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ABSTRACT

This stud; was conducted in response to concern over
the impact of hippopotami upon *the riverine hebitat of the
Mara River in Narok District, Kenya. Between 1960 and 1982,
the yearly increase’ of hippopotami along 128 km of river.
averaged 12%. In 1982, the population-consisted of over 2800
anima]s,vBetween 1980 and 1982, a change in animal
d1StP1bUt10n led to incieased densities (6.8 to 19.8 per Km
of river) within areas preViously supporting low animal
number ‘to the north of the Masai Mara National Reserve.
W1th1n the reserve, animal numbers remained largely |
unaltered, a marginal increase of 0.07 ‘per Kmvof river for
the same period. | |

The distribution OfAhippopotami.aiong the river was
' determined primarily by river morphometrics. Littie,evidence
‘of‘epatial selection waspapparent for adjacent upland
habitat type. Dayfhabitat limitations within the river were.
investigated by examining both seasonal fluctuations in
animal distributions and social responses to changes in
group composition. |

Crowding within poois resuited in significantvincreaées
in per51stent aggre551on though few serioué Fights were
observed. As the availabiiity of suitable pools” decreased
with lower water levels. hippopotamus densities within the
remaining pools increased. From é9 to i71 animals occupied
the major pool ‘within the studyvsection Aggression appeared,

associated with densities within pools. mainly due to the'

TV



territoria, behaviour of dominant males.

Vocal, olfaétory. auditory and visual means of
communication were identified. Dominant and submissive roles
were-clearly identified through ritualized defecations. The
maintenance‘of territories by dominant'males was conf}rmed.
Resultant spatial d1str1but10n along the r1ver limited
access to pools for a sect1on of .the population, pr1mar1]y
ibache]or males. |

Monthly phytonase of herbaceous vegetation within the
forag1ng rad1us of h1ppopotam1 ranged from 205 to 1160
kg/ha. Part1t1on1ng resources on a seasonal and spat1al
basis amongst the maJor herbivore species indicated that
h1ppopotam1 were susceptable to rainfall-mediated forage
cqnstra1nts. H1ppopotam1 experienced forage ava11ab111ty
‘restrictiens durﬁng;the driest months, when daily intakes
were estimated to be only 75% of daily intake requirements.

The.impact.et hfppopotami upon the riparian environment
was assessedt Exteneive riverbank degredation was caused by .
the establishment and. use of entrance/exit paths and:mineralb

: /. .
digs into riverbanks. An average of 24 m3 of soi] per Km of -

- river per year was eroded from the r1verbank from the inland

progress1on of hippopotamus paths. The impact on range
fyegetat1on was minor, although the massive nttrient drain
from the range to the river via feces must have long term
“effects. .G | o | } -

HUman/htppopotami cdntlicts were not sertous auring the

study. Some crop depredation by hippopotami upon small



vegetable plots was feported in the northern part of the
study area. However, land use changes in the Mara will
result in an increase in land devoted to crop production and

more frequent conflict between people and hippopotami.

vi
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GENERAL INTRODUCTION

The ‘rangelands of the Mara-NaroK area. north of the
Serengeti National Park in Tanzania, support the highest
densities of herbivores in Kenya (Andere 1980). Cohditions
have remained largely una]fered for at least a million years
(Slncla1r and Nor ton- Griffiths 1979) a]low1ng for the
formation of a complex grazing system dominated by 1arge
herbivores. ‘

Today, the Mara-Serengeti ecosystem is recognized as
one of the last truly great wildlife spectacles in the
wor 1d. Tourism has been the major economic incentive for the
establishment ahd‘maintenance of the Masai Mara National
Reserve in Kenya and the Serengeti National ParkK in
Tanzania. The greatest attraction is -the annual migration of
wildebeest ( Connochaetes taurinus) and zebra (Equus
Durchelli) between wet season range in Tanzania and the dry
season range in Kenyé. A great variety of speéies comprises
the mammalian cémmunity, including a striking divehsity of
herbivores. It is not uncommon to see 8 cr 10 species at one
~time shar{kg the same grazing ‘area. | .

Pratt and Gwyﬁne (1977) describe most of the rangelands—
in East Africa as having low or erratic rainfall, destined
Eto;remain as rangelands because of their poor potential for
;griéulture or other development. An altered rainfall regime
and SOCio-pélitical changes in the Mara-NaroK area have
opened this region to large and small scale farming.

Increased human settlement on the per1phery of the protected“



areas has restrictéd the range available to wildlife in the
west and north of the Mara-Serengeti ecosystem. A system of
:group ranches allocated to the traditionally npmadic Masai
pastoralists during the 1970’s has introduce e concept of
land ownership. Further subdivision of group anphes 1nto
individual.holdings 1svp1anned. A direct conse ‘énce is the
now common practice of leasing tracts ofifénd to outside
.fqrm operators. Both large and small scalé‘farms have been
established throughout the Mara-Nagok area, with new'.
interest being generatéd by recent successful harvests.

= changes*have led to an urgent demand for definftive

woidlife research and management. Conflicts between wildlife
and agriculture are on the increase, and will continue to do
so. At the same time, the cultural and economic values of

wildlife are becoming more apparent.

Dynamics of the Mara-Serengeti Ecosystem
Environment

| The most.importgnt environmental facfor in. the T
.Mara-Serengeti region is rainfall. Patterns-.are large scgle
‘and influenced by topography. The major weather pattern in
" East Africa is established by the Intert&opica] CoﬁVergence
Zone (Sinclair and Norfon-GriffitHé 1979)% Precipitation
patterns for the Mara-Serengeti region aré\bimédal, with the

majority of rain being delivered from November to May.
_ oy,



Accbrding to Pratt and Gwynne’'s (1978) eco-c]imafe
claésification, the study area is within zone IV, dominated
by a Themeda-Acacia association. The réngeland is described
as vooded grassland dominated by the.grasses Themeda
triandra, Pennisetum mezianum, and Digitaria milanjiana and
several tree species of the Acacia and Commiphora genera.
The rangelands of the Mara-Serengeti are considered to be
amoﬁgst the mos£ productive in East Africa. |

The rangelands of the Mara-Narok area in southwestern
Kenya are drained primarily by seasonal watercourges. The
ma jor permanent river is the Mara River, flowing
southwestern from headwaters in the Loita hills and thé Mau-
Range. It continues south-southwest along the Siria
escarpment as far as the Northern perimeter of the
Masai-Mara Game Resérve. From the Reserve boundary, the
river meanders south to the Tanzania border~and eventually
flows in a south-westerly direction to Lake Victoria. The
three main tributaries of the Mara River, all seasonal, are
the Oltotua River from the northern Loita plains, the Talek
River from the c;ntral Loita plains, and the Sand River -
originating from the Loita Hills (Epp and Agatsiva 1980).
Numerous washes, dry during all but the wet season, féed
into the Mara River-and it's major tributariés. Tﬁese
channels are important to surface drainége and provide

microhabitats utilized by many wildlife species.



An1ma1 Popu]at1ons
| R1nderpest was 1ntroduced into East Afr1ca in the late
1800"s. The effects of the massive initial ep}zoot1cs Killed
95 percent of the oatt]e and and a large port1on of the i
w11d11fe (S1nc1a1r 1977) . Though the reservghr for the v1rus
was w1th1n domestic cattle popu]atxons. wxldébeest and
buffa]o populations. were severely affected, often on an
annual basis, until'a genera]tzed cattle vacc1nat1on program”
was instituted in the 1até 1956’5. From 1§6§ td 1977 no |
reinfections were noted among either»Wild or.dgmestic =
animals (Sinclair and Norton-Griffiths 1979). Of 1ate,:
ev1dence of the virus’ reestablishment within therbuftalo
populat1on in the Serenget1 has been co]lected (L. Karstad,
Veter1nary Research Laborator1es, Kabete, pers. commf)n/
Beginning in_ 1969, a more equitable distribution of
rainfall has resulted in 1ncreased grassland productivity
{Sinclair 1977, Sinclair and Norton Gr1ff1ths 1979). Total
rainfall has not 1ncreased. dry seasons have become less
sevére, allowing a perenniat grass response ('greenfilush’)
fper1od1ca]1y throughout the driest months In addition,‘the
effective grow1ng season for arnual grasses has been
~ extended. |

Initially responsive to the ='"mination of rinderpest

and subsequently responding to ircr forage suppty, most
large herbivore populations have .nc: -~ substantially

. L~
within the MararSerengettjecosystem (e 21~ and

Norton-Griffiths 1979). Symptomatic oi - Jic

5



‘ perturbations is the rapid expanéion of populatioﬁs such ds
has occurredimoéf~noticeably within the buffalo, wildebeest
and hippopotamus'populations in the region. Such dramatic
populat1on expans1ons ‘are also common’ to animal and p]ant
spec1es 1ntroduced into ecosystems as exotics, and result
from a superabundancevof food. |

Hippopotami are apparently not fatally susceptable to
rinderpest:(?]owright efual. 1964). Stiil, indirect stimuli
resulting from the elimination o%‘the disease may.haVe been
‘feit as hibpopotémi re1y on.éhort-grass grazing during the
long grass season and share grazing resources with other
speciés. The ava11ab111ty ofhsu1tab1e grazing areas
increases proport1ona11y as-the long-grass 'is reduced by
grazing, prov1d1ng more extensive swards of short grass
during the long grass season. Without high dens1t1es of
hgrbivores, the'long-grasé WOu1d dominate and prov1de fuel
for exfenéivé raﬁge fires. | |

During the initial period of population increase
fo]lowjng rinderpest cbnﬁroi, the dry seasons were 'normal’,
éJlowingrlittle if any grass growth.-during the dry season
(Sinclaik and Norton-GrfffithS‘1979). The expénding
hippopotamus population apparently did not reach a size that
would havg imposed Forage limitations uponkfurther growth
_befofe 1969, the‘beginning of the present moist,rainfél]
fegime, ‘ |

Sﬁrvéf% of the plains game within the Mara-Narok région

have been conducted over the past five years, primarily by



the Kenya’ Range Ecology Monitoring Unit (KREMU) . Because of

the riparian distribution of hippopotami within the Mara

"River, little information has been col]ected concerning

popU]ation size and rates of increase'prior to this study.'.

Study Objectives
| In spite of the ability of hippopotami to dramatically
alter riparian and lacustrine habitats (Bere 1959, Lock

1972), very little information has‘been collected pertaining

to their ecology and role in ecosystem dynamics. Ethoiogicé]

investigations have been undertaken, notably Kiinge1'(1979),
though deeling primarily with lake-dwelling hippopotami. The
bulk ef published literature comesvfrom one popuiétion
resident within the Kazinga Channel area, bganéa, that was
subject to a massive reduction scheme during-the 1960's
Whether this paucity of information stems from a

general lack of scientific interest in this species, or the

Jpos%ibility that popuiations are only rarely in a state of

disequi]ibrium, is not Known. Possibly the restrieted
demographic distribution of hippopotamus populations, being:
dependent on permanent water sources, has led ecoiogists to
disregard it’s role in ecosystems. Hippopotami of the Mara
River are not mentioned in Sinclair and Norton-Griffiths'
(1979)>text on the dynamics of the Serengeti ecosystem.

~ This study was initiated in‘response to concern over
the potential deleterious imbact of hippopotami within the

Mara River, in 1ight of the population’s rapid growth. In



. 1979, a cursory aerial survey of the Mara River within the
Masai Mara National Reserve revealed a éurprisingly,]arge
population of-hippopotami.(Mwenbe International Associates
Ltd. 1980). As hippopotami had previously established a .
reputation for rapid and sustained population growthsg and
resultant dramat1c habitat modification (Spinage 1958,
P1enaar et al. 1966), concern. was expressed with regard to
the potential for similar impacts along the Mara-River.
The basic areas_ of inquiry, essential to the.
fopﬁulation of management p{ans for this pobﬁlatibnﬁ include
the fo]10w1ng - ‘ |
1) What is the current status of the. popu]at1on, and is
there ev1dence of 1ntr1ns1c regu]at1on which w1]1
stab111ze the populat1on w1thout 1ntervent1on°

2) If regu]at1on of the populat1on is ev1dent (is 1t

~

. respons1ve to social or resource- based 11m1tat1on7\
3) Is the popu1at1on a]ready sO h1gh that the soils, flora,
and fauna w1th1n its habitat are already adversely '
affected? |
“4) Have conflicts with‘humah‘enterprise become serious
__enouéhtto impliment control programmeé?:

These questions were addressed through a field
investigation designed to identify the mechanisms of
population regulation, and the existing and projected impact
of- h1ppopotam1 w1th1n the Mara River habitat. Like most
f1e1d stud1es on 1arge mamma]s, the apprcach was, of

\
necese1ty, descr1pt1ve. There were few opportunities for



' experlmental man1pu1at1on of such a large and dangerous
an1ma1 in a two year study. Howeyer seasbnal cycles and
annua14trends. and the erupttve-state of the populat1on '
dffened 'natural ‘experiments’ which were used as muéh as
 possible to“tnvestigate the complexities of a dynamic system'
in a cross-sectional study"Fie1d studies were Conducted in
tuo;parts.'1n1t1al censuses were conducted dur1ng duly and

August 1880, and the major port1on of f1e1dworK undertaken
between Aphiﬂ 1981 and October.t982.

This study ts repdrted as five researeh papers. The
f1rst describes the current s1ze and d1str1but1on of the
populat1on and provides evidence that the popu]atIOn may be
‘kbeglnn1ng to stabilize. Habitat requ1rements of the Mara
River h1ppopotam1 are 1nvest1gated in the second paper land~
ev1dence is prov1ded that the. dlstr1but1on of h1ppopotam1 4

was-determ1ned by site select;on'w1th1n%the Mara R1ver,_not-

by foraging habitat. In:an attempt to determine the re]at@ve ”_:

iﬁpbrtance of resource ‘and SOcial'limitations,‘the third
paper évaluates the social dynamies and structure of the
‘population and'nrovides evidence that agonistic behauiour ,
probablyhts.not inQoTVed directly in popu]atfdn'hedujationf;
" The fourth Ppaper- addresses the forage résource. ééasonat l
vegetat1ve product1v1t1es and ungulate oFftaKes are
assessed 1nd1cat1ng that dry season forage ava11ab1]1ty was
l1m1ted to be]ow estimated. da11y requ1rements for |

h1ppopotam1 resident within the,Mara River. The f1fth paper

summarizes the overa]] population status in terms: of -

~



'

_environmental impacts, focussing on range condition and

’

trends, the hippopotamus’ role in rfire ecology, riverbank
degredation, and existing and potentja1_human/hippopotami

conflict. - \



'CENSUS OF .THE MARA RIVER -HIPPOPOTAMUS POPULATION

‘Introduct1on _

The h1ppopotamus 1s the dom1nant herblvore 1n terms of
bwomass for areas prox1ma1 to the Mara River, and imposes an
.1mportant 1mpact on vegetat1on and perhaps other w11d and
domest1c herb1vores H1ppopotamus numbers within the Mara
River have 1ncreased markedly over. the past ‘two decades
"Darling (1961) est1mated 120 h1ppopotam1 w1th1n the Reserve
in 1959, wh11e Olivier and Laurie (1974) es'’ mated 738
-during their. 1971 study The Very Large Herbxvore Study
.(Mwenge Internat1onal Assoc1ates Ltd. 1980% est1mated‘oyer\
1200 an1mals along 75 km of river with¥n the Reserve.
1i - As part of this study on- the impact of h1ppopotam1 on
the1r env1ronment an updat1ng of prev1ous censuses was
conducted in order to define the continuing populat1on
_trend The purpose of thls census was to follow the.
expan51on of the h1ppopotamus population through 1982, and
to document changes in it's d1str1but1on
Methodsﬂ

Ground counts (Aug. 10-23 1980) covered the 127 wr
census sect1on (Flg IT. ) w1th the exceptiagn of a 3. Km
stretch/isector B) of thick r1ver1ne forest?that was
considered unsafe to enter (Karstad et al. 13980).
Enumenat1on of 1nd1v1duals within groups requ1red

congiderable pat1ence since only part of . the group was at

o 10 /
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the surfaée at any one time. Use of a mirror to reflect
sunlight from a position'downwind of the hippopotami was
useful for evoKing curiosity, bringﬁng most of the animals

. to the surface.

&

A1l counts were conducted along 125 km‘of river from >
the fifst Mara bridge near the Tanzania border to tﬁe Emarti
bridge, northeast of Aitong. Flights were made approximaté]y
100 m above ground level at an average airspeed for all
aircraft of 100 Kph, with‘fhe aircraft c{rcling sharp bends
in the riverl when necessary to provide a clear view. F1ight
directions were into the wind in order to minimize
quiVa]ent ground speed. Locations and numbers of
individuals~within groups were identified by one or two-rear
’seét observers and recorded on 1:50;000 fopographﬁc maps by
the front’seat navigator. Counts were conducted from
mid-morning to 1ate—ii3eﬁnoon. the'period when the maximum
number of animaisvare within pools.

On August 9 1880, the first aerial census was
conduct=d. _. - ing at 1500h using KREMU's twin-engined
Partena. the f]ight‘was made in an upstream (north)
direction. Two rear-seai observers, at each side of thé‘
aircraft, énumerated animgls in and along the river.

The second flight was made on Nov. 20 1980 using a
single-engined Cessna 185 in order to capitalize on slower
flying speeds'and greéter maneuverability. The count began
at 1100h and was conducted in a downstream (south) direction

with two-rear seat observers and a front seat navigator.
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,
This census and the ground count provided the bias

correction factors used for the subsequent aerial surveys
with'similar‘aircraft.

The final two aerial counts were made on Sept. 17 and
Oct. 1, «1982, beginning at 1030h. Identical procedure was
followed and the two aircraft were similar, Cessna 180 and
182, with the door adjacent to‘the obsérver,removed. One
observer viewed from both sides of the aircraft, though with
the exception of shaﬁp meanders the aircraft parél]elled the
east side of the .river with the observer at the open door.
Photograbh§ were4taKen of s§verél large groups during this
flight in order to determine if infrared black and white |
film could aid in counts by revealing submerged hippopotami.
”The technique did not appreciably improve visibility into
the turbid water. |

Aerial and ground count§ were conducted és total
counts, therefore the question of precision did not arise.
The imporfant consideration was bias. It was assumed that
the ground counts were .ose to the actual numbers of
animals, and bias correction factors for aerial data.were
dalcu]afed by dividing the ground count by fhe aerial count
for respeétive census sectors. .

These census sectors were delineaied on the basis of
access, animal density and hive; morpho]ogy, primarily
meander . For sector.B, not §urveyed dur ing the ground
counts, the mean correétion factor for the four sectors

- included in the ground count was appTied in order to,

s
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estimate hippopotamus numbers. As totals within the reserve
were necessary for comparison with previous counts, a sector

division was placed on the northern reserve boundary .

Results

Calibration of Aircraft

The efficiency of aerial census .using the Partenavia
averaged 52% when éompared with the ground count. In the
Reserve where hippopotamus densities were over 20/Km of
_river, the}bias—coffection factor was (x)2.14 for this
afrcraft. Nor th o% the Reserve, where densities fell to less
than 10/km, the correction factor was 1.29.

‘Count1ng efflcxenc1es for the Cessna were considerably
h1gher (Fig. 11.2). Within ‘the Reserve corrections were
1.24, outside 2.21, for an overall correction of 1.34
(Tables 11. 1 ~and 11\2) These correct1on factors were
applied to all subsequent aerial counts in order to est1mate
actual numbers. This“assumes that the ground census provided
an unbiased estimate. Repeated counts ‘made on foot over |
specific sections of river indicated that ground counts were

generally accurate, and if error was made, it was invariably"

a slight undercount.

Total Counts and Rate of Increase
The minimum est1mate (ground counts) of h]ppopotam1 for

the entire census sect1on from the Tanzan1a border to the
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Figure I11.2 Densities of hippopotami on the Mara
River as determined by two aircraft
types and a ground count. The Partenavia
was used on Aug. 9, the Cessna on Nov.
20, 1980. Sector B was not walked:. the
estimate (*) was derived by applying the
Cessna bias correction averaged from
sectors A, C, D and E.
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Emart i bridge, in 1980, was 2132. This number included an
estimate derived from the aerial counts for the one 3t Km
sector (sector B), not walked (see Fig. I1.2). Two years
later, in 1982, correctEd results from two aerial surveys .
provided an averaged estimate of 2819 (Table II.15.'This‘
represented a 24.4% increase over the 1980 census, 'an
intrinsic annual growth rate of 15% Most of this increase
had occurred outside the Reserve, 70.5% annually within
sectors D and E between 13980 and 1982 (Fig. 11.35. Thev
difference in anima] numbers 1ns1de and outside the Reserve
was b1gh]y s1gn1f1cant between the 1980 and 1982 counts
(Chi2=229, p<0.001). Raw data from Cessna flights indicate
an annual increase of 8.5% between 1980 and 1982. As the
ma jor influence on count accuraey from aircraft was. the
relative meander of the river, and considering density
redistributions occurred into sections of river with high

meander , bias-corrected estimates were more representative.

Distributions '

Density distribution of h1ppopotam1 atong the f1ve
sectors of the Mara R1ver d1ffered between 1980 and 1982
(Fig. 11.3). Overa]] the densities w1th1n the Reserve
remained the same between the two counts#wh1]e outs1de the
Reserve densities increased: from 6.8 to 19.8/km tTab]e

[1.1).
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NUMBER OF HIPPOPOTAMI/KM RIVER
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Figure [1.3 Density of hippopotami in the Mara River
study area for 1980 and 1982. Ground count
data aré used for .1980; corrected aerial
_data for 1982. ‘



Grouping
Averagé group'sizes for the 1980 and 1982 counts were .
10.6 and 8.9, respectively. A higher proportion of groups
with 5-10 individuals. as well as large aggregates of 40 or '
more. were noted in 1980 (Fig. I1.4). Group sizes exhibited.
different modal frequencies between 1980 and 1982; 5-10 and
2-5 respectively. Wdter levels were con;iderably lower
during the counting period in 1880, resulting in fewer
- groups and a higher proportion of the population within
1arge'groups;

i

Discussion

Count ing Methodology | J

Census methods for hippopofami‘are not as highly
sténdardized as they ére for b]ains'gémé. Several methods
have been used, ihd]uding stfeamsidé and boat copnts (Anseli
1965, Attwell 1963, Olivier and Laurie 1974, Pienaar et al.
1966, Villijoen 1980). For monitoring large areas, aerial
éounts have obvious advaﬁtages if.correcfjoqs for counting .
bias can be épplied. Olivier and Ladrie (1974) provided the
first éystematic atﬁempt to derive correction faptors. They
determined a factor of 1.15 foE‘hippopotamf'pértia]Jy
submerged in shallow water and 2.65 for hippopotami in deep
water, based on counts with a Pipeé Suﬁér-Cub. |

For this project, empirically-derived cérgéctionﬁ

factors were selected, as the major influence on counting
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‘ ‘
“accuracy appeared to be the relative meander of the river,
as a convoluted rivercourse required tight maneouvertng in
order observe the sharp bends of the riyer most frequented
by htppopotami. Allowance was made for.yaried river
‘_'morphology oy applying individually derived:correction
Factors,to.each'of the five sectors. Oliwjer and Laurie’'s
(1974) methodlof applyingubias-corrections based on

’

fimmerston depths recorded for eacH’anima] spotted, was not
-employed,;Thts departure from a.prevjous1y established
technique Qas justified by the much 1arger‘poputation
necess1tat1ng qu1cker group counts over shorter periods.
A1rcraft maneouverab111ty is of pr1mary 1mportance in
count1ng eff101ency Sharp meanders ‘and stretches of h1gh

/
" forest canopy border1ng the river requ1re the river course -

to be folloued c]osely Error from missing ent1re groups js
increased if repeated c1rc11ng-rs needed Circling was
avo1ded if poss1b]e,;1arge groups were counted on]y once
w1thout c1rc11ng prov1d1ng a clear Vview of the entire poo]

" was available. Much morg c1rc11ng was necessary with the -
1arge Partenavna, compared to thenCessna‘fl1ghts)vresu1t1ng

- in higher'bias correction'factors;4Navtgationa1Aerror; when{
it oCcurred was Joca]iied.iSeQérat promtnent'1and$arks.wereu
used as gu1des and-sector.dtvtsions were-easily recooniZed
_A1rs1ckness resu1t1ng from. frequent tight . turns occurred on

al] but- the last . f]]ght affect1ng both observers and ,

nav1gator.
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rlying speed is considered of secondary‘importance. A
1ow a1t1tude is necessary in order to d1st1ngu1sh
h1ppopotam1 from rocKs Thus, the observer must make qu1cK
and accurate counts, often over pools with 40 or more
anima1s. The three aerial. counts with Cessna aircraft
fo]]owtng:the-Partenavia survey-a]] had comparable minimum
f]ying’speeds.é#'approximate]y 100 kph. The formulation of,
correction factors is based on one flight for .each of the‘
two d1fferent a1rcraft types, s1ngle and twin-engined. Thus;
a bias occurr1ng in either the foot census or the 1n1t1a1
flights will be ref]ected in all subsequent census efforts
through the bias-correction factors for either of the two -

aircraft types. Ideal]y, several censuses utilizing both

a1rcraft should have been conducted w1th1n a short per1od of

time 1mmed1ate1y after or before the ground count Accuracy
.and precision could therefore be determ1ned and b1as
corrections calculated based on more than one f11ght for

each aircaft. Unfo tunate]y, aircraft were not ava1lab1e.

The last two fli
. B '-\-4'&\-"-»-

T~

high, indicating lhat such error may not be great. S

N

The efficiegngy of counts from aircraft appeared

- positively re]a.e to an1ma] dens1t1es " The estimate of

h1ppopoygmiaqut

yad Sl o
.densities have Tin reased over the two northern sectors B1as

ide the Reserve may therefore be high, as’
correct1ons werte high for th%se sectors, as densities of
h1ppopotam1 were low during the ground count gnd initial

f11ghts. A bi s-correction factor for a ‘section of river..

hts tTab]e 11.2) show that rebeatabiWity.is
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exh1b1t1ng 1ow h1ppopotamus dens1t1es w111 have a htgh value
(Table 11.3). 1. follows,. that if the animal” dens1ty changes
between Tcounts, the bias?correctjon factor used to provide
an estimate may not be accurate: The_rtver‘north=of the
Reserve is markedly different from the three southern
sectors, with faster .currents and larger, more sweeping
meanders ., The influence of riparian vegetation on the
'correct1on Factors may be cons1derab1e, but\1nsuff1c1ent
data’ are-ava11ab1e as only one heav11y forested sect1on was
walKed (sector E) durtng the gréﬁng_counts Observer

i fam1l1ar1ty w1th group locations and numbers shou]d not have
‘great1y affected counttng bias, cons1der1ng the length of
Jr1ver'censused (124 Km) An effort was made to count only
those h1ppopotam1 v1stb1e from the a1rcraft and not . to
:1nc]ude Known- group sizes for the few groups familiar- to the
dobserver » | '
| Smal] s1ng]e engined a1rcraft were. best sui ted for the

speed and maneouverab111ty requ1red in order to: fol]ow the

river c]ose]y and prov1de t1me for accurate counts of

- groups.'D1v1d1ng the length of,r1ver‘to be counted 1nto

. . Lo . o o -
short sectors, with bias4cOrrections for each, 1owers qhe

- error arising from dens1ty dependent count1ng accuracyr

~well as any error due. to d1fferent river morpho]ogy or

'ter<aln//Frequent 1and1ngs for recuperat1on From a1rstckness

e
also helps maintain con51stent count’ accuracy T1me of day

'shou1d remain constant between f11ghts;

C 4
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Populations and Distributions

The annual rate of increase of hippopotami within the

J Masai Mara National Reserve was 16.5% from 1959 to 1971

(Darling 1861, Olivier and Laurie 1974), {0.3% from 1971 to
1980 (Karstad et al., 1980), and 0.9% from 1980 to 1982
(Fig.  11.5). Dar]ihg”s (1961) estimate Qf hippopotamus
numbers within the Mara River is evidenf]yvbased on a short
section of the Mara River, though it agrees with informa@ion
supplied byabawson (pers. comm.), a proféssional hunter
familiar with the area durjng‘the 50's and 60's. Historical
déta for the upper reaches of the Mara River are not
évai]ab]e. }
Hippopotamus densities within the Serengeti National

Park Weré”5.5'apimalsﬁkm of river higher than within the

Mara Reserve in 1971 (Olivier and Laurie 1974). The

population status to the south, within the Serenget i
National Park, could ﬁot be determined as access to Tanzania
was denié@: As'tﬁere is norevidence to indicate a

differential rate ofﬁﬁhbrease between the Serengeti and Mara

Vpopu]afjons, it is assumed that the densities within the

Serengeti do not allow for a substantial overflow to~the

south for thecexpanding Masai Mara popu]étion. The opposite

L4

_has occurred, with .redistribution in a norther]y (upstream)

- direction. The present distribution appears to defire an

Upper 1imit for densities of around 25 animals/Km of river,

resulting in a large movement of animals upstream over the

two years.
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Although the overall increase for the 124. Km censﬁs
stretch equals 12% per year, only a 0.9% annual increase 1s
evident within the Reserve for the 1980--- period (Fig.
I1.5). North of the Reserve, an annual increase of 70.5% was
observed. - The redistribution of densities over the periodo

from 1980 to 1982><ndicated that the river north of the

O

Reserve has received an ahount close. to the increase' for
within the Mara Reserve, assuming a 12% annual intrinsic J\\
increase for the Reserve stretch of river. ' ' | (/\\;j>

The movement of animals from areas of high to- 1ow
dens1ty may be behav1oura]1y directed. H1gh densities of
h1ppopotam1 result in correspond1ng1y h1gh 1eve]s of
aggress1on—(Aﬁfwe11 1963). This is primarily determined
through group size, with the territorial behaviour of the
dominant males within groups resulting in fixed spatja1~
requirements for both fhe;gron and the displaced
subdominant males. |

The altered rainfall patterns‘experienced in the Mara
_énd Serehgeti aréa during the past decade have apparently
removed the forage-related constraints that would'norﬁglly
be imposed during the dry season. This probably explains the
recent rates of increase, but the initial rates may have |
been the result of décreased inter-specific competition for
forage. From the late 1800's through to 1960, rinderpést
epizootics, .often oé\aq/annual basis, reduced the area’s
ungulate populations iSinc]air and Norton-Griffiths 1979).

As clinical symptoms of this disease have riot been repor ted
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Figure 11.5 Recorded increase of hippopotami within
the Mara River inside the Masai Mara
National Reserve (Fig. I1.1; sectors A,
B and C). ' :



in hippopotami (Piowright et. al. 1964), the impact of -
rinderpest could have opened a greater propor tion of food
resources té thelpopQ1ation fqllowed by a further expansion
in the present post-rinderpest period, through thevaltered
rainfall regime.'v/ -
f%ough £hé tibé-frame was short, the section of the
population resjginé within the Masai Mara National Reserve
appears to be StaBiHizing in size. This trend is not
apparent over. the entire census population, as expansion to
the north compensatedvfdr decreased growth within the
Reserve. This suggests a density-dependent‘mechanism

determining distribution, but provides little insight to

ultimate population regulation.



HABITAT ASSOCIATIONS

Introduction

The.habitat requirements of riQer—dwe\]ing ?ippopotami
can be considered in relation to two major environmental
components; those potentially fulfilled by either the
aquatic or the terrestrial habitat. Density distributions
along the river evolve from a comﬁination of these two
factors, though tt can be expected that the more complex
habitat, as perceived by the hippopotamus, will command a
greater Eo]e in the distribution of the population.

Foraging habitat is provided by grasslands. proximal to
the river, as the hippopotamus foragee extensively on land,
and primarily on grasses (Ansell 1865A, Young 1966) . Though
feeding almost exc)usively upon grasses, the hippopetamus is
| considered a non-selective grazer (Field 1970). Habitat
requirements on land can be considered.broad, and easily-
satisfied within the Mara-Serengeti ecosystem. Selection for
specific foraging habitat cannot be expected to greatly
influence the riparian distribution of the Mara River
hippopotamus population. Within the river, the day-living
focus of hippopotami, the habitat is more complex. The
dynamic nature of the river, with f]uctQations in depth and
- current, and the physical and social requirements of
hippopotami result in a high,deéree of sbatia] selectivity.

This chépter presents an analysis of habitlats available

along and within the Mara River, southwesterh.Kenya,

30
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evdluated in terms of observed hippopotamus distribution and
densities. A quantification-of range and riparian habitats
in terms df hippopotamus occupancy, -should indicate the
limitations of the riparian environment along and within the

" Mara River.
Methods

Analysis bf Tergestrial Habitat »

KREMU' s "Habitat Types of the Mara—NéroK Area" (Epp énd
Agafsiva 1980)'mapé the locations and exfents of 50 habitat
types. Classification was based primarily on morphologic
vegetation structure deliﬁeated from aerial photos and
satel]i¢e imagery. Eleven habitats are identified wifhin
three kii of the Mara river for the 124 km study stretch. The
foraging, radius of hippopofami from water is considered fo
be roug#]y 3 km (Laws 1963, Pienaar et al. 1966, Lock 1872,
acd Olivier and Laurie 1974). Thus, a 6 Kkm wide strip of
land bisected by the river was divided into 24 subsections
contéining_S linear km of river each. The areas of each
habitat type wifhin these sections were quantified using an
electronic planimeter; The number of hippopotamﬁ per
sub§écfion of river was determined from aerial counts made .
in August and September 1982 (Chap. 2).

A step-wise mu]tip]e‘regreséion analysis of habifat
type and area, with the number of hippopotami per subsection

as the dependent variable was applied in order to
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investigate the relationship between density and habitat
types. Strong associations may suggest the foraging'

opportunities are important to hippopotami.

Analysis of Aquatic Habitat

River width and current measurements were taken over a
10 km stretch of river north of the Reserve. Four sessions
(on different days) involving 20 measurements spaced 500 m
apart provided 80 measurement points at 125 m intervals. An
optical rangefinder was used to measure a 50 m stretch of
riverbank, with river widths recorded‘at both ends. Flow was
determined oy timing the progress'of a stick thrown 1”%;“
mid-stream qver the 5Q m stretch. Data on river depth were
not obtained. Presence of hippopotamus groups were recorded
- if they occurred Within the 50 m section

The effect of river Width and current on the location
of hippopotamus.gnoups was investigated through a series of
t-tests, the presence or absence of groups in measurement
sections was compared with river Width and current

The relative meander of the-river was recorded from a
1:500680 map by measuring the straightline distance between .
the boundaries for the 5 km of -river within' each suosection.
The 5 km of river divided by the straight-1ine distance
between subsector boundaries. Regression ana]ySis was
applied to investigate the reiationship between meander and

hippopotamus densities.
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Poo] occupancy was recorded on a monthy basis :for a 10
" km stretch of the Mara River. Numbers within pools were also
‘recdrded.during each behavioural observation period,
providing supplementary data. River level was recorded af
the f{eld camp daily. Regression analysis was applied to
'observed number of h1ppopotam1 at "Main Pool" (the 1argest
pool in 'size .and h1ppopotamus occupancy within the 10 Km

study‘sect1on). and water levels for each observat1on day.

‘Results

Diurnal habifat- the river, appeared the dominant
determinant of h1ppopotamus distributions. Stepwise multiple
regress1on analys1s of adJacent vegetat1ve hab1tats within 3
km of the river revealed 1ow correlat1on with, observed
d1str1but*ons~of h1ppopotam1. Though ana]ys1s was based on
diurnal d1str1but1ons recorded from aer1a1 counts.-the,
spat1a1 limitations imposed upon hippopotami, -in terms of “
grazing radius 'limif foraging‘habitats to areas prox1ma1 to
'd1str1but1ons along the r1ver fhus, the effects of ‘ |
selection for forag1ng hab1tats cOu]d d1rect1y 1nf1uence the,
distributions of hippopotami w1thjn the river. Howeyer, suchf

a relationship was not observed..

Land
Table II11.1 presents areas and descriptions,of the 11
'habitat types found adjacent to the river. Fig. 111.1

illustrates the percent distribution of'major'physiognomic
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'hab1tat types.

Correlations of hippopotamus densities per 5 km of
river with adjacent habitats were generally nonsignificant;
Of 11 habitats delineated‘by Epp and Agafsiva (1980)

" occurring within 3 Km of the Mara River, a combinatioq of
three provide the Highest Stepwise’multiple regression‘
‘correlat1on ‘ '
Y= 93 59 + WG x 22.16 -71.32 x ESC -126.22 x WL (r2=.486
_>:p=0:009). |
ATheSeAafe.WOOded grassland (WG}, eécéﬁément (ESC), and ‘
,'wObdlahd (WL), édmprfsing;18 9% of'thé total area
’ﬂ represent1ng h1ppopotamus graz1ng range The €quation
1nd|cates a positive association with wooded grassland, and
négat%ve'associatibns with escarpment and wobdland.g

Simp]é corre]éfions were significant (P<.05) for wooded

graés1anq (r=.619), shrubby grassland (r=-.492), and

woodiand (rz-.481).

River:

An ana]ysis of variance bereen measurement sessions
for width and current along the/10 km of river examined
indicated that the four sessions differed significéntly‘
(P<.05) as a result of unequal water levels (river stage) .
Session data éould therefore not be pbo]ed. Table III.2
: presénts river width, cuErent measurement and water Ievelé
’for each of the four measurement sessions. Data are detailed

in- Appendix 1.
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Table 111.1. Areal extents of vegetative associations from
habitat classes identified by Epp and Agatsiva
(1980), found within 3 km of the Mara River
along the 124 km study section.

Habitat ...... Characteristics ....... Area km2... Percent
WOODLAND-FOREST Canopy'z 20% (8.8) (2.2)
wood 1and homog., trees > 10 m tall 8.8 é,2
SHRUBLAND ~ Canopy > 20% 6-10 m tall  (47.8)1  (12.2)
shrubland homog . , shrubs';nd trees 47 .2 12.0
thicket : canopy > 80% - | 0.6 0.1
GRASSLAND Woody < 20%; Herbs > 20% (275.4) (70.1)
grassland homog., primarily herbs . 57.2 ~ 14.6
wooded scattered trees, > 20% 48.4 12.3
shrub ‘ shrubs/trees 1-10 m,.> 20% 145.3 - 37.0
dwar f-shrub semi-desert areas 24.5 6.2

RIVERINE*  Within 50 m of watercourse (44.0) (11.2)
wooded trees.> 10.m tall ‘ 41.5 10.6
shrub | mainly woody veg: 1-6 m tall 2.6 0.7
ESCARPMENT Rocky,.incl._scme p]ateéu (17.05 (4.3)
escarpment LAY 4.3

TOTAL: 393.0 Km?

* Riverine vegetatién is dénse,'defihed by-specieé
"affiliation and intitial establishment within 50 m
of watercourse {(see Epp and.Agatsiva 1980) . '
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A significant (P<.05) re]afionship'bepweeh.rivér.wfdth
éndlthe pfesence of Hippopotamus groups onfy at moderate
water levels were indic;ted by t-tests. The two measurement
sessions taken during gxtremély high and éxtﬁemely low.riQér
stages exhibited no relationship between curﬁent'spéeds1
* width, and the presence‘of hippopotamus groups:

The effect of depfh on pbgﬁ selééfion by hipbégotami
was examined primarily by relating pool occupanéy to da{ly
water levels. Fig. Ir1.2 is a schematic oflMaiﬁ_Péol. Majh7~
Pool was occupied during'ail:seasdns,land had the hﬁghéSt
numbér of animals for one pool recorded within'the 124 Km
study section. The relationship between rivef_wateflievels
and Main Pool occupancy is -illustrated in Fig. ‘I111.3.
Regression analysis on occupanéy of Main Pooilwith watér
level indicated a strong corfe]atfon (Rzﬁ.602; P<.05)€

Relative meander was correlated with habitat type. A
stepWisg.regréssTon analy;ﬁs Of‘hébitat.on.a 5 Km subsection
.‘baSiS' with reJativé,meandet.as }he eréndent variab]e,
pfoduced a high cofheiation with shrubby grassland and
shrubland‘(r=.928y. Ihese.fwo habitat~types were associated
with 1ow‘meander. Meander was also corrélated to
vhippopotamus densifﬁeé‘with{n subsections (r=-.387, P<:05) 

kThis‘iﬁdicated.that areés anécent to sfraight'river
‘.“ehannelgkwére not héévi]y_used'by hippopbtaﬁi;.The -
st;aiéhtes;hégctidn of river was along the baseéof‘the Siria
escarpmént aﬁa_containslrapids‘for the mos t part. fhe,]qck

of pools and the strong cuﬁfent prov{dedApobr hippopotamus~
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Wcodland—Forest

)
Escarpment
j T~ 437

Figure II1.1 Major habitat types within a 6 km swath
along 124 km of the [-ara River \
(based on Epp and- Agatsiva 1380). -
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(?S‘
Table 111.2. . Morphometrics for 10 km of the Mara
© River, measured [speed and widths) over
80 50 m sections. Water levels were recorded,
and .0 measurements taken per sample session.

Date Water Level Ave.Current S.Devl Ave.Width 'S.Dev. N

(Mo/Yr) (m) . (m/sec.) (m) |
11/81 0.70% 1.07 0.48 30.72 5.74 20
01/82 0.48 0.39 0.21 26.90 4.76 20
05/82 0.88 0.71 0.25 29.13 4.33 20
06/82 .31 .45 0.45 32.53 4.45 20
" Ave.Tots. 2.78 0.28  0.37 29.82 5.21 80

habitat. Adjacent range was sloped, provfding‘poor water
retention, and primarily composed of thicket. This area was
aléo.pqof foraging %abitat for hippopotami, as grass

productivity appeared very Tow.

Discussion
Thé‘strongest environmental selection inf]Uencing‘thg

- distribution of the Mara Rivef hippopotamus population, was
for the diel habitat, the pool. Loca]iy, the suitabiiﬁty'of.
specific pools was prﬁmari]y determined by river depth.
Observations indicafed that a gently sloping beach area wjth
avaijlable exits from thempive;;channe], as well as a deep
(>1;5.m) channel were ngéessary componehts of the optimum

pool. The optimum pool allows the hippopotamus to bask in
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the sun, wallow partially submerged, or completely immerse

o

itself. Such actiViflies evidently facilitate body
3»;!’",4"(' 5
temperature regu]at1o’

Flight response involved rushing
into deep water in order lo total?y submerge. '

Particularly deep river channels were avoided;'as
h%ppopotami are poor swimmers in fresh water and must walk
along the bottom, surfacing for air. Some selection for pool
bottom composition is suspected, as investigafions of
unnoccupied pools invariably revealed graveI bottoms. A
moderate- current - would be necessary.for the:maintenancg of a
firm Fiverbed, particularly if the spot is occupied by
hippopotami, as feées woudd build up if currents were slow.

During the day, hippopotami spent much of the time
sleeping, usually completely submerged. Anima1s lay in a
prone position with legs tucked under the body. ’ﬁ
comfortable sleeping pos1t1on must allow the 1nd1v1dué] to
breath by s1mp1y raising qt s head. Ca]ves were found
sleeping e1ther in sha]]ower water than adults, or-supported
on a 1arger hippo’s back. Groups basked in unison, and when
" in shallow water all group members appeared to select for
the same depth. The proportion of uniform-depth shallows
within pools appeared to have an influence orr. the number of
~animals within akpool ]ufatioﬁ.u | . |

Exits from thf ~jver -—ommonly a V-shaped path cutting
%nto the riverbank, we post hum” 's in-the immediate
vicinity of the pool, though P 0t i may-travel several

hundred meters up or downstream be .- exiting the river at

Y

Hn
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dusk. Bank heighi seemed not to be a deterrent to path
establishment. Hi;popotami were Hot adverse to plunging over
banks up to 4 m in height when in flight.

River width and c&rrent speed, as recorded, were not
accurate descriptors of pool sites. Methods used to assess

current speed were nok accurate on river bends where the

maximum current occurred to the inside of center, or for

" broken channels with backwaters behind obstacles. Width by

itself did not predict depth orrcurrent, though suitable
poolé were generally found on wider than average sections of

river, particularly on river bends. A hippopotamus group

~would create it’s own backwater when in a current, and when

lying down appeared indifferent to water velocity.

Backwaters occurriﬁg behind obstructions in the river were
favouréd by animals separate from groups, batéhe]or males or
females with neonates .- |

Ana]&é%s of densities for the 124 km study section
revealed higherndensitiés of hippopotami within subsections
with repeated meanders. Overall, the river was significantly
more convoluted within the Masai Mara National Reserve than
to the north.

The selectivity exhibited by hippopotami for river
habitat may be fortuitc:s in terms of forage availability.
Shrubland and shrubby grassland were semi-arid habitats
strongly correlated to sections of river with little

meander. Along stretches of river with a high degree of

meander, primarily within the reserve, were found ox-bow
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lakes, marshes and lush grass growth associated with water
tables close to the.ground surface. Dry season forage |
avai]ability\was considered the greatest forage-related
limitation for the hippopotamus (Bere 1959, Lock 1972,
Eltringham 1974, D]ivior and Laurie 1974'and-Vi]ijoen 1980) .

Along the Mara River the greatest hippopotamus densities

occurred in areas supporting the highest quality and °

i
/

quanti'ty of vegetative biomass.
The hippopotamus is a non- sé]ect1ve grazer (Field
f970). A strong se]ect1v1ty for vegetat1ve habitat would
therefore not be expected. What is expected, and has been
dehonstrated, was é selective response to diurnal habitat,
primarily due to the dynamic naturé of the Mara Rivér;
Selection for sites}within the river hay have been
based initially upon specific channel morphology, beyond
that a series of social constraints regu]ated occupancy. As
selection was strongest for day-habitat, there may not have
been forage-related constraints imposed upon the population.
This preseots\the possibility that social constraiots
evolving ‘around the most importantyfeature of the
hippopotamus’ ecc .ogy, the pool, may act to limit further
population growth. Sucﬁ regulation may act in the absence of
‘an adequate'éuppTy:of pools, and oésult’in a large amount of

.. aggression-related mortalities.



SOCIAL ORGANISATION.AND COMMUNICATION

Introduction

The role of . aggression in population regulation was
first proposed by Verheyen (1954}, who considers adult males
to be the primary enemy of young. Attwé]] (1963) and Olivjer
and Laurie (1974) chEelate increased aggression with higher
mortality rates in all age classes{during énvironmental
stress, such as severe crowding within pools and/or poor
nutritional regimes. In the absence of forage-related
stresses upon the Mara ﬁiver‘hippopotami durirg this study,
there was little or no correlation between group size
(day-1iving-space) and aggreséion The quest1on remains,
that should the population continue to increase in s1ze.
will social constraints act to limit population growth7
Knowledge of the social structure and dynamics of the
population is essential. |

The basiccocial unit within hippopotamus populat1ons
is the mother-young unit. Groups are composed predom1nant1y-
of adult females,. their calves and subadults. Several adu]t\
males may be included in the group, é]though‘there is |
usually a single dominant male (Verheyen 1954, QOlivier and
Laurie 1974, Klingel 1979). | '

kBatchelor males, generally evicted from Bprenta] groups
at puberty, 7-8 yrs of age (Dittrich 1976, Skﬁnner et al.
1975), may remain solitary or-join groups predominated by

males (K1ingel 1979, Attwell 1963). Batchelor groups are

44 f“
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algo contained wjthin,a singlé dominant male’'s territory
(Klingel 1979). Klingel (op. cit.) notes that solitary males
inhabiting and defending stretches of river may not be as
unsuécessfu] in attracting females és the casual observer
wou ld iﬁfer. Changes in water levels result in group
movements, particularly on a seasonal basis. Henge,
territories occupied by solitary males during, for.éxamp]e,
low water levels, may coﬁtain a group of females and their
offspring during high water levels.

Apart from direét aggréssion; communication involves
sight (postural signals), olfaction (primarily dunging
behaviour), and vocalization. The behaviour of dominant
‘adﬁ]t ma]eé is described in detail by Hediger (1951),
Verheyen (1954), QOlivier and Laurie (3974) and Klingel
(1979). A11 authors identified two major rﬁtua]ized social
signals; gaping. (or yawning) and dung sprayihg as signals in
advertising and'reinfbrcing dominance. The function of
inland dung heaps is not Known, though ﬁt is thought»that
they are maintained exclusively by adult males (Grzimek
1972) and may aid in.navigation at night (0livier and Laurie
1974). |

The behavipura] observations made fn'this study, were
conducted in order to 1) describe social organisation and

'commuﬁicationf and 2) determihe if;density-dependent
agonistic interactions were implicated with intrinsic

\

population control.
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Methods

Group Composition
BehavioJ.Ll data were co]lécted during 196 houré of
direct Obse}vétion. Only toward the latter bart éf the field

program Qas I able to accurately identify the sexes of
'édults, enabling’sex and age class composition of a group to
be recorded. Subadults and young were iﬁpossible to sex when
in the water and were rarely seen on lanc.

. Sexual dimorphism in adults is apparent‘to an
experiénced 6bserver. even when .only the head.pf an anﬁma]
is above the water (Fig. IV.1). Dimorphism was manifested in
the large, more heavily muscled head.of the male, -
parficularly between the eye and the ear at the insertion of
the masseter muscle. Thus, the mature male had a less
bulbous eye than the fémale. Males a]sQ possessed thicker
and longer lower can{nés that visibly distended the cheek
’pouches in which they were contained:

‘ﬁComparison of head Jength (snouf to-ear) provided
cfiferia.for age classifica%ion. "Subadult” headvlengths
weré}1/3 to 2/3 .the length of the Head of the largest member
of the group, "young" head 1engihs were less than 1/3. &
"Adult" included atl members with;heaa lengths greater than
2/3 the length of the 1argestvfndividua]'shhead.

e



Figure IV.1
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Typical head morphologies for (A) adult
males, and (B) adult females, illustrating
dimorphic traits used in determining sex.

N
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Individual Ident1f1cat1on

A photograph1c card index was mede of all 1nd1v1duals
within three major groups during the\f1rst week in September
1981. A 35 mm camera; a 600 mm Novaflex telephoto lense, and
.y high speed black and wh1te film were used to record an image
of the rlght side head prof11e (F1g IV 2). From the
photographs, an 1nd1v1dual 1dent1f1cat1on Key was developed
based. primarily on eye-wr1nk1e patterns. Distintt markings
such as scars and notched ears were noted. This system,
though‘capable of {dentifying any individual included in the
key, was used main}y'to verify the identification of

dominant males within groups.

’Behavioural Observations '

Two-hour behévioural observation periods, 112 of the
196 of which were from 1630 hrs to 1830 hrs, were conducted
from §eptehber 1981 to September 1882. Though not strictly
scheduled, an effort was made to concentrate observations
during times of extreme river 1eve151 This was done to.
compare behaQiour between different levels of pool
occupancy. Thé seasonal effects of river level on
day-living-space was ynvestigated‘jn this manner.

Each two-hoor obeervation per iod waS:divided into ten
minute interya]si The following behaviour patterns were
recorded: | |

) ‘1) Fights: Aggressive interactions classified to three

levels of severity:
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Figure 1V.2 Example of an individual identification
' _ photograph illustrating the eye wrinkles
(A, B, and C), and a triangular area (D),

used in the identification Key.

-
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Class 1: Rush or  jump, short, .may be a élash-frpm behind.
Not aﬁways ihvélving physical éontact{
Cigss 2: FnQntal'slashing'with contact;‘or a persistent
w (> 3 geccnd)‘chaée with or without chtgét.

" Class 3: A prbtractéd fight, physical ponfact'with visible
| -.wounds and bleeding. ' |

12)‘Gapés: A1l group members included. L < /7 g
3) Vocalizations: Recorded for bo h, the ndmper‘of séssions

o : s ' "“i‘- \
par.t L

and the number of animé]s

v L

4) Sibmissive defecations: =Cun ) hr observation

period, recorded regard¥e§§ 3 iﬁg involved.

5)'MarK de%ecaéiog#i Cuha];ffié”forééfhh éﬁé%rvétion period,
with'speciaj note‘madé if involvfﬁg an Ap?mal other than the
.dominant male of the group. |

\

‘Water Léye]s'

" Water levels in the éiQer were recorded at 0900 hrs
daily. A staff gauge was firmly sunk infhafd clay and
attached at the?top,to the Base 5f‘a large tree."Tﬁe’déta
obtaihed ére re1étive only, the‘gauge was not tied to a "
Khown'éjeyation Iﬁéough,sunvey methods, nor were the
morphohetriﬁsfof~the adjacent river Qhannel determined. The
4vo]Qme of‘water flow at the gauge site cou]d_thereforé could
not‘be'célchated. |

 RiVer dynamics were- determined from daily water 1evei

records and divided into increasing, decreasing, static h{gh



and sfaticvlow conditions. ' Increasing’ and 'decreasing’
involved a constant'cgange in river level of‘greater than
five days duration, resulting in an overall change equal to
or greater than 0.33 m. Low and high 'static’ conditions do
not meet the above CQnditons_and were for low, less than 0.6

m-in height, and greater than 0.6 m'in height for high, as

measured on the staff gauge. .

‘SfatistfeallAnalysis

Statistical\anakyses'were applied tq behavioyral'qata
collected betweeh the hours of 1630 and 1830. With the.

éxception of matings, all forms of ’riVerboundf activity
were at their highest during this time. '

A Pearsonbcorrelation matrix was produced from bboled
sessioa»data. Observation sessions were also distributed
withfn the four categories based on river dynamics for the
day each'session.WQ§\gonducted. As sample sizes were reduced
in. this manner, non-parametric analysis was adopted using
Spearman’s rank order .correlations.

Sex and age-class-specific agonistic encounters were
analysed on an expected vs. observed‘bésis using chi-square .
‘tests. category-specific confidence intervals were
calculated according to Neu et al. (1974). Class 3
aggression occurred very infrequently and was excluded. The

hypothesis tested was that aggression initiated by -each

class was proportional to their numerical representation.
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Results and Discussion

Group Stability and Movemen t

The average group size was 13.3 individuals. MAdult
males comprised 8.0 percent, adult females 36.2 percent,
subadults (not sexed) 27.0 percent and young 28.8 percent.
These data reVeal a low proportion of adult.males,
ref]ectfng the eXc]uSioh;ot rivals from groupe by the

dominant male. Data collebted were from female-offspring

N

groups only.-Very few “batehe]or groups’ (Klingel 1979) were

noted within'the Mara ‘River non-doﬁinant adult males

appeared to prefer a so]1tary ex1stence Individua]s not

assoc1ated with groups were not1ceab1y less attached to
spec1f1c,5jtes. lenge]_s (op. Cjt.)vobsenxat1on that both
batchelor and female groups were rarely'of a homogenous
composition held true .for.the Mara.River popu]ation
Tefritories of d0m1nant ma]es were first thought to
include not only stretches of r1ver or lake shorev But
pear shaped 1nland gra21ng areas de11neated by dung heaps
(Hed1ger»1951). Th1s-observat1on has since been d1scounted

by Verheyen (1954) Olivier and Laur1e (1974) and Klingel

(1979). Terr1ter1es in poo]s have been noted and descr ibed

_by Klingel 1979) in Uganda. Howeyer, 011v1er and_Laur1ef

(1974) noted that recognizable individuals were seen at

Wideiy different places in the river during their three

month study of the Mara River system and concluded that

spatial affiliations between males and stretches of river
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did not exist, hence, territoriality did not occur.

Strong site attachment by dominant males existed, /f,‘
though river dynamics dictated the placement of female and
their offspring, with invariab1y a specific dominant male
for each pool site. The unsuitability of pools at parficu]ar

r1ver levels commonly caused the assoc1ated dom1nant male to

i

leave when the group d1spersed often Jo1n1ng a smal] group

in a nearby, more comfortable pool. On three occasions .a

N A

dominant male was observed to follow a group of fenales from

S £ Lt

"his" site to an -adjacent pool and assume a subdominant
position in deference to‘a:other male. Once yater levels
returned to acceptable depths, males wou 1d return. This

. ffexibi]ity does\not prec]ude territoriality, as conc luded
by Olivier and Laﬁrie (1974) Owen-Smith (1977) includes'tne'
suum1ss1ve behav1our of terrgtor1a1 Bulls outside of (their
territories as a typical bena91oura1 trait common toLmost
territorial ungulates. The bEVolut1onary Mode 1"~ presented by
Owen-Smith (op. cit.) presents popu]at1on class1f1cat1ons
that lead to tne*evolut1on of territorialitly. From spat1a1

limitations to weapons morpho10gy, territoriality is the

Iog1ca1 system for regulating access to breed1ng opportun1ty

» ’

w1th1n h1ppopotamus popnlat1ons.

_ The territorial behaviour of lacustrine hippopotaffi
appears much more r1g1d than that of r1par1an dwelling
”p.h1ppopotam1t Klingel (1979) records a 51ngle dominant male

holding the same'territory for 8 years. Tenure of ' , éa

‘Ierritories, according to Klingel (op. cit.), is markedly .

-

¥

e, -
S
s e
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different for take and river bulls.-His records indicate
that the average tenure for lake hippopotam& is 4.5 years,
for river hippopotami a few months only. !

Records for the Mara River were more conservative.
During 18 months of study, only one dominant.ma1e was o,
observed to have been permanently disp]aceg by a rival,
subsequently dying_from wounds tnf]icted in the decisive
battle. Dhe‘méle was positively tdehtified as havtng tenure
at Main Pool from August 1980 to‘September 1982.

TheJCOnfuston generated by previous ‘authors over the
. territorial aspeCts‘oF dominant males tHediger 195t, Attwell
1963,. O1ivier and Laurie 1974, and Klingel 1878) appiz.s to
tbe}the;result of.intermittent site attachment‘resutting from
ngriVer'dynamics.'Fjg. IV.3 illusthates the movemer.is ofione

grouo of hippopotamus over 3 ooo1s7along 750 m of river.

'Eéch sﬁte mas c'aimed by a different adult mele when water

w

Jevelsiwere at a suitab]etlevel for occupancy

e 7

Red1str1but1on in response to water leve]s occured not
'on]y at the spec1f1c pool and group ]eve] . but over lTong
e stretches of river as well. F1g IV 4 111ustrates the number

a’

. of anima]s.within a 10 Km”riven section as.related to month

and w@fer'Levegs Apparéhtly, less favourable conditions

. i - T rf o
L ‘ (mostwcfgeﬁ}&féwer su1tab1e pools) ‘were encountered both up
- . ’ : e »“‘ ‘ s
and- dOWns ream of the study sect1on dur1ng the dry months
s & ' : ' .
Low waten“}evels in: the r1ver were the most apparent cause .

\-~"

of the»1nf1ux but the poss1b111ty of movement d1ctated by

_ forage ava11ab311ty and/or adjacent human act1 1ty cannot be .

£

[ . ,-’.
<. . -L
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éxc luded.

Second to the basic unit,wihe mother -young association,

is the pool association. Based on individual identification,

“'no temporal and spatially consistent a' .¢nces between two

non-re’ ited conﬁlocifics were observec. thni.gh each ma jor
group seemed to have a core of individuc thaf coufd always
be found together when pool sites changed.”The fluctuapion
in numbers of hippopotami at Main Pool (from 239 to 171) over
the duration of the Study-wés the result of cOntﬁaction'and
dispersal of 1ndivjdua]s over at 1e§st nine peripheral
pools. Small groups were unstable in composition.

There was no evidence of any'fype of pQrpoSeful

migration. The fu thest point hetween observations of an . -
. “t’ 7 .

e
12

individual animal within the river was 1.2 km. The northern

thrust of density-redisfribution along the Mara River (Chap.
2) may very well be the resu]t’of the mdvement of
individpais without strohgvsite”attachment. Solitary
subadults, assumed o be males, were commonly seen a&ghcent
to groupi, and received tﬁe brunt of aggression fﬁom adul{

7

group members. These individuals quickly left sites when s

.dfsturbed.

Agonistic Behaviour

Analysis of observed/eXpected aggression initiated by

each age.class, #howed'sighiFicance (P<.05) for. adult males

and calves (Tabje IV.1.). Adult males 1nitiéted a

disproportionaté]y_high nUmber’ef agonistic enqunters, and .

o
Ry
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JFiguré IV.4 Water levels in the,Mafa River and the

corresponding number--of hippopotami within
the 10 km study section. Data are from L
‘averaged monthly records from 1981 and 1982.
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calves initiated a disproportionately low number(Fig. IV.5).
The agonistic behaviour of adult group males and females
appeared strongly jmplicated with the expulsion of subadult
males. Combined data from Table IV.1 for the aggression of
adults towards subadults amounted to 32% of all agonistic
encounters. This corroborates previous analysis of age of
puberty and age at expulsion from groups (Dittrichk1976 ,
SKkinner et al. 1975). Lone subadults as well as a proportion
of those in groups exhibited fresh scars ddﬁ?@g«g]] seasons.
The three severe (class 3) fights observed were between
adu]t males. In all cases, the dominant group/male fought~
and chased off an intruder. The reverse—para11e1 stance
reported by Leuthold (1877) and Klingel (1879) assumed
during‘serious fiohtS.between rival males was not observed,
though prolonged rituaWtzed disp]ays involving gaping,
splashing, vocallzat1onr and marking defecations, preceded
phys1cal contact. Such conf11cts were always observed to'
occur as a result of a foreign male’'s intrusion into a
stretch of river containing a territorial male.
Terr1tor1a11ty reduces conflicts between dominant males, an
1mportant conswderat1on when potent1a] for damage from

fights us1ng the long,: sharp, canines 1s great. R1tua112ed

encounters are expected between ungulates possessing

pOtent1a11y dangerogs weapons (G1est 1966)

e 1

Correlations~ between aggre$31on water levels and the .

' number of 1nd1v1dua1s wﬁth1n groUb%v for the Four river

dynam1c states, were general]y non- s1gn1f1cant (P> .05). One
Je g T .

-



trend is apparent;

Table IV.1 Age and sex class-speci

60

fic agonistic

encounters between h1ppopotam1 classified

to three levels of severi
collected during 112 hour

ty. Data were
s of observation,

conducted between 1630 and 1830 hrs. /

AM:AM AM AF AM:SA AM:Y AF:AF AF:SA

F1: 10 06 7 10 14 15
% 9.4 5.6 15.9 9.4 13.1 14.0

F2: 09 00 01 00 - 02 04
%: 47.4 00 5.3 00 0.5 21.1

F3: 03 00 , 00 <00 00 ~ 00
%: 100 00 00 00 00 00

09 12 10

AF Y SA:SA SA:Y Y:Y TOT

04 107
8.4 11.2 9.4 3.7

01 02 . 00 00 19
5.3 -10.5 .00 00 .

00 00 - 00 00 3
00 - 00 00 00

AM='agu1t male AF =
SA=- gubadult Y=
Fi1= low severity F2= med. severity

the highest non-parametric correlatiohs between both fight 1

and water level (P=.073, r=,39), and

H

of animals within a pool (P=.023, r

- r-4 . N
that the highest level of aggression

b_coaleSCed while water levels were dropping

ﬁ}héfpecreasing rive 'ﬁtateQreeplted in

adult fema]e
young .
F3= high sever1ty

,,r

fight 1 and the'number

.52). This indicated

occurred as groups

LacK of

' s1gn1f1cant corre]at1on dur1ng static 1ow 1evels 1nd1cated

that ‘once a soc1a1 equ1]1br1um is attained aggress1on

decreases, even dur1ng per1ods of high occupancy .

Corre]at1ons be tween aggression

c]asses 1 and 2 were

non-significant for all conditions except static low. This

was also the condition in whtch the corre]aticn between

group size and fight c]ass 2 atta1ned the highest

significance (P-.O78, r=.39).

Th1s ‘may mean that there was
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little in common in the causes behind the two levels of
aggreésion except at high group densityf"

fﬁhﬁhe role of aggression in population control has not
mantfested itse]f‘within the Mara River hippopotamus
population. Correlations with group size (day-living-space)
were weak. Fights_resutt;ng in serious injury were uncommon
and restricted to a?ults Very few h1ppopotam1 were not
extensively covered with scars, though subadu]ts genera]]y
exnibited a greater proportion of fresh sha]]ow cuts. Severe

wounds were- noted on many adult animals but comparably few

subadult and young.

v

The apparent lack of environmental stness_(e.g.
drought) may have accounted for the relatjvely harmonious
existence observed within *even the 1aréest pools. Attwell’s|
(1963) correlation between density and high 1evé1s of
aggress1on re]ated morta11ty is based on observat1ons made
dur1ng an extended dry season. Appendix 2 presents recorded

“data’ on: morta11t1es observed and reported during this study

‘ Commun1cat1on »

Commun1cat1on between 1nd1v1duals was 1mportant in
ma1nta1n1ng low 1evets of ovent aggress1on Rare]y was .
'aggress1Ve phys1ca1 contact not preceded by a c]ear exchange
" of signals. The most obv1ous forms of commun1cat1on be tween.
individuals 1nvolved threats, both postural and vocal, ahd
;appeared,effectiye in naintaining\a status quo within

s .
hippopotamus groups. The maintenance and enforcement of

o
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Pua

" dominance by a single mature male within most groups has

resul ted in‘specialized signals.

Visual Signals
Postural Communication
Posturing is an important form of communicaiioh in the

‘ hippopotamus. Several specific postures,rin addjfion to
gape, were associated with-warning potential rivals of an
intent'or'willingnegs to figh{. Confrontatiéns betweeniadﬁlt
males used most:postures noted, though all other sex/age
classes were occasionally observed posturing similarly.

Dominant males were the only group members consistently
seen to have the ears in a 'cocked forward’ position;‘d
charactaristic firstquinted out by Klingel (pers. coﬁm.).
Subdominants norma]lx ge}d the ears anled back along the
necK. | ’ | ‘

The most common 1y observéd dominance posture was neck
aréhing wﬁ@?h exaggerates the size ofiihe neck and
shoulders, as well as 1{fting the eyéﬁlclear of the water.
The nostrils usually remained submerged. This att%tude was
cbmmonly used to elicit défecation displays from

”ﬁ?&babminants.,The head was held in the séme manner - during .

‘most charges. - ) | |

THe subdémiqant posture was the converse of néck

.arching.‘Thé héad,’neck and back were maintained in the éame

plane. Th{s'éfqbﬁed the;Ears,leyes and nostrils tO;cleaE the:

'Water:AEaﬁéfweréiHé]d,ahéfed back,op:dowh. |

"o
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”Humped“ postures often folTerd the dominant head
tilt, the animal lowers its head and arches the back, and
only the arched back is visible above the water. Thﬁs.
posture clearly dives the impression of massiveness, and has
been observed to precede submerged charges.

A1l group members were constantly aware of the dominant-
male’ s disposition. The simple act of turning the head to
look directly at an animal could stimulatena subdominant to

deliver a defecation display. Totally relaxed positions were

' assumed with the neck extended, and‘often individuals

entering groups were halted by the dom1nant male leaving the
relaxed position and turfing the head to look d1rect1y at
the intruder. It is not necessary, due tobthe;eye placement,

for hippopotamus to focus binocularly on objects, hence; -

. \ . ' v
‘this ’'staring’ behaviour' appeared to be a form of

<
intimidation.

\

Gape

_ Gaping-was common to all age and sex-classes. The
speciftc social 1mp11catlons were not completely clear,
though the act1on appeared an attent1on gett1ng device. Of

{ e

the several r1tua11zed aggress1ve encounters observed

,between adult males,‘gapes were most frec nt, and often

lasted up to 10 seconds. -Dominant males exhibited the mos t

‘energetic gapes, and assUmed a specific stanCe with the neck

extended and- the head thrown bacK so that the top of the

P
head (ear’ to snout) was almost perpendicular to the back.
Young, probably emu]at1ng the dom1nant_ma1e,\were the only ..

‘ﬁF
\T;
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\ T

.other age group to exh1b1t this parfﬁcvﬁan posﬁé' while o
gaping. Thi's position exposes the vulnerable under51de of
the necK, seeming]y an advertisement of confidence. Leutho]d
(1877) interprets the raising of the head to a nearly
vertical position, common in many ungulates, to be a strong
intimidation display. Herring (1975). describes the
morphologic adaptations common among suiforms that allow the
gape display. |

Non-parametric correlatlons between gape and all other .
recorded behaviour was non s1gn1f1cant (P>.05) with the
exception of ome situation; dominant male gapes during i
static high water levels correlated with group size (P=.021,
r=.46). This was‘due to groups betng scattered and numerous

during high water 1eve1s, with a correspondtng hic'i + umber

of terr}tories occupied.,@]] social signals correlated

strongly to group number at this time.

Gape frequency increased towards‘ddsk as‘individuajs
prepared to exit the-giéen tc'grazef'The temporal,
distribution of gapes%for‘dominant mafes and other age/sexl
classes are presented in ths IvV. 6 and IV .1, forithe period
of time between 1630 and 1830 hrs. |

Gape bneadth, the d1stance between'upper’and fower
lips, was constantly measured between animals within the.
young'andvsubadult age classes. The process:involved
carefulty matching lips, then gap1ng and push1ng, an‘
activity that can be repeated for hours Usua]ly the ’ 1arger l

part1c1pant-’w1ns by push1ng the opponent up and back.
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Aduit females were observed to ' lip wrestle’ in this manner
on three occasions, and twice\the activity was observed to
precede mat1ng by .the domlnant group male., Whether the
activity a1ds 1n estab]qsh1ng a group hierarchy was not

‘ determ1ned.»Weapon size, tusk size for hippopotami, is a
component in‘establishing dominance through intimjdatjon
(Leuthold 1975). The gape display expoeeS'tusks forh
.evaluation. Gape breadth may be anvadditional rank

indicator.

Vocalization : ’ L g ..
_ Vocaliaations were common, pantioular]y toward evening
as animals prepahed to-exit the~riveh to graze (Fig. IV.8)L
Vocalization. recorded dur1ng theAf1rst t1me period (30 mln)
may be greater than the second due to the arr1va1 of the
;observer. Vocalization was a standard response to any
tdieturbanoe that did not force the an1ma1s to‘submerge.
Voca]izations were conducted“in sessions with two, to

=

near]y the entire group part1c1pat1ng, and consisted of a

>

'wheez1ng inhalation fol]owed by severa] reverberat1ng honks.
Th1s was emitted through complete]y dwalated nostr1]s, n

From the mouth Y o §

Groups ‘and individuals separated on hand at nigkt uouldjv

commun1cate w1th each other by voca11zat1on' As the sound

may carry well’ over one Kilometer on'a still day (further at"

‘n1ght), it was not uncommon to hear a chawn of voca11zat1on€

from one group or indivfdua] to another along~the river. g

—

I
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. # . Vocalizatic - during serious aggressive encoun}ers range

L W . . |
from sounds very similar to a lion's roar to high pitched

'1squealsﬁwand“js,usual1y5accompante§$c1ashing teeth. The full.

. v #
function of voca}igztjons, 8&H@h than as a warning, was not“’ :
\ determined. “"‘;t - ¥ .
e ... Non- VOCalkﬁwd1tory S1gna1§ may be a component in the
energet1c sp]ash1ng dur1ng most agonistic coanontat1ons ”%F :

»

daw champ1ng conducted ég;éhese times clash teeth»together
i ‘ .

a no1se that wh11e not loud probab]y actSYas an, add1tlona1 'y

gy .

aud1tory message S ' w"/ S 'v e . ﬁ

Defeqation i
N 1 . - _" ) . A :‘ : WQ’
Subm1351ve Defecat1on s o b

u “ " “,‘:'

Submfss?ve defecat1ohs are character1zed by the

¥ \d

“’subdom1nant an1ma1 ]1ft1ng its h1ndquarters wlear of the

> e o

Za

. dom1nant 1nd1v1dua1 Ihe subdom1nant ho]ds.1t,s heéﬂ low and
".\:.'%, ] & o a . . £’ [~ 2N : k_ R
v e%tenged w1th ears’ norma]]y la1d back. Often tﬁ/ugh not gg[
o ’ i T ; 6 P % .
h necessar11y, hgwan1ma1 wou]d defecate dur1ng the process (%

1915 s1gna] 1s not offered exc]us1ve1y to the dom1nant male S

of the group, a]l age classes, w1th the exoept1on of very - '§<;§’
— _ young an1mals exh1b1t this behav1our ~No dom1nant md]e was ';’:‘ v
: S AR i
’ observed to submissively defecate. Non- dom1nant adu1t males »

j‘submit-in'this.mannercto the dominant, and 1t was common to . LT

oosefve §,dominant male 'make the rounds. and e11c1t vh‘; 343
5 defecations from several an1mals w1th1n the group The B

: dom1nant antma] wou]d norma]]y posture by stand1ng with necK

<

) L B . ¢

. . ' . ) ‘ ] » B , ”

. N . . oo, O
- l
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and shoulders above thé water and the head ang]ed down from

‘an arched necK H1ss1ng xnhalat1ons and short explos1ve

exhalat1ons often accompan1ed prodd1ng of the subdom1nant

IO

. an1ma1 s ana@ region.

Both male and female- adults normal1y subm1tted in this

manner to territorial ma]es when enter1ng a group or‘

terr1tory Dur1ng t1mes of géneral act1v1ty amongst pool

- . . ’ w‘
W, members, sub adu]ts wou ld conétantly defecateyxn the face of

ERTE r

the dom1nant ma]e w1thout any apparent prompt%ng

J Yo
“ The common denom1nator between Tece]vaﬂwan”‘“

e

,jﬁ ' ﬂa . was. size for all 1nteract1bns not 1nvo1v1n§gtgéﬁﬂbmﬂhant
'”““ma]e The pPOpOrt1on of subm1ss1%e defeoatlons offered tes s iﬁ&h
g ; )the group dor.nantgpa e was recorded formg8vhgurs of " >@J} ';.ff:w;-"
2 Qbservatron (1630-1830 hrs) The average number oF”gestures @

per'hour wa5w5,2w£33 2 percent’bf wh1ch were d1rected t@’the

r-J 5] i o X .
. - ‘ @ T _‘:‘- s . ”‘, R
dom1nant male. > o e ‘ -*;o - ,

The' result of a Pearsop corre]at1on test for all data,

..'

' -regardless of r1ver dyrndmic state showed th;t Te-rates of
@‘ &, .

1nd1v1dua] correlat-- nega{1ve1y

subm1s§1vez¢efe,,t1ons
w1th the. number oF an1ma1s w1th1n groups (p=. 018, r=.84),
v and pos1t1ve1y w1th the rate of “F1ght1“ aggress1on (p=. 040

.75). The former revealed that groumeembers were more

-

active in soc1a1 status re1nforcements w1th1n sma]] groups, °

the 1atter‘may 1nd1cate the function .of fhé subm1s$1ve _ | N
desturea1n term1nat1ng or avoidimgs agonfst1c encounters
There was no s1gn1f1cant relat1onsh1p between ‘rates: of M

!

F1ght24aggre35ﬂon, or river dynamic state and subm1ss1ve




_defecation.

w i
oo

~ Marking Defecation

S
~

. \.y-:‘.» .

. ‘ . 1.95 m R »
Marking defecations wer 2 performed both:in the water

and h]ong the hank. On]y C'ce was any an1mal olher”

RO RN

ter~itiorial male obser . to exhibit th1s be_a?~

female with a neonate € ressed her ag1tat1on at be1ng 5
b§/rvat1on,

65 d1sp1ays were noted (1630-1830 hrs) The act1on usually

_d1sturbed by .an observer Dur1ng 112 hours of ©

'1nvolved the territorial: male bacKtng up to a bank . or the
shore and cop1ous]y defecat1ng,‘scatter1ng dung up to 2 m in

rad1us by flapp1ng itis- ta11 v1gorously Often the mate is

23 . e

accompan1ed by several young and subadu]ts show1ng Jné;rest

and sn1ff?ng and eat1ng the dung Dung scatter1ﬂg 1% also an'w

L

Srival es. .. R o

2 .~

Non\parametr1c corre1at1ons were not s1gn1f1cant

..v'?

between mark defecat1on and all’ bther behaviour and -
interactions for the'four river dynamic states. Pearegh' )
' correlations revealed a Signiftcant oorreiation (for pooled
data) with dominan ‘gape, as previouely mentiongd. | -
t0cat1ons for . mark defecat1ons a]ong the bank were
‘v1s1ted regulartyaby)the terr1tor1al males,\and wou]d appear
to define the extent. of each male’s terr1tory KJ1nge1

1979). -

™ I ' : e ‘ o f\-

4

importggfgdbmponent in the r1tua11zed aggress1on between o
Ve o g L

U

):’,'
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, stress,

N . . i '
“contained, grazing qua]ity\aqp reqUirements etc. (Si

‘.Qdand Norton Gr1ff1ths 1979) . The 1nterm1ttant occupat]on and

72

Summary and Conclusions

Statistica[‘analysis did not indicate a strong

association between aggression and crowding within pools. A

seasonal trend in number and intensity df. aggression

(med1ated through water levels) was apparent. As

env1ronmental stress, such as extreme]y low water levels
4 .

* and/or lack of forageﬁ was not evidenced along and within -

~
13

V‘the Mara River:durinb this study, these results cannot

preclude that.crowdﬁﬁg is not a component in population
regu]attﬁn via. aggression. ' , a7

‘rJ
Ca]ves were common]y the v1ct1ms of aggre551on by

adu]ts though no morta]1t1es were recorded. If aggresston

were to 1nxeﬁ5ﬁfy, as would be expected dﬁﬁﬁng t1mes of

t,wg a
é &requent calf morta11tfe§ could be expected

i “ﬁ%‘

- Adu]t morta]wttes wére recorded and wou Id be eXpected to

i ‘3‘)- .
increase 1f the populat1on/Were stressed though adutts a

‘through buIK alone are much léss prone to ser1ous 1nJury

A true harem system does not appear to be enforced by
dominant hippopotamus males. Possess1ve, &ttent1ve behav1our

by dominant @a%es is common toward estroys females (Verheyen
- F . v

1954). Territorial animals such as the impala may possess a

somewhat dynamic territory,_f]ex?bil%}y in size and 1ocation\\¢
N 1Y had '

depehdent On.severaj,factors such as the number of fe

\/q e " . o

’ defense of spec1?tc sites, by dom1nant h]ppbpotamus males

determtned pr1mar11y through river levels can be cons1dered

T
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to constitute a form of territorial behaviour. Klinge]-

ﬂh(1979).recordeufs@te occupancy .for dominant males in a

4

lacustrine environment to be in the order of years. For the.
riverine habitat, local dominance was maintained for QnWy

months at a stretch by any single male. The major differenee'

was the relative stability of water levels.

’ «The role of territoriality in population growth must be

-

Pett to conjecture,‘though territortality becomes more ' KO
. pronounced in populat1ons of high dens1ty (Leuthold 1977) |
In compar1son with many other ungu]ate terr1tor1a]u{fj L
.behav1our the behav1our of hlppopotam1 appeam& both more |

A/ .

w
permanent w1th 1ess fﬁkquent contestsband rep]acemepts of "

terr1tor1a1 males rand 1ess structured for example there ”
e _
was a lack of sexual homogene1ty w1Lh'n“batchelor groups

«L—

e of spec1f1c s1tes by

&'ﬂ

?;f'* 'The 1nterm1ttant ocpupat1on and“ﬁei

“a v -4 &

’:dom1nant h1ppopotamus ma]es, determihed by r1ve evels, ‘can

» be cons1dered to const1tute terr1tor1a]1ty An1ma]s such as .’

the -impala also possess dynamlc territories, flexible in i -/ -~

size and location and dependent on several factors, such as

—_—

the number of females comtained, graiing qualit{’pnd'
quanfity, and seasonal cycles (Sinc]air and Norton-Griffithi

;o 1979) ot , .. '
. Qv\ 4 _ 2 .

The Mara River supports a dens1ty of h1ppopotam1 —

?J’i?‘ wequa111ng the h1ghest dens1t1es w1¢h1n much 1é/ger rivers, L
. 5 : s \\ . B “

~such as the-Luangwa°1n Za1re, yetv$v1dences no pronounceq,

LW 31

& o .
soc1a] mechan1sms thqt %my 1ead to populatic regulation.
This 1nd1cates a soc1al f]ex1b141ty, poss1bl§§i

requlated by .
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FORAGE-RESOURCE LIMITAT,I‘Ql;lAS*»“ AP g

CE@‘Introductlon N
} In an ecosystem strongly deg%ndent on resource

f hlppopot§m1 are singularly general;zed. Whether~§ﬁgs

(‘non-§€lect5ve grazingAbehaviour'(Beref1959; Marshall and
Sayer 1976, Mackie 1976).has evolved in response to foraging
radius restr1ct10ns or d1gest1ve character1stlcs has not
been deteraned The hlppopotamus has the ab1]1ty to d1srupt
the f1nel$ ba]anced 1nterrelat1onsh1ps within the r1par1an
and lacustrine env1ronment. To what extent theJecology -

associated with the Mara River has been disturbed by{

it s

essent1a1 to 1dent1fy dens1ty dependent trends in

i &

4

" with sugsequent vegetatuﬁefbover loss é>d\so11 erosion.
Y

ant1c1pat1on of a larger pcpulat1on ‘

The most obv1ous conseguence of the graz1ng behaviour
of the b1ppopotamus is it's potent131 to effectively. exclude
“large numbers of herb1vores from it's graz1ng area during

;1mes of forage 11m1tat1on (Thornton 197f

limitation can be caused d1rect1y by hxppopotamus offtakes,

It has long been cons1dered that the ma jor potent1a1

-

11m1tatqon on h1ppopotamus populat1ons is forage v

/

ava11ab111ty,nw1th 1ntra-spec1f1c competitiom for the

resource potentjally very -high (Bere 1959, Pfénaar_ét af;“

A S

-

' part1tlon1ng (Vesey Fitzgerald 1960), the feeding strategies

/
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1966, Marshal] and Sayer 1976, Olivier and Laurie 1874,
Mackie 1%] Smuts and Whyte 1981).'E1tringham (1974)
conducted a classic removal experiment on'the Mweya
pen1nsula Rwenzor i Nat1ona] Park, Uganda, ekc]uding 270
h1ppopotam1 from the 4 4 Km2 penlnsqla His results, after
11 years of hippopotamus exclusion, were dramatic: 1) total
vegetative basal cover ingreased from 21.7%?@% 57.8%, 2)
litter increased from 1-2% to 42.9%, 3) tota\ numbers of
aninals (5 major'species) increased 54%, and 4) including
the removal of hippopotami, animal biomass (5 speciea)
increased 20%. This study demonsthated that forage resource
competftion can.exist be tween hippopotami and othér aninaf

l)

gspec1es and that thegy impact of highlﬁensitieS'of

lilthpopotaml is: potent1a11y de]eter1ous to range ecology.

ya

\

Compet1t1on for forage between cursorial ungulatesuand
h1pm9potam1 1s restricted to shared range, cons1dered go be-j'
approx1mate1y 3 Km in rad1us from occupied pools (Laws 1963,

Olivier and Layr1e 1974). The impact and extent of

‘ compgtition then rest on two ma jor factors: 1) the quality

.of Fangefand within the 3 Km’zone, and the dependence of
ungU]atif upon'it, and 2) the energy7coétezinVolved'an’
ungu]ates to travel from areas of suitable forage

t

ava1lab1l1ty to the r1vé& for water part1cular]y during the
¢ .

dry season (Sinclair gnd Norton-Griffiths 1879). ,
_ )

5 This chaptor anaf&ses the 1nteractyons Qgtween
‘ \ . i

h1ppopotam1 w1th1n tre Mara R1ven and other herb1vore

species util:zir- the_rangeland adjacent to the river in

“)
i
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" order to assess the proportional offtaKes of herbaceous .

biomass. Distributions of both animals and vegetat1on in

relat1on to sg@son and the catena 're considered. Tﬁgf
respons1vene$§m§f forage product1on to prec1p1tat1ﬁ%ﬁand
observed stand1ng grass biomass are we1ghed aga1nst the
requ1rements of herb1vores within the study area. This study
suggested that the h1ppopotam1 within the Mara River are

9
dependent upon a continuation of the present prec1p1tatlon

‘pafterns. - ‘ \

Methods )

The distribution and'quantity of grass available within
a 3 km radius oththe river, .as well as the areal, extent of
the short- grass pastures preferred by h1ppopotam1 was
measured® on both a ‘monthly and seasona,l‘\bas1s ‘ &

C11p3plots used for ca11brat1on of%£5ﬁbr1zonﬁab
1ntercept technlque developed for th1s s?udy (Append1x 3)‘
were collected over 14 months and were distributed even]y
a]ongi10'Km of river adjacent to the field camp. Locat ions
were systematically deterhined by se]ecting sites halfway
between prev1ous1y visited 1ocat1ons A1l p]ots were located
within® 50 m of the river. The equat1on used to,o;ed1ctON%

A}

standing_dry Weight_biomass was . i iy
r

Biomass (dry) = -3.307 + (GND.x 8.155) + (CM107x 3.052) +

e,

(CM80 x 3'729). ,_'H . . - e

e . ~
e

:-Where, Gnd= the number of ’h1t§? made on p]ant basa] parts

(out of 50), and CM10 and CM30= the intercept levels of 10
| 7 | \

";

-~

4
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and 80 cm respectively. -The method,fs explained in detail in

appendi x 3 . 'Hq . . | -
S1tes,*%hdb31@cated were sub3ect1ve1y ass1gned 1 mz//

samqle plots acco?d1ng to grass. he1ghts ‘At the first.8
sxtes, representative long and short- grass plots were
chosen and once a th1rd drying bag was obtained, 3 plots
were c1ipped-at all subsequent sites; h1gh, medium and low -
grass heighis. Th1s was per formed 1n an effort to reduce
-possible bias due to subJect1v1ty in the se]ect1on of
-spec1f1c plot s1te once the area had been 1ocated

3

A]]ocat1on w1th1n helght c]asses was dependent upon the .

v

range of grass heights within any sample site. ExtremesJ1n‘

‘ he1ght were avo1ded and there were no extensive homqgenous
L &

grassland commun1t1es encountered

Cl1p plots prov1ded a record ofgfi, . “.1!:T
ava11ab1l1ty of grass along: the r1ver A]] samples cSZ Ejkﬁﬁ,ﬁgﬁE
: YIS, T g
n\‘;\’:'Z‘\'k v ‘

w . o odiere alr dr1ed 1n cloth bags for a m1n1mum of 48 hours

‘£f1ghts before and after dry1ng ‘were recorded. in grams w1th
K bl L o s e

- g spr1ng scale.

<

S

Glip p]ots were not collected from a homogenous

‘grassland commun1ty, in terms of species, compos1t1on or
height Hence determ1nat1on of m3n1mum samplwng 1ntens1ty .

'iwas not made The patch1ness of the r1ver1ne grass]and and

~“;' Che t1me span over which samp]es were coltected (14 months), ' -

v1o]ated homog%ne1ty requ1rements necessary for the

',, >

e dqt@rm1nat1on'(DeVos and Mosby 1971)

’ &5
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Seasonal Biomass Measurements R ‘ -

Fifty locations were sampled using tHe honizonta]
intercept technique. A 60-km2 area (10. x, 6 km), bisected
lcngitudina11y by the Mara River, was divjded into a.TOO m2 .,
grid on avmapwand‘samcle'sites (x and‘y coordinates) were
selected randomly with replacements.. |

FiFty‘sites on-both sides of the Mara River were

%¥1s1ted and samp]ed dur1ng mid short grass season (January

‘14-18 1982) and mid long-grass season (June 27-30 1982).

;ﬁgBiomass estimates were obtained by using the horizontal
”igiiintercept method for each location, and the straightline
AR ' a

distance to theAriVer determined. ’ . o

4

e I e
o 'D1str1but10n of Grazed Areas : é .

A ser1es of 1 Km transects were estab]1shed Eara11el

(\‘-

h‘w1th the river in opder to-assess the amount. of preferredd‘

R e - .
'short grass range ava11able to h1ppopotam1 dur1ng the wmg e

]ong grass season. Fo]low1ng a rounded 1Ogar1thm1c o |

progr :ssion, transects,were‘estab11shéd at, 25 m,_75 m, 200 &

Il

'm,\550 m, 1500 m, andb3000 m distant’from the rtver ‘Du?fng o
June 1881 and 1982, each transect was walked and the amounts

of short (grazed) and long éungrazed) grass were determ1ned

o

Sma]]’areas of grazed grass 1ntercept1ng the transect were'

B

r'8 A
N meaSured using a 15 m tape measure , Largep aqeas were . .
\, W : e, s ,“'- C
: .measured w1th an opt1oa1 rangef1nder and»or1entat1on %}Qng 4
L -/ ‘ -
'Aﬁ.‘ each ax1s was accomp11shed w*th a compass The _number of.-

(o
e

*

\.:h1ppopotamus trails cross1ng each transect were noted

y -~
L8
. PN A - N B
o eSS PR ~ i t Vi L .
f Ty - , . . . . . X s

. .
\ ® o~
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HerbﬁVore Census

A modified strip census was conducted on a weekly basis
(with some gaps) from September 1982 to October 1983. A

hcircuit of 32.6.km was followed usjngvexisting tracks, and

» N [N

' v’ N .
al] animals observed within 200 m o¥ either side of the
vehicle were 1dent1f1ed to spec1es and counted. Thé circuit
was estab11shed on the east side of the Mara River along the

210 Km study section. Veh1cu1ar access was' not possible to
, , ) .

£ ' .
! the west side of the river. . o

W #

- CensUses were conducted betweengrf 0930 and 1200 hrs..
t

An opt1ca1 rangef1nd®r was used to:-d

nJ . ba@,: ‘
necessa?y ¢ﬂb4 data were recorded on tape and/transcr1bed

0 v

- the same. day ‘Tab]e Vot presents the. an1ma1 species. recorded

oggu, , T
and the’ayérage body we1ghts as presented by Ste]fox et alU
R _ . . W
(1979) . ', o | . ; - L LR

K
F °
/

'1ded5into-tﬁree levels, was tdentified

A catena,f

Q{«Jbased on’ both -7

assessment of, vegeta%%on type Each enaompassed rough]y a 1

B LS

~Km swath ‘along the r1ver w1th the‘fu?thest be1ng the hﬁgh'

catena, startwng at the 2 km (from r1ver) d1stance, to 3 Km.

f]ow catena, p\bx1maT to the river, contatned 8. 7

T @
.w¢c1rcu1t med1um', 17 7 km and h1gh’ 6 2 Km

-,’ \ﬂ

e

o

%rmine distance when "

»
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Table V.1 Average individual body we1ghts (by species)
: used to calculate animal biomass from data
collected in weekly censuses (Ste]fox et al.

81

1979).

: RN N ‘
Wildebeest. 123 kg . Ilmpala 40 Kg
“Zebra IR 200 kg - Warthog v 45 kg

. ﬁpp] - 100 kg - - - Giraffe 750 kg:

@ Thomson Gazelle 15 Kg - Kongoni 125 kg

“ Grant’s Gazelle - 40 kg . .~ Eland ‘ 340 kg =
Buffalo 450 Kg Waterbuck 160 Kg

»§5t1mates were tested for s1gn1f1cant d1fference w17p

Cattle : - 180 Kg ~ Shoat 23 kg

LStat1st1ca1 Analysis

» | BJomass est1mates fromguandomly 1ocated plots meas
) e 4

dur1ng both ‘the 1ong and shdg ~grass seasons were test

aga1nst d1stance frof the g%wer (the re]atnve locat1on

'the catena) A Studént- Newman Keu]s (SNK) analys1s of

var1ance was app11ed to the biomass est1mates pooled fo

: 'U

3‘ d1stance from,the r1Ver was tesﬁed between the hears u

¥

both 0.5 and 1 0 Km 1ncrementa1 d1stanceJ ‘“from the r1ve

_Pearson cbrre]at1on between d1stance .and! b1omass was ap

o

. to poo1ed (both seasons) data Long and short grass b1o

(ORI

imple t test i I VJ - 1’ _ v

.4,/
(24 ¢

a patred t test /ff, -;V.fog.;'

L¥“ Analys1s of the 1nfluence oF catena on . herb1vore

——

ured

ed \3

on '

r .
r A
p11ed

mass

s1ng

ﬁ‘“h,ﬂx
: ! ;

',biomass (exelud1ng h]ppopotam1) was accomp11shed throug
e : L ST A S I

.
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analysis of variance. The influencé of seasoh, based on
recorded rainfp[f’battern, was similarly investigated. A
second analysis was perfdrﬁed excluding species not
exhibiting significant seasonal movements, as déiermined
_through ana]ysis of'var{anCe, aé well as speciés not sighted
on more than 30 oc;asioﬁs.

Chmulgtive herbivore biémass'was calculated for céteﬁa
by month for each species included in the census. Rates of
forage offtake were calculatedléer species by monfh.and
catena. Daily dry forage requir%ments for ruminants were
'calcu1ated'accofding'to the equation: X=0.09(quy
weight) 73, and requireménts for monogastric herbivores ~
(warthog and,zébra): X=0.11(body weight) 75 based on
métébo]ic body weights per species (R;\ﬁudson; Univ. of
Alberta, pers. comm.). The daily pequiréments of the average
sized hippopotamus is approximately 18 Kg (dry weight) of
grass per day (Laws 1963, Field 1970). .

Results and Discussion

Seasonal Grass Biomass
The standing dry biomass of grass (Fig. .V.1) within a 3
km radius of the rfver increased 61% between the shqrt-mrass
season (data collected in mid January 1982) and the. |
long-grass season (late June 1962). These résults, obtained
by the horizontal 1nfercept method, compare favourably with

maximum and minumum mean monthly cliplot biomass records. A
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Figure V.1 Estimated monthly herbaceous biomass
(kg’/ha) averaged from riverine plots.
Datd were collected from Sept. 1981
to Oct. 1982 along the Mara River.
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decrease of 65% was recorded between the 1981 ]5ng-grass
per iod (October) and February 1982. The clip plot records
probably do not accurately reflect total range condition, as
all were collected with{n 50 m of the(Mara River. Appendix 3
presents the'tabled data and a description of the techinque.
BiomaSé eétimates from the randomly located (seasonal)
‘plots revealed significant negatiye correlations between
‘biomass aﬁd distance frdﬁ the river, for the eastern side of
the Mara River, for both the long (P<.01) and short-grass
(P<.1) seasons. The western side of the river rnévealed a
similar relationship between standing biomass and.distance
(P<.1) for short-grass data, though not for long-grass dafa.
A Pear. . correlation applied to pooled data revealed a
small thopgh.highly significant cprre]ation'existed between
weight ‘and distance (r=-.28, p=.005).. - |
The 1 Km.éatena_divisions investigated through the SNK
analysis of variance proved generally non significant for
" .standing grass pﬁomass.bMean vatues for each catena during
the long-grass %eason were 1860 Kkg/ha for the lJow catena, “
1770 kg/ha fof‘fhe middle, and 1050 Kg/Ha for the higH
catena. The mean dry weight of grass for tﬁe 1ong—grass
season was 1670 Kg/hé. Shért-grass sample results weré means

of 1320 for low, 860 for the middle, and 1060 Kg/ha for the

“~‘~high 6atena, with an overall mean of 1040 kg/ha. Long-grass -

meéasurements were taken during the 1982 season, which was

markedly less productive (due to less rain) than the 1981

’

season.
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The presence of highly productive ox-bow'marshes"and
associated low areas along the river may account,.invpart,
for the gradient in forage availability observed with
distance from the river. Another factor,bthe relatively low
utilization of tHe riverine catena by ungelates, a]]owe fdr
‘a greater carryover of wet season grass production into the
dry season. The observed grad1ent in forage availability,
with respect to distance from the river, is evidently due
Bboth to higher productivity due to drainage, and the low
herbivore biomasetwithin the riverine catena. In addition,
intermediate levels of grazing may stimulate a higher level

of grass productivity (Sinclair and Norton-Griffiths 1979).

Distribution of Grazed Areas

Analysis of the amount of range maintained within
ehort-grass conditioﬁ during the 1981 and 1982 long-grass
. seasons proved significantly different betweeﬁ years
(t-test, P<.05). The percent of range maintained as
short-grass ’laWns For the 6 Km of transects studied- (F1g
V.2), increased from 41 to 60% between the. 1981 and 1982
long-éraSS“seaeens. This reflects the temporal'distribution
of)prectpitation for the area for the twq years. During
April, May and June, the wet season, 453 mm of rain was.-
recorded in 1981, 342 mm in 1982. - |

Rainfall records are incomplete for 1982, though

comparing cumulative rainfall for the months'dénuary through

September, 863 mm fell during this pegfiod in 1981; 734 mm in
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Figure V.2 \Result of transects along the Mara River
to determine to.proportion. of grassiand
maintained in short grass condition by

grazing herbivores during
long grass seasons. The X
logarithmic progression.

the 1981 and 1982

axis is a rounded
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1982. The différence in rainfall is reflected in the amount
of long-grass maintained within short-grassvcondition.

The proportion of grassland within the short-grass
state dufing the 10ng—g€ass season reflects the amount of
grazing area available' to hippopotami at this time.
Ldng-grass {s gfazed infrequently by hippopotami (fField
1970, Mackie 1976), and the grazing mosaic must be
established at the onset of the wet seasoh.~1f grass growth .
is rapid, lawn area would conceivably be restricted both by
lowered requirements in terms of area, for hipsggotami,,and
a higher proportion of fbe range ‘getting away’ into the
‘1ong-gréss state; The influence of other herbivores on the
shared range can be left to conjectureﬂ Obviously, the
migratory species, ledebéest and zebra in particular, have
a tremendous effect upon grass height and standing biomass,'
though this is not evident untii éar]y in the dry season.
Fire, primarily set by pastoraf{gts, also re]eases'1arge
areaé of range from the long grass state, begining early in
the dry season. Q e - —

There was novevidence of forage limitation for
hippopotami during the long-grass season. The only
noticeable difference between years, as a result of the
‘propértioﬁ'of range availab1e as.1awn§; waé that during the
1ush_1981 wet season,:hippobotamus paths were more hé;;¥dy
travelled and extended fur ther %gom the river. The mid and

upper catenas contained higher proportions of short-grass {

Fig. V.2). Observations indicated that lawns within the low
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catena were maintained phfmari]y, if-not exclusively, by .
hippopotami .

Though movementg.of hippopotami at night were not
recorded, path extents and orientations provided evidence of
habitat use. Feces and tracks, as well as the unique
swath Tike graz1ng patterns w1th1n short-grass range,

provided an accurate and re]at1vely obJect1ve impression of

preferred habitat and foraging distance from the river. My

_observations are in accordance with Laws (1963) estimate of

3.2 Km as the average max imum distance from wafer travelled
during foraging.

The upper catenas supported a much ﬁarger pobulation’of
herbivores during the long-grass season, particu]ar]y
an1mals usually associated with short-grass, such as
Thomson s and Grant s gaze]le I suspect that a shared

benefit, rea]ized through the maintenance of extensive areas

of short-grass, is gained for all species utilizing these

areas during the wet season.

Ungulate‘Popu1atﬁons : /

Results of a two-way ana1ysis of variance for ungulate
biomass by season (based on recorded bainfali), catena, and
season by catena, were s1gn1f1cant (P< 05). The same

analys1s by month,instead of season, was also significant

{P<.05). The specificity 1n spat1a1 and temporal occupancy

of the range by herbivores may be due to severa] factors

" such as plaht specie§ zonation (trees in particular),
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resource partitioning and predator or.insect avoidance..Most
of these factors could also be considered to exibit some
forh of seasonal cycle.

Mean monthly ungulate biomasses for the low, middle,
and high catenas/were g5.4, 195.6, and 146.5 Kg/ha
:espectively (Fig. V.3). Average monthly biomass over the
thbee catenas was 146.5 kg/ha. This is substantially higher
~ than records from the Serengeli for 1965 of 57.0 kg/bha
(Prett and Gwynne 1977), though less than estimates fof the
Mara plains; 236.0 kg/ha (Stelfox et al. (1980). Appendix 4

presents data for animal species, numbers observed, ‘and

distribution by catena and date.

\

. N
accomplished through a one-way analysis of variance; month.

Identification of nesideht and transitory species was

by species. Animals determinedfto be resident (P>.05) were
buffalo, waterbuck, impala, kongoni, elend, and cattle.
Warthog is considered»a locally resident animal (E]tﬁingham
~1974), though'the.analysis revealed a significant monthly |
fluctuation in number (P<.05). This is probably due to an
inc;ease in sightings shortly after the young emerge from
dens in September, followed by aldecrease due to high
mortality amongst young during the first few months. Tall
grass also lowers count efficiency for warthog, and the
Species. unlike another small animal, the Thomson’'s gazelle,
does not appear to avoid areas of ta]i grass. Visibiﬁ\ty

error was not considered significant for other species.
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Figure V.3

The estimated average monthly biomass
of major grazing herbivores and their
distribution among three catena levels
extending from the Mara River.

km study section, from Jul.
Aug. 1982. )

Data are

from weekly censuses taken along the 10
1981 through
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Rangeland Productivity and Offtakes

Rainfall, recorded for the study area, is presented in
cumulative month]y,tbtals in Fig. V.4. Precipitafion is the
primary determinant of vegetative growth, and hence, animal
occupancy of grassland. This is illustrated in (the .
relationship between rainfall and the estimated monthly (dry

weight) grass of ftaker for the study area (Fig. V.5). Figs. .

V.6 and V.7 present the proportional monthly of ftakes by , ﬁr
wildebeest and zebru, the major migratory species. _ﬂJ'ﬁlf
The occupancy of the 10 km stretch of Mara River . i&ﬁ

adjacent to the study area ranged from a low in dJune 1982 of'i‘ Ao -
17.1 h1ppopotam1/Km to 30.3/Km during February 1981,
responding to subsiding river levels dﬁring the dry season.
This sect;on of river contained a higher number of low-water
pool sites than the adjacent up or downstream stretches of
the same Tength. This resulted in an increase in hippopotami
within the study section during the dry season, when river
levels Were low. Increased grass offtakes were evidenced as
h1ppopotamus numbers rose (Fig. V.5). The January - Aprfl
1982 period witnessed consistently high h1ppopotamus numbers
and grass biomass offtakes

Dry weight grass offRaKes by h1ppopotam1 in relation
to total animal offtake (giraffe, a,browser, is not '
inb]uded), ranged from 8% in June 1982, to 46% in March
1982. Cumulative month]y consumption of grass (dry weight)
by hippopotabf ranged from 32 kg/ha during June 1982 to 55
-Kg/ha in February 1982. "
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e

Estlmated monthly grassland herbaceous
of ftakes for the major grazing herbivores,
based on the weekly census along the ‘Mara

(1lower curve), with

estimated hippopotami offtakes shown as an

added increment,

(shaded area) .

Total offtakes

are represented by the-upper curve.

.
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Estimated monthty grassland herbaceous
offtakes by zebra, based on the weekly
census along the Mara River study section
from Jul. 1981 through Aug. 1982.
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Due to the dry season d{stribution of hippopotami along
the Mara River, with higher pool occupancies during low
" water levels, forage remoyal'by hippopotami was more
spatially heterogenous during the dry season. This resulted
in the host intenee period of grazing presseres within the
study area occurring during the period of lowest grass

phoductivity, and occuring in the vicinity of several high

density pool

Sinc}é and Norton-Griffiths (1979) provide a
regression equation based on mean monthly dfy.season
~rainfall (July - October) that preéicts dry (season grass
production fer the Serengeti. Since the Mara and Serengeti
are cons1dered within the same major ecosystem, this
equat1on can be used to predict dry season product1on for
the study area.

During 1982, the mean monthly rainfall was 42 mm.
.Eétimated grass production is 3.61 kg/ha/day. This |
represents the green growth that is selected by h1ppopotam1
Requ1rements‘for hippopotamus alone, at. peaK occupancy for
the study area 30 hippo/km of river), was 0.91 kg/ha/day,
or 25.2% of dry season daily Eroduction.

A simple partitioning of dry season range productivity
between hippopotami and the other herbivores during the dry
season, reduced the amount of forage available to
hippopotami “to below estimated daily Fequirements‘ If
hippopotamus graz1ng does not act1ve1y exclude other

herbivores, and the other herb1vores extend the time spent

s -
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razing in order to meet daily intake requirements, only 75%
of the estimated daily requirements of the study area’s
hippqpotami would be met. At no time were hippopotami
observed to extend grazing times into daylight hours.

The above estimates are conservatiye, the actual
densities of hippopotami/ha of rangeland are not directly
proportional to densities/km of river due to the compression
of river distance caused by meander.AThis may account for a
20 to 30% decrease in available rangeland per km of Eiver,
'dependént on the amount of convolution exhibited by the
river channel.

Fires (estimated over 60% of the study area in 1981,
25% inw1982), and the massive short term forage removal from
the annual wildebeest migration,can conceivably reduce the
long-grass carryover‘into the dry seasbnvto negligable
" levels. Though hippopotami do not ré]y heavily on seasonal
forage carryover, a 1ack of carryover would b]ace more
pressure on dry season production; or "greenflush’, and
hence increase intra-specific competition during the dry
seasoh. This situation apparently did not arise ering this
study, as hippopotami, evidenced by spoor and the typical
swath-like freshfy grazed areas, had nearly sole possessfon
o# productive ox-bow marshes and associated low areas é]ose
to the river. )

Offtakes attributable to herbivores not counted in
censuses‘may be considerable, ‘and exhibit strong

seasonality. Insects in particular, such as grasshoppers,
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J 4

locusts, and army worms, have the potential to denude large
areas of vegetation. The number of army worm found durihg a
short, localized infestation within the study area during
1982, were 92, 210, and 3 within 3 respective 1 m?2 clip
plots. Hot.dry weather apparently imposed a premature end to
thé infestation. |

Estimates of dry season productivity provide éh insight
into range carrying capaeitiés during extended dry periods.
Though it is difficult to predict stockéﬁg rates for the
study area during drought, it can be expected that there
would be significant pressures exer ted onbthe range by
animals ré}ying on the river for water. Under such
conditions it is improbable that, at the densities fecorded'
during this study, hippopotami would be able to meet their
daily forage requirements. '

Severa] fagtors benefit hippopotaﬁi,through dependence
Upon the river as the focus of foraging rédius. During the
study, forage biomass was highest closest to the river, and
the.1ow catena experienced the lowest ungulate stocking
rates and forage éfftakes. |

There i ,strohg evidence that.the maintainance of
hippopotamus grazing lawns results in increased productivity
within these areas (Sinclair and Norton-Griffiths 1979); ///
This, plus the species apparent ability to withstand 1ong//b
periods of food shortages by relying on metabolic reservéé
K(Pienahr'et al. 1966, Vesey-Fitzgerald 1960) tends tb

counterbalance, to a degree, the range restrictions imposed

/
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through a specific day-habitat.
During the period of this study there was ho evidence
“that the h1ppopotamus population within the Mara R1%er was
experiencing environmental stress. No signs of
undernour ishment were noted during the dryyseason; and
providing the rainfall regime,remaihs consfant,‘l feel this .
hippopotamus population has the potential te/double its.
present size before suffering significant,foﬁage
limitations. Data reveal that during 1981 and 1982, there
\were only three months when herbaceous product1v1ty fell
be1r daily requirements of hippopotami (based on a
papt ed resource amonést grazing herbivores within 3 Km
of\the river). Forage carryover from wef season productivity
could be used as a sub-bptimal diet during the driest
months, and the patchiness'of the riverine habitat provided |
year—reund, though limited, areas of preferred forage. Range
conditien would likely suffer a downward trend before forage
limitations become apparent for hippoeetamj, a process

S

recorded for other hippopotamus popuiations (Thqtnton 1971,

I

~

Lock 1872). | ) L
Carryfng capacity though, does not simply rest Qite'how
.much food is available to a poeulation. Many factors, most
of which are complexly interdependent, all combine to
determine how many animals, and_of.what.type, a given area
of land can supeert.\The Mara-Serengeti ecosystem is iﬂ
evolutionarily old and highly developed, as evidence by it's "’

rich variety of species and complex system of resource

T



100

partitioning. The influence of a mega-herbivore, the '
hippopotamus, is an important consideration, especialiy when
the‘populatién is increasing while others, such as the
wildebeest, have apparently stabilized (A. Sinclair, Univ.

British columbia, pers. comm.)."



ENVIRONMENTAL IMPACTS

Introduction

In many,pante of Africa, attent%on has been drawn to
hippopotami as a nesu1t of their abi%Vty to.modify rangeland
ecologies. Most pub11shed 11terature deal1rg with ) |
dens1ty dependent environmental 1mpact% of h1ppopotam1 comes -
from 1nvest1gat1ons near- the Kaz1nga Channel Uganda where
overstock1ng caused extensive damage to{areas close to
»water. In and around the Mara River, larige-scale detrfmentaTI
effects upon the ecdlogy were not in evidence, though the.
stabiiity of‘the local ecology was in question in 1ighf of
the high density hippopotamus population | |

Spinage (1958) and Bere (1959) identify a ‘problem’
based on overgrazing and erosion, plus the large number and
poor physical condition of hippopotami in the Kaz1nga area
Reduction of the population began in 1958 with the comp]ete‘
~elimination of hippopotami From.the Mweya penineula,
approximate]y 11.4 Km? in area (Bere 1959). The exclusion
program continued until 1968 (Eltringham 1974) and provided
the setting for the classical removal experiments made into
the area’'s grassland ecology (E1tringham 1974, Lock 1972),
and herbivore populations (Thornton 1971). Both the
grassland and animal components showec —ar~ked responées to
the exclusion of hippopotami. |

The hippo’sgﬁethod‘of-grazing, cras. grasses between

wide horny lips and pulling off with a sic =2ys swing of ‘he

101
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head, often uproots grasses. Soil exposed in this manner and
subsequently trampled, is subject to erosion. Sheet‘erosion
is most common in this situation (Lock 1972," Olivier and
Laurie 1974). For this reason,/low lying stoloniferous and
rhizomatoUsagraséés such as ChPYSochloa'and'SpOPaboluss
often become dominant within grézing mosaics (Thornton 1971,
Lock 1372). | | |

Erosion and related habitat degnadation have beeh the
ma jor factors drawing attention fo»high density hippopotamus
popuTations. The most visible and permanent effect is the
erosion of topsoil that has taken decades if'ndt centuries
to accumu]étet Thornt;h (1971) notes large areas where the
top 3 to 8 centimeters of saﬁdy loam has.been washed away,
exposing a clay hardpan. Lock (1972), also on the Mweya
.péninsula, investigated the effects of trampling, finding
soil compaction‘signif{canfly different between open areas
1and under bush clumps; 48% and 64% poré space respectively
for the top 5 cm. Lock (op. cit.) noted that the activities
of eérthworms were reduced or anulled by trampling, further
decreasing soil pore space. Thornton (1971) described
trampiing leading to severe Compactioﬁ; soils stsessing a
"plate-1ike non friable structure” severely-restficting
grass regeneration. In additionh theslack of litter on
eroded soil surfaces combines with compaction to Timit raiﬁ
water infusion fThornfon 1971, Lock 1972). .

Pathways to water created and maintained by hippopotami

form natural drainage courses for surface runoff. As erosion
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progresses, the V-shaped cut commonly incrgases in
steepness. Thornton (1971) measured and staked one of the
larger gulleys thought to have been created by the
activities of hippopotami and\@easured an inland extension

of 7 m between May 1958 and May 1962.

s

Along with soil losses to water are losses of
nutrients, particularly when topsoil is eroded.‘The,dunging
behaviour of the hippopotamus results in the greater
proportion ‘'of feces excreted into the river. This resu]ts in
a massive losé of nutrients from the land to the water, and
very little of this'could conceivably be retuhned to the
land.

This chapter addresses the apparenf impacts upon the
riparian environment that the Mara RiQer hippopotamus
population has exhibited, including vegetation and soils,
specifical]y' plant basal cover, ‘amounts of litter.and the
cause and effects of riverbank erosion. Some
human/hlppopotamus interactions and conflicts are descr1bed
the major problem area being crop depredatipn.

Major detrimental impacts upon the riparian ecology of
the Mara River were not evidenced during the course of this
study (June 1981 - October 1982). Thé presence of
hippopotami within the riverine rangeland promotes increased
productﬁVity_of grasses in response to grazing, and suggests
thé maintenance of a zootic-disclimax seral state
benefitting many other herbivores’in addition to

hippopqtamif
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Methods

Range Condition
During the 1981 long-grass season, the amounts 6f bare
earth and litter on the ground were recorded for 28 sites. A
1 m rod graduated at 2 cm-intervals was uséd as a |
.poinf—intercept line in order to record the presénce of.
litter and bare earth at 50 points for each sit;t‘A grazed.
‘area (' lawn’) was measured, as well as the center of the
c]osesf adjacent area of tall grass.
T-tests were applied to data\in ordér to ascertain
whether significant difference§ were evident in the amounts

Qf bare earth and litter between the short and 1ong-grass

components of the mosaic.

Seasonal Dynamics of Grazing Mosaics

Fopr traﬁsects-recording(the»exéct positioﬁ'of'
hippopotamusvgrazing mosaics, were located through'aréas
proximal to the river. The sharp demarkétidn between long
“and short-grass,.plué swath-1ike grazing patterné,'
identified the mosaics to be established and maintainéd by
’hippopotami. Each transect was measured in June during 1981
and 1982 at the height of the long-grass season. This
procedure determined whether individual mosaics were
reestablished at the onset of each long-grass season. The
mosaic paftern is not discernablevdﬁfing short-grass

-eonditions.
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R verbank Degradation ‘

Exit/entrance paths were staked from June thrdﬁgh
August 1981 and.remeasured one yeer later. Paths used
,primari1y by hippopotami were identified by treir typical
flat-bottomed Urshaped cross-sectional configuration;*Other
animals, particular]y buffa]b and waterbuck were observed to
use the paths on occasion, though apparently not enough’to
contr1bute s1gn1flcant1y to establishment and ma1ntenance
Most ungulates water at large pan-Tlike approaches to the

river in order to reduce predation. A simple clinometer was
used to reeord path gradient duriné remeasurements. .

The majority of runs were staked elong 300 fo 500 m
stretches of r1verbank w1th1n a 10 Km' sect1on of river
adjacent to the field camp. No specific selection was
involved, other than.indications of recent use. In addition»'
to individual run measurements,'runs were.counted aldng both
banks of the river over a 6.8 Km section in order t&'
determine the average number of runs per unit length of

river.

Results and Discussion

~
}

Seasonal Dynamics of Grazinngosaics

Individual Taun locations for the 1981 and 1982
long- grass seasons are represented, for two franseets,‘in
Fig. VI.1. Two of the four transects recorded in 1981 were

within areas of homogenous short-grass in 1982, and are not
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Figure V1.1 Hippopotamus grazing mosaic locations
recorded for. two transects located
along the Mara River study section.
Measurements were made during the 1981
and 1982 'long grass seasons. ' ’
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presented. S .

The two transects successfully remeasured in 1982
revealed that there may be specific site selection for the
establishment and maintenance of lawns. Qualitative or

'quantitative differences between mosaic components‘must be
apnarent to hippopotami as the intervening short-grass .
season obliterates any visual evidence ofnjawn location
between 1Qng-érass seasons. Reéstab]ishment of lawns at
specific locations may lead to succession in plantvspecies
eomposition and erosionkof valuable topeoi].?TerFace |
eros1on. a d1st1nct1ve feature of shoré -grass: hlppe Otamus

_’1awns subJect to constant use, has bgen noted by Bere
(1959), Thornton (1871) Lock (1972) and 011v1er and Laurie
(i§74) Runoff water pass1ng over ‘the short-grass lawn,
creates ‘an undercut ridge at the border with tall grasses.
Th1s is because the roots of the ungrazed grass bind the
so11 more t1ght1y and are more numerous than those of the
lovergrazed tramp]ed ]awn Much soil may be ]ost to the r1ver
(Olivier and Lauriei1974): Qn]y very 10ca11zed,surface

~ erosion was evident within the. study area.‘due'pnimarily not
to light stoeking bates. but to tne faveurable rainfall,
regime (Sinclair and Norton-Griffiths 1979). High grass
productivity;and extended’growingvseaso\s, proVided a
gréa;er resistance to eurface;erosion'resuiting from
'tnampfing}and overgrazing. b |

Grazingﬁrelated succession has been investigated in

- previousewbbK (Seotcher et al.'1978,'LoeK 1975, Thornton

|
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1971) and has been shown to altef species compositionf as
well as contributing to soil compaction and erosion. The
evidence of succession is most strongly shown in Thoﬁhtoﬁ
(1971), Lock (1972) and Yoaciel (1981), the authors noting
an immediate improvement in plant cover and increases in “
litter and soi porosity resulting frbh'hippopotamus
exclusion, contributing to a more acceptable substrate for a
 wider variety of grasses. Yoaciel's (1981)‘work compares

' herbivore biomass on the Mweya Pehinsu]a and suécessiona]

- impacts on the grass community be tween 1954-1é61 and
1964-1975. He concludes that the habitat deterioration
evidenced during the 1950's was primarily due to low
rainfall. Lock (1972) notes that the predominahée of
ZSpOPabolus under high gfazing pbessure may be due to a lack
of competition from taller species, which lose fiower and
seed St cKk to grazers. A]though range erosion was not
appérent within the stuf area, the re-use by hippopotami of
roughly tke same locations from year to year, focusses

. impacts on

o

Bare Earth and Litter Within tl.e Grazing Mosaic

A significant difference 5.009)‘jn the amount of
]itfér between the long and short-grass.components of the
hippopotamus grazind mosafc;wwas revealed by f-test'results.
Léss 1itter was recorded‘within grazed areas. Amounts-of
bare éahth, an indication of percent plant basal area, did

- not reveal a significant difference between long and



} .
short-grass areas. Hence, there appears tb be no serious

long-term impact on productivity, and the successional state
maintained through consistent offtakes by hippopotami may

w

improve the value of the'range to other grazers.
) Eltringham (1974) and Lock (1§22)showed that @rasslands
heavily’ used by hippopotami exhibited a marked increases in
the proportion of bare earth. They mention that ayhatural
resbonse,to\persiétant grazing pressure is -the incréased
dominénce of lTow 1ying §tomaceous&and rhizomatous grasses.
fhesé grasses, such as Chloris guyana and éevera]-species of
the:SporaDolus genus, increase total basal cover by
producing a mat-1like gbo;;B\cover. Along ‘the Mara River,
these species are particularly in evidence within the first
100 m di§tant'from the river,’indicating'a similar response
v,to grazing. hE ‘ . .

SoiTycompac ion, as a result of trampling by 
hippopotami,. tends to_exc]ude even low lying species
(E1tringham 1974, Lock 1972). Evidently, either edaphic
qualities :r t.  ~-il1 along the study section of river
reéist com. .. o and the related plant succession, or the
intensity of use by hippopotami within grazfng mosaics.is'
not sufficient to compact soils to the pofnt of reducing

plant basal area significantly. I believe the latter is most

probable.
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Fire Exclusion and Woody Vegetation Regenerat ion

The large quantity of grass biomass removed from
rangelands by high density hippopotamus pdpulations is
associated with reductions in extent and infensity éf'range
fires withiq~the riverine habjtat (Dodds and Patton 1968,

R

Olivier anaiLaurie 1974)¥ The long term consequence is an
expansion of woody‘végetation (forest and/or thicket
associations). Dodds and Patton (1968) attribute the almost
complete disappearance of hippopotami.from the Lukusuzi
River, in Zambia, to a reduction in forage range resulting
fromJincreééed mopane thicket.

Range fires reduce Woody regeneration by Burning back
small-plants (less than 1.7 m An'height) to rootstock
(Olivier and Laurie 1974). Browsing herbivores, such as
elephant and giraffe, may also play a .large role in
controlling the areal exfént of woodland. Separating the
various influencing fa5£ors is difficult; though evidehce of
ovefa]l thend may be gained in a number of ways; such as
monitoring vegetation cover .~anges over time via aerial
imagery, and assessing rates of regeneration/déstruction on
the ground. -

Analysis of the dynamic,étate of the Mara River woody
vegetation was not made during this study, though it has
exhibited a decreasing trend within the Masai Mara National
* Reserve over the past: decade (E. Trump, Wildlife Planning

Unit, pers. comm.). Examination of ungulate biomass

distributions within catenas by month (Chap. 4, Fig. 4.3)



revealed that few ungulates utilize the riverine catena
(containing most of the riverine woodland) during the first
two fhirds of the long-grass season. During this period,
‘hippopotami traveled further inland to graze, as evidenced
by path extension and use. Rangeland within the upper Teve]s
of the catena, outside the r%verine woodlands, are more
heavily grazed by all herbivores.

Major fuel reductions within the riverine woodland
caused by hiﬁpopotamus grazing were not evidenced during
this study. The converse was apparent, and deing 1982, when
only 25% of the range was burnt, fires were more frequent
within the Eiverinq éatena than within either medium or high
’catenas. Forage offtakes during this period did not serve to
exclude fire from the wooded areas. The reduction of wbodx
vegetation along the Mara River seems the result of high
grassland productivity, providing fuel for range fires and
reducing regeneration. The effect of hippopotamus grazing is

minimal.

Riverbank Degradationl

Soil removal from the.1ead1ng edgesvof entrance/exit
pathé inciéed into the riverbank averaged 0.53 m3/yr (N=63,
vS.E.=.O72). Along 8 km of river, 305 paths exhibiting signs
of current use were counted; 45 paths/K% of river (both
banks). This cémputes to 23.6 m3 of earth eroded pér year

from the inland progression of paths. Total path erosion is

 far in excess of this, some paths extending more than 10'm
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from end to end.

Not only the riverbénk, but the channels of seasonal
watercourses undergo bank degradation resulting from
hippopotamus activity. The use of drainage channels as
r imary exits, with péths radiating from the channel bed.
serve to concentratelimpaéfs over small areas.

Initial path estab]ishéent seems to be commonly fhe
result of hippopotami sliding down nearly vertical banks,cyp
to 5 m high. Skid marks down steep runs were noticed after
rains and several times spoor was observed only part way up
muddy paths, evidence of a hippopotamus unsuccessfully
attempting egress. \ |

P]acement of paths, often at depress1ons a]ong the
bank, can form extens1ons‘of natural surface drainage. The
path then can>be largely shaped by runoff erosion. Path
gradientAis, on the average, quite steep; 21.2 degrees
(range= 11-48 degrees, N=63, S.E.=1.16). Observations
indicate that paths acting as runnoff channe]s typically
become steep and undercut at the lead1ng edge and no longer
passable by hippopotami. It is common to see two or three

new paths established alongside such a runnoff channel, an

 observation a]so made by QOlivier and Laurie- (1974). More

efficient surface draihage"reduces amounts of water absorbed
by soil. This may be of particular importance during the dry
seasén, when most rainfall is of very short duration and {
maximum adsorption is necessary to provide a perennial plant
"greenflush’ . | “

‘\
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An average of 8:7 abandonéa paths ber Kilometer of
river were counted. The evident cause of abandonment for the
majority of paths was uhacéeptable steepness or width (too
narroW),‘resulting from runoff. Slumping of the riverbank
and root abstructions were noted, though less commonly.

Hippopotami use theif thick lower incisors to gouge
mineral laden soil. Like the.elephant, hippopotami have the
abi]ity‘to break up compacted soil using their teeth. The
'licks’ are often the eprsed ventfca1’bank of the river at
or slightly above the waterline. Hippopofami do not leave
the watef while gouging at the banb for soiW;“and Qauée
large, sometimes 1.5 m deep, undercuts into the bank.
Resultant slumps of the riverbank always occur at these
spots, and over time channe] configuration cqptbe markedly |
altered. |

Five actively maintained riverbank Ticks were noted
along 10.Km of river. Inland, areas of water upwelling
during the wet season providedlmineral laden soils for>a1l

spécies. hippopotamus .included.

,Huhan/Hippopotamus Intéractidﬁs

During the past 5 years, several extensfve wheat and
maize farms have been deve]oﬁed within the Mara-NafoK
| regioﬁ. One farm, established partly on the lowlands
‘adjacent fo the Mara River in 1980, has proven that the
ﬁmmediate area of this research project is aéceptable fér

cultivation, at least under the present favourable rainfall
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-regime.'Masai group ranch lands are leased to farmers with
the necessary capital and equipment fer large-scale faﬁming..
Crop depredation by wildlife, h%ppopotami ihCluded,

seems to be'effectively controlled by electric fencing.
Migratory wildebeest prove most problematic in breaking down
fences (W..Roberts, Mara erea farmer,‘pers.,comm.).

Shootieg, in response to.Crop depredation has been
carried out by authorifies.during 1982, WitH one unft of
rangers from the Kenya Wildlife Conservation and Management
Depaﬁtmeht'stationed at Emarti village. (at the north end of
the 127 Kmiéehsus stretch), most actively involved. Several
hippopotami, the e*act number not determihed, were shot
duriné August and September 1982.
| Cash crop smaT]ho]dings along the Mara River are not
enclosed by electric fencing and are mainly situated on the
fertile 1ow1aﬁds adjacent to the river within the grazing
.range of hippopotami. There are few alternatives to fencing,
shdrt of eliminating the locel popudatjon, thaf will |
effectively exclude hippopotamiVFPOm gardens;

Hippopotamus numbers north of the Reserve increased
dramatically between 1980 ahd 1982. Thie, combined with
increased population and agricultural pressures exerted by
the human reeidents in the area, will undoubtably result in
an appreciable confiict between human_interests and the
h{ppopotamus population within the'MaEa River. The |
establishment of group ranches for the traditionally nomadic

Masai has provided an a]ternetive to a purely pastoralist
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lifestyle. The amount of land leased to wheat and maize

farming, and the interest exhibited by the Masai- in farming,

was increasing. In addition, with_increasing populations
amongst the tribeé within the Mara-NaroK area, tribal
boundaries have become more c]early def1ned Movement of
livestock across these borders has become less acceptable.
limiting the available hetrogeneity of grass]ands for
grazing. "

Masai did not feel that hippopotami within the Mara
River were a threat to livestock production. Appendix. 5

oprcvides_the‘resutts of a short questionaire concerning
Masai attitudes toward the hippopotamus population.

The latter part of 1982 evidenced a large influx of
cattle, sheep and goats into the study area, an increase
over previous months of close to 200%. This was in response
to low rainfall in the surrounding areas.JThe’focussing.of
graz1ng pressures by 11vestocK in this manner can result in
greatly increased forage competition between 11vestock and
hippopotami .

The potent1a1 for increased friction between humans and
the hippopotamus population_| within the Mara River ex1sts
Both pastora11sts and agr1cu1tura11sts along the river can
be affected, and 1n some cases a]ready are. Problem
identification and resultant action is simpler and more
effective in response to hippopotamus/crop conflicts. The
reduction of availabte grazing range forihippopotami has the

potential to compcund problems such as crop depredationt
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Less obvious are the indirect conflfcts resulting from
impacts upon the grass1and ecology. That the cérpying
capacity of grassland adjaqent to the riQer for livestock is
in part determined by hippépotamus_grazing pressures is
obvious. The long term environmental impacts of éyhigh
.density hibpopotamus popdlafion may be accelelerated by the
presence of large numbers of. 1{veétocK. Foé exam51e,‘sheep
and goats, with thgir ability to crop grasses c]osé_tozthe
ground, may select for grazing within the short-gréss lawns-
" established by hippopotami. This wdu}d serve to further |
reduce plant basal cover gnd increase surfaCe soil erosion.

' Durihg‘the’dry season, the dependence of Iivesfock upon
the river for water is absolute within the study area. I
feel that increased biomass for both livestock and
hippépotami-a]éng the Mara River will result in ihcreased
environmehfa] stress. Plant community succession may bé
,reversable once impacts lessen, but the loss of top5011 to

surface erosion and the increase in surface water runnoff

has long term repercussions.



SUMMARY AND CONCLUSIONS

This study has fu1f11led most of it's initial
objectives, though the near-optimal env1ronmenta1 cond1t1ons
exper ienced during the field program did not impose stresses
that would undoubtably have provided a greater insight into
the mecpanisms of the ecology of the Mara River hippopotamus
population. Census results defined the growth and status of
the population, as well as accurate]y recording
distributtons valuable in assessing habitat preferences.
Habitat associations must be interpreted‘as representative
of an unstressed state. Selectivity may shift‘from a pool to
a forage resource focus under conditions of forage
11m1tat1on S1m11ar1y, the relat1ve]y sma]l role that social
parameters played in the regulation of populat1on growth
cannot be considered representative for this, or any other
popu]atwon of h1ppopotam1 exper1enc1ng environmental stress.
Assessment of impacts upon the r1ver1ne habitat provides
more evidence of potential than actua+\deleter1ous effect.

Three primary poss1b111t1es exist that could
precipitate a population crisis; 1) an 1ncreased, unchecked
- growth in the population under existihg»environmental
ponditions, 2) drought, an extended dry season, or the
reversion of conditions to pre-1960 rainfalljpatterns
(severe dry seasons), and 3) significant expansion of area
devoted to agriculture, particUiar]y‘crop production, within

hippopotamus grazing range.

117
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Population Status
A superabdndance of forage resu]tingﬁfrom increased dry

season rainfall beginning in 1869 (Sinclair 1977), has
| sustained the hippopotamus population within the Mara River
in an eruptive state. The population has expanded 25 fold
since 1959, when the first_estihate of the number of |
Hippopotamus for the Maﬁa River within Kenya was made
(Darliég 1960) . Numbers within the 127 km census section
will double, from 3000 to 6000, within six years if the
observed rate of incnease'continueé. |

~Density redistributions recordéd between 18980 and 1982
were pronounced. This is:interpreted és a density-dependent
resbonse_to a c9mbinatibn-of high occupancy rates and
Crowding withiﬁ suitable pools within the Masai Mara )
Natioral Reserve. Density of hippopotami within the Reserve
remained neaf 25 per Km of river between 1880 and 1982.

Average group size alone cannot be conSidered
rindicative of population size, as suggested by Laws and
Parker (1968). Water fluctuations in the river affect group
size on a daily basis. Group.distribution, or the density of -~
animals per unit length 6f river, are thé only usgful
{ndicators.of popu]atioq size, aﬁd these are largely
determineﬁ_by the availability of suitab]e pools.

‘Table VII. 1 presents recorded densities of hippopotami
wfthin rivers. Lake populations cannot be cohpared with
r{verine populations on a density/Km basis as grazfng is

usually available only on one side of the lake. Most
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Table VII. 1. Recorded densities of h1ppopotam1 per Km of

river.
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1jterature enumerating hippopotamue populations provide data_
on animals/Km of river or lakeshore, as presented in Table
VII.1, but not on available grazing area. Thts'must.be
estimated, and will be a conservative figure, as-the'effect
of river meander to compress available grazing range is not
taken into account. Table VII.2 presents estimated stocking

rates takeh~from publiehed'literature and this study.

Popu]at1on Limitations n
Forage was ava1lab1e in abundance throughout the per1od
of this study (Mar. 1981 - Nov. 1982). Ungulates were less
numerous in the riverine than in the‘mid or upper catenas
for all seasons, reducing potehtia] competition between
. other herb1vores and h1ppopotam1 for forage. Standing grass
bipmass increased with prox1m1ty to the river during both
! fong and shortgrass seasons. | f .
Hippopotamus'trails extended further;jn]and during the
wet than the dry seasons. This was evidentﬁy due to a.

preference’ for . the shortgrass grazing available in both the

<

RN
~

mid and upper catenas, where a variety of ungu]ates

maintained shortgrass cond1t1ons over much of the range

Previous works indicate that hippopotami extend their BN

grazing radius during the dry season, when'forige is limited
(Attwell 1963, Field 1970, Lock 1972). -

There was no indication that the a a11ab1l1ty of forage
“exerted limiting pressures upon the growith of the |

hiopopotamus population. Grassland within the study area is

/
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Table VII.2 Available Grazing Areé per Hippopotamus (based
on an average forage Distance of 3.2 km. from

" each bank {Laws 1963)).

Queen Elizabeth National Park, Uganda (Lake Hippo

Population)

Total population............... .

(Bere 1859)

Mweya Peninsula...... ‘...:......:...

(Laws 1963)

Kruger Park, South Africa
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Lefaba River,.. ................. A
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Dlifants River...... e ER
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“
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S N
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w o N B O

ha/hippopotamus
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ha/hippopotamus
ha/hippopotamus
ha/hippopotamus

P
ha/hippopotamus
ha/hippopotamus

ha/hippopotamus.

ha/héppopotamus

ha/hippopotamus

ha/hippopotamus
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evidently maintained in é;zootic-d55011Max state by
hippopotami, with a gradient towards Themeda climax
associafion increasing with distance from the river.
Moderate grazing encourages increased grass]énd productivity
(Pratt and Gwynne 1877, Sinclair and Norton-Griffiths 1979),
and as fhere was evidence of only ﬂoca]Tykrestricted areas
of overgrazed range (around mineral l1cKs “and immediately
adJacent to permanent poo] locat1§x30, 1 contend that the
grassland within my study area was not overgrazed during the
period of this e&udy.'Thus, the_moderate grazing pressure
produced a zootic-disclimex sere along fhe river that
provided optimal, or near-optfma] conditions for
hippopotami. This fn turn may have provided sub-optimal
condi tions for.animals dependent on long-grass for the bulk
of forage.requirements'(d. Steifox, Kenya Range]and
Eclolgical Monitoring,unft, pers. comm.). Animals suchmas
elephant, cape buffalo and zebra are affected when long
grass isoscance. : , |
Social preSsures within groups inhabiting the diurnal,
hab1tat d1d not reveal any mechan1sm that was. acting to
l1wnt pOpu]atwon growth dur1ng the study Though aggression
did tend to r1se W1th the dens1ty of members within pools,
re]ated morta11t1es were few
Laws and Clough (1966) 1nd1cated that fecundity may

'decrease in response to 1ncreased dens1t1es. though it was
not determ1ned whether decreases could have been caused by

~»

soc1a1 stress or poor nutrition resu]t1ng from interspecific
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compet%tion for forage. Census results for the Mara River
hipppopotami indicate that fecundity is not decreasing..

Density-depenent socfa] pressure was the probable cause
of the redistribution of hippopotamds densities into the

horthern half of the census section. If the popu]ation’

Jcontinues to expand, this redistribution will terminate with’

‘densities reflecting more closely the availablity of

suitable diurnal habitat. The population expansion will then
become‘locally focussed, and strong social pressures may
limit population growth through stress-related reductions in

fecundity, and increased mortality from fighting.

Environmental Impacts

Ranqe conditions were hot‘seriously affected by current
hippobbtamus utilization. The temporal distribution of
rainfall that has resulted in high grassland productivity,
has also allowed the grassland to resist hippopotamus

1nduced success1on

®

The long.term effe@ts of nutrient loss to the river via
h1ppopotamus feces is not Known, though probable effects are
reduced topso1] genesis and 1owered soil fertility. Range . .
f1res may be exc]uded from areas used by h1ppopotam1 for
grazing, resu]t1ng in an expans1on of the r1ver1ne forest.

Bank degradation was an ongoing process strongly 1inked
to hippdbotamus densities within the river. Both the use of

mineral digs and pathsicut into the bank result in the

movement of soil into the river, and alterations in channel
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configuration. As hippopotami appear tojavoid péol areas
with soft silty bottoms, the deposition of soil removed from
the banks may cause a reduction of suitéble - _ols within the
river. Sheet erosion was not common, indicating that soil
compaction and/or over-utilization of range immediate to the
river waé not causiné substantial topsoil erosion.

Human-hjppopdfamus conflict was evident along the
northern extent of the census section. The existence of
farming operat1ons, particularly small vegetab]e plots, has
resuited in some control shooting of h1ppopotam1 Provided
the ra1nfall reg1me in the area maintains crop production,
ssuch conf]icts,wiil continue. Thefsubdivision of group
raﬁcheé”along thg Mara River, proposed by the Kenya
goverhment in 1983, will provide more jndividual control of
rangeland by Masai and furthef.incentive for agricultural
activitie;. | o

The present range of hippopotami throughout Africa is a
fraction of former distribution. The primary causegVof
pdpu]ation reductions have been Hunting (for ivory and meat)
and conflict with agr{culture (Kingdon 1979). K?ngdon (op.
“cit.) presents a map of hippopotamus distribution throughout
Eaét Africa. Recently eliminated populations ané included |
' and these mainly coincide with areas of agricultural
gxpansion.

The e*papﬁ?ng hiprpotamus population north of the

Masai Mara Naf%enal Reserve‘was met by increased human >

settlement in the area during the 1980 - 1982 period. If the
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Hippopotamus population of the Mara River continues to

expand, a management plan will have to be formulated.
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APPENDICES '

APPENDIX 1

River Current and Width Measurements

River current and width measurements were taken over a
10 km stretch of river, és part of an inQestigation into: .
habitatlse1ection by hibpopotémi. The tabled data present
rec?rds~taken on four different days. Measu%ement\po{nts
weré 500 m aoartland staggered between sessions, resulting
in 80 measurement points in total at 125 m intervéls. River
‘current and widths are in part related t9 the particular
water levels (recorded at the field camp) for each session.
Theé number of h1ppopotam1 within each 50 m measurement '

length (bounded by up and oownstream w1dths) were recorded'

ot
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Session #1 17/11/81, water level= 0.70 m. }
Speed upstrm dwnstr # hippo, <i‘“‘$v// )
m/sec width(m) width(m) if present ,
1.22 29 - 28 ' 14
1.45 - 30 31 )
1.39 - 320 30 - 55
1.01 25 28 _
0.56 26 23
1.12 22 25
0.44 23 22
0.55 28 28
0.56 27 33
0.52 23 26
1.38 28 36 4
0.55 24 28

- 1.18 29 - 35 1
1.54 41 48 3
1.58 36 37 3
1.17 41 43 2
2.26 34 32 7
0.55 31 26 ’
1.13 35 32

M. 31 31 33 S




Session #2 09/01/82, water level= 0.48 m.
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Speed upstrm: dwnstr # hippo,
m/sec width(m) width(m) if present
0.33 21 27 .
0.56 21 23 9
0.16 30 32
0.31 33» 32
0.67 17 14
0.47 21 24
0.78 23 25
0.68 21 24
0.69 29 31
0.50 . 19 30
0.16 25 27 6
0-.54 26 31
0.31 30 27
0.18 31 30
0.18 35 39 . 120
0.15 29 36 1
0.15 29 35
0.62 23 28.
0.18 31 19 5
0.25 30 28




Session #3 07/05/82, water levels 0.88 m.

\ .
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Speed upstrm dwnstr # hippo,
m/sec width{m) width(m) if present.
0.78 37. 33
0.41 29 30 2
0.81 36 30 .
0.79 23 24
0.93 22 18
0.82 - 31 28
0.77 29 29
1.16 25 24
0.53 33 29 2
0.51 30 30 6
0.47 26 28 2
1.32 15 26 :
0.54 31 28
0.64 32 33 1
0.77 31 30 5
0.41 34 31
0.57 31 30
1.02 26 29
0.55 33 29 12
0.44 38 35 3
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Session #4 06/06/82, water level= 1.31 m.

Speed ‘upstrm dwnstr l . # hippo,
m/sec width(ms width(m) if present.
1.03 31 32
1.02 29 , 32
1.38 42 45 ‘ \
1.27 25 30 -4
1.95 27 ' 24
1.69 : _ 35 : : 31
1.40 35 38
2.24 - 30 . ' 34
2.46, 31 - 33 :
1.32 35 , ‘ 36 15
1.82 s 25 - 23 _
1.92 31 27 10
1.14 37 30
0.87 35 37 41
1.14 41 . 35 . ‘
1.91 N 35 36 1
1.15 \\ - 34 28 1
1.18 37 2. ,
1

.04 33 - 26
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APPENDIX 2

| Recorded Mortalities and the Ages of Collected Skulls

Hippopotamus mortalities were recorded from Mar. 1981
to Nov. 1882. Most obsefvafions were made within the‘10 Km
of river adJacent to the f1e1d camp, though reported deaths
were 1nvest1gated over a large area.

Th1rteen skulls were co]lecféd from both within and
qutside the Masai Méra National Reservé? SKO]]s were aged
according to Laws' (1968) todthwear criteria.

01d skulls, without remnants of the carcass, were sexed
tentatively by examination of the bdne strubture. Sexual

dichotomy is evident in bone structure at points of muscle

_insertion. Males exhibit markedly more massive occ1p1ta1

, processes, zygomatic arches, and saggital crests than do

females.
Carcasses simply spotted in the river and not recovered
{crocodiles were usually in attendance) could not always be

v

sexed. A rough age class was assigned based upon body size.

Recorded Mortalities
Sixteen mortalities were recorded from.within a 10 km
section of river containing on average, 215 hippopotami, -~

from March 'S8% to Octcocher 1232 (Table L2.1!

(€8]
~1
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¢
Table A2.1. Reported, and observed mortalities of hippopotami :
within thépMara River.
LR .

Mort. Obsvtn/ . ' No. Skull  .Age

Date Report Cause Hippo No. Class Sex
03/81 R f lood 3 young *
07/81 R lion 1 8 9-11 yrs  m
08/81 0 fight 1 7 19-25 yrs ?f
02/82 R * "1 Adult *
02/82 0 * 1 3 "8-12 yrs f
04/82 - 0 crocodile 1 2 2-10 days m
04/82 0 * 1 2-10 days *
05/82 0 .k 1 Adult f
05/82 0 * 1 Adult- . . m
05/82 0 x 1 Adult- | f
06/82 0 * 1 Adult f
06/82 0 * 1 “Calf *
06/82 0 rabies? 1 SubAdult m
06/82 0 * 1 Adult *
07/82 0 fight 1 1 6.5-10.5 yrs m
07/82 0 * 1 . Adult *
07/82 0 * 1 SubAdult m
07/82 0 - * 1 Calf *
10/82 O * 1 Adult m’
-10/82 0 * 1 Adult f
10/82 0 fight 2 Aduits m/m
03/83 R flood 5+ . Young *

The relatively high number of mortalities attributab]e
to flood dfbwning.gre of intrest. According to reports, all’
drowned animals were ydung. It would appear that flood
related drownings are density-independent occufances, and

that we1ght and/or Iearned behaviour may play a role in

res1st1ng or avo1d1q€ ¢'ang.rous f]ood cond1t1ons The

conf]uences of seasorzi -.-age char~21s with the river are
often used by groups as iciuges fr ... swift currents and |

debris in the flbod swollen river.
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Estimated Ages of Collected Skulls

Table A2.2 presents the estimated ages Qf the 13 skulis
collected during the field program. In presentfng the ageing
criteria, Laws.(1968) notes that the rates of tooth wear may
vary from place to place dependent on the amount of
abrasives, such as silica and soil, in the diet.

The ageing criteria must be used with some
circﬁmspectiOn, only 6 Knbwhjage jaws were avalable to Laws
(op. cit.), none of which were under 15 years of age. The
latter is of parti&u]ar impor tance as much of the younger
year estimates are based upbn tooth eruption, a process
nearly completed by 15 years of age.

The average estmated age of‘sku1ls co]lectedra]ong the
Mara River was 17.7 £ 2.5 years..If this is to be compared
with the "initial expectatﬁon of life’ presentéd by Laws
(1968), the sample average age estimate appearé high. The
initial expectation of 1jfe generatec from Laws’ (op. cit.)
Kazinga Channel population survivorship curves is 10.1 and
9.3?er the two models presented. As only one skull younger
than the subadult class was collected during this study, it
can be assumed that younger age classes are underepresented.
Scavengers on 1ahd, partﬁcU]ar]y hyena, could crush the
small, softer jaws of young‘hippopotami. In addition, atll
young animals recorded dead (5 calves and neonatesf were
spotted'in the river, with only one skull recovered. All

skulls found on land were collected.



140

Table A2.2 Estimated ages of collected skulls (from tooth
wear criteria by Laws, 1868).

Skull No. Est. Age Sex
1 6.5-10.5 yrs m?
2 2-10 days m
3 8.0-12.0 yrs f
4 25.0-31.0 yrs m?
5 19.0-25.0 yrs ?
6 30.0-36.0 yrs m
7 19.0-25.0 yrs m
8 9.0-13.0 yrs f?
9 14.5-20.5 yrs f

10 19.5-25.5 yrs m
11 20.5-26.5 yrs ?
12 15.0-21.0 yrs f?
13 11.5-15.5 yrs ?




APPENDIX 3

Esiimating Hefbage Biomass by the Horizontal Intercept
'\ The horizontal intercept method was designed for this
stuéy'jn:response to a need for easily transported (on foot)
equibmeni used to accurately record data. As the only goal
of the technique was to record data for estimating standing
gfass biomass,.a frame and wire technique, as developed by
McNaughton (Sinclair and Norton-Griffiths 1979) used to
record of individual specie bioméSS. was not necessary.

The ocular estimation method used by KREMU (kuchar
1979) in the Mara aEea, is appropriate for large samp]e'
sizes. for this project the applicability was low, as
re1?t1ve1y few es€$mates were made and the subJect1v;ty of
the method would have 1ntroduced a large error. \

Measurements involve both plant basal cover and Qhe
densfty of vegetati?e parts at specific heights in the
sward. Basal cover is determined by recording the hfté on
grass bases every 2 cm along a marked 1 m long metal rod.
Height and density (cross-séctional structure) are
determined by counting the number of hits for all vegetative

parts (stems, leaves etc.) at 10, 30, 50 and 80 cm above

ground. .
141

.5117
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The rod is held in a horizontal position for the latter
counts by fitting one end o? the rod in holes drilled at the
appropriate hgights in a spike-ended staff driven firmly
into the grand.

Ca]ibrétion

One hundréd 1 m2 clip plots were collected and.sémples\
air dried to cé]ﬁbrate the technique. Clip-plots used for
calibration .were co]]ected-bver 14 months, and were
distributed even]y.along 10 km of river adjacent to the
fieid amp. All plots were located within 50 m of the river,
and an effort was made to collect samples representative of
the area’s average standing grass biomass. Forbs, though not
comﬁon]y appearing.in samples, were 1nc1ﬁded.

FStepwise mu]tib]e regression.analysis of horizontal
intercept data and dry weights from 100 1 m?2 clipé‘produced
an R2 vé]ue of 0.70 for the third dependent variéb]e

entered. The first (and strongest) predﬁctor was the 10 cm

level horizZontal intercept (R2=0.65). The second value

entered into the equation was the 30 cm horizontal
intercept, raising the R2 value to 0.68. Basal cover was the

third variable. Measurement lévels of 50 and 80 cm were not

.included in the predictor equation, as adjusted RZ values

decreased subsequent to the inclusion of the third dependent
variable. The equation generated was;. |
Biomass (dry)= -3.307 + (GND x 8.16) + (CM10 x 3.05) + (CM30
x 3.73) ‘
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Residual variance is probably due to three main
faétdrs; 1) clipping error, 2) canting error, particularly
{n thick_ long-grass blots where some movement of grasses is
necessary in order to view‘the rod, and é?lair drying. fhe
1atﬁer may have been a major source of error, particularly

during wet periods when air humidity defermines~the minimum

T

moisture content in dried samplés: Daily relative humidity

records were not kKept. H
The large sample size of calibration c]ipisamp1es was

reflected in tRé'calculated P value of the fhird (and final)

l step in the multiple regressﬁon analysis, The technique
provided ?O%'precision greater than 99% of thé time (P <

1 0.001). The calibration of this technique for other |
grass1énds would 1ikely require substantially fewer clib
plots to brovide similar precision .at the fO% confidence
level. \ -

An impoftant-feafure of this technique is the inclusion
 of a basal cover measurement. Compensatory growth of grasses
~ under sustained grazing pressuré by hippopotamy has been

documented by Field (1970), Thornton (1971} and Olivier and
Laurié“6r974). and involves increases in mdt-Forming

species. This increases Vegetatjye biomass within the first

few centemeters above ground.

Basal cover data were inq]uded into the step-wise
multiple regression analysié as the third vg;iab1e entered,
and had a sfrong positive association with predicted dry

- weight biomass. This included the biomass of very low-lying
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species tnto the estimate, an important aspect of samp]ing
grazing mosaics.
- Overall, the horizontal intercept method prqved to be a

quick and relatively aecurate method of measuring standing

‘grass biomass. The necessary equipment is simple, a

graduated spike-tipped stafr and a wire rod marked a 2 cm
intervals. Each complete measurement session takes
approximately 2 mindte§, and accuracy (repeatability) is
high, as very ]ittle'subjectivity is involved in the
samp]ing_process. .
C]ip Ptot Records -
Clip plot samples were obtained'from.1 m2 plots located
on é stratified>random basis along the Mara'Riyer. Prior to
c]ippingnat greund.level, grasses within plots were measured
accord1ng to the hor1zonta] intercept method described.
Grasses were p]aced in c]oth bags and air dr1ed for not less

than 48 hours. Both wet and dry we1ght data are presented

Forage availability was sampled in th1s manner from

19/09/81 through to 04/10/82, providing information on the

standing grass biomass and phenology over more than one
eomplete seasonal\cycle.

Dates, recorded'/hits’ at the reepective level=s by the
horizonte] intercept methed, and wet and dry wetghts are
tabled. With the exception of the first 8 sampling days,

three plots were measured- and clipped per session.
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\

Ground 10cm 30cm 50cm Wet wt. Dry wt.

19/08/81 ~ 12 34 32 17 nc 513
19/09/81 15 . 07 04 02 nc 123
03/10/81 16 31 10 03 nc 235
03/10/81 16 31 .08 03 nc 147
06/10/81 . 12 01 00 00 ‘nc 19
06/10/81 10 41 21 05 nc 249
07/10/81 13 36 14 06 421 346

07/10/81 - 07 13 01 00 202 127
10/10/81 18 68 11 04 695 455
10/10/81 12 42 06 00 437 286
3/10/81 12 73 03 01 470 300
3/10/81 10 92 18 . 09 nc 795
2/10/81 16 94 30 11 nc 560
2/10/81 15 78 02 00 663 500
1/11/81 10 97 52 03 500 435
)1/11/81 08 31 03 02 335 295
5/11/81 10 56 07 00 530 415
5/11/81 + 09 o 27 02 01 365 293
5/11/81 14 28 00 00 240 208
9/12/81 09 20 03 00 265 190
9/12/81 07 13 02 00 223 180
9/12/81 09 59 10 01 470 345
1/12/81 .. 08 87 23 06 .~785 . 560
1/12/81 13 52 12 06 670 500
1/12/81 - 11 33 02 00 475 300
6/12/81 10 33 04 01 320 240
6/12/81 09 02 02 01 405 312
3/12/81 13 66 10 04 815 545

'{g/m2)
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Date Ground 10cm 30cm 50cm Wet wt. Dry wt.
08/01/82 11 06 00 00 52 45(g)
08/01/82 09 100 06 00 738 465
08/01/82 09 48 01 00 429 . 255
24/02/82 04 04 00 00 110 82
24/02/82 11 - 09 00 00 122 91
24/02/82 08 26 02 00 310 187
07/03/82 12 01 00 00 57 47
07/03/82 08. 29 02" 00 187 134
07/03/82 13 ‘03 00 | 00 103 81
19/03/82 10 . .00 00 00 nc 80x*
19/03/82 09 03 00 00 nc 80x*
19/03/82 03 02 00 - 00 - 122 - . 106
.23/03/82 10 49 - 07 . 00 - 438 300
-723/03/82 12 30 00 00 220 160
23/03/82 09 00 00 00 nc 70*
09/04/82 09 - 08 01 00 "~ 155 77
09/04/82 05 04 00 00 147 80
03/04/82 05 06 . 00 00 120 65
01/05/82 - 12 - 03 00 00 119 52
01/05/82 12 51 01 00 575 ‘ 345
01/05/82 15 19 02 00 180 - - 80
08/05/82 - 09 31 02 - 00 372 180
08/05/82 10 Q7 04 01 152 88
08/05/82 07 08 01 01 145 ' 68
30/05/82 11 44 03 01 250 140
30/05/82 . 16 107 - 46 16 1070 725
30/05/82 09 - 03 02 - 00 95 45
02/06/82 13 03 00 . 00 57 35
02/06/82 08 ' 12 02 01 155 62

02/06/82 09 33 06 06 0320 147
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Dry wt.

Date Ground  10cm 30cm 50cm  Wet wt.
07/06/82 09 38 14 09 340 180%g)
- 07/06/82 08 126 . 28 22 735 ° 490
07/06/82 . 08 05 03 - 00 105 67
20/06/82 ~ 08 07 00 01 37 / 33
20/06/82 08 . 58 22 08 625 345
20/06/82 11 57 ' 195
27/06/82 09 86 330
27/06/82 - 07 47 177
27/06/82 04 00 30%
©11/07/82 09 79 250
11/07/83 10~ 146 550
11/07/82 13 06 40
19/07/82 05 03 38
19/07/82 06 41 142
19/07/82 07 65 150
26/07/82 05 02 .. 115
26/07/82 07 24 225
26/07/82 09 75 387
13/08/82 13 48 320
-.13/08/82 15 34 o5
13/08/82 14 07 - L5
28/08/82 13 18 115
28/08/82 13’ 05 62
28/08/82 12 01 00 00 nc 90+
01/09/82 06 48 0.1 00 355 265
01709/82 07 20 00 00 251 240
01/09/82 08 02 00 00 nc 70+
06/09/82 14 24 10 04 255 175
06/09/82 09 04 - 01 04 65 5 1
06/09/82 12 00 - 00 00 nc 94
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04/10/82

Date Ground 10cm 30cm 50cm Wet wt.. Dry wt.
09/09/82 06 05 02 00 <78 58(g)
- 09/09/82 - 11 00 00 00 nc 86* -

09/09/82 06 ' 00 00 00 nc 45*

28/09/82 07 .21 00 00 220 142
28/09/82 .09 12 00 00. 130 85
28/09/82 09 00 00 00 " nc 70*
01/10/82 11 39 | 01 00 395 255
01/10/82 12 13 - 00 00 142 100
01/10/82 12 00 00 00 nc 90
04/10/82 0% 05 00 00 35 24
04/10/82 09 00 00 00 nc 70%*
08 00 00 00 ne B60*

* Weights estimated, grass too short to collect.



APPENDIX 4

Ungulate Census, Sept./81 - Oct./B2.

The fo]lbwing data were recorded from weekly (with some
géps) ground counts of ungulafes over a 32 km fixed circuit.
Dbservatiéns were made from a vehicle, and all ungulates
within 200 m of ejiher side of the vehicle were identified
to species, number observed, and location wifhin the
r1verswde catena covered (1ow, medium and high) .

The counts covered the per1od from 16/09/81 to 09/10/82
and were conducted in order to determine the intensity and
‘ dfstrﬁbution of grazing pressures exerted by ungulates
within the grazing range of the hippopotamus popuﬁatiénd
within the Maré River. Of special interest is the temporal
distribption of wildebeest, zebrai/pnd Thomson gazelle; the

ma jor migratory species.



1: Wildebeest

Date

Catena:

16/09/81

20/09/81
04/10/81
11/10/81

12/01/82
20/01/82
01/02/82
07/02/82
14/02/82
22/02/82y
01/03/82
08/03/82
18/03/82

74/03/82

30/03/82
07/04782
13/04/82

27/04/82 -

04/05/82
10/05/82

29/05/82

05/06/82

10/06/82
19/06/82

27/06/82

+ 09/07/82

15/07/82

- 23/07/82

29/07/82
13/08/82

27/08/82 -

- 02/09/82

12/09/82
25/09/82
03/10/82

- 09/10/82

uLow

-
NOOOOITU
g1 0 —

306

® - .
PPN OOOOOOOCODO

Med.

329
112
667
2132
571

Tt 903

937
1267
716
111

35
66
192
125
103

300
1664
++1305
1123

2086 -

1296

53¢
36

T
.21
13
24

<74
. 327
210
4272

. i AT
i '?')‘298

3698
1349
136
2298
657
1757
992

\

688

1818

252 -

109

150

Total

345

284
1080
2989
1114

405
1592

- 2137

127



'10/05./82
~.:29/05/482 .
©.05/06/82
- 10/06/82

. 09/07/82

02/09/82
12709782 oy

2: Zebra

Date Catena:

..16/09/81

20/09/81
04/10/81
11/10/81
27/10481
13/11/81
08/12/81

- 13/12/81,

20/12/81%
07/01/82
12/01/82
20/01/82
01/02/82
07/02/82
14/02/82
22:/02/82
01/03/82
08/03/82
18/03/82 .
24/03/82

30/03/82

07/04/82
13/04/82 -
27/04/82

04/05/82

19706/82
27/06/82

15/07/82
23/07/82:
29/07/82 .
13/08782
27/08/82

25/09/82_ %
09/10/82",

High

T 5178

W —
~

[

(82}
~MMMOOO)O(.O(QU1

~J

OO WOOO—-0O
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3: Topi
. Date

16/09/81

20/09/81

04/10/81,

Cat ena:

07/02/82.

. 14/02/82

22/02/82

01/03/82 |

08/03/82

18/03/82.

24/03/82
°30/.03/82

v 07/04/82

13/04/82
27/04/82
04/05/82
10/05/82
. 29/05/82
05/06/82
10/06/82

- 19/06/82

-27/06/82
09/07/82
© 15/07/82

23/07/82 -

.29/07/82
13/08/82
27/08/82

-, 02/09/82

©12/09/82
25/09/82

03/10/82"

09/10/82

.
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4: Thomson Gazelle

Date

16/09/81
20/09/81
04/10/81

- 11/10/81

27/10/81
13/11/81
08/12/81
13/12/81
20/12/82
07/01/82
12/01/82
20/01/82
01/02/82
08/02/82
14/02/82
22/02/82
01/03/82

08/03/82

18/03/82
24/03/82

30/03/82.

07/04/82
13/04/82
27/04/82
04/05/82
19/05/82
29/05/82
05/06/82
10/06/82
19/06/82
27/06/82
09/07/82
15/07/82
23/07/82
29/07/82
13/08/82
27/08/82
02/09/52
12/09/82

1 25/09/82

03/10/82
09/10782

K
oy

Catena: Low

ey

Med.
115

153

Total
188

567
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5: Grant’s Gazelle

Date Catena: Low Med. High Total
16/09/81 3 1 0 4
20/09/81 0 0 2 2
04/10/81 0o 8 5 13
11/.10/81 0 6 3 9
27/10/81 0 6 0 6
13/11/81 0 0 5 5
08/12/81 0 20 3 23
13/12/8 2 28 9 39
20/12/82 9 12 2 23
07/01/82 0 8 13 21
12/01/82 5 12 5 . 22
7T - 04,.02/82 8 17 2 27
Q\ufﬂm@/fUz/sz 0 g 4 13
e f3402/83, 0 5 5 10
22:02/82, 0 16 5 21
<%8 /03/82 0 g D 11
'08/03/82 4 7 0 11
118/03/82 0 0 0 0
24/03/82 2 7 0 9
30/03/82 3 14 3 20
- 07/04/82 0 22 1 23
13/04/82 . 0 25 0 25
27/04/82 0 1 1 2
04/05/82 0 6 4 10
10/05/82 0 8 18 26
29/05/82 0 21 23 44
 05/06/82 0 18 15 33
10/06/82 0 25 13 38
19/06/82 0 6 36 42
27/06/82 0 11 18 29
09/87/82 0 0 25 . 25
15/07/82 2 21 2 25
23/6G7/82 0 5 12 17
' 29/07/82 4 5 -5 14
13/08/82 0 4 2 6
27/08/82 0 3 3 6
02/09/82 0 0 17 17
12/09/82 0 17 7 24.
25/09/82 8 5 3 16
03/10/82 0 9 5 14
08/10/82 0 39 12 51
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6: Cape Buffalo

Date Catena: Low - Med. High Total
06/19/81 0 0 0 0
20/09/81 2 57 0 . 59
‘04/10/81 0 4 2 8
11/10/81 0 4 0 4
27/10/8 0 3 0 3
13/11/8 0 6 0 6
. 08/12/8 0 6 0 )
13/12/8 10 12 0 22
20/12/82 0 3 0 3
07/01/82 0 4 10 714
12/01/82 6 27 0 33
20/01/82 0 14 0 14
01/02/82 17 8 0 25
07/02/82 0 5 0 “fagy e O
A 14/02/82 0 42 {43
. 22/02/82 2 72 3 77
' 01/05/82 5 24 0 29
- 08/03/82 3 -0 0 3
" 18/03/82 2 2 0 4
..24/03/82 2 0 0 2
-30/03/82 4 0 0 4
+.07/04/82 0 0 0 0
13/04/82 6 2 0 8
-~ 27/04/82 2 4 0 6
04/05/82 26 5 3 - 34
10/05/82 0 75 0 75
29/05/82 9 3 0 127
05/06/82 12 .4 0 0 12 °
10/06/82 4 2 0 6 -
19/06/82 0 54 12 68
327/06/82 ) 0 0 0 0
09/07/82 0 0 0 0
15/07/82 0 0 0 0
23/07/82 0 0 0 0
238/07/82 0 0 0 0
13/08/82 0. 0 1 1
27/08/82 0 0 0 0
02/09/82 -0 0 0 0
L B 12/09/82 0 57 0 57
: 25/09/82 , £ 0 3 4 7
03/10/82 w2 0 2 4
= 09/10/82 T 18 25 48
, Iy “f



7: Waterbuck“;

Date

16/09/81
20/09/81
04/10/81
11/10/81
1

12/01/82
20/01/82
01/02/82
07/02/82
14/02/82
22/02/82
01/03/82
08/03/82
. 18/03/82
- 24/03/82
30/03/82
07/04/82
13/04/82
27/04/82
04/05/82
10/05/82

- 29/05/82

05/06/82
10/06/82
19/06/82
27/06/82
08/07/82
15/07/82
23/07/82

29/07/82°

13/08/82
27/08/82

02/09/82

12/09/82
05/09/82

03/10/82

08/10/82

L

Catena: Low

OOOOOO0.0000000000000000000MOOO&OO@O\IOMOOOM

Med.

High

OOOOOOOOOOOOOOOO—*OC)—LO'OOOOOOOOOOOOOOOOOOOOOO
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8: Impala
Date Catena: Low Med . High Total
167/09/81 3 18 17 38
20/09/81 31 39 0 70
04/10/81 1 176 2 179
11/10/81 2 6 6 14
27/10/81 0 9 3 12
13/11/81 0 0 5 5
08/12/81 97 101 0 198
13/12/81 13 96 0 112
20/12/82 83 44 26 153
07/01/82 18 6 1 25
12/01/82 13 15 1 29
20/01/82 79 186 4 269
01/02/82 4 151 155
07/02/82 0 119 - 124
14/02/82 18 147 166
22/02/82 2 26 . 28
01/03/82 4 3 7
08/03/82 2 100 103
18/03/82" 27 1 28
24/03/82 PO 3 4 .22
1 30/03/82 4 22 26
07/04/82 3 15 18
13/04/82 '3, 2 5
~27/04/82 , 6 i 36 42
04/05482 \ i 7 88
10/057/82 0 68 A
29/05/82 - 1 79 - 82
05/06/82 39 10 219
10/06/82 0 73 104
19/06/82 0 9 34
- 27/06/82 - & 4 9 . 44
09/07/82 0 0 : 26
15/07/82 0 76 1 77
23/07/82 37 .9 12 - 58
29/07/82 4 44 0 . 48
13/.08/82 .10 1 2 13
27/08/82 T8 - 13 0 21
02/09/82 0 21 0 21
12/09/82 38 4 63 105
25/09/82 4 76 0 80
03/10/82 .0 102 8 111
21 4 8 33

03/10/82

4



9: Warthog

Date

16/09/81
04/10/81

11/10/81

. 27/10/81

13/11/81

' 08/12/81

13/12/81
20/12/82

07/01/82

12/01/82
20/01/82
01/02/82
07/02/82

14/02/82

22/02/82
01/03/82

08/03/82
18/03/82

24/03/82
30/03/82
07/04/82
13/04/82
27/04/82

- 04/05/82

10/05/82
29/05/82
05/06/82

10/06/82 . .

19/06/82

 27/06/82

08/07/82
15/07/82

23/07/82: -

28/07/82
13/08/82
27/08/82
02/09/82
12/09/82
25/09/82
03/10/82
09/10/82

Catena: Low

130

—_—

N _ .

—

-“ | //

!

High

SN —

N — N

w

N

—_—

158



10: Giraffe

Date

16/09/81
20/09/81

04/10/81

11/10/81
27/10/81
13/11/81

1

08/12/81

13/12/81
.20/12/82
/07/01/82
12/01/82
20/01/82
01/02/82
07/02/82
14/02/82
22/02/82
01/03/82
08/03/82
18/03/82
24/03/82
30/03/82
07/04/82
13/04/82
27/04/82
04/05/82
10/05/82
29/05/82
05/06/82
10/06/82
19/06/82
27/06/82
09/07/82
15/07/82
23/07/82
£29/07/82
13/08/82
27/08/82
02/09/82
12/09/82

25/089/82
03710782
09/10/82

Fon

™
~

At

gt
R Ly

Catena:

Y

" Low

A%

Med .

- " High

Total

—

T — .

—
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~11: Kongoni

Date  Catena: Low Med. Total

=
Q
J

D000 OCOOO0O =+ 2w OO0+ w0000 OO0 OO OOOO0O
—h

16/09/81
20/09/81
- 04/10/81
- 11/10/81 1

[aw]
oo
NN
NI —
S~
o
—_
— b

K “‘v'l.;\'a"'o;
N 13/12/81
20/12/82
07/01/82
12/01/82
20/01/82
01/02/82 |
07/02/82 1
14/02/82
22/02/82
01/03/82
08/037/82
18/03/82
-24/03/82
30/03/82
07/04/82
13/04/82
27/04/82
- 04/05/82 : 1
10/05/82
29/05/82 .
05/06/82
10/06/82
19/06/82
27/06/82
09/07/82 - 1
15/07/82
23/07/82
29/07/82
13/08/82
. 27/08/82
- 02/09/82
12/09/82
25/09482
03/10/82
09/10/82

p—y

-oE

—_

— .
N~ OO0 OO OV —-—OON -2 WP =2 —2C0COMOoOWNNOONOUIMOOUINNNOO 20w
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12: Eland

Date

16/09/81
20/09/81
04/10/81
11/10/81

07/02/82
14/02/82
22/02/82
01/03/82
08/03/82
18/03/82
24/03/82
30/03/82
07/04/82

~ 13/04/82 |

27/04/82
04/05/82
10/05/82

28/05/82

05/06/82
10/06/82
19/06/82
27/06/82
09/07/82
15/07/82
23/07/82

29/07/82
13/08/82"

27/08/82
02/09/82
12/09/82
25/09/82
03/10/82
09/10/82

Low

4
- .
OOOOOOOOOO'OO‘\'lOOOOOOOOOI\JOOOOOOOO—&OOOOOOOOOO

Med.

14

L

B
Qa T
T .

L

s I
—_—

' - L
OOOOOOOOOOOG\]OLOG) ON DO DONONOQOOOOO—=-0ONNUIONODOCODOO
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‘13; Cattle

Date

16/09/81
20/09/81
04/10/81
11/10/81

'12/
20/01/82
01/02/82
07/02/82
14/02/82
22/02/82
01/03/82
08/03/82
18/03/82
24/03/82
30/03/82
07/04/82
13/04/82
27/04/82
04/05/82
10/05/82
29/05/82
05/06/82

10/06/82-

19/06/82
27/06/82
:09/07/82

-15/07/82

23/07/82
29/07/82
13/08/82
27/08/82
02/09/82
12/09/82
25/09/82
03/10/82

09/10/82

Catena: Low

-3
(8]

Nl

QOO0 O0OO0OOO0OCOOo

— —A.‘
~o  —
®
o

COUIONOOOUIN~O—-~0O0OQUIOONO

w (G210

o

Med.

r

-
Q

>

O~OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO_OO

215
278
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14: Shoats (sheep and goats)

‘\:’n
Date

16/09/81
20/09/81
04/10/81
11/10/81
27/10/81
13/11/81
08/12/81
13/12/81
20/12/82
07/01/82
12/01/82
20/01/82
01/02/82
07/02/82
14/02/82
22/02/82
01/03/82
08/03/82
18/03/82
04/03/82
. '30/03/82
07/04/82
13/04/82
27/04/82
04/05/82
10/05/82
29/05/82
05/06/82
~10/06/82

. 19/06/82
27/06/82

09/07/82"

-+ 15/07/82
23/07/82
29/07/82
13/08/82

27/08/82 .

02/09/82
12/09/82
25/09/82
03/10/82
08/10/82

-

Catena: Low

OO0 OOOOOO

Med.

{

E
- OO ®

L 00000000000 ONO

<

T
Q
>

Total

W [e)NecRee)
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. APPENDIX &  °

\J . \ . )
-~ g

" Masai Questionaire

Four teen Masa1 were 1nterv1ewed concern1ng local
attitudes toward the hippopotamus populat1on within the Mara
River. Though this sample size cannot be con51dered large
enough to be representative, eomevinteresting qualitative
informathon'was collected. ) |

Masa1 measured the increase in population size !

.pr1mar11y by how- many l1vestocK water1ng s1tes along the

river were occupied by hippopotam1.r51tes are apparently not
relocated upon the occupat1on by a group of h1ppopotam1,

though four cattle were K\lled (out of an est1mated 1500 in

~the area) by h1pp0potam1 along the Mara R1ver during 1981.

Three 1nd1v1duals claimed that h1ppopotam1 had Killed
two humans along the river w1th1n the " past decade - one 1n!
1974, another’ in 1982. I g o ' f)

Of the fourteen»individuals 1nterv1ewed 6 felt that

hippopotami should be protected by the w11d11fe author1t1es

&)

‘4 did not have any recommendat1ons. and there was one . <3

(&

oo

reconnendat1on for each of the follow1ng, 1)Shoot a]]

o
Ao

h1ppopotam1 around r1ver cross1ng sites’ ‘used by Ma531
2)Shoot all adult male h1ppopotam1 around these cross1ng

s1tes. and 3)Protect both hippopotami from poachars and

< ' : P
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Masa1 from h1ppopotam1 o 5 B
The questionaire was- g1ven only to Masa1 found along

‘the Mera River within 10'km of‘the'f1e1d~camp. To the quth“

) o at the upper &nd of the 127 Km of rtver 1nc1uded in -
P o h'hcensuSes. there has been an 1nf1ux of sedentary farm

operéttphs, both of 1arge sca]e wheat and maize cu1t1vatlon

e
. . and of vegelsd| Q\ /cash crops. These farmers were not
;s 1nterv1eWeé( N e~ T
: ro N ! ]
3 - w” / Ty
. . \ L
P - ' N ‘
P o o N : R . s
o o '
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~ .
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2

P
. »‘,—J‘--ﬂ
B RN L.

e

a

‘ 1). Number of Ilvestock herded’enjﬁﬁl

B) Why .do hippos fight«with'each QtHeP?",

P

) Masa1 quest1ona1r'e and r‘esponses

Al\ T ' ‘{;"t‘ké
- | .

L o o,

14 herds of cattle, ‘aye- ‘df

3 groups of %hbats. 65 65-'é§d 250.

2) Manya%%a (temporary' village) location?

A1l respondents 11ved&2$;hin a 10 km radius .
of the field camp . :

3) ~Companed with 5 years ago. the hlpp@ populatlo
. J o

K/ ‘about the same. . ..... 0 el

B/. lower..;..ﬁ....' ....... ﬂ, N
¢/ slightly higher. .2 e
D/‘much h]gher..;; ....... ‘12 B

What is the most lmpontant cause of déath amon
4 .adult hfppos7 v

A/ mah. Wog i 1 .
A B/ lion...... e 3 .
RSN oA croood11e“2h..l.i,.... 1
', D/ other hippos..i%.... .9
E/ disease®..... S e 0 o
8 F/ siaryat1gn .;.@.;;ﬁ 0 L. ‘/’
'5) When,do most hlppo “deaths occhO
A/ dry monthg®, ...l ... 4
B/ -wet MONths = ..o o ive 47 Y
o C/ no- spec1a1 time....... 1 . ‘
D/ don’ t Know. . .ovvvn.. 5 s

f A/:for SPACEe. . . u e . 6
B/ for food:..g ....... .20 0
-C/ for breeding.......... 8 .
D/ to protect calves...:i. : 0.
P~} ~ - )
‘ . AR
7o\ > "

w7y

w4

C e
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s )""'\:‘"r.!n
N

9)

r

When . _
/A/ dry menths........ DT " g
! B/ wet monthsi........... .13 s
' C/ no special time..... o0 s
' D/ don't know............ O

do most fights occur? =

*»

How serious. are injuries from flaht/ng°

CA/
B/
c/

What

'y

o

A/
B/
G/

not serious....... oL 4
a few deaths.......... 8
many deaths........... 2 B
Iength of grass do hrppos pPefngv L

Cy
short grass ....... l...':2?f . '
medium grass.......... 8~ . R
long graasi&(.m.q¢u;w;'4 . ~4%_ifxﬁ*

vb10) Do hlppos usually graze [n tie

' ?JV - ANy \\a;
same placéé';w,pjgi

Fﬁja‘ A/ seldom..:.,...,..,hh;. 5 Dgx SRR [
B/ sometimes . R A B er L
w - -Cl a]ways...:gh.:..?..... 6 SR gy
«iﬂ117 Do hlppoo grage ;%thlﬁ burned aneas7 * e
A/'noi....i..LﬁJ ...... “;[T &g,
B/ shortly after bprn.;..% 8 .. .
. C/. Yong after burn.ﬂw.;;. 2C} : ¥
. 12) " How dolplppos affect other w;idganlmals°
A/ harm. ..,,;..”w,_l., (forage compv
B/ no effect ST 10 s
c/ help.%‘ ........ e 8 ﬁﬂeep grass sh«rf)
S e T e . i
13) What effect do thpo ‘ on ILvestock? - J
| S A/ sp011 water[; ...... .0 ,
Y B/ Improwe grazing....... 0
-~ ~C/ destroy-grazing....... 4 i
D/ No effect........:.... 10 o
" 14) -Are hippo déngénous? S
' A/ ro..... e CR L R v
. . B/ a# n1ght...h.....kn..._ KN
v C/ only bulls..t......... 2 ’
. D/ cows with calves...... 0 v /
. E/ always dangerous...;.. 7
'F/ some are dangerous.... |

R
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‘ ' it X !
RN D .“ I:" T . “
" . l':wr:“. . _1“- “; o . ‘ A
'15) . What shouid 'the government do to manage hi ppos?
- L A/fnothing. ... 4 .
. B/ destroy some.......... O e
e w .C/ protectr......voeiiien ] -
- D/ gll.OWT'\‘unting......... J
v N 'y
*Specific recommendatic in text. < ., ¥k
- ¢ ]
. o
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S -
- Yo
R
i @ : . : o : 3
) W e ‘ , S
R 3 & N ; o
' ok - , AT
) N N ‘G’ {;‘ @
Y ) 2 "Q . = &'? .
; A n o .
(A
. . st o,
s v . v
. AN LT
e - R n) '..‘vcv\ ) < . "(
, A .
- . J » .
A J , -
. ) . .
\ “, !’ . . '
~ LY
™ “ t <. ,
Y ” Yl '
- ’ ! ; 4
. ‘ ~

1.

g




