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Abstiract

The aim of the study was to provide a basis for the
determination of acceptable hippo densities along the
Crocodile River, outside ﬁha Krugex Nationél Park. Hippo
densities have to be acceptable to land~users, who suffer
hippo damage, and to the conservation authority,
résponsible for the resources alony the river. Hippe
nambers and distribution in the study area were determined
by using a conbination of aerial census and ground count.
The hippo population number was estimated at 88 animals.
Hippo distribution was influenced by‘ flow speed of water.
No hippos were observed in river sections with steep
gradients, (>6.0 m/km), while major herds were ohserved at
low gradients (<3.5 m/km). A mean density of 0.6 hippo per
km was calculated, with a maximum of 2,5 hippos/km at
Kaapmuiden, next to the Kruger National Park. TPA Nature
Conservation records on hippo complaints were analyzed, and
no relationship between the occurrence of hippo damage and
hippo density could be found. There were strong indications
that hippo damage are caused by individual problem hippo.
The majority of land-~users (92 %) supported the
conservation of hippos. The size of the area available to
hippo was determined for distances of 5 ki up- and down-
river from the major hippo herds. The average distance that
hippo could move away from the river was 336 m, a severe
restriction when comparad to the generally assumed hippo
grazing range of 3.2 km. Hippo access to grazing was

assessed by determining the effective grazing area.



Effective grazing area at study sites was on average

437 ha, which represents 6.8 % of the area represented by
a 5 km grazing range. The size of the effective grazing
area will vary:from vear to year, depending on the crops
that will be ﬁianted. The land-users attitudes might: be
influqhqed by the type of crop planted. A grazing gradient
with éﬁe highest impact-close to the hippo pools was found.
TPA Nature Conservation regarded the grazing impact as
acceptable, considering obsarvations were made in the late

dry seasion of a below average rainfall year.

Uittreksel

Die doel van die studie was die verskaffing van ’n basis
vir die bepaling van aanvaarbare seekoei-digthede langs die
Krokodilrivier, buite die Nasionale Xruger Wildtuin.
Seekoei~digthede moet aanvaszrbaar wees vir grondgebruikers,
wat skade kan lei, en vir die bewaringsinstansie wat
verantwoordelik is vir die hulpbronne langs die rivier.
Seekoeigetalle en verspreiding is bepaal met ‘n lugsensus
en ’‘n grondtelling. Die seekoeibevolkinq.is geskat op 88
seekoele. Seekoeiverspreliding was beinvliced deur die
vloeispoed van water. Geen seekoeie is waargeneem in rivier
gedeeltes met steil gradiente (>6 m/km), terwyl die groot
troppe waargeneem is by lae gradiente, (<3.5 m/km). n
Gemiddelde digtheid van 0,6 seekoeia per km is bereken, met
'n maksimum van 2,5 seekoeie/km by Kaapmuiden, naby die
Nasionale Kruger Wildtuin. Die TPA Natuurbewaring register

met klagtes oor seekoeie 1z ontleed, en geen verwantskap



tussén die voorkoms van seeckoeiskade en sgekceidigthéid “kon
gekry ﬁbrd nie. Daar is sterk aanduidings dat individuele
probleemdiere vir | seekoeiskade verantwoordelik is. Die
neerderheid grondgebruikers;‘(sz %), het aangedui dat hﬁllec
seekoeibewaring ondersteun. Die grootte van die gebiede wat .
beskikbaar was vir seekoeie is bepaal vir afstandelvaﬁ 5 kn
rrfier;op an: -af van die groter seekoeitroﬁpe. Die
gemiddelde afstand van seekoel versperrings vanaf die river
wag 336 n, 'n ernstige heﬁerking wanneer dit ve:gélyk word
met die aanvaarde -seekoeiweiradius van 3.2 km. Die
beskikbaarheid van Weiding vir seekoeie was bepaal deur die
grootte van die gebied wat effektief weiding bied te
bepaal. Die grocotte van die effektiewe'weidingsgebied by
die.atudie.perséle was gemiddeld 437 ha, wat 6.8 % van die
area binne ‘n wei afstand van 5- km vanaf die rivier
verteehﬁoordig; Die grﬁotte van  die effektiewe
weldingsgebied sal van jaar tot jaar varieer,'afhangende
van -die gewasse Watlgéplant word. bie grondgebruiker sa
verdraagsaamheid teencor seekoeie kan ook beinvloed word
deur die tipe gewas wa£ geplant word. ’n ngdingsgradiexit,
met die_hobgste impak naby die seekoeigate is gevind. TPA
Natuurbawaring beskou die huidige ﬁeidingsimpak van

seekoelie as aanvaarbaar.



1.

Introduction

Historically, hippopotamus (Hippopotamus amphibius
Linn.} inhabited practically all the rivers, lakes and
lagoons of Southern Africa from the Cape to the Zambezi (Du
Plessis 1969). As they are amphibious they were necessarily
confined, within this wide range, tov areas with sufficient
water to provide for their needs. Water and adeguate
grazing are the two most important requisites of hippo
{Estes 1992). Therefore their distribution vas

discontinucus and patchy. i

Where hippos occur outside large c<onservation areas,
they often occur where cultivation of crops is a major land
use. Many cultivated lands are close to the rivers because
of the availability of water and productivity of soils.
Hippog are notorious damagers of crops, and this leads to
confrontation bketween farmers and hippus. In areas vhere
problems were experienced this sometimes lead to their

local extirpation (Smithers, 1983).

In South Africa hippos currently survive only in the
northern and eastern Transvaal and northern Natal. With
regard to the Crocodile River in the eastern Transvaal,
SeVera; elderly residents report that no hippos occurred on
farms around Nelspruit before the mid 192607s. This conforms
with a report by Kettlitz (19262, cited by Joubert 1967),
that hippos were found in the Letaba, Selati and Olifants
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Rivers to the west of the Kruger National Park, with no '

mention of the Crocodile River.

Since the early 1500’s, hippo numbers inside the Kruger
Park increased to such an extent that hippo culling.was
deemed necesgary (Pienaar, Van Wyk & Fairall 1966 ; Whyte
1988, unpublighed manuscript). During 1992 a total of 424
hippos was counted by National Parks Board personnel in the

Crocodile River within the Kruger Park, (Viljoen 1993}.

The rivers in the Transvaal Lowveld are open systems,
Iand aquatic organisms can move unhindered up- and down-
river. The high number of hippos inside the Kruger
National Park most likely served as a source of hippos for
emigration upstream to the west of the Park. Since hippos
were first reported in the Nelspruit area in the mid 19607s

the numbers of hippoe have increased.

Hippos are area selective grazers with a preference
for short green grass. The estimated daily food intake on
a dry mass basis is between 16 and 20 kg for adult hippos,
(Laws 1968; Owen-Smith 1988). With such a large intake,
consumption of pianted crops by a few hippos can cause
considerable damage. Damage by trampling sometimes exceeds
the damage by consumption. Hippos may become aggressive
towards human beings, and various deaths and injuriec have
been reported. These events often receive a lot of

publicity.



Entries in the complaints reéisteri kept at tﬂeﬁEastern
Regibn Office of the Chief Directofater of Nature and
Environmgnfal conservétibn in Transvasl (TPA Natu;e

. Conservation), indicate that the number of complaints abéﬁt_
hippos rose between tlie early 1970’s and the mid'lQBO?s..
Farmers triéd a wide range ofibreventative measures to keep

f hippos away from +their crbps. Several landowncrs erécted
electric fences which seem to be effective in preventing
hippo - damage. However, these fences and othef_st;uctures

| (eg;:railway lines, roads, fenceg) limit the aréa available

-to hippos.

~ All the hippos in the Crocodile - River, outside the

5kipger National Park, occur on private land where the major

‘land-use activities are cultivation of crops, orchards and
the use of veld for grazing. No private nature'fesérVEs oxr
Qamé'féﬁms‘border onto the river. If and wheﬁ hippo damage
-occurs,jié is the private land-user who suffers damage.
However, 'TPA ﬁature Conservation is responsible for the
management of the hippo population outside the Kruger
National Park. This involves the removal of individual
problem animals and injured animals through capture or

culling.
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In order to find a working relationship betwéen land-
users and the conservation authority, hipﬁb*dgnsitiéé have
to béﬂﬂeﬁarmined that will be aédeptable to both parties.
In this regard,not much was known about the concerns of the
1and~users, but overgrazlng of the rlparlan zone is of

concern to TPA Nature Conservation.

The field work for this study took place from Septenber
1992 to December 1992. This méan* that the field work was
done in the dry season of a below aVerage rainfall year.
Accordlng to the South African Weather Bureau, the annual’
rainfall in Helsprult for 1992 was 434 nmm, which represents

-only 57 % of the mear annual rainfall of 761,4 mm..



1.1 Study Ohjhctivc.ind Key Questions

The overall objective of this stisiy was to provide a

_basis for the determination of acceptable hippo densities

in
To
1)
2)

4)

5).

the Crocodile River, outside. the Krinjer National Park.
this end, the following key questions were idehtified:
How abundant are hippos in the Crocodile River ?

What péoblemslare land-users experiencing with hippos ? -
Is there a ﬁelatibn between the occurrence of hippo
damage and hippo densities ?

¥What iz the attitude of theiland-users towards hippos ?

What level of crop damage by hippos would be acceptablie .

. to land-users 7

6)

7)

8)

9)

What 'is the size of the area available to hippos ?

How much of the area available to-hippoé offers grazing
for hipp&s ? L , _ -

What is the grazing impact on the veld in the area
available to hippos ? |

Are other grazers competing ﬁith hippos ?



1.2 gtudy area

The section of the crocodile River which was surveyed
stretches 142 km from the Braam Raubenheimer Dam (25° 22/ S}
30° 24’ E) near Lydenburg to the boundary of the Kruger
National Park (28° 327 5, 31°% 227 E) near Kaapmuiden, (see
Pigure 1). |

The stretch of river forming the study area has a

predominantly rocky bottom with occasional deﬁosits of

gravel and coarse sand. The river is associated with

foothills of the Eastern Transvaal Sscarpment. Occasional

waterfalls occur. The flow of water can be described as

L

fast, but ﬁith 516thlawing pdols. Several weirs have been
constructed atrss the river.

o1 a

On the farms'adjaeént to the river, the major land-use

activities include cultivated lands, orchards, cultivated

pastures and veld used as grazing.



2. Methods

2.1 Hippopotamiz numbers ana distribution

According to Attwell (1963) the hippo_patamﬁé is a species
which is poésibly nore "easily counted than any other
ungulate, although this depends on the nature of. their
refuges. In the past ':'hip:m- .censuses have been:-done on foot
(Scotcher 1978), from beoats I(Anaell 1968 ; Attwell 1963. H
"Laws & Clough 1966) v f:{ixed wing alrecraft (Field- 197¢ ;-
olivier & Laurie  1974) éﬁd helicopters (Taylor 1987,
unpublished manuscripi:_ ; Viljoen 1980 ; Viljoen 1989).
Rarstad & Hudson (1984) g,ﬁd Tembo (1987) used combinations
of. aerial and ground courils to determine hippopotamus

numbers.

In " this study, the number of hippos was firstly
determined by a total aerial count from a helicopter, and
secondly by a total ground count. Although TPA Nature
Conservation use the aerial census technique to attain a
population index annually, the ground count wag used to
determine  the hippo numbers more accurately. Karstad &
Hudson (1984) and Tembo (1987) also used combinations of
aerial and ground counts, and also reported higher figures

during ground counts,
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The aerial census pethod used, was very similar to that
used in the Kruger National Park. Ideally, the census
should take place during the late winter ﬁhen the rivers
are low and relatively clean, and on a warm sunny day
following-a cold night. In this étudy a Bell Jet Ranger
helicopter was used with all four doors removed, and a crew
consisting of a pilot, a navigatdr/datamrecorder and two
observers. The direction of the flight was away from the
gun, and an average height of 40 m above the river was
maintained at a speed of approximately 80 km per hour.
Hippo sightings were recorded directly onto a topographical
1:50 000 map, noting exact locality and group size. If a
satisfactory count of a herd of hippe could not be done
during the initial fly-over, the helicopter circled until
a satisfactory count of the herd was cbtained. Dams closge

to the river were also surveyed during the census.

The following aerial counts were carried out:

1) On 6 September 1982, from 08h00 to 09h00, between the
Kruger National Park border and the western end of the
Crocodile River gorge.

2) On 7 September 1992, from 08h00 to 10h06, between the
western end of the Crocodile River gorge to Montrose.

3) On 8 September 1992 from 08h00 to 10h00, between Elands
river confluence, below Montrose, to the Braam

Rauvbenheimer Danm.
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From 8 to 12 September 1992 , the aeriél counts were
followed by groﬁnd counts a.ong the Crocodile River,
between the Kruger Naiéonal Park bordef and Montreoie.
Ground counts=weré*dpne between 07h00 to 1ﬁh00 and 15h00,&0_;
18h00. During ground counts, 2 observers walked on eq@hl
' side of the river and the hippo numbers and diﬁtributioﬁ=

were marked on 1:50 000 topographical maps. - !H

'
: !iii

As hippo densitiea are commonly expressed as the numﬁLr
of hlppos per kilometre of river, this axpr3551on was aigo
ased for this part of ' tha study. The number of hlpmos
- counted by the cenaus method which yielded: the hlghaﬁt
figure was regarded as the minimum hippo population 51%3.
The minimum population number of hippo was used %%o
determine their density, per Kilometre of river. The rlver
was divided into different sections by using promlnért
narkers along the river such as bridges, weirs, waterfalls
and gorges. Hippopotamus densities were expressed as fhe

nimber of hippos counted in each section per the length of

river of that section.

Hippos are more abundant in wide slow-flowing reaches of
rivers than in rapids and rocky patches (Attwell 1963}.
The gradient of a river gives an indication of the general
speed of water flow in uhe river (Kleynhans personal

communicatic ,. The gradient of river sections where

! pr. C.J. Kleynhans, Specialist Services, TPA Nature
Conservation, P.O.Box 59019, Karenpark, 0118
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hippos occurred wés compared with the sgections without
hipposg. The gradients were determined by the difference
between altitudes of the upper and lower boundaries of each
section, Contours on orthophotos with a scale of 1:10 000

were used to determine the altitudes.

Several methods of multivariate analysis have been used
to analyse the complex inter-relationships between
herbivores and the many facets of their environment
(Beardall, Joubert & Retief 1984). Many ‘traditional
rmultivariate analysis methode guffer drawbacks when applied
to ecological data. Ceorrespondence analysis is a technigue
which provides a graphical display of data arranged in a
two~way table of rows and columns. Beardall et al. (1984)
reported that correspondence a'rlaly‘sis: holds promize for
more advanced in-depth studies of animal/habitat
_relationships. Simca, wversion 1.2 (Greenacre, 1985) was
used to do a correspondence analysisg using the river
gradient, number of dams next to the river and hippo
numbers in the various river sections. In the
correspondence analysis, the river gradient was divided
into three equal classes, namely 0 - 3.3 m/km,

3.3 - 4.6 m/km and. 6.6 - 9,9 m/]{m.

Attwell (1863) and Yoaciel (1981) pointed out that
routine sexing of hippopotamus iz not possible. Therafore
no attempt was made to sex hippos during this part of the

study.
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2.2 Hippo problems

Complaints from land-users about hippos were registered
at the regional offic;:e of TPA Nature Conservation in
Nelsgpruit. The records Dn the number of problem hippos that
had to be removed Waé;available for the period 1980 to
1992,.whi1e records orn the number of complaints received
were available for theiberiod from July 1990 to 1992. These
records were analyzed I;to determine if :

1) significant differences existed between the number of
problem‘hippos, or ﬂhe number of complaints received per
river section, and_f

2) the number of problgm hippos and/or the number of
complaints received were related to ‘hippo density.

For this purpose Chi«-sﬁuare tests were used. The existence

of a relation between ﬁhe numbetr of complaints received per

river section, and thé:hippo density in the section during

1992 was investigated by regression technigques.

In order to determine whether hippo damage is a seasonal
occurence, the number of problem hippo, and the number of
complaints was related to monthly rainfall figures, using
regression technigues and analysis of variance. The sample
sizes along the Crocodile River were relatively small.
Therefore; additional records from other rivers in the

Eastern Transvaal Lowveld, the Blyde and Olifants Rivers,
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were also used. These relations were also Iinvestigated
using the monthly rainfall figures lagged by one month, as
the effect of rainf_al on vegetation might only be visible
affar a period af vegetation érowth. For gxample,
wildebeest and other ungulates follow the patchy-iainfall
and .anes of nutritious regrowth, and move abkout the
S:erengfﬁti . plains in 2 -~ 4 week rotations, (cdughenour

1991) .-

The sexes and age-groups of the problem hippos shot in
the area between 1980 and 1992 were assessed to determine

if the problem hippos were from a specific age c¢lass and

sex.
Attitudes of land-users

In recent years the occurrense of hippo damage to
crops, their involvement in accidents on the roads and the
threat they pose to canceists on the river has received
wide media coveraye. The articles in the media generally
indicated that farmers and certain sgectors of the public
were against the presence of hippos in the river. As the
attitudes of the majority of land-users would determine the
amount of effort needed for the long term conservation of
hippos ocutside large conservation areas, it was important

to learn more about these.
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In order to get a complete picture of attitudes of land-
users towards hippos, a guestionnaire was drawn up with the
cooperation of the Human Research Sciences Council. The
addresses of the target land-owners were obtained from the
Lowveld Irrigation Board. The questionnaire was circulated
among the land-users adjacent to the river. It included
specific gquestions about farming operations, problens
experiénced with hippos, attitudea towards hippos and
attitudes towards the current management of the hippo
population. A copy of the questionnaire is included as

Appendix A.

The response to this guestionnaire was analyéed to
determine if the spatial distribution of the land-users,
hippos, farming practices and farm sizes had an influence

on the attitudes of the landowners. The methods used were:

1) regression techniques to determine the relation between
hippe density, and the percentage of landowners

supporting hippo conservation;

'2) a Chi-square test to determine if significant
differences existed in the attitudes of land-users

practiging different agricultural activities;

3) a Chi-square test to determine if significant
differences existed between land-users on small farms

and big farms; and
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4) the questionnaires were also assessed to determine:

(1) how much support the future conservation of hippo

may have among the land-users adjacent to the river;
(ii) the effectiveness of preventative measures;
- (i1i) the acceptability of the current levels of damage;

(iv) types of damage.

2.4 Available area

 In the study area, the-naturél'movement of hippos away
from the river is limited by sturdy fences along major
roads and railway lines, electric fences and some standard
camp fences around agricultural fields, while canals with
steep cemented walls, and builldings, also affect hippo
movements. It is conventionally assumed that the grazing
range of hippoz extend 3.2 km from the river or lake margin
(Owe-.n-Smith; 1988), although distances of 5 km are also
well within reach of hippos (Petrides & Swank 1965 ;

Lock 1972).
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Study sites were established at locations where more
than five hippos were observed’éuring the censusses. Five
studf sites were established, and their locations are shown.
in Figure 1. The study sites at Alkmaay and Cairn/Halls
border onto each other. The inhabited hippo bool was taﬁen
as the centre of each study site. The study sites extended
5 km up and down river from the inhabited pools, an& ‘ awasr ;
from the riverbank up to thé first barrier intended to stop |
hippo movement. The distance of 5 km was used in preference
to the conventional grazing range of 3.2 km as hippos .migiht
be forced to move further up and down river because of the

‘limitation to movements away from the river.

To determine the average distance of the hippo barriers
away from the river, a transect was set up every 200 m
along the river at each stuwdy site, The length of the
transect represented the shortest distahce between thé
riverbank and the f£irst hippo barrier encountered along the
transect. The positions of the barriers were plotted onto
1:10 000 orthophotos. The sizes of the areas available to

hippos were then determined using a digital planimeter.

The area available to hippos refers to the area where
hippo movement ii'afs ‘not limited. It was often the case that
the area with a‘lvailable. grazing was less than the area
available to hippos. This was due to the presence of areas
like granite outcrops and ploughed lands for example. To

determine the size of the effective grazing area,
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orthophotos were used to divide the area available to
hippos into relatively homogenecus units. Some aspects
mentioned by Fdwards (1981) were used to divide the area
into units. These aspects were landforn, gediogy,
vegetétion physiognomy and agricultural activities. A unit
represented an area with relatively homogenéous landform,

vegetation and/or agricultural activities.

on the orthophotos relatively undisturbed natural
vegetation, orchards, lands. and disturbed areas could
easily be identified. Disturbed areas includgd all
buildiﬁgs, cemented canals, qnafries, cuttings, old
bohétruc#ion canpsites = and old buildings. The
characteristic granitic outcrops of the Nelspruit area, and
Ihills with very steep slopes, were classed as steep hills.
FThé woody vegetation was classified physiognomically and

' grouped into the following physiognomic classes:
1. closed, where canopies were interlocking ;

2. intermediate, where woody plant canopies were close

but not touching ;

‘3. open, where woody plants were separated by distances
further than the average canopy diameter (Mueller-

Dombois & Bllenberg (1974).
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It was sometimes difficult to distinguish between the
intermediate .and open physiognomic classes of the natural
vegetation. These divisions were checked on site, to ensure
that the vegetation and current land-use practises were the

same as identified on the orthophotos.

The intermediate and open physiognomic classes were
grouped together, and called veld. The closed canopy
physiognonic class was called bush. The site .isits also
detected changes in land-use activities. These were marked
on the orthophotos. Cittus and - litchi orchards were the
only orchards in the study area that were under irrigation.
In these, the'graas directly under the trees was kept shert
while the grass between the trees was cut less frequently.
Grass in pecan orchards was cut short at the end of the
summer, and stunted with herbicide to-ensure a sward of
less than 10 cm high, so as to facilitate the collection of
nuts. Mango anhd avocado orchards had little grass as mostly
bare s8o0il occurs under +these trees. Therefore, the
different orchards were grouped into the land units:

citrus/litchi, pecan, and avocado/mango.

lande were divided into old lands, unplanted lands, and
planted fields. As the 1991/92 rainfall season was below
average, several farmerg prepared lands during the start of
the 1991/92 rainfall season, but left the lands unplanted

when low rainfall occurred.
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The land units were marked on the orthophotc;s, and the
aréas of the units were determined using a diéitﬁl
planimeter. The areas of land units with 1ittie Or ho grass
cover were 'subt-racted from the available area to determine
the effective grazing area. The units which offered iﬁttle
or no grazing were bush, avocado/mango orchards, and.%mpty_
lands. Xopples were excluded as beiwty inaccessib#e to

hippos .

According to Edwards (1981) stockiﬁg &énsity refers to
the number of specified animal units and land area at ahy
instant in time, and is expressed as animal units per
‘hectare. The stockinghéensity-can influence the competition
for, and utilisation of preferred vegetation. The grazing
densities of hippo at each study site was determined by
dividing the number of hippo present by the effective

grazing area,

No reports on the production of grass in the_study
area could be found. In an effort to estimate whether the
effective grazing area will ke able to sustain the numbers
of hippo at the study-sitas, stocking guidelinas used by
the Extention officers of the Departmént of Agricﬁlture in

Nelspruit were used.
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Grazing animals affect pastures by defoliation,
treading and excretion. Each of these factors affect forage
production, forage guality and botanical composition
(Mentis 1981; Danckwerts 1989). Animals also affect one
another, and this may influence the way they defoliaté,
tread and excrete. The amount of inter~ and intraspecific
competition for é’razing .is largely determined: by the grazer
tocking rate (Mentis 1981). The questionnaire circulated
émong the land—users, as.dEScribed in section 2.3, included
a section on the numbers of livestock and other animais
utilising the vegetation in- the area available to hippo.
The nunbers of livestock obsexrved éuring the field work ih
the area available to hippos were also recorded. Livestock
Units (LU), as described by Meissner (1982), were used to
express the stocking rate of grazers in the area available
to hippo. As farmers know and use LU in the e#pression of
stocking rates, the hippo numbers at the study sites were

converted to IU’s, to enhance discussions with land-users.

Hippos are area aelective rather than species
selective grazers, +hat is, they select grassland
physiognomies that best satisfy their feeding requirements
(Scotcher, Stewart & Breen 1978). A gradient of grazing
impact by hippo, with the highest impact being close to the
hippo rpools, was reported by Olivier & Laurie (1974).

Several authors reported over-utilisation of the available
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grazing by hippo (Bere 1959; Eltringham 1974; Lock 1972;
OfConnor & Campbell 1986; Ogen—odbi & Dillworth 1987;

Petrides & Swank 1965 and Viljoen 1980).

Hippos are dependant on water for refuges. a result of
this dependency is the creation of zones of varying impact,
or piospheres, around water sources (Andrew 1888). The
piosphere pattern is characterised by a sacrifice zone of
varying width where the intensity of herbivore activity is
the greatest. Many other herbivores c¢oncentrate their

activities along rivers, especially during the dry season.

Officials from TPA Nature Nature Conservation indicated
that they regard acceptable hipﬁo densities as those
densities where over-utilisation of the grazing in the area
available to hippos dees nu+ oce .., Over-utilisation of the
vegetation should be avoided as plants that are utilised
too often and/or too severely become damaged (Bothma
1986 ; Mentis 1981). Their production, vigour, competitive
ability and seed production are affected. Overutilisation
of the grass component invariably leads to a reduction in
sward density (Zdwards, 1981}, which inevitably results in

an increase in soil erosion (Whitlow 1988).

In this study, hippe impact assessments were carried
out to determine if a gradient, such as that reported by
Olivier & Laurie (1974), existed, and if so, how Ffar it

extended from the hippo pools. Observations on basal cover,
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ag a measure of sward density, and grass height, as a

measure of grazing were used to determine grazing impact.

The time available for the field work was limited. A
random selection of study sites, although preferable, was
not practical as more sitez would have been needed than
time allowed. Therefore the same study sites described in

the saction 2.4 wares used.

At each study site a total of eleven 200 m long
baselines parallel to the river were laid ocut approximately
10 - 15 m away from the waters edge. The laycut of
baselines and trangects is illustrated in Figure 2. A
distance of 200 m separated adjacent baselines. The niddle
of the central baseline was opposite the part of the hippo
pool with the besgt defined hippo exit points. From each
baseline a set of line transects perpendicular to the river
were established at 20 m intervals. Along each transect-
line a 0,25 ®® quadrat marker was placed at 20 m intervals,

until the end of the area available to hippo was reached.
The following observations were recorded for each guadrat:

1) position of the gquadrat (guadrat number, relative

homogencus unit) ;

2) physiognomy of surrounding woody vegetation, for a

distance of 10 n from the guadrat;
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3) type of grass {broadleave : wiry : creeping : forb) ;
4) herbaceous plant cover ;

5) height of the grass sward.

In order to compare observations taken at different
quadrats, some classification of the environment was
neéessary so that observations of similar units could be
grouped together. The same phvsiognonical classes of the
woody vegetation as recommended by Mueller-Dombois &
Ellenberg (1974), described in aecfion 2.4, were uSed. The
physiognomy of the woody vegetation within 10 m from the

quadrat were recorded.

The identification of grass species during the end of
the dry season was very difficult, especially where grazing
occurred, Therefore, a broad characterisation of grass
types was used for this study, namely: tufted broadleaved

grasses, tufted wiry grasses, creeping grasses and forbs.

Using white paint, marks were made down one side of
the gquadrat marker at 0.5 ¢m intervals. Where the marked

side of the quadrat marker touched basal area of herbaceous

Fl
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plants, the intercept of basal area was measured. At each
gquadrat, basal cover was recorded using the summed

intercepts of herbaceous basal area. ¢

Grazing herbivores reduce the height of the grass
sward. Grass height is therefore a measure of grazing
impact, if the -species composition is similar at the
various sites. In each quadrat the predominant height of
the herbacecus leaf table was recorded. Grass height

measurements were grouped into 10 cm intervals.

Frequency distributions were constructed to compare_f
guadrat basal cover and grass height values. Median values I
were caleunlated in preference to the means, because data
were not normally distributed. Comparisons of basal copver
‘and grass height between ralativé homogenous units, guadrat
distances on transect lines (away from the baselines next
to the river), and bagselines at different distances away
from the hippo pocls were done usihg the Kruékal—Wallis
test. Where significant diffefences-Were indicated in the
Krugkal~Wallis test, the a posteriori method for multiple
comparison as described by Zar (1984) was used to determine
between which of the units, baselines or transects

significant differences occurred.
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In September 1992, several fires occurred along the
¥iver, and natural véld at most sgtudy sites was affected,
as well as some old lands and citrus orchards. Almost all
tha veld at the Alkmaar, éairn/Halls and Karino study sites
were burnt, while about 40 % of the veld at the Barvale
study was burnt. At the Kaapmuiden study site only about
20 % of the availabie veld was burnt.

The restricted time period of thie study and the larjye
study area made it impossible te do major revielions to the
project proposdal to accomodate this occurrance. However,
the existingpﬁethods were adapted to accomodate the effect

of fires.

The majority of tle area was burnt by head f£fires,
burning with the winds. Acecording to the land-users, they
were unable to control these fireg because of relatively
strong winds. Trolloppe (1978) reported on the effects of
surface fires occurring either as head or back fires, on
the grass sward in savanna in the Eastern Cape. Resulte
showed that head fires were less intense at ground lewvel
than back fires. Back fires had a2 significant depressive
effact on the recovery of grass. Grasses and herbaceous
plants are more tolerant of head fires because the majority
of heat energy release during these fires is well above
ground level, and away from the shoot apiceés of these

species (Trollope 1984). Therefore, it was assumed that
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the -basal cover of the perrennial species in the herbaceous
. layer were not severely affected, and basal cover
obgervations v}ere done on the burnt wveld. However ,-
observations on grass type and height could not be recorded

at the burnt quadratas,

Initially, grass height in all three physiognomical
classes for woody plants was fo be compared with each
other, but because of the fires the data-sets for grass
height in the open and sparse canopy units were small. The
patchy distribution of the guadrats in some unité presentéd
a problém when grass height between the relative homogenous
unitse was compaged. Therefore, only the grass héight in the
three types of orchards wéré analysed. Quadrats .within
500 m of the hippo pool were grouped together and compared

with guadrats furthexr away.
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3. Results
3.1 Hippbo numbers

The numberg of hippo  counted during the different
censuses are listed in Table 1. Unless otherwise.stated,
the names in the table refer to bridges over the river. The
ground count total of 88 hippo represents the minimum hippo
pcﬁulation. Note that the ground counts revealed higher, or
at least the same, hippo numbers than the aerial counts.
This was especiaily true in river sections with dense

riverine bush and aquatic weeds.

The dense riverine bush with overhanging trees and
creepers occurred between the Broham weir and ‘the
confluence of the Elands and Crocodile rivers. The aguatic
weeds, water hyacinth (Bichhornia cragsipes) and water
lettuce (Pigtia stratiotesg) and to a lesser extent Kariba
weed (Salvinia molestz) covered almost all the pools in the

river between Karino and the Kruger National Park. The way
hippos use these weeds for cover was obvious during both
censuses. When disturbed, they immediately moved into the
weeds. Once under this cover they were very difficult to
observe, as they often kept only thelr nostrils above the
water, while the rest of the body remained submerged.
During ground counts ohservers were able to remain next to
the pool for much longer periods, and therefore more

acourate counts could be attained.
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3.2 Hippo distribution -

The maximum hippo density found during this study was
2.5 hippo per km of river, between the Kruger National Park
and the Crocodile River Gorge (Table 1). The mean hippo
density between the Kruger Park and the Braam Raubenheimer
Dam was 0.6 hippo per Ki of river. However, Rohm (persohal
communication ?) repbrted that pﬁppo move up the river past

‘Montroge falls on rare occqsiéga. When they do, thay stay
there for short periods, and then move back ﬁd below the
falls. The hippo density for the permanently occupied
section, between the Kruger Park border and the confluence
of the Eland=z and Crocodile rivers was 0.9 hippo per km of

river.

The comparison of the gradient of the river and hippo
density batween different_seCtions of the river is shown in
Table 2. It is clear that all the hippo densities of more
than one animﬁl per km of river were found in river
sections with gradients of less than 1.5 meters per km. Few
or no hippos otcurred where the river gradient exceeded

5 meters per km.

’E. Rohm. Conservation Services, Eastern Region, TPA Nature
Conservation, P.0.Box 1232, Nelgpruit, 1200
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The graphical display of the correspondeénce analysis
ie shown in Figure 3. In the two dimensionxl projection,
the plot of the points with respect to the first two
dimensions (principal axes) contains the most. variation
that is displayable in two dimensions (Greenacre 1985). In
Figure 3, three separate groupings of river gradient and
river sections are clear. The first grouping, with gradient
one, includes the river sections with the highest hippo
densities in this study. The second grouping, with
gradient 2, includes the river sections in this study with
low hippo densities. The third grouping, with gradient 3,

includes the river sections where nco hippos were observed.

There were no significant differences in the numbers of
complaints received per river section. Likewise, there was
no relationship between the number of complaints and the

hippo density per river section.

The analysis of complaints. about hippo problems, was
based on the number of complaints received from land-users.
It is known that some land-users who experienced hippo
damage hever complained. Therefore, this data did not
reflect all the hippo damage that occurred in the area.
Furthermore, number of obserxrvations used in this analysis

was relatively small.



32

Although the numbexr of preblen hippo and the number of
complaints along the Crocodile River, shown in Table 3,
suggested that more reports of damage oaccurred during the
dry season, no significant relztionship with the monthly
rainfall was found. Even with additional data from other
lowveld rivers, and with the rainfall lagged by one month,

no significant relationships were found.

The numbers of problem hippos shot in the Nelsprult area
between 1980 and 1992, and the reasons for shocting thenm
are shown in Table 4. This data Suggé.sted that males are
more prone to become problem animals as only 18 % of the
problem hippo were fe_maie. Intra-specific fighting was the
caﬁse of the majority of the injuries to hippos. Reports of
these incidents were mainly received between August and
October, and thes‘e. animals often behaved agyressively,

which implied that they had to be removed.

Attitudes of landowners

The media reports indicated that land-users along the
river and other interested parties were againgst the
presence of hippe in the Crocodile River, outside the
Kruger National Park. These reports inciluded three articles

by the environmental magazine program 50/50, televised



33
10/10/19%1, 0570471992 and 13/09/1992; and two articles in
the local newspaper, The lowvelder, published 29, 11/1991

and 15/01/1993.

Forty of the 50 guestionnaires were received back.
Almost all, 92.5 %, of the respondents indicated that they
wanted the hippo in the river, while only 7.5 % wanted the
hippos removed. No relationship was found between land-
user’s attitudes and hippo den=ity, or the size of the

farming operation.

The Chi-sguare test showed that attitudes of land-users
producing vegetables, were significantly different from the
other Iland-users, (p < 0,001}, However:' none of ‘the
vegetable producers negatively disposed towards hippo had
any preventative measures, and often suffered hippo damage.
Contrary to this, all those who erected electrical Fences

wanted the hippos in the area.

Seventeen (40 %) of the respondents indicated that
preventative measures were taken (Table 5). Of these only
one person did not use an electric fence as a preventative
measure, and he indicated that the standard cattle fence he
was using was ineffective. Land-users regarded electric
fenuirg as an effective and affordable preventative
measure, provided these fences were erected properly and

maintained.



| -"3ccording to respondents, hippo damaéé usually involved
tha:éonsumption and tranmpling of vegeta@les, raize, and
beﬁns. Trampling of irrigation pipes an& canals, broken
feﬁces, killing of livestock, damage to cars andlinjuries
to labourers were also reported. Several Jlandiiners
indicated that they changed or planned to change their
farming operations to crops which hippos. do not usually

damage, i.e. orchards or tobacco.

All the resppndents who supported hippo conservétion
-indicatedathaf the current level of damage was acceptable.
Land~-ugers &éf#ned acceptable hippo densities as those at
which the eledtric fences were successful in preventing
hippo daﬁage. The majority of respondents also indicated
that theiﬁurrent hippe densities were acceptable, as long
as the problem individuals are removed as soon as they are
identified. Some respondents indicated that their tolerance
of hippos was influencéa by the type of-&rop planted., If a
prefered crop, like beans or sweet potﬁtbés, was planted,

they would not be as tolerant as when tobacco was planted.
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3.5 E -?-J !J i .

:I'he averagé distances between the river bank and hippo
barriers in gach section are shown in Table 6. From this -
table it is clear that electric fencing, erected at a mean -
distance of 66 m from the river, was the barrier closest to
the river. These fences were.found to be of a permanent or
temporary nature. Two land-users had temporary fences which
were ohl‘y erected when cra‘ps: - prefared by hippo,; were
planted. :Most land~users with permanent eslectric fences
erected them close .t° the river, with the closest planted
field some distance bah:md it, (-sometiﬁes more than 200 m} .

The distanlce of disturbed areas from the river varied
greatly between study slites, ranging between 40 m at
Kaa'pmuidéﬂ " and 225 m at Barvale. The squatter-like
settlements &t Kaapmuiden, at an average distance of 40 m
away from the river, extended for: about 2.6 km alohg the
northern riverhank, past Matsulu, This wés the only place
in the study area where urban development limited the area

availablé__ to a hi'i;po herd numbering more than five animals.
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“The combined length of the varicus hippe barriers at
the study sites was 100 km, which comprised theﬁfollowing:

- 31 km were fences next to railway lines; |

- 25 km were fences alony registered roaés;

~ 24 km were electric fences;

- 10 km were standard camp fe:nces :

= 7 km were disturbed areas; and

~ 3 km were steep koppies.

After refining the demarcations on the orthophc'toé.' f

during the szite visits,; the following relative homogenous
units were ident:i.ﬁied : bush, veld, orchards, lands,
disturbed areas and stéep hills. The sizes of the various
units -are shown in Tabie ' Barvale had the largest
sections under ste:e;; hills a.-n;d' closed bush, (consisting
mainly of Lantana. camara shrubs), and the smal.'lest- area
under orchards. The Kaapmuiden study site had the smallest
perceptage area covered by steep hills and lands, and the

highest percentage area covered by veld and oirchards.

Two relative homogenous units, namely orchards and
lands were subdivided for the determination of effective
grazing Iareas. Orchards were divided into citrus/litchi,
pecan and mango orxrchards. Lands were divided into fields,

unplanted lands and old lands.

The effective grazing area and effective yrazing

density at each study site are shown in Table 8. The
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averaga size of the effective grazing areas was 437 ha,
‘which represents only 64 % of the area available tc hippo
in a study site. The smallest effeckive grazing area,
205 ha, was measured at the Barvale stﬁdy gite where much
of the area available to hippo was steep hills or thickets.
It is for this reessen that the highest effective grazing
sgnsity occurred at Barvale. The Kaapmuiden study site also
had a high effective grazing density, because of the high
hippo numbers at that site.

orchards that offer grazing, namely citrus/litchi and
pecan, formed 35 % of the effective grazing areas at the
.+ tnj/Halls and Kaapmuiden study sites. During the study
period the Ffrequent occurrence of £resh hippo tracks
recorded in citrus and pecan orchards indicated that the
grass in these orchards formed an important component of
their grazing. In the Karino and EKaapmuiden study sites
hippo travelled distances of about 2 km up and down river
to get to this grazing. This observation was made when
£ield work was carrxied out in the same area on consecutive
days, and wasg confirmed by trackers from TPA Nature

Conservation.

The estimated numbers of livestock units (LU) that can
be sustained at the study sites are shown in Table 9. The
average number of LU’s recommended at the study sites was
78.6 LU’g, while the lowest, 33.0, was recommended at

Barvale. (See Appendix B).
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3.6 Grazing impact

At the Kaapmuiden study site, high numbers of cattle
were grazing on parts of the socuthern river bank, and on
the whole northern fivar bank. At the other study sites,
the numbers of livestock grazing in the area available to
hippos were low. At the Cairn/Halls and Barvale study_sites
no livestock were grazing in this area. The Karino and
Alkmaar study sites both had only one 1and-u3ef who
utilised the grazing in this area for livestock. Both land-
users occupied small areas, 8 ha and 12 ha respectively,
and kept livestock only for domestic use. The total number
of livestock grazing in the area available to hippo was
3 LU’s at Karino and 7 LU’s at Alkmaar. It was difficult to
obtain numbers of livestock at the Raapmuiden study site as
the area available to hippos was utilised as a communal
grazing area by people of Kangwane. In a discussion with
the tribal Chief responsgible for that area he complained
that many people from outside his area were grazing their
cattle there, and he had no idea of how many cattle were
grazing. Based on personal observations, the number of
livestock grazing in this area was estimated at 260 LAU’s.
Thig represents a livestock stocking rate of 1 LAU per

1.9 hectares.

Using the same methods as described by Meissner
(1982), an average of 3.5 hippos per LU was calculated. The

number of hippo livestock units at the various study sites
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are listed in Table 9. At Barvale the number of recommended
LU’s were close to the actual number of hippo LU's, (Table
9). The total number of LU/s at Kaapmuiden, 1s much more
than. recommended livestock units. The highest total
stocking rate of grazers, 1.5 ha per LU, occurred at
Kaapmuiden. Cattle and hippo are both grazers, and at such
a high stocking rate it was impossible to determine the
hippe impact on the availakle grazing at this study site.
Therefore, the Kaapmuiden'study gite was not included in

the assessment of hippo grazing impact.

It was difficult *o characterise the grazing in the
relative homogenous unit, veld, becausa large areag of veld
were burnt. Where the grass types tould be recorded, the
dominant grasses were tufted, broadleaved grasses. The
firet general rain fell in mid Octobher. In the period
between the fires and the rain, little grazing was
available in tha burnt sections. Most of the available

grazing occurred in the citrus/litchi and pecan orchards.

Ooxrchards, and specifically citrus and litchi orchards,
were the units in which the most grass occured, especially
during the period before the first rains. These orchards
were irrigated until water restrictions were imposed in
early August 1992. Grass in the citrus and litchi orchards
was still green dﬁring September 1992, and in some cases
had to be cut as part of the orchard management. Short

grass beneath citrus trees was essential for a biological
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pest control measure. In pecan orchards very little grass
growth occurred before the first rains in October. The
dominant grass type in citrus/litchi and pecan orchards was
mainly tufted, broadleaved grasses, with creéping grlas;ses

being locally asbundant.

The herbaceous layer in old lands was dominated by
forbs and wiry grasses. The grasses in this unit were
dormant during the study period, and very little green

grass was observed.

The frequency distribution of basal cover and grass
height in the relative homogenous units at various
digtances could not always be compared with each other
because of the fires, and the ahsénce of units at some
baselines and transects. However, for the distance between
0 to 100 -m on the transects, most baselines had
representation of the units which offered grazing.
Therefore, the plots showing distribution of basal cover
and grass height at the wvarious units only show the data

for the first 100 m on the transects.

The frequency distribution of basal cover in the
relative homogenous units are shown in figures 4.1 to 4.5.
The distribution of basal cover in the unit " wveld",
(figure 4.11; suggested an increase in basal cover with
distance from the hippo pool. Note the deurease in the

number of observations in the lowest basal cover class as
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distance from the hippo pool ihcreased. At the same time,
an increase in the number of observations in the 4 % and
6-% basal cover classes can alsco be observed. No similar
- patterns were suggested at any of the other relative
homogenous unita. The low basal cover of the herb layer

under closed bush ig clearly indicated in Figure 4.5.

The frequency distribution of grass height in the
relatiVefhomogenous unite is shown in figures 5.1 to 5.4.
The frequency distribution of grass height classes in vald
suggested a pattern of decrease in the lowest grass height
range as distance from the hippo pool increased, and an
increase in the.frequency of grass height ranges 25 and
35 com, while élaéseSﬁés and 55 cm did not seem to be
affected. The same pattern is éuggested in the
gitrug/litchi and pecan orchards. The absence of the taller
grass height classes in orchards was probably due to the

regulayr cutting of grass and growth suppresent treatments.

The median percentage basal cover values in the
different land units varied between 0 % and 6 % (Table 9).
The median percentage basal vover values under closed
candpies and in lands was 0 %. 'There was an increase in
percentage basal cover with increase in distance, both away
from the river, and up or down the river from hippo poocls
at the sparse canopy and old land= units. The median grass
height value in pecan orchards was lower than the median

value of citrusg/litchl orchards, at % <cm and 15 con
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respectively.

In the analysis of the basal cover, the Kruskal—Wallisz
test indicated significant differences in basal cover
between the relative homogenous units (p < 0.001), between
baseline distances from the hippo pool (p < 0.034), and
between quadrat distances from the river (p < 0.009}, (See

Appendix B).

The a posterjori multiple comparisons indicated that
sighificant differences existed in basal cover between the
some relative homogenous units (Appendix C}. The basal
cover value of units with an intermediate canopy spread was
:significantly different from the lowei basal cover ﬁaluea
in old lands and closed canopy bush (p < 0.001}. Basal
. gover in orchards differed significantly from the lower
values in old lands and closed busii (p < 0.001). Basal
cover in vegetation with open woody plant canopy gpread
differed significantly from the lower vaiues in closed bush

(p < 0.001).

A gradient in basal cover was indicated for baselines
at various distances along the river, (Appendix.c). The
hasal cover at baselines 0 m (at the hippo pool) and 400 m
differed significantly from the higher baéal cover values
at baseline 2000 m, (p < 0.05 and p % 0.01 respectively).
A gradient in basal cover was also indicated for disgtances

of ¢quadrats away from the river. Basal cover at 10 m was
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significantly different from the higher values at distances

180 and 200 m, (p < 0.05).

In the analysis of the grass height, the Kruskal-Wallis
test indicated significant differences in grass height
between the three types of orchard (p < 0.0.00%), and
between baseline distances from the hippo pool (p < 0.001),
(See Appendix D). No significant differences in grass
hailght were found befween guadrats at various distances

from the river.

The a posteriori multiple comparison indicated that
sig‘nific*.'aht differeﬁces existed in grass height batween
certain orchards and certain baselines, (see Appendix E).
The grass height: in citrus/litchi orchards was
gsignificantly different from the lower grass height values
in pecan orchardes (p < 0.0l), and mango orchards, (p <
0.01). The grass height value at the 400 m baseline was
significantly different from the higher grass height values
at the 1600 m baseline {(p < 0.001), and the 2000 m

bageline, (p < 0.05).

A gradient in grass height was also inr,lic-ated in veld.
There was a significant difference (p' < 0.019) between
grass heights within 500 m of the hippo pools, and those

measured further away than 500 m.
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4. Discussion and recommendations

g

The more important findings, which are discuséed in
: )

this section, are as follows:

1)

2)

3)

4)

5)

6)

|
.

7)

8)

the ground counts revealed higher hippo numbers than
the aerial count ;
hippo distribution was influenced by the speed of water

flow in the river ;

‘hippo densities determiued in this study were lowver

than densities reported elsewhere ;

thetcccurrence of hippo damage was not related to hippo

density ; |

the majori#y of the land-users were positive towards the
preasence ofﬁhippo in the river;

the attitudés of land-users towards hippos may vary froﬁ
year to_yaar;l |

hippo barriers severely limited the area available

to hippos ; |

basal éover and grass height observations indicated a

grazing gradient from the hippo pools.
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4.1 gGround count:revealed higher hippo numthers than the
aerial count

As with other studies, (Karstad & Hudson, 1984; and
Tembo, 1987) where aerial and ground counts were carried
out, a higher number of hippo was obtained with the ground
count. When the results of the censusses were compared,
the difference“squested an aerial censug under-counting
biag of approximately 23%. The comparison between the

- aerial and ground counts was done only once in this study.
If a reliahle under-count bias for aerial hippo censzueses is
o be determihed, more repetitions of these combined

censusaes need to be undertaken.

Although the ground counts were more accurate, they -
were time consuming. The aer.al census took three people
approximately 2.5 hours Ffrom start to finish, for a total
of 7.5 man hours, while the ground count took four people

about 231 hours, for a total of 124 man hours.

For the purposes.of the future management of the hippo
population in the Crocodile River, outside the Rruger
National Park, the continuation of the annual aerial
censuses is recommehded. It ig not necesary to carry out
intensive annual surveys, such as was done in this study.
If a repeatable census technique is applied, trends in the
numbers of animals counted will provide sufficient

information for general population management (Bothma
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1986}, If there is a need for more accurate figures, a

combinacion of aerial and ground counts is recommended.

According to Attwell (1963} hippo can adapt to a
diversity of environments, as long as their basic
regquirements are met. The Jlatter reguirements are water
deép ehough to submerge in, and nearby grassland for
grazing (Estes 1992 ; Haltenorth & Diller 1977). Hippos

prefer relatively shallow water with gently shelving

beaches, where they can lie half-immersed (Field 1970 ;.

Olivier & Laurie 1974), while relatively fast flowihg
rivers with rocky bottoms are avoided (Attwell 1963 ;
Haltenorth & Diller 1977 ; Olivier & Laurie 1974).

Females with calves prefer to suckle their young in

shallow, slow flowing water.

In this study, it was found that the distribution of
hippos was negatively related to river gradient. The river
gradient, and consequently the speed of the water, seemed
to affect hippo distribution more than the availability of
grazing. Olivier & Laurie (1974) suggested that group size
is determined, amongst other factors, by the amount of
suitable agquatic habitat. Other authors also reported on

the importance of this habitat requirement (Field 1970 ;
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Luck & Wright 1959 ; Pienaar gt al. 1966 ; Smithers

1983 ; Vesey-Fitzgerald, 1960).

Some concern existed with regard to the movement of
hippos further upstream from Montrose._NQpe of the Jand-'
users had taken any préventative measures, and they were
apprehenaive about the possibility of hippo damage if
" hippos inhabited this river section on a more permanent
basis. Thé local canoe club offidiélly reqveéted thét this
section be kept free of hippo, so that they can utilige it
for competitions. 9he river section between Hontrose.and'
Badfontein exﬁends for approximately 46 km, and at present
no hippo remain there perﬁanenfiy. The river gradient is
steep, (»6 m/km), .and the nuwber of rapids is I'“gh, while
the number of pools iz low. Therefore, there is very little
suitable aguatic habitat, and it is ﬁhlikely that it will
ever be pgrmanenﬁly occupied. The few pools that do exist,
gay_provi&e some habitat, and the dispersal of hippos into
this sectionlwill have to be monitored. If a decision is
taken that no hippos may be allowed in this river section, -
an electric fence of approximately 500 m at Montrose falls

should be sufficient to control hippo movements.:
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4.3 Hippo densities in this study were Jlower than reported
censities

The hippo densities determined in this study -Were.
generally lower than those rec.orded eléewhere. Sidnéy
(1965) recorded hippo densities of between 1.4 and 2.3
hippo per km in the Lundi River, while densities of 19.5%
hippo per km were recorded in the Mara River, Xenya by
Karstad & Hudson (1984), and 46.8 hippos per Xkm in the
Luangwa River, Zambia by Tembo (1987). The hippo population
densities throughout the Kruger Park varied between 0.2 and
17 animals per km, both within and between rivers (Viljoen

1992).

In the Kruger Park section of the Crocodile River the
mean hippo density was approximately 3.7 hippo per km, and
it varied between 0 and 7.0 animals per km (Viljoen 1993).
viljoen (1980), working on the Olifants River outside the
Kruger National Park, racorded the highest hippo densities
in his study, 5.0 to 8.2 hippo per km, within 15 km of the
Kruger Park boundary. The highest densities of hippo in
this study of the Crocodile River, 2.4 hippo per knm,

occurred within 19 km of the Kruger National Park boundary.

Since the late 1960/s, early 1970’s hippos re-
established themselves in the Nelspruit area after a long
period of absence. The relatively low densities measured

during the study period might be due to the fact that the



49
colonization process is still under way, and the population

still growing.

Although the study took place during a below average
fainfall year, emmigration of hippo from the Krugér
National Park during drought, as described by Pienaar et
al. (1966), were not- observed in the study area. An
increase in the number of hippes between 1991 and 1892 was
reported for the Kruger National Park secticn of the
Crocodile River (Viljoen 1993). The same author reported an
incgrease in the hippo density #f tue river section on the

western boundary of the Kruger Nationa. Park .

If hippo numbers insifde the Kruger Park are allowed to
increase, the chancea of hippo emmigration might be
greater. This may have sighicant -imﬁlications for the
management of hippo outaside the park. Spinage (1962)
indicated that individual hippo m&y break away from the
herds in search of suitable wateilicles once the populaticn

densties becomes to high.

Occurrence of hippo damage not related to hippo lensity

The lack of a relationship between hippo densities and
the number of complaints indicated th&*t the occurrence of
hippo damage was not density related. This implied that

control of the hippo population numbers at the sites with
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high hippo densities "will not directly address the

occurrence of hippo problems.

Instead, there are strong indications that the
occurrence of hippo damage are related to the presence of
individual problem animals. This has been illustrated
repeatedly in the past, by the successful control of hippo
damage through the removal of certain problem ihndividuals
(Rohm personal communication’). For example, during 1992 a
problem hippo was identified and successfully removed from
the Kaapmuiden study site. This changed the hippo density
from 2.5 to 2.4 hippo per km, and the effective hippo
density from 5.1 to 4.9 hippo per km?. Although the hippo-
density was changed very. little, no more hippo damage
oceurred, Therefore, if the objective of a hippo cullihq
operation is to reduce hiﬁpo damage, it would have to be
aimed at the segment of the population that is more prone
to cauce damage. The identification and removal of problem
individuals in arxreas where hippo problems occur is

important for the successful control of hippo damage.

The records kept by TPA Nature Conservation indicated
that male hippo were more prone to become problem animals
than females. No information was available on the sex ratio
of thLe hippo pepulation during this period, therefore, it

would he dangerous to carry this assumption through.

® E. Rohm. Conservation Services, Eastern Region, T.P.A.
Nature Conserwvation, P.0.Box 1232, Nelspruit, 1200.
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Further monitoring could determine the sex ratio, and,
together with continued record Xkeeping of the s=exes of
hippos removed, this could provide important data necessary
for management decisions. 'fhe influence of intra specific
fighting as a potential source of aggressive problenm
animals and hippoe mortality must ke considered. The
indications ave that this was more common during the late
dry season, which suggested that the occurrence. of these
tights might be influenced by a shortage of grazing in that
period. In addition to this a reduction in the size of the

aquatic hakitat may exacerbate the situation.

The questiﬁnnaira results indicated that the mnedia
reports on the negative feelings of land-users towards
hippo did not reflect the real situation. The majority of
land-users with river frontage indicated that they wanted

hippos in the river.

It is important that hippo conservation is supported hy
the parties that will be directly affected if, and when
hippo damage oceurs. The positive attitude of land-users
along the river and their willingness to become part of a
hippo consexvancy, indicated strong support for the

conservation of hippos in the Crocedile River.



The farming community -accepted the TPA Nature
Conservation policy where no damage permi’ts for hippo are
i_ssﬁed 1f affecte& landowners did not take any
ﬁiecautionary neasures. :r-:].ecsﬂ:ric fencing was accepted as an
effective and affordable measure to prevent hippo damage, |

if they are properly erected and maintained.

The lack of aﬁy rela‘tioﬁship between the attitudes of ‘
.land-us-ers and hippo dai:':' ity indicated that opposing
" attitudes are probably due t I;I individual bias towards hipp}.:
rather than being based on valid reasons. The fact that one
of the vegetable farmers who were opposed to hippo had an
elaqj:ric fence donated and erected by the local fa‘:_-:merfs
association, and still complained about the maintenance of

that fence seems to confirm this individual bias.

H:lppa are ‘regarded as a communal resource, an&' the few
land-users who do not support their conservation could
1imi% the survcess of any conservation program. An exténtion
program involving the promotion of electric fences or a
change in farming practices could be directed at these
individuals. The effective prevention of hippo. damage might
help t¢ change their attitude towards hippo in general.
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4.6 Variationu in attitudes of land-use sa:umﬁ_m.ar_to_mx

This study took place in a year of below average
rainfall and during the dry season, and a high .ncidence of
hippo damage was expected due to a shortage of grazing.
However,; because of the low rainfall, and expected water
restrictions, almost all the lands were left unplanted, and
few complaints about hippo damage were received. The fact
that sgeveral fields were left uﬁplanted, thereby ruling out
the ¢hance of any hippo damage, might have added to the
positive attitude of the majority of farmers. In the
questionnaire, and during the study periocd, several land-
usgrs remarked that hippo were welcome to graze anywhere on
their farms, as there were no cropg to be damaged, but
added that they might not have the same opinion if crops
were planted. Once damage becomes a possibility, a change
in the attitudes of land-users could not ke ruled out,
especially if a crop preferred by hippo (such as sweet
potatoes, beans or maize) is planted. There are however,

some crops like tobacco, which are not often damaged.

Further complications are that land-users producing
crops normally fellow a rotational farming practice. The
order of which is often determined by market prices. Some
farmers also belleve in resting their lands, and some
grazing was available in these fallow lands. Therefore, the

amount and type of grazing in the lands available to hippos
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will change from year to year, together with the potential

for damage that will pe unacceptable to .the land-users.

Hippo barriers aeﬁe;g;x limited area available to hijpos

“The distances which hippos travel in search of grazing
were reported as between 0.6 km and 2 km (Mackie 1976), an
average of 1.5 km (Olivier & Laurie 1974), approximately
3.2 km (Pienaar et al. 1966 ; Lock 1972; Owen-Smith 1388},
up to 6 km (Field 1970) and 8 km during the dry season in
heavily utilised grazing areas (Scotcher 1978). However,
the conventionally accepted grazing range for hippos is
3.2 km from the river (Owen-Smith 1988). The average
disgtance of 336 m between the river and hippe barriers
determined in this_atudy, is much less than the grazing.
ranges reported inathe literature. It represents only

10.5 % of the conventionally accepted distance.

If hippos were able to utilise their conventionally
assumed grazing range in each study site, an area of 3.2 km
by 10 km on each riverbank would have been utilised. Thue,
the total area that would have been utilised within a study
site would have been 6400 hectares. The mean effective
grazing area in this study, 437 hectares, represents only
6.8 % of the conventional grazing area. This figure clearly
shows the severe reductlon of area available to hippos

outside the Kruger National Park.
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It is difficult to detérminé the effect of .human-
activities on hippo distribution. In brokan terrain, such
as within the study area, railway lihes and major roads
often folLiow the contours of valleys. Railway lines and
roads are often situated parallel to rivers, and where they
are close to the river, the fences eracted next to them may.
limit the Area available to hippos. In this study, fences
along railway lines and major roads formed 56 % of the

hippo barriers.

Currently, TPA Nature Conservation only issues -a
pernit for the removal of hippos if the 1and—usér has taken
certain precautionary measures. The prescribed measure for
planted fields i& an electric fence., This means that more
land~users are forced to erect-electric fences. These are
often erected close to the river. The average distance of
electric fences from the river ag determined in this study
wag 66 m. If, and when new electric fences are erected
along the rive -, the size of the area available to hippos,
and conseguencly the effective grazing densities, will be

affected severely.

An extension programme promoting the use of temporary
electric fences, or the production of a crop not often
damaged by hippos, might prevent the severe limitation of
the area available to hippos. It is possible to erect
temporary fences at planted fields, only during the period

that damage might occur. After the crops are harvested, the
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fences may be removed. By changing from permanent electric
fencing to a temporary system and protecting only the
preferred crops, two land-users in the study area increased
the avea available to hippos on their farms from 85 ha to
765 ha, and from 54 ha-to 800 ha respectively. These
increases will not always be possible when temporary
fences are erected, but certainly indica*es that maj¢ -

increases in the effective grazing area are poséibla.

Some farmers indicated that future changes in farming
practices include the establishment of orchards on areas
currently used ae lands. This will enlarge the effective

grazing area.

In some cases, such as the Barvale study site, the area
available as grazing could bhe enlarged by effective
¢learing of the Lantana camara thickets alohg the river.

This a declared weed and should bhe c¢leared by land-usgers.

The available grazing in orchards seemed to play a
very importart role in hippo feeding during the dry season.
This was surprising as Viljoen (1980) reported low hippo
densities at orchards and cultivated lands along the
Olifants and Blyde Rivers, and high densities at nature
reserves and game farms. Contrary to the latter, this study
revealed that the highest hippo densities occurred close to
orchards, possibly because of the absence of natur:l axreas.

Orchards proved to bhe an important source of graﬁing for
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hippo during the dry season. Due to the 1limited time
available for this study, no further attention could be
given to this aspect. Future research should therefore be
directed more specifically at the relative grazing use in

the various units.

The development of an urban areéa close te the river, as
seen at Matsulu, can also cause severe limitation of
available area for hippo. Some of the housing structures
were erected below the 1 in 10 year floodline. The
proximity of high numbers of people so close to hippo
creates the inherent danger of people being injlured or
killed. Town pianners and municipalities will have to take
note of the dangers of these developments, and must ensure
that existing developing guidelines are enforced. In his
set of guidelines for developuent along wetland areas,
Wyatt (1993) recommends that all development should take
place above the 1 in 50 yeayr floodline. This recommendation
was made considering both human safety and wetland ecology,
and it is relevant to this study as it includes riverbanks

as wetlands.

The conservation authority responsible for the hippo
population, and/or the cohservancy, will have to remain
informed as to changeg which might affect the size of ﬁhe
area available to hippo. Any reduction in the effective
grazing area will cause a increase in the effective grazing

density. At high effective densities it is likely that the
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available resources might be over-utilized.

The effective densities of hippo,populétions have often
been calculated assuming that -grazing extends 3.2 km from
the margin of the waterbody, as stated by Owen-Smith
(1988) . Reported hippo densities in rivers furthar north in
Africa are much higher than the mean density determined in
this study, which was 3.9 hippo per km?*. Densities averaged
19- per km* along the Nile River above Murchison Falls in
UQanda, 10 per km’ along the Semliki River in Zaire, and
8 per km* along the Luangwa River floodplain in Zambia
(Laws, 1968 ¢ Naylor, cCaughley, Abel & Liberg 21973).
Reported hippo densities in southern Africa are much lower.
Along fivers in the kruger Kational Park hippo dernsities
averaged 1.1 per km* ( Pienaar, Van Wyk & PFairall, 19856).
Along the Crocodile River inside the Kruger National Park
the effective hippo density was 2.2 hippo per km?®, with

local densities of up to 4.7 hippo per km?® (Viljoen 1992).

From the above it can be seen that the effective hippo
densities inside the Kruger Park appear slightly lower than
those measured outside. Unavailable areas inside the park
such as steep hills and closed bush were not subtracted,
Hippo inside the Kruger Park compete for grazing with high
numbers of other species. In contrast, the livestock
numbers outside the Kruger National Park are low, except

for Kaapmuiden.
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According ‘Eo the estimated numbers o2 hrippos that can be
sustained at the study sites, the current ﬁippo numbers can
be sustained at most study sites. It must be emphasized,
that these were brc;ad estimations. More detailed
information about grass production in the various units
will definitely work towards more accurate estimations of
_ rumbers of hippos that can be sustained. The high stocking
rate at Kaapmuiden should be a source of concern, as the

owver-utilization of the vegetation is inevitable.

from the hippo pools.

At all the study sites; except Kaapmuiden, low
livestock densities occurred in the areas available to
hippo. Therefore, hippos generally had very 1little

corpetition for the drazing.

In this study, both indicators of grazing impact, basal
cover and grass height, revealed a grazing gradient, with
the highest impact being closest to the hippo pools. Both
indicatoxs of grazing impact showed that significant impact
extended about 400 m from the pools. TPA Nature
Conservation should take note that heavily grazed patches

will always ocour close to hippo herds.

The median basal cover values for the intermediate and

sparse physiognomical classes, and orchards was 4 %
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(Table 9). This basal cover value seems low when compared
to basal cover values in other studies (Morris & Muller
1970; Edwards & Nel 1973 ; van Wyk 1967). However, grass
monitoring occurs mostly during the growing season, and the
basal cover values in thies study were collected during the
late dry season. Total basal cover in grassland shows
significant seasonal changes, with basal cover decreasing
with rainfall (Morris & Muller 1970). Therefore, a
comparison of the basga): cover values observed in this
study, with published values, will be difficult. Based on
discussiqns with van Rooyen (personal communication 4, the
medilan bésal cover Valug of veld, 4 %, at a distance of
400 m from the hippo pool, was regarded by TPA Nature
Conservation as an acceptable value for the Jlate dry

season.

Hippo feeding areas have been descfibed as & mosaic of
heavily grazed patches, interspersed with tall grass, woody’”
ngafation and bare patches (Lock, 1972 ; Olivier &f
Laurie, 1974). The grass height distribution in wveld,
(Figure 4.1), suggests that such a mosaic may be present at
baseline 0. Through these grazing mosaics, hippos promdte
structural heterogeneity in the vegetation, which is a
desirable conservation objective. However, according :to
Owen=Smith (1988), hippos may transform stands of tussock

grasses to lawn-like expanses of low-growing creeping

* Dr. N. van Rooyen. Department of Botany, University of
Pretoria.
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species. No evidence of extensive "lawns" were found duriqg;

this_study.-

Although the grazing impact measured in this study was
regarded as acceptable impﬁct by TPA Nature Conseirvation,
this might change if hippo numbers are allowed to increase,
or. if the effective grazing area becomes smaller. Several
authors indicated that where local concentrations of hippos
réached high effecpjve densities, extensive grassland:
degradation was occ&kring (Beie 1959 ; Petrides & Swank
1965 ; Field, 1970 ; Lock'1972 ; Olivier & Laurie 19 : ;
Marshall & Sayer 1976.; O’Connor & Campbell 1986 ; Tembo
1987) . With reduced vegetation cover, soil erosion may be
a#delerated, and due to reduced fire frequeéency woody scrub
may invade grassland (Owen-sSmith 1988). Therefore, the
relevant conservation agency, and/or the planned
conservancy should monitor the numbers of hippos and their
impact on the available grazing. It must also be remembered
that deterioration in the grass covef:generally takes place

in agsociation with below average rainfall,
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Conclusion

The objective of this study ‘was teo provide a basis for

" the determination of acceptable hippo densities in the

Crocedile River, outside the Kruger National Park. From the

previous discussion it is evideﬂt that nmmmerous factors

‘have complicated the achievement of this objective. It is

also ' evident ihat variables, such as rainfall, rotational

cropping, variabilify in available grazin_g area and

. potential variability in the attitudes of land-users make

it wvirtually impossible to determine the acceptable hippo

dengities.

Information have bgen gathered regarding all of the -key ;-
guestions. In some ingtances the cbservations done in this
study could be used as the first observations in long—term

monitoring.

To conclude this report, it is recommended that the

continued monitoring of the situation be carried out by all

- concerned, together with the annual aerial census. TPA

Nature Conservation should cohtinue to react to complaints
of hippo* damagé, by checking for preventative measutes_;
followad by the removal of problem hippo, if deemed
necessary. Land-users should be assisted in their efforts

to form conservancies.
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" Table 1: Restults of tha hlppopotamus censuses in the Grocodile Hwer

(September 1992
T _ | Hippo census Hippo

River section Lengthof |Aerial {Ground |density

_ _ saction {km) |census [count {no/km)
Lruger Fark boundary - ﬁ?i’!\vay tunnal 10.6 22 26 _ 55 |
Rafiway tunnel - Crocodile River Gorga(Wes 11.8 0 0 0.0 |.
Gorge(West) - Krokodilpoort Statlon. 2.3 0 0 2.0
Krokodiinoort Station - Karino 8.7 11 K 1.5
Karino - Halls weir 19.4 0 2 - O
Hails walr - Broham weir 13.0 18 | 18 1.4
Broham welr - Alkmaar bridge 7.5 10 14 1.9
Alkmaar - Schagen bridge _ 7.0 0 3 0.4
Schagen - Elands River confluence 147 7 12 0.8
Elands River - Braam Raubenheimer Dam 46,5 0 0 0.0

TOTAL 141.3 ] B8R _

MEAN 0.6

* Note hippo density sdloulated from ground count data




Table 2: Comparison of the grad!ént in the Crocodile River
hippo denstly in the different river sections

: Hippo  |Hiver
River section density |gradient
| _ (nofkm) | {m/km)
FKruger Park boundary - mlway tunnel 25| 3.3
Rallway tunnel - Crocodile Biver Gorge{Wesd) 0.0 9.9
Gorge (West) - Karino btid,'e . 1.5 291
Karino - Halls weir N 0.1 58
iHalls welr - Broham welr =~ 1.4} 22
Broham weir - Alkmaar bridga 1.9 20
Alkmaar - Schagen bridge 0.4 3.5
Schagen - Elands Rivar conilusnce 0.8 2.4
Elands Blver - Raubenheim Dam 0.0 8.4
MEAN 0.8 5.8 |




Table 3 : The averags monthly ralnfall figures and the number of problem hlppo

.__?

shot In the Nelspruit arezrand l\(oed spruit area

:l.-:l

rMcnth ]r]WIean monthly rainfail (mm) ﬁ\lumber of hlppo o 4

Month-  [Nelspruit [Moedspruit |[Mean INaispmlt Hoedspruit {Total
January | 372 10 141 2 0 "3
February ~[|. 124 77 100.5 2| 1 .3
March BB - @0 73 7 1 8
April 49 20 34.5 4 8 12
May 12| 10 i 3 8. 11
June G 5 5.5 10 3 13
July 11 e 85 8 3| 11
August 8 5f -7 8 8 12
September 28 1S 23.5 =3 3 9
October - 69 42 55.5 15 5 20
November 2 60 86 5 B 13-
December 128 S0 108 8 1 6




Tab. = & Hippo destroyed In the Nelspruit area batween 1880 and 1992
(Records with TPA Neture Conservation, Nelspruit}

i

[Hippo ags "~ Reason for destroying . | [Total -
group and Crop Aggression Ihjuries  [number
86X damage |ordanger |Fighting [Other  |destroyed
Adultmale 18y 7 3 5! 25
Sub-aduitmale 3 1 5 1 10
Adultfemale | - 5 1 0| 2 8
Sub-aduitfemale | 0 o] 0 0 0
TTotel i 23 g 8 4 44



Table 5 : Results from the questlonalrre clreulated among fand users

in the study area, September 1892,
‘[Question Reply (%)

L , _ Yes [No |Neutral
Do you want hippo nthe river 7 25| 78] 0
Wouild you support a hippo conservaney § 750 75| 17,5
Did you take any preventative measures | 425 | 87.5 &]
Was this measure anslectricfenice? | 941 | 59|  ©
Was the eleciric fence successful ? a2l 62| 1286

* N ate, 50 questionnaires were circulated, of which 40
were returned. (80 % responss)



Table 61 The ave age distance between the river and hippo barriers, per study ‘site,

. {Average Pverage distance of main hippo barmeis finy

Study &¢17s  [barrier Railway [Roads |Electiic [Fences (Disturbed |Steep
distance ir_p_llinas __|fences | _ .areas koppie |

Kagpmuiden - = 273 457 345 - 76| None 40 150
Karino 06| 285 41 47| 240 731 218
[Calrn/Halls 412 461 559 | 83| 187 180 | none
Alkmaar 424 33 sgap - 70 167 115 287
[Barvale 265 260 265 74| 280 225 | 1_5§_
Mean - 838 349 4331 B8 208 117 2



Table 7 : The sizes of the rqlﬁﬁﬁe homogenous units at the:studly sites.

1Study site Veld Orchards | Lands E.tmh Steep hﬁ' ﬂﬁisturbeci
' . area

Raspmulden] 324 179 8] 23 "B T1
lKarino 292 99 198 6 & 19
Calrn/Halls 205 187 328 41 74 i6
Alkrnaar 343 223 188 60 26 17
Barvale 126 38 187 155 93 5
Me&n 258 168 | 171§ 59 al| 14




L1

Table 8 : The sizeE of the areas availabie 10 hippo, the effectice grazng areas,
and the effectics grazing densties at the study sites.

jAres waﬂahlaFacﬁVe grazdng Effective l;jr'.a:etnlgf=
Study slie to hippo areas density
I I - i (nokm)
Kzapmuiden . 559 &14 51
Kaino 820 458 : 28
Calrn/Helis a8 4 asg
kmaar - as7 574 24
Barvale 548 205 59
Maan 881 437 a7 |




Table 9: The current and recommended hippo stocking rate at the study sites, expressed
as Meisner’s (1982) livestock units (LU}

Stuly Effective Hippo Cattle Total Reconmended Total
site graving livestock livestock number number of stocking
' area {(ha) units unitse of livestock livestock rate
units units (ha /L)

Kaapmuiden 514.0 74.3 260.0 334.3 93.4 1.5
Karino 458 .0 37.1 3.9 40.1 78.3 o 11.4
Cairn/Halls 434.0 1.4 c.0 5l1.4 77.3 8.4
Akmaar 574.0 40.0 7.0 47.06 110.0 12.2
Barvale 205.0 34.4 0.0 34.4 33.0 6.0




Table 10: The median basal cover values of physiogt)omid classes
and land-use classes at the different baselines. ‘

% Basal cover medians__
YSI0 nomic classes :

\ istance
rom {Ph ; Sty o
pool tclosed |inteimediate Jopen forchard jold land |lands

D 0 0 y, 0 4]
40f 0 4 4 4 0 0

- 800 0 4 4 4 0 0
1200 0 6 4 4 2l o
1600 0 6 8 4 4 of
2000 0 8 8l 4 2 0



Figure 1 : The Crocodile River outside the Kruger National
Park, showing locations mentioned in the text.
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R Ré.ilwéy line
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Figure 2: A diagram of the outlay of study sites to

determine grazing impact of hippo along the
Crocodile River.

Figure 2 A: A diagram of the outlay of the set of
baselines.

Figure 2 B: A diagram of the outlay of transect lines with
: quadrate distances indicated on transect lines.
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FIGURE 4.1 DISTRIBUTION OF BASAL COVER
"IN VELD, (0-100M FROM THE RIVER)
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% OBSERVATIONS

FIGURE 4.2 DISTRIBUTION OF BASAL COVER
IN CITRUS ORCHARDS, (0-100 M FROM RIVER)
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% OBSERVATIONS.

FIGURE 4.3 DISTRIBUTION OF BASAL COVER
IN PECAN ORCHARDS, (0-100M FROM RIVER)
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% OBSERVATIONS

FIGURE 4.4 DISTRIBUTION OF BASAL COVER

“IN OLD LANDS, (0-100 M FROM THE RIVER)
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% OBSERVATIONS

FIGURE 4.5 DISTRIBUTION OF BASAL COVER
IN CLOSED BUSH, (0-100M FROM RIVER) -
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FIGURE 5.1 DISTRIBUTION OF GRASSHEIGHT
"IN VELD, (0-100M FROM RIVER) -
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% OBSERVATIONS

FIGURE 5.2 DISTRIBUTION OF GRASS HEIGHT
IN CITRUS ORCHARDS, (0-100M FROM RIVER)
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FIGURE 5.3 DISTRIBUTION OF GRASS HEIGHT
IN PECAN ORCHARDS, (0-100M FROM RIVER)
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APPENDIX A ' .

'HIPPO QUESTIONNAZIRE

NAME : . _ PHONE :

ADDRESS: |

1, REGISTERED FARM NAME & NUMBER:

2, FARM SIZE: - HA

3. FORMS OF LANDUSE: TYPE (if applicable): SIZE (HA)
{(Cash crops, tobacco, orchards, pastures, livestock,
eg.)

4, ARE THERE ANY HIPPQO IN THE IMMEDIATE VICINITY OF YOUR
FARM? (Permanent, temporary)

5. WHAT TIME OF THE YEAR ARE THE HIPPO THERE?

6. HAS DAMAGE BY HIPPO OCCURED ON YOUR PROPERTY?

WHAT WAS DAMAGED?

WHAT TIME OF THE YEAR?

WHAT WAS THE EXTENT OF THE DAMAGE?




7. WERE ANY DRECAUTTONS TAKEN?

WHAT?

DID IT WORK?

)

8. DO YOU USE THE AXEZ THAT HIPPO SOMETIMES UTILISE FOR
GRAZING OF OTHER ANIMALS TOO? YES/NO
IF YES, WHAT?

ANIMAL NUMBERS

9. CAN HIPPO CONTINUE TO UTILISE THIS ARELR FOR GRAZING?

10. HOW MANY HIPPO DO YOU THINK OCCUR IN THE AREA?

WE COUNTED ___ o BETWEEN

DO YOU AGREE WITH IT?

11. WHAT IS YOUR OPINION ON THE FUTURE OF HIPPO IN THE
CROCODILE RIVER, QUTSIDE THE KRUGER NATIONAL PARK?

DO YOU WANT HIPFQ 1IN YOUR AREA?

HOW SHOULD THE HIPPO POPULATICN BE-M@NAGED?

11. WE CALCULATED THE AREA AVAILABLE TO HIPPO IN YOUR AREA
AS __ _ HA, HOW MANY HIPPC DO YOU THINEK
SHOULD BE ALLOWED IN THE

AREA?

OTHER COMMENTS:




Appendix B

Recommended stocking rates at the study sites, according to préscribed

stockingrates used by Department of Agriculture in the Eastern Transvaal
Lowveld '
Relative
hotnogenous STUDY SITE
unit :
[VELD - apmuiden [Karina_[Cairn/Halls JAkmaar [Barvaie
Effective_grazihg are 3356 291 205 343 . 1268
Recommended - -
stocking rate (ha/LU) 6 8 5 51 . &
Recommended -

o livestock units 55.8] 485 4105 686 25.2
CHTRUS/ILITCH - aapmuiden JRanno _ joairn/pals JAlkmaar joarvale
ORCHARD Effectivggrazing are - 148 89 89 133 -0

Recommended ' _
stocking rate (ha/LU) 401 4.0] 40f 40 40
Recomrmended - '
livestock units 37.0f 248 223 33.3 0.0
PECAN TRaapmuiden [Ranno  Joairnitialls [Akmaar [parvale |
ORCHARD Effective grazing are 0 0 65 12 33
Recommended
Istocking rate (ha/LU) 9.0 9.0 - 9.0 9.0 9.0
Recommended b
livestock units pof] 0.0 7.2 1.3 3.7
OO LANDS TKaapmuiden [Karnino_|Cairm/Halls JAkmaar [Barvale
Effective grazing are 6.0 66.0 75.0 86.0 46.0
Recommended '
tocking rate (ha/l.l) 11.00 11.0 11.5 1 0f 11.0
Recoemmended
o livestock units - 0.5 6.0 6.8 781 4.2
RECOMMENDED 1O 1AL OF -
LIVESTOCK UNITS 93.4 79.3] 77.3] 111.0 33.0




; APPENDIX - ;Ct - -.- * ]

1

KRUSKAL-WALLIS ONE-WAY ANALYSIS OF VARIANCE FOR 265 CASES
DEPENDENT VARIABLE IS MEDBC ' :
‘GROUPING VARIABLE IS ENVIYPES

GROUP COUNT RANK SUM

' CLOSE 23 1155.500
OPEN 54 9233.500
SPARSE 47 6326.000
ORCHARD 80 12413.500
OLDLAND = 61 ~ ©116.500
KRUSKAL-WALLIS TEST STATISTIC = 71.586

PROBABILITY IS 0.000 ASSUMING CHI—SQUARE DISTRIBUTION‘WITH
4 DF

KRUS%AL#WALLIu ONE-WAY ANALY3IS OF VARIANCE FOR 265 CASES
nEpﬁanNT VARIABLE IS MEDEC u
GROUPING VRRIABLE IS DIsT2

GROUP ' COUNT - RANK SOM
0.000 39 © 5255,000
400,000 47 5760.500
800.000 53 6187.000
1200.000 45 6403.500
1800.000 42 . 5326.500
2000.000 39 6312.500
KRUSKAL~WALLIS TEST STATISTIC = 12.041

PROBABILITY IS 0.034 ASSUMING CHI—SQUARE PISTRIBUTION WITH
5 DE



KRUSKAL~WALLIS ONE-WAY ANALYSIS oF VARIANCE FOR 265 CASEa

DEPENDENT VARIARLE TS MEDEC
GROUPLING VARIABLE IS DISTT

GROUP COUNT  RANK SUM
0,060 27 2494 .500 '
20.000 26 2793.500
40.000 . 28 3622.000
60.000 - 27 . 3366.000
80.000 - 25 3065,500
100.000 24 3595.500
120.000 23 3128.000
140,000 19 2604.500
160,000 15 2410.500
180.000 13 2294.500
200.000 . 12 2073.500
220.000 7- 971.500
240.000 - & 715.500
260.C00 4 494.500
280.000 4 785.500
300.000 2 221. 000
320,000 1 176.500
340.00{ 1 176.500
360.00( 1 7 256.000
KRUSKAL-WALLIS TEST STATISTIC = 35.047 PROBABILITY IS

‘0,009 ASSUMING CHI~SQUARE DISTRIRUTIQON WITH 18 DF



APPENDIX D ‘

Output files of an a-posteriori multiple comparison with
basal cover data (Done on a Quatro Pro Spreadsheet)

a—poSteriQri
Relative homogenous units

open 1 1

orchard 2 ns 2

aparse 3 ns ns 3

old land4 sig 0.001sig 0.001ns 4

closed 3§ sig 0.001sig 0.001ns 0.001ns 5

a-posteriori
Baseline distance from hippo pool

400 1 1.
800 2 ns 2
0 3 ns ns 3
1200 4 ns ns ns :
1600 § ns ns ns - ns 5
2000 6 sig 0.01 sig 0.01 sig 0.05 ns ns 6

a-posteriori
Quadrat distance on transect

Summary
180 1 1
200 2 ns 2
* % * %* *
I % * * *

0 sig 0.05 sig 0.05 ns ns *



APPENDIX E :

KRUSKAL~WALLIS ONE-WAY ANALYSIS OF VARIANCE FOR 81 CASES
DEPENDENT VARIABLE 1S GRASS ' '
GROUPING VARIABLE IS ORCHARDS -

GROUF ~ CDUNT  RANK SUM

sitrus 39 2047.500

peacan 36 1183.500

nango ] 90Q.000
KRUSKAL-WALLIS TEST STATISTIC = 25,758

PROEABILITY IS 0.000 ASSUMING CHI-SQUARE DISTRIBUTION WITH
2 DF ' * ' '

XRUSKAL~-WALLIS ONE~WAY ANALYSIS OF VARIANCE FOR 81 CASES
DEPENDENT VARIABLE IS GRASS:
GROUPING VARIABLE IS BASE

GROUP  COUNT  RANK 5UM

100.00 22 . 862.500
300.00 3 120.000
7¢0.400 20 778.000
1100.00 5 252.500
1500.00 117 988.500
1900.00 9 319,500
KRUSKAT~WALLIS TEST STATISTIC = 25.089

PROBABILITY IS 0.000 ASSUMING CHI-SQUARE DISTRIBUTION WITH
5 DF o



KRUSKAL-WALLLS ONE-WAY ANALYSIS OF VARIANCE FOR 6§ CASES
DEPENDENT VARIABLE IS GRASS
GROUPING VARIABRLE IS TRANS

GROUP CQUNT RANK SUM
0.000 1 61.500
20.000 5 196.000
40.000 6 211.000
60.000 7 235,500
80.000 Vi 235.500
100.000 7 189,000
120,000 6 164.500
140.000 6 146.000
160.000 6 146,000
180.000 3 101,000
200,000 3 101.000Q.
220.000 S 2 86.000
240,000 2 104.500
260.000 2 86.0C0
280.000 2 86.000
300.000 1 - 61.500
KRUSKAL~WALLIS TEST STAT*STIC = 14.538

PROBABILITY IS 0.485 ASSUMING CHI-SQUARE DISTRIBUTION WITH
18 DF



APPENDIX F ; gﬁ.ﬂ §

Output files on an a-posteriori mulcmple comparlson with
data on grass height

{because of veld fires, only orchards are compared)

(Done on a Quatro Pro spreadsheet)

Relative homogenocus units

citrus 1 1
pecan 2 sig 0.01 2 :
mango 3 sig 0.01 ns 3

Baseline distance from hippo peol .

1600 . 1
2000 2 ns 2
1200 2 ns . ng 3

. % 4 ns ns ns 4.

800 5 ns ns ns IR 5.
400 &

sign 0.0sign 0.0ns his ns. 6
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