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placed into the sams tubo as the imezines. Emergmnce had usually
consed vithin tan secks of oollection, On cessation of amergence,
tanks wore cloarod, cleansd and rofilled, Tho water vae than allowed
%0 mature for approvimatuly six woeks hofcre the next sampls was plread
therein,

The five hydrophytes sampied runcted dif erently to Leing placed
in aquaria, which were positloned whero thay seore in lirect sunldght
for up to five houre each dny. Copntophyllun demergum end Ligake-
siohan Aldeifelius ppearet not to Mo affoeted, ! plants woro as
healthy at the cessaticn of emorqonoce s when orizinally placed iato
tho aquaria. Salvinla suriculats, mn the other hand, usually dJetars
Jorto! and was attacked -y fungus so that within five woeks of collee-
tion they ha' turnsd brown, althoush thnre appared to be 1little diffore
mce in the submaral part of the plant. Potaporoton pualllus initie
ally ronste! well 4o the aquaria, but within throo weoks he' begum to
Auvelop a heonvy growth of periphytic eiigee. Pour to {ive weoks after
baing placed in an aquarium this orowth appeared to inhibit the plant
which wns usually reluced to a few strands by the ol of the cmorgance
portal, This 'id not, howover, sean to inhibit the insoct population
which emtinuel to emorse up to tho tenth wesk, Much the same sort
of ronctlon was eliclited in Chars spe from the riwor poolae

Ho altorative to this mothal was practicsble oo crasidoration of
the other commitmnts of the projoct, Varicus worknosses are immedi-
staly cbvios. These aret
1. That definits oorrelatimms betwean {marings and auvias wore SomMe-

timos cbsoure! hy multiple omergence, Tils A40fioulty was largoly

eancelled by carlisr or later emergences of ladlviduals of the seme

aspocien.
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2. That cortaln specios eould he mors greatly nffected by conditions
in the polythano boz while in transit, Samplos were exemiaed
sarefully shortly after leenating into aquar . and although
oceasionsd doal sposimens wore found!, the vast majority of the
popadstion appeared to survive this poriod. Smnllie~ lood apsole
mens eould, however, lave osoaped notice. ioctual fn mitu sample
tny woald thereforo zive a botter cstimate of the populntion «ise
and emstituents though these lack nseuracy aamowhat at the
specific leval, Comstituents ce.imabed Crom amerzenco in the
Jaboratory woul? therofore be moro ascurato nt tho a;ecific level,
hut lass accurate with roparl to quantitntive catimntionas

%, That the final, emerred, svotor of the population woull bear
1ittle ralationship to the criginnl semple after anclosure and the
affocts of prolation. FPurthemmore, an fmportant aspoct of pro=
dation, by fish, is remove!l antirely from the nopulations The
offocts of enclosure as such could havs had, it 1s suziestod, far
loss offoct than tho con’itions while in tranait, boarins in mind
the ralative size of the insscts to the aquarbhm, The change in
the situstion reganiing prodntion couldl bave srofound offects on
the oririnal samplcs For thesse rossms my sutimates of seonsonal
sharges in the popmilation oonstituents or numbers Coriveld from
brecding tanks must bo rogarded with eaution. This is also true
for ostimates of tho ovePall spocies constitution of tho various
mibatrntes and the relative lensity betueen substraies, all of
wh!ch ean anly be tsgaried as sonl Af enfirnatory of fo AlMM
larval sampl iag. (b Lhe other hend, 1t is thought that ostimates
of substrate preforamoce for any single apoclos basod o relative

amorganco can be rezanis! with conf'ilancoe.
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T4 1a onsitered that zcbust predatory ghups much as the Odmata
are loss affocte! iy the above treatment than othors, and cstimates
~f the ori.inal popdation hased on emergance results can therefore
be treatol with greater confilance, Furthormore, in the same vey
that ithubempmmodthatmmunm, as the peak fish
prodatar, can be tsel tc assass relative changes in tho fish population,
80, it 1o suggosted, can tho dragonfly nymphs be used to nasass relative
~hanges in the aquatie larval popalation, being tholr major inscet pro-
astor. For those réaschs the amorgmnca Aate, have bean analysel oven
thouzh tho eonclusions roachod must be rogarded wvith cansidorable roseRs
vatione

Tabla 9,19 shows tho syecific compositian of all omargoncese A
total of 225 omerzonces of twelve apoclos cocurral, 70% of which were
Zygoptera.

TABIE 89 SIECIES SMERGED FRUM ALL SUBSTRATES 4D THEIR RELATIVE
IMPORT/NCE BASED ON NUMBERS EVERGED

. NOMSER FRACENTATR
ART3OPTERA BERGED OF TOTAL
1 0479
50 28,02
1 0u7%
1 0479
1 0479
1 ouTe
1 0uTs
Hembe 1 0uto
a 32,86
22 17047
s o186
23 16.26
Tral: 16

SRITTE SUITABILIY
Pigura 8,7 demcnstrates the relative prolvoticn of (donata vy

the vardous substratas by comparing histozramically tho mean mmber
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of ewwrgunoos por samplo, anl Table 8,20 olaborates on these. The
spocles omposition of the substrates are tabulatod ir Tebls 8.21 ad
figured in Fige 8,75,

logarcalohen and Copptontnidup woull seam clearly to maintaln far
lamger dragonfly poalations than the othor three substrotes avallable
at that time, snl thore apmears to be 1ittle diffurence betuoon these
two substrates o those data as wolle

TASIE 8.20 THE “LUATIVE PRODUCTIC AND NUMPLR OF SPECISS FOUND O

EACH SUBSTRATE
MEAN NUMBER OF DMLGINES UUMBERS OF SPECIES
SUBSTRATE PLINT EMERGED/SAMPLE RVERGED FROM ALL
Nos, %

dalvinin 0.6 1,88 5
Sarghophdaun 12,0 57,56 ]
Petanozeton beh 13,77 7
Logaroadohon 1340 89 [
Charg 240 426 2

TOTAL/MEAN ¢ Cod 12

Whoreas Potamoretan woul!l eppear to boe loss sullsble than Corato-
phvdlus or Lazaresiohop from the viewpolnt of wumbors of nymphs maine
tatned at any given time, a slihtly lafrer mmber of spocics emorged
from it than from the latter two, Furthsrmore, those wore fumd ¢
ba moxe equally distriouted between species than Capntomaldam o
Lecareaichiny in eack of which a preponlorance of two snosivs was
for 1, omstituting 68,41 of the uragenfly population in the fowmar
and T4e28 in tho latter, cne of wiich (B. ssasadeup) ves comm to
octt, Salvinds and Ghum, vith aniy threo snl two spocios roopocte
tvaly, showod a seaming look of suitab{lity in this rospoct nlsce

8.1.2 Sussdes lapertaice snl JAtEiubla
Single speoimms oly of the following sevan spocios omorgedt
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Toithends hagste Ris from Lazorcsichan: Urchbends asalmats Selys
anl jgthrianaots xeals Kitby from Salvinias; Orthetsum Sxlnagels Selys
from Comubortvllups  Seacuthens - ervihrags Bridle and gk Juparakar
var guriolammua Renb. from Potamcretcns ¢ Lrthonls arterogn Bum.
fron CLadge

The most mumercis speoles wns PqudacrAch massaleum Sjost. (52.6%
of total smorrencee), which showed vury much tho sam: logree of profor=
ence for Coratoptwllun se for Lagarosiphgn frem which substrates 98%
of this specios omorgels Tho specles would svom therofore, to have
ofthor ohesen or succeoded (n & rather narrow substrote rango within
which it appoars tc have boon vory successful ot the time of sanpling.

Tho noxt most mmorcus spcoles, LrAttonds samulabg fesuve (2848%
of total cmerrences) emorzed fram all substrtes samplel, but showed
a definito preforsnce for Gorabcptulug, from vhich 65,55 of nll amer-
sanoes cf this spocies tock placos

Pagwlazricn mublgup Sedvs md Laohnurn smesaianady 'ambe were of
oqual mmerloal im:crtance (17.5 and 18,31 rapootivoly)e Nelthow
amorcod from Salvinds or Shogpg, but vhoreas B pubioun showed a marked

proforence fo- Lozar-aioha (55 of omor;onoed), j. aeGecchanals seumod
%o show a rroater proference for Laratoplivhle (524 of amorgencos) and

to a losser oxtent Pgtamczotam (30.57) on whioh substrato 1t was the
sinsle most important svecles (328)

Only throo emergencss of Pe plaoixlmin crourved, fron Coraboohvllug,
Potancceton ! Lagaroaiohon. There voul! soon to be thorefore, sumo
indisntion that the species i potentislly ublquitoua, ut as 1t only
oocurred in the final sampio, and hal scardngly only rocently inveded

tha ares, no owaclusions say bo drawn.



8:3.3 Sssacmal yaxiatia

Tho lata prosented in Table 8,22 anl Flmre B,71 an! §.7¢ indicate
a marked incrcase in the dragonfly population of the aguatie plarts
durin: She course of sam-ling, Hoth in mmbors and specios, This Sne
srenso woul! scom not to be assoointo with seascnal chmret, for the
regulta obtained in Febyunry 1087, mn! Fahruary 1068, are markodly
differant, 4 ndch rate of mortelity in 107 camnot explain this
Aif feronne, bearin (b mind that inepection would have undoubtedly
revielel A mortality of this ragnitules Somo of the Aiffermos mugt
havo regultol from the | duckion of Locarcsdphan snmpling, »ub
this voul? not oxplain tho ineronse . omorjonce from Corpkeophvilun
{Fi.. 8,70)s  Should the inorvase cbrorved not have heas lue to
saplin: orror, as seams likoly, ths only altermstive oxplanation ie
that the increase in irngonfly mmbors ramultel from o wiburation of
ptabilisaticn of tho envirorent, It sooms improbeble that, in a
sintlo yoor some tan years nitov .lesura, [ake Kariba fauns shodd
ur oy > mach atartlin: chances, unless thoso changes could be attributed
tc najor envivonmental Aiffrences. It has Yeen shown that theas
coourrel at the time in tho aquatic hplrophytas (Chaptor &)e  Briefly,
isclatod individuals of heth Jopatoohyllu ond Fobamgeekep wore fond
to ceeir {n November 1988, an’ were wall catablished in isclated large
stanly Yy May 1967, when the siomyd sordes of asuplos wore placed in
aquards. Tho situstion wae mpohanged by Suly 1967, vhap the third
sories wers taken, owoeh for %he apponrence of a slngls larve stand
of Lbarcatohsn which was samplal for the first timee Thoreafter
lacaroRizhan $ncrensed axponantially, replacing samo of the Saanbe-
il snl nearly ull tho Pohamogatan so that the Jattor hul virtually
a d by Novembor 1988,

PE
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It would thorefora seem 1ikely that the increase and diversifi-
cstion of drogenfly nymphs is associated with tho inorease in cover-
age anl diversification of the aquatic plants. There arc, further.
nore, indicaticns that the increass of the ovorall nympha? population
was not just proporticnsl to the inerease in subgtrata, but wvas more
of a logarithmic nature, for as the plants incrossed, sv did the nymphal
population per unit plant. The me.rked inorosse in emergemre from
Gerntophvllup and Logarcsimtch, and docrease in emorgences fron Polaio-
gatkan botwoen November 1967 and 1968, when camsidered in the light of
tho dynamics o” the plants thomrelves indicate, portiaps, thai the reverse
of this cbservation is also pessible. Namely, as the substrato dimine
ishes, 50 doos the fauna per unit mbstrata, The lack of emergences
fron Lagaregiphap, when initially sanpled, also tonds to support this
vieu, though this could have bean o sonsonal effact.

The gmoral oconclusion vhich may be drown fran this, subject to
the reservations mentionod earlier, {a that the odmate fauns may aly
wtilize a habitat in full once thie habitat 1o widely entablishod.
Alno, nt same critical stage in the aimirution of a substrate, utilise-

tion by nymphs appears to decrease rapidly.

8.1.4 Rlaqussisn
Tho lask of knowledge of the aquatic immatire stagon of tropical

fnsocts leads ane to suppose that the mothod dasorived oould be of
value in assessing acourntely the speclos composition of varicus wob=
strates, once the te hniquo has been perfected, With further porfeo=
tion the dynamios of these specla could be ascertained with samo con-
fid-nce.  Inacouracy inherent to the methad arise: fram (1) the A1ffi
oulty of cbtaining accurete quantitative samplos {i.0., replicatic
problans), (13) possible mortality during transposition from a natural



%o & loboratory anvironment, and (i11) changing the predatory regime;
and 1% 18 thoso fnotora which neol! to be overeamo, The flrst s
oamnon to nll nonerelative quantitative sampling, the secend ean be
ovorcams with oare and 1t waald bo nescssary, hy comparison with
natural populations with the use of emeriance tmps, to try and nacor=
tain o onstant for the third,

Should the tentative ocuslusicne drawn resnrlin; the dynmales
of tho dragonfly vopulation in rolntion to tho 1ynamics of their sube
strato bo true, scmo riascn or reasons for this phoncmenon must axist,
It oould be dus oither to the inerensed or lacroase! protection fram
prodation by flth, or to the cvipusitlonal behavicur of siulte, In
the first instance, wat->llshel woed bods aro extremely ‘onso, wheroas
froo nccoss to fish ts glven to most plants an indtind astablishment
or vhon tho vo etation type 1s on the wano. The in’lontions nre,
howover, that thls 1s nct the majeor £octer, for vhem Ectogorotcn was
bein~ roplace! by Largrogiphon in Fobruary 1068, thoe protoction offured
by verstation lensity was relatively constant, yet the Jdonata on Pobae
nezotan appanred to Joorease rul-tive to othar substratass 4 would
thorefore seem possiblo that the ovipositional hehaviour of adults,
1inko! with the svnllability of suhstrato, rosults in the rhanomandne

The question which also artses, linked with ovipogitional bohavie
our of ndults, 183 are tho miults sclective for spucifio plmntas or,
altemmntively, are the e7:s 1lald haphaganily on .ny typo of v oiatiom
anl the seloct an for spooific mubstratos, seaminily appnrat in these
results, 1s in fact duse to tho survival of sertain spocios in cortain
subst~.tos ns a result of o' forences in nymphal sdaptatione? It
18 ponorally accepted thot the Ouunata soem to be innately baund in
their behavicur nsscelinted with ovipositing. Cortainly sose spocles



ara, bu’ whother Shere 18 en sctunl shofce of spooifis verstation and
ack Just n vesatation type (L.e., mimerced aquatio with tholr tips
protruiln; fram the wntor) 1s #4111 m cran question. (m the basls
of these resulte, Irithends apnulaty woul! seam to show no specifie
salactivity, yot the Aifferances in listriution of Reggudocrlct mossod~
S, Paqulocrion mabioup vt Iaotmurs aehocslonals which are nil Iimge
tel to threo plant srales, but in 1ifferant proportions, ~u1d indlente
ALl ncoe in ovipositional bohaviour, an? solection townrls spesifie
plonta, Yot equally, ovipositiom eoull be Uric! uith o ve atatian
typo and the differonces in distri’uticn result from sclogbive nyaphal
survival,

842 buld Collogbions anl Thedr St ndlicance

Collootion of ~lult and reocanizable nymphal mrterinl in the seme
ares, inclusiva of Yred-cub spocimans, yleldal 20 spocles of which 12
have beon found to utilize tho aquetie nlant subatrato,  Ls yet the
nyrphal materi-l froan benthic colloctions has not boon namad, ut 4%
ia known that tho nym-hs of Porgoorphug hocand (Selve) mnd Logtifomemm
ohue airlemoug Froser hurros erder the sandy bottoms of the river pocls
an? that tho formor {s particularly mwmorousy thu larre myuphs of
Iatdoaromehug fapgr famb, are oryptlc an' slowmevin: anl ara usially
nssceiatod with letritus an +lo hotton of hoth the siver ~ccls and the
lake; ond the long-luziel nymphs of !aardnds pesipag 1o Rol and posaie
bly Moaraais phats (Hewan) are also banthie and favour the river pucls,
Thus of tho 28 spociss colliotel, the h-hi¥at of tho rymphs of elovan
of those 18 not as yot mown (Tnble 8,25},  The low Fruquency of eners
gance of some of tho brodecut mat.ricd from aquatio ve-otation cuwdd
be m indiontion that theso arc nod Llead oubstr.tos for thoso sposies
and that optimum conditionn are to bo found elsewhere, thawsh this is



wore likoly to be a funetion of the small sizc of samplos tokes.

T4BIE 8,28 LIST OF SPRCIES PRESENT .7 LAKE KiRIBA WHOSE NYMPHAL
HIBITLT IS UNRHOWN

Serdozrien claboag Bume

Srthetrp olavacatdong Bum.

fxthotrun Lodgun Lonife

Omthotrup stommale kolod Lonsf.

Palpenlours Jucls Drury

brachvbhonds Jaguptrls Kirby

Brachythomls Jauocgtigta Bum,

Gagenyx korrddp Kirby

Pontalo flaveagong Frasor

Urgthomis gdwardsd Selys

Balinsky (1067) male oxtansive cclleetlens of cragnflics before
Kapribe aam wns closol, during flecding and aftor £111in~ in 1965, He
collogted 42 Uffsrant apoclos an'! a doerenso wmas found to coour in
tho nuobor of spocies prosant durin: the formatlon of tho lako.
Thirty-two speeles vera presunt on tho banks .0 iho Zanbosi Rlver,
2 wore sollectal Jurin: flooding wnl 24 wore ecllictol! aftor £111ing
in 1085, My own calle lon of ima7incs, and thoao ralluetod by PoRe
idpy are only portly comparablo with Balinsky's romits for our cclloo-
tion lncludod the river and its pocls and were madlo tarow-hout the yoor,
md any ehanges of famna during maturntion aculd bo maakod by this.
Soven species have ceourred in cur colloction which were not

foun! by Balinsky. These include Pav.lnuride massaleur which 1s
now rolvtively cemnon and must have iovnled reeantly. The inorosse
in omergence of this spoeles during the scurse of sompling would ine
dicato that P. pogaalou's invasion was olosely Linmkod! with the
developmant of submerged aquatic hyldrophytes !, alsc, the unsuita-
bility of Salvdids a8 o substwato for this spocios, Srthotoun falam



.

Long?, bed aleo uppeared since 1965 and 1s found alang the lake shore.
Txishasds hosote Ris. md lgthirigmouts resls Xiroy have boen bred from
squatic vegetrticn samples and wore vury rare during 1967/1988, Only
the nymphs of two further spacfes not recorded Ly Bulinsky we-o cdlleow
ted, that of foptinoxomphus sltionaus Freser and fpsx foperqkor vars
Rerdddanng faob.  Zygenyx Sorrida Kirby was nlso callacted for the
first timo in the ares, but is understandably not in Balinsky's colleos
tion 8s 4t appeared to be pursly riverine,

Five further specie: ccllected by us ware faund by Balinsky before
and during flocding and not thereafter. These wore Palpotleura Jugla
{Drury), Pamsgophias hugmd (Selys), Magronis pists (1) (Hogen),
Urcthamis edwabugi (Selys) and Jgntads flavescens (Febr,), A1l these
apeclies were call ‘ctod by us along the river margins, so in tha light
of Balingky'ls fio'7ngs wold seam to bo easentially riverine.

Six npacles wore collecte? by us in 1967, and by Balinsky atter
the formation of tha lake. Theso were Pagudagricn miioup Selys,
Jotlneegmptue Cerer {7 0.Y, Siabotne Jteunale kalat Lenzf.,
holagic seookxoider asgalasholden lamb., Ctygothomds sxythrase (Brulle)
md Hagraals regiasg 1o Bol, so that it would seem thni theso species
are atle to utilizs the lscustrine envirammant. Balinsky (1967) hae
sugzostad that the appoarmoe of the previcualy rare Pgeudagrion
aublou wns alosaly linked with the explosivo development of Salviple
and that it uti)ised Splvinda os o nymphal substrate. Th.. may well
have boen the came prior to the development of the rooted macrophytes,
but 1t would seem from breeding results thet Pagudectian Gubigum defin-
ftely preforrod the latter as a mubstrate,

& further ten spocloe found by us vere found in sll Balineky's
ocllections. The indication wauld theorefcre bo that those spocles



are sble to talcrate widely (ifforing nymphel envirormonts, Thoy

aros Gardacri glabrur (Bum.), Ragudazziss adssximm Pinhay,
Iachourn asoagalenge Ronv., Spibetom shrvactdaps (Bumm.), Qrthetom .
srinacria (Selys), Bragvihauds lagustcls (Kirby), Dmghythenls dqueo-
sticts (Burm,), Irithemis somulata (Boouv.), Irithomls grioricsa (Burms)
and Urothonis asgizuala (Selys).

Nine spoclos wore found by Balinsky in 1985 ond wore nob colleotad
by us, This 1s insufficlont in 1tself to suzrost that theso species
are dying out ns the laks m-turoe and further cclloctions will have to
ba mnlo beforo mny conclusions may be lrim.  How ver, o further thire
teon specics wero ccllsctel by Balinsky hoforc anl durin: flooding,
but not ~fter tho lnle 's fomation, anl 1t would seom that these hnve
not Seon nhlo to ntillse tho loke aftor its formntion, s thay wore
not colloctal by us.

I mn extromsly “ratofal to Profosscr Dre Rels Balinsly who identi~

fied the individual emerged Gdonata.




CHAPTER 9
TIE.FISHES 5 DISTRIROTION DN THE LAKE 4D RIVER
1. TIES (F SHELRY

Hand nets, selne nets, fish polswms, alectrical gear, traps and
gillnets vere used to sample {isher, the latter method being the most
froquent and regularly used to sample the lacustrine portion of the
study area,

1. Hend Nets

Fand nets were used irregularly to capture juvenilo end small
fish spocies, partioularly in assoclation with vegetetion, Thay were
also used in conjunction with rotenone and electrical goar.

B, § &

4 % metre long by % metro doop seine net .ithout & cod and with
relatively fine mesh (15 mm stretched set by the half) wes used ex~
tensivaly in the riverine pools, usually in conjunction with poisoning.
It wns not possibin to use this net in tho lake due to the lack of
dlear pitehos,

5. Pieh Polam

Hotanco, at a concontration of 2 ppm, was used to samplc tho fish
populaticn L She riverine pools during the dry sosson, The usual
procedurs was to add rotencte to a poul until the working concentras
tim was reachod and thon collect surfacing fish by hand nat unbil
surface activity ceased, The pool was ther soined ropsatedly until
tho oatuh was reduced to a fou fish, In the rouky pools o certain
proportion of fish wers not collscted, as vitnessod by suteequent
surfasing of patyafied fish, Fish could be cleared easily from
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those pools without snags however, such as Surprise Pool and Champs
Pool (the pool ut the head of the Champs Blysees).
4 Rleghxical Fiohing

A portable AC/LC genorator, delivoring both 110 and 220 volts,
was conpled to varins electrodes in an attempt to callect fish by
shocldng, Trials werv undertaken =nt the most effsctive eambinaticn
was found to be 110 volts D2,  Although the method was used o oral
ocoasions in the river and the highost point of dackflocdin- by the
lake and produced scme intorcsting juvenile fishes, it was famd to be
both daigorous and cumbersome in goneral use and was usatiafsstory
in turbid water, In the latter instance many fish wore lost befeove
they oould be notted.
¢, lrans

Three traps approximatoly 1.2 x 1.2 x 1.5 m, covored with 2.5 m
wire mosh and witn funnel enirunces, were used in the study, both
Laited in statio water and in owjunotim with rough stone barrier
ymlls to capturc migrating fish in tho flowing river, during the
lower flow puriods.
6. Gilluets

Gillnets wrv uged axtensively in tho survey. The standard not
used was of a "mltimech® type and the dirensions when sel wnre
91,5 m 1long by 2,1 m deap (100 yards by 7 feat). Netting vas mounted
"oy tha half" (e.g., 10 m strotched mesh mounted to 5 m hoat and foot
ropes) and was camposed of 10 panels 9.2 m long whan eet, the smallest
mosh being 58 mm stretehod, inorcasing by 13 mm (4 inch) inoremerts
0 150 am (& inches)., Some nets wore balanoced o fish cu the bottam
and others at the surface, Surface snd bottom nuttinge wore alweys
oarriod out simultanecusl:- at sny station, axoopt ln uater shallower
than % m vhen most of the water column was fished, All nots 'mre



anchored at eash end vith boavy omarete blosks ams buoyed wuin wrange
pelystirens floats whtoh were attractiw to crooodiles apd required
freqmat reploommont. Nots were aet in the svening ml raised the
Jollowing mosniing, usually fiwhing for ) hours. Varistiona which
ccourred in tte fishing psriod were corrected to 12 haurs. Hete
wore aiy flated if in perfect coadition, which could be restrictive
ae dapare osuned by oroccdiles to murfase nets vas oscasionally son=
siderebles  Rosults wern correctod for sny loss of pancls which
cqourrad,

¥ets wors ususily Liftsd before OO0 hours, Catohes wers sspuva~
ted into mesh panel greupe (Fig. 9,1) snd welghed before being furtheyr
seprsted by specscs.  Iadividial fish were weighed (to the nearert
1 g Af lighter the: 1 Kg and the nesrust § g 4F heaviey) md moagured
{£.2% length in willfmetres), The procadure theronftor was to tost
fer a "ripe raning” cuwdition by eircking fimly along the aide of
the belly fram pect.vl fin to ven and then to opon the fish vontrally
from gut Lo operculum for ohservatian of sex, breading conpdltion end
stomach contants., Bmweding emdition was allocatad e of seven eatew
gories a3 followss
1 . Insetive; I4 -~ Intermedlate Dotwoon Inactive and Aotive;
A - Act'voy AR « Intemmediats betwean Active and Ripog
R ~ Pipe; RR - Ripe-mmning; 3 - Spant.

1iis satogorisation followed standord procodure used br the Joint
Yishoring Rosoarch Orgenisetion of Norchem Rnodesis ond Nynsalend anmd
is sonewhet subjective, being besed initially on gnal aise relative
to the fish, gonad sclour and developmont of the gmaital blood vessels.
At loter stoges of rotivity the gonad is out snd oxamined for ripemess.
The "Ripa" cstegory in females refers to fish vith ova free and wne
ocnnegtal by tissmue within the ovary, and in males to a copious exxiate
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Fiz, .10 Typieal pilioet

The Firh are from twd
nettla ca, asparabs o

meeds panodn, Hoth nettings
are Crom Statlon & suboon bhe ndlobt of 21/1/68,
beliaz?oress 0 froe a bolton sotbine anl tas
and risht-hand row are Croe the surface,
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of milt from the incision mada in tho testis, In the oat fishes ti.
dovelopment of thoe socessory glonda in the malo wors also used as
indicators of roadlness to breod, "Ripe-running" fish woro these
which amitted ove or mild on boing stroked, The "Spant" condition
wns only discernable in fomale fish, whers tho ovary was cuntused,
oy and fleceids  The Infroquency wlth vhich this condition wns
found sugiasts that ovarian rocovry, after breeling, was ropid end
fish catogorised as "Inactive" oonld have orod only o fow deys nro-
viously. (nly R, RR and § conditiens bnve been oopslicrdd for analysis
in this instance as thoy are tho loast jeetive anl ars thorefora
sound indicatore of the imminonce or roemt ocoecurronce of braxding,
Tha othor catogories are thorefoms not deporibed,  Whanowor possible
tho gut contonts wors mnaly i immodiatelye  Un cocasiuns, howsvar,
dus to tholr comploxity, tivy wore stored in 108 formalin for later
axaming® Lon.  Soalos wore romoved frow tho shoulder of vach [ish,
washod ma stored in an onrelope with relovnnt data.

L modification of the glllnet used to samplo wovemant of flsh
in the river wns A traummel not 30 m long by 2.1 n dosp, compessd of
Jaree and small mosh netting tang on the samo hesd and foobt rope,
The amaller mesh wag always aot upstromm and was loosely lmung to bag
through the larger mesh, Jaricus cowbinations vero tostol and the
most suocessful was found to be the 127 an/f3 mm moshos. Tho advan~
tags of this net wna that a wide rangs of Tish sizes wmre liable to
capturs, Trammel nots were usually swam for 15 mimutes wil the direcm
timn of movement of anch fish, apart from tic other infermasion for
indlvidual anclysic mentionod mbove, wns notod. Thuso nets preved
reascnably sdoquato campling tools in the river, bab abovs a cortain
flow lovel were unsatis’actory whon tho pets were liftcd by tho current

arvl iay along the water surfnce,



Prior to the present study, attampts to fisa gillnets within a
pormanont Jalvinis mat had provod unsuccessful, Ain aseosswent of
flshes asscciatod with tho mat wes vital to an undorstanding of its
offools and atbampte were made to devalop a satisfactory mothod whiek
ineluded vertlezlly hung nota. The mest sabtlslnotory method developod
and that weod in this study tovelved n rapld shooting of nots off
a gtern platform of s launch powerful encugh to reas repidly through
the mat, 4 sultable platfarm wns constructod m tho pters of ILV,
Eriea, Nets vore carefully 1aid to shoot (reely fron thie platferm,
The proceture followad thersafter wns to unter the mat at 10 knots,
uaintaining this spoad while shooting the nete, When tho notting
atation was roschod, the anchor and bucy were droppod and tho net was
pallod off tho shooting platfors, sntoering the wnter vhero the mat had
been parted by tho boat and sottling into a fishing position bofore
the gap 15ft by tho passage of tho boat closeds The not wns thorom
fore 1add extromoly repidly and preparstory folding had to bu porfect.
Lifting nets through the Salvinds proved partiouldarly arduous and no
afficient mothad to ascomplish this was developad,

Ls tho study progrossed sc L the sfficlency of sampling, The
mumber of "net nighte® at all stations during tho JLf¥svent suriniing
pariods are glven below:

Jan/Feb 1087 ;12
LprilMay 1967 &+ 24
July/hug 1987 1 24
Oebflov 1087 1 8
Jen/Fok 1068 ¢« 26

4n attempd wan made to carry sut ot loast thros nettings b cach
station beth at t.p surfaco and on thy bottoms This series conetidu-
%od the sonscnal survaey, or tho first phase of gillnutting., The
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saomnd soriss invelved bottan setiinga only st Station 3 (Parrot Band)
whioh had shown 1tself to bs, in the first serics, a koy position in
the "ostuary®, partioularly in anssocistion with the cangrogation of
fish prior to and duriag the reins. During the soound series 600
mrbres of notting was sat over two nights at fortnightly intervals,
acinciding with new and full moon pericds, This prosramme was initlce
tod in June 1968 and to.minatod ten months later in Lprll 1969, having
boon dovised with several alms in view; primarily to maniter the body
of fish congregating at the river mouth bofore and aftor running up-
atroam and $o gather .ore doteiled Information on bohaviournl differofi-
ces of tho spocies involved; secondly to ascertain whotlcr thore wns
any marksd lunar effoct on snt-hes and to provide further information
for analysis of mesh efficloncy and soloctivity. A furthor difforence
botwoon tho scasonal and fortnightly progrommes Livelved the procadure
with tho catch, In tho scoond phuse, ocatshes wers soparntsd sccording
to mesh panel and specics and wore only weighed, Detalled biclogioal
tata wire nod eallectei., 4 third netting sorles involving Station 3
rnd othor stations further into the lnko was initistod In Jugwst 1969,
but is not ruported on hore.

Lthough the gillnet is a oonvanient smnpling dovice, it is clearly
seloctive towards sriant as opposed to sodentary spocios and deos not
usually oapturs juvanilo fish, Furthermoro, somo of the errmat species
are loss pronc to capturs by this msthod than othors, particularly in
the oaso of the Barbel, Clarios garieuimss, which wore cbsorved to feel
nots with tholr barbels and aveid thom, 4t ro time during the oourse
of this stuly did %ie comparatively smell number of Zlarias amght
roflect tho numercus large shoals feoding at tho water surface, In
viaw of thia cbvicus bias, the dsta prosented only refloet tho fish
populntion aa gaptured by giddnat, or the fgillnot population”®, as
opposad to the true populntion,
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Sampling of thoe fish fauna of tao pocls by selno not and polson-
ing was undortakan at five pools botweon Octobor 1988 and November
1968, during the rainy scason botwean Fobruary 1967 ond Februery 1969.

13 paal Selectivity

In crder that sam idoa of the seloctivity of ths multimesh flaet
sould bo gatned, data from the fortnightly 1968/69 gilliot programme
have boun onalysod and are figured (Fig. 9.2), Intemodiate zoro
readings for Glariaa gorievinus and Laboo lupalug have bean ignorad
in drawving tho ourves as 1t 1s cunsidured that thoso result from
sample sparsity. As it stands tho data would appenr to glvo some
indicatiwn of solectivity for thosc twe speclos, thus they have bean
fnolwdod, Tho officlanay of tho muliimosh gillnet in sampling the
various species s apparant from tho curves (Fig. 9.2) and four types
nay bo distinguishod. The first of those, Lllustratod by that of
Cynhooypus, indlcatos thet a majfor portion of the populiticn s not
samplad as moshes aroe not sufficlontly smalle The sceond tyjo,
{1lustrated by dyncdontis, Hrdroormus, Eukropius, Memizroua, Labee
lupgtus and Lobgo sltivelis, approdimates to a norgal distritution
ourve indicating that the major portions of the populaticn are samplsd
by the 58 to 150 nm mash range used. Tha third type, ns seun in Labeo
acnkoere and Claring, indicates than an important part of the population
is porhaps not samplod due to the 150 mn mesh being too amall to take
this part, The dat~ aro sparse, howsvor, and guostionable, The
fourth typs, llustrated by Maboxzus, dofinitely indicatos that a
sajor portion of the poplation is not samplad, the mush range net
tneluding sufficiently largo moshos.
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B (1967/88)

2,1 Jrecles Compoaltion as Rellected by Gillgets

3ixtesn of the possidle €9 spocies prosent In Leke Kectba (Bell
Cross, 1972) werc cought by gillnots in tho proporticns by weisht
shown in Table 9.1. The singlo most important apecios was Jghaeo
abtivalia, by itself coastituting 1/$ of tho fish pop lation,
Holrgovaus xihatug was 2120 2 dominant oonstituent, making up 1/4
of the popuiation, Mormvrue lougifcatris wves an importont part of
tho population, providing 1/10 of the biumass, Othor spicles which

wore wreecnt in some demsity, in mere or loss tho same propertions,
of approximately 1/20 cuoh, wro Momvroos deldolomis, Slarias secle~
plmg end Synedontis zapoggensdn.

2.2 Yaristions 4o Gilloet Catches

The oversll moan ontch by gillnots was found to be 6,5 Kg/¥iSn/
12 heurs, tho rosulta from surface rnd bottom s.. being remark.bly
atmilar (7.0 and 6,0 K§/91.50/12 hours respectively). Data cre proe
sentod in Tr-le 8.2 and Figure 7.%,
Suascnal shagges (9.%, D). The scasonal trend in ontches was followed
alosely by both surface and bottom sot nets, high densitics ccourring
during the reins and low dansities in winter. The inersase in dueity
during tho ralng was mos% apparont at Station 3 in 1967 and Statian 4
in 1968, solnoiding with proximity to the mat edgo which moved lmsids
durirg 1967, Thare would thorofofn goum to have buon a major owmoon~
tratian of fish {n asscoiation with surfac. wators against tho mat
adge in both 1967 and 1968 during thoe ralns.  Spocien invelvoment
will bo conwidored below.
Spatial alnodauce (9.3, C).  Ovorull woan dansity data ccnsidored
Yy stations indicate lowest demsitisca of flsh suseantible to captire
by glllnote oomurred in the opon day, inoreasing inwaris to the soctio.



TABIE 9.1 THE PISH SPECIES TAKEN BY GILLNET AND THEIR (VERALL
PERCENTAGE COMPCS ITION BY WRIGHT FROM APRIL 1667 TO

FEBRUARY 1968
% %
WRMERIDAR 19.9
Natrwxony 5.8
—— s
3 1.8
GHARACIDAB 26,6
w Yittatus 26.2
daberi 0u4
DIST 1CHODONT IDAR P
Digtiichodus measambicus P
CYPRINIDLX 88,7
altdvalis 84,8
. 1.2
: Shtmricu 7
SCHILBEIDLE 1.9
Euticoulus decressirostrls 1.9
CLURTIDAE 8.7
6.8
iy Sy T 0
MOCHOKIDAR 7.1
dmadcatls ssubosenais 7l
CICHLIDAE 2.1
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be.woon Statime 3 apd 4 and deorvasing again under the pc manent
mt at Station 3. The meen values for marface and botiom nettings
wers air’lar botwesn Stations 1 and 8, This trend vas fomd not %o
parsist into the "estunry” as vitnossod by the cansiderable diffarence
totween surfase and bottom catchas at Station 4, alihough e similarity
vag agal. apparcnt at Statiom 5. The dansity of nottablo species
undemeath the Sglvinia 3at was sinilar to thoso foud in the open
bay. The high dansity of fish at the surface at Station 4 cem bo
attriduted t~ tho extraordinarily high catohos during the 1988 reiny
soascn vhere tho wean catch rose to 56 Kg/91.54/12 hours (128 1bs /
100yds/12 hours). Catchos at Statiwn 5, on tho othor hand, wore
o etently higher than in the opan bay, particularly in assoclation
wvitu to bottoa, which sould be a funciion of depth (1C n at Sta 8,
18 -~ 21 m at Stns 1 end 2). Catshes m tho bay margin in the Zerpto-
phyllun bed. were sonsistently more productive than at ths cpon water
stations and showd a decroase during the 1968 rains, due porhaps to
a movement of fish to the river mouth as reflectod in the synonrcacus
inercase dn catch here,

2.3 Jartiosl Distribution of Svecies

4 cloar impression of differences in spooific compositin batween
surface and ' Aton catches was gained during the course of fleld worke
The moan catch of uach spociss, at tho surface, n the bottom wx in
the Salyipis mat and yeratcohyllug beds vas thorefors analysed (Pig. 9.4)e
Igncring for tie mmant the portian taken in vogetation, only Morayres
Jmairosicia A dnadniis sbeamals appear cloerly as assontially
bottom dwelling fish, Apart from Alastos imberi which appears o
theso data to bs surface dwalling, all other species were more or less

enly distributad bet murface apd bottom, Whan surfase dishrie
ttdon 4 relation to vegetation 4s omsidored howover, a major propot~
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tim of the Moryrug snd Swncdcutis (vhich seau dlearly bottom dwolling)
ocaught n the smurface wove cought in nss slation with vogotation, This
would indicate e affipdty of thess bottun dwallers for the surface
mly i2 wmgetation Ls preseat. If this should be tho case, the
Yepmyrens, Crohoaxrus, Lebeo scugere aod Butroolus saculd slso be in~
elidod in the dbenthic catogery, as s major proportion of the sarfass
catoh of those apoclos was teken in vegetation, and a larger propor=
tin atill was taken by bottom set nets., These four spociue obwiocusly
would not be as markedly bottom dwalling as wero Sunglontis end Mormnius
The density distribution of Hwdroovnua, Laheo alkivells, Cloriag and
Tilapis Bestioprd showed little varistion botween surface and bothem,

%eb Sunbda Difforencos in Svecies Couvopltin

Statians 2 and 4 have beon amitted from tho analysis of apecies
smposition presented hare to rander the data moro oasily underetsnd-
able., SIpeoies composition at Statimms 1 md 2 wore in any case simllar,
whilo the removal of Salvinia at Station 4 halfumy uarough the progremmo
Pendeors overall malysis of the results from thils stetion unsatisfactory.

Station 1 results are thorefire pr tod sa rep tative of the open
waters © t 3 bay, Station 3 me tho opean wators of tho "ostuary® and
Statian § as the Zalvialg-covored "egtusrine® habitat, The fuumnal
compositian of the Gerstopuvllum bods are inciunded as a suparate habitet
(Fig, 9.5/,

Tho tish nopulation of surface wators in the bay «wve nlearly domine
atad b Hpdrovyoue (065 by wight) and sithough seversl other specles
seeurrad thera, thay d1d so Infrequently vnd wore relatively ineignifi-
cart as pepulation crastituents. At tho bottem, howover, HviRoqnus
wis of littie fmpoitance (176}, Typlond here were Srugdauble (27%)
and Morwyrus (08),  The other myryrids, Rutiouing %od Lakes



STATIONS ! 3 L3

Sk FACE

- HYDROCYNUS
ALESTES
O O LABEC ALTIVELIS

o ai [ABEO CONGORO
B coacias
ELL surr pius

CithiIDAE
MORMYROPS
CYPHOMYRUS
MO m YRS

“he 3phc.es cof ) siticn in the open laks {1}, the
3 Tywn wntors of the “wztug\.ry” (ﬂ and the

salvinis covered

sortion of the "astusry” (%), at

surface and bottom: snd tne Geratorlwlliy bed.



23kvelis also osourved.

In the Salvinin~frec surfaoe weters of the estuary, Lukoo
altivelis (39%) nprearcd as & mora or loes aqually dcminent cone
stitvent as Eydrogypue {44¢) and Qlarisp incressod in Smportance
{182), Acxg the bottom, &% & depth of 10 metros o far more equally
proporticned population was found; nost spocies boing signiftcsatly
roprosented, althwugh labeo altivelis vos the einglo most fmportant
spocias (828),

LKlthough tho depth of water where notiing took place in ths
Salvinis mat vas wly § p, tho difforsnces in populaticn ccmposition
botwan surface snd bottam, on consideration of oversll results, were
markod. Mommvius and Sypodontis, for wxample, wore only found in any
omoentration cn the bottom, the forwer being a more eignificant cone
stituent thore then in tho opun waeters of Lhe cstuary (33% as agained
108}, slthough tha actual oateh/unit offort reiurns wire sinmilar,
it the surface, Mummops (23%), Qixhanrmiy (15%) and Zubrootur (8%)
wory significant, unlike the bottam, Llariae, Hrdr.gwnus and Lghoo
g1 4l shoved 1ittle uiffersnca in surface and bottan resuite-

T. 1 & spocios wora significant as acnstituents of the Sorptophydliug
bode along ths choreline near Station 1. Here again ths populatieon
wwe dominated by Lobeo adtivalis And Hnlrecymua, cach sonstituting
sbout 308 of the population by welght. Aurmyrgug woe fovad to be &he
dontnating sormyrid (7). Laber dmgere w4 Claliag were more signi~
ficont as popwlation copstituonts bore than elsowhero. The olshlids
Tilapda Qectim i eod fanloghronts euringtl only cccurred with sy
significance at this netting statim.

2.5 Junacwl.DAfferaaces ia dvecics Comtosi tiam
hogn soaschas catchas of the differwnt spocies from all statione
are presented in Table $.35. Throe definite groups vith charscteristic



ovarall coasonal fiuctuatica are apparent.

i,

3.

Thoss spoclos which wvore osught in lov mmbers during tone rains,
increasad in April and May, dropped in July and iugust and ine
ereased again in Uotcbor and November. This group includes
Hormyrus, Cyphomyrus, Illanis pertiper! and Butroodus. &

higher Cotober than April peak was common to all of those specles.
T+ s spacies showving a consistent trend of dvorvase frem a penk
during tho ralae to . winter low and incroasing consistently again
to the rainy season pomk, Included hero are fydroayrys, Labeg
sltdvelis, Smolctis wnd, possitly, Labgo gougorc. The high May
density of Zynodgntis which Ls atypical of this group 1z aep)ien-
ble in terms of the vary high density of Shis fish which appoarod
followirg unseasanal floods in May 1967 (X bofore flood:
30g/0.8m/12 hra; after flood: /420g/9.2m/12 hre). Labug pongore
won samowhat stypical in that valuss frem ipril to Novembor wers
consistently low, higher dengitice having only been found during
the rains, The groat diserepancy butween densities during the
rains of 167 and 1968 alasc separatos this species from tho rost
of the group.

Those spocios showing o peak in May and July, and lov valuss from
Ooteber mul through the rains, Only ome spoclos, Llardes garie-
pliig, was found to very in t'ds way.

Algates »nd Mormyrops showod somewhat orratic varintion peenliar
to 1 wgelves and the othor epecies listed L the tabls cocurved

oo infrequontly to warrant comment.
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BEALL D A o e
SEASORS A B ¢ D 3
SPECIES
Nerwercps dalicioms % 1; £33 9 18
Crohamvrus discorhvnohug 9 0 14 { 28
Yeraren Jagirostris 88 145 5 208 [}
Hydrogvius yAktatus 1151 266 184 305 4B
Adsates inberd 25 © 1 8 8
Distichodus mopaopblous 5 0 o o [}
Labeo altivalis 509 265 184 41 T4
Labec gmgore 140 13 10 12 %
Lubao avliadricis 0 0 0 P 1
wtterchranciug longdfilis © 6 4 0 0
Clarias gariepinug 8 185 161 Q2 7
Eutcepiue deprossirostyde 20 26 7 a 10
Smodontis zapvosmals 126 lo8 5 ©» 12
Tilapie rendallt condzWd  © 0 o 0 1
Tilapis wortimeri 1 19 s 28 20
Hanlochramda sedrlngtond  © 0 1 4 P

At Jenmuyx y and Fobruary 1967
B: A .. and May 1987

Ct ¢ end iugust 1967

D1 tstoher apd November 1967
E: January u»? February 1968

2.6 Seanmal Changee iu Spatdal Distrilutizn of S00cdos

Duts on seascnal varintion in spatial dletribution of the seven
noat importent specive, in terms of surface md bottam cntehes st eoch
station, have bea: used to propure Fig. 9.8,

The dietributica of Moruyrops in surface water indicat l & pre-
forence by this species for vegetatiom, wheth.r Sarntaohodles of
Solvigis. In bottom wators (soemingly preferred by Morgyzuus) the
arean within Statim 3 ylelded the groatost catchos. Thore appeared
to be no marked sossaal novement by Momgryops. Although conaidare-
tion earifor of composite surface and bottom sonscnal changos {Tabls 4.8)
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442 not indlcate it, the inoroased catches of bottom set nets within
Statian S in Ootober 1987 mey De an indicatlon of imigration into
the "estuary” at this time.

Cyphouyrug cetches 1pdlosted a preferance by this spscies for the
wators luside the sstuary, pertioularly at the surface in amscoistiom
with 3alvipis, throughout the year, and at bott surface and bottam
vithin the "estuary" in October. During the reins tho mumbers caught
dropped oonsidersbly and Cyphe¢fyrus was more evenly disporsod through
the study area (Jonuary 1088), There wore scme indications that this
speclos was more camonly found in the bottan waters of the bay in
april and May 1967,

Hexmyrip, o clearly benthic specics oo thesa data, showod &
Detobar ooncentraticn within the ngatuary” similar to ths other mor-
myrids. The data available indicate also that with CyphoRYEus,
MoLzyrug sharos a proforence for open bay waters in Aprile

Hwdrecynua shoved s patterm fron July to Jenuary of both increase
in density within the estuary couplad with an incroase towards ite
higher reachos, This distribution would seem to be assoniated vith
breeding behsviour, which vill be discussed later.

Although Lalmo allivlis was at all tizes am iuportsat pepulation
eongtituent in the nggtuarine” area, the majority of the populatim
soaned o have dispersed avey from the estuary betwoam April and August.
Thereaftar thare wes & emaidarahle increasoy partiondarly within the
sotuary, vhere during the rains phenomoncl ooncentrations of those fish
ocqurred (oa. WSEg/1Xm/12 hre), particularly at the olge of the vead
met. It ic of interest to note that the major proportim of tho populs-
tion was found at the surface against the mat odge ond no [ish were
{aken at the gurface vithin the nat, vhoroas the populaucnmtho
bottom was the same, irrespoctive of the mate

Prior %o inoreased flocuding in May 1967, scmoentrations of Clr-lae
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dﬁhﬂnﬁn‘hﬁflﬁtmlw-ﬂhﬂdmu‘duawwmm
Mnntumdmuefhonﬂuamd m the botton, having boan wmost
mmﬁifmmm!toﬂutML. By Octobur, all fish coour~
rod at the uater surface, in greatest oonentrations within the estuasy
at Stations 5 and 4 agsinst the mat odge, During tho Tains, largest
ontohes cocurred in asscciction with tho Sg)viaida met, both et the
surfsros apd on the dottal,

Smedentis, in comcn vith dydrcoymg w! jubeo SiATELIA, shoved
an inrroase throughost the estuary just prior to the rains, During
wintor the groatost ooncontration oscurred at outemmost statioms. The
axtraordinary incroase fallowing flocding in May wvill bo discussed in
the naxt soction.

2.7 The Effecta of Unoorscnal Fleodial

Natting tock place st Statimn 3 bofore md after unscascnal floods
o 2nd May 1967, The offects of this oo the fish fama souid throw
scmo 1ight an tho soascnal Aiffersncas 1n distritatic: snd atundance
of famal companents and are, thorefore, inaluded (Table 9.4).

A groat change in population compositio, and to s lesper exteui
an incroase in density, occurred vhan the river finocded, The rosdt
of flooding was to drop water temperatures 7°C very mddenly .
Mormpaona ard SYphayzus, which wore present bafora the flood, virw
tuelly disappesred after it. The Mommyaua popiation seonod unaffeoc-
ted by flooding, although f1sh wore osugh' atypically at the surface
after tho loods Adtchtdwmummdmmmmpqﬂn—
tion following flooding ana ths dats sugge: 0 acvemont uey from the
bottam, The mmber of Alaatas inorwased samovhat felloddng flocding,
perticularly it the su® wafaoe.  labec Altizalds s fmodeatls
inoronsed spostacalari:  “ar the finad, particularly in the o ald
bottom warerss  Rli curred in o Alightly greator donrity slong
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$ho bottom following the flood.

(19€7/68)

Tho point has boon made in the introdustion to this work that
porhaps boomuse of their lotic origin, the fish population of Lake
Kariba befors the introduction of the polagio Lake Tangenylr: sardine
warld appear to be cct®ined to tho marg! 2\ arcas of the lave, It
was in mich an ares that tho sampling tock place. hpart from the
aros bolng morginal, the sltuation was somowbat eomplicatod by the
fast th.t t'w “ish -opalation of a river wouth woul? have boen affeo-
tod to same dagree by tha river's flow and the fluctustiocns of potamo-
dromous speios. The populaticn i cloarly dau' wed by the potamo-
dromcs+ ,kobeo Sltdvelds, Hrdrogvous yittalus, Meowaua deoglisoakoba
Srncdcatis sanbezcaaks and CAacias gacleplmug, which togothor oonsti-
tutod 3% of tho woight of all specios taken, The population is obe
vicualy different from tho situst.on found by Cdke (1967) in the Sanw
yti alearad area some distanco . .ay irum & river meuth, where mly
26% of the cateh wers potamodramcus and 69% wore clohlids (as oprossd
$0 2% at ths Mwonds River mouth), Bogg (in press) has rucantly shown
that the compositicn of the fish populatio of ccmmercial Zillnet
oatchos in the different basins >f Lake Kariba show differances in odm=
positior which can ba related * thoe praximity of the Zambest River.
Labeo $7Zore, for ememple, forms the single most important canstituent
1n oatohes at the Zambezi ond of the lake wherean in tne Sanyati Basdr
1t is most infroguent. The oichiid distributim 15 the exact cpposite,
forming o highor component in the Sanyati Basin and belns tafrequently
foumd at the head of the la¥ . This situstion cannut necegparily be
explained by referenoce to breeding roquiremonts of fish, in that ioheo
SIRGre was so aparse ~t Meenda, implying a restriction iz distribution
of this fish to the flowing Zawbasi Rivor at the bowd of the lako.



Porhape reference %o feoling and physical b-t:tu! requiremonts of this
fish would ylold s morw logloal snewer, Coke's (1967) ontoh data chow
an ovorall mesn yleld of a olearsd 1. .a in the Sanyeti Basin to & depth
of 14 m to be in tho roglon of 3.3 Kg/91.8m/night, In rolatica to the
prosont data, this is botter crily than the open wator bay etatlm and
indicates the scnoeutration of fish at the Mwenda River mouth, The
moan catoh at Station 8 is partioularly high in couparison (12,8 Kg).

Tho peasunal fluctuation 'a the fish population, with the winter
low building up %o a peak i: the rains, mst also be cttributable to
tho acoumilation of fish cccurring before are' - fter breading, although
this could also partly be explained, in certain instances, to fooditg
acoumulation stimilated vy alloshtonous food from tho river. The
population accumlation which was apparent during the rainy scascn was
particularly notlceaule at the statinns in cpen wators of tho "astuary"
and showed a decroase bth inwards undorneath the Solvindp mat and oute
wards toward< the cpen bay. Fishories produstion undomeath tho
iolvinia wis approximately cquivalant to that famd in the opm bay.
Production in the Cop hopbvddng bed netted was conaistently high and
only decroased during the .oune,

In the oper bay, Knlruafme ver wvervhelningly dasinan® in surface
wators vheroas Molmyrus aod Ssqudckivia deainated the bottam fishes end
here there waas aleo significant runresentation hy severul other spoolr s.
The ,morul trend apparent in tho smecific ariations frund al the Mwenda
RUver mouth uas the cesantinl simplicity of cle-r dmminmoe by fov
spoua ¢ L Jpea, decper, waler comparvd with & grester faunal somplex-
1ty gemerste by & mure equalle roprosantation of an trovensing mambe
of species in shallower weters, partioularly in azgocirtion wvith vage
tatiw. This is unlorstandable on consideratian of inoroeu habitat
camplexity which coourrod lishore. Distributional data are sumArL86G
in Table 9.5.
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Tve main physical faoiors must have played a considerable role
on senscnal and spatial deasity varintion of fish speoies at the river
scuth, Tho first ad foremost was tho offect of the rivor floving;
the segond was the docreased temperature and mutriont relcese in
wvinter following overtum. (Bogg, pors, oam,, found this to have
cosurred in lste May 1967, in the associated lake basin), Lssoointed
with those two factors are tha behavioural patterns of the different
fish spacies in relation to them, Tho pattems of diastribution along
tho netting transect during the 1ifferent senschs (Pig. 9.6) give scme
indication as to the migmtimnal behnviour of same of the spoocies.
Low netting rotums indicate, for axample, movement away from the river
mouth, ar dosns o progressive incronse of fish towards the cuter station,
and vice versa. Consideraticn st this stage of tha potamodraaocus
behaviour of some of the species, ccupled with seasonal distributional
data offers nn opportunity to suggs ¢ seascnal migrational pattoms of
same of the fishes,

ivallabloe data eaggost, thorofors, the fallowing seascnal wovemont
of different spocios.
Momyiue wd CYDGRYIND:

October and November : movament into mnd accumulation of fish in

the ‘estuarine” arva.
Jecember tc March 1+ £iah move up the river to breed and then
retumn to the lake,

April to September 3 fish intc lake.
Slaciagt

Sopteaber to November t accumulation at highost point of the

*ostaary” ( ing 4 in netted
pariadn of "estuary"),




Degember t ncvement of fish up river to breed,
Duocember to March v aovenent dack into luke via the "estuary”,
Apyll and Moy 3 dfsperscd into lake.

Juwe o hugust t mavement into estuary assocolated with

plankton bloom folloving overturn, resulting
in food atundauce,
Hrozeavisie, Labeo pltivells and Sypodcntin:
Ogtober ¢ start of an Ammigration of fish into the
"ostuary® roaching a peak in

Desember Lo Mareh 1 £ish move up the river €0 breod and then

retin to the lake.

4pril %o September i emlgration from sstuary into lake vhere

dispersed until the following October.

Tho sugeested niz avional pettem of the Last group of Cish is
theroforo sinmllar %o the two nommyrids manticned in the first group,
except that dansest ocneantrations of these ococur in Octobor wnd
Novemler amd not during the mins, 4 simSinrity also exiets betweemn
HBagmorous ood Hydroavpig 3o that both remain in denser ¢oncentrutions
rere consistently within the atudy area than the other specios whioh
disperye aftor the rains. This 1s porhaps expliosble by thalr food
roquiremants as beih are plscivorous (Mammvxems ‘o » dogres) predatore
and food w.s mora aasily avallable in shallowr uarginal waters.

The information made nvailable by unseasmal flociing e of value
in indicating the varfous species! -o1vticn to flov whon thore is no
brecding prodisposition to move up it, Fish were all in early stages
of aotivity, In sweary, Nermrrass and Sxobomoms, prosent before
the flood, disappesred after it. Mamdyaus seesod unaffeoted, apart
frow an stypioal courrencd at the water surface, The Kwircovmts
population showed a movewont towmids the surface. Alastans sppeared
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12 groater mudberc, partioularly at the water surface. Labeo altd~
yalia ¢ Smedantls inorensed greatly following the floud, partioul-
arly at tio bottem, During thia flood the temperature at the bhett
dropped 7°C in a matter of minutos and a sharp temperature gradient
axisted a fov motres off the bottom at this time. The increase of
Labeo and Smodontis following the flood suggosts th-t these fish were
already acelimatisod o the lower temperature and were therefore of

riverine origin, having moved downstroam with the flood. On this
basis, it is suggestol that fish at tho water surface wers of lacustine
origin (inorvase in Hydrogvmugs at surface; atypioal appearance of
Mormyrug at surface) and those fish oz the bottom wore of lotie origin.
If this was Yho oase, a very large mumbor of fish moved out of the
river in this ultimate flood of th) Scasany fish which alteruatively
would have hal to have survived in the pools during the dry seasm,

Tho incroasel mumbers of Eutroplis oo the bottom, in tho light of its
aparsity in the river, Indloatos that the basic preaise hore is incorrect.
Porbiups this fish was more capable of vithstanding o sharp tempercture
drop than the other spocies and accumulnted in responss to o mdden in-
flux of alloohtonous food, whish would also apply to the incroesed
number of Llariag in surface wators.

One of the ul-y of this study was to nscertain ths effvcis of Jal=
Yinis m ths biotic companents of the area. It is therefore pertinuat
to summarise findings in this respect with regard to those gilinetting
data. Piretly, overall fisher.ss production undemeath tho Salvirds
mat was as h'gh as found at Station 2, and higher than at Statim 1.
Seccndly, o tho basis o a shift of the pupulation density point
botwesn 1967 and 1988, foliowing the muvement of tho mat edge inwarde,
mnmﬂdn-wboadqmdmmitw.wmtmnmcot
fishos upstreanm durirg the rains, Because, however, o shift in der-
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ity of some of the species, from surface utsils the mat, to bottam
under the mat, wes nomitored, it 1s suggested taut the inhibitio: of
movement war temporary and romultel from a ancessity for individua?
fish to recriantate themselves %o the bottom rather than the surface.
Tnirdly, Salvinis had the effest of encouraging a movement of eesen-
t1nlly bottom dwelling fieh to the surface. Fourthly, a wide range
of fish specles was found undemeath the Salvinls mat, without reel
donination by any single species, although this could have been a
functicn of shallowness of the water. Firthly, the mat appeared to
embody & habitat suitable for Mommyrops, for this fish was more con-
sistently taken within the mat thay elsewhers, Cyphamvua wes aisc
found to prefer Salvinis as a habitat, particularly in the hot seastn
and denser concentrations were found in the Jalvinis than at any of
the other metting stations. These findings wuggest that in the Mwenda
River agtuary at ieast, Jalvinia dowe not have a delet:ricus effect

the fish population and 18, in fact, extemslvely used as u habitat,

4 EESULTS OF THF FORTNIGHTLY GILINET PROGRAME (1968/69)

The utilisation of quarterly results to illustrate population
fluctuations hed limitations commen to all tho sampling carried oute
As 1t vas possibls to instigate a fortnightly gillnetting programe in
the following year under the direction of the statimn managoer, it was
emnsidered in this mspact of the study at lsast, ovidence from more
frequent sampling could be ccllecteds

During tho period of this programme, surface temporatures ot the
water were tsken and rainfall sad flov data have already been glven
(Chapter §). The pattern of rainfall in the 1968/69 seascn (Chapter S,
Fig. 5.1) wvill be remezbered as having besn sxcepticnally high and vas
scmewhat atyploal in having a dry pericd fram the latter half of Janusry
until the end of Febroary, followed vy exceptional raine in Marct, when
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more rain foll then during tho entire 1967/68 seasn, Surface tempera~
tures and lake level data for the period of the progroime are figured
(Fig. 9.7).

Rainfell) throughout the Znmbesi catohment was also high (uring
thy seasn and this was rofloetad in a rapil increase in watsr lovel
during March and April, tho wator boing nonrly 4 m higher in mid-ipril
thon at tho beginning of Merch. This viclest & eoused 1der=

abls flooiing in sauwe aress, which wes not as apparert .t Mwonla due to
the steepness of the chorelino, Tho wost marked effuct herv, howover,
woe the Sackflooding of tho river, whioh ha' the offoct of moving
3tetion % approximately 500 m further away fram the point of entyy of
tho »iver into the lake, on) which eculd have affocto. th~ rosults.
The river started flowing m tho 1ith Docembor 1068, whir Qlarian
gariealme, Labeo altivells oo Mumvivg Angirestris vere seen to move
upstrean to the fi-st barrior, tho rapids abuve Peop Podl. This vas
s lizh’ tropsitory flow, howover, und floo'ing only started in earnast
at tac aad of docembir, continuing through January, vith hoavy floods
ovor Ahe 10th bo 12th of Jamunry (S.h. Mitchell, pors, comm.)s  There
aft . _ight flow waz waiatsained and Lndivi-val Hydreowus Yistatus,
Synclontly ssayisensls, MoDIO AMEARGatcM, Makeo slticells, Slazias
gariepims an' Mormyrops dolisdogug wore som noving sporaiically,
nainly dowstresm. The river ccased t¢ flow on tha 17%h February,
In early March the river sgain flooded %o an unprecodented dogree,
40 motres above normal flow jovel, The volume of weter at this
holght ha! bea roughly caloulated as being ca. 550m7/a (12,500 cuseos)
and a surface flov waw choarved for the first timo at Statim 8, The
aree, of "issaloured wvater, wsually never axiending beym Statin 2,
axtondod as far as tho mouth of the bay, It ia porhaps unfortunate
that Shis programms wus carried out cver au axceptionally roiny seascne
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The populatim omstituerts of the catsh in this progresme
{Telile 9.8) dirfersd quits markedly ficm thoss n the quarterly sur-
vy The Mommyridas omstituted 4K of the cetou by weight, th
Oyprinides 208, and Chavaoidae 1S,

JAIA. 34 FOROGALIG COPQITIN AT 20 R 49 FRFIECTED BX GLLUSTS

mom TG ST
labea sltivells =8,8 28.27"
Laheo Junatus 27.8 2.80
Asbee srisdriouy 0.8 0,08
- R Ty 183 1.84
Ratiohodus gossembioua 0.8 0.08
Nexauss loagirostris 333.8 s3.08"
Mogwyroge dalicioms a.0 hd7
Srbomoran disecziomotng 148 1.8
Suthmetis snaralacidatag 0.1 0,03
Saziaa gariepioua 85,2 5,8
Butroniug dapceasicostcds 149 1.8
Smdaiis subssshala 132 R
Taads sertisexd C,9 C.09
Bxltoous yiltatus 107, 10.%°
Alaxtas inbcrd 0.3 Qo™
‘hpoﬂ.uut spacies

The mean aatoh/B1.5ev/)2 hovrs over the whale pericd wer high
at 10,5 Kg (23.7 Ivs).  This is, however, s refleotiion of the aatobe
1ng offiniaay of the multimerb gillnet snd & dreckiom of nesh
shovs same omsiderabls varistion hetween meshos (Tshls 9.7)e The

&b

waller seshes show ostches myoh Jower then the wewn; the cetches
gradually incresse with mesh sise vith a mod. setwsen 88 and 200 wm,
sbove vhioh “lore is n alight dealiss o 126 ms, Thwreclisr, the
mem oxteh for the 157 and 250 e weabas inzresse very repidly % o
gocd oatoh rate of 18.8 Kg [40.7 1de) for the 150 me mesh. The reasce
for this was thought to be dus to variatisns in the specifis smahwp
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of oatches dependent an che sel 14y ~F the different moshes.
With this in mind analveis of results of the “ifferent mo-hes to
ascertain their specific selectivity was undert &en, and has been
omsidered (Chaptor 9, Section 1,1).

The design of tho projeot included an attempt to ascortain

effects of the moon on onlches; 1t has been said that catches by

gillnets, sredeminantly surface sot, full off during new moon pericds,

presunably beceuse fish are able to see nets and avoid tiem, Whether

this offoct oxtends tc a depth of 10 z or not 1is not kmown, but results
are inecnsistent in this rospoot, as follows.

An attompt has been made to analyse results in order to clarify
this problem, Firstly, successive new moon %o full moon differences
were calculatod and expressed as percentage rise (+) or fall (=) in
catoh, Ap acoumlated incrcase of 79% was found, Full Moon to New
Moon catches differences troated in the same way also showed an asoumss-
ted inoresse, but of only 11%. Both pericds showed .msiderable but
inconsistent gains and losses, ‘rhere would appear to be, porhaps,
alightly more success over tho new moon periocd but this mist be regar-
ded with sisploion. Secondly, the meen total catoiws/o.%/12 hre
of the two periods were calculated and a dif ervace o’ anly % in
favour of new moon nettings was found, which in this t is cone
sidered insignificant.

It woul.: appear, thevefore, that lunar effocts may not need omi.
sideration in the interpretasim of results, as they appsar to be over-
whelped by the oomparatively violent population fluctuations associated
with potamoiramosis. The use of rumning means of three, as 11lustrated
in Pigures 9.8 and 9,9 vould tend to cencel cut any slight affects of
Iwar fluctuations should thewe in fact oocur, at the rame time r.nder
ing the general trends more readily upparent. Hlenco tha ourves illus



Fig. 9.8, Fluctuati~ns of the moan totsl ook 4n
¥g/0l.5 2 hre showing flcoding wd flow
periods.
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Pig. 4.9,

Temporal fluctustions in density -of ths wore important

epoolos as roflectel by g linots (in weight/dl

»20/12 hrs).
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trated below have boen treated in this way, tut actusl remdte cbtaisned
have also been show., and are considered,

The data for the aight more important species relating to popules
timn fluetuatioms at Parrct Bend {3tation 3) cn the Mwenda River bLetween
Suly 1968 and April 1969 are given graphically (Fig. 9.9), The overall
dabn (Fig. 9.8) indicato a sudden buildeup in the popwiation in November
with & sudden decrease during Dacember to = low, followed by an Ytucrease
in Fobruary and March to lavels much the same as found duriug the pre-
vaug July %o Joptember, Heaviest catehes woro made in late Newember,
fallowed by a dacrease Just prior to the river starting tu flow. Varis-
tions in individuai spacies (Fig. 9.9) occourred as fallows: Momyrong
showed an inoreasa in Septembor 1988, bul therenfter tho oatcbes
remalnod at a lov Ir sl throughout the rains,  QYphomyrug showed a
docraase in Docombor which tandod to persist through the reins, epart
fren an inorease whioh could tave cecurred during the non~flow perdcd
in Fobruary, These fluctuations in catch could indicate a movement
upatronm having occurred during the rains (es cbserved, sce Chapter 10)
and an scowmlntion of pro~migratory fish explaining the Fabruary aceumie
lation, but are too inconsistent for dofinite conclusions,

Heroiaas oatehes woro high during the "ot pro-ralny scesom
manths and shoved n gradual persistent decroase after the river had
startod o flows There was s  indica”ion, although obscured by
asomewhat viclent fluotuation in the netiihs results, the n populatica
decrense bt Pnrrot Bend stariad before the river flowwd for the first
tiao. FPollowing low notting returns in Janvary, there was a otnsistent
fnorease during the nmeflov periad during February to a losser peak
&wring ho Mareh floods, followed by a doaresse to low hpril cotehes,

As Yrmyais §s 8 potemcdromous epactes, the dats inlicats the possibe
11ty of & pre-flov ascumilation, initially at Parrot Bend and then upe



stroan of 14, followed by a movement of the populaticn upstreun as
sowm as the river flowed, The inercase which ocesursod during February
suggests a movemant of this flsh ups*ream throughont the rains whenover
flow ocnditions pormitted, as this was in all likelihood an socummiio~
tion of pro-brecding fish, Ths March penk could have boan composed
of post-breeding fish which hal moved dcunstroam with the persistant
floods ond which had dispersod into the lske by 4rrl.

Hydrooynus showed an accumulative incresso frem a winter low
to an October and Novembar poak, Docrvases ir catches in Docombor
ooinoided with tho first floods, and the inercase in January with a
low flov phase, fallowed by o drop in mid-Jamuary ~gain codnodd ing
wito the flooding of the river, Tho nonflov period in Fabrary saw
a furthor inecroase in cotchos followed agais by o dserose in March
when the river flooded.

Labao pltivalls. 4 sulder considernble inercnss in catches of
this spocies occurred in late Novembor following low catches threushost
tho previcus winter an! hot dry seascn, Just prior to the first floed
catchos ngain dropped sharply, sugzesting that like Mopurrag, the abso
moved from Parrct Bend to a point higher up the “estuary”. M.aor Denks
ocourred chaiactoristically in bobh lowe axd non-flow pericde, fellowed
by a dweresso in the sibsoquent flow poricd. Tho incroase Quring lareh
sould have rosulted, as in MoRmOu§, in on accumilation of post-breeding
fishes which hd moved dowostroam with tho u timsto floals, Unlike
Mozmy & and Hyorooyms, however, catohos inersssed Jduring Aprils

Eutroniug. Cateh ft ur.s of Shis apociss shown! correlation
with flow in that although the population appeared to inercase in
nettings cduring the hot poricd, a Avep in cntch was coineilent with the
piver flowing. This pottem was repeated in pro-flow and flow periods
through tho rains. Oatches of this opecies were too low, howover, to
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druw decisive smclusions, With this reservatiom in mind, Butse,'ls
shewod similar fluctuations to Cyphauzrus. Eubropiug has naver been
fourd in the riwer cr its pools, however, and in this instance fluctua~
tions indicate rheophchia rathor than upstream mizracion.

Garips remained at a low level following . post-winter decrease,
wtil Jamuary vhere an inorease in catches coincided with the flood
which oocurred then. In February a major peak cccurred during the
non-flov period followsd by a decrense during the March floods. By
themsslves, tho cetch data are esscntially valusless as they are hardly
axplicable. They beccame mcre relevant in the light of othar cheerve~
tins made on this speoies, ns follows: During the 1966/B7 and 1967/68
reins, no (larias were elther observed or eauht running )pstreas.
in both instances, however, signs left by predators suggestod that a
migratin had coourred; Clarjas mtulls were commonly foumd along the
river bank and tho age of these suggestod that the migration of this
#.8b coinsided with the first floods. In December 1968, a visit to
the Mwenda River waa n:.e bafore the "!rat Tlood and, judging by the
froquency of aerisl raspiratory movements " <lupiag in the Woir Poal
at the highest point of baskflocding of the lake, an extromoly dense
concontration of Glarisg was presant herc at the time, During the
hours of darkne«s on the mornirg of 15th Deceuver the tiver foodad
for the first tine that season and a visit paid to tho river at first
1ight was rewnrded by the sight of a large mumber of Slarias making
ghoir vay up the Cirst rapid at the hoad of Woir Pocl, In amthropo-
morphic terms the migratory technique used in passing up tha rapid cen
bost be desuiibed as gay sbemden. Little concern appoared to be given
to the damage recolved while passing up the rapid, vhich was traversed
in a verdes of haphasard leaps, Fish vere as likaly to rotum tc the
vater after contact with coe of the baulders forming the rapid as to
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roenter tho water directly. This movement upstream bad osased by

IV a.m.  The migration was obeorved, again on the vary firet flodd,

in Docambor 1971 (Loveridge, pers. comm,). Thore would seae %o be
1ittle doubt thorefore that a Clariag migration ocours only as a single
an with the first flood of the season. With this knowledge the oatch
dats are more easily explicable, The low oatches from Scptember o
Decembar would indlicate that the pre-cigrational acouwmilatian at the
head of the estuary occurs before Septomber, The Fobruary accumule-
tion could possibly be assoctatod with food availability in the csbue~
rine area following flooding, for the Clarins rm sooms omly to take
place with the first suitable flocod.

Smedonbls was sparse in catehos until Novembor, whon a alight
inoreaso cecurred. In December oatches rapidly rose to & peak whiah
decreased following the January flood, indicating a movement into the
"agtuary" arly when the river flooded. 4n inervase agaln occurred
at a lower level during tho March flocds, Although pre~breeding
Swmcldtia vore captured while moving upstream, jo ilso wore fish not
in breeding condition, Catohos in netes set morces the river bear
1ittle relationship to the concontration of fish which coourred in the
estuary. Couplod with cbsarvaticna oo fish fn full Lroading coodition
baing trapped well ssay Trom the river An the ressarveh station harbour,
14 would soen that Synodautis s not an obligatory river breader, On
this basis the sstuarine sccummlation of this species vhen tha river
flooded indlcates a feeding, rather than pro-breeding acoumilaticn,

5. ECEIION OF QULLETLING RESTILS

Although the mesn cateh flgures of the twc progiasmes at Parrot
Bend were much the same (Quarterdy: 12,7 Xg; Fortnightly: 10,8 Kg)
tho importance of cateh compruonta, as psroenuage of total cateh by
woight, veried., The Mornyridas were nearly twico as important in the



sooond progremes in ocmparisce with the firet (208, 408), due matnly
tc on inovoased eateb of Momyrus longirostris the Cyprinides

woro more or loss tho same {36%, 28%) and the importmos of Hydracvnus
ws nearly halvod (20%, 118). The importance of Synudcntis ws s blo-
nass caupauent of the population romained mich the seme (156, 138).

4 trond of chango which unicubtedly cc.urred over 1966 vas the inorease
ing mmbars of Leboo lunatus teken in catehos, Jeckeon (1961) ddd
not find this fish in the middle Zamboxi system and prior to She
formation of Lake Xaribs L. lunalus wes confined, as & population,

40 the upper Zambesi sbove tho Vietoria Falls (Jubdb, 1967}, Their
ocourrance in catehes fun these nottings was the first record of the
spocisa' presehcs in Lake Kariba., 46 thay ocecourrod as a breoding
population, however, thair ontry into tho lake must have taken plase
aomo yeurs carlior, The 1987/68 programme does not lict the apeoles
as belng present, although Lgbeo oyvlindricus 1s rocorded o have
vocurred cocasionally, Due to *he morphalugical similarity of thews
two Labug, thoso may well bave bemn mistakenly identified and could
have been L. lmaiug. Novertheless, by the 1964/69 pregruome, the
Tish had became significent in the gilinot catctws (2,8K) and by the
soomnd programuc were being separsted from the L. gylindmigus vhioh
wore far less signifiemnt (0.058),

Data fros the first prograsme suggeated an cutline of tho moves
ments asscafatod with potamoircmesis st the Huenda River mowth, The
scound progretme was spooifionlly atmed at the alarification of theee
earlior finlinga. The guastion therefore arises: Yere thore eny
nerked difforonces in the oonclusions draun from the weparate data?
Lapentinlly, the mnswor s no. With rep-.ds to Mommercos, deta f1om
bath programmes are too sparso to drav my oonclusions.  SYphomwzu) and
Bunis showed essentially similar migrstory bebaviour, The Ciniings



regarding Clarias were also the same in the 1967/88 and 1986/89
seasns.  Hjirocmug were more ocnsistently present in the 1967/88
soason than implied by the ipril decrease in 1969, Instead of showe
ing an anticipatory acoumulation at tho river mouth in Octobur, as
impliod by 1967 findinge, Labeo altivalig only showed a buildsup in
November in 1968, after the rains bad started. More detalled examine~
tin of the 1987 netting results show that this was in uotual faot the
case then s woll: *ho catoh of L. altivelis inoreasod within the
estuary during tho ocurse of the netting programma startud in Ustober
and finishod ir November. Surface nottings at Statiom 3 on the
nights of tho 31at Gotober snd lst Hovember ylelded 3275 g and 1876 g
Lahoo altivel s rospoctively. On 13th November the catch roio to

29 246 g. (n this evidenge 1t would appear that tho ncoumlation of
L. altivells tock place in November of both years sampled.

Data from the first programme grouped the behaviow of Jynglonbls
with | frocymug and L. altivolis. On tho basis of the second proe
grampe and other oheervationa, howsver, 1t would goem that the omoenie
trations of Syngdontisy were not necessarily for breoding purposes,
although some individuals arc certainly potamodroscus, Whether the
sccumulation is the rosult of the prosonce of alloefitanous food, or
whother the specios is for various reascns rheophyllic, iz stil) same-
whai onjectual tut the widespread coourrence of this smecies in rivors
supports the lommor, Clearly, however, Smnedddils showed o different
pattom of behaviour from Hniroovuus and Labgo and cannct be classed
with Shem,

Althovgh Buttcping, on the basis of data collectod during the ssowt
progenmme, showed some acoumulation in the open wators of the ostmery
prior to the rains, the species would appoar to have boon rhoophobio.

Popu *ticn flu tuntions at the Mvondla River mouth prior to wnd
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during the rains of 1967 and 1968 may be sumparised as follows:
Erier %o tie fixetfleod.

Sychoorrus, Momymue end Hydrogymng showed a gradual necumilaticn
at the river mcuth betwoen winter and tha onset ~f flow of the river
aftor the reins hud started, The acounmlation of Labeg patdveldy
wes far more abrupt, a mass mcvement into the astuary having cocurred
during November, after tho first rains ha fallen and porhaps as a
remilt of them, Thoro wero scme indicaticns tnat Jydrooymug remained
throughout the ostuarine area durlng the pre-breading accumulatics,

woreas Cyphaayrus, Mormsrua and Labeo moved highor up the estuary
than tho notting station, in anticipation of suitable flow lovels in
the river. Clarias oould have started aceumulating at the very hesd
of tho ostuary scon afte: temperatures started to rise in lugust and
obasoivations on these fish made in Ducember indicatod thom to be lying
quiescent on tho bottom in andieipatin of the first flood, Wt 1% s
not known for how long prior to this obsorvaticn those fish hal hehaved
i this uennor. An sccumulation of Eutrzoius seamed to cccur in the
astuary up to tho first flood. Mggugrops were also prezont and showed
a poak of concuntration in Septembor which cannct be relstod to any
known factors

Apart from the single massive wun of Qlarias vhich took plece with
the very first flood of the river, the pre -flood acoumilation and poste
flood decrease of JYphaEyaud, Morwoua, Hyirooyms and Librs slilzells
suggonts that these species move into the area of the river mouth through
the rains an! runmupstress vhon flow couditions allowe L1lovance for
postebreoding fish need not te mede, as higher catches wore always taken
befors a flood. Wmlyuppammmwmnbemwhm the river
flocded snd it 1s omsidered for tho reasmne given oarlier that only
part of this population ren up into tho river prepare
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The March ficed.
Tn March 1969, surface temperaturee could have been sulficiently

nigh (28°C) to silmilate a breoding condition, A drop of 2°C had
coourred during Fetruary however, is 1% is still not oclear, o cdbe
alderation of temperaturs alome, whethar it 1s actual bemperature or
a rige in temperature vhich, amongst other faciors, bring on broeding
condition in this populasin (4°C between July and October 1968, and
8% “etwoen July and January); and as no information was collected,
in the secend programme, o gonad activity, insufficient evidence
exists to suggnst reliable roasona for the acoumlation of scme of the
potamodromous species in March, This accuwmlation could have two
soarces: post-hresding river spewners and fish in late pre-breeding
socumilation, It is probable that the incresse in Glariag catches
in March, because of the clear-cut single nigration and becawie of tha
pre-fload February increass, vas the result of a foeding accumilation
as well as post-brecders returning to the laks, The Mareh acouwmles
tim of Smedatis is probably more attributable to a feeding acoumu~
lation in tho estuary than to en acoumlation of poste-breeding fish
caning from the river Obvicusly post-breoding Hydrocymug, Cyphomyrug,
Moomrrus and Labao altivali: must have contributed to the March ontoh
inerease, but some unlnown portian cculd have been composod of pre-
breeding fish, Cansideration of breeding conittion in tho provious
yoar, to be rmssonted L a later chapter, could elarity this probleme

8, " 3 IVER G

6.1 The Treamal Neb and Trun

Sampling of the river with tho trammel not was only sarried cut o0
nine different daya during the survey ond resulted in o aatch of 170
rish weighing, in all, 140 Kg. (Tabln 9.8 gives dotaile), On
sonsidorstion of the pericd of flow these nine days covered, sampling
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was %00 sparse to allov more thm scmovhat indefinite conclusics and
must bo rogarded as preliminary %o further work currently being oarriod
ot oo the river migrmts, Limitations on the uso of tho net were
impoeod by other sanpling commitments and the unfishabllity of the
rivor, vhan using theso methods, as soon as the height of wvator an

the temporary gavge rose sbove 1 met-e,

Bight species, listed in Table 9,9 wore caught in tho river in
varying concontrations oo the diffarunt sampling days. The o.lch
rate in the river was very high comparad to satches in static wator,
an overall mean of 81 Kg/100m/hr boing taken, Ais in static waters,
the fish populaticn in tho river wvas dominated by Labeo alidvalis
(%8%) and Hydrocymug (50%), vith Momyreps (11%) a far more importent
congtituont than in lake ontches and Mormyras (10%) and Synalaahia
(™) significant components. Momuypug was much more {mportant when
omsidorod by welght.

TUBIE 9,9 PERCENTAGE COMPOSTTIO ¢ “AMMEL NET CATGHES BY NUMBERS
@ DIFFERENT SAMPLINC 82103

1 2 3 4 Ovorall
Momvrons dellclogus 2 [ 12 53 u
Meruyrua Acgirestzis 15 z 2 5 10
Brdcoorme xiidatup 52 2 527 50
Maites Jabach 5 - - - 2
Labeo altivelis 6 85 5 8
Jauss Jimatua - - T - 1
Clarias gariecinua - 2 - 5 1
Smalte anxbeageals b 8 - 5 7
*1 1 s-4/2/87
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Sampling in February 1967 wae carried out shortly after s alight
{ncrease in flow, as this sudsided, late an in the middle shind of
the flow souscn, The catoh wns predominantly of Hydlrogynus, hut
Labeo altivalir and Mopmyzug wore alsc ruming in somo nusbors. 411
Hydrocyaug wore in oreeding eandition and somo half spant female fsh
were taken, indiesting that this apocics was actvally brecding some--
whare in the viocinity of Elbow Pool. Somo of the Lobgg caught were
not in breeding canditlon, but tho majority were, Both thoso spocies
were not fooding. Alegtes liberi in breoding cwdition, and also not
feading, worc alsc taken at the time. Most of tho Hormyrup wore
caught ‘2 the meming of 3rd Fobruary and ane of tho famales could
have spawnod alroady. The ‘wo Sypgigutis cnught woro both in breed-
ing condition and were not fesding, 4lihwgh numbors of fish moving
up/iownst eam wore not resorded, a clear impression of a majority
wpslioo™ sovemont was noted.  Water lovels were not rocorded, for
tho gauge had not bean fitied at the time of sampling., The weight
of fish caught por hour was considernbly higher (X : 189Kg/100m/hr)
than at any other time sampled,

It will ba remembersd that the 1967/68 rains wore lowor than had
proviously boon recorded and that, after atarting to flev in mide
Docember, flow comsed for ten days during January. On 14tk January,
flow started anee more snd sampling was undortaken frum . %0 Ivalve
days aftor this, beforo snd aftor tho only flood, o minor one, which
was rocorded duriag that seraca, Catchos wero at a lower lovel than
the provicus yoar (% ¢ 83Kg/100n/hr), end nearly a third of the fish
canght vhich wore maanly Labos altivedia (61%) snd Hnirecvuua (218)

woro muring downstreas. On the ovening of 24/1/68 ths river rose trom

0.7 © 40 3.7 B in 85 minutes, Catches pricr to the flood vore moder
ate (23Xg/100n/hr upstreem; 12Kg/100m/hr down) end camposed mainly of



ko skkAvelig. Catobes oessed as som as the river started to rise,
oven vhan the net vas wtil)l fishing properly. The folloving day the
water lsvel had retumed tc 0.7 & vhon fishing started in the morning,
Migrating Cish, nov meinly Hydrogemus, bad incressed (81Ke/iom/hr).
Inring the middle of the day the water level rvee to 0,8 2 and oy the
md o sampling at 1700 hours bad dropped to 0.8m, Catohes in the
sfternoon remained »- "e ur isus st the same level (52Xg/300m/hr) but
sanposition changad again to similate the Labeo run of the previous
aftariom, The flow diminished cromight so that when ssmpling o
26/1/8. was steitod the geuge height was 0,67 m and during the 2§
hours of esempling, feli to 0,6n, Catchos :xn this day were high
(66K2/200n/br upy  20Kg/100m/br down),  The moming run of dydreoyaug
which was expacted after the proviocus days' experience, took place,
but several other species were also involved, including tho unly migre-
tory MoImyrus to be ta.en sd e modorate rm of Laboo, Breeding, and
non-feoling Syngightip wre caughl, moving in both directions. Seversl
fooding Mormyrops with {nactive gonade warw caught.

Tn Dacembar 1968, tha first floo! was sampled, following the mass
wovemarnt of Glagiag which had taken place cn the night of 14/12/88,
the tail and of which was olservad in She moming of 15/12/88, Catches
the sam morning were good (61Xg/10(n/hr) and ware duminatad by the
number of L. glblralis (5%). Mamoms wes alsc moving L. quite
approciablc mmbers (256).  Uther fish taken were Magmyrops (12%),
Mohao lunatug (7%), sught for tho first time migrating in the river,
and a single lindgreovgs By the seme aftcmoan movenant of [ish
deoronsed to 13Kg/100m/hr. During the middle of the aftomom a few
Lo sltivalig vere running, but as dusk approached Mommvyug started
sppearing. The fal)-.any moming, when water level hnd dropped sbout
0,1 8 overnight, a heavy run (1RRg/100m/hr) was oxperiencel, Initi
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ally, this was largely Mormyyus, but 'y 1000 hours, large musbers
of Labeo altiveliy appeared in the catches. Catohes of Mormerus
over the two days vere interestin, in that cly female fishes were
caught on the first and only males on the secon? day. Although it
is unrealisti> to drav any oconclusions from a sample of seven fish,
the supposed unissxual sigratory behaviour of two other Central
Afrinan Momyridse, Ongthgnesus mgorclepizotus (Pike, 1965) and Ge
psntelri: (Bowmaker, 1968) suggests that unisexual movemmnt pattems
may orour in Mormyrus lemgirestris, tut this would require confirme~
tion on more convincing evidence. All %he apecies caught in Deoesber
1988, were eithar R or RR, except lojwyrong which were both feoding

and sexually inactive., There is some indication in these results that
the soquencs of reaction to the first flood wuit from Clarias to Labeo
Alkivalig to Mormyrus (see Table 9.8) but this oould equaily be the
remit of changing fiow rate.

The final sampling vith trammel net tock plave over the 13th and
14th Fabruary 1969, just before the river cs.sed to flow on the 17th
Pebruary, Sampling therefors took place at very low flow levels,
the residue of floads u° & month bafore, Fishing was carried out
fram 1000 hours of 15/2/69 and oontinued into the night, ceasing at
22%0 hourse Nottings were resumad the falloving morning at (615 hours,
Catches were low and decreased through the pericd sempled (24Xg/100m/he
o AM 18/2/69 to TKeL0Ow/hr on AM 14/2/69).  Single Syngdcontds.
Hammyrug, Lo altdvalic o0 (lagiag, o113 in breding eemdition, were
takan o the first moming. In the afLernocon vatches were confined
to Mormurane and [ydroosmue before dark end wirdle fishing eontinued
ot night, only Momyrops, wich ocourrsd regularly, wes caught. &t
first light the following morning, Mogmypeps cocurred ugain, followed
in later nottings by Hydregunus. The [Lilrogrug veto also in breeding



condition, tut a1l the Moreyropg were sexually imastive and feoding,
although » eingle fomals could have boon & post-bresior, The regulasr
ccourvence of MoruyTops through the night, omtaining food in their
stomachs, suggests that th- movament in the river wes purely for feeding
purposes., This subjeot will be returned to in a later ehaptor (Chap-
tor 12).

During the sampling at Elbow Rapid in Jeuary 1968, spont ard ripe
running femalo Hyirocymus were taken and savornl observations were
mado of fish behaving atypically in water 10-15 em doap at tho houd
of the rapid. These fis  .uld have boen spawning, Tho turbidity
of water waa such as only to allow chearvation of fish, or parts of
tham, protruding from tho wator. The backs and dorsal snd caudal
fins of eoveral Hydrooymus w°rv glimpsed momontarily above the water
surface, Fish gently and slmost lothargically held positiom azainst
tho ocurrent, with head upstrocsm, and nocurred in more or lusa the same
position for up to ten mimutos. The single spant femalo fish canght
wns braleed and hal lost same latornl sonlos, suggosting that the
damaze ocourred during srewning, =nd that spewning had therefore takan
place in fast moving water. Coupled with, for Hedrogrmg, the marked
peculinrity of hohaviour, thin damage to o spent fomale Fish suggests
quits rtrongly that the obeerved fish wore netually spawning. Ova
vors ar%ifically and successfully Pfortilissd at this time, supporting
this sug-stion,

Thi upstross and downstrens data in Tablo 9,8 are suggestive if
viewed soquentially with raspoct to tho timo of tho rainy sons.y. S&fe
pling was carrled cut. Decembor somyling (1968) showod o complete
upstronn movement, Lato January (1969) and sarly [ebruary sampling
showed the majority of fish tc bo meving upetroan (725 in January 1988),
Sampling in mid-Fsbruary (1960) showod tho majority of fish to be



moving downetrean (808), This apparent trend towards downstross
t 1s, h , suspoct in the light of tho difforent flow

rogime and spocific oomposition of fish sampled in February 1969,

Tho rosults obtained by use of tha trammal net, beommso of its
various dravbacks as usad in this study, are essentially unsatisfao-
tary, Some usoful infeimation was gothered howiver, and somo charao-
teristios of migratimnal hehaviour wore suggested by tho data, The
only really reliablo information comcerns whilch ipocioe do migrate
in the river in breedingz condition and these are listed in Table 9.8,
Mormyropg wns the only non-breeding migrant.

Apart fram the iufroquomt ocourrence of an individual which was
saxually inactive, a1 fish caught worn oither ripe, ripe mmning or
spent, irregpoctive of thoir migrational direction. Hommyrops were
all actively foding in the river as wore significant proportioms of
Smoiaptis end Moruyrus. Thoe notting results mive sumo idea of the
extroma density of fish in the river during the rains, 2a cumpared to
the oatch in static waters, although thess cannot be rogasded as belng
dlroctly comparable (% trammel motting; 61Kg/100m/12 hrs; X Str. 8
gillaet Floets: 12.5Kg/91,5m/12hrs).  The lata alsc indiocate the
somparative dansity of the ifforent migrational apacius which are
1iablo to oapturo by gillnet., Although in tho caso of tLhs tranmel
netting rosults, number rathor than wight of fish wers thought to be
A more realistic paramoter, the porcontsge composition was osson®ially
pintlar to gillnet roturns from static wators (Tablos 9.1, 9.6, 9.8}
Thore was also a suggestlos in the results that during the course aof
u fishing poriocd, either an ontire moming or aftesmocn, the prodanine
ant spooles Hxdreovans s Labao alkiveldd tended to move in single
ppocios shoais which must have beon widely dispossod almng n sootion
of river an ccnsideration of the length of time cach sampling pericd
Insted: on four oconsions pirogypus wore odthor overvholmingly domine
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ant or wers the anly specles of the two takon during o sempling
poriod, On thres occasions this was true of L. altivells. Yot
@ e occasion both srecics wore mmning hoavily * togother {(am 26/1/68),
Mormyrus and tho loss mmorous spocies oscurred in emjuncticn with both
Labeo ant Hylrooymus. A further drawback of tho tramncl not wvas that
1t 444 not espture smallar migratory spocles wvhich, oo the Lasis of
the 1itoraturs, ths llst should include: Micralestog, Barbus 8pr clas,
Shiloclauds, Unathoneta, Cyphomymue ad Labeo sylindricus.

6.2 Handlinoo

On the 25th January 1968, it was possiblo to capturc fish by hand-

1tne below Blbow Rapid. Eight Glaries rarieplnus, one lglaptorum

secbrious wd o Smointis vors takun, totnlling 17 Xg. Both the
Molgntgrurug ond the Symodantds wero ripo fomalos, and tho former oot

taine: fool itoms in the stomach. Tho breoding condition of the
Clarias at what was well past the first flooc’ was disconcerting.
Three fish wore rips males, throo wors rips femslos and two other
fomales wor ripo running. Thoso tish foreibly indicatod a saomnd
breading of Glariss to be wlerway ot the timo, Ho fish vere taken
in the trammel net which was opereting just below Elbow Rapid at tho
samo time, so the indicotions were that theso fish were biooaling, tut
woro not migrating urstroam to do so. The fact thet thoy took bait
froely would indicato they woro fooding at the same time.

Despito the peservation imposel by the methols usad therefore,
yiver catchos wore not es wntially at wvarisnee with ecuclusi~ns regard.
ing migraticn dravn from the Aistribution ap! abunlance of fish in
static wators as refiocted by sillnot sntohes, Tho question of potamow
dromesis will bo disoussed further after presemtation of data m the

peals flshos and breoding astivity, ab the and of Chaptor 1.
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7. TELEMETRIC ZRAGKENG

The irritating uncertainty which rasultod from tho wse of nots in
the river lod to tho nocessity for more dofinite infomatiom, 1f an
1ndividual fish eould be fcllowsd on its migration, morc roliable
{nforuation portaining to fnotors such as how far upstream the indivie
dual migratos, how leng it stays in tho rivor, how quiekly the movament
takos placo and at what stago the fish rotums to the lake. An approash
was thorofore mo'e to Dr. AJE. Rogors of the Physics Dopartmant of the
University of Pholosla whe dosigned a tronsmittor muitoble for Antroe
duetion into larger fish, ho rosults of this approach have been
punlishod as an intemal report of tho Univorsity of Rholosia (Bowmakor
and Rogors, 1968), 4 particular problom which soparatos ralio tole-
motry of fish from cther types of blotolometry is the choico of o fro-
quaney that allows propagation throwgh both wator md air,  Most rallo
tracking systems cpornto in tho VeH.F. range of froquencies, due to the
Aifficuliy of powor rallation ot lowor froquoncios, owing to tho very
amall offlcionclios of antemnao with limopsions much loss than one-tonth
of o wovelangth, It is Cosirable that as high e frequoncy as possible
bo chcsan, vithout undue attritian by tho aquatic mo'ium md tho one
eircling flesh of the fish. On this bosis Rogors choso a froqueney

of 3.5 Miz as boing cotimum,

7.1 Ihe Irsnandttor
The ire smsttor 1s of « simplo lesign (Fig. 9,10), composed of
throo resistors (20, 330K and 8,3Kq), thres capacitors (18uf, JO0Ruf
an! 3%0uuf), a single transistor (BC1238), o 4 o ferrite rol antenns
and batteries, The cirouit oscillates for sbout 140 milliseconds
during which time the 16uf capacitor dlacharges an' outs off the
trangistor. Tho B30K0 resistor ther rochamges the capneitor and cegdllo~
tion starts again. The cycle lasts abaut two sooonls anl tho result
Lo o sories of "heaps’ om the recwivere Two sinos of batiory vere
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15 o series of "boepe” m the recsiver, Two sizos of battery were
used, Mallory 1000 Meh and 500 Mah, The first had an expected life
of about 40 dugs and the socond 20 days and moasured, when emcapsulated,

100 mm x O mm x 25 om and 75 om X 40 mm x 25 mm,

o

.J_m,‘

i

|

Fig, 9.10. The transmitter circuit of Dr. LB, Rogors.

7.2 ihe Rogedver
4 simple sideband roceiver, suiteble for sucuiving the tisnme

mitters, wa: doslgned Y Rogors, who considered single sileband as thy
most suitable dema*ilation tuchnique, as a good cloar note is produced
during osetllation. 4 loop antenna vas found to be sailsfactory es
1t could be cperated umdor water if necossary. Tho receiver was
oarriad in a shoulder bag and on eer plug iype lwudispenker was used
(Pig. 9.11). The receivur wns desigrec to receive rigmals fres 12
differeat channols so that 12 pretuned transsittors, of elightly varye
ing frequoncy, could be used similtanocusly.

7.3 Encapsulatien of Tronsndiiex

The danelty of %o encapsulated trensmitter hei to be slightly less
than 1 so that the hydrodynamic balmce of the fish wna not interfored
with asd the tranemitter would float if disgorwel, thus being recover-
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able. The ovorall siss was governed by the swnllowiny capacity and
sbomash aise of the fish speclus to be tracked and the transmitter
hod to bo protected from the digeetive seoretions of the stomach,

To fulfil those requirements, the t jtter was ombodded in balsa
wood (Pig. 9.12) and then dippad in polyester rosin, Tho anoaysula
tion was smoothod and made as fusiform as possible.

7.4 Irials
Trials undortaken up to tha and of 1968 yloldod the following
informationt

1, Ths transmitter, whon wmbeddod in a 4 Kg Hulrocvius, vas asiible
through a water colwmn of §5 me The rrnge was further than 100 ®
when the f1sh was suspended 1 m below the wntor surfase and the
roceiver wns operatad 1.5 m above the watur surface.

2. The encapsulatod tronutittor wis roadily and easlly ongorged by
Cariag (Fig. 9.15, 9.14) ond dylrcavous.

5. Thore appoared to be no chan,o in frequency or fyowwing” vhon
placed in a live fish subsequontly reloased.

4. Frequencies did ~ -, bowever, when traciod fish moved cloue
tc large bowders. Similarly signals could bo blanksted off if
bhauldars occurred betweon transsitter aud recelver,

5. Flsh vith transmitters in thoir stamache appears! to behave no
difforently irem controls when kept in tanks. Fish which vere
radlo tngrod were all in breeding condition and whon offerod live
food noither controls nor tagzed fish would eat. Hulrccunus used
in the feeding exporiment (Chapter 12) were oithor immaturo of not
broading and fod roadily. The implication horo {s thnt Hydrooynus
in bre-ding cwnditimn do not food realily and that transmitters in
tho stomach do not upsat their behavicur eansplouously.
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8. The firmt type of trenemitter (Fig. 9.13) vas casily and froquently

Aingorzed by both Ciarias mnd Hydroovgug. Emplacommnt of trans-
mittors in river fish was undertaken in December 1968, whan elght
clarias from the pre~brooding acoumilation at the hoad of basli-
flooding were tagged. Shortly aftor this, and befors tho river
flooded, threo large crocoiiles moved into tho aroa and five of

tho tagged fish, pbssibly for this roason, wers lost, Two of the
remaining transmittors eontinuod signalling fram tho same position
for several days, suggeating that thoy had boen ddsgorged, The
romaining transmittor functioned properly ond was lost only after
the river flooded, Although extensive patrols wore undertaken %o
£4nd thia £ish upstrosnm theso were unsuccassful, One of the main
problems apparent in this riret attempt to track fish stesmed, 1t
saomod, fram the Alsgorgement of tranamittors. For this reasomm
a socend type of pclling vas wndor Laken in the new sorios of trens-
aitters conatruoted in 1969, and given a trial in Fabruary, when

a viztt was peld to the river apecifieally o glve theso a triad
in the hope that they would be functional, Unfortunately the
flow characteristiocs of tvhe river Jid not allow a movement of
Hedrocymug snd tank trials nly were possible,  Two approaches
wero utad, The first involved the placement of npring varbe on
tho cutalle of the transmitter (Fig. 9.12) to prevent disgorgesent.
Those wore sonstructed of 6 mm wide cloek spring. The onds were
sharpencd, but 2 mm from *'° point wore broadly showddered so of
not to ploree the stosach wall. The barts wero strapped to the
cspavle vith a notting strip imprognated with & poor quality resin.
4 transmittar weas placed in a [nlrocymi which was kept in 8 tamk
for ano weoke At tho md of this period the transmitter wma still
Amotional and i1 the fish's stomach, It cousad a degres of cone



tusion to the stamach wall. The poor quality resin had by this
tmbmmru:dmmdwmm:b-mmm"rmm
aftor o fow moyo days. This would have allowed eventual disgorge-
pant by tho fish (Fig. 9.15). The seoon! approach involved oot
ing the tronsmittor in resin wthout tho balsa and plaeing it
oporativaly into the body cavity., 4 total of sevun larre Hedro-
YRy vere troated in this woy tat all died witnin 48 hours,
apparently from operative shock, althaugh groal care wns takon
to minimise this, Fish wore caught on barbloss hooks and introw
ducod directly into a sclution of M8222. Onco nnassthetised the
haad was loft in the water and tnil 1iftod out. Ln inefsiom wos
made lateradly sevorel contimetros hehin! the palwic fins and the
raanittor, conted with anbibiotic grease, wna introducel through
this into the hody cavity., The tnoision was then tightly stitched,
Post-mortam examination showsd no dannge to intornal organs in all
fish,
The tranemittess are still, therofore, in o develcommontal phase.
i presont the maln drawbacv soams to stam Trom the somowvhat excossive
size of tho transmittars, dtoluhsd by buttories apd neriol. For this
roasen n difforent approach is prasently being {nvestizated, If

inotond of n &r {4ter, o tr der was used, curront vould only
’ +

P

be irawn off when ths tmansnitting ciroult was nctivated from an
axtornal tronemitter, hence n1lowing roductiom in battery sise, ond
goneral reductian i . #ise of tho encapsulstod tronsmitter. Ifa
MnctimtonMor?mby?ndhmhrauocouldbnmhlnd
this would mean that the transmitter sould be introduced dircotdy inte
the body eavity vis o chisellod tubo mnd plunger. The oporation would
o quick ond cmune ainimal shook or damngo to the fish. Professor
#E.J. Farws of the Dopartment of floctrionl Engineoring of the
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Untversity of Sdtaburgh is currontly looking irto the problas, 4
txanspander of this type would have wide applicaticn in bath Sarree=
sl and aquatic Clelds,
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Ain agwepmment of the faumna of the pools left by the river in the
Ary seascn, described in Chapter 5, was novessary for a better under-
standing of findings in lake and river, Furthermore, tha amount of
research thet has been carried ocut on rivers vhish are subjsct to
drying out and which sbaund in Africs, is minimal. Although Yhe
survey included an assessment of benthis campamonta and fish, the
former have bean excludod from present cmmsideration due to spacs
1imitationa. It ls necessary to point out however, that the pocls
malntained a rich and diverse benthic fauna, apparently, m both
subjective assegament and the good ondition of insectivorcus ¢ woiss,
suftictently aturndant to supply the neads of the lnsectivorrus fishes
Lol here,

2. MERHGDS
The mathods used to collect fish from the podly have already been
deseribed, The 15 ms mesh seine net used (Figs, 10.1, 10,2) wes
affactive, partiowlerly in the rook-free pools or in cmjunchion with
rotenane, Fig, 10,5 shows o typleal ostoh sequence of fish abuve
12 om from Surpriss Yool 4{n October 1986, Aftar the application of
rotantne catobes decreased to sero after three bauls of the seine nwt,
inplying that the total fish fauma hed baan removeds. Juvenils flshes
vers particuiarly suscephible to rotencne mad ressted sharply &« Ats
introduction (Pigs. 10.4, 10.5), some 50 to 60 mimutes bafore adult
fishes suombed, The likelihood therefore that sy flahen asstped
sapture from polsoned pocls would sppesr to be winimal.
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Fig, 10.3

Tho sequentlal catch of ths 13 mm seino net
before and after application of rotumane,
The first two days are the camposite of ¢
hauls each. After application of rolencne,
three single hauls are recorded.
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4 tota) of over 14,000 fish were oollected in the river pouls md
womined, Dates and pleces of ccllectian are given in Twils 10.1.

TiBIE 0. POCKS AND D.TES THESE WRRE R AMPLED

1968 1987 1968
Whirloool 20/10

Surprice Podd 411 27w 8/
Hammmerkoy Poal 2/8 811
Chanps Pood %0730 28/7())  30A0(4)
Deep Poal w/8 27/30

*Tagging experiment

In July 1867, Champs Pool was separated into ©' with a mosguito
garse fanoe and fish fram half the pool carsfully collected by repsated
selning; the other half was polscned the fallowing Ootober md all the
renaining fish collected, Tish fram Decp Pool were tagged in ingust
1987, snd sollected again in Octcber 1967, The tags used were red
plastio, numbered individually and measure’ 11 x § x 1 mu, These were
futroaduced through a parrow inofsiom into the body savity fallowing
mossthatisation stk dandos MS 222 (ethyl m~aminobenscetas, the

th Aphonate of mete-eminotensolo acid ethylestors in lsawer of
bensooains},

Procedure with intividual fish as desoribed for gillnetded spoci~
nes vas followad, AC times, hovever, the mmber of fish ocllected wves
au great that juvenlle md small fistes were placed into formalia for
later wxamination of longth, gut oomtents snd sexual sobivity,

Before being placed in formalin the entire collestion of sach smeoisy
was weighed sepsrately for bicaass astir~tims,

It is not considered necessary to give a detailed listing of all
gaileotione made, Rolevent data will be presentoed whore
in the following sectims. Only -welte et variance witn thoso pre-
smnted vill be extrected for vrawidoration.
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5. IR SECES
The following 19 species were fomd to .oour in the poal sclleo-

timss

Memyrons daldsioius

Srphoxvive disgcxhnolug

Goathnens pacrolepidotus

Monmvrus Jangiresticls

livdregrinia wittatua

Lloxtes luberi

Hicie ke autidens

"Basing Masmeclatus

“Baring sndlaciatus

Labeo eungeTy

Labeo altivells

lLabee qrlindrioua

labec lunatus ?

"Lasteslonis rolvdioens

Slarias garioulius

Hatorchrenchus longifilis

Smalaatis Assbessoals

I1anis nertiserd

Hapleoheanie daxliogd

Those specios which were mly found in the pocls are mariwed,

labeo Lupatic has bean inaluded as it is probable, dus to the diffi.
oulti{es of juvenils differentistion, that this species could have besn
oonfused vith L. griindrigmg. Apart frow the romyrids, pocls fish
were umally insipidly coloured, glariss, for example, were all
mmgwumumum.mmxme:-uMom
rerines and Labeo aisivalis vero & pale rosey pink, rethor then the



sroen, grey md pink fomd in the lake,
4 GRRLL DETEREIGE It COMPOSITION

Surprise Poal was the @y poal to De callected st the initistion
of the survey in Ootober 1966, Ths pool was also sampled in 1967
sl 1366 9t the vame ime of yoar, The data from these acllectiue
should give an indloation of tho cansistency of the {ish fauns hetween
ane dry scason and another (Tsble 10,2;,

41 Emaal Deagity

Tho coucontration of the fish faums in 1988 alicited tho name of
this pocl. It was ocstimatod that the volume of water ia tho podl at
thils tima vas 385 27 8o i -t the fish oscurred fn a density of approxi-
mately D.4 Wns. In 3967, the volume estinate ms considarshly
1098 {150 1% 1a tho vater lovel was lower vhen ths pocl was ssmplad,
The fish denaity vuic satimated to by spproxdimately 0.2 ”«/!8. In
1968 tho water level wes slightly lower VYhan i 193 and thw voluws of
the pool vas estimated t: hw 260 a° {Fig. 10.4). it this voluwe the
sppraximste density of flsl wes m intersotiats 0.5 Kg/a'e Two
major factors, to oxplain tho disgrepsncies betwoen the Aifferent blow
wmase of fish, neod oonelderatiom. The firet pertains to tho seomd
and rettorn of ra‘nfali in the previous year md the seccnd to the
dogree of attanuation of the water which took pince in the different
yoors nemplod,

The 1065/86 rainfall records st tiw Resosrch S%atin wore lrpro
porly kept so thai At 42 aot poseibla to drav sny corrolstion botwess
density of fish in the pocls and the pattsrn of provicus years' rein.
Atteauation offects vill be scosidered in & furthor sceticn, The
nost that asn be drasm from the avellabds Aats is thut a vide variation
of the Lihtiyosass of & aingle poal could ocour from ono yoar to the
noxt,
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42 Zsuval Ccmuoalt'sn

2.4 by welght of tho populaticn in 1968 wes composed of juvanile
fishes, If omsldered Wy mmbors tho population was overvholmingly
fuvenile or immaturo, The large mumbors cf juvenile r“ishes worve always
presont.

The fmunal ocmpositicn was typioal of a pool with 1little ocver and
mcderate attenuation charscteristics, being daminatod by Labeo sitivelis
(R.5) and Zaries gariopious (27.88).  Hwdreoyuus (14.88) and Iilagia
(10.6%) wero important constituonts, When oonsidored by mmbers,
logten imberi and the Bortug spp. wore most important, wt only Alestes
sontributod appreciably to biomass {7.6%). Mommyzug vas relatively
insignificant.

The percentage moan cocurrence of different species frem the
quarterly gillnet programme indicato a similar lmportance of Le albs~
yallg in toih lake and pools. Hydrocynug and MoDmyrug apparantly
ccowrred with groater ffoquency in the lake. Llogtos jgberd vas of
far groator importance in the pools, ae were the ossontially rivorine
Mioralogtas, Barbug spp., mnd L. siliadrious.  Both Glariag wo
T4lapis were of groater iwportance to the bicmass of tho pocls than
of the lake. Boti however, could, more cbvicusly than most spoclos,
b3 tho rosult of sampling. In the Cirst instanco Glacing is olearly
not easily susceptible to gillnets, but is to poism and a s3ino net.
Iilapis bas bean shown tc be far more frequont in arces nway from the
rvsr mouth,  The Tilapks blomass, as & persentage of total £ish blo-
mas- \n the poals, was in fact loss than that reflocted by Coke's
{1969) gillnets in the Sanysti cleared area, Nevartholoss 1t is
probable tast the poc. : were the mos® nportent habitet for Iilspis in
the rivor ead ite noar vicinity.

Tho varisbility betwoen yoars of the total fish fauna is gonorally




applicabls also to its spesific ccmpanonta (Table 10.2), although scme
of the species showod a kabls similariiy in blcoass botwoon 1968
and 1968 (Hydrooviua, L. aliivolis sod Tdlguig). In ell three sases,
the 1967 bicmass was found to bo ocnsidorably lowor, This eanld

indicate that the unsoasmnal flocds of 5th May 1967, gave those fish tie
opportarity to move downstroam aftor tho river had improssod itesolf,
1ato on in tho soason, as boing an unsuitablo habitat for those spocies.

S. DISTRIBUMION DN RFLATIGN TO POOL TYFE

It was clearly apparumt vk o collcctione were mado in the difforent
pools that the fawia of a peol cloar of stouos, such as Surprisc Pood,
variod quito eensidorably from the fish fiund in tho rocky pocls. Te
{11ustrato this point, data from Surpriz: Pocl, the mmall pocl soparated
from Surprias Focl at its head {Rooky Fenl, Fig. 10.4) =nd Hammorkop
Pocl are oxtractod from sampling carriod cut in Novonber 19€s {Table
1G.3)e  On the basis of thoso data cortain spocios amnar to favour
tho "protactad® (rcoky) pocls.  GoRLLONEG uaorolopadotus vas cnly
found in Hammorkep Pool. Mgomyiug elso occurrsd infroquently, Wt in
both typos of pocle Hydreamma soumxd to favour tho pocls cloar of
cover whoroas Llgsles ond Miaralostas appearcd to show little proforence
hotwaon protactod or cloar pocls. Tho twe Barbus spocios shov an ine
toresting difforence in tholr apparent proforences. He snitaoniatus
showod 11ttlo proforonco for oithor, whoreas e linaguaculatups showod
a cluar profironce for roocks. Lakao aliivolds soomod equally oo tele
butod and showed 11%tle apparont preforetice. ke SQUROLo wos wly
* nd in associstion with roexs and L. gulindriaus scomod to shov &
profaronoo for thiu babitat, Claxiag apposred in far groater RicRas
in the closr pocl, as did Tilapls.

The most outetandingly litbophyllic apecles was Syusdontds sasbosn-~
Aals, = ireignificunt oonatituent of Surprice Pool nd mn important
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constituont of Rooky and Hammerkop Pools.  Indeed, wbon Surprise ‘ool
wea sasplod in 1967, this spcoles anly appearoi in the catchos afieor a
tree stump had been removed from the wator, The informatia. suggested
by thas: data arc summarised in Table 10,4 Two, perhaps threo,
species show a prefarence for rock-froe pools, Fivo, perhaps six,
show no apparent preferences. Throe, perhaps six, show & prefarance
for a rosky habitat, Tho mstter wili bo roconsiderad falloving the
presenta’ lon of length frequency data.
6. SIE COMPUSITION OF POOL T BH

Date n the size compoaition of the pools fish are valusble in
tbrowing 1ight on several different facturs. Lmongst these are:
1. Tha uportance of the pocls as 8 nursery,
2. Tho distance upstresm migrating fishes =un.
3., Potontinl prodator take~off.
4e Juvenile hobitat prefersnce, or over officianey.
§. Juvenile grcwth data.

“ow this reason, length frequency Jata from Hammorkop, Surnrise
ar | vky Fools in November 1968, and from Champs and Hamserkop Pools
saparutely in .ugust 1967, have been illustrated (Figs. 10.8, 10,7).
In thoso instances, mmbers of fish and not Licmass are anphasisvl,

The first cbvious point appaiout in thesa figures is the ome
sidcrable portion of the populat! . composed of juvenilo fish mad that
all the larger potamcdroncus species are represonted by juvenilos.
Bimodal froquercies (Fig. 10.8) can be seen in Algates, Snadatis ani
Tilapia. Porhpa a trimodal eurve oan be sean in the Labao altivells
froquenoies, alihcugh the third is definitoly quosticwable, 1hase
«uggne®, that the flrst mede ropressnts rish spawmed Lue provicus redny
soason (1967/68) asd subsequent modss, the rainy seasms previeus to
this. Tabulated, the data in Fig, 10.6 suggost the following approxi=
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sate growth rates for fish ccllected in Novembor 106f:

Flow season spawningt 67/68 66/67 65/88
Llactes ' L-8Bam 8-10us
Smadmtis i 4-8 om PUN. -}

Lo aldivalle 4=-8om 1l4-18cm (30 om)

Iilacie mortimeri has not baen included in thds tabulaticn as the
sizo of juvenile fish indicate a omntinuaticn of brooding during the
dry seasmn, following cessation of flow.

Sises of the larger potamodrumous species do not show cloar-cut

«des, but the majority of juvanilos of these specics which could anly
nave spawned during the provious rainy seasmn aro as fcllowst

Mormyrue t+ 8-2,m (7) (8«16 om)
Bydrocymap [} 6 -8om
Lo syltudricus 6~-8aom
¢lardaz 1 8 =-24om

Data from Fig, 10,7 show a - o casily dissemablo mcde for
Momuyrus (bracketed sbove) bi e s.ze renge of secmingly first yoar
Clarias 1o just as broad.

Two factors may be respansible for the wid Aifferences in growth
of apparently year-cld fish, Tho first con res(lt from widely Lased
spawning, Fish prasably bad *he correct conditlous to breod batwear.
Dooember ami Lpril, psrhape May. There could have beon, ther:Zore, &
difference of betwoen three end four months in the nges cf the first
~anr group. Tha second involves tho availability of suitable food to
whe individual fish. reater focd avallebility %o an early spmwning
group would widen the gap resuiting from agu; greater or leseer focd
availability in tho differont pouls world dirferentiate yruvth in e
singlo spawning group (ses Pig. 10.7; Llggtes mode 2 - & om in Champs
Fool, 8 - 8 om in Hemmerkop Pool)s
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Ou this basis, by taking the middlo of s aon-wodel size group exd
the middlo of ths breading seasm, it is possible to gain a vough but
porhaps more realistic improssion of tha growth of these spocies in
the first nine manths following spawning (Table 10.5). Labeo gltd-
¥olis possa a problem not recdily scluble w available data. 4L & om
growth in nine menths for a large tropioal hertivore ssems inordinately
1ittle. Yot a clear mcde can be found in both figurec (a0e alsc
Fig., 10.3) at this length, Both figures are included undil clarifl e~
tico is possible. 4 bimodal distribution eould in fact coour vhore
eiroumstances may have dictated two major spawunings fav apart, tut o
‘he dats availabie 1t would seom more likoly that the & em growth in

the first nine mombths is in fact more reallstle,

TLBLE 10,5 ESTOATE OF GROWTH OF POTANCDROMOUS SPECIES IN THE FINST
NINE MONTHS FOLLOWING SPAWNING,  (Data in Figs. 10.3,

10.7)
Meormyrug Jongiaiestrls ¢ 1F o
Hedroovie yittatus t lé oo
ilestos Jaberd + Sem
labeo altivells + Sorlb ot
Labeo gylindricus v Tem

Elarias garioplnus P B
Synodentis gombogensls : 5 om

Where sufficiontly large murbors of imdividual spocios wore cculeo-
ted, tw. sharacteristic length frecuency eurves arc apparent; that
Qlustreted by Aletier, k- SYMo/zimg, Smelatis od Iiaols being
the expected distribution of a breeding popuiuiion, with groatost
rumbors at th: shortest length, tailing off in a negntively hyrer-
bolie way to fow numbers at tue Yungest langth, Sutficiently large
wumbers of Lohes altdralls wore earpled to snov a diffemsnt type of
@urve, with the iargest .+ “uia In the middle sise range ¢f Cish
(Pigo. 10,6 10.7), Drd.r »¢ elther juvenilo mortility or dispersion.
The larvas bohavieur .t sly related Laheo Yisteriaue (Fryer



and Widtahead, 1980) wuggest a mochanimm encouraging downstross move-
aatt, so that it is quite 1ikely that dispersicn rather than mortality
regults in the paucity of juvaniles in the pocls. Thie argumont ocquid
be extended to Mormyrus, Hyiregyrus ond Clarias to @xplain thelr pauo-
ity in the pocls, which bore no ~olationship to the mmbor of oreoding
pdults which run upstroam, Thu suggestion is therafore th : larval
stages of theso specios alsc tohaw in o similar memner to L. yiockori-
anug and that this behavicer e as innate to thewe potamodrancus
spacios ng is the upstrean mizration. Sone support for this hypo-
thoels ia furnished 'y the larvao of Hydigcruug which havo boen cb-
servad to behrve in this way, (4 deseription of larval bohavimur
may be found in Chapter 11},
7. JUVPNQLE WABIT.T PREFERENCE

Habitat preferences as indlcatod by the coccurrance by weight of
differant specios in AL forent pool types hwve been cunsidored in
Soctiom 4, Here however, the amaller r juvenilo flsh were obscured
by the biamass of larger or adult fisht and 1t 1s neceseary to reconsider
distritution from the numerical viewpoint, in the light of longth fre-
quonoy data,
HORMYRUS.  Only juvanile fish were presant in Chompe md Hammerkop
Pools in iugust 1967 (Fig. 10,7) and wero apparantly aqually reprosentod
in both typos of pool. There were, however, several largo rocks at
the head of Champs Pocl and all Mogmyrug wers cclloctod in thoir viein-
15, Lsiloating a utilization by the juvanile Mormvaup of the rooks,
¥ine juvanilo and cue adwlt Morsyrua occurrad in Hammerkop Podd in
November 1088, two juveniles occurred in Roaky Pool at the hoad of
Sur.rise Pocl ani of the threo fist prosemt in Surprise Poal, two
worw juvenilos, A single large fish prosent in Surprise Pool cbesured
this digtribut’n as previously anclyced, In 1968, tacrefure, a totol
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of 11 Juraniles of 18 emglt oncurred in asscolation with roeke.

Wher consideration 1s givon to tho relstive sises of Suryise and

Rocky Ponle (ea 800 n%, 50 n%) and realise ihat thess two pocls wore,
rocmtly bofore sampling, comnocted, these meaire figures assume
groator significance. On this basis 1t wonld appear taat the juven~
1les of Mormyrue are either lithophylliic or are only able to survive
predation when assceisted with rock cover.

HYDROCYNU3, The size distritution of this spoclies in Avgvet 1967,

in Chompe ard Homme rkop Pools showed ro dofinite differances, slthough
the Juvemi.op in the lstter pool wers samewhat larwer. JYet virtually
all (286/300) the fish collocted in Novembor 1968, wore from Surprise
Pool, so hore agnin data sro inconclusive. It would seom that fuvan.
11e Hydroginus were haphazardly dispersed irresusctive of pool type.
AJESTES, MICRALESTES, BARBUS SPP.  On tho basis of bicmass analysis
ilbates, Miormlestes and Barbug witasulatus appoarod to bo distribe-
ted irrespective of pool type, wiil:l B, linectumulatus sppeared to

be lithophyllie, (n the basis ¢f - .merical analysis, howover, all
four spacios were distrilmuted irrespective of pocl type.

L4BEQ JLOIVELIS.  The juventls population in Hammerkop Pool (Fige 10.7)
wos for densor than in Champs Posl although it 1s not cloar if these
wore flrst or seoond year fish, The poptlsticon in Surprise and Recky
Poals (Fig. 10.8) does, howevor, (ve a clear pleture of lithophyllie
tondoncio: in juveniles.

LLBEQ CYLDNDRICUS., Duta illustrated in Fig. 10.7 clearly indicate
1ithophyllie tendenelns in this speciss. Beomuse the species remains
small in vools, biomass data ary in this instence ncceptable., The
conolusion drosn from Tanls 1C.3 would appear to be valid and the indi-
antions are that this speciss exhibits strongly lithophyllie tondemciss.
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GLLRIAS. Of tho 28 specimens oullected in Novembor 1968, fron
Surprise, Pooky nnd Hammerkop Pools, 20 were from Suvprise Podl,
Surprise and Rocky Pouls fish wore sssentially from the same popnla~
tin und it is inbteresting to note that of “he nine figh under 24 om
whish wore ocllectod, olght came from Hamev riop and Rooky Pools and
sonstitutod the entire population in these pocls, On these data it
seons likely therefore that Clarins are lithophyllie as juveniler and
1ithophobic as adulte,

SYHODONTIS. Of tho fish under 8 om total longth of this specioes
collected in November 1968, 97 ccourred in Hammerkop Pocl, 72 in Recky
Fool and enly 13 in Surprise Pocl. On consideration of the rolative
sisos of Surprise and Rocky Pools these data indionte omvineingly

the lithophyllic tendenciss of juvenlle Synolentis, wephasized by
Juvenile distritution in Champs and Hommerkep Pocls in August 1987
(Figs 10.7).

TILGELL. The sugust 1967 results (Fig. 10.7) for this spocios indiocte
ted a clear preference by juvemiles for Champs rathor than Hammerkop
Pocl, and tho larger numbor of adnlts in tho lattor, A broakdown of
distritution in Surpriss and Rocky Pools indicate a different clroume
stanoce in 1968 (Fig. 10,8), for juvenilos wore founl in greater numbors
in the latter, Thir dlserepancy ia probohly the result of prodator
pressurc, 14 Hydrocygus over %0 om length were prosemt in Surprise
Poole In cloar witers in the lake, juvenile Iilapip have fraquently
hoan observed utiilsing tho vory shollow marginal wators as o proteotive



juveniles must have Sean subjostod to the same sort of pressure and
the repult would have Leen, price % o separation of Rooky frem
Surprise Pocl by ovapcration, 3 movement into the shallow headwators
of the pool vhere altemative cover from Hydrogymug predotion was
available in betwoen the ponlders found herd. This is one explano~
tion, Tho alternative is muggestel by the August 1967 romilis

(Fig. 10,7) in Chemps md Hammerkop Pocls whore, in tho latter vhere
Iilapig adulte predominated, a larger mumber of filrocviug adulte also
ocourrod, Henco the pmuicity of Tilapip juveniles in both Surprise
Pocl in 1968 relative to Rouky Pool and Hammerkop Pool in 1967 relative
to Champe Poul would probahly be relatod more to mortality as a result
of predotion by Hnlrocymus then to any affinity with or ngainst rooks.
On thi~ basis Tilapis juveniles ars noithor clearly lithophyllic nor
the cpposits.

A further factor which has not bem considered is that hoth Champs
ana Surprise Poals offer suitable substrates for thoe construction of
noste by Iilapis, vhersas the acute sly o of the aand botten in Hommer-
kop Pool was unsuitable mad could explain tho paucity of Juvaniles in
this pocde

The tarm "lithophyllic” has beea frecly used in this attempt to
axplain juvenile distribution in the poolss It is probably, however,
that any form of cover if availablo in the poals would have boep used
by the juvenile fishes. Apart from Hydroovius, Aleites, Misralowlas
md the Bagdiug specics, therefore, all tho juvenile fish-s in the
pocls either actively scught protection in tho rocks or at least,
particularly in the case of 11lapia, survived prodatich more offecte
ively as o result of their presenca.



o EITRCIS OF POCL ATTRNUATION

The experimental separaticn of Champs Pocl and sompling of one
half in 26/7/68 md tho other on 30/10/68 offered ihe opportunity to
ossess tho effects of pool attenuaiic. through the dry seasm. &
total of 2574 fish w~ro sampled, Tho amounts of wnter in the poal
whet sampled were siidlar %o those of 1867 Llusirated in ¥igs. 3.9
and £,9, The efrect cf the pocls attenustion was stertling.
Lppraximately 9 Kg of fish wore collected from half the poal in Juiy
(Fig. 10.9) and apart from Clarigs, U.6 Xg wore callocted in the other
half in October. Two Clarins, wolghing 58 g, occurrad in July, end
two largo spocimens, togetiwr woishing 4.4 Kg, wera collacted in Cotow
ber. The only cther species prosent wee Iilapin mertimerd, 11
wshors having disappoered. 4n oxtract from the field motebnok reads
"The spoctacular callapse of tho population in throe aonths oould only
have resulted from prodation from outside the pool, The prosence of
Marabou Stork, Hammerkop, Goliath Heras, Fish Eagles rmd a poir of
Cape Fishing Oul in the near viecinity, the large numboy of scales
soattored around the pool and the plothora of bird lime woull indioate
that bird predators wore responsible, It 1. .b.uight unlikely thut
mommalian predators take an active part as although ruminant spoor ia
avorywhere around the pocl margins, spoor of predatory mammals were
uot seen. Crocodilos have not been found in Champs Pocl and nc sign
has baan left of their provious presence.” The ccnclusion reached,
therefore, vas that the predatory birds wure respcnsible for the deci-
mation of the fish fauna as the wator level droppad, for Lt seems une
1ikely that the fmunn of half of the pool woula have boen rediomlly
difforent fron the other half in July. By steslf this doee not ex-
plain the complete absence of epscles other thw Llarioe and Tilacie,
renovned for thelr ability to withstand adverse oonditions. Chemionl
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analysis of Champs Pool the previous year showed this pocl Lo have
the highost omductivity (220 umhos), lowest nitrate lovels, lowsst
dissulved cxygon but apparently not at a limiting level (3.5 mg/l)
apd highest residual sclids of all tha pools. This was, howevor,
aftor all fish hal beon removed the previous lugust. It would woom
1ikely that the prusence of a population of fish would have increased
the conoontration of most chemicals and decressed dissclved caxygen
owrcentration, Unde. these circumstances the abiotic enviramental
factors could well have played a part in restrioting the fish popula-
tion to %wo "tough® specics. Tho apparent hi:1 predation (as intima-
tod by the prosence of Marmbou Stork) may well have anly taken place
aftor mortality from emvironmentol foctors, Whatevor tho reascn,
the population of Champs Pool, typical of a large mmber of pocls in
tho Mwenda River which, bocauso of tholr ephamoral nature, have nct
been mapped, was subjectad to a severe mortality, even vhen water

remained.

9. THE TAGGING EXERDENT

Ninety-nine fish from Deep Pool wore tagged an 8th Luguet 1967,
as listou in Talle 10,6 and werv retumed to the pool. No initial
mortality was noted in the following two days. The porl was re-
sampled an 27th Getober and 10 Hydoggrmus and 4 Alegtgg were 1 o00vered .
Of the reccvercd jlegtey, throo wers ripe females and cne a nearly ripe
wolo (LR). They vere in apperently good condition but throe tnd lost
up to 3 mm length as follovs: 138 to 185, 117 to 115, 138 to 154 m.
One fish of 112 oo retained its length, The taggod and recaptured
Hydrogvmus showed a wide variation in loss and gain in waight vhioh
were incensistent with regard to sex and astivity, but vhen poroene
tage loss or gain in woight were plotted against criginal weight
(Pig. 10.10) there was scoe indication that fish welghing 700 - 1000 g
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were only mildly affected by the conditions in tho poal, Fish botwom
200 Lo 800 g lowt up to 218 of thoir weight over the tarce months o=
twsen tagging and recepture. In contrast, thres of four fish balow
200 g actuslly increased their weigit, Conditlon of the middle size
rengo of fish, whethor tugged or not, was notably poor, yot the larger
figh of about 1 Kg appoared to be in good emndition md mall (below
200 g) wera in excellent conditicn, again 1'respective of tagging

(Pig. 10.21), If the reduction in oondlition in the K0 g nise renge
of fish was attritutable to the method of tngging, then i‘t is reasme
able to mupposo that 100 g fish would bo more groatly affectod. Aa
they werc not, on the basis of weight gnin/loss, the returns indicate
that somo natural factor must be at play, such as food availnability,

In order %o find cut whether or not this was the case, tho conditiw
factars of fish from the lake and another pool at the suue time of
yeor (November 1968, Statimm 5, Surprise Pocl) have boan caloulated
md are compared relative to size (Fig. 10,12). These results show
elearly that up to a size of 300 to 40 g the conditim of poods fish
is as good, if not better, than fish of an oquivalent sise in the lake.
Baynd that sise, however, oanditicn of pocls fish is consistently
poor. The tentative conclusiom baesl . the meag o somple sise of
tagged fish ove= 700 g must ther fura bo roarded as suspeot, Quite
alearly, howwver, fish below 300 to 40 g welght arc givan axcellwnt
growth opportanity in the pocls.

Th&hmmmmtmtwhwtoanimuw
pwxmtm,ummtmug-’}-* wviore N 1s the estimated
popalation, !xﬁnmrutfhhtmod,' the tota) mmber of fich
Wm%ncﬁdoﬂwimmrswm:ofvzﬁnhmloh
wore tagged. On this besis, the pocl contained 22 Hydreovmug ond
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0 Alsates, & vinilar quantity to thoss fomd in pools vhore fish
were cumpletely oallscted, Datu are given in Table 10.6.

TABIK 10,4 MRK RECAPTURE DATA, DEEF POCL, 1967

L o, ¥
Hxdccormue xittotus 34 23 10 82
Aloatas iaberi ™ B 4 W
lakeo altivalis 9 18 0 -
1ilanis mortiseri 4 © 0o -

*3ee text for sxplanation of calmmns

10. DiSCUSsICH

Mony Rhodesian rivers have the samo characteristics as the Mwenda,
nanaly being subjected %o flash floods, aigh silt cantent and a grodual
drying out into a series of pools in thas dry ssascn, Mot meny, however,
dischasge into a mafcr lake and in this respeot tho Mvends River i
only typical of some of tho smaller rivers flowing into Lake Karida.
It ie perhaps because of this that tho fish population maintained by
the pools was so dense, in the region of 0.2 t.o‘).l.l!.;/l3 or in more
usual terms, up to 0.8 Kg/n® (B0UO Kg/hectare). Lt this cencentrem
tin and m consideration of putrieat levels and apparantly madiocere
lovels of primery productivity, this standing orop was cbvicusly arti-
ficial; not anly artificial but so ocncentrated that nrnsiderable
stross wis placed on tho population as pool sises decreased towards
the and of the dry season, 4 population of rivorino species i sovers
tnless maintained, m=c Dastus speoies, Micralasies and Joskoglonds,
for example, wer- not fmund in the lake, yot wore rumorous in the pouls;
wsd this wvos not for lack of sampling witi polsan around {b- lakeshore,
o aspect of the stady wbloh has not been reported au here,

Although a large proportion of the pouls fish nopulatims was
Jurmile, their mmbers bore 11ttlo relaticnship to the number (and
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potantial feoumdity) of adults vhich run upriver to breed, An hypo-
theeis has beem put forward shat the juveniles 1 the pouls aie relicts
of their ysar slass, most of which oould show behivicural adeptations
to allow rupid dowrstress movament at av early larval stage, This is
oertainly true for the larvas of Jydrogwims and probably true for
lahao altirslis. It has been suggosted that in dus sourse simflar
behaviour patterns are likaly to be found in Mogwxua snd Clariss
larwag, Quite ca..iderable variations in faunsl oomponents wero
fomd betwosn pools withk and without covsr; 4in this cass conglomora-
ticas of boulders snd stones, It {s nrobmbloe that this variation

4 At

7 wma binatiom of two fastors either, in some spocies,

sotive lithophyllia or, in others, as a result of incidental usage
and honoe survival from predation, Juveniles of all epecies, apart
from three charnside, and two Barbus specios were found to bo more
mmorous in the rocky pools.

Conditions for the pesk predator Hydrooymus, by the and of the
dry soasmn, were extremely ssverw for t.hh over sbout 30 g, and 1t
is quite 1ikoly that terminal occaditions would have bean reachsd by
s large proportion of the pools Hydrocymua had the rainy scasmn star-
40d a month or two later. For fioh bolow 300 g sizo, however, can-
ditions within the pocls were seemingly ideal as cond: ? theso
seall fish was oxtremsly good. It has been suggosted ..o the dis-
wmtooinmwowunmntonwmr&m
habits apd food avatlability, s subjsct to bo recmsidered in Chapter
1z,

It would secs that the majority of the fish' . cocupying the pools
wore thore becsuse they had been tropped by the falling riv. end &
large proportion of thess fish dls through a combination of external
torrestrial and internal aqustic prodatiom, severe physico-chemical



oonditions md desicontion, Intanticnal presence apart from a fow
ol species wns unlikely o tho basis of calisetod duta.
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CHAPTER 11
TUE FIO8 5 BREFDDIG

The fish of Lake Kariba may be separated intc threo nmain Lreeding
categories: the nesting species, species which bresd in the lake and
along ita shoreline without nesting end species which migiute up the
rivers to breed, defined by Myers (1949) as "potamodromous”, a ters
which encompasses freshwater species which migrate up rivers to spawn.
Tho location of the stuly ares at a river mouth resulted in precocupe~

tin with potamcdromous fishes,

1, ! i i VAN

Only ripe and ripe running stages of gonad development have bean
omsiderod in the analyses of scasmal changas in sexual activity
(Fig, 31.1). On the basis of this ans’ysis most fist bred Juring
the summe. rains. Hndrocwnus, Alestas, Eubraulvg ond Clariag showed
oloar peaks of activity in both Januuriss ssaple., whereas HOImYINS,
Labgo gsmgoro and L. altivells showed most astivity {rom Oetober o
Jenuary and Synodentds and Cyubgmyeus showed peaks scmewbal later,
feon Januery to April.  In both specles the largest peroentagze R or
R fiah ceourred in April., Momyropa were clearly difforent from
the other speciss, with predeminspce of activity ceourring 4n dpril
and Gotoher, It ls not known vherv this spucies yrends, althoagh in
both thers hal boen an increase in eateh omourrent with full breeding
sondition in thy femsle, indicsting that Ureeding way have occurred
in the owtuarine area,

Little or Bo error could have resulte’ from the allocation of
fomales to full breoding coddition (RY wt the method used mst be
omsldared suspect vith reqard to male Hommyrond, Guhenorus, Claxies
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and parhaps, Syndantiia, vhere R o AR males were comparstively fne
froquant viwn compared o ooncurrent femsles, Lltermnatively the
males of these species anly came into full breeding caditiam a
short pericd bofore actual spawning, Navartheloss s more acareful
toohnique needs to be devised for the an-essment of activity in the
males of thesa spocies, Differences in activity butueen the sexes
of other species were small, apart from Hydroovgus, vhere cansistently,
a larger proportimm of males were ripe than females,

Apart from Mommyrys females, no fish wore found to be R or R 4p
July, In fact most fish at this time were allocated an Inactive
endition, with gopads thread or sac-like and ganadial plood vessels
at their smallost in relation tc tho slze of fish.
2, 3PEC

21 Matucakda

The aizes of maturity of the differont spocies ant the largest
specimans telen are given in Table 11.1, In most specles, made fish
muturs either whor dler -» ot a similar size to femaloe, The
Mormyridas would pousr to oa ~ Cferent in this reapect, although
the sexual vaiine in mata: .tion sizes are .aall, Data purtaining
to Qlarias Zarieninue are suspect, as moturation is known from persaral
axperisnce to ocoour at a much mmallsr size,

2,2 Ihe Effegt of jlae @ Sex ol Co:oaldden of 30 Duonlaldaas

Lpart from Mormyoups, trends of change in soxual proportion with
Inoreasiag size 18 noticeable in all spscies (Fig. 11.2). Wheroas
domvrus, Sohomyrus md Tisriag shov male dominance with inareesing
size, femaloc arc J.einant in larger Jydrogypus, Adaakns, Lobao
Altdioalls, dwmalntle and Bubcoplug.
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TABIZ 1341 THE SINE OF SEYUAL MATURITY OF SOME STECIES AND
TP MEXDOW IINGIE OF TRESE TAKEN BY OILINETS

srecms FORK LENGIE {am)

F ? [
Yorrrens dsl'siosus » 83 48
Spbsurrug dissostomobya (1) (10) .5
Seaswrus Jongdrogticds 43 & 8
Hruzeqrug xittatus 14 17 87
Adantus dubers (e} Qo) 17
labeo sk valda 17 21 52
Bukronlua dsproesirostiie 12 12 2
flacdan zariecioye Ivs 58 8
dwnadntis sanhesmnals 0 L] s

A 1 Smalloet recognisable maloe fist
B 1 3mallest recomiszable fouslo fish
G t Largeat fish takon
{Hot soloctivity excludus Lleates ond Cyuhaszava aradler thew 10 om)

JETRmGE. Up to a fork lenpth of 45 am, 988 of soxually rocognisable
tish wars femala, This ratic cnanged ommsirtently so that by e
time fish vere 85 on lung, all fishee wore male,

Crohamezug.  Untid a length of 22 on ia roached, (he ssxual proportims
wore note or less oquale 4t this langth, males began to preduminate
and all the larger flab, above 28 o, were male,

Clariag. Thie spocles showod o sonsistantly decraasing proportion
of female fian Trom 75% st 5O o length to servo at 75 on,

Brireamnug. The swxal ratio of Hydroungis were similar until s
langth of 45 am, therealfter being almoet wholly camposed of female
fish. Kenmulr (1872) found that females dominsted the popnlriicm 2t
all sizes above 17 om, sales locressing from 4% at this longth to
sero ot approxinataly 48 e,

Alastes howed & more gracual aspumption of famale daminmce with o~
aressed leng th, from 208 at 10 o to s completely fesala population



at 17 om, not unlike the situation for 4. nagrouhthalzug of Lake
Bangwulu (Bowmakar, 1969).
Laboc altivalig. Belov s longth of 24 am all sexually recognisable
£ish were male. Botween 24 and 37 om the ratic was roughly 2 male
to 1 fomale and above 37 om, females aseumed dominence ac that by 42 o
approxioately 80F of the population was females
Sioglgtis. Pirst onalysis of the Jmgloptis population suggosted
a proponderance of male fish in the middle slze range, with females
dominating the smeller and larger fish, A4t approximately 24 om,
fomale fich started to cscur s a major proportion of the populaticn
and over 28 om, no male flsh were caught. Fow malos occurred prior
to 14 om longth, due possibly to the Aiffieulty of roccgnizing male
£4gh at this slze. (n this assumption all immature fishes woro
grouped with male fish (sdlid points in Fig. 11.2) roeulting in less
fluctuation betuoen longth groups and e more equable proporticnate
soxual distribution than when only male fish vere sonsidereds Tt
would seom 1ikely theref-.o that in this instance a lamo part of
tmmature fishos were presunpbive nales. On this basis the sexes
were more of 1sss avenly proportimed until a longth of 24 o vhen
fasales assumed dominmnca; by 28 om all fiah taken wore female,
BPakroning. App. sximatoly 80% of the porulation under 17 om were nale
and by 20 am length all fish taken wore fomaid. It would soen alear
43 Shis inatance that o 1n go proportion of the smaller male population
would have evaded tho anoller meshos of the gillmet and 1t is for this
roascon that the soxual proporticas based on gillnet Unta are questicos
ablo.

2.5 Sessshal Changea dn Sexual Proportis

Kenamir (1872) found that at tho Senyati River mouth the proportimm
of wale Jytroxumus deoroassd during the w'nter aenths, Analysis of



8.

this aspoot for all fish spocies was therefore undertaken for compare-
tive purposes (Fig, 11,3). Most spocios retained a similar proporticn
throughout the year, shoving 1ittle soasnsl chenge, Excoptims, ax
shoving a decrenss in male fish in July, were Mormrua, Hwdroawmus and
Aleates. Male fish of thoss epocios would thorafore appear to have
Bigrated avay from the ares of the river mouth when not breeding.

2.4 Sex Ratlos

It weuld be unrsalistic, cmsidoring firstly tho scasmal chenges
in sexual proportimns and sscondly the solectivity of tho gillnets
towards cne sex {0.g., Bubrcpius malos), to attempt to ascertain the
soxual ratics of the difforent fish apecles.

5. FESWNDIX

The tarm "tecundity"” as used here rofors to the mmber of eges pro-
duced by the female advlt fish, Egg counts wer> nado as follows:
gnads wore carefully removed fran o ripo fish in their ontirety,
weighod frosh and transforred to 10% fcrmalin, In the laboratery,
the ontirc gonad was roweighed, aftor removal of cxcess liquid, to the
noarest 0,5 g. Subsamplos wers taken at random from this and woighed
to the noarest milligren after being moved over filter papor to remcve
my oxcoss liquid. The matomal tissue was then rroed from tho ova
manually and also weizhed to tho nearest ng. Ova of the subsoaple
were thon counted and from those ata the total number of ozgs caldile~
tode Initially, trials on tho mumbor of subsamplo conts nocossary
for oach spocics wore undortakon. This mumbor wes derivod ty ropoti-
1 of sounts il tho standard orror (&) wms loss thmn % of the
moan wad was thoroaftor used an all counts of that particular specios.
411 su.soquoat oomts which gave a % of grostor then 5§ wero discarded.

Data aro presentod a3 n series of linoar rogrossi ons post of vhioh
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vorv fand to e significant et tho 09,68 leval (Pig, 11.4) ad, in
ondor to include fishes whore anly a fow gonads woro avedlable, in
Table 1.2,

Throe av0cioe aro ocutstamdingly foound, Hudroovima, Liabao albaralis
an.' k. omgere which preduce, from a {0 em fish, approximately 300,000
o ot me time,  larins 1s noxt meet fuound fish, on avernge epeci-
man of 55 om producing 80,000 ovn ot a timo, In order of feoundity
from average rized fish following those four, aro Mopmyrwus (48,000,
Momuvroos ) Malagtervrug (25,000), Smadaatis (20,000, Butronine
(15,000}, Alastas (10,000, Zudauka (4,000) and Cyphomrmug (2,500).

It fe of nota that the five mcst fooumnd fish are potanciromcus and

|
|
.
\
|
|

that tharenfter fooundity and broeding behnviour do not show any ob-
vious correlatic,

TiPif Ll.g THE MEAN EGG FIODUCTIQN PER CM AND REGIESSION COEFFIC-
®IT b OF SOME FISHES

SIECIES LAY
Crohanyrus ddasortimehus 196 298
Meravreps deldsionus 388 04450
Momyrue Angirostrie 778 2,008
rdrogmua yittakus 7,29 24,88
Alesten Jabord 754 1,808
labse albivalis 7,260 28,92
Labeo sangore 8,940 0.12,000
Butroulic denkessircatria 6% 2,139
Saxizcs moosoRbious 1,40 2,488
Swmolmids ssherstala 884 1,578
Maloaterunis alastriou 84 -
Ilanis nachiamcd €9 220

4o SR F 0%

IoﬂMium%mmnmummmmMm
in sise of ovn of Canbrel Africen fishes, As tharo could have been
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a ocorrelaticn between the numbor of diamster frequendy modes md
broeding bobavicur (in that two modes would suggest two or more spouie
irgs in a singlo meason) it was decided that ova dinmaeters required
noasureoont ,

The somo ovaries used for »gg comts woro used for moasuremont
of ewn. Aftor varying times of shorage, of between six and eighteem
months, samples were taken randemiy from ganads, teased to frec
metorrnal tissuo and then sh-ken in o olose] tast tube, Four sub-
eamples of betweon two and Sour tindred enze were taken and , ooessed
individunlly, Bach subsample was introduced iate a peraspex ocunting
trough an a eliding reck, specifically ccmstructed for the purpose,
and moasured by micrcscope gratiouwle. Igue wore samovhat distorted
and faooted aftor storage, so that accurnte assosment from o small
somple wos not possible, With the slze of sample taken it ia probable
that nodal sisos found were trus refloctions of owmm diamotors.
Appraximntaly 1000 eggs from each specimen wero weasurod, samples boeing
tekan from 189 spacimens <f 13 spocles,

Little variation occurred hatwean diffarent spocimens of the same
spocics wrd typloal diameter frequency Adstri™ution f~r ench species
are figured {Fig. 11.5) md ndal diemcters tabled (Table 11,3). The
mmbers o' specimens sampled in onch specles and the proportion of
thoso exhibiting uni- or bimodality are given in Tablo Lle4de

Bocause cvaries have beem observed to have buan frec of ova in
the nonebrooding seasan, bimodality, which is so alear-out in a0 of
the speeies, implios ome of two alternntives. Eithor Cish broea
tuine or more in each seasm, or exnmined ganuis were inccmplotely
developod, unoutueq'n'bcmmwatdunnmtofmwc

inntion, thus bimolality or the pr of a group of maller
ove was & function of inccmplote ripencss, Those altomatives
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LBLE 3. TR WDAL DIAMETRRS OF (VA
MODAL DIAMETERS OF GVA (om)

SPECIES
Underdeveloped  Dev doped

Cyohesyrus dissarimohus 0.7 1.8
Hommzzeee Salisdomae 0.8 2.6
Moswoe Asagiresiris 0.7 2,0
Hydrooyons yitkatus (0.4) 0.9
Dontes shard Oud 1.0
labae Samisks - 1.0
lebes slsivelis - 1.1
lebeo aviindricus - 0.9
Butrenine depresglrostris - 0.9
Clarias gaxieninus {0.8) 1.4
Melaptarurus slechricue 0.8 3.0
Synodntis picropagulatus - 1.0
Tilania pertiaerd 1.0 2.9

TABLE Jloé THE NUMBERS AND PERCENTAGE OF SPECIMERS OF BACH
SPECIES CONTADVING OVA WITH UNI- OR sIMODAL DIA-
METER PREQURNCY DISTRIBUTIONS

NUMBES PUACRNTAGE
Nos. of modes 1 % 1 4

SPECIES
Sypbamvaus dlscerhnchua b 13 7 95
Homrrons dalisiema c 3 o 00
Morsyrus Agasirostris 0 33 0 100
Hxdroomus xittatus 1 7 58 82
Alaskes Jabark s 19 10 %0
Lok Smere ? o 10 o
labso altivelia 28 ¢ M o
labee sfdudrisus 2 ¢ o o
Eutsoolas danrsasicouiris 14 1 98 7
Slacias aacianions 13 2 87 13
Halaphemuut slechrisud o 2 o 100
Amalmiia smbearais 10 3 85 s
[ 0 100




require discussion. Igmoring, for the presmt, individual voriations
whioch in the sises of samples could result in misinterprotation;
ganads oollocted in September should theoretically be in an carlier
stage of developmont, honce be more definitaly bimodal then goneds
cullected in the following February, towards the ond of the hreeding
soasm, The gonals examined oame from ripe fish ocallected over widely
varylng times of the year, so that scasanal error is %o same cxtent
overome, md po trand from bSimodality to nimodality 8 apparent in
the rosulta. If, undor these cireumstances, a high proporticn of all
gonale of a partioular specles 1llocted throughout ti s breoding seeson
wos bimodal, the first altemative, that fish spawn at loast twAce anch
sonscn, is more probable. Considering nov the error which could
rosult r 2 individual variation (in that tho ova of fish 4, vhich will
spavn in Fobmuary, will bo moro markcdly bimodal in Soptotbor than
fish B, which will spawn in Novombor), If all, or oven 90% of the
sample showod bimodality, ovrors arising from individual varistion aro
probably of littlc emnsoquenca. It i3 thorofore probabla that 4n
these s»aco bimodal ova frequonay distritutims fmply miltiple spawning.
The bimodsl distritution of tho ovn of Lillapis Bertimari, o spedoes
jmown by culturists to bo a mltiplo spawncr, supporis this conclusiom.
The spacios whish showed cloar-cut bimodulity worc QyninRYRMe A~
monabms, Mormereos deliciomie, Mamyow Aosdrostrls, Malapteraa
aloetrioug and Ttlapls morkdmori. At tho othor oxtromo, clearly
single spawnors wore Lobgo alldvnads, L. aumcere, k. avbidrigus wnd
Butropius depruasireatris. The ovarios of suse 1ividual Clarias
ariapinug ond Smodmtis assbaasnald, lthough olearly unipolal, oo~
tainod & significmt proportica of smaller eggs forming a shradder $o
an ossontially unimodal ourve as illustrated in Fig. Ll.5. 47% and
885 rospootively did not have this "shoulder”, Furthomors, tho rela-
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tively ninor proportion of suallor ogys, vbom those wore prose.t, md
tha lack of & oleam-out mole in thoso strongly sugioste that these two
epuci~e wore single spawnors. The curves of the sharnoids Rydmo-
S Httatua ond plastes labarl are loss samy to iaterpret for although,
as mmbers, the smaller oggs are relatively insigmifiomt in ocmparism
with the fully formod egys, the curve {s wore dofinitely separated thsn
in Qlardos end dynodontde. Tho relatively large proportion of Jloguns
sanplod which extibited bimodality (90%5) suggosts this fish %o b a
maltiple spasmor. In the cass of Hydroownua, 6% of samplad gorads
wors undmodal, deplying a greater nossidility of this speciss aly
apawnirg onco;  the soven fish with bimodal ove distribution being,
posaibly, tnaompletaly developed.

Data up to this point aro summarised io Tabloe 11.5.

8a OONLD ATROPHICATION ol ﬁﬂi&ﬂﬂﬁ

It was noticed that at timos u quite high proportion of the ovaries
showe! algns of atrephiocation. The sequance in tho atrophylng procesr
was az followsr
(1) Individus) eggs in 8 ripe gonad, normally opague and gresnish yel'.ow

in oclouy, clenred, bardaned and tutnol amber. This cccurrad ran-

donly throughout the gasad,

(2) Oroups of ogye then ehosed this reasticn.

{3) The antire gonnd, bagimning posteriorly, hardemsd, tuming on swher
rod end beoame brittle.

{4) Tho gonal deocrossed im siza uatil pencll-like, This provess took
appraximately o year and a nev, comparatively amall ovary with
norwal ogge would forw ventrally Yo 4%,

(5) Prommsbly the atropided gonad was thon sospletoly uisatbad,

The pervantage of femaio Ti:h showing this phenomonan varied
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seascnallys Jemuary 1967: 24%; April 1967: 8%; July 1967: &)
January 19685 186, The implicatims of thosc Iindings are considered
1n Seotim 7.

6. BARL DEVELOPMRNY

L) though attempts were mado an several occasions to artificially
fortilize ova of difforont species, tho cpportunity to do so ocourred
raraly and cnly in e instance was suceessful, wvhen Hplroqvimg ove
wero fertilizod hy stripping ova from a fomalo fish into a river
weter f1llec bowl and than artificially ejocting milt from a ripe rumning
male, ceught shortly afterwards, into the sams contalner, Ova end
larvao were colloctod on two cthor occasims, ance in amanget tho rocts
of shorelino Salvinds end aucthor timo in invertebrate samples taken
fron Carntephvilup. Nesting of Iilapio mertdoerd wes chsarved to
ooour in a shallow bay protected by grounded Sglyings ot Chris?
Beach,

Tho nenossity to readily identify tio yomgost stagos of dovelop=
nent of fishas has bomn rocognized for some time (Bal nsky, 1048) tut
in .frica the opportunity tc descride spocies not usod in culture is
obvicusly limitod; anly one punliontion, that of Fryor and Whitehond
(1959) oo the development of Labae yighordsuug, is imown to me, slthough
surly fingstlinge of Hydrocyous have beon desoribod (Gadgher, 1967;
Kenmuir, 1972) and lator development of Keuibaploshiomus malticol oy
15 figured by Weloomme (1969).

s icegue TN

Tho suscessful fortilisation of HYAreiymaa o¢gs took place at 10,00
hours o 25th January 1968, following a minor flood an the provious
dny (ese Chaptor 10, 6.1) during o modorato run of tho spacloes.
Fortilised eggs were immodintely takon to the rosearch station laborn=




tory and placed, well spread cut, in shallow ensmel dishes, covered
with 3 an of lals vater and wall aeratel, Opaque eggs weru removed
at *his stage to minimise the likelihoud of fungal infection. Sample
enbryos were removed in duplicate seriss at veryingly spaced intervals
and fixed aud stored in 708 alochal or 10§ fcrualin, Apart from the
renovel of semples and deed ova and aoration, the dishes were die-
turbed as little as possible, Post-larvas were offered plankton
collected by 60 mesh netting, and fed readily, When the remaining
post-larves had reached 22 days they were transported by open plastic
bag aerated with compressed oxygen to the laboratery in Salisbury to
an aquariun kept at 28°C and fed here an early instar oladocerms,

Water temperature in the research station laboratory varied little
around 25°C, although for short periods the temperature dropped to 24°C
arl r.se %o 26°C. Eggs and larvae were nover exposcd to direct sun-
144ht, so that little inhibition of growth could have cosurred as &
result (see Smith, 1957).

The ripe ovarisn egge of Hydrugynus vary in diameter between 0.8
and 1,2 m, but the majority ere between 0.9 and 1 mn snd are a bright
yallow, Swelling of the vitelline nembrune occurs vhen the ovum ie
placed in water, irrespective of fertilisation, reculting in an egg
of 1.1 to 1.2 in diameter cntaining a yolk of 0,76 mm, In the
fertilised egg the membrane is perfectly spherioal and althougl. * sans-
parent, is samewhat aliesive so that the entire egg is covered by &
thin laysr of minute detritic particles, rendering the ogg orypric and
obsarvation of the esbryc without rvemoval of tle vitelline menbrane
rather diffionlt. Eggs are very alightly denser than water, are
thorefore dsmersal, but easily go into suspension,

The matn features of development are {llustmated n Fig. 11.8 and
descrdbed with regard to outstending features in Table 11,7 Tt is



Pig. 11.6. The early development of
""" Ses Table 11.7 for ct *
brene has beeu caitted from 2 to 8)s The

scale is 1 om,



Fig. 11.6.



Pig. 11.6, (oomtinusd)



rMg. 1.5, (contimed)



WBhe

Pig. 11.g. (eomtinued)
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TABLA S0,  THE DEVRTOPMGNT wmm!srmwmw
YRUTUG & 24° - 26°C (Pigure nunmbars us tg. 11.6)

Tine
00,00krn
(0008 hirw)
Q3,20 hes
08,50 hre

12,00 hre

22 hre

29 hro

3w hrs

45 nre

47 hrs

R hrs

3z, Ne,

£y

10

13

Stege of devalopment
Ova fortilised.
{Dva placed in asreted aquarhum),
4 o8l atage.

Mddle gastrula, Blastodermal osp has
roached aquatorial positim,.

late gastnia, Blastoderm covere entire
yolk sxoopt for yolk plug. Heed regiom
difforentiated at tha aeniral pale as rowded
raised thickening,

Pmbrye length (2 m} 7/8 yolk cireunferencs,
enoiroling yalk ecosntrically, 6f of wmbrve
froed froe tha yolk sag at cawial and,

2¢ mmitos devaloped, Ky and oar rdiments
vieiblo tn live material.

274 of embryo freed from yolk sac at caudal
ani and growing in & ourve avay from the
antericr enl, Babryo now 2.2 mn lomg, e
o’ roling yolk sac escantrically.

Embryo VW5 co 1ong, head reg.wn bacomlng free
cf the yk sas, fin fold forming o the and
of the %ails 50F of the pro-larva now free
of the yull smce Enmbryo active within the
vitalline membrane, but still ourved around
yuik sac,

Larva 3.2 mm long, yolk sac 1.2 mm looe by

C,8 mn deep, cval and elangate, Hate. .ng
ioours, fin foid developed along tail, some-
vhat deaper ventrally, Melanophoros sparsely
poesant an hopd surfase wyl at ssch end of the
yolk zao.

Layyr 5.2 mm, yolk sae 1,1 mn x 0.5 =m, optie
vesiole and hecrt ~uwlimmts apparent in pra-

sorvel matorizi, Cadal mad of fin fold more
aroatly axpanded than the remainder, Ventral
tin fold elearly dooper then doreal.

larva 4.6 mm, yolk eaa Lo me x Cuf me, caudel
fin tald clearly differsutisted as oxpsnded
portim of folds lens apperwnt in optie
vosfcla in preserved matorial.

tarva 43 ma, yolk ssc 1.0 me x C.4 m, aye
plgmentad,



TARIE 2.7 Continucd

Tine Fig. No. Stago of developmant
120 hrs 14 larva 4.9 mu, yulk sag UJ7 x 0.5 mn, Mouth
(8 days) and visceml arches apparent, fOut fully

formed, aparsely pigmonted, [igmented spots
appoar sparsaly along the vantral ecgo of the
mid lateral line,

810 days 15, 18, 17 Larva S.4 o, Yolk absorbed, Mocth,
operauium and gilis fully fosrmed., Paddle-
1ike pectoral fins prosent, Head broadened
laterally so that ayes are Adely spaced,
Air bladder apparent, liadatively largo tat
woll soparsted melanc: hofes ncour oy the
belly, Molanophores persist aling the gut.

18 days 18, 19 5.2 mm longe Byos and mouth have inoressed
Alsproportionately in sizo,  Operculum more
clearly dofined. Pactoral fins dlstinowly
rayed,  Alr bladder wall doveloped,
with melanophores,

22 days R0 5,1 me long.,  Pactorel fins more greatly
developed %105 of body length as opposed to
6% at 16 day stage). Doy groatly increased
in depth, ayas centrally as oppesed to dor-
sally positiom in the latornlly viewod hoad,
Gut well devaloped with molanophoros poster
forly. Melanophores positiched lste-ally
alane sach gide of the budy mainly at the
Junotian of the syameres and dorsally in the
poctoral roglon,  Coudal fin fcld tnmoate,
having proviously boon rounded,

26 Yays - Caudal fin noticonbly forkod.
28 days - Anal fin chvicus.
% days 21 12,5 mm.  All rayed fins apart fram palvio

and adipose fin woll doveloped, the latier

v pregonted by & membrancus fald, Artiouls-
ting banes of ekull boouming cbviouse Caudal
fin forked and rayed, joined smoothly to dosw
sal and ventral rarfaces of eondnl pedunale
by A newbrar:ms remnant of the fin fold.
Molaphores precent, dorsslly chove the oper-
oui.m, mberiorly along the lenling odge of
both faws and vontrally m the pootornl gie-
dle., Fin fold remmt oxtenis from pestorad
girdle to vent,.

$5 days & 17,5 sm.  Clearly regognizable as a Hyfigo-
s fingerling. Uniouspid toeth bave
dovelopel in both javue ALl rayod fins
developad. Adipote fin fully devaloped. A
short veliot of the ventral fin fold ocours
botvem vent and palvie fin, Msolonophores
oseur almg thoe iataral line and on dorw
sal surface of boad w4 boly, External
nages visible for the first tire.
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pertinont here to discuss certaln festures in respect of the develop-
mant of the ayprinid Labeo yigtorlanus, deseribed by Fryer and White-
head (1969), us several distinot difforemcos and somo similarities
are apparent.

6.1  The perivitelline aeago

Fryor and Whitohosd (195() point out that Horm (1930) balleved the
large porivitalline spaco to be advantagscus to swift water spawners
in that 1t offers a dogres of prolectiocn to buffetting in turbulmt
waters, They also euggest that the or’ “a bucysnoy imparted by
swalling is ocvantasecus in ephemerel f. i cmmditicns, "encbling the
ogge to pass out (fram side pools mnd channels) into tho main river
as the wator mcedos”, They found tho perivitalline space to be
sonsidor ably larper in L. vigtoriagus (overall ogg diameter loss yolk
Alaroter approxim.ialy 2.6 1) than found here in Hydrogvgus (0.4 ),
although the actun) yolk sizo is similar, Ova of Alogles gverd,
Laboo altivelde and L. syddndrigug woro founl to be similar to L.
gigh agmug. Fryer and Whitohead (1959) sugrast that tho large
perivitolline space 1is a relic of a fomor fapt-wator spawning hablit.
If 4 49 1s true, tho smaller perivitelline space found in Hydegovous
oggs sugeoste ohat Lhars could be 8 gradation of this charactoristic.
Heovertheloss tho size of tho porivitalline space of Hydrogynua and tho
cbeerved rosilience of the vitellino mombrane must bo of groat mrvival
value in a river subjact to vialont flooding ovor rapids, such as the
Muondn; partioularly if breeding doos ccour in rapids as sugposted
by the observed behaviour of this spoclos (Chapter 9, 8,1),

8..2 Prasorved saleriad

Whore time was avallable, froc-hand drawings were made of doval op-
ing onbryocs, using live matorial, It wnc possible to discem far
groator dotaii in this matorial thm wns subsoquently nossible with




regard to proserved material, Particularly in rospoct of somitos,
and tho optio smd otie vosicles. For this menson thoso embryclogiend
charsstoristios have intentimally not boan omphasised and diroet oome
pariscn with Fryer and Whitchoad (18%9) in respect of those sharactor.
istics has boan aveided.

8.1.5 Iulk gao

4 characteristic of Laboo vigtothapus, in comen with L. ganfug and
other asfatic eyprinids, was the dovolopmant of a postorior ertansi
of tho yalk tubo bennath an ossantially straight ambryo. pydrooynug
is markodly difforent in this respoct, the yolk anc remcining cvold
at all $imos, baing sphericel prior to hatching whon onaireled by the

ambryo and being, subsequoni to hatching, alongatoly ovold,

6.1.4 Hatohfug time

4lthauph thare was a dogree of disparity in the mte of individual
dovelopment and hatching cacurrod over two to threo hours, this wn~
not as great sa “ound fn . yicbordanusg, where hatohing took placs
over 20 hourss 1.7 Labe material waa, howsver, collocted in the
f1eld and could bave been the result of difforent spawnings, alticugh
Fryor and Whitohead (1989) surgest that hatehing disparity wmay also

havo surviv ) vilue in an ephormersl onviroument.

6.1.6 Larval hohaviur

As aoem 95 the larveo of Hudpooyoig hatohed thoy wore able ¢ swin
vigoroualy, Very liks the bohaviour of L. yiatoriatus larens, Hxdeo-
soma larvas veuld suim rapidly wpeards to tho surfsce and @ roaching
1t, bocoms passive, sinking slowly “o the bottom, Whon the hottrm
was touched the ayelo would b ropoated, Unlike L. yighoriamus,
howsver, the onl,’ resting phase ctacrved coourred during the sinking
phase of the cyole and larvee were not soan resting on tho bottam
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wiloss dying. In a flowing river this bohaviour could only help tn
& downstrean movament, and would also tand to lossen tho opportunitios
of boing damazod a8 & romut of cuntuot with cbetructions almg the
rivor bottom,

Larvao start fooding at four to five days cld when oyes and gut are
fully developad and pectoral fin primondia have developed, Dense
sooplankton omcentraticas wers added to the roaring trays mnd the
faading behaviour was charectortstic and not seam to vary, At this
staro the botéam to surface movomont had ccased and tho larvae had
startod to show n degr.o of shoaling, On approaching a small plankter
a larva would stop ono 4o two millimetrec away, doliberately coil its
body into an 8 shapo on the horismntal plano, at all timoe kooping the
planktor directly in framt of the hoad, and then lunge at tho planiter
in o single spasmod ¢ rovement, In many instances the lunge wae m~
succossful, duo either to its misiirection, rapid avoidance by the
planktor or tho plankter boing too lurge for tho mouth of the larva.

8.1.6 PlLmsntatic

Unliks Lobgo yiatorinpug and the Europcan cyprinids (Balinsky, 1948)
the enly pigmontation of any pormanance up Lo tho last stago Jleseribed
hore, oceourred almmg the gut, Apart from the very obviocus ayes,
larvae wor. transparent until approximately 29 days .l countorshading
was in ita carliost stage of developmant in the largeat fish (17,5 m),

6.1.7 Gpeth rate

In accordance with Balinsky (1948) and Fryer and Whitehoad (1959),
extrone cautlon is nocossary vhem somparing grovth rotos in the field
with thoso obtatned under laborstory conditions, In this instanco the
temporatures of rearing trays wore much ths samo as onvircamartal
temporatures, Food was not, howsver, directly eomparablo, Tho most
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noticeanis Jactor vAth regnrd %o growth rate was the diserepency
exhibited botweon individuals. The two final individuals,

for examplo, were msrkedly difforamt in size vhon the mmallor wes
retoved at 30 days.  Semplos taken botwoon 8 end 10 dayy also had
quito a vids variation in dovelopment. Thse correlatiim of field
data wvith theso romilts must thorofore be oarriad out with esution
and oan only bo rogarded as approximata, Keemmir {1972) using a
largo fry oot in the Sanyati Kiver gorge towsrds tho end of March
1970, fomvi a propamdermce of fry botwoan 10 and 20 mm.  (n thase
data thoss fish wuld have boau, roughly, about four to six wecks
old and would have been spawned around tho bogimning of February,
Appraximate agoing coriteris arc givm in Table 11,8,

6.1.8 Toath

Tooth hed not yet dovelopod in the 12,5 mm. individual, but wmious—
pid tooth, irroqularly apacod en both Jaws, hod developed by 17.8 ma.
This L8 in agreomont vith Konmuir's (1972) findings, whore omioal
tooth wore found to bo presont botuoen 12 and 22 mm, tricuspdd teoth
botweon 24 and 35 mn md candoal teeth again from %4 mm; data whish
support Roborts {1967) in hia hypothosis that the uniouspid teoth of
Hydroomue vore dorived from the tricuspld type fomd in Lloakos.

It con ho soon, thomfore, that iderablo ALLf: oxiut
batwean the developmmt of Laboo xigtoriamuas eod Hulrecruus tildalus:
partioularly in tho slse of tho parivitolline speos, th. straightnoss
of the prehntehing ombryo of Labgg, tho prosenve of the yulk fabe ox-
tansion in lalmo not soan in Hydroors and ihe possibility of delayed
hateting in Jabac sage not fomd in Hwdroomug. The major elsilarity
betworm tho two lios in the bottom to surface ewisming bohaviour waioh
il be rsturmed to balows




IABIE 1.3

Days
2

4

810

18

22

28

35

APPROY IMATE AGEING CRITERIA FOR m BETWEEN
24 WD 26°C UP TO 50 DAYS R

Fig. No.
9

18

14

15-17

18-18

21

22

5.2

heB

4e9

Be4

17,8

ANT
(Pizaros refer to ii_g. 11.8)

Critoria

Hatohing, no oyo or mouth. Ydlk sao
prosant.

Pigrentod oye, no mouth, Yolk see
proaat,

Marrh, and gut develop. Yolk sae
prosant.

Mouth and gills well dovoloped, pootor
ol fing unrayod "padllos”, Ho yalk

ELUY

Mouth largo, air bladder prosent,
pectoral fins 1ightly reyed, caudal
fin romdod and pembrancus.

Coudal fin fold truncate.

Caudal fin noticnablo forked, rays
devaloping.

Anel fin developa,

Adipose fin devolops, fin fold oxtends
from poctoral girdlo to vemt., Ko
polvio fin.

Candoal tooth presmnt, 411 fins
prusant, Fin fold remant oxtends
fron halfuny botween polvde “in and
vent, to vent., Cloarly rou uisable
as [nlrogumag.

6.2 Tho Clartys (jotarchranciug luealiaia?)

The dovalopment of the elariid was markedly differont rom that

fomd in both Laboe vigtcriauue and Hydreoymus yitlatug.
Egies woro found along the shoreline of Chris' Boach in ammngst

8alvinia "roots® utich vere lying on tho bottom on 3rd Novemb - 1987,

4t this point tho

sdne is gontly sloping, protoctod and sandy.
Tho wator lovol st this \ioe hat bean more or less stable for twe

wooks, having droppod anly 0.l m in the previous fortnight, 4 oon-
cortod soarch rosulted in tho colloctim of nine larvan end eight



oggs, vhich wore found mly !z wetor botwoonm 5 and 15 o dopth, The
marginal Saplvinia st this point extended approximatoly § m aut from

tho shoreline. PEggs and larvas woro retumncd to the laboratory and
placed in shall ow gluss aquaria under 15 an of lake wator, with soveral
Salvinig plants. Veory fow samples woro taken from the aquarium due

to the paucity of matorial and growth could not be eantinued after 10
days duo to the termination of the finld trip. Dotails of the develop-
ment may bo faund in Fig, 11,7 and Table 11,9,

Whon ccllected tho dovelopmont was in late gastrulation and voe
embryo wns much largor than in Hydrocyhua, being lo7 mm in diamoter.
Thore was no porivitellipe space, the smbryo being tishtly omfined
by the vitelline mombrane. Thay woro 1ight groen in cclour and per-
footly spherical mnd smooth extornally., Embryocs proserved for examina-
tim and flrurod wore not nocossarily at tho same stago of development
as thoso which hatchod during the night of 3n Novenber, as larvae up
to about 8 days old were oclloctod at the samo time ag tho ogis.

The larvae which hatehod were dark green in colour and lacked
m .m.ph. 8. They wore far more robust than the dydrogynug lerves
and vith.. 30 hours of hatching had dovelopod a mcuth, abzortod the yolk
sac and dowelopod rayod pootoral fins. Forty hours aftor hatching
the epibranchial chambors had Aoveloped as subeutancous bubbles in
the postaro-dorasi region of the skull, By ten dayn the larvao woreo
84. @ long, the oyes ware fully functicnal and although a lare part
of the fin fold porsisted, the rud! -ts of the dorsal end mel fins
oould be sesn, The bohaviour of larvas throughout was unromarkable,
They wuld be almost contimuicusly quicsoont an the bottom of the
aquarium in the Salvinis roocts, but 1 disturbod would svin doeper
4nto these. Prosumably they fod at night m detritus which had teen
introduced into the aquarium with the Jglvinip. Small molancphores



Fig. 11,7. The early development of a clariid, probably
Haterchronchus . See Tablo 1l.9
for explanation, Vitellins membrane

in 1, The senle {8 1 om,
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dove” opad strangly by 10 dnys, widely soattered over the bedy and fin
fold, but omecontratod to scae degree almng the borders of the myo-
meres and lateral line.

TABLE 11,9 THE DEVELOPMENT OF THE TAKLY STAGES OF & CLARID 4f
22* - 25°C, (Figure mumbers as in Fig. 11.7)

T
::o. nm| ’r Fig. No. Tage of developrant

- 1 Late gastrula, with valk pluge

33 hra 2 Larva 5.3 mm, yolk sec 1.8 mm x 1,5 ma,
Notochord and approximately 29 myomores
apparent. Tall surramded by deop mofm
branous Tin fold, emcothly romded
cawially,

30 hre 3 Larva 7.6 mn, Yolk abporbed, 58 myomerass
apperent.  Mouth, two puirs of external
nares and operculum developed, Eyee
asparent as roundod clovations. FRayod
pectoral fin present and caudal) portion
of fin fald with six daovelopad roys.

4L hre - Larva 7.2 mm, Coudnl fin with oight rays,
alimoatary cansl more obvicus end probably
Qmotioal, Bpibrancheal chamber apparent
ns subgutaneous cavitics an cach side of the
hnad in 2 postoro-dorsal position.

10 aays 5 Larva 8. mn. Caulal fin extending postor-
lovily with eight raye. Eyes functional.
Bonos of darsal cnd anal fins devoloping
within the membrancua larvel fin.

It wes unlortunate that it was not possible to nllow the larveo to
dovalep to a sleerly recognizable stnge, bat the largn size of the ova
eallectod suggoste tha*, of Hotercbronohus lengifilis and Clarisg
saciontus (ove of whish they must have bean, having sn apitronchial
ohnzber) the Jommer is mere llkely., The fertilised eggs of Slarlos
have baen doserited by idll (1968) as having a flattened albesive dlse
not apparent in these specimens, Other differ-nces from Llacias
basod oo Holl's (1080) desoription vz that an hetohing, Cloriau vere
BB = 4ol W lomg tof §.3 mn at edght hourn) and the yolk sac was



sbgorbed in seven days (of 30 hours). It is probable, therefcre,
that the dovelopmant describod is that of Hetershronchus laeifiiis.

1% ia nvoessary to consider breoding data in relatian to seasonal
chrages in distrilution and abundance of fish at the river mouth, in
4the dry season pocls, and findings of cther workers.

7.1 Provieus Yark on Potapodraronis in ifrico

Compared to the cmsiderable quantity of data which has been
acoumulated v the ol ravory behaviour of the fishes of the northem
tamporats zono, little information s avallable an th: migratory
behaviour of tropical fishes, particularly in /frica, although the
subject has tocelvod a camparatively large amount of attention, I
Kast 4frioa, Whitobond (1959) has studied fish migr.lim in tho rivers
of northecastom Lake Victorin, Fryor and Whitehoad (1969) reported
in grater dotail on the breeding biology of ono of the moro important
potamoiraaoue specios of this lako, Loboo yietorianus Podonger, which
wus the subject of furthor studies by Cadwallacr (1985a, b).  ven
Someren (1962) used an fnolined grid irap mn a small casterly flowing
rivor in Kenyn, principally to sample catadramous species, in particalar
Annidllo pobuloge labiata Poters, hut gained incidenta) informatiom
@ potamodramous spacies, Subsequently Woloammo (1969) hus clarifisd
sertaln rapoots of tho blology of amalinr fishos in a atronn/ suamp
aynton walch flove into Lake Vietoria and gives evidonce of camplox
migratimal movoments.

In Soutbermm Tropleal ifriea, work on micratiam of froshwoter
fishos has bean o. 1 more sovora’ osonfincd.  Mortimsr ond Belle
Cror#'s (1360) data revealed a complicetod hidiroctimsl smovoment f
fish in a laddor situaved in thy epillwny of & smal) Jan ir Zambla,
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Badeniizen (1965) gave preliminary rosults cn tho potemciramous
behgviour of fishes in the Lufulu Rive at the southom sl of leke
Tanganylka which 1s an important wolr flshory, Fott (1985) has
studiod the biology of fishes in tho Pongolo River aof Sauth ifrice ir
an attempt to spsces tho offocts of the proposed J.4, Strijdae dam

on tho fish 1ife and gaine} valusble information an fish movements.
Tinally, Bovmaker (in press) has doseribod the olinmbing msohmanisus of
iovkenlonds mtndicens (Hilgendorf) ond Lobeo griladxious (Peters)
up & damp vonereto spilleay of a Rhodosian dem,

Lformatian on the broeding biclogy of Afrtcan potapcdropoua
epacies 18 therefore sparsc,  Apart {rom knowing thoe epnoles which
are potamodronous (see Lows, 1962: Poll, 19883 Jackson, 1961; Jubb,
1967) this luok of kmoddodpe hos $o U~ acoamcdiated by getcralisation.
Tina, vonerally spesking, potamodrmous spocies are thought to songre-
gate at rivor mouthe prior to the onset of the = na and, whon o suite
able fiow is roalised, wove upetrsam verying unspocifiod distancus to
varying @ strates, Presmt knowladge has hardly progrossed beye!
the statenont mate by Fryor and Whitehoad {1359) moro than ten years
agos “The most wo con say 1s that this species {Laboo vizvorlaug)
axhibits a positive respnse to tho influx of flood watar, whiish leads
maturo individuals to sites . . . o whoro spawning awtivitles can he
mugcassfully carried out®,

Indiae vorkers bava perbaps greatsr experionce of trepleal potemo-
dromasls and at 8 symposium in 194§ specificxlly o discuss the mbjeot,
omnaluded that no single factor sould be held respansibic fur the ine
duoonen® of spowing (Ganapati and Chato, 1952), The “triggering®
nochanim for upstress sigratim, it is gonerally “alieved, also awact
be attiutel to my single factor, but yemilts from the combiuatice
of o ¢ physioal and chonical factars associated with flooding, though
mibsequently, lake (1987) vorking in dustrmlia, holioves that a single




substanse, “petrichor®, msy srovide the final stimulus for spawning.
This of) 's roleased {rom dry graund when 1t is dempened end 1s &
complex mixture of organic compounds conteining aocidic, basic and
aeutral fractions,

The pressing nerl to gain detailed knowledge of the variations

in behaviour and requirements of different African potamcdrascus speo-
les nead not, verhaps, be st: od, for the place of importance that
the knovledge of bresding biology in relation to management of natural
fish populations 1s » ffichmt in 1tsel’ to do this. This is parti-
oularly true for a man-made lake whore essantially lotic species are

orced into & lentic envirmnment and brending stiil ccours to & large
extont in the rivers, This hehaviour offers an ldesl opportunity for
human meanipaiation, but 1s cne which shor'd be thoroughly understood

prior t inlarfsrence.

7.2 Fiab Mur 3

Bearing in mind that this disoussion involves the first two phases
of & three phasa study, tho third belrg the utilizatiun of s flume-
type flos gauging woir incorporating two-wvay fish irapo with emetent
rroording of abiotic data; the data were largely inadequate for defin-
ite oonclusicni, due principilly to the inasccuracy of gill snd tremmsel
nets as canpling toch.a, ené aast it this stage be regarded as tenta~
tive.

The species vhich have bemn found to migrate upstroem for breeding
purposes were Moruvrua lsogirustris Petors, Hmirecviua vitlatus
Gastelnan, Lloatas Jabaxi Poters, Lebeo arlindrigus Poters, labae
. .alys Jubb, Laboo guugake Peters, Labec sltdvelia Peters and Clarles
sacignioug (Burchell).  Species which wers found to uigrete upstresm
sssontially Cor feeding murposes, but vhoss juveniles were found in
umm-bmumm.mnmmmmpmnm
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T4lsoa mogsmbice Poters. Gyrhomreus isecrivnclig (Fetars) snd
Heterchrancus loughflils ¢~V aleo moved upetream in small mumbere,

ut ne lwvariles vers fomd. Several spacies wero fomd waly in the
rivars and pouls and not fn the lake. These were Zprbus linecnaculatup
Blengor, H. initospiatus Gemther, Chiloclanis newponpl Boulengar end
¥iarnlesten aubldeng (Peters). Alostos laternlis Boulenger vas

found in the pools, “ut wes mot oaught while misrating, Tho main
ropdation of this spociesn wes, however, found throughout the year in
weod hoda along the lake margina,

Four of the truly potamoiromoue spocies, Morryrus loncarostrls,
doirecvone yittatus, Lobeo adtdvelds ard Glorios garienigus ocomstituted
8% of the population iy weisht as reflected hy zillnats at Parret
fand,  With tne meservatlons imposed by the mothols uson, the bshaviour
of those four specles wia, bricfly, ag fdllovas
Exiroorius chbbatus. This spoeles nerumlated at tho notting statice
in Septonher 1967, throe months befors moviag tpetreas oaly uring
hoavy flocds and then in thelr resilual flow in laie Decembor and mide
S .. 4198, On the basis of netting rogults &t is cousldered that
there wrs o constant Smnigration of pre<breeding fish into the river
mouth area throughout the breoiing ecamsan, for nooumiletion of Hydroe
Qpus cocurrod 4f the river neasod to flowe  Mirpntional runs cosurred
1n waves of fish, as if clouls had baen Jormed and wore moving togather.
There wns some indication of diummal activity and hoavy runs tock place
on ovarcast dnys 1€ the river was (lowing aufficiomtly, 'ut theze tv-
onditions waie nomally eamourrens, Spont femals flsh vere taken
moviag downstyoms in Sanuary, at the samo time as pre-tuiwedin ' fish
moved upstroms.  Mele fish were saxually prescoious, axucing milt vhile
alirating W the campany of pre<hreeling fomalos. Thare essmcd to he
a varistion “at.om individusls regarding the lonath of stay ia the
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Piver dependent, yrobably, on the distance upstresm thay migreted.
Spowning fomales wers taken at the first point available in the river
o the me hand, and on the othor must have travelled oonsidereble
distunce upetream, for your O juvenilos were present in sume quantity
in the highost dry seasm ool samnpiod, some 4 km fran the lake,

The tehavicural adaptation of the laivee which would seem to allow
for passive downstreanm transport and whioh will be discussed below,
indiontes that spewning must take plece emsidorably furthor thas

4 from the lake. Migration ccourred omly after flow had roached
& level higher than reened necossary f'or other specios.

Hemrua Jauglroukkdg.  Undike Juireoynias, the Hoimuaus popldation
startod at a hisn dry season Jovel at Par~c' Bend, and gradually feld
off prior to tho river starbing to flowe This ccdd indiente a
grodual movament from Parrot Rend townrds the river mouth not sampled
by the gillnets, as the specioes is strongly potamodrommus, A11
migrating fish were adult snd both fomales apd malos stayod in pre=
broodirg condition while migating, Movememt upstress sommed to
soour sporadioslly throughout the ratns, partioularly during the Jower
vost~flood periods, This is perhaps underatandable in view of the
voak swvimning ability of tals spocies. A: MomYrug is essontlally
fomd in deep wator and ae b is prodebly capable ¢f sloctroe-orianta~
tion (Lissman, 1983), it is anticipnted thai the thir! phaso of this
study will show prodaminantly noctumal movemant, There was, never-
thelcas, omnsidershle movement during the day, Laige mmbaers of
Juvmnilos wore found in poole which were roaky; vory fev in pools
fre of oover, (n tho basis of lack of readinves %o brued md ove
alameter bimolality, the indications were that Momuymus tended to
spond o longer paricd in the rivar than the othor spoclos.



abeg altivalis. The populetion of jgbee aliivells incressed explo-
sively at Parrot Band slx wooks bofore tho firs. floc's snd numers
dectoased Just as rapidly following the initial flool, Utildzatiom
was thus made of the initisl flooding, but both up and downwstream
migrations ocourrad throughaut the rainy reriod, when fiow pormittad.
4 seaming preferenca for lowor fiow pericds was shown mri Labge was
sroquently rumning ot the same time as Mopmypns. DBoth spacies were
fond in associntion with Hydrocynug at higher flow rates, but Lebeg
seemel more capable of migrating during those highor flows wian
Harmypue was.  The indications were that spent fish returnod down-
ghroam as soom as flow allowod, On the basis of breeding readiness
shown by tho fish which acourmlated at the river mouth and the munbore
which undertock ¢ upstress migration, Labgo appearol to be strongly
prtamodemous md mles exuded nilt whilo migratings The prosence of
this apocios at the river mc th suggoast that Labgo wes more {rensitory
here than tha other specios : ra; once at thoe river mouth, thay moved
upatroam at the first «; anity, Similaerly, the floods were not
antioipatod for as lc- - ¢ pe= od os by Hydr.gvmue, Slorday and MoIsYTVg.
Quite frequeptly miprutic. fish ¢ th 8 5 soles oould ba seen moving
upstrom- as the vory tip of the high dorwal fin Just protinded sbove
tho gurfaca, AB the water depth in tho olsorved casos was sufficiently
great not to impose surince movement 3 the specles, it is oonsidered
that this behaviour ..ald be of depth crlentationsl valuo in turbid
~tar and would explain a function oi selcotive valun for the inordin-
ately deap dersal fin of this speclos.

Glarias garianiovg. The pature of the Glazias mlrration was found to
be antirely different from the other spocives & weos before the
first floods, m extmordinarily danse concentraticn of Clarins wee
observed, lying quiescsnt o tho bottom, wdemeath the Salvinls
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mat in aw o two mebros of water, at the very highest point of baok-
flooding of the river Ly tho lake, These fish migrated upstreen
ismodiately the first flood water reached thum auc were cbeerved
leaping up the first repid. Many wore damoged on tho leading edge
of the mouth from ccllisions with rocks in this rapid and orveodiles
took tall of oonsiderable mmbors, Tho nature of the flool was suoh
that this firet and probably lsst wave of the migratimn in this parti-
oular instanse oould only have travellod 200 m upstrean hofure meeting
an impasgabls barrier, but male fish, vhich had boen lying quissomt
in pro-breading condition @mly hours pawvicusly, were exaling uilt withdn
12 hours. The cnly female fish oanght in the rocky pocl below the
barrior was foamd to be spawning, Data collectod in cther years also
1ndicato that this sprcios moves upstroam at tho first opportunity
aly, as thoy were never ford migrating upstrean in the lwor reaches
of tho tiver afte: the very first floods, However, sumo must have
moved cousideratly furthor than the 200 m reported tore, m the evideoe
48 juvaniles fomd 4 km upstrusn in the dry sessm pooh; Dounstress
movenant wust, on the dats nvsilatle also, ccour an the first oppors
tunity following spawing., Yot an e oocasion, a group of Slarkod
vore fomd in full breoding omditian ab the rivar mouth tut were sk
. ing upstream, a variation so rodisal that it givos s<wo suppord
to the idoa what Glarias oxist ir Lexs Xariba us two popar te populis

tims.

5.5 Yariatioea ia K cotdenol Delaviger

The reasons for upstrean nigration therefore variel and in the
Meonda River vere associated sithar with breeding or foeding.

Similarly the tining and duration of the upstream migratiwn fos
bresding purposes also weswed to vary, frem a singlo massivy early e
by Glarias, oo tac e band, to the more fragmentary migratimns of
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Hrdaoaynug, Labeo and Mopmyzug vhich were apparently veryingly depsadent
on the flow volume, an the cther,

There were alsc differances in pre-broading behaviouss  Glariag.
Mormyzug and Hydrogypug seemod to "anticipete® flooding by several
manths in that they acoumlatod at the river mouth soie time belare
the raing startod. Whereas this won tho only time breeding Clatdas
soommlated in nssooistion with a river mizration, Hulrooynug ent
Hopmypug seemed to migrate from the lake to the river mauth smtinu-
ously thioughout the rains; particularly during the firgt fow months
of the soasai. On the othor hand Lgbeo appeared to concentrate st the
river mouth only after the rains had commenced snd bafore the river
startod to flow ond spent a considerably shortor pericd ir the area.
The brooding soquence of individual Labge would therefcro scem to have
hoam more rapid, in that thoy moved upstrean ab the earlicet opportune
1ty

Tho question regarding the length of atay in tho river is oo
presant data unangwersble. Thero wero 1 fontions, howover, Julging
by tho viriation in zonad state end ova siso between tha difforent
apocies during upstross migration ad by the acoumlation of yoste
broadirg fish after flocding, that here alac there was veriatiomm.
Hoamyg.. would appear to have bred some time after moving upstress ad
sovl’ ba maltiple spawmers, whereas Glarisd, Hyircoupug and Lobeo bred
more quickly ance the river had hean wabereds Spawning fownlas of
all threo of thas. latter specios wore taian ot tho first ~vaeible
point avallable in the rirer, though the frequency in which ther w®e
fomd and the rmumber of juveniles occurring in the Jdry ssaswm pocls
mugpest altomativo main hreeding arees further from the lake.

Closely 1inked with this aspect of behaviour wns the distonce hrevelled
upstroan by the vericus spscles. The behaviour of Hydecovmus vittatue
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Jarvao shortly af%or hoatehing md 18c romarkable simflarity to Sast
of Lebeo yigtorimmp doseribed by Fryer and Wbitshend indicate siaptee
tims which ooudd remlt in o dovmstroan movemont of these aspeciocs at
en oarly developmantal stoge. Eighteananth ol juvemnile. of s}l four
spocieg have been takun in & dry seastm pool at tho highost sampled
polnt, 4 Bn from the lake, The distancs travellad upstiresn by some
Inlividusl Uydeoovpug, nt least, and prohably Lalgg, must thorefore
be scastderably furthor, for thoe volums md power of larger Clouds
waild rule out the rotention of larval fish which do uot actively
soak bankwaters.

4 further point tu omalder is the varistion in mbatrate chosen
by tha diffarent spocios. It wma ocnaidered by Jackson (1981) thnt
breading of most specizs present in the mlddle Zamhe:i fiver, prlor
to formatian of the lake, took place in shallodly flocxdal vegetatim
an. that this bahaviour was of eonalierablo signil’sence in the ©-le
1t playod i predat.v vrston,  Llardap zaxlenious hoe Tso been dbe
aservod to spamur in nowiy flooded grassland on the Rhodeskan i s
{#ell, 1968}, rsswtially similar to the sunstreto used Yy J. DoNEED-
himug of Leke Vistoria (Greenvood, 19u5).  Lowe {(195%) reports that
the 7 hqu meseue of Lake Nymsa spswns on this substrote, having moved
up mall mud 7 v iresms, whereus Barllius misiclanla ), possibly,
TAlauss shicmar, Synedsotia atlesmala "0t Darbus zhondesld uiorated
up latre ralativaly elesr rivers; not unlike thw Lufulm River, Leke
Tanganyikn, discussed by Badwindisen {1968), where Hyircommma vittatus.
Alankes pacroshtbalous, Sisheriie zithuna w3 Bodbue Sepidolecds
move up to spewti.  The halaugwishi River of Lake Mweru ls also of this
typo and supports . utlen of Lleskoy sackathibaling (Bowsaker,
1960}, Raving o 4is type of river, Lowe (1952) reports that
ifrican fishermer s .i,.... @ & deop rooky poal as beiny r spaming site



for 8. giorclenis. as they hal cbeerved juveniles in this pocl, The
wall-dotumented espaming me of Lgboo alilvelis up the luapula Hiver
(Hatagne, 195) suggests the possibllity of two Sypos of Loawmdng
gabstrate, namely flocded swamp voretation or soft muls Wi nssociaticn
with elowly flowlnr water,

Bownaker (1969a) cuserved non-anadramous breeding in the {lgaton
mogrophthalmye of Lako Bangweulu. This specins Ls reported elee-
where as being anairomous but could well fall infto Corbott's (1981)
stage 5, namely a specles which feods and breeds in Lotk lekos and
rivers (ng a siage in development from o purely lotic to purely lene
tie species); for breoding cocurred o & wave-wvashed sandy shoreline.
Thus at loost one specles, nn? probably some of the Meenda spacles,
do not have to epww an exactiy the same sort of sabstrate and (respe
ool fs (1965) sugrestion may Yo o vrect:s that a ruling factor in the
cholee of spruning sites for game speciss 15 the nocessity for a
cleansing action by rolling of ova, eithor in turbulont or in ilowing
water. This postulate iz Jont support Uy the nature of the 'eenda
Rivor, as nowhers is there the type of Lackfloodod vovetation montionad
by Jacksen (1961) as being 8o nocessary for succvssful brouding. Sub-
gtvatss f ferxd by tho river arv eithor rcok, sand or mul, vith vegeto-
tig offorod only by the ccossional treilins brarcioes of the Lush Gom-
brotup shevatug Fooffm,  Thore is mo backflooding of grngsland almg
the river margino and this omly occasichally ccours, in o very linited
arva, vhon the lake lrvel riscs to ..cessive holghts.

4 further protilom arises from the "anticipatory” mcowmilation of
fighes ot the river mouth, The recomition of rivert and In some
gages pertiuslar rivers by fish has long bean eonsidersd to romult
from pereoption of thelr particoule- oleurs and Haslor (1954} shownd
that cdour perception in fishes can be oxtremely acute. The foot



that fish may poreeive the mouth of ¢ 1iver which coased to flow some
sevan, months previocudly sugrests elther that orientation is not necas-
sarily based only on odour purcoptim or that the sonsec of amell in
the fishes invclved is remarkably woll developed.

Are the spoclos mantionod in this - tudy necessarily exalusively
potanciromous? This 1s a factor of considerable imnortarco in the
formulation oo manacement policy snd is & quostican that cannot be
anpws-ad with any n rtainty, Tho only data romotely port: mang to
this quostion ariscs from tho atrophiunticn of ripo ovarios of
Hriroeymug, which has beon found to occcur with somo froquenay in the
Meonde area in January rarticularly, and vhich may rcsnlt from too
1y a walt nrior to the river flooding sufficimtly, but could also
result from disoasc o~ some Froakdown in otholorloal breoding soquonco.
Op the cthor hand, tho obsorved presance of large shoals of adult
Slardes cariaudus in Lako {a=t'a gzuo disiance away from the river
mouth ot the timo the slarle brociks run of Qlarigg occurrod,
sugcocts that thls speclos also breud olasowhoro, probably an the
flooded shorclino, The chsorved breoding readiness of sume .f these
fish when not migrating supports this sugrostion.

Kithouth » wenlith of evi. mce suszosts that potanciromesis 1s
innate an! thorefore cblirstory, evsoptions do coeur, m .oably as &
result of essemtially lotic specles either evalsing inte cr having s
predisposition foi Jantic “reuding, provided that tho ossartlal con-
tions are twifilled, as susgested by Corbett (1961), In lekw
Victoria, ror exampie, tw- non-ondemios (Mormyus kexume »nd Jagous
desmag) aro apparently not cbligately potemodromous (Whitchoad, 1989).
It would therefore be unwise at this stage to apply a gm.o0al mile
rogarding the ctligation of the potamolromous sp cles of Loke Karidba
to breot in the rivors.



The ocsploxity md variability of behaviour hetween speclss indi-
onted by the results of this preliminarv ctudy suigest anoient behavi
oural mechanism) of lotde stook which may not neosssarily bo advaniage~
ous under the lentis ownlitions ‘~posed by damming. It veuld seem
that, in the case of Xariba, sume of the potamodromeus species form
& wore important nast of She lontte fish population, (Glarias,
Momuyrug) than they had wider lotic ocaditions, uthers remain more or
less the same canstituert (Hydrogynma) whilst othere (Lghoo altivelis,
ke sgore) are showing a changiny pattom of distrilution and importe
ance (Boge, 1059), dopondent on the balancc of lotic and lentic water
quallty eontort which charmcteri.o the series of basins whish make up
Kariba as ‘ogerdba. by Cocho (1963).

T.o further Yacts, rolatisg to the retum of juveniles ¢ the lake,
pood diseispion, Th» first invelves the bohaviour of ‘pirocymue
iarvae which s rovarelly similar to ths bohevlicur of la.vee of Lgheg
yhgtoriamg (Fryov and Whitehend, 1959),  That twe spocles with vilely
diffarin: snovstry shald have in compon both this larval behavi ar
md be potamciromous sugrests o poasibls link hwtwoon the behavieus
of adu't and larvec, Namely, the larval behaviour cncoirnites flow
aff. t and repid downstroam movowent avay [rom the breoding ground,
faollitatin, ar carly vo-in*-.luction ‘nto tho lek» or large river the
hreoding river folns, The rupldity of the downstrean movemor.t of
larvr: ig depondan”. on 4o Tlew rogime, snl its astual cccurrence in
o Maoyla T Lvar 18 supporte? by he mmieis of fuvenile fishes ramaine
tng i the pocls, which bear little rclationship to the larve numbsrs
of brecdin, «iults, The froquonay of oscusrencs o approxizately
stx-woek old Jrirocig fry frawd by Kaomuir (1972) tn the Seryatd
River gorge in eiatic lake wabsrs lso mupports tho supoosition of

rapid dowmstrosn movement.



It has been propossd in Lake Kariba that the presence of Salvisds
suriculate mats at river souths mey hinder the wovement of adult fisis
upstresm ani the return of juvenilos down iream, in that a barrier
of dooxyrenated water is set up wide.wath the mat (Begg, 1988}, It
has been shown, however, that in th. Mwenda River tho rlow levels
requirod %o initiate migration of adilts are sush s to break thrcugh
this harrier as wn oxy ted dansity current (Chapter 5). Though
same of the larvae and yomg fishes must enter the lako at lou flow
levals and oould »e killed, tho majority would probably do so during
flocding en would thus be rwept through the Salvinda befre ooming
to quiet waters, although this aay not be tho case in the lang gorges

vhorety samc of the larger rivers ontor the lake, Tho moin danger

18 conaidored te be the aroation of an wnderflow an the di.ced river
bed which may actually penetrate the lake thermocline and carry ltcvae
to the deoxygenated hypalimnion. In rivors of tho same sort of oise
as the Mwsnda this corid nly occour duriny uwxoeptional floods, but
all larvas 4n the rivur ot such a time would almost undoubtedly be
earried by this typo of flowe



Pow dotalled investigatione on the food and feeding habite of
African fistes have beon attamptod and thoso which have bean carried
it are somowhat marred by an inability to rocognize insect food
itone beyond major taxanomic groupinge; with tho marked excopticn
of tho worke of Corbet (1961) on nonecichlid fishoe of lake Victoria,
Fryor (1959) on the foeding rolatimmehips of s cawmmnity of Leke
Fyass fishes and Mmro {1967) m the food of the commercially
importent fishes of the Phodeslan highveld impoundment, Lake McOlvaine,
Othor works includo those of Fish (1955) and MacDanald (1358) o,
respectivoly, 1ilapia spoclioe und Mormyrug konnume in Lake Victorias
do Kimpe (1964) and Matthes (1964) on the commorcially important
specics of Lakes Mweru and Tumba, respcotively, in the Cango Rlver
basin; Bowmaker (1969) on Alesbes macrovhihalaus of Lake Bangweulus
Oroenownld (1964a and b) on Clarias catiouimua ond Droniua dentassl-
Ioahria in the Tranevaal; Schoanbeo (1969) oo Cynrinus sarnie, Rastms
holubd, Clarias garieuious, kebeo Saoeasds md L. JGbintug in Lake
Barborspmn, alsc in the Transvaal; md He-blym (1980) a1 food end
fooding behaviour of Lates pilotigus in East ifrica, Hydrocyuus
yittatug hae roceived s disprcporticnato amamt o attention, feoding
being dosoribed by Jackeon (1961a, b, o) who drew attentien to its
predatory lnpact, mainly in the Bangweulu snd Middle Zeabesi arvas;
Matthos (1968) on this spacies in Lake Kariba, subsequently amsidered
Yy Kenmuir (1972); end Galgher (1970) in the Inkamati River, Scuth
ifrica.




Authoritative vorka by Pall (1953), Greenwoid (1956}, Cruss
(1964), Jacksan (19614), Hulot (1950) and Jubb (1967) all generally
summarise the diet of fishes found in the respoctive arces omsid-
ered, Dotailad assessments of dlet for a largs proportian of the
species here are not available.

The stomach acontents of weveral non-antamophagous species have
boen snalysed by the frequency of occurrende method (the mmber of
fish in which oach food item ocourred .me listed axl exprossed as
a yorcontage), Hynes (1050) discusses the methods of analysis of
the food of fishes at some length and eonsludes that the occurvence
mothod ", . . although apparently tho least satisfactory is now
shomn to give substantially the samo rosults as thacretically
better method«", Analyses huve been kept spatially and soascnally
separated, ut whors no substantial differences wire apparert, have
Foon combined, It is ecnsidered more raalistic, because of the
froquend cutstanding numerical prodeminance of a single seall foold
iton in entomophagous specics, to use here a variation of the
mothad doscribed by Hali (1961), ossentially a variatics of the
pothods of Nelll (1938) end Rickor (1987). The mothod vsed entalled
1dantificaticn and oomting separataly the numbers of each species
found in oach fish, a process greatly facilitatod by use of the
roforonce ocolloction and camera lucida drawings of the code
ngpocioa”s. Numbore have thm bowm comvorted to "wot” waight
biomass (as cpposed to the valumeiric moasurement Bali (1961) used)
using tho ewnversion factors given in Table 7.8, This methed
allows a more reslistic assesswomt of the rolitive importmoe of
differcnt focd spocles than the purely numorieal mothod, for it
{ncorporatos the size of food items.
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2.1 Moswridae

2.1.1 Mormvroos dalisoiis

80 fish ronging In sizo betwoon 35,6 and 98.4 om fork length were
axamired, Of these 45 (75%) omtained foo! items in the stomooh,
89 of these werc taken by zillnet in the loke and 6 by trammel net
in the ¥ver, Results from thc lake are shown in Tahle 12.1.

Food itams occourring in the stomach show a clear preforence by
Momyrops for loiger organisme, The spocios is prodatory, fooding
pouominantly on larger insoct nymphs md larvas, particularly the
Odnata (548) and smallor fish spocles (326). Most insuct sub-
inaginos wore taken late in their dovalopmont vhen nt tholr largost
aquatic stage, The anly small food items found to ocour in adult
Mormvrops vere Chaghorus, the Salyiado mayfly Buthroulun spes and
the coratopoganid sp. 19.

Lpart from Diceeudopais, all spacios tnken coourred upon rather
than within submerged substrotess M1 the food fish token were
small, ranging in length betwoen 1.5 mnd §,f m, Thorn wns sme
indlcation that individual Mopmyrops speclalise in the type o firh
teken, Of tho stomach omntents of two fish, for oxample, taken in
the same net sotting, ono containod six Tilapis nertiperd 18 -

83 mm), the othor ninn jlagtos laterolls (50 = 56 m), Lorgoe fish
sonl o, provrbly picked off the hottom, ovecvsred ite froquontly
(10%), Toc fov fishoe were taken to indlente my spatisl or
sensomal (ifforences in diet, or changes in ddot with sizo, but
rosults ohtainod were sufficiently oonsistant to indicnte reasannble
ovorall reliability, Fish taken in the flowing river (Table 12.2)
sigzest o limited availability of Iarger insacts, snall fish forming
9% of omtants oxamined.
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LiliR 12, FOOD SYEM3 WOUND IN THE STOMACH OF
FROM THE LAXE, msmnwﬁw
COCTRARL, S (F PISH CORTAINING PARTICULLR 700D ITEM8

CRUSTAGRA 13
Saciding allctine 13
COORATE 8%

EPHDERCPTERL 8
m 8p. nymphs 24
TRICHOPTERA 2
Rlosgudonals caoonsds larves 2
CULIGIDAR 1
PPy lurens 7
D, pupas 4
CERATOPOGON IDAK 2
"Gildseides” sp. 19 ®
PISCES 2
ahidandax

OOoOwepp M

Digested h remains
large flsh soales

KB, All {nsect ssbimsgines and Sariding were in either
late or final developmental steges,

Ak mmrmmwnmmam”m
g ¢ P‘Rﬂim‘{!& PLOYING IVER, BY PERCENT
QA CR

(DORATA 4
Astinsgouoisis faray 4
PISCES

it

%
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Fisk sonles
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The sxtemal appearance of Momuvrons dallalomug does not suggest
a fish predator, with its mall eyes end mouth, w'dely spsoed, smaall
pag-like teeth and lathargioc movoment, I3 it would seem to Yo
sucoeosfully predatory in a limited fisld (only 17 independent items).
An explanation for this species's success wms suggested by en observa-
tim made by torchlight at night in water approximately 1.5 m deepe
The posterior halves of nine large (ca 70 on) Momvropg vere sem
protruling fra. a small isclatcd bed of Corgtopiyllun, some 2 n° in
aros and 1 m deep, The fish remained quiesoent in this position for
soveral minutes before e backed out of the wecd, and being distur-
bed by the light, moved quistly off to deep vater. As soon as this
fish seemed to register the light and ste 4 to react to it, all the
other individuals reacted simultenscusly, some burying themaelves in
the C~patophyllup, others moving into despir water. The impression
received vas that scme form of officiont communication existed in
the shoal. Lissman (1963) has shown experimentally that Gymnarchug
nligtigug md an uunamed mormyrid cen detect objects by an alectrioal
mechanisn suvulving, he suggests, a dipole field set up betwean head
w. . taide It is possible that tha bohaviour observed at Sinamends
fndicace’ & siwilar ebility in Mopaypape and wousd explain tho reasm~
able success of an apparmtly slugglsh predator; tie noocturnal foeding
pat 0.8 suggostcl by tranmol nst natches (Crapter 10); and relative
wnifornity in size of prey items, whether late instar (ricnata nysphs,
mall minsows, Saxidins, or final instar Pevills nymphs, Should an
electrical smss bo used by this fish, it is uniikely to be the only
sense used, for the emall but significent proportion of spocies such
as Chachorus in the diet indicate utilization of normal sensing mechsn~
ims. The behaviour of the shoal suggosted furthor that the dipole
field, if used, nay be applied by a shoal of Marmyrops working in odne



Juooticn with sesh other, Certalnly this fish desorves oxperimental
sudy.

2.1.2 Crphoxyrus ddacomiumotua

870 fish ranging in sizs betwwen 11,0 and 37.7 o fork Jemgth vero
exanined. Of these 558 (97f) oontained food items in the stomach,
AX1 fish were captured in the lake by gillnet. FResults aro shown
in Table 12.5. In this instance the "comt and cmversion to bicmass®
mothod vas used; stmach contents totallad 12115.86 ng, represauting
approximataely 10,000 individual food *tome. This spacios is clearly
antanophagous, the total rosults indicating s predominance of Odonsta
(%1.7% by blomass), matnly lste instar lLibellulidas, with Lizseudonsia
(Trichoptare) and Chachorus (Culicidas) each contributing approxisately
21% and Poviila (Ephemercptern) forming 16.2% of stomach contents.
Chirnondd larvee play & relatively minor rale (8.8%) as food to
Cyphomyrus and other groups occurred inrroquanuy; The major scurce
of 1) of this specien was therofore derived fron a limited muambor
of .pwoiss although a 4ide varistion in food types a8 found .

Scme spatial trends src suggostod by the rosults. The Odmata
woie infrequent in fish from tho open Lay stationa (2,61), tut alag
ths margine within Corahophylluy beds vere of greater importance
(19.1%), as thay were with movewer® 11~ the = tuary" (20.7%)

Wit . the Jalviuda vat the libellulids formed the singlo moat import-
ant oonstitusnt (55.18). The Trishoptora formed a viluabls food ocm
ponent in most of tho study arvs, particularly in deepor water (39%)
bt apart from & 0,27 occurrence of Boncmaas Shopasabl, vere abseul in
tho stomach of fishee captured in the Corubaobylium bed. The oulicids
shoved a similar distridution, being absent in fishes f'rom Caoabo-
phyllum, but were most important es a food constituont at Etation §,
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in "estuarine” waters free of Salvinia. Ephemoroptera nyuphs, clmost
sclely Povillu aduste, woro an cutstondingly imporiant ea.gtituent of
Cyphomyrus fool in the Ceratoohyllup beds (63.8%) and vere abaent
from the gut contemts of fish captured in opon water. Poviida
apprared as a minor food constitumt within the estuary, but were
more important than the baotids, unexpectodly, mnd Euthroulua.
Chiranamid larvae and pupas appoared in stomach comtents throughout

the study ares, but were important culy in desper water (30.5%)

vhere they wore represented mainly by Cliachanvius maculatus ond
Chirongms (Hilodcrup) fractilchus and to s lessor extent by the sub-
genors Cryptochireagmup and Dicrotendizos.

As is understandabla, certain species wore mly taken by Cypho-
myrug in the vioinity of substrates that, frum bontaic sampling,
they were typical of, For example, Clinghonviue slarcivinds and
Buthranlug wre only taken (in valuss greater than 0.048) in the
vicinity of the Salvinia mat; Cyglagatberis and pyralid moth larvae
wore enly taken within the Coratoohwilup beds. Tho lov incidence of
Zygoptera in Ceratoobyllum in comparisan with the scmawhat highor in-
addence of Anisoptera, after benthic sampling had strongly indicuted
that Anisoptera were available in far groater nunbors, suggosts that
in samo way Zygoptera were able to avoid prodaticn by Cyphomyeruge
Canvorsaly, as s alsc spparent from the high ineidanco of Libellulie
Gao in tho stomach contents of fish taken noar Jalvinia, that the
Anisoptors wero vulnersblo to prodation by CYphacerus.

On the other hand, examplos such as the high incldance of Poxille,

o

onmtmlyutmmtbodrom‘dtmmua,‘* te, in the wt

of flsh taken \Athin tho Capabanbivilup bed indicstes thai the degroe
of movemsnt of fish car be guite considerablo. Further, individual
£ish taken at Station 5 ha* scmetimes, by their gut eontants, odemly
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beon feeding in marginal weed beds. T.4 results are not thorofore
alear out, but the large musbors of fish ¢ wined allow some confid-
anoe in tho sprtial distrilution of major £30] categories as refloo-
tod by gut omtents.

The predominmce of largor entire food itess, such as Pevilla,
late inetar 1ibellulid nymphs, Dipsgudopsis aed yyrelid larme s
surprising, for Qyphomvius has a small mouth invested with few touth,
In appearance this spooies would seem well adaptod to taking smeller
ftems, such as Ghacberug sod Chircuamid larvae, in the botten mds,
as the "chin" is oxtended into a blunt floshy lobe vhich would appoar
40 have a sansory functim. Tho vory bright roflectim of tho ayes
in torchlight at night not seen in cther spocies, sugrsuts that
Cyohomysua has woll developed night visicn. Whon CyphomyIug are
froshly opanod, a majcr proporticn of thy gut contants are laving end
seemingly unharmed, indicating a slow rate of dis-stior in the stomach,
The feading of this spocies would be subjoct tc intorusting and
nocossary study, particularly as its sise is ideal for smallor aquaria. '

Individupls taken at tno same timo and place wero quito froquently
fomd to have bean foading oxclusively on cno orgenisn, the axolusive
food organiem difforing betweon individuals, A} tho samo timo, however,
other individuals cntained a full spoctrum of : le food Ltoms,
“nero wore indications thorofors that some individual Cyghomyrus oould
have bags "spocialist” foedors, and that a loaming process was invole
vod in dovoloping feading tochniquo.

2.2.5 Mapooaa dengireatris

104 fish renging in sise Lotweon 29.5 and 83,6 am fork “ongth were
azamined in the lake, Of these 105 {99%) ocatained foo! in the
wtomach. In tho pools, 18 adult fish (2.5 - 81.2 am fork length)
and 34 juveniles (10 - 18 om) vore examined, all of vhich containod
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food, Exmmired stawashs sonta'ned 56,78 g of food, reprosenting
approxisataly 7,500 individual food itons,

Although a broad speotrum of insect fuud types wore taken by
Mormywug (Table 12.4), overall rosults show the outstanding iaportamce
of Dippeuicnals goponsis larvae and pupac as a foad to this species
(80.9% as bicrass) at all nottin stations and in tho river pools.
The only othor food of any importance in overall meidte wero dregum-~
f1y oyaphs (11.95) ond Chaoborug larvas and pupse (4.7%). The
Ephanoroptera (0.58), Ceratopogonidar {0.6%) and, most surprisingly,
Chironomidae (1.2%) were relatively unimportant as fods  Vory fow
Crustacoa vore found in stamach contants and oligochastos only
osourred in o aingle stumach, Hemlptorans occurred, alsv on a
single ccoasion, c¢nly in the river. Only larvae of Ccolaoptera were
tokan, ond these most infroquently. 4 surprising “ind wvas two
juvenile Bartug sp. (30 mm long) in ne stomach. *ho intake of fish
acales cgcurred so infrequentuy that occasions in which they were
found in gut contents wore possibly accidontal. An interesting case
of fish prodatlion was fomd. The ogga rocorded in tho teble woro
alnost cortainly the same as thoso tontativaly deseribed ae Hotopo-
branous dankiSilis eggs earlier (Chapter 11), as they conformed in
si.e and shape and the fish wvhich oontained them was enptared at the
wane time :Athir the Salvinig mate

98.4% of all food takm werc vlatively large in si..i Cariding,
1ibellulid nynphs, Poville nywphs and Dipgeudopgiy larvee end pupae.
0f tho smallor food items, Ghachcrus occurved in large numbors quite
froquontly. In lesser mumbers, but novertheloss an important food
conetitusit of some individual fish, were tho coratopoganid larvae,
The relatively large larves of Clinchatrus Moculatis, SORLchAISnGES
ape 7 end Polrpadidup ep. 5 voro the favoure: chirmmomids. The only
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speoimons of the very large (20 m) Chironcems (Chircnomus) sp.
1isted in tho table came from the stomach of Mopmyrug.

ipart fronm tho dominenco of Dipsoudopsis in stomach cantonts
througnout the study arce, a slight varistion in importance of other
constituents was found, Libellulid nymphs were most important in
fieh caught In the Salvinis mat (25.5¢), indicating that Momviug
actually foed vithin the Jolvinis roots (a supposition lent support
by the cocasional occusrence of smell root hairs in Mcrpyyua stomac t)j
beoamo loss important away from Salvinis in tho "estuary” (16%) one
wovre absant from fish taken in tho opon bays Libellulid nymphs formed
4 small proportion of food in tho pools (4.6%). Chagborua cecurred
in stomach ccntents thrcughout the lako stations at epproximatoly 8%
of bimass, but was a very minor constituc.t in the pools, its place
boing taken by the inervased proportiwn of Pgvilla md chiromamid
iarvae hore, particularly Clinotanviug paculatilg.

Like Cyphamvrug, a signifismt portim of tho stamnch contents of
Momyrug vere umually still living in froshly killed fish. The fre.
quenay wdth which this wns obsorved, hearing in nind that fish could
have been captured by gillnot r.d hanos rostyained from cating nything
botwemn one to 1% hours prior to oxamination, indicates a slow rate
of “lgostion in the stomach, Apart from live contmts and recognis-
able romains, the stomach usunlly cantalied a considorable volumo of
thisk grey pesto, presumably food meterial undorgoing digugtian.

It seomod obvicus that the aelmgated srcut of MGEIIMS, terninoe
ting in a small mouth vith e fow tiny teoth, mst have hoen asroclated
vith some sort of sudburroving function, Yot tho actual nochanim
involved was unknown until an explanation wos offer 1 by chonoe while
polacning Surprice Pool, Tho initial offeut of rotenono is tu die~
orient fish although other functims are not chviwsly lspairved,



During this stage £ish ney appoar at tha wate: surface for some
nmonts, scmstines upside down, before swbming 'alovw the surfece
cnoe more. A large Mopwyyua appearsd at the poclfs surfoos in this
omAitim, with mout and belly at the water surface, tut vith the
opercular cpeaings submerged. As & move vas made to capture the
fish, a jobt of water was shot fyom tho mouth some coms'derable diew
tenca, The fish was oaptured and hald in s ldentioal positicn mmd
this dehaviour was repoated povernl timos before it was further
wenkanoad by rotanone.  The measured distance of the water ojootims
wvos 5.2 m,

Poaling bohavinur as gugrestod by this obsorvation iz as followe:
In suitable soft my! substratos as found in the drowned river bed,
Mommymg turies its snout tnto the mud, *nkes in wator through its
opereular opening and then, using o jot of vater, "explules" the mxd,
pioking up any larvae disturbed. Llpseowlopgds lsrvas, which feature
sc praminntly In the food of this fish, nre fube dwelling, the length
of the tubs baing deeper than the B = pmotrated by grab. This
sethod, Af used by Mormvaus, would! ssem cminen¥ly suitable for the
capture of Jinseudopals larvae beforo they omn escaps down their wubos.
Atomatively, the Nomyrug may dig doun a ‘ube, Ueplacing md with
Jots of vator, until the cocupant 1s reached. whichover of thece
nethode 18 used, this chauce .iscovery lonls credenco to tho anglers'
tale that vhore smsll patihes of br.“los rise to the surface, MoDWZRVA
are feoding, Tho use of this faeding method would also seam suitshle
for displacing O)igochastas vhich at times occurred in great comcentre~
tioms Sn tho stuly area (Chrpter 7). Yot cligochestes do not feature
as 8 food of this Tish, suggesting that thay may be nvoiled by choice,

The foot of fuvenile fish saptured in the pocls was largely ocon~
fined to smaller ingect larvas, vhother lato instars of small species



or sarly iustars ~f larger species (Tabie 12.5). The most importart
single item wos Shigkoubironoams solirariys larves.

TABLE 12,5 THE STOMACH OGNTENTS OF JUVESILE
cmmm?mnmm.s(gmﬁw
munbers)
%
Stdctoshivnsma sallreriue 1. 5405
FovAlla adugts n. (early instars) 10,7

Shogborus sppe 1 and p. EX:)
culdcaddeg” sp. 19 1. 7.2
Enamug hcmaastd 1. 5.5
Cloncn spe ne 8.5
Coanla 2p. ne 3.2
Slinotonvine Raculetug 1. 2.
Early instur Libe)lulidas n. 1.4
Ostracoda Ueb
2.2 Gharncling

2.2.1 Hylroowmus ritlatus

1,58 Cish ronglng in sfse betwean 13.6 and 63,7 om fork length
wore examinod in tho lake, Of theso 351 (29%) werc foeding, [n
the pucls, 139 adult fish (1o - 54 om) mnd 43 Juveuilcs (5 - 13 e}
woro axsmined, Resilts aro presented by froguency of ocou rTmmoe o
individusl items, and lake m? river data have bean pocled (Tsible 12.8).

97,64 ! » froquency of vocurrenes of imiividusnl jtoms were ‘loh,
the remalndor being made up by ccenmsicnal vocurrences of iute instur
inseut subimagines .nd the shrimp Cardling ndletles. Unreccanisatie
digestod fish remaine wern thy mest praminent pirglo item of fuod,
aud of rescpdsable omterts, Slidias lalaralig was by far the most
inportant fool item (578), followed by the closely rolatod and somew
vhat larger species Llextes saberi (7). The threo Sarius species,
2. faaciclatus, B. smilamiatus o B. Loscmaulatus ccntributed to
noarly 8% of stomach oontents, Other species takon, Wt of vory
miner iaportance o these results, are listed in the table (12.8),
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JARSE 12,8 TR SPOMAGH CONTENTS (P [DIT CAUGRT
HMODGHO THE STUDY Lkt 15 IVGEE OF ADHAN.o. e
POMD IND PERCENTLOR FREQUENMCY OF OOQURRENGH
i; lorw Pt pups a; adult 8: oggs Nt nyaph

00 ITRM SIIE RLNGE B s
CRUSTLCEL
Saxidiss silatioe Final instar 1 0.8
ODCRITL
Istiasagotur fapax 2. Finnl inetar 1 0.3
BEEMRROPIERA
% m n. Final tastar 1 0.8
o - 1 03
CULICIDAR
Shacborua srps pe - 1 C.8
TRICHOPTERS
Dinsowicoads 1. Late instar 2 0.8
LEPIDCPYERL
Unidentified a, Ll 1 0u3
PISCES
5.0« 5,808 124 57,0
2,0 &« 70 23 8.5
8.5 = 8u0 4 1.2
2,9 = 8.2 8 244
2.5 ~ 8,9 1 8.3
€7 1 0.3
10.¢ 1 0.5
2.1 = 13,0 5 0.9
1.9 ~ 6.5 2 Cob
- 18 Lo

The mly larger flab taken vere a single Buirouius dosreeslroshils
and weveral Smaimtis soebacagaide In tho latter instanse tho very
hard dorsal end pectoral spines wera cloar?y belng dlgeated,

I4lands sortisars juveniles formed cnly 0,8% of the fool of fish

insd s $dsrec, howover, thal this i not o trus repre-
sntotion of this spociss in Hplrsewms out os Tilanis fuveniles
actively usod shallow marginal votsr as cover priot to the dovelopment
of aquatic vogetation and wern alsoy by cbeervaticn, copendent to same
unkmown axtent o the Jalyinia. /o obsorvation meds on Xilapls pre-
dation does, perips dloud my julgement sopevhat: In January 1988,
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five pairs of T. gortimapl edults constructed nesta in wator
approximately 50 on doop at Chris’ Beach (soe map), The boach was
narrovly shelving at this point wnd, offshore, shallowed samevhat as

a bar enclosing the basin In vhich the Tllapis were nosting,

Salvinip was fond resting o this ar, foming & protoctiva barrier
against the inoursims of prodators, it moe point, near the shores
1ine, the bar despened, allowing to desper wator, At this
polnd sppraximately 25 Hylrogvnug, from 20 to 0 o lang, were patycle
ling, Throe spinners were lost in quick suocession to theso fish,
for as a apinnar antared the water it was almultonacusly attacked by
up to & dosen fish., Sorutiny of the shoreline revealed, for approxie.
mately 15 pnces from the nesting basin mouth, mmerous skid marks

nade by tumning Hriroavpus in vater down Yo 2 am deep. Those marks
were rucognize! as a result of handling fish in oxpaorimental tanks,
The omolusion drawn fram this cbsorvation was that my 1llapis finger=
1ings, presant in large numbars in the nosting busin, which ventured
ot from the basin, aven in vory hallow wnter, wore immodiately
taker Wy thase Hulregvnug which woro patralling this point in euch
mmsbers for this very reascn, Yot simultanemus gillnettings at
Stotin B, in deep water only 100 m away, never rovealod Tilgpig as

an Hyirgevpug food. The sampling method woe £rom this viawpoint ine
alequate, Maar (pora. occmm. )} vepo.tod similar obsorvaticnz clsevhere
in tho lake, particularly in cleared aress,

Tho tecognisable food of 10 - 13 om Hydsooumus in the river pools
wes vhally ocmposed of Jartms initasdatus cod uorbus Jinamacalalag,
renging in sise betweswn 2.5 md 45 wr. Digested fish romains wore
famnd in 213 of fish exanined, Jotween 5 ond 8 m, Hrlzuorie
juvenilos wore found not ¢o be pisoivercus, Sead ccourred frequently
in the stomec. ccutents, indieating benthic fooding. 648 of the
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blonase of ool wes & large diaptonid ecpepod (Trcoaliagtomus ee. 7).
The romeindor wero aceposed of Cloecn sp. nymphs (19£), the pupes of
Axdotigtironcons oaffrutug (95) and the hemiptorans Misrenoots
sssttalacts (7%) ad Nyshin parshally (25).

222 Manten inexd

858 fish renglng in sfse hetwean 10,5 and 17,5 o furk longth
fraz the lake wore examined, of thoso 39% were frund to be foeding.
Sanples of 25 fish euch in tho size ronges =€ 11 to 135 e, Zam and
5 am vere uxamined frum tho pools, Mona of thsse fish was ompty.
Results aro presented as percantage frequoncy of ccosutronce of fish
omtalning the difforent fcod itews Table 12.7).

4 vito range of food Stems vore found in the flagtes’ etanachs
a3 the outstamding featurc wns th. preopmndersnce of fish uuntaining
allochtanous food of tirrestrial origla (63%). Iscluding thess
Yorrostrinl arthropals, 78,58 of fish examined ecntainod food ocbviously
derived from the water surfase, 4 lorge proportice of tho allochbon-
cus food wap wood-boring bootles, probably s a rosult of tho avallad.
11ity of doal wood 4n the form of drownod trves, Spiders famd in
Aho Aleaton stonachs were vory similar to thoso fumd in the Salvindo
nat in largo mmbors. Of aguatic foul, fish woro a demfnant norticn,
being foun! in o form or anothor in 9% ol ajogtege.

In tho lako tharefore, Aloates imberi would appoar to have bean
nssantially surface feading aud dependont to u significant axtent o
fool of torrostrial origin.

The stomach contamts of lavger pouls j. imbegi (Talle 12.0) nds~
eate, surprisingly, that tho pouls fish were not as depandant m allooh
tonous foxd as thone of the lake (9% ns against 63%), nor did thay
soam o be surfese feoders. The wmajcr sturte «f fool wes the larves
on! popas of Chachorue (49%), daraa wultemistye (15%) an! rish
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i) (F OCCURRENCE (F FISH
CONTLDIING PARTIOULIR FKD ITEMS,

1s larva ps pupa a1 alult ng nyuphe

4
FLINT W.TERISL he
Jloctydedm seods 1.3
Chowei, vegotable mattor 2.7
TERRESTRIAL ARTHROPCDS 62,9
Unidentified inesect remains 9.3
Lrepelin ae (18]
{"aniptove a. 2,7
Colaoptora a. 20,7
a. ]
mm [N 7.9
L) »te Isopter a. Ky
L ate Formicidao a. 1.8
CRUBTLONA 1.3
Paripitio wrgilidne (eaten) s, 1.3
5.9
1. 1.3
Pe 1.8
a. 1.3
6.7
2,7
4e0
4G
Fioal instar Liballulitsoe n, 2.7
a. 1.3
CERLTOPOGON IDAR 2.8
Narrow head * 1, sp. 81 1.8
Broad hexl 1. sp, 19 1.8
CHIRCNOMILAE 2,7
Pupal oasts 2.7
MOLLUSCA ' 2.7
Gastercpods less shell 2.7
PISLRS 9.2
Digostad fish remnine 1.8
Clokitlas romsins 13

- b
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sondes (23%), Indiosting a groater depmdance m aektan wnd the
botbom daponits as food
The ruwiiss fyem five and sevon an sise groups wera indistinguishe

shie from sach other, sud myzest m aluost antire depcadunce of this
sise renge on bottom feoding. Sund graoins ware frequontly ennwunrered
1n bomach oontents. Chiranami! larvae (partioularly thoss of Stigto~
ssirmams Soffrariug aed o cpecies of Coyptcohlrcnam) prodaminated
farly instar 1iballulid nymphs woro Prquontly found as wers (lowgg

pe nymphe, Emogus thomoseld larvae, Povills adupty nymphs md,
cocentmally, Migruegts amttadaris.

TLAILE A28 THE FOD (F QIESTES OF 11 TC 13,1 CM IN THE POCIS.
RESULTS 4R RACENTAR OCCHRRENCE OF FISH
CNTAINING PLRTICULLR E‘DGD ITEMS
1: larvae pr puprc a3y adults  nr oymphs

} 4

TERRESTRILL INSECTS S8
Toerrestrial insoct remains 5,6
Orthoptera . 8.7
HEMIFTER, 1.9
Hyshia noraialld 14
EPHDERCPTERL 1.8
Rerilda adustn 9. 1.9
CULICIDAR p.8
»ppy 1. 58,9
AP 8PP De 149
PLBCES 38,1

Bt 2%

2.2 Mamlastes scubidens
23 apocimsns of this ranll charncin (08 4 ~ § o3) were chosen at

rondon frex the vaiow poul ocllsctious, 411 had been feading end
wwmlmnmgtofwnewrmplmktmn;um,



but partiodarly the largs pools diaptomid (Ircpoiiaptoms?) vhich
o mbjeotive sssosment cmtriluted to approximately 508 of the gut
omtmta.

8 Disslohadmtidas

2.5 Disiishalus ucheoka

The two speci of this species taken in t's entire study (both
30.5 am long) had their sta achs packed with, $a ane instance, tvo
speoing of filamentous algas (both Mougectia?) snd, in the other,
grese’  “puboohvllug.

2.4 Crarlaldas

Pul) apalysir of aqyprinid gut cmtenis wea not undertaken, It
was thought better to supply samples of both algas from variocus sube
strates and entire inteetiner %o an algologist for examination. This
was dane in 1965 but unfortunately the results are not yet available.

Exapination of a limited mmber of foregut sontents has therafors bemn
w:iertakon so thet gome ider may be gained of the typss of food utili.
zed by the ayprinide. Nute wae made in the fleld as to vhether or
net Lndividusl Cish had been feeding.

2.4 The Barug speciss

No aleer differsnne {n the gut sontents of the thrwe species found
in the study area, B. ynitassiatus, B. Alascemulatia sod 3. Sasedclatus
was found in the 25 spesinens of esoh vhich wore examined. They
appesred to utilise both brathos and plankton, Gsriadspimis snd
Dischanosms being the wort frequent individus) items of foods
Organic matter was presant in most of the Tish, ns vers swi grains.
Chirenomid larvae coourred frequently, snd oocasiopal meyfly nywphs
(G1oacn sps) vere also fomd,



2.4.2. Tho jaigg spocioe

Both Labec gylipdrigus, in the pocle, an! L. gongoro in the lake,
bave boe cbserved scraping lithephytie algse off stones in shallov
water, Sarape® marks attributadble by sise and shapo to oth those
specles were soan cocesicaally after a drop in wator level, The gut
cantants of 10 flsh of sach of thoso apesies reflocted this type of
foeding bohaviour, being a conglomorate of organic matter and o vide
voriety of algue.

Laboo altivelis, an the other han'!, seemed morv dopenlemt mn
organic mattar, Fov differontiatishle -rganisng could be found in
thao black "ooze” owmtainod in the intestice. It i8 probeblo that
this spocies is more Jependamt an the bottum muds both as o foodisng
substrate and directly as food,

2.5 Sohilbaidao

25 Bkropiua JealMaRiatiaie

13¢ £ish renging in size between 10,2 and 3.2 @ fork length
vere oxamined, (f theso 89 (834) wero found to bo fouding. Apart
trom two fish from the river, all fish were taken in tho lake.
Hesults are prexr tad as percentage frequency of cccurrence (Table 12.9).

Butrondug contadned s range of foo! mainly smfined to larger
Anvortebrate subimazines, partioularly the ldmsta (79%) and small
fishos (245). The cnly exceptions to tho larger sizoe of foul vere
the ocourrence of Cyclasatberis Gislgol (?) snd Chaghorug larvao,
both in single fistws, 4llochtonous food of terrvstrial origin
coourred in a significant proportiom (29%) of the fishes oxamined,
some of tha beotles being up to 5 ou lng. The shrinm, ardding olsc
cosurred frequently (12%) as did mmerging .nd adwlt Povills aduvta
(108}, Large ish bones (particularly opercular hanes of Hxdrugwane)
and fish scules wore foun! in soversl individuals, indicating bemthic
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FROM THR LAKB.
CCURRENCE (F

FISH CONTLINING PARTICULLR POID INEMS
1t larvas pt pupae

Comagritdas n.
CULICIDAR
Chasherus app. 1.
TRICHOPTERA
Ricesxicuais copensis 1.
¥I5088

Digested Cish remuine
Largs fish scales and Dunos
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0.7
9.7

led

1.4
17.4
7.0

a1 uymphs
3
18.8

12.2

20,8

0.7

%]

28,7



R,

feuding. larvme of Ripseudcucis cenensls in 5% of Rutroniug also
wugzosted this,

lnalysls of food by origin infers the utilisation of a vide range
of difforemt feading techniques and substrates, a point whicu will be
retumed to in ‘e disoussion of these finlings,

2.6 Qlaritias

2.6 Clazia gaclsaiig

4B 215 fron opon watars of the lake, ranging in sizse botwewn 216
end 88.5 om fork length, wore oxamined, Of th se 34 (71%) wers found
to be feolding. These fish were all eati.g planktan and in this in-
stance the rosults are presented (Table 12,1.) as percantage frequency
by rumbors of inlividual food ftame, derived from counts taken in 1 ml
samplos of gut omtents. Tw> fish caught in tho Corptomhyllup bods
ware fomd to contain nasroscoplc focls The stomach sontents of
Clarias collected in the pocls (90 fish), of which 52% wem. feeding,
have baen separsted into two size renges om the basis of gut ocontents,
namely, 1( - 2¢ an and 2( - 66 om, In this instance rosults are pre-
sentod as peromtage frequancy of nccurrence in fish,

768 of food in the planktan-filtoring lake [larigs wes ocmposed
of organisms with a bely length groater than 1 mu. apart from (%
ccourrence of orgmisms of loss than (.5 mm, tho remainder of stamach
oontants ) made up of crganisms yproximataly C.7 me lang, There
would sees to have been, thorefore, selectiom of larger planktonis
orgenioms,  4s Glarias have been obsorved to cmmtinuo fesding at
night, vhun judging by Ghacho.us spp. densities in benthic samples
those wanld bo alundwt in the sooplankton, the fooding vochnique
desoribed belov would appear to bo inalequate to tako thoso fast moving
antaals,
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Slarias wre, for mst of the yoar, camonly seen fooding in
shoals at the water surface as follows: The boly was held at
approxinatoly 50* to the wator surface with the tip of tho upper jaw
and nagal harbels protruding fram the water. The mandidular and
waxt)liary barbols wers umally spreal and curved up to the water
surfsce nnd nlomg 1t, Up to four or fivo fish would svin quietiy
and mlowly along in this position within a fow metres of each othor,
qulping in water from the firet fow rillimstres of the wntor surface
and, apparently, filtoring the sooplankton from it.

The aly "ssasan” whon a marked decroase in this surfaoce fooding
activity was cbserved wes in July, el the reason given for this vas
the offoct of Anagyatis on tho fish: for fish opened at this time,
sontaining juagvabis, had n greenish-yullov cast to the intostines
which wore also full of large alr bubbles, not svan at othor times of
tho yoar,

¢f tan cocurrences In the two fish *aken in the voratoohyllim
bed, 7 items camo from ths water surface, including adult Libaliulidae,
an ant end a neuroptoran adult; 3 itoms same fram olsevhere including
fish seales, ‘igusted fish romains and the mymph of Istinoecpuhng
fargg. Adult pools fish aprearcd to subsist os opportunistio seaven~
gor/prodators, stomach contents incluling bones, charcoal, torroatrial
insects and digested fish remains. 410t Jlarias were rosistant tc
rotonome and werc alwmys tho list fish to sucoumb., The cantents of
fish onptured by seino rot same time after rotenans applicatim 11lus-
trote thoir opportunistic nature, Sixteen fish, renging in siso
Mminnd?Smomtajmdﬂmelngul‘;‘lmdlﬂuhofl.l
to 18.5 o length, incluling the full rmuge of spucles avallabla,
Same individunls oould scemingly not have taken o single item more,
the bally belng grotesguely iistendel (mo fish of 54 = cuntained



18 Z8anls, Baatus and LMo avliodrious, mostly in the 5 on renge).
Premmably the Clarias fed on these fish once they had been affected
by the rotenone and were lying on the bottom of the pool.

Juvanile pools fish in the 10 «~ 20 an renge wers, apart from a
single oase of fish pred-timn (one T, portiuerd of 3.7 om taken by e
18,8 o Glarias) exalusively benthic fosders, Stomachs contained o
range of benthic invertebreles including lurvee and pupae of Stigto~
shirmoms, Sovtoobircmis, Dioseudoosis, ceratopoganid larvas,
Ostrecoda, Dytiscidae and other inssot remains,

It would ssem therefore, that (Qlarins was essentially predatory.
Ae sdults in the lake th  ither fod an plankion (the main cource of
food) or againct the margins on larger food items both o the water
surface and on the Lottom, but whers conditicns were more stringent,
as in the ponlas, were far wore cabhclic in their feoding habita.
Juvenile fivh wore assantially benthic feoders.

These rusults are in aloss agreemont with Mmro (1967) who found
Jwrenila fishes to be benthi. invertetrate larvae fecdors and thni e
gradual trensition took place uith {ncreasing sise to filter feoding.
Sehoonbee (1969) fomd a gronter prepanderance of fish in the dlet of
this sproles. Corbet (1961) reports of C. puasupbious (2 smonym of
Go gardepious (Jubb, 1967)) that after a length of 3 om this fish
beoamo progressively more piscivorous, and comments o tho catholioity
of diot, Jackson (1961d) describas . posgambious 3 "an cmnivorous
seavangur and predator an other fishes”, It is of interest tu note
that %he essentially filter fooding nature of acult Glarlag found here
wd by Mmr- (1987), alsc in Rhodesta but in e eutrophic highveld dem,
ehould be at varience wvith tha othar sithors mentlanad aboves



2.7 Moohokidas

t.7d malnbia Meisansls

Q4 fish renging in sizo between 1(.2 md 55.C om forx length
were axamined, (f these 81% wore found to be feeding, Tabulated
reslts (Table 12.11) ocncorn only fish fomd in tho lske, fisn frcs
tho pools bedng omsidered below, Rosults are oxprossed as percantage
biomass derived by conversion frum mmbers, vhioh in this inotence is
nct ontirely satisfactory as plankton, prosent in samo numbers in a
very limitod mmber of individusls, aro not co.vertihl~ to biouass,
Similarly, vogotable debris, ormanic lobris and poripi;tic algee,
which vhen they ocourre! were almost invariably taken to the individuas
fish's oapacity, aould not be cnverted on a "presance” notation.
The saw applies i~ fish sca'cs, eggs and igestod fish renmains, vhiech
would have besn btetter presmted ma porcentage occurrencc. The method
most reliable for the major proportimn of fcol was chosen.

An oxtremely wide range of fool ccourred in SyRodautds stonachs,
rangin; from organic debris, plankton, vegotation (cbvicusly talen
by grazing) poriphytic algal "wals®, through o full ronge of insects
and molluscs from all substrates, to debris derived from fish (soales
and tooth) and activn fieh predatim. Novortheloss tho major scurce
of foo! was tho insect sublsagines. The pupao of Digagudoomis
Sapgnals provided more than half the blomass of stomnoh omtonts, and
with the larvae, this spocios constituted 65§ of tho blomass of tood
taken, Garteropa! molluscs were an important source of food {118)
o8 wers uie larwme md pupas of the Chircnomidas (9g). (ther signi-
fiomnt oonstituosts were Chachoras (5%) and libelluli! dregoenfly
ayaphe (7%). Although not omsidersd in tho percentage scmposition
by biomass, the 135 cocurrences of fish seales in stomach omtents
indicate those to have been a simificmt food item,
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Scme wariotion in proportional food intake was found in the study
area, Anisoptersn nympha vere relatively unimportant in the bay (3%)
and incroased as a proportion of fool intake in tho "ostuary™ (228
at Statian 3, 14 in tho Solvinla), slmillar to the nyuphs of Povills
adusts (1%, 7%, 1S rospectively). Dinseudopsis capgnals subimagines
were of similar importamce in tho opm bay and in association with the
Salvinis mat (75%, €58); but woro loss importent within the "estuary"
in Sglvinin free waters (47%), where chiremomid subimaginos formed a
mioh more substential proportion (22%) than alsewhero, particularly
the relatively large larvae of Clinotonyous magulatus (13.5%). Hore
alsc, the intake of fish sonlas soemed to be highor,

Foeding within the Ceratoohyllun bed was almost ontirely oonfined
to tho tw. molluses Phyagpais ghebesus and (icuchalaris Colfford.
Theso wero ingested and passed through the mtire intestine with shell
intact, ave fish containing up to 1 shells in the gut. (n the
otner hant, fish found in association with tho Sglvinjs mat scomed not
to utilise this substrate, apart fram mu intake of 1ibellulid nymphs,
for typlcal "mat" fauna weroa olther taken in small nunners or mot at
all.

Sovadontis aambonensds kept in tanks bohaved unlike any of the
other spocies considored hore. Thelir orientation depanlxd to a
large axtont on a surface, whether the hottom or eilcs of the tank
or tho wator surfroe; for fish would always swin with tholr bellios
wAthin o fow contimetros of a surfase, Jorsal side uppormost a the
bottom, ae of the Interal sides uppormost azainst tho tmnk sides, or
vantral side uppermost at the water eurface. (bssrvaticons unade hy
W.R. Thomson (pers. comm,) at night in the vicinity of Uingn are of
relevenco hore, Thomsen was o. orgoadile centrcl operstions ond on
three occcasicns, all between 20L(L and 2AC hours, sav shonls of




Swmalmtis "svimming o the murface of tho water, upsile dom.
helr pale belliss were very notlceablo am! thoir neticn wns sluggish.
They oould bo approached to within 8 feot and vhon disturbed dise
appeared in a flash®, Thomson ensidorod the fish to be fooding
"glthough no such positive observatim was mede". L similar observa~
tion has bean made by J.P, Loveridge [pers. cowm,) in a small podl
of the Rusiruhuru River, eight miles upstream from Lake Kariba.
Loveridge nlso consiloroed these fish to be foedinge

Those obsorvations, when taken with the high level of incilence
of pupal as opposed tc larval chiranamids relative to the inscoti~
voreus mormysids cought at the some time md place (Table 12,12) ipdim
onts that Synolontls is an act've surface foeder, proying on pupas
prior to aduli omergenco; a teohnique which would make full use of
tho sonsory barbels at night, The intake of the very high proportim
of Jdoagudcnsls pupee {Table 12,18}, although partly explaine! hy this
teahnique, has o more likely explanstim, due to the froquent cocurrensce
of mumarous tubes belonging to this specics found in Smodontds stomacha,
It s probablo that the proporticas of larvae to pupno fomd in Mopgyrue,
ovor the poricda mampled, hearing in mind the 1likely offioiency of this
fishs fooding techniquo in respet to Dipseudouela, are noarer to
actual population proporticns as are likely te bo ashiovoc Hy my cther
sompling method.  If anything, the pupal compcaition may bo dispre-
portionataly high, for the active larvae ars more likely to ssoapc,
Under these circumstances Synulcabis are clearly more susccessful in
ecapturing the inert pupao, takingatlouttwtimnﬁmm-bquf
pwklmmﬁnuuu&hbh.uu!mtmwtulmuddm
of exoavetion to do thds, vhorens Syphiguvaug is just as obvicusly in-
W(mmwmmmampummtmmunm
cmtents) of any digging nd probably rely more on spoed of attack to

oapture larvee,



TALE 3202 THE PRCPURTICNS CF LARVLL AND PUPLL CHIRCNCMIDS IN
THRER FISH TPECIES

% Larvne % Pupne
Momovs Jsmedroatoix ® 8
Srohsmyrns dlssaxiamctzis 87 i3
Smalaitis snbesecsle 69 n
"Smolatis aumbesenAe “& 8¢

*
Less Clinctonyius masulotus, & fovoured bemthic food orpanism.

TABLE 12.35 THE PRUPCRTICNS (F L&RVAL [ND PUPAL DLPSEUDCPSIS
CAPENSIS IN THREE FISH SPECIES

% Larvee % Pupao
Morsvrua Adgizestria 8.2 2.8
Crohaavavua discorhynobus 98.8 14
Smodntis asbosensia 18.7 8.8

Stomnoh eantonts of alult pools Symcdontia, whish were only oap-
tured aftor rotenone applicaticn, showed thoso fish to bo as oppurs
tunistic as Qlariaa, for a1l fish (ronging in size betwoen 13.( and
17,6 om) contoined enly freshly teken, and presumably poisoned,
fingerlings of T4l 1wis mertimerd and sloatos Jmboxd, 15 - 25 mn longe
Suvenile Synolontis in the 6 am siss ranps ol coatainid a full range
of Sritam dwelling fnmest subimagines, exeluding (deuats nymphs, and
fish sonlos wore fregue. ly found in tha gut contents.

2.8 gighlidas

2.0 Lilaua Bektisacs

Vory few aduli fish were coptured in the routine lake gillnettings
und S0 fish were araminod fram the poals. 4ll theso fish ocantained
s sixture of periphytic algas and detritus, = Howover, tho proportim
of thesc vore remarkably difforent frem that found! in Lobap wltivells.
In T20asda, & vory high proportion of the stomac, coitents were cloarly
algae, and a velatively minor portian vas mode up of organic matter.
Qut contants are currently under examinntion by mn algalogist.
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0illnets sot along tho stoeply shelving shoreline in the vicinity
ot the Resssrch Station, yislded several large 1igpis vhich were
pooked with flly grown Jicgohalaris nfailfori. Investization of
she shorvline whowed these to be numorcus under stutios., Prosumably
the mails omersed at night and were then avallable to tho Iilanig.
This instance has been o fted to illustrete that the Mat of T. portd~
#4avd neod not necessarily be canfined to algae end dotritic material,

2.9 Pealing ictivity

Tho percentago of fish examined which containod food 4n the stomach,
and in the case of the [gbags, the gut, is taken hore to ropresent
feoding activity. In fish like Hyirgoynus, whero the rats of digos~
tin is obviocusly ranid, tish eaptured shortly after sstting the nat
will probably have digosted the stomach contents prior to oxaminstion
tho fallowing momning and so the results are subjoct to a bins towards
a lower lovel of activity than was nctually the caso, Matthee (1968)
points out that Hydrogymus digest thoir food within "a fow hours” and
sugzosts that "nbout 2(% of ompty stomachs in gillnet sarinles are
directly imputable %o the metho! itseif”, although the moans wheroby
he arrives ut thir , roportion is questionahle,  (He subtrnots percen-
tage Huirocymus found to be feeding from tho meean valuo obtained for
othor fishos). Insoctiv.eous speciss appoared, howsver, to have a
roletivaly «low rate of digestion so that foeding nctivity comsileved
in this vay is more rellable.

Data are pressnted ir. Table 12.14.

Mormvrovs daliciomis. The overall percentage foeding of this specios
was quite high (75%) but lower than found in tho entamophagous mormyrids.
Too fov fish were axanined to drav any definits conalusions regarding
tho affects of sexual readiness on feeding, but little or nc offect

vas apparent in thome fish examined, Foaling activity in tho riwer
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vas somvhat highor than in the lako, Thare was some intication
that foeding activity may have beon highor hotwom July mnd votober
then during the rust of the year. Lowest activity was recorded in
prt) (42%).

Crohamrrus discorhwnohiug. Noarly all f1sh wore found tc be faeding
(96.08) and this species fod activaly irrespective of stato of gonad
or "soasom”,

Momevrus langirostris.  Virtually overy fish exeminad gomtainel fool
(99%) also irrospective of amxunl activity or "sosson®s Tho only
finh found not to be feading woro migrating upstreas, ut other individ.
uals (68i) were founi foeding undor the same oiroumstanoces.

fxireanmg visteiys. Contonts were found in rolatively fow Krdro-
£75ag stomachs (29%) and there aeemod to he a definite and consistent
trend for the proportion of feading fish to decrease with inoroasing
puwstd aotivity (from 32% ot 14 to 48 at RR). Thie is reflectad in
foeding activity when raliled to ares of eapture. The proportim o
feaiig fish in the lake md pocls wore similar (at approximately

27 - 258), vhoreas in the river this was much reduced (1(f). Similarly,
feoding activity appeared to Cecrease during the hot and rainy seascns,
boing highest in April ani May, in sarked contrast to Konmir's (1971)
findings, vhich hﬂiq-’.d "an inorearo with fooding aotivity uith the
onset of sussor® in 1969, Ho relates this to faliiaz lake lavel and
subseque . increase in food availability as prey fish wro forced frem
1® oir t a¢ such may therefore he of seocndary

oover,
Wuuud-mmmnnmzmmmmhumm.

Alantes Jalsxl. Approximately half the fish exsminsd contained foods
Here slso there oculd be a trnd for docreased feoling with inoreased

breeding aotivity, but not as sarked nor as consistent a3 fourd in




A4,

Hydpogyous, 4 high vropoctton (7(7) of poals jlegtos were fomd to
be feading, vhersae the i.vel wis similar in the loo and river at
a muoh lover lovel (3% and 3% reepvotivaly). 4 fall in feeding
activity in tho luke was anly ncticed in January (tho rainy seasm)
of each yoar and not cvor the entire hot scasm as fand for Hydro-
Qypuge

Labeo altivelis. A high overall level of feodiny was found (Mg),
which persisied throughaut the develimeni of notivity of tho groeis
wntil fish ronched a ripe candition, whon a drop to 5Uf, persistuut
to a "ripc running” condition, was found. Lpproximataly half the
fish oought there®orw 2emsad to foed when approaching tull broeding
omdition ond 4t vas anly whan astuslly migrating in tho river that
feading was found to ceasme tiraughout the samplod rlsh, Soasonal

results aro too inomsistent to allow my oonclusions,

Clardas ~ardeniguss  (vorall reeulte indicated o moderate level of
feoding aotivity (451) largely as n result, prosumahly, of linmited
food availsbility in %he pocla (328), fooding activily in the lcke
and rivor belng found to be at a much higher level (71%, 6(% respec-
tively). 4 deorease in i ding activity seems apparant in smmally
"pipa” fishes .nd no fool at all was found in the few 'RR" fash axome

inod, Soasmal changes arc too patohy an! Liiwsiwiont for coment.

Butrovius deoressirostrig. This fish shcwed quite s hish ovorall
lovel of faeding activity (85%), wiih no rpparant corralation between

brosding and fooding activity, nor sny ssascnal chmnges of acte apard
from the high lovel (92%) of July 1967, The fow flah texem in the
river were nll feoding, but wore osught o a baited hook.

Srnolmtis ambesanals.  Again, a quito high overall level of feeding
activity ws found (81%), whish only decrscsod whon 7ie) were fuliy




soady to breed (RR), but 5(% of thoss fish ountinuod tn fool,
Levels of feoding activi’, in lake, poois or river were much the
s end 00 soascoal trends are apparant on those data,

It 1o of interest o mote that the speciss of fish vhich were
fomd o have a lowored level of nctivity vhem in full breeding oco-
dition, vhich isclwde Hydroqynus, lLaboo, dlosten, Clarisg and Sygo-
dontds 611, immadiately following broading wien #n a spaut conditicn,
fod vory eotively.

3. DIXCUSSICGH

83 4 Foeding Gatezarisaliss of the Fiah Faumo

The percentage fraquoncie:s of the occurrence cf major foud itowe
4n adult fishos are givem in Tahlo 12,18. Ls anclysis YWy porcentage
frequanay is not availahle for scme spocies (Laboo, Burtus, Misralostes)
and as in othors {Clarias), results are spatially binsed, major and
signifiosnt food iteme of thesc spocivs have bom dactel by symbals.
Atult fish f:111 into several groips.

3.4 Rooktivods ageolies

Clarias gacienius was cssantially planktivorcis, but ot the sase
timo vas opportimistio in its feoding, semotimos fouding on allcohe
+aus matorial at the surface or taking satter dorivad frem cend of
dyieg fish, or %o fish thenselves, ~No cleur-out instmce of fish
rrodetion was recorded, The minnow-like Mlarulasbes aqubidens and
threo Jacius species fond in the ares (2. unilamiotus, D. Laesdelodus
and 3o Masamagilatas) also fed on sooplanktun, althaugh the for 3
soacd seloctive towards larger diaptomid copepods, vhile the latter
utilised 1 vider renge of planktenic crgenisss supplemented by L.ithis
fosding. The ovcurrence of phytorlankton in Glakias etomach ocntants
appsarad to be inetdental,
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8242 Paxicheiia alges eatars

It is #8111 wncerta’ /hat source the algal omntents of Tilapls
Mackigerd bave, The nature of tho stamach emtunts sugzost quite
strongly that the ma)or source of these algao wns the bottom deposits,
which would tend to limit the depth of fecding succesas, Yot gillnets
set through the cenopy of a sulmerged tiee would almost invariably
eap anda, vh nets set & fow motres awy at the same tine
would act catoch thia specios, The ssscolation with drowmnod treos

was therefore quite marked and oould havo beon as & resmlt of thoir
uso cs 2 foeding subatrate. Tho oth - poriphytic algnl oators nct
inaluded in the table (12.15) wore Lo . srlindrigus and L. gongore.

By its provalence in the riverine poals, L. wlindricug would tood

to hawe bean a lithophyllic algal eator and foeding marks of L. oonzory
in tho lako were sem on “oth rocks and trees. Synodgntuis asihesensis
were on occesia: famd to e Ti1lad to capacity with wals of periphytic
algae vory similar %o those soan to sathor on submorgoed twige, In
this instance, however, periphytio algnc wore a ralatively unimportant
foud source when all individuals are considered. The fov spocimens
of Distichodus gohangs taken indicated their partinl utilisation of

th’s foul source.

$.1.5 Grasers

The anly clear-aut grasging specion taken wos D. achemgs, olthough
the coourrence of chewed vegotation in .Jdsatas Jalaxi (&) md Sme~
Amtis indicates a partial dopendence by those two spoclos an grasing
as a scurce of food. No Tilacis rmdaldd, vhioh coour with suse fre-
quenoy in Lako Karibe and vhich subsist almost antiraly o grasing
(Jackem, 19613; de Kimpe, 1964; md Jubb, 1967}, wore omught, bt
the presence of this species in the stuly arva camot be Mscomted.



5aded Dehriton ferdars

Grgmis petter appe: -1 to be tho major scurve of fool of Labag
aitivelip, ao of ths most mmercus spocios in the study aves,
Paseihly as o conssquence of their foeding habits, orgmnic matter
nlso formed signifiemt constitumts of the diets of 3. soRbaseisla,
To mortimeri end tho fariug spoctes.

8.5 Jnverielmss feeling

3.1.50  Llizechante

Llthough scmotimes presant at vory high populaticn lovols, the
{ligochaota were not utilised and apposred to he aotively shumnad
by benthic fooding fishes. (nly oo ccourrance was recorded, when
aligichast romains vers found in on odult MoImymug. Avoldence of
prodators, partioularly Mormyzus, omnot be rogarded as o sigmifiomt
factor bearing in sind this fish's proposed Algging vbility. I
have wxpericnced only ono Indiganous African fish vaich foeds Creely
m (Qigucinstc, 4he bagrld fugtanorlandd gscidentolds of the Coango
Systan., Thore vould seem to bo roascn for amncideration of thin
fish’s intro‘uctim Into the Zambazi River system,

$.1.5.% Crustaces

(oly ane spegies of fish was fomd to utilise signiftoently pome
plankton.o srurtavesns such as Crolaastbaris hislcud (7) and Jopdding
allotica, which ware present in considerable mumbere in tho veed beds,

and Ahis ves Mormvions saldsloss (13%).

3.1,8.5 Ldomate

The overvhalming prepaxt of misopteron nynpha ss oppossd
to mynopberen nyupha in gut coutents, porticularly ip fish taken in
weed beds, sugresta the fomor to be more easily taken. Libellulid
nympha formed Amportaot sonstitusnts of the food of Hoxwxxgoa (84£),
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Srmbomoug (325) snd Eudroolus (29%) and wire stgmificsnt in Neguyrus
(125), Smaicmtia (95) ~ 7 Alostes dmbart (45), betng famd also to
coour in Byircormus.

3d.5.4 Hemistern

The water Yugs were insignifiomt as foo? items, coe rring oaly
in vory lov mmbers in Crihcmyrug =d Smoldatie.

8.1.5.5 Rrhameroters

Eovillo acdiusto nymphs ware the only overall signifiocont mayfly,
but Eughaoudue (partioularly in Cyrhomymys) the bactids md cnenids
also cocurred, sepecin.ly in juvenile fishea. Fish vhich fod o
Rayddds incduted Nommvrops (8%), Crahamvrua (362), Mermrivg (38),
Hxirocune (15), Alester laberd (78), Rutrondus (M%) an Jragdeatis
(08). 4lthough seamingly a significant saurce of food to the fiates,
Revidla e nct nearly as importent as found by Pete (1971) in Lak-
Volta, whero fisheriss productivity is apparently depandent o o large
axtent n this specles,

3.1.5.8 Laglionters

The only fish found to pray an the pyralid larvae md nymphs which
oacurred in the torminal growth of, particularly, Cerataphyilus denersus
was Cyphogivrus, in which fish it forwed 1$ of the biaass of omstite
awte.

3..5.7 Irighowtars

The larvae and pupes of Dinasixionals senetals wes the single mowt
Saportant foud item of the entomcphagous fishes, oontributing 41 of
tho food of Motarrvua, 885 of tho food of Synadwmtia an? 218 of Quphg-
Xreap food,  They alse voourred in Musmysoos, fvdregwmuss slastes
ad Rgtxcoing.
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Shaghatus spp. cocurred in a quite wide variety of fishos, belng
sotahly shoent from filter fooding Qlarian m 4 seemingly avoiding
predaticn by thess. Ohpcboryg was cnly sigmifiomt in the dist of
Momrroos dsilidlosus (108) ond Cyougurrus discorhomoine (228) md
wore %taken in partioularly larye mmbers by the lattor.

$.1.8.9 Chironoailae

Larvel and pupal chircnomids, apart from thoir froquent occurrence
in a vide rengo of juvenile fishes, wore found to be surprisingly wn-
taportmt as a source of fool to the fishes, forming % of Cyuhaavrug’
o Smodatis’ diet and a very low proporiion of the stomach oontents
of Mormvruge, Jleates ond the Darima spocies. Athough a wide rengo
of species was freely taken, only ane of these, by 1tself, formed a
aignifiomt foo! item, the tanyped chircnamid Clipotgnwius saqulatuge

%.1.8.1¢ QorntopoRanddag
The cerntopogenid larvas were found widaly in tho gut contents
of ontamophagous specios, but wore novhere of any vignificance,

31.5.11 lerrestrial Jasocte
Theso were found in all the surface feeding pre - Lory fishes am:

wore the ainglo moet important uonstituent of the dict of Llostes
daberi (638), foming also a significmt part of the asot of Rutroning
(198) which tended to take larger insects than Llgales.

5.8 Mollasaivoroua Ciates

Althawgh tho remains of Physcosls slaboms erd Ziamoholards
mmuummmmw,mm
1ania, iy Smalantda showed 1tself to be astivsly malluacivorous,
gasteropads omtributing to 118 of this fish's vory catholio diet,
Bowmaker (1968) in suggesting S« RACARaGLItiN a8 o potential
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dlalogioal method for the ontral of mel’ vedstors of bilharsiasis,
showed this species to take 15.28 saails and de Kimpe (1964) found
8 148 cocurrence, levels very similr: to those famd here. Jacksm
{19812) mentions 3. asabeaenais a8 cuntaining mallusc vemains,

5.1.7 Iish nredotcrs

‘Three spectes fell clearly into a piscivorous ostegory, Hire-
Sym vittatug, vhich fod almost entirely (96%) an fish when adulty
Momyrops dalisiomis and Butronlus decreselragbiis, both of which had
an opproximately 2% omponent of swall fish in their diet. Llostes
uberd, Morwyxus, oxd Syngdtis wers very oscosicnally fomd to have
oaten small fish, Jacksan (196la, b) following resoarch undertaken
in the miidle Zambesi River before flcoding, and later an the infant
lake, wndoriined the importance of Hyirocymus  the fish fauna of
tho area (Apps 1.1 page 3), Deing the cnly major fish predator,
the effocts of this fish on the dynamics of the fish population would
be profound and 1t has therofore received a zroster rroportion of
attention than other fish species. Jackson (1961s) found that in the
iuapula Piver drainage basin ard the Middls Zembesi River before
flooiing by Lakn Xariba, thot Hvirogymus prey wee camposed of 2%
Ciohlidaw, 328 Charnoidao (Aloakes 8pe)y 198 Cyprinidae ml appraxi-
r..baly 6% of othor families. Mmro (1967) found that in a Hholosian
highvald dam Hydrocrous foo! was again, hut more markedly, prodasin.-
antly camposcd of oichlide (7€), pertioularly Hanlochoals Jarlingd
In ooutrast, Matthes (1988) reporting w results chinlned in Leks
Karibs, fomd only 54,28 cocurrence of oichlids and & 47.4% ccouirence
of tho Characidac, Migralostes acubilens and Alaakes lasaralle These
resilts vere . .. nel during 1964/35, sinoce whan there would sems to
have been & chengs in 1iet. Donnally's (19715) suhbsoquent results
shov on 108 occurrense of clohlids in Hydrogmus' diet enl a s4



characid ompaent, These rosults vere synchromous with those b
tatned here (19¢7/88) but from the Sanyati Dasin md ave markedly
differont from xy own, wvhich iclicate a oichlid ccmpenent of (.88, a
oharacid compenent of 45% and o ayprinid ecmpenmt of 65, If these
are resaloulaved on the frequancy of ocourrence of regocpisgble fish
romoins these values are changed to Cichlidae 1%, Charscilae 85§,
Cyprinidos 115 md others 28, Subsequent work hy Kenmuir (1972)
gave the following remilts. In 1989/7¢: Ciohlilac 34%, Charsoidae
213 and Clupeidas 1.%. In 197(/TlL: Cichlidne 15%, Charnoidane %
ond Clupeidas (f. The Lake Tanganyikn alupedd Limgthrisss sdolm
was successfully introduced to Lake Xariba in 1967 and 1966, iy the
seoont half of 1969 "abunimnt shcals of the secwnd genoeration® (Coche,
pers. cam,) vere fond in tho locality of irtroduction in Jasin ITI,
some distonce away frum the Sanyati Basin vhero Kenmuiris results were
obtained. Bearing in min! the misgivings generatal by the low lavel
of the oichlid compenant of Mwenda Hydrooimug whern .olatoi Lo my obe
sorvations, tho trenis which beoowe apprent in Lake Kariba as it
davalops aret s initial depenlence wn predominently oichlid fry,
with a chango in 1964/85 to characids md agaln a change in 1974/
to alupoids Zallowing their introcduction, As Llestes lakacolis is
also a fish now to Lake Kariba (3alom, 1971) having previously been
oonfined to tho Upper Zambosi systan an! whoso success in tho lake has
been atfrituted to the development of littora) hylrophy..s (Jowmek -
1970), oredator prossure an the commercially important olohlids would
appoar to have boan lessensd due to the rocruitmant to the fish popula~
tion of two nav—endaaic species which are aimirably suited as prey
fish to QrUvmoma. Chould the limcihriase population hehave as
theoretically oxpeoted, o ocllapse following their initial populos
tin explosion, vhich mey wall have actually cacurred in 1972 (Degg,
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pers, oomm.), a reversic. to original prey species oould well ccour,
partioularly on oconsions whan lake lovel fluctuntions temporarily
eraiicace tho cover provided by littoral hydrophy-as.

Jackscn (198)c) found that prey of Hydrcqypus never axccoded 4%
of prodator longth, though a emsidornble proportiom of proy rich
exominol approached this value. 4 similar siso rolationshir was
famd vy itarc (1967), but he also found that althoush a trend of
inoreasing priy eise with predatar length wes appurant, Deyond a
predntor langth of 25 to 3L cm the proy stabilised at 5.3 to 6.0 mm
langth, Mattnos (1960) fomd that gonerallr the 4% ruls hald true
Wt *on sevaral oceasions fish found in stomachs, oscocially Hulre-
Syns mmaller than % om oxceeded 4% of predater lansth {(up to 84%
oe)”.

Tho ocutetanding factor in pect to sise of predat.r and pray
fomd hore was tha smell eize of fish pray takan irrespoctive of
prodator sise (the fow larver gyiolemiis end Nukrenius teken wero
teken by iarper Hyireqvpus md predator/pray ra%io nover axosoded
$7). Tha siso iangs ¢l fish exmined from the lako was 13.8 %0

638.7 . most {ish full hHetwean 16 and X om; yot the sise rangs of
proy of the very grent majority of fishes was 2.8 to 5 om, Whether
tae inteke of small prey fish was by choles or wns due to ovallability
10 not alear, but the latter is morc likely as mnller Hydrocyums
taniol to 4oke prey nearer the 4% mark.

5.8 Lish detucks saters

Butronings darrassircatris wos the aaly spocios found with a marked
prodilestion for fish Lones. Those vere usually the lurger operoular
benos of Hydrpcyous, poseibly the result of erccodile prodaticn, as
ercoodiles have besn cbsurvel to vigoroualy sheke Clardas until the
hoad is flung from the body, which ‘s thap eatmn,
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T4k seales were surprisingly important in the diot of several
fishes, ond oculd have boen the result of scales being dropped from
fish actangled in the gllimets. Thay oocurrod in 106 of Mormyrcos
with fool, ii of Mopmyzus (a single cccasion), 5% of lnke Llogtes
Jabert and 238 of ault pocls jlestos, 8% of Bubroplug and 0% of
Smaltis.

The feeding catogorisation of fishcs and thelr main food e
summarised in Table 12.18.

5.2 Substrate Utiliseticn

In ordar to gain some idea of the relative utilization of 1iffer—
ent subgtretos, the stomnch analyses of ten apooiss have been rearrane
god to indicate the prcbable preportions of food from various scurces
(Table 12,17), Ls there is no reliahle quantitstive information of
a~-rlute densitics of each fish spacios it is not possible to caleul-
gte levals of utilisation of onoh substrate, Hevertheless it 1s
aloar that the bottam deposits supply tho most food to the mopt ejocios,
the only specios, in fact, which an those data does not utilise this
substrate is Clarisz zarigsciogus, =l tats mly vhan awvey from the
margins, Tho importance of allochtcnous food is also of interost.
Plenkton and noustan supply a ltaitod number of specios, Tho nektonio
oamponont of fool, mainly in the form of juvonilo and amoll fishes,
is important in four of the ten species considered, an was found in
a further thros., Very fow nspeoios appear to utiliso the trocs as
a foeding substrate, but the 1ist lcos not oonsider Loboo QCHEOR.s ke
aiindriqm md I. acrsimerd, which oy vell food extmsively an the
treos Yo the depth of light penotration. The rocted macrophytes are
also on important substrate to severnl spocies. (n this malysis,
however, the substrate 18 not as extensively uiilized as axpected.
Salxinis supplics quite a coneidorable proportiom of fool to half the
fishoe oonsidored.




BEAIAS A GRIARIATION OF ANCLY PO FMRID CATDRIN

- g

restrial tuseote
Pined pretntens

Poh grolntess

oyt

Pamionin sactiem

... . lassheeis

- —3

Wi ros IRe
Qugiate mavtmr

i

Algw of indeternizsat: semves

505,



TAGLE 12,17 THR PERCENTAGE FHEQUENCY CF CCOURRENCE (F FPISH Iu(D
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QM‘A?W 4 4 U e e e e -

open water)

G+ gariopipus "margine) el = = ML AL - - e

Smalatis saalosenals Lol 3,0 Cel ©o2 78,0 Gl 18,5 B

La oould be axpectad in a syetem as rooant ns Lake Kariva, the
feoding hehavioir of the fishos, oven vhen consilersd s7ainat thase
vory broad subctrate categorisatices, sugzests opportuniem rother
than specialisaticn, Sehaviour whioch would be of valuo in a fluctua-
ting riverine evviramont. When cmsidersd against the large masbers
of bighly sp eistel sichlids of Lake Maluwi (Pryer, 1359) it beocuoes
apparent that thire 1s a marked probaidiity of inofficient utilisation
of avallablc onergy, smphasized Ly the pancity of msall littoral
speoios whon cospare. vith a lang esiablishol lake aystam.

8.3 [Jawdiax il Pl Avallabilisy
Insufficiat oviianoe exists for much comment an Zfish at the

peimary oc-smuwer level, The periphytic/orgsnic matter foeding fish
were represunted mainly by Labeo slhivalis, s very {mportant population
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omstitusnt of the flshes in the study area {in 1teslf inticctive of
adequte fool mipplios), The netting statircs used largoly ruled

ot eapture of anct ially importast specios, Tilapia
portimori, For reasons given earlier, it is probuble that this
spoolas utilises «piphytio algae growing o the drowned troes within
the photio sme, The eofleots of a vory yreat inorecse in colonisable

substrote us the result of the presence of drownod trecs was not antd-~
olpated; 'mt, boaring in mind the ossentially riverine unture of the
fish fama, the presence of tho drowned treos must have rasilted in

a considerably incresssd secondary production aad 1s probally tho

main roascn for the success of T. mortimeri, not apparent in those
remults, but reported elsewhere in Lake Kariba, Sinco the fnbro-
duction of the Lake Tunganyika sardins, Limpothrisss pledon, tho adven-
tage of increased substrato areva is not as damonstrabls, . s comsidero=
tlm must be given to the extraction of nutrionts froe the ~ater which
would have alteratively entored the plonkonic foo! webe

It has boan suggeetod that the size composition of the sooplanktom
population indicates only moderate predation Ly fishes, Thu seleo-
tivity by the feoding methods of Clarics gariepinus, at tho time the
only major soorlmiktan foeder, towards organisms over a sire of (.7 mm,
emphasises thia suggostion, It will be of interost to sce how the
sooplankton populstion size composition in the aren has hora affected
by the astab) ishmant of Limothrigss, no degg (pors, oomm.) has foud
a preduminmoe of smaller zcoplanktan (perticularly jomina) in the
gut contents of these [ish,

The outstandingly important foo! of the entomophagous species
were the 1ihellulid draganflies, rirticularly later instare, Chuobopu
o, Roville sduste aod Dipswudongls caneoals. the lotter beieg wx-
trasaly importent to heathic fooders, The 1libeljulids werw tertiary
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ownsumers which, in Jalvinds at loast, mubsisted to ecme axtent on
their own carlisr instars. end their utilisation ivdicstes ineffictenay
in terms of fisheries productivity, ghachorug is also predatory,

but Porflla and Dipcsudopgls are primary eanmumers,

inimale listed as “nm-utilizahle harbivores® (Table 8.17) wam
omseidered within the invertebrate foo! web, can nov bo seen to have
boon ytilised to some extent y the fishes, Gastoropods are taken
wuamtbyww.mmxwmmwm
b crhaurrus diacorhvnaou and Cariding nileticg by seversl speoies,
but mainly 'y Morgyrope dalieiogus.

The fmpotance of Dhnegudonads =>imagines as £isn food bears little
ralationshin to thoir frequency as suzzosted by “enthis sawpling (2%
by mmbars) indicabing inefficlency in the sampling method used, Grab
"Hast" would bo partioularly effective in exeluding a tube dweller
such as Dinasudonsls.

(n the other hand several gryne of rotent! fool are only utilised
to a 1imitod extent in temms of their avallahility as reflectad Wy
samnling. In this context the aligochavtes are o ' stonding anl, as
has alsoaly oon suggested, consideration of the introcuction of a
specios vhioh will utilise this group oould wall emhance fishories
productivity not anly in Lake Karida, »ut alsc in Rhodosian highveld
dems (Mmro, 1967) vhere their non-utiliration has alrealy bean pointed
o, The chirmomld lurvas, npart from tho ermant prodator Cling-
laavou sequlatus, would alsc appear to be more frequont than gut
contents would sugveet, Zygopteran nymphs, clevrly dominent in the
aquatio sacrophytes, are unlaportant in fish stamachs, sugroeting am
sdetnoss in evalang prodation.

The utilisation of sooplankten, seemingly only at a moderule
level o~ oansideration of fish stcmooh oontonts and the sise composi-



M of She sooplmkton popmlotion, is 1ikely %o be at a very much
figher level on omsidetion of the intermediary role pliyed by
Shachogug,  Being predstory, and planktmio st nicht, Shacliexw
regeles eorgy fvom plankton into the boAtm foeding fishes vhen,
during the day, they are awatlabls to these fishes ix the bottom muds,
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CHAPTER 1%
SRERAL DISCUSSI

The original aims of the project (Pg 4) have to sumo oxtent bean
achioved, However, oven though overy ettempt was mado to roplicate
sampling to an oxtent which allowed stauistical verificatiom, the
inhorent variability of the populations ooncermal and mathods used
proved, m eveniual analysis, to bo of too high m order. Too fre-
quantly any ocnclusions which have boen drawn have bean subject to a
dissatisfying wnoertainty. Any degree of oervainty, sh-uld vhis
indead ba attainable in a survey cf the typo carried out, smuld mly
have atamn~i fran a sevure rostriotion o the field of study. 4s
oo of the mair aims of the survey wes to lay & foundstion for future,
more precise, projsots (g 6) any tendunay for restricticm of effe't
had to be ecntained, Scme Ldea than, has boon ralned of tho scasanal
ablotic changes and the spatial and soasonnl changes in distribution
an! anuviancs of tho Siota wiileh occurred, supplemantod to some degree

the fortunate circumstance arising from the developmen® .l rocted
macrophytos in tho area during the course of #he ctucy. “he feediiy
rolationships of the fauna below the lovel of the rishos has depended
oo much on ostimations of et busxl n mouthparts ond require: a
grestor degreo of indepth stuly. Sugrestlons which have hesn asde
a8 to foading relaticnships at those lovels must thorofore he regarded
morely as en ini*isl stop.

The ne $ major aim listed vas the invostigation of the offects
of the per avent Salyinia pat. Up to the time that this stuly wes
started Salyitis hnd heon regarded as a nuxlous wosl and was a source
of irritaticn ic masn utilisation of the lake, In o aystom such as
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the Nwenda River mouth, wbers the Salvinlp mst, although permanently
astablished, extended a relatively short distmce hotween river mnd
luke, At wag found that avictle snditions were not neosssarily
liaiting %o profuotivity, Donse cmcentrations of sooplanktom,
apparontly feeding mn partisulate organio matter dorived from the mat,
were found in associatiom with the mat, Tho standing crop of the
“erfomance galum”® was prently increased by the prosence of JalViRiqe
even thoagh a suppression of banthos cocurred underneath the mat.
8imtlarly, the standing erop on suhmerged drownod traes was wypnrentl;
inoreased and it has bown prommed that this was due to the sultahility
of the mat fur the narller instars of the nymphs ~f Fovilly adusts.
Juvenile fish, particularly Iilapis mortisori, were found and observed
90 froquently in asscciation with Salvi-L that this plant must have
playsd an inportant role as cover to thom, alloviating to swe extent
the vory significan® prodator pressure exerted by Hydzocynus ot a stege
in the 1lake's davelopment whon 1ittlc ulternative cover existed. This
point has now hHaen gensoally nocepted by fishories workors assceinted
with Lake Fsriba, but, nov that the rooted hydrophytes have becouo
establishad, the sekmowledged usefilnoss of tho plmt is oonsidored
retrospoctiva, This i sosmingly o premature attitude (and has
resultad in the release of the Scuth dmerican grasshorper Paulindo
asminats in an attempt ¢, - -atrol 5alvinda) for the lake is etill
subjoot to major fluctuations that, hiiylng by tho abrupt senatirs of
the littorn). hydrophytes wharo those om be sean, will probably deci~
nato the roctod macrophytes for months at a time. Undor these oin.
svnstances the slternative cover of fered by Sgluipdy coul. only Se
of value to future fisheries _roductivity,

Tho third major aim, to investigate &bo migraticns of fish in
the Munla River, vas also to sume extant coversd tut it is patently



fas,

chvious thet protilme posed by the migretory fishes are too somplex

40 allow more than peneralisations an tho data cclleetad, although

the data are acre in‘ommaiave at the apeciss lsval than havo previously

been attained in africa, Tho limitations imposed by method, frequensy

of sampling end the duraiicon of sampling can cnly Yo overomme by oobe
contration o this one anpeot of the bildlogy of tho fishos, This
1ine of resoarch is currestly (1973) being followsd. 4 flume type
flow gauging weir has bean imilt aoross v Mwenda River, incorpores
ting a twowvay fish trapping mechanism and it is intonded to calloot
data ou fish movements and wator quality throushout such rainy seascn
for soveral yvars to oame.

Two aspecta of this study wvhich are not reperted hero, ut will

be publishod separntely, are the faural oonstituents of the river

and pools and tho effoots of fish removal on those, and the food

requirements of Hyiroqymyp vhich involved a serics of feeding axperi-

uents m captive fish,
(no of the main reascnr ° » nn holistic approsch being chosen

was o £ind productive av 08 fur future more intansivo stulies based

o tw Nuffield Luke Karila h.searcs: Stetimn, Major avamios may be

1listed as fallovs:

1. Tho effocts of laka lovel fluctuation cu tr- rooted hydrophytes.
It has been nssumed horein, ca tho hasis of ahiupt sonation,
that ttose plants arve susceptihle to lake lavel flucuations,
thus the -alue of jalvindo as a productive substrate s onhanced.
This assumption requires investigation.

2. The ralo of Salvinds as oovor to juvenile fishes. This project
vhich i# clowely asscoisted with tho chove assumriiin has slready
bom starte! by S.i, Mitchell of the Laks Kariba Fisheries
Research Institute.



8. The sooplenkton donsity contres snd utilisasien of particulate
organis matter by scoplanktan as fools The findings herein,
being based o much u..dly separzted sazples, muist De regarded
os suspoot and evidenocs for the utiliration of particulate
orgonio matter 1s largaly circumstmtial. Fortunataly, an in-
tensive study of scoplmkton ls currently heing wnlertaken by
Dr, M,L. Mlle, Senior Research Fellow at tho research station.

4 The biclexy of Dioscaloneds saoupsis. The importence of this
spocies s o fish food indicates an underestimation of its alwme

danoce in the bSottom mds and a ctudy an this species, using
oquipmant speolfically desigmed \c sample the various steges in
18s 1ife aycle, would bo valusble, 4n autecclogical study of
tho Chagborug is nearly comploted. A similar study on Pevdlls
advata voul.d also be of value ns there are inlications that
suheequ-at to the sampling undertekon during the ~curse of this
atudy, this species has greatly incrunsed ia nuchovs, serhaps as
a result of tho cver-incrensing mbstrate muitability as the
drowned treos deocmpose and thot oach generatiion of the nymphs
of this spooies luaves behind it a more alvantagecus habitat for
those which follew. This procoss 1s likaly tu n'vn~o far heyoml
ths ourren: situaticn and work carried out nov would be of value
alsc » # gauge for later somarative worke

§. Aquorfum studies of the ortomoph~gous fishes, prrticularly with
respeat to the electrical eanses of the sormyride and tho feeding
“ohaviour of thess mnd Syngdctiis, vhich horein ave .esoribed to

some extant on cirowmstontial evid as ded.

It was anticipated at tha cutaet os this survey tha' oithor the
wvhale or certaln aspects of tho study would be tercatod fn the future.
Sxplorstory sempling wndortaken in Decembor 1972, Indisales that



4.

signifioont changes in the Licta have alroady tokem place, in the trecs,
as mentionod above, and in the vegetation., The permanent Splvinis
mat has not as yet pefor - :, so that compariscn of this aspoct of the
work 1s not yet possihlo, but the norginal Sglvints rrossnt at the
time of reoent exploratory samplirg appoars to carry both o greatly
tucroased faunal biomass anc a groster diversity of mimals,

8Sinos the obsorvatiwne an the aquatic maorophytos made whon
Chapter 4 wns written (197), various quite eubstantisl changes have
cccurred., Magadsa (197C) seems to have bean ocrroct in his fore~
cast that Papioup ropens would develop and stabilise in the marginal
habitat, for Pgnicus is now (197%) well ostablished on the Karibe
lakeshors and, in the Mvenda nren at loast, even aiang steoply
shalving shorelines. Lagarcsivnon Aljelfoling still maintains a
Jeminstian of the rocted hydroptytes in the bay, and anly very
oconstan:) veak sianie of Crate Wilus deporpum mnd Dotgmoretm
2aaillus con e famde Two further plants vow coour in the bay in
smo donsity. Pohamoreton pchweinfurthil is Uenn is commonly soen
exd Nalos iBtermuots K. Schvm oscurs abuadantly in pockets vithin the
Jagarcsichon bods, Hains appears to ve invasive, for it oocurred
1afro. "ty vhen firat uosn in Decembor 1971, L fow stonds of Phrog-
mitep now cowur in posttions protocted from wave action and olephants
and CvpsTus M;su commonly seem along the shoroline. Liuhe
4ands ave nov vory rare snd are only soen growing on or helow the
soak scne, ot of alose azsocintian with Jaivindd.

A student £331d guide of the aquatio animals of tho Mwenda Bay,
basad an the ref:rence ccllsetion, is currantly in proparaticn hut
furthor breeding it of same imnginos is nocossary.
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PRELIMINARY OBSERVATIONS ON SOME
ASPECTS OF THE BIOLOGY OF THE
SINAMWENDA CSTUARY, LAKE KARIBA
By A. P. BOWMAKER

Division of Binlogical Sciences, University College of Ri:odesia,
P. Bag 167H, Salisbury, Rhodesia

(Read at the First Rhodesian Science Conpress, Bulawayc, May 1967)

The observations are based on a single month in the field, during October and
Novembar 1066, at (he start of an investigation which should be completed by the end
of 1909. The author Is greatly indebted to the Nuffisld Frundation, the University
of the Witwatersrand aind the University College of Rhodesia who have made this
work pogsible.

In order for the observations to be fully appreciated it is necessary to review
the retevant Indings ot previous fisheries biologists with regard to the lake.

Jackson {(1961) fo.:nd thai ‘he limiting tactor of the fish population of the middie
Zambezi was largely environmental, closely linked with the intense prodator pres-
sure ot the 1iger Fish (Hydrocynus viltatus). During the periods wher the river
flooded and cvarflowed its banks, fish moved into flooded backwaters and areas of
vegetation where both food and protection from predator pressure were available.
With the fall in fevel, howaver, the fish were forced to retire to the bare river bed
and at the lcwest levels vere considerably concentrated. The population was thus
decimated both by intense competition and by predation. This condition persisted
for the greater part of the year and thus the old river maintained a relatively small
popuation of fish,

At ine First Federal Science Congress in May 1960, Jackson nointed out the
cfiects of damming in that the seasonal environmental factors werza no longer of a
iimiting nature. Initial spawning, without subsequent predation, he torecast, would
be successful (o an unprecedenied degree when coupled with the enormous in-
crease in febensraum

Jackson’s findings «n February 1960 Hiustrate well the improved survivai rate
cf juvenile fish and the improvement in condition of the adult fish ir. the new-formed
take as diustrated by Mydrocynus. The lacper Hydrocynus were at this stage charac-
terised by being .mmensely deep-bodies and mass ve and had to a certain extent
lost their characte~ sticaily fusiform shape. Baden'uize: (1966) has shown that the
growth of Hydrorynus, found by Jackson to be of the nature of 25 cm. In two years
in the river and 02 cm. after one year in the infant lake, is now of the order of 28 to
30 cm. in two years. S ithough this is an improvement on the growth rate in the
riverine situation, ik~ would apprar to be a cons. derable Cacreasy of the growth
rate exnarienced during the initia, ~upulation explosion fellowing Ziosure.

1t would thus appear, on avaliable data, and on the assumption that being the
major predator (other than man) Hydrocynus may be regarded as a ya-qe oi reaction
of the entire fish population, that the fish fauna is either in the proces: of, or has
settied down to, a more realistic level and that the lake has there‘or. matured
sufficiently for a certain degree of stabilisation to have taken place.

Sume considerable wcrk has already been carried out in the S.iamwenda
estuary by Mitchell, working on Salvinia auriculata, and by McLachian, whose work
on the benthic fauna, parlicularly the larvae of the Chironomidae, is at present
reaching its closing stages. As the present observations Invoive both Salvinia and,
to & certain extent, the benthic fauna, they are tendered rather diffidently but are
thought, neverthe ss, to be of sufficient significance for publication.
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THE MAJOR ENVIRONMENTAL DIVISIONS OF THE SINAMWENDA
ESTUARY

The major er dir ts of the Si da astuaiy, as affecting tho fisn
population, may be divided as follows:
1. The Bottom Muds.
2. The Submergud Treaa.

3. The Marginal and Submerged Vegetation.
4. The Permanent Salvinia Mt

1. Tha Bottom Muda

McLachlan, as stated eariier, has carried out extensive research into the fauna
of the muds, thus these comments will be limited to the bottom muds underneath
the Salvin's, where limited careful sampling was carried out. This niche would
appear to be devold of macroscopic invertebrate life, apparently a direct reault of
the overlying Salvinia mat. An obvious assumption would ba that the basic trophic
jevels, being deprived of light, are lacking. There are, '.owever, detritus feeding
insect larvae among the bottom muds in the vicinity of the estuary (McLachian,
unpublished) which should, if lack of light Is tha limiting factor, be preaent in the
bottom muds under the mat. As these are not present, tha indication is that some
other factor is responsible for the lack of animal iife. McLachian (personal com-
munication) has shown that this lack is not due to the ~=_. e of the detritus formed
by Salvinia jutsam. The only apparent alternative ‘actor could lie in the oxygen

ilability in the diate vicinity of the botto.~ rsuds. Harding (1961) has shown
that there is a reduction in oxygen tensions beneath Salvinia. This could, In tha case
of the deeply-troughed Sinamwenda estuary after eight months of stagnation,
resultin very low tensions in the immediate vicinity of organic decomgosition in the
bottom detritus. if deoxyganation is the cause of this lack of life it must be confined
1o waters closely opposed to the lower iayera, as waters clear of the bottom certainly
have sufficient dissolved oxygen to maintain ostariophysid fishes whose rsquire-
ments for orygen are quite high.

2. The Submerged Trees

As i5 to ba expuctad, the nature of submarged trees has changed considerably
since the initial Rooding period from 1959 to 1963, in that terminal material (leaves,
twigs and smaller branches) has been stripped away. Gunerally speaking, trees (31
all depths have besn subjected to wave action at some stage in the formation of
the luke, The submerged trees are thorefore bare skeletons of their former saives
and, in addition, the smaller shrubs have virtuaily disappearad. Thay thus no fonger,
as was initially the case, offer juvenile fishes protecti from predator pressure.
interstices are now suficiently arge to allow free movement of the predator Hydor-
cynus. In the sheitered waters near tne surface, however, the branches form a
substrate for a danse aufwuchs, predominantly two species of Spirogyra, which
support a sparse invertebrate popuietion, dominated by the chironomid larvae and
including occasional heptagenid nymphe (Ephemeropters), the suail Bulinus sp.
and several small spocies of dytiscid beeties with their larvae. The bark of these
trees, which in many cases has lifted from the underlying wood., proviues an en-
vironment fur chironomid larvae and the earlier instara of the burrowing mayfly
Povills adusta. The later instars of Povilla burrow in the underlying wood and al-
though found to be common are not available as fiah food except during periotis
of emergence.

The emergent branches of submerged trees stilt play a part in the ecology of
the estuary in retaining Salvinia In bodies large enough not to be over-aftected by
wave action, found by Mitchell (personal communication) to be one of the main
causes nf destruction of the Salvinia.




3. Marginal and Submerged Acuatic Vegetation

The estuary, end prot 1!y the lake itself, generaily spean’ag, is charecterised
at this stage of its evolutio:. L, aremarkable lack cf marginal sub. “quatic vogeat s
and submerged aguatic vegntation. The importance of the role ot .1is vegetation in
the older lakes of Afi,« . Lannot be sufficiently stressed. This veg station plays the
same role as that p.4,c. by the flooded vegetation of the banxs of the middle
Zambezi and is of proved ve.us in Lake Tanganyika, where gst other speci
it supports the juvenilez »7 Lat. spp. (Coulter, 1660), in Lake Mweru, where it sup-
ports the juveniles of Tilapia macrochir (Carey, 1968), and In Lake Bangweuiu, where
the productivity is basically dependent on the ginal and sub ged vegetati
{Bowmaker, 1981), to quote a few of many examples. The effects of this 'ack on the
productivity of the estuary must be far reaching indeed. Only very nccasionally
were aguatic submergent plants seer. There would appear to be, theretore. some
nuclei of colanisation and in time this environment shouid establish itself, aracugh
it is surprising that this development has not taken place already,

There are also indications of the formation of the nuclel of marginal vegetatior,
predominantly by Panicum repens, a grass (Magadza, personal communication), but
thes2 are sparse.

4. The Salvinia Mat

Ihe broad ecological characteristics of the Salvinia mat have been adcquately
re; orted eisewhere (Boughey, 1963; Schelpe, 1961; Mitchell, 1935) and it is thought
innecessary to comment on these findings other than to remark that the establish-
ment of Salvinia mats proviaed the opportunity for the development of many species
of slants which otherwise would not, apparently, have established themselves along
tie: Lake shore.

The environment oflered by Salvinia appears to support the only aquatic inverte-
trate population approaching richness. Although comparative density figures are
not yet available, the difference in numbers and diversity of invertebrate collected
in this environment and those mentioned above was very marked.

The invertebrate population of the Salviria mat was dominated by the nymph
of a tibellylid dragonfly in all stages of development, other Odonata nymphs in
various stages of development and the nymphs of various specles of Ephemerop-
tera, In their turn dominated by predatory coecies. Non-oredatcry animals were
dominated by the larvae and pupae of the mosquito Aediomyia africana Other not-
able components ot the population included the shrimp, Caradina nilotica, the early
instars only of Povilla adusta, several species of QOstracoda, Cladocera, Copepoda
and Hydracarina and a small leach. The chironornids appeared to be represented
only by the genus Clinotanypus, itselt a predator.

The notable and peculiar charecteristic of this population Is the ge
preponderance of predators, not only in terms of numbers of species 1018
notably In terr.s of biomass, These predators probably subsist on their ow:: earlier
instars to a large extent which In turn probably find nourishment in the small
Crusta-ea and Hydracarina. itis not known whetaer or not Salviniais actually utiiised
by ‘te invertabrate population, but for the most part the basis of the food chain ia
probably derived from the aufwuchs algae or ptanktonic a‘gae in the interspe-as
in the nurface layers of the mat where there is light penelration.

Large numbers of small and juvenile fish were seen to be using the Salvinia mat,
certainly along its morging, for the purpose of teeding and protection,

The Salvinia mat thus supports the only popul ‘tien approaching richness h.
the estuary and shows comparatively little diversity In numbers of species.

THE FISH
Mo netting has actually been carried out in the ostuary to date aa gilinets are
still betng dovised to surmount the physicel probiem of setting beiow the surface
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clear of submergeo vegetstion under the Salviria mat, However, several ob erva-
tions were mae of aduit fish one mile from vpen water, deep into the mat.overed
estuary. There is thus proof inat fish spaciss actually ive under the met well sxay
trom open weater. Thera is alsc a concaatration of fish at the edge of the !
particularly Hydrocynus and Clarias gaiiepinus (- mossambicus?}, which £ velny
disturbed would move under tha nat and not away trom ¥, There are this indica-
tions that (boaring in mind the juvenile fishes taken by haid net actually in amonget
the Salvinia) {ull use is being made of this environrent with some fikeflhood, based
on obsarvation only, of 1he permanent mat suj - orting a denser population of fish
than any of the other anvironments mention i 7 . ~un. Bearing tn mind thit tho fish
species are of riverine extraction it would r- * seer: lngical to assume thet a large
proportion of the population would tend o coney 7i ule along the margirs and the
snallower waters of tha fuke. This emphasises the impartance of the Sav.pia mat
to the fish poput , in the Si da esiary at least,

Small shoals of minute j He Tilapia bica were frequently seen in
shaliow marginal puols (one of the more tavoured being elephant footprints) or very
shaliow terminal pools at the end of inlsts. Juvenile Hyd ocynus sere invariably
patrotiing ofishore near theso pools. The very hot Zry conditions . evalent in
October, in combination with the receding water level, must ievel a considerable toll
on thuse luvenile fish. Mortality results eitner from stranding, overheating or preda-
tion. These effects were very apparont as the shoals never numberad more than 18
to 20 fish. and could be representative of the survivors of a single brood, tound by
Coke (1966) to be In the region of 1,000 while stilt under adult protection. it is thought
that the use of topographic rather than vegstal cover is indicative of the general
paucity of cover in the estuary away from the Salvinia mat.

The usa of small injets alony the coastiine is cortainiy not confined to Tilapia.
This type of cover was used extensivaly by juvenile Alestes imberi and the aduit,
small Harbus bariloidze and less frequently by j.venile Haplochromis (Sargochromis)
cadringtoni and Labeo aftiveiis. Generally, however, the inlefs used by these species
were deepar and larger than those used by the | wenile Tilapia

DISCUSSION

1t would appear that the environmen! gitered by the Sinamwenda estuary in its
present stage of evoiution is relatively inhospitable from a fisheries puint of view
and that this state of a'lairs is allaviated by the presence of the Savvin‘a mat.

The emargant branches of submerged trees play an important role in the
maintanance of the smatler Salvinia mats and it is obvious that these branches wilt,
in the not too distant future, be broken awav Thare shou'd, when this occurs, be
some considerable decrease in the ilabis . ea of colonisation by Saivinia, which
in all likelihood wilt then be found only in sheltered bays and inlets.

From the point of view of fisheries produrtivity, the establishment of marginal
and submerged vegotation is of utmost importance and if this should take .rce
with reasonabio rapidity, the role of those mats which are liable to cestruction ¢+ ‘d
be taken ove: and improved upon by this type nf v- ,etetion. The establishmen
hig niche has been tardy in the cxtreme and this . “2 he explained in one of three
ways. Firstly, are essential nutiients (phosphates, nitrates) taken up by Salviniz in
sufficient quantity to ma'e them a limiting factor in the establishment of marginst
or submerged vegetation? it is dottul if this could be the case with marginai
vegetstion as these salts are probably made avajlable by runoff from the shoreline
In the tmmediate vicinity of this vegetation. This question is still unanswered with
ragard to submerged vegetation, and it could be that by taking up essential nutrient
Salvinia does lir.* the expansion of this niche, though this is doubttul as it has boen
tound that the . flood-waters bearing nutrient flow Lwiltly under the mat and
would appear th oe made availatie to the margins on recirculation from open water.
Secondly, it may be that the rate of hiish t of submergec and ginai




] tor varlous r ia anyway a slow process, and the normal atate of
aflairs for any body of impounded water is being experlenced. Th.s would net appear
10 be the correct solution aa the biiah of veg! in nw hodies of water
can be alarmingly rapid. Tha third and most likaly explanation . ea in tha annual
drawd , an tial cor itant ot o t of the take for the generation
of power.

It would appear that the environmental action on the flah population as exerted
bv the evolution of Lake Kariba follows this sequence of events: The riverine
candit's.. . rlor to closure were particularly inhospitable, and ihe fish population
viaa ivrgely intained by the alieviation of these conditi during the flood
periods. a*tar initlal closure and while the laka was flaoding the “‘flood" conditions
persict.d v ith a rasaitant explosion of the fish popul=.ion. Ti.¢ conditions cavaing
this excionion, namely increased /ebensraum and extenslve cover resuiting in
alieviation of predator pressure, have now stabilised. The size of the iake is now
reiatively constant and there haa been a considerable decrease in cover following
the decomposition of the terminal material of the trees and the disappearance of
undercover. As these factors are linked with a stowness in establishment of an
appreciable submerged aquatic and marginal vegetation, there has & .en a tandency
towards reversion to inhospitabl ditions. This position is at present alieviated
by the presence of the Salvin/a mat which has to a large extent assumed the function
of this niche. Bearing in mind that nuciei of submerged and margir al vegetation
hav~ established themselves, it would not be tiogical to that this vegetati
wili eventually expand in the shatiower waters of the Lake and that when this does
occur the environment wifl stabiiise to conditions similar to those found in the
mature lakes to the north. This stabilisation should reflect itseif in an increased

productivity.
| am Indebted to Frofessor H. Wiid for his criticism of the draft of this paper
and to Mr. R. 8. Dr d tor identification of pla: . speci ' am particularly

grateful to Mr. A. J. Mcl.achian for some of the inforn:~tion used and ac \nuwiledged
in this paper.

(Added July 1987)

Since the period the above obaervations were mado thers 2as been 8 consider-
able increass in the aquatic weens Ceralophylium demersum snd Polamogeton
pusillus with occasional specimens of Lagarosiphon Hticifolivs in the estuary and bay
and, by report, elsewhere along the lake margins. Large catches of fish have been
taken in the vici~ity of these weeds, particularly in the casa of C. demersum. The
aquatic invertebrate fauna harbuured by these piants are spectacularly rich, in terms
of both biomass and species, more 55 than In the Salvinia mat.
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X oF 3 CESTUARY® A
SH_WATER OONTEXT

by

AP, Bawnaker

Division of Biologica: Sciences,
University College oi Rhodeste.

Mer:ne astuering workers have recently votced objectione to
the use of the word astuary (n describing tha ares vhere a river antars
& stetic body of frash water. As 1 had myself used the word i{n this
contact, I have falt obliged to prasent tha probiem at this congress
a2 that 1t may be aired, and, possibly, some deciston reached regerding
the validity of the cemm when used in a ({mnological contexe. The
atw of this paper is therufore not dogmaticatly to pesent s single
point of view, but, it is hoped, to stimuiate discussion and & possible
solution 1o what would appear Lo be A probiem which will face
timnologists with ever Increasing frequency in the future.

Traditfonally, “estuary™ has heen used o describe the ares
where & river enters the sen, subjcted to tides, and where dlolopical
distribution patterns arc pricarily governed by salinity and ctdal
action. The internal boundaries o these estudries are easlly
defined as heing the point uneavest the sea where the water shows no
crace of saliness, or is not subjected to measurable tidal action,

The external boundaries are tar more difficult to define aa the
allfects may be vary appreciable far beyond the continantel shelf fn
the cage ol major rivers such as the Amazon. Moie estuaries arve
easily defined as such, but there arv cases whare dilficultias may
arise. For enample, loes the arca mmediately bdelaw a river sutering
as 8 waterfall into the sea come into this category? Thera ars many
swallar streams und rivers along the Morambique coast which, when
flowing {whith thay do for only 8 faw months {n each ysar) comsgiiuts
& vaiid estuary in i ;e above tontext, but which, when they tesse to
fiow, may show a reversal in salinity gradient due to svaporsation in
the shailower landward waters. Marine workers would stats that these
constitute queint, but neverthaless trus, sstuaries, es the word has
become firmly associsted vith a rive: encering the sea.

It fa normally accepted that & salinity gradient occurs
within an eetuvarine bay, but ths var{fat{ons are very great. A larga,
permarantly flowing river, with an unconstricted mouth subject to
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minimuon tids! action, way never expacrlcnce salimity ¢ -atrations of
any consequence, tidsl action pushing only previcusiy expslled and
unsffocied fresh water back ag-inst tha flow of the river. At tha
other extrams, narrow, weskly flowiug atreems subject to maximum “{dai
action caused by constriction, swould prodsbly ba marine in chsracter
for » great wmany ailes inland and the actusl "estusrine” bay at the
river movth would by measurably unsffectad by fresh weter.

Tha point that [ wish to make Ls that fn both these
casas ‘estuary’ wuld appear to be used unhesitatingly for arsas with
relatively constant salinity.

Estuary is derived, according to the Oxford English
Dictionary, from the lstin word sestus mesning hest, hence boiling,
bubbling, tide, and 15 described as the tidsl mouth of a grest
river, where the tide meets 8 current of fresh water. This 2 a
ralatively modern usage and fn the past had wider application. To
quots from the sbove raference: “haton was recustomed to take a
draught of March -beer towards bedtime to settin this sestuare of his
wmind"., Heet and botl{ng are fmplications in  he word that have been
lost, The atymology of the wrd clearly does noi make it more
applicable to -alt water rather than {resh water, nor does it in a0y
wsy define the magnitude of eny ttde. Thers s no doubr that tie
word estusry is most comwonly used for river mouths where they enter
the sea. Yet the term sea has a wide number > difierant conmorstions
which are independent of site or salintey. Tie Dead, Aral and Cuaspian
Seas are examples of enclosed bodles of water shich have the name 'vual
and with widely differing saltnities.

There {3 no doubt about one aspect a¢ the problem. Cre
component must be & flowing river end the other must bs a relacively
static and large body of water. 1L hex becn shown that salinity say
not be s fictor necesgary to fulfill the vaep. of the word {n 8 marine
context. A further poia:c fe thst all bodles of water ave subleci to
tida: &ciion whether thess are measurable or aot.

1€ the use of & word vuc. #5 estusxy in & fresh wete. context
be questioned, the use of ¢ host of other descriptive words (s alse
cusstioneble.  For example: lagoow, creek, delts, lake, swamp,
strait and as has been statsd, o\hn ses. To take one of these
examples, two accepted ¢ -amp areas, mangrove swamps and che Bangwuly
svamps have lest {n common tham matine and fresh veter estueries and
must causa concemn to the paﬁm- The term ‘anadromous’ was
originally derived for f{sh vhich moved from the ses up {reah water
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rivers, nomally to spewn. 1t is now widely used for lacustrine
species which underso an upstrema spawning run and haa long baen used
tn this context.

Tha precedent, albsit inaccurate, has already been set for
the use of the word 'estuary' in the freshwater context. H.B. Cott
(1961) used 1t to describe an ares beiow the Murchison Falls where he
had a crocodile observation post. Harding (1964, used the word
freely to describe the areas sdjoining river mouths on Lake Kariba.
Matthes {pers cowm) has used 1t in parenthesis. #HcLachlan, in @
doctoral thesis, usad estuary to describe the ares adjoining the
Stnamwenda River on Lake Kariba s.d was not subjected to criticism
by Dr J. Rzosxa, a limnologist of International repute, although a

co.examiner, Dr J. Green, objected 'mildly' (McLachlian, pars comm.)

1 have attempted to obtain {nformation on the current ove s usage
of the word and am still awaiting replies to s proporticn of my
queries. William A. Dili, Chtef of the inland Ticharies Branch of
the Pood and Agricultural Organisation of the Urited Nations, stuted
‘Althougn scientists find It very difficult to define terms 1 am quite
sure that your use of the te.n 'estuary’ for the ecotone of a fresh
water river mouth entering a static body of tresh water is incorrect",
and suggests using “river mouth™. 1 find this term unsuitable as the
conce, . to me of a river mouth is a very definite narrowly confined
area where the river flows (nto a lake and does not sacisfactorily
reflect the gradual widespresd transition of the physical, chemical
and biological (haracteristics of the area which is reflected by thn
term 'esiuary'.

It is necessary tu acknowledge that the blological view.
point 13 only one of several disciplines which are tnvolved in this
controveriy, othars being Geograpny, Geology and dydrology.

Professor G. Key »f the Department of “eography of -he University
College of Rhodesis, expressed the opinton that to try to define a
word in genevral usage such as estuary ‘s unrealistic and that the
ambiguity of some descriptive temms is ebrogates by the context in
which they are uvsed. Professor G. Bond of the Department of
feology expressed the same opinion and initially suggested peasible
usage of the term "Ria", defined by Holmes {1945) to occur where the
trend of an orogenic belt is transverse to the coastline and vhere
drowaing gives an alternation of long promoritories and estuaries
(Ries)., As the gentle structural grain at Kariba lles parallel to

the coastline he felt chat this term did not define the river mouth
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sres as vell as estuary did, particularly if estuary was {nitially
defined in its fresh water context {n any publication using it in eady
wey. Mrs L.A. Lister, geomorphologist in the same Department, could
find no objecticn to {ts usage in & fresh wurer context. W.A., Dfll
(pers, comm.) {nforms me hovever, that F.A.0. hydrologists generally
agreed that "river mouth” would be more zuitable (n a fresh water
context. My objection (mentioned above) to the use of the term (s
amplified on consideration of difficulties one would experience with
thi. term when used as an adjective, Would 1t de possible to say or
write “river-mouth-ine" conditions? 1 find this distasteful.

Use of the word estuary in a frash water context has Deen
descrihed as "unfortunare’ (J.R, Grindley, pers comm), and with this
1 can only agree. Unfovrunate though 1t may be, hovever, th~re {s no
better descripcive term that I can find, This introduces the
biclosical aspect of the problem. In the area in vhich I am presencly
working, namely the lower reaches of the Sinamwends River, its
Hestuary” and outlying bay, there ‘4 a very definite pradation of
physical and chemital characteristics, There are also two distince
fnvertebrate taunas in the bay and river, with a {ew ublquitous
species. There ts also a gradation, which takes place over the
distance of 1,000 ta 1,500m, berween those two faunas, 1s this
really, blologically speaking, different trom the principles of
distribution in a marine situary? 1 subsit that {t is not.

Serveral alternatives are available for the decfafon of this
COngress. The Tfrst of these is that the vse of the term 'estuary’
tn the Kartba context is sell explanatory. No practicing scientist
can but rvealise th.t usage (3 in the fresh water context. Secondly,
the turm may be defined during the introduction of a paper lnvolvirg
tts usage. The third altarnative ts that "Fresh-water” always
precedes the word estuary{-ined. Fourthiy, a new term such as
"Limnestuary' be devised, 1 would suggest that the second
elternative, fnvolving deftnitton, 1s the most suilable tourse to
tane.

I would ltke to close %y ¢ ressing that this argument in
semant {cs is mos: important. In st lakes the major source of
n riunt arises from rivers feed, < them and with the vast damming
schemes at present underwsy and relatively recently completel, the
tributary rivers are bound Lo p.ay an important biotogical part,
particularly (€ {t (s remembered that .he largiiy riverine faunas
whick colonise these impoundments eve somet ‘mes ependent nn the
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rivers st some stage in their 1ifc cycle. Fresh.water sstuaries are
therafore liable t. ve subjected to {ntensive ressarch and the problem
cutiined in this paper is one which will inevitably occur with greater
fraquency in the future.
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APPRNDIX 7.1
ALRL O JNVERTERRAIR SFECIES OQLLECTED
"Species” vere sllocated code numbers on the basis of their
sequence of appearence and in the ist retain these codes. Species
are listed, within familiss, .n code order, Whare a single species
nes been fount to have been allocated two codes, the secand mwber
is included in the duplicate colum, Oroups were naned by the follow-
ing authorities to vhom I as extremely grateful, after separstim into
teu.ative "species”,

Goelenterata -
Rotatoria -
Oligochaeta W, van Hoven
Hinsiinea -
Crustacea J, Green
Hydracarina C.A, Jansen van Remsburg
Odonata nymphs -

Odenata inmagines B3.1. Balineky
Hemipters ReAs Polsson and F, de Sallisr Dupin
Lapidoptera -

Epheme roptera nymphs -
Trichoptera KM, Soott
Hydrophilidas J. Ballour-Brow
Gyrinidae J. Balfour-Brown
Heuiplidae J. Balfour-Brown
Dytiscideo J. Omer<Cooper
Chironomidee (larvae) A.J, MoLachlan
Uther dipteran larvas B.R, Stuckenberg
Culicinse B .M, MeIntoeh
Chacburinas (larvae) -

Mollusea Jeke ven Zeden

Odonata wvere collected as ndults snd are not allocated mmiers
mless nymphs of the cpociss vere wlso collectad.

Species within the reference sallsction but without nemes are
inalwded for “uture ciassificati-..

Fetums for Crustaces and Trichoptera have not yat beev recaived,
A1l specins sre kept in & refcrence callsctics hich will be uaed
for the compilation of s student fisld guina to th» aquatic famna

of the area.



TUB ¥ ICIDAR

87
BUDRILIDAE
LUMBRICULIDAE

GLOESCBCOLEC IDAE
) JEDRES

L2

S2ECIES

R ]
=~
bty
- >

{8
Lot hortmuis (Stephaacn)

op.
wmmm mzr)

Priatine wnaliias Stephensan
Aldaunig spe nove

i ppa romiems
Brenchiurs sowarbyl (Beddard)
Hamertadrilus sp.

w sp. A (Hirabe)
s lmamd (Grube)

o Lasoekreches fabrisid exclusively)?

P
el
-*-n-ni-o-c-o -




[ole e 3 DUPLICATE

Phylums ARTHROPODA
Claee: CHUSTACEA

ﬂg;;: SMCHCSTRACA

08 200
Subclass: CLLDOCERA

Subclanss: COPEPUDA

SPECIES

sp. nov,
8Pe DOV,
sp. NOY.
#pe DOV,

.2 3 .

54,



CODE DUPLICATE
Family: ARRENURIDAB
178

268
Phylums ARTHROPCDA
Class:  INSECTA

Lrder:
i i
Family: C JX AE

il
Family: i
Nymphs
81
9%
Family: AESHNIDALE

Family: CORDULIIDAE
226

396
Familys LIBELLULIDAE

TERIESTRIAL

Family: MESOVELIIDAE

548,
SPECIES

spes OV,

Bhinovhoracarua
ASTEUINg epe nov. ?

JIstinogomplug fery Remt.
mmﬂm

Frasar

Salys)
4nax lprorator var pauriciuiug Remb.
Macronia Le Roi
Macrenis piota 2?)6!1&«0
Crthetoup shivacatldna Bum.

Orthebnun capense falsup Lonef.
OrthebTup ghempale kalad Longf.
irioagris

%Jm;m Selys
UODAGUrS Drury
Ranb,

m:m 2pvihrneg Brulle
e
Broghyt laugontrigta Burm.

Shnulats Beauv.
Irithanls Burm,
Irithanis hecate Ris.
LYZeeyE torxids Kirby
Paatala Frager
Urcthenda Selys
Urgthenla Selys

Jascras Ty
w-p- ws-udlm (orst)



124 sp. (larvne)
mmm; (Soott)

185 125

572a €3

372b Aniscns Cerst,

372s Aniaons spe (V)

5724 Aniagns sp. §1u‘v e)

38 Huish,

886 Anlzovs gapdeg H.S.

Family: FLEIDZD

254 Dlea pulluly dtal

Pamilys NAUCCRIDAE

11.477; Piolonvobus grosads gwmm Poi;:.‘l

1 . \] e Stul,

195 ap. M

244 ap. (larvas}
515 of graasii Poise.

Family: CORIXIDAK
Farily: NEPIDLE
198

82:; Glocdn sp. (?
620)1 Cloen sp. (7
2 i 4
Pe
98 Caordg spe (?
102 Laondg sp. [
133 Povills : Kavas,
Caends sp.
Q%n IRICHOPTERS
(pupae)
i rrrrryrfrrrr Rt )
91 Bmams thanasetd
164 D
W 8De
523 1
350 7
358 ?
347 ?
348 ?
352 7
§79 7
g RO ?
o,
H
519 Darnaca op. ghm-)
320 sp. (pupee)
339 #p.

LY spe (pupes)
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CLbE DUPLICATE SPECIES

24 ) %ﬂg B-B.
:ﬁ ﬁ;‘i-?:;n"'i"m 5% eay
260 .
REEdET
264 &hr.) dilutug (Ertchsm)
269 248

2908 ) sps nov.

2900 B e a! esrariasim (sharr)
368 264

358 %

g?,g Baromg yitticaldla (::gmm)

578 % sabaaniug {rag)

Fanily: HALIPLIDAE

240 Halinlug exagorntug Guigmot
Family: CARABIDAE

578 ?

592 1

Fapdly: GYRINIDAE

Panily: DYLISCIDAE




DUPLICATS

108
104

Pamily: DOLICHOPCDIDLE

Family: EMPIPIDLE

Panily: T
08

LFULIDAR

229

108
Panily: STRLTIOMYIIDAE

o8, ik,

CULICINAE

138
136

228
CHACBORINAE

551,

?

1
Linmiini ?
Eriopterini )
Conoals Arropats (1) Wiedemsnn

SETIa 8P

vy
u_agnm
angnhalas

rufipes (1) (Gough)
Aldacaria . (1)

ppe ?Am)
sppe (pupso)



Foully: CHIRGNUMIDAR
Subfowily: TINYFODINLE
LARVAL PUPAL LAKVAL
CWE  CDE  DUPLICLTE
138

28

33

158 38
28 288

1% -3
-] 272

&8 204 ? 28
299 262 ?

201
Subfamily: ORTHUCLLDIINAE
139 826
227 300
R89
336
£59

32
Pomily: CHIRNCMIDAE
Suhfamilys CHINOMINLE
Tribos TANYTLRSINI
16 24 ?

*
78
97
122 28

128

Bin

353
Tribos CHIRINCMINI
5 51

85 321 ?

Topviaima eo-
Tmrtazma o (5 A spD)”

{ ) sp. (F LM 10(1))
m:% Kioft
m‘%&w -p:'(m 18)

ralyoaltlup (Pelvpedilup) deletup Gostg.

*.JM refors to the ood & used by L.i. Mclachlan



LARVAL FUPAL  LARVAL
CCDE  CLDE DUPLICATR

59

pie.] 8
pRe) L]

3387

se2 (121)

188 186

35 7

2 ?
14

CUDE TUPLICATE

Pamily: CERATCPCGONIDAE
la

& 19
81
84 61
72 2877
3 61
74 81
;19 1
al 8l
ae 61
20
274 %6 7?
275
334

158

556

268

207

grlert MASC

s AR

82K~

256
Ponilyt LYMIAEIDAE

6%
139

63
Family: MELANIIDAE
28

555,

SPRECTSS
Chirnamua of ( ) spe (AJM 12854)
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