) data shows that in East
AMfrica and the Kafue National Park, there was a marked selection for
" males. Wri.ght obtained an overall sex ratio of 60 males per 100

females in & sample of 67 sexed kills, which are, unfortunately, mt o
_broken dmm by species. m'*_bcbell_ et al!s ratio for 30 prey species

vas 100 males to 84 females in 254 kills, of which the nine principal

' species are shown in Table 30, taken with’ slight mdification from
 their paper, The selection for males is more marked than thege resul.u
suggest at firat glance, as most wild populations predominate with
females and Robinette et al (1959), who found that deer constituted

77% of Cougar, Felis concolor (Linnaens), diet by weight in winter,

. obtained a sz.gmﬁcantly higher proporr.ion of males in a sample of 148
winter kills than occurred in the deer populat.ion, although the two

ratios were almost 1dentical m summer., The tendency to increase the
‘number of females in polygamus species, sach as Inpala and Buffalo,
“which particularly concern this paper, wonld rniae the reproductxve
potential per unit of pupulatj.on in the prey species, thus pmvidzng the
- ‘mechanism for an’ increm in the po;:ulation through the moval of

3

surplus males. .
" Predation of Inpala on Island 21, which reduced the herd fron
about 35 and. eliminated all calves and adult males, therefore had two
effects. It reduced the population pressure in a restricted habitat,
but favoured the rapid re-gxwth of the prey pepulation if the re-
stnction were rmoved by increasing the proportion of aexually
--mature females. ~ Three yearling mles survived and would have matured
by the following rut, 50 that zhe effecta of predation on t.hu island

&,



The Sex atio of Significant Prey
Species in the {afue National Park.
(After I"itchell et al, in rress).

Females killed per

Spocies Sample | 1CC males killed.
Buffalo 9% - 63
Hartebeast Ve 8
Readbuck 51 5
Pulaa 40 122
“art Hog 33 32
Duiker 25 79
Irpala 18 | 56
Roan 16 &
Sarle 14 133

Average 7C.2
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the long term maintenmce of species in mar;inal areas subjected to
' periodic shortages of habitat resources due to ﬂuct.uations in rainfall. |

Changes -in populauon structure may ar:l.se through a higher
mortality of scme sex or age classes, through the suspension of bre_cdir_;g
_activity or preghancy failures, or & ceuhingdou of both,  Selection
favouring these changes might be expected to have a greater effect on
‘gregarious species where the herd and not the individual, or breeding V
pair, 1a the. basic unit of the population and wuld depend to some
extent on the individual specles’ ociology. It was, therefure, not
surprising that the great.est shifts in papulntion atructure found in
samples faced with extinction occurred in the most sociablc spec;ies.__*

Among Baboons, there was a breakdqwn in the aocial ox’ganlsation
of trooj)s leaving a residue of old sub—adqlts,or young sexually mature -
animals.,  This was caused by a cessation of brcedingf'activity, high
juvenile losses and possibly pregnancy failures on the one 'h'm-xd, and
the diaparsal away from the troop of the oldest animals, 1nc1uding the
largest males, on the other., The reuaining sepnent vhich maintained
_troop cohesion for a c_onsidefable period after most of the troop had
perished, was potentially the most fecund group. Its members had -
survived the rigours of early growth and were on the thréshhold of
their reproductive life,  Had they survived the catastrophe, they
would have provided the most efficiént nucleus for re-establishing the
troop when envirormental conditiom improved, . -

Impala are highly gregarious and very succesaful in marginal
areas in Rhod_esia. Feeding patterns are probably of great importance
in this respect (p.$6 ), as are compensating mechanisms which operate
during a decline in numbers in critical years. Starvation on islands
favoured the survival of sexually mature females and yearling males at .
the expense of calves and adult males. There was the expected heavy
calf mortality which generally favours adults, gspeciélly lactating
females, as was shown by the slight_:ly be_ttér conditions of those with
dry udders compared with those still lactating shortly after the rut.

: ' Sexually 'mtu;-e rams were the next most aenSitive youp and
died in fair mnberu on Island 17 soon ai’ter the rut, which took placc
early in the dry season., By then, most of the females were pregnant,
80 that the losa of rams h_ad the beneficial aﬂ‘ect of reducing popu-
lation pressure at the onset of the most critical time of the year, The
addi tional strain on males of rutting behaviour is, therefore, benew
ficial to t.he populntion, as then are probably always more males. thnn .'
necessary to cover the females, and yearling malea, which were mng
the animals in best condition, would have matured by the following rut,
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There was no significant lowering of the groportion
of pregnancies on Island 17, although the small aize of the year- _
lings on ‘Ukubula I‘slanﬂ in Decembeyr, 1962, after several months of
severe conditions, suggests that a drought might lower the proportion
reaching maturity by the time of the rut. No indication of abortion
or resorption of foetuses was found on Islands 17 and 144, during the
' first few weeks of pregnancy, but widem_:o frw Rescue Kkeports suggests
 some pregnancy failures on ikubula Island.  This or a hsavy loss of
young calves reflected in the low calf to female rati.o, when calves
were four to aix weeka old. '

In this species, the smt in po;\ulauon structure
favouring mature females and yearling males provided a good meche
anism for the 'rapld'_ro-estabhslnent of numbers when conditions
improved.,  There was no evidence of a change in the proportion of
young to old females of breeding age and it seems unlikely that this
would materially have affected the breeding potential of the survivors,
‘as the high pregnancy rate found in this species suggests few females
survive to pcst treeding age. It might be argued that over-crowding
on islands intensified cmpetiuon between males seeking harems, so
accelerating their loss in condition during the rut, but this was not
noticeably the case and Stevensonefamilton (1947) describes similar
losses in condition under unrestricted conditions. Further, the
suall sample of carcasses found by Dasmann and Mossman (1962,b) and
the larger unaged sample collected by Rushworth (1964) in the Tuli
Circle, fit the pattern observed at Kariba remarkably well.

Selection for sexually mature females would raise the
raproductive potential of the herd; ”, that a succession of poor 7
years, which allowed sufficient interval between them for numbers to
" build up,'could' actually result in a potential increase in the popu- |
“lation, provided the level of food shortages during the critical time

of the year were of the right magnitude.  The marked differences in
the physical condition of adult males and females at the beginhing

of the dry season, would mean that the severity of food shortages
could vary within fairly wide limits and still lead to a greater loss
of males and an upward trend in the population. This leads to the
hypothesis that mismanagement of the veld results in conditions which
approach the threshold, where slight depressions in climatic conditions
will lead to an increase in Impala. Further deterioration of the veld,
either by the Impala or continued mismanagement, would approach the
threshold at which females were affect.ed and eventually the collapse

of the entire population.

Little is known of growth and maturity in Buffalo or of
the role of different sex and age classes in the reproductive cycle
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or general social organisation of the herd. They are,‘ however,
highly gregaﬂous and a definite shift in population structure wvas
evident on Ukubula Island, There was lictle succesaful calving on
the island and a heavy juvenile mrtality was prevented by the rmonl
of most of the galves, but in older animals, young fully grown indi-
- viduals were favoured. ~ This resulted from a heavy die-off of

o females with all adult teeth and small losses among full grown
 females in which adult tooth replacement way not yet complete. This .

led to a slight over-all increase in the propartion of maies, which

has been observed in other saturated islandic populations (p. 108),

~ but the high propartion of young adult females which survived would

* have been of particular eignificamce to the potential re-establish- -
ment of the herd had it been under um'utrieted conditions zulproved
nt‘ter a drought for éxample,

Zebra are gregarious, hut neither differences in physical |
condition nor a differential mortality between different sex or age
classes was manifest on Island 17, when the sample was critlcal}.y
short of food. A lower proportion of juveniles could, lowever, be
expected under severe conditions » although the close adherence to
parity in the sex ratio of Zebra, culled on crepping schemes in dry
" marginal areas of Rhodesia, sugge:ts there is no different.xal mor tal-
' 1ty between the sexes,

Wart Hog are semi-gregarious and associate in groups or
family parties of up to about 12. Over~crowding led to a rapid die-
off among sucklings and, to a lesser dagree, yearlings, thus favour- |
ing individuals over two years old, -

There was a lower proportion of males in Bushbuck trapped
on 1slands than in Tsetse kills, which may indicate greater survival
in females, but the only clearly defined shift in structure among
other small, solitary antelope (Klipspringer, Duiker and Grysbuck)
was a lowering of the proportion of juveniles, although all three
species calved after prolonged isolation under adverse conditions.
On the other hand, Roth and Child (in press) have shown that heavy
losses among juvenile. Fhino could not be attrlbuted to condit:lons

~on islands, as they did not apply for long enough to alter ‘the come
position of the population to any extent, if at all, Calves wers
born on islands so that the normal reproductive pattern of thi.s slow
breeding species was also probably unaffected,

These patterns of mortality are summarised in ﬁg. 23,
which shows that it is obviously a different phenomenon from that
shown by populations growing towards maximumm numbers. In seven
species there was the expected heavy loss of jmniles, ‘but the
~ proportion of males and females was little changed. In the three
most gregarious species, however, in addition, there were definite
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 shiifts in the age"conpositic‘:_n of the adult pomlaﬁion, which
would have enhanced the population's return © original mmbers
after a catastrophic food shortage. A high proportion of young
~ adult 'females aurvivéd at the expense of older females in Baboon
" - and Buffalo, » although in Impnla the survival rate of all mature
females was similar. - There was a reduction ef old males in both
'L Baboon and Impala where a high prepurt.icm of young, well grown
. males survived s although this my not have applied in Buffalo where
- a alight trend towurds old bulls was apparent. The mechanism

~ effecting these shifts was only dstermined for Iupala, altbough in

all three it favoured the survivd of the most fecund segment of
the population. uunting of a certain intensity would have the same
effect of reducing the avérage‘aga in the breeding herd, and, as
h‘ilson (1965) has shwn, increasing the proportion of females in
some ‘species. This offers an explamtiou as to why some species -
increase under certain intensities ol' hunting as Riney (1963) has'

" described.

Simlar mer.;hanisﬁ’s were not apparent for Zebra or Wart
Hog, or for the more solitary species, possibly because the popu-
lations are more spread out. A retention of the proportion of

males and females to within fairly narrow limits may be necessary
to ensure adequate’ contgcta for breeding purposes in such species

as Grysbuck, _\rhich_ have restricted home ranges and an adult sex ratlo
approaching parity. This would 'app'ly particularly after a popu~
‘lation had been thinned out amd when maximum roproductzon among
survivors is desirable to re-establish numbers.

Duiker females can calve at least twice a8 year and thia
may also apply to Grysbuck, as it is lmown in the congeneric Steen-
buck, and Bushbuck, all of whom calve throughout the year, This
means losses can be made up more easily by reproduction alone than
in specie'a with a lower anmual reproductive potential, such as
Rhino, in which Roth and Child have shown survival of a population
to be largely dependent on the longevity of the adults.

_ Wart Hog, however, have a very high fecmditf among
large placental mammals, equalled by fow except other suidae and
the carnivores, Stevenson-Hamilton {1947) indicates litter size
in lion may adjust in response to the availability of prey in the
~ way Lack (op. git) describes for a variety of smaller animals, and
it would be interesting to know whether a similar mechanism applies
‘in vart Hog whose unborn littera vary from one to eight.

A high 'prOportioh of sucklings usually die, but provide
the means whereby a depressed population could soon build up, The
habit of females adopting orphaned sucklings would enhance the build
up and seems the only plausible explanation for this behaviour, If
the majority of the young die in a stable or declining population,
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there would be 1o advantage in a f-ale having added ccupetition
against her own young, unless there was some 1nherent benefit to

the whole group in certain circmstances. The pattern of morr.ality N
at. Karxba suggests that ‘this behavionr can only be widespread in an |
expanding population, as the juveniles were the first affected: by &
reduction in numbers and most disappeared before st.arvat.ion af fected
their parents s 80 that environmental resistance would produce few
,orphans. ~ Obviously culling a population lifts “the. enviromental
pressure on the aurvivors 5¢ that adopt.tons can become more wide-
s;n'ead, as they did .'m parts of the Zululand Came Reserves.

 Zebra may associate 1n large herds, especially in open =~

country, but Klingel (}964) found these very unatable, and that the

puiation consisted of sﬁall family groups, made up of a male and. '
ons to five females and their offspring, and bacheloxr parues.
These sociological units are rather similar to those of Wart Hog
and, in both apecies, populatiops tend to have similar nunbers of -
males and females, suggesting this is necessary for sociological
reasons.. In many truly gregarious specics, however, a few males
can serve many females, but in none of the three species in which
& hamostatic mechanism was observed at kariba, involvi,ng changes in
the ‘adult BeX and age atructur‘e,'_ia ﬂn i'eproductive potential g‘edter
than 100 young per 160 mture females per year, aa multiple birtha '
are exceptiona}.; :

Baboons and Buffalo mature slowly, limiting the rate at
which populations can grow, so that these mechanisms are of paruculdr
importance after a set-back, . Thiy indicates another value ,besides
protection, for the gregarious habit in uargxnal areau as, to act
efficiently, the mechanim requira a inirly large well co-ordi.nated
aroup. . , ' '

‘It is therefore 1hterest1ng'that Talbot and Talbot (1963)
found a similar state of affairs in the highly gregarious Wildebegét
in Masailand. There were about 52% males in a stable population on
Yoptioum" range in Western Masalland, compared with 32;8% males in
Eastern Masailand, where iildebeest habitat has deteriorated, Calving
was delayed in the latter area in 1961, when few calves were born and
juvenile mortality yas high, at a time when adults also died in large
nunbers from the effects of several successive years of dtéught.
However, rainfall was heavy and food plentiful in 1962, which resulted
in a heavy and successful calf crop the following year.

‘The pattern here appears to show a remarkably close parallel
to that of Impala, The sex ratio for Eastern Masailand was taken by
Lamprey (quoted by Talbot and Talbot, 1963) defore 1962 and appears ®

have been based on counts over the previous fivev)'vwa s including
1961, “the height of a series of drought years". It thercfore appears
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that the optimum sex ratio in k’ildcbout is over 50% males, but that
during droughts in poor habitat, this proportion is reduced in favour

of females, These are seasonal breeders, with a reproductive potintlal
approaching 100 calves per 100 mature females, but this potential is
greatly reduced in poor years, fbwever, the griater survival of
females was obviously beneficial to the Wildebeest population on peor
range after the good rains in 1962, which resulted in a heavy calf

crop and the early stages in the regeneration of the population,

In a smaller sample of 79 Mule Deer, which are not highly
gregarious, however, Leopold et al (1951) give figures which follow
the same trend, indicating that the mechaniem may also sometimes apply
to species with a different social erganisation. They obtained a
sex ratio of 58 males : 100 females, excluding fawns in the fall of
1948, and located 79 carcasses at the end of the severe winter, of
which 11 were bucks, 15 does, 31 fawns and 22 unsexed adulta, but
calculated an overall loss, from an area of 304 square miles, well in
excess of 2,000 deer. Again, there was a tendency for a greater
proportion of males to succumb during a catastrophe and it is inter-
esting that no yearling or prime adult (2-5 years of age) carcasses
were found in the sample, which included 60% old adults and 40% faams,.
It is also interesting that they found an inverse correlation between
the number of bucks per 100 does and the mmber of fawns per 100 does.

Silberbauer (1965) found a similar age structure in Kalahari
Bushman populations following a severe smallpox epidemic in 1950-1951,
He attributed the high proportion of children under 10 years old (33.5
to 357) to post epidemic breeding and notes that the age group which
was between five and fifteen years during the epidemic had a high
survival rate compared with both younger and older age groups. He
concludes that "this differential mortality during the epidemic is
responsible for the curious frequency-distributions through the age-
groups and for the presently ahnormally high rate of increase indicated
by the high proportion of young children”,

In five species, including three from Kariba, and in a
primitive human society, compensating mechanisms, evolved by selection
on social groups, tend to ensure a high reproductive potential over a

maximum period in the individuals which survived a critical period.
This interpretation differs from the explanation suggested by Wynne-
Biwards (1962), He emphasises the importance of social mechanisms and
community structure as a control preventing wild populations from
exceeding the carrying capacity of their habitat, Fssentially, he
claims that besides its role in reproduction and defence, sociology

is vital for spacing individuals, so that at no time will their
requirements exceed the resources of their habitat, especially as
regards food, MNusbers tend to adjust to optimm density in a stable
habitat and, fundamental to the theory is some "feed-back" mechanism
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. that ensures tha pomzlatmn will not ‘exceed available resources,
 which may not currently limit the population. Wynne-fdwards points

. out, howevcr, that self regulation by special homostatic adaptions
caniot be expected to apply in arcas with unduly fluctuating climatic
conditions. Here "Diapersionary Control would be temporarily lost _
and starvation and resource damage might occur" '

( _Resource damage attrxbutable to wild powlations of large
‘mammals is widespread in many parts of the world, especially in
_ marginal or gemi-arid regions, » but also where the climate i3 less
severe. In Africa alone, Petrides and Swank (in p_gggg_) report
‘ cver-populntions of wild ungulates in parts of the Queen Elizabeth
National Park, Uganda, Petrides (1956) near Nairobi, Kenya, and
Savory (in press) in the lower Zambexi Ealléy in Rhodesia. Game.
is at least locally overstocked in the Wankie National Park and Tuli
circle in Rh'odesid,,culung of Elephant, Hippo and tuffalo is cone
sidered necessary in the Mangwa. Yalley Game Reserves in Zambia, -
and culling has been carried out for some years in the Zululand Game
Reserves. These areas show a considerable variation of habitat and
have averagc ‘annual rainfalls from about 10 inches toover 35 inches,

. The observed effects of gm on their habitats would,
 therefore, place these areas outside the region in ‘which Wynne-
Edwards would expect his theory o hold, and yet he finds supporting
" evidence from the migrations of Springbuck, Antidorcas marsupialis
Zimmermann, a épéciea of the semi-arid regions of Southern dfrica. -

. ~ There are certain other mconustemien between observationa
at Karxbn and tynne-Edwards ! theox-y, which places considerable emphasis
on social hierarchies for mmntaining the optimum stocking rate in a
habitat. _ The behaviour of adult Baboons, which broke away from the
_troop'to forage individually when food was scarce, appeared to be a
social mechanism which promomd the survival of the young adults, by
reducing population pressure in the troops! accustomed 'range., There
 1s a well disciplined hiérarchy‘in Baboon troops (Hall, 1962 ) headed
by the older and bigger animals under mormal conditions, yet these °
_animals, including the largest males, were among the first to break
away., This is contrary to the situation desCrll;ed by '.synne-Edwarda,
who suggests that in times of stress, the lower levels of the hicre.
archy are eliminated successively from the population. He furtlie'r
predicts that social activity will mount as a prelude to major hhahgét
- in population density, but both Hall (1960) and the 'prevsent author
found the opposite, while individuals were emigrating from the troop's
range. Squabbles and vocalisations which are important in main-
| taining the hierarchy diminished in intensity and f‘reciuency to vani-
shing point, - ‘
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“ There are a few observations of nggreasive behaviour hy

| 'adult vart Hog, especially against yearlings, but its relative

v-inr_,ensity cannot be gauged until the frequency of such behaviour
under less densely populated conditions is known, It is probable
though, that it was fairly normal as there were fm observations,
gven off Island 17, and few had wounds which'co'uld have ‘arisen through
intra-specific fighting, considering the severs cmpetition for food
‘and burrows on some of the islands. : -

| Similarly, in Impala mature rans died of starvation after
the rut, This loss was not as complete as in Baboons, but favoured |
yearling rams which ware presumably lower in the sotial stale, and .

~ yat the only ameaéiveneés recorded was associated with the rut.

Even the ccmnonly observed fighting between ‘{mmature malea, which is
probably a form of play, was never seen on over-crowded islands,

Rhino are described by Hutchinson and Ripley (1954) as
territorial, as they apparently often fight between themselves and
yet there were only two possible cases of aggression between in-
div;ldualg confined on islandd, (ne was a fairly old carcass with
a large wound in its side, which may have been caused by another
Rhino, while the second involved a short fight after a partially
drugged animal blundered into another, '

The initial shock absorber to deteriorating habitat, re-
sources, shown by all species, was a general loss in physical con-
dition, followed in most cases by a heavy 'juvenj.le' mortality. The
latter was apparently supplemented by a suspension of breeding activity
or pregnancy failures in Baboon and Buffalo and, to a lesser extent,
Impala. These three mechanisms all have a physiological basis and .
probably arose from the low plane of nutrition to which the animals
were subjected, as this is knm#n_ to inhibit ovulation or induce
preghancy fallures in domestic stock and humans. Ledpold et al
© (1951) cite Stoddart and Rasmussen (1945) who found a higher fawn

production on good ranges and Cheatum and Severinghaus (1950) showed
that ovulation rate iz related to the plane of nutrition, and as
Hart and Cuilbert (1933) and Miller et al (1942) have found, partic=
ularly to the intake of Vitamin A, lorton and Cheatum (1946),

- Taber (1953), Taber and Dasmann (1958) and Julander et al (1961),
all demonstrate that the plane of mtrition before and during'thénit
affects the fecundity of deer, and Robineatte é_t_:_ al (1957) quote
evidence that the weight at birth and pregnancy failures are also
related to nutrition and, as noted {p.40 ) the human cytle is inter
rupted under severe conditions. Hrmmond (1960) bas examined the
literature relating to this subject in domestic animals and comes
to the same conclusion as do Robinette et al ( op. ¢it) in their

" review of the buman literature,:

, Growth is a severe strain and, in most species, limits
the deposition of fat reserves necessary to survive critical food
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shortages (S¢e Ior example Brody, 19&’5;' Liney, 1954). That these
“mechanisms were not sociological, as Wynne-ilivards -infers, is borne
out by the fact that at Kariba the young were in the same habi tat
and feeding on the same plants as their parents, \d.thout. the latter -
showing any resentment towards them. - '

- In Baboona, the loss of aﬂults was preceded by a break— |
down of social bonds, while 1n Impala fcourtship bchaviour" influenced
‘the pattern of mortality among males: In these two species, sociology
‘acted in homostatic mechanisms resulting in as rapid a return of the
community to its-original numbers, after a critical food shortage, as
possible. Whether or not it would also act to inhibit population
growth after the optimum density for the sustained maintenance of
the habitat has been reached, as meo—!ﬂdwards suggents, is not known,
However, it bas been noted that large marmals, including Impala and
Buffalo, may increase beymd the ¢apacity of the range, often as a
result of some manipulation of the environment. This may_folléfv the
“introduction of domestic stock or the Munnagemnt of fire (kiney
1963 ), or through the manipulation of water in dry marginal areas,
which suggests that the control of mmbers in mnntaining a long ®rm
equilibrium between animals and their habitat may be essém:lally a.
function of envirommental néistance; In this case), and in the light
of present uuderatand.tng, it does appear that periodic droughts may
be an important factor in maintaining a stable ecology. ’

Browsing and grazing animala survived for remarkably long
periods while food was critical on islands at Kariba, vhere they had
ready access to water. GSimilar effects on the vegetation occur
around artificial water h‘olea' in the wanide National Park and other
marginal areas, where large mammals are clearly locally overstocked,
Some speclies, native to dry marginal lands, can survive extended
periods without water, but increase in numbers when water is available,
suggesting it may be equally as important as food, which Lack (1954)
has emphasised, in controlling numbers in some dry marginal ecosystems.

Periodic local dx?odghts may then spell vegetation from high

concentrations of some resident species which are adapted for rapid
recovery from food shortages., The wanderings of Wildebeest in
western Masailand in quest of green prass which flushes after local
rain, found by Talbot and Talbot (1963), has a similar effect. The .
“same result is achieved by the formation and eventual silting up of
‘pans, described by Weir (1960), or occasional floods which gouge cut
water holes and silt others up in rivers which flow seascnally, as
this would shift the intensity of animal pressure in a given region.

This hypothesis, coupled wvith observations on islands in’
Lake Kariba, suggests several different but often inter-related factars,
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¥hich harmonise in the maintenance of an animal environment balance
in dry areas., _Water, or the lack of it, may influence numbers in
‘otherwise suitable habitat. ‘The availability of food or cover can
obviously limit. populations » either through basic shortages of the
necessary types, or through cmpeution from other species. This -
relationship between the mmbers of one tpleies and t.hone of another
~ is but one of the mmerous ways in which one spocies can 1nf1mnce the
well-b.ing of othen., o

m—judged hmting or the mimamguent of the land can;

for example, easily upset thess delicate balances with results which
may be deleterious to the continued mintenmco of ‘conservat.ion
values. - A better underat_aﬁding of the mechanisms operating to
~ achieve this balance are therefore desirable for the intelligent
management of mirginal areas, as they are especially seriaitive to .
wis-use. The exploitation of ressarch opportunities, such as those
found at Kariba after the removal of the people, or during the raps.d
dentmction of vegetation in incipient fishing groundu, or those
associated with the formation of the Lake, can provide much of use
to students of animal behaviour or ecology, or conservationists
'concermd with one or more aspacta of promtion or management.
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, Lah Kariba covers ,109 squau nﬂes in the Oentral Zambeu
‘Valley and formed .i.n five years following the damming of the Zambexzi
"River. The evacuation of the primitive native inhabitants, whose
local over-»population on fertile alluvia was downgrading the veld;
- the clearing of vegetation from inciplent fishing grounds, and the
filling of the new lakc, all led to changes in the habitac of this
dry marginal area, dcdmud by mepane veld and occupied by extensive
a powlatiena of large mammals ., - -' '

. The present paper deals priuaruy vith the behaviour and
response towards lake formation of 21 species of large mammal, and
the conditions to which a mmber were subjected when they became
marooned on small ‘temporary islands. This is, however, preceded by
" a brief description of the methods and results of measures taken to.
"save these animals and of the effects of flooding on the habitat and -
- on other groups of animals, = Aguatie organisms benefitted from the Lake,
but reptiles and some birds became marconed on islands and eventually
perished, even when the latter wers within flight distance of the

A pqwlatiohcmpt.idn of rodents, obaerved during the first
year of Lake formation, was apparently not due to the effec_ts brought
about by the _!Qriba project, although the absence of woody vegetation
in bush clearings appanntly hagtened the crash in _thaae areas.

The accounts of the responses of large mammals to flooding
and the behaviour of those found on islands, are prefaced by comments
on the species distrihuuo_n and gener_ial atundance in the Kariba Basin
and on the possible effects of human settlement on this. They contain
pertinent aspects of the ‘species' bology including new information
from field studies carried out eluwhere in order to evaluate data
from Kariba,

Troops of Baboons became maroconed because of a reluctance
to leave established home mngei » 48 they showed little fear of water
and could swim well, - Food shortages on islands led to a rapid |
deterioration in physical condition, a suspension of breeding activity
and heavy juvenile losses. There was also a partial breakdown in ‘
troop cohesion as social behaviour diminished and adults broke away
from the troop and perished, so that the last survivors in three
troops were young more-ur-leu full grown individuals.

ﬂyaena, Leopard and Lton wvere all atrong swimers and one
pride of Lion swam 14 miles to- an island, = These three species
benefitted from the concentrations of game on islands and showed a
tendency to leave of their own accord when food diminished,
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Antbears swam well, but were difficult to drive into the
water as they sheltered in their holes. On two islands conditions
were unsuitable for burrowing, due to the Mty of the water
table or the rocky soil, and‘on several islands they were short of
food, : '

Elephant, Waterbuck and, to a lesser extent, Kudu swam to
islands to feed on vegetation which flushed eut of season, but
usually left again when t«ding'comntiom deteriorated and, con-
sequently, encountered few of the adwerse effects experienced by
species marooned on hlvands.

Roan were never trapped on islands, Eland were only known
from one, while Zebra and Duffalo were found only on islands which
formed from large areas., Zabra were poor swimmers, but showed
remarkable resistance to deteriorating habitat and, although they
became thin, there were few natural deaths and no change was detected
in population structure. Buffalo tendod to swim off islands but,
in one case, a herd of over 200 became marooned and would eventually
have perished. There were indications of reduced breeding and a
heavy mortality followed the rescue of most calves, and favoured
young mature females and mature males at the expense of old females.

Rhino were very weak swimmers and their condition deteriorated
on island before they could be rescued., Bush Pig had little fear of
water, swam well and were adept at avoiding capture, so that many
drowned when islands submerged, although they survived remarkably
well under adverse conditions., Vart Hog, on the other hand, were
more reluctant to go into the water, although they were strong swimmers.
They were the second most mmerous species on islands where food and
cover was limited and were often in poor condition. This led to
heavy losses in successively younger age classes, which affected both
sexes similarly, The presence of these three species on islands was
attributed to their localised habits.

Duiker, Grysbuck, Klipspringer and Bushbuck became marooned
on small islands as they are apparently very localised. .part from
Klipspringer, they took to water readily and could swim well., Klip~
springer differed from the other three in that they became limited to
their most favoured habitat, which reflected in their better physical
condition, Few young were noted for any of these species, however,
suggesting a heavy juvenile loss and, in Bushbuck, there may have been
fewer males than usual.

Sable were easily chased into the water, but were relatively
weak swimmers whose condition deteriorated markedly on islands, This
culminated in deaths, but the sample was inadequate to detect any
shifts in population structure. '
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The most mumerous ‘species on islands was Inipala whose |
localised habits and poor swimeing ability are described.  The wide
range of foods taken aifected other species on an island adversely,
and indicate one reason for the success of Impala in down—graded
.marginal habitat. Declining physico.l condiﬂ.cm culminated in a i "
heavy calf mortality affect.i.ng both sexes evenly, a.nd tollowing the
rut, when most mature females conclived there was a heavy dm—oft
of males. This, and the temdency for more young males to diaperse,"
- explains the preponderance of females in uany Impala populations.
The loss of adult males ralsed the reproductive potential .per unit o
| population'which survived a crisis, which suggestn another reason
for their success i.n deterioratmg veld which is wore sen..it;ive to
fluctnating climatic conditions. . ' ’ '

| Conditions on one island allwod a deacrlption of the fauna

, m an area of almost undiswrbed mopane veld, This showed that in
. spite of its low agricultural potcntial, it supported a reasonably
dense nnd varied ungulate population, ‘even ccmpared with that in am
other game areas in Africa,  Nevertheless; it was not as high as that
reported from thismamged mopane- veld, possibly on account of changes
in the grasses wlnch tempornrily favour more animals, although of-
fewer specles, o .

, Extreme over-population led to severe competition which
resulted in little aggressiveness between members of the same or
different species, but dnpbailsed the importance of special anatomical
or behavioural characteristics. Most significant was the absence of '

any indication of social hierarcmn acting to ensure animals highest
.in a "peck order" obtained wost food and, in three apecxea, animls
lower in the secial order survived best. N

Leopard elininated Wart Hog on one igland, but it is argued
that predation is u‘suhlly ineffec'tive in controlling populations of
large mammals, and probabiy raises the reproductive potential in some,
" as there is a tendency to kill a higher proportion of males, This
and t»he effects of diapqrsing a population from local centres of over-

population are ways, in addition to those mentioned in the literature,
in which predation may favour a prey spu'.:les. _ ‘

Patterns of differential mrta,lit.y between different sex and
age classes in Baboon, Impala and Buffalo marooned on over-populated
islands favoured a rapid regrowth of the pnpulat,ion from the survxwri
~of a calamity. Thi.s apparently applied in other species away from _
Kariba and indicates the importance of social selection, acting on a
' group, in the survival of populations in marginal areas, where
periodic droughts may be one of several significant factors in the
maintenance of an equilibrium betweon animals and their habitat.
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