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ABSTRACT 

A stud)' of the diel and food preferences of thc rock hyrax was 
conducted on rangeland in soulhcm South West Africa in response 
10 complaints by Karakul sheep farmers that the species was 
competing wilh livestock for grazing. The botanical composition 
of the die! was q u3n1italivcly determined by analysing stomach 
contents u~ing leaf epidermis anatomy to identify Monocotyledons 
and gro.<s morphology to identify Dicolyledons. The diversilY or (he 
diel and I he role of moisture contenl in the selection of forage 
species is examined. Food preferences were determined by com
paring lh~ relative availability of herbage species with principal 
foods. The results show thaI tnc rock hyrax is an imermediate. 
opportunisllc feeder. An evalualion of Ihe hyrax problem indicates 
Ihat a small proportion (estimatcd at about ooe per cent) of the 
poICmial agricultural ric1d of the study areas ,~ lost annually. 
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INTRODUCTION 

In the arid regions of the Cape Province of South Africa 
and in southern South West Africa where extensive 
sheep farming is practised, the rock hyrax, ProcQvia 
capensis (Pallas 1766) (Hyracoidea: Procaviidae), oc
curs commonly in mountainous and rocky terrain. This 
animal has been the cause of concern to farmers 
because it is said to compete with sheep for forage in the 
sparse vegetation characteristic of these areas and in 
South West Africa the species is a proclaimed problem 
animal in accordance with the provisions of the Nature 
Conservation Ordinance, no. 4 of 1975. 

As early as J 946 an increase in the hyrax population in 
the Cape Midlands was documented by Thomas (1946). 
He stated that this increase was caused by the extensive 
predator control programmes (jackal-proof fencing etc.) 
which became effective at the time and that hyrax "pick 
out the best grazing... and eat everything before 
them." The Department of Nature and Environmental 
Conservation of the Cape Provincial Administration 
subsequently initiated research on the hyrax (Hanse 
1962) and various reports were produced. Several 
aspects werc dealt with including a general study of the 
problem (Hanse 1962). reproduction (Millar 1971, 
Millar and Glover 1970 and Minar and Glover 1973), 
reproductive physiology (Millar 1972 and Millar and 
Fairall 1976) and a description of a light-shielding struc
lUre in the eye of the roek hyrax (Millar (973). 
However, no attempt has been made to define the 
problem precisely and its extent in the Cape Province 
has not been studied. 

Allhaugh several species of hyrax occur in East Africa, 
all of which have received attention from biologists, no 
mention is made in the literature of their being a threat 
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to farming activities. Reports have been published on 
research conducted into the feeding of hyrax in East 
Africa by Coe (1962), Sale (l965a, 1965b and 1966), 
Turner and Watson (1965) and Hoeck (1975). These 
results have provided useful background information 
pertinent to the Southern African problem. 

An assessment of the extent of the hyrax problem in 
South West Africa from a farmer-questionnaire survey 
(Lensing and Joubert 1977) indicated that the problem 
is localised and does not occur to any appreciable extent 
north of 26°S. It is strictly limited to mountainous areas, 
namely the Karas Mountains, the Schwarzrand and the 
escarpment. 

The present study was aimed at defining and evalu
ating the hyrax problem (sic) in southern South West 
Africa by investigating the species' feeding habits. The 
large numbers of hyrax present enabled a population 
sample to be collected which made it possible to em
ploy the technique of stomach content analysis. Sto
mach content and faecal analysis was pioneered by 
Baumgartner and Martin (1939) and Dusi (1949) and 
stomach content analysis has since become a popular 
technique for ascertaining the diet of herbivores (e.g. 
Martin 1955, Chapman 1957, Hewson 1962, Carleton 
1966, Hayden 1966, Sparks 1968, Field 1970 and 1972 
and Turkowsky 1975). It has also been used by South 
African workers for a variety of species (e.g. Bigalke 
1972, Liversidge 1972, De Graaf, Schulz and Van der 
Walt 1973, Hall-Martin 1974 and Wilson, Hirst and 
Ellis 1977) but, as far as can be ascertained, not for 
rock hyrax. 

This paper is the third in a series of three, the first 
and second of which (Lensing 1980 and Lensing and 
Le Roux 1982) respectively described the abaxial leaf 
epidermis anatomy of the Monocotyledon species en
countered in the study and the technique used to de
termine relative herbage availability. It describes the 
results of the stomach content analyses and the food 
preferences of the rock hyrax. 

2 STU DY AREAS AND METHODS 

2.1 Study areas 

Almost the whole of the Groot Karas Mountains, 
where the study was conducted, is utilised for extensive 
stock farmjng. Due to a lack of arable land, crop far
ming is not practised and the main product is Kara
kul pelts. Farms vary in size from approximately 4000 
ha to over 15 000 ha. Landowners keep large flocks of 
Karakul sheep and many farmers also keep small flocks 
of goats and dorper sheep. Farms are well-fenced with 
jackal-proof fencing and rotational grazing systems are 
in use. 

The locality, climate and vegetation of the two study 
areas, the farms Sandmodder no. 73 (26° 57'S; 18° 
55'E) and Warmfontein no. 280 (27° 7'S; 19° lYE), 
Keetmanshoop District, southern South West Africa 
have been adequately described in previous papers 

(Lensing 1980 and Lensing and Le Roux 1982). Both 
farms were selected because of their high density hyrax 
population and because they represent the most typical 
hyrax habitat of the region. 

2.2 Materials and methods 

2.2.1 Population sampling 

At Sandmodder monthly population sampling was con
ducted from March 1975 to July 1976 from the more or 
less continuous hyrax population along the Leeu River 
which traverses the farm in a ravine. Sampling com
menced at a ford in the river opposite the homestead 
and was continued progressively upstream each month 
up 10 the confluence of the tributaries of the Lecu River, 
namely the Klip-Gosub and Sand-Gosub. At Warm
fontein a similar system was applied, sampling being 
conducted progressively along the low rocky ridges on 
either side of a dry, sandy watercourse running 
parallel to the main road between Narubis and Aroab. 
By sampling in a different locality each month possible 
bias in the sample caused by the effects of certain 
individuals becoming wary of gunfire was avoided. 
However, possible subpopulation differences could not 
be avoided. 

A 0,22 Magnum rine fitted with a 3 x to 9 x tele
scope was used to collect the animals. The randomness 
of the sample was ensured by selecting animals accor
ding to random numbers which indicated their positions 
relative to an arbitrarily chosen reference point on the 
clilT face or ridge. 

Sampling commenced 40 to 50 minutes after sunrise 
after or during the morning feeding period (Sale J 965a, 
Turner and Watson 1965 and Hoeck 1(75) and after 
five animals had been shot they ~vere retrieved. The 
investigator then either remained at the same place or 
moved to a new position and continued sampling until 
10 animals had been collected. This procedure was reo 
peated for four days every month at each study area. 
Sometimes, however, adverse weather conditions made 
it impossible to collect 10 animals. 

2.2.2 Composite samples 

The stomach contents of each animal were removed, 
their wet mass determined and placed in an F.A.A. 
solution. Composite samples were prepared by placing 
the first 10 samples collected or as many as were avail- . 
able for each month in a single plastic container with 
a tight-fitting snap-on lid. The F.A.A. was not poured 
off. The wet masses of' the composite samples were 
determined to the nearest 25g. 

2.2.3 Size of aliquot samples (pilot analysis) 

In Tables J and 2 the number of samples comprising 
each monthly composite sample, their mean wet mass 
as well as the wet mass of each composite sample are 
presented. Using the two smallest monthly composite 



samples (June 1975 from Sandmodder and March 1975 
from Warmfontein), the validity of aliquot samples was 
tested by extracting eight aliquot samples (each theore· 
tically equivalent to one quarter of one average hyrax 
stomach content) and progressively washing them 
through a series of sieves (see below) until analysis by 
dry mass was practicable. The number of aliquots reo 
quired in both cases was tbus determined to be four. 
The first four and second four aliquots from each study 
area were then analysed according to the methods des· 
cribed below (Tables 3 and' 4) and the results compared 
by means of aX 2·test for two independent samples 
(Siegel 1956). The masses of the unidentified material 
were excluded from the tests. 

TABLE I: Numbers of samples comprising composite samples of 
rock hyrax stomach contents from'Sandmodder. 

Monlh 

1975: 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1976: 
January 
February 
March 
April 
May 
June 
July 

Samples 

10 
10 
6 
8 

10 
10 
10 
4 
5 
3 

4 
4 

10 
10 
10 
10 
10 

Wet mass of 
stomach contents 

Mean n 

109 
116 
83 
50 

III 
82 
52 
93 

121 
174 

120 
148 
93 

140 
52 

103 
76 

10 
9 
6 
6 

10 
10 
10 
4 

5 
3 

4 
4 

10 
10 
8 

10 
10 

Composite Aliquot 
sample sa~ple 

mass mass 

3000 
3150 
1500 
1900 
2900 
1950 
2550 
1600 
1450 
1300 

1450 
1450 
2300 
3050 
1500 
2600 
2100 

600 
630 
429 
475 
580 
390 
510 
800 
580 
867 

725 
725 
460 
610 
300 
520 
420 

TABLE 2: Numbers of samples comprising composite samples of 
rock hyrax stomach contents fTom Wamlfontein. 

Month 

1975: 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

1976: 
January 
February 
March 
April 
May 
June 

Wet mass of Composite Aliquot 
Samples stomach contents sample sample 

10 
10 
10 
8 
8 

10 
10 
5 
4 

6 

9 
2 

10 
10 
10 
10 

Mean 

70 
72 

127 
102 
112 
108 
144 
134 
73 

158 

114 
15 I 
205 
118 
92 
74 

n 

8 
10 
10 
8 
6 

10 
10 
5 
3 
6 

9 
I 

10 
10 
10 
10 

mass 

J 250 
2550 
2600 
2400 
2550 
2300 
4000 
I 750 
1250 
2000 

2250 
550 

4100 
2850 
2 100 
2400 

mass 

650 
510 
520 
600 
638 
460 
800 
700 
625 
667 

500 
550 
820 
570 
467 
480 
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TABLE 3: Results of a pilot analysis of the Sandmodder June 
1975 composite rock hyrax stomach content sample. 

Category 

Unidentified 
Dicotyledon stems 
Dicotyledon fragments: 

A cacia melli/era 
RhigOZllm obovatum 
Ziziphus mucronata 

Monocotyledon fragments: 
Enneapogol1 scaber 
Stipagrostis ciliata 
Trachyandra arvcnsis 

Mass (g) or count· 

Samples Samples 
I to 4 5108 

5,843 7,348 
0,069 0,088 
0,479 0,592 
0,437 0,564 
(racet 0 
0,042 0,Q28 

0,021 0,012 
8 14 
4 0 
2 4 

• Fragment count (applicable to Monocotyledon species but not 
Monocotyledon fragmcnLS as a group). 

t Dry masses less than 0,00 I g. 

TABLE 4: Results or a pilot analysis of the Warmfontein March 
1975 composite rock hyrax stomach content sample. 

Category 

Unidentified 
Dicotyledon stems 
Dicotyledon fragments: 

A cacia melli/era 
Boscia albitrtll1ca 
Grewia tenax 
Hermal1llia tomelllOsa 
May tenus linearis 
Rhigozum ObOVlItWIl 
Solollum burchelli 
It'ithania somll(fera 

Monocotyledon fragments: 
Trachyandra an'ensis 

Mass (g) or count· 

Samples Samples 
1 to 4 5 to 8 

12.057 5.458 
0,525 0 
4,229 5,056 
4,065 4,986 
0 0,003 
0,008 0 
0 0,007 
0,043 0,014 
0,048 0 
0,043 0,046 
0,022 0 

tracet trace 
II 3 

• Fragment count (applicable to Monocotyledon species but not 
Monocotyledon fragments as a group). 

t Dry masses less than 0,00 I g. 

The results showed no significant difTerence: for Sand· 
modder Xl = 0,0 I at p> 0,05 and for Warmrontein 
Xl = 0,47 at p> 0,05, proving that an aliquot sample 
equivalent in mass to one average stomach content was 
adequate for analysis. Since the aJiquots were taken 
from the smaUest composite samples, it was assumed 
that equivalent pro·rata aliquots would be adequate 
for all other composite samples. However, because of 
the small amounts of material retained by the sieves 
the aJiquots extracted for the analyses were doubled. 
The wet masses (including nuid) of these samples are 
presented in the fourth column of Tables I and 2. 

2.2.4 The use of sieves 

Fragments too small to identify were arbitrarily ex· 
c1uded by washing each sample through a series of 
sieves, the smallest of which had a mesh size of 3,36 
mm. Two larger sieves (5,60 mm and 6,70 mm) were 
added to the stack to facilitate sorting. In analyses of 
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pronghorn antelope (A Illilocapra americana) rumen 
contents contammg eight categories of food plants 
Dirschl (1962) used sieves with mesh sizes of 2,83 mm, 
4,0 mm and 5,66 mm. He showed that. the dry mass 
proportion of each category on one sieve did not ditTer 
from the proportions on any of the other sieves, indi 
cating that the use of sieves did not cause a loss of 
accuracy or introduce bias. He also showed that the 
larger the mesh, the less time was required for the 
manual separation of the fragments retained by the 
sieve. 

2.2.5 Analysis procedure 

The material passing through the sieves was caught 
up in a fine linen handkerchief and its dry mass deter
mined on an analytical balance. The contents of each 
of the sieves was placed in a tray with a little water 
and manually sorted into the following categories: 

Dicotyledon stems: Fragments of stems with insuffi
cient leaves attached to be indentifiable. 

2 Monocotyledon stems, flowers etc: No attempt was 
made to identify Monocotyledon stems unless a 
piece of leafblade was attached. Grass flowers and 
seeds were also placed in this category. 

3 Monocotyledon (leaf) fragments. 

4 Dicotyledon fragments (including stem fragments 
with sufficient leaf material attached to be identifi
able). 

The dry mass of each of the first three categories was 
determined and the Monocotyledon fragments were 
counted. If there were less than 100, they were bulk 
stained in a two per cent aqueous solution of Safranin 
"0" using the method described by Liversidge (1970). 
Thereafter each fragment was scraped, moun led in gly 
cerine on a microscope slide and identified according 
to the method and key described by Lensing (1980). 
If there were more than 100 fragments, they were placed 
in a 500 ml round, wide-necked container half-filled with 
water and a sample of 100 randomly extracted by stir
ring the water and catching up a few fragments at a 
time on a piece of window gauze. The sample was 
then stained , scraped, mounted and identified as des, 
cribed above. 

The Dicotyledon fragments (category 4 above) were 
identified macroscopically as far as possible using a 
catalogue of herbarium specimens and a collection of 
"wet"' samples in F.A.A . The unidentified fragments 
were sorted in two categories, namely fragments un 
identifiable due to their small size and not recognised 
(therefore unknown) fragments, and their dry masses 
determ ined. 

Non-food items such as the slimy stomach lining of 
the hyrax, hair, tapeworms and even a feather were 
rejected. 

3 RESULTS 

The dry masses for each monthly aliquot sample were 
firstly grouped as follows: 

Not retained (by sieves): Material caught up 111 the 
handkerchief. 

2 Retained (by sieves): Divided into two groups: 
(a) Total Monocots : All Monocotyledon material , 

whether identified or not and expressed as a per
centage of "Retained". 

(b) Total Dicots: The same as for "Total Monocots" . 

The "Retained" category was then regrouped in~o the 
following categories : 

Unclassified: Material lacking in sufficient diagnostic 
characters to be identified. The following categories 
were included: 

(a) Monocot stems etc. : Monocotyledon flowers, 
seeds and stems without leaves. 

(b) Dicot stems: Dicotyledon stems without leaves. 

(c) Dicots too small: Dicotyledon fragments too 
small to identify. 

2 Classified: Identifiable material retained by the sieves. 
Divided into the following categories: 

(a) Monocots: Listed !is species categories and un
recognised fragments (unknown). 

(b) Dicots: The same as for " Monocots" . 

It was assumed that the proportions of food items In 

classified material are the same as the proportions in 
the material that is too small to identify or otherwise 
lacking in sulTicient diagnostic characters. To prevent 
distortion of the proportions in the list of food items, 
the species categories and unknowns were expressed as 
percentages of the total classified material. The results 
are presemed in Tables 5 and 6. Dry masses of less 
than 0,00 I g under the classified category are repre
sented as a trace and species or unknowns comprising 
3,0 per cent or less are lumped in a category termed 
"others'-. Monocotyledon species are presented as a 
single category because they occurred in small quan
tities in most months. 

To allow comparison with relative food availability the 
monthly analyses were grouped into the four seasons 
defined by Lensing and Le Roux 1982) and are pre
sented in Tables 7 and 8: 

Wet season: 
Cool dry season: 
Transition period: 
Hot dry season: 

February to end April 
May to end August 
September to mid-October 
Mid-October to end January 

rn the latter tables the various Monocotyledon species 
are represented by fragment counts ["rom which per
centages of the total classified material were derived 
except where Monocotyledons as a group comprise 
3,0 per cent or less. 



TABLE 5: Results of analyses of monthly aliquot samples of rock hyrax stomach contents from the farm Sandmodder No. 73, Keetrnanshoop District. South West Africa for the period March 1975 to July 1976. 

Category March April MA)' June July August September October November December January February March April May June July 

Mass* Pcr 
Mass 

Per 
Mass 

Pcr 
Mass 

Per 
Mass 

Per 
Mass 

Per 
Mass 

Pcr 
Mass 

Pcr 
Mass 

Per 
Mass 

Por Mass 
Per 

Mass 
Per 

Mass 
Per 

Mass 
Pcr 

Mass 
Per 

Mass 
Per 

MasS 
Per 

cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent 

Not retained 18,099 14,512 20,125 14,885 33,847 22,363 4,475 42,886 31,414 42,727 18,586 26,082 18,017 34,886 12,214 26,690 20,805 
Total Monocots 3,541 53,2 0,330 5,1 0.059 1,4 0,Q78 3,6 0,039 0,9 0,096 1.8 0.083 2,9 0,098 0,8 0,243 3,4 10,187 75,3 5,678 60,9 0,631 5,1 1,266 29,1 0,852 17,6 0,029 1,5 0,475 8,3 0,022 1,7 
Total Dicots 3,112 46,8 6,183 94,9 4,192' 98,6 2,079 96,4 4,072 99,1 5,138 98,2 2.813 97.1 11.532 99,2 6.934 96,6 3,341 24,7 3,640 39,1 11,666 94.9 3,087 70,9 3.986 82,4 1,860 98,5 5,270 91,7 1,240 98,3 
Unclassified 1.049 0,481 0,094 1,072 2,455 4.499 2,640 1,946 0,778 0,641 2,049 10,115 1,310 3.651 1,209 1,958 0,852 

Monocot stems etc. tracet trace 0,003 0,006 0,254 0,795 0,452 
Dicot stems 0,089 0,481 0,094 0,096 0,593 0,399 0.086 0,727 0,778 0,181 0.124 0,383 0,385 0,173 0,135 
Diems too small 0,960 0,976 1,862 4,100 2.554 1,219 0,460 1,922 9,726 0,671 2,856 1,036 1,506 0,717 

Classified 5604 100 6,032 100 4,157100 1,085 100 1,656 100 0,735100 0,256 100 9,684 100 6,399 100 12,887100 7,269 100 2,182100 3,043 100 1.187100 0,680100 3,787 100 0,416 100 :;<:1 
Monocots 3,541 63,2 0,330 5,5 0,059 1,4 0,078 7.2 0,039 2,4 0,096 13,1 0,083 32,4 0,098 1,0 0,243 3,8 10,187 79,0 5,675 78,1 0,625 28,6 1,012 33,3 0,057 4,8 0,029 4,3 0,023 0,6 0,022 5,3 0 
Dicots 2,063 36,8 5,702 94,5 4,098 98,6 1,007 92,8 1,617 97,6 0.639 86,9 0,173 67.6 9,586 99,0 6,156 96,2 2,700 21,0 1,594 21,9 1,557 71.4 2,031 66,7 1,130 95,2 0,651 95,7 3,764 99,4 0,394 94,7 n 

~ 
Acacia erioloba 0.938 7,3 

~ Acacia karroo 0,046 4,2 0,088 5,3 0,098 38,3 0,286 4,5 
Acacia melli/era 0,108 1,9 5,117 84.8 ),708 89,2 0,718 66,2 0,598 36,1 5,192 53,6 5,322 83,2 1,175 9,1 1,402 19,3 1,326 60,8 1,361 44,7 0,541 45,6 0,594 87,4 3,553 93,8 0,050 12,0 " » 
Ba/efia lanceo/ala 0.049 4,5 0,101 24,3 X 

Catophractes alexandri 0,242 14,6 ." 
tTl 

Curroria decidua 0,037 5,0 0,009 2.2 tTl 

Dicoma capensis " Z 
Diospyros lycioides 0,003 0,4 Cl 
Grewia lenax 0,Q95 12.9 V> 

May tenus lineari') 0,194 46,6 
...; 

1:: Pappea capensis 0,059 3,6 ...; 
Rhlgozum trichotomum 0,045 6.1 0,017 0,3 tTl 

Senecio sisymbrii/olius 0,089 7.5 Cl 
-< 

Ziziphus mucronata 1,955 34,9 0,350 5,8 0,098 9,0 0,541 32,7 0,459 62,5 0,875 29,3 3,530 36,5 0,531 8,3 0,541 4,2 0,085 3,9 0,565 18,6 0,397 33,5 0,034 5,0 0,197 4,7 0,040 '9,6 
Unknown 0,096 8,9 0,634 6.6 0,108 5,0 
Others 0,235 3,9 0,390 9,5 0,089 5,4 0,163 2,3 0,046 0,4 0,192 2,7 0,Q38 1,7 0.105 3,6 0,103 8,7 0,023 3,4 0,032 0,9 ..... 

00 
• Dry mass in g. t All dry masses less than 0,00 I g. ..... 



TABLE 6: Results of analyses of monthly aliquot samples of rock hyrax stomach content from the farm Warmfontein No. 280, Kcetmanshoop District, South West Africa for the period March 1975 to June 1976. ....... 
00 

Category March April May June July August September October November December January February March April May June N 

Mass· Per 
Mass 

Per 
Mass 

Per 
Mass 

Per 
Mass 

Per 
Mass 

Per 
Mass 

Per 
Mass 

Per 
Mass Per 

Mass 
Per 

Mass 
Per 

Mass 
Per 

Mass 
Per 

Mass 
Per 

Mass 
Per 

Mass 
Per r 

'" cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent cent Z 

'" Not retained 28,624 14,877 10,643 16,493 18,603 28,388 33,688 14,366 20,654 18,640 15,721 14,646 38,176 33,575 22,173 14,060 Z 
Total Monocots 0,010 0,1 0,324 9,0 0,051 2,0 0.029 0,4 0,042 1,6 0,004 0,1 0,095 1,6 0,192 1,6 1,155 21,7 3,377 33,5 3,049 37,1 0,577 6,3 0,358 2,4 0,118 2,8 0,027 0,8 0,038 3,3 CI 

Total Dicots 10,823 99,9 3,277 91.0 2,534 96,0 6,675 99,6 2,638 98,4 3,586 99,9 5,933 98,4 11,610 98,4 4,158 78,3 6,700 66,S 5,163 68,9 8,641 93,714,767 97,6 4,062 97,2 3,186 99,2 1,124 96,7 
Unclassified 7,610 1,515 0,081 4,044 2,143 2,342 4,959 2,711 1,371 3,426 4,028 2,534 2,603 2,490 2,194 0,838 

Monocot stems etc. 0,021 tracet 0,004 0,008 
Dicot stems 0.679 0,689 0,081 1.107 1,646 1,022 0,906 0,459 6,382 0,304 0,200 0,501 1,085 0,486 0,272 0,183 
Dicots too small 6,931 0,805 2.937 0,497 1,320 4,053 2,252 0,989 3,122 3,828 2,033 1,514 1,996 1,922 0,655 

Classified 3,223 100,0 2,086100,0 2,504100,0 2,660100,0 0,537 100,0 1,248100,0 1,069100,0 9,091 100,0 3,942 100,0 6,651 100,0 1,184100,0 6,684 100,012,522100,0 1,690 100,0 1,019100,0 0,324 100,0 
Monocots 0,010 0,3 0,303 14,5 0,051 2,0 0,029 1,1 0,042 7,8 0,044 0,3 0,095 8,9 0,192 2,1 1,155 29,3 3,377 50,8 3,049 72,9 0,577 8,6 0,354 2,8 0,110 6,5 0,027 2,7 0.038 11,7 
Dicots 3,213 99,7 1,783 85,5 2,453 98,0 2,631 98,9 0.495 92,2 1,244 99,7 0,974 91,1 8,899 97,9 2,787 70,7 3,274 49,2 1,135 27,1 6,107 91,412,168 97,2 \580 93,S 0,992 97,3 0,286 88,3 

Acacia karroo 0,193 4,9 0,010 0,6 0,029 9,0 
Acacia mellilera 2,629 81,6 0,711 34,1 2,368 94,6 1,347 50,6 0,704 65,9 4,259 46,9 2,591 65,7 0,728 17,4 6,088 91,1 11,608 92,7 1,422 84,1 0,304 29,8 0,046 14,2 
Barleria lanceolala 0,197 15,8 
Boscia albitrunca 0,104 5,0 0,341 5,1 
Calophracles alexandri 1,128 12,4 2,253 33,9 
Cucumis sp. 0,228 7.1 1,096 41,2 0,322 3,5 
Datura innoxia 0,085 3,4 
Diospyros lycioides 0,017 3,2 0,097 9,1 0,499 4,9 0,019 1,9 
Euphorbia inaequilalera 0,463 45,4 
Forsskaolea candida 
Grewiaflava 0,130 6,2 0,D38 3,7 
Grewia lenax 
Hermannia engleri 0,038 7,1 0,295 4,4 
Leucosphaera bainesii 0,021 6,5 
Oxalis purpurascens 0,024 7,4 
Phyllanlhus maderaspatel1sis 
Psora lea obtusifolia 0,097 3,7 0,195 15,6 0,003 0,1 
Rhigozum IricholOmum 0,121 3,8 0,Q38 7,1 0,166 51,2 
Solanum nigrum 0,Q78 7,7 
Thaml/osma qj'ricanum 0,148 8,8 0,046 4,5 
Ziziphus mucronata 0,064 3,1 0,387 72.1 0,819 65,6 0,033 3,1 2,708 29,8 0,314 7,5 0,044 4,3 
Unknown 0,720 34,5 0,043 4,0 0,385 5,8 0,093 2,2 0,019 0,3 0,560 4,5 trace trace 
Others 0,235 7,3 0,054 2,6 0,091 3,4 0,015 2.8 0,033 2,6 0,097 9,1 0,033 0.4 

*' Dry mass in g. t All dry masses less than 0,00 1 g. 
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TABLE 7: Results of analyses or rack hyrax stomach content from Sandmodder. 

Category Wet season 

Total Dicots 
Total Monocots 
Classified 

Dicots" 
Acacia erioloba 
Acacia melli/era 
Ziziplllls Jnllcronala 
Unknown 
Others 

Monocotst 
II IIIhephora pllbescel1s 
AriSlida congesla 
Cyl/odol/ daclylon 
£nneapogon brachystachYlis 
£I/neapogol/ seaber 
l::;ragrOSlis nil/del/sis 
£ragroSlis lrichophora 
SlipagrOSliS hirtigilima 
Others 

Mass (g) or 
count' 

28,084 
6.620 

18,084 

12,483 

8,453 
3,352 

0.67R 

5,565 
52 

135 

273 

Fragment count (Monocotyledon species) 

Per 
cent 

80,9 
19,1 

100.0 

69,2 

46,8 
18,6 

3,8 

30,8 
3,5 

9.0 

18.3 

Cool dry season 

Mass (g) or Per 
count cent 

23,857 96.8 
0.79R 3,2 

12,516 100,0 

12, 170 97.2 

9,221 73 ,7 
1,462 11.7 

1.498 11,8 

0,346 2,8 

Transition period 

Mass (g) or Per 
count cent 

14,345 98,8 
0.181 1,2 
9,940 100,0 

9,759 98,2 

5,192 52,2 
3,605 36,3 
0,634 6,4 
0.328 3.3 

0.181 1,8 

.. Number of species: Wet season = 19, cool dry season = 19. transition period '- 7. hot dry season = 8 
t Number of species: Wet season = 25, cool dry season = 25, transition period = 9. hot dry season = 17 

TABLE 8: Results of analyses of rock hyrax stomach content from Warmfontein. 

Category 

Total Dicots 
Total Monocots 
Classified 

Dicots" 
Acacia mellifera 
Calophracles alexandri 
Cucumis sp. 
[)iospyros Iycioides 
Forsskaolea candida 
Psoralea oblllsi)"o/ia 
Ziziphus llZucronafa 
Others 

Monocotst 
AriSlida cOllgesla 
Cynodol/ daety/otl 
£lIIwapogoll braehyslachyus 
Ellneapogon scaber 
£ragrOSlis nindellsis 
£ragrOSlis porosa 
Slipagroslis ulliplumis 
Others 

Wet season 

M ass (g) or Per 
count' cent 

41 ,570 
1,3 87 

26,205 

24,851 
22.458 

2,393 

1.354 

96,8 
3,2 

100,0 

94,8 
85,7 

9. I 

5,2 

* fragment count (Monocotyledon species) 

Cool dry season 

Mass (g) or Per 
count cent 

19,743 99,0 
0,191 1,0 
8.292 100.0 

8,101 97,7 
4,076 49.2 

1,096 13,2 

0,463 5.6 
0.292 3,5 
1,251 15.1 
0,922 11,1 

0, 191 2,3 

.. Number of species: Wet season = 16, cool dry season = 21, transition period = 
t Number or species: Wet season = 26. cool dry season = 27, transit.ion period = 

Transition period 

Mass (g) or Per 
COUllt cent 

17.543 98,4 
0,287 1,6 

10,160 100,0 

9.873 97.2 
4.963 48.8 
1,128 11,1 
0.322 3.2 
0,546 5,4 

2.741 27.0 
0.173 1,7 

0,2!l7 2,8 

13, hot dry season = I I. 
12. hot dry season -= 23 . 

Hot dry season 

Mass (g) or Per 
count cent 

13,915 46,3 
16,108 53.7 
26,555 100,0 

10.450 39,4 
0,938 3.5 
7,!l9\1 29,7 
1,076 4, 1 

0,537 2,1 

16.105 60,6 

18 3.6 
50 '10,1 
28 5,6 

17 3,5 
54 10,9 
36 7.3 
97 19.6 

Hot dry season 

Mass (g) or Per 
count cent 

16,021 67.9 
7.581 32, I 

14,777 100,0 

7.196 48.7 
3,500 23.7 
2,253 15,2 

1.443 9,8 

7.581 51.3 
14 3. 1 
16 3,6 
35 7,8 
15 3,3 
14 3,1 
19 4,3 
27 6.0 
90 20,1 

4 DISCUSSION 

4. I Differential fragmentation 

Differential fragmentation is when the leaves of some 
species are consistently broken down into smalIer 
fragments during mastication than the leaves of other 

species. Should this occur, it would result in under
representation of certain species due to a greater 
proportion of their fragments passing through the sieves. 
DirschJ (1962) proved that differential fragmentation 
did not occur in analyses of pronghorn rumen, but it is 
not known whether it occurred in the present study 
because the amounts of material retained by the sieves 
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in all samples was insufficient to allow statistical 
comparison. It seems unlikely, however, because the 
limited feeding periods of the rock hyrax (Sale 1965a) 
result in the animals not masticating their food finely. 
For an animal of its size, the rock hyrax has remarkably 
coarse stomach contents. 

4.2 Principal foods 

Principal foods are regarded as plant groups or spe
cies which are eaten in pr~portions of 10,0 per cent or 
more. The principal foods for the four seasons are 
represented graphically in Figs I and 2. Species with 
values of 10,0 per cent or more in anyone of the four 
seasons are represented throughout, irrespective of their 
subsequent proportions. 
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~ A cocia melliJera 

~ Ziziphus mllcronala 

D Monocotyledons 
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FIGURE I: Principal foods of the rock hyrax at Sandmoddcr. 

The data represented in Figs I and 2 are also arranged 
in contingency tables (Tables 9 and 10) in which all 
food categories other than principal foods were com
bined under "Others", to enable statistical comparison 
of the results. X 2-tests for k independent samples 
(Siegel 1956) were conducted to determine whether 
overall significant differences exist between the sea
sonal proportions of the principal foods. In both cases 
the observed X 2 was significant: For Sandmodder X 2 

153,85 at p< 0.0 I and for Warmfontein X 2 

= 263,51 at p< 0,0 I. The proportions for each indi
vidual season were then compared with each adjacent 
season in a X 2-test for two independent samples to 
determine whether principal foods change significantly 
from one season to the next. The results of these ana
lyses arc described separately for each study area 
below. 
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FIGURE 2: Principal foods of the rock hyrax at Warmfontcin. 
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TABLE 9: Contingency table of the percentages of principal foods eaten by rock hyrax at Sandmodder. 

Food Wet Cool dry Transition Hot dry 
Expected 

Total proportions 
category season season period season 

(all columns) 

Monocotyledons 30,8 2,8 1,8 60,6 96,0 24,0 
Acacia melli/era 46,8 73,7 52,2 29,7 202,4 50,6 
Ziziphus mucronala 18,6 11,7 36,3 4,1 70,7 17,7 
Others 3,8 11,8 9.7 5,6 30,9 7.7 

Total 100,0 100,0 100.0 100,0 400,0 

X' '-_ 153,85 (df = 9: P < 0,011. 

TABLE 10: Contingency table of the percentages of principal foods eaten by rock hyrax at Warmfontein. 

Food 
category 

Monocotyledons 
A caria melli/era 
Catophrarles alexandri 
Cucumis sp. 
Ziziphus mMcronala 
Others 

Total 

Wet 
season 

5,2 
85,7 

0,0 
0,0 
0.0 
9.1 

100,0 

X' = 263.51 (df = 15; p < 0.01). 

4.2.1 Sandmodder 

Cool dry 
season 

2,3 
49,2 

0,0 
13,2 
15,1 
20,2 

100,0 

The results of the tests for Sandmodder are summa
rised in Table II which shows significant differences 
between the relative proportions of principal foods for 
all seasons. It is thus concluded that the changes in the 
perccntage of any principal food from one season to 
the next are significant. 

TABLE II: Results of a series of X 2· tests comparing the principal 
food proportions in the diet of the rock hyrax at Sandmoddcr. 
showing significant differences between the seasons. 

Tcst combination df X 2 P 

Wet: Cool dry 3 35.003 < 0,01 
Cool dry: Transition 3 16.699 < 0.01 
Transition: Hot dry 3 88,338 < 0,01 
Hot dry: Wet .3 23.099 < 0,01 

4.2'.1.1 A cada melli/era 

Observation indicated that Acacia mellifera starts to 
lose its leaves during the cool dry season. Some indi
viduals of the species experience regrowth during the 
transition period but lose their leaves again during the 
hot dry season. This explains the decline in the per· 
cer.ltage of the species in the diet of the rock hyrax 
from the cool dry season to the hot dry season. It 
seems that, in the hot dry season, Acacia mellifera is 
simply displaced by other species whieh are either un
available or unpalatable in other seasons. 

Transition Hot dry 
Expected 

Total proportions 
period season 

(all columns) 

2,8 51,3 61.6 15,4 
48,8 23,7 207,4 51,9 
11,1 15,2 26 . .3 6,6 
3,2 0,0 16,4 4,1 

27,0 0,0 42,1 10,5 
7,1 9,8 46,2 11,6 

100,0 100,0 400,0 

4.2.1.2 Ziziphus mucrona[G 

This species also loses its leaves during the cool dry 
season (hence the decline in the percentage in thc diet 
in this season) but exhibits fairly strong regrowth in 
the transition period at Sandmodder. (Most of the 
Ziziphus mucronala plants at Sandmodder actually 
grow in the river-bed and their roots probably reach 
down into or very close to the water table). This 
explains the increased percentage of Ziziphus 
mucronala in the diet of the rock hyrax in this sea
son, when the percentage of Acacia mellifera is dc o 

c1ining. During the hot dry season Ziziphus mucronala 
loses some of its leaves again and thus declines in the 
diet. 

4.2.1.3 Monocotyledons 

The dotted lines across the Monocotyledon bars in Fig. 
I denote the percentage of "Total Monocots" (upper 
level of "Total Dicots"). The area immediately below 
the doltcd line therefore represents the unclassified 
Monocotyledon material. 

The percentage of Monocotyledons declines in the cool 
dry season and the transition period because the grass 
becomes dry and unpalatable. The following expla
nation is suggested for the unexpected increase in the 
hot dry season: Scattered rain showers usually occur 
in the latter part of the hot dry season (arbitrarily 
defined as mid~October to end of January in this study) 
just before the commencement of the "continuous" wet 
period. These scattered showers are possibly sufficient 
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to allow regrowth of some of the perennial grasses such 
as Eragrostis nindensis and Enneapogoll brachys
tachyus, which are known to sprout after only 10 mm 
of rain, but insufficicnt to start the general growing 
season for woody plants, resulting in an interim period 
with adverse browsing conditions and favourable 
grazing conditions. To illustrate this explanation, selec
ted rainfall data for 1975 and 1976 from Na-Os (a 
rainfall station close to Sandmodder at 27° 12'S; J 8° 
59'E) are presented, together with corresponding per 
centages of total Monocotyledons in the diet, in Table 
12. 

TABLE 12: Selected monthly rainfall data (mm) for 1975 and 1976 
from Na·Os and selected percentages or total Monocotyledons in 
the diet of the rock hyrax for corresponding months at Sandmod· 
Oer. 

MonLh 

1975: 
January 
February 
March 
April 
November 
December 
1976: 
January 
February 
March 
April 

Rainfall 

21,2 
15,5 

113.5 
4.6 
7.5 

35,5 

223.2 
129,0 
151,5 
73.5 

Percentage 
total 

Monoeots 

53.2 
5.1 
3.4 

75.3 

60,9 
5,1 

29,1 
17.6 

Observations made during regular VtSlts to the study 
area at the time indicated that the rainfall recorded by 
the end of February 1975 (which included two single 
showers of 17,5 mm and 15,5 mm) did not result in the 
generaJ commencement of the growing season although 
some of the grasses had sprouted. Stomach contents 
were unavailable for January and February 1975 but 
Moncotyledons comprised over 50 per cent of the diet 
in March, declining to 5, J per cent in ApriJ be/ore the 
grass dried out. The 1976 wet season was above ave
rage and commenced earlier, on 9 January when 50,5 
mm was recorded. The 35,5 mm of rain which fell 
during December 1975 was sufficient to allow a growth 
of grass but insufficient to allow general commence
ment or the growing season. Similarly, the percentage 
of Monocotyledons in the diet remained high in January 
but declined in February, March and April when the 
growing season was in full swing. 
Sale (1965a) found that in the Great Rift Valley and 
other lowland habitat in Kenya Procavia habessinica 
and Heterohyrax brncei do not eat grass to any 
appreciable extent at all while Mount Kenya hyrax 
(Procavia johnslOlli mackinderi) are enabled to feed 
extensively from the coarse tussock grasses found in 
alpine habitat by the abundance of open water. Working 
in koppie habitat in the Serengeti National Park, Tan· 
zania, Turner and Watson (1965) found that overlap in 
the diets of the sympatrically occurring Procavia 
johnstoni matschiei and Heterohyrax brucei is smaJl, 

the former feeding exclusively on grass, the latter a 
browser. Hoeck (1975), however, refutes this in an ex
tensive study in the same locality and found that 
Procal'ia johnstoni grazed only in the wet season and 
occupies an almost identical niche to Heterohyrax 
brucei in the dry season. In both species, the amount 
of grass eaten increases in the wet season, although 
Heterohyrax brucei remains mainly a browser. Hoeck 
(1975) attributes the switch to grasses to the iltcrease 
in nutrients in new shoots of grasses. which supports 
the explanation given above to a degree. 

4.2.2 Warrnfontein 

The results of the Xl-tests for two independent sarn,ples 
for the Warmfontein data are presented in Table 13 
which also shows significant difTerences between all 
sets of principaJ food proportions. 

TABLE 13: Results or a series of X! tests comparing the principal 
food proportions in the diet of the rock hyrax at Warmfolltein, 
showing significant dilTcrences between the seasons. 

Test combination df X) P 

Wet: Cool dry 4 43,368 < 0,01 
Cool dry: Transition 5 37.163 < 0.01 
Transition: Hot dry 5 83,344 < 0.01 
Hot dry: Wet 3 87,912 < 0.01 

4.2.2.1 Acacia mel/if era 

The decline in the percentage of this species in the diet 
of the hyrax from the cool dry season to the hot dry 
season is again allributed to loss of leaves although it 
appears, in this case, that the regrowth of leaves in the 
transition period has the efTect of maintaining the per· 
centage of Acacia nzellifera at the same level as during 
the cool dry season. 

4.2.2.2 Ziziphus mucronata 

This species is eaten during the cool dry season when 
the proportion of Acacia melli/era in the diet declines. 
Its percentage presumably increases during the transi
tion period because of regrowth, the same trend as was 
found at Sandmodder. In the hot dry season Ziziphus 
mucrOllata disappears entirely from the diet at Warm
fontein probably due to loss of leaves (there is less of 
this species at Wannfontein than at Sandmodder and 
it would be more difficult for hyrax to obtain leaves 
from it in the hot dry season at Warmfontein). 

4.2.2.3 Cucumis sp. 

Rock hyrax cat mostly the fruits of this species, appal 
rently not during the wet season, when the plant grows, 
but during the cool dry season after the fruits have 
ripened. As the dry seasons progress, however, the fruits 
dry out and break up which explains why a smaller 
percentage is eaten in the transition period and why 
Cucumis sp. disappears from the diet in the hot dry 
season. 



4.2.2.4 CaLOphractes alexandri 

Catophracles alexandri is not eaten during the wet 
season or cool dry season but is eaten in increasing 
proportions from the transition period onwards, appa-

TABLE 14: Selected monthly rainfall data (mm) for 1975 and 
1976 and selected percentages of total Monocotyledons in the diet 
of the rock hyrax for corresponding months at Warmfonlein. 

Month 

1975: 
January 
February 
March 
April 
November 
December 

1976: 
January 
February 
March 
April 

Rainfall 

7,0 
18.0 

120,2 
6,0 
0,0 

36,0 

196,6 
137,0 
130,5 
37,0 

Percentage 
total 

Monocots 

0,1 
9,0 

21.7 
33,5 

37, I 
6,3 
2,4 
2,8 
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rently as a replacement for the declining percentages of 
Acacia mellifera and Ziziphus ml/cronata. 

4.2.2.5 Monocotyledons 

The seasonal fluctuation of the percentage of Monoco
tyledons in the diet follows the same pattern as at Sand
modder, except that it is much lower in the wet sea
son. The same explanation is suggested, namely that 
the scattered showers at the end of the hot dry season 
allow regrowth of grass (which is preferred) but not of 
woody plants. Selected rainfall data for 1975 and 1976 
from Warmfontein, together with the corresponding per
centages of total Monocotyledons are presented in 
Table 14 to illustrate the explanation. 

The 1975 weI season commenced in early March and 
was preceded by a fall of 18,0 mm in February but 
the percentage of Monocotyledons in March is low 
because the stomach content samples for March were 
collected almost three weeks after the wet season had 
commenced, by which time the animals had probably 
already started feeding on the fresh browse. The 21,7 
per cent Monocotyledons in the diet in November 1975 

TABLE 15: Relative proportions of Monocotyledon species in rock hyrax stomach content samples from Sandmodder. 

Species 

A nlhephora pubescens 
A riSlidu adsceniollis 
AriSlida congesla 
Arislida engleri 
ASlhcnalhcrum glaucum 
CCllchrus ciliaris 
Chloris virgata 
Cynodol1 darlylon 
Cyperus longus 
Daclyloclenium aegyptium 
Digilaria erial1lha 
Elllleapogoll brachyslachyus 
Elllleapogon cellchroides 
Ellneapogoll scaber 
EragrOSlis bij70ra 
Eragrostis echillochloidea 
Eragroslis nindellsis 
Eragroslis po rosa 
EragrOSlis rolijer 
Eragrostis Iriehophora 
Heleropogoll contortlls 
Leucophrys mesocoma 
RhYllchelylrum ~'illosllm 
Sc/llnidlia kalahariensis 
Setaria appelldiculala 
Setaria verticillala 
Slipagrostis ciliala 
Stipagrostis hirtigluma 
StipagrOSlis hacllslellerana 
Slipagrostis IIl1iplumis 
Trachyalldra arvel1sis 
Tragus berterol1ianus 
Triraphis ramosissima 
Unknown 

Total 

• Fragment count 

Wet season 

Count' 
Per 
cent 

52 11.3 

35 7,6 
I 0,2 
6 1,3 

8 1.7 
8 1,7 
J 0,7 

II 2,4 
35 7,6 

135 29,3 
I 0,2 
3 0,7 

20 4,3 

10 2,2 
17 3,7 

4 0,9 
4 0,9 

3 0,7 
12 2,6 
29 6,3 
12 2.6 

23 5,0 
2 0,4 
8 1.7 

15 3,3 

3 0,7 

460 100,0 

Cool dry season 

Count 

7 

14 
I 

10 
2 

9 

87 

12 
J 
3 
.3 
I 
6 
2 
4 
3 

II 
2 

5 
4 

13 
30 

I 
3 

237 

Per 
cent 

0,4 

3,0 

5,9 
0,4 
4,2 
0,8 

3.8 

36,7 

5,1 
1.3 
1.3 

1.3 
0,4 

2,5 
0,8 
1,7 

1,3 
4,6 
0.8 

2,1 
1.7 
5,5 

12,7 
0.4 
1.3 

100.D 

Transition period Hot dry season 

Count 
Per 

Count 
Per 

cent cent 

4 J.3 
7 4, I 18 6,0 

5 1,7 

13 4,3 
9 3,0 

104 61,2 50 16,7 

2 0,7 

9 5,3 28 ~,3 

14 4.7 
25 14,7 II 3,7 

10 5,9 
17 5,7 

5 2,9 

4 2,4 54 IS,O 

5 1,7 
36 12,0 

8 2,7 
7 2,3 

3 1,8 J3 4,3 

2 1,2 

0.6 6 2,0 

170 100.1 3 (X) 100,1 
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is contradictory to the pattern in Table 14 as no rain 
fell at Warmfontein in that month. The 1976 wet season, 
which was preceded by showers totalling 36,0 mm in 
December 1975 (and correspondingly high percentages 
of Monocotyledons in December and January), com
menced on 9 January when 60,0 mm was recorded. 
This was followed by the same characteristic decline 
in the percentage of Monocotyledons from February 
onwards. The relevance of these remarks to the findings 
of Sale (1965a), Turner and Watson (1965) and Hoeck 
(1975) is the same as for SaRdmodder. 

4.3 Utilisation of Monocotyledons 

The utilisation of Monocotyledons is an important 
feature of the diet because it relates to the loss of live
stock grazing attributable to the rock hyrax. The 
various Monocotyledon species eaten are listed as frag
ment counts and percentages relative to Monocoty· 
ledons as a group in Tables 15 and 16. A large number 
of grasses are utilised at all times, even when the total 
percentage of Monocotyledons in the diet is low. Many 

TABLE 16: Relative proportions of Monocotyledon species in rock hyrax stomach content samples from Warl11fontein. 

Species Wet season Cool dry season Transition period Hot dry season 

Count* 
·Per 

Count 
cent 

Anthephora pubescens 26 7,5 
Ar;stida adscensionis 3 0,9 
Arislida cOllgesla IS 4,3 
Aristida eng/eri 
ASlhellalherum g/aueum 10 2,9 
Cenehrus eiliaris 
Chloris virgaw 
CYllodon daety/on 5 1,4 
Digilaria erialllha 
Elllleapogoll braehystaehyus 42 12,0 
Enneapogoll cenehroides 
Enneapogoll scaber 21 6,0 
Eragroslis echinoch/oidea 9 2,6 
EragrostiS nindensis 9 2,6 
Eragrostis po rosa 3 0.9 
Eragrostis rotiler 6 1,7 
Eragrostis lrichophora 16 4,6 
HeteropogOIl contortus 5 1,4 
Leucophrys mesocoma 25 7,2 
Pallicum arbuscu/ul/l 
RhYllche/ytrum vil/osum 9 2,3 
Schmidtia ka/ahariensis 19 5,3 
Selaria appendicu/ata 16 4,6 
Setaria verticil/ata 12 3,4 
Stipagrostis ciliata 26 7,5 
Stipagrostis hirtig/llma 6 1,7 
Stipagrostis hochstellerana 10 2,9 
Slipagrostis Ilamaqllellsis 2 0,6 
Stipagrostis unip/umis 40 11,5 
Trachyandra arvensis 6 1,7 
Tragus berteronianus 5 1.4 
Triraphis ramosissima 2 0,6 
Unknown 2 0,6 

Total 349 100,1 

• Fragment count 

of the species are eaten in small proportions indicating 
that the animals are largely non-selective in their 
grazing. 

Thc principal Monocotyledon species utilised by the 
rock hyrax (i.e. those species which constitute 10,0 per 
cent or more of the Monocolyledons) are presented in 
Figs 3 and 4. The Aigher the percentage comprised by 
principal species, the lower is the diversity of' species 
utilised. From Figs 3 and 4 it is evident that diversity 
decreases from the wet season to the transition period 
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2 
4 
2 

21 
8 

5 

2 
3 

3 
6 

72 

Per 
Count 

Per 
Count 

Per 
cent cent cent 

5,6 
11 11,5 14 6.1 

1,4 
3 3,1 10 4,3 

6,9 I 0,4 

3 1,3 
2,8 31 32,3 16 7.0 
2,8 6 2,6 
5,6 13 13,5 35 15.3 
2,8 

29,1 16 16,7 15 6.5 
11,1 2 2,1 7 3.0 

14 6.1 
1,4 19 8.3 

6,9 7 7,3 
3 1,3 

2,8 10 4,3 
4,2 2 2,1 2 0.9 

2 2,1 3 1.3 

3 1,3 
4,2 8 3,5 
8,3 1,0 5 2.2 

10 4,3 
4 1,7 

1,4 27 11,7 
1.4 7 7.3 0,4 

I 1.0 II 4,!:I 

1,4 3 1.3 

100,1 96 100.0 230 99.9 

but increases again in the hot dry season. This pattern 
conforms to the pattern described above for the total 
amounts of Monocotyledons in the diet: The availability 
of grasses declines as Ule dry period progresses with 
the result that there are fewer species with nutritious 
green leaves than in the wet season. The scattered 
thunder showers which preceded the 1976 wet season 
cOldd similarly account for the return of diversity to 
wet season levels during the interim period bef'ore com
mencement of the growing season because a greater 
number of specics would then be desirable. 
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FIGURE 3: Relative percentages of the principal Monocotyledons 
ulili sed by the rock hyrax at SaJldmodder,. 

Two of the principal species in Figs 3 and 4 are com
mon to both study areas, namely Cynodon dacly/on 
and Enneapogon scaber. At both study areas the 
percentage of Cynodon dacly/on increases consider· 
ably from the wct scason to the transition period and 
then declines again in the hot dry season. It is sug
gested that its percentage is low in the wet season 
and the immediately preceding period because of the 
number of other green grasses available, but is high in 
the transition period because it grows in moist areas 
and remains green long after other grasses have dried 
out. The percentage of Enneapogon scaber is highest 
in the cool dry season at both study areas and then 
declines through the rest of the dry period. The only 
possible explanation is that, due to its high availability, 
a higher actual number of plants of the species remain 
nutritious after the wet season than other species. but 
that the latter are preferred in the wet season and at 
the end of the hot dry season. 
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utili sed by the rock hyrax at Warmfontcin. 

4.4 Moisture content of forage species 

Sale (1965a) mentioned a colony of Mount Kenya 
hyrax (Procavia johnsloni mackinderi) which had 
access to water but apparently did not drink, while two 
other species he studied in the Great Rift Valley did 
not have access to surface water. Louw, Louw and 
Retief (1972) stated that the renal efficiency of the 
rock hyrax is high, but not spectacularly high and 
that the animal is unable to exist indefinitely without 
free water on a dry diet. Louw (1971) and Louw el al. 
(1972) concluded that the success of the rock hyrax 
in hot arid environments can be attributed to its avoid
ance of temperature extremes by retiring to rock shelters 
and expressed the opinion that it could exist comfort
ably without access to surface water provided it utilised 
succulent plants and dew. In the Groot Karas Moun
tains dew or fog is rare outside the wet season and 
succulents do not occur in significant amounts in the 
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hyrax compared with seasonal changes in their moisture percentages 
at two study areas in southern South West Afrca. 
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study areas. Although surface water is available in 
places, rock hyrax were not observed drinking and they 
must therefore obtain a proportion of their water re
quirements from their rood. 

Hanse (1962) stated that to many rock hyrax popu
lations in the Karoo open water is unavailable and 
assumed that the selection of certain food species (not 
specified) is primarily for water. Coe (1962) stated that 
Procavia johl1slOni mackinderi shows preferences for 
grasses, mosses and other higher plants with succulent 
leaves_ According to Sale (1965a) Mount Kenya hyrax 
prefer food species containing the most water. A cap
tive individual of this species did not drink when fed 
on high moisture content Sonchus sp_ but did drink when 
fed on lucerne hay (Sale 1966). Accord.ing to Hoeck 
(1975) Procavia and Helerohvrax switch to browse in 
the dry season because of the lack of nutrients in the 
grasses. 

In this study an attempt was made to determine whether 
moisture content is a primary factor in the selection 
of food species or not. The moisture percentages of as 
many plant species as possible were therefore deter
mined in each season and those of the principal foods 
arc compared graphically with their corresponding per
centages in the diet in Figs 5 and 6. Where more than 
one sample was available for a given species in a 
given season, the mean moisture percentage was used. 
The moisture percentage of Monocotyledons as a group 



was· determined by calculating the mean for those 
species utilised in each season. As there was only one 
moisture percentage value available for Cucumis sp. , 
those of a closely related species, C. sagitta/us, were 
used in Fig 6. 
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FIGURE 6 : Percentages of CaJophracles alexalldri and CUClJlIlis 
sp. in the diet of the rock hyrax compared with seasonal changes 
in their moisture percentages and that of Cucumis sag ilia IUS at 
Warmfontein. 

Correlation coefficients were calculated for the sets of 
data represented in Fig. 5 (but not for Fig. 6 because 
the data are too fragmentary), the results of which are 
presented in Table 17. There are no signilicant corre
lations between the principal foods and their moisture 
percentages which proves that se~sonal fluctuations of 
the species concerned are not primarily governed by 
moisture content. 

TABLE 17: Correlation coefficients calculated from the seasonal 
percentages of principal food s in the diet of rock hyrax and their 
corresponding moisture percentages at two study areas in sou· 
thern South West Africa. 

Food category df p 

Sandmodder: 
Monocotyledons -0,116 -0,17 2 > 0,Q5 
A cacia melli/era -0.406 -0,63 2 > 0,05 
Ziziphlls mucronata ~0,974 -4,31 > 0,05 

W armfontein: 
Monocotyledons -0, 104 -0,15 2 > 0.05 
Acacia melliJera 0,903 2.96 2 > 0.05 
Ziziphus IIlllcronata -0,987 -6, 13 > 0.05 
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It is possible, however, that the selection of a food 
species within a given season may be governed pri
marily by moisture content. This can only be deter
mined by considering those species which are not selec
ted as well. Contingency tables were thus drawn up 
of the number of utilised and non-utilised species with 
moisture percentages of 50 per cent or less on the one 
hand, and 51 per cent or more on the other hand, the 
hypothesis being that a greater proportion· of the uti
lised species are in the latter group thaI") non-utilised 
species. Since the hypothesis is directional, tests for 
signilicance were only necessary for those tables which 
conformed to it. The wet season (105 species), cool 
dry season (109 species), and hot dry season (60 
species) configurations were all the opposite of the 
hypothesis and a l. 2-test for signilicance was there
fore conducted only on the dry season table (58 spe
cies). No significant difference was found: X2 = 0,777 ; 
p > 0,05. 

4.5 Diversity of the diet 

Turner and Watson (1965), Sale (I965a) and Hoeck 
(1975) have all drawn attention to the diversity of the 
diet of various hyrax species in East Africa. The num
ber of species utilised in each season in the present 
study is presented in Table 18. In all cases the number 
of species utilised is high in the wet season, reaches 
a minimum in the transition period and increases 
again in the hot dry season. It is postulated that as 
environmental conditions become more adverse for 
plant life, the number of palatable or nutritious species 
declines, resulting in a smaller spectrum being utilised 
by the rock hyrax. The unexpected increase in diversity 
in the hot dry season is attributed to the above average 
1976 wet season which commenced in January, a month 
arbitrarily assigned to the hot dry season. 

TABLE 18: Numbers of plant species utiJised by rock hyrax at 
two study areas in southern South West Africa . 

Season 

Wet 
Cool dry 
Transition 
Hot dry 

Sandmodder 
No. 73 

M* D* Total 

25 19 44 
25 19 44 

9 6 15 
17 8 25 

Warmfontein 
No. 280 

M D Total 

26 16 42 
17 21 38 
12 13 25 
23 II 34 

* M = Monocotyledon species; D = Dicotyledon species. 

I n an attempt to lind statistical evidence for this ex
planation. the total number of species utilised was com
pared graphically with the "climatic adversity index" 
described in an earlier paper (Lensing and Le Roux 
1982), a parameter reflecting adversity of environmen
tal conditions for the maintenance of plant growth (Fig 
7) which is calculated as follows : 

C 
E-R 

Tx 
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where 
C 

E 

R 

Monthly climatic adversity index in mm per 
degree C per month. 

Mean monthly evaporation in mm measured 
at Keetmanshoop 

MonthJy rainfall recorded at Na-Os or 
Warmfontein during the period of study 

Tx = Mean daily maximum temperature for the 
month recorded at Keetmanshoop 

The C values in Fig. 7 are the averages for all months 
in each of the seasons. Correlation coefficients were 
calculated from the data but neither were significant: 
For Sandmodder r = - 0,981 ( t = - 2,78; df = 2; 
p > 0,05) while for Warmfontein r = - 0,895 (t =. 

- 2,83; df = 2; p > 0,05). It is possible that, if data 
for a longer continuum of time had been available, 
significant negative correlations would have been shown 
to exist. 
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FIGURE 7: Total number of species utilised by the rock hyrax at 
two study areas in southern South West Africa compared with 
mean climatic adversity, C = (E-R)/Tx, calculated from rainfall 
recorded at Na·Os and Warmfontein. 

4.6 Food preferences 

To determine an animal's food preferences, the compo
sition of its diet must be compared with the avaiJ
ability of the foods it selects (Petrides 1975). The 

relative availability (RA) of forage species as deter
mined by Lensing and Le Roux (1982) for each sea
son was compared with their corresponding percentages 
in the diet using a preference rating (PR) and Ivlev's 
Electivity Index (EI) (Petrides 1975). PR and EI are 
defined by the following formulae: 

PR = Percentage ingested 
Percentage available 

Ratings greater than 1,00 calculated from this for
mula denote preferred species while ratings less than 
1,00 denote neglected species. Unity denotes a neu
tral species. 

EI = Percentage ingested - percentage available 
Percentage ingested + percentage available 

PR and EI were not calculated for species ingested in 
proportions of 3,0,per cent or less on the grounds that. 
because of sampling error in the determination of RA 
(Lensing and Le Roux 1982), calculations based on 
small percentages would be unreliable. In any case, 
such species would have a roughJy neutral preference 
rating and would not be of any interest. Some of the 
species ingested in measurable proportions occurred so 
infrequently in the vegetation that they were not record
ed in the availability surveys. Since a plant must be 
available to be ingested, these species were arbitrarily 
accorded a RA value of 0, I per cent. Food preferences 
are presented in Tables 19 and 20. Highly preferred 
species with a PR greater than 100,0 are represented 
by ro while highly neglected or totally avoided (avail
able but not utilised) species are represented by l/ro. 

4.6.1 Sandmodder 

At Sandmodder Dicotyledons as a group are approxi
mately neutral except in the hot dry season when they 
are neglected. Acacia melli/era is a preferred species 
throughout the year with a peak in the cool dry sea
son. The PR of 35,00 determined for Acacia erioloba 
in the hot dry season is unreliable as only pods were 
recorded in the diet at this time. Acacia erioloba 
occurs infrequently along the Leeu River at Sand
modder and was not recorded in the relative availability 
surveys. Acacia erioloba pods are known to be nutri
tious (Palgrave 1977) and possibly hold some attraction 
for the rock hyrax in the hot dry season. 

Monocotyledons are preferred throughout the year with 
a peak in the hot dry season which is probably due to 
the increase in the proportion of Monocotyledons in the 
diet at the end of the hot dry season, for which an ex
planation has been suggested above. Nearly all the gras
ses in Table 19 are highly preferred at the end of the 
hot dry season. Availability for the hot dry season was 
recorded in December 1975 before the grasses had 
started growing while the stomach· content analyses re
sults for January (when considerable rain was recorded) 
were arbitrarily included in the hot dry season. Mono
cotyledons were therefore probably more available in 
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TABLE 19: Food preferences (PR and EI)* of the rock hyrax at Sandmodder. 

Category 

Dicotyledons 
Acacia eri%ba 
Acacia karroo 
Acacia mellifera 
Pappeu capensis 
RhigozlIm obovalllm 
Ziziphlls mllcronala 

Monocotyledons 
A nthephora pllbescells 
Arislida congeslu 
CYllodon dacly/on 
Enneapogon brachyslachYlIs 
Eragroslis nindellsis 
Eragroslis Irichophora 
Slipagroslis hirlig/llma 

Wet 
season 

PR 

0,70 

0,02 
6,59 

1/00** 
1/00 
0,45 

44,00 
00 

• PR = Preference rating; EI = Electivity Index 

EI 

-0,18 

-0,96 
0.74 

-0,99 
-1.00 
-0,38 

0,96 
1,00 

.* PR < 0,0 I (highly neglected or totally avoided category) 
t PR > 100,00 (highly preferred category) 

Cool dry 
season 

PR EI 

0,98 -0,01 

0,08 -0.86 
13,65 0.86 
0,50 -0,81 
1/00 -1.00 
0,31 -0.53 
5,60 0.70 

Transition Hot dry 
period season 

PR EI PR EI 

0.99 -0,01 0,39 -0.43 
35,00 0,94 

0,11 -0,80 0,09 -0,83 
8,16 0,78 8,03 0,78 
1/00 -1,00 1/00 - 1,00 
1/00 -1,00 
I,ll 0,05 0,08 -0,86 
4,50 0,64 oot 0,99 

36,00 0,95 
00 1,00 

56.00 0,96 
87.50 0,98 

00 1,00 
00 1,00 

TABLE 20: Food preferences (PR and EI)* of lhe rock hyrax at Warmfonlein. 

Category 

Dicotyledons 
Acacia mellifera 
Boscia/oelida 
Cadaba aphylla 
CalOphracles a/exandri 
ClIcumis sp. 
Diospyros Iycioides 
Forsskaolea candida 
Ozorou lIamaellsis 
Parkillsonia a/ricana 
Rhigozum Iricholomum 
Ziziphus mucronalU 

Monocotyledons 
Arislida cOllgesla 
Cynodon daclyloll 
Enneapogon brachyslachyus 
Ellneapogon scaber 
Eragrostis nindensis 
Eragroslis porosa 
Slipagrosiis uniplumis 

PR 

1,04 
1,30 

0,27 

1/00 
1/00 

0,58 

Wet 
season 

• PR = Preference rating; EI = Electivity Index 

EI 

0,02 
0,13 

-0,58 

-1,00 
-1,00 

-0,26 

.* P R < 0,0 I (highly neglected or totally avoided category) 
t PR > 100,00 (highly preferred category) 

January than was recorded in December and the PRs 
for the grass species in Table 19 are probably over
estimations. 

4.6.2 Warmfontein 

Dicotyledons as a group are approximately neutral 
throughout the year except in the hot dry scason when 
they are neglected. Acacia melli/era (the most impor
tant food species from the point of view of availability 
and diet) is preferred in the wet season, approximately 
neutral in the cool dry season and transition period, 
but is neglected in the hot dry season. Calophracles 
alexandri is preferred in the hot dry season while both 

Cool dry Transition Hot dry 
season 

PR 

1,07 
0,98 

1/00** 
1/00 
1/00 

oot 
1/00 

0,13 
00 

0,26 

season period 

EI PR 

0.03 1,02 
-0,01 0,75 
-1,00 . 1/00 
-1.00 1/00 
-1,00 1,73 

32.00 
54.00 

1,00 
-1,00 1/00 

-0,77 0,05 
1.00 15,00 

-0,58 0,62 

EI 

0.01 
-0,14 
-1.00 
-1,00 

0,27 
0,94 
0,96 

-1.00 

-0.90 
0,88 

-0.23 

PR 

0.49 
0,33 

1/00 
3,10 

1/00 

1/00 
0.32 

34.20 
00 

36.00 
78.00 
6,60 
00 

43.00 
20.00 

EI 

-0.34 
-0,50 

-1,00 
0,51 

-1.00 

-1,00 
-0,52 

0,94 
1,00 
0,95 
0.97 
0.86 
0,99 
0.95 
0.94 

Cllcllmis sp and Diospyros Iycioides are highly preferred 
in the transition period. In both cases, the fruits are 
eaten by rock hyrax. ZiziphliS mllcronala is highly 
preferred in the cool dry season and preferred during 
the transition period. 

Monocotyledons as a group are neglected throughout 
the year except in the hot dry season when they are 
preferred. As at Sandmodder, this is probably due to 
the increase in Monocotyledons in the diet of the rock. 
hyrax at the end of the hot dry season. As has been 
explained above for Sandmodder, the PRs listed for 
the various grass species are also probably over-esti
mations. 
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4.7 Evaluation of the rock hyrax problem 

4.7.1 Herbage resource available to sheep 

No published or unpublished information on the botani
cal composition of the diet of Karakul sheep in sOu
thern South West Africa could be obtained, but it is 
generally accepted that they feed mainly on perennial 
grasses such as Slipagroslis spp., Amhephora pubes
cens, Cenchrus ciliaris and Panicum arbusculum and 
dwarf shrubs such as Barleria spp., Pelalidium lini
folium and RI/igozum lriel/olomum. They are known 
to ~rop grass short and feed close to the. ground and 
have not been observed to get up onto their hind legs 
to browse. The maximum reach of 17 ·.Karakul ewes 
from the Neudamm Agricultural Research Station near 
Windhoek was determined by holding up their heads 
and measuring the distance from the ground to the 
lower lip. The mean for the 17 ewes was 94 cm. 

Since the canopy volume (BV) used by Lensing and Le 
Roux (1982) in their formula for RA for trees and 
shrubs is based on the assumption of a roughly cubic 
shape, it was possible to determine which proportion, 
pro rata, of the total RA for each species was not 
beyond the reach of sheep by applying their maximum 
reach to the formula. By summing the RAs thus ob
tained and adding the total to the total RA for grasses 
and forbs, the total herbage resource available to sheep 
was determined and is expressed as a percentage of the 
total herbage resource in rock hyrax habitat in Table 
21. The Table shows that most of the resource at 
Sandmodder is unavailable. Since the percentages in 
Table 21 were derived from the maximum reach of 
sheep and since Karakul sheep feed close to the ground. 
the proportion of the total herbage resource normally 
utilised by sheep is probably much smaller. 

TABLE 21: Herbage resource available (0 sheep in rock hyrax 
habitat at two study areas in southern South West A frica expressed 
in units per ha and as percentages of the total herbage resourcc. 

Season 

Wet 
Cool dry 
Transition 
Hot dry 

Mean 

Sandmodder 
No. 73 

U/ ha 
Per 
cent 

42617.8 29.3 
22 532,8 26,3 
16 \126.0 26.4 
19 2l)4.5 25.6 

26.9 

Warmfontein 
No. 280 

U/ ha 
Per 
cent 

12981.0 62.S 
6336.2 60.0 
4474.3 44.9 
5216.3 50.2 

54.4 

4.7.2 Utilisation of the herbage resource available 
to sheep by rock hyrax 

As the daily intake of the rock hyrax is unknown, it 
was not possible to determine how much of the herbage 
available to sheep is removed by hyrax. The percentages 
of the herbage resource available to sheep which is 
comprised by those species which are subjecl /0 utili-

sation by hyrax were therefore calculated and are pre
sented in Table 22. It should be emphasised that most 
of the species utilised by hyrax are utilised in minute 
quantities and that a large proportion of the diet of the 
rock hyrax is obtained from species of which small 
proportions are available to sheep. For example, it was 
calculated that at Sandmodder rock hyrax obtain, on 
the average, 79 per cent of their diet from species 
which comprise 56 per cent of the herbage resource 
available to sheep in rock hyrax habitat. 

TABLE 22: Proportions of the herbage resource available lO shecp 
which is subjecl 10 utilisation by rock hyrax at two study areas in 
southern South West Africa expressed in units per ha and as per
centages. 

Season 

Wet 
Cool dry 
Transition 
Hot dry 

Mean 

Sandmodder 
No. 73 

U!ha 
Per 

cent 

40036.6 93.9 
Il) 637.8 87.2 
12440.1 73,5 
17194.4 89.1 

85.9 

Wannrontein 
No. 280 

U!ha 
Per 
cent 

II 174.5 86.1 
3667.7 57.9 
2907.1 65,0 
4268.7 81.8 

72.7 

4.7.3 Loss of potential agricultural yield 

Rock hyrax habitat is easily recognisable on large scale 
aerial photographs because of the lypical rock for
mations. All the available habitat (including estimated 
feeding zones) on the two study farms was marked oul 
on aerial photographs and measured using a planimeter. 
It was found that 2,9 and 3,6 per cent of the total 
areas of the farms Sandmodder and Warmfontein, res
pectively, are hyrax habitat. The validity or the assump
tion that these percentages roughly approximate that 
proportion of the total herbage available to sheep which 
occurs in rock hyrax habitat is governed by the follow 
ing mutually compensating factors: 

Yield in hyrax habitat is higher than elsewhere be
cause the watercourses and ravines have a higher 
water table and a higher density of trees and shrubs. 

2 Much of the higher yield in hyrax habitat is out or the 
reach of sheep. In addition. these areas are the most 
inaccessible parts of the range and are probably fre
quented by sheep less often than more level terrain. 

The proportion of the total potential yield of the farms 
which is subject to utilisation by hyrax was estimated 
by applying the mean percentages in Table 22 to the 
above percentages. For Sandmodder this proportion 
was determined at 2.5 per cent and for Warmrontein 
2.6 per cent. It can safely be assumed that hyrax re
move less than 50 per cent of the latter percentages 
per year which would reduce them to 1,2 and 1,3 per 
cent respectively. The fact that hyrax and sheep do not 
utilise exactly the same spectrum of species must, how
ever. also be taken into account. It can then be 
estimated that not more than one per cent of the poten
tial total yield of the two farms available to sheep 



is lost to the rock hyrax population annually. An 
average sheep farm with a stocking rate of one small 
animal unit per ha and a lambing percentage of about 
120 per cent (De Klerk, pers. comm.)* will yield a gross 
annual income of R3,24 per ha at an average Karakul 
pelt price of R I 0,80. The value of the yield lost to 
hyrax will therefore be about 3,2 cents per ha per 
annum. 

'Mr. J. N. 00 Klerk. Agricuhure Division. Pnva.e B"l' 13186, Windhoek, South We:;, 
Africa . 

5 CONCLUSIONS 

The diet of the rock hyrax consists mainly of the leaves 
of shrubs and trees which is in agreement with what 
Sale (1965a) found for Procavia habessinica in lowland 
(0 - 3 500 m) Kenya. Grasses are only eaten in signi
ficant quantities at the end of the hot dry season and 
start of the wet season, the only time when individual 
grasses become principal foods , According to Coe 
(1962) P. johns/oni. mackinderi mostly grazes and 
according to Turner and Watson (1965) it is solely a 
grazer at Serengeti. Hoeck (1975) refutes these findings, 
stating that the species grazes only in the wet season, 
but nevertheless classifies it as a grazer. The results of 
the prc$ent study indicate that P. capensis can be re
garded as an intermediate feeder according to the classi
fication of Hofmann and Stewart (1972). The diversity 
of the diet (Turner and Watson 1965, Sale 1965a and 
Hoeck 1975) has been substantiated by the present 
study, 

Food species are primarily selected on the basis of 
factors other then moisture content, which confirms 
what Sale (I965a and 1966) and Hoeck (1975) found, 
As hyrax were not observed to drink it is concluded 
that the vegetation of the Groot Karas Mountains pro
vides them with sufficient water. 

In Koppie habitat in the Serengeti National Park Hoeck 
(1975) found that both the genera Procavia and Helero
hyrax feed in proportjon to avrulability with few pre
ferences. In general the same situation exists in the 
Groot Karas Mountains and the rock hyrax can thus 
be described as an opportunistic feeder. This is suppor
ted by the differing food preferences of the two study 
areas which are ascribed to differences in the compo
sition of the vegetation. Grasses as a group are preferred 
only at the end of the hot dry season, Only one indivi
dual grass, Anlhephora pubescens, is preferred outside 
the hot dry season. 
The feeding strategy provides an insight into the rock 
hyrax problem (sic) and if considered together with 
previously published information on herbage availabiljty 
(Lensing and Le Roux 1982), indicates that not more 
than one per cent of the potential agricultural yield 
of the study areas is removed by hyrax. As the problem 
has been shown to be localised (Lensing and Joubert 
1977), it is not considered a serious threat to the Kara-
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kul industry. The estimated value of the loss (3,2 cents 
per ha per year) is too low to justify population control 
because firstly, the cost of control should not exceed 
this figure and secondly, the entire loss will not be 
recovered by control. 
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