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RESTRALCT

In a number of publications serious concern has been expressed sbout
the status of lechwe in the Kwando/Linyanti/Cnobe system. Concern
has aleo been expressed about the effects of possible water extraction
from the Okavango Delta on the habitat of lechee in the delta. This
study was motivated by this concern end was undertaken to provice
Information that would Tacilitate the conservation and mansgemsont

of lechwa ln Botswana.

Continuoua fiold work on the western edoe of thne Linyanti Swamp
bogan in Jenuary 1975 end ended in Pay 1977. Follow-up visits wers
mode in February/March and September,/October 1979.

Date were collected on the following: weriction in weter lsvels,
physiognomic and floristic charactaristics cof lechws habitst, sge
determination, food nabits, habitat use, dismtribution,condition, growth,
reproduction, non-social behaviour, social belaviour and organization
md population status.

From data collacted It wes concludad that, although there <as ne

ication of a drastic populztiun declins, the prevailing high water
lovels in the system wece causing a downward trend in the populstion
Ly pushing tha animals into poore:s gquality habitat. The decline in
the quality of the habitet availsble to the population was reflected
by high juvenils mortality and reduced facundity of young females.

On the baslie of the findingas of this study a strategy foi the conser—
vation and management of lochwe in the Linyenti Swwmp is proposed.
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1.

CHARTER 1
INTRODUCTION
1.1
BACKGROUND

Thers are two lechwe (Kobus leche) populations in Botswana, one in the
Dkavango Delta and one in the Kwando/Linyanti/Chobe system. This etudy
wae proposed by the Department of Wildlifma, National Parks and Touriam
becouse of concorn Tor the survival nf lechwe in the face of imperding
water extraction echemas in the Dkavange Delta (Ven Richter, pers. comm.®).
The threat of major developments in the Okavanga Delta has receded. at
least for the time being (United Matiors Development Programme, 1977) but
greve concern has boan exprossed ebout the status of the Chobe lechuz
population (Child & Von Richter, 19G3; Child, 1975; Sheppe & Haas, 1376).
In view of the improved progrosis of Okavaingo lechwe and the spparently
perilous situetion of the Chobe lechwe, it seemed appropriste toc change
the emphaslis of the study end to concentreie on the latter populatici.

Because the study wes done undecr the ausplcas of the Departeent of
Wildlife, National Parks and Tourism, its dssign wes influenced by the
nend to accommpdate the Departments prioritine. These oriorities
reaflect both the prevalling socio-pconomis conditions end the status of
wildlife conservation in Sotewena. To provido a context within which
the objectives of the etudy cen be evalusted; a briaf outline of
Botswana's environmental and socio-sconomic conditions and the status of

wildlife conservation will be presented.

1.1.1

Thes Environment of Botswana

Botswana extends from 14°5 to 27°5 and from 20°E to ZB6°E (Figure 1.1}.
The country is landlocked and has an area of 570 J00 square kilometres,
which 15 about the same as that of Kenya or France. Situsted in ihe
middle of the Southern African Platezu, it has a mean altitude of abrut
1 000 metres above sea level and is separated from the oceans by higher
pleteaux and mountain rances.

* Dr W. Von Richter, F.A.0. Wildlife Ecologist, P.0.Box 131, Gaborone,

Botswana.
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3.

Much of the country is coversed by & mantle of Kalahari sand and

has & flat and elmost featureless topography. The climste over most
aof the country is semi-arid end varies seasonally betwsen a hot, molist
pummar and 8 cool, dry wintar. HRainfell is erratic in time and space.
Parmanent surface weter occurs only in the north in the Dkavengo
Delta and in the Kwsndo/Linyanti/Chobe systes.

Soils in Botswana sre mostly poor (Child, 1971). The drier areas
support shrub and tree savenna. More heavily wooded eress occur in
the wetter eastarn and northeastern pert of the country (Wild &
Fernandes, 1967). The uvetlands of :he ncrth are dominated by swemp
granses and eedges and fringed by woodlsnd on ridges and islands of
higher ground. The diverse habitats of Botswara support a varied
and prolific fsuna (Smithers, 1964 and 1971; Jubb & Gaigher, 1971;
Bell-Cross. 1972).

Pristine patterns of large sammal distribution end stundanca began
to ba serioualy disruoted during the 1950's with the ersction of
vetarinary rordon feaces (Falconer, 197%), which intarfered with the
saasonal movementa of large liarbivores. New fences and expanding
human sotilement ara steadily increasing tne level of disruption.

1.2

Sozio-economic Conditions

The 1971 census eslimated the human populstion of Botswana at C30 OGO,
but it is growing repidly (Fosbrooke, 1971 and 1973) and is now ebout
80D 000 (Field, 1977). In sddition to population growth, there is
rapid economic growth, including a substantial expansion and commor-
clalization of the livestock inoustry (Centrel Statistics Office, 19¥6).
These factors have coambined to produce pressures on the iand in the
form of deteriorsting range conditions and mounting demandas for the
opening up to development of what are now pyrimarily wildlife areas.

During 1975 the Government responded to these preesures with the

snnouncwment of the Mational Policy on Tribel Grazing Lands. The

objectives of this policy are:

"(a) To make grazing control, better range menagement and increased
productivity posaible .....

(b) To safeguard the interests of those who own only & few cattle
or none at s11".



Tha primary moans by which these sims ars to be implemented is

through the zoning of all land intoe Commercial Farming Aress,

Communal Grazing Areas and Reserved Areas. It is only In the

Reserved Areas that provision is made for land uss practises other

than stock roleing, such as mining, cultivation or wildlife utilization.

Tha proceas of zening is currently underway and it has profound
implicationa for the future of wildlife in Botswana. It means that
the era of untouched wildernoss is over. It slso raans that where
it is sought to rassrve land for wildlife it will in future be
necessary to demonstrate that wildlife industrie= can bring economic
benafits to the non-stockholdess of the ares. In the latter regard
it ie highly significent that where attespts have been made to
documant the contribution of wildlife to the country's sconomy

(Ven Richter, 1970; Ven Rlchter & Butynsk!, 1574: Flsalna, 1976)

it has emargnd that it ie the utilizetion of wildlife through tredi-
Lional &nd ssfari hunting that has contributed most to the local
Bconony .

Contributions to tha cconomy by different wildlife-=related sctivites
are detalied {n Table 1.1 Selow.

Tha importence of utilization is further eaphasized by anather recent
estimate of the contribution of wildlife to the economy which wec
eade in the Rurel Incomas Distributior Survey (Central Statistics
Office, 1976). Thnls survey estimated that the utilization or

wildlife contributed & mean of 111 Pula ( one Puls is approximately
equal to one fland) tc 95% of rural houssholds. This ropresented 48%
of the intoma c? the poorest 107 of houssholds, 17,6% of the zedisn
household income snd 10,2% of the mean housohold incoan (75% of housa-
holde had incomes lower than the mean).

1-5.3

Wildlife ar Mana £

The conscrvation and management of wildlife in Botswana ie the respon-
sibility of the Department of Wildlife, Netional Parke and Tourism.

A systematic conservation policy end programmo were first introduced
in 1556 (Cempbell, 1973). Ouring the first phase of this programmg,
Kational Parks and Geme Aeserves totalling 60 D00 sguare kilomstros,
or 14% of the cuuntry (Figure 1.2), were established snd traditional
and saferi hunting wers organized along rational lines. Ouring



TABLE 1.1: INCOME FROM WILDLIFE-RELATED ACTIVITIES (after Fleming, 1976)

Aotivity Amount (Pula) % of total
A: Huntizg based

(1} Traditional hunting 1 212 000 32,3
(i) Trophies and curice 927 000 24,7
(i1i) Safari hunting 685 000 18,2

8: JTourism based

(L) Cetering for tourists 956 000 24,1
(i1} Departmentsl camps and

guides for tourists 28 00D 0,7

JOTALS: 3 758 0OO 100,0
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thias phase the emphasin was on praservation and leaw enforcement.

Bocauso of the socio=mconomic pressures described in the previocus
section, tha Oepartment ham been obliged to change its priorities.

The changes has been towards an emphasis en utilizetion. This has now
been clearly spelt cut in the kational Dovelopment Plan 1976-1981:

"The principles of sustained utilizestion and no-ordinated management,
rather than the narrower concepts of preservation and enforcesent, will
characterize Departmental policies in the future."

The algnificance of this change in priorities is that there are large
wildlife populotions outside the National Parks end Game Resorvas
whose survival will depend on the euccese of the utilization policy.
The Department seske to implement the policy of wutilization through
the concept of wildlifa managesent aresas. It f{s proposed that in
these oress wildlife managemcnt should be the primary land use, but
that other compatible lend uses should be talescatad. The Government
has sccepted this idee in principls but insists that its practical
visullity oust be demcnsirated befors the proclamation of mancjement
aress can be considered.

AXDNGMY
Anssll®s (1971) tsxonowic treaimsnt of the Order Artiodactyla vas

adopted for this ctudy. He recognized three subspeciss of Central
Africen lechwe:

Subcpacies Fregont dis*vibution
1. Red lochun, Upper drainages of Kafue, Zambezi

Kobus lechs leche Gray, 1850 and Lualsba rivers, Okavango Nelta and
Kwando/Linyanti/Chobe system.

2. Kafue lechwa, Fafue Flats only.

Kobus leche kafuensis g
Haltenorth, 1963

3. Black lechwa, Bangueulu basin only.
Xobus leche gu'themani
Lydekkar, 1900



The validity of a possible fourth subspecies, Kobus leche robertsii,
Rothschild, 1907, is uncertain (Ansell, 1971). This subspecies
spparently used to occur in Zambia, along the Luonge River in the
Kawambwa Diotrict, but none survive today. It may have been an inter-
mediate form betwsen the red snd the black lechwe (Ansell, pp. cit..
Grimsdell & Bell, 1975).

This study relates to Kobus leche loghe. An adequate description of
this subspecies ls provided by Darst and Dandelot (1970) (see alwo
Robarts, 1951).

Cther mesbers of the genus Kobus are the waterbuck (K. sllypsiprymnus),
the Nile lechwe (K. megaceros) , the Uganda kob (K. kob) and the puku
(K. vardoni).

Tha genus Kobus fi. Smith, 1540 is clessified as follows:
Crder Artiodectyla, Suborder Ruminantim, Infrasorder Pecora, Famlly
Bovidae, Subfamily Reduncinas, Genus Eobue,

1.3

EIETHIHIJTIH AND STATUS
Lechwe occur only in wetland areas and their distributicn reflects this

specialized nabitat requiresenti.

Original snd present distributicn, briefly sutlined below, ars csscribed
by Ansall (1971). Original distriiwtion wes: Botswana; from the
Bototl River and Lake Ngeml nortiwards: Ceprivi Strip, Kwando/Linyanti/
Chobe syatemj sastarn and southsastern Angola, parhaps aa Tar northeasc
as the Lueno/Cusnzs confiuence ares, approximstely 10°22'S, 16°30°E;
Zacbin in the upper Zembezi, Kafue, Chambeshi and Lucpula drainages and
FMweru Farshj southeastern Zaire in the upner reschez of the Luslaba and
Lufira rivers and thoir tributaries to sbout as fzr north ss DE®S.

Presant distribution is not well known in aither Angola or Taire. in
Botswana, because of reduction of habitat by desicestion, the spscies
no longer occurs south of ebout 20°5 (Smit»ers, 1971). Ansell (1971)
infera from Hanka (1969) that lschwe have been exterminated in several

areas in Zambias, although 1 am unable to draw the same inference from

the reference given, as Hanks makes no claim to have surveyed the whole
country.



Figure 1.3 shows the approximate distribution of K. leche in Zambia.
Figure 1.4 shows the present distribution of K. leche lechs in Botswana
and the Caprivi Strip.

Thare are no numericel data available on lechwe populations in Angola
and Zaire and nothing is known sbout trends in these populastions. Tha
numerical stetus of all known lechws populations in Zembia snd Botswana
hue been investigeted during the present decade. Dets published or
avallable are given in Toble 1.2.

Two of the populations studied have beon described ss either thrzatensd
or declining. Sayer and Van Lavieren (1975) predict that the Kafue '
Flats population will decline with thuy raised flood lsvel in the Flats
resulting from the lteshi-teshi and Kafue Gorge dems. Child (1375)
oxpresses ‘he opinion that the population in the Kwando/Linyanti/Choba
wystem is declining rapidly.

1.4

JHE PURPOSE Of THIS STUDY
The objectivea of this project were datormined primarily by tho date

neods of tha Department of Wildlifes, Natinnai Parks and Tourlswm with
regard to lechwe. !n view oi the apparent dacline of the Chobe lechwe
it was claar.y necessary to provide data on which steps to ensure the
conservation of this popuiation could bo based. Also, bocause of the
Departmont's cummitment to utilization, it war necessary to collact
data that would enable sustained utilizetion of the species to he plan—
od when the population's survivel had been assured. Thus the broad

wblectives of the study wore to provide data that would faczilitata Lie
conparvation and ultimat: utilization of lschee in Botewana.

Various writers (c,g. Gaist, 1971) have stressed thot copservation and
management of & species should be based on a know.odge of its total
biology, including beshavioural adaptations. For thie reason it was
decided not to study any single eepect in great detail or depth, but
rathar to try and gather data that would provide the basis for & genaral
description of the specics' ecology and behaviour.

Another fector influencing the planning of the etudy wes the availability
of data from other studies on lechus. A certain amount of information
on lachwe ecology was availsble from Zambia (e.g.Allen, 1963; Robinatte
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TABLE 1.2¢ LECHUE POPULATIONS IN ZANATA AND BOTSWANA

ESTIiMATE OF

SURSPECIES LOCATION NUMBERS SOURCE

E.l.loche Okavango 30 - 40 000 U.N.D.P. (1977}
K.1.leche Linyanti/Choba 10 - 15 000 This study

K.1.leche Busnge Plain 23000 Bell & Grimsdell (197:
K.l.kafumosia  Kefue Flate 2 90 000 Bull st sl., 1973

K.l.emithemani  Bongwaulu dssin = 20 000 Grimsdeil & Bell (197!
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& Child, 1964; Oe Vo & Dowsatt, 1866), but all these studies related

to subspecies other than the red lschwe and were rather limited in scope
and duration. Preliminary investigations on certain aspocts of the
ecology and behaviour of the red lschwe had been carriad out in Botswana,
Child & Von Richter (1959) and Lent (1969} but these studies wers again
limited in scope. It was concluded that all the findings reported in
tha literature needed to ba sugmented and it wes decided that date
collection sahouid eim at providing descriptions, guantitative where
posaible, of the following:

(a) lechws habitat, in terms of water regime and the physiognomic and
Tlcristic characteristics of the vegotation;
ﬁ%{h] habitat selection and food prefarancesj
*(c) grouth;
¥ {d) reprouuction;
¥ (e) conditien;
(f) population parsmeters anc population dynamics;
(g) ron—sociel behaviour;

(h) social organizetion and behaviour.

fror several roarons it vas not practical to work im the Chobe Mational
Park on the secticn of the Chobs population that wes studied by Child
and Von Richter (1969), This may weil hava been an sdvaniage as the
Choboa population is migratcry and probslly aul ject to considerable

human disturuance.

An alternative study srea was located on thc Kwando, or wastern eide of

of tha Llnyanti Swamp. The next chapter describes this area.

Continuoue fieldwork began in January 197F and ended in May 1977.
Follow up visits to the study ares were made in February/March (thres
weeka) and Sepismber/Octubar 1979 (two weeks).
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CHAPTER 2
STUDY AREA
2:1
INTRODUCTION

During this study some dates ware collected wver m fairly large area,
referred to as the general study ares, while other detes were collccted

in uw emall, selected area, referred to as the intensive study area.

The goneral study erea included that pert of the west bank of theo Ewando
River which is in Botswana, the wostern edge o the Linyanti Swamp and
the sastern edge of the swamp, ss fer a8 aboui 60 kilomstires northeast
of the Savuii Channel (Fioure 2.1). Uver thius area tha following types
cf data collecticn were mede:

serisl counts;

ground counte; to ecteblish the aex and age etructure of the populationg
collection of shot uample;

miscellsnsous oheervetions on distribution and behaviourj

generel obeervations on vegetatiun and flood regime.

The intensive study area wac about eix squaers kilometres in area end
centered on 18°22'S and 23932'C. In this area data were collected
on the following:

ercial orgonization and behevicury

non=gocial behaviourj

hablitat utilization;

structure and composition of flrodplein vegetation

flood regime.

The following study srea description refers, for the mosi part, to both
the general and the intensive study areas. UWherr the vegetation, soils
and flood regime of the intensive study ares are specifically described,
thie is made clear in tha Llaxt.
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2.2

TOPOCRAPHY

The study area lies at an elevetion of about 1 000 metrea above seo
level and is characterized by the extreme flatness of the topography.
here the Kwando enters Botswama in the north there is & celcrete ridge
with an eltitude of perhaps 50 metres. Apart from this, the only relisf

festures are drainage lines and low sand ridgas.

2.3

GEGLOGY AND GEDMDRPHOLOGY
The study eres lies within the Kalaliar{ sand-covered plair of the Tertiar

system. The sands are wind- and watar-borne end vary in thickness from
30-360 metres, with & maximum thickness of perhepe 1,5 kilometres in the
Ceprivi Strip (Reeves, 1971). The oldar geologicel formetlons srs almost
completely maskerd by thoee sand doposits. Indirect geophysical methods
and limited bedrock exposurcs have enabled investigators to meke inferance
abeut the hardrock geolony of thn;. region. 0On this basis Hutchins et 21.,
(1976) suggest thet Karroo sedimants underiis tho study area.

1t is posaible that Faulting elong = northsesterly axie geve rise to
the Linyenti Swamp. The weter of thm swemp sppears to back up against
the extension df the GogmAre fault which forms the southeastern edge of
the spuemp. At present northeastern Botswena ia wxperiencing seismic
activity (Resves, 1972) and it has been suggected (Scholz gt =l., %975)
that the trend of this activity and of existing feulte may mark an
incipient arm of the £mst Africen Rift system. Unlike the situationm in
the Dkevango Delta, there is no evidenne that this seismic activity is
influencing the hydrology of tha Linyantl Swamp.

2.4

SOILS

Soils in the study srea sre predominantly Kalaheri sands, re-sortod by

alluvirl sction. These sande are fine-greined and uniform. Studies as
far apart as the Okovengo region (lLnited Nations Develepment Programme,
1977) end wostern Zembia (Verboom i Bunt, 1970) have found very sim’lar



distributions of grain siza. In the Okavango, madian grain size ia
sbout 0,25 millimetre (United Nations Development Programme, 1977).
Clay centent is genarally low so that although porosity is high, water
-retention tends to be low. In general, structure is poorly develoged
and Fertiiity low.

Of particular interest in terms of lechws habitat are floodplain soils.
Theza ere ¢Ff riverine alluwial origin and in the study area appear to
conform io the Molapo Series of Siderius (1972). 1his series develops
whare seasonel flooding occurs. Ite texture varies from sandy clay
loam to sendy clay anc drainage is poor. 1t hams & Melanic A horiczon,
overlying a gley horizon, whi=n divelops as a result of periodic inun-
dation. Focxets of halomorphic ecil occcur within this floodplein type.
These are charectorized by a surfece depoeit of salt and often support
unifora grass cover of Sporobolus specice.

Within tne intensive ctudy ores soli sssples were collescted along &
gradient of incruesing dryness/decreasing solsture and from halomorphic
pockets. Tables 2.1 and 2.2 give the results of enclysos of these
semples. In zona 3 soils sre persanently molst and often ilooded; in
zone 4 solls sro flooded 3-6 wonths in sost yeara; in zone 5 solls are
flooded for less than 3 months ond often ot st all. The results in
Tabla 2.1 indicate that slong the gradient of increasing diynesa solls
become more acidic bocause of leaching, and poorsr in exchangeable
cations.

2.5

RAPY
Tha Kwando River rises on the central Argolaon platesu, flows through
the Caprivi Strip and erters Botsvana at 18°10'S and 23°20'E. It
maandors in o southsasterly direction along the Caprivi/Botswana border
for eabout 25 kilometres before entering the Linyanti Swamp, the main
body of which has tha shape of an invarted trisngle with s bawe of about
50 kilomol-es and m haight of approximately 35 kilometres. The Kuendo
continues as o clearly discernible channel which flows along the western
esdge of the swamp until it resches the sxtonsion of the Gomare fault
roferied to in section 2.3. Here the channel makes & right angle and



TABLE 2.1t FROM INTENSIVE § AREA
Eloct. Cond. | Potassiua Sodium
Soil pH mmhos/cm ma % me %
1
Halomorphic 8,1 2,8 5,2 16,0
9,4 3,6 7,4 18,0
Zone 3 a,n 3,6 2,4 7.0
a,6 0,92 3,4 10,0
1
Zona 4 7,2 0,085 0,28 0,6
T.: ﬂ;"u n|!" nr.
Zong 5 5,6 0,06 1 D08 D05
6,4 0,07 0,14 0,20
AGLE 2.2:1 ANALYS SA
Godium | Potassiue | Chlorine [ e, HED 50, Sand
[
[]
a6% ax 2% i 11 w08 | 7% a%

18.
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flows to tha northeasst.

The point where the channel chonges direction forms ths epax of the

swamp. At this point there are several loke-like bodies of open water.
Also at this point the Selinds Spillway flows inte the system from the
Okavango Delta and the Savuti Channel flows out of the system to terminate
in the Savuti Marsh of the Fababe Depressiom. MNelther the input of the
Gelinda Spillway, which flows only in years of high flood in the

Okavango, nor the outflow elong the Sevuti Chaennel havo been measuiad.

Aftor turning to tha northeaast tha channel continues in that direcution
along the southeastern edge of the swamp. This edge of the triangle im
gbout 40 kilometres long and extends out of the main body of the swamp
g8 en erm of swemp suout 10 kilometres wide which continues into the
vicinity of Lake Liambezi. The channel Flows slong this arm of swamn
intn the lake. The river that emerges from the lake ia lknown ae the
Chobe and it flows northsast through a relatively narrow Tloodplein

until it joins tho Zembszi near Kesano.

During this study the level uf tha swaup wes monitercd by meana of a
gauge posi in the main channel in the intensive study aroa. Gauging

date are prosanted in Figurs 2.2, This figure illustrates two important
imnortant aspects of the Flocd repime. Firstly, changee in the flucd
lavel are slight, lees than 10 centimetres over tha entire tws year
period. This is probably due tu the fact that fiood woters spread cver

a large area. It is somewhat mislsading in the ssnee that small changec
in level have important consegquencce. O0On four ocecasions (July 5975,
March 1976, Auguat 1976, Farch 1277) a rise in the water level of be=
twsen 3-5 centimetres resvlited in the inundation of 2ll sesscnally

flopded arcas.

The second noteworthy feature of the floou reuime thet is iilustrater

by Figure 2.2 is that thers are two annual psaks in ths level of the
ewamp. Between June snd August a peek is rescled as flood waters from
rainfell in the Angolan highlands errive. This peak subsices relatively
slowly. Between Februsry snd April & peak occurs ss a result of local

rainfall. This peak subeides relatively rapidly.

The occurrence of a June/August peak is partly corroberatad by Curson

(1947), who reports & pesk in June in the eastern Caprivi.
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It was established by exemining eeriel photographs from 1925, 1944, 1962,
1974 and 1977 and esatellite images From 1972, 1975 and 1976 that in
addition to fluctuations in weter levels within the year, thera ere
differances in flood regime between the years. Thers sppear to be

high snd low flood cyeclas. It was found, for example, that areas wihich
ware dry during 1962 and 1972 were flooded for =1l or part of 1975, 1976
and 1977. Ouring 1978 flood levels were the highest that have sver

been recorded (P.A.Smith, pers. comm.*), The flood cegime thus sppeacs
to have been in a high eyele during the study peried. From the aezcial
phologrephs it appeared that high and low cycles affected the extent of
the eeasunally flooded zreas and tho seni-parennial swamp but not the

pxtont of the perennial swamp.

On ell estellite images a boundary cen be wsen esbout 5 kilometres west
of the existing adge of the swamp. It is poseible that this boundary
snca Termed the edoe of the swuamp and that tha swemp hes diainished in
aize since thet time.

2.6

CLIMATE

For purposes of this dtudy three Soasone wers recoynizadi

{1} the reine: thz pericd during which rain occurs, ganarally from
Nuvember/Decamber to March/April;

(1i) the cool, dry secsoii: the period whan temparatures ere lower and
little or no rein occurs, ganerally May to August;

(iii) the hot, dry seeson: the period with high temperatures and no
rain, generally September to November,December.

No climatic data are aveilable for thc study erea, btut the salient
foatures cf the uvlimate can ba illustrated with data from meteorological
stations within the reolon.

2.6.1

pmparature and Insolstion

Figures 2.3 and 2.4 show seaponal trends in mean monthly maximum and
minimuem temparatures recr~ded over a period of 48 years at Maun and over
a perlod of 16 years at Shakaws. Figure 2.5 presents temperatucy data

given by Curson (1947) for one year in the smstern Caprivi. A similar
gaasonal trend is evident.

* p,A.Smith, Agriculturel Ressarch Offfzer, P.0.Box 107, Mauvn, Botswana.
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Dats are svaeilable from Maun on radistion end the mean daily houre of
sunshine per menth. Mesn daily incoming redistion is 2076 joules/
ce’ /day (SWECO, 1976). OData on mean hours of sunshine per day are
presented in Figure 2.6, from which ecasonal trends can be readily

cbeerved.

2.6,2

Humidity

Figure 2.7 illustrates seasonal variation inm relative humidity. It can
be ssan from the figure that reletive humidity never approachas
saturation levels.

2.6,3

Rainfall

Pike (1971) places the ctudy area betweon tha £00 millimstre and 700
millimetre ischyets. Rainfell figuree given by Curson (|947) for ona
yuar in the sastarn Caprivi (Figura 2.8) are consistent with thic
astimate, which is compatible also witn figures from the nearevet meteor-
tlonicel stations (Table 2.3), having cagaid to the sxistesnce of a

gradient of increasing rainfell slong & northeasterly exis.

92,5% of reinfell precipitalas between November end March. The dry

seznon variee Iin length fiom Z2=8 monthe, with & mean of 4;3 ai Kasanc
(Sommerlatte, 1976). Seascnal distribution of reinfall is illustrated

by data Trom Shekawe, set out in Table 2.4. The ranges glven in Table

2.4 show the greet variability in rainfall. This veriasbility is

raflected slso in the range of totsl annual rainfall., At Kasanc the range
i from 340-1400 millimetres. At Maun 245 millimetrue weras recnrded
during the 1972/1973 rainy season while duting the 1573%5/1974 season
rainfall wea %195 miilimeires, the highaet ever recorded at this sntation.

2.6.4

Dther Climstic Factors

Evaporetion exceeds rainfall for most of the year, es illustrated by
Figure 2.9. The high evaporation, varisbility of reinfall and high
temperatures make for o much less favourable environment for plant
growth thean the mean annusi rainfall figurns indicata.

Dew and mist occurred occasionally during the cool, dry seasson but
naver on more then a few nights or early mocnings. Frost wan never

observed in the study area end tho lowsst tempersture recorded during
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TAEL; g,g: RAINFALL AT STATIONS NEAREST TO GEMERAL STUDY AREA
Alr Mean

distanca annual Rainfall Rainfall Rainfall
from rainfall 1974/75 1975/76 1576/77
Place camp (mm) {mm) {mm) {mm )
A LN 175 km 477,5 605,2 387 .5 505,7
SHAKAWE 175 km 577,2 434,9 473,7 606,5
KASANE 190 km T07 783,5 THd, 6 T44,6




TABLE 2.4: MEAN MONTHLY RATNFALL AT SHAKAME (SWECD, 1976)

Mean Mo. of days
Month rainfall (wm) Renge with rain
January 134,.8 53,7 = 352,48 15
rlhmrr 137,0 12,4 = 292,1 12
hl!‘ﬂh 79,4 5,0 = 185,7 10
April 35,7 0 - 134,3 4
Fay 2,7 0D - 17,8 1
Juno 0,7 0 - 11,3 | o
July 01 0 - 24,0 0
lnuqu-t. 0,2 0 - 2,3 o
Flptﬂhll 3,68 0 = 359 1
Detober 13,6 0 - 66,5 3
(Novamber 66,4 0 = 294,56 ]
Pzcombor 101,6 29,2 = 29,0 1

27.
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thies study was 5 Celsiua.

Tha prevailing winds were southesstsrly, sasterly and northeastarly.
Strong winds occurred most froguently during August and Saptembar.

2.7

VECETATION
Apart froa plant collectiona by P.A.Smith (pere. comm.®) no Piloldwork

has boan done en the vegatation of the Kwando area. The present stuay
was comhcernad with the ecology of tho lechwe nnd attention wes veLsssarily
directud to those plant communities which are of Importsnce to this
species. The number of communitiecs sctively used by lechwe is limited
but, for the eeke of complolensss, a briesf cutline of the wvegetation

of thiz arda will be given bafrre lechwe habitat ies described.

2.7:1

Broad Veoetation Typoes

On the besis of vater regiss the aream con be broadly divided into sgustic,
transitional, riperien and dry-land vegotation types. These brved

typos are mede wp of a moseic of different vomnunities. Those moat
widaly cbeerved within esch vegetation type Lin tlin study arc listed
balow.

Agualloc vegetetion types {Ia;rguly aftear United Nations Devalopment
Programma, 1977)

Dpen channel fringe: these fringes may be up to 10 matres wide «nd are

usuaily dominotec by [yperun pepyrus, although also in some places

Phragmites spn.

Vagatated chann>l: thess ate essentially beckustore eand support s wide

variety of rooted, floaling and emergent vegetation. Common specios

liclude Hywphoos epp., Potasgoaton eop. and Utrivularis spp.

Lediba: this is & lake=liks body of open water, varying in size from

less than one hactare to several hundred hectares. Open water vegeta—

tlon, whers it oceurs, is similar to that found in vegetated channels,

fringe speclien are simllar to those along the channel fringes.

Islanda: highar and drier lalands sup~act treea; Phosr.ix ep.

end Syzgium ep. dominate small islands, while larger islands support,

in additicn,speciss such se Dicepyres mespiliformis, Garcinis Mvingstonsi,
Lonchocarpus capasss and Acacis nigrescens. The lower, wetter islands

* P . A.Smith. Aoricultuical FPesasasrch O0FFicaers B .0 . Boaw 1007 Moo BeE ok s



are grass coverod, common species including Panicum repens, Cynadon
dactylon, Sporobolus spicatus and Ersprostis inamoena. Islands are
strictly speaking riperian communities but they are described here
because they form part of the aquatic moseic.

Perennial swamp: these communities sre psrmanently inundated and,
depending on water depth end veziation in water depth, may be dominated
by Cyperus popyrus, Phragmitos sp. or Miscanthidium sp.

Semi-persnnial swamp: these communitiess are liable to doying put
temporarily in years of low flood. Thay are dominaied by apecies such

as Cyperun articulatus, Mymphaes =p., Potamogeton ep., Dryze longistami-
nata snd other aquatic grassos.

Teansitional vegetation types
Swamp marnins: these are flooded to & decth of 20-30 centimetres during
high flood and wery in width from 10 metres to hundrods of meires.

Panicum ropena is the dominant plant in Lhese cimmunities.

Low flupdplain: thie community is Fleooded tor 3-8 months annually
depending on the flood cycle. It ias dominated by grass species such as
Cynodon dactylon, Eragrostiis spp., Setacla epp.

High floodplein: this community ls flooded for ebout three months of tha
yaar but not at all durlng low flcod cycles. It lo dominated by grass

sepeclics such es Cymbopogon excaveius, imperator cylindries, Eregqrostis
opp., and Arietida spp.

Finsrisn vegatation typme

These occur in a great variety of combipations along the wdges of swamps
and flocdplains and on ielands in the swamps and floodplaina. Trees are
tha deminent plants and common epocive Include Acaris nigreocens, Acacia
luwderitzii, Diospyros mespiliformie, Lonchocarpus cepssss, Gzrcinia
Alvingstonel, Kigelis africans, Combretum imherbe, Croton megelobotrys,
Ficus sycomorus, Sclerocarys birres, Albizis versicolar, Hyphsens sp. and
Phoanix en. Common shribs include Dlospyres lycioides, Euclea divinorum
and Grewis spp.

Dryland vegatation tvpes
Acacin dland: this comsunity occurs s&s open and closed woodland

dominated by fcacis species ond usually having a good grrund cover.
Common species include Acacis erioloba, A. hebeclada, A. tortilis end

A, fleckii. Other specles are Dichrostachys cinerea, Lonchoca nelsii,
Iizyphus mucronota and Grewis spp.
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TJerminslia sericea wondland: this community encompessss open and closed

woodland and shrubland with good ground cover and dominated by 1. sericea.
It occurs on sendy enila.

Mopene woodland end shrubland: this community ususlly occurs on clay-
pan solls, and has & high density of woody plants domipated by

Colophospermum mopans and has loss ground cover then other woodland

communitiea,

Mixed woodland: is a complex of the abcve three types.
Grassland: occure in aress thatbt are watorlouced during the rains.

Epaciss composition is highly vorisble.

2.T:2

Lechwe Yahitat

Within tha intensive etudy mArea an effort wae nede to describe lechue
hebitet in more oubjective and gquentitative terms. All grasses and

sodge® encountered in this ervee were callentod and sent for identifice-
tion ta the Mational Herbarium, Salishury. The more common dicoiyledonous
plents were aleo collected for identification. A systomatic list of the
planty collested 16 given in tho Appendiu.

CGn the bapis of water regime Flve rones weio recognizod. In zones i=5
ten cf the trensects designed by Walker (1976) were run in earh zone.
No trnnsocts were run in zone | bacauiss of the physical difriculty

of doing so end the presencu of hippo (Hipponctzmue smphibiua) and
crocodile (Crocodylus niloticus). ‘he starting pouint of each irensect
wais rendomly located.

In sdditinn to the Walker trensects, »0 of ths transscts dosigned by
Riray (1963) were run in the inteneivs gtudy area and = furtbor 20 of
these trunascts were run in eress cutsids the intensive study ares, far
comparative purposes. The Riney trunsects were subjfsctively iocated
within sach rona.

Data relating toe the physiognomy and status of the vegatation in the
various zones are presanted in Tebles 2.5 and 2.6. The flood regime end
vepetation of each zone are describzsd below. Brief comments are also
made on the uee of sach zone by lechwe, but the main discussion

of habitat utilizatien will be found in Chapter Four.



TABLE 2,5: DATA FROM TRANSECTS IN DIFFERENT VEGETATION ZONES

(after Walker, 157G)

Vegetation

zong 2 3 4 5
Cover/abundance 25,8% 35,1% 54,9% 70,6%
Maximum plant 1.8 m

height Bbove water 0,191 m 1,400 m 1, TC0 m
Moribund grass - 6,9% 16, 6% “3,9%
Proportlon off

farba 2,9% 0,04% 2,1% 1,2%
Litter - 5,3% 5,0% 7,4%
Froportion

grazed 1,0% 29,6% 7,0% 1.1%




TABLE 2.6: RESULTS OF TRANSECTS IN DIFFERENT VEGETATION ZONES (efter Riney, 1963)

7 Grasa Treg’
No. of Ground Litter Crass Hazight Shrub Tree/Shrub Overall

Ione Area Transects ¥ Strikes % Strikes £ Strikes (m} X Strikes Height (m) trend
Intensive

3 etudy area T 3 20 43 0,062 0,2 0,50 atable
Ganeral

3 study area 9 26 23 53 0,062 c,3 0,537 stable

3 Combinnd 16 uz 21 1] 0,062 0,3 0,269 stable
Intensive

4 study eres g 24 2e ag 0,416 1,1 0,30 atable
Lenerol

a study ¢rea 5 6 25 69 0,444 0,4 0,375 atebla

é Combined 14 5 27 1] 0,430 0,8 0,338 atable
Intensive

5 study area 3 28 LN =1 0,705 2y2 0,20 declining
Ganeral

= etudy srea 7 4 24 79 0,898 0,6 0,248 stable

=1 Combined 12 16 2z 61 0;76% 148 0,224 slightly

deown

"EE



Zone 1: is equivalent to the perennial swamp in 2.7.1. It was
permanently lnundated and water depth was up to two metres. In tha
study arpa it was dominated by Phrpgmites sp. Lechws used it s oscape
cover and in transit.

Zone 21 is equivalent to the seni-persnnial swasp in 2.7.1. It was
inundated throughout tha study period but aerial photegraphs clearly
showed that much of this zone dried out Zuring July 1962 mid December
1974, UWater depth seldor oxceedod 11,5 metres. The most important
species of this zone are listad in Table 2.7. Lochwe did & limited
amount of Ffending in this zone and also used it as wecaepe cover.

Uithin zune 1 thare cccur islands whirh are huavily used by lechue for
fooding, resting end seclusion of weocnstes. Most of the islands in the
intenaive study arsa wars hesvily wooded. [sleands visited in other parcks
of the swemp wore gress coverad, the most common spocise baling Panicum

Iepens, Sporoholus splcatus, Cynodon doctylon end Exegrostip inasnens.

Within zone 2 there aro siasller fslands and almu numerous termitaria.
Yithin th= intensive study aloa most tormiterim vere wmasll and covered

with grass, cuvmsonly Panicum repens at water level end Cynodon dactylon
sbove the water level. 35lightly larger termitaries eupport shrubs such

Achyranthes acpara snd Commlcarous afrizenus, which wera heavily
browsed by eitatunga (Trenalmphua spakei) and pechepe by lochue as wcll.
Large termitario support trees, commonly Lunchorarous copasoa, Agacia
niurescens sng Acazis eriolgba.

Zons 33 is squivalent to the swamp margine in 2.7.1. It iw never
daeply floodad but ite scll remalne permanently moist. Ite width varies
greatly depending on bees levels. Important species in thia zons are
listed in Table 2.8. This zone wam vory heesvily used by lechw= for a
wide reng= of cstivitiegs.

Zong 4: is equivzlent to iaw flocdplaine in 2.7.1. It ie flooded for
3-8 months of the year, depending on the flood cycle. Uster depth
seldom wxcoeds one matre. The most lwportant mpecies of this zone are
listed in Table 2.9, Lechwo made use of this zons to ve.ying degrses,
males more so “han fewales.
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JAGLE 2,71 P OMPOSIT] RCE CONTR
BIOMASS (aftor Walker, 1976)
e % Contri-
bpeclesn bution Grees Sedga Dicot.
Cyperua
srticulatus 51,3 X
Nymphass
|cancules 16,8 X
|[Patamogeton
thunbaroil 15,0 X
Pycres
flavescans 6,9 X
Panjcum repons 5.1 X
Dzyzn
Jonqistasinate 1,9 X
Scirpus wninodus 1,3 L
|Secclolopis
typhure 1.1
grus denudatus
ver. donudatus 0.4 X
Rih e
holoschoanoidea 0,2 S
Paspalidiue
platyrrhachis 0,1 X




A N NE 3; SPECIES COMPOSITION RCENTAGE CO 1BUT
BIOMASS (ofter Walker, 1976)
% Contri- Rush/
Speclaes bution Gressa Sedga Dicot.
Panicum repens 62,2 X
Sci
uniragbus 14,0 X
\Eypetus
denviatus B;4 X
Sporabolua
spicatus 6,8 K
Cynodon dectylon 4,5 X
Juncus rigidus 1;8 4
Mariscus
SQUAFTOBUS 1,5 L3
Fycraun
flavescons 1,3 X
|Eragrostis
Anamoana 1,2 X
Vetiveria
nigritans 0,1 X
Fuirena umballeta 01 X
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TABLE 2.9: ZONE 4, SPECIES COMFOSITION, PERCENTAGE CONTRIBUTION TO

BIOMASS (after Halker, 1976)

% Contri-
Specles bution Grass Sedge Dicot.
Eregrostis lappula 35,2 X
Setaris anceps 16,2 x
Erogrostls trichophora 14,9 X
Cynodon guctylon 6,5 X
Paspalum orhiculars 5,2 %
Irachypogen spicatus 4,2 X
Aristida pilusri 346 X
Banicuym repans 2,3 X
Fulrena umbellata 1,7 "
Nicolanin op. 1,6 A
Banicun drequanun 1,8 2
Cyporun Longus 1 x
Lyperue denudatus 1,u X
Cyporus articulotuy 1,0 X
Eymbupogun excnyatus 1.0 4
Erngrostis inamoenn 0,9 X
dorghestrum frienii 0,8 X
Hallotropiun
pvalifolivs 0,6 K
Eiapristylio ep. 0,5 X
Indigofers sstragalina 0,2 X

Fimbristylis ferrugines 0.1 X
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Zons 5t is eguivelent to high floodplain in 2.7.1. It ie flooded for
leas than three montha of ths year in normal years and not at all in
years of low flood, The most important species of this zone are listed
in Teble 2.10.

Comparison of Tables 2.7 to 2.%0 shous striking differences betwesn the
wotter and drier areas in the reolative contributions to plant biomass
by grassesa, ssuges and dicotyledonnus plants. These diffarences are
shown graphically in Flgure 2.10.

2.7.3

Dynmaics

Short and long term fluctuystione in {lood regime wore documented in
2.5 abova. It is likely that thaec fluctuations, together with the
varisbility of reinfall, have en offect on the vegetation through their
influenco on soil moisture.

It weas poscible to detent sowe short-term changes by subjective
gbscrvations. At tha snd =F the rains gresoes In zones 4 and © dried
of f repidiy. With the coaming of tha floods in the coel, dry sesson

the emount of herbage availshie in rones 3 and 4 wee reduced by the
raised water lovels. The ovarsll affect was that in tho drior areas
the quality of tha vecstation declined, while in the wvotter arsas the
quantily of avallalle forage was raduced. It is likely that by the end
of tha dry sosson these changes result in & parjod of nutritional stress
for lochus.

An attea;zt wes made to wonitor foraow nuality in zones 3, & and 5.

Crace clippings ware made in omch zona in mach season. These clippings
were air-dried and later enalysed for spparent crude protein content.
The reculis of the analyses are presanted in Table 2.%1. Thes= results
go someé way towsrds ronlirming the sublective observations presented
hare, but the mreber of replicates is small and the results for the

hot, dry season ors eomswhat ancmslous. This is partly cus to the fact
that some light rain fell during the ssason vhen the clippings were made
end thie may have improved conuitions for plant growth.

Tha overall mesns for eech zone ere rignificantly different end this
may bo ons of the Tactors influencing hsbitat selection (Chapter B).



1A 2.10: ZOME 5, SPECIES COMPOSITION RCENTACE CONTRIBUTION TO

BIDMASS (after Welker, 1976)

% Contri-

Species bution Grass Sedge Dicot.
Cymboponon sxcavntus 29,3 X
Imparatar cylindrica 12,2 X
Ersgrostis lappula 11:1 X
Trachypogon spicatus 10,0 X
Aristids pilgari 5,7 X
Brachisria durs 4,2 X
Hyperthelis disscluta 4,2 ¥
Pogonarthiin =guarrosa b s X
Schizechyrium jaffroysii 3,0 X
Ersgrostis paliens 2,€ X
Ariotida congestn 2,4 A
Eragrostis trichophora 2,3 X
Sstaria sphacelpts 2,1 X
Llionurus argentsuc 2,1 X
Sorghnstrue friesii 1,8 X
Panicum drageanum 1,0 X
Setazin snceps 2,6 x

nchelytris ropons 0,6 X
Irichoveurs grendiglials 0,5 X

onkt hloldea 0,4 X

Bragchisris humidicola 0,2 X
Aristida peridionalis 0,2 X
Sporobulun ioclados 0.1 A
Lyper'yy, donudatus 0,1 X
Ehyls nodiflora 0,1 X
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Elgure 7.10: Parcentage coniribution to biomuse
of grasses, sedges/rushes and
dicotyledonous plants in the vegetatior
zores of the intensive study area.



TABLE 2.19: SEASONAL VARIATION IW APPARENT CRUDE PROTEIN PERCENTAGE

OF FLODDPLATN GRASSES

Mean %

ciuda Humber of
Season Zona protein 95% C.1. replicates
Raina 3 5,2 .0 ~ 5;ik 19
Reins 4 a1 3,9 = 4,3 26
Rains 5 3,3 3,2 = 3,4 26
Cool, dry 3 4,5 4,2 = 4,8 16
Cool, dry L] 3,9 3,6 - 4,2 16
Ceoal, dey L] 25 26 3;2 15
Hot, dry 3 5,2 4.9 = 5.8 12
Hot, dry .1 ue B J.d 3.9 12
Hot, dry & 3,5 3,1 = 3,9 11
Total 3 5,0 4,7 = 5,3 50
Total [ 3,9 3,6 = 4,2 54
Totzl 5 5,2 3,1 - 3,4 51
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Longer ters vegetation chenges, in terms of floristice and physiognomy,
may be inferred from the long term flood cycles which are clear from
asrial photographs, satellite imagos and such fleld eigns as the
presence of termitaris in areas that ore now flooded.

Puring high flood cyclos transitional types will evolve towsrds aguatic
communities. This trond wams cleerly observed during the present study.
Areas that wore bare ground in January 1975 were flooded during March
1975 = and by March 1979 had svolved from opsn walsr to dense stands

of Cyperus erticulatus with patcres of Jypha op. beginning to anpear.

During low flood cycles trensitional types will ovolve towards terrestrisl
a8 opooacd to Plood plein communitiss. Helther extresa favours lschee
and it sesma likaly that these changes influence tho population ecology
of lechws on the Keando by altering the cacunt of favwourable habitat

that is aveilsblc to them.

2.0

LARGE_MAMMRL STATUS

The Teuna of the study arsa is varied snd prolific. (ver 50 mammal
species were encountered. Clephant (Loxudonta sfricana), black rhino
(Diceros bicornis), hippo, zebrs (Louus burchelili) ana 17 bovid species,
rancing from gemsbok (Oryx gezeila) to sitstunga, contribute tha bulk
of the biosass. !o data on Lthe status or trend of populations ors
svailable. The Order Carnivora is represented by lion (Pantiora leoc),
leopard (fanthara pardus), cheetah (Aginonyx jubatus), spotted hyena
(Crocuta crocuta), wilddog (Lycaon plctus), blackbscked Jecks) (Canis

meacmelas), sioe-striped jeckal (Canis sdustus) and numerous cesller
pradators.

Z.9

LAND USE HISTORY

P.A.Smith (pere. comm.*) reports that until the 1930's tis wost bank of
sf the Kwando was inhabitated by Bushmen and Bayel people. During the
late 1930's these people ware spparently moved inte th. Castern Caprivi
becavas of the prevalence of sleeping sickness. The ares has since been
uninhabited and few obvious signs of habitation resain.

* P.A.Smith, Agricultural Aessarch Officer, P.0.Box 107, Maun, Botswana.



The area is st present used only for safari hunting. This activity
hes little influence on animal nusbers but it does affact behaviour.
Animala are noticeably more wary of vehicles and people than they ere
in protected aroas. The wvidespread burning that is practised by
hunters to improve wisibility and mobement through tha bush probably
affocte the vegetation, but this is difficult to assess in tha absence
of base line data.



C ER

AGE DETERMINATION

3.1
INTRODUCT1CN
3.1.1

Aeyiew of Importance and Methedology of Age Deturmination

Age deturmination is a sine gua non "or studying the populstion ecology
of large mammals. Because an insight into the population scolony of a
speciet 1s sssentisl for its conservation and manapoment, tha ispartance
of a methodology of age determination is remifest, This importance is
roflected in the coplous 1ljteraturs on the subject, but, unfortunately,
it is #till true to say thai "no wholly reliable wathod for Africen
sammolz has yat been deamunstreted " (Spinags, 1973).

The brosd sutject of ege datermination hae bacn reviewsd by Morris (1972)
and Spinage (1973). Theore would see= to be ro purposu in embarking on

a dotailed reretition of these rovimes. In order to provido s background
for tha soct!on below on tha selewstlon of mathoda, the relovant
available tochnigues and their mesite and demerits will be cutlined,

The outline follrws Morris' review end is preceded by & few ganeral
introductory cemarka.

Two maprcts of relovenus to ell methode of age dotermination are the
deslrability of having access to known-age wmatarial and the problam of
individual variability. Known-age materiul id essential for calibretion,
no matter what technigue is used. Individual wvariability introduces an
inevitable and, in wild populations, usually measursble margin of error.

Morein (1972) dividen tha svailsbie technigues inte two broad catogories:
mothods of determining relstive mge and methods of determining absnlute
age. Tha former is & comparative procics, the age of one animal

being osoessed in relation to the stste of development of snother.

Where age noeds to be determined in tarms of years and msunths, it cen

be assessad only by comparirg one sgecimen with another of known age or
roloting some kind of messurement to a growth curve or regression line
proviously preparsd from known-sge matsrial. Individusl variability

may oeriovely impair the relisbility cf these cosparisons, particularly
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with plder enimals. Methods of determining ebsolute age allow the age
of en snimal to be expressad in precise units of time, usually years
with larger animals. These methods ara based mostly on the counting of
incromental lines, In teeth or bongs, which reflect changes in the rates
of phyeiclogical processes.

(a) Mathods of Determining Aelative Age
(1) Age determination basad on incrosse in size

Body masst mass is quickly and casily determined except with very large
animals. But the valua of the method Is limited becavse of tha over-
lapping betweon sge classes once ‘he asymptotic mass is reacheod and
becsuss fecturs ather thon ege have a marked influsnce on mass.

Linsar dimensions: linear msasursments ara easily made but they are
varisble In sccurecy hecause of tha extensibility of muscles and soft
parts. Fucthar, as with mass, once asymptotic dimensicns aro reoched,
overlapping betwesn age classes occurs.

Ory welghts of eoye lgnass: dry weights of lenses have bos. succeas-
fulle used %o determine ths ages of mediumn—sized animals, for cxample

robbits. With larger snimals it hes been found that there is conaider-
sble overlepping botwsen adull age ciasses (Chiid et al., 1965;
RAsutenbach, 1971; Sauts, 1974; Howells & H=znks, 1975).

(11) Age detorminet ssed on ntructural degrecation

logth waar: tuoth wear has been widely used as a means of ege detocomin-
stien, but It har been shown to be wubject to largs margins of error
(e.g.Szabik, 1973), The rete of tooth woar is affected by diet and the
hardnass of tha testh, leading to individuai and rogional differences
in the rate of wear. Subjoctive ostimates of wear may produce highly
varisble reoults (Keios, 1969). Several workers have used measuroments
on taeth to quantify and render more objective age determination from
tooth weer (o.g.Spinage, 1972; Grimsdell, 1973; Hall-Martin, 1975).
Hall-Martin (pp. git.) used linear regression and correlstion snalysis
to demonstrate e highly significent correlation bstween lingual crown
height and the number of cuwentum lines and occlussl wicth and the
number of comentum lines.
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(11i) Age determinstion bssed on growth changes

Tooth succession: the sequence of loss and replacement of deciduous
testh offers a quick and eimpla method of age determination up to the
stage at which full permenent dentition hae srupted. Problems of
individual variability have been menticihed by a number of workers, for
oxample Steenkamp (1975) end Caughley (1877). Steenkamp msserts that
*in critical studies on sge determinatiaon, tocth eruption alona cannot
be regarded as & relisble measure of age ". He doos poccept that “"the
chronology of tooth eruption is scceptable as & crude weasurs of age®.

Othesr changes in testh: after eruption changes continue to octur in tha
tooth. For exemple, the pulp cawvity is gradually occluded Ly the

growth of spcondary dentins. Chenges of thia nature parhaps offer
potenticl mothods of age determination but they hava boon little tried.
Where they have been tried, thcy have been found to be very crude indices
of sge (Hall-Martin, 1976).

Chenges in bone marrow: the stagee by which hamsopoletic tissue in
young ani=als is replacad by fat wvith incressiig sge sllow wnproximate

age distinctiont to bo zade batween subadult and aduli animals. The
utllity of the method is limited because adult ayo classes are Indistin-
gulshable and becausa it may be invalidatsd by the effects of nutrition-
nl stotua.

Fusion of opluhyses: the presence of unfused epiphyses allows a
distinction to be made between adulls and younger animals in which

growth i@ occurring. Again, edult age classes are ind:stinpuishable.

Accumulation of fnsmluble leny proteins: blochemicel methods of

estimating age, based on the accumulation of insoluble lens proteins,
have besn used to determine sge sccurately in small snimale (Cterc &
Dapson, 19725 Gipson & Irland, 1972; Birnoy et ml, 1975). At present
these technigues do not swem to be practicel for largs masmals because
of the nesd to process the epecimens vhile they are fresh (Ludwig &
Dapeon, 1977).

External featutes: external signs of aging, for example changes in
pelage colour and horn size end shepe, may be used es indicators of age.
Age classes based on these features mey be useful in the fiold claswi-
fication of wild populations.



(b) Methods of Determining Absalute Age

(i) Incremental lines in dentine and cemesntum

These linos may be studied in either faciel sections of bisected teath
(e,g.Mitchell, 1967), in undecalcified =ections (e.g.Smuts, 1974) or
in steined, decalcified sectiona [E.g.Hall-Flartin. 19?5}. The usa of
etained;, decalecified seoctions is often regerded es the most accurate
gveileble methoe of age determination; but the method is leborious,
expensive and often involyes sn unavoidable alement of subjective

interpratation (&.g.Hall-Martin, op. nit.}.

(11} Incremental lines in bone

Incremantal lines sare found in bone and these have Eaen usad to deter-
mine sge in mermals (Klevezal & Kleinenburg, 1957). Thera may be
pdvantages in using bone ae opposed to teeth, particularly in the
groater thickness of appositicnel bone ano tha rongeguent clesrsr
separetion of annusl lines (Morzis, 1972). The use of this twchnique

in Africe ham not beon zeported.

3.1.2
Previous Work on Age Determination in Lechuao

Three previpus studies on lechwe, all in Zembias, heve directed atten-

tion to the subject of ape determination.

Rohinette & Child (1264) drew up & rough scheduie of tooth erupticn
shd of horn length related to aga. The data on horn length and age

47,

ore of limited relevence to studying lechwe in Botswana as the subspecies

occurring there has strikingly shorter horns.

Sayer & \an Lavieren (1975) established nine age classes on the
basis of tooih eruption and wear. Tiney report havine obtainec their

criteris for sge determination from personol communication with
Grimsdell.

Grimsdell & Bell (1975) used threoo meihods to essign absolute sges
to tooth eruption and wear classes. Firstly, they used data from 62
known-age animsls in a captive herd at Chilanga to estahiish tooth
eruption and wear clesses.. In doiny eso they assumed that age criteria
for Kafue and black lechuwe were similar.



Secondly, because bleck lechws ares seasonal bresders, discrete age
groups can be identified in the field up to at lesst three years of
age. Hence, it wes possible to correlate tooth wear and sruption with
agas in eomples of young leclwe caught in the field.

Thirdly, incremental layers in ths cementum of first molars were
investigated both in stained decalcificd secticns and in Tacial sections
of bisected testh. Ultimetely stained, cecalcified sections were
abandoned in fawvour of facial sections of bisected teseth becauss inter-
pretation of the formar was difficult while preparation of tha latter
was far lese time-consuming, slthocuch the technigue often (55% of teeth
gexamined) gave inconclusive results.

On the basis of these methoda, Grimsdell ond Bell produced a tooth
eruption scheduls (reproduced as Table 3.1) and four photographic platec
1ilustrating 13 classes cf mexillisry arnd mandibilar tcoth eruptlion and
woar.

Grimsoall anc Bell also produced Field sge dotarminetion criteria Tor
weleos and Tecales. Thay used horn length anog tha numbas of norn cidgos
to odlatinguish between at least throa male ago classes (calues, yoarlingsa,
2-3 year olda) end they ueed shoulder haight and body length to distin-
guisk: betwesn famale cslves, yearlings end coimeles over two ysars old.

3' 'I !‘

Factors Infiuencing Chuoice of Fethodw

The chcica of methods was influenced by two factors peculiasr to this
study. Thase ware, firstlv, the typa of material Lhat was available

and,; esecondly, the objactives which wera formulated in view ai the
nature of this materisl.

The most impnrtant cconaideratinn relating to the svailable material

wag that it proved *» be Impossible to gain szcess to known-age material.

This precluded conclusive calibretion end sge determination, thus

rendering pointless any attempt to conlcibute tn tha development of

methods of age determinstion. Accordingly the objectives adopted were:

(a) detersining as accurataly snd efficiently as poseibie the ago of
each animal in ay shot sample}

(b) essessing the reliability of the technigues used by testing the
laval of agreement betwoon the varisus methods.



TABLE 3.1: TOOTH ERUPTION STAGES FOR THE MARDIBGLE

(after Grimedell & Bell, 1975)
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Group Age I1 I2 I | Flm2 'Hna Flﬂ H1 I'"I2 ME
Group 0  birth D (o) (p) (o) (o) (o) (o)
(0= 1 1 week D D D b D D D
year)
3=4 montha 0 1] ] 8] 1] 1] b (P)
& months ] ¥] 1] (4] 1] D D P
9 monthe 1] LB 1] (1] (1] D D P (r)
1 year D D o D 0 D D P (®)
i
Group 1 14 monthe D D D D 1] D D P P
(=2 18 months D e L8 -~ P o0 B P P AN
YGRS )
2 yBars D i o o D G D P P P
Grouo 2 2,5 years O/(P) D ¥ o (P} () Do P P P
(2 =3 2,75 years P P p D P P (P) P P P
yE8ars)
Group 3
(2 -3 3 years p¥ p* p* pk P F P P P p

yEars)

D = Ceciduwous tooth

P = Parmanent tooth

( ) = Tooth still in process of eruption

{ ) = Tooth enly just visibls sbove bonm ar gum

¥ = Incisors showing very little wear
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Other factors which influenced the choice of methode were the results
of previous work on age detarmination im Jlechwe and results generally

obtained by other methods, es reported in the literature.

The leck of known-ege material and the fact that Grimsdell and Bell
(+275) had eatablished s scheduls of tooth eruption and wear made it
obligatory to use these msthods. The results of their investigation of
cementum lines made me decide to count snnuli on facial sections of
bisected teeth, but to check these results sgoinet a ropresentative .
sample of stained, decalcified sectiions.

The methods chosen in the light of pravious work on ages determination in
in lechwe were thuat

(e} tooth srugtion and wear;

(b) counting snnuli on facial sections of bisected tosthj

(e) checking the results of (L) by counting snnuli on a represertative

gampis of stoined, decelcified sections.

The cheice of {a) wos obligatory and the other two mathods were probably
tho most rigorcus avalilable unoer the circumetances. In view of thw
stated objectives of aow determination; it seemed unnecessary to go
beyond thesa methods and they were duly adopted es the basis of sge
dotermination in thie study.

a2
FATERIALS AND METHOOS
3.2.9

Source of Material
The material for this s*udy was obtained from a shot sample of 234

animale of both cexes and sll age classes. These anizals werse all
cullncted in the Linyanti Swamp, within a radius of 30 kilometres of
the centra of the general ecudy area.

J.2.2

Field Examination of Materisl

Immgdiately after collection, skulls wcee clesnod as thoroughly as
possible and the Tollowing procedures carried out:

(a) horns of malas were messured for

{1} length aleng the front curve,
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(ii) basal circumforence;
(1i1) distance betwsen horn tips;

(b) maxillsry snd mendibuler testh were carefully examined and the
stage of tooth eruption or wear datermined by reference to the
schesule and photogrephs of tooth eruption and wear preparad
by Grimsdell & Bell (1975);

{c) Vernier celiners (accurate to 0,05 millimetre) were used to meke
two sets of measurements:

(1) heights of lett end right first incisors from the tip of the
tooth to the gum lina;

(41) length of tooth row from the enterior sdge of PM, to the
poetorior edge of M.:

in beth casms tho mcan n; tht two values was used;

(d) the mandible lenoth was measursd with m stesl tope (to 1,0 millimetra)
from the tip of the mandibular symphysis %o ths postarlor edge of
the angie, on the buccal eide onlyj

(e) weech mandible wew photogrephed from a verticel peaition for vecord
purpooses; .

(r) M, and M, vare extrected frum the mandible for further atudy,

3.2.3

Add! s 1 Cesantum a

Bocuuse it wee Lhe first permsnent tuoth to erupt, "1 wan meleciad for
etudy.

Beform gortioning two messuremenis were made with Vernier callpars
{accurate te 0,05 millimetra).

(1) Tiwm shorimat length between buccal cusps and the root "saddle™
(Spinage, 1972). 1 will hereaftor refeor to this messuroment ss “buccael
haight”,

(£1) The meximum linguesl crown height measured from the level of the
root saddle to the highest polnt on the lingual crown. [ will horeaftsr
rofar to this messursment ss "lingual height",

Aftar thecs msssurements had been mada the teeth wers sectioned
longitudinally along the anterc—posterior axis uweing a lapidary saw with
a 0,5 millimetro blade. Arter sectioning, the maximum Infundibular depth
wae mgasured with calipers and the seccions were polished on a fine
electric grindstona. The cementum was thon exsmined with a binocular
dissecting microscope (12,5 - 25x) under reflected light.
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I counted the darker, narrow bands in thes cementum and ignored tha bands
at the dentino-cemental interface. In adopting the lattsr practice 1
followed Grimsdell (1973) end sdopted the logic of Attwsll (1977) who
argues that such lines raflect physiclogical processes relsted to
eruption and bear no relation ta seaso:n.

Tha literature reveals some confusion about tha number of dark liness
laid down per yusar. Spinage (1976) asserts that in arsas of bimodal
rainfall, two derk bands per year will be lsid down and that in sreas of
unimodal rainfall, one derk line per year will be laid down. Hall=-Martin
(1976) soncurred with the latter aseertion, but Simoson & Clder (1969),
Simpeon {1973) and Grimsdell (1973) all found two dark lines per yoar

in arcas of unimodal reinrfall. This confusion made it nocessary to
attempt to determina how many lines were laid down par year in the
population under consiceration.

To determine tho number of dark i1ines lald down per year, the corcact-—
nops of Grimsdall end B¢ll's tooth ssuption schedule was assumed and
onimals whoep ages wele detarsined by tooth esruption were regeardod as
known=age animala. The number of dark lines found in this khown-age
pamplE wad uted to deteraine the mmber cf lires lald doen snnually.

In grdar to check the estimate of the numbsr af dark lines laid down
annually, afier sectioning and polishing, the cementum of a small
sample of third mandibular mnlars wdas exazined. It vas assumed thet
(1] H: oruptnd st a diffarent time to H1 there would be a consistent
difference in the number of dark linas counted in the cementum of H1
and My. ODocaues the difference in sruption times was known- the
expectod difference in the number of cemantum lines could be calculsted.
It vas sssumed that if the sctual difference was the same as or close
to the expected difference, this would tend to confirm the estimate of
the nusber of dark linas leid down annually.

Linsar regression and correlstion analys®s were used to investigate the

relationship between the number of dark lines in tha cementum of L

(dotermined from facisl sections of hisected teeth) and the following

variablos:

(1) the numbee of dark lines in ths cemsntum of M, as determined from
stained, decalcified sectionsj

(i1) the number of dark lines counted in the cementum of My

(111) age estimatod on the basis of tooth eruption and wearj

{iv) buccal height;



{v) lingual height.

3.2.4

k C -1 Docaleil ections
After the number of cemantum linos had beon detarmined from facisl
soctions of bisected teeth, a reprecentative sample from all age classes
was solected. These bisected teeth were further divided so that the
face to be sectiontd included at least half of the cementum pad and
the cementum of the root. These specimens were fixed in 10% formelin for
approximately soven days. Thereafter they were decalcified in a 5%
solution of nitric acid for four to seven days. The process of decalcificatic
wao deomod to be complete when the tissue had ecquired & rubbery
consistency as determined by palpation. Aftar washing, tha spucimena
ware dehydrated, cleared and routinely esbedded in paraffin wax.
Sections, 5-1" um thick, wure cut on a rotary microtome with a high
sngle blada tilt. It was found that cosling the fece of the Llock
with ice facilitated the cectioning process. Secticns were stteched
to marked slidea and routinely etainad with Erlich's Haemotoxilin.
After staining, sectiona werr mounted in Canada Balsam and allowed to
dry-

Counting was perfcrmed by projecting en anlarged image of the slide

onto & plece of white paper with s standard 35 millimetre slide projector. A
clenr imege ie reacily obtainable and the lines can be traced on Lthe

paper to lnvestigatec thair continuity.

Linear regression and corvelation analyces were used to investigate
the relationship between the mmber of dark staining lines scen in
etained, decaleified sections and:

ti) ege detersined by tooth exuptiocn and weer;

(11) 1linguel height;

(i11) buccal height.

3:.2.5

timation of A n Sampla
The sge of all snimale in the sho: semple was deterained by either
tooth eruption or wear (16,8% by eruption, 83,2% by wear). The ages
of 60,2X of the srecimens were also deturmined by cementum line counts
from facliel sections of bisected testh. A further ege determination
was done on 22,1% of the sample by cementum line counts from stained,
docaleified soctions. This means thot two different mothods wers ussd
to dotermine tha ages of many animale and that the ages of n substantial
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sample wers determined by three different methods. The determinations
by eech differsnt method were done on separate occasions and in a rendom
order so that the results from one method would not prejudice those
from anothar.

Inevitably thers were ceses where two methods gave different results.
There were even cases where three different results were reached. It
was felt that it would be undesirasble Lo resolve these conflicts by
subjective judgeaments end & hierarchy of 'relisbility' was therefore
adopted, which wams derived essentiolly from the weight of opinion in
the literature.

Becaues it w=s used ton celibrate the cemontum line counts, it was a
logicel necessity to rank the tooth eruption sequence as the most
reliasble mathod.

Sovaral worksrs, Tor sxemple Robinette st sl..(1957); Keiss (1969);
Kerwin & Mitchell (1971), have demonstrated substantial insccurecies
in the uss of tooth wear as a mesns of sga determinstion. On ths othar
hand, & nusber of workers, Tor sxomple Miller {1974), Hell-Martin (1976),
Turner {1977), have shown that counting comentum annuli from siained,
decaiciried sections is an sccurate method of age determination.

Sevaral workers heve successfully used cementum line counts from facial
sections of bisected testh to determine age (Mitchell, 1967; Whita, 1974;
Ritkon, 1275; Grimsdell % Bell, 1975; Attwsll, 1977; Anderson, 1973).
Grimedell & Bell (1975) in fact preferred this method for practical
reasons, but in sy opinion, its validity has not besn as widely demon-
strated es thzot of the use of stained, decalcified sections and I
therefore rarked its relisbhility below that of the uss of decelcifiaed
sections. The hierarchy of reliasbility that was established on the
besis of the literature was thus: tooth eruption, etained, decalcified
sactione, Feclal sections of bisasctad teeth, tooth weur.

There were occasions when the cementum line counts gave obviously
anomalous results. For exasmple, thare wero s feow cases whore malos
that were somatically mature by criteria dorived from more raliably
eged enimals showed only one or two annuli under reflezted light. In
thess —ases it was necessary to sccopt the estimata of asge based on
tooth wear.
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3.3

RESULTS AND DISCUSSION

The results of age determination by the different methods used ere
presented ard discussed in the order that seems logical.

3. 5.1
Tooth Eruption
The sges of all animala that did not have fully erupted permanent

dentition were determined by the raference to the eruption schadula
prapared by Grimsdell & Bell (1975). The lack of known-sge material
egnd the fect that birthes in ths Evendo population, elthough peaking
seasonally, wsccur throughout the vear, made it impossibla either tn
detect differsnces In the sruptlon celender of the Zmmbien or Ewando

populations or to meesure the variation in sge at aach staga of eruption.

It was infezred that there was veristion in age at eruption becauue a
number of workera have shoen that such vorietion deas ocour. For
instance, Roattchar & Hoffman {1970), with impals, end Attwell (1977),
with wildebees:; both reporied differences In the oruption celendar

of discrete populatione of the seme epeclas. Ceughley (126%5) and
Steenkemp (1969) both found that the ege at which a tooth wrupted was
dapsndent om tha sge at srupilon of *he preceding one, end that
varisbility in eruption increased the later the twoth emerged. Lean=
kasp (1970, 1975), with cettle, has shown further that the timing of
eruption is also Influenced by the crowding of testh snd the plane of
nutrition. He maintains that "tremendous veristion occurs betwesn

individunls of eimiler sge, sex and bresd".

Clearly, sge determination by tooth eruption is eubject to a margin

of error. It wes not pnesible tn make an objective estimete of the
magnitude of this margin of error but the work of Sowis & Phelps (19C8)
gives an indication of the degree of verlability that can cccur. In
bushpig (Potemochoerus porcus Linn.) they found that differences in
the eruption times of individual temporary teath varied from two to
six woeks, while the differences in the eruption times of individual
permanent testh varied from three to 12 weeks.




3.3.2

twoan A the of C ors
The number of dark lines lsid down snnually in the cosantus was
established by examining subsdult teeth whose age had been determined
by reference to the tooth sruption schodule. Testh domaged during
extraction were not included in this sample, which meant that not all
subadult teeth were examined for this purpose. The results of thias
examination ara presented in Table 3.2.

My interpretation of thece resultr is that one dark line is usually
laid down annually and that the first line is pressnt by the end of tha
firsi year of life. Thua, if, Tor example, a tocth had thres curk lines
in the cementum, I would estimate the animal's age es being betwueen
threa and four years old.

Table 3.2 indicates that thiz is nol always tha case; so=a animalz had
eithar one logs or one more line than Indicated by my Interpretatlon.
The exceptions are possibly explained by doparturec frem the eruption
echedule.

This understanding was based on examinetian of tha cemantum of H,. Tha
resultes of checking tha validity of the intarpretacion by counting
cementum linea in H:!. ara shown in Figure 3.1.

It will be semn that theare is gocd correlation bstween the numbar of
annuli found In the two teeth, There is an interval of about 18 monthe
{Table 3.1) between the eruption of M, 5 9Tupts at the
end cf the second year, one would expect the difference in the number
ef lineas in tiwe two tweth to be varisble. IF HS erupts early it will
have one lesc line, if it erupts late it will have two raswsr lines than
H.II- A difference of one or two lines wes Found in 13 tooth pairs (B81%
of the semple). The equation fo: the regression line was:

and H:l' Becauna M

y = 0,87 x = 1,24 (r = 0,906y p<0,001)

i the basis of thuso rosults it wes assumed that one dark line is
laid duen in the cementum sach ywear.
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JDOTH ERUPTION SCHEDULE OF GA
NUMBER OF CEPENTUA LINES 1N M
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3.3.3

Cementum Line Counts from Facisl Sections of Bisected Testh

fi total of 183 first mandibular molars was sectioned for age determine-
tion purposes. It wes found that it was necessary to inspect thae
entire lengtk of the cementum when looking for ennuli. These were
found in almost all teeth, although their clarity varied substantially.
On different specimens annuli were visiblo at various points along the
entire lengih of the cementum but on no single epecimen were thay

continuova or consistent,

The comentum layer for each year coneisted of a broad, pale band end a
narrower,; darker band, the lattasr peing used for counte inm this study.
The first light Lend weas usually moticeably broador than subseguent
bande and it wes commonly found that with increasing sge annuli became
compressed. Splitting of Aanpnull was comson as was the prasence cf
acccssory lires, [hose two phenomena were particularly prevalent in

the pad betwsen the roote of tho tooth.

The cccurrence of discontinuous aind split end sccescory lines crested
coneldorable difficultlios with the counting of bands. The causzes of
these phenomena ere not well understood. AbLtwell (1977) sugcests that
discontinuities may reflect tho fact that "accretion of cemantum occura
simuitanccusly inm different zonsa, bui thaet there is & posslble
physiologiecal mechenism preventing continuity between the zones". It
hes further been suggestod (R.Jeffery, 197R) that the

deposition of cemsntum is not even, being thickest in the pad betwean
the rocts and in ths root apices, snd that it does not necessarily
occur conalatently in the same plane. All of these factors could
ecoount for discontinuities inm apnull which are viewed in & eection

in one plana.

IT discontinuities were the only problem and if ihe suggested explana-
tiona are correct it would be logical to accept the highest line count

in the pad or root apex ss the correct one. But split end accessory lines
made it irpossible to do this with lechws teeth. If the rauses of split
and accessory lines were known, it might be possible to meke sense of

them but I have not been sble to find a satisfactory esplanation of

them i the literature. If Smuts (1974) is correct about the existence

of & causal relationship between cementum annuli and nutrition, one

could envisage that accessory lines might be caused by shart term

nutritioral stresses, for example, susmor droughts during which forage



quality declines eignificantly. But this hypothesis is purely speculs-
tive and tho cauantion of split and accossory lines remaine ean unsolved

problem.

Thae relevance of discontinuities in snnuli and split or sccessory lines
is that they introduce an inescapable slement of subjectivity into the
counting of cementum bands. To amolicrate thie problem s consistent,
if erbitrary, spproach to the counting of anrull wes adopted. Experiwnce
showed that tha clearest and most consistent lines wera found on the
inaicde of tha root in the upper sectlion adjoining the pad betwaen

the roote. It wae pssumad that the mexicum number of distinct annuli
here was the "trus"” numbar. When lines were not visible here,l counted
the maximum nuaber vieible st the palnt along the caeertum where tha
lines were clearcst. As far ss possible split end sccessory linos were
disregarded, although it wes not always casy toc ldentify these as such.

Two further possible complicutions in counting annuli are ths resorp-
tion of cementum and tha exposure of tha cementum pad st the ccclusal
surface in coses of very hoavy wear.

Resorptioi occurs in old snimals, beginning at the roote, and hean becn
recorded in wsterbuck (Spinegs, 19€7) and buffalo (Grimadell, 1973).
The occurrence of roaorption means that the counting of cemant'm smnuli
will give only a minimum sge end that the accuracy of ege determination
by this method will derline with increasing sge (Sergeant & Plmlott,
1959; Simpson & Elder, 1969; Lockard, 1972).

The saecond complication did not arise in this study se none of ths
taeth examined showed exposure of the cementum pad st the occclusal
surfaca.

The sccuracy of cementua line counts will be discusssd further at the
ond of the followiny saction.

3.3.4

Comantum Li ounts from Stainad, Decalcified Sections

Sections from 51 first mandibuler molsrs were exsmined. All secticns,

oxcept three from animels less than ona ysss old, showed dark st=ining

narrow lines and pale broad bands. The sections from animals less than
one yoar old showed only broad pale bands.
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The dark lines were found along the entire length of the cementum but the
gapo with which they could be counted and interpreted varied from

place to plece. All of the difficulties of interpretation listed by
Hall=Martin (1976) were encountered in this study. Split and sccessory
lines wers particulerly confusing in the pad between the roots and in
the root splces. The number of lines in ths pad was up to threa times
the number in the roots and was often obviously in excess of the possible
longovity of the species. In genersl, the upper inside part of the root
sdjoining the cementum ped proved to be the most satisfactory sits for
counting.

The sifficulty of interpreting cementum lines in histological rections
is exempiified by ths statement of Smuts st al., (1078) that “there i
1ittle doubt that incremental cementum linee in the teeth of the African
lion are core dif*icult to count than thoss of onimal cpeciss from coid
tesparste zones in gensrzl. Yed knocwn age material not buwen availoble
for the present study, interpretation of the pattern of comentum
sppocition could not have been achieved". Similarly, in this study, 1
found it Iimposasible to intocrpret the lines on histological sections
without first learning to de so by studylng a samplec of sasctions from
animals wvhose age had beor estimated by comentum line counts From facial
soctiones of blsected teeth and oy tooth wesz. Dnca | had learned to
intarpret the lines. counting was not difficult but thara must have
undoubtedly been an unknown amovnt of error in the results.

Bocaups it wae impossille tc meke independent age determinationa from
histological smctions it seemod logically necessary to reconsider the
established hierarchy of reliability. As the intespreiaticrn of annull
an foocinl sections of bigected testh wso less problematic than inter-
preting histological sections, the former method was sccepted as the
mores rallable in cases where conflicvts betwesan cementum line counta
by thea ten mathods cccusred.

Tha lack of knowr-age materisl precluded the poseibility of objectively
ssppseing the sccuracy of Bge determination by cementum lins counts.

It could be srgued that calibration by means of the tooth eruption
segquence is sufficient to establish the relisbility of the method, but
there are indfcations that this may not be so. Tooth eruption is con=
plete before or at the time when animals reach somatic maturity and it

is possible that avents largely confined to adult 1ife influonce the cate
of cementum deposition. Thet thiaz possibility exists Lin suggested by



the fact that a number of teeth from edult fomales showed sppreciasbly
more cementum lines, both on faclal sections and histolegically, than
anticipated on the baeis of age determinod by tooth wear. Andarson
(pers. comm.*) found a similsr discrerancy in nyals. This may mean that
additional lines are leid down at some point in the reproductive cycls.
Where this discrepency occurred the hiersrchy of reliability was adhared
to, deapite misgivings ebout conssguent insccuracies, because of theo
valid doubts seversl studiess have ralsed sbout age datermination on

the basie of tocth wesr (e.gXerwin & Mitzhell, 1971; Szabik, 1973).

An attempt was made to essess the rellspility of cementum line counta by
doing & linear regreseion end correlation snalysis of tha relationship
between the number of lines counted by the two methoda. The logic of
this procedurs is that if the nusber of linea counted is tha sama,

this indicetsa that the counts are relisble. The results of this snalysis
ars illustrated in Figure 3.2. The eguation for the regression line 1s:

y = 0,0904x + 90,192 (r = 0,523 p<0,001)

It should perhaps be pointed cut that Lhe term "confidence limita" in
the caption to Figure 3.2 (and in all subssquent figuces showing confi-
dence limits) is used strictu sensu. These confidence limits give a
band within which tivere is & %5% probabllity that tne mean or sxperntod
value of "y" will ba found, given & particular valus of "x". The
calculation of thesa confidence limits le based on the formula:

50 = I/l + Iﬂf__ (Stesle & Torrie, 1960)
¥ n % (x - %)

( 8 = the residusl standard deviation of the regression line)

This spproach differs from that used, ior example, by Hall-Martir (1976)
and Attwsll (1977). Those workers usad what im more correctly called a
prediction intervel (L.P.Fatti pers. comm.**), This glves the interval
within which 95% of all values of "y" corresponding to 3 given "x"
value would be expected to fall. Calculstion of these confidence limita
is based on the formula:

R
EI:I'H = l/ 1+ i * lx=x) (Steele & Torrie, 1560)
= n £ (x - x)?

* J.L.Anderson, Usfolozi Game Reserve, P.0.Box 99, Mtubatuba, 3935.
%% p.Fatti, Applied Meths, Wits University, Johsnnesburg, 2001.
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The first formula wes used becsuse, for the purposas of the comparisona
being made, it wes the expected valuss that wore of particular Interest.

In Figure 3.2 68% of the counts are in complete sgresment and 90% are
within 4+ one line. Thuse most of tha comentum line counts would give cge
eatimates within + one year of sach other when the two differant methods

of counting are used.

An sttempt was nade to sstablish whother or mot it is the ssms lines that
are seen in facisl sections of bisccted and in histologlcal sections.

1t proved impossible to resclve this guestion because ] was nevar com=
pleiely eure that | was looking at tha seme portion of the cementum on
both kindes of section. It would have helped if tha sections for histo-
logical processing hed been photographed and marked before preparatlion
but this idem only occutred to me aftar the hietologlecal work had been
comzlated,

3.3.5

Comparison of Age Estimates by Tootn Wear and Cementum . ine Counts

The ages of all enimals with fully arunted permanent dentition ware
aestisated on the basis of tooth wear. Lack of known age materinl agnin
prevented accurate sssessmont of tha relicbility of thec estimotem. In
the sbsonce of alternstive mathods of assesswant, the rolisbility nf
oge estimates on the Dasis of teoth wear was investigated by comparison
with age determinatione on the Pazis of cementum line counts.

Using Grimsdell end Beil's (1975) photographs of tooth wcar patterns,
sach anisal was put into on ege class, Yor example, 3~4 years cld. For
the purpose of celculating regreasion the upper limit of ecch age clasws
was used. Thus a 34 ysar old animal would be recorded as baing four
yeera old. This had the effect thai the expected number of cemerntums
lines was one less than the tooth wear age of ths animal. / 3-4 ycas
old animsl would be expected to have thres cessmontum linms.

The results of regressions calculated for tooth wear ages end the nusbar
of cementum lines counted, are illustrested in Figures 3.3 end 3.4.

Figure 3.3 shows & significant correlation betwesn age sotimated by tooth
aruption and wear mnd the number of cementum lines counted on faclal
esctions of bisected teeth. The mquation for the regression line was:
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y = 0,821x + 1,491 (r = 0,787, p<0,001)

58% of the teeth examined contained the number of cementum linea that
wore anticipsted in the basis of age estimatad by tooth wear. There
was eppreciable scattering of points, paerticulerly in the clder age
closees. Thess data indicate that, es postulsted by Forris (1972) and
found, for exemple, by Attwell (1977), the relfability of age determined
by tooth wear cecreeses with age. The picture presented by Figure 3.3
may be exagperated in that some of the seattaring szy by sttributable to:
() the large number of sge classce based on the eruption calendar for
which there could noct possibly ks mstching numbors of cementum lines;
(b) the fact that all determinations of tha nusber of cementum lines
sre nhown, intluding several that were dieregarded in favour of other
eriteria.

Inepaction of Figure 3.2 sugossted that scattering was particularly bad
beyond six cementum lines. An 2lternative tegression was calculaied
for animals with six or fower cementus lines. The equation for this
rogrosaion weei

y = 0,797 + 1,467 (r = 0,839; p<0,001)

Up to the point of six cesentum lines Lhe corralation betwean tooth

wear age and the number of comsntum lines counted is thus fairly gooo

and it la highly signiflieant. In viow of the level of egresmant belusan
the two methodz of age determination it spoms ressonable to conclude that,
at least up to seven yoars of eage (elx comentum lines), the sccuracy of
age determination by thene methoda approximutea the standard implieit

in ‘he sssertion of Splnege (1973) that "for general ponuletion studies
agoe deteraination to the nearest ye=r is often sufficlaent®.

This contention is tu anme a<tent supported by the results illustratad
in Figure 3.4. Thery is a high degree of corrolation betwsen age
determined by tooth eruption and wear and tha number of comesntum lines

counted on etained, decalocified sectiore. The eguation for the regression
lino was:

y= 1,084 + 0,404 (r = D,960; p=<0,001)

69% of the teoth examined contained the number of cementum lines that was
expactad on the beeis of age cstimated by tooth wear. Thesoe rosults
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are bissed because testh were selecied for histologicel processing
primarily because there was good egreement betwsen the other methoda
of sge determinetion. Thus the level of agresment shown in Figure 3.4
may well be artificielly high.

For comperative purposes the results obtained by Grimsdell & Bell
(1975) are reproduced. Figure 3.5 shows the theoretical relationship
betwesn age determined by tooth eruption and wear and cementum line
counts. Figure 3.6 pressents graphically the results of the linear
regression pnd correlation anelyeis to which their deate was subjected.
Thie demonstrates that similar levels of agreement between the two

methods of age vatermination were found in both studies.

The level of agreement that was found between age estimatad by tooth
eruption and wear and by cementum line counts is mleo withir the renga
found in the various studisa quoted by Spinoge (1972). This range was
from 34-88% , moet workers finding leveles of agreement from 50-=70%.
These findinge tend to support Morris' (1972) contention that Looth

wear on ite cwn can allow only approximate catimates of age.

3:.3.6
Messurements of Tooth Row and Mendible Length

The results of maasurosentes of tooth rovw end mandible are presented in
Table 3.3. There ere differences with age in subsdult animels, but In
these clasers Bga 1s more reliebly determinaed by tooth eruption.

The rclationships betwcen the four measurements of tooth wear and estimate

gge are slhown grephically in Figuros 3.7 - 3.10.

In Figure 3.7 Incisor height is plotied against estimated sge. A large
overlap betwsen sge classes is spparent and the pattern of weer does not

conform obvicuely to the negative expocnential curve postulsted by
Spinage (1973).

Teo factors mey have contributed to thess resulils:

(a) errors in age determination;

(b) the fact ihat some measurements were made after gum shrinkage hod
occurred, making it difficult to locate the gum-line precisoly.
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TABLE 3.3: CHANGES WITH AGE IN THE LENGTHS OF THE TOOTH ROW AND

MANDIBLE !AL‘-E ESTIMATED BY TOOTH ERUPTION AND C NTLUM

LINE COUNTS)

TODTH ROW (cm) MANDIBLE (cm) |
AGE Maan . 4 3 Renge Maan 8.E. Renga
0,25 3,7 0,1 3,3-4,1 14,1 0,1 13,8-14,3
0,5 4,7 0,1 i,5-4,8 17,2 0,1 16,8-17,5
0,75 8,3 0,1 4,9=-5,8 18,3 0,2 17,9-=18,9
1,0 5,6 0,2 4,2-6,3 8,4 0,3 17,7-19,3
1,25 By 0,1 5,0=6,4 19,1 0,1 19,0-19,3
1,5 7,0 0,2 6,2-7,4 20,1 0,6 19,3-21,7
7,0 7.1 U,2 6,6=T7,4 20,0 0,1 19,9-20,0
2,5 7,8 0,1 6,9=8,2 20,7 0,2 20;1=21;6
2,75 7,8 0,1 7,4-8,3 21,2 0,4 20,6-22,4
3,0 7.6 0,5 T.3=6,1 21,1 0,3 18,7-22,0
3= 4 75 0,03 6,9-8,1 22,0 0,1 20,0-24;4
4+ 5 7,4 0,02 6,B=7,B 22,5 O,t 20,8-24,0
5< 6 7,2 0,03 6,8~7,8 22,6 0,2 21.,0-24,6
6<7 | 7,3 0,1 6,4=8,0 22,6 0,2 20,9-24,0
T=B Ty 0,1 Gy 6=T;B 22,2 0,3 21,2-23,7
E<9 5,8 0,2 By 3=T;58 2233 0,7 21,6--22,8
o=10 E;9 Uy 6 7=T7,;0 22,5 0,4 £22,2=73,3
10+ Ty 0,1 6,9=7,5 2243 0,2 22,0-2%,;6

71.
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In Figures 3.8 = 3,10 & eimilar overlap betwsen age classes is obvious,
but here & curvilinear relationahip batwsen sge and wear 1ls more
spparent, This coincides with the findings of CGrimsdsll [1973).

Figures 3.11 end 3.12 show graphically cha results of regression and
correlation analyses of the releticnship between tha number of cementum
lines determined from stained, decalcified sections and the lingual and
buccal haights of Hi' Although tho corrzlation ie good it is not es

good as that found for giraffe by Hall-Martin (1976). Slightly lower
corralation coefficients resultsd when the same annlyses were done with
the nuinber of cemantum lines determined from faciel sections of bisccted
teoth:. Tha ranos of variebility found horo mesns that the predictive
value nof these meassuremenle is limited. This sonclusion epplisn ganarally
to the mpasurementis of tooth wear made in this studv and rorroborates the
statement of Spinage {19?3! that: "Tha use of measurements is psoudo-
objJective; it may remove the observar biss, but It cannot correct for

verying rates of wear".

3.5.7T

Conclusions Relating to Laboratorv Ace Determination

A critical sspect of age determination in thioc study was tha use of the
tooth aruptinn schedule of Grimsdell & Ball (1975) both for the actual
age determinaticno and for calibrating cementum line counts, Caugnley
(1577) reports enormous variation in the srupticn of permenent incisors,
but the sams need not recesscrily be assumerd wiih regard to the sruption
of, for examdle, malars which are nol preceded by deciduous teath.

Sowls & Phelps (1968} found that iwelve weeks was the larnest difference
thet occurred in the eruption times of indivicdual molers in bushpigs.

No direct method of estimating verichility in the time of eruption wacs
avallable to me, but the relationship between age sstimated by sruption
stage apd the number of cemontim lines {Table 3.2) is such that it seems
unlikely that the eruntion calendar could be much more than 6-12 months
in error. OFf 26 teath examined only 4 (14%) showed anomalous results or
conflicte between the two methnds of counting cementum lines. On this
basis it was assumed that ages estimated by tooth eruption stage are
acourate to within about six months.

For animals whose pormanent dentition wes fully erupted, there was

falrly good sgreoment betwesn ages estimated by cementum line counts and

by tooth wear, at least up to about sauen years of age. Aes suggested
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in section 3.3.5, it seems reasonasble to sssume that up to this point,
ages were probably sccurate to within about one year. In this context,
Smuts (1974) makes a point sbout sge determination in zebra which

spplies with equal force to lechwe: "The value of sccurate age classea
up to four and half or five years of age i» extresely isportant in zebrs,
pince it ie within this period that major physiological and psychological
changes affecting reproduction and mortality toke plece™. Thus in tha
griticel stages of the life cycles age determination in this study was
probably satisfeactory for the purposes of conservation and managomant.

1 believe that thease results were the best that could reascnably by
obtained under the circumstances, but it sust be scknowledgsd that thaey
cannot provide the basles Tor any definitive conclusiona. All the findings
relating to growth, reproduction end mortality that are besed on thase
results must nacessserily bs regarded s firet spproximstions.

3.3.8

Ancmglies in Dentition

Few obvious cnomaliss were scan. In ons caso supermumerary premolars
were founa on the buccal sides of tho mandible. These testh were not
operative. In ona cese tho mandibular ssecond premolare werns absont.
In one cese ths mendibuler fourth premclare vers absent and thers were
pronounced gapa in the tnoth rcwa.

3.3.9

Field Age Dstermiration

On tho basis of ages satimated by leboretory methods, oriteria for fisld
age determination were established, Theee criteris meke it possible to
distingulsh eight male age classes and throe Temale age clanowa.

(a) Meonsiss: thesa were sufficiently small to be able to stand under
the daa's belly and heve o distinctive brown pelage. They lack the
black ntripas on the front of the leg.

(b) 3-4 months: pelage is closer to the adult recddish brown, but the
black stripe has not yet appeared on the front of the leg. Appreclsbly
larger than neonates.

(c) 69 months: males in this class can be recognized by their newly
emarged horn spikes.

(d) r one year: males in this vlass are recognizeble by their short,
straight horns and gensral body size. Fomeles wre approximately two
thirds the size of an adult female and can bo fairly relisbly recognized
when a comparison of size is possible.



(o) Yearlings: males ere recognizeble by the length and spread of horns
and general body size.

Grimeadell and Bell (1975) were sble to recognize femalss in this class on
the basis of shoulder height and body longth. 1 found that recognition
wan not sufficlently sesy snd relisble for field uvoe of this class.
Figure 3.13 shows that by 1,5 years fomale shoulder height is already
within 5% of the female's ssymptotic height. Figure 3,14 shows a similar
situation with regard to body length.

Although & eimilar eitustion spplies to males; the sdult males are so
much haavier in build that they are oesily distinguished snd, of courss,
there oro elso subatantiel differences in horn size end shape.

(r) 2-3 yvars: meles wre recognizable of the basis of the length and
sproad of horns end general bocdy siza,

(g) 3-4 yoars: males are recognizable by their horn length snd spread
which is generally less than that ¢f adults. Where doubt exists on this
basle the thickness of the neck provides & very clear disgnostic charac-
ter. In znimals of this age it is still notlcesbly thinner than in adult
males. Thie is obvious from Figure 2.15 in which ths relationship
botweon neck girth and ago is gremhicelly presenied.

(h) Over four yeara: malee have hy 4-5 ypare duveloped the thick neck
and genorally heaevy bulld of adulthood end horns heve resched sdult
length end epread.

The data on tha length and spread of mels hHoene ere summarized in Teble

3.4.
3.4
CHAPTER SUMMCRY

A brief cutline ef tio aveilable methods of =ge detormination is given
and the cholice of methods for this atudy is explained.

Four methods of laboratory age determination were used:
tooth aruptiong

tooth wear;

cementum line counts from faclsl sections of bisected teeth;

cementum line counts from steined, decalcifled sections.
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TABLE 3.4: HORW GROWTH RELATED TO AGE
Horn
Horn Length Tip-Tip Length/
AGE - . Ear
YBATS Maan S8.E. fAange Masan S.E. Range Lzngth
0,75 65 1,2 5,0-8,0 12,9 0,2 12,5-13,5 0,51
1,0 9,4 1,4 7,0-12,0| 14,3 0,5 13,5150 0,71
1,25 21,0 0,4 20,0-21,7| 18,2 0,2 18,0-18,3 1,681
1,5 24,8 0,3 24,325,5| 13,2 1,9 11,3150 1,811
2,1 33,9 1,4 32,5352 | 55 = L 2,431
2,75 37,1 1,7 34,0-40,5 | 21,3 9,3 12,0-30,5 2,711
3.0 41,4 2,2 30,5-50,8 | 14,2 2,1  6.,5=19,0 3,081
S & 54,0 1,3 42,6-65,0 | 20,9 3,1 19,0-37,0 3,711
4= 5 60,1 ©G,5 54,0-66,0 | 34,6 1,5 19,7-43,0 4,111
5-6 | S6,8 0,9 51,5-64,9 | 32,5 2,4 15,7-41,3 3,711
b= 57,6 0,9 ﬂ.mﬁz.ni 39,2 3,5 29,5-50,5 3,811
| 7 54,8 1,6 50,2-62,3 | 36,2 2,9 27,8-41,1 3,711
8- 9 ss,3 0,3 55,0-55,5 | 37,5 - - 3,711
9= 10 54,0 1,5 52,5-55,5 | 5,0 = - 3,511
104 £3,2 0,2 53,6-53,3 | 35,0 = - 3,611
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The tooth eruption schedule and tooth wear classes employed wers

those developed by Grimsdell & Bell (1975). Tooth eruption stage was
spsessed by reference to the eruption echedule and tooth wear was assessad
by subjective comparison with photographs of the various age classes

and by mcosuremente of moler and incisor height and maximum infundibu-—

lay depth.

The number of cementum lines laid down annually wes established by
regarding enimale whosu age was detarmined by tooth esruption es

"knoun age" animels.

The relationehips betwesen the results of the different methods of sge
datersination were insesiigated by linear regression and correlalion

analyaes. Im general it was concluded that the reasults obtained wers
probably satisfectory for the purposes of menagement snd conservation
but it was thought that they were not a reliabls basia fer definitive

conclusions.

Fisld age determlnation criteria were established for eight male age

ciassee rnd thrae female oge classes.
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HABITAT USE, FOOD SELECTION AND DISTRIBUTION

4.1

JNTROOUCTION

d,1.1

Backoround

It is widely recognized that a precondition for the conservation of an
animal 4is the protection of its habitat. In order to protect an animal's
habitat it s obviously sssontial to have on undarstanding of its
pattarns of habitat vse. Food selection is a particularly important
aspact of habitat u2e becauss nutrition affects many sspects of &
epacien' biology.

Approeches to the study of habitat uss range Trom anm historical survoy

of distribution {Joubert, 1973) to @ detailed statistical analysin of

tha relationshin batwesn site occupancy by en enimal and various
environmental measures (Hudson et al., 1976). Tne formar approach is
descriptive, the latter attespts to “probe ... the basic determinante

of habitat selactisn™ (Hudson et cl.. op- cit.). Other tecnnioues for
studying habitat use include pellet group counts (Anderson gt al., 1972),
recording of eightings along transecis (Lampray, 1963), mepping the
ocoupancy of diffarent hablitat types from an aircraft {Sinclair, 1974;
Grimsdell & Ball, 1975), atudying the sovements of marked animals, radio-
tracking of collared individuals (Leutiold & Sale, 1973) and multivariate
analyris of feeding site charscteristice *o Inwvoestigats niche differ=
entiation (Farrar & Walkew, 1574; Attwsll, 1977).

For the mcal purt studipe of tiie food habite of African ungulates heve
been descriptive. Manv workers have produced lists of food plants
taken by different soecies (for exsmple, Talbot & Talbot, 1962; Godderd,
1968 and 1970; Leuthold, 7970 and 1971; Bigalka, 19?2]. Selection of
individual plants and of plant parts (Fwynne & Bell, 1968) has bean
demonatrated but the factors which actually determine food asloction
are by no means rully undarstood. Ficid (1976) had shown correlations
betwesn food preference and & number of physical and chemical charac-
teristica of plants, but correlation does not esiablish cavsation
(Crimadall, 1978). The factors which determine food eelection ere
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doubtless complex and a complets causal explanation of food selection
would probably require experimentsl work. Lack of time and financlal
constreints make an analytical approach to food habit studies impractical
in most field studies end in any esvent data from descriptive studiess asre
probably adzquste for the purposss of conservation and sanagement. If an
snimal's food habite have been studied in one area it im not unreasonable
to assume that it w»ill select similar foods in other similar aress.

4,1.2

tk on Lechws Habitat Use and F
It has long been recognized that lechwe are swemp nr floodplain animals (for
example, Selous, 1881) and aspects of habitat use have bean conaldered in
a number of studies involving lechwe. Allen (1963) provided a general
description of lechwe habitat in the Bangweulu Swamp. FRobinette & Child
(1964) described lechwe habitat on the Kafuo Fla‘e. madoa scme general
obeervations on habitet use and used pellet group counts to aswoss the
intenaity of use in svaw sress. Child & Von Richter (1969) assesssd
habitat uee on the Choba River by noting, during road counts, the frequanny
of occurrence of Jochwe in different habitat types. Lent (1969) made a few
goneral remarks sbout lechws habitat in the Okevango Delta. Sayer & Van
Levieren (1575) on the Kofue Flate end Grimedoll & Bell (1975) in the
Banguatilu Swamp used serial surveys to monitnr seasonal changes on tha
occupency of difforent habitat types. Bigge (1979) described the
physlognomic and floristic characteristica o lechue habitat in the
Dkavango Deita and mada geonaral obaervations on heblitet uvae.

Several esspects of lechwe feeding ecology have been reported in tha
literature. Vesey-Fitzgerald (1965) described lechws pactures in the
Bangwaulu S~ar; qualitativeiy in tarms of common species in the various
plant communities. Child & Von Richter (1962) studied Taeding prefarences
of lschwa on the Chobe River and provided a llst of plant spocies taken
&t different times of the year. Von Richter & Oscerberg (1977) found
thet feeding preferences wers correlated with the nutritive value of
the major food plants. They suggested that the animals shoved s~
preference for the plants highest in crude protein content. Grimsdell
& Bell (1975) studied the vegetation of ths Banguoulu Swamp in terms of
its function as & food supply for lechwe. Thoy used digeatible crude
protein content as en indax of potential carrying cepacity snd found
that the exlsting lechwe population was apparently well below the



potential carrying capacity of the srea. Handlos, Handlos and Howard
{(1976) used analysis of rumen contents to study food selection by Kafue
lachwe and found a seasonal variation in plant species selected.

Much the most comprehensive work on lechwe feeding ecology has bosn
done by Bees (1976, 1978 o, b ond ¢). Her work includes a description
of tha Pood supply of Kafus lechwo in terms of floristics, chemical
composition end digestibility and sho describoes the ssasonal mutl:m
in the quantity of herbage removed from different plant m-lmit.'l.:'l by
;_aiun. Sha has wlso shown ssasonal varistion in the guality of herbage

harvested by free ranging animals anc har attempted to determine the
quantity of the herbege taken in by a froe renging animal.

In addition to studies specifically of lechwe feeding behaviour, this
aspect of the species' biology has been considersd in the context of

twe broed schemes for classifying the food habits of African unoulstes.
Leuthold (1377), following the criteria of Hofoann & Stowart (1972) end
Hofmann (1973) (in nelther of which works lechwe are discussed),
classifies lechwe as bulk end roughags feeders (grazers) which groze
fresh grass end are depondent on water. The basie of this classification
is stomach sorphology. Tha system is of intgreat in that it has beun
ircorporated into a method of assessing the carrying cepacity of Afvican
rangolands (Montis, 1977; Mentis & Duke, 1976).

Jerman (1974) grouped African ungulatez on the basis of feoding atyle
and includes lechse in his Group C - “species whish feed on a range of
grasses and browse, rather selectively, in a renge of vegetation types
within a fairly large home area. The diert changos seasonally as do=s
thair preference for vegetation typss." This cystom of olassification
is relevent in the context of socisl organization.

§.1.3
Objects of this study with res - t llun nod Salection and
Distribution

The purpoce of studying habitat uoe wes to ldentify the habitat types
in my study area that were most importzit to lechwe.

for practicel reasons I adopted a lacgely devrriptive spprosch to study=
ing food habits and my primary objocts were toi

(a) determine to what extent lechws in my study ares conforsed to
previous classifications of their fooding style or behaviour;



(b) to identify the major food supply of lechwe in my study area.

1 felt thet if thess objectives wers mot the dets geathered would be

satisfactory for the purposes of conservation end managemant.

Because "distribution is often an excellent and accurate index usable
in the diagnosis of food ... and cover guestions" (Leopold, 1933)
pbeervations on distribution were made to check findings in relation to
habitat usa. It was assumad that changes in distribution would reflect
changes in habitet uss and that the magnitude of changes in distri-
bution would be en index of varisbility in habitat usa.

4.2
FIRTERIALS AMD METHOUS

4.2:1

[} t Use

A mothod eimilar to that of Croze (1974) was used %o study habitat
salection ODeoceusa it was sisple and produced ousntitative results that
wors aoenable to statisticsl snalysis. In the Intensive study srea

s circult was established which sampled each vegetation zonma more or
lenss equally. This circult was walked regularly and eichtings of
undisturbed groupe ef lechwa were recorded (I tried to collect aightings
from cvery hour of the day). Each record included the following details:
date, time, lecation, sctivity, group mize and composition in terms of
sex and sge (adult mele, sdult female, subadult mala and juvenile).

At lecet 500 sightinges were collectud in wach season after tha First
cool, dry ssamon, during which the method was developed and the circuit
establinted.

Each sighting was iater allocated tr Lte appropriate vegetation zona
on the basis of its location. The area of each zone was cmlculated
by tracing its scutline onto mm® graph paper and countlng the nusber
of squarec occupied. The null hypothesis that no vegetation zone was
selected was tested with s chi-squared analysis (chi-squared with

&8 priori hypothasis, Scheffler, 1968).

The results of this analysis were compared with those of pellst group
counts inaide and outside the intenclve study srea and en analysis of
sightings of lechwas outside the intensive study area.




During 1976/1977 determinations were mada seasonally of the crude
protein content of gresses in zones 3, 4 and 5 in the intensive study
srea (Teble 2.11). A regression of the freguency of sighting in sach
zone on the porcent crude protein of gress in that zone wes calculatsd
from dats collected contemporansously in order to test the idem that
habjtat use was related to the quality of the food supply.

4,2,2

Food Hab

Data on feeding style were collected by direct observation of fres
ranging animals and by examination of thu rumen content: of 231 anizals
shot in the gensral study arem. Tha fresh mass of ingesta was determined
for each animal shot and the proportion of mono= and dicotyledonous
plant material in the rumen was estimated after a caceful exemination

of the rumen contente.

Dates on the foou supply wtilized by lochwe were collected by direct
obssrvation and Mrom randomly located transects along which utilization
was measured by tha method of Walker (1976).

Direct observations were zade mainly from two hides in the Intenzive
study area (Plata 4.1). From these hides feceding animals could be
observed at close quarters (Plats 4.2), end with 2ipoculcre [Zelas
Bx56) it was masy to sees individusl plants on which animals wero faend-
ing. While watching esnimels under these condition: I triod to note
not only the species of plant being fed on but also ite growth atage.

Wolker's (1976) method antails the exemination of a 100 rooted prase
plants along a 50 metre tramsact, one on sach side of the line at one
motre intarvals. The followling detalls were recorded for sach plant:
species, size of tuft, percentage damaged, percencage grazed and

growth stage (vigorous, senescent or dead). Data from thess tronsects
were enalysed by an updated version of Walker's (1976) computer
programme. A total of 30 utilization transects was done st the end of
the 1976/1577 rains, 10 each in vegetation zones 3, 4 and 5 (Chapter 2).

It was difficult to do these transects properly in flooded areas. In
zone 2, i0 transacts wera completed for the purpose of providing =
quantitative description of the vegetation (Chapter 2) but grass plants
ware far toc sparsely distributed to allow use of the standard sampling
intsrvel (one metrs) for assessing utilizetion. WNevertheleca overy
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grass plant encountersd slong a transect was examined for signa of
utilization.

In zone 1 water depth made it difficult snd in places dengerous to do
trensects. In this zone sub)ective sssessment of utilizetion was made
on the basis of what | saw in transit through it.

Data on the drinking behaviour of lechws were collected by direct
observation during work on sctivity budgets.

4,2.3

Distribution

For aeriel surveys {(Chapter 10) on the Kwando edge of the Linyanti
Swamy, 1:40 DO0 zcele serial photographs were used for navigation.
Ouring survey flights the location and size of lechwe groups sightod
were noled dirsctly on the photegrephs. Olstributfion maps were nre-
pared from those sighting records. Additional information on distribu=
tion wes cbtained from ad hpc cbeervations made in the course of
roguler ground coverage of most of the gencral study ares.

4.3

BESULYS AND DISCUSSION

4,3:.1

Habitat Use

Teble 4.7 gives “he proportions of the different vegeistion zones in
the intansive study srea. Table 4.2 shows tha results of a chi-squaze
enalysis of ths freguenzy of lechws sightings in sach vegatation zona.
Most of the dzta in Tabla 4.2 come from the circuit menticvmed in section
4.2,1, but some data from brief wehicle sxcursiors through the study
ares ara included beceausw the vehicle track passed through nearly all
vagatation zonea (if enything observations wore bissed towards the
drisr areas).

Zens 1 is nst inclucdad in Teble 4.2 beceuse it was ususlly impossibla
te sea animals in thie zone. Lechwe do use this zone as escape cover
and in tvensit but it wes dilficult to guentify this use. Tharse ware
obvious signs of grazing in zone 1 but it wes impossible to determine
whather this was by lechws or sitatunga.
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TABLE 4.1: THE APPROXIMATE AREAS AND PERCENTAGES OF THE TOTAL AREA

IFFERENT GETATION FONES IN INTENSI
STUDY ARER
Zone/Type Aree ha. % Totsl
1 116,68 19,5
2 68,5 11,4
hct 134,9 22,5
& 118,0 19,8
§ 68, & 11,4
Woodland 92,3 15,4




\BLE 4.3:

YEGETATION ZONES DF YHE INTEMSIVE STUDY AREA (ehi-sguared with a priori hypothasis, Scheffler, 1959}1

THE RESULTS OF A CHI-SQUARED ANALYSIS OF THE CESERVED AND EXPECTED FREQUENCIES OF SIGHTING LECHWE IN THE DIFFERENT

ZONE 2 ZONE 3 ZONE 4 Z0NE 5
sason/Year and ;4 {0=£)* b4 {o-g)* % (o) 4 {o-£E)* Chi=
imple size :1ghtingaz ¥ sightings sightings E sightings . squared P
1wl dry 1975 10,3 0,945 66,6 173,337 15,5 4,568 7.5 4,883 183,553 | =0,001
'n = 252)
1t dry 1975 3,0 37,5598 73;9 810,776 21,3 0,811 1.3 ] 61, 142 910,327 = 0,001
n = 690)
wins 197571976 1,3 45,933 T4,8 E3T;B17 18,8 0,193 4,9 18,704 TOZ,652 |= 0,009
:f'l = 523}
0l dry 1976 5,6 1 14,250 73,6 582,23z 18,3 0,563 2,6 33,197 630,242 |= 0,00%
n = §503)
it dry 1976 e 5 28,234 B1;5 B2Z,E47 116 17,851 Jyd 23,611 858,343 |= 0,001
n = 538)
ins 1976/1977 5,2 I 19,592 47,0 1100, 047 4,6 68,464 3,1 36,033 224,136 | < 0,001
| = 582)
| |

"

parformed with the rew date {.e. the smctual numbers of sightlnga.

4
8y this method chi-souvared = EL{EEEJ (sea mlso Bishop, 1971; Steel and Torris, 1960)

Fercentage freguoncy is chown here to facilitats comporisons between zonas end between seasons.

The chi=-sguared analysis wase

I-EE




Table 4.2 shows clearly that lechwe habitat use wae sslective. Zone
3 was heavily favoured, zone 4 was used roughly in proportion to itas
slze, while zones 2 and 5 wore used lesa than expected.

Seasonal varistion in habitat use wes neither great nor consistent. In
gll sesasons rone 3 was heavily fzvoured and from season to season no
clear consistent pattern was apparent in the way in which the degree of

uas of each zone varled.

It is suggoated that habitet selection by lechwo can largely be explained
by the attractivenceas of the food supnly and the eveilability ol escape
cover. The valuc of sech vegatation zone oa a food supply for lechwe

is discusdnd in dotall in sectlon 4.3.3 snd it is there concluded that
the vegetation of zone 3 is the moet important Mood supply for lechwe.
Further, the grasaspe in zona 3 conaistently had the highost crude prolein
percentage (Table 2.11) end the regression of fraguency of sighting
againat percentage crude protoln of greoss showed a strong positive
corralation batween these parsmeterc. Tho cegrosslon eguation wan:

Y = 41,60x - 136,5% (n=9; re=0,911; p<0,001)
vhera §y = Ffrequency of slghting; x = % crude protein of grass

In the light of Lhe prefcrence for zone 3 (Table 4.2), tha evidence of
its impartance am & food supply énd the correlation between fraguency
of sighting and percentsge crude protain of greos, there sppesrs to Lo
little doubt that attrectivensss as a frod supply is one of the factors
explaining habitat ues.

Thers ie indirect evidence Indiceting that availability of escape cover
also h2s wn important affect on lechwe habitet use. Robinette & Child
(1964), Lent (i1969) and Sayer and Van Levieren (1975) have noted that
deches are seldoz found Far from water and emergent vegetation and that
there are arsas ni-' habitat lpplru-'lt.'l.r_ l-u_i-i;i:;ll lin tarmas of Hln‘l;;t-ltl.un
that are never used by lechwe. [ fourd a stuilking sxemple of the latter
sltuatien in the Khwai drainag= on tha esstern Cumvango Delta. In one
area there were luxurient stands of Penicum ropens, the dominant espoclies
in zone 1 in mv intensive study area, which were obvioualy cospletely
untouched. This srea wos dry when visited and the nearest water wans

a considerable distance away. This and similer observations lesd me to
suggest that an attractive food svpply is not on its own a sufficient

inducement Tor the use of en arsa by lechwe. It is probebly also esson-
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tial that there be escape cover available in the form of water and
emergent vegatation.

Pellet group counts inside and outside the intensive study area (Table
4.3; relative frequencles are given becsuse two different plot sizes
were used) confirm that zone 3 is heavily favoured. An analysis of
gightings of undisturbed lechus groups outside the intensive study arsa
(Table 4.4) also confirmed the preference for zone 3 and showed that
other zones wers used tc sbout the same extent inside (Teble 4.2) and

puteide the intensive study area.

The etudy of habitat use in the intensive study area was continued over
a period in excess of two years end aftar thia iength of time it becams
poesaible to make inferences ebout the impact that lechwe have on the
vegetation in the areas that they use. Tie impact of other grazing
ungilates on the floodplein vegetation was known to be siighl (sse
gection 4.3.31) and it becams clasar that lechus have a merked impnct on
the structure of the grasses they greze. 2Zone 3 (Plate 4.1) has the
sppearance of s lawn and is kept short by lechwe grazing (7Table 2.5).
In FRarch 1979 1 found that much of zone ¢ (ses Teble 2.5) nad slso been
grazed down to & fow centimetres in height and 1 believe thet this uas
probably becauce extremely high floods durlng 1978 (P.A.Smith, pors.

comn, ®*) furced enimals to mcve out of zone 3.

The fuct that lochws have & clear impact on the vegetation in sreas thwy
use hsavily made it possibls to aesess lechwe habitat use in most of the
genaral study srea. Thera were clear signs of lechwe use in many parts
cf thie area and from this and Tables 4.3 end 4.4 I Inferred that tha
genaral patterns of use indicatad by Table 4.2 are applicable throughout
the general study area, even Ffor the largz aress of perennial swamp. In
these areas lschwe vcocur only on islsnds which are in effect patches of
dryland habitat and sre zoned in & very eimilar way %o the Tlecodplain.
On ell islands visited or seen from the eir, & simiisr pattorn of use of
the vegstation, mostly grasses and sedges, to tha*t obtaining in the
intensive study asrea was observed.

Furthor analysis of the dats summarized in Teble 4.2 allows some slight

refinements to be made of the broad picture of lechwe habitat use
prasented abova.

% P.A.5mith, Agricultural Ressearch Officer, P.0.Box 107, Maun, Botswana.



96,

TABLE 4.3: THE RELATIVE WUFMBER OF PELLET GROUPS/PLOT FOUND ALONG TRANSEC
DE T THE INTENSIVE STUDY ARER
Duteides intensive
Area Intensive study area study sres
Season Hot dry 1975 Rains 1976/77 Hot dry 1975
Zone 3 & 5 3 4 L 3 4 o
Relative no. pellst
groups/plet 26 7 1 22 2 1 27 B 1
No. plots 180 120 120 250 250 250 180 100 140
TABLE 4.4:; LECHWE SIGHTINGS IN AREAS DUTSIDE THE INTENSIVE STUDY ARER,
SHOWING SEASOMAL CHAHGES IN THE FREQUEWCY OF STGHTING IN
EEEHEHT VYCGETATTON IDEE_E
[ CODL DAY HOT DRY EAINS
Number of o Mumber of % Kumbur of p A
Zone eightings total gightings totel sightings total
1 2 122 0 i1} 0 i
s = 11,8 B 6;6 ' d,4
5 5 i 3 2,5 d 4,4
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As might be expected the amount of time lschwe spent feeding in

ghallow water wes related to flood levels. These were high during

both the cool, dry season and at tha end of the rains; at the end of

the rains they subsided rather gquickly. Dsta on the frequency of lechwe
eightings in the water are given in Tabl~ 4.5. There is a preponderance
of sightings in the water during the cool, dry seeson. The decline of
gightings in the weter during the cool, dry season in 1976 is probably
due to the fact tvat part of the floodplain was burned sarly in the dry
sesason and many lechwe spent extended periods feeding on the gresn flush,
which lasted the uhole of the dry saason.

Teble 4.5 elso shows that the proportion of sightings on termitaris

was concistently hinh, despite the relatively swmall ersea occupiec by
these features (in Teble 4.2 thesa sighiings were allocated to the
vegatation zone wiihin which they occurred; for axample df animals

were resiing on & termiterium in zone 3, the eightinga were recocded

egs occurring in zone 3). Termiteris were common’ in many parte of the
intensive study erea end were heavily used for feeding and resting at
all timus of the year. when disturbed lechwe often ran onto ternitaria,
probably to enable them to ses further. It ie aeleo peszible that lechwe
bed on territaris at night as & means of predatour avoldance. Thers is
8 clear benefit to be gelmed from bedding on termiteris in the water,
namely that the approack of eny large marmalian predator wiil eassily be
heard. On many occasiona groups cof lechwa were seen to occupy a
termitarium at sunset one evenino and uera found in the sama place at
sunrisa the next morning. It is of course possibls that therse enimals
wanderad during the nigit and returned to bed down in the sama place
(as in Walther, 1973) and the suggestion that lechwe spend the entire

night on a termitarium in the water remairne hentetive.

Two sate of observation indicate that Femeles used wetiar and thorefore
more productive creas ‘Table 2.1%1) than males. Table 4.6 shows a highly
eignificant propornderarce of male groups in the drier peripheral flood-
plain habitat. Table 4.7 shows that the mejority of animals obsearved
feading in water were females. A similar preponderance of females in
watter arves apparently occurs on the Kefus Flats (Sheppe & Osbourne,
1971; Rees, 1978c).

Intraspecific differences in habitat use have been noted, inter =lia,

in kudu (Irsgelsphus strepeiceros) (Simpson & Cowie, 1967) and impala
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TABLE 4.5: SEASONAL CHANGES IN THE PROPORTION OF SIGHTINGS IN SHALLOW
WATER AND ON TERMITARIA

% Sightings % Sightings
Sesson in shallow water on termitaria
Cool dry 1975 20,6 13,8
Hot dry 1975 5,1 11,8
Raina 1975/1976 3,6 il 15,8
Cool dry 1976 8,9 17,0
Kot dry 1976 5,7 19,3
Raips 1976/1977 6,4 8,4
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TABLE 4.6: THE SIGNIFTCANCE OF DIFFERENCES IN THE FREQUENCY DF SIGHTINGS
OF ALL MALE GROUPS AND DF CROUPS WITH FEMALES IN PERIPHERAL
FLOODPLAIN HABITAT IN THE IWTENSIVE STUDY AREA
No. groups No. groups st
Season with fomales males only Chi-squared * P .
Cool Jry 12 56 27,19 < 0,001
Hot dry 0 151 79,558 < 0,001
Rainx 31 109 42,350 = 0,001

# with Yates ceorrection Fector

TABLE 4.7: SEASONAL DIFFERENCES IN THE NUMBER OF TIMES THAT FEMALES AND
MALES WERE OBSERVED FEFDING IN WATER (all animals older than
one year)

1 T T

Mu. sightings | Wo. sightings Chi-
SeReon Temelos malos aguarad#® R
Cool dry 55 A0 2,344 0;20=p-~-0;70

I

Hot dey su 1B 14,532 < 0,001 :
Rain= 41 18 8,203 < 0,001

% with Yates correction vactor
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(Repyceros melempus) (Anderson, 1972) and there are soveral factors
which may contribute te the differsnces seen in lechwe habitat use.
Territories are situated in zone 3 slong the water's edge end it is
likely that bachelor males avoid this zone because of harassment by
territorial males. In respect of maternzl-Infant behaviour, lechwe are
basicelly of the "Abliager" (¥altrer, 1964b, 1965, 1968, 1969) or
"hider" (Lent, 1974) type. MWNeonates "lie-out" mainly on termitaria
and islands emono the emergent vegetation of zonoa 1 and 2 and it may have
bean for this reason that females did nrt move grest distances from thse
water'e edge. Fuither; lechws frequently used zones 1 and 2 88 eacape
cover and this may be another resson why the more waery females (Chapter

B) steyed close to the water.

Two types of evidence indicate that juvaniles feed less in the water
than do older animals. rirstly, during obeervations on habitat use,
animals older than one year weie ssen feeding in ths water wn 223
occasiono, whersos snimales less than ono year old wers seen feadine in

the water on only three occasions.

Sccondly, ecntinuoue behaviourel observations chowed that Juveniles
epent relatively little time inm the water. For exempls, the oroportions
of time spent in tha waler by the different sex anJd oge classes during
the cool,; dry eeason were es follows:

(1) females over one yesr old: 42,3%

(11) adult meles: 28,0%

(111} subadult malas: 7,0%

(iv) Juveniles: (lees than one yeer old): 2,9%.

Subadult meles spent & good deal of time in drier peripheral flcod-
plain areas but juveniles wers usually in proximity to water. Thess
results thus tend to confirm that Juveniles spend significently leas
time in the water than do older &ga classes.

Apart from this guantitative evidence many ad hoc observations were made
of Juveniles showing fear in water. For oxampie, when solitery
Juveniles had to go through water, they usually did so as quickly as
possible, running and jumping even through very shallow wnier. In
similar circumstances adults would walx slowly through the wator, often

stopping to fead.
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A possible explanation for the relative reluctance of juveniles to enter
water is that it takes time for them to become hebituated to water (this

is the case also with otters, personal observation).

4.3.2

Fescing Styie
Hofman & Stewart's (1972) clessification of food habits implies differ—

ences in both the smount and tha type of food eaten by the three broad
groups of ungulates (bull: and roughage feeders, concontrete selectors

and intermediate feeders).

The amount of food eaten by lechwe ls indicated in Table 4.8, A method
of compacing theae cats with the amount of food eaten by other ungulates
is suygested by Pndorson (1978). He derived general regression
equations for bulk and roughege feeders and for voncantrate selectors
whirh show an oxtremely hicgh ard significanmt correlation betwesn lngesta

masa end body mass. Anderson's (1978} equetions were:

bulk end roughage feeders:
y = 0,199 ~ 0,649 (r =0,998; p<0,001)

where y = ingesta mass; x = body mases

concentrete selectors:
y = 0,075% - 0,204 (r = 0,998; p=< 0,001}

Frem the data collectsd during this study similar regrassions were

calculated for lechwa.
The squation For lechws females was;
y = 0,159x + 0,245 (r =0,709; p<0,00%; n = 142)
The equation for lechwe males was:
y = 0,128x + 0,805 (r = 0,690; p<0,001; n = 8B)
The regression co-sfficients for lechwe =fe in & range of values that

would seem to be more eppropriate to intermediate rather than to bulk
end roughage feedevs.
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TABLE 4.8: MEAN FRESH MASS OF INGESTA AND INGESTA MASS AS A PERCENTAGE
OF B0DY MASS IN FEMALE AND MALE LECHWE DVER THREE YEARS OLD
FEMALES MALES

Ingesta Ingesta

Fresh mass mass as % Fregh mass mass &s %

Season n | ingesta (kg)| body mass | n | ingesta (kg) | body mass
Cool dry 1975 25 11,2 14,¢ 10 17,0 15,2
Hot drv 1975 | 20 10,7 16,4 6 15,9 13,9
Raine 1975/1976 25 12,6 17.6 15 15,4 13,5
cool dry 1976 | 20 11,5 16,7 11 15,4 15,4
Het dry 5976 | 16 10,3 15,8 g 13,8 11,9
Rains 19?5}197?' 18 11,8 16,3 12 12,1 12,3




Although lechwe show affinities with intermediate feeders in terms of
the emount of food they eat, the type of food they sslect is typical

of bulk and roughage feeders. ODirect feeding observations and examinae—
tion of rumen contents indicate thaet the lechwe in the study area were
pradominantly grezers. Out of many thousands of direct feeding observa=-
tions only 2% were of browsing. Most browsing incidents lasted less
than one minute and only five browsing sessions in excess of one minute
wore observed. The longest browsing session observed lested seven

minutes.

Dicotyledonous material was found in 15§ of rumena. The quantities
found were invariably small, in all cases estimated at less than 1% of
the materisl prosent in the rumen. Kafue lechwe (Handlos st sl., 1976;
Ress, 1978c) apparently make greater ues of dicetyledonous materizl

than was observed in lochwe on the Ewando.

An aspect of lechwe feeding behaviour which may explain why the guantity
of their intake eppeare to be less than might ba expected of a bulk and
roughage feader is the probabllity that they feed seisctively. Lechuwe
are In Ctheory likely to be selective because of tholr relativeoly small
mouths (Field, 1970 end 1575} and in prectiso when observed from a hide
while feeding at close guarters, thay appearsd to be selecting for new
growth in the sward. Their general feeding behaviour had much in

common with Field's (1970) description of kob food habits; in particular

lechws sleo had a "habit of fesding from above a short puscd.™
Thies selcetivity was particularly apparent in females wirich Fed more in
the wetter areas (Table 4.7). Greater selectivity of female feeding

has alen beer noted in kufue lachwe (Roes, 1978c).

The fact that femoles feed more in wet arean than do males probably

explaina two rantﬁ-uhfﬁﬁ are spparently contradictory I.a. thet males
have a greater mass of ingeste in their rumena (Tabie 4.8) but females
spend more time feeding (Chepter B). The resolution of the upp;rnnt
conflict is related to the fact that hertbage in wet areas is kept at

an early growth stage and is thersfore of a higher quality {Tahlu.2.1l]
and moister than mature grasses (Stanley Price, 1977) in drier areas.
It is knuun that better gquality forege is more easily digﬂﬂtigli
(Mcboneld gt al., 1988) and has a shortar retention time in the cumen
(Stanley Prize, 1377} than poorer guality forage., This could well mean
that, although females have less material in their rumena at a given

103,
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t&pﬂ, their deily intake is as grest as or greater than that of malesa
because they process their food more rapidly.

The selectivity of lechwe feeding behaviour has important implications
for managem=nt, as it means that when lechwe movements are restricted
and etogking rates are high, either in senctuaries of under ranching
conditions, problems of localized overutilization of the range end loss
of condition are likely (Mentis, 1977). This likelihood raises guestions
about the mdequacy, from a management point of view, of Hofman &
Stewart's (1972) classification of ungulate food habits. Mentis (1977)
appears to have made it yuite clear that it is as important to distin-
guish batwesn the degrees of selectivity of bulk and roughage feeders
(grazers) as it is ic distinguish between bulk and roughage fesders
and concentrate eelaectars (browsers). The distinctinn between more and
less selective grazers mey be implicit in !loifman & Siewart's (1972)
clasaification but I believe that, in tne context of menageaent, it is

eufficiently important to warrant expiicit recognition and consideration.

In his discussion of ungulate feeding styles Jarman {1974) places lechus
in his Clags C. The results of this study indicats that this is wrono
end I suggest thet lechwe would be more esppropriately placed in his Clasa
D j.e "tnat in which species fesd on grasses, besing rather unselective
for epacies ... but more selective for plant part or growth steoe ...
(their) diets are perhaps the least diverse of all," Lschws perhaps
exhibit @ greater degree of selectivity than Jerman aliributes tc Class

D but they use a smzll range of food and habitat tynes and, in my
opinion, this dictinguished them from Jarman's Class C.

4.3.2

Food Supol

Direct ouservation of feeding animals in the intensive study area gave
e gualitative impression of the food veluss of the diffarent vegetetion
zones (Chapter 2 ) end indicated that most feeding was done in zone 3.
During the day males ranged also into zone 4 but in the svening thaey
returned tu zone 3 to spend the night. Females regularly fed in zons

2 but never in the large numbers that consistently fed in zons 3. Very

fow direct observations were nade of animals feeding in zunes 1 end 5.

Direct observations from the hides did not yield much information on
grass species selection because species diversity esround the hides was
low. Ubservation from the hides did yield data on the use of plants
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other than grassps. Theses observations, ad hoc feeding ocbserveticna
in the general study aroa and exemination of plants in aroas whero
lechwe were obeesrved feeding gave an idea of the type of plante other
than grasses that are saten by lechwe.

A liat of plantas other than grasses that were taken by lechwe is an
follows:

Scirpus unincdus, S. rogersii, Cyperus articulatus, C. denudatus, C.
longus, Pycreus lanceus, P, polystachus, Fuirins pubwsgens. f. umbsllats,
Pariscus squarrosus, Fimbristylis ferruginea, Fimbristylis sp.,
Bhyncospors holoschosncisdes, Nymphess ceerules, Cosphocarpus rostratus,
Potemogeton thunborgii, Nesaea crassicaulis, N. redicons, Orthenthers
Jasminiflors, fdurrsiia spaneandrs, Achyranthes sspora, Commicarpus
africanue, Phoenix ¢p., Combretum imberbs (shrub stage).

Tho fact that direct oboervation of fusding behaviour indicated that
loghus amlect for new growth was mentioned sarlier but Furthor cemmunt
an this selectivity is appropriate at this point beccuse if the Tunctlon
of seloction could be determined a fuller undarstanding of the nature
gt tho lechwa's food sugpply wuulcd be forthcoming.

Similar selectiun wae found in Kefue lechwe (Roes, 1978c) and by Afolayan
& Fafunsho (1978). A rumber of potentfal advantayws to such selection
eon be enviseged and hsve besn suggested. Kioulen (1975) hes chown that
enhencad nuttient (calcium) inteke may be one of the functions of sclec-
tive grezing. Von Richter & Osterberg (1977) sssert that lechws on the
Chobe River select for crude protein and in this study chemical

analysis showed that reistively high crude protein values (Table 2.11)
prevciied in zona 3 where must feeding occurred. Rees (1578c) suggests
that the percentage digestible dry matter may influence celection and
that salcctive grazing of new grass growth incroases phosphorus intake.
If all or moet of these potential sdveantages do sciuslly sccrue,
selective grazing must conelderably enhance the nutritive valus of the
fuod harvested by lechws. Thus plant growth stage ls probably an
important parametur to be considered in describing food supely.

Data from the transects along which utilization was mssecsed by Walker's
(1976) method are presented in Tablem 4.7 = 4,11, The grazing percentages
in these tables are estimates of the proportion of plant material

removed. The figura for all species is calculated from all plants
exaained, not only from those plants actually grazed.




TA 4.9: DEGREE UTIL

FREQUENCY
SPECIES OF OCCURARENCE % % GRAZING
Panicum repens 69,7 10,4
Sporobolus spicatus 8,7 4,1
Eragrostis inamcena 1,3 40,2
Cynodon dactylon 0,2 0,0
All spocies 100,0 14,0

TABLE 4.10: DEGREE OF UTILIZATION OF GRASS SPYCIES IN ZOME &

FACQUENCY

SPECIES OF OCCURRINCE % % GRAZING
Ersgrostis lappulas 37,9 12,0
Erngroatis trichophors 10,4 0,1
Setarin snceps 14,2 1,5
*| Exnodon dactvlon 8,2 8,3
~| Banicum repens 5,2 2,9
Panicum draguanum 5,0 2,0
*| Eragrontia inemoena 3,2 14,1
Aristide pilgeri 2,4 1,8
Brachiaria dura 1,9 0,0
sgrghostrum frieail 2 2,5
sticda congenta 1,0 0,0
Baspalum grbirculars 0,9 26,9
Irarchypogon spicotus 0,2 F40
Lymbopogon excavatad 0,2 2%
All spocies 100,0 7,6
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TABLE 4.11: THE DEGREE OF UTILIZATIDNM DF GRASS SPECIES IN ZONE S

FREQUENCY
SPECIES DF OCCURRENCE % % GRAZING
Cymbopogon excavatus 22,0 0,9
Imerator cylindrica 15;3 0;1
Eragrostis lappuia 12,8 35T
Trachypogor. spicatus 6,5 0,2
Brachiaria dura 6,0 0,0
Eragrostis trichophors 4,6 0,0
Brachicria humidicola 3,9 0,0
Sorghastrum friesii 3,6 2,3
Faspalum orbiculara 35 0,0
Aristida congesta 2,9 0,0
Hyperthelia dissoluta 247 aJ,0
Schizachyrium Jjeffrayaii 2,6 a,o0
Ercgrostis pallens 2,1 0,0
Seteria anceps 2,0 0,0
Aristida pilgeri 2,0 0,0
Cynodon dactylon 1,6 0,3
Eregrostis echinochloidea 1:5 2,7
Elionurus argenteus 1.1 2,5
Setaria sphacelata 0,9 343
Penicum drogsanum 0,9 0,0
Sporobolus ioclados 0,5 0,0
Rhynchelytrum repens 0,4 0,0
Trichonaura grandiglumis 0,3 0,0
Aristida meridionalis 0,2 0,0
Hyperthelia dissoluts 0,2 5,0
All spocies 100,00 0,8
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Thase results, as did the results of direct observations of feeding
behaviour, indicate that most feeding is done in zone 3. Thay show
further thet zone 4 is usad with modernte intenmity and that zone 5
is scarcely used at all for feeding.

It was sssumed that all of tha grazing in zonos 3=-5 was by lachwa.

This assumption could be mede with soma confidence. In three months

of intensive behavioural work preceding the utilizetion survay, féw
sightings of other species were made in thmse zones and careful ssarches
in the vicinity or transects revealed no tracks or signe of othar species.
There were hippo patha thraugh tha area Lut thare were no pigns of hippo

having grazed along ine transects.

It was not possible to make the sama assumptions In zone 1 and 2 tecauses
altatunga ware regularly seen to be feoding In thase arean.

Tha exewination of grazed planis alonp transacts in rona 2 indicated
that grass species that were utilized included: Panicum repens,

Pappalidium piatyrrhachas, Sacciolepis typhura, Orvza lonaistaminata,
Leersis haxandra anZ Brachiaric humidicola.

Tha degree of utilization of grasa plents in zone 2 wam 11,9%, but tha
biomass of grass in this zone is e low (Figure 2.10) that it is unlikoly
to bc & major food supnly for lechwe,

The deyres of uiiliasiion of grasees in zone 1 was not osoemsed
quantitatively but was clearly low. The gress Vopsis cuspidata was
obviously grazed and fragments of Phragmites sp. and Miscenthidium zp.,
both common in zone 1, were vccasionally found in rumena, showing

that thase species were somatimes taken.

In the light of data from 4direct observa‘ions, thes Jtilizetion transects
and the subjective assessments of plant use in zone 1, the vegetztion of
zone 3 eppesred to be the most important food supply for lechwe in the
study ares. There ace several possible reasons for this. Continued
heavy use of this zone tends to keep the grass at an serly growth stage.
The perennially moist soil means that there im in effect no dry season.
The effect e¢f the gradient of decressing moisiure froe zone 3 to zooe 5
is an increasing proportion of senescent or dead grass plants: 10% in
zone 3, 16% in zone 4, 30% in zone 5. Betweon zonas 3 and 5 there is
also & change in growth form. Gresses in zones 4 and 5 are taller
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(Table 2.5) and larger than in zone 3 (in zone 3 only 7% of gress tufts
have a basal dismeter larger then 5 centimetres, in zone 4 the proportion
is 60%, in zone 5 79%). In comparison to those of zone 2, the grasses

in zone 3 contribute a far greater proportion to the plant biomass
(Figure 2.10), also there are indications that sguatic grasses sre high
in silica, whioh reduces their digestibility (Rees, 1978c; Moen, 1973).

The various data nollected indicate that basides zono 3, the vegetation
of zone & is also an importent food supply and that tiwm vegetation of
zone 2 is clearly an added food resource although probably of lisited
importanre. Tones 1 and 5 are utilirzed but to a very limited extent.

Thus the overall conclusion from date collerted in the study aros was
that the major food supply was the vegetation (mainly gresses, Figure
2.,10) of zone 3 and 4, supplemented by that of zone 2 and, to a wvery
limited extent, thet of zores 7 cnd 5. This estsbliches thet it is ithe
ezotonea betwsen the perenniel swsmp and the terroetrial comounities that
is the moat impertent erss with respect to the feeding ecology of lechws.

The resulte of exeminetione of known Tecding aites in many othur parts
of the general study area indicated that fesding patterns throughout

the ares were generally aimilor to those in tno intensive study ares.
There wos little veriation in the saesonsl patterns of habiiat use,
indieating the: tnere is unlikely tc be much ssasonal variation in the
differant vegetation zonea in teims of their importance as a food supply.

During the study threa cases involving the ingasticn of non=herbaceous
materisl were recorded. On Lwo occcasiona larqe fragments of Lone wers
found in the cumen of &8 shct animel. One clear case of a juwanile
lechwa nibbling at guano an & termitarium in the water was observed.
These examples of "pica" or depraved sppetite (McDonald et al., 1969)
ara consistasnt with a nulsient daficiency, perhzps of phosphorus.
Ostecphagia has bzasn ieported in dbher wild ruminants, for exampls
nysla (Anderson, 1274).

4.3.4

Berinking Behaviour
To the best of =y knowledge the drinkfng behaviour of lechwe has not
previously been documanted.
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In view of thelr closa sssociation with water it seemed in theory

likely that drinking would be a far less significant activity for lechwe
than it is, for example, in impala, which may spend up to an hour o

day gaining sccess to water during the dry sesson (Jerman & Jarman, 1973).
In practice it wasm found that drinking eplsodes were usually brisf, mont
lasting one or two minutes. There were seasonal differences in the
freguency of drinking and sexual differences in the pattern of drinking.

I:lmj.l.ng the cool, dry season the animals rarely drank. During the hot,
dry season. lechue drank on average three times & day. During the rains
151;1 drank on avarage ohce & day.

There wera na discsenabls apatisl or temporal patterns in drinking
behavicur. Animale, with the sxcoption of bachalor males, semmed to

drink at any convenient place at sny time of tha day. Whan bachelor

males hed been Feedlng on the drisr peripheral floocdplain creas thay

would often drink as moon as they returned to the water's eoge in tha
evaning. No narvousnsss or spocial csution was observed prior to drinking.

4,3.5

Distribution

Tha results of serial surveys indicated that the distribution of lochwe
on the Kewendo remainad rather constant. Figures 4.1 end 4.2 show the
resulis of tha two Flighta in the course of shich lechwe distributian
wac fairly sccurately ploited. The total number o enimals counted in
May 1977 was sbout 25% higher than that during Juna 1976, but Lhere ere
otherwiss general similarities in the pattern of distiibution. Flood
lsvels during Fay 1977 were higher than during Junes 1976 and this
probebly explains the presence of greater numbers of animals on tha
wotland margina in May 1977.

Dbeervations on tha ground in the intensive etudy ares und during
extanaive travelling about the general study area confirmed the ispres-
&lon of a rather constant distribution. Lechwe were present in the
intensive study eres throughout tha entire study and there were many
plices along the wetiand wdge where lechwe could invarisbly be found

at any time of the year. GSuch movements ee did occur spuaared to be in
response to water levels. When water levzls ware high the nusbers of
enimals in the intensive study eres and along the wetland edge Lincreased,
when levels ware low they declined.



SELINDA SPILLway ¥

fgurs 4.1: Distribution of lechwe
on the Kwando,
June 1976,

1]
o
™
M.
(]
L |

“  Flightline
= Edge of wetland

= River or channel

* = 5 Lechwe

16 JUNEC 1976

0 10km
L i -
T —
s g
: o
..-"'
" b ] '::‘r
i e »
=
T = ="I
ﬁi'! - -
h—-—‘:‘_-_r.!l any



112,

Tn__

——  Flightline

~~— Edge of welland

= River or channel

- w 5 Lechwe
%
"% 21 MAY 1977 I
==
o
z 0 10km
';!& . ! i
D
-2 "'D_—J
Y
Y ‘-'%
-2 tll.l- “-rf:
'I-T.i'h—-_ e
]
==

o —
l"_. --i‘| T ]l
L h =, :
-5 iy
1
¥
N
4P
u‘*
SELINDA SPILLWay m
&7
Ea 4,27: Distribution of lechwe
on the Kwando,
May 1977.
F e




13

A likely explanation for lechwe movemsnt in response to variation in
water levels is that they do not feed in watar much more than 50-60
centimetres deep (at least they were not ocbserved to do so on the Kwando).
Thua if the water level in & particular ares rose of fell such above or
or below this level, lechwa would eithar be forced to move out of the
area or be eble to move in snd make use of it. On the Kwendo, Tluctuations
in watar leval are relatively slight and lechws movesments correspondingly
szall. In the Chobe (Child & Von Richter, 1965), Kafus (Bayer & Van
Lavieren, 1975) ard Bancweulu (Grimsdell & Bell, 1975) systems,
fluctuetions in water level are much greater than on thes Kwando and
leohwe movenents correspondingly greator, over 50 kilometros in places
(Grimedell & Bell, op. cit.).

The relatively conatant pattern of lechwe distribution on the Kwando
indicates thot no marksd changes in habitat use cccur. This finding ie
conziptent with the limited scasonal variation in habitet use that wae
vhearved in the intensive study erea.

4.4

SUMMARY
The purpose of studying habitat uee was to identify the hobitat types
in ths study area thzl were of mosl importance te lechue.

Tha main objects of tiis study with respect to food ecleocticn werei

{(a) to determine to what extent lechwe in the study area conformed to
provious classifications of their feeding style or behaviourg

(b} to identify the most important food supply of lechws in thes study
area.

Data on habitat use were collected by direci opservation, from pollat
group counts and by examining vegaetation for signs rf lechwe use.

Data on food habits were collected by direct observation, by examining
the rumena of shot animals ant by exsmining the vegetation in sroas used
by lechwe. In the latter exerciss, objJective (Welker, 1976) and
subjective sssessments of t'.» degres of utilization were made.

Mith respect to habitat use it wes found that zones 3 and & wore most
used in the intensive study ares and it was concluded that the same
probably held true for the general study area. Zone 3 forms a generally
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nerrow bard along the swamp margins in which soil 4is mpist all year
round, plant growth is continuous and grasses contribute most to the
plant biomass. Zone 4 is flooded seasonally (for 3-B months of the
year) and, 88 in zone 3, grasses make vn the bulk of the plant biomass

in this zone.

Intraspecific differences in habitet use were observed: femeles used
wotter areas than males, while juveniles tended to spend less time in

the water than othar egs classes. A highly significant correletion was
found between Treqguency of sighting and percentage crude protein of grass
in zones 3, 4 and 5, and from this it wes cunoluded that the gualitv of
the fcod supply has an important efrect on habitet uoe. Aveilability

of escape cover wag also thought to bm an important factor in lechwe
habitet usa.

Wwith respwct to fesding atyle it was found that lechwe ore oredominently
prazera ihat select for new grouth end it was suggestod that their
eplectivity has important implicationa for management. From the

results of thia study it was concluded that Jarman's (i974) classif-
ication of lechws in his Class C is incorrect and that lachws more
properly belong in his Class D.

Fith respsct to food supply it vas Frund that the vegetation, malnly
gresases, of the ecotone between the perennial swamp and tha terrest-
riel plant commmnitivs was the most importent source of food for

lechwa in the sluldy area.

Dictribution of lechwe on the Kwando remained rather cunstant, indicating
that changes in the pattern of habitet use were limited.
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APTER
CONDITION
5.1
NTRODUCTION
Ba st

Definition of Condition
The term "condition® im widely used but is seldom cdefined or circumscribed

Clarification of the term is important for the purposes of anzlysis
and discusaion end 1 have therefore stteapted o formulate a tentstive
working definition of “condition®.

Ky dafinition 1o & alighily ewpanded version of a statoment by Leaund
(1970) and is simply that:

,!;M animal's condition is equivalent to the level of ita body

' resarwves ¢! energy and nutrionts.”
The existence and variablility of body reserves are clearly demonstraeted,
for example, by the wosk of Jones & Werd (1976) wiilh red-tilled quelea
(Quslea guelra), They found thet at the end of the day birds had
accuaulczted e lipid resarve of about 0,7 gram (thair total lipid
content was 1,0 grsm). They also found that before the incepiion of
yolk formatlion Tessles had a proteln resercve of cbout 0,36 gram, Both
lipid and protein resarves wore subject to marked doclines.

The relevance of the lewels of the various types of body reserve is
that E"_ﬂ'—" arh_a_nt an animal'sa chancen of both survival and reproductios..
Jones & Ward (on. cit.) found tho guelos which ended the dey with low
lipid resarves were unable to survive tha night. Franzmann & Arneson
(1976) found that marrow fat values for adult moose (Alces sices) killed
by wolves (Qanis lupis) or sceidentally (roed kill, shot or drug) were
not edgnificantly diffaront f.om sach other but were significently
higher than thosa of suspected starved moose. de Colests et al., (1977)

found that in two groups of deer (Ddncoilgus virginianus) which were
starved simultsnecusly mortality occurred in the group which had
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previously baen under-fed but not in the group which had previously fad
ad libitum,

In relation to reproduction, Jones & Ward (1976) suggest that quelea

can only breed successfully when protein is available in large enough
amounta for females to accumulate sufficient reserves of protein for egg
laying. Becauss tha low protein velua of food during the dry season
precludes accumulation of & large protein reserve no breeding can ocour
gt this time., In adult cows (Lamond, 1970j Buck et sl., 1976) and in red
deer (Cervus plsphus) hinds (Lowe, 1971) it hus been shoun that there is
8 relationship betusen fecundity and body reserves, as reflected by

body mazs.

From the mbove it is suggested that by measuring the level of on animal's
body reserves of energy end nutrients an indication ia obtained of its
chancez of beth survival and reproductiion. The euggested definition of
condition would therzfere eppear to be mors than adegquate fn terme of
Harkes's {1979} criterion that "if = messure of phyeiological chenges iz

to ba of practicel velue, it must be linked to Lhe cénimal's chahcas of
living or dying". Aa it is dafined here the term "condition" sppears to
be synonymous with the terin "nutritional status" as used, but not defined,
by Warren & Kirkpatzick (1978).

Refasrence ‘s ofven made to animals in "poor" or "good" condition but the
meaning of thesw phreses is seldom obvivus. In terme of the prazaent
definition "peoor" condition would be eguivalent to & state in which body
resservies ere depleted; "good" condition would be equivalent to body

reservas etanding at sufficiantly high levels to mset all the demands of

survivel and roproduction,

5.1.2
fectore Affecting Condiiion

Tha levels of body reserves reflect the balences betueen demands for

energy and various nutrientz end their supply. At any particular time
there are many interacting endogenous and exogenous variables which
iifluence this type of balence. In broad terms, demand variss with
growth stege, sex, reproductive ststus, social status and season while
supply veeies in terms of buth guentity snd quality (for example,
energy content, protein content, minesral content, fat content, wvitamin
content amd digestibility). A start has been made with explaining soma

of the interactions between these verisbles in domestie livestock
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(Crempton & Harris, 1969; McDonald st nl., 1969; Maynard & Loosli, 1969;
Moen, 1973) but understanding of this type of interaction in wild
rusinants is extresely limited. For this reason the ensuing discussion
of condition is in largely descriptive terms.

5.1.3

va t 5 of Animal ations
Condition has %sen shown (section 5.1.1) to affect both moctality (see
also: Hirst, 1969; Ferras & Kerr, 1971; Child, 1972: Keep, 1973) and
reproduction (cws aleo: Verme, 1967, 1969 and 1977; Abler st sl., 1976;
Thorna et al., 1976) and it aleo affects growth (Verms, 1963; Ulrey st sl
196%; foung & Scrimshaw, 1971). It is thus clearly relevant to the study
of animcl populations snd its importsnco has besn rscognizad by, inter
alin, Moen (1973), Grimsdell (1978) mnd Hanks (1979). Hanks, in particul
has shown the impurtance of considering condition when aseessing the
status of o populution.

B.1.4

Aspespment of Condition

The purpose of (his soction is to discuss some acpects of concdition assas
ment that aro not deolt with in Henk's (1979 ) detailed review of the

sub ject.

5.1.4.1

b mEas n inc r Ltion
Studier such as Kluin's (1968) on the crash of ths 5t Matthew Teland
reindesr (Fancifer terandus) populstion clearly show the valus of body
masas a® an Indax of cendition. Nevsrthelesss for at least thresa reasons
it is on Index that must be used wiih ceution.

In the first plece, body mess lo subjoct to varietion that is not relatad
to condition. For example, Payne & Hutchiscn (1963) showed that live mas
of zebu steers may incresse by »s much as 7% sfter e single dyinking. If
a shot sample i aveilable this type of varistion can be eliminated by .
using carcass mans, here dofined as body mass minus mss= of feat (from
cerpal/tarsal joints), head, skin end the entire contente of the body
cavity (esee seoction 6.2).

A second protlem is that body maps noeds to be corrected for skaletsl
size. Grimedell & Bell (1975) divided body mass by sevaral combinations
of lincar body measurements but found that “the most convenisnt single
measurement of skeletal slze was simple body langth”. They found that
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the index live mass divided by body length had a clear pattern of
variation compatible with seasonal changes in the food supply ond svents
in the repooductive cycle.

A third problem is that it is difficult to identify a specific cesuse
for a decline in body mass beceuse it involves simultansous loss of
different body components such as water, protein (nitrogen), minerals
and lipids (Young & Scrimshaw, 1971). In view of this, vaviation in
body mass is not e refined index but because of the incontrovertible
ralationaship between nutrient restriction and decline in body musa
(Young & Scrimshaw 1971; de Calestas st al., 1975; 'arren & Kirkpatrick,
1970) it is uncdoubtedly a valid indication of & genernl declina in body
resdrves.

S, L,4,2

Liver mess &8s en ipndex cf prctcin siatus

Maynard & Loosli (1965) mtato thaot stored protoin is impertent bucause
it ie the source from which plasma proteins, including hemoglobin, are
ayntnealzed and that liver cells contaln both protein which is
indispens=ble tu their structurs and storecd protein which is disponsable

and can ba reisssed to form piasme. McDoneld et el., (1969) state that
protein reservea in tha liver are the first to bc mobllized in times of
nutritional stress. They also stute that the earbshyorats raserves of

the body, such as glycogen, acs awmall and reiatively conatant.

On the basis of thave statements it epams reasciheble to infer that liver

mass may be an irndeax uf proteln status.

Bal.d.3

ting condition to oriuctic
Condition affects reproduction in tws different ways. Firstly. it
has besn found Ln cettle (Joubart, 1963; Maynard & Loosll, 1969;
McDonald gt al., 19C9: Lamond, 1570) and in deer (Moan, 1973) that
bafore attaining pubarty femmles must reach s critical mass. Thus a
reduction in mass at sge, which can be aguetad with poor condition
(Hanks, 1979), will lead to delayed puberty and impaired reproductive
parformance.

Secondly, it has Leen found (Lemond, 1970; Buck et al., 1976) that there
is aleo 8 criticel masn above which adult cowe are more Pertile and

balow which they are less fertile. Thus condition also affests the
reproductive performance of sdult Temaloa.
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5.1.5

Previous Studies on Condit in Lechwa

Child & Von Richter (1969) used Riney's {1950) method to sssess conditlon
of lechwe elong the Chobe River and found that the animals wore generally
in "poor condition” (sic). Seyer and Ven Lavieren (1975) used the
Kidney Fat Index (Rinay, 1555) and dressing out percentage on & shot
pample of lechwe on the Kafus Flats. They found seasonal variation in
the conditfion of males and fomales and related this to reproductive
status end the flood vycle. Grimsdell & Bel) (1975) used the method of
Russel et al., (1969) and live weight/body length to assess the condition
of 8 lergo semple of lechwe, mainly edult females, captured at Loke
Banguweulu. They alec found seascnal varistion in condition and related
this to flond cycles, reproductive statum and range conditions. @ees
{1572c) used the Kidney Fat Index (Riney, 1955) to show seasonal variatic
in condition which she related to the reproductive cycle.

9:.1.6
The Purposes of this Study with Respect to Condition
Condition wes atudieod with the following objectes In mind:

{a) to establish how much varistion occurred in the condition of lachwe

in iha Kvando paopuletion;
(b) to consider posasible cauges for this varistion:

(c) to consider the possible offects of condition on reproduction.

5.2

MATERIALS AND METHODS

Henke (1979) identifies Tour broad types of condition Index: deposited
fat reserves, adreno-cortical hypertrophy, blood chemistry and hemetology
end body growtn. All four types of index were used in this study but
limited access %o refrigeration and field lsbo:zatory facilities meént
thet, for the most part, only technigues which could be applied ss part
of routine autopsy procedures were used.

5.2.1
Depoaited Fat Ressrves

Two indices of deposited fat reserves were used. Riney's (1955) Kidney
Fat Index (KFI) was calculeted in the same wey a8 was done by Attwell

(1977) using the formula quoted by Hanks (1979). Variation in KFI wes
oxumined in relation to age, reproductive status and esason.
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Cheatum's {19dga}apprnach. involving assessment of the fat content of
femur bone marrow and referred to as the femur fat index, was also used.
With the criteris developed by Sinclair & Duncan (1972) bone marrow was
subjectively graded according to colour, opacity and texture and placed
into one of three classes denoting goed, fair or poor condition (1 - good,
? = fair, 3 - poor). The percentage frequency of each conditlon class
was spxamined for esch esason to eee whether seasonal changes occurred

in the frequency of any class.

The EFI end femur fat index were obteined from each of the 231 animals
shot betwsen January 1975 and May 1977,

5.2.2

Adrenal Mass

Adrenal collecticnes were undertaken only during the latter pert of the
ciudy. Adrenal mass was obiainod from 108 lechwe. Arter cencwval, the
glands werns trimmed of surrounding connective tissum end weighed to the

1_

naarest 1ﬂh gram on &4 triple boam balance. Attempis wore mace o relate

edrenal mass to ege, reproductive sratus and season.

5.2.3

Serum Cholesterol and Packed Cell Volums

In the course of sseisting Or N.Crlger (DrHger & Meilitz, 1978) in a
study of trypanosomiasie in lechwe, blood and serum wers obtailned from

26 onimals: 10 in June 1976, eight in October 1976, eight im Cenuary 1977.
Packed ceil vulume {PCV) determinations for all 26 animals were done in
the field (within 1=6 hours of collection) with a porteblas centrifuge

on separate blood samples collected by Or OrHger. Serum from each cnimal
was stored on ice for up to one week in the field and ihereafiar deep
frozen until it was processad during Juvly 1978. Serum cholesterol
daterminations wera done colorimetricelly, with the Biodynamics Unitest
Sysiem in the Neta) Parks Board lsboretory. Attecpts wers made to relate

serum cholesterol levels and PCV to ege, seox and ssason and to other
condition indices.

' 5.2.4

Body Mass

In Bddition to body mass two indices of condition based on body muss
wera used. The first was carcass mass (as defined in sections 5.1.4.1
and 6.2), The second wes & carcass mass index (CMI) obtained by
dividing carcass mass by body length. Both carcass mass and CM[ wera
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obtained from oll 231 animals collocted between January 1975 and May
1977 and from & furthar 20 animale shot during 1979. Attespts were made
to relats variation in carcese maes and CMI to age, reproductive atatus
and ssason. The relationship betwsen body mass, carcass mass, CAI and
reproductive performence wes also colsidered.

§.2.5
Liver Mass

Dats on liver mass wera collected only during the lattar part of the
study. Livere from 112 leciwe were weighed to tha nearest gram on a
triple beam balance. The data from asniazls over 3,5 years old were usad
to detarmine whather or not seasocnal varistion in liver mass occurred.
To ellow for variation in body size the liver mass index (liver masa
divided by body length) was slso calculated for each adult anisal end
these data were also examined for evidence of sessonal variation,

5.2.6

Condition snd Reproduction

Two spproaches ware usod to investigate tha relstionship between
condition and the attainment of puberty:

{a) the body mass and fecundity of yearling lechwe fomslen in the Kwando
gend in other populations wore compared;

{b) the carcess mess of prugnant and non-pragnant females in the

youngost brocding age clows in tho Kwondo populstion ware compared.

To investigate the relztiunship between condition and fecundity in adult
females, a comparison nf carcass masd in reproductively active and non=
reproductive fomales wae made. Also, in the light of Lemond's (1970)
suggestion that "it is poceible that the fertility of lactating adult
beel cows is & good index nf the nutritional status af the hegd", =
comparison wac meue of tha proportlion of pregnant and lactating fomales

in the Kwando lechwe population and in a Ugende kob (Kobus koh) populstion
from which similar dats were available.

5.2.7

Statisticel Procedures

"t-tosts" (Scheffler, 1969) were used to detormine the significance of
differonces batwaon sampl- means. Simple cvurrelestion coefficients
(Scheffler, 1969) were calculated to test the relatlonship between
varisbles that were thought to be influsnced by a common factor or to be
directly related to sach other.



B.3
u AHD DISCUSSICN

5:3.1

The Relationship ba Con on _an

Because of the relatively small semple sizes in young and old age clesses
{Table 5.1) only thres broad age classes were used for examining the
variability of condition with age.

In respect of both reproductive status [Teble 6.5) and msason of collectlon
(Table 5.1) the sarzles of famale= 3,5 = 6 and more than slx years old
ware similat to sech other but clearly differont to thot of femalaw lass
than 3,5 years old. These differcnces complicate thes interprsistion of
data. Diffsrences in the secason of collection (Table 5.1) of tho mals
gamplea ara spparont but less markad.

Table 5.2 shows ege-rslated difforonces in the CMI and KFI of females.

Tho CAI ef arnimals lecs than 3,5 ywars old was significantly lowar than
that of eithor enfmals 3,5 = & (p=0,0011) or sore than eix (p<0,001) yeors
old. Theee differences mey partly roeflect Jifferences In reproductive
status and sesson of cocllection but are probably meinly a reflection of
the demands of growth in younger animals which aro pasaing through a

phege of sccelerating growth (Moen, 1973).

The CMI of enimals cver six was significanily lower (p<0,001) than that
of animals 3,5 = 6 yeara old. This may indicale timt femalass over alx

vears old enter a phass of negative gurwth in mase (Moenm, op. oit.) .

The KFI of femalea 3,5 - & years old was significantly higher than that
of both females lees than 3,5 and murte than elx years old (p=<0,L1 In
bot: cases). The most likely explenation for the lower KFI in younger
animals is that it veflecta the high energy demande of growin (Young &
Serimshaw, 1971} Harks 8t al., 19765 Attwell, 1977). The lowor KF1 of
females over six years wld indicateam that the conditlion of Females
declines with increasing sge. Table 5.4 showas that there ave slso
cloar differences with age in the perinephric fat of females and sgain

suggests that age has a significant influerce on the condition af femala
leachwa.



TA -1t SCASONAL VARJATION IN THE AGE STRUCTURE OF THE SHOT SAMPLE (numbers shown indicate numbera of animals shot)
AGE COOL DRY 1975 HOT DRY 1975 | HAINS 1975/1976 | COOL DAY 1975 HOT ORY 1976 | RAINS 197671977

(years) Female Male Fenale Male Femala Male |(Female | Male Female Male Femalo Male

0,25 i 3

0,5 1 z

0,75 1 ¥ 1 1 1 1

1,0 1 1

1,25 1 r ]

1,5 1 1 1 2 1 1 1
R 1 =

2,8 1 1 . i 1 1 2 1 1

Z,75 1 1 3 i

3,0 1 1 1 7 3 | ] 1
%—_H'Tﬂ | & 3 3 3 3 a 1 5 2
5,0 B 3 7 3 ) 7 4 B 7 3 ] 7
6,0 2 4 1 5 4 4 1 1 2 1 1
7.0 3 2 3 1 7 :'_\:—_J-n—_—a_z
8,0 T 7 Z 1 1 1 1 3

9,0 1 1 1 1

10+ 1 1 3 1
TOTAL 30 15 22 7 27 19 76 Y2 7 13 20 19

"EZL



[ABLE 5.2: CHANGES WITH AGE ARCASS MA NDEX AND KIDKEY FA

INDEX (FEMALES) (C.L. = confidence limits)

AGE (years) e il

(n) Mean 95% C.L. Fesn 95% C.L.
0=-3

3,5 ~ 6

ovar &

(n = 37) 247 ,4 236,4 - 258,4 24,1 18,7 - 34,5

JABLE 5.3: CHANGES WITH AGE IN CARCASS MASS INDEX AND KIONEY FAT
INDEX (MALES) {C.L. = confidance limits)

AGE (yearso) Gl e

{n) Masn 5% C.l. Fean 95% C.L.
0=23

(n = 26) 216,7 | 190,9 - 242, 5| 17,0 13,4 - 20,6
3.5 =06

over 6

124.



[ABLE 5.4: CHANGES WITH AGE IN PERINEPHRIC FAT MASS EMALES
Age (years) n Mean 85% C.L.

0-3 24 22,9 20,8 = 25,0

3,5 = B 81 54,1 43,7 = 65,1

Over & 37 35,5 27,5 - 43,5

TABLE 5.5: CHANGES WITH AGE_IN PERINEPHRIC FAT MASS (MALES)
Age (years) n Mean 95% C.L.

0 =23 26 18,3 13:3 = 23,3

2380 = B 489 46,0 36,0 = 56,0

Uver b 13 425 27,2 = 57,9

125,
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Tebles 5.3 end 5.5 shou sge related chenges in the CMI, KFI and peri-
nephric fet mass in males. CMI of snimals less than 3.5 ysars old was
significantly less than in either of tho other age groups (p< 0,001 in
both cases). The only significant difference in KFI was betwesn 3,5 - 6
years old end animals less than three years old (p<0,05). Perinephric
fat mass was significantly lower in animals less then 3,5 years old than
it wes in either of the other two ege groups (p< 0,001 in both cases).

It is mssumed that the lower indices in youno males sgain raflect the
demands of growth. It appears, however, that older malss do not loen
condition to the seme extent es do older females. Thies probably reflects

the different demends of reproduction in males end Females.

able 5.6 shows changes with mge in the adrensl wass of lechwe females
and males. In fomales there wee & significant {p<0,01) but not
particularly high correlation {(r = 0,476) betwazn sge end adrenal mass.
In males the corrsiation between these parameters wes highly significant
{(p<0,001) and eubstantial (r = 0,73%), oge eccounting for 54,8% of the
verietion in adrensl mass. From these data it is concluded that there
ie » tendency, more pronounced in males, for adrenal maess to increase

with age.

From tha data presented above the condition indices of snimals iess than
3,5 ysare old sppear to be coneistently low in both males and famalae.
for this reasnn animels less than 3,5 years old wers not conaldered in

the sections relating roncition to reproductive status and swason.

B.3.2

The Relationship between Condition and Meproductive Status

The influsnce of reproductive status on condition wes investigated in
females only bLecausa no evidence of seescnal changes in rale reproductive
physiology was found {Chapter 7). Variation in mele activity levels in di
arant’ seasons was relatively minor (lasa than 10% of edult males shot were
territorial ).

Ideally the relationship betwsen condition and reproductive status

would have been assessed by oxamining females of the same age collected

at the sama tima of the yeer. In general limited size sample precluded
this aslthough some compariscns of animals of & similar age could be

made becevse the condition of animsls betwesn 3,5 and 5,5 years old
varied little. Separation on the basis of ssason wes more difficult
because, for exemple, very few lactating femslss were collected in the

coal, dry season. However, allowance was mads for season of collection



CHANGES IN ADRENAL MASS WITH AGE
(C.L. = confidence limits)

FEMALES MALES
Age (ysarsa) n Maan 5% E.L.— n Mean 95% C.L.
0=-1 1 2,4 & 2,3 | 1,8« 2,8
1 =2 3 35 1:5 = 5,3 5 4,0 0,0 - 8,0
2=3 ] 4,0 | 3,3 = 4,7 7 3,6 | 2,1~ 5,1
. P 5 5,3 | 4,5 - 6,1 5 89 | 2,1=17,7
d=5 14 6,2 | 5,1-7,3 | 92 5.7 | 4,2=1,2
5= 6 Bt | S.t= 1 4 5.5 | 3,0 - 8,0
Over 6 14 6,8 5,8 = 7,8 T .5 6,4 = B,6
Group @ean 62 56 | 5,7=6,1 | 46 4,9 | 4,3 5,8
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when interpreting differences in ths condition of females in diffesrent
reproductive states.

Tables 5.7 = 5.9 show veristion in CAT, KFI and perinephric Fat mass in
different reproductive status (sesple size in Table 5.1). Both CMI and
KFL (Tables 5.7 and 5.8) of pregnant fosales were significently higher
than those of either lactsting or non-reproductive females (p<0,001 in
all cases). The perinophric fet mass (Table 5.%9) of pregnent females
was eignificently highar than that of lacteting females (p< 0,001) wnd
of both pregnant snd-lactating and non-reproductive fesales (p< 0,05).
Other differences in Tabies 5.7 = 5.5 ware not significent.

An examination of the fraction of animals over six years old in sach
sample suggests that the differences noted above were probably not a
function of age. On the other hand Table 5.70 shows marked seasonal
clhienges in reproductive status and because of these ths contributions

of ooason snd reproductive status te the differencec In Teblea 5.7 - 5.9
cannot be distinguishcd.

Becaune of this cifficulty an attempt wes mede (despite inadequate semple
sire) to exsaine differences lr tie condition of females of mora or less
tha sama agc, collected in tha same seamon but in a diffsrent roproductive
sinto. Tobles 5.71 = 5,13 show variation in condition with sesason and
reproductive status in enimals 2,5 = 5,5 years old,

A mumber of diffarences in Tebles 5.11 = 5.13 were atatistically signifi-
cant, Durlng the cool, dry season the CMI of pregnent femsles (Teble
<.11) wos significantly higher than that of non-reproductive femaias
(p£0,01). During the relns the CMI of pregnant females was signifi-
cantly higher than that of lectating fowales (p=<0,05).

The KFI of pregnant femeies (Table 5.1Z) was significently higher than
that of lecteting females both during tha hot, drv season (p=<G,05) and
during the reina (p<D,01).

During the rains the perlnephric fat meos of pregnant females (Table
5.13) wen significantly g:oater then thut of lactating femeles (p<0,05).

These differences establlieh clesarly that reproductive status has a
significant influence on the condition of lechus Tomalas.



JABLE 5.7: RELATIONSH N AND REPA TIV
Of FERALES OVER 3.5 YEARS OLD
[Reproductive Sample %< of sample ! 95% confidence
status size over & yoars Maan limits

Pregnant 65 3 72,3 263,7 - 280,9
Lactating 25 24 245,1 237,1 = 2583,1
Pregnani and

Lactating T 57 263,1 230,8 - 295,6
Naltrer preg=

nant nor

lactating 20 35 237,9 223,2 - 252,56
A 5. THE RELATIONSHIP EETWEEN KFI AND AFFRODUCTIVE STATUS

OF FEMALES DVER 3,5 YEARS OLD
Reproductive Scpie % of camole | S5% confidance
steatus eize ovar & yaars Fisan limits

Prognant 65 31 43,7 15,7 = 51,7
Lactating 25 24 | 14,0 13,4 = 15,6
Pragnant and

Lactating 7 57 23,4 9,6 = 37,2
Neither preg-

nant nor

lactating 20 a5 21,6 14,5 = 28,7
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TABLE §.9: THE RELATIONSHIP BETWEEN PERINEPHRIC FAT MAS5S AND

REPRODUCTIVE STATUS OF FEMALES OVER 3,5 YEARS OLD

Sample Maan 955

Reproductive Jample over six perinephric confidence

status alze years old fat masa limita
Pragnant 65 31 B5,2 52,2 = (3,2
Lactating 25 24 23,5 19,5 - 27,5
Prognant and |
lactating ! 7 57 35,0 15,0 = 51,0
Nolthour prog—
nant nor
loctating 20 35 34,6 22,6 = 46,6

130.



{all numbers in percentages)

TABLE 5.10: SEASONAL CHAMGES IN THL REPRODUCTIVE STATUS OF FEMALES OVER 3,5 YEARS OLD

CoOL DAY HOT CRY RAINS
YEARR P L P &L NP P L P&l NP P L F &L NP
1975/1576 BS 5 o 10 29 38 "0 z3 39 30 17 13
1976/1977 90 o 0 10 46 18 L 36 38 40 5 20
P ¥ Pregnant
L I Lectating
PEL 1 Pragnant and lactating

HP

Naither pregnant nor lactating

*LEL
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TABLE 5,11: VARIATION WITH SEASON AND REPRODUCTIVE STATUS IN THE

CARCASS MASS INDEX FOR FEMALES 3,5 - 5,5 YEARS OLD

{C.L. = confidance limits)
Repro= CoOOL DRY HOT DRY RAINS
ductiva e
status n (Mean | 95% C.L. n | Mean |95% C.L. n | flean |95% C.L.
Preagnant | 21 (28BS 2?1-E99. S 274 22T=321 10 284 25T=311
Lacteting 1 |257 I [ 237 | 217-257 ) 251 | 239-263
Naither
pragnant
ner
lantntinﬁ 2 | 257 154-268 L 250 195=301 B 26 245-279

TABLL 5.12: VMARIATION WITH SEASON AND REPROOUCTIVE STATUS IN

KIDNEY FAT INDEX OF FEMALES 1.5 - 5.5 YEARS OLD

{C.L. = confidence limits)
Reprc- COGL DRY HOT DRY RAIKS
ductive y '
status n [Mean | 95% C.L. n | Mean | 95K C.L. n | Mean | 95% C.L.
Pregnant (21 87,3 | 49,53-85,3 | 5 | 19,6 | 13,6-256,6 |40 | 62,9 | 33,9-91,
Lactating 1 | 3£,0 6 | 13,3 | 10,3=16,3 | 7 | 15,7 | 11,7-21,
Neithar
pregrant
nart
lactating 2 | 18,0 2,0-28,0 | 4 | 17,0 4,0~30,0 | 6 | 33,2 8,257,
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TABLE 5.13: VARIATION WITH ﬁElEEN AND REPRODUCTIVE STATUS OF PCRINEPHRIC

FAT MASS IMW FEMALES 3,5 = §,5 YEARS OLD (C.L. = confidence
limite)

Hopro= COOL DAY HOT DAY AAING

ductive

status n | Mean | 95% C.L. n | Mean | 95% C.L. n | Mean | 55% C.L.

Pregnent |21 | 94,8 | 68,8-120,8 |5 | 24,8 [14,B-34,8 | 10 | 87,1 [39,1=135,1

Lactating 1 42,0 [ 18,0 N4, =220 T 23,6 |18,6-=28,6

Nalther

pragnant

nor

lectating |2 17,9 | 0,0-24,5 4 |,2 FT.I—EE,E 6 | 49,8 |24,P=T74,8

TABLE 5,141

SERUM CHOLCSTEROL AND PCV _VALUES FROM KWANDD LECHWE
{C.L. = confidence limits)

Sorum Packed cell
Seanon (n) Statlstic Cholestarocl (mg %) volume ¥
Cuol dry faan 56 38
1978 95% C.L. 60,4 - 71,7 33,7 = 42,3
(n = 12} Ranga 55 - 85 32 = 50
Hot dry Hean 62 36 -
wie 95% C.L. 46,2 = 77,8 30,3 - 41,8
{n = B) Range 50 - 85 22 - 43
Rains Maan 42 33
1WT6/1977 | gex gL, 34,5 = 49,8 26,3 = 39,7
(n = 8) Ranga i 30 - 52 26 - 42
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For the sske of completeness adrenal mess was compared in females in

different reproductive states but no significent differences were found.

5.3.3

Seaponal Yarimtion in Condition

Te understand seasonal varlation in condition it is necessary to consider
not only variation in the demands for energy and nutrients but also
changes in their supply. Soma information on variation in pasture
quality was collected during this study (Table 2.11) but not sufficient
to produce a satisfactory understending of important changes in the food
supply. I have thersfore relied mainly on the literature to develop

a simple model of what were likoly to have been the most important

sessonal changes in the food supply of the study erea.

One importent type nf changa is 8 declirme in the dry matter digestibility
ol herpage during the cool, dry saason {Animal Productior Research Unit,
1977). Other importent types of chenge sre illustrated in Figure 5.1,
whicn shows monthly veriation in crude protein contant and nitrogen froe
extract {.e. carbohydrate (McDenald et al., 1969) in Rhodesia (Ven
Nimkerk, 1974).

It appears likely tnet the cdocline in crude proteinm during the cool,
dry season is a function of tcmperature and/or day lonoth rathar than
of goil mulsture (Animal Production Research Unit, 1978). The rapid
rive in crude protsin at the baginning of the ra’ns (Ncvember; Topps,
1968) illustratee the close relationship between rainfall i.e. soil
molsture end pasture guality once tempersture and/or day length cosse
to be limiting.

The conclusiun that has generally been draun from the tvpe of pattarn
illustrated in Figure 5.1 is that it is protein rather than enerqgy

which is the limiting factor for grazing ruminants under thess conditions
{Van Niekerk, 1974; Field, 1976; Pratt & Gwyrne, 1977).

On the bzsls of the trends illustrated sbove and data on pesture guality
and flood regime cullected in this study {Chapter 2) the following

broad pattern of annual variation in the food supply for lechue on the
Kwandu is postulated:

during the rains quality is generally high and quantity is not limiting;
during th:z ecool, dry season quality declines, particularly in drier areas
(zona 5 end parts of zone 4) and guantity is reduced in zonas £y 3 and
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parts of 4 because of flooding;

during the hot, dry sesson gquality improves where soil moisture is
adequats (zonas 2, 3 and parts of 4) and the guantity of food available
in zones 2 end 3 may incressa s flood watera recede.

B.3.3.1

Deposited Fat Roserves

Figure 5.2 showa the KFI of females over 3,5 years old in differant
geasons. Tha following seascnal differences in KFI were statistically
significent:

the KF1 in tne 1975 cool, dry ssason was highes than in all other
segascna (p< 0,001 in all cases);

the KFI in the 1975 hot, dry season was lowar then In all othear sessona
{eigrificence ranged from p<0,05 to p< 0,01) except the 1976 hot, dry
BOBBON;

tha KFI in the 1976 hot, dry sracon was lower then in tha 1976 cocol,
dry eeason_ (p< 0,01).

The %FI can be distarted by csassonal verietion in kidney mass (Dauphine,
1975) and it is therefore necassary to check kidnay mass Tor seascnal
veriation (Hanka, 1979). Figure 5.3 shous seesonal variation in the
kidney mass of Ffemalass over 3,5 yearc old. Tha only statiatically
pignificant seswsonal difference in kidnay mass was between the raine of
1975/1%76 and the cool, dry ssason of 1976 (p< 0,001).

To check the offect of veristion in kidney mass on KFI, seasonal varia=-
tion in perinephric fst mass (trimmed) was examinad (Figure 5.4), The
following ssasonal diffarences wore Statistically significant:
perinaphric fat mass in the cool). dry scason 1975 was gruwater than all
othar sessocns (p< 0,001 in 31l cssas);

parinephric fat mass was greater duiing the 1975/1976 rains and the 1376
cool, dry ssason than In alther hot, dry season (p<0,001 in sach cass).

These differences ancd a cctparison of Figures 5.2 end 5.4 indicate that
variation in kidney mass did not groatly distort the pattern of change
in fat cessrves that was indicated by changes in perinsphric fat mass.

Figures 5.5 - 5.7 show variation in KFI, kidnoy mass and perinephric
fat mass in males. Although there were no statistically significant
seasonal changes in KFI or perinephric fat maca in males, it is apparent

that the trends of eeasonal chongz in these indices are the same in males
and Females.
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Tables 5.15 and 5.16 show changes with ssason in the femur fet indices
of females snd males. In females variation in fesur fat index followed
the same soasonal pattern ss KF1 and perinephric fat mass. 1In males
the fomur fat index showed no consistent pattern of varistion. This may
have been a reflection of small sample aiza.

=—“ fat serves purely as an energy store (FMcDonald et al., 1968) changes
in fat ressrves presumably raflect changes in either the demand for or
the supply of energy. In female lechwa tha decline of fat reserves
during the hot, dry season probably raeflects both the poor quality
of pasturws ond the high energy demands of late preunancy snd lsctation
(Moen, 1973; Robbins & Moen, 1975). In lechwe males the slight decline
in fat reserves during the hot, dry scason is probably largely a
reflection of poor pasture guality in the drier aress in which they
tend to feed (Checter 4).

There is some confllct in the literature sbout the valldity of using
eithar KF1 (Smith, 1970¢ Monson Et al., 1974) or visual estimation of
femur fat content (Bear, 1971y Sinclair & Dunren, 1972) es an index of
fat reserves. for this reawon the findingm in relation to fat ressrves
ere rnot ragarced an buing definitive.

rum_ch e (PCv)
Neither mean serum cholosterol nor mean PCV wvaluee differed significantl;
between sexefa of betuween age clesses. For this reason and becsuse of
small sample sires, sex and ago closcos were grouped for thsa purposes
of comparison betwsen the seasona of colleciion.

Table 5.14%shows sessonal changes in serus cholestercl and PCV values.
The me=n serum cholestercl value, 0 mg/100 ml, wes in the low-r range
of vaives regorted by Coblentz (1975) and Frantmann & LeResche (1978)
but higher than valuez reported b, Warren & Kirkpatrick (1578). The
diffarence batwee: the mean cerum cholesternol values in the cool, dry
season 1976 and in the raine 1976/1977 was highly eignificant (p=<D,001).
This difference is compatible with the suggestion that cholestsrol
levels may relats to the guelity of recent forage inteke (Franzmann &
LeResche, 197¢; becauss all the snirals in the sample for the 1976/1%77
rains were collected during the middle of a month long cummer drought.
However the relationship betwsen seorum cholestersl values snd Food
quality is by no moans well establishod (Hanks, 1979) end there wes no

¥ maAa 9027



TABLE 5.15: CHANGES WITH SEASON IN THE FEMUR FAT INDEX FOR FEMALES

DUER 3,5 YEARS OLD

Cool dry Hot dry Rains
Year 1 %2 x3 1 "2 €3 %1 = =3
1975/1976 100 n 0 | 48 | 14 | 65 0 5
1976/1977 10N o 2 55 36 9 55 4D 5
TA 63 CHANGES WITH SEASON IN THE FEMUR FAT INDEX

OVER FOUR YEARS OLD

Cool dry Hot dry Raine
Tosr by X2 5 | M 2 B 3 w2 %3
1975/1876 a1 19 0 a6 0 14 64 36 o
1976/1977 o3 7 0 3 @D 0 53 29 108
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correlation betwsen serwn cholesterol values and sither KFI or CHMI.

PCV wvelues did not differ significantly between soasons and ware not
gignificantly correlated with eithar KFI or CMI. They wera, howsever,
correlatcd with serum cholesterol levels (r = 0,466; p<0,05). At
prusent levels of understanding {aee Hanks, 1978) the implications
of this correlation are obscurs end no conclusions can be offered on

the wvalus of serum choleaterol and PCV es condition indices.

5.3.3.3

Adrenal mass

There were no significant eeaconal differences in adrenal mase in Temalos
over 3,5 yeers pid, In adult malas mean adrenal mass during the rains
was eignificantly higher than during the cool, dry season (p<0,05) but
the ege structure of the cample of males during the rains (50% were over
six years old) made it impossible to distinguish botween the offects of
age end season. The results of attompting to relate adrenal mass to
season were thorefore inconclusive. Moreover in neither sex was thare

a signifirant relationship between adrenal masc and either CMI or KF1T.
The results of this etudy thus provide no evidance of 8 relationship
botwoorn sursnel mass end condltlion end Turther sbtudy 1s clearly necessary
if this ralationship is to be understood (“anks, 1979).

B.3.3.4
Body mass and CMI

Figures 5.8 and 5.9 show sessonel changes in carcass mass and CMI of

Femalez over 3;5 years old. The pattern of change in carcass mess and
CMI is similar tn thet in KFI and perinephric fat mass -~ a dietinct
trough during the hot, dry season. The decline in carcase mass and CMI
no doubt also reflects the heauy demands of leta gpregnency and of
lactatron.

Figure 5.9 shows that the emplitude of ssasonal change is considerably
reduced by relating carcass mess to steletal size. Use of total length
may be an over-correction in the sense that it includes hesd length
although hesd mass is not included in carcasa mass. Atlas length (fros
the besse of the tail to the atles) could be uged, but this measurement

was nut taken. As an experiment, mman skull length (after Biggs, 1973}
was subtrected from toisl length in adult males and CMI calculstad

uging the remesining length. The differonce betwsen the highust snd lowsst
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yoarly valuse increased by 9% in tho first year and 33% in the second
yoar. This suggests that the use of atlas length would facilitate
spasonal comparisons.

There was no consistent pattern of change In carcass mass or CMI of adult
meloe (over four years old). Howewar In each yearly cycle carcass mass
and CMI were hignost during the raina, the pariod when pastura quality
is generally high.

Tablo 5.17 shous Lhat the carcass mass of both females and males declinad
signifizantly in tho second year of study. This decline is ati;iluted

to & general rise Iin flood lev=ls at the beginning of the study which
forcod animals tu move into higher floodplain aress with poorer

pesture quality. Males, which fed in drior arees (Chepter 4) wore mors
peveroly affected than wers females.

Sota support for this suggested explanation was obtalned by comparing
the C®I of females in three diffezent hot, dry sess~na (Figure 5.10).
In 1879 flood lavalc hod derlined to m murked extent after a very pour
1978/1979 ralny weason. Tho CMI of females was eignificently higher
in 1579 than in either 1975 (p< 0,001) or 1576 (p< 0,01). Tha differ-
once botuesn the CA] of femelss In 1975 ane 1976 is explained by the
occurrence of ragular but light chowors and generslly less severa
conditiona than during Lhe 1975 hot, dry season.

Direct evidence of the effect of pasture quality on CMI was obtelnczd
from ¢ small experiment cuncducled in Septomber/October 1979. OFf a
sampie of 11 femclea, six wore collected from burnt srems with fresh
green gress and five were collecled from unburnt arsas in which muech
of the herbage vas moribund. All snimals were 3,5 - 6 years old and
wors in the latter stoges of pregnancy. The CMI of famales from burnt
arens was 307 while that of females from unburni eroas wam 266. This
difference was highly eignificent.(p<0,01).

£.3.3.5

Livor eass

Liver mass was not routinely determinad and data from C - 4 year old
males have been Included in this analysis to supplement thosa from
adult malss. This was considared reasoneble beceuse by this age livar
maos was woll within the adult range. To allow for differoncos in
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TABLE 5.97: VARIATION IN CARCASS MASS (kg) BETWEEN THE FIRST

AR STUDY
Standard

Cloass Year n Maan Brror t p

1975/1976 | B4 19,31 6,76
Adult 12,326 | < 0,001
Fomole | 497671977 | 60 | 37,72 0,65

__'I.

1975/1976 | 21 66,55 1,51
Adult 13,476 | < 0,001
male 1976/1877 | 28 61,20 1,21
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body size a liver index (liver mase (g) over total length (m)) was used
and seasonal variation in this index, ss well as in liver mapa itszelf,

was coneldared.

Sepagonal variation in livar mase and liver index For females and males
is shoun in Tables 5.18 and 5.1%. Scascnal varietion in Female liver
index is illustrated in Figure 5.11.

In females, both liver mase and livar index were significently higher
during the rains than in cither the conl, dry season or the hot, dry
sgason (p< 0,001 in all cases). Liver mass was significantly highes
during the hot, dry season than during the cool, dry season {p=0,02).
Liver Inuex wase alco higher in tha hot, dry then in ths cool, dry
sgason (p=< 0.001).

In males both liver mass {p=20,01) end ilver index (p<0,001) were
significantly higher during the tains then during the cool, dry
spason. Both values were also higher during the raine than in the

hot, dry seasen {p= 0,001 in both ceses;.

A comparison of Figure 5.11 with Figure 5.1 Indicates that changes in
iiver index wmay be & reflection of veriability in protein supply.
Both sre loweat in the cocol. dry a2aseny higher in the hot, dry season

ano hignest during the rains,

If pnrotein supply doee Influanca livar mass in this way it should have
other sinilar cifecte. To Lest the possibility that cercess mass and
kidnoy mees ware affectod in the some way 8 liver mass, rey-essions

were done of carcass mars on liver maess and kidney mass on livor mase.

The squations for carcass mess / liver mess (y = ce-cass mass) were:

Females: y = 5,013x + 26,170 (n = 443 r = 0,47; p=0,001)

Malas: y = 0D,024x + 30,715 In= 24; r

0,656; p<0,001)
The equations Tor kidney mass / liver mass (y = kidney m=3s) uere:

Feamalea: vy

0,063x + 82,555 {n= 41} r = 0,537; p<0,001)

Males: ¥

0,128x + 34,987 (n=24; r = 0,613; p<0,001)



TRBLE 5.181

SEASONAL VARIATION IN LIVER MASS AND LIVER TNDEX

DF __FEMALES OVER THREE YEARS OLD (C.L. = confidence limits)
SAMPLE LIVER LIVER
SEASON SIZE STATISTIC mass (g) INDEX
Cool, dry 9 A i >4
1976 95% C.L. 708 = 961 i69 = 617
Maan 891 617
Hot, dry 14
1976 95% C.L. 763 = 653 ' 560 - 674
PMean 995 38
Rains 18 ~——
1976/1977 95% C.L. 914 - 070 642 - 734
| -
TABLE 5.16: SCASOMAL VARIATION IN LIVFR MASS AND LIVER iNDEx
Of _MALES OVER THREE YEARS OLD (C.L. = confldence limitc)
SAMPLE LIVER LIVER
SEASON SIZE ETATIS1IC mASS () INDEX
Mean 998 [ 4]
Cool, dry 2
1976 9s% C.L. 796 = 1200 111 = 1101
Mean 1910 G663
Hot, dry 11
Fowr 1190 T3
Faing 14 o]
1976/1977 95% C.L. 1054 = 1326 606 = 850 |
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Thess cesultas are consistent with & cosmon influence of protein aupply
on liver mass, carcass mass and kidney mess. It is interesting to
note that Dauphine (1975) has suggested that cervids generally sxperi-
onca & rise in kidney mass during susmasr - the time of cptimum Tescing
conditionr. The lower correlation in females may reflect ths demands
of the female reproductive cycle, which affect individual animals at
different times of tha year.

On the beusis of ssasonal variation in liver mcas and liver index and
the possible relationship batween this variation and protein supgly,
1 suggeat that a more detaniled investigation of changes in liver mass
would be worthwhilw. This sinzle moasurement may provide a useful
index of protein status. Such an index is desirable beceuse of the
likely importance of protain as & limiting factor (Ven Niekerk, 1974:
Filald, 1976) and becauss, altheugh it fe widely used as en index of
nutritive etotus (Rlein, 1970) body mase is not a precise index of

nutritional stmtum for the roasone given above.

5.%.4

Jhe Helationship betwern Condition snd Reproducticn

In a whot somple from the Kafue lechue population Robinette & Child,
(1964) found tuwo yoarlings that were pregnant. The !ndividual
mags of thzse snimole (less grovid uterus) wes 66,5 snd 70 kilograms.
The individual wesa of three Kafus yeariings which had not concelivad
wap 49, 54 pnd 60 kilogrema. The individual mass of sevon Kwsndo
yearlings, nmone of which hed conceived, was 42, 42, 44, 45, 4¢, 48 and
53 kilograms. Tho mean msse oi pregnant Kafus yearlings (68,3 kileqgrems)
wes 45% higher than that of the Kwando yearlings (45,9 kilogre=s).
This difference was highly significent (p< 0,001).

Thers wes also a highly significent difference (p<0,N01) botwsen

tiie mean pass of the Kwendo yearlings end that (52,6 kilograms) of 30
Bengweulu ysarling femelss, of which 66,7% were pregnant (Grimsdell &
Bell, 1975). Thesa results clearly znow a reduction in both mass st
oge and fecundity in Kuendo yearling females. The likely csuse of this
situation is nutritional stress (Sedlsir, 1969 @ and by Caughley, 1977)
dus to prevailing high fleocd levels duiing the study puciod. High
flood levels are discussed in more dotail below.

Comsparison of cercass meass and CAI of pragnant and non-pregnant fomales
in the youngoest breeding clasa (2 - 3 ysar clde) alse suggested s
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relationship between condition and reproduction. Thirtesn animals
in the sample of femsles were between tuo and three years old. Of
thess seven ware pregnant and the remaindar had not concelved. The
mean carcass mass of pregnant fesales (33,3 kilogroms) wes signifi=
cantly higher (p<0,001) than that (27,7 kilogrems) of females which
had not conceived. The CAI of pregnent females (230) was alse
significantly (p< 0,001) higher than that (207) of femalss which had
not concelved.

An unknown fraction of the difference in carcoss mess is attributable
to pregnancy anabolism (McDonald, st sl., 1969) but this does not
owclude the possibility of there beinp e reletionship betwsen condition
and reproductlon in the form of 2 critical body mass for succausful
congaptlon. An sssociation between mese and puberty has beesn chown,
for oxample, in red dear (Cervus elaphus). Lowe (1971) found that as
body mman of red deer on the Island of Rhum declined, the proporilion
of two-year old hinds attaining puberty declined from 64,1 = 15,4%
to 31,4 z 10%. In Norway, Wegge (1975) found thet in a relatively
fortile areoe 40% of &,5 year-old hinds attained puberty, whersss Ln

8 loss fortile srea no 2,5 year-olid hinds etteined puverty. Tha
onimals from the movs fertile aroe were eignificantly heavier than
thoso from tha lese fertile urea.

In adult fasmales (more than 3,5 yearn old) there wers highly significant
differonces in the carvass mass and CM] of reproductive and non-
reproductive females. The carcass mess of reproduciive femalas (n=10%)
was 39,7 kilogrems while that of non-raproductive ferales (n=11) was
51,1 kilograme (t = 49,9%; p<0,001). The mean CMI of reproductive
fomalos was 255, while that: of non-reproductive fomaias was 217

(t = 41,666; p<D,201). These data clsarly confire tha possibility
that in sdult lechwe fomales there is a relsiionslip between =ess and
fertility, or, in cther vorde, condition and reprocduction.

A posailile sign of nutritional strees in the Kwando lechwe populsticn
wen that of &1 lactating females only eight (20%) were aler pregnant.
By comparison over 50% of lectating Ugends kob females collected by
Morrison £1871) ware sleo pregnant.

Tha carcass mass, CMI, KFI and perinephric fat mose of fomnles over
3.5 years old were signiflesntly higher during the cool, dry smason



of 1975 thanm in ell other seasone up to and including the rains of
1976/1977 (p=0,001 in every cese). This suggests the possibility
thet the observed influesnce of condition on the reproductive perform-
ance of female lechwe on the Kuando was a reflection of the elevatud
flood levels which preveilsd through much of this study end forced
lechwe into higher areas. A& decline in pasture guality slong the
gradient of incrcesing dryness (i.e. from lower eress to higher areas)
has been demonstrated {Table 2.11) end the evidence for the occurrence
of high Tlood lavels cduring thie study wes substahtial. It included
the Following:

an earisl photograph taken in Decsmber 1974 (a month before this
study began) showad that the inteneive study area was then completely
dry = large parte of It (looded in March 1975 end remained flocdad
until October 1979;

there ware many termitaris in aress tnel were flcoded to over one
metre In deptir for the four vears that I knew the area - these could

oniy have been built when the arees in guestion we:a dry;

in saveral plenca trees {Rcacig rp. ) over five metrze tall wore
killed by flooding = theesa could only have remched their chastved
gize during a feirly protrocted dry pericd.

Similar mffecte of pesturs guelity or reproductiuvn have beoen notod

in tha Kenel mcose population (Oldemeyer ei 2l., 1977). The
mapnitude of these effects is lllustreted by Teble 5.20, which shous
to what extent ths focundity of young Females on the Ewands was
doproscad Jduring this study. The influence of the fecundity of young
femalss on the population's giuwth rete is examined in Chapter 10
(Pepulatiovn Stetus).

5.3.5

Lonclusions

Tue main concluzions were drawn From the resulte presented in this
chaptar. Firstly,; that verlation in condition cannot be understood
without coneidoring carefully at least the age, reproduccive status
and eeason of collection of the animals in guestion. Many studias
hava considersd one or othor of these aspects iIn part ur in full but
I am nat awere of any published study in whizh ell have baen Fully
investigated.
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T 20: THE PERCENTAGE OF FECUND FEMALES IN THAEE DISCRETE LECHWE POPULATIONS
KAFUE 1961/1902 KAFUE 1971/1972% BANGUEULY 1573° KWANDD 1875/1977°

Age cloma Na. in No. in 4 No. in % No. in

(years) age cloms fertile | age cleaow fartile | age clsos fortile | age class fartile
1=-2 -] 40 14 36 24 67 7 o
2=13 14 3 37 85 25 100 a S0
3+ B2 96 da 83 ar 99 126 S0
age classes '
over 1 year
combined 101 a3 145 1) 136 93 141 a3
1 3 Robinette & Child, 1964
2 i Sayer & Van Levieren, 1975
3 | Grimsdall & Bell, 1975
4 : this study

"£5L



154.

Secondly, that, because of the relationship between condition and
reproduction, tha leng term monitoring of condition should form part
of any effort te understend population dynamics.

5.4

SUMIARY
The purposes of studying condition were tha following:

(a) to sstablich how much variation occurred in the condition of lechwe
in the Keande populstion;

(k) ta consider pocssible csusse for this verietlon;

(e) tn consider tha possible sfiocts of condition on reproduction.

Methods used lnvolved consideration of deposited fat reserves, adreno-
rsortizal hypertrophy, blead chemistry and hmmatology and body growth.

Inportant findings included the followings
(i) condition in both meles and fesales wee significently influenced
by age;

(1) reproductive status had s significant influence on the candition
of lachwe Tomales;

(1f1) females showed significsnt seusonal variation in condition;
(iv} sdrensl s2se, serum chalsatercl and PCV ware of uncortain velue
as condition indices;

(v) liver mass shoued promisc as sn Index of protein statusg

(vl) ronditinn appeared to influenca the reproductive performunec

of focmales of all ages.

rom the results obtained two conelusions weare drawn. Firstly, that
variation in condition cannot be undaruiood without cunsidering mara=
fully at least the mge, reprodurtive statusm and seasnn of collection
uf the animals involverd. Secondly, that, becaurw of tha relationship
betweon condition and reproduction, long term monitoring of condition
should form part of any effort to urderstand population dynamica.
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CHAPTER &

GROWTH AND REPRODUCTION IN THE FEMALE

6.1
INTRODLINTION

B.1.1

The Relevance of Growth end Heproduction to Conssruation and Management

A variety of reasons have bsen sdvancsd for studying the growth of wild
enimale (Hanks, 1972a; Howells & Hanks, 1975; Bertram, 1975; Smuts, 1975;
Hanks ot sl., 1976; Attwall, 1977; Jeffery, 1578), The following ars amongst

the mora impartant in ihe context of conserveation and manegement:

(1) to astimate population biomass end possible rates of exploitation;
{2) to compare the pecfarmance u? differsnt populations of the same spscises
in differant environments;

(1) to compare thz pervermznce of the same population at different timos;
(4) tc facilitate mge classification in the field;

(5) to allow objective satimation of masa From the relstionship belwcen
body dimenslons anc mooe;

(6) Ffor investigation of ths population dynamice of a specios;

(7) for estublishing dossge rates of immobilizing or trenguilizing drugs;
{8) to uptimize commercial explcitation;

{9} to fecilitats taxonomic studies.

The study of reproduction is vital to bath conservsetion end nanagesent becausa
roproduction is one of the besle determinants of a population's growth rate.
Attuwell (1977) makea the important nofint that "Whether the aim of manageument
is to maximize proouctivity or to maintain a population in harmony with the
ecosystem, an vnderstanding of the fectore controlling reproduction and popule-

tioh growth is essential."

6.%:2

Previous Work on Growth in Lechws

Te my knowladge only two studies of lechuwe have included work on growth and

in neither stiedy was growth & major preoccupation. Robinette & Child (1964)
published subjectively Vitted curves for growth with sge in testis mass, body
mass (male and female) and horn length and spread in Kafus lochwe. Grimsdell
& Bell (197%) publiehed subjectively fitted surves for growth with sge in body
mags (male and female) and korn length in black lechwe. Thers are no publish-
od data on grewth in the red lechwe in either Tembia or Botswana.
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6.1.3

Previous Work on Reproduction in Lechwa

Three studies of lechws in Zembis have produced data on reproduction.
Robinette & Child (1964) obtained information from 101 shot females esnd a
nunber of ghot males in tho Kafue population. They published data on age-

spacific fecundity of females and reproductive seasonality in females ard
males. Sayer & Ven Lavieren (1975) obtzined data from a shot sample of 30
animals (10 male, 10 female &nd 10 immature) per month over & period of one
year. They also published dats on age-specific fecundity of females and on
reproductive seasonmlity in Femules and males. They found that tho fecundity
of female lechwa in the Kafue populaticn had declined in the period batwean
their study and thai of Robinette & Child (1964) end attributed this decline

to nhitritional strese caused by a genesral decline in range conditione.

Grimsdell & Bell (1975) rnllected date on pregnency (using an ultrasonic foota
pulse detector) and lsctaticn in & ceptured sample of 136 lechwe in tha
Bangwaulu Syamp. They produced a table of age—specific Feowundity in Famalen
and made general observations about reproductive ssasonality. They compared
their results with those from the Kafue Flats and found & eignificently

higher reproductive rata in the Bangwesuiu population. This thay attributed tu
the fect that the Bongweulu populetion was eapparently well below tha carrying
capecity of the range whereas the Kafue population wes right at the upper
limit of ths cartying capacity.

Little work has besen done on lechws reproduction in Botswana. Child & Von
Richtar (1969) mede gensral oheervatiuvns on reproductive sassonality in the
Chobe lechwe populiation and Lent (1559) did likewiss in respect of the
Okavango lechwe population. Biggs (1979) collected reproductive data from 22
Yemalmsa shot in the Okevango Delta and madur some comments on reproductive

reagcnallity.

6.1.4

The Objects of this atudy with respect te Growth and Reproduction

The objects of collacting growth date from the Kwando lechwe population were
the following:

(1) to facilitate éstimation of lechwe biomass;

(2) to optimize economic returnd from the expleitation of lechwa:

(3) to sesiet investigation of population dynsmice by enabling comparisons
to be made of growth rates in different populations and at different *imes;
(4) to fecilitete ace classification in the field;

(5) to ellow objective estimation of mass by developing predictive equaiions
from tha relationship between mass and body dimensiona.
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Tha purposee of investigsting reproduction in the Kwande lechwe population
wore to:

(1) describe reproductive phancmens in the female lechwa;

(2) determine the provailing reproductive rates;

(3) identify the moat important factoie influencing these rates;

(4) to document reproductive sesasonality.

6.2

MATERIALS AND METHODS

Body rmass, measurwmants and reproductive date were recorded from a sample
of 142 femslas which wara shot for rescazch purposes during this study.

6.7.1

Grouth

Ages of enimals wers determined by the pioceduree deesribed sarlier (Chapte:
Threa). The ssthod o Huggett & Widdas (1951} uvas ueed to ealimate foatel
sges. This will be discussed further in soction 6.2.2.3.

Body mass wes determined with a 150 kilogrsam Salter spring scale to the
nearcat 0,5 kilogram. The messurement taken was "dead mces" which I cafine
as "the mass of » chot snimal without correctlon for blued loss". Carcoess
mzes was detstmined by tha method of Ledger {1963), except thot kioneys and
iidney fat were removed. Thus carcezs mass i9 equivalent to desC mass minu
the mass af the entire contentes of the body cavily ard “ho masa of the Teoet
{below the zarcal/tarsal Joint), skin and head. Carcass mass s synonymous
with "dressad raga™. Carcars comncaition was determined by tiw =mothod of
Ledgur & Smith ($964) (sea Table &.3).

Bordy measurements were taken with a flex!ble steel taps (Aneell, 1965),
messurements were taken "over the curve". The sdventage of this methad js
that it records changes in ruscular development or condition which may be

importent when atteapts are made to rulate body mass to body messusements
(Smuia, 1975).

The following measureaments wera routinely made.

(a) Body length: mlong the mid-dorssl line from the lowsst point of the
uppar lip to the point of flexurs of tihwe tail (hersafter referced to as
"length" ),

(b) Chest girth: the circumference of tha chest immsdistely postorior
to the forelege (horuafter referred to as “"girth").
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{(c) Shoulder height: the distance From the tip of the hoof to the
top of tho scapuls, with the foreleg lightly stretched.
(d) MNeck girth: the circumference of the neck at the midpoint

between the head and shoulders.

Masas and measurement date were analysed by computer (University of
Natal IBM 1130), using the programme developed by Hanks (1972a) for
tha von Bertalanffy growth sguation. The same programme wes used by
Smuts (1975}, Attwsll (1977) and Anderson (1°78), The programme uses
iteration to produce values of tha von Bertalanffy coafficiants that
minimiza the sume of squares of the deviations sbout the fit, teking
into eccount the standard error of the mean of epecific maasurements.
Curves arm fittad toc the growth data objectively by a curve fitting B

subrouline.

G.2,2

AReproducticn

Attwell (1977) ldentifiss the following ways in which female raprcduc—
tion is subject to variationi

{a) the onset of the breedinc season;

(b} +the duration of the breeding seamron or rut;

(e} the age of attainment of puberty;

{ﬂ} the pregnoncy or conception rate;

{#) the extent of out-of-season breeding.

(#) the extent of intra-uterine mortality end the ratio of successful
to unsuccessful pregnancies;

{g) the duration of lsctation;

{h) +%ho age of reprnaductive senescence.

Date on most of these aspects were collectad and an sttompt was mada to
identify regulatory fasctors. Irm this context Owen's (1976) distinetion
batwsen proximnie and ultimeate factors was adopted. Proximate faclors
“ara the environmental evente that serve as a trigger to en animal's
physiology" (Owen, 1976). Exsmples of proximate factors are changing
day lenyth and variations in temperature snd seasonal roinfall.
Ultimate factors are "events that detarmine why an animal breeds,
migrates, moults, asstivei=s and so on et & perticulas time" {Owen,
(1975). Examplos of ultimate fecteors ere availability of food and
availebility of breeding sites.
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B.2.2.1

Field Mathods

When the alimentary tract had besn removed, the reproductive tract wes
cut below the cervix, removed and weighnd intact. The ovaries wers
dissected sway from the reproductive tract and weighed to the nearest
1'l]“1 gram, on a triple beam balanco, data from left and right ovaries
being recorded separately. After weighing, ovaries wers fixed and
stored in 10% formalin for subseguent exemination. The length of tha
uterus, from the cervix to the top of the right horn, wes measured in
various steges of pregnency. All uteri wera openad and carefully
gxamined for signe of pregnancy. If a fostus was present it was
woighad, body length and crown rump measurements were taken and, ifT

poceibla, it was sexod.

A number of mammary glends in verious stages of lectation were dissectad
put end wzighed.

6.2.2.2

Ovarisn examination

Ovarien structures were examined macroscoupically by tha mathod of Cheatum
(1949b)and Golley (1557), ac applied by, for exsmple, hobinette ®# Child
(1964). A scalpel wse used to section the ovacies at spproximately one
millimatre intervals at righit angles to the long axis. Sections woro
lsft joined toc sach other at the poini of sttachmant to the mesovarium.
Follicles were grouped into four eize clessas end counted. Corpore lutoa
were mzasurad with = Yernier caliper in the section with the yreatest

dismotoer. Corpora nigre wore counted.

Fourteen corpora lutea were removed completely from their ovariee and -enighs
T = ¢ i

to 10 ~ on en electrical balance. Their mase was plotted againat mean

diameter, followinp Lewe (9969) and Attwsll (1977).

Be2.2.3

Coaloulation of fortal age

Seventy macroscopically visible foetusss were colliected betwsen Janusry
1975 and March 1977. Foetsl sge since conception was calculzted using

the methed of Huggett & Widdas (1951), which is based on & linear relation-
ship betwesa Toetsl mass end ago since conceotion. This reletionsnip has
tha form:

H_JL = H{t-tn:l-
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where M = mass of foetus
a = glope of the line
t = age since conception
tn- x-axis (age)} intercept

In order to calibrate this function for a particuler epecies it is
necessary to know "t" and "M" for one foetus (for animals with a
gestation period of 100-400 days, t = 0,2 ¥ gestation period).
Gastation period and hirth mess are conmonly used for celibration nf

the function.

In this etudy, gestation was talken as 225 days (Robinette & Child, 1564;
Mentis, 1972; Grimedell & Bell, 1975). Birth mess wen taken as 46,5
kilpgrems. This wes the mean mass of six foetuses assumed to bs st

the point of birih bBpcause of tho presence of colostrum inm the udder.
The sama mase wes calculated a= tho moan of 12 newborn feuwne in &
captiva herd of Kafue lechwe in Zamhia (Grimsdell & Ball, 1975).

Onca the function has been celibrated, oge eince conceprtinn is given by:
[

ﬂi 4 st
R R -
a

ihis relationship can be oxpresszd graphically (Huggett & Widdza, 1951;
Smuts, 1975), & procedure which simplifies calculetion, as eoe since

concepticn cen be read off the graph.

Calculated foetal eges were extrapolsted bockwards to estimete =oncep-
tion dates and forwards to eetimate birth dates, tha objective b=ming to

provide information on reproductive seasonality.

E'I-J
RESULTS AND DISCUSSION

i
Growth-

6.3.1.1

Theoretical growth curves
The growth sguationa usad in this study wars based on tho work of von

Bertalanffy (1938) ss developed by Baverton & Holt (1957). The enuations
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and their solutione by computer aras explained by Hanks (1972a).

The function for masa takes the Form:

mg£ = Mu(1- P (t - tn] }:

whare m, = mass at age t

M_ = apymptotic mase, the maximum mass that an snimal can attain
under given condlitiona

k = coeificient of cctabolism, a constant representing the
ratabolism of body materigle per unit ness and time

t = ege of the animal

t = theozetical oye at which the enimal would mave zero mass
with the same growth pattern B8 cbeurvad in later life

Growth in length (or circumforance) is described by:

=k t=-1t
L, = Lo l1=~8 ( o’ )
It will b2 eeon thet masa has ¢ cubie Tunction vherses length hes a

first order Function.

In tha uee of these guowth equations, Attwall (1977) found that the
gtondard eriore or specific masn parameters of ten extended sbove the
theoretical saymptcte before thc asynpiote mat the Fitted curve when
prajectad from ths y-axis. The same waa found in this study and there
were also sevcral instancee whore the age-specific meen of a parsmeter
was Bbovec the theoretical esymptote woll bzfore the projecoion from
the y=axis met the Fitted curve. To makr pomp allowance for this
gituation, the projection from the y-axis was made from s point an
arbitrary 2,5% below the theoretical asymptote. The age st which the
asymptote wos reechzd was road off from the point where this projection
met the Fitted curve.

The von Bertalanffy growth eguations ere listed, end where relevant,
discussed balow.

(a) Growth i: mass
Two equations were derived for growih in thas mnss of femalas. The
first was based on datas from all females. Ths mass of the reproductive

tract was subtracted from the mass of pregnant females and the ramaining
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mess was used for the derivation of the eqguatiom. The second sguation
was derived from the dead maes of pregnant females.

The general eguation for growth in tha mass of femalea is:

. -0,7023 (t + 0,6405)

m, = 74,12 (1 = ' ka

t
Figure 6.1 illustrates tha curve for this eguation. The theoratical

asymptote is recched et sbout eix years cf age.

The equaiion for growth in mass of pregneat femalss ie:

"
- 77,34 (1 - g ~0:9120 (t + D,4704) )3

m, ky
Figure 6.2 iilustrates the curve for thie eguetiion. The theoretical

esympiole is reschod at spproximetely four and a helf yoars of age.

(b} Growth in body longth
The eguation for growth in body length of foemales fo:

L, w5280 (romcg Esse (t + 2,1577)

" ) cm

Figure 6.3 illustrates the curve For this eguatiun. The thecrstical

asynptote is reached at approxizately five yesars of mga.

{c) Growth in Chest Girth
The equation for growth in chest girth of females ia2:

il = G e -0,8512 (t + 0,6353)

Floure 6.4 illustrates the curve for this squation. The theoresticsel

asymptote is reachod at about five and m half years of aye.

(d} Growth in shoulder heioht
The equaticn for growth in tho shoulder height of females is:

sh 91,89 (1 = o 029775 (t + 0,7157) \ o

t =
Figure 6.5 illustrates the curve for this equation. The theoretical
ssymptote is reached at about three years of ege. The valus of
shoulder height as a feature diagnostic of age in the field is
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diminished by the rapidity with which the asymptote is approached
(Figure 6.5) and the fact that it is difficult to measure eccurately
on dead animals (Jeffery, 1979).

(e) EGrowth in neck pirth
The equation for growth in the nock girth of females is:

o = BE03 (1 o 00930 (t + 1,0705)

£ ) cm

Figure 6.6 illustrates the curve for this equation. The theoretical
agymptote is reachsd at mbout two and = helf years of age.

As far as can beo established from the litersture the curves illustreileo
above are the first theorstical von Bertalanffy curves genesrated for
lechwe. Theso curves have s nuwber cf uees, which sre discussed below,
but thav cannot be internreted urcritically. They are in a«ffact a
raflection of the apparent growth retes which can ba inferred from Lhe
values which particuler perameterc hed atteined by the eges at which
the animals comprisiny the samplé ware collacted. They sia idealized
ropresentations cf growth and take no cognizencs, for excmple, of
sensonal veciation in growth rates (Jeffery, 1978). In additizn the
generation of these curves w2s dependent on technicuss of age detarmlina-
tion which are notoriouslv Tallihls under tropicel conditions.

tn the basls of thnse curves comparisons cen be mede botween the

growth rates af different population or of the sams populetion at diffe-
ront times. From Grimsdell & Bell's data (1975) I generatcd theoreti-
ral curves for growtn in maes, shoulue™ height and langth of Banoweulu
Ypchue fomales, using the same computer programme thet was used to
asnalyze the data collected in this study. I then comparsag tha ages

at which asymptotic values for these parameters were sttained by
females in the twn difforent populations (T=ble f.1}. It will be seen
from Table 6.1 thal thare is a striking difTurence in the apparent
growth ratea of females in the two populations. It is very likely that
the dif ferent growth rates rveflect the fact that the Kwando population
was under nutritional stress (Chapters 5) wheress the Banguwulu popuis—
tion was well below the earrying cepacity of its range (Grimsdell &
Bell, 1573).

Growth curves have further uses in the context of commercial utilization.

For commercial purposss it is useful to know both the pericd cf
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TABLE 6.1: THE AGES AT WHICH ASYMPTOTIC VALUES FOR MASS, SHOULDER HEIGHT
AND LENGTH ARE REACHED BY FEMALES IN THE KWANDOD AND
BANGWELLL LFCHWE POPULATIONS (calculatod from computer-generate
von Bertalanffy growth curves)
Kuando Bangueulu Differencse Bengweulu as
Parameter {years) {years) in years % Keando
Maga B 25 3,5 42
Shouldar
height 3 2 1 67
Langth =1 3 2 [
TABLE 6.2: MASS GAIMNS {IN KG) IN LECHUWE FEMALES CALCLULATED FROM
THEORETICAL CURVES AMD LGE=SPCCIFIC SAMELE MEANS
Aga {yﬁaru] Thaozetical Curvas Sample Meara
Interval Gain/Interval Gain/Day Gain/Intorval Gain/Cay
0= 1.2 21,8 0,051 37,5 o,nss
L]
1,2 = 2,5 23,9 0,052 5,5 6,012
2:85 = 3,58 10,5 0,028 18,8 0.051
5,5 - 4,5 5,5 0,015 4,7 0,013
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maximum mess gain and the age at which asymptotic mass is approached.

Table 6.2 shows mass gains calculated from the theoretical growth
curvas and from age-specific sample means. The theoretical growth
curves indicate that the growth rate is essentlally constant up to two
and a half years and drops off thersesfter. The semple moans show
maximun growth during the firet year and erratic growth thereafter.
These results differ from those of most other species (ses, for example,
Smuts, 1975; Attwell, 1977) and may ba an artefact of the small samole
size in the lowest age classes. It would be advisable to treat thess
results with caution but it is possible that they simply reflect

low growth rates awung females in the Kwando populaticn.

Attwell (1977) implics that in terms of meat production the optimal
age at which animals should be harvestod is imomdiately after the
pariod of nighest productivity. This may be a useful guidsline under
conditions of intensive managemont but it Ls cartainlv not eppliceblie
under the conditions prevailing in Botswsna. In Botswana managemant
is non-exisient, production costs &re zoro and harvaating coste are
high. Under thesa circumetarces it ie clearly sconomicelly advan-
tageousn tc harvest the largest animala possible. & eimple exanple
will illustrate this point,

Teble 6.3 shrwe carcess yileld from lechue females of different ages.
Aspuming that the cost of harvesling does not very with age, it can be
gaan thai by harvesting enimsls more than four years old rather than
enimels in their first year the yield in drassad mass per unit cropping

effort ia increased by:

(74,5 = 0,548) _ :
4,7 % 0,033 £ 10 = 2Zi1%

This situation illustrates the point made by Fentis (1977) that
"economic optima do not necessarily coincide with maximal binlogical
production”.

6.3.1.2
Prodictive equations

The importance of body mass for estimating population biomess and for
comparative studies (Howells & Hanks, 1975) makes an objective meth-d
of mass eetimation desirable. A number of workers have derived equations

for predicting meass (MoCulloch & Talbot, 1965; Smuts, 1975; Howslls &



6.3: BODY MASS (less gravid uterus plus contents) AND COMPOSITION OF LECHWE FEMALES ON _THE KWANDD
AGE DZRD HA551 {kg) CARCAHSS *l*.tELl:I-2 % EXTERNAL I:I;"F.I!|L:!I % INTERNAL l‘.'ll'l'!luL‘I %
+ + & +
ears) n Mean — 5.E. Henge Fean = S5.E. Renge Mean = S.E. Aenga Mean = S.E. Ranga
1 3 34,7 z 0,6 ! 33,5 = 35,5 B3,5 -4 0,8 52,2 = 54,9 13,0 2 0,7 11,9 = 14,3 33,7 - 1:1 32,4 = 35,8
+ + * +
s & + +
3 14 66,8 - 1,9 | 46,5 = 67,0 54,1 = 0,7 49,6 - 58,1 11,1 =0,2 .9,0 - 12,8 3,k - 0,7 | 1,2 - 39,8
-+ = e + % +
d 35 ET[J L 1|= 5‘3[5 i E‘fﬁ JE'G L] ﬂ.ﬁ- Eﬂ': - 5:|-1 1u|5 L D.E E-'L'I - TE“ 3!1“ - u'ﬁ E?j‘ - :Tfﬁ
* + + *
+ ﬂ? ?1|5 - ﬂig 5?.“‘ - H'g;ﬂ 5.15 - ﬂ.ﬁ ‘Ef! - E!;u 1'“.3 - D.‘I E|s‘ o) 1?;” 35|1 - ur‘ :‘l‘ 2] ﬁ.'IIE
! mags of a shot snimal without correctlon for blood losas
F ge mage = Ext nffel = interpel offel - 101 = garcass yiasld o3 & percentags of dead mass

doad maen

t External of fal is the wass of the feet (below corpsl/tersal joint), head end skin es a percentage of dead mass
¢ Internal offal is the mass of the contsqa of the body ceavity (exeluding groevid uterus) ms a percentage of dead mass

"0LL
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Hanks, 1975; Hanks st sl., 1976; Attwell, 1977).

Of the various combinaticns tested in this study, the best results
wers obteined by relsting maes to (a) lengtn and girth and (b) girth.
The equation for the relationship between mass, length and girth in
lechwe females is:

y = 40,04x% + 14,75 (n = 940; r = 0,098; p<0,001)

wheras Yy = W=D
= L(G)? 'IIfI‘-EI (L = leng*th; & = girth)

:

iha relationship between mass and cirth is g!ven by:
y = 1.26 - 52,11 (n=140; r = 0,877} p< 0,001)
where y = maasj ¢ = girth

In the context of willizetion it ic uwseful to be ollo to predict
carcoes mass as wvoll 2a dead mass. Equations velating cercass masa
to doad mos3 and to girth were thurefore darived.

The rolstionship between razceoss wass anc dead mase in lachus females
ie given by:

y =~ 0,5x - 1,53 (n=140; r=0,92% p<0,001)
whare y = carcass msss}] X = dead mass
The relationship between rarcees mass and girth is piven by
y = 0,78x ~ 36,30 (n=140; r = 0,B55" p<0,N01)
whara y = carcess massj x = girth

Theso equations ere considered furthar in Chapter 7 during the discus-
sion of similar equations derived for lechws meles.

Other uses to which growth deta collected in this study were put
included the dovelopmusnt of field age determination criteria (Cheptar
3) and valeulation of lechwe biomsss in the Kwendo/Linyanti/Chobe system
{Chapter 11}.
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6.3.2
Reprodugtion

Aeproductive phenomona in lechwa females on the Kwando are described
because it was by examining the overises, uterus and mammary glands of
autopsied females that thair reproductive status was assessed and age-

specific reproductive rates were calculated.

6.3:2.1

The ovary

A small sample of foetal cvaries was examined for signs of hypertrophy.
Foetal hypertrophy of the ovary hes basn documented in the slephant
{Hanks, 1973) and the horse (Nalbandov, 1974) and according to
Nalbandov (op. cit,) is typical of fostuses sxposed tn high levels

of serum gonadotrophine. MNo signs of foetal hypertrophy of the ovary

ware found in lechwe.

1he range of ovary mess occurring in non-pregnant adult femsles is
attained by sbout twn years of ape (the presence of a corpus luteum
significantly increaces ovary mese end the ovary mass of pregrant adults

is thus not comparable Lo that of immature snimals).

There was wide varietion in the number of macrosconic follicles fecord-
ed. The minimum nwmber fouend in nne animal was 16, in an 18 =monih old
fmwmature animal. The maximum number found was 253, in a 3.5 ysar old
pragnent animal. Younger and oldor enimels tended to hove fewer
follicles; but thers was no clear relaticnshin between the number of
macroscepic follicles end ege (r = 0,070; p>0,1). All age classas

nad mean numbers of Follicles per animal ranging from 30 to 60.

Rlthough thsre is unilatecal implantatiosn in lechws (section 6.3.2.4),
the indications from this study arc that ove ere relessed st rcendom
from left and right overies. Figure 6.7 shows the reletionstdp
between the mass of left and right ovaries ol sexually immature fTemales.
This fFigure gives no clear indicetion of a biss towards first ovula-—
tion in either ovary, assuming that the heavier ovary would be ths
first to ovulate. Table 6.4 detsile the numbar of corpora lutea,
corpora nigre and largest follicles (where no corpus luteum was
present) encountered in ieft and right overigs. There is an aponrent
biee towards the right ovary but this is not statistically significant
Buechner {1961a) reported approximately sgual distribution of corpora
lutea botween left and right ovaeries in Uganda kob but Robinecte &
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TABLE 6.4: THE NUMBER OF CORPORA LUTEA, CORPORA NIGRA AND THE LARGEST

FOLLICLES OCCURRING IN THE FT AND RIGHT OVARIES

Ovary |
Structure Laeft Right
1
Corpora lutea b | 51
2
Corpora nigra 146 150
Lergoat follicle 15 17
Totale 192 218
1 it Refors only to current corpots lutma

7 I Includos all regressing picwented cocpore lutes

174.
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Child (1964) found significantly more current corpore lutea in the left
than in the right ovary (57:33). Data from the present study show a
biss towsrds the right ovary when & comparison is made using only
current corpora lutea. The retio between right and left ovary was
51:31 and this was statistically significant (chi-sguared with Yatec
correction factor = 4,402; p<0,05).

Nalbandov (1976) states that most mammals cen be divided into left and
right ovuleters in th=a sense that they normally ovulate more eggs from
one avary then rrom the otner and that es & rule the feavoured ovary is
glightly heavier. In the light of theze statoements differences in the
mass of left and right ovaries were tested in two ways.

A one-tailod "t-test" (assuming the right overy to be the heavisr) for
"matched-pair" dzota (Scheffler, 1969} was used. This test showsd that
the rignt ovary was significantly heavier than the laft ovazy (n = 112;
t = 2,445: p<D0,01).

A chi-squared test, with Yates corraction fector (Schefller, 1969) was
vaed to test whether the right ovary wes heevier then the left overy
significently mare often than would be expucted on the basie of

rendom varietion. The right ovary was heavier tham theo left in &2
animals, the left wzs heevier than the right in 41 enimals (in nina
animals ovarv masees were the geme). Thiz difference in Froguuncy

was significant (cld-squered = 3,8B4; p<0,05).

On the basis of the verious dats presented it would seem ressonable to

infar that Kwando lechwe females ovulate more ofton from the rightk
ovary than from the laft.

6.3.2.2

Attainment of sexual maiurity

Different workers Land to define puberty and mexual maturity in
sccordance with their own preocccupaticns (Sadlair, 196%a). For the
pragmatic purposes of conservation and management the important

factor is the age at which enimala begin breeding., In males this is
often complicated by social factors but in females it may be more or
lass contumporanseous with the age at which the physioclogical capebility
of reproducing is atteined.
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In this study the definition of Hanke (1972b) was adopted and females
were coneidered sexually maturs if their ovaries contained one or
more corpors nigre. In the case of lachwe tha use of this definition
is complicated by the likelihood of infertile oestrous cycles (section
6.3.2.3). Because of thees cycles it is likely that at least one
animal that had not bred wes clsssified as eexually matura. Errors of
this kind are difficult to svoid because of the similarity of corporas
nigra resultino from corpora lutea of cysle and of pregnancy (Buechner
et al., 1966). It can bo argued that these errors «re in any svent
not eerious becsuse the fact thet an animal is cycling is in itself

an indicatinrn that it is approaching reproductive capability.

0f seven animals hetween one and two year=s old (yeaclings) not one

was sexually mature. Of eight between two and three years old four
wara pregnant; one was not pregnant but had & corpus nigricans in each
ovary and threa weres notl pregnant and did not have corpors niora in
their ovariesc. In other worde, of the eight snimsls betwasn two and
threa years old, five (63%) were saxually mature and the remasinder
ware not. Thus the ege et wnich S50% of femalas attain sexual maturity

is over two yeeis. This is latar then in other populaticns {Chapter 5).

6.3.2.3

Doetius and ovulstion

ko data werc forthcoming Prom this study of the length of the ocostrous
cycle in lechwe. Intense vestrous behaviour, for exempla the mounting
of one female by another, was regularly observed, but it was never
posaible to keep & female under surveillanes for the full cestrous

cycla.

The duration of oestrue itself may be in the region of 24 hours. On
two occasions en interaction between a territorlal male and en oestrous
fomale pas menitorsd (deylight hours only) over e pariod of three
days. 0On both occasions the pattern was the same. The female was
detained by the =ale on the first day but, while not leewving his
territory, was not receptive. On the rscond day the female permitted
multipie copulations. On the third day the female had disappeared.
This pattern of events is interpreted es meaning that t:s female was
actually in castrus only on the serond day. Of courss these fects zre
open to other interpretations but evidence from other species, for
example, Uganda kob (Buechner et al., 1966), tends to support the
intorpretation edopted here.
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It is helpful to have some idea of the size of the follicle at
ovulation. As in other species, the majority of macroscopic folliclas
gre small {Figure E.E}. The largest follicle measursd hed en everage
diampter of 7,1 millimetres. Four follicles of this size were found.
One of them was sbout one millimetra from the surface of the ovarcy,
sugoesting that at ovulation the fpllicle mey sometimes be slightly
lerger than 7 millimetres. One follicle in tho proceas of luteinizing
had a diameter of 7,2 millimatras.

Thars were indications that ovulation in leclwe females follows much

the sama pattern as 1t does in the congenoric Uganda kob. The
roproductive bioloyy of the kob has been extensively documented by
H.K.Buechner and his students. A numter of papars desuribe reprocductive
snatomy and physiology in detail (Buechner, 15&1ajBuechner et ai., 1966;
Buechner & Mnssmzn, 1963; Morrison, 1971; Murrilson & Buschner, 1971).
The selient feature of ovulation 1n kob is the frequent occurrence of
infertile eycleos before conceptlon, in both sdolescent and macure
animals. The existence of these cycles has been inferred by Bueshner
ot vl., (1966) from both examination of ovaries and cbesrvetions on

the behaviour of tnown individuals whizh were subseguently collected.

Buechnar et al., (1966) examined the ovarles of animels of known
bresding history «fisr known posi-partum or poet-coital interv=ls.

In this way stagesa in the develapment and regreesion of corpura lutea
wers determined. Ey comparing the everage diameter of corpora lutos
of pregnency at known poriods of gostationm to Lhet of corpora lutea

of cycle, it was established that after conception the corpus luteum
nf pregnancy growe to e significently larger size than does the corpua
lutoum of eyele. In Ugandn kob stages in the developmant and regres=—
elon of corpsre lutea sre: incomplete rorpus luteum - completa (white)
corpus luteum - regressing yellow crrpus lutsum - regressing oranle
corpus luteum - leprge crange-brown corpus nigricens = smell ( less than tw
millimetres) brown corpus nigricans. Multipie cycles were inforred

by Buschner et al., (1966) from the presence of supernumezary corpora

lutea in the ovaries of femcles of known breeding history.

In Uganda kob (Buschner g% al., 1966) behavioural svidence of repeated
cycling tmok the form of repeated wisits (up to eix) by marked fenales
to the territorial breeding grounds. Uesually cestrus behaviour was
evinced at these visits but on some occesions no overt sexvel behaviour

was manifested. Visits at which no soxusl behaviour wes menifasted
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wera taken os svidence of "eilent” owvulations (Buechner, st al.,
1966).

The suggestion that a situation similar to that in Uganda kob obtains
in lechws is based entirely on examination of ovaries. WNot enough
females were individually observed for long enough periods tu allow
the collection of the relevant beshavioural inforsation.

Structures similar to the various corpora lutea and nigra described

in Uganda kob were found in lechwe ovariss. The type of evidence from
which it ls agsumsd that ovulatlion in lachwe follows the Uganda kob
pattern is most conveniently illus=trated by reference to a few focts
and case hisotories.

(a) S5ix ovaries (2%) contained more than one large (greater than
four miilimetres) fallicle. This suggests that repeoted cycles could

ocour after short lni-r\!lll.

(b) Both ovaries of &« 30-month old virgin female containcd large
{5,1 and 7,2 millimstras) picmentod reoressing corpore lutoe. The
presence cf these corpora lutea in a nulligarous femels strongly
suggests thet infertile cycles had occurrod.

(¢} The right ovary of a primiparcus 30-conih old female contained
both the current corpus l'toum of pregnancy and = pigmeatod renresaing
corpus luteum, prosumably of cycle. This femalos was Judged to be
primiparous because her udder and teats were of the same size and
noneral appearance of thoss of » virgirn female. The fact that Lwn
corpora lutea, one of which was reqgressing, were prascnt in the samn
ovary is conzistent with ths occurrence nf two cycles, tra first of
which was infortile.

(d) The left covary of an eight year old adult focomle contained a
rogrossing yellow corpus luteum 5,7 millimstres in disnster and s
corpus nigricans loss than two millimetres in diemetor. This femala's
right ocvary contained a luteinizing Tollicle, 7,2 millimetres in
dismeter (poerhaps & dovelaping corpue luteum of pragnancy), a regress-
ing orenge corpus lutoum four milllmetres in dismeter and & smamll
corpus nigricens. In this cesa ths occurrunce of infertile cycles is
st lesst a plauvsible explanation for the presence of four or five

(if the luteinizing follicles is owsumed to ba the corpus luteuw of
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pregnancy) corpora lutea. In older snimals, such as this one was, the

occurrence of infertile cycles would not be surprising.

(e) The left ovary of an adult female in the very early stages of
pregnancy contained s regressing corpus lutsum 5,2 millimetres in
diameter and & emall orange corpus luteum. The right ovary contained
the corpus lutsum of pregnancy and a large follicle. Both ovaries
contained small corpora nigra. Agaln, the structures in this female's

ovaries are compatiblm with the occurronce of infertile cyclos.

(f) Of the 70 femalas whose uteri conteined a macrosnopically visitle
foetus, 26 (37%) had one or mors pigmented, regressing corpora lutea
es wel) eg o currant corous luteum. In view of the relatively lany
poat-partum intarval in Kwando lechwe females {seztion 6.3.2.7)
infertile osstrous cycles probably account for at least some of tha
cases in which pregnant femclus had regressing corpora lutea in their

ovaries.

Individually noneg of the cases or Tacts cited above are conclusive

but their cumulaiive afferi is e etrong suggestion that irfortile
cycles occur in lechws. Obviously thic Inference depends on cnrrect
identification of ovarian structures. The examination of microscops
elides prepared From sly ovaries confirmed thaet lutesl tilssue hod besn

cocrectly identiried.

In eddition to Uganda kob infertile cestrous cycles have besen document-
od in mocse (Simkin, 1965), wildebseot (Watson, 196%), hippo (Saysr &
Rakha, 1974) and nyala (Anderson, 1978). According to Nalbandov (1976)
they alsc occur in shesp, cows, horses and pigs and he concluues

that "it is probable that guiot heats are much commoner than ie thougit."
Clearly the peccurrance of infertile oectroue cycles in lechwe ie

nalthor improbable nor unigue.

B.3.2.4

Implantstion and pragnancy

In virgin females the right horn of the bicornuate uterus is largsr
then tno left horn. Foetuses were invarisbly in the right horn. The

right horn of nen-pregnant maturs females was invariasbly distended.

Clearly, ths red lechwe exhibits the same unileteral implantation
thai wes found in Kefue lechwe by Robinette & Child (1964). Other
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animales in which unilataral implantation has been documented include
Ugenda kob (Buechner, 1961a),impala, Aepycercs melsmous (Mossman &
Mossman, 1962) and Thompson's gazells, Gagells thomsoni (Hvidberg—
Hansen, 1970).

The fact that corpora lutea of pregnancy were found in both left ano
right overies satablishes that transuterine migration of ova or
zygotos takes plece. Trensperitoneal migrailon of ove is possible but
unlikely (Buechner, 1961a).

In Figure 6.9%the mean diameter of the corpus luteum is related to
gestational stege. As in Uganda Lob (Morrison, 1971) there appears
to be little change in corpus lutevm aize during pregnancy.

The validity of ueing mean diameter s an indecx of corpus lutsum mass
wasa lnvesiigated by & regrecasion of moan diemeter on mass; msing the
masa of 14 corpora lutea that were nxcised fTrom thsir ovariee and
waighed to the nearect '.||':I-lI gram. The aguation for the relatlonship
between the mean diawsgter and mass is:

Yy = 6,01x + 6,45 (r = 0,790; p<0,001)
whare y = diamatar; X = MmBGE

dn the basis of this rel~tionship mcan dismeter was sccepted as an
adeguate index of the mass of the corpus luteum.

From the examination of the ovaries o two lactating females whose
fewne were approximetely six monthe old, it was apperont that corpora
lutea of pregnancy have completely regressed by six months poat-
partum. Because thas number of fully regressed corpora nigra is Jis-
proportionately low in comparison to the number nf regreesing corpora
lutes, particularly when age is also teken into cccount, it swema that
the regressed corpora nigra are not parsistent. Three examples will
be used to lllustrate this noint.

(a) Esch ovary of a lactating six-ysar old female contained a regross=
ing orang® corpus luteum but there were no obvious fully regressmd
corpora nigra.

* page 178
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{(b) The left ovary of a pragnant seven-year old female contained
the corpus luteum of pregnency, & regressing yellow corpus lutsum
end a regreseing orange corpus luteum. The right ovary contained a
large follicle (6,3 millimetres). Each ovary contained only one
fully regressed corpus nigricans.

{ﬁ} Each ovary of a pregnant five-year old conteined a regressing
prange corpus luteum. The right ovary also contained the corpus
luteum of pregnancy arnd ona fully regressed corpue nigricans. There

were no obvious corpora nigra inm Lhe left ovary.

The ovaries of seversl of the oldar females did contein two or more
corpora nigra, but thecse had invariably converged so that it was very
difficult to esteblish the actual number present. This, and uncertain-
ties duse to lack of persistence and infartile ocestrous cycles, mean

that corpus nigricans counts need to be treated with caurion.

A decline in marimum follicle size with edvencing oregnancy has besn
documented in Uganda kob (Morrison & Buechner, 1971) and wildebsest
(Attwsll, 1977). The possibility of a similsr trend in luchwe was
investigated by means of 2z regression. Beceuse of the way in hich
folliclee were messured it wes necessary %o use follicle size class
{rather than actual follicle diameter) for this vegression. Cach
follicle was placod in one of four sizm classes (D=2, 2-4, &.6, BB
millimetres) but ihe exact diameter of esch folliclo was not measured.
To calculste the regression the midpoint (1, 3, 5, 7} of the size
class of the largest follicle in ssch pregnant fomals wam plottad
sgainst the duration of the pzegnency in days.

Figure 6.10 shows the ralationship betwesn duration of pregnancy and

size class of the largest follicle. Tha equation for the regression is:
y = =0,026x + 7,11 (n=66; r =0,743; p<0,001)

where y = midpoint of size class; x = duration of gpregnancy (days)

The number of macroscopic follicles did not change significantly with

advancing pregnancy end was spparently unrelated to gestational stage
{r = 0,034 p=0,1).
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6.3.2.5

Fecundity

The term fecundity refers to the number of live birthe a female produces
over a period of time, generally one year (Caughley, 1977). The number
of pregnant and lactating animals in a sampla of femalea gives an esstimate
of the proportion of fecund females in the population. This estimate
cannot asccurately reflect the pruportionm of unsuccessful pregnancies and

thus represents the upper limit of fecundity undsr given conditions.

Table 6.5 presents data on apperent ege~specific fecundity in the sample of
females collerted during this study. GSome correctienm is nesded For
unsuccesnful precnancies, although tha factor is probably small because

no clear instancez of resorption or abnrtion were recorded ii. this study.

A Further consideratiocn is that 11 animsls were classified as fecund on

the basis of ovarian exemination and the condition of the uterus and udder.
Six were assumed to ba in the sarly stegea of pregnency, whila five wuere
apsumed to have produced yourng although their laciation had virtually
coaced. IF &ll 11 cases were Incorroctly svaluated, overall FPecundity
would be raducod to a figure of 75%.

In Tahle 5.20 & comparison was made of the fecundity cof threo discrete
lechwe populationa. Frum this tzble it will be sean that tha fecundity of
Kwando females cver three ypars old compares favourably with thali of femala:
in tha samp age class in tiwe two cther pepulaticne., It is belinved that the
lower fecundity of ycung Kwsondo femeles wes largoly a function of nutrition:

stress (Chapter Fiva).

The possibility of reproductive senescence cannot be ruled out. The
oldest female shot (12 ysars) was neither pregnant ner lactating. Howsver,
the animal was in very pesr physical condition and its liver was grossly
damaged by flukes (Fesciola pigantice). Her feilure to reproduce may

simply reflect the principle that stressful conditions affect ths youngest
end oldost animals firat.

G.Js2.6

Lactation and weening

Because lectation, especially in its carly stmges, ies perhaps the most
stressful period of the female roprofictive cycle (Ssdleii, 1969b; Mosa,
1973) its duretion and timing are important.
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BLE 6.5: OVERALL AND AGE=-SPECIFIC FECUNDITY OF FEMALF LFCHWE ON

THE KWaNDO
Heithar
(years) pregnant
Age Numbar Number nor %
Interval preonant lactating | lactating fecundity
0=-1 0 0 3 1]
1 =2 1] ] 7 0
2=3 4 ] 4 50
3-4 22 7 9 Ts
4 =5 21 9 2 B4
| |

2 =5 g B ] 100
E =17 14 7 0 100
7=8 & 3 n 100
B~05 3 1] C 100
9 - 10 2 1] 0 100
10 = 11 1 0 0 100
1 - 12 o i o 1 o

Total 1
yoar a2 34 26 B2
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The duration of lasctation in lechwe may be at least seven months.
This can be stated with somo confidence se two seven-month old males
(the sge of which could be determined fairly precisely on the beasis
of horn emergence) were ssch seen to suckle on several occasions.
Several large female fawns wore also observed suckling but their age

could not be mccurmtely mssessed bacause thbey lack hornas.

Tha machanism by which fawuns are wveaned appears to ba a simple pefusal
by ths dam to sllow suzkling. One case was observed in which a
nureing femala, over a puriod of Jays, consistently refused to allow
hoer large fomale fewn to suckle. The Yawn eventuslly ceased its
efforta. Tarmination of nuraing by the dam is consistent with tha
obesrvetion of Talbot & Telbot (1962) that wildebesst of up te 1G
months of age had milk in the abomasum, Iindicating a continued readi-
neas Lo suckles on the part of tha young animal.

Further data on msuckling ere presonted in the contaxt of Lhe female-
fewn relationship Lin Chapter 9 (Socisl Orgenization and Behavinur).
Tho wosacnal napect of lactetion ie coneiderod in esctlion G6,3.2.4.

Date on uddar meas Iin vericus reproducilve states are presonted in
Tabla G.&6. The varlebility of maes in tha last third of pregnancy ins
nttributable to tho pronouncod incromse in udder masm in the last few
deys of pregnency. The verlebility of macs during lactation may be
partly explained Ly the stege of lactatlon {ﬂ:uhﬂllﬂlgi.!é,| 1969,
by difforences bofore and after nursing and by the posasibility that
soma of the lighter mammary glands wers rogressing whan the animals
in quastion wore collascteud. Data on udder mass mey be helpful in
deslding vhether or not a Temslo han reproduced.

6.3.2.7

Percturition interval

The fact that 20% of the lactating fomales collected during thie

study werse also pregnant scstablishes that strict lactational snoestrus
does not apply to red lechws. Other spocies without lactatlonal
anoestrus include Uganda kob (Morrison, 1971), wildebeost (Attwell,

1977) and nyala (Iragelsohus snapsl) (Anderson, 1978),



TABLE 6.61 UDDER MASS (grams) IN LECHWE FEMALES
95%

Sample confidence
Class aize FMean Ranoa limits
Virgin 5 at 28 - 62 0 - 64
Non=pragnat
adult 5 75 53 - 90 E5 - 05
Firet third
of prognency 5 T3 50 - B85 £4 - B2
Mid third of
pragnanay 7 o8 80 - 149 T o= 21
Last third
of prognancy B 266 195 = 528 233 = 449
Lactating 23 420 |168 = 953 343 - 487
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From s very emell sample of three animals in which the interval since
parturition could ba esstimated, it appoars that post-partum regression
of corpora lutsa and development of follicles in lechws follow much
the same pettern as in Uganda kob (Fnrrison, 1971; Morrison & Buechner,
1971). The three cases will be described individually.

{a) A three-year old female was collected, spparently within a few
days of parturition. The uterus weighed 1,471 kilograms, the carunclas
ware fully developed and pedunculate and & large amount of placentel
mateclal was present in the rumen. The ragressing corpus luteum of
prognancy had a meen diameter of 8,5 millimetrea. All macroscopic

follicles were less than two millimetres in diameter.

(b} A five-year old female was collected, upparently also within a
fow days of parturition. The uterus weighed N,884 kilograms, the
carunclas were largs and pedunculate, placental material was present
in the rumen. The regreesing corpun luteum of prognency hod a mean
diemeter of 8,8 milliwetres. Al] macroscopic follicles were lazs than

two millimetres in diemster.

(e) A four-year old female was collected within 10-20 days of partu=-
rition, judging from date on Ugandz kob (Morzison & HBuechmer, 1971).
The uterus was estlll aligntly enlarged end ite mass was 0,174 kilo-
grems. The rogressing corpus luteum of pregnency had o wean diameter
of 5,6 millimetres. The right ovary contained ocne follicle groetar
than four millimetres in diametor. The left ovary contained one
follicle greater than two milliwmetres in diameter. All other macro-

scopic follicles were less than two millimetres in diemeter.

Few opportunities occcurrad to directlv determine th:s intesrvel between
parturiticn and vonception. Two Fenales with 3-4 month old fawns were
epen to copulate, sach Vemale parmitting multipl. copulatinne. It is
poesible that concoptions resulted from these maiings. This indicates
2 postpartum intervel of 3-=4 monthe and a pavturition intervel of 10,5
to 11,5 months.

A further effort to estimate parturition interval wes made using (after
Anderson, 1978) tha method of Short (1986) for calculating the lungth
of the oeetrous cycle in the elephant, The relationship used was:

Interval between preansnciss  [x) - number not pregoant
Gentation period number pregnant
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Beceuse no yearlings conceived, this age cless wes omitted from the

calculations. Applying the formula to the remaining age classast

.H = = % 225 = 137 daye
Parturition interval = Geetation period <+ 137 days
= 362 dave

Caughley's {1977) method of celculating freguency of pregnancy war
aleo wused. He advocates eagparate calculaticns for esch ege class but
this wae not possible becausa the sample size in esach sge class was
inadequate for this purpoee. Using data from all females sbove tuwo
years of mge, a frequency of 1,1 pregnancies par year was calculated.

This indicates a perturition intorval of about 11 months.

Theee calculations agree rzther wall with the two diract Jeterminationa
of parturition intervel. A fairly long posilpartum anoestrus is also
indieated by tha fact that all lactating Tomales that were also
pregnant were in tho very early wtages of pregnancy. I7 some of them
had concolvod sgain soon eftor parturition the fomtus would have

devaloped to an edvanced stage while the curient fawn was being suckled.

Dn the basis of these estimates it is rossonable to sosume thet in

tha Kwando population females are producing approximately ane young
per year. It is necessary to recognize that this im en spproximetion.
There is likely to he considerable individual variation inm parturition
intarval and general changea in parturition intervul relsted to rangs
conditions ere to be expected.

6.3.2.8

Sassonality

The results of the celculation of concention and Sirih de%es {Hugoett
& Widdas, 1951} arw presented in Figures 6.1% end 5.12. There is a
vary obvious prepondarancea of conceptions betwzen Decemoer and March.
Similar'y, elthough birthe occur throughout the year the great majority
occur botween August and October.

As more oo less equal numbers of femalws (4-6) were collscted ducing
each month of the study, thase results can be used to determine
segaponal variability without the type of correction factor employed

by Anderson (1978). This involves o comparison of ectual and possible
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numberes of conceptions occcurring between tha firet day of the month
of collection and the end of an interval of time equal to the gestation
period after the last day of the month of collection.

In Figure 6.13 the distribution of lactating femsles ie elightly
snomaloun, but in gensral agresment with celculated birth dates.

The sbesenca of lectating females in July and August is consistent

with a cessation of births in December, but is not entirely consistent
with the occurrence of birtha in thess monthe. Thie say be explalned
by the fact that in the sarly part of the lsabing period the proportion
of famalus that has given birth is smail in comparison to the overall
size of the Temale sogment of thc population. This means that the
probability of collecting a lactating female at this stage is much
lowur than it would he when all or most of the pregnant femsles had
given birth.

Figures 6.14 and 6.15 wore propared as o mesns of sssassing tha velidity
of the Huggett and Widdes calculstions. The logic wnderlying these
figures is that as ttw size of tie largest folliclo is inversely
ralated to the stage of pregrancy = it decreasca am pregrnancy

advences - ono would axpoct Follicle clze to decline at the tima of
yoar when fesales are In late pregnancy or giving Lirth (section
6.3,2.4), This baing so, it is cloar that Figuros 6.14 and 6.15

ars more or Jess consistent with tha lambing period frem July to
UDecember that is indicated by the calculsted birth ocates.

Tha peaks of bresding end parturition documonted in this etudy aro
in vory close agresment with the results of the tuo studies on Kcfus
lechwe (Robinette & Child, 1964; Sayer & Ven Laviaron, 1975). The
periods of breeding and peacturition in GBangwoulu are epporently
shorter and lator - broeding in March and April, parturition in
September/October (Grimsdell & Dell, 1978), Theco results ehould
probably be regerded with a moaoure of cautiun as tho ontimates arce
based entirely on fleld clessifications of live animals. The position
in the Jkavenge Delta ls aprarently similar to that in Bangweulu.
Most concaptions occur between Februery end April, moet birthe
between September and November (Piggs, 1979). Bigge's cstimates are
based on u fairly small shot samplo (22 enimals) that wes unequally
distributed by month; 62X of tho sample wes collected botweon August
eand October, and no animale were collectod in Januery, April er July.
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The infarred peaks of bresding and perturition thus probably require
corroboration.

The discussion of seasonality by Child & Von Richtar (1965) is
confueing. They were working on the Chobe segment of the sama populas=
tion that was the object of this study. They stato: "Most calves
were born betwsen October and January in 1966 ... This is similar to the
calving behaviour cbserved by Robinette & Child (1964) for Kafue Flats
lechwe where a few cclves were probably born in all montha, although
thers is a decided pesk in December and January". Thie in fact
contradicts Robinette & Child who clearly state "Whils most lesmbs
appaar to be dropped from July to September, there is some evidence
that a fow are probably born every month"™. in view of thia confusicn
conclusions about the reproductive soasonelity of Chobe lechws must

necessariiy be tuntative.

In the context of management, reproductive seasonality of famales is
roelovant at least in respect of tne timing of harveoting. Femala
lachwa ara elthar pregnant or lactzting mnat of the time; sometimas
thay oare both pregnant and lactating. If hervesting ie carefully
timed Lt way be possible to reduce losees mmong nursing fewng -
footuses are inevitably lost if females ere hervested. Harvesting
should be timed ca that nursing fawuns are sf largo as possible but any
current preghancy lae not toe far advanced. If the pregrnency is too
ndvanced the female will have becun to lose conditinn becsusw uf the
hoavy demand for onorgy ond nutrients in tha later stages of pregnancy.

In the Kwando lechwe population the most favoursble time [on this
basin) to harvest females would ba in March/April. At this time many
fomales are in the sarly stages of pregnancy end fewns of the pravious
breeding season ure mostly sufficiently large to sllow & ressonsble
chanca that they uill survive without thelr dam. Howevsr, becauss
thero is still conziderable mctivity on territorizl bresding grounds
during March (Chepter 9) it would probably be preferable to dalay
harveoting until April/May vhen breeding sctivity has declined.
Delaying the harvest would hawe the further sdventsge that many fawns
from the previous year wsuld have been weanad.

In o discusseion of the reproductive scasonality of female mammsle,
Clarkw (1972) states thet “complete understanding of messali=n (and

other) population dynemics cortainly will require full sppreciation
of what doterminos the cnoet end cessation of the sexual season.”™ For
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this reason it is important to give some thought to the guestion of
what detsrmines reproductive sesasonality.

Clarke (1972), in a similer wey to Owen (1976), distinguishes

between two types of factors which contrcl breeding season: scological
or external factors and physiological or internal factors. The two
groups come together at the level of the receptors by which environ-
mental changes are perceived. FPhotoperiod, rainfall, nutrition and
predation (Estes, 1976) are oxamples of ecological fectors. Cestation
paried, the time at which sexual maturity is asttained and digestive
physicloyy, through its influence on the type of fuod supply that may
ba uxploited, aro oxamples of internal fantors.

On the few data svailable from the prasent atudy only very tentative
suggestivns cen pa offered ebout the mechanisms controlling reproduc-
tive seasonality in lechwe (aonales.

It is cnmmonly assorted that reproduction is timed se that births

occur ot the moet favourable time for tha survival of the yourg (Sadlalir,
1965303 Skinnnr et al., 1974; Attwell, 1977; Andereon, 1978). Skinner

at al,, (op. git.), for exemple stste that "meny memmalc have a .
definite breweding soason which ie initioted at wuch a time that
environmental ronditions will be optimum for the survivel of tha young
after birth".

Mony lechwe births occur at a time which may posaibly not be optimal
pithar for tha lactating fomals or for the young which depand on the
female fur thelir survival. Not encigh im &mown sbout rengn conditions
to clarify this point bubt it can corteinly ba argued that a peak of

birtha in November rather than Septomber would be more conducive to
survival of the young.

There ls further cavoe for doubting that lechwe young are necessarily
born at the most favourable time of the year, in the difficulty of
identifying a mechanism which controls breeding behaviour to schisve
a peak in births at the optimal timn. The moat commonly evoked and
widely investigated mechanism for the control of brecding sessona

is the photoperiod (Clarke, 1972). A photopericdic stimulus hes been
suggested as the sgency which inducos the rut in wildebeest (Spinage.
1973a; Attwell,1977). Anderson (1978) postulaies a aimilar role for
photoperiodicity in nysla and a numbez of other Africen ruminants,
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including lechwe. Anderson's suggestion that in lechwe breeding
bohaviour is bimodal and initisted by photoperiod is bassd on the

work of Child & Von Richter {1969). FRessrvations about the comments
on seasonality by theee suthors have already been expressed. Further-
mora the apparent false rut reportod by Wilhelm (1933) is quite possibly
nothing more than a build-up of breeding activity, which begins in
November and continues through to March. ODets presented from this
study indicata that conceptiuns may take placa from Novembear onwards
gnd a build=up of bresding ectivity in Novembosr was actually scbasrved
in the field during this study an¢ by Robinette & Child (1964) on the
Kafue. All the dsta rom the present study, includirg continuous
behavioural observationa, indicalo a single pariod of sustained
breeding bakaviwur. It is poseible that intensified male breeding
bohaviour is teriggered by a photoperiodic cue but a link betwsen
fomale reproduction end photopariod seecs unlikelv in view of the fact
Lhat birthes can occur at any timc of the year.

If the photoperiod is not the mechanism controlling reproductive
eonsonality in lechwe, what i8? Because neonates cre hidden, pradation
lé unlikaly to exeart a oploctive prossure on the timing of birtha.

The timing of the annual floode is not conaistent and is theoreiore not

o roliable cue for reproduclion. On the other hand, rainfall is erratic
in time end spooe, but most conceptizone appear Lo ococur during the
tulna. In these circumstancen it seemz rwascnable to sugoeel thet,

et lesat with regard to females, lechwa reproductive seasonality is

moat probably detarmined more by nutrition than many other fautor.

The lechue s a grazer or bulk and roughage foeder (Hoffman, 1973).
Louthald & Lauthald (1975) suggest that reproductive seasonality in
grazers 1o related to changes in tha quality of the fcod supply.
Grimedell & Bell (1975) attributs to nutritional differcnces the non-
aynchronous brewding of a sub-population of leciwe in the Bangweulu
Swanp, Data from the present study also suggest an important role
for nutrition. Somewhat surprisingly, conceptions appear to be
strongly norrelated with rainfall. In the firet breediny season of
thie atudy the rains began in Novembar 1974 and continued to May 1975.
The firet calculated concwption for that yesar fell in iovember and
concoptions occurred conslatently intc May. In 1975, October end
November wore excesdiny hot and dry. Heavy ralns fell at the begin-
ning of Decembe: and continued to Tall regularly until the end of
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March:. The firet conceptlion for thet seeson occurred in December and

after March conceptions were sporadic.

On the basis of the sbove discussion a very tentative explanation

of reproductive sessonality in lechwe females is offered along the
following lines. Females come into oestrus and conceive when their
body condition {or perhaps mass, see Chapter 5) reaches an undetarmined
threshold. This usually occurs in the raine hecause high quality
herbage is then most abundant. The timing of individual conceptions

is further influenced by & number of Individumsl end internal factors.
Animels may ottain sexusl maturity at different times of the year.

The perturition to conception intarvel may wary with changes in
condition and may also be influenced by oenetic factors. 7The length

of the yestation period makes it unlikely that & Female will give

birth et the same timm sach yeer. These indivicdual Foctors may account
for the manner in which conceptions are spread throughout the rainy

soagon and occur sporadically throughout the year.
B.d4
SUMMARY

Bada

Growth

The purposez of studying growth were the following:

(1) to fecilitste estimetion of lochwa biomass:

{2) to optimize economic returns trom the oxpleitetion of lechws:

(3) to mesisi investigation of prpulation dynemics by facilitating
comparisuiy of growth rates et differont times and ‘n differsnt places;
(4) to facilitate age ciassificetion in the fleld;

(5) to allow oblective estimation of mass.

Theorutieal, ecrouter-yeneratsd growth surves were produced for the
growth of lechwe females in mass, body length, chest gicth, shoulder
height and neck girth. Thare were indicaticns that growth in mass of
lechwe females in the Kwando populstion is probably slowsr than that
of females in the Banguwesulu population.

Deta on carcass composition were collected and on the basis of
circumstances in Botswana, it ls argued thet large animals should

be harvested rather than smaller animale just emerging from the
porfiod of moximum growth.
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Predictive sguations were derived which allow the prediction of mass
from measurements of length and girth and the prediction of carcaes

maas from desd mass.

G.4.2

Reproduction

Tha purposes of investigating reproduction were:

(1) to describe reproductive phenomena in female lechue on the Kwande;
(2) to determina prevailing reproductive rates;

(3) to identify the moat important factors influencing these rates;

{4) to document reproducztive seasorality.

Growth end functioning of the ovary ere described and evidence is
adduced which indicetes that Kwando lechwe femeles owvulate moro

commonly from the right ovary than trom the lw't. The attainment of
naxual maturity by femeles in the Kewando populstion was ocelayed.

There were indications that lechwe famales experienca infeirtile osstrous
cycles or "guiet heata" ( Nalbandov,1976). Implantation inveriesbly
oecurred in the right horn of the uterus. There was little change

in the size of tiw corpus luteum during pragnancy. Maximum folliclo siz:
appeared to decline with advancing pregnency. Corporz nigra did nou

pareaist.

Apert from younger age classes; the fecundity of lechwa females on

the Kwando was similar tu that inm other lechws populstionz. Tie lower
focundity of younger Kwando females was belisved to be largely a
raflection of nutritichnal stress { Chapter 5).

Lectation may last up to seven months and ie prebably terminated by
a refueal of the dam to milow further auckling. There was no strict
lactetional ancestrus. Kuando femaies wers apparently producing about

one young per year,

There were seasonal peasks in both conceptions and births. It was
suggeeted that nutrition ie the most important factor influencing
reproductive seasonality.
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CHAPTER 7

ROWTH AND REPRODUCTION IN ma

7.1

JNTRODUCTION

The relevence snd methods of growth studies were conaiderer in section
£.1. Tha principles discussed thers in relation to femals growth are
equally applicable to that of males.

In males, the study of reproduction ie meinly concerned with the attain-
mant of pubarty and sexusl maturity end with reproductive sessonality.

It bas already been mentioned (ecction 6.3.2.2) that the concepte of
pubsrty and soxuel maturity in malos sre complicoted by the influsnce of
bahavioural factors. A variety of mechanisme has boen identified in

in ungulate socleties which prevent young malee that are apparently
poxually mature in physiolegicel terms from obtaining access to oestrous
femgles. In lechwe, ownarsehip of a tarritory appeare to bo a precequisitae
for succomsful mating mnd young males ace probably unabla to acquire
territorims until thoy are over fcur years old. A similor situstion has
bosn documented in moveral other species, for exemple, Ugenda kob
{Buschnar, 126%0), wildabeest (Estes, 1969), prongharn antelcpe,
Antilocaprs amazicana (xitchen, 1974), pontebok, Damaliscus durcas dorces
(David, 1973) end waterbuck (Spinage, 1974).

The sexual cycle of ralatively few males haa beon adequetely investi-
geted (Chapman, 1972), Chapman (op. git.) distinguishes between two
catogorios of male reproduction or the basis that zoms species are
capablo of breeding throughout the year whereas others are fecund only

ot certain sessons and sexuplly guicscent mt othore. He makes the puint
that even animals which are fecund throughout the yeer may exhibit eyelic
changas and werns against extropolating from the female's broeding cycle
to that of the male. Even if Temales conceive throughout the year it

is possible that males have a cycle but that not all of them are at the
sama stage of the cycles at the sama time.

Tha baginning of active spermatogenssis is usually accepted as the s<age
which marks the attainment of puberty in malos (see, for oxsmple, Morrie
& Hanks, 1974). The attainment of full sexual maturlty may be indicated
by succesaful mating.



Technigues for investigating male reproductive sessonality range from
simply monitoring changes in testis masa (Robinstte & Child, 1964;
Anderson, 1965) to sophisticated histological and histochemical studies
of the testes end sccessory glands. Chapman (1972) cites the work of
Short & Mann (1966) on roebuck (Capreolus capreolus) as s model study

of male sessonslity. This study involved "inwestigation into tha
ssasonal changes in the weights and histology of the testes, epididymides,
seminal vesicles and empullses together uvith the concentration of
testostarone in the testas, fructose and citric scid in the seminal
vesicles, and fructose in the ampullae®™ (Chepman, 1972). Other techniques
includa the monitoring of changas in seminiferous tubule diameter

{Watson, 1969; Skinner & Huntley, 1971; Smuta,1976; Hanks at al., 1976
Attwell, 1977 &nderson, 1978), obearvetisn of chenges in epididymal
sperm number (Skinner & Huntley, 1971) end measurnment of spearm motility
{Skinner, 1971).

7.2

MATERIALS AND METHODS

Body mass, maasuroments snd reproductive data wers tsken from a sample
of A9 males, which werse shat during this study.

T.2.1

Lrowth

Growth data were collocted from males in precissly tha same way as from
feaales except thal horn measurements were taken in addition. Three
horn messurements were routinuly made:

{a) baswl circumference of both horns:

(b) length along the frent curve of the horng

{c) distence betwson tha tips of the horns.

T.2.2

Reproduction
Cholice of methods in this study was limited by leck of refrigeration or

fleld loboratory facilities. Histological sxomination of testis mataerial
was choown as the means of sssessing whether or not puberty hed been
attained. Changes in testis mass snd seminifercus tubuls diameter were
chosen as indices of sesscnality because of their simplicity; semi-
nifercus tubule diameter is considered to be a good index of sexual
function in ruminants (Chepman, 1970).



As esoon as posslible after collection thes testes were removed snd welghed
to 10" grams on a triple besm balance. The paspinifors ploxus wes
removed bafore welghing. The epididymides were not removed, being
woighed with the testis. A portion of testis from sach snimal was
fixed in ten porcont formalin end stored for later procesaing.

After routine paraffin embodding, testis semples were sectioned at 7 m
and stained with hasmotoxylin and eosin. Samples from five prepubaertal
and five poetpubartal epididymides wern also ombedded, sectioned and
atained.

Tostis sections were microscoplemlly examined for presence of spermato-
genesis. Teates were regarded as prepubertal if no spermatids ware
found in tha lumen of the peminifercus tubule and only a singie layer of
cells was apparent st tha bosemsnt mcmhrana of the tubule. Testes were
claspod as postpubertal If spermetide occurred Iin the lumen and several
layers of cella warea apparent along the besement membrane.

Seminiforoua tubule clamoter wes calculated as the mesr of 30 circular
crosp-asctions of tubules, messured in micromeires with 2 micrometer
eyeplace celibrated egainst an objective micrometer slide. UWhure
diotortion or autolysls had nccurred, messurements werm teken Froam the
basal mambrane and the deqroe of cdistortion wss clessed as grcas,
modarate or slight to none. An analysis af variance of acult tubule
dirmeter in the different cotegoriec of distertion was done to estshlish
whether distertion might have affected the resulis of tubule measursments

7.3
RESUL DISCUSSION

?1-5-"
Growth

T3t

Theoret/cal orowth curvea
The use of growth equations in this study wes explained in section 6.3.1.

The various growth equations are listed below.
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(a) Growth in masss
The equation for grosth in mams of males is:

“ Gins -0,5669 (t + 1,1550) P ko

g ™ 118,11
Figure 7.1 illumtratms the curve for this squation. The theoretical

ssymptote La reached at about smeven years of ege. By five and a half
yaars thea mean mass is within onm standard deviation of the asymptotic

value. .

(b) Growth in body lenath
Tha sguetion for growth in body length of males is:

- 1“;']5 [1 = -DuﬂTH tt- e ‘lim} ]

1 cm

t

Figure 7.2 illustrates the curve for this squation. The theorstical
agymptote 1s resched at sbout Five yoars of age.

(e} Growth in chest girth
The eguation for grovth in rhest girth of sales in:

gt = 105,54 (1= .-ﬂ.EBTl (& + 1,1577) ) em

Figura 7.3 ifllustrates the curve for thiz squation. Tho thesuretical
agysptote is roachad at =bout five years of age.

(¢) Crowth in neck girth
The equation for growth in neck girth of males im:

n = 31,55 (1. g0 (Ee00082) o

Figure 7.4 lllustrates the curve for thie cjuation. Tha theurstical
asymptote of 91,55 cm was never approached in reslity and it rppoars
that the function used to generate tha theoretical curve ls not readily
sppliceble to describing growth in neck girth of lechws males.

Comparison with Figure 6.6 indicates & redically different pattern of
growth ir neck girth In lechwe ferales and males; the femalo patiern
fits the function used to generate the theoretical curve. WNeck girth
could possibly ba described as a escondary sexual charscteristic.
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(o) Growth in shoulder height
The sgquation for growth in shoulder haight of males is:

sh, = 101,41 (1- g 05083 (te+1,523) ,

Figure 7.5 illustrates the curve for this eguation. The theorellcal
asymptote is rsached by four and a half years. The difficulty of using
this character es @ criterion of age datarmination in the fisld is
illuatrated by the fact that the mean shoulder height of thres ysar olds
is eabove the esymptote. A further difficulty is that it is ertremaly

difficult to messure should=r height accurately on & dead enimal{Jeffery, 197¢

(f) Growth in horn base circumferencs

Tha eguation for growth in horn bese circumference is:

Ii;.t = 48,36 {1_‘-9.5::13 (t+ﬂ,4:.ia:g} Yo

Flgure 7.6 lllustrates tha curva for this eguation. The theorstical
asymptcte ia reached by fuur and a hull years. The raw datz indicate
that the adult ranga is attainoed by throe smnd a haif years.

(g) Growth in harn length
The equation for growth in hern lenoth is:

Mt = 54,59 (1 - ‘—D,FB?E (t + 0,68345 } .
Figure 7.7 illustrates the curve for this equation. Tha theoratical
asymptote is reached at four end & half years. Thae ruw data indicatn
that the adult renge is attairzd by thres and s holf yesrz. Fro=
figures 7.6 and 7.7 it is cle=r that after thres end & balf yeara of
age, horn size is not a weeful character for age determination in tho
field.

Changes with age in the distance betwesn the tips of the hurps aze
irregular and cannot be analysed with the von Bertalanffy equation.
These data are summarised in Chapter Thieeo (Age Determination).

A comparison of sorphometric data from meles end females is presented
in Table 7.1. Substantisl differences botwsen tha sexes, psrticularly

in raspsct of mass and neck girth, are cleer. A comparison of some mass
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TABLE 7.1t

of or above ths age st which von Bertalanffy assymptotes ate reached.)

OATA ILLUSTRATINZ SEX DIFFERENCES IN EDCY MASS AND MEASUREMCNTS IN KWANDG LECHWE.

(Data are from animals

Valus Fass (kg) i Length (cm) | Girth (cm) Shoulder ht jcm) Neck girth (cm)
Female Mala | Famais Flale Fam=lg Male | Female Mala Female Male

Meximum 89,0 135,080 i 1562,0 178,0 12,0 128,30 101,90 112,0 41,0 73,0
Minimum 52,0 67,5 I 13,0 150,0 | 84,0 g7,0 B B 27,0 46,0
Mean 71,3 112,7 “ 150,4 16,0 86,6 110, 4 94,8 104,2 as,0 61,1
haymptote 74,1 148, 1 152,5 164, 1 97,6 109,5 92,0 10%,4 32,9 91,6
Sample size 54 22 86 49 86 49 €0 30 49 41
EI:'.'I"I"'B:EHI::: betwezn |
mesns 41,4 $4,E 13,8 Q.4 28,1
- iT,2 9,7 12,6 10,4 31,2
- < 0,001 =< 0,001 = 0,001 = 0,001 = 0,001

L



data from Zembia is made in Chapter S5. Unfortunately body measureament
data from the Zembian populations were collected in slightly different
ways from sach other and from this study, which precludes their use in
comparisons. The ono clesr subspecific difference is that in malos the
horns of Kafue lechwn are strikingly larger than those of sither of the
othor two subspecies. The asymptotic valus for horn length in Kafue
malas is spproximately 70 centimetres, while for Banguweulu males it im
epproximately the same as in Kwando lechws, about 55 centimetres. The
maximum horn length encountered By Robinette & Child (1964) wes 83
centimetres, while the longest sat of horns messured in this study was
G contimolres.

Table 7.2 presents data nn tha ages of attalneent of saymptotic values

in mass, shoulder height and bocy ledsgth in meles on the Kwando, Kafue
and Bangwoulu populstiona. As with the fem=ales of the seme populatione,
the data are not directly cosparabls but there is an indication 5¥f slowor
growih in the Kwendo pogpulaticn. with malss this indicaiion is less
clear than in females bocause Kwando males are sppreciably heavier

{2>%) then Bangwoulu males end this may account for some of the differunce
in the ays at which the asyspoiotlc maze is sttained.

Table 7.3 preoswnts data on mass gaims. The flrst year of life is the
period of moximum wasn gein. This conforme to the pattern found in
most octher wild herblvores that have been investlgated {p.g. Smuts, 1975:
Attuell, 1917) and it caets furiher doubt on the validity of the data
from females in the Keando population (eection 6.3.1.1). Sipnificantly,
the sasple of young males woe larger than that of young females. This
may well bo related to the foct thmt by six to sevon munth= males have
vieibls horns, making tha selection of a representutive sasple of each
age class ocasior than it Lo In Females.

Table 7.4 gives daota on body maws and composition of lechws malos at
differant ages. In the cese of oales Lthe yield per unit cropping effort
would be increaasod by

(100,86 x 0,582) = .o -

(31,8 x 0,562)

if enimals over four years old retiwr then animals in their first year
aro harvested. It is thus clesr that under conditions prevailing in
Botpuana, where production costs are nun-existent and harvesting costs
ere high, thers are econcmic edveatages te harvesting older rather than
younger animale.



TABLE 7.2:

209

AGES AT WHICH ASYMPTOTIC VALUES FOR MASS, SHOULDER HEIGHT

AND BODY LENGTH ARE ATTAIKED BY LECHWE MALES IN THREE

DISTINCT PDPULATIONS

KlaNoD

KAFUE
(Robinette and

BANGWEULU
(Grimsdell and

PARAMETER (This study) Child, 1964) Ball, 1975)
Masa ca 7 years ca 5,5 years ce 4,5 years
Shoulder

height ca 4;5 years Ho data ca 4,0 yBars
Body length ca 5 years No data ca 4,5 years

TABLE 7.3: MASS GATNS (KG) IN LECHWE MALES, CALCULATED FROM
THEOHETICAL GAOWTH CUAVES AND AGE-SPECIFIC SAMPLE MEANS

Age Theoretical curves Sample maans
interval {yeers) | Gain / yr Gain / day | Gain / yr Gain / day
0 -1 35,0 0,096 36,0 D,098
1=E 26,8 0,073 22,1 0,061
y JRL | 19,73 0,553 6,5 0,018




TASLE 7.4:

S00Y MASS AND COMPOSITION OF LECHWE MALES ON THE KWANDO

e

AGE DEAD MASS' (kg) CARCASE YIELD ° EXTERMAL OFFALS % INTERNAL OFFALY %
{yoars) | n [Mean I s.E. flange Mean X 5.E. Range Mean = 5.E. Ranga Mean - S.E. Range
B="1 12 | 31.a 2,8 11,5 - 47,5 ss,22 1,64 48,6 -657| 13,620,7 10,6 - 18,8 30,2 2 1,9 17,9 = 37,8
1=2 5| 57.62 4.0 45,0 - 74,5 56,22 9,2 85,1-56,4| 15,620,8 12,4 = 15,4 30,3 = 1,3 25,2 = 32,7
2-3 9 | 70,42 2,9 57,6 - 78,5 57,32 1,7 s52,2-62,6| 12,1%0,6 8,4 = 14,0 30,6 + 1,0 24,3 = 33,8
3-4 12 | 92,72 3,0 70,5 - 111,58 58,9 20,6 56,4-63,2| 13.320,4 10,9 - 15,4 27,8 L 0,8 23,5 - 30,7

|
4 + 50 [1w09,6 2 1,5 &,5 - 135,0 58,2 X D,4 54,4 - 65,9 13.8 2 0,1 12,4 = 16,8 28,0 A 0,3 23,6 = 32,1
1 t naas of a shot anisal without correstion for blooo losa
- = int al
2 1 e ¥ 100 = carcass yleld %
3 : External offal = mass of feet (from carpal/tarsal jointa), head and skin as & percentsge ol dead masa
& 1 Internal offal = mass of the contenta of the body cevity ae = percentage of dead mass.
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7.3.1.2
Predictive equations

The value of predictive squations was discussed in section 6.3.1.3.

Tha relationship between mass and body langth = {glﬂh}‘ ® m‘“ in lochwe

cales is ( y = masa):

y = 52,54x + 4,29 (r =0,971; p<0,001; n = 88)

The relationship betwesn meass snd chest girth in lechwe males is:

v = 1,80x - 101,74 (r = 0,956; p<0,00; n = B8)

In males thare is a fairly good correlation betweon mass and neck girth.
This relationshin, plotted on » logarithmic scale is given by
(y = log, mess, x = log  neck girth):

y = 1,84x = 1,24 (r = 0,929; p<0,009; n = B65)

In malea the relationship botwesn carcess mass wo cond mans
{y = cercess mass) lc:

y = 0,5%x = 1,290 (r=0,992; p<0,001; n = B88)

The rels*ionship betwsen carcass mass and girth in lechwe males
(y = corcass mars) is:

Yy = 1,2x - 61,86 (r = 0,950; p<0,001; =~ = 88)

When itho correlation coaffictenta of the prodictive eguations for males
and femules (oection 6.3.1.3) sre comparod, it is obvious that the
correlation in males is consistently bettur than it is for females. This
may ba rolated to the fact that femalos axperience greater fluctuationa |
condition than do males (Chapter Five) Fluctustions in the cunaition of
fowalos are no doubt sggrevatod by tho otress of reproduction.

The roletivoly poor correlation obtained in the predictive equations for
femalns may aleo bo a result of not using the most appropriate messureme
for prodiction. Smuts (1%75) suggests that in zebrs e predictive eguatis
should probebly incorporate some measursment over the hindguarters becau
of the large contribution te total mess made by the hindquarters.
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Lechwe aleso have powerful hindguarters, the conformation of which changos
pppreciably with eandition. Tt wmay be that & predictive eguation based
on a measure of hindguarter curvaturo would give bettar results then

the equations besed on chest girth.

T.53.2
HnErnl:Iun tion

Teda2a

Pube exual maturi

All enimals 1,5 years old end older showed msctive spermatogenssis. In
six animals, 1,5 to throe years old, theres were indications that
sparmatotogenesis was not fully in progress. Spermstids wera rot present
in 8ll seminiforcus tubules and thyre were (ew sparmatozoa In the
epididymidea of those enimpls (two) from which epididymal slides ware
made. The mean dead masa of these animals was 61,0 kilogrems (95K
confidence limite: b &, & kg]. Their mean tostis mass was 20,7 grams
(95% confidonce limite: s grama), and mesn seminiferous tubule
disnoter was 133,68 micromntres (95X confidence limites = 18 mizromatren).

These enimals wore apparently at m deveclopmontal stege very similar

to that found by Buechner at al., (1966) in pubsrtel Uganda koh, In

both coses body mass was about half sdult mene; slightly wore in lechws,
ard testis wass was about & quacter of adult testis moss (in lachue mesn
testis mass of malas older then four yoars was 70 grems, 95% confidemnce
limits = 4,7 grams). In kob this peint was resched by about one year old

which is esarlier than in lechwe. This may e roiated to the fact that
leche® aia larger than kob.

The relstionship betwesn body mess and testis mass wes investigated by
mgana of regressicnas. Figure 7.8 fllustrates this tolationshio.
Rogrossizne fur pre— and pocatpubertal testos were caloulated seoparately.
The equation for pripubertal teostes (y = testis mass) fs:

y = 0,23x = 3,98 (r = 0,847; p=0,001)

The eguetion for postpubertal testes la:

Yy = 1,05x = 38,55 (r = 0,842; p<0,001)
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postpubartal animals. HRegressions in the text.
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The correlation betwean testis mase and body mass in postpubertal animals
is considerably better than that found, for exemple, in elther impals
Henks et 8l., 1976) or wildebeest (Attwell, 1977). This may be related
to the fact that seasonsl changes in testis mass sre less pronounced

in lechwe than they are in impala or wildebeest. This suggestion
receives & measure of confirmation from Anderson's (1578) datz on nysls,
which aleo show relatively little sessonal chenge in testis mass. The
corralation betwaen testis mass and body mass in nyals is extraordinarily
high (r = 0,98; Anderson, op. cit.).

Figure 7.8 shows that spermetogenssls bDegins et & bodvy mess of batwcan
55 end 60 kilograms. There is active spermatogchesis in all snimals
above 55 kilograms ond no spermatogenesis in enimals below this Figure.
Presumably thia situation accords with the idea of & critical body masa
for the onsat of puberty (Frisch, 1974, quoted by Attwell, 1977).

Regressirne were Aalso used to investigate the relationship between
saniniferous tubule diameter and body mass. The eguation for prepubertal
testes [y = seminiferous tubuls diometer) is:

y = 1,97x - 4,07 (r = 0,871; p<0,001)
The equetion Tor postpubertal testes ls;

y = D0,B3x + 106,89 (r = 0,594; p=<0,004)
The correlaticn in prepubertel enimals is good. After the onset of
puberty the reletionship becween body mese and seninlferous tubule
diamelar appears to hecome lesa pronounced although the correlation
remains highly significant.
Figure 7.9 illustrates the relationship betwesn testis mass and
sopinifurous tubule diameter. The regression eguation for prepubertal
enimale (y = seminiferous tubule diemeter) is:

y = 5,71x + 40,30 (r = 0,799; p=<0,01)

The regression equation for postpuberticl asnimals is:

¥ = ﬂt?E}: + *:gr"‘ﬁ |:1' = D.ﬁ'i’ﬂ; p-:ﬂ;ﬂl]"l}
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Although the correlation betwsen tubule diameter and testis mass in
postpubertal animals is highly significent, Figure 7.9 shows that tastis
mass may decline apprecisbly without grestly affecting tubule dismeter.
For example, tubule dismaters in excess of 200 micromstres occurred in
testes ranging from 59 -10B grams in masa. R similsr situstion has been
documented in impala (Hanks et al., 1976) end wildebeest (Attwell, 1977).

Figure 7,9 shous that spermatogenesis bagins at a tubule diameter of
about 120 micrometres ond & mean testis mess of arcund 15 grams.

Data pressnied thus far establish that spermatogenesis is occurring by
1,5 yeara of age. Furthar requirements for the attaimnmant of sexual
maturity, in tarms of achieving succesaful mating; ara erection of the

penis and gaining access to oestroua females.

Mo conclusive date werw obtainad during this study on the age et which
erection of thes penie oucure. Saveral yearlings were seen to attempt
to mount females but on no occasion did erection of tha penis accompany
thcse attempts. This doce not conclueivaly show that yearlings are
incapable of an erection becaume it ems common to nes territorial males
mourit female: without erccticn of the penis. Robinette & Child (1964)
report that a male lechwa judged to be 15 wonthes old was observed to
cover a female twice. This indicates that by 18 months )lechwe have the
capebility to nata succusafully.

Dzta from tho presont study indicate that it imw only territorial males
that have access to cestrous Tomales. MNumevous sexusl interactions
betwesn non-tarritorial adult and subadult males wnd temalsae were
obzerved, but none of these sppecrod tu mpproach the pcint of success=-
ful copulation. All observed copulations were by territorisl males.
Two known territorial males were c.llected. Thelr rges ware cotimated

at 5,5 and 6,5 ymars. Judpino by neck girth (Chapter Thres), no known
tarritorial malsc wes less than 4,5 years old.

Despite thair frequent involvement in sbortive sexual encountors with
female=, there were indicatliona that subadult males ere subject to the
"peychological cestration" referred Lo by Altmann (1960). For example,
subadult males were invarisbly submlssive in the prosence of tareicerinl
males. The cese of ono very large young male wos purticularly striking
in this respect. This animal wes appreciably larger than sovoral
tarritory holders and yot was percistontly submissive whon epprosched
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by even the smellest territorisl male and naver made an overt challenge
to the dominance of the territorisl males.

1f 4,5 years is the sarliest age at which males acquire territories,
this means thet there is an hiatus of thres years between the onset of
sparmatogenesia and tho achievement of successful mating. A similar
situation has been documented in wildeboest (Weteon, 1969; Attwell,
1977), buffalo (Syncerus caffer) (Grimsdell, 1969), Uganda kob (Buachner
et al., 19656), impela (Kerr, 1965) and nyala {Anderson, 1978).

The delay betwssn the onset of sparmatogencais and successful mating

in males is probably related to the different strategies by which males
and fomales within & polygamous mating system strive to maximize repro-
ductive success (¥illisms, 1975). Females sre primerily concerned with
mate selection whareas males compete with each other in trying to
inseminate ne many Fcmeles s possibie. In this competition, which may
teka the ferm of territoriolity, older males are more experiences and
gucceaesful and younger maeles have less chance of goining sccaea to
females so that seloction for eerly reproduction i= opposed {(Emlan,
1973), Gecause there is iessenad eselection for efficient reproductlive
behaviour warly in life, tho male segment of the population will respond
to sny existing selaction preesure opposing meature sexual characteristics
pnt delaved maturity shnuld result., This deleysd maturity may be expross
in bLehavioural rather than anatomical ar physiological terms, for
example, through the “paychological castration" thot hes been nomtulated
by Altmann (1960). '

T:3.2.2

Reproductive sessonaliity in oales

Because of small mample sizes it wes necesaary to group data by secsons.
Only Jdata from meles more than four yesrse old were considerod in tho
irvestigotion ¢V seasonality. This was becausu testis mass in =3

yorr olds was sppreciably lower than in 4=5 year olds and because of
the indications that only males over four years old were fully mature
sexually.

The analysis of variance 2id not reveal any significant differences
batwsnn tubule dismeter in the differzat clesses of distortion. On this

basis it was assumad that distortion hod not affected the velidity of
measuremants.
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Every mature testis examined showed active spermatogenesis. Figure 7.10
1llustrates seasonal changes in seminiferous tubule dismeter. None

of these sesscnal differences were statistically significant. The
difference betwesn the highest end lowest seasonal value is B,4% of

the maximum velus. In impala Hanks gt 21., (1976) found & maximum
geasonal difference of 36,5%. The higher seminiferoues tubule diameter
during 1976 may be due to the occurrence of a less severe dry season in
1876 than inm 1275.

Figura 7.11 illustrateas sessonal changes in testis mass. WNone of the
seasonal diTferencee were statistically significant. The differenca
between the higheet and lowest sessonal values was 9,9%. Thie compares
with a difference of 41,7% in impalz (Honks et sl,, 1976) and 48,6% in
wililebeeat {(Attwcll, 1977). Intarestingly, Robinette & Child (1954)
found s much larnar ssasonel difference, 37%, in Kafueo lechwa. This ie
parhapa a refleciion of & difforent nutritional plame relatsd to the

vary high population deiisity on the KaTue Flats.

Figure ¥.12 stows the resulta of m further effort to investigate ssason-
sl changea in tesiis mas=z. In order tz teke Into ececount tha poseible
effect of body maose, testis mass wee expressed es r parcentmge of body
mass end the nesn percentagn for =ssach seascn waes calculatod. The
diffarence botween the highest end lowest sessonal velues was 13,1%,

but there were no statistically significant differonces betwwen the
geasone. The rise in testis mass during 1976 nay be due to the fact
that in 1976 thm het, dry ssason was less severs than in 1975,

These deta and the fact that conceptions take placo in all months
atrongly suggest the aboance of & sexusl cycle in adult male lechws.
Meverthelecs, because relestively simple techniques wers used to investi-
gate ceasonality and becouse there is seasor:al varisbility in the intan-
ity of breeding beiaviuur (Chacter Mine) it is probably necessary to
regard es provicionsl the conclusion that lechws males have no sexual
cycle.
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7.4

SIEPNRY

T.4.1

Grow

Computer-generated theorotical curvea for growth with age in mase,
body length, ciwest girth, shouldar height, neck girth, horn base
circumference and horn langth are pressnted. ODiffcrences betwoen the
gexes in respect of body mass and messurements are documented end
marked ssxusl dimorphism is apparent. As with fearless, it 1s possible
thet growth in males on the Kwando is slower than in other populations.

Equations for tha prediction of body mass end carcass masm from body
measurements are prasented and compared with elmiler oquations derivsd
for fomales. Correlation coafficlents for the regressiona for malos
are higher than those for fomales. This may be because of freater
varisbility in femsale condition because of the stress of reproduction.

T.&.2

H tion

Spermatogenssis occurs by 18 montha of age. For LIt to occur it le
apparent that body mess must excoed 55 kilograms, testles mass musi
excead 15 grams and seminiferous tubule diassater must exceed 120
micromatres. Thare iz a dolay of perhaps thres years betwwen the onast
o spermatoganeals and succesaful mating.

No clesr evidence was Mound to indicate that there 1a o sgceonal
sakual cycle in adult smals lechwa.



225

CHAPTER 8

ACTIVITIES, PHYSICAL MAINTEWANCE BEHAVIOUR AND RELATIONS
WITH OYHER SPECIES

B.i
wll

INTRODUCT IO

8.1.1
Tho Hulqggncq of Bsheviour to Conservation and Meoagemcnt

The significance of behavioural espects in the context of mensgement

has been discussed by a nunber of uritera (e.g. Geist, 1971; Buschner,
1874; Gowan, 1974; Leuthold, 1977) and &s managemen: becomes more
intensive ond sophisticated racognition nf the importance of a knowledoa
uf pocial organization and bewiwvicur is growing. Management activities
in which thera is & nosd to conzider social and behavioural aspects
includsa: capture wiid ve=introduction, census, domestication, harvesting

and the salscticon of areas for tha protection of porticular epecies.

B.1.2

Previous Yotk on Leciwe Bshavioor

L]
—

De Voo & Dowsett {1966) mode ev=e genwral, oualitetive chkservations

on lechue bohaviour on the Kafus Flate, vut did not provide a
comprohensive pictuze of social organizotion and btehovicur. Lent

{1969) provided an outline of lechwe social organization in the Okavango
Delte on the bawls of 8 few months field work. Child & Von Richter
(1969) providec sows informetion on the social grouping of lachwe along
the Chobe River but did not elucicdete their social organization in eny
detail. Child & Aobbsl (1975) reported tha occurrence of territoriality
in lechws slong the Khwei River in the Okavenge Delta. Schuster (1976,
197%) studied the socisl organization end bghaviovr of Kafue lechue over
gevernl yeers end potablished that thore wore marked similaritios
botwusen the lokking behaviour of Kafue lechwe and that of Uganda kob
{Buachner, 19G61b; Suschner, 1963; Buechnsr & Schloeth, 1965; lLeuthold,
1906; Buschner & Ruth, 1974).
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B.1.3

The Dbjects of this Study with respect to Beheviour and Social
Drganization
The primary objective of behevioursl work in this study was to provide

an outline of social organization and behaviour that would facilitate
recogaition of sociel and behavioural sttributes of ectual or potentiasl
importance in the conservation and menagement of lechwe. It was also an
objective to record lechwe behaviour in as much deteil as possible because
the lechwe is & rare enimal and opportunities fecr observing it under
“natural” conditicns are stesdily diminlshing. For example, both the
major Zesblan populations now live in the virtual sbsence of predutoels
other than man (Saysr & Van Lavierea, 1975; Grimsdell & Ball, 1975).

Management considerations will be discussed in detail in Chapter 11
{Conservetion and Management).

B.2

PATERIALS ANU METHODS
Bohaviovr was studied by direct observation from twc hides snd froa a

vohicle (Toyota Land Cruiser) uveing binoculsrs (Zeise 8x56) and a ctop
watch lor timing. If an individual ues being cbserved a continuous
pmgord of el] sctivities and intarsctions was kept. If a group wes under
observation, only ths occurrence and duration of intersctiona wers
recordsd. A totel of ebout 1 00D hovrs of obeorvation of Individualas
and groups waas completed on 200 deys during the study period.

Diurnal sctivity bucgets were ceiculated for territoriml malec, rdult

males, adult feeales, subadult males and juvesliles; using & method of
individual sampling similar to that of Struheaker [1067). The activitias

of individusls were moniteiend for sample periods of 30 minutes. In sach
3=ninute intarval the time devoted to each sctivily wes summad. The
sctivity budget for sach seaschn was calculated by aumming the ssount of

time spent an each sctivity in sll eampiling intervele, dividing by tha total
sampling time and expressing the result as a percentesge. An ennual sctivity
budgot was calculated in the sema way, pooling the dota for all esasons.

At least 40 sampling porioda vare accumuloted for sech se~/ege clzas in
sach season over a period of a ysar. Obsarvations on territorial maleas
sxtendad inta the seocond ysar beceuss too fow territorisl malss wara known
in tha first yesr to provide a cosplste picture of yesr-round activity.
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Types of activity recoprded were similar to those identified by Jarman
& Jarman (1973) and Walther (1973).

To investigate sctivity rhythms, the day was divided into four periocds

of thres hours, beginning st DGhOD and ending st 18h00. Three-hour
periods were used so that esach period would include obsearvation on

five to ten different enimals, rather than two or three, as would have
been the case if one-hour intervals had bsen used, beceuss it was felt
that a sample of two to three snimals wes too small to have much meaning.
Within each three-hour perind the amount of time spent active (as cpposed
to resting) was totalled. A comparison was then made of levels of activity
in the sarly sorning (DShOD - D9hDD), late morning (09000 - 12h00), eerly
afternoon (12hD0 - 15hD0) and late aftuernoon (15h00 - 18h00).

Soma idea of daily Tluctuations in sctivity wam also ocbtainad from tha
eightings collected in the course of studying hablitat selection. For
zach hour of tha day tha percantage of active groups was ralculsted

gnd this wes taken &8 en indax af the level of sctivity during that hour.

During the second year of study, behavioural work was concerned mainly
with territorielity. On sewwral occasions it was possible to obssrve
krown territorisl males for feirly extended periods, ef eignt %o twslve
hours. Activity budgets ware cslculstsd zlso From these deta.

B.3

RESULTS AND DISCUSSION

8.3.1

Activity Eudoets

Diurnal activity budgets for all sex/ane clsesee are oresents. in Table
8.1. Important differencns in the activicy budgots of different sex/age
clesses ere sumsarized in Table B.2. Table 8.3 shows the emocunt of
time sllocated to differeni activities by territorial cales under
continuous cbezrv>tion for faizly long peiiods.

Sessonal differencos in the amcunt of time allocated to sach sctivity
were generally neither very marked nor comsistent in thes various sex/

age classes. A feow consistent and apprecisble seasonal differences arse
illustrated in Table B8.4.

Before discussing differences in the sctivity budgets of various wex/
age classss, two basic similaritiss In the sctivitios of most classce



TABLE B.1: DIURNAL ACTIVITY BUDGETS FOR DIFFERENT LECHWE SEX AND AGE

CLASSES (percentages are of total obeervation time during
tha year)
CLASS Territorisl | Adult Adult Subadult
ACTIVITY male mele female male | Juvenile
Feed/Drink 34, 6% 39,3% §6,1% 34, B% 40,78
Walking 1,6% 3,5% 2,1% 3,68% 3,2%
Running - 0,1% 0, 1% o,1% 0,1%
Interacting
with female 12,8% 2.2% 0,1% 0,5% | 1,5%
Interacting
with mele 0,8% o,o% 0,8% 1,1% 0,1%
Interacting
with juvenile - - 0,9% - 0,28
Standing icdle 4,9% 6,64 5,1% 4,0% 4, 8%
Auminating
while etanding 1. 1% 2,7% 2,7% 1, 7% 2.1%
Ruminating l
while Lying 19,7% | 23,2 15.5% 22,8% |  17,8%
Lying idle 25, 4% 18. &% 13, 2% 28, 6% | 32, 1%
Comfort
behaviour 1, 6% 1., 7% 2,71% 2,24 2,9%
Urinating/
defecating 0,2% 0,28 0,2% 0,1% £, 2%
Numbar of
individuals
sampled {n) 19 68 B3 92 B1
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TAB B.2: IMPORTANT DIFFERENCES IN THE ACTIVITY BUDGETS
OF DIFFERENT SEX/AGE CLASSES
% Differance Larger percentags
Classes batween ag a multipls of
Activity comparod :1=n=an1 annllur2
Courtship and ' Territorisl male 12,0 16,0
mating® va adult femals
Courtship and | Territorial male 9,6 4,0
mating ve adult male
Courtship end | Territorial male 12,3 25,0
mating | wve subadult male
Feading Adult female wve 21,3 1:6
tarritorial male
Faeding Adult Temerle va 16,8 1.8
pdult male
Fesding Adult female ve i 21,3 1.6
subadult mala |
Faading | Adult Femais va | 15, 4 1,4
Juvenilie |
Lying idle Subedult mals ve 15,4 2,2
adult female
| |
Lying idle Juvenile vs | 18,5 2,4
gdult female \
Ruminating Adult male vs 1.4 2,0
while lying Juvernlile
Ruminating Subsdult malse 11,0 1,9
whila lving ve Juvaenile
1 ¢ & Ky - % Xy = % differrnca betwsan claeses Xy and Xoe
largei percantage ) .
2 1 R RTCtE . O larger percantage as & multiple of small
3 ¢ refers to interacticns betuween sdult or postpubertal animals of ti

opposite sex.



ABLE 8.3: ACTIVITIES OF TERRITORTAL MALES ON OIFFERENT DAYS

" —— —

6.10 | 3.12 12 | V4.2 | 15.2 |22.2 | 25.2
DATE 1976 1976 . 9TE 1977 1977 1977 1977
Number hours
obeearvation 9 12 10 [:] a 12 10
Numbar of inter=
potions with
fomale/day? 8 67 52 4 48 1 2
Fean durntion
{(minutos) of inter-
nction with Temnle 16,7 1,5 2,9 2,0 2,5 2,8 2,6
% time interacting |
with fomale 65,5 13,8 n,2 25,8 16,7 0,4 0,9
% tims Interacting
with male - 01 2,5 - 0,7 1,0 -
L timo foading 28,2 52,3 48,0 43,8 3r.9 51: 6 57,9
¥ time walking/
runuing 0,2 1,6 1,3 2,2 0,6 0,2 o,1
% timo idle or
ruminaiing 6,0 30,2 25,4 24,7 44,1 45,6 40,8
£ timo other 0.1 2,0 1,6 u,3 8,1 7 0,3

1 t One day wquivalent to 12 nours observation] interection rates

convartnd Lo & common base for comparative purposes.



TABLE 8.4: SEASOMAL DIFFERENCES IN THE PROPORTION OF TIME
DEVDTED TO DIFFERENT ACTIVITIES

% time engaged in activity
CLASS ACTIVITY Cool dry Hot dry Rains
Adult female Teeding = - 66,8 44,1
Territorial 1
male feeding 29,1 41,6 17,0
Adult male feeding 35,0 43,8 39,1
Territorial interacting
male with Femalse T 16,9 TeT
Adult mals interacting
with femals 0,9 5,9 Sy 2

1 1 The ectusl tigurse is

probeply higher: ses digvoussion in tex:

22



will be mentioned. These are the negligible ssmount of running in all
classes and the low levels of social activity in classes other than
territorisl males. The minimal amount of scclal contact betwsen edult
femalen is particularly striking. In view of the cost of geststion and
lsctation, clear bsnefits for females in a reduction of social activity
can be envisaged (Geist, 1974).

The differences in Teble 8.2 relate to & variety of sctivitiss and
sox/age classes, These differences are discussed below in the order in
which they sppear in Table 8.2.

Two fectors arc responeible for the merked difference in the Geount of
time irvested in courtship and mating by territorinml malea and adult
femalos. Firwtly, & fow territoriel males oul of the whsle edult male
segment of tha populetion are resprnsible for most of the courtship
and mating. Socondly, malec are saxually active e)l year round, whersas
females are receptive for only sbout one day svery year (females
produce one fawn per yeer snd tharsfore mate once a year). Those
factors combine to produce a sltuation im whirh territorial mslos may
court meny fesmalea each year end mate with & pumber of these, whereas
females ers ongaged in only ona protrectsd courtahip ond mating during
tho yaar.

Fonales exert a pronounced influsnce on the activities of territorisl
melag. Table 8.3 flluatrates situations ranging from a receptive
female being presant in a territory all day (6.10.76) to only one
unroceptive Temale passing briefly throough a tarritory during a wholo
day (22.2.77) (data in Table 8.3 were collectud from two different
males ond each interacted with Aifferent females on eech day). The
effect or the presence and receptivity of females on the sctivity of
territorial males is illustrated graphically in Figuse 8.7. The figure
shows the s~tivitiss «f one torritorial male on two days, two different
females being involvsd. In Figure 6.1 (a) (3.12.76) a femals was
present pll day hut was not receptive. In Figure 8.1 (b) (6.10.75)

a receptive femals was presont for the antire cbservation perioed
(multiple copulatione occurred). The effect of the receptivity of the
female on the activity of the mele is clear. 3Jarmen & Yarsan (1571)

noted that impale (Aepycercs melaspus) females had a slailar effect
on thas sctivitiss of territorisl impals males.
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Differences in the smount of time devoted to mating activity by
territorial and other classes of mals probably reflect dominance
renking end sccess to females. Within a territory only the holdar

had sccess to females. Observations on habitat use (Chapter 4) showed
s clear preference by females for the eress in which territories ware
slituated and a preponderance of bachelor males in marginal habitats
which were much loss frequented by females. FApparently non-territarial
males woare being pushed into less favourable areas where the chances of
galning accose to receptive females were reduced.

Tha subetantial difference in the azount of time spent feeding by

adult femsles and all other sex/age classes is slmost certsinly &
;;}I;Hflnn of the coat of gostation end lactation i.e. the cost of
p:u&u:lnq offepring. The difference in the amsunt of time spent
fu;dlﬁﬁ by territorial males and adult females may have baen
exaggerated by a sampling blss. Dats on feeding by territorial males
during the roine (Teble B.4) included observations on several indivi-
duais which regularly spent lono periods feeding emong bachelor males
In marginal areas, subseguentily returning tm thelr territories to rest.
FMonitoring the sctivitles of thees individuals while trey were on thair
territories probably led to an ovarepatimats of the amount of time spent
reating and an underestimate of faeding timo. In other seseons these
males ware not Included in the sample and it seems unlikely that this
biae materially distorted the subsatantial diffsrence in tho amount of

tima davoted to fendinrg by adult females and territorial malos.

It hus beon argued that in mamsalz the sexes invest unsgually in the
pruoduction of offepring and that hacause tho costs of reprcduction are
different for males and females thay ewploy different stratepies to
maximize reproductive success = malos try to schiesve fertilizetion te
the maximum degree and fomales try to optimize it ir & gualitative
sanss (Trivers. 1972; Villieme, 1975). The substentinsl differences
in the time, end herce enargy, invested by territorisl male and adult
female lechwe in feading and in courtship and mating appear to be
conslstent with the above argimanta.

The differances In the smount of time spent lying idle by adult females
and younger animals are probably related to differences in the amount

of tiee spent feeding. Adult females foed eppreclably more than younger
snimals and tharefore have less time for idling.
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The diffarences in the smcunt of time spent ruminating by Juveniles
and adult and subadult males can be explained in terms of diet. For
the first paix to seven months of its life milk is an imsportant compo-
nent of a Juvenile's dist wherees oldor animals are entirely dependent
of the vegetation for their fo~d supply. In Table 8.1 this difference
is masked by the fact that the sample of juveniles included many
woaned indivicduals, also completely dependent on the vegetation for
their food supply. It would have been more satisfectory to sample only
unweaned animais.

Seavonal diffecences in the amount of time sllocated to feeding (Table
8.4) have alec besn documanted in cthez African ungulates (Spinage, 1968
Jarman & Jarman, 1973) and may be reiated tn pasturs guality. Possibly
the reason for increawed fesding time Iin the dry season, when pasturs
quality is poor, is that under thess conditions feeding becomsa acre
salective and that the emount of time regulred to ingest a glven guantity
of food increasea. This suggestion is made In view of Stanley Price's
(1977) finding that the smount of focd ingested in the dry esason is
less than in other seasons beceusea dry food takesa longer to process.

Seasonal diffeorences in the smount of time males spont interacting with
females probably raeflect seasonal variation in fomale recoptivity. As
it is known from the shot sample that very few conceptions occurred
during the cool, dry esacon, It i1z ceasonable to infor thal few females
ara receptive &t this time of the yoar.

Becsuse the sampling of territorial males and jJuvenlles wer Lin some
respects not entirely sstisfectory and because totul obsarvation times
(120 nhours for territorisl maleec, 60 hours for all other classes)

were relatively short, my results veo firet approximations. Subject

to this qualification i seams ressonables to conclude that there are
real difrerence:z in the activity budgeis of lechwe which are related to
sex, soclal status, age and season and that s knowledge of thase
differences is helpful in understanding how the snimals relste to sach

other end to thair snvironmant.
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8.35.2

Activity Rhythms

Jarman & Jarman (1973) state that "the baslc pattern of daily activity
of impele is shoun by all social categorles and is probebly lesst
obscured by varistions in females". It was difficult to discern a "basic
pattern of dally activity" in lechwe except in the most gensral way.
All activitios occurred during all hours of the day msnd although there
was synchronization within groups there were few indications of syn—
chronization between groups. eaven when they were in fairly close
proximity. At any one time there were wsially some groups engaged in
gctive end others in resting behaviourz.

Figures B.2 =-8.13 illustrate diurnsl pesks end declines in ectivity in
different sex/age classes during the dilferant seasons. The pattarna
of pctivity shown ara different from those reperted in impalo by Jarmen
& Jarman (1973). The data on which these llgures are basso were
collected from & emall pamplo end coma of the varlebility may be due

to thie.

The sessonal differences in suult activity ere obvicus. Younger onimals
tanded to show the morning and evening peaks in activity that are Found in,
for example, impala (Jarman & Jarman, 1973} end Thomson's gazelle
(Gazella thomzoni) (walthe:, 373). The activitv pattern of aduit
fomales duriny the cool, dry season is pariicularly striiking &nd it
sgomed logical to consider whether thara were any sessonally varlable
factors which could secnunt for thiz pattern. UOe Vo3 & Dowsatt (1256)
neted that at this time of year female: spent much time feseding In the
water end in this study it was found (Chapter 4) that famales spent

over 40% of tha day in the water. It is quite poseibie that thay

reduca thair hcat load in this way and that they cen therefore suatain
leveis of activity which would otherwufise be untensble. Significantly,
subadult males, which spent virtually nu time in ths water, showed
reduced ectivity durlng the wersest parie of the day, as has besan

found in & number of other epecies ( Leuthold, 977). If this
explanation is correct; it provides ai interesting illustration of

the interaction between behaviour ond environmental factors.

In general Flgures 8.2 = 8.13 indicate that the simple model of peaks
of activity sarly and late in the day with reduced ectivity during
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the middle of the day cennot be uncritically spplied to lechwe.
It sosms that the sctivity rhythms of lechws may be modified by the

influence of environmental factors peculiar to its specialized nicha.

A further ineight inte the timing of sctivities came from grouping
the alghtings collected for documentation of habitat use on the basls
of time. Owen (1970) used s similar procedurs to assess the activity
of sitatunge. The proportion of active groups in each hour of the

day in sach sesson is shown in Figures 8.14 = 2.16. This method is
flawed by the biss that sctive ani=ales are more readily seen than
insctive ones, particularly If the letter are lying down. This bias
probably sccounts for the high proportions of sctive groups.

All groupa were conaidered for this exerclies and it appears that when
thore is no discrimination between sex and nge classes a nenaral pattarn
of reduced sctivity in the middlo of the day omarges. In vieu of the
petiterns illustrated in Figures 8.2 = B8.13 it seems that this method
oversimplifies tha patterns

One featurw that {s clearly illuvstrated by Figures B.14 - B.16 is
reduced activity in the early hours of the morning. At this time
it var common to find most lechws lying down near the water. Jarman
& Jarman (1973) found a similar pattesn of behaviour in impula and
wWalther (1973) sleo found this in Thomscn's gazelle.

On the basis of Figures 8.2 = 8,13 it ls sugguated that ths bent

time to census lechws would be either between 0BHOD=10h00 or betwaen
14h00=16h10,. The resscn for this suggestion ia the general reduction
in the activity of younger animala during the middle of tha day.

In prectice most asrial counting during thia etudy wes done between
06n00=11h00 end good reesults (in terms of repeatsbllity) wore obtaeined
( Chaptar 10).

8:3.3

Dally Movcmants

Data on activitles presented thus far convey no information on dally
movemants. No quantitative work on daily movementes wae wttempted
but repular observations of known animales and distinctive groups

( e.g- & bachelor herd resident on the north side of tha intensive
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study area ) did provide some preliminary information on daily movements.
These were veriable but nevar ssemed to be extensive. The bachelor

herd referred to sbove seldom moved more than one to two kilometras

from my northern hide. Territorial males regularly spent the entiza

day in their territories.

There were only two patterns of movement which were regularly repeated.
One pattern consisted of movements betwsen resting sites and feeding
sites. This wes particularly common in bachelar groups and femals
groups. Animals would spend time Lying down at one site, after which
they stood up end waliksd in an apparenily deliberate wsy to snother
gite; up to & kilometre eway, wheza they started Feeding. Resting
pites were meinly in short graes, usually near water, whiles feeding
sitas wore more diverse. Good vieibility, to facilitate predator
detection and henco avoidance, sesamed to be ocne of the factors

determining the cholice of resting sitwea.

The othsr comman pettern, particularly evident in the bachelor herd,
was movement im the early morning esway frum resting sites near the
vatar into pevipheral Tloooplalmn areas and movement in the mvening
back to the resting siltes resr the water.

B.3.4

Wepethar and Actlivity
Wesather conditionas were seldom sesn to have en obvious effect on ectivity.

Lechwe seaned Tumarkably toleranmt of direct sun. Even during tho
hottest time of the year many snimals could be found lying out in

the full sun during the miJdle of the day. Animals did seek shade

but this wes surprisingly uncommon in the antensive study area, perhaps
simply because ihere wae relatively littie shade in the areas. It is
posasible that exiremes of heat are moderated by ihe weter in end around
which lechwe spend their time. Also,breezes off the swamp are common

and these may reduce heat siress.

High winds did seem to meke the animals more nervous, but this was
an entirely subjective imprcssion. Occasionally the coal winds
preceding a storm did induce bouts of running and playlng.



Light rein had no discarnable effect on behaviour. Ongoing sctivities
usually ceased in heavy rain and snimals would stand or lie down with
thelr backs to thes wind. Lying down probably sssists conservation of
body heat ( Moen, 1973). A eimilar response to hesvy rain has been
documented in, for example, impela ( Jarmen & Jarsan, 1973).

8.3.5

Comfort Behavious

On avarage lechws spoent 1520 minutes rer day engaged in comfort
behaviour ( Tebla B.1). Althcugh cccasional grooming bouts in cxcess
of 10 minuie2 were observed, most grooming episcodes lasted for lass
than one minute.

All the different types of suto-grooming listed by Jungius (1971)
and Leuthold (1977) were obsarved in lechwe. Coafort behaviour in-
volving external cbjects was oL observed. Oxpeckers ( Buphayus ep.)
ware never secn on lechwe, slthough giraffa ( Gireffas comelopsrdalis)
and buffalo ( Syncerus coffer) visiting the floodplain were often
accompanied by oxpeckers.

Lechwa apparently entered the water for thermovegulation. Although
Juvenilos usually soemwd to svoid the water, on several occanions
groups of Jjuveniles stuod idly in shallew water for lorng periods during
the hottest part of the day. This behaviour was also occasionally

seon in adults. For example, on 22.2.79, a cloudlass day, a tercitorial

mals near my hide stood up and walked from wherc he had been lying

a4

in short grass into water about 20 centimetres deep. Ho stood stationary

in the water from 13h16 to 14027 ( 7% elnutes) before welking out of
the water to begin Feeding.

Allo-grooming was not seen except In the context of tiie mother-young
relationship.

B8.3.6

Voldance Beohaviour

The diurnal frequancies of urination and defecation were noted during
work on activity budgeta. These data are presented in Taole 8.5. In

two 12 hour walches on territorisl wules during December and February
the defocation rates were three and seven times per 12 hours,



TABLE B.5: DOBSERVED DAILY FREQUENCY OF DEFECATION AND URINATION IN DIFFERENT SEX AND AGE CLASSES AND IN DIFFERENT

SEASONS {(data Prom observaticns on individuals for compiletion of activity budgets)

0oL ODRY SEASON HOT DRY SEASON ARAVINS
CLASS Cefacetion Urination Oefocation Urination Defecation Urination
Adult mals g 1 7 1] 5] 1
1

Adult female 7 3 4 8 1 5 2
Subadult male 4 1 [ 1 D 5 2
Juvenile & 2 T 2 7 o
ilean [ to nearsst

whole number) [ 2 o 1 & 1

SvE
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Defecation postures were similar in males and females. UWhen ststionary
the snimals stood with head held high, lower back slightly arched and
tail raised. Both males and females regulerly defecated while grazing,
in which case the tail wes raised but no other postural changes were
spparent. Males aleo regularly defecatsd while walking, a raised

tail again being the only postural change.

Malea and femaine had different urinatlon postures. Females stood
with lower back slightly arched and teil raisad. [PMales did not seam
to have any particuler postura for urination and often urinated while
walking. In comparison to the males of species like Thomson's gezelle
(Waliher, 1964a} the voidance behavicur of lechwe males wes remsrvkably
unstructured.

The spatisl distrlbution of defecation/urination appearcd to be random
or diffuse. Mo behaviour epecifically sesociated with volidance was

pbeserved in lachwa.

B.3.7
Belations with Othar Species
8.3.7.1

Hecblvares
Although lechwe responded to the alarm calls of impala and wildebewst

thay were esldom seen to asenciale with other ungulato speciea.

When they did, for oxample with tsassebe ( Demaliscus lunatus), impalas
or wildeboest, thess were probably chance associations of species
attracted to the same resource { Leuthold, 1977). Thers was no clear
evidence that lechwe were involved i & gracing succession es enviseged
by Vasey-Fitzgerald (1560} and Bell{197+). They did occesionally

fead in areoe where hippo hed been feeding, but this was rare.

The reactione of leclwe to other herbivores sesmed to be influenced
by & number of the fectors which talther (1969) identified as flight-
releasing factors in Thomson's gazelle. These fectors appeared to
operate in similar ways to those descritad by Walther (op. cit.).

A few examples will illustrato these points.

The response of lechwe to the size o? an animal was a function of

their own age i.e. slze and of familiarity. All lechwe gave wey to
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tsessebs and Juvenile lechwe gave way to adult impalas, but adult lechwa
ignored or displaced impala. A territorial male was gquite uncencerned
by a hippo bull which regularly walked through his territory but fled
from an errant giraffe which wandered inte his territory.

Suddenness of contact was snother factor which hed a marked effect on
the response of lechws to other herbivores. On several occasions
s group of lechue fesding slong tha sdge of a wtand of tall grass
was put to flight by the sudden eppearance of s warthog ( Phacochoerus

sathiopicus ) an it trotted out of the long grass, although lechwe
otherwise usually ignored warthog.

The gquestion of scological separaticn was not apecifically studled

but etriking diffcrances in the extent to which lechun habltat waa
used by terrestrisal unoulates were noticed end may be worcth recording.
During the rains the onlv other ungulate regularly obsearved =n tha
floodplain in significant numbsra was wilodebeest. They used open
aroeas near water for resting but were never obsserved feeding Ln the
sam@ aross ne lechwe. Reedbuck ( Aedunca arundinum ) were at all
times of Lhe year oeen in tall gress arsas but aluays in emall numbers.

There were marked differsncea in the sxtent to which other ungulates
used lechwe hatiitat in the two dry seasons for which | was continuuusly
in the fleld. In 1975 there were seven months without any rain and
October and November were oxtresely hot. Towarda the end of the dry
sepson taessebs regularly fed in the same areas ss lechwe end occasion-
ally displaced feeding lechws. Wilcobecat and iscals alsc fed at

lechwe freding sites ond sable ( Hippotragus niger) end buf®alo regularly

cppearad on the floodplain but waras never seen to feed st lechwe feoding
sltoa.

In 1976 there were oculy Lhrese morths completsly without rain; from
August onwards 1.ght showsrs fell occasionally. Nelither tsesesebe
nor buffalo visited the flcodplain end sable sppeared lecs frequently

than in 1975. Wildebeest end impala wure seen on the floodplain
but they never fed at lochwe foeding sites.

The indications that lechwe habitat is more intensively used by othor
harbivores during perieds of nutritional etress when conditionas are
dry were reinforced by observations made in 1979, The 1978/79 raines



were poor ( Kesane received 30% of its mesn ennual rainfall) and
drought conditions prevailed in the woodland and savanna communities
ad)oining the Kwando floodplain. Until heavy rains fell in early
March, wildebeest; zebra end tsessebe were regularly seen Fesding

in the drier floodplain areas used by bachelor lechwe males. Also
during my second follow-up vieit during the dry season of 1979

{ September/October) the same three species were regularly seen on
the floodplein,

The fact that other ungulates made limited wvae of lechwe habitat.
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although it contained an ettractive focd supply in ths form of perannial

new growth, may have been due to e0il conditions. In the short grasa
ereas #long Lthe water'ct edge the soil was usually soft and wet or
molist, and movement wmay have been impeded in speciezs that do not
possass the rether olongated hooves of lechwe. Soil conditions have
baen postulated es & Factor influencing habitat selection in tho
Serangeti ( Andereon & Telboi, 1965).

There is undoubtedlv & certain niche overlap betweun lechwe and
esltatunga. They were cccasionaily ceen feeding in the same areas
end their rengea overlap tc a considerable extent. There is prubably

elso 8 certain amount of niche overlap betumen lechwe and hippo.

8.31.7.2
Primates
Two medium-sized primates occurred in the study area, baboona (EEEiE
ursinus) and vervet monkeys (Cercopithecus sethiops). Lechwe igrored

ververs but there wore distinc% differences in the reactions of the

varicus e and ege classns to baboons. Adult males completelv fgnored

babocons and allowed them to epproach within a few metres. Females
and young fled from baboons, although flight distance fer baboons
wae less than for major predetors, 50-100metres zs oppased to 300-400

metras. Prusumably this behaviour means that baboons may prey on lechwe

neonates or very emall fFawns.

B.35.7.3

Predators

As in jihomson's gazelles (Walther,19698) the most common method of
predator avoidance in lechwe wes the simple precaution of looking

around at cogular intervals. All animals did this at least onco



evary 10-15 minutes but adult malas seemed to do it less often than
females. Males often fed for 10-15 minutes, sometimes as long =s 20
minutes, before locking around; Females seldom fed For more than

four to five minutes before looking up. The fact that lechwe usually
pccurred in groups (mean group size 10-15) meant thet at mny particular
time there was probably at least one animal looking around (Walther,

op. £it.).

In addition to sight, sound sppeared to provide important cues for
predator aveidance. From my hides I ruted alert/alarm responsea to
a wide variety of sounds including: vocalizations by lion, lecpard
and hyenaj the alarm calls of impols and wildebesest; the alarm call
of the blacksmith plover ( Holopterus armsitus); the sound ei other
lechwse running through the water; distent gunshote and the sound

of an approaching motor vehicle.

The sense of smell appears %o be less acute in Llechwz than in other
ungulates. On windy days lechwe would epproasch to within 100-200
metres of my hide Ffrom the downwind side, whereas othor species

( impals, wildeboest, girarfe and sland) fled st 300-400 meires.
Presumably scant is therafcore correspondingly less i=noitant to lechws

s & means of predator detection tnen it ls bto other ungulates.

if lechwo detected somcthlng unuvousl they adopbed an alert posture
with head held high, sars forward snd body tenes. If they could

not immedietely identify the objoct they commonly approsched it showing
great attentivenese and alertness. In this -espect their behaviour
resemblee that deecribed in other sscacies ( Walther. 19%9; Jungius,
1971; Leuthold, 1977).

When lechwe were disturbed by an animal or object they mada an elarm
voecalization by forcing eir through half-closed nostrils. Through
binoculars moversnts of Loth chest end flanks { inhalation/exhalation)
and movements of the nostrils could be seen. The vocalization usually
sounded like a snort but the piteh ecould be roised with increesing
anxiety. For example, when I approached s badly wounded female that

had taken cover in dense reeds, she made & whiastling socund very similar
to that af a readbuck.

24



Other lechwe responded initially to both the al®rt posture and the alarm
snort by becoming elart themsalves. Tha subssquent response of alerted

animals was variable, depending on such factors es the proximity of
tha ceuse of alarm, the suddennses of its appearsnce snd the speed
with which it was moving. If predators ware involved, ths numbar

of animals end thelir direction of travel were influencing factors.
Thiss the flight-relessing factors noted in Thomson's gezelle ( Welther,
1969) appear to operate with lechwe in this context aleo.

Another alars responss, not proviously noted In lechwe, was atotting
in a mannar very similar to that described in Thomson's gazells
(Walther, op. cit., see Fig. 9). It was seen on nnly four occasions.
An example of this behaviour oncusred when an interaction beatwesn

a territorisl sale and a female was intarrupted as four hyenas amerjed
from covar end trotted along the edge of the floodnlain about 200-=-300
metres from the lecnwe pair. The male turned towsrds the hyenas and
made a series of short: stiff-lagcod jumps in the direction of tha
predators. All four legs came off the ground simultanecusly and the
animal's back was arched during the Jump. This behaviour was sccompanind
by mlarm snorts .

At Lie beginning and ard of flight lechwe often trotted with heada
lowsred end necks sxtended ( Plates 8.1 ond 8.2). Lent (1969) suggestc
thetl this gait may heve e=ignaliing s~d predator svoidsnce ‘unctions
but I suggest that it is simply a submissive 1.8. fearful resnponos
thet uvevally cccurs in en intraspecifls context but is also cacricd
over Into Interspccific situations. Walther (1969) sew similaritles
in the responsc of Thomson's gezelles to predators and very dominant
conspecifics =2nd in lechwe the similarity in these responses can be
eacn by comparing Plates 6.1 and B.2 with Plata 9. 2.

In flight lechwe often, particulsrly in water, bounded in a manner
vary similar to the arched jump doscribed by Waiither { op. cit.,

see Fig. B). This geit slso commonly appeared in play. When fleeing
on land lechwe would gelleop, but seldom for mors than & few hundrad
matres before turning or bounding in a different direction.

Only 28 lechwe-pradator inloractions wers seen. FReactiuns to predetors
varied from indifference to immediste Tlight. The extreme of indifference
was shown by a territorisl mele that feod to within sbout 50 metres

of whore a pack of 17 wild doge were lying in the shade st the edge
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of the water. Another resction was fascinastion behaviour (uWalther,1969)
shown, for example, by a group of females that stared intently and
walked towerds s lioness that was walking slowly along the edge of the
floocdplain. The lechwe approached to within about 200 matres of the
lioness and kept her under close observation until she disappeared from

viow,

In 17 out of 18 caces which involved pursuit lechwe took to the water.
On the one occaaion that they did not entsr the weter, it wes & low
intenalty flight and they ren towards the water ewey from a group of
lione sppruachlig from tress on the edge of the floodplaln. Tha
flight stoppad when the lions stopped sfter a perfunctory approach.

Two incidents vividly illustrate the importance of water as sscape cover

for lechwe. In ona case wild dogs killed two adult male lechwe that were
feading in 8 group of males sbout H0D = 1 OO metres from water (Vlates 8.3,8.4
The lechwe fled towards tha water when the doge began their pursult but

two worc caught 100 - 200 motres from the water's edge. On 11 other

occasions lechwe successfully ovcded wild rfages by running into walar.

The cther cass invelved an attempt by a cheetah to kill a yeariing malwe.
bhen first sighted the cheetah was leping after a mixed group of lochwe
fosding elong the edga of the water. The cheeteh suddenly accelerateu
and appearoed to single out a yearling male at tha beck of the group. As
the chectah got close, the lechws mada a right angle turn fnto the water,
crossel about 100 =etres of ocpeon shallow water and disappeared inkto &
dense stand of emergent vagetation. The chestah pursued it into the
water but abandoned the chasas at the edga of tha reeds.

in all cases where lechws flad there were clear differences in tha

flight distances of, on the one hand, fcmales and younger animals, and,
on the othar hand, adult esles, in particular tercitorisal malea.

Females and younger anirals had en estimated flight distance of 300 - 400
motres. Adult males had an estimated flight distance of 100 - 200 metran.
Differsnces in male and femals Tlight distsnces have been noted in othar
species (Walther, 1969; Rowe-Rowe, 1974).

An enti-predator response that was ssen only in response to my own
presence was lying down in thick cover. Juwenlles did this aften and
only Flushed when approached to within five to ten metres. 0On ona
occealon an adult male lay down in a dense stand of sedges and did not
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fles until approached to within about 20 metres.

Lechwe fawns ere of the "lying type" (Walther, 1968; Lent, 1974) and
wars usually hidden on termitaris or small islands ssongat dense smergent
vagetation. 1 saw no sign of defence of young by females, although on
one occasion a female did approach har few-days-old fewn which was giving
loud distress blests after 1 had ceptured it.

The dependence of lech-e on water as escaps cover has an influence on
their patterna of habitat wse and they seldom moved more than one to
two kilometres from water (Chapter 4). Lechwe are, however, obvicusly
wery of deep water. This wes probably dus to fesr of crocodile
(Crocndylus niloticus), which are comeen in the Linyentl Swemp. beceuse
they have no resson tr fear the water iteelf. Even the smallest founs
. ewim strongly snd adult lechwe swam the main Kwando channel, which is
both deep and strongly flowing, with sase and, when alarmed, without
heaitation.

It was also my impression that the lechws's reliance on visual detect!on
of predators influenced habitst uee. Largs groups of lechum occurred
gnly in areaa whare thare were axtensive open floodplaina, and plares
in which the tres line wes clcse to the swamn were usually avoicdad by
lechwa. Also, the rect that lachwas always rested in opan arsas with
good visibllity appessce to be ancther sign of thelr dependsnce on visual
detection of p-edators (section A.3.3).

8.4

SUFMMARY

The primary objective of behavioural work in this study was to fecilitate
reccgnition of social and behaviourai attributes of sctual or potentisl
importance in the conservation and manacemsnt of leciwe.

Bohaviour was studied by direct obssrvation from tuo hides and From a
vehicle. Important findinges in respect of ectivities, physical main-
tenance behaviour and reletions with other species wera the following:

(1) there were resl differences in the sctivity budgets of different
clesees of lechws which are related to sex, social status, sge and seasonj
(2) activity rhythms appsar to be less clearcut in lechwe than in other



African ungulates which have besn studied;

(3) daily movements are apparently not extensive;

(4) heavy rain wes ths only type of weather which ocbviously affected
lechwe ectivity;

(5) & feature of lechwe comfort behaviour is that they may enter water
for thermoregulation;

(6) wvoidance behaviour in lechwe malee is remarkably unatructured;

(7) in lechwe, flight-relessing factors appeared to operate in much tha
same way that hae been described in Thomsen's gazelle;

{(B) on four occesions enimals ussd a "stotting" gait that has not
praviously been reccrded in lechuep

{2} +the normally clear ecoclogicel separation betwsen lechwe and
terreotrial ungulates esppearad to bresix down during dry periode;

{10} lechwe females and juvenilss reected to beboono as predators whila

meles ignorad themj
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{11) sight eppesred to be the most important senss for predator detsction

in lechwe;

(12) lechwe use & distinctive enort when elarmed;

(13) water is very important to lechue o8 oscope coveorj

{14) both the presence of watar and good visibility sopeared tc be
important factore in determining lechwe habitat usae.
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CHAPTER 9
SOCIA HA R ORGANIZATION .
9.1
INTRODUCTION

Considaorable attention was paid to social behaviour because an under-
atending of social organizotion is wital to consarvation and management
and & knowledge of wocial behaviour is e prereguisite for understanding
socisl ociganization. When this study began reletively little wes xncwn
about the social organization ard bshaviour of lechwe but recent
publications by Sclwster (1976 and *977) have more fully documented
these sspects in tha Kafue lechwe population.

M=st of the dates on sociel beheviour and orgenizetion were gathersd in
the intensive study ares (Plete Y.1). Theoreticsl comaideracions

{ Emlen & Oring,1977; Clutton-Brock & Harwvey, 1978 ) and empirical
evidence frun other species [e.g. Lauthold, 1966) suggust that the sociol
organization of lechwe should bo influenced by ecologlcal Tactors. As
tha flood regime in the intensive study area was remarkably constant

in conirast to thosa in other areas supporting lechwe populetions (Child
& Von ®ichter, 1559; Grimedell & Ball, 1975; Schuster, 1576 and 1577),
the picture of social organizetisn that emerges froam this study may

in soma respects be unusual for the espacies.

Eerlier studies (De Voe & Dowsett, 1965; Child & Von Richter, 1969)
established Lhat lechwe are greyariousm bowvide exhibiting at loast the
three basic soclal divieione (femsle/nursery hords, bachelor herde, and
eingle sdult males) mentioned by Estes (1974). O©n the Kuando the single
adult maies wers found toc be territorial, as had besn found in the
Ckavengo Dalta (Lent,1969; Joubert, 1972; Child & Robbel, 1975) snd on
the Kafue Flats ( Schuster, 1976 and 1977). Territoriality is the
pivotal Toature of lechwe socisl organization becauses " To & very

large extent, antelope soclial systome have been built around the
territorisl male, whoso role is by no means limited to inseainating
fenales, as somstimes portravud. Indeed the other two clisses owe

their separate identities very largaly to tarritorial bahaviour."
(Eetea, 1974).
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9.1



9.2

EXPRESSION AND COMMUNICATION
The purpose of this section is to document behaviour which appeared to

have expressive end/or communicative functions.

0.2.1

Visual Signals and Displays

A vaerlsty of postures and actions sppesared to operate as signals or displays.
Visual eignals ano displeys tnet were commonly used by lechwus are listed
below.

Eracted posture (walther,1974; Table 4); Territorisl melss used this
posture es a form of static-optical marking (Hediger,1949), Schuster
{1977) notes thst this is "the most freguant cdisglay by a male lechue

cn his territory" end it wes soted also by Joubert (1972) in the Dkavango.
On the Ewando this posture wa= not often used as= a form of tercitopial
marking, perhaps becausz territory size was much greater than in tha
eituation observed by Schuster (op. cit.). Lechwe melos on the Kwundo
freguently used the srected posture as a Oroadside dominance display
(Plates 9.2, 5.4, 9.6) slthough the orientation veried and wes occasionally
frontal.

Extended-neck=-harns-laid-back(Plates 9.3., 9.6): This eionsl wes o gesturs
rather than a static posturn. The laying back of the horns was usually
sccompenied by « repid up and down tossing of the head. Tha geature
sppeared to be a submissive display because on every occaesion that it
oceurred the animal using it fled or wilhdrew from ean enimal in tha
srected (dominant) posture dwscribed above.

Of 137 male:male interactions involving the use of dominance/submicsive
signais 54% wore between adult malos, 427 betusen e-dult end subadult
(mcstly older) males and only 4% between subadult moles, These data
tend to support the dictum of Walther (1974) that "dominaince displaye
mature reiatively late in the ontogany™.

The reciprocal uee of the dominance posture and of submissive gestures
sppoared to be a form of dominance rltual and I referred to intarcctions
invalving this ritusl os "dominsnce encountaca".
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Threats (Plate 9.5): Three of the thrests listed by Walther (1974: Table 3)
were eeen in lechwe. These were: high presentation of horns, medial
presentation of horns and the head-low posture. The medial presentation

of horns was used much more frequently than the other two forms of threat.
A low presentation of horns (Wslther, op. cit.) was never esen,

Dominant males usually terminated dominance encounters with a fourth type
of horn threat. This was an over-the—shoulder threat directed at the
submissive mals, sisnding to the side or rear of the dominant animal { Plat:
8.5 ).

A further type of threst was used by dominant males to Initiste dominanca
encountezs. This was a direct approsch similar to that described by
Underwood (1975) in eland (Taurotragus oryx) and Grau & Walther (1576)

in mountain gezelle (Gozellas gazella). The speed at which this approach
wag mede varied from a run to a mormal walk ar a elow walk with a hoad=low
posture. The epeed of approach seemed to be related to the age/erize of

the animal being approasched - the smaller the animal the famier the approacth

The hepad-low posture was also used by territorial males that ware blocking
females from leaving their torritory. It was uveed mainly as a broadside
displev, the male standing ir front of the female and physically obstruct-
ing her path,

Head=and=nack=atratched=forward posture (Walther, 1974: Teble 5): This
posture was cummonly used by males during courtship. Tt was used mainly

when approaching a Temale, occesionally while following her. ©Cn 37
ocuesions tongue flicking occurred during this type of approach, in
much tha same way as has been drmumented in impala (Schenkel, 1966).
The origina af this posture msay be aggressive (Walther,1974).

Horning ! Plate 9.7%): This action was ofton perfuormed by males and was
mainly directed at conspicuous tufts of grass or low shrubs. In the sbssncs
of mome such object, horning of the earth occurred and during horning

brute it was not unusual for u male to lie down and vigorously sweep his
horne along the giound. On several occasions an animal ross after

swesping his hornea or the ground in this way and continued horning when
upright.

* page 255,
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The function of thie type of "object sggression™ (Walther, 1978a) is

not clear, although Walther (pp. cit.) found some evidence thet it may
function as a threat in Thomson's gezelle. In lechws 69% of 131 horning
incidents occurred in & clearly egonistic context, 21% in an unknown
context, 7% in & context that may have ueen either sexual or agonistie
(e.9. &8 male courting a female bresks off the interaction to horn when
snother male passes by) and 4% in & context that was clearly s=xual.

On three occasions (2,3% of cbservations) either ejeculation or urination
occurred. Weak thrusting of the pelvis (Child % Robbel,1975) was never
ggen. No case was observed in which the addressee of a horning displey
fled or withdrew.

Agonistic grazing: Occurred before, during or after clashes betwsen
territoriel males (in 22 out of 99 clzohes) and also in the lese common
clashes between territorial and non-territorizl males (in six out of 18
clashes). Differing interpretations have been offered for this behaviour
(Cetac,1969; Walther,1974 and 1978a) and its meaning in lechwe was not

cbvious.

Grooming: In the form of scratching, nibbling etc., war cummon in agonlstic
encounterse. Ae with agonistic grazing, the fact that it occurred nftan
indicates that it may have some sxpressive function but again this was

ot obviopus in lechwa.

Head=turn {Walther,1974: Table 4): Turning of the hesd while in an
erected posture occurred in the context illustrated by Plates 9.8,9.9
and 9.11, 9.12. Most (95%) of the intersctions involving head-turning
were betwesen territorial males and all invelved horn contsct. This
gesture occurred only in an erected posture which indicates that 1t may
be & modified expression of dominance se inferred by alther's (op. eii)

mentioning of "en abbreviallion of a broadside display”.

Erection of the penis: Occurred during dominance inteizctions (Plates
9.2-9.6), during horning (Plate 9.7), during fights {(Plates 9.11,9.13)

and, of course, in sexual interactiona. Beceuse it occurs in wvaricus
contexts which cleerly involve excitement it is ressonable to suggest
that in lechwe ersction of the penis is & generalized manifestation of

2 high lavel of excitement, 1.e. an "excitation activity" (Walthar,1974)
or a form oi"excitatory neural overspill"™ (Leuthold,1977).
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9.2.2

Auditory Signals
The following types of vocalization were noted:

Mother=young calle: On approaching each other both femsles and fewns
uttered repoated bleate of varyinn pitch and duration. Contact calls

between mother and young have also been documented in Ugsnds kob (Leuthold,
1967).

Isoletion call (Kiley,1972): A known female whose 3-4 month fawn uas
taken by a chewatah was seen on three occasions in the following two days
spparently searchlng and uttering repeated loud bleats. On differant
occanions two othar females behaved in a cimilar way.

Dominance vocslization: Fales used repsated grunting bleats during or
aftor sgonistic encounters and occesionally after pursuing Tewmles.
Tarritorisl males used this vocalization acst often, vsually when en
intrudar entered thair territory or when a nearby sale vocalized, but
also comgtimes when they wore glone on their territoriss. Initially

this call was balieved to bo a territoriel advertisament but 2 more
genaral and therefore more sotiafactcry explanation is that it is an
"expression of scilvated male dominenca™ (Schankel,1966) like the roaring
of impala (Schonkel, op. cit.; Leuthold,1970) and the srort-uheeze of

the pronghorn (Antilocaprs smericans Ord) (Kitchen & Bromley, 1974),

A fact supporting the latter conclusion is that this vecalization was
regularly used in Iintoractions betwesn non-territaorial males, boin adult
and subsdult. That this vocaliration is an expression of dominance

does not, of course, exclude its use es s form of territurin) advertisement.

Louctship sounds: When courtehip occurred close to e hide a wide variety
of muted sounds was heard. These Included hummiing or moaning, soft

grunting bleats, sutec alsrm snorts and puffing, end during one chase &
breathless rasping sound was heard which may well have been involuntary.

Alarm snorts (describod in Chapter 8) ibare uttered by all animals except
the vary young and evoked eithaer alert postures or flight from animals in
the vielnity of the individuals giving the alarm.

Distress: Three neonates ceught by hand for sar-tagging uttersd loud
prolonged, braying bleats. The same cali was hsard from a ysar-old
mals that was apparently dying of & horn wound.



Kiley (1972) found a single continuum of sound in domestic speciss, but
lechws appaar to vocalize in at least two, psrhaps three, continua of sound.
Two distinct sound types in lechws are, on the one hand, various types of
bleat, end, on the other hand, the alarm snort, which is produced by tha
expuleion of air through the nostrils. A possible third type of sound is
moaning or humming, but this may be a low smplitude bleating with tha

mouth closed.

In two ways lechwe vocalizstion conforms to Kiley's ( op. git.) hypothesls
relating to vocaliration in domestic species. Firstly, it is quite clzar
that there sre sounds which are not situation-gpecific. For instance, the
grunting bleat is used by territorisrl males alone on their territories,
it is used bafure, during and after fTights, and after chasing femalei, and
also in a muted wversion during courtship. Secondly, malse frequantly
vocalize Iin response to vocaliration Trom snother wale, s a8 found LIn
domestic spocies.

D.2.3

Ceabined VirFual-Auvditory Sionals

On & few occasions 2 tervitcrial male stood on higher ground on the edge
of his territory, sore or less in an erected posturs, intermitiently
uttering grunting blests. This sppeared to be an axample of the ueo of
combined visuel end euditory tercitorial marking (Hediger,1949).

Tarpitorial males perfurmed what was ostensibly a post-ccpulatory display
(Plate 0.21) Immedistely aftsr copulation the male stood with back
arched,penis erect and palpitating, licking ite lipe and moaning or
humming. This performance lssted for 0,5 = 1,0 minutea.

In all 21 copulations were seen. The post-conulotory behaviour described
sbove was clesr on 13 occasions (6Z% of copulations). On four occasions
the animals moved cut of sight immediately after copulation. 0On anothar
four occasions the behaviour did not occur.

The function of the post-copulatory behaviour observed in lechws is
obecure. The vocalization is very muted,the visusl aspects are unspect-
acular and the whole performance is brief. Further, this behaviour wae
never se«n to elicit a responsa from other snimals.

* pago 268.
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The same behaviour was observed three times in circumatences unrelated to
copulation. On one occesion, & territoriel male exhibited it while epparen
watching & boundary skirmish between two nearby territorisl neighbours. On
another occasion & territorial male exhibited it while "watching" his neigh
bour mount a female. In the third instence & subadult mele exhibited this
behaviour after winning & sparring encounter and going through s dominance
ritual with another subadult male. This behaviour ia most probably another
example of an "excitement sctivity" (Walther, 1974) or of "excitatory
neural overspill" (Leuthold, 1977).

8.2.4

Olfectory Signals

The occurrence of naso=nasal contacts and other sniffing interacticns bo=-
tween fomales and youny and betwesn juveniles indicated that breath and bod
scent neve slgnelling Functionmna. This was particulsrly evident from severs
notes of observations which involved & fawun approaching a female, sniffing
has or inviting naso-nasal contact, being rejecied and trying again with ot

femalee befors wandering off alune after being rejected in each casa.

As in watorbuck (Kiley-Worthington, 1965), Uganda kau {Leuthold, $366) anc
impals (Leuthold, 1970) no obvious form of olfactory macking was found in

lachkue.

As in many other ungulates, leachwe males test the urine uf females and ex
hibit different reactions to the resulte of these tests. Fumales would
usually urinate "when closely followed end/or nudyed by a male" (Eates, |97
and males would then test the stream of urine, in the process ogiving the
"distinntivo grimace known as flenmen" {(Estes, op. 5;;,]. Aftar Flehmen
males nften lost interest in tha female, or occasionelly began to court her
apgiduvously, Fotes (op, git.) postulates that flehmen serves to block the
external nares and facilitote the bringing of odorants te the vomeronasal
organs &8 the animal breathes in. He accepts Freser's {1968) suggestion th
"it is a reasonable assumption that pestrus cycle phasing may be recognirab

to the male by the odour-testing of urine.”

9,2,5

Toctile Sionals

On one occesion & courting male laid his chin on & female's rump and on two
further occasions & male apsoared to be doing thie. On three occasions a
Juvenile laid its chin on ite mother's fump. This form of contact is obvio

ly far more rare in lechwse than it is in the congeneric waterbuck (Kilay-
Worthington, 1965: Spinage, 1969).
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During courtship males on 12 occasions (1,3% ﬁr observed male:female inter-
actions) stood with their heads underneath the female's belly, perhape
nuzzling her inguinal region as in thea courtship of waterbuck (Spinage,1969).

Leufschlag (Walther, 1958 and 1974) was extremely common and was directed at
more or less any part of the female's body, although ususlly at her hind=
guarters and occasionally between her hind legs. IF the Fomale wes lying down
when approached, the male commonly nudged her hindguarters and occasionally
the inguinal region with his foreleg or nose.

Animals of all ages and both sexes used nudges with the head to displace or
geupplant conspecifics standing or lying near tham.

B.2.6

Individual Recoonition

There were indications of individual recognition in two contexts. Firetly,
territorial males sppesrcd to recognize the holoers of territories near to
their own. They toleratocd non-territorial males psasing through thelr
territoriss but immediately pursuved end harsssed & territoriosl male that
viocleted a boundary. Hecognition was apparentiy by visual means. Secondly,
females rejected fawne after the letter had epprosched and mutual sniffing
had occurred (section 9.2.4). This suggests that Temales and fauns may
recognize each other on the basie of breath and/or body ecent. Veocel cues
mzy also ba irportant in the mother-fawn relationship. Femalea ond Fawins
ofton vocalized when approachinc each other end one incident was witnoseed
which suggested recognition of the fcmele's volce by ﬁar fawr. A femals
approached a mixed group of about 20 fawns end femalos, bleating coftly as she
did so. As she draw near the group, & fewn of abrut three months oid ran

out, epproachad the fem&le and almoet immodiately bLegan to suckle,

L=

o3

S0LThe BEHAVIOLUR
The criteria for Field age classification that are given in snction 3.3.9 were

devaloped by correiating loboratory age determinations with measureme.its of

body and horn dimensions taksn from autopsied specimers. [During tne field

study I waa not able tu distinguish all the classes listed in sevtion 3.3.0.

Sex/age and social classes that could be recognized in the fieid ere listed

bolow with aobreviations:

TM= territorial male; i.e. an adult male rogulerly seen in the came small area
and seen to defend it or assert dominance over other males entering it;

AP"= adult bachelor male; i.e. non-territorial adult male (Plate 9.16);

AF= adult female; i.e. a female over about one year of agse;

SABM= subadult bachelor male; i.e. males sbout one to four years old (Plates

9.9%, 9.14 and 9.15);

* paga 257.



Plate 9.15: Subadult male with dislocated carpal Joint. This
picture was taken in April 1976 when the animal was

2-3 ysars old. It was first seen during Rpril 197S.

Plete 9.16: The same malo now fully adult photographed in March
1978, This picture was Laken within 20-30 motres of
ths spot whore Plate 9.15 was taken. The animal
looked extresaly fit when last seen In Farch 1979 but
wvas submissive to all odull males. It sppeared very
unlikely that he would ever broed.
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Jd = Juvenile ; i.e. animal less than one yssr old, Within the juvenile class
it was aleo possible, on the basis of features listed in section 3.3.9, to
recognize neonates, animals of 3-4 months (Plate 9.23%) and males of &9
montha (Plate 9.9), the latter being at the age at which horns become wisible.

9.3.1

Agonistip Interactions

Tha purposa of this section is to describe the patisrna and segquences of ba-—
haviour that occurrsd in agonistic encountars. Theso varisd from flesting .
interactions involving no phyaical contact to protracted conflicts with a
grest deal of physical contact. The duration and intenaity of agonistic
intaractions waro apparently & function of their "situarional motivetion™
(valther, 1978a) end differences or similarities in the sge, sex and status
of the rivals.

9.3.1.1
gt tions without ohvsicel contact

In this context oeveral behaviour patterns eccurred which have not praviously
been described in this chapter. These are listed end described below:
withdrawal: » submissive snimal move® away from a domlnant animal ct a walk:
flight: a submissive animal runs awsy from @ dominent animalj

chass: a dominant enimal pursues r subzissive snimal st z rung

alr cushion fight (Walther,1978a): both animals make & frontal horn
thrust but no contect ie mada.

Tsble 9.1 illustrates the most coswon Forms of sgoniwtic intersction withaut
physical contact. The sequinces given in this table ere typical but were

by no maans invariable. Teble 9.1 shows that as the difference in age end
status diminishes so the interactions become morc complex and more ritual-
ized. Intercctions betwesn a territoris® male =nd a Juvenile seldom lastad
more than a fow seconds. Intorsctions betwean naighbouring territorial males
sonetimos lasted for 5-10 minutes. About 57X of all observed agonistic
interactiora (405) involved no physical contact.

9312
lgml:t*g H!II!EHEHI with brisf physical contact

Agonistic interactione with physical contact involved three different
types of contact. These ware:
contacts: which included "push-fighting", "twist-righting", "fight-
circling”, and"clash-fighting" (walther, 1958; Grau &
Walther, 1976);
head butting: butting of hesds betwsen hornlass snimals;
body sttack (Walther,1978a): butt or shove body with hesd or horns.

* page 272,



ABLE 9.1: COMMON FORMS OF AGONISTIC INTERACTION WITHOJT PHYSICAL CONTACT (the performer of esch beshavioural sct is given
in brackets aftar esach act is listed)
itustional
otivation Addressoy Addressee Behaviour Saquance
erritorial ™ 1 male Enter territory (J) - rapld direct approsch (TM) = flight (J) -
nvasion chase (TR}
ssertion of ™ ShBM young (2) Dominance vocalization (TM) - rapld direct spproach (Th) -
T flight [SAEM) = rhaze (TM)
SAEM plder tb) Welking direct spproech (TM) = erected posturs (TM) - submissive
display (SABM) - withdrawal (SABM)
erritorial ™ ABM inter territory (#BM) - slow direct spproach (TM) - erectsd posture (TM)
ek - submissive dieplay (ABN) — horn threat (TH) = withdrawal (ABM)
erritorisl ™ ™ Approsch mutuel boundary (both TM) = medial horn threat (Doth TM) = alr
atification cusiilon fight (both TM) - head curn (both TM) = agonistic grazing (both

TM) - feed 2uny from boundary {both THM)

"E9Z
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Table 9.2 illustrates commen situations in which brief ( not more than

a few seconds) physical contact occurred. Agaln the seguences are typlcal
but were sub)ect to considersble varistion. Interactions of thims type
between Jjuveniles or betwsen females werm very brief, while those batwean
territorial males often involved more than one contact and could last

up to 15 minutes. About 34% of all observed agonistic interactions involvad
brief physical contact. Plates 9.10,5.11,9.12* and 9.13** {lluatrate

clash fights between territoriasl neighbours.

9.3.1.3

Agonistic interactions with gontinucus physical contact

Two different types of interaction involving ecocutinuoua physical contact
pccurred. These ware: low intensitv spsrring and horn wrestling between
young males and "all-out fights" (Grau & Yalther,1976) betusan adult or

nearly adult animals.

Tha most common types of horn contact between young males ware “"twuist-
fighting" and "push-fighting" (Crau & Walther, op. cit.). Intersctions
between young males were relatively mild hut did not oppesr %o be playrul.
They lasted from 0, 1=12,0 minutzs, tho mean of 24 timed interactions
being 3,9 minutes (5€ 0,9), Within bechelor groups sparring wes hignly
contagious with up te 40 interactions per hour occurring on occasion.
This type of interaction sccounted Tor 5% of all observed sgonistic

interactions.

Fifteon all-out fights lasting mors then five aminutes were obszervad,
Thirteen of these were between adult maias and probably involved
territorial ownership - territories changing hands as & results of Fights
in at least three cases. The longest fight observed lssied slightly

mora than 20 minutes.

All fights involved huad-on clashes, whichi balong to Ceist's (i966) third
stage in the esvelution of fighting technigues. Fights consisted mainly

of viclent "push-" and “twist-fighting". Clashes could be extremaly

violent and some were hasard accoss water st distances of up to one kilcwetre,
During all=-out fights interruptions were brief, es in mountain gazells

*oage 257
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TABLE 9.3: TYPICAL INTERACTIONS WITH BRIEF PHYSICAL CONTACT (performer's class in brackets after esach act)

Situational

motivation Acdrassor Addres=zae Behaviour segupnce

Dominance 41 male J2 male Approach J feeding (J1) = briefly butt heasds (both J) = withdraw

interaction {loser)

Rafusal of mF J fpproech AF feeding (2) = attempt to suckle (J) - body attack (nudge

nilk suay with head) (AF) - withdraw (2J)

Supplantation AF Y AF2 Approach AF1 lying and ruminating (AF2) = nudge rump of AF1 with nose (AF2)
- stand up and walk of f (AF1) = lie down in vaceted wepot (AFZ)

Supplantation 21 a2 Aparoach group of J's lying down (J1) = nudge rump of J2 with noee (J1) =
stand up and walk off (J2) = lis down in vecated spot (J1)

[erritorial ™ Tm2 7M1 chase GF to boundary of TM2's area = TH2 run to boundary, horn threat

sabtification to TM1 = TN horn threat - clash-fight = head turn (both TM) = parallel

walk (both TM) = air-cushion fight (bath TM) = claah-Fight = horning (TM1)
- agonistic grazing (TNZ) = clash-fight = hoad turn (both TH) = agonistic
grazing (both TM) - fesd away from boundary (both TM)

“89Z
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{Grau & Walther,1976) and stersotyped behaviour tended to be reduced.
Erection of the penis (Plates 9.11,9.13)"occcurred during serious fights
but it was not possible to determine whether or not it invariably occurred
or persisted throughout flghts. In proiracted fights the participants
usually ended up having their muzzles blackened with mud. Everv all-out
fight ended with vigorous pursuit by the victor for distances of up to

500 metres or more.

Two all-out Ffights between 3}-&-year-old meles wore obssrved. In both
cases the fight was interrupted by & territoriel maele and both contestants

made submissive gestures to the territorial mals.

All-out fights attracted the attention of other males, which commonly
epproached to "wetch" fights from close quarters (Plata 9.13). Spinage

(1974) notsd the same behaviour in Defassa waterbuck.

g9.3.7.4
Relative freguancy of Porms of agﬂfnaniun in differant aga_and pocial cleass

In gezelles there are dirferences in the ‘requency with which forms of
sggression appear in interections between enimels of various sex, age

end socisl clesess (CGreu & Welther,1976; Walther,1978a). Insufficient
date were pbteained from juveniies and females to make the same comparicons
In lechwe but on the basis of limited dats obteined From meles it eppewcs
that similar differences in freguency occur. Table 5.7 illustretea this
point, usinng selected petterns of egonistic bosheviour and clesses for
which an eppreciable numbsr of interaction records wure accunulastod. The
Teble shows marked differences in tho froguency of domimence ritusis.
These differences ere related te status and ape., Animsls of egual status

and young animals are seldom involved in deminance rituals.

Table 9.3 shows furthar that in relaticnships within which dominance
rituals are rare, houn contacts are relatively “reguent. It slsoc showe
that eir-=cushion fights are a prominent feature of epncounters botween
territoricl males, as was found in the mountain gazelle (Grau & Walthor,
1976), but not in encountsrs with other classes. As tha difference in
dominance status increasms the complexity and degree of ritualization

of interactliona appears to vecline. GSimilarly, interactions betwaun
young enimals are relatively simple and unrituslized.

* page 257.
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IABLE 9.3: FREQUENCY CTED PATTERNS OF AGONIST

M _INTERACT BETWEEN DIFFERENT AGE F_Ma

(N = the number of intsractions)

CLASSES INTERACTING o

Bahaviour | ™:TR THM:ABM TM:SABM SABM;5ADM
pacterno N=155 K=176 =210 =114
Dominance/ 1,92 40,3% 27.6% 4,4%
submiselon .
Supplanting - 4,0 a,6% 1,68
Alr=cushion 22,6% 1, 1% - -
fights

| liead turn 12,3% - - -
Parullol walk 5,B% - - i -
Agoniatic 14,2% 3,4% - -
grazing
Horn contact | 40,0% 9,1% - 42,1% '
Chase 18,1% 25,0% 48, 6% | 1, 6%




268.

A slightly surprizing feature of Table 9.3 is the low frequency of chases
in interactions betweon subsdult malos. This probably reflects the low
intensity of most intaractions betwsen young males.

9.3.2

Sexunl Behaviour

Sexual behaviour in lechwe was typical of Reduncines (Kiley-sorthington,
1965; Spinegec, 19693 Jungius, 1971 Leuthold, 1977). The common patterns
of sexual behaviour obsesved in Kwando lechwe cre described below,
approximately in incressing intensity of courtship leading to copulation
and post-copulatory behcviour.

9.3.2.1

Precopulstary behaviour

All cbserved copulstions wers by torritorial malos mand o prerequisite
for copulation was detention of the female within a territary. Thias
somotimes Lnvclved a chase (Plate 9.17) end cepture of the female end
usually Invelved harding (Plate 9.18) to keep the fesale within the
tercitory.

A territoric] sals tested most fumalss entering his territory. 1he
testinu procedure, involving flehman, was described in section 9.2.4.
Fletman is illustrated in Plate 9.19.

The prancing, short=stapping spproach by the male to s female described
in Uganda kob (Buechner & Schloeth, 1965) and in Kefue lechwe (Schuster,
1977) was rarely seen in Kwando lechwa.

If the courtahip procesded beyond testing, lsufschlag (Plate 9.20)
{Walther, 1958 and 1974) was the most common pattern used for beginning
more intense courtship. If the fermale was lying down when approsched
laufschlag preceeded testing. The male ueually sicod in reverse poralle)
orientation to the female lying down mnd nudged her hindquarters with
his foreleg and/or nose until she stood up.

If the female was not immedistely receptive, a mild form of driving
often occurred, the male foliawing the female and the lalier continually
turning rway in tho same direction so thut a cireling by both animals
resulted.



Plate 9,17: Two territorial males (left) and a very large
subadult mala (right} pursue an oestrous female.
The male on tha laft is WNH. This cha=e andad

with NH detaining the female in his territory
and mating with har tha next doy.

Plata 9.196: A subadult male herding a female.
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Plate 9.19: Flehmen.

Flate 9.20: Lsufschleg. MNote the funale's right ear: she

wos ong of tho fou kncun Females.

Plate 3.21: Post-copulatory behaviour.
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When a break in the courtship occurred the mele generally began msgain by
epproaching the female in a low-streteh posture, sometimes licking his
lipas. On 12 occasions this approach ended with the male standing with
his head under tha female's belly(section 9.2.5).

If tha female did not move or moved slouwly efter laufechlag, mounting
without an erect penis followed. The final stege before copulstion was

s sories of rcpeated but unsuccessful mounts with an erect penis.

In protrected courtehips esch pattern could be repeated many times and in
varylng seguences. In one courtship laufschleg occurred 124 times Gnd

there weare 42 unauccessful mounta before intromission occurred.

Female response ta the attentions of a male ranged from immediste flight
to complete recptiveness. An unreceptive Fesale commonly continued witn
her angoing ectivity, for exemple feeding (Plates 9.19,9.20). With
inereasing oegrees of receptiveness the female moved progressively laas,
to the point where she stood still to allow intromission.

E‘I al 2'?

Copulacion
Copulation (Plate 9.22) was exiremely brief se in other bevids. Iniromisnioi

was aciileved with a single pelvic thrust by the mslie, which usually
brought his fest off the ground.

In lechwe the mele coital position appears to betwesn tha positiona "g"
and "r" iilustratad ir Walthsr's (1974) Teble 5. The forelegs do clasp
the female's sida but tha chest Joes not touch the female's back (Plate
9.22).

In Uganda kob females are promiscuons, copulating with as many as 10
males (Buechner & Schloeth, 1965). No conclusive cata cn this point
were gathered in this study, but my impression wae thet lechws males
detained females in their territories for the duration of cestrus so
that females mated with only one male each oeetrus. It is passible

thet Kwando male lechwe are able to do this because their territories

are relatively lerge in compzcison to those of Ugande kokt.



Plate 9,22: The echievement of intromission.
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9.3.2.3

Post-copulatory bohaviour

Male post-copulatory behaviour wes described in section 9.3.2 and is
1llustrated in Plate 9.21.

Females stood guietly or lay down for 1-2 minutes after copuletion and
thaereafter began some routine ectivity such as feading or rumination.
The male sleo coniinued with his routine activities after 1-2 minutes
nf sither standing still or engaging in the post-copulastory behaviour

previously desscribed.

Lechwe post-copuletory behaviour was far less slaborate than that of
the congenoric Ugand= kob (Buechner & Schlosth. %965). Also, sexual
interactions culminating in copulation wers Far longer in lechwe than
in Ugendas kob. In kob the mean duration of an uninterruptod saguence
of displays in 100 copulatione vas 5,0 miiwtes, with a range of 1-26
minutes (Buschner & Schlveth, op. git.). In lechws the mean duration
of an uninterrupted sequence of displeys in 15 copulations was 19,3

minutes, with a range of 1,5-73,4 minutss.

8.3.3
Maternsl/Filial Panaviour

Only tuo opportunities aroea for ocheorvetion of more than fleating

intevactions between females and neonates. 0On ona occasion a female
spent wbout 20 minutes grooming e nesnate, perticulaerly in the anal
region, before lemving it restino on & termitarium eituated In the water
and surrourded by tall amergent vegetation. On the othar occesion, the
femalo waded out to & necnate lying on an erodod termitariuvm in Fairly
open water. The femele spproachsd cautiously end I only bacame uware

pf the neonate when it raised ite heacd as the female epproached. On ths
female's arrival the fawn slmost immediately began to suckle and did so
for 11,1 minutes, During thiz tima the fomale groomed the fawn, again
particularly in the ancl region. The female allowed the fawn to nurse
until it stopped of its own sccord. Within & few minutes she left the
toermitarium and slowly made har way back to the meinlend, constently
looking back at the fawn which had foliowesd her from the termitarium.

On the mainland the fawn ren ahead of the female, which trotted after it
for ca. 100 metres until the fawn stopped. The female sgain groomed the

faun's enal region for two minutes after which the fawn capered around
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the femals and finally approsched and made a mounting attempt sgainst the
female's hindguarters. Thersafter the female fed while the fawn rested,
occasionally rising to feed briefly on grass. One hour after the first
nuraing bout the fawn tried three times to nurse, but the fomale rejected
it sach time. The female walked and fed for a further 20 minutes and then
slowly led the fawun out to the terwitarium in the water where she again
groomad it for thres minutes. After grooming, and S0 minutes after the
firet nurasing bout, tha fawn suckled again for six minutes, stopping of
ite own accord. After termination of nursing, the female again led the
neonate back to tha mainland. On reaching the malnland the fawn skipped
end playsd in front of the female briefly, and then Tollowed her as she
slowly fed out of sight along the edge of the water. While following

the neoncte occasionally fed briefly on grass,

These limited sbservations indicats that, like the Defsssa waterbuck
\S5pinege,1969), lechwe mothore zay lead their young te hiding pleces
and that hiding places may be changed. Obescrvations cn a numbar of
solitary necnates, on small fawns &nd on one sar-tagged neonate, showed
that fowns lie up elona fer el least part of the day until they cre
about two menths old.

Tha prons response (Lent,1974) was observed in thrae neonates. Two

wara lylng toegsther on s termitarium and flad when ! approached to within
a few feet of them. The third wes alone on & termitarium and slid intc
the water as I approached enc submorged its entire bndy except for the
nostrils and & small part of the rump. While in this position It allowed
ma to approach within touching distance. ‘

The prone response is an alarm resgponse which wanes with Lhe davalopmant
of the flight reasponse (Lent,1974). By this bshaviour neonates can
conceal themselves in fairly short gress or shallow depressions. The
submerging bahevizur observed in tie lechwe neonute would enhance its
ability to evoid predaiors. Neonates are usually hidden mmongat dense
emergent vegetation and if they submerged on hearing the approach of a
predator this would diminish the predator's chances of locating trlr—.

Two neonates caeught for ear-tagging uttered loud distress Lleats. Moot
lechwe in the vicinity appesred to pay little attention to theose calls.
In one case a solitary female, presumably the dam, spproached shortly
after the fewn called. S5he approached from the cpposite side of @ large
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termitarium and ceme to within about five metres of me befors beacoming
aware of my presence. That this femals responded to ths fawn's calls
while other lechwe ignored them is anothar fragment of evidence in support
of tha idea that there is acoustical individual recognition.

On only one occesion were a female and her fawn under obsarvation for
an entire day. On this occasion the fawn suckled twice with an intarval
of 10 hours botween the two nursing bouts. This indicates a freguency
of mbout twlce s day for this animsl's age class, which was 3=4 montha.
That & neonate suckled twice within 90 minutes, as describsd above;
suggests that newborn feuns mey nurae more freguenily than twice a day.

One hundred ang thirty four nursing bouts wers observed. The time of
suckling was noted cond its durstion timed with a stop watch. The mecn
duration of total nursing bout, Iincluding brief intorruptions, was 9,7
minuteas for fesns le=ss than thres sonths old and 10,8 minutes for Fawne
3-7 ironths old. This difference was not statisticslly signiiicant but
nureing bouts in the Kweérdo population were apprecisbly longer than the
five minutes noted by Lent (1969) in the Okavengs population.

Nursing interactlons were falrly evenly spread through the day. Twenty
#ix percent occurred from 06h00-05h0D, 29% from 09h00-12h00, 16% from
12hli0=15h0C and 2%% from 15h00-18h00. This finding differs fiom Lhese
ef Leuthold (1967) and Lent (19639) who found sarly morning and svening
peaks cf nursing in JUganda kob and lechws.

fawns usually spproached freom the side end nureed in a reverse parallal

orientetion (Plate 3.23). Larges fawns commonly nursed on thair carpai
Joints and bunting (Lent,1974) was often obsarved.

Females usually allowed s=all fawns to nurse until they stopped of their
own sccord. As fawuns grew larger thera was in incoeasing tendency for

the dem to terminate nursing. Femeles occasionally lay down to prevent
further nursing but ususlly simply walked or trotted away from the fawn.

Fowns of less than throe months were occasionally seen lying together
during the day and groups mads up exclusively of fawns, clthough not
common, werea regularly seen (Table 9.5). Small fewns tended to follow

thelir dams rather closely but Iincreasing independence was notad in fawns
of six months or older.
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Weaning probably occurs at 6-8 montha (section 6.3.2.6) as in Defassa
waterbuck (Spinage, 1969). In males, the bond with the female may be
ggvered when the fawn is evicted from a female group by a territorial
male. On 11 occasions subadult fomales wore seen associating with a
fomale and a emall fawn (Plate 9.24), This indicates that the bond
between & mother and her female offspring persists into the latter's

gpcond year of life.

0.3.4

Play

It was difficult to distinguish play fighting from other horn contacts

and I therefore treated ell interactions which involved only horn contacts

1.8, which did not invelve runnding plays, as agonistic encounters.

Running plays were nbserved on only 17 occasiona in over two years.
Play consisted mostly of running, high leaps, kicking up of hind lega
gnd chasing. Chases ended in head butting on five occasions. The mean
length of play bouts wee 1,7 minutes, tha range being 0,5-5,5 minutse.

Adults were sean toc play on onlv two ocecasions. Both of these involved

adult females jfolning in play initiated by Juveniles. Adult males were
naver asen to play.

0.3.5

Territorislity

The purpose of this section is to Jescribe ihe patterns of behaviour
from which territoriaslity was inferred. Noble's (1939) description of
8 itarritory as"any defended area" hos been widely accepted but a numier
of workers (e.g., Welther, 1972 a&bj Floody & Arnold,1975; Cuen—Smith,
1977) heve more recently cheoracterized territoriality as a fomm of cpatially
localized dominanca. My discussion of lechwe territorislity is bascd
on this latter characterizztion becauee it arfords a clserar insight
into the operation of lechwe territorislity than the simple notion of

8 defended area.

Verious criteria have been suggested for the recognition of territorisl

~ehaviour. Those criteria wiidch were clearly met by lechwe on the Kwando
are discusscd below.



Plate 9.23: Fawn of about three monthe old nureing. This is
the sama known female (note her right ear) which

appears in Plate 9.20.

Plats 9.24: Adult femals with small fawn and subadult femals.
The group epent severel hours near the hide bofore
leaving the ares of the hide, etill togethar.



9.24
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9.3.5.1

Limitation of movements (Owen-Smith, 1377)

As in impale (Leuthold,1570) and Thomson's gazelle (Walther, 1972c)
territorial males wore individually recognizable on the basis of horn
shapa, distinctive palage and various scars or markings. At various
times 10 tercitorisl males were individually recognized. Thess males

at different limes showed unmistakable attacheent to circumscribed sress
2=3 hectares in extent. They were freguently sean alone irn their respective
arpas and their movemente around the intensive study area wers far lacs
pxtanaliva than those of che few known individuales in the bachelor groups.
Two related case histories will be used to illustrate these points.

Tha longest studied maie (KEL) was first recognized in April 1975. Setwpen
April 1975 and Decomber 1976, KE was found sither on or necr hia territery
nearly every time I visilted the intensive study srea. He dissppeared

a fov times for periods of one or two days but soon reappearacd on the
territory.

During Janusry 1977 snother male {NH) took over the moet impcrtant part
of KL's torritory. From January to April 1977 observations were made
in tho intensive study area virtually every day and NH was frwvarialby
present on the torritory teken over froa KE. KE was present on thu
poerliphary of the territorisl ground and was regularly, although not
inveriably, found in the came place.

9.3.5.2

Dominancs/intolscante tcwards conspecifice of the same sex within
torritorisl houndaries (¥sltner, 1972b; Owen=Smith, 1977)

Territorial males froquently exerted dominance ( fn dominance rituals)
or exhibited intolerance (by chasing or threstening) towards males of
all ages entering rheir territories. Challenges and pursuits were
particularly common whoen intruding males paid sttention to Females within
the territory.

Thare wers clear changes in the behaviour and otetus of territorial males
which were outside their territories. They were less agorsssive towards
othar males and were submissive towards and flod from other territorial
males through whose territories they were passing.
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9.3.5.3

Elevated flight threshold within territorial boundaries (Walther, 1972b)

On many occasions I approached lechws on foot or in a vehicle and from

these encounters it was clear that territorial males had much the shortost
flight distance of any cless of lechwe. This wee obvipus also from observed
encounters between lechwe and predatora. For example, one morning an

hyena walked through the territorisl ares. Females fled when the hyesna

was 200-300 metres sway while a territorial male did not flee at 21l and
allowed the hyena to pass within 100 metres of it.

9.3.5.4

Herdinn/blocking of females ettempting to lesve territories (Walther,
1972b; Owen=Smith, 1977)

Males frequently pursued, herded or blorkad females attempting to leave
their territorias. This bohaviour was most provalsnt when courtship
procosded beyond a perfunctory investigation but sometimes oucurred
without eny courtship taking place. For exampla, on one occesion a
territorial male blocked the exit of twe juvoniles from his ares far

over 13 minutes although no investigatiorn or inierecticn had occurred.

9.3.5.5

Sudden halting by cccupier at territorial boundery (Walther, 1972b)
Tarritorial maless engaged in chasing conspecifics usually stopped thuscs
chases abruptly at thair territorisl boundarles, particularly if Lhe animal
being pursusd fiod into 2 ncighbouring territory whose occupnant was waiting
at the boundary. Chasing reversals in pursuits involving terzitorial
neighbours were observed on & number of occasions. Thase incidents

clearly illustrated mutusl recognition of boundaries by territorial
nelghbours.

9.3.5.86

Self-sdvertisement (Dwen-Smith, 1977)

Hediger{1945) distinguished betwsen optical, acoustical, alfactnry and
combined mathods of territoriel marking. The présence of territorial

males in their territoriss and the use of the erected posture served as
forme of opticel advertisement or marking. Territorial males often
vocalized when intruders en*sred their territories, or when their naigh-
bours vocalized. Combined optical-ascoustical displays were also wsed

for territorial advertisement. Ho clear svidence of olfactory markineg
was found.
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9.3.8.7
Competition for specific arees (Leuthold, 1966)

Leuthold (pp. cit.) considersd that competition between males over a
specific arsa of ground was confirmation of its nature as a "true territory"
A total of seven territorial interchanges were observed. MNo territory

was pean to change ownership as a result of ritualized dominance and
osubmission interactions. Intense fights were involved on sach occasion.

The length of time needed for the takeover varied from a fow days to
several montha. A cess history will be used to L{llustrete the provess
of changrover.

Botwoen 1.92.1575 end 24.1.1976 KE was seen to be involved regularly
in agonistic encountars at hia boundaries with a non-territorial malnm,
BN. On 24.1.1976 KE embarked on a vigorouvs ond protracted zhase of BN
and no furthor interactions betweon thess two animals were seen until
Ocetobar 1976.

On 0,10.1976 KE and BN wors ngain engaged in an sgonistic encounter on
KE's boundary. Encocuntois of varying Intensity occurred Intcemittently
untll 1 left the study arsa in the latter half of December 1974. On my
roturn in mid=January, it seomed that a third male.NH, had bucoma involved
in the dispute at several ssbigucus Intersctions Involving 211 three males
wors ssen. Finallv, on 19.1.1977. BN chased KE out ol the area and took
ovar part of KL's territoiy while NH took over the larger and more
important part.

BN interacted with XE over at lewst s five-month period (cver s year
including tha poriod in which no irteractions botwesen the two were soen)
before evicting KE. B8y contrast, a different maln, H:. evicted another

territory holder, CH,, sfter only tvo days of intermittent fighting.

9.3.6

Relati wit gen sex, nge and socinl classes

The purpose of this section is to provide s brief description of the
nature and frequency of interactions within ond between different sex,
age and soclal classes.

Table 9.4 gives an indication of the frequency with which classes interscted



TABLE 9.4: RE A 5 1 RAC
IHEIR DWN AND OTHER CLASSES (N = the nusber of interactions in
which cach class wae involved; percentages sum horizontally.)

Class ™ ABM AF SABM ;]

™ 6,0% 4,7% 81,1% 6,0% 2,1%

N=f18

ABA 0.8% 17, 7% 61, 3% 19, 4% 0,8%

N=124 r

"‘ glﬂ “iﬂ n.“ ?IH iﬁ.“

HaTh i

SaEn 3,2% 9,68 24,5% 51,1% 1,7%

k=04 |

J i - 1.“ H-‘.H =;|u’ "El“

N=061 I

JASLE 8,5+ THE FRECUENCY W1TH WHICH DIFFEAENT TYPES OF CROUP WERE SIGHTED

Number of | % of all

Group type | slghtings | groups sigyhted

Mixed sox/agse B70 26,9

Adult male 798 24,7

Adult female b4 175

Pixed male T 449 13,9

Female/ juvenile 1 411 12,7

Juvenils 13C 4,3
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with each other. In constructing this table data wvers taken from contin—
uous gbservations of individuals in sach class (sbout 100 hours for each
class except territorial males, for which over 300 hours ware accumulated).
Observatiuns were not pooled, so that if a territorial male intesracted
with & juvenils while the mals was under observation this interaction

was not included in the total for Juveniles. Theo purposs of amalysing the
deta in this way was to svoid the bias created by the disproportionate
sampling of territorisl males. The sxistence of a biss was established
when pooled data were analysed and mll classes were found to interact

with territnrial males with disporportionates frequency.

Table 9.4 include= all types of intersction. In this respect it differs
from Grau & Walther's (1976) Tablelll, which relates cnly to agonlstic
interactiona. It is interesting thal despite this difference immature
animals show the tendency to interact most with members of thols own class
thal was noted in mountoin gazells with rospect to mponietic encounters.
Tha disappearance of this tendancy in older snimals raflects increased
reproguctive antivity in older snimals.

9.3.6.1

ntaractions betwoen males
All intoracticns between territoriel meleo were sgonistic. The freguency
with which various patterns cf agonistic bghaviour occurred in Interactiors
betwoen Lerritnrial males was given in Table 9.3 {suction 9.3.1.3).
Approximately 24X of theee inturactions occurred at the boundarius of
nelghbouring territoriea. The freguency with which boundarv closhes
occurred between two territorisl nofghbours veried from a mevimum of
ebout five per day to a minimum of one or tws over a period cf weeks.

Othar interactions betwsen territorisl males resulted from i{ncureicns
by one male inilo the othar's territory, or in pursuit of & female.

Interactions between territnrial males and bachelor males wers also
agonistic. Territorial males tendod not to fight with subordinate rales

tut had frequent dominance encounters witn them (Table 9.3). \alther
(1978b) found @ similsr internction puttern betwoen dominant and subcrdinate
males in the Serongoti oryx (Oryx beisa) population.

Interactions botween Juveniln snd adult {territorisl and bachelor) males
were rare. The following types of intersction occurred:
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Juvenile male spproeches and eniffs at adult male (seven times); adult
male threatens juvenile male({twice); dominance encounter (four times);

gdult mele cheses juveniles male (29 times).

Most interections between immeture (subadult and juvenile) males were
low intensity agonistic encounters. Both mounting (three times) and
body attacks (five times} occurred occesionally in encounters betwesn
immature males. MNeither of these petterns was seen in sncounters

betwean adull meles.

.52

Interactiona betwasen males and females

Interactiona betwsen adult males (territorial and bschelor males ara
pooled because initially no distinction was made between them) and adult
females (n=954) weve usually sexual. Testing by males, flehman, lauf-
schilag and mounting were extremaly commen in thees interactions. The

frequency of less common interactisn petterns is givon below:

overt aygression (horn thrusts) by male: 2,8%:

pursuit by mals: 11,17

blecking of femszle by male: 2,6%;

blocking with hraed low: 0,453

1llp licking/smacking by male: 3,3%;

malo stends with head under fomsla's belly: 1,3%;

chinning (Fraser,1968) by male: O,3%;

keaoflick with haeed-low-eaxtended-neck by femals in Plight: 0,3% .

Subacult males interacted less freguently with edult females {n=115)
and most of these intercctions were briei sexuel encounters, In the
course of these intersctions, overt sggression by the male occurrad
twice; lip licking by the male occurrad three times; pursuit by the
male occurred eioht times.

On one occasion & territorial male blocked two juvenile femalss that

were trying to leave his territory. On snother cccesion a territorial
male tested a Jjuvenile female.

On eix occasions (15,4% of interactions) subadult males made snoc-genital
olfectory investigations of juvenile females.
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Seventeen sexual interactions between male and female juveniles occcurred.
Behaviour patterns observed included:

ano=gonital sniffing (five times);
laufechlag (twice);

1lip licking (once);

mounting (six times).

9.3.6.3

Intpractions betwsen females

Interactions between females were rars (n=46). Guhaviour patteins
pbeserved lncluded:

naso-pasal contact (twice);

supplanting of onc female by another (eicht times);
head butting (thres times);

body sttecke (four times);

loufechleg (twice);

mounting of onae female by another (19 times),

Mounling s=ong oestrous Femsler was found to be common in Uganda kob
{mlv:hnn- & Schloeth, 1965) and in my opinicn the mounting cbserved
among lechws females was largely cestrous behaviour. Agyression may
have Leen irvolved in these interactions but it wss never clesr.

The low interaction rate betwoen adult females 1s conaistenl with Geist's
(1974) principle that females will atrive to reduce the high eneryy roste
of mxcitomant and physlical work alnce these detract Trom tha rosources

avallable fnr reproduction.

9.3.6.4
'nternctions batwnan Fm'nalng and !HHEEE;L“!

Many {(60,4%) female: juvenile interactions were related to nursing. On

19 occasions (B,5% of interactions) fawne mounted their mothers. This
usunlly occitvred after the female had terminated & nursing oout and in
thess cases may have been aggressively motiveted (Welther, 1964b). On

a fow occapions no intoraction hed ococurred before the mcunting and the
motivation was unclear. On nine occasions (4,1% of interactions) juvenile
malos mounted females that were not their mothers and thesse interections
ware clearly sexual. Lasufschlag wes cbsarved im four of thess sexual
interactiors and chinning was noted on three occesions.
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The frequency with which other types of interaction between females and

Juveniles ocourred is listed below:

nasp-nasal contact: 2,7%;

Juvenile sniffs female: 3,6%;

female sniffs juvenile: D,9%;

foemale grooms juvenile: 5,4%;

female butts juvenile (body attack): 3,2%;
head-pushing/butting: 0,9%;

play: 0,9%;

femaelas follows juvenile: 1,8%.
9.4

SOCTIAL DRGARKTZATION

F.4.1

Social Groups

In all situations other then fighting, mating and nursing, spacing war
maintained between individuals. WNu quentitative obzervations of cpacing
were carried out butbt there were obvious diffezences in the individual
distances maintained by the verious sex/age clesses. Distences wera
emallest betwscn femeles and young and betwesn juveniles and ware laryest
betwoen adult males. It was also my impresaion thaet individuml distancs
varied with sctivity. It wes small when animais wure lying down or moving
in a group but increased when animals were fesding. These findinge ars
very similar to thoss of Welther (19%7) with respect to distances bemtseen
Thomson's gazelle and indicate thet similar causal factore may be acting

in the spacing behaviour of lechus and Thomson's gazeile.

In discussing grouping behaviour it 1s necessaty to defina what is meant

by "group" because this is not always easily recognizsble in the Fiseld.
Leuthold (1977) stated: "In tha field, it is often impossible to distinguis!
between eggregations and sociml units, and between open and closed
groupings,without prolonged cbservations and means of recognizing many
different individual animals."

No distinction was made betwesen mggregations and socisl units because
vary fow animals wers individually recognizable. Any aggregation of

animals whose members were not more than about 100 metres apact snd were
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moving or behaving in 8 co-ordinated way was treated es & group. UWhare
it was difficult to dacide whathar or not animals wars in tha same group,
the activity, sex and age of the doubtful animals were taken into account.
Thus if, for example, a number of femsies and young were lying together
and a number of adult males were feeding in their vicinity, sr that

somé males wers 50 metres while others were 250 metres from the females
and young, teo separate groups were recognizec.

Moet groups gave the imprescion of being open and unstable end lechwe
groups have usually bean characterized as open and extremaly fluid
(e.g. Da Vosk Dousett, 19667 Child & Von Richler, 1969; Biggs, 1973).
Tirs only indication of a stable grouping was the eighting, mentioned
sarlisr, of famlly groups comprised of an adult female with a young
fown ond a subadult femals.

9.4.1.1

Group types

Six different types of group could be wasily and regularly recognized
in the fleld. Thesa wora:

groups composod of mixed sex ano age classen!
sdult male groups;

groups of spparently adult fomalos;

male groupc of mixed ege clansms;

groups of females with juvenilesj

Juvenils groups.

Data on group composition and cize were collected manily during “he
course of work on hebitat vae in the intensive study ares. In the courss
of this work the composition and size of groups were recorded wheraver
possibla.

Teble 9.5% shows the frequency of sighting of the different types of
group. “hese frequencles give no indication of populstion structure,
because the behaviour of differcnt classes renders them more or lass
conspicuous. For example, territorial males are far more conspicuous
than neoneles. The purpose of Table 9.5 is to show that o reasondily
large sample of groups was observed.

* page 277.
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9.4,1.2

Group size

Single animals are included in the analysis of group size becsuse their
occurrence reflects a tendency to isolation that is relevant in under-

standing lechwe soclal organization.

The analysis of group size is based on the use of frequency distributions.
These have two advantages over tha use of measures such as maan or typical
(Jarman, 1974) group size. Firstly, they are less afiected by the
occurrence of excoptional values. For example, in the cool,dry sssson
1975 about 240 groups were counted, of which all had lesse than 120 menbers
except cne which had sbout 250 members. If this one group was excluded
from the calculation of typical group eize thie changed from 50,6 to

32,3 - a difference of 38,1%. By contrast,onc groun comprised 0,4% of

the sampla and this makes very little difference to the picture of group
gize that is presented by a frequency distribution.

The second adventage 1s that there is & simple test for differences
betwewn fFrequency distribublens; ths Eolmogorav=Smirnov two-sample test
(Slegel, 19%6), whirh "is sensitive to eny kind of differance in the
distrioutions from which tha two sanplas were drawn - diffarences in
location (central tendency), in dispersion, in skewness etc." (Sisgel,
on. 531.]. By contrest both mean and typicel group size are puraly
moasures of central Lendency and thore is apparently no realistic way

of testing differcnces in typical group size (Underwood, 1976).

Table 9.6 gives freguency distributions for the different types of group
and for all groupa combined. Two groups of sbout 250 (0,06% of the
groupa counted) were excluded from this snelysis because they did not
affect the statistiecal significance of differences between freguency
distributions and they would have made the fraguency distributions
excessively unwisldy.

I looked for two types of difference in group size - differences in the
aizes of the different types of group and seassvnal differences.

Table 9.6 shows marked differences in the frequency distri“utions of
different types of group and Table 9.7 shows the significance of thas:
differences. Thare is an obvious tendency for groups of mixed composition
to be larger then peer groups. As in Grant's gezells (Walther, 1972a)
mixed sex/age groups wers largest, 29,08% of thesse having more than 30
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IABLE 9.6: FREQUENCY DISTRIBUTIONS (% frequency) FOR DIFFERENT TYPES
DF_GROUP AND ALL GROUPS COMSINED

"r-_.rp-- Ml xed Adult | Adult | FMixed | Female,/ |

Size sex/age male femsle! male | Juveniles | Juvenile| Combins

1-5 23,6 91,0 95,2 32,7 46,5 77,5 59,2 I

6-10 15,8 7,6 4,3 16,9 29,0 10,9 13,4
11-15 10,5 1,3 0,5 12,5 10,7 4,4 8,5
16-20 9,0 0,1 6,2 6,3 5,1 a,3
21=25 5,3 6,5 2,0 0,7 2,6 I
26=311 By 7,1 2,0 0,? 2,9 '
31-35 1,6 3.1 WS | 0,7 16
26-40 5,1 | 4,0 “w | 2.1
41-45 ‘. 2,4 23 | 67 1,2
850 | 4,0 53 | 0.2 1.3—
51-55 f 1,8 1,1 0,7
S6-60 | 2,2 0,2 0,7
61-65 | 0,9 0,2 0,3
B6=T0 2;2 1,1 G,?7
71-75 0,7 0,3
76-80 1,5 | 0,4
81-85 0,3 0,1
Be=00 6,6 0,2
91-95 D,6 | 0,2
96-100 1,8 1,1 0,5
121-105 D,2 0,1
106~110 0,6 | 0,2
111=115 0,2 0.1
116=120 0,3 0,4




TABLE 9.71 SIGNIF ICAN N N
I R T
Mixed Adult Adult | Mixed | Female/
Group sox/age male fonale male Juvenile |Juvenile
Mi xad
sox/age
Adult
mole e
Adilt \_
fomale | % i <
= = [~ [= |
e
Fomale/ | soxx M HHK won \
_'Il.n-'ununi e
:A.I'H'Hﬂillll EEX * b i RN K \
NS 1 not significant
x p=<0,05
wx  p<0,91
kxx p=0.001
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membars.

About 64% of adult male sightings wera of solitary animals but only
5,6% of subadult male sightings were of solitary animals. Thus therae
was a clear change in male gregariousness with age, no doubt associated
with territeriality. This situation is again similar te that found in
Grant's gazolle (Walther, op. cit.).

Approximately 46¥ of female sightings ware of solitary animals. Many of
thesa sightirge were of animals feeding in the water. Their solitude
may woll have been a result of tha reluctance of fewns and immature

animals, likely cempanions, to enter the watler.

It ia diffizult to recorcile such obvious intraspecitic difTerences in
group size with Jerman's (1974) arguments rolating to ths dstarminolion
of group size. If group mize is detormined largsly by & species' faeding
sbtyla and ite behaviour towards predators, why are there such enormous
intraspecific differences inm group size T A possible shortcoming of
Jarman's {EE:EEE'} nxplanation of group size ls thet he dcas pot dis-
tinguish clearly hetween tha irmediate causes and the svolutionary
pdvantages of group formation. It is suggasted that the immediste causes
af group formation are the types of factor; no lese than 16; to whirh
Walther (1972a) attribuies en infiusnce cn social grouping and the
composition and size of groups in Grant's gazellwe. Thees include, for
exampla, the altraction which different clesces of animal exert cn other
snimals; the circumstances In which snimels zre attrected to conspecifics
and the situetions in which animale seek isolation. It seums likely

that these rfactors would exert varying forces of attrection on animals

in different sex/age end socisl clesses end in differing circumstances,
8o that the determinstion of group mize is probably much more complex
than indicated by Jarman {1974). His arguments appear to relatc mainly
to the avolutiona~y sdventages o oroup formation.

Seasonal differences in group size were Investigated in three ways.
rirstly, for sach season mean and typlcal group size (for all groups
combined) were calculated. Mean groups size varied from 9,4 = 15,2 but
showed no consistent seasonal trends. Typical group size varied from

33,7 = 56,4 but alsn showsd no consistent seasonal trends.
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Secondly, frequency distributions of group size (all groups combined)

in each season were compared. The distribution for the cool, dry season
of 1975 differed significantly from those of all other seasons (p< 0,05
in all cases) but there were no other significant differences. During

the cool, dry season of 1975 thers were fewer small groups (1-5 members)
then in other sessonse. Water levels in the entire study eres rose in
Juna 1975 eand remained relatively high for the remainder of the study.

It seems possible that the rise in water lsvel caused a concantration

of the population in the cool, dry season of 1975 which wes follouwed,

as has been observed in other sreas (Grimsdell & Bell, 1975; Bigga, 1975),

by fregnentation and dispersal intm altarnativa arsas.

Thirdly, within ssch type of group frequency distributions of group size
in difrerent seasons were compared. For this exercise it wes necessary
to pool dets from two years becsuse of tha smell semplu slzes for some
groupe in some seasons.Spasonal differences were found only in adult
malc mnd mixed male groups. Thera were significantly fewar small adult
male groups (1-5 members) during the cool, dry soaron than durirg the
raine (p<G,05). This is eimos: cartalnly & refisction of the abatemunt
of territorielity during the cool, dry season. In both the cool and hot
dry spasong thorss were significantly Fewsr swall mixed male groups than
during the raina (p-<<0,05 in both ceses). 1his was probably related to
sustained high wator levels during the dry seasen (Figurs 2.2) which
cause flooding in ilie periphers) floodplain aress used by bachelors.

In other words it was probably a concentration aftact.

D.4,2

Tha Functioninng af Territoriality

9.4.2.1

Locetion, airangement and size of tercitories

Plate 9.1 shows the location of the territories of known males in the
intensive study area and illustrates the characteristic situation of
territorial grounds on the Kwando. Territories were situated in the
short-grass areas adjoining water (zone 3, Chapter 2). Statistieal
evidence from the intensive =tudy ares indicated that these areas waere
heavily fevoured by females. Tho expected number of sightings of females
in zone 3 was 637 while the observed numbor was 1529 (Chi-squared with
Yates correction = 183,260).
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Dotalled study of territorislity wes conducted only in the intensive

etudy area but three similar localities wers found in the general study
areg. Limited observations in these aress suggested that similar territ-
orial grounds were functioning in these places. In addition to the Lerrit-
orial grounds there were a numbsr of small areas along the edge of the
guamp which appesred to be functioning as single territories.

In the intensive study area territories were strung out along the odge

of the water in & narrov band of favoursble hebitat. This band of habitat
had a total srea of approximately 1,4 kmz. Thero were only two places

in which small clusters (three and four respectively) af territories

occurrad.

The size of tervitorise was estimated by noting where boundary conflicts
occurred and thus building up a plcture of the sxtent and shape of esach
territory. Not 8ll boundories could be discerned with egual clarity
because interaction rates aleng bounparies varied and some houndaries

ware im the watar.

Each torritory wes eppruximeisly classified in terms of geometrical mhapaj
they wera 2ll mors or less circular or reciangular;the necessary measure-
ments, redius or length and bresdth, were paced out on the ground and thse

aroas were calculated with the sppropsiate formulas.

Thare waa both spatiel and tempors) vaeriaticn in territory size, Most
territories wereo 2-4 hectares in extent but two on the sestern side of
the intensive study aree were each spproximately 5-6 hectaros. One
territory nesr the northern hice (Plate 9.1) was about two hectares far
mogt of the study, but for o periocd of two weeks in March 1977 it was
gubdivided into three smaller territories, one of ebout one hectare and
two of ebout 0,5 hectare.

The tarritories near the northern hide were very close to il end could

e monitored in some detail. It was thus possible to document changes

in the erees of chese territories. At the end of February 1977 heavy
raina fell in the study esrea end the water levels in the entire area

rose appreciably, There waa sn obvious movement by twu territorial
males [(MH and NH} from the area scuth of the hide to the areas surrounding
and to the north of the hide. NH by moving increased the area of his
territory from ca. two hectares to ca. six hectares. This movement

pecurred after the rise in water lovel and coincided with increased
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uge of aress north of the hide by females. This shift of territories
in response to changed wator levels may well have been 8 small-scela

version of the shifts in location of leks on tha Kafue Flats (Schuster,
1977).

D.4.2.2
Behaviour of different sex/sqe and social classes in relation to territories

In certain species, for exampls the common resdbuck (Jungius, 1971),

females confins themsalvas within individual torritories. This waes not
the case with lechws on the Kwando. Femalse ranged fresely from ono
territory toc another, irnhibited only by courtship mnd herding by territ-

orial males.

Bachelor meles had & tendsncy to avoid territorisl sreas (Chapter 4)
but they regularly pessed through territories and usually spent all
night along the edges of thoe watar in a territory. They werea ganarally
submissive to territorial mslos, the exceptions being those ceses in

which & contest for e territory was 1ln progroes.

Territory holdere passing through territories ol other meles were
submissive when approachod by the holder snd usually fled as he
appreached. Few interactions betwesn territorial males off their
territories end bachelor males vere obsorved; but in all cases territ-

orial males rateinog and sssertsd dominence.

Territoriasl males evicted from thair territories joined bachmlor groups,
as cbserved in Uganda kob (Leuthold, 1966), tsessebe {Joubert, 1972)

and in topi (Damaliscue korrigun) "herdmaster bulls" that had lost their
femaies (Jewall, 1972).

O.4,2.3

Sewsonal variation in breeding sctivity

In Chzpter & evidence was presented which showed tnat thers weare seasonal
Feaks in conceptions. These ocourred during the rains. Table 9.5 shows
sgasonal variation in the freguency and duration of interaciions betwesn
territorial males and adult females. In both 1975 (Chi-squared =5,33,
p<0D,05) and 1976 (Chi-sguared =7,23, p=0,05) the frequency of intar-
actions was significantly higher during che hot dry season than it was

during the cool, dry season.



TABLE 5.8: SEASONAL VARIATION IN R HCY A AT NTERACTIONS

ARITORTIAL MALES A T FEMALES
(C.L. = confidence limits)

No. TM:AF Mean duration of

interactions male:female Iinter= 95% C.L.
Suason per day actions (minutes) | (minutes)
Cool dry
Hab dry | 20 2,5 1,9 = 3
1975 v | s ol
Aninis 16 Z,6 2,1 = 3,1
1975/1976 ’ . 2
Cool dry
1576 n 1,9 1,5 = 2,3
Haot drv
Raine 23 2,5 1,6 4
1976/ 1977 J [ T - Jy
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Although the freguency of interactions was grestest during the hot, dry
spason, there wore relastively fow observed copulations in this season,

ono in November 1975 and three in Octcber 1976. All othar observed
copulations occurred during the reins. Seesonal variation in the froguency
of observed copulations was as follows: none in the cool,dry season; four
in the hot,dry sesson and 17 (81% of ths total observed) during the rains.
These results are consistont with a peak of conceptions during the rsins.

9.4.2.4

Egliltl of territories

Soveral kinde of ovidence indicated that territorivs were not of egual
quality in the intensive study area.

The smount of tima spent awey from territories varied from 0% to BO-90%
of the day. Somes males lafi their territorles sach day to feed in areas
removed froa the broeding ground. Other males spent most of their time
on their territories. For example, KL end NH wore males that oceupled
the sams Lerritory conmecutively and both spont very little tima sua
from the territory while controilirg Lt.

Inspection on tie ground of the various torritorles revealed very clear
differonces betweon tercitoriea in the propoction of bare ground and opon
water and in the nuality of the grezing. Thare appeared to be « dtiresct
correlation betwoen the omount of time wpent off Lhe territory and tha
smount of grazing available within (he territory. Animals occupying
territories with limited food resources spent most time asway from thelr
territeries foeding elsowhcre.

There were no territories in which females were present pll the time,
but females clearly favoured some territories moce than othera. Ouring
March 1577 the territoriza in the vicinity of the northern hide wers
monitored over a period of four days and the precance of fomalos in esch
territory was checked at hourly intervels. Over this period femalos
were presant in the most fevoured territories for 60--B0% of the time

but were present for less than 10% of the time in the leasi favoured
territories. Femalos appesred to be fawvouring those territories with
the best grazing and the most. favoursble resting sitea,

At any ons time there were 15-20 males occupying territories in the
intenaive study ares, yet 15 copulatiens (71X of all those observed)
occurred in the some territory. This wes the territory occupied
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succeseively by tha known males KE and NH. The territory changed shape
when it changed ownership but the same central aree was favoured in terms
of food resources snd presence of females.

There may hava been some observational bies due to the fact that this
territory wes close to the northern hide but malea occupylng other
territories closer to this hide were ss closely wetched and were never
soon to copulate. Also, although 10-12 territories wore regularly
monitored, copulations were observed on only four territocries in two
years. There can thus be little doubt thet reproductive succoss among
torritorinl males is wvery uneven. In this respect Kwando lechwe resemble
Kafus lechwe (Schucter, 1977) ond Uganda kob (Leuthold, 1966).

Using date collectod butween 1.10.1976 end 30.4.1977 | calculated
Owen=5mith's (1977) Potential Mating Enhencemsnt Factor (PMEF) for
territorinl malos cnd found that the PREF for this one season may have
besn ap high as 14, This compares with a renge of &8 timos sugoosted

by Owen=Smith (gp. git.) and indicates that territoriality may have greater
cost/benefit adventages over other systems than envisaged by Owen=5miih.

9.4,2.5

i af "
Dbuerved periods of occupation by known males ranged from 2U months (KE)
to a few woeks. NI, Lhe male that toock sver KE's territory, occupled
tha area for 75 days before being evicted and rejoining the bechalor
herd. This was probably the mnan duraticn of territorial occupation.

Tha territorial ground on which most observations were mede wae occupied
ond active from Jenuary 1575 to March 1979. During Septesaber/Octobar
1979, when water lovels wers considerablv lower tha:n during the main
study psriod, there were as many ss 15 spparently territcrial males in
the area but no fumales were on the territorial goound. They had all
moved furthar into the swamsp.

During September/October 1979 territorial males were sppsrently in wWalther's
(1972b) rinal phase of territoriality. When a bachelor entered & territory
the holder dominated it but “id not char> it and bacheloys seemed to

remain in territories until they left of their own accord.The intensity

of territorial bshaviour was obviously declining end it eeemed that males
would have to move if they were to participate in breeding.
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D,4.2.6

Differonces in the gxpranainq1gr tqpritnriglitg in thes Kwando and Kafus
lechwe populations

Table 9.9 summarizes the most obvious differences in the expression of

territoriality in the Eafue and Kwando populations. Table 59.10 lists
impurtant ecological and demographic differences between the two populations
Figure 9.1 illustrates a simple model, described below, of the way in
which ecological end demogreaphic factors may interact to determine the

form of territoriality i.e. the mating system inm each population.

Soil fertility determinss the primary productivitv of the floodplain.

The lateral distance of floodinn determines the extent of the Floodplain.
The timing nf flosoing influences the seesonel eccessibility of highar
guality pasture on tha lowsr,; wetter parts of the Floodplain. On tha
Kafue Flate these Factors interect to produce & brosd expense of productiva
floodplain on which high guelity grazing becomes available as flood
waters reacade during the dry sesson. On the Kwando edge of the Linyanti
Swamp the interaction of these fectors has produced a nerrow, less
productive floodplaln, subject to two high floods par year, tha second
of which arrives from the Angolen Highlands in mid-winter and reduces
the eccessibility of hicher quality pasturas for much of the dry season.
These differences in the extent and productivity of the flocdplain and

in tha dry ssason food supply probably explain the marked differecnces

in the size and Jensity of the two populatiuns and they may also explain

the difforences in the prevailing matino syetems.

Tha difference In population density explains the difrerence in tarritory
8izo - higher densities result in more competition and increased enarny
expenditure per wnit area fur tercitorisl defence (Clutton-Brock & Hervey,
1978). This difference may also explain the fact that tiie Kafue lechws
exhibit lekking in the same way as the Uganda kob (Buechner, 1961bj
Buachner & Roth, 1974} while Kwando lechws exhibit a form of territoriality
that is similar to the system of "single territoriss"™ (Leuthkaold, 1966)

in Uganda kob.

An alternative explanation for the occurrence of lekking in one population
but not the other is that tho mating system is determinee by the distributic
of resci'rces. Emlen & Oring (1977) argua thet lekking occurs where
individual males are unable economically to control or menopolize the

resources essential for female acquisition. The differences in the

bresdth of the Kwando and Kefue floodplains and in the meting systems
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TABLE 9.9: DIFFERENCES IN SS10M AR NT AF
KLl CHEE PO Tl

FEATURE KAFUE KWANDOD

Duration of lok/TG* 1 = 2 months oech year Year round

occupation end use

Number territorial 20 - 175 15 = 20

males per lek/TG

Tarritory size 0,03 - 0,2 ha 0,5 = 6,0 ha

Approx. number 1=3 0,¥-0,5

agonietic interactions (up to 30)

por male par hour

Amount of time spent "minimal" Up tou 58% of

feading by tercitarial daylight houre

malon

Length of time "not long™ Up to 20

tarritories hsld by months

*  Territorial ground
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TABLE 9.10: OLOGICAL AND DEMOGRAPHIC DIFFERENCES BETWEE AF
KWANDO LECHWE POP 1ONS
FEATLRE KAFUE KWANDD

Soil fertility

Fluctuation in
water lewval

Lateral spresd of
Tlood watars

Tizing of high
floods

Population
movament pettern

Populeiion size

Overall population

density

Lak/TG* censity

Relatively high

E = 7 matres

10 - 25 km

April/May

Rigratorcy

ca. 100 000

0 - 90 ke 2

500 ko2

Relatively low

0,1 motra

Lasa than 1 km

February/March and
June/July

Ssdentary

ca. 15 QUO

?7-12 k't

70 - 90 km 2

* territoriasl ground
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S0IL FERTILITY FLOOD REGIME

\

QUALITY AND EXTERT OF
FLOGOPLAIN

POPULATION / \mm SYSTEM AMD DISTRIEUTION

DENSITY (LINEAR DR CLUMPED) OF

/ TERRITORLES

"™ TERRITORY SIZE

Figure 9,1: A wimple model of the way ln which ecclegical end
demographic factors may intoract te determino mating
system snd distribution of territories.
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of the two populations are compatible with this argument. On thae Kafue
Flats resources are too widely and evenly dispersed to allow monopolization
while on tha Kuanda the narrowness of the band of Favourable habitat

allows control of resources.

The manner in which tha location of leks is determined on the Mafue is
not clear from the literature but on the Keando it is obvious that males
set up territories in the narrow ecotone (zone 3, Chapter 2) that is
preferentially used by females. The size of these territories and tha
narrounass of the ecotona in genorel prevent the clumping of territories.
These are mainly strvng ovt along the watoar's edoe, but occasionaliy
clusters of 3-4 territories occur whers either the territories are smeller

or the ecotono is broader.

9.4,2.7

Jhe incidence of breedino by non—territorial males

Lent (1949) and Schuster (197€) reporied that nor—territorial nales
copulated successfully in the Okavango and Fafue populatiocns. This was
never seen in the Nwendo population. A likely explanation for this
differonce is that during my study the Kwando populstion was essantially
gedentary while tha other two ponulations wsre more ephils. lent's
obosarvations orn sexual behavinur were made Juring May, when Okavango

water levals are rising rapidly (United Mations Development Pregoamms,
1977) and lechwe are forced to move out of low-lying areas. On the
Kafue breeding occure whils the population is migrating before rising
flood waters (Schuster, 1576 and 1977).

Tne significance of the extent to which = populstion is sedontary or

migratory is that "Since it is largely the presence of territorisl males
that creates typicel soclel organization .... there may appear to ba

1ittla orgenizetion in populations while they are mobila or migratory.”
{Jarman, 1974).

9.5

UFMMARY

The date on social behaviour and organization cocllected during this
study may in some respects be untypical for lechwe because flood levcls
on the Ksando were far less varisble than thuse in other systams

supporting lechws populations.
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Lochwe used a variety of signals and displays as means of expression
and/or communication. Thirteen visuel, six vocal, two visual-auditory
and four tactile signals or displays are described and discussed.

Evidence of individual recognition of ones lachwe by anothar was found
in two contexts.

Three types of agonistic encountsr are described - those without physical
contect, those with brief physical contsct and those with continuous
physieal contact. It was found that the forms of aggression appearing
in egonistic encounters varied with the sge and status of the rivals.

The sexual behaviour of lechwe was typical of Ruduncinas. Precopulatory,
copulation and postcopulstory behaviour in lechwws are described.

Soms deta on maternal/filial bohaviour and on play ara prosented.

Lechwa were found to be territoriel. The evidence from which territor-
iality wes ipferred ia reviswed in some datall.

The nature and frequency of interactions betwoen difforent sex/age and
noclal classes are described qualitatively and guantitatively.

Spacing oshaviour in lechwe is briefly describad wnd found to be aimilar
to that in Thomson's gazells.

5ix different typea of social group were recognized and varistion in
group size uss analysed by mesns of freguency distributiona. Thers
wvare marked differences in the aizes of the different types of social
group. It was suggested that the determination of group sizo la
probably more complex then indiceted by Jarman (1974).

Some sessonal differences in the size of male groups wers found. Thess
differences were probably related to sessonal varistion in territorisl
behaviour and in the flood regirme.

The functioning of territorlelity is outlined. Aspecta w-ich are
considered In some detall includes



the location, srrangement and size of tarritories;

the behaviour of different sex/sge end social classes in relation to
territories;

soasonal variation in bresding ectivity;

differenceas in tha gquality of tecritories;

the duration of territorial occupation;

dgifferences in the expression of territorislity in the Kafus and Kuando

lechwa populations;
the incidence of Lreeding by non-territorial males.



CHAPTER 1D

POPULATION STATUS

10.1
INTPOOUCTION
There ware twoc maln purposes in trying to assess tho status of the Keando

lechue population. Firstly, in the context of conservation, it was
impoertant to establish the trend of the population because of reports
that it was declining rapidly (Child & Von Richter, 1969; Child, 1975;
Sheppe & Heas, 1976). Secondly, in the contexl of managemant, it w=s
desirable to detarmine the leve! of sustainable take-off from the
population.

In the light of argueents advanced by Hanks (1979) it ssemed important
to consider moro than simply the number of animals in the population
when trying to assess its trend. 1 tnerefore attempted to assess the
"condition™ of the population in the sonse used by Hanks (op. cit.).

Previous studies of lechwe populations are exhaustively reviuwnd by
Grimsdell & Beli (1975) end their review will not be repested nere.
Where necessary or relevant, references to previovs studies ere made in
the discussion.

10.2
FATERIALS AND METHODS

10.2. %

Pecpulntion Condition

Hanks (1379) argues that several factors nsed to be included in @
descripiion of the condlition of a population. These include demogrephic
wigor, beheviourali sttributes and hebjtat conditi=n and trend.

Behaviour (Chepters 4, 8 and 9) and habitat (Chaptars 2 end 4) were
congidersd earlier and little will be sald about them in this chapter.
It need only bo noted that neither behavioursl anomaliss nor adverss
habitat trends were identified in this study.

Differont opinions have been expressed on the assessment of demographic
vigor (Caughley, 1977; Hanks, 1979). Caughley (op. cit.) suggoats that
th ti Hp W

o exponantial rate of increasa r' is an sdequate measure of demographic
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vigor. I disagree with this suocgestion both for thea reasons given by
Hanks (1979) and because in most field studies of large mammals, it is
virtually impossible to measurs "rl' accurately, since it can only be
calculated from a life-table.

A life-table portrays, In various ways, the temporal sge distribution

(or survival history) of a cohort i.e. & large group of animals born
simultsnesously. In ordar to construct & life-table it is, strictly
sponking, necessafy to follow the fate of a coclort for the life-span

ef the species. This is usually ispossible for long=living memmals so
what wildlife biologistas tend to do is to describe the atanding sge
distribution of the populstion [i.e. the mmber of animals, relative to
the number of newbarn - the newsst cohort = in each age class or coheort)
from aithar = shot sanple or a collection of found =kulls snd to treat
this standing sge distribution of the population as if it sora the
tecporel age distribution of & cohsrt. Now the standing age distribution
of & populatisn and thes tempcral age distribution of a cohort can only

be tha sama if (a)} all cohorts have been the sama size for some time and
{b) age-epecific mortality has been constant for sowa time, l.e. tne rate
of incresse has bewn zero (Caughley, 1977). Therefore when o life-table
is conatructed frum the standing age dietribution of & population it
must be assuwmed that the rabte of increase hse been zero for soma tlma,
Thus, although life-tablec constructed in this way may provide "a velid
spproximation to the mortelity pattern™ {Caughley & Birch, 1971) an
estlngte of “:_" bosed on this type of life-tabla "hae nn relationsiiip
whatsoover to the true valus of r " (Caughley & Bizch, 1971}. Given this
latter conclusico it is obvious that 'r.“' must uwsuelly have very little
value ae & meacure of the demographic vigor of a large mammal populatizn.

In view of the arguments advanced abovs, "'r'" was not uaad as an Index
of demopraphic viger in this study and my assessment of population
condltion largely followed the rocommendations of Hanks (1979), This
asspssment included consideration of the following:

the cbeerved rate of increase in the pipulation:
fostal developront;

Juveniles mortality;

physinlogical condition;

population models.
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Th ed rate of incres

Aerisl census date were used to make two independent estimates of 'E'
the observed rate of incresss. Ceughley's (1977) formuls was used for
theso celculations. It ie:

N = population satimate
t = the tima wnit, scaled so that tha Tirst equals one
n = the number of estimates

One ustimate was made with data from tha Kwando side of the swamp, thae
other with data from the Linyenti sida. On the Kwando side & total
count wes undertaken bacause tho ores was small end the distribution of
animals climpad, On Lthe Linyanti elde a transect about 55 kilometras
long wnd two kilometres wide was flown, The purpose of flying this
trandect was to see whather lechwe density on the Linyanti side suea
glmilar to that on the Ewands aside of the swamp.

All surveys flown were at & speed of epproximetely 160 kilometres per
hour and o height of sbout 91 setres. All flights were macde in a Faule
Rotkat fixed wing aircraft belonging to tha Oepartment of wWildlife,

Botewana.

For Flying weat of the EKwando channel, 7:40 000 scale aerisl photographe
werea usad for navigotion. The iocation and size of lechwe groups

sighted ware noted directly ontn the photographs with a chinagreph pencil.
For all othar Tlying a 1:25 000 scale map was used for navigation and
data recorded on data sheets.

10.2.1.2
Foatal development

An assessmant of the "normality"™ of foctal development in the Kwando
pooulation was made Dy comparing peri-natal mass in different
populations.,
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10.2.1.3

Juvenils mortality
Juvenile mortelity was estimated in three different ways. Firstly,

the method of Spinage (1968) and Buechier (1974) wes used to estimate
fawn mortality from an examination of the reproductive tracts and uddere
of non=-pregnant or lactating females. The assumptions on which this
method is based are that females that have given birth can be distin-
guished from those that have not and that the udders of females whoss
fewns have died cen be distinguished from thosze whose Tawns are aliva.
Thesa are reasonable sssumptions. A caraful examinetion of & female's
reproductive trert and udder usually indicates whether or not tha
animal has given birth. When & fouwn dies the vdder regresses raplidly
and con soon be distinguished from that of an sctively nursing female
(Spinage, 1968). Thie method gives an indication of fawn mortality
during the period of lactation, whiech is eix to seven months in lechwe.

Secendly, the method of Grimsdell & Bell (1975) was used toc estimate
Juvenile mortality from Fawn to Fonele ratios observed in the Field.
Taking into account the female mortality and focundily, the expected
nusnber of Tewns produced iIn 8 kirth season is calculated and this is
compared with the numbar observed in the Field at tho time of

counting to give an estimate of juvenile mcrtality.

Thirdly, Altwell's (1277} method, also bassd on Female to fawn ratips
observed in the field, was used. The female to fawn ratio at two
different times is ccmpared, again taking femamls mortality into coneider-

etion, to give an estimate of feun mortality in the poriod betueen the

two counts.

10.2.7.4
Physiological cungitiun

The physiological condition of the population was msszssed by comparing
the kidney Tat index (Chapter §) of Kwando femeles with that of Temales
in tho Kafum lechwe population.

10.2.1.5

Population modaels

Although life-tables constructed from shot samples taken over a relatively
short period of time cannot be used to calculate a population's true

rate of increaee thay may prouvide "a wvalid approximation to the mortality
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pattern” (Caughley & Birch, 1971)., Also model life-tables can be
used to investigate the influence of verious factors on the population's
rate of increase (Hankes & McIntosh, 1973).

To obtain some idea of mortality in adult lechwe an sttempt was made
to ronstruct realistic model life-tables for female and male lochwa in
the Keando population. The model female life-table was also used to
investigate the influence of juwvenile mortality and the fecundity of

young females on the population's rate of increase.
Four life-tasble symbols are employed in this chepter. They are:

"x": age at intervals of one year;

“11“' the probability at birth of surviving to the exact age "x";

“d:“= the frequency of mortality, calculatad as the difference between
tuo consscutive values of "1““;

g ": the mortality rate, tha proportion of animale alive at age "x"

X
that die before sge "x + 1"} calculated as “ﬂx F lx“‘

The female lifo=table ic combined with fecundity schedules inwvolwving
"ml". which is thes mean number of female offspring born per fomale

per yaar of age contred st "x*. "m:“ veluas were obtained from the
female shot semple. The Fomale and male shot samglies wera uoed to form
tha ljll sariva for life-tables. Because in £ Few instances older aga
cleseges containad more mesbers thanm younger ege clessss, age freguercies
wara "smoothed" by grouping the frequencios in threes snd attributing
the mean of esch group to the second age class. Beceuse of sampling
bias syrinst animals under thre: years of ege, the fipast four velues
(0, 1, 2, 3) of each sevies wore filled by extrapolating backwards

from the freguency of animals in age class 4 and assuming 0% mortality

from one year onwards and a 60% mortality in the first year of lifs.

To investigate the influence of Jjuvenile mortality on the population's
rata of increase; “r““ values were calculated From the model Female
life=table ueing different rates of juvenile mortality. To investigate
the influence of the fecundity of young females on the population's

rate of increase, “rB values were calculated using diffocent “n:“

valuse for young Temales.

The population's differing rates of increase were calculsted using tho
equation of Andrevartha & Birch (1954). By this method:
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r = log R

where T_ {s the mean length of a generation (mean tima from birth of
patents to birth of offapring), end FIII is the number of times a
population increases lteslf per genaration.

end R = %1 m

10.2.2

Calculation of Hecvesking Aate

Sustainable of f-take was calculated from population size (saction
10.3.1.1) and structure. Population structure wes doterminad frae a
total of slx ground counta o the population between January 1976 and
September 1979.

In the course of these counta Lthe ares from the nurthern limit of the
etugy area %o the Sevutl Channel was treversed in s four-wheel drive
vohicle and on foot. Blnoculars (B x 56) were uerd to clessify all
lechwo loeated into the following croupe:

(i) Jjuveniles (less than one vear old);
(i1) seuvbadult malas (1 - 4 yes=s old);

(1ii) femalas over one yeur oldj

{iv) edult males (more than four years old).

The sustainable of f<=take was taken to be 10¥ of the number of animals in
each aex/age class. Thim figure is regarded as a safe off-take (Cowan,
i974) and is well below the 20% or more regarded as sustainable by Mentis
& Collinson (1971).

Ceughley's (1977) more scphisticated approach to determining sustained

of f=taka could not ba used because it was Impossible to celculate the
varisbles in his sguation with any degree of accuracy. Theae calculations
ere likely to be impractical in Botswena for the forsseeable future.
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The use of a rule of thumb msthod for determining off-tekes necessitated
constant monitoring of the population. This aspect is considared further
in Chapter 11 (Censervation and Management).

0.3
AN SION
1“! :t‘
tion
10.3:. 1.1

Obsarved rate of increass
Betwsan May 1975 and September 1979 seven aerial counts on the Kueando

pide and five on the Linyenti side of the swamp uers completed. The
rosultes of two of the Keande counts ware discarced becausa of impaired
vieibility at the time of flying. In July 1975 visibility during an
narly morning survey was ssveroly affected by reflections off the water
because of the low sun angle. In Senteaber 1979 emoka from numarous
fires in the roglon severely limited wisibility,

For comparative purposes tha counts on tho Kwando and Linyantl flights
wers troated oe total counts of subpopulutions. On the Kwando side a
mean of 1651 animals (95% confidence limits = = 22,7% of the mean) wore
counted in five flights. The mean on the Linysntl eido was 876 animals
(95% confidence limits = & 27,6% of the mean), Densitios on the two
sides were similar, a mesan of 7,1 per square kilometra on the Kwando and
B;1 par square kFilometre on the Linyantl side of tha swamp.

"I" was calculated for the Kwando from fiights during March=May in 1975,
1977 end 1979. Flights from more of less the same time of the year were
uvged because, although tho standord daviation frem the mean birth date
(39 days) exceeded the 20 daye prescribec by Caughlesy (1977) as being
indicative of & hirth pulse model, the population was judoed to be closer
to & birth pulse than 8 birth flow modzl. A two-year interval was uaed
because this spanned most of the time during which the population was
under observation. For the Keando T = + 0,09. On the Linyanti side

T was calculated from Flights in 1975, 1976 and 1977, beceusa no flight
was made on this side during 1979. OUn this sidea * = =0,10.
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Thera are several possible explanations for the differing apparent rates
of increase from the Kwando and Linyantl flighta. In the first placs,
although aerial survey technigues have developad considerably in recent
years (Jolly, 1959; Bell et al.,1973; Nerton-Griffiths, 1978) as a census
mathod serisl counting is by no means refined, even under optimum
concditione (Caughley, 1976; Grimsdell, 1978). VUsrious sources of error
and bias have been identified (Graham & Bsll, 1969; Pennyculck & Western,
1972; Grimsdell & dell, 19?5} and it is possible that the differences in
T simply roflect sempling error.

Another difference betzean the two estimates is that on the Kwando sicae
there was a fairly discrete survey srea in which enimal movement was not
grest (Chaptsr 4). On the Linyantl side the area surveyed was & small
part of a much largor area of swamp and I collected little information
about movements on this side. It is therafore possible that the counta

on this side were effected by movements of which I wae not sware.

It may be thought that part of tha difference in the sstimates of T
can be accounted for by the two=year intervel between counts om the
Ewando sids. This iz not the cese. When & one=yaar intervel is used,

T on the Kwando side i= + 0,11,

OFf the two estimates of E. I have more confidence in that from the

Ewando slde bocavse neoarly all ground work v3s done on that side; leading
to a much greater femiliarity with animal numbers and dictribution. My
impreossion from four years of acqguaintance with the Kwando subropulation
ig that it is not declining. On this basis and in view of the rolative
precision of the aerial counta (958 confidence limits = x 22,7%), my
conclusion ls that the astimate of © on the Kwando sido, nlthouoh of
unknown Bccuracy, can be taken as g valid Indication thet no drestic

declina of tha lochwe population in the Linyanti Swamp is pccurrino.

10.3.1.2
ruatal duualuEmant

Tha only comparative data that were aveilable were from the Kafue populatior
Tha mean mass of 12 newborn Kafue lechwe (Grimsdell & Bell, 1975) wuas 6,5
kilograms. The mean mass of six near term Kwando fostus=s was also 6,5
kilograms. This strongly suggests that footal development in the Kwando
populetion was within normal ranga.



10.3.1.3

Juvenile mortality

The method of Spinage (1968) and Buechner (1974), produced an estimate
of juvenile mortality of 45% during the first six or seven months of
life. This is the most relisble way of estimating Juvenile mortality
that was used during this study. Errors in determining mortality no
doubt occur when this method is used but the sources of error are fewer
and of smaller magnitude than those inharent in the other methods that
were used to estimate Juvenile mortality in the present study.

Grimsdell & Bell (1975) assume that most juvenile mortallty occurs witidn
tha firet three montha of life. Tho only detailed study of which I am
avare supports thic sssusption. Cook st sl. (1971) found that in
white-tailed deer (Ddocoilsus wvirginisnus) fawns, of all mortality in the
first 60 days of 1lifs, 93% occurred within the first 30 days and 7% in .
the second 30 days.

On tha assumption that by soven months of age Juvenile mortality is
dropping of f sherply, a figure of FO% mortality in the first year of life
was assumpd. Thia flguro was usad as the basis for tha yeariing ‘1=f
value In tha life-table.

Estimstes of juveniln mortslity by other methods are sat out l.n‘ Table 10.1
end 10.2. Using Grimedell and Bell's (1975) method, estimated mortality
varies from 2,4 = B,5% per month. Using Attwell's (1977 sethod estimated
mortality varies from 5,4 = 8,08 per month,

Both methods assume that all individuals in the populstion mre egually
obsezvable. This is almost coriainly not the case (Downing et al.. 1977).
Both mathode depend on an estimate of adult mortality. In this study

this cama from a life-=tahle which was probably realistic but certainly
not asccurate. Both methods scssume a birth pulse model For the population.
The Kuando lechws population showed a considerable spread in tha timimg
of births, which may well bo a further source of error. It thus seems
obvious that the sstimates of Juvenile mortality based on famals:fawn
ratios are subject to a large margin of error., These estimates are
naverthaless of Intarest becsuse where a shot sample ls rot possible,
female:fawn ratios are one of the few svullable indices of juvenile
mortality.



TABLE 10.1:

JUVENILE MORTALITY ESTIMATED BY THE METHOD OF

GRIMSDELL AND BELL (1975)

309.

Eotimated Perlod [months)
Number of Number of numbar % since median
Mor:th females juveniles of births mortality | birth date
1.1976 BED 343 580 2,7 4
8.1976 455 T8 281 | 7,8 11
72.1976 a2 261 Y4 | 17,4 3
&.,1977 I 435 164 258 36,5 8
2.1979 309 104 176 42,6 5
9.1979 392 73 246 70,3 12
TAGLE 10.2: JUVENTLE MORTRLITY ESVIMATED UY THE METHOD OF ATTWELL (1977)

Interval betwssn JuvenileiFamale Juvenile:fFemala | %
counts firat count gacond count mortality

B munthe S0z100 17:100 T, 2

11975 = B, 1976

4 monthe 453100 38100 21,4

12.1975 - 4.1977

T montha 33;:100 19:100 48,8

2:1979 = 5.1979




310.

10.3.1.4

Physiological condition

Physiological condition is relevant to the population condition in that
it indicates enhanced or reduced chances of survival (Hanks, 1979). A
comparison between kidney fat index of Kwando and Kafue females (Sayer

& Ven Lavieren, 1975) showed that the mean kidney fat Ilndex of Kwando
females was higher then that of Kafue females (Chapter 5). As the Kafue
lechwe population had been studied over a period of & decads (Robinsttes
& Child, 1964, Sayer & Van Lavieren, 1975) and wes not known to be
declining, it is ressonable to sssumo tiat the kidney fat index cf Kwando
females doer not indicate substantially reduced chancos of survival.

10.3.:1.5

Population modals

Model lifa=tcbles for fomale and mele leches ars set out in Tables 10.3
and 10.4. In sesking to understand tha dynamica of a populalion it ia
the life-tabla for females that is of particular interest.

Table 10.3 shows & mean mortality rate of 31,7% for all femals a2ge groups,
based on tha relptionship

q = 1/ £1 (Caughloy, 1966)

This compares with 11,4% in Banguwulu lechwe (Grimedell & Bell, 1975)
but essumed juvenile mortality in the Bangweulu population wce 25% (as
opposed to 60%) end thie mccounts for much of tho difference. On the
same basls & mortallty of 18,6% for all snimais older than one year is
indicated. The latter is the flgure ueed in estimating Juvenile

mortality from female:faun ratios in the field. Thiu compares with an

apparent mortality rate of 9,78 in the Bangwoulu Swamp (Grimedell & Bell,
1975).

It was not possible to wake direct moasuraments of mortality in the
fimld but thare were no indications of particularly high mortality due
to any of the major mortality foctors = predation, dissase end paracit-
ism, accidents and environmentsl stress.

Lechwe are vulnerable to & wide specirum of prodators on the Kwando but
no direct evidence of heavy predelion was found. There ls a possibility

that the high flood levele which prevailsd throughout this study may
have boen conducive to increased jJuvenile mortality.



TABLE 10,3: MODEL LIFE-TABLE FOR LECHWE FEMALES OF THE KWANDO
POPULATION, ASSUMING 60F JUVENILE MORTALITY

® 1“ dx qn IH 1‘lu ¥l m
(age)

0 1,000 0,600 0,600 i) 0 i

1 0,400 0,u36 0,090 o o o

2z D, 364 0,033 0.091 (1) 0 o

3 0,3 0,030 0,091 0.25 0,083 0,248
4 N, 301 0,d52 0,173 0,38 0,114 0,457
5 0,249 0,114 D, 458 0,47 0,117 0,585
& 0,200 0,065 0,325 0,50 0,100 0,600
7 0,135 dyudi 0,303 2,50 0,068 0,473
8 0,054 0,054 0,575 o,50 0,047 0,376
g 0,040 0,023 0,575 0,50 0,020 0,018
10 0,07 0,006 0,353 0,50 0,005 0,0&5
1 0,011 0,002 0,182 0,30 ﬁ.ﬂﬂﬁ 0,081
12 0,009 0,009 1,00U o o 1]

3.
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TAALE 10.4: MODEL LIFE-TAA OF LECHWE MALES OF THE KWANDO
POPULATION, ASSUMING 60% JUVENILE FMORTALITY

’EEGE‘J 1:!! d]ﬁ qH
D 1,000 0,600 a,600
1 0,400 0,036 0,090
2 0,364 0,033 f,091
3 0,331 0,030 0,091
4 0,301 0,057 0,189
5 D, 244 0,034 0,139

b 0,210 0,112 0,533

¥ 0,098 0,039 0,398
2] ,059 0, u30 0,509
9 0.029 0,049 0,655
10 o.,010 0.000 0,000
11 n,c10 0,003 0,300

12 0,007 0,007 1,000
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Lechwe neonates are hidden, usually on termitarla or mounds of vegetation
in or near the perennial swamp. When high flood levels force femalss to
the edge of the wetland it may well be that necnates are more vulnerable
to predation because they are left in more exposed positions. Evidence
in support of this suggestion is that on three occasions fauns were seen
lying up on termitaria that were conspicuous from the mainland. On two
occasions the fawn was eeeily caught by wading through shallow water to
the termitarium and simply picking it up as it lay flattened on the

ground.

Digease levels on the Kwuendo seemed to Ge spprecisbly lower than those
reported by Gallagher Bt al. (1972). Parasite burdens were generally
found to be low. The only external parasites found were ticks
(Rhipicephalus spp.) and thers were only & few of these on sach of four
{(4,7%) of the anizals examined. Ninelesn animala (B,35 of the total)
moally immatures, were found to have subcutanecus warble fly larvae
{Strobiloestrus sp.) elong thair backs. Cestodes (Tsenia spp.) and
nematodes (Setaris epp., Haemonchue spo.) were occasionally found, but
invariably in, small rumbers. Only ona animal was found to have an
infestation of schistosomas {E:hiatﬂaqﬁ; app.) in the liver, but it is
likely that a Fairly high proportion of the populetion is infected with
this parasite (Pitchford, 1974 and 1976). About 15% of lechue in areas
of low tsetse fly {(Glossina wmorsitons) density ere sublethslly infectod

with trypanosomos (Trypsnasoma epp.) (Drdger & Mshlitz, 197&).

All but the youngest animals are subject to varying dogrees of infoste-
tion by Paramphistomum epp. in the rumen and by flukes (Fasciola spp.)
in the liver. An incidental but interesting fFinding in this respect ia

that significently higher leovals of infestation occur in females than in
malos.

The ievel of rumen infestation in each enimal sutopsied wes rated onm a
scale 0 = 3 (0 = no infestation; 1 = i 1D1 parasites; 2 = - 1ﬂ2;|ranit55:
L 1D3+paraﬂitﬂﬂ}- Each liver was sssessed on & similer scalse

(0 = no infestation; 1 = slight; 2 = moderate; 3 = severe infestation).
The results of these sssessments are presented in Tables 10.5 to 10.7.
Tho sox difference in the degree of infesteation is believed to be releted
to differential habitat use - females using wetter aress than malos
(Chapter 4). 1In no case wes uneguivoval evidence found that either

rumen or liver infestation had or would have been lethal.



IABLE 10.8¢ THE AGE-SPECIFIC FREQUENCY WITH WWICH DEGAECS OF
INFESTATION BY RUMEN (Parsmphistomum spp.) AND
LIVER (Fasciola spp.) PARASITES OCCUR IN LECHWE FEMALES
All numbars in percentages.
0 = no infestation 1 = alight
? = modorate 3 = severe
AGE Paramphistooum spp. fapelola spo.
(ysers) 0 1 2 3 0 1 2 3
0=-1 66,7 33,3 - - - - - -
1-2 33,3 50,0 16.7 - - 100.0 - -
2=-13 12,5 50,0 37.5 - 16.7 50,0 33,3 -
3 -4 - 18,0 46,2 35,68 - 29,0 45,5 25,8
4=8 - 9,7 19,3 T,0b 3,8 19,2 34,6 42,4
5= 6 - - 12,5 87,5 6,2 12,5 3,2 50,0
6 =7 - - 14,3 as,7 - 17,7 23,5 58,8
? =8 - - -  100,0 - - -  100,0
B+ - - - 100C,0 - - 25,0 75,0




A .6: THE AGE-SPECIFIC FREQUENCY WITH WHICH DEGREES OF
INFESTATION BY RUMEN (Paramphistomum spp.) AND LIVER
(Fesciola spp.) PARASITES OCCUR IN LECHUE MALES

All numbers in percentages.

0r= no infestation 1 = slight
2 = moderate J = pevare
Parasphistiomum spp. Fasciola epp.

AGE

(yeezs) 0 1 2 3 D 1 2 3
0=-1 62,5 37,5 - - B5,3 16,7 - -
= 3 - 66,7 39,3 - 16,7 85,3 n -
2-3 - 75,0 25,0 - - 00,0 - -
=4 111 56,6 27,8 5,0 14,8 62,5 6,3 12,5
4=05 - 8o, 15,4 3,8 10,5 63,2 21,1 5.3
5 = 6 - 48,6 33,3 22,3 - 57,1 20,6 14,3
E =7 20,0 20,0 60,0 - - 75,0 25,0 -
T=8 - 25,0 75,0 - - 28,0 a0,0 25,0
B+ - - 33,3 66,7 - 50,0 - 50,0
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TABLE 10.7: YHE DIFFERENCES BETWEEN MALES AND FEMALES IN THE EXTENT
OF INFESTATION BY RUMEN (Parasphistomum spp.) AND LIVER
(Esscicls spp.) PARASITES AND THE SIGNIFICANCE OF “t"-TESTS
(Sokal & Rohlf, 1969)* OF THESE DIFFERENCES

% with moderate 1

% with little or to severs
no infestation infestation < 51'—’“:':
Parasnite Fale Female rale Femaln t!-.i."'nrnn::n diffarenc
Paramphistomum sp. | 66,3 17,6 33,7 B2,4 48,7 p< 0,007
Fasclols ap. 15,8 28,0 24,2 72,0 47,8 < 0,001

# The equation of Sokal & Rohlf (1969) for a "t"-test Involving
proportions or percentages is:

t " arcein |:|,I = arceln ;:-?
(1 1)
4./ E20,.B (~1 * n2)

Whara Py and Py = propertions/percentages of respective semples in
relevant category
nt and n2 = respective sample sizes

B20,8 is m constant
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Three cases of what were probably accidental injuries {one broken hind
leq, two dislocated cerpal joints) were noted but it appeared unlikely
that eccidents were a significant mortality factor.

ODne Factor whirh preveiled during this study, high water levels in the
swamn, may have constituted a source of significant snvironmental stress.
The influence of high water levels on juvenile mortality was indicated
above and nutzitional stress, cesused by a reduction in the area of
favoured habitat available to animals, may well have contributed to
additional juvenile mortality. MNutritional stress may aleo have
affected the fecundity of" young femalesa (Chepters & and ). The wavs in
which variation in juvenile mortality and the facundity of young females
influsnces the population's rate of incroase can be seen from the vayia-
tion in “rE" caleulated from life-tebles in which thaese parameters ars
varled.

Using the egquation of Ardrewartha & Birch (1954), r, values vere ralcu-
lated for different yearling and 2 = 3 year old m values., The lx
echadule in Table 10.3 and the ﬁx valuea of animsls . older than three
yearg ware held constant. Uhere yearling fooundity wes varizd on its
own, tho obrarved m, value for 2 = 3 year olds, 0,25, was used. Uhere
2 = 3 yepar old focundity was varled on its own; yearling nu WEs ZBFO,
a8 obearved in the field.

ine rosults of this exarcisa are fliustrated in Figure 10.1. This shows
that with the preveiling juvenile mortality rate (00%) increases in the
fecundity of young Temales are not on their own sufficlient to prooucs a

positive rate of increase.

Figure 0.2 illustrates the affect on rE of variction in juvenile mortal-
ity. Andrewartha & Birch's (1554} equation was again used to calculate

a ceries of = values for different rotes of juverils mortality, with -
the mortality and fecundity of other sge classes hold constant.

From Figure 10.2 it appears that juvenils mortality is the major influence
on r_ but clearly it is mot the only importent Influence. It appears that
with observed fecundity rates, the population would decline if Juvenile
mortality excesded 30%. Comperable figures for other populations are

49% for Kafue lechws (Grimsdell & Boll, 1975), 50% for wildebeest in
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figure 10.1: The relstionshic beiween yearling ond 2-3 year old
fecundity and the populstion's rate of increase.

= yeerling ocnd ?=3=year-old fecundity varied:

———— = yearling fecundity wvaried;

=ttt g Jed-ymar-old fecundity varied.

Juvenile mortelity held constant.
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JUVENILE MORTALITY

20

- &0l

The relationship petween the population's rate of increass
end juvenile sortality. Solid line shows Lrend wuith
pravailing fecundity rctes. Dashed line shows toend

when yearling fecundity is reised to m = 0,25.
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Zululand (Attwell, 1577) and 75% for nyala in Natal (Andersocn, 1978)}.
Obviously tha depressed fecundity of young animals in the Kuando

population does have an importent effect on L

This offect is illustrated by the dashed line in Figure 10.2 which shows
that whan yearlings ere given an w_ valus of 0,25 the criticsl level of
juvenile mortality rises to 40%, Further ingresses in yearling fecundity
gnd improved fecundity of 2 = 3 year olds would no doubt bring the
critical level of juvenile mortality into the ronge ocbserved in othaer
studies.

In the context of conservation it is of Interest to heve some idsa of a
population's ability to recover from a drestic decline in numbers. The
intrineic rate of increase “rm" (Caughley, 1977) gives en indication of
the maximum population growth to be expected undor a given sat of
conditions. Estimates of T wora macda essuming a8 3OE rate of jJjuvenile
mortality and an L valug of 0,5 for yearlings and all oldar animais
(the latter values having been obeerved by Robinette & Child, 1964, in a
captive herd of lechws). Uning Andrewartha & Birch's (1954) equation,
these assumptions yield an estimete of B 0,100.. If yesrlings are
allocsted an mH value of 0,33 (the value observed In the Tield by
Grimsdell & Ball, 1975), e S 0,08,

Thepe values suggest a population doubling time cf 7 = 9 years (Krebs.
1972). These raetes of increwse are neither unusual nor improbable for
lochwe. Grimsdell & Bell (1972) found that the Busangs Plain lechwe
population had been incressing at & rete which indicated sn r value of
0,131, or ¢ finite rate of increase of 14% par year. The coptive herd
referred to by Robinettsz & Child {1964) increased from 12 to 42 in

three years, implying a rate of incresse of 40%. Grimsdell & Bell (1975)
calculated a valua of B 0,265 for Banguweulu lechwe, & finite rate of
increasa of 30% per yser. Tha velevence of these figures is that they
indicats that lechwe £re capsble of rapid population growth under

favourable circumstencas.

10.3.1.6

Conclusions on population condition

Although the rate of increase calculsted from the aerial counts was ol
unknown eccuracy, these counte provided no support for the suggestion
{Child, 1975) of a rapidly declining population. Tha first Kwando
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survey (May 1975) found 1552 animals, the last (March 1972} 1907 animals
end a ressonabla conclusion to draw from the aerial work is that no
drastic decline of the population is pccurring. The findings in relation
to foetal development and physiological condition are consistent with
this conelusion.

Although there was no evidence of a drastiec population decline, juvenile
mortality appeared to be high wnd the fecundity of young females was
dafinitely lower than that of young females in other populations (Chapters
5 and 6). Populetion models suggesied that the combination of high
Juvenile mortality and rveduced fecundity in young femalas could have
resulted in a downward trend in the population., High flood leveils,
through their effect on mortality sand fecundity (Chapters S and 6). are
the likely explenation of any downward trend in tha population and no
indication of a long-term decline was found. The docline of the Chobe
panmant of the population is probably dus to direct competition Tor the
floedplein with an expanding human population (Von Richter, 1974). The
present situation on the Kwando appears to be a neat illustration of
Caughley's (1977) observation that "Should the decline be a conseguence
of reduced food supply or pocr habitat the diagnostic feature is a rize
in Juvenile mortality, usually coupled with a decline in juvenila

fecundity”.

10.3.2
Hatuqﬂhinlg Rate

This discussion will relate to only the Kwendo side because ground counts
did not extand to the Linyenti side of the swamp. Tha size of the Kwando

subpopulation will be taken &3 1651 animals, the mean of five arrial counts

A total of 59542 animals were located during the six ground counts, The
gtructuse of thiz sample was es follows:

Juveniles: 16,1%;

females over one year old: 45,9%;

gubadult males: 22,2%;

adult males: 15,68%.

In the class of all animals nlder than ona year the ratio of females:
males wes 1,21:1 (chi-squared with Yates correction = 44,331, pec 0,005).
When thies retio is compared with the foetal sex ratio it becomas

apparent that the sexes Expariannﬁ different rates of mortality. The sex
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rotio of foetuses that could be pasily sexad was 34 females to 38 males.
If four slightly doubtful determinatliens are sadded, thes ratio becomes
35 fenalos to 41 males; which is not significantly different Trom parity.

From data collected in this study the sustainable annual offtake would
appesr to be sbout 165 snimals (10% of 1651). MHowever, it would be
inadvisable to allow this offteke at present because almost the entire

of Ttaks on the Kwando is by eafari companies, which take only trophy males.
With this selectivity in mind, it it recommended that the annual quotas for
safari companies on the Kwando should not exceed 26 snimels (15,8% OF 185).

It would seem sensible to reserve the gqusts of adult males for the safari
companies becouse thueir velue as trophy animals is much greater than it
i as & source of subsistence. If the subsistence hunting demand for
lechwe on the Kwando incresses, which sppears to be highly unlikely, this
cen pcasily be met by allocating up to 76 licence® ennually for females
(45,93 of 165).

Supsrficially It may seem reckless Lo suggest any offtake from a
relatively small subpopulation of » species which has been classified
ep endengered in terms of the Conventlon on Intarnational Trade in
Endangored Spocies. Offtakes nave been sugoested both becauves they are.
in my opinion, safa am this subpopulation is part of a much lurger
regional populmation, snd also because thare is a pressing need in
Batswana to show economic benorite from wildlife consarvation.

10.4

SUNMARY

The purposes of trying to essess the stctus of the Ewende lochwa
population ware:

(a) to establish whether or not there was any substance 15 suggestions
that the population was declining rapldly;

(b) to determine sustainable offtake from tha populalion.

Ko direct evidence of a serlous decline in the population was found but
populativn models indicated that at provailing rates of Jjuvenile mortality

end of fecundity in young females the nopulation may have besn on a
downeard trend.

A low rate of offtake {26 adult males par annum) was recommended in view

of the very selective harvesting that cccurs at present end is likely
to continue for tha forseeeble future.
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CHAPTER 11

CONSERVATION AKMD MANAGEMENT

1.1

INTRODUCTION

The broad aim of the present study waes to collect information that would
fecilitate the conservation and management of red lechus in Botswana.

To this end earlies chapters heve outlined the ecology and behaviour

of the lechwe population on the Kwando. The purpose of this chapter is
to propoes a management strategy for lechwe in Botswama which is based
on the results of this study.

At this stage it is eppropriete, for two reasons, to think in terms of

a8 broad strategy rather than spscific and detailed management plans. In
the firest place, tha future of tha populstion is clouded by political
vncartainty . on the Nemibien side and unsettled conservation siabtus on
the Botswana side (the Kwando is proposed as & wildlife management araa
but this proposal has va: to be accepted by government). Secondly, ths
population has never been asctively managed and intonsive management is

at best a remcte future prospect.

In designing a managesont strategy fer the Kwando lechwe population it
ie important to view the management of thig population in the context
of the Department of Wilulife's overall management responsiblility. This
involyes more then 20 ungulate specics populations comprising one or

two million animals which occupy more tham 250 000 squers kilometres of
laid. The burden of managing this anormous resource is eggravated by
chronic staff limitations eno the sbsence of good roeds in mcat parts

of the country. Given the magnitude of tne tesk and the constraintz of
limited manpower and restricted movement it Is obvious that only very

limited managoment will be possible Far the forseeeble future.

11.2

THE DBIECTIVES OF MANAGEMENT

In formulating & strategy for menagement it seems logical to begin by
articulating the objectives uf management. This is important because
wildlife occupies public land and its menagement requires the expenditure
of public money, and unless the objectives of manasgement are clear, it is
difficult to judge whether or not it serves any wvalild purpose.
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The objectives of managing the Kwando lechws population will be decided
by the management euthority and my purpose hera is meraly to suggest what
appear to me to be reasonable and attainable objectives. Later sections

will outline possible ways of meating thess objectives.

It is suggeated that management ehould heve two primery objectives. The
firet, perheps self-evident, should ba the malnienance of a vigorous -
lechwe population in a stable and productive habitat. Other objectives

are obviously dependent on meeting this pnrecondition.

The second objective should be to etrive to maximize economic returns
from utilization of the population. This in extremely important bacause
Botswana has severe problems of rural unemployment end poverty and there
is growing inaiatence on tha justification of saitino aside land for
wildlife by proving that it can produse economic benefits for the rural

poor.

11,3
CONSERVATIDN OF THE POPULATION

The measuros Feqgulired to ensure the survival of & population depend on the

species involved and tho location of the population. Aspects of the
osoology of the Kwando lechws populoiion bthat require particular
conglderation in the context of conservation sre the status of the
population and the animal's habitat use, food sslaction and movement

pattarna.

11.3.1

Consideration of the population status

The stastus of the population neede to be considored becavse thers may be

8 nead to augment or reduce its numbere. AReduction cen be achieved rapidly
by some form of harvesting. Augmentacion can be achieved either by
introduction cf esnimals from oncther population or ertificial rearing and
subseguent release. The preosent status (Chapter 10) of ths Kwando lechwe

populaticn does not seem to warrant these kinds of measures.

Aerial surveys on the Kwande and Linyantl sides of the swamp indicate s
mean Btocking rats of about one animel per 12,5 ha or 5,3 %xilograms » ha.
If this stocking rate is extrapolated to the entire wetland ares in the
gyetem, a population of over 10 000 animals ia indicated. There is no
reason to doubt the viebility of a population of this size.
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There is elsc no reason to belleve that the habitat ia overstocked.

Certain areas; for exemple, thes intensive study erea, ere heevily used
but in thess areas grass cover is almost entirely of perennial species
which ere regenerating well, bush encroachment is minimal and there are

generally few if any indications of habitat deterioration.

To guard against overstocking it is most important thet s system of
habitat monitoring should be instituted, perhkeps elong the lines indicated
by Walker {(1976). A habitat monitoring programme for all important
wildlife arees ir Botswana has been proposed (YWilliamson, 197%9) and the
range of the Kwando lechwe population ie included in this.

Ta be in & position to prevent any serious decline of the population end
to utilize the population efficiently it is also importesnt that a
population monitoring progreamme should be ipstituted. Taeble 11.7 out=
lines a possible monitoring system. Ideally this would enver the entirs
gewamp and would begin as soon ae poseible with & survey of numbars and
distribution in the whcle area.

¥1.3.2
Hebitat Protection

An snimal's habitet oust provide it with food and cover {Lecpold., 1933).
Baceuse food and cover requiraments vary from epeciess to species it ie
nocessary to make provision for the particular reguirements of each
individual species. Two stages cen uczfully be recognized in sacuring
the habitat reguirements of & givon spocies. Firatly, there is the
peological problem of identifying the type end anount of habitat
necessary to secure the survivel of the particular specles. Secondly,

there 1s the problem of making and enforcing laws and regulaticns to
protect the hatitat so identified.

The tvpe of habitat required is determined largely hy food nreferences
and anti-predator beiaviour. The amount of habitat required is rfeter-
mined by the eize of the population and its degree of mobility. If a
gpecies migretes between widely separsted winter and summaer ranges both
must be protected. Migretory species will obviously require isrger
areas than sedentary ones.

In this study it wes found that lechws were almost exclusively grazers,
which appeared to select for new growth (Chapter 4). In respect of

anti-predator behaviour they were found to be refuge users EErnuk‘E;‘f iy



TABLE 11.13: OUTLINE OF A PROPOSED MOMITORING PROGRAMME FOR THE LECHWE POPULATION IN THE LINYANTI Suamp

PARARETER

METHOD

FREQUENCY OF OBSERVATION |

(1) Population mumber

Aarial survay

Annually (February/March)

(2) Population distribution

Aerial survey

Annually (February/March)

(3) Population structure

Aerial photographs/ground counte

Annually (February/Farch)

(4)*Juvenile zo-tality
|

Fomale:fawn ratlo From asclal
photographs/ground count

Annually (February/March)

(5) Physiclogical condition
of females

Fat indizes, carcass mass Index
from shot camples of not less then
than 3 animals

If population number
ghangoas draatically

(5) Fecundity of young fesales

Soot sample as in (5)

If population number
changes drastically

(7) Female growth rate
(see Chepter 5)

Shot sample as in (5)

If populetion numbar
changas draatically

® assumes that the ssasonality of reproduction will not vary greatly.

"9zt
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1976) which evaded predetors by escaping into shallow water and/or
emergent vegetation (Chapters 4 end 8). Observations on habitat use
(Chapter 4) showed s marked prefersnce for short-grass sreas adjolning
shallow watar, whars food guality was high and escape cover close at
hand (Chapters 2, 4 end 8). Obssrved lachwe distribution (Chapter 4)
was readily explicable in terms of these factors snd was relalively
stable, probsbly because of the relatively small fluctuations in water
level (Chaptsr 2). Seesonal movemsnts appeared to be small. On tha
basis of these observations it cen be stated with some conl ldence that
if arese of swamp and the adjolning floodplains are protected lechue
habitat requirements will be met.

Having esteblished what type of habitel lechws require it remalns to
determine the amount of habitat that should ba protected. This depends
partly on the minimum size of @& visble populaticn and partly on policy.
Once the requirements of thea smallest viable population sre socured,
how much more is sat aelda is a guestion of policy. My recosssndation
is that the entire Kwando floodplain from my intensive study ares
{known as Jamas Camp area) to the Selinda Splllway should be protected,
The animals contained in this mrea probehly cormstitute s visble populs-
tion.

In this erea there are over 1 000 lechwe and at lemst two territorial
breeding grounds. Judging by the history of the white rhino (Cecato-
tharium simum) conservation in Natal (Yincent, 1969 end 1970) » populs-
tion cf this sizc prcvides an adeguate breedlng nucleus to ensure the
survival of the populatiun. A population of about 1 000 rhino (which
breed far more slowly than do lectwe) in the Umfolozi/Hluhluwe Complex
is epparently viable and if anything difficulty haa bteen experisnced

with disposing of surplus anilmals produced in this population (Yincent,
1970).

The nature of the legal protection that should pe afforded to tiw
habitat is open to debate. WVon Richter (1974) suggests Lhe crestion of
8 lechwe sanctuary. This stop would serve ths purpose of protecting
lechwe and would also protect sitatungs and ensure the conservation of &
representative portion of & unique and rich scosystem. ODifficulties in
the way of this option are the need to secure Nemibian co-operation, the
lack of a precedent in Botswana for & single species sanctuary and a
growlng entagonism towards thoe creation of furthar protected areas for .



wildlife. The form of legal protection that is eventually given to the
area is a policy matter to be decided by the management suthority and
will not be further discussed here. The only further point that will
be made in this regard is that soma form of protection is urgently
neoded.

It is now virtually cartain that an attempt will be made to sradicate
tsetse fly from the Kwando. 1f this attespt is successful there is &
very strong possibility that people will move onto ihe Kwando floodplain.
Unless this movement is contrelled lechwe and other wildlife populstions
will rapidly disappear, as is now happening in the Chobe segment of ihe
population. The government has to decide whether people will be allowed
to settle where thay feal iike doing sn or whethar cettlement will only ba
tolerated in aroes that have been investigatsed and zoned for human
occupation. Unlows the latter spproach is Tfollowed any attempt at land
use plenning will be an cxercisc in Futility.

11.4

ATIN NOMIC RETUANS
In planning the sconomic sxploitation of a soecies it is necessary to
determing its monotary value. This varies with the way in which the
animala are marketed. Throe methods of marketing Kwanoe lochue eappear
foaslible at present. Thess metheds and ways of promoting tham are

discusesd below.

11.4.1

Hm—-gnﬁuul Uso
It is difficult to guantify the valup of a lechwe In the context of

gamé-yvieuing but this is not particularly important for the present
purposes. What ls important i{s that game-viowing ies & potentially
lucrative form of nor-consumptive wildlife use. Low volume, high=coast
camera safaris to ths Kwando, cepitilizing on the area's wilderness
appeal, should ba sncoursged ~nd assisted in all possible wayn. The
kinds of assistance that could be given include improvement of infra-
structure, creation of small “no-chooting" areas and disssmination of
information on the scology and behaviour of important speclies. The
latter is one way in which the data rollected in the pressnt study
could be used.



11.4.2
Cropping for Meat, Hides and Horns
The prevalence of foot and mouth diseasa in Ngamilend precludes the

egxport of fresh mest from the area. This problem and the remoteness of
the Kwando mean that the only lechwe products that could be readily
marksted et present are dried meat; salted skines and horne. In these
terms the value of the aversge lechwe (Table 11.2) is approximately
11=14 Puls, depending on the sex. This is made up as followst:

dried meat (ca. 9 kg) : P9,00;

salted skin 1 P2,00;

horne ¢+ P3,00,

On this basis the quota of 165 enimals (Chaspter 10) from the Kwando would
produce a grocé revenue of Just over 2 000 Pula. Because of transport
coets, profits from a cropping operation on the Kwarndo would probably be
very small. A detailed discussion of cropping is therefors uUNnNBCESSELY
but beceuse cropping may be more aconomically attrective in the Okawvango
Delte & few guidelines for hervesting lechwe, based on the results of
this study will Le suggested.

Cropping should not be ellowsd et certain times of the year. Stress
around the time of mating csn &ffect both conception end implantation
(Skinner et al., 1974) end disturbance mey lead to @ reduccd numbar of
copulations [Gelst, 1971). For these reasons there should be nn ahooting
during the peak mating sesson (Docember to april). Around the time of
birth, stress can lsad te abortion {Skirmer ot al., 1974) and lerge

scale dicturbances during the peak birth period (August to Hovember)
should be similarly svolided.

Where & populction is ssdentary rcpeated disturbance is undesirable,
Anter alia because it may ceuse animals to szbandon the area and will
aleo make harvesting morwe difficult es enimsls become more anmd more
wary. Areas in which repeated disturbance is particularly undesirable
ara the territorial grounds described in Chepter 9. In these sreas
high offtake by individual subsistencs or sport hunters should not

be allowed.

At present levels of managewont the numbers of each sex/sge class to be
ramoved should be in proportion to their contribution to the total
population. In the interests of high productivity excessive removel of
adult malos must be avoided (Lynch, 1974).
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TABLE 11.2: CALCULATION OF MEAN LECHWE MASS FROM GROUND COUNT DATA

Sex/age class Number Mean mass kg Mean mass x number
Juveniles 959 3241 J0783,9
Females >1 year 2727 65,6 178891,2
Subadult males 1316 63,3 B330Z,.8
Adult males g540 107,68 101332,0
TOTALS 5942 - 394309,9

Meen lechue mess = <2 Meen mass x number = 66,4 kg
number
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In tarms of condition and reproductive cycles, May would seem to be the
idesl time to harvest lechwe in northorn Boteowana.

11.4.3

Jrophy Hunting

The rost of & trophy licence provides a corvenisnt mesasure of the value
of trophy snimals. It is & minimum value as species like lechwe attract
hunters to Botswana and in this indirect wey gensrate further revenua.

At present a trophy licence for a lechwe costs 75 Pula. Thus 26 animels
from the Keando genarate an income of 1950 Pule. It Is very likely that
the cost of a trophy licence could he doubled without reducing the
number sold. This is en obvious way of incressing income from lechwa.

With one excepticn the guldslines for cropping should also apply to
trophy hunting. The exception le the duration cf the pericd in which
trophy hunting should bo sllowed. It is directed solely at adult
males snd could ssfaly be allowed between April and Owcember.

1.5

ONC ONS ON MAKA KT
The present scope for managemant le not great beceuss of organizational
and legistic conatrainta. Conssquently only modeat benafits from
managemsent can be sntlicipated In the nesr future. This le wunferturaete
because, although in Iinduatrisllzed countries wildlife conmservetion
{or preservation) is regarded as & self-valideting sctivity, in the
develeping world there is a pressing need for it to produce tangille
benefits. The enhancewsant of economic returns from wildlife should
bs a major preoccupation of managers in Boteswsna for tha foressuable
future.
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LUMMARY

Tha purpose of this study wam to collect date that would fecilitate

tha conasarvation and management of lechwa in Botswans. To this end
continuous fleld work was undertaken on the western edge of the Linyanti
Swamp from January 1975 to May 1977. Follow-up visits to the study
nron werea made in February/March and October/kovember 1979.

Water levela in the main Kwando channel were msonitored end it was Found
that thara woras two annual peaks in water levels. In order to describe
the vegetetlion of lechwa habitat 2 collectlon of plant specimens was
undertaken and an attempt was made to gquantify the abundance of important
plant sprcies. Grasses wppoared to be dominant in the aress moat heavily
used by leschwa.

Four methods of laboratory agn detersiration (tzoth sruption, tooth
wear, snd two ways of counting cesentum annuli) wera used to establish
the ages of a shot sample of 234 animsls. On the basis of the laboratory
age determination fleld ag2 doterminatiosn crileria werea astablished.

Habilat use was studied by Intensive cbeervetions along sn estaeblished
sircult sampling all habitats used by lachwe. It was found that thay
fevoured the escrtons bDetwoen tha perennial svsep and terrestrial
cocmunities. Observations on cistribution at tha population level
indicatad that varistlion in habitst use was not great and that tha
population was virtually sedentary.

Fooding style was studied by exsmining the stowsch montents of autopsied
onimala and by direct cbesnrvatlon. It wea found that lechwe ars pre-
dominantly grazers which sppear to eolect for new growth.

Food selociicn was swudimd by direct obsorvatiun end by examinstion

of plants in areas usud by lechws in terms of the method developed

by Walker(1976). Lists of plants takon by lechwe were produced and a
guantitative sssessment of the use of diifferent crass species was made.

Fat indices and a carcass mass index (carcass mass/body length) were
used to asseas variation in the conoition of lechwe and the possibility
of using liver mass as an index of proteln status wes investigated.

It was found that condition varied significantly with age, reproductive



gtatus and ssason and that liver mass showed promiss as an index of
protein status. It was also found that the fecundity of females of
all ages was affected by condition.

Theoretical Von Bertalanffy growth curves for growth in body mass,
body length and girth, shoulder height and neck girth were produced
for both males and females. There were strong indications that the
growth rate of females was depressed. Eguations to predict mess from
measuraments of length and girth were carived.

Females reaci.ed sexual maturity et over two years; lster than in
Zsmbisn populstions. Thers were indicationa that femalos may have to
roach 8 nritical weight before ettaining sexua) maturity. Lechws may
be polyoestrus, they were monotocous and Implsnted unilaterally in the
right horn of the uterus. It was estimated that females wers producing
young about once a year. There waro marked ssarnnal peaks in concep=
tiona end births. Nutrition wes balieved to be the major factor .
influencing Ffemale reproductive seascnality.

ln males spermetooenssie began at sbout 18 months, but it appeared
unlikely that successful reproduction occurred before about 4,5 years
of age. Possesselon of @ territory was zpparently esasntial for
guccessful mating Sy males. Thorse was no indication of a sexual cycle

in malea.

There were markod diffarences in the activity budgets of different
sex/age and socisl clesaes. The activity patterns of lechws were rather
complex and the simple modal of peaks of activity in the early mornings
ond svenings sppeared fo be inapplicablc. It was found that there was
normally & clear ecological separation betweon lechwe and mpost other
ungulatas but that this broke down during dry perioda. Lechwa

appearad Lo rely mainly on visual and suditory detection of predators

end made use of shallss water and emorgent vegetation as escape cOver.

Lochwe social behaviour was found to be aimilar to that of othsr
Aeduncinae. Social organization was besed on a territorial, polygemous
mating system. ODifferences were found in the expression of territorial-
ity in Kwando and Kafua lechwe. These differences were probably -
related to different ecologicsl and demographic conditions.
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Data on population numbers and density were obtained from aerial
surveys. Three different methods were used to estimate juvenile
mortality. Data on edult mortelity and on fecundity were obtained from
the shot sample. From data collected it was concluded that, although
there was nc evidence of a drestic decline in the population, at
provailing rates of juvenile mortality and fecundity in young females
the trend of the populetion was probably downward. This was balisved
to be & temporary trend associsted with the prevailing high water
lavals in the system.

On the bapis of the Tindings of this study 8 strategy for tha conserva-
tion and management of lechws in ihe Linyanti Swamp is proposed. This
makes provision for Rabliat protention, population monitoring and
ganerating economic reaturna from tha population. ([t is suggested that
tha enhancement of economic returns from wildlife should be a major

preoccupation For manogers In Sotawana.
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SYSTEMATIC LIST OF FLANT SPECIES
(The systematic order of femilies follows Biggs (1979))

N Rma

RICOTYLEDONAL

Moracoam

Eious burkei (Mig.) Mig.
flcus sycamorus L.

Polygonacoas

Oxygonum anlatus Burch.
Polygonym pulchrus Blums

Amnraniherpae

lgh:;nﬂlhu- pepera L.
Aervs leucura

Nyctoginacens

Lommicarpus africanus (Lour.) Oandy

Nymphaecoae
Nymphsoa castules Sav.
Febacoas (Leguminosce)
Hfimosoideas
Acacie sriolobs E. Moy
Acacip fleckii Schinz

Acacis hebeglada OC, -m.chuhunm (.0.B.Mi11) Schreiber
Acacis M Engl.



Acacis nigrescens Oliv.

Acacia tortilis
Albizia versicolor Welw. ax Oliver.
Richrostechys cineres L.

Cassalpinoidas

Bauhinlas macrantha Dliv.
Lolophospermum mopane

Papillionzidoas

Indigofera astraglina OC.
Lonchocarpus capasea (Klotzsch) Rafle

Lonchocarpus nelsii
Peltophari=m africenum Sond.

Seabanis bispinosa

Euphorblacese

Croton megqelobotrys Muell. Arg.

Rnacardlacoae

Sclerocerys caffra Sond.

Rhasnacene

*"'iﬂgl‘u.rl mucronata Willd,

Tiliscoan

GCrewlia Bpp.

Malvaceas

Abutilon angulatum
Hibiscus calyphyllus Cav.

Bonbacaceas

Adansonia digi tata L.
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Starculiaceas

Hermannie angolensis K. Schum

Guttifaras

Garcinia livingstonei T. Anders

Lythracoas

Nesapa crassiceulis

Nesssa radicens
Combretecezs
Cembretum hererocansse

Combrotum imbarba
Tarminalinm sericea Burch, ex OC.

Ebhancaas

Diospyros lycoides Desf. subsp. lycoidea
Diospyros mespiliformis

Euclea divinorus

Pariplocaceas

Tacarzea apiculata 0Oliv.

Agclepiadaceas

Gomphocarpus rostratus
Orthanthera jasminiflora

Boraginaceae

Heliotropum ovalifolium

Verbenaceas

Lantana anoolenais
Phyla podiflorca



Labiatas

Leonotis pepati
Campanulaceas
Lobelis pude
Solanocone

Solanum parduriforme

Scrophularisceas

Ramphicarps tubulosa
Sirige ssistics
Striga blleblata

Bignoniscoae

Kigulis sfrirana (Lem.) Benth.
Lentibularaceas

Utriculeris op.

Acanthaceas

Monechme debile (Forek.) Nees

Comporltan

Bidens schimpar! Schultz Bip.
Eclipta prostrata (L.) L.
Midorella resedifolis
Pluchea lsubnitzias

MOROCOTYLEDONAE

Typhaceaa

Typha latifolls



Potomogetonacens

Potonogeton thunbergil

Palmse (Arecacess)

Phoenix reclinats
Hyphaens sp.

Commelinacese
Lomimlina imberbis
Liliscess

Cloricsa superba L.
Agevaceas
Ssnseyieris ep.
Amaryllidaceas

Ceinus BHI!I.HL_I.]._.I_ Bak .
Haemanthus multiflorus Mort.

Poscese -~ GCraminesae
firyzeas
Dcyza longistaminata

Leezsila haxandra

Arundineas

Phragmites sp.

Aristideaon

Aristida congests Henrard.
Aristida lnridlg}g;i!
Aristids pilgeri Henrard.
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Stipegrostis hirtiglues

Eragrostidasas

Dectyloetanium aegyptium

Eragrostis echinochloidan

Eragroetis lnampsna

Ersorostis pallens

Eragrostis superbe

Eragrostis trichophora

Pogenarthis sguarrosa

Irichonsura grandiglumis (Neea) Ekman

Sporobolene

Sporobolus inclsdus (Trin.) Neee
Sporabolus spicatus
EE[‘I]E].HI BD .

Chlarideze

m gayena Kunmth

Chloris dactylon
Panicess

Panicum coloratum

Panicum dregeanum Nees

Ponicum maximue

Panicus repens L.

Sotazis sneeps

Sataria gphacelata

Sotaris verticillata (L.) Buwauv.
Eghinothloa stagnina

Brachisrie deflexa

Brachieris durs

Brachisria humigdicols
Paspalidium platyrrhecis
Paspalum orbiculare

Sacciolepis typhura (Stepf.) Stacf.
Bhynchelytrun repens



Andropogonnns

Ellonurus srgenteus

Elionurus trapnelll C.E.Hubbard
Hessrthis sltissims

Heteropogon gontortus
Sorghastrum friesit (Pilg.) Pilg.
Vetoveria nigritana

Vosain cuspidata

Inperator eylindrica
Miscanthidium sp.

Cymbopogon excavetis

Hyperthelis gissolute
Schizachyrium loffreyail (Heck.) Stepf.
Trachypogon spicatus

Andropogon eucomis

Arundinallean

Tristachys nodiglumis

Zoiesae

Parotis patens Cand.

Cyperacess

Scirpus rogersii
Scirpus uninodis
Fuirena pubsscens
Fuirena umbelists
Fimbristylis ferruginee (L.Vehl,)
Fimbrigtylis sp.
Cyperus articulatus
Cyperus denudatus
Cyperus longus
Cyperus papyrus
Mariscur sguarrosus



Rhynchospora holoschoanoidas
Clediun mariscus

Juncacman

Jungus rigicus
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