
* * ;

plaoel into tile amass tu':o as tho lsn^lnea. &aorg*iea hail usually 

ooanni within tm  .rmikt of ooll«tl«i. £to eossotlcn of w t i i m ,  

timks wow oloarod, aloarod m3 roflllod. The watar was then allowed 

to nr.inn. for approrisatuly six w. oV~ s-„f po tho nort sample uaa plrcoi 

thewto.

The flvs hydrophytes sampi«l niaoteJ dlf 'erontly to being plaoad 

la aquaria, which were position*! uhoro they > .™  In ’.lreot sunlight 

for up to flvo hours an oh iny. CarntorivrllBa decarwp »»t lafiMV- 

n ialfnH ;.;. appoaral not to o affoeted, Bn ’ plants w>ro as 

healthy at tha eessatloa of onor;onoo as whun originally plaoad Into 

tho aquaria. Salvlnla mirlmlata. m  thn othor hand, usually totw- 

ler-tU- m  « a  attacked y fungus so that -I thin Siv aooka of ooUto- 

tlcn they ha! turn®J bram , although thnro appiam.' to bo llttla diffor- 

« ® »  in tho suhonn;«l part of tho plant. ? g f t g a A «  a a itttt  tolti_

1, 1 1 y  roaoto! woll to tho aquaria, but within throo nooks hr,' bagan to 

doTBtop a hoavy groyth of poriphytlo afeaa . Four to Ctra «seks aftor 

bain,-: plncod In an aquarium this growth aFpoaiwl to Inhibit tho plant 

whioh m t  usually rr. luo*! to a fow strands by tho o n ’, of th» anomanoe 

period. This ’ id not, howuror, a « ®  to Inhibit the insoct pojMlatlcn 

whloh cc*itim\t#! to swords up to  th-i tonth waek, >4ioh tho sas© start 

at reaction was allotted In Ghara sp . fr<*> th» rtvor pools.

Ho altorm tlTa  to this method « s  praetloabl* as consideration of 

the othor ooaraltKmto of the xo-taoBMa arc i a n o iV

staly obvious* Those arot

1, that ’.ofinltt) sorraiaitcBa heiwaan lawrlnaa anti anurias uer© etm#~ 

tisoa obtouro  ̂ *-.y multiplo marqmco, 1 iis difficulty ma largoljr 

mrtamll&i by w l i t r  or later aaorr^noes of iadtvithial* of fcne sane 

apocles.



Vhat sortala soeolas ooold N> non greatly affected ly oavUtiau 

1» the pAythone bag while in tranult. Sauploa \»ra mmtanA 

oartiftUly short!/ after 1 -oaiitln; into aqua* . and olthcwgh 

oeensicftaX flea.’ Bpoeiraona wore fcsin', the vast majority of the 

popul&tJdl appeared te survive this ’*rta!« Smile'’ rf-oool-

tvaui could, hrwrjver, .tavo osoaped notloe# /.stunl altu sanpl— 

In; would thersfoiw jive a batter cttimate cf the popilatlcn 'lae 

an'! caistltuentf though these lack accuracy oanowhnt at the 

specific loirol. Caiatltuanti or.lmatod fron owr^enoo In the 

laboratory uoul l tht>r«foro bo moru aoourato at tho specific ieval, 

'itit laaa accurate with ,’or'arl to quantitative oatlmnticM*

That the final, amor ;etl, suotcr of tho pojMlatlcc vmil'. bear 

little nlatlonahip to tho criminal »o»plo after r.olonure an • the 

affocta of prolatlon. Furthermore, an Important aspect of pro­

bation, :JJ fish, la removal oitlrely iim  tho ;»r«latlcK. The 

offncta of enclosure as «uoh c«.l to"? hail, It 1* irl -onto’., far 

lens offset than tho odv’ itlcna while In transit, ’soaring In mind 

the rolatlvo a lae of tha lnaicts to tho aquarian. Tha change In 

t, V situation re,;an!ln.’i proJatltm eaill have profane of foot* m  

the Ori-lnal sample. far these roaacua any .>«tl»«t** of aea»tMl 

ahuwo* In tho popdatlon oonatitu*nts or nuaber* drived from 

browlln« tanka must bo tn(?art«4 with oautlon. Thl* la alao tree 

for oatlraates of tho overall apeolos constitution if tha varltn* 

aubftrate* ami tho relative l«n*lty botvo® aubstraies, all of 

uh5 ah can only be ; -yarded as staaid If octiflrnatory of ifi A &&  

larval aaapl In*. &  the other hand, It la thought that isUsate* 

of oub«tmta prefawn ee for my atajl,. apeoloa bewrt m  relative 

awrganao mb be refar'.®! with amllt'.maa.



It is cmsllarwl that robuat pra-’atory (iwp* *uoh a* tha Mm «t» 

are I a n  affact*' 'v  tho aboro troatnont than rthora, ant'. oatiaate*

,f the orv.lnol r^pulotim baaed cn crwr-onoe roaults mb thnraforo 

ba troatod with greater omfldanoa. Purthomoro, In tho sane w«ar 

that It ha. boon propoaod that HvdroamM YlttatW. a* th. poak fiah 

predator, can bo need to asao.. relative chon.™. In tho flah popolatlm, 

so, It Is auKSastod, can tho dragonfly nympha be uaod to aaa»aa ralatiw 

Pangea in tho aquatic larval population, being tholr major taaeot p w  

iator. For tho so rtaaona the m ans*** .late, Hava boon analyaad °v «  

though tho conclusion, wachal murt bo r ;a*!«: 'Ath ocnal’oraUa *>.•*- 

ration.

Table 9.19 aho«i tho arooific ocmpoaltloi of all «norranoo». *  

total of 126 o»aB!onoa8 of twelve apoeioa oocurr.’ , TO* of whloh » »  

Zy^op'tera«

TiBU 8.15 3FECBS H *R «n  FBOI ALL SJBSTWXKS U1D THSDl BEUTIV* 
Twar “ *ry QgpCKT/.NCE BASED CK JTUMJBRS EifSRfKD

AH SOFTER!

His 
Ba»rr.
Bum.

_ _ _ _ _ _ _ _  SaXya.
».MivsvQrli\ Solye,
- atvthraoa Brullo 

i jraaia Kirby
var Raab.

ZtaOPTSBA

•», <»»lgum Sjost.

5 5 E |  3«lys.
___  pi >Qpriinfli Ptohoy

J flQ iS & ll  Rfllbi

TOTAL i

H0M3ER
&!SR(ED

1
SO

a
22
5

23

FERCWTJU* 
Cf TCfTM*

0,79
25.82
0,79
0.79
0./9
0,79
0.7b
0.79

52,55

17,47
: .50 

1C .26

Tt M r r ^ «  a o n ia m ti

Fi^ur® 8.7* taartnfcNi the n i i U n  prol»att<*> of Cdmnta ty 

M *  varioua M t a k .  by =o-parla; hlata!« 1 « l l r  tho »a n  m»bar



3C1

FIG, 8 .7 , 3sta an thu nsn'ttice cf Wcjrui* fr---r- ^lant smbstr«t«s



30*.

o f  m m ig m am  por arnplo, an! ? < * ! •  0 .8 0  alaboi*t»a cn t h u s *  * l »

■pociaa ocBtpoaiticn of tiu- aubatrat®.* are tabulated ii:. Table 0.21 and 

flgurad In Flg« 8,7b.

an.'. Gawttnrhsllun waul' m m  elearly to maintain far 

largor dwecnfljr populations than th© othor thro© subatmtoa avail*itC.« 

at that tiato, aid thsre apnears to be littlo difforsnoa thus*

two aubstratea cn these lata aa well.

TiHIK fl-SO THE VJiTIVE PBODOCTIOi iMD WifGg OF aPBCXBS FOTTO «  

SACH SOBSTROT

l-EAK HOMER QT Dli'J.IES HOTMM OF S W O B S

substmts nars ism m i/s im x  mrced racw all

Noa. $

Solvlnln 0.6 1.68 3

12.C 37,56 6

Pct^aoigtcn 4.4 15.77 7

13*0 #5.69 6

Qh,un 2,0 6.2R 2

TOTAVtoUHt e .4 12

Whereas P«*—«*««♦.<»» vml.1 appear to '■» looa uuitablo than £aHfc#" 

. w n . . .  or I.-, -nrealnhcti f m a  the vlowpoint of m abers  of njmphi «U n -  

ta iiw ! at any given tin®, a a l i ;h t ly  largar numbar of apoclea 

f M  it  than frets tha lstt«r  two. Furthermore, thoaa wore fiand t-i 

b *  mors aqtiallr diatriouted batwoon apeoiaa than m  S a c a l f f l a U a  <* 

t »  „ TO« l :h .n .  in  oact. of whirl, a prspcttlorano® of two unoeioa « w  

f a - 1 ,  (Xnatituting 68 .< *  of tha u n g m O r  pop J o t !  cn In the ftm w r  

n ]  7 4 . 2*  in  th® latta r , c m  ,<f wtii* (£ . j m « a l a n ) « u  oaw tn  to 

nott . a»~ m ni« and with «niy thraa awl two apooiat roeposU

l v u l / ,  ahowod a «m b Jb § Irak of auttabllltgr In V-ta roas»«t alao .

* a . , «  a . « m U .  ImrartajiGa and dlatrtb Btk P

aiB .ao  apBdjaaia only of tha following B o v *  apooioa oaug adi
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Trlthaala hooata Els frcn Lamroalnhm i PrrtlHBli M llaato 3ol)r»

m l r.i»ln Kirbj froa SalTlnlai Orttotoai tthwatto Suly"

fron SitiutotolillBI ~ri~Ahotd- »M K n iM  Brill-, am’. iLmx lanaratar 

Tor m.Mirlelnnua t a b . fitxt iotanc-otcni and TlTirttoRia artortgaB Buzau 

frcn

The* ssost numoma speoias was Paaudn^rlcii maaaalcaa Sjost* (S2.6$ 

of total affior renoss), whioh shcv©d vury much thu soj»> Iojpdq of prefab 

.m * for Homtf nhvUuK m  for LararoatDtlQD trm uhl<jh aubBtr«te» 95* 

of thla spociea anartroi. Tho apeclo« would » « •  thoroftTa, to havo 

olthor ahcaan or uuocoade.1 cn a rather narrow ffibirtr-to nrnso within 

whiah It appoars tc havo bojn v ry suocossful at tho tiny of Mapllng.

Tho next moat nuinorms n , Trlt'-oaia on':v*

of total 3 nor>T»ncas) amorgw! frcn all subst^.toa »3»plol, but nhowad 

a daflnlto prof.Tonoo for r.nratcchTliua. trm which 65.5# of >01 aver- 

,-moQB of this specias tcck plaoo*

mihlffliia 3e3y» owl Iaofamtfa ama&nlm&te rtanb. v r of 

oqual m m rlm l to; ...rtanoo (17.5 and 18.5* rcapootivolj-). Kolths- 

aK>r;«l fron Snlvlnln or chare, but whareaa f .  ailttgB ‘ hCT* ’ s IM,rk* 1 

proforenoo fc- i ii it  U iiiB  <56 ' ^  <®or;onoo«), ... M W  u ta M U  »«®“ 1 

to show » rroater profensnco for r.amtiiriwLlnn (52* of onori;ooooi) m& 

to a loaaar axtont Pntmumitm (50.V )  on uhioh miSstrato It wut tha 

BllV̂ lo moat important em’eiea (52g).

Only thrw m a r r o w  of I .  " ' - n -  rMunwl, fru> frHtttBPtofU a .

iv .t o M t o  * 1  tasacaiito- f " "  m m  t0 thor',ftr" ’ 

ta lis a tt m  that tho apaoUa la pot«tio).ljr ubiijultoia, but m  I t  cnljr 

aaaurrml in tha fina l Mmfi.il, a»‘J hai a e w in g l j  <m)y r o w n W  lnvwlsd 

tho &*(}&» no ouielusions jay *■ > Aravr*

50 4.

!



9« W

The lata pvsMiWd la Tabl* 8,22 or! Fijuro 0,?1 aal 6.?® ladlcat* 

a marked In tha ira^cnfly population of tho aquatlo plants

durln • the aaurgo of am fiim t in manors an- spool®#, Thia i&» 

bto&bq -oul'. boob net to be aasooialo; with so&acnal ch^ rgt, for the 

results obtains'2 in Fab*ufciy 1X7 , uw’ f jbru.-jy 19£8, are martodly 

diffsrowt. A oi/'h rate of mortality in Vjp? cannot cdcjilaitt this 

Ilf foronca, b«ariru: in ainct that lnspflcrtiaa -reteLl have undoubtedly 

rev’aloi a mortality of this ra#iitu’.o. Somo of tfv* Uff#r-j*ioe oust 

have- results! from tho : ..Juoticn of La. -aroa^phtii snBplinfj, but 

this tnxilr) not oxnlain tho inc ron.se emor/anoe frats CQpAopharyiaa 

(FI . 0.?f^ • Should tho inertmaB obrnrvai not hnvo bean due to 

'larplitt- orror, as aoesn* tlXoly, th.j oily nlteroctivo explanation it 

that thu inoreaaa in 'ira/jonHy numbers rasultel Crete a a-ituratico or 

stabilisation of tho «vvimu <*nt. It »>>oaa ircprobeMu that* in a 

8fa’3.0 yoar scrne t<*\ years a '̂ior o«rur̂ , f <\Jco Ka.ri'>a fmm& ■haJ5 

^  or > fluch startling chants, uruaso th*R- changes cauli b« attributed 

to EAjor dnvtrwmsmt&l Jiff. r«>r. a. It haa be«n shown that thuaa 

OQcurrel at tho time in tho aquatia hy?rophytaa (Chapter 4) • Briefly, 

isolate? ittlivliuals of both anil J2fi2y8Sfe*fily© wore fo'Wl

to odo*ir in Novwiber l 'J^, an"' wore wall e^tabliahod In isolated larffc 

atanr’s by H*y 1,-*??, whan th& »;of*vl s-jrtes of sawplas ver* plasod In 

aqunrie. tho situation wa*0 rmohan-?«’ by JwJy 196?, sfam ths thirl 

aarlefl y©rf> takon, exe®~>t for tho app©arana© of a sine*’1 larra atand 

of Ln arcali-fcat yhl^h wn» sanpla*. for Urn first U w «  TNor-iaftar 

W?ypealEfeflB tacror.a^i uxpon-antt dly, roplaeUvi of the Cuttlo- 

jlggU3ft •*** ttemPly all the PtAniB&?afaa 30 fchai th® l.ittor hail virtually 

Usappearoa by KcvoabQf 1968,



iltf  ̂ tl\ to
e5 O

I K\ O tv Xt »

S ( g p
m to to M In

■*t wn vo <r\

Ifi

tr\ o q *rv <r> \0 
# » » i * * 

O  W% >"4 CC WN

a  e  u  "  »  *

"  °  a  m a

3 ES - a " a R «
a w i r w ; °  o  r, »  o  «

I  |  I  I
I S *
I I ill



It wcild therefore seam likely that the increase u d  diversifi- 

ooticn cf dragonfly nymphs is associated with tho increase in cos'er- 

age oal diversification of the aquatic plants. Thera arc* furtt***. 

acre, iniicatiens that the increase of tha overall nynpha1 popilatice 

w s  net just proportional to the increase in aibotrata, but vaa acre 

of a logarithmic nature, fear as the plants increased, so did tha nywphal 

population per unit plant. Tho sf.rked increase in eoei^anre firm 

nni Lm/aroalphcc. and decrease in omorgomoa fsow 

gatm botuoan November 1967 and 1968, whan ccusMerad in the light of 

tho dynamics o'* the plants themrolvos indicate, peitiaps, that the W » r M  

of this observation is also possible. Namely, as the substrate dimin­

ishes, 90 duos the fauna per unit substrata. Tho lack of «MW^anoe« 

froa k W S 2 & $ m >  utum initially sampled, also tends to support this 

view, though this couli have boon a seasonal offset.

The gmoral oificlualcn which may lie dra*i frtia this, subject to 

the reservations m e n t is  earlier, is that tho odcnate fmma may <*1/ 

utiliao a habitat in full cnoo thie habitat in widely established. 

Also, at s®e critics eta^e in the diminution of a substrate, utilisa­

tion by nymphs appears to decrease rapidly.

8.1*4 piaauaflittv

Tho l a *  of knovlodgo of th. aquatlo tawtrro nUgea of troploal 

ta.eota load, one to wppooo that tho »thod aesoribod could b . of 

ralu. In aaflossing aceurntoly th. »p.ol«. o»posiU«r of varlc'** mto- 

tha t. haiquo has b «D  parfcet*!. With furthor f>rf«- 

tlcn tho clynaciop of th»»e pool -i oouM 1» MMrtalnod with bow oob- 

truuxwracy lnhorant to tho oatho! arl.»- fro® (1) th. M M * ,  

aulty of obtalniiw wwirrt. quantitative, a « p iM  wplloatt®

prebMw), (U )  poB.lbl. mortality during trmoponltl® froa a natu«l



to a laboratoty anvtrcwaent, and (H i )  changing tha predatory regime} 

anfl it Is thoao fnotora which nuc»! to bo ovoroorao, Tho first la 

oorascn to nil nm-relative tjuantitntivc sampling, tho socoid otai b® 

crorooaa with oaro ami it would bo neoossaiy, by ocraparlsai with 

natural populations with the us a of araor ;onoe traps, to try awl aaoor- 

tain a constant for tho third.

Should the tentative ecu elusions drawn re^.rlirv; the dynamics 

of tho dmgcnfly oopulaticn in relation to tho lynnmloa of their sub~ 

stmto b© true, gctnu r as an or reasons for thla phoncfaancn must exist. 

It aoutf ba duo oither to the lttcre.-'.s.ed or '.acmaaod protocticn from 

prod at I cn by fUh, cr to tho cvlposttlcfial behaviour of adults. fiv 

th® first Instnnoo, ^st'.bllstied wood bods aro esxtromely ’.anso, uhoroas 

froo aocass to fish la *?lven to most plants cn initial ostnblishment 

or when tho v; etnticn tyy*» Is <n the w o ,  Tho in’.1 oat lefts are, 

howavor, that this la n<X tho major f ctor, for wh® FrtMMflrttt 

b e ln .7 rop lno o l b y  L n .Taro «lr inn  In  F o b n w a y  1 9 6 8 ,  tho p r o to o t io i  o ffer e d  

by  Vf’ tatn tlcn  'o n a lt y  una r l ’ tiv-fjly c c n s t n n t , '/"*■ tho ctt Pota-

ncwotoi oppniral tc <oor».T*e «»l-.tt*o to other fubstmts*. It ucuM 

thorofore tom possible that tho oviposit lmnl bohnviour of Klults, 

linkup with tho availability if su’.stmto, results in the rhaicmancn.

Tho quastlcn whiah also artaos, linked with ovipositicml behavi­

our of '-hiltn, lal are tho tihilts soleativo for spociflo plnnta op, 

oltaro/itivoly, a n  tho e.’.ss laid haphnsarclly <» . iy typo of v< :^ia*iin 

nvl tho wlor t \m for specific subjtmtos, sw»ito',ly apparent in thwo 

result*, Ij In fact 'lu« to tho surHv-.l of certain npMl»s In cortnln 

«ubst-,tes na a result of Toronoss In nynphol octaptatiais? It 

is *jn -rally fiooeptmi th-.t the <>. j«wtn ao« to bo Jnnatsly baind It* 

their bohnviour M .oei«t«d with ovipoiltiw. Cortniiily s o w  speoWe



mg* bu*. whothor thsrs la m  aetuel ahoico of spualfis vg *otatic© aod 

nc4 Juai a Vo?ataticn typo (I .e ., ffuhtsGi-'exl aquatic with thoir tip* 

ppotrwlln; frm  the ysttor) ia r A H  rm c^on juoatico* Cn the basis 

of those rosuits, T anaulat.-i «oul ’ s&m to show no specific 

aaleetlvity, yat tHs Aifforancoa in Lietributicm of Paemrliygly SafiyggA- 

qm§. Paeula.rricB nublauis aft’. laohnum aonft^alonala which are -ill limi­

ts’ to thpRo plant sp •<3L38, hut In Hffvant proportions, inrlicata 

’.iff j- -.-cos In ovipositicn&l *v imviour, 'in ’ aalooticr. tovnnla sp®oi£io 

pl-jnta, Yat •quilly, ovipoaiticr. aeul ! ho It'1.:.. 1 with r, ve ;atatie» 

typo nnd the :’..iff̂ rono<30 in listrib^tiai result frm sal ;tstivo nyaphal 

survival,

Collacrticii of a3u.lt an.; rooamiaahlo rtymphal aatorial In the aau* 

area, incrluslv.i cf bra.2-eut spooiroons, yiol'latl 20 apocics of which 12 

havu boon four*! tc utilize tho nqu^tta nlafit subst-r̂ to. Lb yot the 

nyr.pb'il sntcri -d frcn bantWc cdluctiems haa not hx-.n nnraod, but it 

is known that Wio nytŝ hs cf jfyr&'UKDh^a ha, .ml (;iolys) nru.1 L:,stlaoga»» 

ntam ry'rlrtwma Frtisor ' orrm i*U«r ths sorvly '-titans of tho rlvar poolt 

raxl that tha foimor Is particularly ounorouaj tta lario li/sipha of 

Fntinfv-cnrhu.; f̂ arax Firmb, nro cryptic an'. slovwncvift; n̂- usually 

aaaooiaW! with letritua cn +lo bottom of both tbs riven ^ecla arvl the 

lake; and tho larv’-lf; :*\ rvjrapha of Ifj Rci gjvI pcsai-

bly tfanrnat.n (Hr^an) nr& nlao banihic tavl favcair the river ptvla *

Thug of tho 28 apocioa ooL? *ot«?, the h-Mfcnt of tho nytnphs of alcrr«i 

of thifBO is not a* yat known (Table 8,23). Tho low fr*qumcty of f*a©*« 

gane« of somo of tha bred-out aat rird frcn aquatic to ;otaticw ctuld 

b# cn imUontion that th«ao aro not kleal aubatr.toa fear the so fpeoi** 

and that optimas o<aiditlcnii aro to bo fcia>! &l&awft&ro, thm,^ this 1#



mors likely to be a function of tho small size of anrrplaa token.

fmiM B.gg LIST OF 3ff CBS PRESENT i.T U1CE fURIBI WliCBI HTMPHAI 
tUBITAT IS UNHJCHH

£££&Q£EiflB £l&jjJ38 Bure,

Crthatrum ghgaarttom Bun.

Ortbctwm falaiaa Lcti.'f.

OathotruB qtoiaaaly knlnl Lon.-'f •

Pul noTilam«n luain. Drury

rtaftnl nnholl a a R®jaL>*

slXB£fe2£Ml£Mk& l^o^atrls Kirby 

araahrthamla lauat atlcta Bunn#

Zvctavrx torrida Kirby 

Pnnt.ft.1 n riavnagflcis Fraaor 

Urothcaaia odwaixlsi Solys

Balinsky (19T-7) ma’.e axtonslvo ocllcatlcnfl of cin^'fifliaa bofoP© 

Karibr ..>cun was cloaol^ lurim? flocdinf? U**’ aftor fillinr in 1965, He 

oollootecl 4? 'lifforant cipooios an’ a dooroaao v/rut famd to ooour in 

fcbo mimhor cf gpooloa present durin.; thu fcrtsaticu of tho lake*

Thirty-twc sp&eiaa uoro pr»;9unt cr. th<i banks >.A' vho irunboai Rlvur,

22 vk>» eolleetol -lurin,- floodin,; -n I 24 wore ocll.»ctal nftor filling 

in 1965. l*y own oollo icn of iraatin-.*, and thoso 'joHwctod by P.R. 

;j,p, are oily p-rtly ccssparablo with D.-d insky’j resulta for air oalleo- 

tlcn inolurtod the rivor and its pods and woro mado vircxi~haut the yonr* 

«irt my ehnngos of fasma lurltv: maturation oould bo raaakod by thia.

So von spado a have occurred in cur cdloetian which w r̂o not 

fourel by Balinsky. Th&so iiiolurlo Paj- naaaalmr which la

now relative]/ ccrihkjr and rauat have invn !od r©e®»tly« Tho ifsoraae® 

la aaargenee of thia species during tho course of sampling would ia- 

dioc.tc that £ , Maantam'a invasion was closely link*! with tho 

devolopMiit of submerged aquatic hydrcphyiua m i, rd»o, the unsuita^ 

bllity of qiVfto r̂ &* a swbstraty for thin apecioa. urthotrms falgtfS
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su«

tcngf, hod also appeared sIbc9 1966 end la found along the Sake #hore. 

Trffln^aff tmmS» Rla. and ra«l« Kirby have boon brad frca

aquatia vegetation sanples and were wry rare during 1967/1968, Only 

tfes oyrspfafl of two further speaiea not peacrded by DGlinsky ve^  cclleo- 

ted, teat of tegtiaofframfaiB afrla&aua Fraaer and A*™* lnnarator rar. 

W T ^ H T  Zvaaunc torrlda Kirby was also Qallocted for the

first tiae in the area, but is understandably not in Balicsky*.* oolleo» 

tice a* it appeared to bo purely riverine*

?iva further specie  ̂ eclleeted by vie war® found by Balinsiqr before 

and during flctdin#’ and aot thereafter. The so voro Pftlnanlaura .̂iola 

(Drury), Paragtranht  ̂ hag»i (Selyo), Haaraala picta (” ; (Hagen),

odj^mifl (Selys) and .‘ontala flayosoans (Fabr*)* All thaae 

apecies wero ^ciU *cted by us along the river aargins, so in tha light 

of Baltnaky'n fii>u n*3 would nom to be osaentially river Inc •

Six '•poeies wore caUoct^ by us in 1967# and by Balinaky after 

the formation of the lake. Those were Paauflagrlcn mucous Selya, 

Ifftinngmphiia foytat . O ,  Oi-tkatrua fltewnnle kqlftl 

ik&iAfflir J&&&B&24SS ;ii*mb«, Cfpcothealff wythraee (Brulle)

tnd JSSttSS Eoi, so th*\t it would sees thnt the50 speciee

are aLle to utilise toe lacustrine Gnvirmraant. Balinaky (1967) hike 

suggested that th# appearance of the previously mre Faeudagrtcp

vsl3 alosaly linked with the explosive developraefit at Salyjato 

and that it utilised Salvlnlfl ao a nympha! s*ub strata. Th- my well 

ham? ')om the caa® prior to tho development of the rooted iMoropfcytes, 

but it would a*m  tixm breeding results that f auhloap defin­

itely preferra* the latter hb a substrate.

A further tm  epooioa fotmd tgr as were famd in all Belinsi^y^ 

ocOletfUoM* The Jndlesttoj wculd therefore be that these specie*



axm able to tc&crate widely differing nymphs'* envirnraaats. They 

arui (Burn,), p«»»w>iiai ftLsiXtiaffl Pintwy,

l&tSi&St fTt*"**—^  ftacib,, Crthatnan nh»r»«..AlgE>«k (Byre,), Qr-thafaftM 

(Salys) , araohvth-gsln lig-istrla (Kirby), 

at lata (Sura.), T^thamta nnmilata (Boauv,), Trithanis art9ffj<aa (Bur*.) 

and PrcthoRlfl asslgnata (Solys).

Hina apucioa woro found by Balinaky in 3**55 ortl wore not eolleotad 

by us. This is insufficient in itself to su--' ’ost that thoso species 

nro .iyin: out ns the lak> m-.turoe tu*\ further cclloctlous will hav® to 

ba m 'o  ’)oforo -my ocnclusicoa nay b© Inur. H w  vor, n further thlr» 

toon sp̂ oii-fs worn ocllsoto’ vy Bnlinsfcy bof care and durin: flocking, 

but not "ftc>r tho Inin is formation, nnl it would soon that thasa hnro 

not boon tibia to utlllaa tho lake aftor its fcra^-ticn, as they wore 

not coll'icto’ by us.

I m  oxtromely - It c r a  to P r o fc o r  Dr. R .I . Bolln.ky who U « U -  

fied the individual emerged Cdcnata.
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CHAPTER 9

im  m m s  t B a w m a . . a  the mke asp a i m

Hand nets, seine nets, fish poiscns, electrical gear, traps and 

gillnets wen used to sa&ple fisher, the latter sethod being tbs most 

frequent Mid regularly used to sample the lacustrine portion of the 

study area*

1. Hani Seta

Hand nets were used irregularly to capture juvenHo and small 

fish spjcioa, particularly in association with vegetaticaa. Thay were 

also used in condonation with ratsncne and electrical goar. 

e. S^lne Meta

A 3o set re long by 3 astro doop aolne net -AtHout a cod and with 

relatively fine mesh (15 n& stretched sot by th© half) was used ex­

tensively in the riverine pools, usually in oonjimetim with poisoning. 

It -ms not possible t use this net in tbu lake due to tho lack of 

diear patches.

5. Fish f aiaai

Rotanano, at a concentration of 2 pan, was ua®d to sampl" the fish 

population i: the rivorine pools during the dry season* Th© usual 

procedure to rdd rotmatj) to a pool until th# working concent?** 

tlcn w&s reacted send then collect surfacing fish by hand twt until 

mirfaoo activity ceased. The pool was thsr seined ropacvtedly until 

the eatoh was reduced to a toj flab* In the rooky pool3 a certain 

proportion of fiah were not collected, as witnessed by subsequent 

surfacing of putrefied fish. Fish could be fleered easily free
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these pools without nags however, such as Surprise Pool end Chosps 

Foe&  (tha pocJ ttt the head of the Champa Elysoas).

4* H a g t ^ a l  nahina

A portablo AC/fcC genarater, delivaring both 110 ani 220 volts, 

was coupled to var'-Ctos eleotrodea in an attempt to collect fish by 

shocking. Triads wery undertaken sr.t tue tso-t effort’.ve oomblnatirn 

was found to be U 0  rolts DC. Although the method was used cr oral 

occasions in the river and tho highest point of hackfloodin.-, by the 

lake and produced ease intonating juvenile fishes, it was found to be 

both decorous and cumbersome in general use and was uaatiafwtory 

in turbid water. In ths latter instance many fi*!i woro lost before 

they oould be nottod. 

f .  Trane

Three traps apprcocisatoly 1*2 x 1.2 x 1*5 n, ccvorod with 2,5 m  

wire mosU and witn funnel oi.iruneea, were used in the study, both 

Laitad in static water end in cuijvnaticn with rough stone barrier 

jnlls to capturo migrating fish in the flowing river, during the 

lower flow periods*

6.
Slllnets ,.«;rg uae  ̂ extensively in tha survey. The stanrfaJRl not 

used was of a "mdtiftaeh" type and the dimensions uhors set \r>re

91.5 a lctig b y U f f l  dqep (100 yard* by 7 feet). Netting v*a mounted 

"by tha half (e.g., 10 a strstched mesh mounted to 5 a head Mid foot 

ropes) and we* ccBtpoaed of 10 panels 9*2 a leng whan set, the smallest 

me ah being S8 am atratehed, Incroaaing by 15 m  {£ inch) in<m*ente 

to 150 am (6 inches). Sana nets were balanced to ft**- ou the bottom 

and ethers at tho surface. Surface mod bcttc® nuttlnge were alwy* 

o&rried out aisultaneouslr at any station, exoepfc in water shallower 

than 5 a when most of the water colmn was fished* All nets **we
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actafoGftid gfc each and with henry «qba»te bloek* &%j buoyed ww» orange- 

poXjrw^rmiB float# which uere attractivf to crooodiloa so! rocjuirod 

fTKjaaifc replf̂ oafflent, V»t« war* sat ii> tho evening ani raised the 

rollowbng narrln^, usuall/ fishing for X; hours. Variations which 

ocourr*$ in tte fishing period were corrected to 12 hours. H«t« 

were er&y fished if in perfaot ecudition, which could be restrictive 

at» dapa«> o«y/wi bp oroccdilea to i&rf&ie nets was occasionally con- 

aldereJble, insults warn corrected fot say loss of ponols which 

oc<surpad*

>'«ta Here usually lifted before 0600 hours, Catobea were separa­

ted Into se»h panel gtcupti (fig, 0 ,1 ) and weighed before being f^rthav 

separated by bpeeves. radiviit.^l f'.ah tiere weighed (to the no?ir« ?t 

1 g if lighter th*r 1 Kg and the neorest S g if ha&vio*) and rw&sured 

{f ,4* length in aiHiaetrea), The procedure thereafter v&a to tost 

ft* a "ripe running" cmditlen by #treking finaly alcng the aida 'jf 

t!i© bellj *>Tt*n pect< m3 fin to vm^ and than to upon the fiah vcntrally 

frcn £tti io operculum ?for obaen-atice of seat, breading; condition and 

* tana oh acntmte. Brj&ding condition vaa allocated <«w of mvm eata- 

toriea ai follows t

X - Inactive? IA * fetaiBediste b>t*een Inaotivo and Active j 

A *  Active; AR - Zatemedlate between Active and Ripoj 

R - Hipej RR - Ripe-rum tag * 3 - S^ant.

i M s ‘tataforisatioB followed atando-ri proc**iuro used hr the Joint 

flatorl*s Research OrgaalaatioEi of Herttu.m Hnodesla and Syaaeland and 

in eo^wwhe*. aubj^otive, boin^ based initially on gaud site ml&tive 

to tha fish, gonad floleur and devolopaont of the gou^U l blood vassals, 

it later stages of #©fclvity tha genad la eut and examined for rlpaieas. 

The oatagcry ift fe u iii refers to fiah vith ova fro® and un-

ooiMotai V  tissue within the cwaxy, and in «alea to a Gopia# wudata





517.

of allt trm th« ineiaicn mado In tho toatis. In the oat fiahas tu. 

dovelepBsot of tho accessory glanda in tho male woro also used as 

indicators of readiness to braod, "Ripe-running" fish vwro those 

which araittod ova or milt on boing stroked. Tha "Sp^nt" oondition 

vrus only discomablo in fossala fish, 'Aar-i the ovary vas otrituaad, 

of'-pV/ and flaccid. The infrequency with which this ocxiditicn ms 

found su*nasts that ovarian rocov 'ry, aftor breoiinj?, was rapid and 

fiah catogorisod aa "Inactive" ccnl-i hnvo n-od only a f «  dry* ;-ro- 

vioualv. (illy R, RR and S conditions *.".vo bean ocral-Ja.*d for analysis 

In this instance as thoy aro *ho loaat jeertive anl aro thorafcra 

sound indicator? of tho iCTrlmnoo or r c «t  ooourronc© of bro-xiing.

Th.i othor categories aru ^foru. not dnporibod. Whonorvor possible 

tho ffat ccntanta voir uinl iflcnr»diato3y. (in occasions, howvtir, 

dua to thoir ccrcploxity, t; /  woro stored in 10^ foinalin for lator 

axnminn^ ,,i. Scalua wore r /novod fro® t'\ • shculdar of oaoh fiah, 

washed storod in nn orrrelope with relov-nl. lata.

A modification of tho gillnot usoJ to sample novomout of fiah 

in the rivor wna a tmramol not 30 m Ion? by 2,1 a doop, campcaod of 

lar*-  ̂ and noah netting hjing on tho aamo head and foot ropo.

The Hinnllor wash was always a<it upatronjts and was loosely laxng to bajf 

through the larger msah, ’/arious combinatlens voro t.-atol and tho 

most auooeasftil m  fou»3 to ba tho 127 cm/** tm moahna. Tho adron- 

tnge of this net wna that a widu rsn̂ -s of fi«»h aizos '-rotn 1 labia to 

eapturo, Trwanol nota w,«ra usually gwum foi 15 a l m ^ o  and tho direc­

tion of movanant of aaoh fish, apart from tm other in fo r a .a m  for 

individual an.-lysL' saootioaed abova, was notod, Thosy nata prevod 

r*a»c«ahly adoquata t*uaplin« toola in tho rivsr, kit abovi a ce rtain 

flow level vero unsatisfactory whan tho neta v«r* lifted by tha cwrrmt 

mid lay along tho wmtar •urfao®*



Prior to the present study, attempts to fi»a gillnetg within a 

paraanont SalvHiia. aat had prcrrod unsuccessful* in as^isacymt of 

fishes associated with tho sat was vital to an uwiorrtanding of its 

affocia and attempts wore made to develop a satisfactory mothed whish 

Included vertically hung note* The most satisfactory method developed 

ond that ttsod in this ŝ -udy involvod a rapid shooting of tvota off 

a sterr. platfora of a launch powerful enough to pass rripidly through 

tho mat* A suitable platform was constructod cn thu otam or 

Erica, Seta carefully laid to shoot freely frets thte platfe-ra. 

The procedure followed thereafter wna to cantor tho mat at 10 knots, 

M&int&lning this opotxl wutlo shooting the rats. Wtion tha natting 

station was rj&chod, the anchor and buoy were dropped and tfu mb was 

pull ad off tho shooting platform, .entering the wntor where tho mat had 

been parted by tho bont and mottling into a fishing position bofor® 

the gap J jft by tho passage of tho boat dosed* Tho n^t was thoro* 

for® laid extrot&oly rapidly and preparatory folding had to bo porf»ct* 

Lifting nets through tho Salvint« provod particularly arduous and no 

efficient raethed to aocmplish this wat? developed,

Le tho «itu3y progrossed so lid tho efficiency of srunpllng, Tha 

number of *net nights™ at all stations during tho diff ji-ftnt gannling 

parioda are given belc**.

Jan/Peb 1967 t 12 

ipril/May 1967 : ZU 

July/A«* 1967 t SK 

0«t/Kcw 19*7 % 26 

Jm/Feb 1968 i 26 

in attatapt was* mad® to cany cut at lonst throe nettings at mesh 

station bcth at t..a surface and cn tho bottom. This mrio% caistifci- 

ted ths> seasonal aurvoy, or tho first phase of gUlnotting. The



soocnd sorios involved bottco setting a only at Station 3 (Parrot Bond) 

which had shown Itself to bo, in the first series, a toy position 1a 

tho "oBtuary% particularly in association '>iith too congregation of 

fiah prior to and during too rains* During the eeocnd series 600 

moires of netting was sat ovor two nights at fortnightly Jiitorvals, 

cclrvil.diog with now and full mocn poriods* This prô rsjaao was initia­

ted in Juno 1968 and tcuTainatoci ton months Inter in April 1969, having 

boon dovised with several aims in view} primarily to monitor tho body 

of fish congregating at tho rivor mouth bo fore and aft or running up- 

stroaa an? to gather .ore dotal..ei infomaticn an behavioural differon- 

098 of tho apociaa involvod• aoocndly to anoertain whether thorn was 

any marked lunar effect cm oat'has and to provide further information 

for analysis of oush efficiency and aoloctivity. A furthor difference 

between tho seasonal and fortnightly prcgrr-amoa i r/Glved toe pro^odur© 

with tho natch. In tho soootvd ph&iio, oat-ihes wero soparnt jd according 

to mash panel and spool: s and yoro cnly weighed, Dotailod biological 

<ata vAiro not cclloctaJ. A third netting aorioa Involving Station 3 

Mid other stations further into tho lake wan initiatod in August 196S, 

but is net roportod cn hore,

Although tho gillnet ia a oenvoniont sampling dovico, it is clearly 

selective towards an ant as opposed to »t»de“\tary spacios and doos not 

usually oapturn juvsxiilc fish. Furthennoro, acmo of tho orroiit s’ eoios 

ar® loss prone to capturo by this method than others, particularly In 

the oaso of tho Barbel, Clarlas garlula;:** which won; ob*orved to feel 

nets with thoir barbels arx! avoid than* At r.o t\im during the oeurse 

of this study did tiw comparatively small number of Clarlaa alight 

rofloct too nusiercus large shoals feeding at too untur surface, Ih 

view of tliis obricu# bias, the data presented only refloat too fish 

population an oattfcurad *r or **» "gillnofc popilaticn”, a*

opposed to the true population*



Ssapling of tho flah f euua of too pools by aolno not mid poisc»- 

ing was undortakan at five* pools botueon Octobor 196?' and N ovuaber 

1*168, <5uring the rainy teascn botwoon February 1967 end Fobruaiy 1969.

tn order that scno idoa of the selectivity of tho oultiaesh floet 

could bo gained, data frcm the fortnightly 1963/69 gillnot prograaou 

have boon analysed and aro figured (Fig. 9.2). Intoraodiato zorc 

readings for £lfUyUui grriQt>imis and Labao lims.tus have boon igaorad 

In drawing tho iTurvos as it is ccnsldarod that thoso result frota 

sanple sparsity. As it stands tho data would appoar to givo son® 

Indication of so] activity for those t*o spocloa, tfajs th&y fanvQ bee® 

incited. Thu offiaianoy of tho Bsuliiraosh gillnet in sampling the 

various species is apparent fran tho curvos (Fig. 9,2) and four types

bo distinguish^. The first of those, Ulustmtod by that of 

Cvnhnmrma. indiontot thet a major pcrtim of tho population Is not 

SABpld.l as R̂ sihes aro net ftifficlontly small. The socond ty] J• 

illustrated by Svnodontlg. HMrocsrmta. gutroniua, Monavropa. Lflfrflft 

^aaaJaui nltlvolla. approximates to a noTOol distrikuticn

aurvo indicating ihit tho maj or portiens of the pc$*ilaticn aw  aaaplod 

by the 58 to 150 m  nash range used. The thlri typo, as seun in LfitiflS 

niwofc and indioatos than an important part of the popilattcn

Is perhaps not satplod due to tho 150 m  awsh being too small to take 

this part. The (lain aro sparse, howovor, and ^sticnahlo. The 

fourth type, Illustrated by Mcravms. definitely Lndicatos that a 

■ajar portion of tee population is not saaplod, tho aush range net 

Including sufficiently Urge noshes.
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fig* fetal sateiw* o ' w ia u a  m*im& ty
(Sfw-oifte ®tv%b).



* •  M anas  p m  tm  a m r o m  oa u r a  raoauwg (laev/ea)

* •*  3°*cli»* «« i» n<n~A.

Sixteen of the poeeible 69 spoolas proecnt in Lake Kartba (Bell 

Croea, 1978) wore caught by glUnets in tho proportion* by weijht 

shown 1& Table 9*1 • The singlo fficet important apaeloe m i 

filttvAUa. by Itself eonstituting i/5  .tf tho fish pof? laticfl.

Hvdmqymie vltfcatya was alto a dcniaa&t ocftBtituent, talking up 1 /4  

of tho population* Hopayyua waa an important part of

tha population, providing 1/10 of the bicoaaa, Otfwr sp'-eiaa which 

wora «re*«&t 1a  m b s  donsity, in icw  or loss, tho s o n  proportion*, 

of approximately 1/20 c^oh, w^re MorErrrom SUEUr

pift̂ p and Svrvodcntla JBSfiitiOfiU*

2-2 Xaxft&UaM in Qtrtffiiwi

The overall moan ontoh by gtlinots me found to be 6* 5 Kg/Si.Sn/

12 hmra, tho rosulta frc® surface r.nd bo-ttca so.*. boin? roci-vrtc.'bly 

aimilar (7,0 and 6,C Kfc/91.5o/l2 hour.t rof?pe<Ttivoly). Data are pro­

ven to<l tn T^Xle 9,2 and Figure ? .%

Saaacnal Jhapgpg (9,*At D), The seasonal trend in eatchos was fdlowod 

aloes!/ by both surface and bottom eat nets, high clunsitlau occurring 

during the wdns and low donsitioe in win tor, Tho inaruaao In duoeit/ 

during tho rains was meat apparent at Static** 5 in 136? to\d Station 

in 1968, coinciding with proximity to tho raat adgo which movtx} Irfv JOa 

during 1967, Thar^ would thoroloro sac* to have boon a major ccnoon- 

trati^n of fiah in astK^latitti with strfac* wators agiinst tho mat 

Od/e in both 1967 and 1938 during tho rain*. Spoeiea lnvuVtt^ont 

will bo eongkSorfid balov<

ar ti^1 ah , . « w .  it.Sk, C). O»onal wan dan.lty data ocMidomd 

by stations taileata lowest AaneUUa of fleh susceptible to cap*j*o 

bp gillnota ooourrod In tho opoo bay, increasing in warts to ths scetick.
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THE fQll SPBCIES TAJQBt BY GILLHET AND THEIR OVERALL
m m m m  oomposxtioi bt wrist? from april i m  to
IDHtUH 1968
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be.woec HaftlflM 5 end <4. m d deoroaala* agaia under tho pt sane**

■it at Station 8. The Man values for surf km sad bottce nettingb 

v in  air*4*r between Stations 1 n d  S. Thla trad vas found not to 

pant let into tho "eatuejy* aa witneaaod by the oaoaiderable difference 

batueen eurfaoe and batten cn*-cho« at Station k, although a similarity 

wa« agaia apparent at Station 5, Tho tfanalty of nottable species 

underneath the aat was giallar to thoso ftww? in the opon

bay. The hi*h density of fish at tha surface at Station 4 oan bo 

attributed t^ the oxtmordiERrily high oatohaa during the 3968 rainy 

where the usn  catch roue to 56 Kg/91.5o/X% hcurt (123 lbi /  

lOCyda/U hours) • Catchos at Statiim 5, cn the other hand, yore 

oa* «t «t l / higher than in the open bay, particularly in association 

wttu t\j bott a, which jould bo a ftmeticn cf depth (1C m at Stn 5,

18 - 21 n at Stns 1 and 2 ). Catahes ai the bay riargln in tha Sgafefi- 

nhyUum bsdb were ocnaitttently aore productive than it tb-j cp«r>. traier 

ataticna and shciod a decroase during tho 1968 rains, duo perhaps to 

a movyoont of fish to tho river &cuth as re flee tod in the synonraieu* 

incroaao in oatch here.

2.5 -fertia l̂ Distribution of Srocififl

X dear laproesior of difforoncos la apoolflo oompo»itlc*i bo twean 

aurfaco and ’ jttaa ~ itcbos was gained ilurinf tha ooirsa of fieM wolfc*

Tha nan oatoh of taob apaeiaa, at tho aurfasa, jd tho bottoi a.<l in 

the *-1 -<-<■ M t  md ...ir^t.rahTllu» bada a t  therefore analraod (Mj> » .« ). 

I^ncrtm for tie i a t t  t!» porti® takan is v.MJotatlcn, oily HgttBW 

IfllSl&M&Xll ’*** la jo ld U m ll  •W **r a^aftr̂ y ** eawntlally

bcito* dualling flab, Jipart fr<» «««*««  U n i  which ejipeaw <a 

theee data to b» surface dwOlinf, all other apeoio. won* bow or lets 

v m O r dlatribut*1 between auifsoe and bottai. «han m rt.we dlati*. 

butl<n in relotlcB to •ejfotatloo la omaldjred howovor, a major pixper-



m .

□  Surf*c« nets 

Q  Bottom nets

N«t» s«t in v«g*Utlon 
at th< surface

H i ,  f . 4 , Tta omrmH m b  aatuh of f l *  .
9*p%r*fc*3 * wording fc«



ti<*i of tha Meror« ifi &nd Sw^cdtatla (whieh aaoni aHaarly batta* dwelling) 

oaufht at tha iurfaaa «> »  oeufbt In at* station vdth r^otatlcn. Thif 

weald Indicate a.i affinity of thoa-3 bottco dwallora for tha aurfaoo 

c*>ly if  -wagsftattlcn la p«>ac©t. If thia phculd bo tho obm, tha 

Vbmyroiyi. Crnhcarrua. Labao «fwa«y and gutroolu* snculd also ba ia- 

d>v£ad In tha banthie category, aa a ®aJor proportion of tha aurfaoo 

oatoh of tbojM apoolaa tnu fcaksn la vogotAticn, and a l&igar propor­

tion still was taken by bottom aat net®, Thaaa four apjci^a obviously 

wculJ net bo aa markedly bottce dialling aa vara 3vnod antis and Mcngrrar 

Tha density diatributlco of Hvdroevnaa, Laboo 4J£££ai4a* £L2£lU 

Tllanla aoptlaari showed little variation botwam surfaoa and bcttcou

Stations Z and A beon mltUri frcei tha snalyaia of apaoiaa 

ocBpoaitton ^meanted bars to rander the data ooro oaaily understand-* 

able. Sjxwio* ompoftxtlm at Staticna 1 and Z war** ir. any oaaa stellar, 

while tho raaonral of SalvlnlA at S tatico 4 halfway rough the pragrtuana 

raiders .nrorall malysis of tho results free thin ataticn unaatiafaotoc?* 

Station 1 results are thoreftra proeantod aa represantafclr* of tha opas 

tutors - t 3 boy, Stati® S at tho opan wntoru of tho "estuary* and 

Station 5  aa tha ££y^{f^£,‘l4<7rera., "a a t u n r in o *  habitat* Tha f%tmal 

ttspoaitloa of tha Cai^ttrarrllua bods ara ia&WJdad aa a ©aparsta tuibitat 

( f i £ ,  0 , 5 ) .

f'.o fU h  wopttlatlaa of aurfaca waters In tha bay clearly dmifl- 

atjd V J b l O d B t f  »88* by walgfet) and although sevoral other ap*ci*.s 

c * w r v « A  thaw, thay d i d  to  infrequently te d  m m  relatively 

•anfc aa jxfulaticr e'uiatltuanta. At the teiMcB, howawr, BstotMDMi 

non  o f  U H - o  la p o it«B C B  ( 1 7 % ) .  T j p i x l  b a t *  * n >  S m a l l E t H  (*T »>  

and N m ^ y n i *  ( 4 0 1 ) .  T h e  o t t a r  m r x v r U s ,  S u U w h u  » * «  i d t e
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F H . o 1 , “"he -Iticn ii; tm. ope.’ Inks (l), the
j&lTinla f nw < f iH* '‘futtuary” (l) «vi
Calvin La e!ov*r«d r>ort,1 on ef th« "*etnary" (?', at 
surface «uvl uottos; anri tno Cers.tQ.Pk’y ll^  b«l.



altlvalls also oeaurred.

&i the Salylnla-freo surf&oe waters of tho estuirj, fohna 

p lU td l| (391) appeared ae % oor*i op lues aerially dceiaant era* 

atitvvait as Hydfoqanâ  (44K) and GL\rift̂  increased in ifflpor*,an®s 

(IBi) • Alcrg the bottom, at a depth of 10 metros o far Boro equally 

p-'-.portioned po^ilatica w m  found; noat spooler being significantly 

represented, although Labao altivolla woe the single acet tapci-tont

apocto# (52*).

Although the dopth of water whore rutting took place in tbs 

flaiviniA nat was only 5 o, tho dlfforcaicQa in population exposition 

between aurfaoe and bet tan, cn ccftsidoratlcts of overall rosvJts, were 

marked. jSCQtEXSil *»d S-ynodmtlq. for ixactpl©, wore ani/ fcxasd la an/ 

oonoantraticn m  the bottan, tho fereor being a acre significant con­

stituent there then in the op* waters of the astuary {5»# as against 

10£), cl though tha actual catch/unit effort reiums ^Ail&r*

At the surface, Hanfryrot* (25$), Qnhaimi$ (13$) end Entroplm (9£) 

woiv significant, tail ike the bottom, rH&riaaf ftydr xxxme and jy&gs 

*1 -Uft flowed little if ferencfl in surface and bcttm resuitt- 

f  • a apoctos wom significant as 'Jt^atitwtnts of tho Coratonhyli^p 

bods along th» ehorelin© noar Static® 1* Haro again ths ocpulAtim 

wns dominated by L«ihao a ^ t i ^ is  /wd H^rogymia. oaoh constituting 

about 50t at the populaUcfi by weight, 4u«ttrroua was famd to be the 

d-ainatL*ig aorayrid (7C). jg&gfi ai^gpyc *snd W m *  wore Boro signi­

ficant a*< pofwJUtian constituents bore than elsovhero. The cichlids 

and cnly occurred with any

significance at this netting atattm*

heaa ae&s<£«u catches of the different spedfc* fra# all stations 

are presented in 7 able ©.5. Throe definite grmp& with character? .itio



overall oeascnal fluctuation aro apparent.

1. Those apocios which were oaught in law number* during too ra<ns, 

increased in April and Hay, dropped In July and August and in­

creased ag&in in October and Novoejbor. Thia group includes 

Mormmua. Girohomrraa. Til an in mortlmarl and Butroplus. A

higher October than April peak wns ocean an to all of those species.

2, Tu 9 species showing a consistent trend a£ dooruaso frctn a peak 

during tho rainp to . winter low and increasing consistently again 

to the rainy season peak. Included hero are Hvdrommua. Laboo 

altlvalia. Synod cntls and, possihly, Laboo ftongoro. The high May 

density of Svnoflantla which is atypical of this group is axpMsa- 

ble in terns of the vnry high density of this fiah which appoarjd 

followiuj unaoaacnal floods In Mas* 1967 (St before flood t 

50g /9 .W l2  hrsj after flood: 420g/9.2a/L2 hrs), Lafago oaigoro 

was acoawhat atypical in that values from i.pril to Noverabor w w  

consistently low, highor densities having cnly boon fcund during 

the rains. The groat dlscr@pc.ncy toiween doneitiag during the 

rains of 1967 and 1968 also separates thia species from tho rest 

of the group.

5. Those species showing a peak in May and July, and low valuaa frcfit 

October and through the rains. Only cne spocios, anrla-

plnug, was found to vPiy in t is way.

JliliSScIfi end Hcrmrropa shnweH scroewhat erratic variation peouliar 

to t-u asalves and the cfchor species listed In the tahla occurred 

too infr'Cjuontly to warrant eraaaent.

mailto:di3cr@pc.ncy


9,8 m  KtSOUL a&JHDiHCS CF FBH SFS^IES 4T 4LL 
ST£TI»S 18 g/9.2a/L2 h em

3EA30RS A B C D C

aracms

Mpwwromi £giUsiS&!g 96 ICQ. 55 95 18

O tA aam a dlaeorfamohofl 9 50 14 a 28

Hc^ryraa T<»yflpnat.»4a 85 145 SI 208 81

Hvdroavnua vlttatua 1151 266 164 505 452

Aloetoa inbarl £6 m 1 6 8

awiMmhlaii S 0 0 0 0

Lflhan altlvallfl 509 265 154 m 745

£&££££ n o 15 10 12 SO

0 0 0 F 1

.^tarobrnnrthua Icturifilifl 0 6 0 0 0

fillEtofl garUpUrma 86 185 161 a 7®

20 26 7 a 10

Svncdentlp zaiaboaansia 12u 108 31 m 124

Tllania raadall-1 raffds.Ui 0 0 0 0 1

T linn La aorMmari 11 19 5 28 20

0 0 1 4 P

At Smuu y and February 1967

B* A. am Mo/ 1967

C t v and .̂ ugust 1967 

Dt t jto’nar aod Hovoaber 196?

St January jv* Jobnwy 1968

Data cn variation is ap»tial dittribuvicn of tho Mvar*

aoat important »pacU«, la teras of **rf%e« i«d b^ttm oatobea a* «asfe 

station, have b««i rated to prypfare ?ig« 9*6*

the distribution of Moravropfl 1a surfae* vatar indiaaf >d a pre- 

r .r c c  by this ipocies for ve^imUOl, vhsth r ,fiT>tffato3iai 

&  bottom vataw (®s«miag3jr praftorrod by HflBTOM) 

area within St ft Urn 5 ylalded ths greatest e&tohas. them a jr « * ^  

to bo bo ififkBd KtiOjil 'jovffliMHit by JfOflBZSBfl* Althcugh ocnaldory 

iioa ©arlior of cicmpoait* mirfaou and bottom s.maomU. changes {fable V,8)
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Tin, 9.6. Seconal <3hi«n.fM of importst spmsI*® in swf*t*> 
and bott«* catMagt at tba various utatioaa*

- Me 4cta StirfM# i hlorjkad la
Bott ■* , osVUm  
5Uppl«! t niter MstftMRJil flccA
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did not ladteste « .  th. iaoreawi oatoh.. of botta. *«t iwt. «»*Mn 

3utl®  5 In Ootobar 1967 w ,  b . an indication of U*o

tb« 'Mtuaijr* at thi. tins.

catch*. 1»Uo«t«l a praforano* bj thl» » p » l . .  f<* th.

wat,r. U * U »  th. .rtuary, partloulwly at th. « In - « * » > «

with throughout th. y « r , and at botl «rf«o* « 4  bott.

within th. ’..tuaiy" in October, During th. f in *  tho m»bor. ■>«»««

dropp«i « 4  araOwaaa * *  * * •  OT® 13’ ai 8P8” od thrfl0«h

th. .tudy ana  (January 196a). Th.ro wor. « M  indication, tb.t thl. 

<P001«  was scr. c » c U j  found in tho bottm water, of tho bay In

Iprll «nd May 196^.

jjjg m s a , a cl«arly bonthio »P»oto. cn tha.o data, *o w d  m

_  J ,k,„  »K„ "natu&rr" stellar to ths othsr mor» 
Octobor ocnoontrotico within th» Mtuftiy

ayrid.. Tha data .irailabla Indioato also that with SnbSHDB**

h. ^ k ,  .hars. a pttfor«o. for op«. bay *>t.r. in April.

.■^^vnua .how* a pattom f i o  M y  to Imn^ry of both i n ,« a «  

i» d » .ity  within th. aatuary oa.plod with an incroa.. tow te  « .

UCtor « .= > » .. Thl. dl.trlbutlo, w«ld M -  to b. a..oalat«J with 

br.«ilng boteviour, which will b . di.ou.Md latar.

mhcugu u m >  riltidti —  «t tta»  -  »*-*->* pcpuutio, 

oon,tltu »t  in th. "..tuarina" a « a . th» aajority of th. pculatim

to h « .  di.po™ ! - W  * * •  « “  iPrU “ “  tag0*t-

TfcmtfUr «*> * wa. a * * * * * *  to«— . * •

M W y ,  yhar. t e t *  th. rain. ( M u M d . c *c «> t »t l« . of th ... fUh

0™ rrod ( « .  i 6 K « A W l 2  hr,), particularly at tb. «4«* of th. v«d

« t .  It U  of tat .™ * to not. that th. major proporti* cf «-  

t t o  « .  foutf at th. « r f a »  M*in.t th. . t  cd*. *  "  « *  «—

U ^ r f t h .  w r fa c  -Ithin th. « t ,  i t e m *  th. pofulaticti «  tta 

bctt<* w a .t h .M M ,  irro.p.eti». of tho » t .

Prior to i»or.a~d *  m  l * » r  • — » » » « -  <*



within the atuoy a m  war* Ion had lneroaaad to a peak by July whea 

tiiay yam fot*I berth at the «urfa--.i and en the bott», having bo® «o»t 

oefwont rated trm S ta U s  * to Statlm 4. By October, all fl*h ooonf- 

rad at the uatar nrtam , In trreataat oorejentratlcM within the e»tua*y 

at Static . S and «  again* tha m t <xlgo. During ttw raliu, laigeat 

ontohaa ooaurred in aaeoelKticB with tho SaiAafe ,Mt> bokh Bt 

surfa^a ftfvd <*1 the bottosu

in ocmco with itotoxamt «"1 taSaS A U Tflte. !*K* — 

an ii.-rroaae throughout tha oatuaiy Just prior to tha ralaa. airla* 

uintor tha greatoet omoontretim occurred at ootomost .tatlm a. Th» 

axtmcnslnary Increase following flocdln* lr. May will bo dlaouaaed in 

tha naxt aeotiou

z , 7  Tha Effactl rf UrmoMtmttl flflpUM

Njttli* took place at Static* 5 baforo n d  aftor » « ■ »  **ocda 

®  2nd May 1967. tha effect. of thl. «  tha flah fauna J(* W  thro, 

raw light <s tho noaaciwl dlfforjnoaa In liatrllnti. «>4 abonianoa 

of faunal cornp<nont. and ara, thoroforo, lnaladod {Table 9 .0 .

4 greet change la population ooapo.ltl®, and to a laaaar a * W  

an lnc»a»e In don.lty. oocum»d whan tha river florfod. Tha re«at 

of flooding was to drop water tamporataroa T*C raiy MdiHnJy.

M w .i  -mm m i Rvrhawrm. wMoh w  preaant baforo tha aoed, vil*- 

dl«ppo«-»u afVr tt. 1-ha flSBBOM Pd»l»tl<«> aa«od 

ted by flooding, althoMgh flah wara oaugt-.» atyploally at tha wrfaoa 

after tha 'toed, A ulight daoroa» ooourrM in tha HrtWBBM P « ^  

tlan following flooding ana *•» data «u«g*: n -cva“ nt trm **“  

b .tt,». tha — bar of ilttfe* »*>*>•••» . - " * • »  M lo- fW  

perticularly *  tha . .  r-f—  U K  « U H M >  a ® * * 11* 

t a o r W  a p ..^ - 1 art ■ « a. »!. &■**, P«rtloularty In tha o cM

fa n  *»tm & in .  -lightly greater ta>M T * * *
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tho hottcei following the flood.

s. DBCBsaini cr THE a m m w j  s a u n  rw cw M * (loev/se)

T b a  p o in t  h a s  bean  M ete  i n  tho  in tr o d u c t io n  t o  t h is  work th a t  

perhApa be c a u se  o f  t b o ir  l o t i <3 o r i g i n ,  th e  f i s h  p o p u latio n  of Lake 

K a r ib a  before? the  In t r o d u c t io n  o f  th e  p o la g io  Lake  TanganylJr’. s ard in e  

would a p p ear  to  be  c c e 'i n e d  t o  tho  margi 0 . a r e a s  o f  the  l a t o ,  ft  

was i n  such an area  that  th e  sam pling  to o k  p l a c o .  A part  frees the  

ar@a boir«g marginal, the s it u a t io n  was scnowhat co ap licato d  by tho 

f a s t  th t t*-« tah - opulaticn o f  a r iv o r  mouth v ou tf have boor a f f e c ­

te d  to bco© degree hy tha r ivnr*» flow and thf flu c t u a t io n s  o f  potaao- 

drcraous apeJios. Th© population Is dearly da./® t-ed by tho petaiBo- 

drcnc'J * Labo o  a l t l v a l l s . Hvrfrotmnia v l t t a t u s .  J t a C O M  iflatlr- ailliii 

awmh^«nnftla and CT1 a r l /m  f r a ^ n n i m a .  wfcioh to g eth e r  CCDSti-

tutod of the wight of all species tokan. Tha population is ob­

viously diffe- mt frm  tho sltunUcn found by Coke (1967) in the Sa»» 

ynti cleared area some distance - 07 iraa a xivor mcuth, where anl,

26$ of the oatoh w®r* potaiacdrciacua and 69* wore oiehlid* (as opfoeod 

to 2% At the Mwenda River mouth), Begg (in press) has ruc®tly shout 

that tho ccepositlon of tha fish population of ca**>rcial gillnst 

o&tohoa In the diffanmt basins if Lake Kariba ihov differences la «*-  

poaiticr which a m  be mlatod * the prtaimity of the Zambeai River. 

JLfi&gfi £ :MSXS» fop aoceaple, fonaa tht singl e most Important constituent 

in catahes at tha Zambesi end of the lake whereas in 4 ,e Sanyatl Basil, 

it is most infr^etit. Tha oiehlid distribute is the exact opposite, 

forming a higher component In the Sanyati Sasic U fn ^e n M  y

found at the head of tm W  . This situation cannot nucesearUy be 

by refuronoe to breading roquiramonts of fish, in that Iflhffr 

magoro was so sparse n  Mwenla, implying a restriction in dif kributi® 

of this fish to the flowiiv Sambeal Rlvor at th® hot 1 of tha lake.



Perhaps referenue to re jling and physlsal L-l requlroaunts of this 

fish would yiold a nom logleal imsvor. Coke's (1967) catch data chow 

an ovorall m m  yield of a cleared i. n tea Sanyati Basis to a depth 

of 14 b to be in tho reglcc oi 3.5 Kg/91.fin/night* In relation to U.«» 

pro sort data, this Is better only than the open water bay etatlcn and 

indicates the jcnceutraticn of fish at the Mwenda River smth. The 

nean catch at Station 5 la particularly hl£h in coBpariscn (12.5 Kg).

The seasonal fluctuation *a the fish population, with tee winter 

low building up to a peak JU: tho rains, must also be attributable to 

the acaunailaticn of fish occurring before art1 fWr brooding, althcMgh 

this could also partly be explained, in certain instances, to feeding 

accumulation stimulated by aliojhtcnous food frtta tho rlvsr. The 

population actwnulaticn which was apparent during tho rainy seaece ms 

particularly noticeable at the stations in open vatars of the '"esteafy" 

and showed a decreo*© tKith inwards underneath the Swlvlnla aat and «t- 

wards toward-* the open bay. Fisheries production underneath the

v*.:< approximate) y uqulmlant to that found in the op«n bay* 

Production in the 9f-n  q̂tbviluffl bed netted ma consistently high and 

cnly decreased during the ,• \ns,

In tho open bay, wa** ^<erwh®l»iJ\jly dcninant In surface

waters wttereas HerBvrum nod 3»aidcfcila a*, ainated the bottaa fishes and 

here there was alpo sl^ifioont ronrosontatian hy s«,̂ eral other specif i. 

The ^sooml trend apparent In tho s*»cJ?J< \rlaticns trvad at tee Mmb^a 

River south was tee tsoantial simplicity of cle~jr irainsnoe by few 

spetu* ' i£ jw a, deeper, w tir ecRp*rt*d % ith a greater faunal aaaplefc- 

ity gkTmrnttK by 4 mur* equable representation of an Increasing isiBbe? 

of species la shallower weter*, particularly in aasocUtiai with vege­

tation. This is «»l«rftaftdable cn consideration of hvsr*.?.*-* habitat 

complexity which ooomrod inshore. DlstrlbutianA.1 data an. sua»risea 

In Table 9.5.
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Two physical tmifjn oust have ployed a considerable role 

on eeosmal and spatial deAsity variation of fish spool** at the river 

south, The first aid fcaremoei was tho effect of tho river flo'iingj 

the aeocnd was the decreased temperature and nutrient reloese in 

winter following overturn. (Bogg, pers* ocen», found this to have 

occurred in late May 1967, In the associated lake basin) • Associated 

with these two factors are the behavioural patterns of the different 

fish spooiee in relation to them. Tho patterns of distribution alcng 

the netting tmnsoct during the different seasons (Fig* 9*®) give m m  

indication as to the aigraticoal behaviour of ease of the spooiee.

Low netting r e t u n a  indicate, for oxanple, Boveaant awoy fr o n  the river 

mouth, of do es  a  progressive increase of fish towards the alter static*!, 

and vice versa. Consideration at this stage of the poto»cdr«<*ia 

behaviour of sooe of the s p e c i e s , coupled with seascnal distributional 

data offers an opportunity to suggf t sea so n a l  aigraticoal patterns of 

gene of t h e  fishes.

Available data ingest, therefore, the fallowing seas cavil aoveeont 

of different spoclos.

Mararxus *«d Cvnticgymai

October and Novoaber i mcvoaent into and aocurailaticn of flab la 

the ’estuarlne" area*

Joowbor to Jferoh i fish move up tho river to breed ontf than 

return to the late.

April to Septeaber t fish into lake.

Sgpteaber to ioveeber t aoeuaulatlon at highest point of the 

•estuary* (ooualng decrease In netted 

porvkon of 'eatuajy").
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towmOmr t ■ctanat of ftah up rivsr to broad,

tteoa&sr to Maroh i -loraaent book into laks via ti» 1 

April and May % disparted into late*

June to tagart i soreasBt Into wetuoiy aseooiated with

pl*»ktc« blocs following ow rtaa ,  resulttag 

in food abmkiaue**

2yC£$Bnti6» Lsbao altlyalifl and Svacrfmtlgt

October t start of an iasi* ratio* of fish into the

"estuary* roaohlatf a peak la 

Dooe®b©r to March i fish *<ave up tho river to bread and ttat 

"ofrirn tc the lake.

April to September : eedgrntian frt® offtuajy into late where 

diaper**} until tha following October.

Th.j s,vfj?afft̂ i nig .mltaal pnttsm of the last group of fish is 

tharoforo slallar to tha two oorayrld# aanticnad in the first group, 

except that dansest oaneantmticne of these occur in October eed 

Ncvmlxj' ind not during tho rain*. A tlattarlty also exists between 

Mcamirraam and Hvdroaytm* In thnt both rwwdtn li» i'XUtor ecflcantrnticas 

ff re consistently within tha study ami than tho other spoolas i^iob 

disperse -xftar tha rains. This Is perhaps eacplicoblo by thair food 

requirements as bcth njrs piscivorous (Mnrmrrc&a *■© & dogsvo) predator* 

and food wuj mcra d&sily available in shallower ja ^latii waters#

The laforostictk caode available by tmssdtfcnal flocking ia of valus 

in indicating tha various species* t>*9tian to flow whan thorn is no 

breeding predisposition tc »ove up it . Fish were all In early stagss 

of Mtivity. to m n u y , MalBXTaH **» 6TntWBWM» pnm ot befem 

tho new ), lilwspiaivl after It . w i  unaffeot«d, nj»ri

ftw  an atyploal 00«nT«ts« at tin «it*r airfiuw. Ttw Briir<gran 

populiU® •hand a Kivsraat townrtB tho su rf**. AiUrtaa apj»»nd
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k  groater nus&Hm, particularly at the water surface, iltik-

Talli und Swiodcntla increased greatly foil owing tha flood, particul­

arly at tua bottcm, During this flood tha temperature at the bcttae 

dropped 7*0 in a matter of minutes and a sharp tarapemture gradient 

existed a fev aetres off tho bott.cn at this tima. Tho Inereaaa of 

Lftbao and Svnodcntla fallowing tha flood suggests ttrt these fiah were 

already aooliaatisod to tho lower tanpamfcura and wire therefore of 

riverine origin, haring aoved dcwnstroaa with tho flood. Gn this 

baaia, it la suggests! that fish at tho water surface wer.j of lacristine 

origin (inaroase in Hvdroaraia at surface} atypical appearance of 

McrwvTUfl at jurface) and those fish on tho bottce wore of lotic origin.

If this '/as the case, a very large number of fish movod ait of the 

river in this ultimata flood of tfc* Boasan* fish vfcich alternatively 

would have hart to have survived In tho pools during the dry seasm*

Tho lncroise^ r*uobers of Su&xggJim th@ bottaa, in tha light of Ita 

sparsity in the river, indicates that the basic praaieo hnre is inourroot* 

Perhaps thin fish was noro capable of withstanding a sharp temperature 

drop than the other spocies and accumulated in response to a suddae In­

flux of alloohtonous food, which would also apply to the increased 

number of £XiUJLftfl 1® surface waters*

One of the k 1 )  of this stu l/ waa to ascertain tho effeowa of Sair 

vlnia an the biotic components of the area. it is therefore pertin*at 

to atamarise findings In this reaped with regard to those gillneUing 

data* Firstly, ova rail fisher %ea productiai underneath tha SfilTiflfl 

Bat wns aa h'lgh as found at Static 2, nnd highor that at Station 1* 

Secondly, m  tha baaia o*. a ahift of tha pupttlatlcn density point 

batveaa 1967 an) 1968, following the novaaent of the wit edge lnwarie, 

thore would aeee to be a degree of inhibit icn-to the free sovvasnt of 

fishes upstream durirg the rains, Because, however, a shift in d«R-



•ity of n n  of the species, frcn surface cwtgide the mat, to bcttm 

under the sat, wee monitored, it Is suggested that the inhibitia: of 

BCRrtfBent was temporary and resulted frcn a aeeeesity for individual 

fi gh to reorientate thee selves to the bottom ratter than the surface. 

Thirdly, Sal, via la had the effeat of encouraging a aovenent of eegen- 

t.i&lly bottom dwelling fieh to the surface. Fourthly, a wide range 

of fish speelea was found underneath the Salvli.ia sat, without real 

domination by any single apeciee, although thig could have been a 

fjncti.en of shalloyneaa of the water. Fifthly, the mat appeared to 

aobody ft habitat suitable for Monayrcps. for this fish was sore ccn~ 

glatently takm within the mat than elsewhere. CvnhcgvTua wag aiso 

found to prefer 3*1 via la aa a habitat, particularly in the hot aeaecn 

end denser concentrations were found In the W W Ih Ia  than at any of 

the other netting atatiens. These findinga suggest that in the Hwenda 

River aatuary at least, vlnla does not have a deleteritus effect an 

the fiah population a»i ia, in fact, extensively used aa u habitat.

4.  aSSDlJS or THE FORTS IGtfTLX QlUWrt PMOftttMS ( 1988/69)

The utilisation of quarterly results to illustrate popilatlto 

fluctuatlctts hf..t lialtnticns oamm to all tho jampllng carried ait.

As It «as possible to instigate a fortnightly gillnettJng r-rorTJ** ir 

the fdlowiag year under the direction of th* statim managor, it 

CJneidered In this aspaet of the study at least, OTidsnce ficis nors 

frequent sampling eaild be odlected.

During the period of this programs, surface temperatunw of the 

water were taken and rainfall and How data haira already teen girts, 

(Chapter 8). The pattern of rainfall in the 1968/69 seascti (Chapter S*. 

Fig, 5,1) will be remembered aa having been exceptionally hi*h and was 

sow what atypioal ia haring a diy period frtsi the letter half of Jaouuy 

until the end of February, followed by exceptional ndns in M&rofc, whan
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■ore raia fall then during tho entire 1967/66 aoaacn. Sorfaaa teapera- 

turoa and lake level data for tha ported of tho progrnuae are figured 

(Fig, 9 .7 ).

Rainfall throughout the Z/unhe*! oatohaaat waa alao high during 

thi> aeoecn and thia vaa rofloeted in a rapi-! increase In watvr lovol 

during Maroh and ipril, tho water boing nonrly 4 b hi^Her in mid-J»pril 

than at tha beginning of March. Thi* violent iacroaa* eauaH <wnalder- 

ablt flooliii'? in aa*3 aroaa, whion woa not aa apparar.t t Mv®n!a due to 

the steepness of tho chore lino, Tho snoet marked effjat hers, however, 

was t.ho bookflooiln^ of tha river, which ha1, tho offoot of ncrlag 

Jtatlcn 3 approximately 500 m furthor away free tha point of entry of 

tho s*iver Into tha lake, an’ which eculd have .iffocto thr result#■

the rivor started flowing <*» tho 14th Doeenbor 1968, wht.r 

n rtft ittrr  UiSii m i Moraiyiua lmalroiitrla wero mod to man

upitrcan to tho fi-«t barrior, tho rapids ahova Hoot Pod. Thi* v u  

a light trnr-‘.*cr flow, hownver, an! floc/lag cnly »*art«l la name at 

at t,K 'Mil oT iiooenibir, erntinula" through January, wi';h hoavy flood! 

ovor ‘ ik loth to iJith of .Tanucry Mitohell, ; « n ,  onra.). There-

af*. ■ ' ' :!'t flov was tlint.lno:! and i-i’ivl '-r,l YUtitWt

3yp, Until HunnyTUU ' -rujlrrjitrlii. «Auli n1tilYnltl» fllBllM

mrieplnm on-' Honarroix JollJloaua wore eoon Bcviivi spormUoelJjr, 

nalnly dcM.itraan. Tho river ooaaod tc flow on tho 17th FobruaiT. 

la early Marrah tha river again flooled to on unpreoo -ontat dogrw,

i.0 motraa nbcvn actual flow level. The vduwn of uatar at thia 

height hail be® roughly aaloulatatl a* being oa. S5C*aV» (12,800 w m )  

an! a airfaoo flow no*. obeert »4 for th* fir it tine at Statiai 5. file 

area rf •U.Ml'OTW. water, umuOljr never eriealln.: bejro’. StoUtn Z, 

extends! a* far a. tho aouth of the boy. It ii porhapa unfortunate 

that thia progrmws v u  carried ait ovor «•. exoepticnnlly rainy H a n .





Ib» pepilatt* ooutltaanta sf tt» eaMi la thta pwfw—  

(M i a  » .*) dl/farad 4ut<s« aukadly f»o» thoaa ;*  tha quai-tatiy auw 

nr>  » *  H anrfM w  ooutltutad 4X  of th* oatou hr w l*ht, th)

S n i U t o  m ,  and CteTaoUu U * .

I M M .M  tomsjiBk, oo nnaaa« it id .  a  m u n m  »r a i u n

SHSCB5S TOTAL GAOGRT r k & tagb ccustmmrt
itg) cf rorou?i« bi \mim

286,0 ! U 7 ‘

iflbttB ittKS&fl 87.8 t M

i l t o  flE5Ue6dflMi 0.6 0.05

i*feSS £XK?£& 15.1 l . M

fiii&sbafeifl i s u i U i i i 0,6 0.0S

IrrlTrtrlr 993.6 W .9S*

MfttlTfWilt 41.0

Cyphfyfuji 14.6 1 . 0

iShyiuBflns 0*1 0.01

Saltfltfl JBUdSfiii&UI 55*2 5,«1

Eufcrr^tif i<u« l.tt

1 A M * V « *

SfiEfclMUEi o.a C.09

S x t s a a w  Ttii\aiM 107./ 10.98*

Al«itt«a lMbf ri 0.9 o.o-

’ important «poci»a

*ha MMt aatotv/Kl.5B/L2 Hoi'r-i -rvur the wtiolo period »»« bMk 

at 10,a Kg (*5.7  lfca). Thia u ,  howrar, t raflaatlco at tlw oato*v- 

lsg •Itit'.M sr at th* nultlnarh *iU n*t and *  bmtMown of M «h oatokM 

aho.» k m  eosaliarabla mrx&tlcn Iwtwat «*atw,< (Tabl* * .7 ). Th* 

■ullar m tbw  •how oatolau m-ch louar tkan the m i  tha oatchaa 

gwdtaaUjr Inam ai with »e*h iU «  with a nol> jotvnn 80 and 100 m , 

■bon vhloh • ,jra la *  alirfht daallBa to U S  n .  Tharacftar, tto 

m b  Mtek f «  tha 187 and l »  m  aaatwa In m a m  w f  rapltflj to a 

(sea mtafc rat* rf U , «  H  'W - 1 M»> for tt* ISO *> naal.. Th* m M  

for tbU  w*a thou*ht to ba dua to w tattaw i Is tba apaolflo u k A p
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of oatches dependant m selectivity tho different noshes.

With this In mini anal'sis of results of tha ’Iff®rent rue- he* to 

ascertain their specific selectivity ma undert Jeon, and has bean 

considered (Chapter Q, Section 1,1).

The design of tho project included on attempt to ascertain 

effects of the a oca an attic hes; it has been said that catches by 

gillnets, nredcalaantly surface set, fall off during new mom periods, 

presumably because fish are able to see nets and avoid t^wa. Whether 

this offset axtenis tc a depth of 10 it or not is not kno*n, but results 

are inn cue latent in this rospeot, as follows.

An attempt has been Bade to analyse results in order to clarify 

tills prohlen. Firstly, successive new aoon to fUU soon differences 

wero calculated and expressed as percentage rise ( + ) or fall (-) in 

catch. An accumulated increase of 79£ was found. Full Hoon to lew 

Mocn catches differences tronted in the sane way also showed an aocuMB" 

tod increase, but of only 11$. Both periods showed considerable but 

inconsistent gains and losses. There woild appear to be, perhaps, 

slightly bore success over tho new aocn period but this sust be rega^> 

ded with suspicion. Secondly, the oosn total catches/^ .Ht/12 hr* 

of the two periods were calculated and a dif erooce o. taly 4  In 

favour of new socn nettings was found t which in this t is con­

sidered insignificant.

It wa’li appear, thrti*efore, that lunar effects wqr not need ocu- 

dideraUcn in the interpret**!® of results, as they appear to be oW -

by the comparatively violent popt&aticn fluctuations associated 

with pc&aiKdraMsia* ffca «ae of nmnini Beans of three, as iUastvtitfld 

la Figures 9*8 ami 9*9 would tend to cenoel out any slight affects of 

3mnr fluctuations should tl»t« la fact oocur, at the e*m tlae ? nder- 

lag tfas g « e n l  trnds more readily apparent. Itenoo tha curves Ulus-



s m .

lit . a.S, nortMtl-n* of tfw K M  toUl orUk la 
Kg/m .H Z to* nhouia* flooting **> flw  
periods*
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fig. 'j,9. Temporal fluctuations in tensity of tha ssora important
gpeciaa aa roflaoW? by g. llneto (lu hrs).
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below have been treated in this wny, l«ut actual msultr obtained 

have also been shot*., and are considered.

The data for the eight »uxs i&pot-taat spocias relating to popular- 

tlm  fluctuations at Parrot Bend (Station 3) cn the Mvenda River betwaso 

July 1966 and Iprtl 1969 are ?lv<m graphically (Fig. 9 .9), Tba overall 

data (Fig* 9*8) indicate a sudden build-up in the population in Wcniwntiei 

with a sudden Increase during December tc a low, followed by aa laorease 

in f ubruary and March to levels ouch tka sane as fctznd during the pr»- 

v>jub July to Soptemher* Heaviest catches wor • made in late November, 

fallowed by a dsoreaae Just prior tc the river starting tu flow* YariSr- 

ticfea in individual species (Fig, 9,&) occurred as foil owe t Moravrta  ̂

showed an Increase in September 1908, but thereafter tho eatohea 

r&minod at a lev 1? il throughout the rains. Cvnhdavrufl showed a 

doorcase in Dacorssher which tendod to persist through th» rt ins, apart 

fra;, an increase wftioh could t-ave cecum*i during thn non-flow period 

in Pohruajy, Those fluctuation* in catch oould indicate a movement 

upstroaa having occurred during the rain/? U-s reserved, see Chapter 10) 

and an aeotamilaticn of pro-aigvitory fish explaining the February aaos&t-. 

latiori, but are too inocasirtent for definite xmelusions,

14i;Tffnmia catches were high during the kot pro-rainy season 

mcftthd ami showed a gradual persistent dearoAso after the river had 

started to flow* There was see indicant an, although obscured by 

8 cm  what violent fluctuation in t ‘ e nettih^ results, that n pojxdaticu 

decrease at Parrot Band star-ed before the river flowed for the first 

tiuo. Following low nettin? returns in 3anvniyt thai-e was a eensiatant 

increase during the nm-flov period during Febmary to a lesser peak 

effing '>he March floods, followed by a doerm m  to low ipril oatches,

A« XtxpmfHLm is a potasodr<Baua spacies, tl» data indicate the possib­

ility  of a pro-flow accumlaticn, initially at Pam*t B « d  and then up*
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ftreos of 1%, followed by a nnveaent of the population upstream aa 

■oat aa tha rivor flowed. The increase which occurs during Pobruaiy 

gmgests a ncraisant of this fidh ups*,room throughout the rain* vheoever 

flow condition* ponsittod, m  this was in all likelihood os aoaunula- 

tian of pre-breoding fish. The March peak scold havs ba<sn caapceed 

of post-braedin  ̂ fish which had moved dcwnstraaia with the persistant 

floods ond which had dispersed Into tha lake by i.;rO •

JISU^Qgig showed an ncouiaulativo incraaso frora a winter low 

to an October and November pea/-. Docroasoe ir eniebsa in Doooiabor 

ooineidod with tho first floods, and the increase in January with a 

low flow phase, fallowed by ' drop in ndd-Januar/ r^ain coineidlag 

witn tho flooding of tho rivor. Tho non-flow poriod in ¥®brmr? sow 

a further increase in catches followed evraiin by a decrjase la Majssh 

when the river flooded.

L.ihon nit. Walla. A guldar ocnaiterahlo ir»cr ase in catches ot 

this species occurred in late Koveiabor following low catches thrcnehort 

tho previous winter on’ hot dry soascn. Just prior to tho first flood 

catctos n*ain dropped sharply, suggesting that like Hsra'/ma. thrs hjfejp 

mond free Parrot Bend to a point higher up the "estuary*. u^iar ;mHm 

occurred ehaiactorisMcaUy in both lev* aad nm-flow periodr, ttQlamA 

by a decrease in the subsequent flow period. Tho increase during -».rato 

oculd hnvo roaulted, as in Mcrnvma. in on aecuwdaticti of peat-brooding 

fishes which hti aoved do^i+raaa w<th tho uT tl»ato flood*. Unlike 

f e m r  and jjteUSBXBUI* however, oetchoa increased hiring April*

Catch fi,ur.t of this npocioa showed a oorrolaticn 

with flow In that although tho populating appearod to inervaao la 

nettings during the hot period, a drop In catch ms coincident nith the 

river flowing. This pattern was repeated in pro-flow and flow periods 

through tha rains. Catches of this opocies wore too low, howevor, to



draw 4cnalu*lms, With this reservation in Bind, ft»tou^a»

abnwad tloHar fluctuations to Cvahccmni. gatropliia tea w « r  bom 

found In tbe river rr It# pools, however, and in this instance fluctua­

tions Indleata rheophcbia rat ho r than upstream nl^ra&icn.

ramnlnml at a low level following * post—winter deonaM) 

January when* an increase in eatohss coincided with the flood 

which oeourreri than. In Febnuuy a r>ajcr peak occurred during the 

noc-flov period followed by a decroaso during the March floods. By 

thrmsalvoa, the catch data are essentially valueless as they are hardly 

applicable. They beccee acre relevant in the light of other observa- 

tiens made an this spneies, as follows* During tho H’SS/fe? and 1987/88 

rains, no Clnrlaa wero either observed or oau&ht naming upstrean. 

in bo*h Instances, however, signs left by predators suggested that a 

ffiigratim had occurred; R1* p1am skulls wet© eaamonly foaad alcng th« 

river '>snk end tho age cf these suggested that the migration of this 

f sh eoin-ildod with the first floods. In Becasb©r 1968, a vial* to 

the Mwonda River was t ie beforo the first Hood and, Judging by the 

frequency of aerial raspiratory raovecsents t/ Pool

at the highest point of back flooding of tho lake, an aactresaaly dooio 

concentration of v#aa pi^sant here at the time. During the

hours of darkno ' > an the momir of 15th Deo«fc.oor the rlvar flood®! 

for the first tlae th*it seasoi and a visit paid to tho rivet at first 

light was rewarded by the sight of a largo number of fflftrtflfi Mktar 

their way up the first rapid at the bead of Weir Pod. In anthropo­

morphic toms the migratory technique used in passing up tha rapid can 

beat be dea-iibed aa fay abnaSot. Little oonoem app̂ as-ed to tw given 

to the damage received while paaaing up the rapid, which was traversed 

in a ueriaa at haphftsaM leaps, fish were a* likaly to mfeuni to the 

water after ecotaot with c m  of the boulders forming the rapid aa to



fo ii mtw  the water directly. This aovaaaat upatream bad owaed by 

10 & A .  The aigruticG was ohe<3rvad, again cn tha *ary firat flood, 

itt Deceobor 1971 (Lovoridge, per*. acaa,)* Thore would aeos to b* 

little doubt therefore that a Claria* migration occurs aaly ae & aingla 

run with the first flood of the asaaco. With this knowledge the catch 

data am more e&aily explicable. The lew catches free September to 

December would Sodicate that tho prs^igraticnal acmimlatlcc at the 

head of the estuary occurs boforo Saptember. The February accumula­

tion oould possibly be associated with food availability' in the cstua- 

rise area following flooding, for th@ Cla^iaa run noma only to take 

place with the first suitable flood.

Svnodmtla was sparse in catches until Novonbor, whaa a alight 

increase occurred. In December catches rapidly rose to a peak wfcich 

decreased fallowing the January flood, indicating a movement into the 

"ostuary" cr.ly when the river flooded. An increase again occurred 

at a lower level during the March floods* Althcugh pro-brooding 

Svnfi.lff.tla wore captured whilo moving upatronra, .10 also wsro fish not 

in or&ediag condition. Gatohaa In nets sot screes tha river bear 

little relationship to the concentration of fish which occurred in thf 

estuary. CoupTod with observations an fish in full brooding condition 

bo in#? trapped well m.&y *"rm tho riv*ir in tbs research station haxtocur, 

it would 99m  that gwwfmtia la not art obligatory river breeder. Qa 

this basis tha ostuarine accumulation of thia specios whan the river 

flooded indicates a feeding, rather than pre-breediag aeeuaulatlai#

s. or a i u M i m a  m s m s

Although tha asm c*toh figures of the two pragisBOea at Parrot 

Bend were much the some {Quarterly r 12.7 % j  Fortnitfhtlyj 10.8 Kg) 

tho importance of catch caBp^cnta, aa paroen\.ai« of total catch by 

weight, varied. The Morqjrridaj were noarly twice as important In tha

S8t



MGAd prcgw a  IB omp*riam with tbs first (20S, 4 « ) ,  Asa Minly 

tc aa, laoroaaad catob of Mcjn.wi* Iccglroatrljit the Cyrjrinidaa 

*#»rr* ttoi« or leaa tho itta (56J!, 2S£) and th# iaportaBea of £2l&B61Dttl 

w  nearly halved UOSt, 11%). The importance of Sraalentif as & blo- 

b u i  caapatKUtfc of the populatIon r©maln«*i rauoh the souk {150, 1 9 ) .

A trotti of ohango whltfh undoubtedly oc ;'irrwi orer 1968 *»*s the laoreaa- 

lag nabttn of fatetsteato t .k « In catches* Jacks on (1961) dii 

act fied thi® fl«h la tho middle Zambezi syafcea and prior to the 

formation of Lake Xariba T’nftMT %,a8 cmfiiiad, as a pcpulatlcn, 

to tha upper Zambesi abcvo tha Victoria Falls (Jubb, 196?). Their 

oeeurranec in oatches lit thorn nettings m s  the first rocori of the 

spocias* prestftea in Lafca K&riba. Am  thoy ocaurrod as a breodiag 

population, however, thair on try into th@ lake mat havg takaa pl&oa 

acme yoi ro tarlior. Tho 1967/68 prosraaaa does not ll«t tho specie# 

as being praent* although Laber arllndri gua is rocordod to have 

occurred oosaaicaally, Duo to *b£ mcrpholtgieal siaHarity of thaw) 

two thoaa say well hnvc b̂ gtt mistakenly identified and could

have bean £, lim/ttai*. Nevertheless, by the 1966/69 pr<urwo»e, tha 

fish had bacons significant 1a tho gillnot catches (£.$() and bf  th® 

aeccml programs ware being separated free the J,. mrUftjrttM «Wch 

worn far 1<»S8 significant (O.OSf),

Data f r m  the first prograsaa suggested an outline of tha aov*- 

raents associated with potaaodrcR»sia at the Huenda River scftith. Th# 

#e«cnd pro gram * was specifically aiaed at the clarification of tha so 

earlier fin’ in^s. The question therefore arises; Were there any 

marked differences la the ocnduslcna drawn frta the ujparate data? 

Essentially, the m w a&r is  no. With rag • .4* to foiwrmua. data fico 

bath prcgrasnes art too sparse to drew any ccncluaictuu SHJ&OHGBH &b& 

Wr.«wrua shoMBd essentially sJjailar taigratcry behaviour. Tha fkr<ln«*



regarding (Tlarlwii wore also th« aaas la tha 1967/68 and 1968/09 

seasons. R ^ w g m u  were more consistently present in the 1987/68 

aouaa than iaplied by the April decroaae in 19C9, Instaad of show~ 

ing an anticipatory aoousulaticc at tho rivar mouth In October, aa 

iffipllad by 1967 findings, taboo altlvolla only shewed a buildup in 

November in 1968, after tha rains bad start®!. More detailed otwhIm- 

ticti of tho 1967 netting results show that this was in r̂rtual fact tho 

case then as wellt *he oatoh of j*. altlvelia trwreaaod within tho 

estuary during tho ocurse of tho netting prograniae startod in jtober 

anl finished in Kovoraber, Surfaoo nettings at 3tation 3 on the 

nights of tho Slflt October and 1st November yielded 5275 g and 1875 g 

Labov altivel.a ro-.pootivaly. Ch 15th November the catch ro jo to 

29 2i£> g. On this evidence it would appear that tho accumulation of 

& • took place in Hcvoraber of both years sampled.

Data fraa the first prograame grouped the behaviau of 

with ] Mrrwr/rnm and altivalis. On the basis of the second pro­

gress© and other observations, however, it wcaild a««aa that the ocbcoiw 

traticfis of were not nooossarily for brooding ^wrpodes,

although seme individuals aro csrtainly potanodrcracua. Whether tho 

6.eeunulation is the result of the prosone© of allo^tcaa<*ia food, or 

whether the apecios is for various reasons rhoophyllia, is still 

what, cctijootual but tho widespread occurrence of this ateeles in rivurs 

supports the i'onaer, Clearly, however, tfTfntnifiPfrlf showed a different 

pattern of behaviour fraa end Lahao and oarmot be classed

with them.

Although o® the basis of data eolluoto>l during tho m w u  ’

prcg/fnmie, showod b o m  aoouaalatian In tho open waters of the osfciaiy 

prior to the rains, tho species wjuld appear to have lx»on rteophobio.

PopuT -tien fUu tunticcs at tin M m  da River majth prior to and
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during th* raina of 1967 mA 1968 may be masarlMd as folic*/* i 

Prior to thr f  ir.tt  fiord.

i&^k&BQQ&kt Monssnms and Hŷ rnr-vmia showed a gradual aoojgolstlon 

at the river south between winter and tha onset -f flow of tha river 

after the reins had started, Tho accumulation of Labec ^  <i-<va14̂ 1 

W8.a far more abrupt, a mass Bcvenent into the ostuary having oeeurrad 

during November, after th© first rains ha fallen and perhaps as a 

result of thorn, Thera wero s<ao indication tn.it Hvrlroc/nua remained 

throughout tb» ostuarino area during tha pr#-br©odin  ̂ sceuiailaticB,

Soreas CvnhoavrUB, tfrnnsmia ani Labao moved higher up tho estuary 

than tho nottlng station, in anticipation of suitable flow levels in 

the rivar. fl'Wi*8 would have started aeeusailating -it the very hmd 

of tfio estuary §ocn afte- temperatures started to rir-o In August and 

obsoiT-aticra cn thoao fish made in December Indicator them to be lying 

quiosoont an tho bottom in anfcioipaticn of the first flocd, but it is 

not knotfi for how Icng prior to this obsorvatiai these fish had behavsd 

in this aonnor, in aecusulation of Eutrmlus 6@oiaad to occur in the 

estuary up to tho first- flood. Moremrrons were also present ana showed 

a poa'* of scocgntratlcn in Sapterabor which cannot t>© related to any 

known factor.

The first and subsequent flooda.-Dllor to
Apart frcm tho single massive -un of which took place with

th# very first flocx! of tho rirsr, tho prr- *locd cu.m^ulntim and po«t- 

flocd decrease of ^vtAeevnifl. Monamifl. IjjuXSfiZBUfi and iahfji ftl UYBlii 

Bi.ggAafa that these species bov© into tho area of the river south through 

the rains an' nmiupstrei® when flow oauditiens alio-,. /IIwane®  f *  

post-brooding fish need net t« sod®, as higher oatchaa m m  always taken 

before a flood. JiBflAlgtflA only appearwi in any mashers whun fcho r iw r  

floodod and it is octtsldered for th© reasons givon sarliar that cnly 

part of this population ran up into tha river prcpar.



nmJlacatLflKii-

to March 1969, surface Wr.poratur.-i: eoalrt have b « l  sufficiently 

high (28*0) to atlnulnt. a bnwding ccndlttai. i  drop of 2'C bod

t________ _ during r>*™xy ;> « * « r .  A . 14 Is «tU l » t  alaar, *  c<*.-

.Meratlcn of t e ^ r a t u r . alone, uhathar It i .  acturt. t-.psr.tor® or 

a rt39 to t «p .™ t u re wh-ch, ur.uv^'- other fnever., bring on brooding 

c ® l l U «  In thla popal.Ua> (4*0 brtw>.n July and October 1 * 8 ,  m i 

8-0 botuean July and January'| and u  no lnformtl® *  coll-ctad,

In tho sacasd program*, cn gemad activity, insufficient evidence 

« i * t .  to nuggast reliable reaa«» for the acouwlatl® of M M  of th. 

potamodrmous speclos In March. This aowailatlcn could hava two 

source®i pout-brood in* rlvor spacers and flah In lata pro-brawling 

accumulation. It la probabla that the Incroas. In SftdflS ^ h e »  

in March, becauM of the clear-cut Ingle *l*r»ti«i and becau,. of the 

pr»-flood February Increaaa, wn» tha raault of a foodln,; aocu-llatl® 

u  noil a» port-broodort returning to tho late. Tho March accumla* 

tlon of gmoamtll la probably nor. attributable to a fading .» > » -  

lattco in th, estuary than to an ae^unulatlcn of poat-bmeding fl.h 

ocr.In#* from th. rlv*r Obviouly poat-braodlng W W . affl&SBStt.

and m m  w a t i i i  « . t  i » »  contributed to tho March oat* 

incrmee, but *Kn<*n portion could have bo® copoaod of pr»- 

brwdinc floh. Cai.ld.ratlm of broedln* ocndttl® In tho previou. 

y « r, to be .-pentad a latar chapter, could clarify thla probl®.

6 . nf^-Tf, urn nraaESICK CT ' i « H sffiSBS 

e a  ThT t*— *1! p«t ^  Trm°

Sampling of th . river with the t r a - a  n«t *  only «rri«d  out «  

Dln.  ilffonjr.t day- durin* tta *>rvey a * . In a oatoh of 170

fi.h welding, in all, 140 «*. <T.bl. »•» « * " •  °*

M n .ld .n t le o  of th , period of flow theae nine dV .  cowred, a « p U n *
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ma too sparse to aV.ov Bore then somewhat indefinite oanaluslcas and 

oust bo r®ga*a*i as preliminary to further work currently being oarrled 

out cc the river aigrsnts* Usitations cn tho use of tho net were 

lapoffod by other stsapling oceBaitoonta and the uafiahafaility of the 

rivor, when using these isethods, as sc**i aa the height of water cn 

the temporary gauge rose above 1 met-'o.

glght species, listed in Tablo 9.9 wore caught in the river to 

varying eoncentratlcns co the different sampling days. The o *eh 

rate *n the river was very high coaparad to catchos in static wator  ̂

an overall non of 81 KgAOOaAr being taken. As in static «tors, 

the fish population in tho river was dominated try iflliafi fJUYflllfl 

(58$) and Hvdrocvmia (50*), with fomyropfl (11%) a far aor® important 

cc*istltuont than in lako catches and Mprcnrrua (10*) and glflKfitfBftlA 

{?£) significait caapcnonts. Momyrus was much koto Sapof^ont “hen 

oensiciorod by weight#

t aRIJK 9 .3  renca’TAGE OOHPCGITIO  ̂ îifi-EL M5TT G.VT HE3 BY HUMBSRS 

®  DOTSHENT S4MFLIHC TOO . 5

Momvrops flffl M f f * *

Momvrua Ictiglrcgtrla 

Hvrirocvms vittatuB

iiLai&Sifi l^bari 

}djS& altivolis 

L^baC

£J|dl2A8 mri1!***11*” ^

'l  l i-i/z/67

it i i i r » A / m

5 ■ 18- 08/18/6#

* I 1J-1V2/69

1 * 2 3

2 6 12

15 2 25

52 2 1 5

5 - -

23 61 35

- 7

- 2 -

U 8 -

4 Overall

53 1 1

5 10

27 SO

„ 2

S 10

- 1

5 1

«5 7



sea*

Ssapling in February 1967 wat carried out shortly after p slight 

increase in flow, as this subsided, late cn in the middle thirtt of 

the flow se&sco. The catch was predominantly of jfrrirogwais, bat 

L&beo ftltlvallg and M.ormram were also running in sane numbers. All 

Hvdmevmig vraro ir o reeding oenditien and boro half a pout ffleale f'-sU 

were taken, indicating that this species was actually breading some­

where in the vicinity of Elbcv Pool. Scoe of the Labeo caught were 

not in breed’--'g ccnditlcn, but tho majority were. Berth tho so species 

were not foedia^. Aleatas iabarl in brooding cjcŝ litictt, and also not 

finding, wore also taken at the tine. Most of tho Morayrua wore 

caught 4r. ♦•he racming of 3rd February and <no of tho fonales ccwld 

havo spawned already. Tha '.wo Svnouautla caught uoro both in breed­

ing condition and were not fa^dinj. Although numbers of fish acving 

u u w n s i  'oain wure net recorded, a clear inpressicn of a majority 

>*pSw.. ■ .;cvumont was nctod. Water levels were not rocorded, for 

tho £aug© had not bo an fitted at the tints of sampling. Tho wei&ht 

of fish caught per hour was considerably higher (x » l89Kg/U*W br) 

than at any othor tine sampled.

It will be remembered that tte 1967/68 rains wore lower than had 

previously boon recorded and tbnt, after starting to flow in mid- 

Do combor, flow ceased for ten days during January. Ch 14lh Januaiy, 

flow started cnce more md sampling was undertaken frau m to iv«lv« 

days lifter this, before s*nd aftor tho c*Uy flood, a minor cne, which 

vas recorded durtig that eaeai.fi* Cxtchoa wero at a lower level than 

the previous year (5 * 63KgA0Cr\/hr)» and nearly a third of tbe fish 

sought which wore aamly Lnhac nlMvolifl (61$) and Hvtlroeynua (21<) 

were moving downstrean. Cn the evening of Si/l/68 tha river rose t«m

0,7 r to 1.7 b  in SB siiiutee. Catches prior to tha flood wers morier- 

ate (ZSKg/lCOoAr upatreenj 12£gA0C«/hr down) aid composed sainly of



if  t iiiS U it ' Cateb** sum A  u  M O) u  th* rivar itaftwS to riaa,

m e  lAan th* a*t m m  (till flatting proparly. The following day th* 

unto* l«v*l had return*! to 0.7 a when flatting atartad in tbs morning. 

MUrtting flah, nov mainly Hydrnamaa. had lnoreeaad (8lXg/lOCa/hr). 

During tha Biddie of tho day the water level roaa to 0.T a and ay th* 

and o’ iwnpllng at 1TO0 hours had dropped to 0.6ta. Catoho:i In tha 

rffcerrjocn reaialnad »•■> jr lu g  at the aams level (52%A0Cn/hr) hot 

oa&poaitlcn chang-sd again to ainulato the run of tho previous

aftariocn* The flow diminished erg might so that whan sampling aa 

26/1/*?. was b taitod t.ho gauge height uae 0.67 a and during tho 2$ 

hours of sampling, fell to 0,6o. Cato hoe aa this df*y were high 

(66KgA0ft/hr up* 2dXg/lCXjE}/hT dcwu). The morning run af Hvdromra^g 

whioh wan after th« previous day a* experience, took pl&o*/

but '»evcral other species vero also involved, including tho ooly %lgT*- 

tory Mntvpmia to be ta-.on and a moderate run of Bre«ilng, and

natwfe^ing Sv^fdcntla were caught, aovtrxg in both directions* S ew al  

fooding Mompropa A t  ia&ctivo gonads vero sought.

lb Deeoaber 1968, the first flood was sampled, following tho sa*f 

aov«sant of C3*rl*a w»loh had takan placo ca f-ho night of 1^12/BB, 

the tail arid of which wew oMervad in £he raorolrg of lh/12/BS, Catohe* 

tte sas® morning wore good (61KgAwWhr) sad *#ar« dmiaaixi by the 

msiber of * .  eiti—lii? (55*). ttcaravrua was also nariag i quite 

appreciable numbers (25*). Other fish tokse were M^nayrona (12*5, 

Jdik£B AUBKl&fcl (TiOr might for the first time mlgratln;? in the riwr^ 

bsxI a single HvdpoavBua. By tho ssee afternoon ecraimt of fish 

decreased to ISKgAOOa/hr. During the middle of the affcomocn a few 

b* llltlTOl(l1 were running, but eta dusk approached Hoitarrua started 

appearing. The fo^  ' **m  aorning, *b«n water level hitd dropped shewt

0.1 a Dvoralgnt, a heavy iu& (IQEIg/lOto/hr) uas experience!. Inlti-
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«U yv thla « u  largely Mnaavrua. but ty 1000 hours, Urge nwbers 

°*  M t S  altlvaliB apps&rad In the catchea. Cetohes of Moravrua 

orar tha two days were intereatk* in that only faaiale fiahes ware 

caught on tha first and only stales on tha second day* Although it 

1 a unrealistic to draw any oceclusicns fraa a a staple of seven fish, 

the supposed unlawmifti migratory behaviour of two other Central 

African Momyridae, Qtxathcnenua mc.croIapiIotoa (Pike, 1965) and £. 

mmtalrl (Bonaaker, 1968) suggests that unisexual Bovoeant pattorna 

may o*our in Mcgnyrua ^rM ^w tria . but this would require confinut- 

ticn g o  more convincing evidence. All the species caught in Deoanber 

1968, were either R or RR, except Monmr̂ ooa which were both feeding 

«Dd sexually inactive. There is seme indication in these results that 

the sequence of raacticn to the first flood w^fc from to Labeo

albiyolifl to Mnrayrug (see Table 9,8) but this oould equivjly ba tha 

resdt  of changing flow rate.

The final s an pi ing vith tronmel net took place over the ISth and 

14bh February 1969, Just before the river oa.xaeii to flow cn the 17th 

February. faapling therefore took placa at veiy lew flow levels, 

the residue <*f floods u* a month befcre. Fishing was carried out 

fraa 1000 hours of 13/2/69 and ccntirrued into the night, ceasing at 

2250 hours* Nettings wore resumed tho following norning at 0616 hcwra. 

Catchas we re low and decreased through the period sampled {fc4Kg/KXW*ir 

an AM 13/2/bO to TKflOCtiAr cn AM 14/B/69)* Single Synodcctis. 

ŷggjQOifl, altlwalia anA J&uJsMt oil in breeding cmditiw, t*re 

takas on the first noming. In the afternoon Jatchus were confined 

to jyttBBQBBfi an̂  Hvdmcmua before dark and while fishing ocntinued 

at night, mly jfcyOBflDBeB# wi'ieh ocourtad regularly, was caught* At 

f$X»t l l# t  tha following noming, occurred i^ain, followed

In later nettings by The livdroqiraia wore also in breeding
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condition, but all tha Momrrtmt woro aexually Inactive imA feeding, 

although n aingla female could hmro boon a peat-brexlor. The regular 

ocmirr»><i*> of MtiirorTOpa thrraigh tta» night, obtaining foai in their 

atOBacha, auggaata that th" aovaaant in tha river waa purely for feeding 

porpoasa. Thi. aubjeot will bo returrad to in a later chapter (Chap- 

tar 12 ).

During tho aainplinf? at Elbow Rapid In January I960, apont •*.! ripe 

naming femalo Hurtrnavmia ware taken m i aevoral obaonratlcne ware 

mado of Hah behaving atypically in water 10-16 m  doep at tho hood 

of tho rapid. Thaa* fit -Mid tavo boon «pa*ing. Tho tarbidl^r 

of water waa such aa only to allow ot-aorvatlcm of fish, or parta of 

than, protruding fron tho wator. The backa and dorsal and caudal 

fin, of f<m>ral Hvdrocrau. v-u gltopeed momentarily above tho watar 

surfaao. Fiah *c«Uy and ataoat lethargically hold poaltim iualnet 

tho currant, with head upatre;m, and ooourred In ooro or leaa the aama 

posit 1m for up to ton mtaitoj, Th. single ap«t farnlo flat! caught 

mm brulocd an: had loot acne lateral ucaloa, stw;,jesting that tha 

daaa^o .ccurrr! during apawnlng, « d  tha*. spawning had therefore talwn 

plnoa ir, faat moving water. Coupled with, for JM iaSM M . tlw mrk,‘d 

peculiarity of behaviour, this damage to a apont fonale fiah augfeat# 

fjuite rtrcngly that tho observnd fl?1 woia actually apawiing. Ova 

wore artlfioally anl aucooaafully fortlli**! at thi. tlw , supporting

this sug" sticti.

Tho upatroaa and d o * . t r e *  data in Table 9.8 a »  r ^ e a t i v e  if  

Vi«w»d aaqiiKttally with r e p o rt  to the tlno of the rainy » m - t .  aa*- 

pling woe carried « t .  D acbar « H i n g  < W >  I — *  » 

n p a t w *  novaeant. Lato Januaiy (1969) w >  1 «bruaiy sampling 

showed tha majority o f  fiah  to be »«*ing upatraan (78* in Januaiy 19 6 8 ) . 

Sampling in  mld-Fobmary (1989 ) ahowad the m jo r it y  of fiah  to ba



aoving downatrean (80jK)« This apparent trend towarcla dcnaatreaa 

BcvqEBant is, however, suapoct in tha ll#ht of the different flow 

regime a&d apoeiflc coupon itlm of fish anstpl̂ d in Fobruaty 1969,

Tho ro suits obtained by uso of tha trammel net, booms a of its 

various drawbacks aa uaad in this study, aro ossuntially unpatiafao- 

t<ry. Seme useful infcitaaticn was fathered however, and bcbo charac­

teristics of aitfratimal behaviour wore suggested by tho data. The 

only roally rcliablo inforantlcti concerns whiah < pocioe do migrate 

in tho rivor in breading ccnditicn and those are listed in "‘able 9*9* 

Honavrooa vna tho only ncn-broodlng migrant.

Apart free tbs inf requant occurrence of an individual i/hich was 

sexually Inactive, all fiah caught warn olthar ripe, rlpo naming or 

spent, irrespective of thoir mi** rational direction. HcrBcrropa were 

all actively folding in tho river as wero significant proportions of 

and MoravTUS. Tho nutting results i?ivo some idea of the 

extreme density of fish in the rivar during tho rains, sa oonpnred to 

tho oatch in static mt^rs, although these cannot bo regarded as being 

diroctly canpat-abls {x tmmel netting; SlXg/lOtta/12 hraj *  Str. 8 

gillaet floats: 12.5K*/9l. 5m/l2hra). Tho Jata also indiaato tho 

oaaparativo danalty of tha difforent mi/; rati anal speoius whioh are 

liable to cn[,turo by gillnot. Although in tho oaao of th>j treaoel 

netting results, number rathor than volt’hi of fish wort,- thewght to be 

a more realistic parameter, tho percentage coapoaiticn \na essentially 

similar to g.tllnet rotwms fraa static waters (Tables 9.1 , 9 .6 , 9.9). 

Them w e  also a suggest ic* tho results that during the course of 

a fiahing period, either an antiro aoming or oftomotti, th« r,red<mia- 

ant apooioa flvtT****1118 ***• Lnhao altlralJLj tended to tsove In single 

epeoies shoal* which must hare boon widely diapo.*sod altng a sootioa 

of river m  Otfiaidereticn of the length of tlw  each sampling period 

l&stodt m  four oecaaicrs JiGLcGSI&US woro eithor overvholsimTly dosto-
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act or were the cely species of tho two taksm during a soapling 

period. On throe occasion* this won truo of oltlvaUj. 1st 

at am occasion both apaoloa wore running hoavlly together (an 26/1/68). 

Morrsyrufl and tha loss ramorwa apocioa occurred In 3(T-.*’metier. y ith hcth

Labeo aui Hyirccytiuo. k further drawback of tho trammel not was that

It did not capture msallar migratory aj-ocioa which, cn tho basis of 

the lltoraturo, tha list should lneludoi Mlcralaates, Barbra sp»cl»a, 

tjrtathnnatmm. Oynhmnrrua and LbI)oo yyllndriaua.

6.2 Handllnoa

CD tho 25th January 1968, It was j,oasiblo to capture flah by hand- 

Ita , bolow Elbow Rapid. Eiffht a a r l M  £iri2BlBSUl» i f t M p W B II  

riiwitrlaui and a ivmrri.ntta uora talon, totalling 17 Kg. Both the 

ihl.T .tnm nn and tha SvnodcnUo uoro rlpo fomloa, and tho former oco- 

tainod fool ltona In tha stoaach. Tho brooding otmditif® of tha 

OlariM  at what wna well pa»t tho first fit oo:' was diaconcertln*.

Throa fiah wore ripe n a lu , throo wore rlpo fsulos and two other 

f0Bal 9 ,  war ripo naming. Tho.o flah forcibly tadicatod a msaid 

btv *iin; of r/Urina to bo un ’orvny at tho tilao. So fish wara takfltt 

in tho trasmol nat which was operating juafc bolow Hbow Rapid at tha 

Sana tine, ao tha Indication ware that thaso flah wero breeding, W t  

wero not migrating ■ atmas to do ao. Tha fact tlv.t th®jr took bait 

freely would Indicate they worn faadins at tho name time.

Deaplto the m erm ti.n  l*poeeil W  th» BothaJa ucad thorofore,

, i « r  catcho. wero not .« mttaljy at varl/moe with ca.clu.l'M re»art- 

lng mi«rot<a> drmn free tto dt*tribu‘ lc*i an! abundance of flah la 

•utio  wstar. a* rofloeUS by eiliMt «vtct»a. Tta quorti® of potaw. 

d ra w l*  will bo llacu»3«i ftirthor aft or praaantatl* of data cn tha 

pool* fiahaa and breading aolirity, at tha mA of Chaptor 11.



Th© Irritating uncertainty which r;>suited fra® tho use of not* in 

the rivor 1«k! to tho njcosaity for raoro dafinito information. if aa 

ialividudl fish caul' bo fdlowad cn ita migration, aoro reliable 

information portainins to factors such as how far upstroa® tho indivi­

dual migrate*, how lcng It stays In tho rlvor, how quloklr tho movaaont 

tokos placo ores at what ota?o tho fish roturns to tho lako. to approooh 

was ttoroforo no:o to Dr. A.E. Rotors of tho Physios Dopartnont of tho 

University o' Ph.--’osla whr- losigno! a tronomittor suitable for intro- 

fluatlai into larRor fish. ho rosults of this approach hnvo be® 

published as an intomil report of tho University of Rho’.osia (Btaraokor 

and Rogers, 1968). A particular problem which soparntos roi’.lo tola- 

motry of fish fro® ether typos of blotolomotry Is the choico of a fro- 

quonc/ that allows propag-ititm thrtwjh both water an.’ air. Host radio 

tracking systems opornto In tho V.H.F. rango cf froquonolos, Jus to th . 

d ifficu lt  of power rallatlc» at lewor froquoncios, ovine to tho "ury 

small offlolonclos of antonnao with dinonslais rauch loss than aw-tonth 

of a wavelength. It is doslroblo that as hl*h a frequency as possible 

bo ohcssn, without unduo attrition by tho aquatic mo’ ius and the en­

circling flash of tho fish. Oi this basis Boqors choso a froquon($r 

of 3 .5  MBs aa baitv* c;Ainum.

7 .1  Tho Iranaaltiar

The err-, amjttor la of s simpJa ’.sslgn (H-’ . 9 .10), couponed of 

throo resistors (80, 5SC* and S.5K0), throe capacitors (l*«f , .OCSyt 

and SSOuuf), a single transistor (BC lf® ). a a *  ferrito rod antwna 

Mid b a t U r lM . Th . cirouit ooclUatan for about 140 milliseconds 

during which time th . Miif capacitor discharges am’, cuts off th« 

trmnlstor. Thu 8 K * 0  resistor thon recharges the ca- aeitcr and oMllln- 

t l ®  Ktarts again. The cycl. lasts about two » o a U s  and th. result 

U  « nerlitf of tmiii* m  tha m r t w .  Two * * • —  <* «•»
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Is a aeries of "baapa* m  the receiver. Two aisea of battery wa*a 

used, Mallory 1000 Mah and 300 Hah. The first had m  ncpaotad life 

of about 40 ds/a and the second 20 dnys and measured, whan wioapsulated, 

100 m  x «) n  x ES ■  n d  75 m  x ^  bd x as n ,

Pig# 9*10* Th© transmitter circuit of Dr, A.E. Ro»?ers*

7.2 The RaceIvor

£ a lapis eidebond receiver, suitable for A,auiving the tm uk 

aittera, wa-; doal^ned *lc^ara, rfho act̂ sl'lorod single sileband aa tha 

aost suitable dana*ilatlcn technique, as a good dear note Is produced 

during oaoIllation. 4 loop antenna was found to be satisfactory aa 

It could be operated valor water if necessary. The receiver waa 

oarriad in a shoulder bag and an ear pin# type 1 cud speaker was used 

(M g. 9.11). The receiver wna designed to receive, signals fma 12 

differe.it ohawols so that 12 pretuneri transmitters, of alightly vaty* 

lag frequency, could be used slraritonocwaly.

7*s ^aaamlatlai nf Transmitter

The i«aity of toe snw&paulatad tmwaitter hat to be alightly laa» 

t.hfl" l so that the hydrodynamic balance of tho fish was not Interfered 

with sui the txwiaaitter would float if disgorged, thus being reocvep-
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able. The ovorall siaa was governed by the swallowing oapacity and 

atmnoh site of the fiah speciua to be tracked and the transmitter 

boil to be protected froa the digestive secretlccs of the stanaoh.

To fulfil these requJjpeaanta, the transmitter was aabedded in balaa 

wool (?i«. 9.12) and then dipped In polyostor rosin. Tho aion; *ular- 

tic® was smoothed and made as fusifotn as possible•

7 .4  TrlAlu

Trials undortakan up to tha and of 1968 yielded the following 

infoxmatlcnt

1. Tha transmitter, when oabedded in a 4 Kg M l‘nfflmilg- was audible 

through a water coluun of 55 s>. The rnoge waa furthor than 100 a 

when the fish was suspended 1 m bolow tho writer surface and the 

roceiver was operated 1.5 a nbove tho wat*r surface.

2. Tho encapsulated tmm^ittor w« s roadily and easily engorged by 

Clftrina (Fig, 9.15, 9.14) and

5. There appearod to be nc ohanse in frequency or "wowwing" 

plaoed in a live fiah subsequently reloasod.

4. Frequencies did ^  , however, whan tracked fiah moved close 

tc largo boulders. Similarly signals ootf.d bo blanketed off If 

boulders occurred between transmitter aiid receiver.

5. Fish with transmitters in their stanachg appoare.1 to behave no 

dlfforently ires controls whan kept in tanks. Fish which wore 

radio ta^od were all in breeding ccnditicn and when offo*x»d llva 

food neither controls nor tagged fiah wculd eat. Hyrtrrfifnaa

in the feeding experiment (Chapter 12) were either immature or not 

breeding and fed readily. The triplication hen la that HytirwffmM 

In braiding curxiitlan do not food roadlXT & &  trrxnsaitters Sa

the stcoach do not upaot their behaviour ccnspiaucusly.



Pig* 9,12 T N  anoap«ulat«d traoittcr.

the 0«oaad tjrp» d«v«lopody with retanticn bartw, 
is Ulastntoa. Scale in a*.
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» . the t in t type «* twM»ltter (fl*» »•**> « »  » a * W  a®4 ttMfmtOr

dlagorftad by both marine aid Hvdroc nu». Emplaoem®' of tag*- 

alttora in rlwr flab wo# undertaken In Daoaaber 1968, whoi eight 

Clarlaa from the pro-breeding acounulaticn at the head of baefc- 

floodin* tan  tagged. Shortly aftar thia, and before tlio river 

fioode:!, throe largo aroocdilea noved Into tho araa and five of 

th» tag*«l flah, p»Blblj for this roaaca, wore loat. Two of the 

remaining tranamittora aontinued signalling r r «  tho aane politico 

for several daya, mujgeating that thoy had bean cHastorged. Tie 

remaining tranamlttor flmctlcned properly end was lost only after 

the ! l iu  flooded. Although extenalve patrol* won# undertaken to 

find thia flah upatraan theae new unsucceeaful. Ow of the main 

problems appam>t in thl. flr.t attest to traak flah M ,  it 

aeomoa, fra» tho disgorgeeient of tren»ltU W . For roaeon 

a aeooid type of ; !’Um uaa undo! token In the new aeries of trans­

mitters oonatruetod In ’.963, and given a trial In February, whan 

a virlt ms -.It to the riv.r apacifleolly to give theae a trial 

in tho hope that they would be functional. Unfortunately the 

ft.ow chnraateriatias of the river Jld not allow a ooven»nt of 

Hvrtrô Vttua art t o *  trial, cnly were poa.IMe. two ,„roaehea 

were ufl«l. Tho first Involved the linoeMit of faring l«u%« m  

the outail. of the tranamlttor (Fig. 9.12) to prevent dlagorgeMBt. 

The.. wre omatraetei of 6 »  wide el oak aprin,. Tho « d . war. 

,harp*«J, but S •  f n *  ' !>olr.t were broadly ehouldar^ ao as 

not to pierce the * « ~ b  wall. The bar. .  were .trapped to tho 

<*.5* 1 * with a netting strip tapregnated with a poor quality 

I  traisnittar wra plaoad in a IM rggBM  «M °h wm kept in a t *k  

for * e  week, it the m i of thia per lei the transmitter » .  still 

ftooUoal mt V. the fish's r t « * .  It caused a decree of c«-



toelm to tt» gtcottoh wnll. Tho poor quality resin hod by thl* 

t tw  bMb partly dt?sit«d and tho bart. wcKld haw fall® off 

aftor a feu moro day*. This Mould have allowed eventual dl*f;orge- 

aant by tho fl.h (Fig. 9.1S). The sooonl approach involvod coat­

ing the tnmaltter In resin without tho balsa and plaolng It 

oporatl/oly Into the body cavity. A total of s*von lar»e Id a -  

mhiu. voro treated In thl. way bat all died within »  hour., 

apparently free operative .hook, nltheogh 15root oaro wa. taken 

to minioiso thio. Fish wore caught c*i barbloas hooka and intrt^ 

duood directly Into a solution of KSZ2Z. Once ena».tl»U»ed th. 

toad wm left m  the water and tall lifted out. to lnel.i<n w « 

Bade lAtera’ V  several oonttaetros behiw! the polvlo flna aid the 

transmlttor, oontad with Mitiblotlc greone, win introduced ttiragh 

this Into the body cavity. Tho lnoi.lcfi wan than tlfjhtly *tohed. 

Foat-nortom exaininatlcn showod no dannga to lntjrnal organ. In all 

flah.

Tha transmitters aro still, therefore, in a devolcpwntal phase.

J.V r,ro*ont tho main drawbar t a m  to stem frm tha M » U  sw om IW  

s l »  of tho tranamltter., dlooted by batteries and normal. For thl» 

ronton a difforont approach is presently being invertl-jated. »  

Instead of a trensrdttor, a trroepmder was vued, current would only 

be irow off when the tramsdttln* clrauit wo. activated f r a  an 

antonml tranmitter, hence blowing roduotioi in battery also, and 

general reduett® . Jl*« of the enaapaulated transmitter. If a

radusties to a cylinder T -  *  T »  • * »  « ’nW ** ' " hl°” d

thl. would ®.an that the transmit tor ee«M be introduced d lm *ly  *>V 

the body cavity via a chlsell.K- tuba and plunger. Th» oporatl® would 

bo *■!<* and QAttte minimal .hook or d»a«e to th. flah. PwfaMor 

W .  Farvu. of the Dapartaert of H .o t r i« i  fcglnoorln* of the





Onlnrd^r of SdmiBagh U  m m nUsr looking Into tho probl*. A 

traupaiitor of thla trt» « n U  haw vM* appUoatiou ts both tariw- 

trlnl m & aquatlc fUld«.



1 . BfTRgKKaiai

in aeeesaftsnt of the fauna of tha pools left by the rivor 1a the 

dry «6uon, described J» Chapter S, was nooeesary for a bettor uodefw 

standing of findings in laJte and river, Furthermore, tha a&oat of 

research that haa been carried cut on rivers vhich are subject to 

drying out and which abound in Africa, Is minimal* Although the 

survey included an naaeemmt of benthlo csanpawnts and fish, the 

fonser bavo bean excluded from present consideration due to spac* 

limitation. It is necessary to point out however, that the poc&s 

maintained a rich and diverse bant hie fauna, apparsntly, on both 

subjeertivo assessment and the good condition of insectivorous oias, 

sufficiently aimrriott to supply the neada of the JLoaectivorrus fishes 

fc*asd here.

2. *£THfrOS

The aathoda us«d to collect fish fro® the podia have already bea& 

described. The IS ate. saah seine net used (Pigs. 10.1, 10.2) mm 

affactive, particularly in the rcok~froe poola or in conjunct!ao with 

rotencne. Fig, 10,5 shows a typical catch sequence of fish above 

1% m  free Surprise Fool in October 1986. &ft%r the application of 

rotanone catches decreased to sere after three hauls of tha seine net# 

implying that tha total fish fauna had bam raoovod* ^uvenxls fishes 

wara particularly guseepfeible to reUncne and reacted sharply tt its 

Introduction (Figs. 10,A, 10*5), ats» 50 to 60 Rinutes before adult 

fishes succtwbed,, Tb* likalihood the refora that «vy ftahe* escaped 

oajttaiito f n *  poisoned poola would appear to be minimal*





S x , ass m b  a s
(*<•« i I »

Fig* 10.S The sequential catch of th* IS an selno set 
before and after applioation of rotancne. 
The first two diqra are the eceposite of < 
hauls each. After application of rotencne, 
three single haul* are recorded.
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A total 4t ( W  24000 fiah W N  oollaetad tc th* rivar pool* « 4  

o n lo ad . Data* in) placaa of odlaoiioi aro giro  is T«&t 10*1.

tabi*  n i.i pocas Aim d ;*tss these were p a w u b

1966

Whirlpool

3urprit'« Pod i /H  

If in *  firry Pool 3/8

8C/J0 

n /8  *27/10

1967

20AO 

2?Ac? Via

v n

£a/7(i> soAo(i)

1966

Chtftpe Pod 

Daap Pool

•Tagging axpari«ar.t

Ift Juijr 1967, Chaap® Pod mu aaparatad Sato t**> with a aoaqoito 

ga>’*a tmom and flah frc® half th* pood oarafuily oollaetad by n t n i M  

—latngl tha othar half wm poiacnad tha folloviiig Oatobar and all the 

m&ai&izg fish outlasted!. TUh free Daep Pool vara taggad ift teiguat 

1967, and collected again in Octdbor 1067, Tha tags uaad war* rad 

plaatio, ouabarad individually and aaaaurad 1 1 x 8 * 1  mu ?ha»a w*r* 

Introduced through a namw incision into tha body oarity fallowing 

au&aathatia&tiab witt. 6andos Ml 222 (oitqrl e-aeinobansoet*, tha 

•ethar&aulphcmata of wtaH*i»<*ansoia aold athylastor* in iMttr of 

baotooalna).

Procedure yith individual fiah aa dasoribad for giUaattad apt-<si- 

m m  wan fdlowad. At tSm », hovatwr, the msabar of flah oollaotad mm 

sc great that Jwrmila and anall fiahea vara plaoad Into forealin for 

latar «asiinatlcn of lax«th, gut ecntatts tad saxu&l activity,

Bafora baing plaoad i& foraalin tha aotlra ooUatrticn of aaoh toac!** 

wa* vajghad aapamtaly for bioaaaa astiF»t 1c m .

It is not c<naidarad naoaabary to gi*a a detailed 11 at lag of all 

aoUaoticas aada. Rolavant data will ba proaantod whore neoa»«try 

1b tha fallowing aactiena. O&ly ^aulta at tmrianca v iU  thoao pr+* 

aantad ha axtrastad for c^ai^yratim .



8. the smcma

Tb* following 19 •peoifta were found to «,oaur in tbs pool oe£U»- 

tienai

Mm w w w  d>llaio.ai»

SxtimzBii

SBftthflUBlI flk8£B2Jt&2As£Ui

Homrrm laMlnogfcgl*

Hrirwraa yittataa

Alaataa lahari

M l * « t a a  »«rfclriar>»

*Barbua 1 lnfc»*gul»tua 

*Baitm JBlitt&iAlllft 

Lftbao QtfMg^g 

itftfetS altlvalla 

IffeftB iKnua

Labor 7

*LflTiTViffil i t f f  JBZkSiUfl8tti 

£2fl£iAf fttCUSiifiHI

Hatorohrttndma iBMttXilil 

Swicdmtia Jfl&SfflBAii

inrtiiMri

Hin1 imhriaU flurHart

Them tpealai whleh ton  aUy found la tha pool« ara w M .

Jl^lS haa baa lnaludod u  It If probabla, due to th* dtfft*

aultiss of j'.i'fanll* differentiation, that thi# oaild haTW bofln

oenfuaad with 1 . Apart f r a  tha torayrlda, pool* n**>

nan uauailr lualpUlr ooloim!. iJttiU . for axmpls, tar* all 

U f H  grar Kith no Bottling, ■• largely loet tholr horiiaital

t-trinea and altlvalla w n  ft pale roaeir {dak, rather than tha



m ,

SMibf g *T  pl&k ttm i in tha lake.

*. mm, pimmm a rawreai
Sarpriae Pool w  the ct~y pod to be .jottectad at tbs initiaUaa 

of the eitmgr in Ootobtr 1966, th** pool ww *l«o ea&plad la 1967 

an& 1368 *it the earn tlao of roar, ?t» data ftt* theea edleaHck» 

ahould glv*i on l&dioatlcn of tho oansiatenjy of the flah fauna between 

cos dry eeaacn and another (Table If'.S /•

4 .1  y*vF^ BnfltVr

Tho cateontraticr, of the fiab fmina in 1966 elicited tho ctoan of 

this p o d . It waa ^atiaatod that tha rdune of water la tho pod at 

this tiaa vac 585 a* ao t- -c tha flab ooourrad fn a density- of appread- 

sately 0*4 Xg/a*, m  1967, the volute estimate <«a aa*ai4ar<ably 

leaa (150 m®) ia the water leval waa lower when tha pod we* aavpled* 

Tha fist, dan alt/ 93tiaated to fra Apprcxlantoly 0,2 fit

1966 the water lersl was slightly lover than ii. 1936 and tha volwt of 

tha pnol was estimated t ; S# 2f*5 a® (Fig. 10,4). IX tbta v d w e  the 

approximate density cf fi»L m  intewsrttato 0*5 Kg/a\ Two 

oaj or factor*, to explain tho diaorepenciea between ths differed bi^» 

aoe* of flah, need ocneideratlcu* tho flrat por'-aina to tho aaount 

mod rmt\om of ta'jifali is the prarioua fear » d  the eaecod to the 

degree of attaouation of the wat*r which tcck pi aoe In tho different 

y<3tu*« aaetpled.

the 1965/86 rainfall record* at tSo Reaearoh Station ware ’rpro- 

pei'ly kept ao Uta* it i» not poeelhla to draw any sorrolatlao botveen 

density of fiab In tb*i pods and the pattern of prcvlcui, yeara* rain. 

Attfauatlan offscta will be ocna4dered in a ftirthor sectlca, tho 

aoat that oan be dram frcn the **t* ia thi.t a wide rorU ila

ot tha Uhthyoaaaa tf a airtgla pod oould ocour free >*u> year to tbe 

next*



m m  jr. ? m b  S IH B S K iS  1* CCWC0MT;.!t tf OR  FEa HJJML ry S8B81K* POO.

KTOOSH
1966

C T J B

1967
K T "TOCS

*» * % * > K* <

tcamravm 9.4 1.5 4.5 2.? 3.5 14.3 5.V

Hi'-Tiitnar1 **♦***— i6.e 13 .: 2.2 7-5 l«,o 2C.1 56.6 14.S

U K J M  It t K i  15*- 9.4 2.7 ?.l 3-5 4.c 19.7 7.«

taniM—  0 0 ? 0 C.4 0.3 C.1

im h a  t t m s M t s t  \ 1
0.6

! c-5
1.5

*

c.5

0 ) 

0.6 !
[ 1.8 0.7

i»>«t «itir»n» 27.4 4.9 16*- 57.3 45.? 62,0 31.5

lats&sU steJssi °»6 0.4 0 o.i 1 .1 0.* C.J

”1—* f  M M a i  *5.5 51.7 13. 47 .C 13,1 15.^ 7*.! 27.B

haataaM . n * « » m i l  2.1 1.5 i' C.J C.fc ,.1 2.7 1.0

iii*aia * m n s 4  1J*2

c m  143*4

BICMSS CU

a.« 4.-

# .4

C.2

X5.6 XX. 5

67.9

0.3

13.1 27.7

26C.7

1C *6

*S
«C



2.£ by weight of tho population in 1966 vaa coarpoaod of JuvanUe 

fishes. If onii> ,’dered by natters tho pof«latiaa was overwiobBlftgl̂r 

juvenile or ianaturo. the large nanbors cf juvaaila '*iah0e wore alvogra 

pi-eaaet,

TKa fsunal acapositicn was typioal of ft pool with little ocvor and 

acdsrftte attsnuatloD oharactorlatlci, being daainatad by Labeo 

(31.5j6) artf ^UdAC  (27,8*). Hvdroovnua (14,8*) and filial*

(10.0$) mra important ocnstltuactu. Whan ocnsidorod by mzrabers, 

llaataa inharl and tha B.-rbud spp. uoro most important, 'ait only Alvstai 

oontributod appreciably to bIcrnss (7M ) .  Hoimrrua waa r^lativaly 

insignificant.

The poreentaga moan cocurronoe of different species fi\Jft th« 

quarterly gillnat programme tndlcato a atallar ioportanoo of J.. flUJr 

» . n .  in t.-vh lake and pods. Mvdroamn and Monarrus apparently 

oocorred with greater ffequenay In tha lake. Alaatoa jflljgrt “ “  of 

far greator Imporfcmce In the pools, ae wera tha oaaontially rivorlno 

Mlaralaataa. Bartua app., «id 1- mrllndrlaua. Both ttwAM ® ° 

t i i . .i .  w n  of greater importance to tha btanasa of tho poola than 

of tha laka. Botl however, could, mere ciivimaly than Boat spool^a, 

bs V.o rogult of aampling. In tha ft-at Inatanoo SiatlflS *» nloarly 

not oaaUy auaeaptlble tu glllnet*, but 1* to pclacn and a wine net. 

Tll.nl. has boot, shoun tc be far more froquont In aroaa away f r »  tha 

rlrar aouth. The Ttl.nl. blonaaa, aa a percentage of total flab blo- 

■aa- In the poola, a i  In fact loaa than that reflected by Coke'a 

(1969) gillnete In th» Sanyatl olearod araa. Sevsrthaleae It la 

pinbabla that tt* poc. : war® tha bob' mportsnt habitat for TllWli* •*  

tho rlvir ejd Its noar rleinity.

Tho variability batwoen yaara of tha total flth fauna la generally



applicable also to Its apeetfIc canpaionta (7*bl« 1' .2 ) ,  althaigh ease 

or tho spades abated a w r k a b l a  similar! ./ ia b l o w n  bstneon 196* 

and 1966 ij jx iz a sm it-  ! •  altlvolla u i  lUttulll) • &> all throa iaa««, 

the 198? bionasa was found to bo oonaidorahly lovar. this eculd 

indicate that tha unsoaacnal floods of Sth ttoy 1967, gaire those fiah tie 

opportunity to marts dowaatroam aftor tho riror had ioprcsaad ltaolf, 

lato co in tho aoaacn, as boing an unsuitablo habitat for thoso speelaa.

5. DBTHIBWiai a  BBUJMI w  POOL TTCffi

It was oloarly apparent uh n colli aticcK tmro aado in tho dlfforont 

pools that tho fauna of a pool oloar of stcnos, suoh as Surprise Pool, 

variod (Jjito oaisidoi ably from tho fish f .rnd In the f  *'<y pools. To 

illustrate thia point, 4ata frem Snrprl" • Pool, tho small pool i'pnmtod 

frcm Surprlsn loci at its hond (Rooky Fcnl, Fig. 10.4) and Hawiorkop 

Pool aro oxtmetod frm sampling carried out In Hovonbor 1‘Jr.h {Table 

1 0 .5 ) . On tho basis of thoso dnta captain spocios amoar to favair 

tho "protictod" (rcokjr) pocls. CSnathcnaeua « »  cnl)r

fouiri in Haimorkop Pool. Mo.wrua also ooeum d Infroiuuntly, but ill 

both typos of poci. Hv<incKima soamid to fmrair tho pools oloar of 

ccror vihoraas /.laatoa and Hlnralnataa appoarod to show little proforonoo 

botwoon protactod or oloar p a l s . Tho two SaHiUI apoalaa shov an Ui- 

toreatln* dlfforanoa in thalr apparent prsfornnces. ii. m ltnm UfaM  

ahovod little prnf »ronoo for aithar, whoroas i .  U n a M K W lflb M  »hMad 

a oloar prof,ronoa for rooks. M a s  j l U X o U l  *> «” d "'TiaUj trl*  

but*'] and ahcuod little apparont pmfsranoo. It- S M U K  « •  atlF 

f ml in aa ao o U ti*  with rooka an) I .  fiTllattlfllM ““ “ o'* t0 ,hou •  

prof iranoo for thl.. i*bit*t. iVlarfM appeared in far froatar hi ( M M  

is  tho dori t‘ pool, aa <il<3 ItiSBlfi*

tha Boat outotmdlnily lltt'ophylllo ap«l«s vas BWMmP-

. 1. , „  irilgniflo.nt oaiatitwmt of Burprloa Pod tnd *  important



m .



ecBaUtewt of Hooky m i UaKieritor Pool*. Indeod, whan Surprise rod 

w i  saaplod in 198’ , this spcalea tnljr appear®* in the catehos of lor a 

tree atom Iw) bean reBorod fron tho water. Tha lnfomatici suggested 

by thas ■ data aro sumnarlsed la Table 10 .4 . Two, perhapa three, 

species show a profartmon for rook-fnoe pool*. FIto , perhapa six, 

show no apparent preferences. Three, perhaps ill, show a pref • r«ico 

for a rooky habitat. Tho nstter will bo rooaulderod following the 

proaonta Ion of length frequency data.

6 . sias cchpcbitmi a  tool ZBil

Data <* the also ocopoottlcu of tho pods fish *ro valuable 1» 

throwing light cn several diffeient factors. ijneogst these are*

1. Tho U*portonoe of the poda as a nurserv.

2. Tho distanco upstream migi-atiiw? fishes "un.

3. Potential prodator take-off.

i . Juvenile habitat profs .-acco, or OTfr offlolanoy.

5, Juvenile grewth data.

V "  this reaaoo, lenfth frequency -lata fron Hawnjritop, t o n r lM  

mi l jky tools In November 1968, tad fron Champs and Hasraerkop Poole 

separately In ..ugust 1967, havo be®  Illustrated (Figs. 10 .6 , 1U.1) .

In those instances, mjrabera of fish and not blcaaas aro oophaals-yi,

Tha first obvious point app.v \A in thaw f If ores Is tho om- 

aiderable portion of the pop^Iat1 i < coposed of JuvonlLo fish aad that 

all the larger potaBodrmcus apceles are represented by juveniles. 

Biaodal frequeiolea (Fig. 10.6) can be seen In agltM » SJfatfltBUtl ®*» 

‘P* 8 trlBodoJ airve oan be sesn tn the 

frequencies, although the third ia definitely ijuastiniable, lt n «

that the first ®edn ropresents fish spawn*! Vie ,>r<Mt*is rainy 

s»ason (1967/60) aid subsequent Mdse, the rainy seasens previous to 

this. Tabulated, the data In fig. 10.6 suggost the following appro*!-





■at* growth rates for Huh collocted in NovoHbor 196Pi

Flew euaacn spatotogt 67/68 @6/6? 65/M

LXmm^m | 4 - 8 «  8 - 10 OfiS

3»cdm tla t 4 - 6 aa 15 aa

It, altlvalia i 4 - 6 o b  14 - 18 on (SO ob)

IfrttPf rii k®* not been Included la thia tabulation at the 

also of Juvenile fiah indicate a eentinuatlcB of brooding (hiring the 

diy Haiaii following eeeeatlca of flow.

Sites of the larger potasodrcaoua spoelea do not shew elaar-cut 

'dos, but the majority of Juvafcilos of thaso species which could cnly 

nave spawned during the previous rainy seascn aro os fdlowai

i 6 - 2 4  m  (?) (8 .  16 an) 

i 6 - 8 csb 

! •  ovllkdrleua i 8 - 8 m

i 6 - ? 4 crt

Oats free fig* 10.7 show a - d easily iisaomablo ncde for 

M nm m u (bracketed above) U  ui* a jo rrmge of aeoningly firat yea: 

filftSiM io Just as broad.

Two factors may be responsible for the wu4 ’iffaronces in growth 

of apparently year-old fiah. The first can re jilt trm widely baaed 

spawning* Fiah pi«»afc'Tably bad *he correct ocnditlcns to brood between 

iVftOTfhaf and April, p§rhaps Nay* Ttiere could have bean, thor fore, a 

difference of between three and four nccths in the ages of the first 

>ftr itreup* Ttu soccad involves *<ho availability of suitable food to 

the individual fiah. Greater f « d  availability to an early .pawning 

group would widan the jap reswitl.ig frt* ag**j greater or lesaer foci 

availability in tho different pools would differentiate growth la r. 

ainglo spamlng gr«ip (ae« Fig. 10.7 j &8fl$a§ oodo * - 4 *  to Champa 

Fool, 8 - 8 <* to HaNMrkop Pool)*



:i | ,  J.0.6. fa* i t n  Mnpealt.ca tsf th* mtirr tUh 
powiUUeB of OatMKtop sad SurorlM
f o m h » ,  v m .
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F % .  10.?# ItM  ocMpoaitioi ©f fish la Gh«p« and HaMMrxop Poole, 

icroeber, 198?.



Si*.

OB this basis, bjr taking the mlddl i of •  non-«saJal else group m i 

the Bldile of tha breading • » • » ,  It la possible to gain a rrwgh tat 

son  realistic lnprseslon cl the growth of these species in 

the first nine Btastha following spasming (Table 10.5), tabec flltl- 

volla poses a problem not rerdlly soluble ji available data. L S os 

growth In nine smiths for a large tropical Kerb Ivors sees* Inordinately 

lit ‘■19* Tot a dear mode can be found in both figurec (see also 

rig. 10.}) at this length. Both figures are included until alarlfJ a- 

tit, la poealhla. A blaodal dlstributlcm could in foot occur where 

oirouas'finees aay ha™ d latnted two major spota&ings far apart, i*it or 

*he data available It would m m  more llkaly that the 5 cm growth In 

the first nine mcnth» is In fact aon> rnallstlo.

xisis 10.5 estd-m® or «cwra of poM.>aDtMMWS species m the fibs
HOE  MUTHS FOLUVDM SPiWfflO. (Data In rigs. 10.1, 

10.7)

Moromia Inmrn-oatris j If era

BjtiJCSSBQlUft vltt&tua t 14 m

Alaniaa folhori t 5 m

lsh90 tC.ti y llf  1 S or

l*abao oylindrlcua i 7 m

Clarias Rarlaplnua x IS m

Syuodrntlfl gatabeaonglg : 5 <s@

Where Mffloiontly large rushers ot Individual apoclo» wore etiileo- 

ted, th . ;har»oterlstlo length frecMoncy mrvea aro apparent j that 

Jlluetrated by iJalial. h • nvlW.ri'mQ. JfflslsBtil TttaSto being 

the exported distribution of a b »« lln «  popu n-UiJi, with *roate«t 

numbers at tin shortest length, tailing off In a negatively b n " “  

boliQ w  to few numbers at tio longest length. Sufficiently large 

a i i m  of LnHno altlvwlla wore sanpled to anew a dlffe^t.*. type of 

curve, with the large* :P. -»«. In the middle slse rang, c! fl .h  

(F)ga. 10.6 10 .7 ), 1i & v '  H  cither Juvenile mortility or dlspersirm. 

The larvae behaviour , t »ljr rela**l iabss Tlatallwa  Wt i* t



and tfbitahead, 19®) suggest a Boctaniaa encouraging downstream acve- 

&efit, so that it i* quit* likely that dispersion rath«r then mortality 

results in the paucity of Juvaniles in the pools* Th:i arguaaent eouid 

be extended to Mornorrua. Hydrooreua and Clarlaa to axplain tneir psuo- 

ity in the pads, which bore no relatione hip to the amber of oreeding 

adults which m i upstream. Tha suggestion is therefore tb i larval 

stages of these species also behaw in ft similar manner to i-XIS&Xb- 

anus And that this behaviot-r is aa innate to theee potanodrcnous 

species na is the upstrean ration. Sane gupport for this hypo­

thesis is furnished vjr tho larvae of Hvdrocynus which have been ob­

served to behr/e in this vny. (A description of larval behaviour 

may be fcund in Chapter 11).

Habitat preferences as indicated by the occurrence by wnigH of 

different species in di-'fo’̂ jnt pool types ho 70 uoen eon&idored In 

Secticsi 4, Here however, tho smaller r juv*i ilo fish were obscure! 

by the blasass of largnr or adult fist- and it is necessary to reoensldsr 

distribution free the nuserioal viewpoint, in the light of length ?f-  

quoney data.

MQRlfflttJS. Only Juvenile fish y»r@ present in Cheaps and Hasnerksp 

Fools in August 196? (Fig. 10.?) nnd were apparently equally represented 

In both typos of pool. There ware, however, several large rock* *t 

the head of Chasps Fool and all Momvrufl were colloctod in their vidn- 

it", luii eating a 'jtiliaaticn by the juvenile MomvTUs of the rooks, 

Nino juvenile and roe adult Mtamma oceurr'sd in Harsaerkop Pool in 

Hovenbor 1968, two Juveniles oeoarrod In Hooky Fool at the head of 

Sur>ris« Pool anl of the three fish present in Surprise Pod, two 

wero juveniles. 4 single large fish present in Surprise Pool obscured 

this diftributi'o as previously andjrcod* Da 1963, therefore, a total



of U  Jtr•miles of IS eougbt occurred In aasooiaticn with rock*:, 

tihoi ccusideraticn Is §J.vob to tbs relative situs of Surprise sod 

Rocky Pools (ea 800 a*, 50 a2) and roallxo '«r..tt thoso two pools ware, 

zv*eently before sailing, eonnocted, these oaa?ro figures assume 

grmtor significance. On this basis It would appear ♦.uxt the juven­

ile g of Womrme are either lithophyllia or aro only able to survive 

prodaticn when associated with rock cover.

The sise distribution of this species in Av^st 1967,

In C hasps and RnfflBWffcop Pools showed r-j definite differences, although 

to# ■ 08 in  the latt#r pool wers 'josevhat larger* let virtual!/

ell (266/500) tha fis?h collected In RcvoBb-.T 1966, wore fra# Sunrise 

Pool, so hero agsiii data aro inccnclunivo. It would seom that juvars»« 

H e  Hvdyccvmia were haph&sardly dispersed irrer,active of pool type.

A1 .ESTES. MTfTRAlJWTKfl - B1RBUS SPF. Cto tho bosie of bicinass analysis 

Al^atoe. Wlemlaataa tad Barbua uriltaailatus appearod to bo distribu­

ted irrespective of pool type, willt* 8 . ItnOTiBrtVd^VT speared to 

b« llthcphyllie, Un the basis cf - uaei icol analysis, hcwuver, all 

four species wore distributed irrespective of pool type. 

iJLRgo iJ.TTTKLIfl, The juvenile population in Haaaerkop Pod (Fig. 10*7) 

was for denser ttem In Champa Pool although it is not cloar if those 

wore first or seoend year fish. The population In Surprise and Rooky 

Pods (Fig. 10.8) doos, however, ive a clear picture of llthcphyllie 

tendencies In jv-veniles.

rjjmci CYLiHDIUCtS. Data illustrated in Fig. 10.7 dearly indicate 

Hthophyllio teodonoios In ttale speoi«B. Because the species remains 

dffiiT' la pods, bioaasa data rir > in this Instance acceptable. TUs 

oonolusian drawn trm Tnale 1C .3 w«*d4 appear to be valid and the indi­

cation* are that this speoles safihiblts strc«aly lithophyllio tend*wi*s.
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J|yg£g§. Of tho 28 spools^ eollaotod 1& Hoveubor 1968, frca 

Surprise, Focly *ad HaaBaorkop Pools, 20 mr® free Surprise Pool,

Surpria® mid Rocky Pools fish war® essentially fron th*' m m  popula­

tion find It Is interesting to note that of \hr aino fish under 24 m  

which w@ro collootsd, sight came free Basnar r:op and Rooky Pools and 

constituted tho antiro population in these icols. On theso data it 

seams lii xly therefore that Glorias aro lithcphyllie as Juvmllsr and 

llthophobic as adults,

3SM0DQ8fI3. Of tho fish under 8 m  total longth of this spooies 

colleetod in November i960 , 97 ocourred in Haaaerkop loci, 72 in Rocky 

Pod and cnly 15 in Surprise Pool, On coaaidoraticai of tho relative 

sisas of Surprise and Rocky Pools those data indioato oenvincingly 

tho lithophyllio tendencies of Juvenile Simolontia. oaphasised by 

Juvenile distribution in Chasps and Hamnorkop Pods in August 1967 

(Pig. 10 .7 ).

TTT./.PIA. Tho August 1967 results (Pig. 10.7} for thin species indiot- 

t«d a ol®ar preference by Juvanllos for Champs rather than Hneroerfeop 

Pocl, and tho larger numbor of ad’ilts in tho lattor. A hroakdeam of 

distribution in Surprise and RooJqr Pools indicate a different eirouM* 

■tanoe in 1968 (Fig. 10,8), for Juveniles wore twud in greater numbers 

In tho latter. This discrepancy is probably ths rosuli of praetor 

pressure, 14 Hvriraavnus ovsr SO m  length w»r® present in Surprise 

Pod. In cloor voters in tho lako, luvonile Tilacla have f recently 

b®m observed utiiisiug tha vory shallow rmrginal watnrw as a prots-ativi



Juveniles w st have *»m  subjected to the sane sort of pressure and 

the remit would have been, prior to & eepAsntlan cf Rocky tt?a 

Surprise Pool tgr evaporation, a novoment Into tho shallow headwaters 

of the pool whore alternative cover froa Hvdrogrnas predation was 

aval] able in between the Deciders found tori. This is one explana­

tion. The alternative la suggested by the August 1967 rosuits 

(Fig. 10*7) in Chanps and Iio*»erkop Pools where, in tha latter where

oiulte predominated, a larger number of Hvrirocvmis adults also 

occur^od. Henco the paucity of T 11/vnln juvaailes in both Sbrpris*

Pod In 1960 relative to Rooky Pool and Haoeerkcp Pod in 1967 relative 

to Champs Pod would probably be related more to aortality os a rosult 

of prodrticn by Hw!rr«vmia thm to any affinity with or against rooks. 

On th.tr basis Ttlanin Juveniles aw  neither clearly lithophjllic nor 

the opposite*

A Airther factor which has not bo n considered is that toth Champs 

ana Surprise Pods offer suitable substrates for tho ccnatructicn of 

aostti by whereas the aoute sl^a  of tho aand bottc* in Haaner-

kop Pod wa* unsuitable and could explain tha paucity of Juvmiles Ia  

this pod*

Th® term "lithophyllic" has been freoly used in this atteapt to 

explain Juvenile distribution in tho pods. It Is probably, however, 

that any fora of cover if available in tha pods wcxild have been used 

ay the Juvenile fishes Apart frm Hvdrocvmia. £ift&k2Si i£U£&iSl&a» 

tttd the epecics, therefore, all tho Juvenile fish's in the

pods either actively sought proteottcn In tho rocks or at least, 

particularly in the case of TllAoia. survived predaticn more effect­

ively as a result of their presenca.



* ' gffista or pool AT«pm m «

TUe axperiaental separation of Cheops Pool and sanpling of cm 

half ia 28/7/68 end tho other m  SQ/lO/68 offprod the opportunity to 

assess the effects of pool attanuatia. through the dxy soasca. L 

total of 2574 fish w^re sampled. Tho amounts of water ia the pool 

when sampled were sirdlar to thoee of 1967 iUur1. rated in Figs. 5*9 

and J.9, The effect cf the pools attenuaticn was startling. 

Apprcodnately 9 Kg of fish wore collected fras half tho pool ia July 

(Fig. 10.9) and apart from tflariim. 0.6 Kg were colloctod in the other 

half ia October. Two Alar in.*. weighing 56 g, occurred in July, and 

two largo spooinons, to^at'or washing 4-4 Kg, worj collocted in Octo* 

bor. The cnly other eptcies present was Tilania mortimorl. all 

o-hars having disappoarod. /a extract fron the field notebook reads 

"The spectacular collapse of tho populaticn in tnroe acnths ocwld cnly 

have resulted from predation frees outside the pool* The presence of 

Marabou Stork, Haaaerkop, Goliath Herm, Fish Eagles cad a pair of 

Cape Fishing Owl in the near vicinity, .̂ha large auEibei of scales 

scattered around the pool and tho plethora of bird line would indicate 

that bird predators ware responsible. It i~ .oght unl ikely ttufc 

w n w B n i predators take aii active part a* althcugh rueiaaat spoor is 

everywhere around the pool margins, spoor cf predatory maraaals were 

i»ot seen. Crocodiles have not been found in Champs Pool and ac sign 

has be<m left of their previous presence." The oonolusion reached, 

tterefore, was that the predatory birds wure respcnsible for the deci- 

aaticn of the fish fauna as th* water level dropped, for It seese aa* 

likely that the fauna cf half of the pool wcula have boon radically 

different from the other half in July. By itself this does not ex­

plain the acnplete abeenoe of species other th «  ClflriM XU0&U> 

renowned fir tfeair ability to withstand adverse ccadltims. Ch^iicol
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analysis of Champs Pod the previous year showed this pool U, haw* 

the hifbast conductivity <280 uuhos), lowest nitrate levels, lowest 

diMolred cogrgan but apparently not at a Uniting level (8.8 mgA) 

and highest residual solids of all tha pools. This was, hweror, 

aftar all fish had boon rumcvbd the previous August. It would «f*n 

likely that the preeenoe of a population of fish would have increased 

the eonoentratlcn of most ohemicals and deeroos^d dissolved oaqrfen 

oc£contratice• Unde* these oircumstanoes the abictio environmental 

factor* could well have played a part in restricting the fish popula­

tion to two "tough* speoi&n. Tho apparent M*. 1 predation (os intim- 

tod by the presence of Marabou Stork) aay well have cnly taken place 

after mortality froo attvircm&entol factors, Whatovor the reason, 

the population of Champs Tool, typical of a large number of pods in 

tho Mwewia River which, because of their ephomorol nature, have not 

been mapped, was subjected to a severe mortality, even *iien water 

rcnained.

Ninety-nine fish from Deep Pod wore tagged cn 0th August 1967, 

as listeu in Tai>le 10.6 and were returned to tho pool* Ho initial 

mortality was noted in the following two days. The pocl was re­

sampled an 27th October and 10 Hvdrocraua and L ftlaatea were raoovered. 

Of the recrvered Aleatea. throo wore ripe females and mo a nearly ripe 

male (AH). They w n  in apparently good condition but three tm iewt 

up to S an length as follows! 158 to 185, 117 to 115, 156 to 134 *&• 

too fish of 112 wa retained its length. The tagged and ^captured 

shotnd a wide variation in loss and gain in weight whioh 

were inoccaistent with regard to sex and activity, but when pomn- 

loss or gala In weight were plotted against original weight 

(Fig. 10.10) there was ease indication that fish weighing TOO - 1CQ0 g
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« m  <■$? tgr the conditions In tho pool. Plab botuoon

*00 to 800 g lost up to ZL$ of thoir weight orer the taroe months bo- 

im m  tugging fled recapture. In contrast, three of four fish balou 

$00 « aatuilly inenusd their weight* Ccndltlm of the alridle sise 

nnpa of fish, whether togged or not, was notably poor, jrot tho larger 

fish of about 1 Kg appeared to bo in good cendition aid mall (below 

200 g) Mire in excellent centitles*, again 1* respective of tagging 

(Fig. 10.11), If the reduction In oenditien In the GOO g *1m  range 

of fish was attributable to the apthod of togging, then it ia reason­

able to suppoeo that 100 g fiah would bo sore groatly affeetod, As 

they were not, on the hauls of weight gainAoea, tho returns indicate 

that acne natural factor suet be at play, such os food availability.

In order to find out whether or not this was the oaae, the condition 

factors of fiah from the lake and another pool at the suae tioe of 

year (Hcnrenber 1968, Station 5, Surprise Pod) have been calculated 

and are oasparod relative to aim (Fig* 10.12). These result* ahow 

clearly that up to a else of 300 to 4)0 g the condition of poola fiah 

la aa good, if not better, than fiah of on equivalent sice in tho lake. 

Beyend that aise, however, ocndlticn of poola fiah is consistently 

poor* The tentative ccnolusir® bae^i ,.*» the neogA> aaaple also of 

tagged fiah ovr- 700 g aust thet 'fora be ro«a*dod as suspoct. Quite 

oloar.ly, however, fish below 300 to UX> g weight aro given oteollunt 

growth opportunity In the poola*

The data free the tagging axperinant aay be used to oatiaate total
f, f2

pod population, uaing the fowula N •  ,  when M is tho estlnated

population, F^ the mmbtr of fiah tagged, the total nwabor of fish 

oaptured on second oooaaicn and Fg the *Bber of F£ fiah which 

won tafiged. On this betals, tho pool ecntalnod 7Z Hyirctarmig and

40S*
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810 ilu&lft, *  fitottn* quantity to thoM tand la pod* whore flah 

« « •  wqp&ttflljr oollaotad* Data are given <r Table 10^>.

TIBUt IQ-fl m RI HECAPTORE DATA, DKKP FOOfc, 1987

407,

ri *2 FS
K*

fiSBtfiBSQUft yittataa 14 25 10 52

A1 M iM  lahart ?a 45 4 510

IflfaSH altlvalls 9 IS 0 -

Zilttki nyjJiBci 4 0 0 -

*Sa« test for explanation of noliwna

10. DISOSS1CB

Nnqjr Rhodaaian rlvara bare the m b s  characteristics aa tha Mwaeda, 

naaaly subjected tc flash Hoods, aigh ailt content and a gradual

drying out into a aeriaa of poola in tb j dry aeaaca* Rot any , however, 

discharge into a no,1tr lake and In this respect tho Mwandc River la 

cnly typloal of sane of tho smaller rivers flowing into Lake Kariba*

It la perhaps because of this that the flah populatlcn maintained by 

the pools wan so danse. In the region of 0.2 to 0 .4  Kg/*^ or in aore 

usual tana, up to 0.6 Kg/a2 (6000 Kg/hectare). At this ecnoentra- 

ticn and on ecasideratlcn of nutrient levels and apparently aodioore 

l m l a  of primary productivity, this standing crop was* ohviaialy artl- 

fleial) not » 2 y  artificial but ao ocaoentratod that ■'' '̂sidernhle 

atraaa «ui •«*»* cn the population aa pool aiaaa decreased tornrta 

tin end of tha dry aeaaon. A population of riverine species t* U *9r* 

tlnleae maintained, at&9 fistful apecies, JUfiniAJfcSfi <»d IfflAfifllaBif* 

for a w ^ l a ,  uat not f*»ad in tha lake, yet were maaraa la tha poola; 

and this waa not for lack of aaapUag witu poison airund V" lakaahore, 

m  aapeot of tha stwly «bloh has not been reported <*i hero.

Although a large proportion of tha poola flah nopulntlooa waa 

Juvmile, thair M b ers bote little relationship to the nunber (an!



pnt«nt1«1 feemditr) of adulta which ran «pn««r to bread# An fappo- 

theaia has b w  put forward that tJ» Juvaallea x tha pods a:- relieto 

of their yeax olaaa, aoat of whioh oould ahow bat1 iYioural adaptation* 

to allow rapid doMLrtraan mprqnant at ai» eai4y larval ataga* Thia la 

oartainly tine for tha l&rvae of ^  IMir— M «od probably tfua for 

IdtMfi flUillUl* It has t*e«n auggaatad that in due course tiitUup 

behaviour pattama ara likely to ba found in Itowwu «td jCSAdoi 

larvae. Quito Qciwiderable variationa ia faunel oaapanenta ware 

found between poola with and without oo^.r; in thia oasa eonglqaara- 

tima of bouldara jjti atone* It ia nrobabl* that thia variation 

depended on a ccnbinaticn of two factors either, in aona apeoiee, 

active lithophyllia or, In others, aa a raault of incidental uaage 

and banoa survival frcn predation, Juvonilaa of all spociea, apart 

frcn three eharaetda, and t\ tn  Bartma speoiaa were found to bo Bora 

mnoroua in the rocky poola.

CcttJitle*# for the paak predator Ba&SSSm m * by the and of t*a 

dry soaacn, were ertraaaly aevora for fiah over aboit 500 g, m n  it 

ia quite likaly that terminal conditions would have bean reached by 

a large properties of the pod# fljBlxQOSIUfl tad the rainy naaacn etar» 

tad a month or twe later, for fiat below SOO g ilzo, hom nr, <m~ 

d It Iona ultkln the pools were eeoningljr ideal aa oacd- '  thoso

n a il fiah am extremal/ good. It haa bean M®aat«d . -s tha dia- 

arepancy duo to ei«e m u  probably in reapoiea to a change ia f&edi&g 

habita aoi food availability, a aubjeet to bo reomaiderad in Chapter 

12.
It would asea that tte aajorlty of tha flair occupying the poola 

w re them baeauae they had been trapped Hr the falling riv and a 

lane proportion of theee fU h  die through a aoabiaatloi of external 

terreatrlal end internal aquatic predatlm, eewre phyaieo-oheaioal



dMlcocUtn. IntonticMl pnMBo* apart ( M  a fov 
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tha fish of tslm Karlba may be Into threo sain breeding

aategcrleai the nontlnc spccies, speclos which bre ri in tho laku sad 

almg Its shoreline without nesting and apeciea which migrate up tha 

rivers to • » « ! ,  to fin'! by Myorn (1949) a* V * ™ ® 5 « » » • ' '>  a tem 

which anoompaases freshwater speclas which migrate up rlvors to spue* 

Tho location of the staiy nro/i at * river moith resulted in prooueupa- 

tlrr with potoBcdroaous fishes,

1 . susauL  a m a s s  a  a s m . A a i v n i

Only rlpo and ripo running 3tii>» of ■•tna! >7ulop»int have bean 

o®«Liaru! in tho analyses of aaasmal changes In 'loxinl activity 

(Fig. i l . l ) .  On the basis of this ara!;rals most fist brofi Airing 

tho h d h :  rains. Hastes. S a t a i » 2  m'. O a f iM  showed

oloar peaks of activity in both Januaries «Mpl uhareae ifctlflMi

I.^hnn and 1 .  nltlvalls showed moat activity 1'rm October to

•January ral 3wuHcsAls are! Cyphomrcus ihowud poaku smewhat later, 

frt» January to .ipril. In both species th« largest paroentage R or 

Ml fish occurred In April. Monsnrropa were clearly difforent ftco 

th' other species, with pr» imirarco of activity occurring in April 

and October. It la not known where thla spaclas breads, althoigh in 

both there h*l bMo an increase in catch oawurrent with full breeding 

ectk-itlcr In thu f * a l e , indicating that jiMdiag have occurred 

tn the «mtMi>rlBe area.

Little or no error could have result*** frt*r. tha allooaticB of 

t a a l M  to ftOi breeding cm Jltlu. !?.' « t  the method used Bust he 

oojsklewd ousprat with m s u d  to male jjgnaxw*. fflotaaaag. SlflllM
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w d  perbape, 3-imtrigtttla. where R or RR aalea were ooaparatively ia- 

frequwt when oospored to ooncurrett females. Alternatively the 

BAlea of these apeoiea oaly coda into full breeding condition a 

abort period before aotual spuedng. nevertheless & sore oaftetbl 

teohoiqu* needs to be devised for the aa ’esaaent of asti* ity i& the 

■ale* of these speaies. Differences in activity between tlm eexe» 

of other species were sftall, apart fnaa Hvditxmiu*, where ccasistently, 

a larger proportion of M ies were ripo then females.

A p art fro n  Motromia fw a le  a, no f is h  were found to  be R or RX In  

J u ly . Xq fact Rost f is h  a t th is  tiae were a llo ca te d  an In a c tiv e  

o cn d itlc fct w ith  gcnads th read  or sac-lU re  and ?< nad ial dI ooI v e sse ls  

a t th e ir  a a a llis t  in re la tio n  to  tho s is e  o f f is h .

z. m  w

2 .1  H a tu ra tlm

Th® s iz e s  o f m a tu rity  o f the d iffe re n t spociee an* the la rg e s t 

specim ens taken aro  g iven in  Table 1 1 .1 . Da sc a t sp e c ie s , so le  f is h  

natu re  e ith e r vhor l lp f  •'t a s im ila r s iz e  to  fe m ales. The 

M oieyridaa would p tkjar to  ^  ffo ra n t in  th is  ro ap e ct, althcxagh 

the sexu a l va i-in * Jn m nt.r * t l«  s is e s  ore . t q I I , D ata p e rta in  i n f 

to  J2& A£itf a re  suspect* as 8&t’ira tic &  la  know** fro n  p e rscca l

exp erience  to  oocur a t a awe h am *dlnr s iz e .

A part trm  JfeflBQpyfiftr tren d s o f change in  soxuai p roportion w ith  

£ncrw ud .̂  s ia e  i s  noticear>l©  ln  all sp acin s ( F i« . 1 1 *2 ). tfherow  

H0B33BHM* Qm iU BBPOiM SOUttlMS •h °'* s a le  dcninanoe \riLth in cre a sin g  

a U e , foBoloG a r»  ’ jfiia e n t in  la rg e r A la a to a . J t f£ 8

A^hLttiUf* <md jufcCjjfiiliif •
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tabu u*x Tffi an* or SErm t̂ TORrrr or sow srsozss m>
THB HfiXIMJM IfiKffH Cf THESE TAKEN 3T OXUXSTS

£ 4.

SPECIBS

S m a m M t s b m u

ft m  i M m  ( a )

A B C  

88 15 '18

fljiJimnnta dlMort»nafru, (XX) (xo> SI

Jfamaai a«iinrtrtfl 48 a 88

EtiSSBBSU ^ttataia 14 17 87

(1C) (10) 17

Urns M i M l t 17 zx SS

12 12 se

Sl&rlaa garlanlnua 44 55 86

3lSAEU&&L£ JBG&SflSU^ 10 9 SX

A t Soallaat re<5«^ni»able aalo flat 

B t imall^ot rooo^&JUahle fwaalo fiah 

C t Largeat flab taken 

(Mot aolectivity sxclurtoa i^aatsg wid SgtitillBCM **«31©J* than 10 an) 

jfeESQQiS* Pp to a fork loagth ol 45 m t 95$ of so^ually rocognisable 

f*ah wat*3 feaald. This ratio ciiangod caialrtently so that by t#« 

tioa fiah won? 65 am Xasj, all fishes wsre sale,

CrahfiBiwmia* Until a length of 22 m  ia roaeted, the aaxual proportlepa 

w n  store or lass oqu&l, At thi* length, aal©# b«gan to pnkicaiAftta 

aad all tho larger fl*H, above 28 ot&, yore aolo,

'Tftliffi - T^Xe spool*** showed % ocnaist<mtly iacraaaing proportion 

uf faaola fii*B free 7SS at 80 on lemgth to saro at 75 an.

H2U&8XXU0* The mbos&X ratio of SOtiMSBBBIS wt,r9 ttallar until a 

longth of 45 o», thereafter balog olaoat wholly oa >̂oi»od of fanale 

fiah. Karwuir (1972) f« «d  that famalae dcodnated tha pognleUcn at 

all aixa« abova 17 m ,  sales loereaaXiag from 4ftt at thia l«ngth to 

aero rA apprcdclQAtaly 49 aa.

houad a siora r̂at-aa! a*suapticn of faaale doBin«io<* with fa- 

l«m M>, trm  IM  »t 10 *  So I  eonpletolj f « « l *  pojMUUai



at 17 m , not unlllca tho situation for A. uniirffllhtiMWS °f L«ke 

Baagiaailu (Booiih jr, 1969).

l a t a  sltlxaua- Bolow a langth of 2*  <J» all actually rooognlaabla 

fiah were mal*. Betwwm 24 » d  57 am tho ratio wna roughly 2 M l *  

to 1 fanala and above 57 m ,  famalea aaaumed '.aolnwoa ao that h j  tg  m  

apprratloataly 8C* of tha population waa female. 

sum '.mtla.  Firat analyals of the Smodcntlg population ouasaatod 

a propaidarance of aala fish In tho middle alio range, with Jamale* 

d««lmting tho smaller and lir .fr  fiah. At aprroj'lratoly 24 m ,  

femala fish started to occur as a major proporti.cn of the poi*Jlatlm 

and over 28 aa, no sale fiah wore oanght. Few maloo ooourrad prior 

to 14 am lan*th. due pos.lbly to tha liffleulty of roocpililnc male 

fiah at this alae. to this assumption ajl immature flah*a wero 

grouped With mala fiah (solid points In rig. U . 2) roaultlng In laa« 

fluctuation botwean length croups and a moro aqunU.8 proportionate 

sexual distribute® than when ally mala fiah ware <nnaid«r*d. It 

would set* lllcely tharef'.o that In thla lnatanoo a larRO part of 

ianaturo flab*. wan. prcaa.ptlva ualaa. On thla baal. the «*ea 

wore more or las. avanU proportioned until a length of 24 m  vtei 

fatale* aaaumed domlmaioaj by 28 m  all fiah taken ware fanale.

App.^taatoly 60* of tha populatlcn under 17 am war. aria 

m d  br 20 <* langth all flat. taken worn f « l s .  It « « M  

in *Jxla lnatanoa that a la *o proportion of tha smaller mala populrffc* 

uould ham evwted the m ailer m + »  of tho glllnat and It la for thl.

that tha sexual proportion. b « * ' on «Uln.t data are queatlcn-

aWa.

s ,s jfminr*1 n*ui,,” ‘ ^roarUa

K *» ,ir  (19?2) found that at tha Sar.yatl ».vor rath tho proportlm 

at ml*  laoraa*.- during tho w-ntor aontha. faalyala of



a e .

this upeat for all fi*h speeies waa therefore undertaken for compara­

tive purposes ( I S g . U . S ) .  Moat spooios retained a similar proportion 

tbfongkoot tha year, showing little soascsial ohsnge. Sxooptiais, all 

showing a daovmaa In mala fish In July, wars Mcmrrua. HTtifflamm **** 

t l i i t n .  Mala fish of thoaa speoles would thorofore appear to have 

migrated away from tha area of the river mcnth whan not breeding.

2 ,4  Sam Ratios

It wruld be unrealistic, oaisidorlng firstly tho seascnal ohangea 

In norual proportion and aoccndly tha soleotivity of tho glllnats 

townxda cne :ax (o .g . , fritvmiiia raaloa), to attempt to aaoartaln tha 

suxual ratlrj of tho dlfforant fish species.

S . fecund m :

Tha tarn "fecundity" as used hole rofors to the number of eggs pro­

duced t,y the lomale adult fish. Egg counts wen  m 'o  as follows! 

gmads wore carefully removed from a ripo fish In their entirety, 

weighod fresh and transferred to 1M  f< raalln. In the laboratory, 

tho entire gonad was rowoighed, after removal of oxceas , to tha

no w a ft  0*5 g . Subaaraploa wor© taken at rmdaa froia this and weighed 

to the nooreat milligram after being moved ovor filter paper to nacrc 

m r  exoesa liquid. The maternal tlanue was then freed from the ova 

manually <n ! also welched to tha nearest mg. Ova of tho svAsnnple 

w on  thon counted and frm  thase 'ata the total number of eggs calfBla- 

t«l . lhltlally, trials ®  tho number of mbaamplo omits nncossary 

for oaah spoclcs wore undortakon. Thia nuabor was dorlvod hy rap»U- 

tlati of counts until tho stmdart error ( ! )  «*s less thm of the 

ck)W1 (J1;l thereafter used m  all carnts of th't p&rtlailar speoioa. 

m  au^swjwat oounts which gave a a of greater than »  w»ro d iw w t a a .

D a U  are presented ai a nnrlns of linear regression most of >Aloh
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wxu found to So Ilsnlfioant at tho 99.8* leval (fig. 11.4) and, in 

otd.jr to lnolwio fiohaa whoro oily a fau gaud* voro avcilchlu, in 

Tnblo U .2 .

Throe apeola* aro cutitndlngljr foound, M m i i h h .  Laban alt."al«c 

anJ i- amaom vhloh prcduoe, trm  a 4> ™  fl»h. approximately SCO,000 

o n  at cn0 tlnu. marina Is naxt aogt foaund flah, on average ipeol- 

mou of 55 an prataolng 80.0CC <m  at n ttao. In ordor of fooundlty 

frcn average n 1 ̂ «.l flah following thoao four, aro JfoBBLSU C A8,LCC) , 

Mnwnntina mil Hilnntarurun (25,000), .-.mcdontla (20,000), BltWHtlM 

(15,000), Alaatoa (10,000), TIIahIk (4,000) and CTPtMBffW ( * . * » ) •

It Is of not« that the firo Boat foounrt flah aro potonodrmoua and 

that thoronftor focunllty and brooding hoh-.vlair do not -ihou any oh- 

Tlcua oorrolntlai.

t in y  1] g TIB *AN EGG niODUCTICH BCR CM <HD ffiSSSSIOt OJSTFtO- 
tBllT 'b ' OP SC»« FISHES

MJJI OVA/ tb*SISCES CM 8W'T

196 296

Moravrona flfllirirjH 555 a.450

Mtanmii Irtiglrnatrla 775 2,095

Hv&rvavmia vittatua 7,290 24,551

?5A 1,895

^Ltlvalia 7,860 28,921

jflMLStiDB
8 ,9 # 0.12,000

89B 2,139

£LAEi£A iiutBBbUU
1,V>0 2,486

a-iftimtii JBBbffiMftlfcl 854 1,878

J||Jl^QIQIl alactrloua &U -

LttfifilA JS&S&AMUmI
09 280

4. am tr oka

lo attest la tsowi to taw  b a m  Bui* tc m s m m  tho varlntla. 

In atae of a n  of 0«e%Ml Afrlorei fiahea. A* thJ -o awld tor* bean



4 9,

e m m fw s

y* -191(4 29* x 
p < 0 015

U///%-Hr--|I--^ — ',i-
ro*n LIh©tm fern)

i«fo Ainviws a  Hi* C M M M
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vl> 11.iU (continued)



a correlation between the nuabor of diameter frequency modes and 

breading behaviour (In that two modes would suggest t w  or more epawa- 

fa a single season) it was decided that ova disaster* required 

aeasummnt.

Tho cnm" ovaries used for counts wore used for ooaeurearent 

of f-r.i After varying tinea of storage, of between iix and eighteen 

mcnthfl, snaples were taken randaaiy frc*a gcnada, teased to free 

mrter&al tisauo a»l then sh-Jain in a dosed test tube. Fcmt aub- 

snnplea of between two and Tour hundred e^ga were taken and 4 ooeased 

Individually, Each subsamp&e was introduced Late a perspex ocunting 

trough cm a eliding rack, specifically ccnstiucted for the purpose* 

aiti raaaaurod by microscope graticule. S^ga were aa&ewhat distorted 

and faoeted aftor storage, so that accurate assaessant fraa a maX1 

sample was not possible. With the size of sample taken it is probable 

teat slsas found were tv\m raflccticna of am.m diooctors.

ipproxliaataly 1000 eggt fron eaeh apoolJMn were noasurod, oonplos being 

takm  fron 189 uroolmma ;t  15 apoolea.

Little variation occurred batwooi 'Iff 'rant ajwolfflona of the aane 

species w>d typical disaster frequency iisti i ';tlcr. !’• r each specie* 

aro figured (Fig. 11.5) and modal diameters tabled (Table 1 1 .5 ) . the 

ambers oi' specimens aaapled In oaeh apecles and tho proporticn of 

those exhibiting «nl- or btaodalitar are g l» *  ln Tablo I..A .

Socause omries have been observed to have be® froo of « a  ln 

tho non-hroodirwr so asm , blnodalitar, which In so ol«ftrwxxt is b ĵuo of 

the apaeles, lxplloa ana of W o nltemctlvea. Slther fish breea 

twine or w in  in oooh seascn, or exmined gau Je van ijiaaiplotely 

domlopod, tho txrt«*o*r ■»* bain* allocate is a result of aaovoasopia 

<nantmtlon, tin* btaalnlitjr ot the proeeno.i of a group of moUar 

ore was a ftmcti* of inoculate ripeness. Those alternative*



fig* U .S . Ora of Hip** sp*tS*m*
of IS < n * ln .
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s ic o n

TIB M M L  DU1CTKKS OP U »

M3DAL BU M RRS W  OV* <o>)

Kutrcclm IrogtrU

f^aotrima 

Smcdmtli sttxm a&lSW  

U H u l ii

Underd«v»lop®d Dwr&opid

0.T 1.8

0.0 2.5

0,7 2.0

(0.4) 0.9

0,4 1.0

- 1.0

. 1.1

_ 0.9

- 0.9

(o.8) 1 .4

0.8 5.0

_ 1.0

1.0 2.9

t « . «  11 .z TKS WieKBS 1HD »  S « C D » B »  M
rw itft u u> sjeciK  ccnTAiuwa ova with u hi- cr ^ imcoal DIA­

METER FREQUENCY DlSTHIBUtlCNfl

not. of ®od»e

s m rsa

QX&SMiBiM

tRJWEt* f m c w t w i*

1 k i e

1 13 7 98

0 3 0 100

0 33 0 100

15 7 58 52

S 19 30 90

7 0 100 0

as 0 100 0

2 C 100 0

14 1 98 7

13 2 87 IS

0 2 0 100

\fl 3 85 18

0 6 0 100



require dissuasion. Ignoring, for tha present, individual variations 

uhloh la the aisea of aamplea could result in  aiainterpretation! 

gcnads oollooted in September should theoretically be la on earlier 

stage of develofaeat, hone© be more definitely biaodai then gonads 

edleeted Ik the follcving February, towards the and of the breedlag 

so&scn. The gonads examined ease free rip© fish collectod ovor widely 

varying t im e  of the year, so that seasonal error is to scsae extent 

oreroaM, e»d no trend fran biaodality to ’tnimodality ia apparent ia 

the results. If, wider these clreumatanc@@, a high proportion of all 

gcnitfs of a particular specie? Hooted throughout t i  3 breading season 

was biaodai, the first alternative, that fish spam at least tvioe moh 

scascn, ia more probable. Considering now the error which ooild 

result fr- a individual variation (in that tho ova of fish A, uhloh will 

spawn in Fobruany, will bo racro markedly birvodal in Soptaabor thou 

fish B, which will spawn in Nuvontoor). If all* or uvo» 90$ of the 

sample showod biaodality, errors arising from individual variation aro 

probably of little ocnsoc îonco. It ia thorofore probablo that ia 

thoae oimodal ora frequonay distributions imply multiple spawning*

The? biaoual iisiribution of tho ova of TUanla aortlaarl. a species 

kfeewn by milturiats to bo a aultlflo spacer, supports this eaaoluaiea.

Tho apocias whloh ahowod eloaiv-out btaoriallty wore Ovti.tgrnia dilflfr- 

MtUnyfOnS jifiiU&lflBlE* UfiBZIW in£CI£&EEIfi&£Ub iiilMlflBlBifl 

and XildfilA AfidJlB££i* At tho other xrtrcraG, clearly 

albgla ipawnora were Labao altlgaxla. amaero. flT1 W Mflua && 

f he ovaries of ms© i'*11 vidual £Lke1M 

•S&Jdifiltttl s^d J0Ba2SMBSifi» although olciarly uniisolal, ooa-

♦«4n^ a aignifiewt properties of *sallor eggs foming a shoulder to 

m  oseontially curve aa illustrated In Fig. U .S .  and

88$ rsapotJtlvaly did not have thia "ahcaildor1' . Furthomoro, tho rela*



m ,

ttooly wtorar proportion of saaXlor eg?e. when those v<we pressut, and

tl» laefc of * doan-eut f&oi* to those strtegly sug^osta that those t m  

0ptel*9 wxe single spavaors. The curves of the ahameids jffifp*

J8M S Ttttatus «9id laborl arc loss easy to toterpret for although,

as om ben, the saaller eggs are relatively insitfttlficmt to ocupariaaa 

with t*» tally foraod eggs, the aarve is *otv definitely separated thaa 

la jj&Uut&B •wd Smodontie. Tho relatively largo properties of 

sanplod which oxhibitod btood&lity (9C$> suggests thl? fish to bo a 

multiple Bpa^or, In the ooute of SjtiBSB50ift» of aaajdod goiads 

worj untoodal, toplytof a greater Possibility of this spacios mly 

spa-wri trig moo; th© seven fish with btoodal ov© dlstvl&itSan. being, 

poeathly, 1ncoaplataly iovej opod«

Data up to thig point are suaearisod in Tablo 11,5,

« . OCK^C ATHOPHiaTICB ft HXDROCflTCJS
.»—■■■— ... ... ........ -■——»38aBBgsĝgap̂B

It wna noticed that at timoa a quite high proportion of the emrise 

showed ai^na of atrcphioatian. TbR sfequarnce to tho atrophying praoesr 

van as follows/

(1) Individual egj?s to a Hpe fonad, tioraally opaque and greenish yeT.ov 

to odour, cleared, burdened and turned saber. Thi# ootsurr̂ d ran- 

dcely throughout tho goaad. 

it) Croups of Qfĵ u than »Hcuod this refvstiotu

(5) Tho aeitir̂  gaaad, begtoatof posteriorly, hardsBsd, turning on saber 

rer] m i booem* brittle.

(4) The ga&ad dsosaasod to eite until pencil-like. this proceus took 

approxlaately a year and a mat* pmpantiveiy snail cvtuy with 

aoriaai eggs would fort, vontrally to it.

<S) Preguoably the atrophied {'mad wee then ecwtpletely a.sort**], 

the percentage of ftmale f t *  ahowkwr this phanowncn vaHad





■tnttnnllyt Jaaaaiy 1967 j ! K |  April 1967t 8Jl| 2x0? 19671 

January 19681 10S. The lapllcnticna of theso rind lags are oonsidared 

In Section 7,

e. early wmmmz

Although attempts ware aado m  several occasions to artifloiftlly 

fertilise ova of difforont apaciss, the opportunity to do so occurred 

raroly and cnly la cos instanco was successful, whan Hytlrotnmaa ova 

were fertUltod by stripping ova frons a foanlo fish into a river 

water flilac? bowl and than artificially exacting milt fraa a ripe naming 

aalc, caught shortly afterwards, into tbo saw  ccntninor. Ova and 

larvao m r* colloctod on two ottor occasions, cnce in mttigpt tho roots 

of shor-jUne fialviniA and auothor ttoo in invertebrate saoplos takan 

fron GamtoDhyllun. Nesting of TUaplfl Bfirttert observed to 

occur in a shallow bay protoctod by groinciad Sulvlnia at Chris'

Boach.

Tho no009sity to roadlly Idmtlfjr tl > /oineost rtagoo of dovslop- 

mont of flatus has bom recofjnisod for noma timo (BaHnoky, 10«fl) Iwt 

In ..frlca tho opporbmiV to deaoribo spoolos not usod In rail turn 1« 

obviously llnltod; ally m e puol^oaticn, that of Tryvr and White hood 

(1959) on th« dovelojmmt of Labao Tiatorlamig. la known to mo, oltlungh 

oarly flngsrlln^B of HgHr™*vnui havo boon dosoribod (Gai^hor, 1967( 

KaiM lr, 1972) and later dtrrolopMOt of Konthanlochrgma ggltjsslS 

la figured by Woloorarae (1969).

3,1 UUESBBiUtttttM
Tha aueooenful forttlUatlon of H»rtr«w«« « « •  took plnco »t 10.00 

turns m  2Sth Januaxy 1968, ftjUwln* a minor flood m  tho previous 

day ( • «  Chnptor 10, e .l )  during a nolomto run of tho spools*. 

FartUlsed m n  ianodlatoly takan to the roaoamh (tatlcn labors-



429.

torjr aid placed, well spread out, In uhallow enraal dishes, covered 

with 8 os of lake water a»l wall aerated. Opaque eggs wary renorad 

at *.his stage to minimise tha likelihood of fungal infection. Sample 

onbvyos ware removed ia duplicate serlss at vaiyingly spaced interval# 

aad fixed and stored ia 70$ alcohol or lOjf frmAlin, Apart fros the 

m o ril  of ssaples and deed ova and aeraticn, the diahes were dis­

turbed aa little aa possible. Post-larvae eeru offered planktcn 

collected by 60 mesh netting, and fed readily. When the regaining 

post-larvae had reached 22 days they were transported by open plastic 

bag aerated with ccespreased oxygen to tte laboratory in Salisbury to 

m  • t*1**’41”" kept at 28*C and fed hare m  early instar oladocersna.

Water temperature in the research station laboratory varied little 

around 25*C, although for short periods th® temperature dropped to 24‘C 

ari r se to 26*C. Eggs and larvae were never exposed to direct sun­

light, so that little inhibition of growth ec*ild have occurred as a 

result (s®a Sffllth, 1957).

The ripe ovarian eggs of Hvdrticvsms vary in diameter between 0.8 

and 1,2 •» , but the majority are between 0.9 and 1 am and are a bright 

yellow. Swelling of the vitelline asobrane occurs when the ovub is 

placed in water, irrespective of fertilisation, resulting In m  egg 

of 1.1 to 1,2 vm in diameter containing a yolk of 0.75 am. In the 

fertilised egg the membrane is perfectly spherical and althoigt> ‘vane- 

parent, Is edBewha* adhesive so that the antire egg Is covnred by a 

thin layw of aifflifce detrltic particles, rendering the «gg crypric and 

observation of the mbtfo without renewal of t U  vitelline aenbrane 

Pother difficult. Eggs are very slightly denser than \*ter, are 

therefore d«ersal, but easily go Into suspension.

The sate features of develoj*M»i an  illustrated la Fig. 11.8 and 

described with regard to outstanding features in l&bl@ 11.7. It Is



Tig . U ,6. The a«rly derelopnnt of M m m *  JtitUlill- 
See Table 11.7 for aoiplanatlai (Tttolluie 
membrane haa bean mltted frcn 2 to 8)« Tha 
scale la 1 mu
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toe tsttutFMarr or r m  early stacks cr ctmcbra
£? £4* - 26*C (FtgU’*e mnbara M t e r i ^ ,  il*<)

tiau} -)A-i

fiat Fig, No* Stag* of devalopRent

OO.OOhr* .  Ova fart H i  3*}.

(G9£S hw*) - (Ova placod in aarated aquarHe),

CSL.20 iiT9 •  4 dell atage.

(£.50 hr* 1 Middle gaatrula* Blaatodsnaal oap haa 
roachad aquatorial poaitlce.

12*00 hn  2 Lets gastnda* Blaatodar© oovore «ntlr»
folk «to»|A for yolk plug. Haod regicn 
dlffarantlatad at tba anir&l p<il* at rowdad 
raided thickening,

22 hrs 3, 4 Smbryo laugth (2 an) f/B yolk cirouaferanaa,
aoairalinc yolk ec.j-'fitrl sally, 6$ of safcxre 
fr©*d free, tha yolk e&o at. caudal and.

29 hrs $ 2i a unites dova]oped, tpo ami our rudiaanta
vletblo lo. live material*

3* hrs 6, 7 27$ of aabiye freed frcfe yolk sac at oaudal
and and growing In a outvo avay frcft th* 
antaricr an'.. Sabryo ncv 2.3 an long* «~  
c'roling ydk aac eocgntrlc&Lly,

45 or* 6 Embryo s .5 .® l.ng, haad rog^cn boccffling frao
rf the y 5k aao, fin fold forain# tha and 
at thr. v u ' • 501 of the pro-larvs ncv ttm* 
of the ydl; sac. Embryo active within the 
vitatlina membrana, but still ourvad around 
yc -k aso0

47 hrs 0 Larva 3*2 m  long* yolk sao l,S tm loor lay
0*6 an doap, cval and alca^ais, Hate.. .ng 
i otjura, fin fold dwalrped along tail, ecea- 
what dospar woct rally, Malanophcrcs sparaaly 
p.-eaant on head gurfaoe awl at aaob and of tha 
yo3k sao.

ijb hra 10 Iarr 5*2 m , yolk sac 1.1 m  x 0,5 a»* optic
vaalola and fwr.rt .-udiraauts apparent, in pr*» 
§ervm1 aateri-u, Ccud*! •*£ of fin fold bos* 
^roatly mpsndod tha.' tha r^naindar, Vantral 
fin fold dearly draper than dorsal#

P© h*a 12 Urva 4*5 am, yolk: aaa 1«2 m  % C.4 *», siaudtal
fin fold olaarly dlffaractiPtad as axpantad 
portiq* of fold. L«ns apparwit In opti« 
toalal« in pmacrrod taatoriai.

96 hr» 15 Larva 4*3 «», yolk aac 1.0 m  % 0 .4  oo» 4jn» 
pigaentad.



Ccnttaued

Tim

120 hr* 
(S day?)

Fl«. No. 

U

8-10 cUgm 35, 16, 17

16 days

22 days

19, 19

2b ^ayn -

28 days -

50 days 21

58 days

Stage of development

larva 4*9 mb, yolk sac 0.7 x 0.5 oc. Mouth 
end visceral arebec apperant. Out fully 
fcmod, sparsely pigaooted. I lamented spots 
appear sparsely alao? the vantml eĉ ro of th« 
mid lateral line,

La>̂ ru 5 ,4  SB* Tc&k abaorbod. Mucth, 
c’p^raul'ua a&d gilla fully for**!. Psddle- 
IDcs pectoral fins pros out. Head 1
laterally bo that eyes are ddoly spaced*
Air bladder apparent. WxXativoly large bat 
well so part, tod aela«c; Koras occur cn the 
bolly, Molanophore* persist along the gut.

5,2 tarn long, Eyes and eouth have increased 
11.sprcpo rti Nataly In siao. Operculum acre 
dearly defined* Peotoral fins distinctly 
rayed, Air bladder vail developed. Gut 
with jnelanophorea,

5.1 m  1 ana. Pectoral fine aoro 
developed (10% of body length as opposed to 
6? at 16 day stage). Body greatly Increased 
in depth, oyaa contrail/ ns opposed to doî - 
8ally positicet in tho lato rally viewed head. 
Gut well developed with aolanophores post*** 
lorly. Malanophoros positioned late nlly 
alan.? flnoh sirIp of tho budy mainly at the 
ju&attcti of tho nycBwros and I orsally in tho 
poet >ml rogion, Caudal fin fdd  truncate, 
having provitfcisly boecv rounded.

Caudal fin notlooably forfcod.

Anal fin obvious.

U .5  am. All rayed fins apart free pelvic 
and wiipoee fin voll develops, the latter 
t presented by a membranous fold. Articula­
ting bents of ekull boocning obvious. Caudal 
fin forked end nyud, Joined smoothly to doiN- 
eal and vontml e-irfooos of caudal peduncle 
by i aerobrar ns rew\ont of tho fin fold* 
Nfela*'i«Vihoroa present, doraally above the opsr- 
cui.s, anteriorly altng the lulling edge of 
both <aws and vontrally m  th© pectoral gir­
dle. Fin fold resBuxtt axton^* frm pectoral 
girdle to vont,

17,5 aa. Clearly recognisable as a 
jgpaut fingorling. Uaieuspid taeth have 
developed In both ja«ra« All myod fins 
developed. Mifooe fin fully developed* A 
short relict of the ventral fin fold occurs 
between vent » d  pal vie iln. Hclonophoree 
occur along tb© lateral line and m  the dcr- 
sal surface of head & id body. External 
nores visible for the first tije.



pertinent hero to dieeuss eortain features in rospest of tha develop­

ment of the ccrprinid ^aboo Jdfi&BE&OUUb described by Fryer and White­

head (1959), ta several distinct difforoacos and seme similarities 

are apparent.

Fiyer and Vhitohaol (195 } point out that Horn (1930) believed the 

large perivii«illine cpaco to be advantageous to swift water sp&uners 

in that it  cfi'era &  dogreo of pvoteetim to buffotting in turi*ii»*it 

waters. They also wjggest that the or «  txicyanoy iaparted by 

swelling Is at vntitaj.ecue in ephonorel f  j$ ocuditiaaa, "enabling the 

eggs to pass out (frcm side pods and channels) into tho raoin river 

as the water mcedoB". Thf./ found tho porivitallino space to be 

oonsidcably larger in i .  v .rhnHwnua (overfill egg diameter loss yolk 

dianoter apprcacip-/:^ 2.6 ” 0  than found here in jjjfljrPSYBUi? (0«4 ® ) » 

although the acturd yolk aita is sinilar. Ova of AkStaS ifltflli*

T̂ ?v>r, iiltlvolla and i ,  eylindriaue wero fouai to bo ainilar to £ . 

vlatt Frjmr and Vt.itehead (1959) sug.oftt that the large

porivitollino spa jo is a relic of a fomor faet-vmtor spasming habit.

If  1 .in is true, tho smaller porivitollino space fauvd in HaflffflYBMB 

eggs suggosts otv»t whera oculd be a grodaticn of this oharact©r*stio• 

Movortholoaa tho size of tho porlvltolline spaoo of HYtirWYBM <** tho 

observed rjsillonco of the vitellinn mombrone aust bo of great ^rvival 

value in a river sublet to violont flooding error ropidu, suoh ae the 

Mwenda} particularly if  breeding does oesur in rapids as sw a tted  

by the observed behaviour of this spocios {Chapter 9, 6 .1 ) .

6 ^ . 2  PraM wtd aatorlcl

Vbero ti»e wru? available, free-hand drawings were aade of do valet­

ing embryos, using live material. It war possible to discern f&f 

grnator dotaU in taia material than was subsequently oossihl* with



rogair! to proaeivod material. Particularly In roKpoot of aoRitoa, 

and tha optio m& otic voaieles, For thi* rsancn thoso oebryclogioal 

characteristics have intont icnalljr not boee offiptaaisod and dlroot oc®« 

pariacn with Pryor and Vhifcchoad (19*9) in rospeot of those aharaoter • 

istica has boon avoided•

6 .1 .3  I lI* sao

A oharoctoriatia of Laboo riatorianUB. in comm eft with gg\lm» and 

other asiatic eyprinida, was tho tlavolopewnt cf a posterior ortonslCB 

of tho yolk tuba bonoath m  oasontially straight oKbryo. nvdroffgnufl 

i0 markedly different in this respect, tha yolk one ronuJLning ctroid 

at all ticiof, bain# spherienj prior to iiatohing when malrcl&d by the 

mbtyo m d  boing, subsoauant to hatching, olcngatoly ovoid#

@ a.4  ijotefrto.,tiag

Althcu/*b there was ft d^rao of disparity in the n t «  of individual 

development and hatohing ejeurrod ovor two to throo hour’s, thi* wp" 

not aa groat aa 'ound in '.t vlgtnrl/mua. hatshijv; took plac )

ovpr 20 hours. 1. •> tefciy, material waa, however, oollocrtad in th® 

field aa.! could hava boon tha result of different spawnings, although 

Fryor and Whitohoad (1959) suggttst thnt, hatching disparity say also 

fiavo survi'* 1 value In an apherersJ onid rataaent.

As aom as the larvae of Hvrirommtia hatched thoy woro ahl# to tvla 

vigorously. Vary liks th© behaviour of J*. 'ftp*** ar,ti* larva#, UXStttb 

ernma larvaA would suia raj Idly upwards to too surface aid m  roaehing 

it, boeoott pasaiv», sinking alovly 'o  th<» better, Whan tho bottm 

won touched tho <^olo w«juM ba n»poatad« UnlLVo X,. 

howovor, tha o n V  resting phas® ot«crr«d ooourred during ^  nialdag 

phane of the cycle an! larva* war® no* »om resting m  th© bottom



unless coring • la a flowing rivor this behaviour could only halp In 

a dowstreaa Bovaeiaet, end wouli also tend to lasson tho opportunities 

of being damaged as a rosult of ciotuot with obstructions along tho 

rivor bottom.

Larvao start feeding at fcaxr to fivo days old when oye* and gut are 

fUlly developed and pectoral fin prioordla have developed. Donso 

sooplankttt ecnoentraticaa vera added to the roaring trays and tho 

feeding bohariour was oha'ectoristie aid not soon to vary. At this 

st/v;o tho bottca to surface mcvomont hod eoased and tho larvae had 

atartod to show a dog* jo of shoaling* On approaching a «nftU plankter 

a larva would stop ano to two millimetres away, deliberately coil ita 

body Into an S ahapo on the horiscntal piano, at all tiane kooping tho 

plaaktor directly in frcnt of tho hoad, and than lunge at tho plankter 

in a single spasnod. <•* r -vamont, In many instances tho lunge was un­

successful, duo either to its niaatrocticn, rapid avoidance by tho 

planktor or tho planktor boing too large for tho mouth cf the larva*

6.1.6 Piisaantatlai

Unlike Lflbac vlatcrinmiH and tho Europoan a '̂prlnids (oalinsly, 1®4B) 

tho only pigmentation of any poraanonee up to tho last stage described 

horc, occurred alcng tho gut. Apart free tho very obvious ayes, 

larvae wor transparent until app raxlmatoly 29 days *r«J ooun tors had lag 

wne in ita earliest ata^e of doralopnoct in the largest fish (17*5 ■»)•

8.1.7 QrtA/th rata

In aooorionco with B&lineky (1948) and Fryer and White hood (1959), 

extromo oautlcn is nooessaiy wba comparing growth rates in the field 

with those obtained under laboratory conditions* In this instance the 

tSBperaturos of rearing trays woro much the saao as onvii*cnn«rtal 

temperatures. Food was not, however, directly ectaparablo. Tho aost



m

nciioaaialo /actor with ragnrd to growth rata waa tha dlaaropaooy 

eflthibitad botv«on individual*. The two fiual IrrUrldual*, 

for exaaplo, wure aarfcediy different in aiae whoa the atsollor u&a 

r&scnred at 30 days. Sasploji taken botwoan 0 and 10 day* slac had 

qulto a vide? variation in dovalopnent. Th*? eorrolatlc*! of field 

data with thoao ravilta met thoroforo be oarridd out with motion 

a»1 oan mly bo regarded aa appraxiajan, Kmmir (1972) using a 

largo fry not in tbe Sanyatl River gorge tow&rda tho oad of March 

2970, a prop iterance cf fry botwoan 10 and 20 m * Ox thoee

data those fiah w-iuld havo boon, roughly, about four to alx week* 

old and would ha/o h^an spawned arouod tho baginning of Februajry* 

Apprcocitaata agoing criteria aro ?tvm in Tablo 11.8,

6.1.8

tooth had not yt>t developed In tha 1?,5 no, individual, but mlaua- 

pld tooth, IrtDgulnrly spaeod cri both Java, hod developed by 17*6 w *  

Thla is in agreafemt with Kommilr'a (1972) flndlnga, yhoro ocnloal 

tooth woro footid to bo prasont botnwn 12 and 22 m , triou0j4ri taatfe 

botw^on 24 and 55 on and ccttloal tsath again free $4 «R> data whiah 

support Roborta (1967) in his hypothesis that the uniauapid teeth of 

Hydn̂ ygrftifl vorfe iorivod frocs tho trieuapld typo found in ,4i8tia*»

It oan bo soon, thoroforo, tnat conaldernblo dlfforonooa «rt.fcit 

botweon tho dov'elopwnt of L^hac ti|AnriM«n end *

particularly in tho alas of tho porlrltollino apaoo, tfc straight®©*# 

of tha prshatahing oahryo of tho preaaoo# of tho yelk «-

tonaiaa in X'Â EUfi not se<n in ^QbttSOBtt ^  posalblUty of dalajrod 

hatching in Î bao egg* not found in jJx&Kajaaai» * {1'3 aftjor siadlarlty 

botwoon Vho two U a« te the bottc* to attrfao® mdaadng behavltMr wfednh

ytll bo ratuwad to boicv*



« U

a s m  1J-.8 A t t m m m  u x w a  ok ran a  rm  nroiiocnms kept m a  
za' m > se’o v p  to so dais, m i  H*c t m m r m n

(Fiifiroa refer to Tix, 11.6)

Days FI*. No. EIB Criteria

2 9 5.2 Hatching, no oyo or mouth. Tolk sac 
present.

4 IS 4.6 Pigtataatod oyo, no mouth. Yolk **e 
proson t.

5 14 4.9 aid gut develop, Yolk oao 
pro s<»t.

0-10 15-17 6.4 Mouth and gill 3 well dovolopad, poctoiv 
ol Una xmrayod "peddlos". H© yolk
SAG.

16 18-19 5.2 Mouth largo, air bladder present, 
pectoral fins lightly rayod, caudal 
fin ramdoi and oaabrnnous.

22 20 b u . Caudal fin fold truncate.

26 - - Caudal fin notiwvablo forked, rays 
doraloping.

28 - . Atud fin develops.

SO 21 12.5 Adipose fin dgvolops, fin fold oxt^nds 
frtaa poet oral giidlo to vent. So 
pelvia fin.

55 22 17,5 Conical tooth present. All fins 
prusont. Pin fold remnant extends 
frcta halfway !.><:. twoon pc*'>.ric 'in  and 
vent, to vent. Clearly rrvocguisahJ» 
as Hvtlroavmig.

6.2 Tho dart Id 1

Tho doirolotfflant of the olarlll vafl ra.iriia.Ur ulffartmt C r m  that

found in both yin-fcrriamm and Hvrirocynug vittatua.

Sg£9 voro found along th@ shorellno of Chris' Boaeh In aaacngst 

fiaivinia "roots" wMoh uoro lying cn tho bottom an 3rd Hcwoab.- r '987. 

At this point tha lino is i?«.tly slopin,-, protect**] and amOy, 

TIk» water lovol at thia M m  had boon aoro o p  leas stablo for two

haring droppod only 0*1 s in tho previous fortnight. k ccti- 

oevtaA searcfe resulted la the ecOIoetic*! at nine larvao md ®%ht



oggB, which joto found cnly !t wntor botweraa S and IS go depth. The 

marginal SalviniA at thia point oxtondod appraxiaatoly 8 m out fron 

tho shorolino. Egge and larva 3 woro rotumod to *ho laboratory and 

plaeod In shallow gloss aquaria under 15 an of lako wator, with jovoral 

plants. Very fov saaplas woro taken from tho aquariua duo 

to tho paucity of aa to rial and growth could not bo continued aftor 10 

days duo to the termination of the finId trip. Dotails of tho dovolop- 

mont may bo found in Pig, 11*7 and Tablo 11.9.

Whan collected tho development was in late gastrulatlon and t«io 

aahiyo was touch largor than in Hvdrotryima. being 1.7 am in diaaetar. 

thoro woii no poriv5tolling spaoo, the grabryo being ti,;htly ocnfin®d 

by too vitelline membrane. Ttoy waro light groan In colcur and pciw 

foctly spherical and smooth extorr.ally. Embryos proae rvod for ttxmlncp- 

tion and fi^und  woro not nocoasarily at tho snrve sta^o of dovnlopfflont 

as thoeo which hatchod during tho night of 3rd Nowibor, aa larvao up 

to auout 8 days old wore oolloctod at the same time ay thd o g x e ,

Tho larvae which hatchod wore dark groan in colcur and lackod

0- is, Thay voro far more robust than tho Hvflroavraia larva©

and witK -. 50 hours of hatching had dovolopod a south, abr.orbod the yolk 

aac and dovolopad raynd pectoral fias. Forty hours aftor hatching 

tho opibraachial ohaaborf had dovolopod aa subcutanoous bubbles in 

tho postaro-doraai rogicn of tho skull. By ton day*' tho larvao woro 

0**. m leng, tha jy s v**ro fully functional and although a largo part 

of the fin fold persisted, the rudl ntg of the dorsal and anal fina 

could bo soon• Tbs behaviour of larvaa throughoit was imraearkabl#. 

They /o»xLcl bo alBOst ocntinuoualy ipiios?«3ct on the bcttcn of 

afjuarii.® in tho fuivjnl* x-oota, but if disturbed would <*vin docpor 

Sato thesa, Presisnably thoy f®d at ai^ht an detritus which had bHB 

introduced into tho aquoriura with the S&Iviala. &aall molar,ophore*



fig. u . Tho early dovolopcsoBt of a alariid, prdnUjr 
Hatpmhmnehua Imglfilla. Ss# Table 11.9 
for explanation. Vitelliiw mesbtma removed 
in 1 . The scale Is 1 rara.
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developed strm&ly by 10 drya, widely so&itered over the bcdy and fin 

fold, but eaieentratod to aaae degree alcng the borders of toe ojre- 

aeroa and lateral lias.

TABLE 11,9 THE DEVELOPMENT CP HIS SAHLT STAGES UP 4 CLARID if 
(Figure nunbers as in Fig. 11.7)

‘Hog© oi- development

Lato gastrula, with yolk plug.

Larva *.3 yolk aae 1*0 on * 1,3 rau. 
Notochord and approximately 29 Ejycraare# 
apparent. Tail surrounded by loop nm- 
brnnoua fin fold, smoothly rounded 
caudally.

Larva 7.6 mm, Yolk absorbed, 55 ayoBuswwi 
apparent. Mouth, two p J.rs of external 
nares and operculum loveloped. Eye* 
a/rparont as rounded elevations* Rayed 
pectoral fin present and oauda] portico 
of fin fold with six dateloped rays.

Larva 7.2 mn» Caudal fin with oight rays, 
aliao.itaiy canel more obvious end probably 
functiaial. Epih rone heal chamber apparent 
as subcutaneous cavities cn oach side of the 

hood in a postoro-dorsal position.

Larva 8..; an* Caudal fin extending poster­
iorly with eight rays. Eyes functional* 
Bones of dorsal and anal fins developing 
within the membranous larvnJ fin.

It was unfortunate that it was not possible to allow the larvae to 

develop to a cleerJy recognisable stage, Vat the largo size of the ora 

edlectod suggests tha , of frtfornhrrmahua 1 m glf 11 in and Claries 

MKXSSiXttl£ ( ° CQ of wh*jh they mist have been, having an ©piU*anehial 

chamber) the Tomer la amr® likely, the fertilized eggs of Qflrtflg 

have buen described by .loll (1968) aa having a flattened adhesive disc 

not apparent in thwa 8p®eiB8iis. Other differ ness fr&a fcXarlflU 

bnsaJ co Hall's (1«S0) deneripti<» was that <n hashing, Clfrinn were

5 .5  - 4,0  as Im g  \at 5 ,3  mb at eight hours) and the yolk sae was

22* - 25*C.

Tine after 
hatching

40 hrs

10 days

Fig. No.

-  1

18 hrs 2
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absorbed la aarm <Uan (of 50 hours). It la probable, therefore, 

that the dovelopnant described is that of Hatarobracohua JURiJLCUJj*

* .  FgrAHPDHOHESI3 IE THE HflSHDA RIVER

rt ta necessary to ocnsider breod'ng data in relatlm to seasonal 

chr/igoa In distribution and abundance of fish at the rivor mouth, in 

the dry aeascn pools, oni findings of cthor workers.

7.1 PrOTlom 'dsakaa Potaaodrmaala In afrlca 

Compared to thfl considerable quantity of data which has beon 

accumulated m  the mirra-ory behaviour of the fishes ox' the northern 

temporate zona, little information is available cn th> migratory 

behaviour of tropical fishes, particularly In Africa, although the 

oubjact has reoelvod a ocnparatlvely largo amount of nttontlon. la 

East ifrioa, tfhltohafid (1959) has studiod fish ndgr^lcn in tho rivers 

of north-oaatom Lake Victoria, Piyor md Whitehead (1959) reported 

in greater dotail cn the brsodlng biology of ono of tho aora important 

potancrlrasaue speeioe of this lake, Laboo yiatorlanua Boulanger, which 

w&g the subject cf further studios by fiadvalladr (l^BSa, b)„ van 

ScBtrart (1962) used an inolinod grid trap <ti a small easterly flowinf 

rivor in Kenya, principally to a ample catadrcsous species, in particular 

AttSfc&iLiLA AS£SfcL20& JUlkiUij& Potors, ^ut gained inoidontaJ infcnaaticB 

cn potasodrcaoua speeias. Subsequently Welocrao (1969) has clarifiad 

aortal f-spoats of tho blolagr of mnlx»r fishes in a atmfua/swaiap 

aywlam wnioh flows into Lake Victoria and (jives ovidonco of eaapla* 

Skigratlcnal movements.

In Southern Tropical Atriqa, work ext m l^titn  of froshvat*r 

fishes has bean o . a aoro severe! confined • Mortlaar and Bfall- 

Cror« (IJSO) data revealed a aoaplicatod bidirectional aeronaut f 

flah in a ladder situated in tfe* spillway of a well J m  ir Zaabia.



Badttbulaac (1965) g m  roaulta m  the potaacdrmcue

behaviour of fin ha ■ In the Lufubu Rj.v® at tho acxithom end of Leto 

faaga»jr*.ka ufeloh la an important w*ir fUhoiy, fott (1969) ha* 

atudUod tt« biology «f flahea in the Pengolo Rivor of South Africs ir 

an attcopt tu aaaoaa the affoeta of the, proposed J,Q. Strijd<a dm 

cn tho fish life and gains' raluable infonaaticn ob fish movwaanta. 

finally, Bov«Ak®» (In pres#) has de-wribod the olloblng mohanUsa of 

i.ostoglanla ntaidl'Mma <Hllg*ndcrf) c-r«d Idfesfi fwrllndt»imi« (Patera) 

up a duajp ooocn?v.o epillvay of a Rhodesian data,

IflforraatJoi <» the brooding btclogr of African pota^cd«sw*ui 

e pact lee la thorefe.-re *para<;, 4part free knowing tk» arv>olea wbioh 

are potena^imoua (aa*? Low®, .'962; Poll, 1356; Jackson. 19S1; Jubb, 

196?) this Inoic cf knouLod^o bo* to acoaaacctated by rallaattcn« 

Tliuxi, ??onamlly r̂ paakln ,̂ pcjtmcdr mcm# apoclea or© thought to <KfigY»» 

§ato at rivor aouthta prior to the enaot of tho — na and, whon a suit- 

ttblo flow is roaiiaad, woto upetr&aa varying unapoolfied distance to 

varying strata®. Present toovl<*.%o ha« hardly prcgroeeod beyart 

the 8tat<is: >nt m^e by Fryer ond White ht ad Boro than t«a* jre&r*

ngoi !*Tho scat m  ecu say 1a th-it thla apeciaa JC&2&£fiUttlB)

axhihlta a positive reapcnao to tho Influx cf flood water, sAish lead# 

taature inilvtduals to *ltee . . . .  where apwevlog frfjtivitlee <ta& ha 

aueseaafully carried out",

Indian worker® have perbapa vmatvr experience of trvpicol pctann.

ircrwsis and at a aynposiura in 1946 apoctf IctUy to diaeuu the fttbjmt, 

ocnoluded that no alngle factor aould be h®l* ro#p«naib\o for the to- 

du-eonent of spa* On# (Oanapati and Chafco, li'K ). The "tr.lag»siAg" 

-^ohnniaB for upetwa* tti^mU'ti, It la generally haiiewad, d3jo awuwt 

be attribute*! to my single factor, but rvanltt fr-cca the aoabli.atft<« 

of aa jr phyalwd and chenlna) footers aaaoclatod with flooding, though 

mb«**i<*tUy, Lake (1967) working In Auatmlin, b»U*m»e that a ali&W



substance, “petrichor'’, msy provide tbs final stimulus for spawning. 

This oU ' * released frca dry ground whon It is dampened end is a 

oaaplex aixtui-e of organic eanpauods containing addle, basic and 

neutral fractions.

The pressing ns'-J to gala detailod knowledge of the variations 

ia behaviour and re<311! reinants of different African potaBodranous speo- 

ies need not, pertaps, be str ad, for the place of importance that 

the knowledge of breading biology 1** relation to nanageeient of natural 

fiah populations is eoffidtant in Itself to do thia. This is parti* 

oularlj true for a man-made lake where essentially lotic species are 

oroed into a lentlc anvlrannant and brewing still occur* to a largs 

extent in th© rivers, This behaviour offers an ideal opportunity for 

human manipulation, but is cne which ahc^M be thoroughly understood 

prior t« m! "»r^r®nce.

7.2 Fish Kutr tlm

Bearing ia mind that this discussion involves the first two phases 

of a throe phase study, the third belrg the utilisation of a flue** 

type flaw gauging woir incorporating two-way fish irapo with ecnrtmt 

recording of abiotic data; the data were largely iiusdoquato for defin­

ite oonolusimi, due princlpilly tc the Inaccuracy of gill » d  tnoatl 

M is  as sarapllLg toe's, and iust *t this stage be regardcni as tanta* 

tiva.

Tha speciee which have been found to migrate upstroae for breeding 

purposes ware Monnvrua i«wit*frfcgia Peters, fljdrfiflYfllU Tflttlfetf 

ftaatelnou, Aleataa labarl Patera, |#beo mAindrlttis P- tars,

: **»■ Jubb, r ^ r .  c .iflorO Petan, La*io altlva?Jj ^ters and Siatfa* 

X&daailUU (Berahall). Species which were found to nitrate upstr*s« 

•MocitiaUy for faadie« purposes, but whose Ju?«iilos were found in 

■MOl mmben la the pools wore 3»naioi,tlg JUffiktiSfitlJl p,,ter* pnd



Tllanta moeaaabiaa fotera. Crrfeamrgtia Uartcr^mghi^ (Patara) and 

Hotorofcraftohua Inngifillg C-V alao movcx! up*trea» In ssall mmboro, 

but no j'-jvsrdloa were found. Several ppar.las wero found ualy in the 

rlwr't and p?*>lu and not In the lake. Thoaa vero P̂ jrtma 

Bouiongar, Gunther, .Q|i4Jt2a3̂ &Jsfl BSUBQlXUi BouiGagar and

Klaraleatoa aoutldena (Petors), Alaatoa laturalia Boulanger mm 

found S» the pools, >ut ve§ mot caught while rai^ratiflf. Tho main

i-opui it Lqk of thie apeclea was, however, foetid throughout tha yaar in 

w©od boda alotv? the lake margins.

Four of the truly potascdraacsue spucies, Morr^rua lai/iroatrifc. 

i$3GljDS2S M  yittatua. ^.ahoo ^tivol^s ard Clarias garlaniflq* ocfiatifcutad 

Q$£ of tha popuJ.aticK ’ijr weight aa reflected by yillixats at Parrot

With tile rosorvfitiona Imposed by the methods u«kx., tha bahnricur 

of those fair species w u . briefly, at* faHo^SJ

Hvrirocymis vittatua- This spoeie* riertfsml'ited at tho netting station 

in Sejlo-ibor 1967, throe months beforo moving upstnacua cnly hiring 

h«**vy floods awl then Ip tljsir residual flow in lac*3 Dooew-'mr and aid- 

J .y 1968* Co tho Haaia of netting result* it is ooustdored that 

there uca a cccatant Isnigr&ticn of pr«>-breedin£ fiab into tha river 

nantil area throughout the br^oiing «eaaon» for ncmwsilaticsx ot Kfrflro- 

avfnja oocMtrry) if the river coated to flow* MJ.'rational runs occurred 

ia vAvoa of fishy aa if z'.̂ iXs had b^an 'oraod onr' wsro moving together. 

Thera v&a see© indieatim oT diurnal activity nftt! hoavy runs took plao* 

oft ovareaat -Inys if tha rivjr waa flowing sufficiently, v,ut thaae 

eonJiticns wne normally oajcurr®) •,, Spont facial9 fiah jero takac 

moving tamat>zma ia <Januar/> at the aa»o tiae aa prWn*eadij>. • flab 

mnrad upatrocM Mila fish vor« actually pr®soeic*ift, exuding ailt Mhile 

migrating; Ut tho .'Otepany of pfWijwading fomaloa, Thum «««ud  to b« 

a mrlatiOft individual a rs^air!in? tho loft^th of stay in th#



river dependant, probably, on the distance upstrean they 1ai4.-n.ted.

Spaw lag foaalea mt t taken at tbs first point available in the river

on tho one hand, and ck\ thp otHor most tvwa travelled ocnsiderttble 

dietanoe upetreaa, for y&ar 0 juvonllas ve^ present in scfie quantity 

In th* h%bo#t dry aeascn ^tol sansplad, sons i, ka fran the lake.

The bohavicTurai adaptatien of tho ln> v&« which wxud sem to allow 

for passive downstrean transport and which will ba discuseed below, 

iniieate* that aust taka place ecneidorably further Uusx

4 Jib frco ths lake. Migration oo<j*;/rod 00X7  after flow had reached 

a level higher than reeoed uaoossary i'c-r other epecias#

Mpggyyufl Unlike Hvdroovii.uf the Mcflmyrm pof*0.aticn

start od at a hi#* dyy seaecn level at Par-.:\ Bend, and gradually fall 

off prior to the river starting to flow* This aculd indicnt^ a 

gradual acrm ant fran Parrot Bend tcwasds the river south not sanpled 

by tho gillnets, a* tho spooios is strongly potaaodromois. All 

aigratin# fish viere adult Mid both females acd males atayod in pr^> 

broodIrvT eindttiqn yhlie Moveraant upstrcsa eoaaed V

occur ftpomdic&lly throughout the rains, particularly during the Jo%«r 

tx,'Bt~flood period#. This is perhaps wderatandahle in view of the 

weak avi’aning ability of this species. 1.3 McnavruB is essentially 

found in deep water and && H  is probably oapable c' j1<’ .:tro-or!Unt**' 

ticn (lissram, 1965), it is anticipate*:, that the third phase of this 

study will ahow prodcnina&tly nocturnal oevjeent* There waa, never* 

thelcse, oenaidernhle movement during tho day. La:-#® nuabara tit 

juveniles were ?<*aad in pools which were rooky f v? 17 few in pools 

froe of oefver. <h the basis of lock of readinoee to l>roed and 

diameter binodallty, the indications were that Homum* tended tc 

epond a longer period in the river then the other specie**



Tho population of Labeo altlvol is laex^aaed explo­

sively at Parrot Bond six weeks before the firs, floe's *tnr; mi»’>e«i 

decreased Just as rapidly following the initial flood. Utilization 

w&a thus aade cf tha initial flooding, but both up and doun-atreaa 

migrations occurred throughout the rainy *Teriod, when flow pem£tt*d. 

k aeaaing preference for lower flow periods was shewn and jtfifrfi0 was 

"requontly naming at the same tin*. as Mornyrus. Both speoies were 

fcxnd in association with Hydrocvmia at higher flow rates, but Labeo 

s«Ata&i store capable of migrating during those higher flc*m vian 

Mcngym.i was* The indicaticna were that 2 pent fish returned do%*v- 

stroao aa 9oan as flow allowed, Csi the baaia of breeding readiness 

shown by the fish which accumulated at the river nouth and the number* 

which undertook ca upstream oigration, Labeo appearod to be strongly 

pfitamadrTiesus Mid mates axuded milt whllo migrating. The presence of 

this apeciog at the river ac th suggest that Laboc was wore iranaitcffj 

here than thi other species ' rej cnce at tha river acuth, thay mowi 

upstream at the first <,7 amity. Similarly, the floods were not 

anticipated for as lr- - t pe-. od os by Hrd» & m s . M M m M >

Quite frequently rai^ratL.. fish t fcb a 3 jcies could b* seen moving 

upftrar aa the v-ry tip of the hl*h dorsal fin Just prouodad above 

tho rjurfac<3» As the water depth in the observed casos was asffioilBttjr 

groat not to impose §urface movement J the species, it is considered 

that thin behaviour Ud be of depth cHontatiaud value in tuifcU 

V tor « d  would explain a tmotim  oi selective value for tho inordin­

ately deep drraal fin of this species.

fjLBCLBi ffttTMlflm' The nature of tha aLjmtiaa waa fcund to

be entirely different free the other species* & w «* before the 

first floods, m  «&trt«)KllnarUy dens® concentration of SljjglM 

observed, lying ciuieaoort. t® the botton, xjndemeath the M rfoto



■at In a n  to tvo netn» of wstar, at tha vsr/ Mghoat point of bsgfe- 

tloo&in® of the r i m  tgr tha lake. Tbaae flab nigratad nptisvm 

lM«tiat»ly the firet flco3 water reached tiwm ana ware obaamd 

laapina up tha firat rapid. Many wor* daangad cn tho laading adga 

at the aouth fraa oolllalau uHn rook* In thla rapid wd or>.oodllitii 

took toll of omaiderable nunbora. Tho nature at tho flood taa wob 

that thia first and probably laat wava of tho mi#ratl<n In thia partl- 

inatanao oould oily havo travallod 200 a upntroon boforo Malting 

m  tepaaaabla barrier, but nale flah, whioh had boon lying tjulaaant 

in pro-breading oenditien <nly hcura pnwioualy, were trading aUt vithin 

U  houra. Tho only female flah oaught in tha rooky pool balai tha 

barrior waa found to ba spawning. Data aollectod in other yeara alao 

lnileato that thia apnoloa movea upatroaB at tho firat opportunity 

atly, aa tho/ -ore no'or found sigrating upatraan in the luwor roachaa 

jf tho I Ivor after the very first flooda* Howevor, aJfto duat have 

moved ectjaliioroV.l:' further than tho 200 m reported flora, m  tho evid*toe 

■J. juveniles fnunil t, km upatrwan la tho dry aaaaco poola. Doautrow 

moramit «a t , on tha data available alao, ooour «  tha firat oppor*- 

tunlty following apa^s.ir ; • tot one oooaai<», a graij, of 

worn taxA in full brood inf omdlticn at tho river north but were m * 

n . log upatreao, a variation ao rodtjal that it givna vjo aupport 

to tho ido» snat Clartaa atiat ir. le*> Kariba aa two aopouta pcpjli- 

tlcns.

S.S Varlatlma la rntlCBnl Btlavl W

tha ivaaona for upatreon aigrati<» therefore variad and in the 

Mwonia Rivor ware aaaocl^tal elthar with breeding or feeding.

Similarly tha timing mA duration of tha upetreaa «d««ti ■» ttv 

breading purpoaaa dao «M M d to vary, trm a aiaclu aaaaiv, earl? * a  

W  siu itti *  the mo hand, to the "ore fragiwitaiy migratUna of

45*.



U t t O H I *  Labeo 0*6 Mornyruii uhioh » r »  npparonUy varjrlngly dependent 

og the flow voluae, cb the other*

there were also diftfartffioee In prt-broading behanrifflir* £&UfiUft» 

MomvTua and Hvrfptvnmim seemed to "anticipate* flooding by several 

ninths In that they accunulatod at the river mouth accd tine beforo 

the rains itarted. Whereas this wo*i the cnly time brooding ninrlne 

aeouralated in association with a river migration, Hvdrocvnua and 

Morayrus seemed to migrate from the lake to the river nou*>. ooatlm- 

ously thicughout tho rains; particularly Airing toe firat few accths 

of tho 8'iaeai. On tho othar hand f̂thao appeared to scncentrate at the 

river mouth cnly after the rain a had caransnoed and bofore the river 

at&rtod to flow rail spent a considerably shorter period ir. the area*

Tho brood in.* aoquonce of individual Labeo would therefor® soea to have 

boon sore rapid, in that tnoy moved upHroan at tho earliest opportun­

ity.

Tho question regarding toe length of stay in tho river is cn 

present data unanswerable. Thoro -jero indications, howovor, Judging 

by tho v? riaticn in gmari state and ova siao between the different 

species tiivixig upstrtMss migration and by the acouraulnticii of |jost« 

breodln* fiah after flooding, that hare also there was variaticn.

H.tTBOTv - would appear to have brod ntxio time after wovinc uputrean jad 

sot’1 1 bo matiplo s,«vnors, whereas £Ludai» m  l h & m  bpod

more quiukiy one# the river hart been te«ber@d* Spawrlng fo w l**  of 

all three of thaso lattei speolos vnre tal.en at the first -i sslble 

point available in the rim r , though the frequency in whieU ther 

found *aKi tbs sorter of juveniles oocurrlm  in the diy m m m  pod# 

august alternative imln breeding areas further fm n tfee U k » .

Closely Hated with tola aspect of behariour was the distance travelled 

wpelrwm by toe various s^ o ie a . The behaviour of M m m S

454-
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Jarvuo shortly after hciohinj? end lie rataarkabla similarity to fcaat

of y$m $ TMyflitWf <*««ribea by Fryer and Uhit shfê d lndionto sinpta- 

ticna whiah oc*sld raault i» & dwmstrown aovaooot of thaaa spectaa at 

an early d&v©lopsaataI stag*. Bl̂ ttt-nonth old juvao‘ls., of all four 

spool*# hair* bean taken in c dry ao&arn pool at tho hi^hoat aaa?£ad 

poifii, 4 Kb fron the lake* Tho distqfice travailed upstraea by aoaw 

indivldtml HMrocraia. (\t least, onJ probably auat the-rofom

b© <scnaiderably furthor, for tho voluas red power of largor flood® 

would rule cut th® rotwittcc of larval fish which <S© uot act4.r<aly 

soak baokwaters.

& further point to aerial sr is tno vnriatioe Is aubetrnto ehoaao 

by tha difforant apocios, It waa c*aiderad by Jackacn (1961) that 

brood in,'» of aoat apooias present In the aiddla Zam'>c::t Mtrar* prior 

to formatter, of tho laka, took pl&oa In shallowly flooded vo^atatlon 

ftU'-l that t&ie behaviour was of Gcr.giumblo #ignir ’.unco in the r-'la 

it playod lr pradat .<? -/r^ton* i ^ n r W  garleclaua ivxi- "sc ?*»<** oi>- 

aam»d to gpmm In newly flooded graaala&d on too Rhodast’ii 0  

{Holl, 1966), Pss«**t tally stall or to tho aubatrr.to ua&d by £ , JUaUtth 

bloua of L*.t«j Victoria (Qroenwood, ISbS). Lcmo U352) reports that 

tho T ^zay posci f̂l of Loka Hyaaa nptxwna an this atthatr?*Q, haring owad 

up aaail cud ’ *■ .roaa*, vberaaa Bnrll,!^ po»«ibly,

Xttsiiift SzmtisBfils in&flttnflf a nn*

up Xsr.-’O rolat 5 /aly d o  r rtvora; nrtt unlike th© Lufubu Rivar, Late

Tfm^nnyJkii, diacussod by 3*5a.:hui»«a (196S), ufeara flvdrocvraua Tlltatm*

jimtai MMHiirtrtiifttm. cmmtfaw MUtim# «“J Sa/tm  tXBBldaUnta

aenro up %© Bpauu The Hilaagvtuhi RJv»t- cjf Laita Muwru ia al#p ot thi* 

typo md m m ^ u  i ■ >«« of J-la«ta» jaa»UiSlAiatf (8 « »0 u » , 

1 M « ) .  Kavlrvt -./•» -.in tn>« of rlvor, low (1952) report* tU t

U ria m  ft*Iwnxr > - v  -1 1 * >•*«!> rooiqr pool «» bcla^ r apamlng alts



for S* ailorclepla. aa they had obewrvod Juvanilas in this pool. Tho 

vsll-doctffiiantad apasfting rut of Labao atfclyalla up the isaapuXa Rlmr 

(Hata^-na, 1990) suggests the possibility of two typo cf t,pa*ning 

substrate, naisaly floodad swamp vo^taticn or 00ft su.s tu association 

*dth slowly flowin# mter,

Botimaker (196% ) observed ncn-^madraacus brooding in th« Alaataa 

^ftgraAthaliBBB of Lako Bangwewlu, This sp®clns is ropctrtad ala*- 

vrhero as being onaLioncufi but could w l l  fall into Corbett's (1961) 

rt&'jg 5, namaly a species which faoda and broods in both 1ekoa «ad 

rivers (as a sta^s in d^valopaant free a purely 1 otic to purely lea* 

tie species )j for brooding occurred cn a sram-washed sandy shoreliu* „ 

Thus at loast cno apociaa, and probably oopw of tho >4we&3a spoci®a> 

do not havo to spa’ n cc exactly the saaie sort of rjbstrato and Graso- 

wocrifs (i966) sugiTastior may he Oversets that a ’ uliiv? factor 1b tbc 

choice of BpiiynJLnf: sites fr-r acum &pocif>» is thn> nooessity for n 

olsansiti#? action hr rolling d£ ova, either in tur'hul arst or in t lowing 

water. This postulate is lant support by the nature of tho ?4#enda 

Rivar, a* nowhere i® there tho typo of ’ uckfloodou vo ©tation mcotiaiad 

by Jackson (1961) as boing bo n ->Q©sMUty for successful brooding* Sub- 

at^taa j£*»n& by the rivor aro sithar rook, sand or mud, vith vagsta- 

t ia  of fa rod only by tho ootmiicttal trt.il in.: brar.cf:ou oC tho bush 

iTw>̂ gl F.Hofftu Thoro is no baakfloodiaT of grassland alcog

tho river savins and this cnly oeeaaidftaily occurs, ii. a very limited 

<u*m, yhofi tho lakn Iw a l  riaos to v .jw aiiw  ho ists .

A fbrtb*r proton arisas frm  the "antieipatGjT* aociuailatitn of 

Mjhos at tho riv®r raoutth, The roc<*»nitian of rivarr, and In scm 

m em  pnrtiuular riv^ra bjr ftjh bus Icng boan oonaidawd to mml% 

free perception af thalr partimu*» • odoan and Hauler (1054) showud 

that odour pore#ptiai in fiaKae can bo oxtroaely nmle, tho fact



that fish a«y porsatve tho south of t liver ut.ioh ooasod to flow h m  

sever. months pnyvioualy suggests oitltar tiiat orientation la not om m* 

sorily baaed only on odour porooptiaa or that tho sense of snell in 

tho fishes involved is romrkably wall developed.

Am tho spooios maiticnod in this tudy ttooaeaarily exclusively 

potajnodrceaua? This ia a factor of considerable importance in the 

fonsulraticn os. raanaf'omont policy and ia a quosticr. that cannot bo 

an b v * ; w i t h  my n. rtainty. Tho cnly date remotely port? jun« to 

this quustian arises from tho atrophiosatiaa of ripo ovaries of 

Hvdrpevmtfi. which haa boon found tc occur with pcmo froquonrgr in tho 

H/onis arcs a in January particularly, and whioh may rcjult from too 

lav : a wait prior tc tho rivor flooding suffici'titly, but could also 

rosult frcB diaoaac or scac ''i*oakdcA#x in othdcrtical brooding soqucnoo. 

Or tha cthor hani, the obsor/od prosonco of lart^o shoala of adult

in Lafco ' u £zzio distance away free the river 

south at th.- tiroo the -ilasle bnoat*e m  of Clnrir.n oocurrod, 

su-I-vocts that thia species also brood olaowhoro, probably on tbr 

flooded ahorclino. The observed brooding readinoso of sc©o .1 these 

fish when not migrating supports this su&^oaticn.

Alt health a wo?lth of ev5 x>co aug^osts that pctoncdrcmsia ia 

innate ml therefore obligatory, ©-^optima do oomir, pi . ably as a 

result of OBaentiaUy lotic species oithor evol' lar into cr having a 

predispositim fci l»tio  '>rojdlrv, provided that tho osaoi.tial eon- 

diticoa ore iXilfilled, au supgeatel by Corbett (19fil). In -•.aJcB 

Victoria, ior example, tv ncft-<»l<JB»ioa (Mam m a JlfflaifflS ^  Httfflf 

jjgjjmy}) are apparently not obliflatoiv potaancdraacua (V hi to hood, 19S9)* 

It would therefore bo \aiwiao at this stage to apply a ca-affll **&« 

regarding tte obligati m  of the potomolrcwous a\x cies of Laka Kariba 

to M  in the rivor*.

4E7.



the oou^3.ioctty and variability of behaviour between species lnril- 

oatod by tbs results of this preliednarv •rtudy suggest ancient behavi­

oural asohsa&isai of lc<tle slock which may net Reoessarily be advance- 

cus imder the lentls ocaiitlcns ?"spoeed by laaming, It would seen 

that, in the oaae of K&rlba, *..«£? of the potaraodraacus species fore 

&  acre Important mu-t of the lentlc fish population, fClftrlm.

Mcwsvrua) than they had aider lotic ccoHticna, others remain more or 

less the saae ecrrfcituar.t (Hydrc^amua) whilst others (Lahao altlvalls. 

& •  SSS&SL^ &re ®howln^ a chantin'* pattom of distribution arid Import­

ance (Bog^, irS9), dopondent an th@ balance of lotic and lentil wator 

quality oontcrI which eharftotnrJ *e the aorlos of basins which sake up 

Kariba as ^cscrlbr*. by C-ocho (1963),

T .o  furttor r'acts, ralnttry? to tho rotum of juveniles to the lake, 

Rood discussion, first invahvs tho bohanour of Jrdrogyatts

larvae which Is r&'ar*.*' ly slailar to tho bohaviour of la.vae of

(?ryo’" Mid Whitehead, 1959) ,  T^iat two spooias with widaly 

diffnrinr: anoostnr ahjuld turns in oamcn both this larval behavl -ur 

md be potamcdronous surest* a pcasiblr link between the behavicui 

of aduH an>l larvec. Namely, tho larval behaviour oncoui p.-?®* How 

affv ;t f'XMl rapid dovnstmam mcvoaant away from the hvv Ahvr, ground, 

facilltatin nr &arly ro-ln+ -Auction into tho lrJc? or larf© river tin 

bi'eodiruj river joins, the rrtpidity of tho dottistrama raovcwor.t of 

larwx 1* depend®' cn t*v» flow raglso, an! it* actual occurrence In 

U j  Mv* ,i'a ; iw r  la supports by he am *sia of iuvenile fishes NRtitt- 

12̂  ir. tho pods, which bear little rolatimehlp to the larrt® mfflbeis 

of breed?Hi, wiulte. TLs froqu-*■.<?/ of occ\i-ran<*a c; approximately 

«i*-*o*k old SflBSSSai f*T f'wnd by Kwraulr {'.972) 1\ the iiaryati 

River gorge in g tatic laics uat «rs 3 sp rwppnrt* tho supnosltias of 

rapid douHustreigs aovsEent,

4S8.



It ha* bMB propcwd ia Lake Kariba that the presetto* of Sfljxlfili 

mats at rtwr  mouth* aeqr hinder tha mannant of adult flstt 

upatresa aai tha return of juvmilo.' do*r -naan, ia that a barrier 

of dacoqrganatad water la aat up undo.\aatb tha suet (a«gg, 1960). It 

h&a beao shown, howarer, that la tfw- Mwenda Rivar tho flow level* 

raquixod to initiate aigratim of adults are mob as to break throafih 

thi* barrier aa ca oaQrgeoatad density currant (Chapter 5 ). Though 

sone of the larvae and youn  ̂ fiaha* oust on ter tha lain at low flow 

1 ovals aid oould ba killed, tho aajority would probably do *o during 

flooding anu would tbua ba r >wpt thrcugh the 3»lvlnla baf ttq ocaing 

to quiet waters, although thia aajr not be tho ease in tl«o long gorges 

wharoby sob* of the larger river* ontor the lako. Tho sola danger 

is considered ta be the rrontim of an underflow aft the dr--rad river 

bad which nay actually pone t rate tha lake thaiwocline ant; carry lr rvaa 

to tho d©oxygenator} hypolianiaa* In rivor* of tho sane sort of ai*a 

aa tha Mveada thia w iii  cnly ooour during axooptictml flocks, hut 

all larvae in tho &t *uch & ttae would alac'ct undoubtedly ba

aarriod by thi* typo of flow*

m *



#0 .

CHjJTEK 12 

THSF35H i K K D M L t m m

1 . IMTRLiDUGT icm

Fou detailed Investigations cn tho food and feeding habits of 

Afrloon fishes have been attempted and thoso which have bean carried 

out are a coowhat marred by an inability to rooogniza lnsocrt focd 

ltone boy end major taxonomic groupings) with tho markod axooptiaa 

of the works of Cort>et (1961) cn non-ciohlid fiehos nt Ute Victoria, 

Fryer (1989) cn the feeding relationships of a ocamunity of Lak®

Kya*a fishes and Munrc (1967) <n the food of the aasnercially 

important fishas of the Fhcdesian highveld iapcwndjnent, Lake Mellwaifle. 

Other works include those of Fish (1955) and MacDcnnld (1956) as, 

reepeotivoly, Til&pia spaaios jtk! Momvrufi &BEUB& i» Lake Victoria* 

do Kinjje (1964) and frtatthes (196A) cn the caanorciolly Important 

sipoci-fl of Lakes Mweru and Tuoba, respcatively, in tho Caigo River 

basin j Bounaker (1969) m  Alastes Lake 0angvaulu*

Oroenoynld (1964a and b) cn SHtrBBilifl AftMaili-

.̂ ■trlfl in the Transvaal 1 Schocnboo (1969) cn gTTlrtlWfl flOSBifi* BmWI 

yrtuhi. r.larlwfl tmrlanlnua. Lahac annonfllfl and imhmtufl in Late 

Baitoerspm, also in the Transvaal* and Ha'blyn (i960) m  food and 

feeding behaviour of Latss nllotlan in East Africa. HvlrtfiVBM

has roeeived a disprcportionato aiacwit a.' attention* feeding 

being dosoribod by Jaekscn (1961a, b, o) who drew attention to its 

predatory iapaot, mainly in tho Bangweulu and Middle Za&beai areas* 

Hatth@s (1968) on this species in Late» Karlba, subs®<pientXy eoisidefw* 

^  Konmuir (1872) j and Ooig^r (1970) in the Ink®ati Rivar, South 

&frle*.



Authoritative »orka by Poll (loss), Sraannod (1956), C n M  

(1964), Jackaai (19*14), Hulcrt (1950) and Jubb (1967) all generally 

KBtarlM the Hot of fishes round In the raspeotiva area* aauU- 

ered. Do tail *! u N W s n t a  of diet for a large proportion the 

species hen a n  not available.

The stonach oantents of several ncn—Tntc*iopfŷ (Xis apeoiee have 

been analysed by the fretjuancy of occurrence owthod (the ntatoer of 

fish In which aaoh food item occurred jo b  listed and expressed as 

a ;jen»its«o). Hynes (I960) ditoUKi the methods of analyala at 

tho food of fiehee at acne length aid oendudes that tho occurrence 

method " . . .  although apparently tho least satisfactory ia now 

shown to givo substantially the aano roaulta at theoretically 

better Bethcd-’’, innlyeoa tu.ve been kept spat .nlly and seasraially 

separated, but where no substantial differences wwre afpar*.t, have 

t- wn oonbined. It is considered both nallstic, boonuae of the 

frequent outstanding numerical prodaainanoe of a single nail fool 

iton in (Kitaaophagoua species, to use here a vaiiatioi of the 

nathed described by Ball (1961), oeoentUUy a YWtatic' of the 

nethods of Heill (1958) n d  Rioltor (1937). The method used on tailed 

liUsitiflcatlm Mid oanting separately tha numbers ot oaoh species 

found In oaoh fish, a process greatly facilitated by use of tho 

rofuronce oolleotloi and camera lucida drawings* of tho ccde 

"spooies". Nunborn have ttvm bem convortod to "vat" weight 

bicnass (as cppossd to tha valuowtric maBurmmt BaU (1961) used) 

uainp tbu cenversitn faotcffs given in Table 7.5. This raethed 

allows a w in  realistic a»se»«tt*t of the ml »ti*e taportanoe of 

dtfferoet food spools that the purely mmorieal mathed, for it 

incorporate® tha site of food ittms*



2 .1  Mn«nrrldao

2.2 a  jteiwwM iA lt L im

80 fish rcnglng in also between 56.8 and 98,4 co fork length were 

aBasixed. Of those 4B (75j(! oaitalnad foal itana In the gtccscah.

59 of thfiaa woro talcan by gillnet to the lake and 6 'iy tmffinol oat 

in the rivar. Results frcffl tfto laka ara ahowi in Table 12.1.

Food it^ia occurring in the atcawch ahow a olaar preforenea by 

|<firpyrntja for laig**r organiawa. The apooioa ia predatory, feeding 

p-euominnntlv on l.irijar inaoot nyapha ®d larvoa, particularly tha 

Odoiato (548) and analler fiah apeoiea (52*). Moat Inaaot wh- 

iraaffinos woro taken late in thair lovaloinont wh*> at their largest 

aquatic atoge. Tha coly moll food itona found to occur in adult 

t o m r n  ware Chaoborua. tho galiSala ■^rOjr i tW M l H I  *? '• ^  

tea ooratopogcnid »p. 19.

ipart frtr: Din—udooala. all apooioa tak« ocourrod up® rather 

than within submerge subatmtfcs. All tho food fiah tak<m were 

wall, raiginf in length between 1.8 end 5.P * .  ‘’horn wn» a®'- 

lndioatim that individual Horayropa apooialiao in tha typo oi fifH 

taken. Of tho atcnaeh oontenta of two fiah, for example, taken in 

tha aame not aotting, mo acntainod six t18 “

S3 an), tho other nine ..loatoa jataftlAll (50- 56 <■). Urge «■»•> 

M o lo . proVbly plakad off tha twtten, ooourea f«ito fro<*ian*lj 

(10?). Toe few fiahaa n n  taton to indimta <ny spatial or 

•esacnaJ <liffor«e»B In Slat, or ohangaa in diet with sUe, but 

raaulta obtained »»ro •uffioiantly oonriatant to indimta raosoinMa 

ovorall reliability, W j*  takaa in tho flowing rivar (Table 1Z.8) 

guggefft a limited availability of larger tw ots, ra il  f*«h fo«>in* 

98*  of «mt®ts oxaBlnod.
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Tha external appearance of Maravropa deMninaua does not suggest 

a fiah predator, with its s a il  ayes and south, widely spaoed, mall 

peg-llke taeth and lethargla aovoaant. 1:, \ It would sea* to b* 

auooeosfully predatory in a United field (cnly 17 independent items).

An explanation for thia spades % success #lb suggested by an observa­

tion aade by torchlight at night in water apprcncijaately 1.5 ■ deep.

Tba posterior halvas of nine large (ea 70 a )  Monarrooa were seen 

protruding fra a small isolated bed of Ceratcctp jlyfi• aoaw 2 a In 

area and 1 a deep. Tha fiah remained quieaosnt in thia posit i®  for 

several minutes before one backed oat of the >»cd, and being diatur- 

bed by the light, ncwad quietly off to deep ..\iter. A# so«i aa thia 

fiah aeeaed to register the light and stt#.*t tc react to it, all th* 

othor individuals reacted simultaneously, .'(«b burying themaolves in 

the 9‘-ratnr>hvlluai. others moving into deeper winter* The iapressicn 

received was *hat scete fora of efficient cnanunicati® existed in 

the shoal. Llasman (1963) haa ahom experimentally that 

a^, gtlaua and uuuamed aonnyrld oan detect objects by an electric*! 

wechmlati* involving, he suggests, a dipole field set up between head 

_  u i l .  It is vosalble that tbo behaviour obaervod at Slnaawanda 

itidic*«e  ̂ a siffUar ability in Momcrrapa aatd wcuxd explain tha roaeow 

able aueceas of an apparently sluggish predator; LUe nocturnal feeding 

pat .-a. ■ suggost.' by trwaaol net -.itches (Gr^pter 10)j and relative 

uniformity in size of prey Items, whether late instar ftfcna+a nympfca, 

m&11 minnows, Carldlna. or final instar IfflOUA nymphs. ahoOd an 

electrical svso bo used by thia fiah, it is unlikely to be the only 

sense used, for the paaT* but significant proportion at specie* such 

a* SbltfAfiOU in the diet indicate utilisation of normal son sing makm- 

iw s . The brtavlour of the shoel suggested further that the dipole 

flaild, If used, a«y be applied by a shool of MB«yTQM woriOng in o

464.



jUMticn with Mflh o*.twr. Certainly this fiflh daaorvaa axperl»ontal 

•tody.

2.1.2 dlaaMtonchua

S70 flab ranging In alia betwoao 11.0 and 57.7 91 fork laog*.h vara 

examined. Of theae !5fl (97|) contained food itcaie In tha it coach, 

ill fish Viera captured In tha laka by gUlnet. Raaulta ara aho* 

is Table 12.S. In thla Instance the "count *id caivorBim to blcouaa’ 

method mb used; atciaaoh ccntenta totalled 12U 5.86 ng, representing 

approdjaataly 10,000 individual food 'tana. Thla spncloo in clearly 

mtOKiphagaua, the total roaulta lalioatlng a prodoolnanoa of Odonata 

(51.7* by biomaa), mainly lata inatar Mbellulldaa, with UaifUlKMJj 

Crriohoptera) «nd Chaoborua (Culiciilae) each contributing approximately 

2I5E and j ] 1' (Epheraaroptera) fowsing 16.2* of attach acfitflota. 

Chircncfflid larvae play a relatively minor role (8.R*) aa focd to 

Oyr>hilnm.a and other groupa occurred infrequently* the major aourea 

of m,’ of thla specieit uaa therofore derived frai a limltod numbor 

of -pwoiaa although a <lde variaticn in food ty.w» jaa found.

Sane spot I-J trende arc auggostod by the reAilta. Tha Odtnata 

Main infrequent in fiah frao tho open bay ataticna (2.8*), but alcng 

tha margins within :x*'8 v®1*® greater Importanoe

(19.lt), aa they were Kith CKVeror" i  t~ the jtuary" (20.7*).

.  !U  J\ tho rat the UbaUnliclo fomed the single moat iaport-

m t ooirtituant (55.1*). The Trijhoptem fonaed a vsl-able food can. 

promt in »oat of tha atuiy area, particularly in de»,ior umter (S9*) 

but apart f r a  a 0.8* occurrence of tol(OH HUMHgtt. *>"■ ab*®- to 

the atamaoh of fiahae oaptured in the f-ftnrtjnahrtlMi b®1, Th* 3ulloU* 

ahcvod a ainilar distribution, bain* abaant in fiahea f r a  iuiaXo- 

p w n .« .  but ware meet important aa a food c<a«tltaa<it at stattcn 5,





m i.

Is ••■tua/daa* « n  f raa of Salvlnla. EphMoroptara oyapha, rlfwt 

sololy Pgr4*1*11 adnata« uoro an outstandingly loporvjnt ca.atltuont of 

Crphcmrrufl focd la tha Ceratcohyllun beds (85.0*) and were absent 

trm tte gut oontanta of flab eaptuxed in opon uater. 

apprarod as & alnor food constituent within tha astuaiy, tut wera 

Bora importnt than tha baetida, unexpectedly, and SitKnulua.

Chiron cald larva* and pupae appoarod in stomach content* thrcughoxt 

tha study area., but were Important only in deapwr water (S0*5£) 

whara they wore roprea^ntod mainly by 51lM6flB3QlUI

Chlrommia (Hllodcrup) fractllcbua md to a leaaer extant by th. «ub- 

ganora Crmtoohiraiami and £IsB&3>UGfil*

As is unJeratandabla, sortain spoclas woro cnly taken by Crtto- 

m u  In tho vlainlty of nubetrato. that, trm bantnie aomplL«[, 

th<y wora typical of. For axanple, SJjMtaBfaM nlftlTlnlall •lal 

woro cnly taken (In voluua greater than Q.Q4J&) In th. 

vicinity of tha 3alvlnli> matj Onlaorthorla and pyralld aoth larva, 

war. cnly taken within the C n t o M l m  bad., the low taeidaaoe of 

Jygoptera In fltnntnnhvllim In caapariaon with tha sanawhat higher la» 

o l d » «  of talaoptara, after baithlo .ampling hud strongly lndlwtei’ 

that inlsoptora were available In far groatar numbora, euggosta that 

In .mo way Zygoptora wore ab3s to avoid proiatlcn by iixahfiBKOtf* 

Ccnvorooly, aa Is al.o apparent fran the high lnaidtnoe of Liballull*- 

u m  In tho etonach ;<ut«nta of fl.h tok« noar flalYlBtoi that th. 

Anlaoptara woro vulnerable to pradatlcn by fimtovntf*

Ok  tha other hand, erxaiaplafl auoh a. th. high lnoldono. of PnrttUi 

oaaoitlialy utlilting tha dnwrad trooa aa a »ibatrata, Jji the itcnooha 

of fiah within toe *>0<* Indioate. that the degra.

of M m i t  of flah am b« sjaite ocmldernblo. Furtfcer, Individual 

riah taken at Station S ha* uoatlnna, by their gut ocntimta, o i » l y



be«n feeding In Mrglnol wed bods. T. * result* are not therefore 

oleer act, but the large nuabers of fish c* -ualnad allow ease confid- 

in the «pn+lal di*tr butioti of a&jor food oat«gorle* as reflec­

ted by gut of»t*«nt*.

The predcalnmoe cf larger eatire food iteas, such as 

late in star libellulld nyaphs, Dloaaud opals and ^yrplid lorme la 

surprising, for CvtA<-«vtuji has a small nouth invested with few teeth*

In appearance this spooled would seen well adapted to taking eaaller 

itens, such aa Ghnebcrua and nhti»c»metd larvae, in the better, wide, 

aa the "chin" la extended into a blunt floehy lobe which waild oppoar 

to have a s<*isory functlm. Tho vory bright roflection of the eye* 

ln torchlight at night not seen in othor spacies, aiggests that 

Rvnhemrrua hac wall developed night viaicai. Wh<» CyphflEfM aro 

froshly opened, a major proportion of tho gut contents are living n d  

sownlrgly unharaod, indicating a alcv rate of di^ atlor in tho stcsuMh. 

The feeding of this species would be subject tc an into resting and 

nocossary study, particularly a* Its sise la Ideal for anallor aquaria.

Individuals taken at tne ssaa tiao and place wuro qulto fretflieatly 

found to have bom foeding oxcluaivoly cn ctio ctgeni*, the oxolusiva 

focd organism differing befcwoan individuals, At- tha sarao tine, however, 

other Individuals contained a ftill y poet rue of > l» food ItoM.

*nero were iwlicaticn* therefore that some individual PTflhflaffBa ocû  

have bvm "spocialist" feeders, and that a learning process waa invol­

ved In developing feeding toohnlquo.

ZJL.S Imairoatria

104 fish rmging in also between 29,3 and 83,6 cn forte length were 

to the lake. Of these 108 (99)8) orotained foai in the

- -- t., In tha pools, 18 odult fish (28.6 81.8 m  fork longth)

md SA Jim nilu  (10 - M  m ) van mmmlMd, all of vAlch oaitalnad



food. Sxsitifcsd stoMtths ecnta.4xt®d 56.78 g of food, representing 

appraxisaWJjr 7,500 Individual food lion*.

Althojgh a broad apnotrua of inMet feed types wero tak«n by 

ifaw m n (Table 12,4), overall results show tbs outstanding iaportanoe 

of flBBfiBI&t Iwvne and pupae as a food tc this specie*

(80.9)1 n* bier ass) at all neMUnr stations and in iho rivor pools.

The only cthor food of any iBpcrtmee in overall mr-ltp wero dragon- 

flf  nyapha (11.9*) and Chaobcra» larvae and ^lpao 1,4.7*). The 

Kphoooroptara (0 .5*), Ceratopc*coida< (0.6?) lad, most surprlalnglgr, 

ChircnsnMae {1.H ) ware rolatliraly unimportant aa food. Voiy fox 

Crustacea von fowl in stcmaoh contents and dligoohaatoa only 

occurred In a siaglo stcaach. Hanlptorans oocurrod, alao aa a 

single occasion, only In the rivor, ftily larvae of Coleoptera war* 

takan, and these moat infroquontly. A surprising *ind waa two 

juvenile Barhua sp. (SC tm long) in cue stcoaoh. ’-ho intake of fish 

scales oocurrod so Infroquaatxy that oocaalcna in rfiicti they twro 

'aural in gut contents wore possibly accidental. An interesting oaa. 

of fish prodatlcn was found, tho oggs rocordod in the trt>la »ro  

slnoet certainly tho sano as those tontativaly described as i.lgjiaty- 

lim in ii . eggs earlier (Chaptor 11), aa thoy ccufomo-*. in 

s ii, mi shape anl the fish which obtained than was capt.arod at tha 

saga tias "Jthii tha Salvlnla mat.

9S.«S of all food taken were ■olatiwily largo in s i .. i CyjUlM i 

llbellulld nynphs, Po»tlla nymphs aid gtpm tBM iJ la™ ® <*>d 

Of tho saallor food itaaa, qharfrt.nm occurred in large matwrs quite 

frequently. In lesser mnhers, but noverthaloss an important food 

a<nr* ltueut of Individual flah, w m  the oarotop<«'*l‘d larva., 

Tho relitlvaly large l o w  of r.1 luntimris KOflfliMi SnrtW M lB M i 

up. 1 «•> t i l a t i l ie  *P> 5 wero the fwrcuwc ohlrtnmld*. the oolt



VO.



speolnons of the very large {20 on) (£ki£SL£Bil) *P*

listed in tho table oame free tha atcoaeh of Hciwm i.

ip&rt frow tho dcalnencg of Dlpeaudopals in stooaoh contents 

througaout the study aroa, a slight variation In importanca of other 

ocnetituants me found. Llbellulid nyapha were most important la 

fieh caught Jn the Salvinla mat (23.5JC), indicating that Hpayiiua 

actually food within the Salvinla roots (a suppoelticn lent support 

by the occasional occrurronce of small root hairs in M ro.vma staaac* e)| 

beoaao lesa important away from Salvia 1b in tho "estuary" (16$) ok? 

vmro absent frcn fish taken In the open bay, Llbellulid aynpha forsiod 

a proportlcn cf food in tho pools (4.6^), f^nnbrirua occurred

m stomach ocntents thrc«ghcut th? lako stations at approxinatoly 9f 

cf blcnaas, but wafl a very minor cenatitue-rt in the pools, Its place 

being taken by tho increased prcpor+icn of Povllla and ohircacald 

larvae bore, particularly Gllnntanvma paaulatufl*

Like QxstoasxEiA, a signifia-nt portico of tho staaaeh contents of 

Mfwwm* ve;-» uauaUy still living in freshly killed fish. The fro- 

jumay tdth which this waa obaorved, bearing In n^nd that fiah oaild 

ham bean captured by gillnot r id hanoe rasttoinerf fran eating anything 

between on® to 15 hours prior to examination indioatea a alow rate 

of '•Lgostlcn in the stcnach* Apart from live ccnt^ita and reeognla- 

abl© remains, tho stcn&ch uaually oaitoii.od a considerable vojUjbo of 

thi-sk grey paste, presumably food material tndorgoing di^oitlcn.

It seced'd obvious that tho elongated artttt of jtoBBCEUflt torniwy- 

ting in a mall south with a few tiny tooth, suet have been associated 

with aefw? sor* of nud-burrowing function. fet tho actual muohmiSB 

involved waa unknown until an explanation wna offer -A by ahmce while 

poisoning SuiprUe Fool. Tho initial effect of rot*m»e la to dla- 

orient fiah although other functions are not cbvioisly impaired.



Dsi*S*« thia ataga fish oaar appear at tha wftto: eurfaee f<r m m  

ncnenta, acnatiaaa upaide down, before wiMdng bhlow «ih& ourfaea 

com acre. 4 l*r?e Moxurrua appeared at the peel's :«rfaoe ia thi* 

oanditicn, with incut tad belly at th* water aurfaee, but with th* 

opercular opaalaga aui»oised. A* a aova vma Bade to capture tha 

fiah, a Jet of watar Mia ahot frc® the mouth 00m  oau >.uerable die- 

tene*. Tha fiah waa oaptured and hold Is m  identical poaiticn mA 

thia behaviour waa repsated aaverol ttaoa before it waa further 

*eakan«J by rot^ ana* Thfe aoaaured tiatanae of the water ojeotiaB 

waa 5,2 1 ,

Pooling behaviour as aug^oatod by thia obaorvaticn aa fdlovai 

In auitohle soft aur’ subatratoa aa found in the drowned river bed, 

Mcrgrrmg buriea its snout into the sud, *rjeea in viator through ita 

opercular opening and than, using a jet of water, ”eieplode«” the sud, 

picking up any larvae disturbed, lilpaaudooala larvae, which feature 

ao prceintaitly in the food cf thia fiah, are tube drolling, the length 

of the tuba being deeper than the R m  pflnotratod by grab# Thia 

aethod, i f  used by Mcmvrua. would aeam eoinaatly suitable for th* 

oapturo of larvae b#foro they can esoape down their wUbee*

Alternatively, the Wonaimia may dig down a :uha, ilieplftolng aud with 

jeta of wator, until tha occupant la reached. nMohever of these 

methods la thia choice .Aaccvory lands eredeoco to tho anglera*

tale that, where snnll patches of tr’ hlo* rise to the m r f a o a ,  Moimtzvj 

are feeding* Tho uae thia feeding awthod would alac aeoe auitehle 

for displacing Oi&eeh&atae \*>ich at tinea occurred in great ecncentra*- 

ticca la the atuJy area {Ch«vter 7 ) .  Tot oli^oehaatea do not feature 

aa a food of thia Tiah, suggesting thnt thay eoy be t^ol'ed by ohoioe.

fha food of juvenile fiah captured in tha poola w u largely eon- 

fined to waller inaoet larvae, whether late in start of snail apeeiea



«r early in»tar» if larsir apeolea (Table 12 ,5). fh* no»t laportnrt

,in*i« iu> h i  sttatnufrUann .aagmtta u r*» .

TiMX 12.S m  3I0MCH COTtENTS OF 1CBIIB08 UKLjRCtfTMS
... ......... 041*0*1) 01 f *  RPISR POOS (* blond** dorlvod fr a

aumb^ra)

*

mirVwMTinafim eaffnarim 1 . &4.S

Kirilin adnata n (oarOjr lnatara) 10,7

ChnntocJUB Spp* 1 and p. 9.8

"g^leaLdaa” sp* 19 1* ?.2

ganfUBia 1. 5.5

Gloom sp. &• 5.5

£Mfijyi 3P» D* 3.2

2,1

Burly instnr Lib*? Inlidiui n. 1 .4

Qstracoda 0.5

2-‘  CtmraniAoa

2 ,2 .1  Mtrlro3YHU3 IIUaSHi

fish rmglnfl to -I'st b&twmet 15 .$ and 6 S.T ant fart 3«®&tfe 

n a n  oxaei&od In tho lake. Of tlwue SSL (29*) wire foedla*. la 

the pooll, 189 ndult fi»h (lo - 5 4  on) and <S ju-nmilcs (8 - IS  m )  

worn aXBBlned. Results ara presented by frequency of eam-rmm of 

Individual Items, on'", lata «r.! river data !>»»• b e *  pooled !*-*)•

97,611 t * frequency of tecurrcncf* of ia:lviiu<-. wore la*--

tha raalndor being unde up by coimstmal owsurrwoo* of :» *«  inatasr 

lneeut subiaaglnea j»d tha ehrlnp 0nx»oogli1 aaffla

digested fish r»cmin« wore to*) nt st praiiwnt single lt«» of food.

0.„i Ol rooc&tl sable edit, • • i , ffslSat l^tamlls ana by fir tho M *  

Important food lta» (!< *), followed by the olosoly related a d  »« “>- 

uhat Utger epee tee t l»n -  labarl (? *). the three iairtw epootoe, 

a .  T“ £•  ®4  a- ]tm tw »«lrt« oentrtuuted to

n«uly e* of attaaoh ocntonte. Other specisa takon, but of wry 

sinor iaportanca at thaeo result", « •  Hated In tho table (12.«),
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YlfiU»«CDT THE STUD? iJ&4f £S toTOBW  SMyffithz. WUB 
ram m  m am m  imafegcr cr ocammcd

474*

1 } tarn  pi pupsi a t adult at agga m  optpfa

focE> m m s m  R4W2E n *

CHU3TACX4

fiaal inetar 1 0 .5

ODcsm

Final tartar 1 0.9

SFHWROm HA

t o U it  " •
Prwrffi* afoata «•

Final inetar I
1

0.8
0,3

OtLXCXD&S

Chacborm a p p . p . - 1 0.5

TniCHOPTEJU

Dioaaudoaala I , Lato ins*uxr £ 0 ^

L£Pxi>QF!m

T3ax3onttflocl a. IduXX 1 0.5

PECKS

41*3te»

yafaioflt** •\pp|*1̂ apa 
Bajftatt* faadoiftfrua

5.0 •  5.S *
2.0 •  7.0 
5.6 •  5«£
2.9 - 5.* 
2.5 - 6.9

e,7
lo.e

9.1 - li%0
1.9 - 6.5

124
£3
4
8

U
1
1
3
8

1£

57*0
6.5

2.4
8.3
0*3 
0 .5  
O.tf 
C.t> 

44.7

tha mly laty-?r fi*b taJcao vara a singla auiroalufl d*ai*amlraiAs&p 

end ««voral *** latter instance the verjr

H'lni Mortal «u1 pectoral spina* w a  alaa*? j- being digested.

X&lAB&ft terli^yri juveniles foraed tnlgr 0»6f of tho food of fiah 

wmix&d, tt 1* ocn*iA*roat howoY**1, that thi* i$ act a true *apr*» 

•ontatlm of this apaeWa la « « * » « « « «  gut *t Ti3m*i<i ^ivvtilM 

act!*aljr »*ad •ballet mx^IhhX vatsr a* cotwr prtos- to th% dovalnpaaat 

of aquatic vogatati<a and w#n» alaty tgr obsorraUcc, d«pantt*st tft ac«% 

unknovB avtaet a> th* SAitfcin. ia obsorratiun B**i* cn SliUslA t***" 

duticn dowi* pertv.p* e&aid ay )ydgmm% aceavtatr In -Tattoox? I M *



flra palm of J . OT|*lnflTl adulta coistructad ns>ta in witar 

approximately 90 m  daap at Chrla' Baaoh (aaa asp), Tha boaoh w  

nuTm Xr •hal'rtug at thi* point and, offahora, ahsllovad loaavtMt u  

a bar aaoloaJng tba baa In la whiah ttw T1] /wifi y»n na#tiag«

fcwri ranting cr. this bar, foralng a protaatlva barrier 

agaSntt tha incursions of pro!atora. At mo point, soar tha shore­

line, the bar deepened, allowing aocess to deeper wator, At this 

poSAt fcpprtxtimately 25 Hvdroomua, frm  20 to /£ m  l® g , vero pstrcL* 

ling* Three spinner# wore lost In quiak suoeossim  to those fi#b, 

for aa a apinnar entered tho «*ater it was aisultanecualy attacked by 

tip to a doxm fish, Scrutiny of the shoreline revealed, for apprcflCU 

mately 15 paces from the nesting basin mouth, amorous akSA narks 

aade by turning Hvrtg&rnmua in wator down to 2 09 deop. those aarka 

vore reoognisod aa a result of handling fish in oxpariaantftl tanks, 

the ocuoluelcn dratss fron this observation was that any Tilaniii finger* 

lings, present In largo masters in tho nesting b&*jn# which ventured 

out fron tho baaiix, *v*r irs v^ry shallow vr\teT, wore isasodiAtaly 

tofter ty those ffvdrpqwnff which wo ro pntrolliA? this point in such 

nuabers for this very reascn „ Yet simultaneous gillnettings at 

Steticn 5, in deep water only 100 a away, never rovoalod TUnnia as 

an food* The aaftplio? method was fr a  this viowpdnt k*»

adequate* Maai (pora, ocsss.) reputed giailar obsorvatiens elsewhere 

in the lake, particularly in doarod areas*

the recognisable food of IP - 13 on B^fnnm ii in the river pools 

w i  wholly (K»posed

rcnglng in site betuem 2 ,5 and 4.8 ca. Digested fish reoains *»re 

fond in 21$ of fish examined. Jotweoa 5 end 8 m, 

juvenile* yore found not to be piscivorous, Sm I occurred frecently 

La the stonaou ccntents, indicating bsnthie feeding. 8#  of the



M en u * cf fooJ »  a lu g * lilaptoiid aop»pcrf w . , ) .

I  ho nawtatar w o  aatpond of S Io u . »F. nj»pfw (19)0, th* p^pM 

S U flto iB a sa E  atttnrba (St) md tha haalpW,m» himmmm*. 

tautflnrlt (W ) ana ftrohla mju-«h«i 1 1

z jt jt  ai—t— ia^ati

888 flab ranging la si*e between 10,5 end 17,5 9  fork length 

frae the late were oxaeiiaed, of those 59? ware food to be feeding* 

Staples of 2& fish each Is tho else rong«s 'Z  U  to 15 on, ?gk and 

s> cn were oxaained fruu tho pods. Kano of th^so fish w&* aoply. 

Results aro pro sen tad as pereertage frequency of C'Cjt'frenoe of fish 

ocnteialag tho different £cj\ lteae Table 12.T),

L wide rw%& of food iteas ^ore fount*. In the ftLagte.1* etcmehs 

and the outstanding featuro woe th»; prepcnderanee of fish tjUBt&i&i&g 

allochtanoun food of terrestrial origlA (S9£)« Including these 

torrofctrtal arthropods* 75.fi* of fish oxanlpod ocnt&inod food obviously 

derived fro© the vnter gurface, k largo proportica of tho aUoefattafr* 

ctm food was vocd-borin# beetles* probably ns a rosult t£ tho availab­

ility U  doetf wood In the fora of drowned iron*, Spldors found la 

tho Aloatan atottHOhs woro v.try al&ilar to thoee £cund In tho Salvlnlfl 

oat in largo nusbere. Of aquatio foal, fish wora & dcsUnsnt 

being foutt! in ano for© or another In 9* oT “jStiSI*

In tho laka thoref^ra, Aleatas labarl would apponr to havo been 

essentially surface feeding and dependent to u significant extent on 

fool of tarrostrlal origin,

Tho stcoaoh eontcnts of larger pouls £ • labor! (Tablo 12,0) lodl~ 

eate, surprisingly* that tha pools fish vem not am dependent can aHoob- 

t<»cu# food as thc»<* of the lake <9< os against e » ) , nor did they 

seoi to be surfeoe feeders* The aajcr scuree t-f food wee tta larra* 

enl pupAe of iiflltSil (18&) ****■’ fish

0B«



■gam % » mm twn car irim g DtgRI fftjW THE L lg . flESQLT! 
"" 111 & S  B R S H D  id WHMfiffl* OP OCOURIWC* (* FHH

00 ? 4 »B »  PARTICDLuR FOCO BSIB,

Xt Xazv* pi pupa at adult at ojupta

%

H'JBtttX. 

Jiootjl**™ »«d »
i vagetablt. awttor

m R ^rsx&L  ARffisoras

Untfaotlfled iaeoct 
Arat«l4;* &• 
r*aipt»ro a* 
CoXaeptera a* 
LepldopUra a. 
Orthopttra a*
£ )•£ • ItopUr" a. 
tk ntu Fomieidad a*

C3USfACXA

P&ntaitio «*rauli «̂0 (<aat@a) a* 

THICHOTORA

B n w ir iw iu  ang M la p. 
B B i B S S i i  joaiBili »• 
i n m

Porm-a aduattt n.
-i.tu.la ...

a x xa i.

Finn1  Inatar U b allidM u  n.

M
*.7

9.5 
5*3 
* .7

*9.7 
4.0 
7.9 
S.7
1.5

1.S

1.5
u
1.5

2.7
4.0

*.7
1.5

m m o n a m m s
•arrow head "Cullaoldaa* 1 . »p. SI 1.3 
Jro*’. ha*'. "QallaaMaa" 1 . tp. 19 1.8

CHmdiCWLLI 

Pupal an ti

Ojgtaropada law  a M l

m m

B Jgoatad Hah  rm ina 
C'.ohllJaa raaatna

a.7

2.7

1.8
1.1

4.0

L.S

5.9

6.7

4.0

2 .*

2.7

2.7 

9J8

W 13L



aoalaa itH ), ladlotting a gvoater dopoadaaoa cn aaktm and the 

bottoi d«pcelts £U) rood ftOOTDM*

Th® ttm tirw and seven on site gfoupa \n*a indlst5agitiU*»

tJble frc® fMMh other, sad «ug?aat f» al&oat antive dapoacUnaa of thia 

»i*® mage or bottom reading. Suod groin# vara frequently enicuE^rod 

to flrtooedi oaataata* Chlrausii larvae (partioularljr thoae of 8tlafco»

.aMCatflW ja g a r t M  ^  » <=!*>«*<>» o< aZBfagM nm Bg) praimlnrtsd.

Sari? iaatar Hbollulid nyopha wero fn*jUotttly fc*nd as mat* Cft.oaoa 

sp. nyopha, Eaiaatia thonaaati larvaa, *><■»«:*« adnata njTaphe and, 

ocscaalcoally, Mlarraoata aouttaXarij.

TAJL£ 12.9 THE FftD Cf tixsnts g£BRZ OP U  TO 13.1 CN 2* THE Fttlfl. 
RESULTS if® E I® S S B  7£T*RCBlTi£fc GCCtjSSEHCI Cf FIS* 
carrAXNDio p^rticuuh food items

1j larvae pi pup^o ai adults

TBHHSSTP.IiX JHSBCTS

Tarrertrlol insoot naaaina 
Orthcptew, a,

jum prm

flyokla ipuvf«a«j.l t

2m »fiRcm r^

E«rm » afloat* -a,

COLIC IDAS 

ShatfMaviP *p p # 1*
Ghaobonjji #pp. p.

rmam

Ilytyi JAl&MUAfcMft 
Fiah aoaloa

5.6
5.7

UO

5S.9
14-9

15*5
tt,0

ot nywpha

*

9.?

1.9

1.8

40.8

U J

JE5 opaolBMia of thlA mail duttmcitt (oa 4 - 6 era) «**« ohowift a* 

raadaa txm Vw  vaxieua pool ocJLUctiOi*. £21 had ba<» rW ln ^  and 

appeared to oQAt&in a full tmg9 of the c-awawr sooplanHc® apaeiaB,



w .

tat paHiaalarly ths lart* pools diaptcaid ******

m  subjsotive assesaisnt ccutributed to approxlisataly SOf of the gut 

oontenta.

2*8 BialjLfltodflifitfii 

2»s«i m c U A M a s  IfifaBCt

The two spesiaens et this species taksn Is t^s entire stu$r (both 

90*5 m  long) had their sta aohs peoked with, in m s instance, tvo 

speoies of fUaatmtous algas (both in ttv* other*

grated r̂atoghrllua.

£ •4 2xbe2a U m

Tull acalysiF of qjrprinld gut contents waa not underta)rs&. it 

wss thought better to supply samples of both alga* frai various sub­

strates and entire in tort in*? to sb algal og 1st for axsndnatioD* This 

was dens in I960 but unfortunateljr the results art not yet available. 

Ibmainaticn of a Halted tamber of fore gut acntacts has therefore basn 

V8-'iartAjt<?n so that sceie id#*- say be f&i/ied of the types of food utili­

sed by the ujrprinida. liute was aads is ths field as to whether or 

act individual fUh had been feeding*

So ole&r difference in ths pit ocn tents of the th**e spseles feraad 

in the study area, 2 . jftttNBiiSM* & • UaamWiiM&M  ■“ * &» fllflltUttl 

was foiret In ths 28 speaiasn* of eaoh which tiers socasined. ttesjr 

appeared to utilise both benthos Mid plankton* Bid

£itf£n8lflHI ao?t frequent individual itaas of food*

Organi« natter was present in most at ths fish, os wen MBd grains. 

Ohirmcnid larvae ooourred rraqusotly, and ooeaaicAal aeartly ny*phs 

sp«) war* also f<*«*d.



****** The IdtitMi species

Beth Lafrec arHB&rlaus. in the pools, and acngore in th* labs, 

have been observed ser&ping lithcphyiie alpse off attnes la shallow 

voter, ’Scrape'* marks attributable by sise and shape to both tham 

Specie* were seen occasionally aftor a drop In vatar level, The gut 

ecctocts of 10 fiah of each of those species reflected this tjrpo of 

feeding behavicur, being & acnglcoarate of organic Batter aod a wide 

variety of a3*ae.

JtA&SS SUUZSltii# on the other hon.1, seeoed aoro dependent m  

organio matter* fav J iffe rantiat labia ->rganisEs oculd be found In 

tho blade "cose" oontainod in tho intestUe. It is probable that 

this spooies ie more dependant cm the bctfcas tmdg both as a feeding 

substrate and directly as food,

2.5

2*SJ- HiWia flmnHirartrti
ISO fieh ranging in 0I10 between 1C.E ocd 5*',2 <g& ."orit length 

were examined. If these 89 (©8[l) ouro fount* to be ferine* Apa*i 

1*00 two flab free the river, all fish were taken in the lake.

Results are pre^ r t-xJ at percentage frwquancy of occurrence (Table l£«9).

ccotained a range of focd oaiftly confined to larger 

invertebrate subimgines, particularly the U3cnata (29£) and m i l  

fishes (2 # ) . The cnly axoofticn* to tho lan?er size of food rfsre 

tbe occurrence of CyglaaethariA hi«3«ni (?} s»3 Chaoborus larvae, 

both In single fishes. &lloehtonc«g food of terrestrial origin 

occurrwl In a significant proportion (13$) of the fishes ex&alned, 

some of the beetles being up to 5 tm Img, The shrltv ■"-****« olsc 

occurred ftvcfiontly (12$) as did wmi%ing .nd adult fgrUAfl 

(lC%h l*t#s fish bene* (particularly oporoular i>m®s of M C ifim i) 

and fish scales were faux*! in severe! individuals, indicating bosfehio



m u

tm tm (r
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FRLM THK U » .  
ĈCDRREUCS Cf

r a i  c a u n o n  pakticour POD mm
It larva* pt papa* at adult* at v»pb*

TKRffiSfRIO. AKTHBtROS

D tn d id  inaeat rcaaina 
Ortbcptara a,
Vonioidaa a*
Coiaoptera a.
AreBaida a.
Haaipfcom a*

CRUSTACEA

S&sljttM ttttsttyn •*
CwdiiMtharta Klillnnl (f) a.

SfflBftRCFrSRA

__  cp« n ,
adiiata a.

®p.

Co*aagrllda» n. 

COLICIDAI 

£b0fete01fl 8PP* 1* 

TRI(S&fTERA

XKfll **•

^ISOBS

Digtated tl*h r«alna 
Larga fish aealaa aal bok«

as
6
1
5
I
1

17
1

U

2
S
£

25
10

16
9

4
8
2

9.0

4£
0.7
8«5
0.7
0.7

11.6
0.7

0,7
9.7

1 .4
2a
1 .4  

17.4
7.0

4.9

u a
6.3 
2.6 
2 J
1 .4

I

IB .3

12.2

10.4

4.9

28.7



feeding. Larva* at EtnflHrifiTrtf tfBKU&f in M  of Snyggyn al«o 

suggested title,

Analysis of food by origin infers the utilisation of a aide range 

of different feeding techniques and substrates, a point whieU will be 

returned to in ' »  discussion of these findings*

2.6 SlAGiUai

2 .6 .1  M a r t i , .■'TK.plmi.

43 fi “'i frcr open waters at the laks, ranging in d z«  batvmb 21.fi 

and 86*5 od forte length, were examined, Of th» sc 54 (7155) war* found 

to be feeding. These fish were oil eaii*£ plmktctt and ln this in­

stance the results are presented (Table 12.1.) as percentage frequency 

by pw bon of individual foal lUae, derived fron counts taken in 1 al 

samples at gut ocntents. Two fish oaught in th*> Camtsnhyilim heds 

were found to ocntaln uncroaccpio fotd* The stomach contents of

collected in the pods (9C fish), of which 5 3  wen. feeding, 

have been separated Into two size ranges on tho basis of gut eontents, 

namely, 1L - 2C am md 2t - 66 on. rn this instaiee results are pre­

sented as percentage frequ<*icy cf occurrence in fish.

?e* of feed in the planktcn-flltoring lake n«riee was composed 

of organleaie with a b©*y length greater than 1 au. Apart fren t*M  

occurrence of ar?«nl«n* of less thm t,S « ,  tho remainder of stcsMeU 

contents wn i male up of organise* opprcaciaately t,7  nr Im g. There 

would seen to have been, therefore, selection of larger plankta>ie 

organises. As fi^AGUl ***** be9n obsorv*i to continue feeding at 

night, wt.-n judging by rhm**n.v spp. densities in benthie Maple* 

these would bo ahundmt in the rfooplankton, tho feeding technique 

described below mm!4  appear to be Inadequate to tako the so fact Mrtng



s r

8 * 8

- « ;e

; 8 |  

n»l

3

I3 3'2'

- y  3 | 2

! !

3 | g ‘ -3

'*■

* '  3 3 2 - • 3 ? 5 - 3  

§ 3  3  m >  * | 3  **• • 

- 3 2 3 3 * .

I a  I i

P  | 2 2 '-  ‘ J 3 *

3

l l

J i a l i W i i



S2ASUl for Beat cf tha year, aaancnly seen foodlng in

shoals at the water surface a* foilowej Tha body was hold at 

approximately 90* to the wator surfaoo with tbs tip of tha upper Jaw 

rad nasal batbels protruding Tvas tho vatei • The mandibular aid 

wttUliary baafcels were iwually spread and curved up to the water 

surface and at eng it. Op to four or fivo fiah would swie quietly 

and rOLotdy alcng In this position within a fow aetros of each othor, 

gulping in water froo the fir«it fow rlllimatree of the water surface 

and, apparently, filtering the aocplflnkton free it.

The aaly "season8 whan a markod locroaes in thia surfaoc fooding 

activity was observed was in July, «'.nd the roascn given for this was 

the of fact cf Anoant im cn the fiah? for* fish opened at this tiae, 

oontalni/v* had a greaiiih*y«dl(w east to the Intestines

which wore also full of large olr bubbles, not seen at other tiass rtf 

tte year.

Of t®  oocurrancM in th® two fish *akon in tha ^uraVjphYllW. 

bed, 7 itees mbs fra* thj water surface, including adult Libaliulidae, 

Q  B t n d  a n«uropts ran adult* 5 iteras a«ac fr<m elsewhere deluding 

fish ssales, digested fiah rumains and tho nynph of Is^aaHflgjataU 

farca. £dult pool-' fi*h apf*arud to subsist as opportunistic seavta- 

gor/predators, stc»a<* contents induing  hcnes, charcoal, terrestrial 

Insects md digested fish re&ains. id’ilt '#@r® resistant tc

rotations and were always the > .st fitrts to succunb. Th© editeBts of 

fiah mfjfcursd by soino ret acea tisw after rotenaae applioatl>» ilia*- 

trate thoir opportunistio nature. Sirtoun fish, ranging in si*o 

between 29 and 7S is omtainod 77 freshly ingested snail fish of 1.1 

to 16*5 m  length, toelx^ing the full range of tpeoUs available.

Sane individuals could sn eain ^ not have taken a single itt® mere, 

the belly being grotesquely distend#! (mo fish of 5* contained

4 4 .



406.

14 UttABte* «md J2XUttlzl2Ud> noatly la th* 5 m  rang*)*

f w w W y  tin fltfl*■ fed on these fish <»oe they had b®« affected 

by the rotenaae and were lying on th# bottom cf tue pool*

Juvenile pool* fish la th* 10 - gt) cm range wars, apart free * 

aingla saw of fiah predrticn (one J» aortlaarl of 3,7 «  tak*n by a 

16*3 at. Clarlaal sxaluaivaly banthie fe»d*ra, Stcnaoha cmtained a 

rang* of benthle invertebratea Including larva* and pupae of Stioto. 

JttEfltSOU, Orvntoohlrmaaia. Dlaa«idooala. a«ratopogtmid larva*, 

Oatracoda, Dytiacida* and other ixi3aot raraainfs.

It would m *b  therefore, that gl*rt*fl vna easontially predatory,

Ac adult* In th* lake th sitter fad a\ plankton I the sain couree of 

food) or againrt tha margins cn larger food itaes both c& tha tar 

surface and cn tho bottom, but uhsre ocnditlcna war* more stringent, 

aa in tha ponls, were far Kora cafctcllo in their feoding habita. 

Juvenile fii-h wera essentially banthic feeders*

These ruaulta are in oloe» agreenant with Mmro (1967) who found 

jwanllo fiahoi to be benthij invertebrate larvae feod^rs and th-ifc a 

gradual transition took place with increasing aiae to filter feeding* 

Bahocnbee (1969) found a greater preponderance of fiah in the diet of 

thla apaoiea. Cart at (1961) reports of C. at^aaaabicug (a ayncoya of 

£ • fiU^ttUUiS (Jubb, 1967,0 that -if tor a length of 3 cd thia fiah 

beoaee progressively sore pitjolvorous, aid oaaeenta on too ca^olieitjr 

of diet, Jaeksan (1961d) deacHboi £ , ammblau* #3 "an carnivorous 

scavenger and predator an othir fishaa", It la of interest tc note 

that the essentially flit©r ling nature of auult Claris* found here 

tnd by Itanr (1967)^ also to Rhodesia but in a eutrophia hignvold dan, 

ohcmlrt be at virlanoe with toe othar & it bora wantiav^d above*
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s .?  Jtafattdu

<0.4 flah ranging la alio between It .2 and 55.C cn far*. lai%th 

m t « snBlnsil, Of theee 61$ w n  found to bo faoding. Tabulated 

reeulte (Table 12.11) ocneern only flah found in tho lake, fisfl frai 

tho poola bains ocnaidered below, Roeulta are exproaeed aa percentage 

bloBtaaa derived by eooveraion from Bunbere, whioh in thla lnatanoe is 

not entirely aatiafaotory aa planktcn, prosent in aaao minbera in a 

rery United msaber of Inc!Ivtduola, aro not ea.vartihl'' to bicraaaa, 

Similarly, to go table dobrla, organic ’obrU and porlphyt'.o algae, 

which when they ooourred were alaoat invariably taken to the Individual 

flah1a oapAolty, oould not be converted cn a "praeonoo" notation.

The airo applies fl*h soa'os, egga and llgeatod flah rooalna, whioh 

would have bean better pro sun ted aa poroontage ooourrenoo. The method 

moat reliable for the major proportion of feed woa ohosen.

An oxtrwnoly wide r«*ngo of food occurred In Smodcntla 9tan»iaha, 

ranglf ; frura organic debris, planktcn, vegotation (obvicwsly taLan 

by grating) perlphytio algal "waria", through a full mnge ctf lnaeota

nolluaoa fron wll wbatrates, to debris derived f r «  flah (scales 

and tooth) and native fiah predatim. nevertheless the major scuroe 

of fool was the Insect aublaoglnea. The pupae of Dl.naai.looa In

provided Bore than half tha blcBaoe of atcenoh o®tents, and 

with the larvae, thla apeoiea ecnjtltuted 091 of tho blcoaaa of food 

taken. Oaeteropod molluscs were an iaportant acuroe of food (Ity) 

aa were the la m a  aid pupae of the ChircncaiSdae (9#). tther slgnl- 

floant ixmatltuonta were {&%) and llbellulid Irngaofly

nynph# (7% ). Uthaugh not aaisUemrt in tho percentage acMposltla* 

hf blaM M , tlia 155 occurrences of flah aoalea in staanoh oc»t«nts 

indloate these to have been a algniflomt food item.





Son variation in proportional food Intaka vaa foual tn the study 

« m «  Anisopteran orjrtapbs were relatively uaiaportant in tbo bay (Sf) 

and increased as a proportion of food intake in tho "estuary* (22$ 

at Station St 14J6 la tho S&lvinla) , aiaiilar to tho nynpha of £gxmA 

gjusta (1$, 7%, 1C$ respectively). PVmMltTlli flublaaglnaa

were of eloiXor Importaaoe in tbo open bay and in ausociaticn with the 

Salvinlft eat (TS%9 65£)j but wore loss important within the "estuary* 

in free waters {&% ), whore ohircnomid subinaginoe formed a

aueh aore substantial proportion (22£) then olsewhero, particularly 

the relatively large larvae of (15.5?). Here

also, the Intake of fish scales seened to be higher.

Fsodin?, within tho C*ratophyllun bed was almost ontiroly confined 

to tho tww aolluscs Phvsopals globojun and ofolffori.

The so were ingaatod and paased through the «»tire intestine with shell 

intact, mo fish containing up to 19C shells in the gut. tn the 

otnar hand, fish found In association with the Solvinin aat seeoed not 

to utilise this substrate, apart fraa mx intake of llbullulid nynphs, 

for typical "mat" famft w>ro either taken in small manero or not at 

(01.

S&Uik&jJtf *®F* in t*ks behaved unliko any of the

other secies considered hero. Their orientation dependjd to a 

large extent on a surface, whether the hot ten or slos of the tank 

or tho water surface} for fish would always svin with tholr bellios 

•Athin n few oentlaetres of a purfaoo, dorsal side uppemoat m  the 

b eft too, one of the lateral sides uppermost against tho tmk sides, or 

vantrnl side uppemost at the water wirfaoe. thservatiens node by 

VJU  Ttuaeon (pere. conn.) at night In the vicinity iiinga ore of 

ral event* here* Thasscn was a* orooodlle ccntrol operations and m 

three occasion*, all between «UL and 22U hours, saw shoala of



SiBfldatii "swinniivs cn the eurfaoe of tho water, upside douu 

Their polo bailies were tofjr notioeahla and thoir aotiat was sluggish. 

Ttasf oould bo approached to within 5 foot and when disturbed <Iis« 

appear*! In a flash", Thcascn ecnaidorod the fiah to ba feeding 

"although no such oooit ivs observation was nr-de*. L similar observa­

tion has bean aado by J .P , Loveridge 'per*, earn*) In a snail pool 

Of the Rusiruhuru River* eight miles upatrean free Lake ltariba*

Loveridge also ocfxsUorod these fish to be feeding*

those observations, when taken with tho high level of inoldeno* 

of pupal as opposed tc larval ehircnaaida relative to tho insecti­

vorous aorayrids caught at the saae tlaa » d  plaoe (Table 12*12) indi- 

osts that Svnoriuctis is m  aet4.ve surface foeder, preying m  jMpos 

prior to edult oBerjjenoo} a technique .Aicb wculd make full use of 

tho sensory barbels at night* The intake of tha very bifjh properties* 

pupae (Table 12.15/, although partly explained by thi* 

technique, ha* a acra likely oxplMMtlen, due to the frocfient ooourrenoe 

of nuneraus tube* belonging to thin specie* foist! In *tcneehs.

It 1* probahle that tho proportion o ' larvae to pupae found in MHMBWi 

ovor the poricrta sonpleJ, *»>nrl v. in ®lnd the likely offlolonay of till* 

fifth's feoding technique la respeit to Dlneenical*. are nearer to 

actual population proportion* a* are likely to bo aohlevoc ’jy m y other 

t^pU ng  But hod. If anything, the pupal ooopMltlcn Bay bo dlsprc- 

portinately high, for tho active larvae ar» *k»o likely to uoapo,

Oilier these clwuaatance# Svnodcatl* are clearly nor* *ucoe**ftol In 

capturing tho inert pupae, taking at least fair time* the nunber of 

pupae tc larrae than a n  available, and w t  carry out a United degree 

cf exoamtlcn to do thi*, whom * CvnhmvuM 1* j«»t a* ohrlouly In- 

aapahle (seeing the *M ll proportlas of pupae pre*«t in their atcnash 

omtents) of any digging and probably rely ncare cn speed of attaok tc 

aoptun larrae.

430.



\f-X9 TIE PRLPUWICNS IF URV^L AND TOPIX GHIRUItHDS IN
im m  tiBB ??Ecms

G-rphtanmia liiaaafaiBeteiii 

Svnnriftitla —

ftwyripyfcla jytiSSBMBall

% Larvae

92

87

69

$ Pupae

0

13

SI

6C

Let* m InrAnjrwym maculr-tua. a favoured boathle focd oz^aniJB.

TA3W 12.13 TIE PRtKRTICKS CF URVAL 1M) PUP/X DIPSSODCFSIS
CAfsnaia is three ftsh species

Iteramfl lmgiroatrifl 

Gynhommia dlacorhvncbui 

STacdmtifl yahoKanalfl

% Larvae 

79.2 

98.8 

10.7

% Pupa© 

21.0 

1 .4  

81.5

Stcnaoh ecntonts of adult pools Synodontla. which vran> cfily oap- 

turod aftor rotoncns n.pp3 ieatlcn, shewed thoso fiah to bo a* oppor­

tunist io as f°r fish (ranging In sise botwosn 1S.C and

37.6 gb) ocntalced mly freshly taken, sod presumably poisoned, 

fing^rlin^ of TUnc.ia aortlaarl and Alestes labor!. 15 - 25 an Icng. 

Juvenile Simtrimtla in the 6 aa sJ*« rmpj n 2  contain^ a full range 

of bcstoB dwelling insert jmbiaoginea, exelvriin  ̂ Cdctiatn nymphs, and 

fish soalos were fro qua. ly found In tha gut oontonts.

2.fl Cifthlldaii

2 .3 a  UlaaifiJttiMttii

9aty few adult fish were captured in the routine lake gillnettings 

uaA 5L fish wsrs a/ unlno-i frm  tho pools. U 1  these fiah oantainod 

a Mixture of periphytlc algae and detritus. . Howover, tha proportion 

cf thoso woro remarkably dlfforsnt fras that found in LafrflC flHlTBlti* 

In lilafilfi, a voiy high properties of the stoBaak extents were oleai3y 

» ig ^ t and a relatively minor portier; was aodo up of organic Batter.

Out eaotsnts are currently under examination by m algoloffist.



(tlllnets lot along tho steeply shelving shoreline in tha yicinlty 

nt the Research Station, yielded several large THani/t which were 

packed with fully grown 31amfealaria nfelfferl. Investigation of 

tha shoreline «* bowed those to be msooroun urtfer stcnos. Preswably 

the snails amerced at ni^ht and were then available to tho TilnnlA.

This instance has been e ited to illustrate that tho liot sf aorti* 

M 'a w d  not neoessarily be ccnfined to algae and dotritic material.

2*9 ri'rtlTlVr

Tho percenta»o ci fish examined whioh ecntainod food in the etcoach, 

and 1a the case of the Labeca. the (jut, is taken haro to represent 

feeding activity. In fish like Hylrocvnm. where the rata of digoe- 

tiaa is obviously rapid, tlsh captured ahortly aftor setting the net 

will probably have ’igosted the stomach ocntoots prior to examination 

the following mcretiv? and so the results are subject to a bias towards 

a lower level of activity than was actually the case* Matthee (1968) 

points out that Hvdrwnnnia digest their food within "a few hours” acid 

suggests that "about 2t$ of japty stomachs in gilliiet sarnlos are 

directly iaputablo to the act hot’ itse lf, although the aeans wheroby 

1m arrives at thi , rcportlcn Is questionable* (He subtracts percen­

tage JixUX&flDUi fomtf to be feeding from the a»cn valuo obtained for 

other fishes)* Insectivorous spools* appoared, however, to have a 

relatively si rw rate of digeeticn so that feeding activity considered 

in this way is aoro reliable.

Data are presented ir Tahle 12.14.

Momvrooe Tho overall percentage feeding of this speoios

« a  quite high (75*) but lower than found Is tho aatOBophagous nonayrlds. 

Too few fish were exa&tned to drew any definite conclusions regarding 

tho effects of sexual readinesn cn feeding, but little or no effect 

was apparent is those fish examined. Feeding activity In tho river
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4£S.

%fct« scnawhat higher than In the lake. There was m b s  toHoaticn 

that feeding aaUri^r aay have been higher botwocc July god catcher 

than during the rest of the fear* Lowest activity vat rweordsd la 

April (4291).

ga atflBSBli  *«arly all fiah wore found to be feeding

(96«d£) end this species fed activalv irrespective of state of gaud 

or *n m c b %

Mubbhui  laruyiroatrla. Virtually ovory fiah exaainod ocntaiasl food 

<99$) also irrespective of S'txuol activity or "soason”. Tho cnly 

flf* found not to be foedlag wore algratlag upstreaa, but other individ­

uals (6©i) wero fcukl feeding uador tho sane oircuastances.

H/drcavmj vlttftua. Contents were found la rol&tively few 

miB stomachs (2%) and there jaonod to be a definite and oeni latent 

trend for the proportion of feodiag fish to decrease with inorooslBg 

^wad activity (free $25t a*, li. to &  at RH). fhi* Is reflected in 

feeding activity when related to area of capture* Tho proporticn off 

f<*KU»«g fish la the lake aid por.lL wore sinilar (at approxiaately 

27 - S&jO, whereas la tile river this was auch reduced (It^O* Siallarlyt 

feedii^ activity appeared to decrease during the hot and rainy seaioas» 

boinp highest la tpril ml May, in Marked contrast to Kotusuir's (l& 'l) 

fl*iSlr.TB, which indlcatad *«* incroa o with faodin- nativity with th* 

ateet of suMsr" la 1969. He relates this to toXi^z lake Iw el « d  

subsotfic . increase in food availability as prey fish tare forced fros 

oover* "Seasonal* oirouastances a# such aay therefore be of secondary 

laportsice in a developing and fluctuating system wch as Lake Jiariba.

iiid s a  ApproxlBMitely half tht fish <nsainsd obtained food.

Bere also there could be a trvad for decreased feeding with increased 

breedif^ activity, but not aa narked nor a* ecnsistwt as fcttori la



8y^roq»aup. & blgb proportion (7W ) of pools Ll&ataa «^r» founrl to 

be foadirsg, wteroae tho was similar la the lo-’to and rlvar at

a raû h lower level (59£ a»1 591 re6p*-'<JtiT«iy). L fall in feeding 

activity in tho lake was only notloeJ in January (tho rainy season) 

of eaeh year and not rvar the on tiro hot s&asan as found for Hydro- 

amiii.

JAbttB jfcUilXriJLS* A high ovorali. level of feeding was fowid (7L$), 

which persisted throughout the development a* activity of tho gt'*»ug 

until fish reached a ripe rendition, when a drop to 5t£# porsisWit 

to a "rlpo running” ccnditlcn, was fcund* Approximately half ths 

fieh aaught therefore aeased to food whan approaching fill broeding 

ocnditiai nod it was crvly whan actually migrating in tho river tbit 

feeding ms found to cease throughout tho sampled i'iah. Seasonal 

results are too inconsistent to allow any conclusions.

SlfftdAI *LAClSBiffiifl' tve rail results indicated a moderate level of 

feeding activity (dJM) largely as a result, pranaaMy, of limited 

food availability in *she pods (52$), fending activity in the Idee 

aai river being found to be at a much higher level (71$, 6C£ respeo* 

tively). & dearease in <1 \ n% activity acorns apparent in snorwOl/ 

"ripe* fishes i*S no foo’ at oil was fou&rt in the few "ftR* f*»h «asw 

liiod. Seasonal ahange* ara too pntchy ar..i i;a.̂ u«.u»tcrt for ccmnsnt.

jHlrC^^lfl j]|BQSlifi||dl* This flah ahcrfod qvite % hl^h cwarall 

lorel of feeding activity (6551), wiU no rpparant corrolaticn between 

brooding and feeding activity, nor my seasonal ehsnges of dote apart 

frcss the h i#  level (92*) of July 1967, The few fish taken in the 

river were all feeding, but were caught cn a baited hook,

£X&0fcfi&Af jH b n H l U *  Again, a quite high overall level of feeding 

activity wrs found («!#)» wttleh only deeraraod whon tie's were fully

494.



roody to breed (HR), but SL% at thoaQ fish auntinuod tn food.

Levala of feodlag M liTl',, jJX lake, pools or rivor vero oaeb tho 

mm  and no seasonal trends are apparent on thoao data.

It la of iatereat to note that tho speoiss of flab which wore 

found to have a lowered level of activity when In full b:*eeding oa»- 

diticn, vhioh Include Hvdrocaram, Lahoc. Alaatoa. Claidfla and 

tjicntla ell, isB^dlately following bw>«*dirv» when te a spent ocndltlcn, 

fed very natively.

5 . DI3CUSSIIH

s a  A Feeding Categorlaatlcn of the Flah Fauna 

The percentage frequencies of the 03 curranoe cf major food itena 

in adult flahes art* ?iva& in Tahlo 12,16. La analysis hy poresntogc 

frequency is not available for sane spocioa 3arbua» Kjaralaatoi)

and aa In othora results are spatially blaaod, major and

«ignific«it food itana of these apocioa have boot danotai by syBbola. 

<Vhilt fish f«ll into several grcupa.

3J-J. M B ^tt

dftSjAl waa oeaontlally planktivorc*ia, bit at the aaM

tiaw « u  opporfeaadatlo in its feodltvfr, scnotiaos fooding cr allcoh~

+ ca\cua K te  rial *\t the surfaoe or taking natter dorlvad free eond op 

(fyfef fish, or tne fish theme?vos. 80 olour—out instance of flab 

nrad< ticD vr.g rsocrded. The ainnowsllko HtfllT1 n T V *1**111 

three specie* fou»! in *she area ■£. £ .

and j}. .UQAflttflHlA&t) alao fed an soopLxnktcn, olthaigh the fo* n* 

MNr*d sal»Krtivo towards larger diaj’tcnld oopepeda,, A U 0 the Xait«r 

utilised % viA&r range of planktcnio organ iaam ptppXaDented by 

feel* î t. the oocurranee of phytoplonktijn in £2ai£ai atoanah oc® tacts 

appeared to be lneHantal.
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It is still uncerta' *at source tl* algal ccntanta of *f finni,. 

bar*, The nature of tha ataiaoh ecntmts suggest quite 

strcngly that the najor source of thosa algae was tha hottest deposits, 

which would tond to li&lt the depth of feeding w o o«n .  let gillneta 

M t through the otfiô jr of a suhaerged tree would alaost invariably 

oapture Xilfiflifl# whoraa* n ia a at a f«w ootrea awqjr at toe ease tine 

would not catch thia species* Tha oaacciaticn with drowned treos 

waa therefore quite marked and oculd havo boon aa a result of their 

use as a feeding substrate. Tho ath* — poriphytio algnl oaters not 

included in tho to bio (12,15) wore avltnrirtmiff and £* ^cngoro.

By its prevalence in tho rivorino pools* cnrllndrigua would tand 

to havo beoi a lithophyllio algal Qatar aid feeding marks of £ • SBHSSS3i 

in the lako were seen cn K>oth rocks and trees. Smodontla amaba-^j^ 

were on ocoaaio: found to o filled to capacity with vala of peri phytic 

algae vory eiail&r to those seen to r’athor cr» aubuior̂ od twigs. In 

this instance, however, poriphytio algao wore a ralativoly \Si import ant 

focd source when all individuals are considered. The few spoolMns 

of iLUdUhdUdttfl taken indicated their partial util isatiai tf

th' 1 food source*

5*1*5 StMBM

Tho only clear-cut grating spooioe taken was £ . AfilKG£&» althoigh 

the ooourrenoe of oh owed vegetation in -.iMtni ( 4i) » d  JJSkp"

jJflBl&l indicates a partial dependence by these two species cn grasing 

an a scurce of food* Vo LUftfilA jsttiAlllf whioh occsir with sum fre- 

quraay in Lake Karibe. end which subsist almost entirely cn gntsi&g 

(Jacksen, 1961d| de Klape, 1964* m A  Jubb, 1967), wore oaught, but 

tho presence of this species in the study an»a cannot bo disccunted*



m .

Orgmia afctt*r *ppe- ’ to ba tbo major icurtjo of food of Inhon 

altiviiii*. ooe of th* eost masrcua apooios i» th& ptudy area* 

Possibly aa *  Qcn*e<9tenos of tiwlr foxing habit*, orgmie mattar 

ai*© foraed aisntflamt ocDstitueat* of tha diets of £ ,

I*  sortlaerl sad tfto Barbas spoclo*.

s*i*8 fimrtgftntt tn tim

11 though scaetiaas presort at very high populaticn lovols, tha 

tH^ochaota » * »  not utilised md appeared to \n natively 

bf bflnthic foodl&ft fishes. Only me <>ccurrqnce was rooordod, who* 

oligccHaet reaoins were fc*md in m  adult Moffwrua,  Avoidance of 

procHvtors, particul/trly Mcrarrus, oaonot be regarded fifi a significant 

factor bearing ixv «lsd this fish's proposed Hgglnc utility. I 

havo tatperionced cfvly m s Indigenous Afrlcgm fish which feed* fm ljr 

tK , M »  bagtU Avifl>.<mqgl/|«la o* tha Ccngo

Sjrstee. There vculd soon to be roaacn for acr^iderotim of this> 

fishls introduction Into the Zambesi River eyatm,

S J.«5«£ Gruatftwa*

Cttlf cne speoiss of fish was found to utilise si^pif^aantly fccft- 

plankto^o ei-Uftaueens suoh mi Ctfaln^ithftgia hle^ool (?} and £ftEtd!ttl 

whioh were present i& ccflairterabla embers in tho weed bgds, 

and ttvis W&S jftgayrop* da^laloaua (ISJI)»

S .1 .& .5  i£flifi&ft

The orervtalcio# prepoidewno* of acisopteraa nyrapha os opposed 

to «p?opt*ra& ngrtsgjh* i& *j«t aoiteet*, pcrticuLarlor in fish taken la 

weed bedst suft̂ eirts the foitwr to be *oro oosUy token* LibeJlulirt 

ayaph* fomsd iKpccW t ocngtitue&ts of the fo*2 of rtanPTfi&l (S4^)»



SzafeKOf I® *) <»d (29J) and w*r* cî niftoont in Ifcggg&U

(1X%)$ (®!*) * A Aloataa labor! ( & ) t heixû  found also to

ooanr l »S t i0 8 0 B le

5 a .5 ,4  H^latam

The wst«r btifc M n  iAai^nlflaast as fo<r? itaoj, ro« rrJng aol̂ r 

Ia TOiy low m»bar* ijo C w b «rw ^ ® d Smurf a itu .

8*1.8*8

Partita aAig^a nymph* ware tha only overall si^nifioont aqjrfl/» 

tat (p&Ttleul&rly In Cvrhrgnmifl) tho booties cad ooanlda

alac occurred, 9apeel&_iy in Juvenile fishe*. Fish which fod ca 

Pityilln Included Mofayrona (6?), Orghanrru* (16*), Mafftrrua (J$), 

Hytiytxmaf (1$), labarl (7f), (lcJ) and

(QK)« Although aeanlngly & iaont source of food to the flahss,

pgyilla if act tmrly aa important aa found by Petr (2971) ia LaIf- 

Volta, 4taro flaherlo* productivity i# apparontly dapandant tc o large 

axtant a* thla species.

S*1«5.A LafAJnrA^m

The cnly fish food to pray m  tha pyrolid larvae end nytsph* which 

ooaurrwl in the terminal growth of, particularly, CMatontoHm d a afu a . 

u u  fi2BbflBEZltl* 1* wfeioh fiah It fonwd 1| of tb9 blmaas of oaBstit- 

uwsta.

5.1.6*7 Trlchaatara

The larvae and pttpoa of jjU&JttdfiBtiJ JttBBlil 'ms th@ aihgle ao*t 

iaportoet feed iten d  tha aotcoophagoua flahaa, ocntribuilw? 01$ of 

the food of jfcflBSS# 6^  rf tto food of and 2M  of prabp.

.m aa  food* Thay alac oooumri in Monnrroga. Hvdrocvnua. ^grtfg
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ghMbgVtf app. odeumd Ia  a quite wida variety of fiahoa, being 

notably aboant from filter feeding CXariaa *  i »e«aingly avoiding 

pradaUxB by theaa. Ohaobcraa u u  cnXy ai&tiflctmt in tho diet of 

UaaarroDt d«ll;ilosus (11*) and Crpaawruo ditaortonctiu U » )  and 

ware t.akon la ;»rtiaularly Ian:* manboru bjr the latter.

5 .1 .5 .9  Chligw M —

Loral <n*l pupal ohlrcncmiila, apart trm tholr frocpiant occurrenoo 

in & wide range of juvenile fishes, wore found to bo surprisingly \»- 

iaportcnt aa a source of fooi to the fishas, forming 9* of 

aid STntxlcntla’ diet and a irery low proportion of the ata&aoh oaitents 

Monavniii. Aleatee and the jtortmi species. Althaigh a wide range 

of speoles c u  froely taken, cnly one of these, by Itself, fomed a 

•lgnifiomt food item, the tanjrpod ohAKnmld rVH^t.jurnu

3.1 .S J 1  fitrntmmrgiMM

The oer .̂topogaild larrao wore found widely in tho gut omtaata 

of outcaoffcagaus species, but wore nowhere of any iii^nifioanoo#

these were found in all tha surface feeding pro .osy fishes mo 

wore the ainglo cost inportant ^mstituont of the diet of Uartgl 

iaharl (b H ), toraing also a signiflo*t port of tho dint of M m nlW I 

(10*) which tended to taJw largor insects than ttaitM -

5.1 .« Ifcfl1--<«*«sn fiahas

UthoUKh the remains of Hwrscnsls glutttffiU aUMfallflrt*

^r.4  rfi»M cosurred with scno frequency in QxsblMBMt /ilartM ***

<&ly BTtuilt»Ala showed itself to bo aotivaly ■ oUswItom ii, 

gaateropale ooitrDwtin* to 11* of this fish's wry eathoHo diet. 

Bowaker (1 *8 ) ia suggesting g . lUifflMIMtafaM ™ a potential



btdogioal Mthod far the control of n e t ' reatora of bilharsiaalfl, 

ahovad thia apaoiaa to take 15,2* Booila and da Kiajp* (I960  found 

a M l  ooourrooa, levala vary aisilc-? to thoae fcuxd hero. Jaokacn 

(196Id) aaBtiaoa 3. MtifemUtki M  containing aollvmo running*

5«i.7 rufr nndrtfrf

fhrea apeotaa f<41 clearly into a piaoivoraua category, Hydro- 

araua rlttatua. uhloh fad alaoat antiraly (90$) cn fish whan odult| 

Itoiffana d«rilaion* md Sutrotdua both at which had

an opprcodLmately Zi.% ocopcnant of aaall fiah In their H o t. .lleataa 

laberi. Mo«»wii*. and Svncdmtla verj vary occasionally fa»d  to have 

aatai na il fiah, Jaokam (1961a, b) following roaoarch undartakan 

in tlta ml Mia Zanbeal Hirer before flooding, and lator ax the infant 

lake, ralorlinad the iaportanoa of Hvdrocynua m  tha fiah fauna of 

tho ai\»a (M-V P°«a 5>« B®ln« Uve ®a-)°r ri8h P ^ a tor» 

the affects of thia fiah cn the dynamic* of tho fiah population waild 

be profouwi and It haa therefore reoeived n v>roaW -roporticn of 

attrition other fiah apaoiaa, Jaokaon (1961a) fam£ that in the 

» ptvor drainage baa in and tha Middle Znmbeai Rivor baforo 

floouing by Lakn Kariba, that pray wna ompoaod of &%

Ciohlidao, 52$ Charaoidao (Alaatoe app,)» 19JS Cyprtnidae and apy«*«ti*' 

r^taly 6$ of othor faniliae. »«rc  (1967) fowid that in a Rhc^oaian 

highvaLd d w  JBhdSlfilEBHi waa a^ain, but noro anrkadly, pr&daain*

antly oaapoaoi of cichlida (7it), r*rtlcularly 'lU LUtfl*

lh oantraat, Hat^hoa (i960) reporting m  result* obtained in Lake 

Kariba, fourt only S4J9 occurrence of oiohlida and a 47,i$ oaouiTenoa 

of the Characid*o. and 41fllta« latrfimU* Th°aa

rwpilta ware , . n*\ durliv? 196^/35* •i»oa whan there would mm  to 

K«»a hoan A ohenga in iiet. Donnelly1* (197Xb) Bub*orf.ent result a 

thov m 101 ooourranm of eiohlid* in M B S m u 1 ^iot a
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oharaeid ocap-xisnt. These results w n  synchronous with those ob­

tained here (19C7/68) but frm  the Sanyati Basin and are markedly 

different fraa scf own, which lcdicato a oichlid oanpcaent of i .«$, a 

aharaoid easpcnent of 451 and a qjrprinid ooapoi«t of 6£, If th*sa 

are recalculated cn the frequency of ooourranoe of maotmi«Ahlfl fish 

roiaains these values are changed to Cichlidae 1$, Charaailae $8f, 

Cyprialds* 11$ acd others 2*. Subsequent work V  Ksnmuir (1972) 

gave tbs following results. &  1969/7uj Ciohlidnc 84$, Characidae 

21$ and dupeidae l .M . fa 197l/71* Ciohllda* 15*, Chamolda* K $  

und Clupeidae 41$. The Lake Tanganyika alupoid Tn^fltT^t<l̂ inT aiolai 

was successfully intrcduced to Late Kariba in 1967 and 1966. By the 

seoend half of 1969 "abujdant shoals of the seocnd gcneraticd” (Coche, 

pers. ccsn.) were found in tho locality of irtroduoticn in Jasin III, 

saM distance away lr<M tho Sonyati Basin whero Ketmdr's results were 

obtained. 3oaring in mini the misgivings generator by tHo lev leral 

of the oichlid coapcnant of Mwenda HYflnTfYBMIt t>latod ie m? ob­

servations, the trends which beooae apparent in Lako Kariba as it 

develops arei an initial dependence m  predominantly oiohlid fry, 

with a change in 196V&5 tc oharacid* and again a chance in 197t/71 

to olupoids following their introduction. As ikUutffifl iLftLmUi 

al#o a fish new to Lake Kariba (dale®, 1971) haring previoialy been 

oonfined to tho Opper Zaabosi system and whose success in the lake has 

bean attributed to the development of littoral hyOrophywa (3o*ak> <*. 

197c), oredator pressure cn the oamercially important oiohlids would 

appear to have been lessened due to the mcxuitoant to tho fish popula­

tion of two n re-end aolo spoeios which are atiairabJy suited as lirey 

fish to 2xiJ£J8Blf • Should the population behave as

theoretically axpeoted, «*3 odlapua follcviiu’ their initial popila- 

tlctt exploeiaa, whioh a«y w«Ll have actually ocwirrad 1a 1972 (Uegg,
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p m . « ■ . ) ,  a n n r i i a  to original praer apeelaa M il l wall occur, 

particularly on ocoaalcna vh® lain lovol flueturtlcru temporarily 

araflloatte tho oover provided by littoral hyUrophjaa,

Jaokacn (1981s) fowl that prry of nover oxooodad !t-i

of prodntor length, though a omsl.lomblo proportion of pray fish 

■tanlnil approached thla value. L alallar alae rolntlcnehtr «*a 

fotnd bf  itsnro (1*67), but he also found thnt although a trend of 

inoreaaing pt.7  aiaa with '.ji’o- Intur length uaa appam t, baycnd a 

pradator of 25 to 3C cm the proy etablliaed at 5.5 to 6.C an

length, Mattnie (1960) found that eanamlV tha 4 *  rule held true 

bat "cn eenrnl ocoaaloKB flah found In atonaohe, oaooelnlly SJsilB- 

— aaollar than St. o» oiooodod 44  of predator lon.'th (up to 61$ 

ctioa)" *

tho outatondlng faotor in reapact to alaa of pradat.r and pray 

found here vme ths n a il alia of flah pray tak« lrreapootlvo of 

predator alia (tha fox larpar irutlaU a AlilSalM takai were 

teks by larger HeitnaiHll f*v‘ predator/pray ratio never eKoeaded 

87J ) . Tha alio ; mg* c/  flah re-nlned fron tha .’alra vaa 15.e to

SS.7 « .  aoat flah fuU botwe«n 16 and Si on; yot the alas range of 

pray at tha vwry grant majority ot nah»« vaa 2.5 to 5 on. Whether 

too Intake of anall pray flah waa by choice cr a u  duo to availability 

la not olaar, but tha latter n  naro lUtel.- aa «o U »r  HTlrfflUfWM 

tanicl to Vto  psrajr nearar th» US nark.

8.1.8 T»ah drt.rU . t m

WM the only apeoloa fe*®d with a nnrkad 

prodlleatim for flah boue. Tho a. wore u molly tha larger operoular 

bjnoa of jU^cuaOMIf poaalbly tha reault cf arooodllo prodntlcn, aa 

arocjdllea have bean obeurrol to vigoroualy shoka OflrtM until Mia 

p«»g froa tht body, which 'i  than oat an,
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Flrt sanlss « r a  surprisingly important la the diet of several 

fl*hes, and oould have base th* result of aealos bel% dropped from 

fiah entangled in ths gillnets. They oocurrod la log of Morarroge 

with food, 1*  of Moaagraa (a single occasion), 5£ of lnke 

laberl and 2 #  of a*ult pools Alaatos. 8| of lutonntyy and 0? of

Szastoyi-

Tho feeding catogoriaatiao of fiahoa and their aain food Is 

■lisinriaed in Tahle 12.16.

5.2 Substrate Utlllaatlcn

In ordar to gain acse idea of toe relative utilizaticn cf differ­

ent subetretos, toe stcranah analyses of ten apooioa have been rearran­

ged to indicate the probable prcportions of food free various sources 

(Table 12.17), La thero is no reliable quantitative information of 

aK-''1 ute densities of each fiah species it ia not possible to calcul­

ate lo- ala of utillsaticn of oaoh substrate, Nevertheless it is 

oloar that the botteo deposits supply the Boat food to the aost a;*?oi.oa, 

the only apeeioa, in fact, which m  those data does not utilise this 

substrate is £2AEifi8 £A£i&£tiflUfi» and this cnly vdvan away free the 

aarginn, The iaportenoe of allochtcnoua food is also of intorest. 

Plankton and noustai supply a liaitod nusber of apooioa, Tho nektcnio 

oopcnant of food, a&lnly in too fore of juvenilo and saoll fishes, 

ii  important in four of tho ten species oonaidered, and veil found in 

a further throe. Vary few speoies appear to utilise the troes aa 

a feeding substrata, but the list loos net acnaider La?*»p £(££££», it*

WI « d  I .  which nay wall feed extensively on the

trees to the depth at light penetration. The rooted maarophytos ore 

alao sb important substrate to several spocias. Cn this analysis, 

howovor, the substrate is not as extensively utilised as eocpeotad. 

S§^xXbXa  supplies quite a Ccnsidorable proportion of food to half toe 

flsho? considered.
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Svftcd cntls jQg^UBS^I

La oould bo axpaetad in a syptoc as rooont as Lake Kariba, tha 

fading bahayiojr of tha fishes, ovw* whan ccnsiw<*rod against tbaaa 

rary broad substrate oatof orisati roa, suggaats opportunisa rather 

than snecialieaticr,, behaviour which wool ! ha of value ia a fluctua­

ting rivuHno frrircofflont. When ccosidsrad against the larrjc oua&wura 

of highly i3jy. eiataJ fdohlldfl of U *o  Malawi (Fryor, 1359) it bocoaos 

apparent that th ire is a Barked probahij ity of lnoffieieat utilisation 

of available snargy, snphaaisad ‘.y the pauoity of mail littoral 

speoioa when eoapar*. with a laig esiahlishod lake ayst**.

5.5 F««i4ag «v4 4«ilabilitr

Insufficient evidoBoe arista for auch oosnsnt an fish at tha 

prlaary txrmmr lavol. Tha pariphytlo/orpnia matter feeding fish 

were rapraaunted sasfnly by y tm  a w /  important pojxilati®



ematituaat of the fiahes in the *budy arts (la itaelf ia ’lccUv* of 

adequate food mpplio*). Tha Betting statin* 3 used lofgoly rulw.’ 

out capture of another oanereially iaportoc* species,

Eortlnorl. For reasons glvge earlier, it ia probable that thia 

sfsoias utilises vplphytlo algae growing ec the drowned trees within 

tha photio acne. The effects of a Tory yrent Increase ln oolcnisable 

substrate ua the result of the presence of irouned treos vma not oatl-» 

oipoted) but, bearing la aind the essentially riverino nature of the 

fiah fauna, the presence of the drowned treos aust havo resulted in 

a considerably increased aeocndojy production and la probably tho 

anin reascn for the aueoeea of T . mortlnerl. not apparent in these 

results, but reported elsewhere in Lake Kariba* Since tho iniro- 

ducticn of the Late Tanganyika sardiro, Lianathrlsaa taicdoc. tfco adv̂ an- 

tage of Increased substrate area ia not as dancnstrable, . a eansldera- 

tlt& wugt be given to the extraction of nutrients fro  tho ntor v*bich 

would havo alternatively onto rod tho plrak^cnio foert vo->.

It has hom suggested that the si»e ocnpositicb of the sooplankton 

peculation indicates only aalerate preiatian by fishes. Tho scleo- 

tlvity by the feeding method 3 of Clarira garlepimta. at tho tlrae the 

enly major soorlenktcn feeder, towards organisms ovor a ali& of 1.7 on, 

emphasises this suggestion, It will be of interest to soe how the 

■ooplankton population site caapoaltlru in toe area hna b««n -jffeeted 

hy the ostabJislBant of Liiaiothrlasa. tut tiogg (pors, ocaa.) hat f<**;d 

a predceinmoe of waller sooflanktcn (particularly Joralna) ia -Jib# 

gut contents of these fish.

The outstandingly Important food of tho antanophagoua speaies 

were the libelltalM dr-agaifUes, » \rtlcularly later ins^ars, CUaoborua 

*PP* t *"■***« and Dlpseudcalii capenala. tho latter being t\-

treeely important to benthio feeders* The llbeljullda weru terti&ty



•c am n m  lAlah, in Sairtxl« at aubitited to (cm  axtwt a

th*lr “ *> « * u «  tauten, end thalr ntuiiatl®  lhdiontaa Ineffuianv 

in tan * of flaharUa proriuotlrlty. Ohaoboiin la olio pndatoiy, 

but J&fU ft  and OtoemdflBaii are prinary occauaara.

falaola liatad M  ■ncMitiliiobla harhlTorsa* (Table 8JLT) tnm 

MMldaivd within tlw lnrartabrote foal web, oan s o u  bo a m  to Ken 

be«n utlliaed to «  extant by tha fiahaa. Oaatoroporia a n  takw 

to aou axtant fcy Smodmtla saabftgarfta. tha pyrolij! moth t

V  C n t M m u  dlantjWirfm. and Oarlrlln. bjr N n n l  apaoiaa,

but aalnljr jtororopa lallolcaua.

Tha lapot-taneo of mpMmdtniaiii «iblna«in»a aa flan food bean llttla 

nlntlaiahlo to thalr fn,quoncy ae 3U.?t«st»! by .anthi,. non; Jin* (if 

by uabara) Indicating Inafriolaoajr In the •nopling aathod uaad. Grab 

"llaat" would bo particularly affective In «sludln£ a tubo dwallar 

nefa aa QXSiMStl£S§iM*

Ob th© other tone’ sear'd %t fiĵ e of potentl foal aro cnlf utilised 

to a liaitod extaat in fc&raa of their availability a* reflected by 

•aBpHng. Jh this context the oligoohatites are o standing oal| as 

has already Soon suggested, ocnsideraticB of tho introlnctlan pt a 

apeeloi vhioh will utilise this sfrcup oould wall aahonae fisheries 

productivity not <zdy ia Lake Kariba, but also in Rhoclosian hij'trvald 

daas (Munro, 1967) v̂ iero tbeir noo-*it ill^aticn has ilroody bean pdntail 

out. The chiroRcsdd larvae, apart frm tho errant predator 

JMUaiA MflUlA&Ui* would also appear to be sore frequent thaa gut 

contents would sugfeat. Syi^opteraa nyaphs, ctlet'Tly 'cednant ia tha 

aquatio eaoropfagrteB, are unlapartflnt ia fish stcoaohs, su^stiag  da 

adeptaea* in evading predatica.

The utilisation of soopLa&ktcn» see&iagly caly at a noderute 

level tr ocaalderatica of fiah st.raaoh ooateats and the sise ccuspoei-



t t o  if  tho m it o lW a  populntlai, la U U )r  to bo at a mtf aioh 

U^tar 1 m A  at oonolt»'*«tiai of tha lntetMdloiy rola ( M M  <7 

Ohoabarra'.  Bolng pradatotr, and planktovto at nlfht, Chmhnrm 

iwpeloa anorgjr f m  plankton into tho bottoi fooling flrfwa utMn, 

during tho day, thoy o n  anllahlo to thooo Hahoo It. tha bottM audo.



CHAPTER XS

Tbs original aim  of tha project (Pg 4) have to scoo extent been 

achioved. However, ev«n though eveiy attempt was nado to replicate 

WT^Hng to an extent whioh allowed statistical verification, the 

inherent variability of the populations coitoomed and aothods used 

proved, m  eventual 'analysis, to be of too high m  ordor. Too fre­

quently any conclusions whioh have been drawn have been aubjoct to a 

dissatisfying uncertainty. Any degree of oert&ir.ty, ah''.old this 

Indeed be attainable in a survey cf the t/pe carried cwt, ocwld only 

have stmari frcia a sevyre rostrieticn oo the field of stwdy. As 

ooa of the wain aias of tho survey m s to lay & foundation for fHiture, 

■ore precise, projects (Fg 6 )  any tendency for raatricti.a of effe'fc 

had to be contained. Sam idea them, haa boon r;ainod of tho seasonal 

abiotic chan«ea and the spatial and seasonal changes in ’iatri'Jutian 

and abwrtflanoe of tho Mata wiiteh occurred, aBanted to sane lojree 

the fortunate circisastance arising free tho develojsaen* ~i' rooted 

B&orophytea in the area during the course of ♦he atudy, ?he feedi^ 

relationships of the fauna below thn ! oval of the iiahos ban c’ apwdad 

too such cn estimations of diet hu.-*i cn n<*ithparts and require a 

greater degree of in-depth study. Suggestions tf*ich have bem aade 

as to feeding relationships at those lovols Bust thorofora '*> re^arled 

Barely as an Initial atop.

The no t t»Jor aia listed vas the investlgatim cf the effect* 

e* tike pen arent sat. Op to the tiae that this study -ma

started aalttttU aa a nuxlc*is wee- and was a se*roe

oT lrrltntlcn Inaw  utlltiatlrai of tho lake. In a kthUk  wah a»



the Nwanda Hirer acoth, vfor* the S&lrln<n aat, although poraanently 

established, extended a relatively short distance between xivor end 

lifte, it was found that obxotlo ocndlticna were not necessarily 

11* it in* to productivity, Dons® ean.rontraticn* cf loopXaaktoa, 

appareEtly lading cn particulate organic matter darivod free tbe aat, 

Mire found is assoeiatlax with tha aat, Tho standing crop of th* 

"perfoiwanoe ooltm” waa greatly Increased by the presence of 

enm tuoagh a ouppre^slcr of benthos oocurred \®demeath th* aat. 

Siellarly, tha standia? crop cn submerged drowned traaa waa 

Increased and It h.-.a br..n presumed that thia waa due to the suitability 

of the aat ftr the mi-lier instars of tha nynphs ^f iSSjH^A 

Jurenilo ftah, particularly Tllapla nvrtilWrtr ware fawd an\ observed 

•o frequently in association with Salvi-lr that thia plant mist haw 

played on luportart raLe as cover to them, alleviating to s>-*»e extsnt 

the vary sign If Icon*’* prodator pressure axorted by Hvdrocynms at a stag# 

la the lake 'a d*m«3 opnont w!*m littl«j ultenmtivo covei existed. Thia 

point has now lia«i gena.-ally Accepted by fisheries worker* associated 

with Lake r-rlba, but, nov* that tho rooted hydrophytes have beocne 

established, ttw* aekncifledg&<l useftilnoss of the plant is considered 

retrostwcUre. Thi* ia soeBtngly a premature attitude (end ha* 

resulted In the release of the Scuth Anortctm graaahopper £ a d M &  

./im innU in on att«*pt ♦ j 'titrol ■"> Ovinia) for the lake la still 

tfubjoot to aajor fluctuations that, Jv^ing by tho abrupt •enati’T. of 

the littoral hydrophytes where theee ocn be se«n, will prtfnibly deei- 

nato the rooted aacrophytes far ncnths at a tins* tfndor these aii*» 

ounstence* tha nlteroatlve cover offered by SjflflcAa ccm1u eoJJr h* 

of value to future fisheries productivity.

Tha third aajor aim, to Investigate the ni«ratlc«* of fish in 

th* Mwn3a Rive**, waa also to b*m b  axtant eofer^d but It is patently



ebvittui that prcbltna poaad by the migratory flahea are too oceplsoc 

to allow »ore than (?atieraliaatien* m  thj data oolluetod, although 

tha data ara acre* im*oauvj.*a at tha apaoiaa leval thaa hovo pravicualy 

bean attained in Africa. Tho liAitatlcns iapoeed by method, fraquanay 

of aaspllag and tha dur^Ura of sampling oan only bo overocao by oon- 

oontraticn aa thia one mipoot of tee bidlajy of tho fiahaa* Thia 

line of resoaroh ia currently (1979) being followed. A fluca type 

flow gauging weir haa bean built aaroaa V-w M#enda Rivor, incorpora­

ting a two-way fiah trapping naohixiian md it ia intended to colloot 

data aa fiah mcvaaants end water quality throughout euoh rainy aaaacn 

for several yuors to oaae*

Two aspects of thia study which oro not reported horo, but will 

be publishod separately, are the faufcal oonatituenta of tha rivor 

Mid pools and the effects of fiah m oral cn thoae, and the food 

raqfulraeenta of Hydrcavnua which involved a aariea of feeding orperi- 

naata on captive fiah.

Cno of the aaln reason? * r an hdiatio approach boin*f choaan 

waa to find productive a> >oa Tot future aore intensive stud lea baaed 

cn t’m Nuffield Lake Kariba k.aearC. Statlau Major aveouaa soy be 

listed aa followst

1 , Tho affocta of laka loval fluctuation ai ♦> rooted hydrojtoytea.

It haa been aaaused herein, cn the baais of ahsupt acnatiax, 

that 1..haaa planta are auaoepttble to lake lovol flu'.-uaticna, 

thua the -altis of ^§j£t&4A 041 a productive substrata ia onhanaad# 

Thlf aaauapticn requires investigation* 

g. The rolo of SoJjjgdB * • owor Juvenile fiahos. Thia project 

whioh ia eloealy ajRaoalatad with tha r'̂ ove aaau»r~ii»  haa already 

ban  started hy SJl. Kitoholl of tho Laka Kariba Fisheries 

Reeearah Institute.



8. The aooplflnkton density oentrea sid utilisation of particulate 

organic natter 'yj sooplanktcn rut food* The findings herein, 

being baaed on such \..̂ <ay separated eaeplee, «ast be regarded 

m  suspoct and evidence for the utilifaticn of particulate 

uremia natter is largely circumstantial. Fortunately, an in­

tensive study ct looplonktca la currently being undertaken bgr 

Dr, MU.. Mllle, Senior Rosearch Fellow at tt* research atatlot.

4.  The biology of Dlnefeiidonela *ho import cnee of thie 

spodes as a fieh food indicates on isvjarestimation of it* obun* 

t̂ iyma in the bctteB nuds and a otudy an this speoles, using 

equipment specifically designed vc staple the various stages in 

its life ayolo, would b© valuable. a* autecwiagicol studr of 

tho SJtaf&SEHe nearly ocoploted. A slailnr study on p « ^ * »

vouM a3so be of value as there are indications that 

subeequ''at to the sampling unJertf.’cen during the urso of this 

•stuly, thid ipeoies has greatly incransed la m it^fs, .xsrhaps as 

a result at ti» everwincreasing aubstrato »Utability as the 

droned treo* decompose and that oaoh geoeratieo of the n;mphs 

pf this species leaves behind it a Bore acta ontogecus habitat for 

those whioh fdllnw. This process is likely to a 'v nv 'o  f\r Heycnd 

the current situaticn and work carried cufc new would be of value 

also a jjauge for later ccar'arative woffc,

5 , JVqucJ*iun studies of ttw ontcsttphrgoue fishes, particularly with 

respect to tho eleetrioal senses of th® eormjrrid* and the* feeding

ehsrlowr of these md Svnoicntla . which herein aw dee«rib*d to 

w m  eactent m  cirawtantial evidence, x/s nseded.

It m s wtioipated at tha outset os this survey th#\ oithor the 

vholti or mrtalft aspects of the st>idy wwld bs repeated in the future, 

taplointoiy stapling i*dortakan to December 1972, Indioniee that
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ai*nifior**rt chaises la tho biota have alroarty taken plaoe, la tha trots, 

aa MBtlflBod obare, end 2a tha vegetation. Tho permanent Swivtnl*

•Kt tea aot as f t  refor , eo that oaaporlscn of thia aapect of tha 

voifc la aot yet poealhle, but the rftfutginal sl1yia<ft prosant at tho 

tlae of reoent exploratory »aaplir<g appears to carry both a g*aatly 

iueroasod fsuaal bioaaaa one.1 a graater diversity of naisnls*

Sine? the obeorvatia&c ca the aquatic aaorophytos aade whoa 

Chapter 4 was written (197t), various quite substantial changes hare 

occurred. Magadsa (1971) seeos to have bean ocrroet in Kia fcro- 

east that £fiBi2-S repgas would develop onr* stabilise In the marginal 

habitat, fear Paaleua ia now (1977.) wall oetahllahod en tee Kariba 

lakeshora and, in the fereorfa nroi at least, even oxcn  ̂ steeply 

shelving shoreline s • Lagaroalpacn UlfllfTflnliflW still maintains a 

dcainatlcn ti* the rotted hydrophytes In the bay, and only very 

oocnsiar.rj weak a'.rukU of £ rat at hyllua d n g « g  and £stiKSSSe 

r<i«4llua can v*  fotnd. Two farther pl̂ Jita x>'ju cocur ia tha bay ia 

acne density. Potaacgstcn fah«alnftirthii A. ^enn io craamlar whb 

cM ^ntawmntrt K. Sehia occurs abundantly in poaketa withia tha

bods* Naina appears to oe invoaive, for it occurred 

inf re ̂ .-**^1/ when first joan in Deoeobor 1971. L few stmds of Fhiag- 

ad.tea now oc,mr In positions protested freo wave aeticn mi olephanta 

mad Croerua ia conaculy seen along the shoreline. Tynha

jVimIs as* now ve*y rare and are only mm  f'iwing co or below tha 

aoak scno, out of close aasociati® with Sai ?lnla.

A studsot f J ild guide of tha aquatio aniaals of the Ifcenda Day, 

based m  the ref* rmoa collection, la ourrontly In preparoti® taifc 

further breeding cut of sane iangines is noeaaaary.
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PRELIMINARY OBSERVATIONS ON SOME 
ASPECTS OF THE BIOLOGY OF THE  

SINAMWENDA ESTUARY, LAKE KARIBA
By A . P . R O W M A K IR

Division o f B ^ o g ic m  Sciences, University College o f  Rhodesia,
P . Bag 167H, Salisbury, Rhodtsia  

(R ead  at th© F i's t R hodesian S c ien ce  C o n g ress , Bulawayo, M ay 1967)

T h e  observations are based on a single m onth In the fie ld, during O ctober and 
N ovem ber 1066, at ihe start of an investigation w hich should be com pleted by the end  
of 1W0. I  he au thor is g reatly  indebted to the  N u ffijld  Foundation, the University  
of the W itw atersran d  and the University C o lleg e  of R hodesia w ho have m ade th is  
work p o ts ib le .

In o rder for the observations to be fully appreciated it is necessary to review  
the re levant rinding® ot previous fisheries  bio logists w ith regard to the lake.

Jackson (196 !) fo.-nd th a i ‘ he lim iting  facto r of the fish population of the m iddle  
Zam bezi w as largely environm ental, closely linked w ith the in tense predator p res ­
sure  of the 1 lyer Fish (H ydrocynus vitla tus) D uring  the periods w h e r the river 
flooded  and overflow ed its banks, fish  m oved into flooded  backw aters and areas of 
vegetation w here  both food and protection from  predator pressure w ere  available. 
W ith  the fall in level, how ever, the fish  w ere  fo rced to retire to the bare river bed  
an d  at the low est levels vere considerab ly  concentrated . T h e  population w as thus  
decim ated both by in tense com petition  and by predation. Th is  condition persisted  
for tha greater part of the year and ttius the old river m aintained a relatively sm all 
popu atlon of fish.

A t :,ie  F irst Federal Sc ience C ongress in May 1960, Jackson oom ted out the  
( fleets  ^f dam m ing in that the seasonal environm ental factors w ers no longer of a 
lim iting nature. In itia l spaw ning, w ithout subsequent predation, he forecast, would  
be s u c c e s s M  to an unprecedented degree w hen coupler* w ith the enorm ous In­
crease in lebensraum

Jackson's findings «n February 1960 Illustrate  w ell the Im proved survival rate 
cf juvenile fish  and the im provem ent in condition of the  adu lt fish Ir. the new -form ed  
lake as tllcstrated by H yd ro cyn u s . T h e  larger H y d ro c y n u *  w ere at this stage ch arac­
terised by be ing  ;m m ensely deep-bod ie*. and m ass ^e and had to a certain extent 
lost their th o ra c U r stically fusiform  shape BadenSutze.^ (1966) has show n that the  
grow th of H y d rry y n u s , found by Jackson to be of the nature of 25 cm. In tw o years  
in the river and £2 cm. a fter one year in the In fan t lake, is now of th® order of 23 to 
30 cm, m tw o  yenrs. . 'though  th is is an im provem ent on the grow th ra te  in the  
riverine s ituation , th <e w ould  a p n rs r to be t> c o rw .ie ra b le  lic re a s w  of the  grow th  
ra te  e ip e rie n c e ri during the  initia. jp u la t 'o n  e ip lo s io n  follow ing closure.

It would t'.u s  appear, on availab le d a ta , an d  on the assum ption th a t being the  
m ajor p ied ato * (o ther than m an) Hydrocynus  m ay be regarded as a g a^qe o i reaction  
of the  en tire  f.sh  p opu lation , that the fish fau n a  is either in the process o f, or has  
settled  dow n to, a more realistic  level and that the lake has th e r e 'o r » m atured  
suffic iently  for a certain  degree of s tab ilisation  to have taken place.

Sum e considerab le  wc rk has a lready been carried out in the  S i namwenda 
estuary by M itch ell, w orking on Sa/vinia a u rku la ta , and by M c U c h la n , w hose work  
on th e  benthh: fauna, particu larly th e  larvae of the f'h lfo fio m ld a e , I *  a t p resen t 
reach ing  its c losing stages. A s  the p resen t observations Involve both S aM n la  and, 
to  a certain  extent, the benth ic fauna, they « re  tendered rather diffidently but are  
thought, nevsrthe ss, to be of suffic ient s ign ificance for publication.



TH E M AJO R  EN VIR O N M EN TAL D IV IS IO N S  OF TH E SINAM W ENDA 
ESTUARY

Tho major er slronmants of tha Sinamwenda estuaty, a« aff acting tho fiah 
population, may be divided aa foilowa:

1. Tha Bottom Muds.
2. Tha Submergod Traaa.
3. The Marginal and Submerged Vegetation.
4. Tha Permanent Salvinia M tt.

1. T h a  Bo ttom  Muda
McLachlan, aa atated earlier, haa carried out extensive research into the fauna 

of the muds, thua these comments will be limited to the bottom muds underneath 
the Salvinia, where limited careful sampling was carried out. This niche would 
appear to be devoid of macroscopic invertebrate life, apparently a direct reault of 
the overlying Salvinia mat. An obvious assumption would be that the basic trophic 
levels, being deprived of light, are lacking. There are, 'lOwever, detritus feeding 
insect larvae among the bottom muds in the vicinity of the estuary (McLachian, 
unpublished) which should, if lack of light Is tho limiting factor, be preaent In tho 
bottom muds under the mat. As these are not present, tha indication Is that some 
other factor is responsible for the lack of animal life. McLachlan (personal com­
munication) has shown that thi? lack is not due to the e of the detritus formed 
by Salvinia jetsam. The only apparent alternative 'actor could lie In the oxygen 
availability in ‘he immediate vicinity of the bottom Muds. Harding (1961) has shown 
that there is a reduction in oxygen tensions beneath Stlvinia. This could, In tha case 
of the deeply-troughed Sinamwenda estuary a^er eight months of stagnation, 
result! n very tow tensions in the immediate vicinity of organic decomposition In the 
bottom detritus, if deoxygenation is the cause of this lack of life It must he confined 
to waters closely opposed to the lower layers, as waters clear of the bottom certainly 
have sufficient dissolved oxygen to maintain ostariophysid fishas whose require­
ments for o»ygen are quite high.

2. T h e  Subm erged Trees
As i* to be expected, the nature of submerged trees ha* changed considerably 

since the tnWtfl flooding period from 1950 to 1963, in that terminal material (leave*, 
twigs and smaller branches) has been stripped away. Generally speaking, trees &t 
all depths have been subjected to wave action at some slage in t!»e formation of 
th*' lake. The submerged tr»»es are therefore bare skeletons of their former salves 
and, in addition, the smaller shrubs have virtually disappeared. Th«y thus no longer, 
as was initially the case, offer juvenile fiihes  protection from predator pressure. 
Interstices are now sufficiently large to allow tree movement of the predator Hydof- 
cynus. In the sheltered waters near tne surface, however, the branches form a 
substrate fo r a dense aufwuchs, predominantly two species of Spirogyra, which 
support a sparse invertebrate population, dominated by tha chlronomid larvae and 
including occasional heptagenld nymphc (Ephemeroptera), the si.ail Bulinus sp. 
and several small species of dytiscid beetles with their larvae. The bar* of tHeao 
trees, which In many cases has lifted from the underlying wood, provides an en­
vironment for chlronomid larvae and the earlier Instara of the burrowing mayfly 
Povifta adusta The later instars of *>ovitla burrow In the underlying wood and al­
though found to be common are not available as fiah food except during periods 
of emergence.

The emergent branches of submerged tree* still play a part In tho ecology of 
the estuary in retaining Salvinia In Bodies large enough not to be over-affected by 
wave action, found by Mitchell (personal communication) to be one of the main 
causes of destruction of the Salvinia.



3. M arginal and Subm erged A qua tic  Vegeta tion
The estuary, end prob jV» the lake Itself, generally speak ig , la characterised 

at this stage of Ita evolution I ,  a remarkable lack cf marginal sub quatlc voij-»'at’ .̂i 
and submerged aquatic vegetation. The importance of the role of . Ms vegetation in 
the older lakes of A lt.' anr,ot be sufficiently stressed. This vefi jtatlon plays the 
same role as that p -M  j  by the flooded vegetation of the bartxs of the middle 
Zambezi and is of proved vt.ua In Lake Tanganyika, where amongst other species 
it supports the juveniles of Lett*  spp. (Coulter, 1560), In Lake Mweru, where it sup­
ports the juveniles of Tilapia macrochir (Carey, 1965), and In Lake Bangweulu, where 
the productivity Is basically dependent on the marginal and submerged vegetation 
tBowmaker, 1981), to quote a lew of many examples. The effects of this 'ack on the 
productivity of the estuary must be far reaching indeed. Only very occasionally 
were aquatic submergent plants see'". There would appear to be, therefore, some 
nuclei of colonisation and In time this environment should establish itself, %<f.<icugh 
it is surprising that this development has not taken place already.

Thera are also indications of tht* formation of the nuclei of marginal vegetation, 
predominantly by Panicum repens, a grass (Magadza, personal communication), but 
these are sparse.

* Th e  S a lv in ia  M at
The broad ecolog ica l characteristics of the Salvinia mat have been adequately 

ret orted elsewhere (Boughey, 1963; Scheipe, 1961; Mitchell, 1955) and it Is thought 
mnecessary to com m ent on these find ings other than to remark that the establish­

ment of Salvinia mats proviaed the opportunity fo r the development of many species 
of ila n ts  which otherw ise would not, apparently, have established themselves along 
tn ‘- Lake shore.

The environm ent o ffered by Salvinia appeals »o support tht only aquatic inverte­
brate population approach ing richness. Although comparative density figures are 
not yet available, the d ifference In numbers and diversity of Invertebrate collected 
In this environm ent and those mentioned above was ve^y marked.

The invertobrate population of th© Salvinia mat was dominated by the nymph 
o f a iifceiluiid dragonfly in all stages of development, other Odonata nymphs In 
various stages of development and tho nymphs of various specie?-, o f Fphemerop- 
tera, In (heir Uirn dominated by predatory roecles. Non-oredatt ry an nals were 
dominated by the larvae and pupae of th© mosquito Aediomyia afr<~wa Other not­
able components of the populaiion Included tho shrimp, Caradina nlloilca, the early 
Instars only of Povilh  adusta, several species of Ostracoda, Cladocera, Copepoda 
and Hydracarina and a small leech. The chironor.iids appeared to be represented 
only by the genus Clinotanypus, itself a predator.

The notable and peculiar charecteristlc of this population is th t  ge
preponderance of predators, not only in terms o? numbers of species .tore 
notably In te r - ,» b.om^ss. These predators probably subsist on thetr owm earlier 
ins tars  to a large extent which in turn probably find nourishment In the email 
Crustacea and Hydracarina. It is not known whether or not Salvinia is actually utilised 
by the invertebrate population, but for the most part the basis of the food chain ia 
probably derived from the aufwuch$  algae or planktonic a'gae in the Intersp^ea  
In the nurface layers of the mat where there Is light penetration.

Large numbers of small and juvenile fish were seen to be using the Salvinia mat, 
certainly along its margin*, for tha purpose of feeding and protection.

The Salvinia mat thus aupports the only popul Hon approaching richness li. 
tha estuary and shows comparatively little diversity In numbers of specie*.

No netting has actually been carried out In tha ostuary to date aa gllinata are 
still being devised to surmount the physical pioblem of setting below tha aurfaca



clear of submerged vegetation under the Salvlnia mat. However, several ob erva- 
tions were m a te  o f adu lt flah one mile from open water, deep into the mat-i overed 
estuary. There is thus proof mat fish spades actually live under the met well a.^ay 
from open water. Thera is alst a concentration of fish at the edge of lh» <\u: 
particularly f/ytfroeynus and C/arfas ganapinus (  - mossarndicus ?), which >,'t t'e in j 
disturbed would move under tho nat and not away from **. There are th is  indica­
tions that (bearing in mind the juvenile fishes taken by haud net actually in amongst 
the Salvinia) full use is being made of t^is environment with some fikellhood, based 
on observation only, of the permanent mat s u e  -jrUi.y n denser population of fish 
than any of the other environments mention w  r . -mi. Bearing in rr.!nd Th.t th j  fish 
species are of riverine extraction it would r  * >eem -Hoglcal to ass-jn>e tK V, a large 
proportion of the population would temt 10 ..10 0  -j  die along the m arg in  and the 
snallower waters of the lake. This emphasises the importance of the S ib ’ma mat 
to the fish population, in the Sinamwenda esi .ary at least.

Small shoals of minute juvenile Tilapia mossambica were frequently seen in 
shallow marginal pools (one of the more favoured being elephant footprint?!) or very 
shallow terminal pools at the end of inlets. Juvenile Hy<f ocynus v»re invariably 
patrolling offshore near these pools. The very hot jry  conditions ^.evalent in 
October, In combination with the receding water level, must level a considerable toll 
on these 'uveniie fish. Mortality results either from stranding, overheating or preda 
Hon. These effects were very apparent as the shoals never numbered more than 15 
to 20 fish, and coutd be representative of the survivors of a single brood, found by 
Coke (1966) to be In the reqlon of 1,000 while still under adult protection. It is thought 
that the use of topographic rather than vegetal cover is indicativo of the general 
paucity of cover in the estuary away from the Salvlnia mat.

The use of small inlets alony the coast«‘ne is ccrtaini, not confined to Tilapia. 
This type of cover was used extensively by juvenile Alestes im beri and the adult, 
small Barbus bariloids* and less frequently by j.venile Hapfocbromiz (Sargochromis) 
codringtoni and Labeo aliiveiis. Generally, however, the >n)ets usod by these species 
were deeper and larger than those used by rhe j -venile Tilapia

OISCUSSIOM
It would appear that the environment ottered by the SmamwcmUa estuary in its 

presen? stage of evolution ,% relatively inhospitable from a fin e rie s  point of view 
and that th is state of *:!air<« is alleviated by the presence of t<<«? Sa'vin a mat.

The emergent branches of submerged trees play an important role in the 
maintenance of the smaller Sa/vinia mats and it !s obvious that these branches will, 
in the not too distant future, be broken awa‘ T here shou'd, when thU occurs, be 
some considerable decrease in th© available **a of colonisation by Satvinia, which 
in all likelihood will then be found only in -sheltered bays and inlets.

From the point of view of fisheries productivity, the establishment of marginal 
and submerged vegafation is of utmost importance and if this should take 
-with reasonable rapidity, the role of those m att which are liable to Destruction c* ?d 
be taken over and improved upon by this t/pe  of v station. The establlshmen if 
this niche has been tardy in the extreme and this  ̂ be explained in on<» of three 
ways. Firstly, are essential nutnents \phosphatea, nitrates) taken up by Safvinia In 
sufficient quantity to ma'*e them a limiting factor in the establishment of margin#! 
or submerged vegetation? It is do i Jtful if this could be the case with m arginal 
vegetation as these salts are probably made available by runoff from the shoreline 
In the Immediate vicinity of this vegetation. This question is still unanswered with 
regard to submerged vegetation, and It could be that by taking up essential nutrient 
SaMnia doei Hr.'4 the expansion of this niche, though this is doubtful as It has been 
found th&t the i  flood-waters bearing nutrient flow Lwlttly under the mat and 
would appear to oa made available to the margin* on recirculetlon from open water. 
Secondly, it may be that the rate of establishment of submerge* and marginal



vegetation for various reasons la anyway a alow process, and the normal atata of 
affair* for any body of impounded water i t  being experienced. Th. a would not appear 
to be fhe correct solution aa tha aatabliahmant of vagatatlon In n w bodies of watar 
can be alarmingly rapid. Tha third and n>o»t likely explanation ea In tha annual 
drawdown, an aaaantial concomitant of management of the lake for the generation 
of power.

It would appear that the environmental action on the flah population a * exerted 
bv the evolution of Lake Kariba follows this sequence of events: The riverine 
condit'j «.rtor to closure were particularly inhospitable, and the fish population 
*>aa largely maintained by the alleviation of these conditions during the flood 
period* &v*tft<- InUlai closure and while the taka was flooding the “flood*1 conditions 
persist- fl v ith a rasjltant explosion of the fish popul on. T: *  conditions cauatng 
this #*ot0S.on, namely increased hbe ns rio m  and extensive cover resulting In 
alleviation of predator pressure, have now stabilised. The size of the lake 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. A *  these factors are linked with a slowness in establishment of an 
appreciable submerged aquatic and marginal vegetation, there has b en a tendency 
towards reversion to inhospitable conditions. This position is at present alleviated 
by the presence of the Sa/Wn/a mat which has to a large extent assumed the function 
of this niche. Bearing in mind that nuclei of submerged and margir al vegetation 
hav' established themselves, it would not be illogical to assume that this vegetation 
wilt eventually expand in the shatiower waters of the Lake and that when this does 
occur the environment will stabilise to  conditions similar to those found In tha 
mature lakes to the north. This stabilisation should reflect itself in an increased 
productivity.

I am Indebted to Professor H. Wild for his criticism of the draft of this paper 
and to Mr. R. B Drummond for identification of p'as specimens. • am particularly 
grateful to Mr. A. J. Mcl.achian for some of the information used and at Snowledged 
in this paper.

(Added July 19*7)

Since the period the above observations were mado the*a ■',** bo*n s consider­
able Increase in the aquatic weeris Centophytlum  tfemersum end PMtmogHon  
pusillus  vJih occasional specimens of Ltgarosiphon iHcifoiius in the estuary and bay 
and, by report, elsewhere along the lake margins. Large catches of flsh have been 
taken in the vicl^'ty of these wtftds, particularly in tho case o* C. rfemersum. Tha  
aquatic invertebrate fauna harboured by these plants are sptctacularly rich, In terms 
of both biomass a>id species, more *3  than In the Sth/lnia  mat.
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D iv is io n  o f B io lo g lc a t  S c ie n c e s ,

U n iv e rs ity  C o lleg e  oi R ho detie .

M ar in e  e s r u e r in e  workers have recently  voiced  o b je c t io n *  to 

C M  u «a  o f  t h *  word « s t u « r y  in d e s c r ib in g  the area  vhera a r iv e r  a n t a r *  

«  s t a t ic  body o f fra^h  w ater . As I had m yself u ted  th* word in C h i*  

c o n t a c t , I have fa it  o b lig e d  to pretent. tha probi«m  at t h i «  congress  

* 4  that  it may ba a i r e d , an d , p o s s i b ly , tom* d e c is io n  reached  r ega rdin g  

tha  v a l i d i t y  ol the c a m  whan \»t*d in  a  Umnolojc/.cal c o n t e x t . Tha 

* i «  o f t h i *  papar i t  t h e fb io r c  not d o gm atica lly  to peasant a s in g le  

p o int  o f  v ie w , b u t , u  it hoped , to  stim ulate  d isc u s sio n  and a p o s sib le  

s o lu t io n  to  what would appear Vo be a problem  which w ilt  facc 

llm n o lo g ls ts  with ev«-r tnc re ining frequency in tha fu ture .

Tr ad li  J o n ,»U y , ' ‘e M u . n y "  bit* been u sed  to d e s c r ib e  the  area  

where a r iv e r  m t e r *  (h e  *u b ) c i « d  to t i d e * ,  and win* re b io lo g ic a l

d i s t r ib u t i o n  (loiiifrn** .ir*- pri r l W  governed bv s a l in i t y  and tld a i  

a ctio n *  The iM er n .tl  bnumf.tr i <<| th«>K<> «• *( n.ir i «•« are e a s i l y  

d e f in e d  « *  be inn the point nearest the *.vn where tht w ater  shows »«> 

tr a c e  o f  » « l t n « » t ,  or in n n  s ub jected  to K e atu rab ie  t id a l  a c t !o n .

The e x te rn a l  b o un daries  /tre tj#r more d i f f ic u l t  to d e fin e  aa  tho 

e f f e c t s  may be very ;ipi> rec l .tb I e I /»r beyond the co n t in e n ta l  s h e lf  In  

the  case  o f  m ajor r iv e r *  such as th<* Awn ton. Hot*. e s t u a r le *  are 

e a s i l y  d e f in e d  as suc h , but there arc cates  where d i f f i c u l t i e s  may 

a r i* « >  fo t  eaam ple , ‘oat tha ar^a  nwatiiately b e lnw  a r iv e r  e n ter in g  

as a w a t e r fa l l  into  the tea coma in to  t h t *  category?  Thera  arv ®*ny 

anal Sar s tream * rwid r iv e rt  along the M otwabiqus co ast  w h ic h , whe* 

flo w in g  (w h ic h  they do for o nly  a taw  months in  each  y-«*r> c o n s t 't u t a  

a  v a l i d  e stu a r y  in  '.a  above c o n t e x t , but vrfiieh, trfien they cease  to 

f i j w ,  stay show  a rev ersal in s a l in i t y  gradien t  due to  e v a p e /a t io n  in  

rb e  a h a U o w e r  landward w ate r s . M ar in a  workers  w ould tta ta  that t h a t *  

e e a i t i t u t e  q u e ln t , hut n e v e r th e les s  t r u e , e s t u a r ie s , aa tha word hat 

bocoaw f irm ly  a s so c ia te d  w ith  a r iv *  en ter in g  tha tea .

It  la  n o m a  I ly accepted  that a s a l in i t y  g r ad ien t  o ccu r* 

w i t h in  an  a a t u a r l M  b a y , but tha v a r i a t i o n *  are  v ery  g r e a t , A  U r g a ,  

p e m e r e n t l y  flo w in g  r iv e r , w ith  an u nc o n s tric te d  s ou th  sub ject  to



minimum t i d a l  a c t i o n ,  may never  e x p t v U n c e  s a l in i t y  c n t r a t io n s  oC 

M y  co n se q u e n c e , t i d a l  a c t io n  p u shing  o nly  p r e v io u tly  ex p e lle d  

u n a f fe c t e d  fr e s h  « « t < r  back  a g M n s r  i h *  flo w  o f  th *  r i » f / ,  At tho 

o th er  extrem e , n a rr o w , w eekly  fio w lu g  *treem « s u b je c t  to  m axim a* 1 4a I 

a c t io n  cau s ed  by c o n s t r ic t io n , -ould p ro bably  ba m arine in ch ar acter  

fo r  »  grea t mtny e » U e *  in la n d  and  eh* actual "e s t u a r l n e "  bay at  th * 

r iv e r  mouth w o uld  b »  m easurably  u n a t (a c te d  by fr ee h  w ater .

Tha po int  that i w ish  to make is  that In both these 

c a a a s  'e s t u a r y ' w ould ap p ear  to b «  used u n h e s it a t in g ly  (o r  araas  w ith  

r e l a t iv e l y  co nstant s a l i n i t y .

E stuary  is  d e r iv e d , acc o rdin g  to the O xford  E ng lis h  

D i c t i o n a r y , from the 1st in word »es£ u s  m eaning h e a t , hence b o il i n g , 

b u b b l in g , t i d e ,  and is  d e sc rib e d  as the t i d a l  month of a greet  

r iv e r , where the t id e  meets a current o f  fr es h  w ater . T h is  . j  a 

r e l a t iv e l y  modern u sage  and In the pest had w ider  a p p l ic a t io n . To 

quota from the above r e fe r e n c e ' "hatcm  v a i ?tcu»tom ad to  take  a 

draught o f M arch -beer towards bedtim e to set < i *  m* ? * aestuere  o f h is  

m in d " • Heet and b o il i n g  are  impl lest ioni iff be »»t*rd that have been 

lo s t . The  etym ology ot the  *>rd c le a r ly  d o e*  not make f  wore 

a p p l ic a b le  to  .-alt w ater  rather  than  t resh wat.-r, n or  does it in  any 

wsy d e f in e  the  m agn itude  o f  etty tide- Th er*  is no doubt that cue 

word e st u a r y  is  most commonly used  for r »v *r  mouths where they enter  

tha s ea . Yet the te rn  sea ha* a w ide number >f d i ffe r e n t  co n n o ta t io n *  

w h ic h  ate indep en dent o f  s it e  o r  s a l in i t y *  T ie  D ead , Aral and Csaptan  

S eas  are  e x m ^ l e s  of e n c lo s e #  b o d ie s  of M ater <Aiich have the name "ww** 

end  w lrh  w id ely  d i f f e r i n g  s a l i n i t i e s .

There  is  no  doubt about one aspect <t« the problem . Cie  

component must be a f lo w in g  r iv e r  end  the o ther  must be a r e la t iv e ly  

s t a t ic  end large  body o f w a te r . K  h e '  oecn shewi that s a l in i t y  <o«y 

not be a I .actor n ecessary  to  f u l f i l l  t h *  \*aegt of the word in a m arine 

c o n t e x t . A  fu r fh e r  po in t  ie  r..h*t e l l  b o d ie s  of water are subject  to 

t i d a i  a c w o n  w hether  these  are m easutablo  o r  not

I f  the uet of a eord . at e stu ar y  in  a fr es h  wete* co n text 

be q u e s t io n e d , the u se  o f  e  host o f  o th er  d e s c r ip t iv e  words ia  also  

u e e t l o n e b U .  For examples U g o o e ,  c r e e k , d e l t a ,  take , swamp,.

• t r a i t  and aa  hae  been  sta te d *  even s e s . To  take  one o f  these 

ex a m p le s , two acc ep ted  * -asp a r e a s , mangrove swamps and the  ftengm ulu 

svemps have le a *  in  common t h e *  m arine and fr es h  weter e s t u e r le e  and 

■oust cau sa  co n cern  to  the  p e d a n t • H ie  term  ' anadrom ous’ was 

o r i g in a l l y  d e riv e d  for  ftsti w hich  moved from the sea  up frea h  water



r i v e r * ,  norm ally  to spawn. 1c i t  now w idely  used for la cu s trin e  

s p e c ie s  which  undar-o an upstreau  spawning run and haa long baen used 

in  t h is  co n tex t .

th a  p r a c e d a n t , a lb e it  ina c c u r a te , has alraady  been eat for 

tha uaa o f  :h e  word ’ e s t u a r y ' In tha freshw ater  c o n tex t . H . l .  Cott 

(1961) used  it to  d e sc rib e  an araa  below  tha M urchison P a l ls  where ha 

had  a c r o c o d ile  o b se r v a tio n  p o s t . H ard in g  ( 1 9 6 4 ,  usad tha word 

fr e e ly  to d e sc rib e  the areas a d jo in in g  r iv e r  mouths on Lake K a r ib a . 

H a tth as  (p c r s  <;o>.ra) has  used  it  in  p a r e n th e s is . M cLachlan, in a 

do ctoral t h e s is ,  is«d  estuary  to desc rib e  the araa  a d jo in in g  the 

SlnamMsnda R iv e r  on take K a r ib a  t u i  was not s ubjected  to c r it ic is m  

by Dr J .  R soska , a linm ologtst  of In te rn a t io n a l  rep u te, although  a 

co- exam iner, Or  J .  G r een , o b jected  'm ild ly *  (M c Lachi&n , pars comm. )

I have attem pted to o b ta in  Inform ation  on the current o verseas  usage 

o f  the  word and am a 1. 111 a w aitin g  r ep lies  to a p roportion  o f my 

q u e r ie s . W ill ia m  A.  D i l i ,  C h ief  of the In lan d  r ish<*rtes Branch of 

the  rood and A g r ic u ltu ra l  O r g a n is a t io n  o f the U n ited  N a t io n s , stated  

'A lthough s c i e n t i s t s  f ind  It very d i f f i c u l t  to d e f in e  t tr a s  1 a *  qu ite  

«ure  that your us*  o ( the te .i. ' e s t u a r y '  for the ecotone o f  a fresh  

v ater  riv**r mouth en ter i n g  a s tat ic  body o f trash  water is  In co rr ect” , 

and sugg ests u si n g  " r i v e r  m o u t h ' .  1 t ind th is  term u n s u it a b le  as the 

c o n c e , . to me of a r iv er  mouth Is  a very d e f in i t e  narrowly co n fin ed  

area  where the r iv er  flows Into a lak»- ami does not s a t is fa c t o r i ly  

r e fle c t  the gr adual  w i despr ead  t r a n s it io n  of the p h y s ic a l , chem ical 

and b io lo g ic a l  «. h ar act« r i st ics  of the atea which jis r e fle c ted  by th*. 

tarw  'e s t u a r y '.

It is n ecessary  to acknowledge that the b io lo g ic a l  v ie w ­

point > s o nl y  one of sev eral  d i s c i p l i n e s  which are Invo lved  In th is  

co n tro ve r sy , o th ars  be in g  Geogrnpny , Geology and Hydrology .

P r o fe s so r  G . Key the Department of Geography of he U n iv e rs ity  

C o lleg e  of H h o d esla , exp r ess ed  the  o pinion  that to try to d**flne a 

word in general usage such as e stu ar y  *s u n r e a l is t ic  and that the 

am biguity  o f  tone d e s c r ip t iv e  tern s  is  ebrogate-i by the co ntext In 

w hich  they are u se d . P r o fe s so r  G . Bond o f the  Department o f 

neolo gy  r.xpressed the same o p in io n  and i n i t i a l l y  suggested  p c t s ib la  

u sage  oi the t e r a  • 'K l a " ,  d e f in e d  by Holmes (19*5) to occur where the 

tren d  e f  an o ro gan lc  b e lt  Is  t r ans v ers e  to the  c o a s t lin e  and *toere 

dre*wiing g iv e s  an a lt e r n a t io n  o f  long prom ontories and e s tu a r ie s  

(R t e s ) .  Aa the  g e n tle  s tru c tu ra l  g r a in  at K a r ib a  ties  p a r a l le l  to 

tha c o a s t l in e  he fe lt  that t h is  term d id  not d e fin e  the r iv e r  nouth



* m i  < •  w ell as  estu a r y  d i d ,  p a r t ic u la r ly  If  e stu ary  m i  In i t i a l l y  

d e f in e d  in  i t »  fr es h  w ater  co n text to any p u b lic a t io n  u sin g  it  in  tiii* 

w ey . Mrs I . A .  L i t t e r ,  gecroorphoJoglst in the same Departm ent, could 

Ctnd no o b je c t io n  to i t s  usage in a fresh  wu u r  c o n tex t . tf.A. D i ll  

( p e t * ,  c o o m .) t n f o m s  «g* ho w ever , that F .A .O .  h y d ro lo g is ts  gen er ally  

ag r e ed  that  " r i v e r  m outh" w ould be more c u tta b le  in a (r a s h  water 

c o n t e x t . My o b je c t io n  (m entioned  above) to the  use o f the  tern  i»  

a m p l i f ie d  on e o n s ld e ra t Io n  of d i f f i c u l t i e s  one would exp erien ce  w ith  

t h l .  t e w  when used  as an a d j e c t iv e . Would it be p o s s ib le  to say or 

w r ite  "river-nwrnth- ^ne" co n d it io n s ?  1 fin d  t h i a  d i s t a s t e f u l .

Use of the word estuary  in a fr «sh  w ater  context has been 

d e s c r ib e d  a *  "u n fortu n- ne  ' ( J . H .  G r ln d le y , p era  c o n n ) ,  and w ith  th is  

I can  o nly  a g r ee . Un'ovtunat*- though It may b e , however , th *r e  is  no 

b e t t e r  d e s c r ip t iv e  te rn  that I can  f i n d . T h is  intro duce* the 

b io lo g ic a l  aspect of thp problem . In the area  in which I am pres en tly  

w o rk in g , namety the lower reaches o f the Slnam venda Jtiver, its  

"e s t u a r y "  and o u tly in g  b a y , there  ' *  a very d e f in i t e  y ’ adation  o f 

p h y s ic a l  and chem ical ch ar acter  S m  ( c * .  There are a ls o  t «  d is t in c t  

in v e r te b r a te  launas )n the bay arid r iv e r , w ith  » lew u b iq u ito u s  

s p e c i e s . There  Is a I so ,i gradflt Io n , wh t efi takes  place  over  the 

d is t a n c e  o ( 1 , (XX) to I , 50«)m, betwet*n thi>se two fau nas . Is  th ia  

re a 11 > , b i o lo g ic a l ly  spe-ikinn, d if fer e n t  t roin the p r in c ip le s  of 

di ii rlb'it Ion in a m arine ‘■•tu.flry? I ^ub If that tt In not.

Srvr ra I .i 11 e rn<u t ves are a v a il a b l e  for the d e c is io n  o f th is  

c o n g re s s . The fi r s t  oi th e * *  is t ‘wit the u s *  of the tern  ’ e stu a r y ' 

in  th *  Kartha  c o n t # * ' i *  sell e x plan ato ry .  No p r a c r ic ln g  s c ie n t is t  

c an  out r ea l i s e  th .t  -j s a rc is in th# fresh water c o n tex t .  S ec ondly , 

the  term  way be d e f in e d  d u rin g  the intro ductio n  of a papet invo lving  

It s  u sa g e . The th i r d  a H j t n a t l v e  ts that " f re»h-wat# r "  always 

p r eced es  the  word e «! uar y( - In e ) . F o u rth ly , a new tens such as 

"L lw n e s tu a r y '' be J e v i s t d .  1 would suggest that tht second 

a l t e r n a t i v e ,  in v o lv in g  d e f i n i t i o n ,  la the most s u itab le  course to 

t a *e .

I would like  t j  clo se  *>y * massing that t h is  arguisenl in 

setsant ics  Is  i*osr Im p o rtant . In st la k e *  the .sajor source o f 

n- riant a r is e s  fr o »  r iv e rs  fe e d , st them and w ith  the vast damming 

schemes at presen t  underway and r e la t iv e ly  rec ently  co m pleted , the 

t r ib u t a r y  r iv e rs  are bound to play  an im portant b io lo g ic a l  p a r t , 

p a r t i c u la r ly  i f  i t  i s  re*»a» b e re d  that -he la t fjw y  r iv e r in e  faunas 

w hich  c o lo n is e  these  impoundments ere saw tt 'm es  dependent on the



rlv tn  it m m  « U | i  In their life cycle. Preeh-mter eatuariea are 

t b t n l o n  liable tw m  eubjectad to intanaive m m r c h  and tha problem 

outlined in thia paper li oni which will inevitably occur with i n a u r  

frequency in tha future.
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l m m a  7 a

A. LIST Of aVERTgBRlTB 3FBCHS 0Q1.LKCTSD

"Species” were allocated code nuabers a  tho basis of their

sequence of appearance and in the \i«t retain these codes* 3pecies

are Hated, within families, Ia  code order. tfb*re a single speciea

Baa been found to have been allocated two a odea, tha second H*«ber

lit included in tha duplicate adhsrn, Groups were Baaed by the follow-

tag authorities to uhce I aa extrenely grateful, after separation into

teu*ativ@ "epecies*.

Coelenterata -
Rotatoria -
Oligoehaeta W* van Hoven
Hinxiinea -
Crustacea J . Green
Hydracarina C.A, Jansen van Rsnsbuxg
Odcnata nymphs -
Odceata imagine a B .I . Balinaky
Hvaiptera E.A* Poisscn and F , da Salliar Dupin 

Lepidopt.era - 
Ephena roptera nyapha •
Trichoptera Soott
Hydrophilidaa J . Balfour-8r ««
{fyrlaldas J . Balfour-Bro*»
Hai.lp3.idae <?. Balfwr-8roi«
Dytiaoidae J . Cher-Coaper
a m M w M » a  (larvae) A .J» MoLaohlan
Other <tipter*i larvae B,R* Stuckanben?
Golicinae B tM. Nolntoeh 

Chaoburinae (larvae) -
Malluica J«l. van C«4«n

were collected aa artults and are not allocated mac era 

mless njvphs of the spocios were also collected*

Species within the reference oollaotlen but withoit d m m i  are 

included for iture oiassifioati

Bairns for Crustacea and Triehoptera have not y«t beep received* 

jjll species sre leapt in n reference oolleotiaa rfhich will be used 

for the compilation of a student fisld guiaa to th» aquatio fauna 

of the area*
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S4B*

B0HICI3S

tfTOROfcOi

R0F4TCHU

Hvdrfc np.

Linsflttlfr *p*

Bimrtĥ nnuit falo&tufl T

Trtetenr0*  sp * *

TTlfllllMfl?10*  ®P* ^

Hp l u f  11a sp* ?

ANNK^IDA
QLIOOCHAETA

u B IdSi

29
d

8

127
127

TUBU’TCID/JS

Triwhftftaroft Bp. 7 
Trlehooarca sp. t

m m *  «p. t

B ranohlodrllua hertm.la (St«ph«uNn) 

Deyo sp.

(r«rm lM «)
Aulonhoma ftiraatus (HBllor)

Pristina t.tfnoli.taa StophdBSCB

sp* njv.

87

BiORXLEDAE

LUMJRICULIDAE

(HXBSCSOCUCXDM

; j s m b

tni« iM lH W nlguati Kowalevski

B.«noLl\ra (7 ) sp.

Branchlttra aouMtarl (Beddard)

sp.

LgmryggHllUfl Bp. 1 (Hnb«) 
l /im l (Grube)

(Foun) aa tigggbiiBiii XBbfiLSti «toluslT*ljr)7



CCDS iXTFLIGATE SPECIES

Phylum arthrgpcoa 
C U 'ft  crajstA®A 
Qfda CQHCHGSTRACA 
* *
215 209

Subclass! CUDOGSRA 
235
506
507
508
509
ao
511
512
513

514
515
516
517
518
519
520

Subclass* CSTTRA'CiDA 
56 

181 
187 
186 
202
205 
204.
2Ik  

250 
277
504 
Stf

551
Subclass; COPSPCDA
215
216
501
502
505
504
505 

OMar {
172
280 172

ClassI AM OS IDA 
Class i ACARIHA

Cyalaaathsria hlaionl

Chydoris sp* t 
Qhsdoria sp, t 
Chvdorla sp.- ?
Chvdorla sp* ?
Chvdoris sp, ? 
c w t o r x  «p. t

Maerothrialdas
Maerothrieidaa

Iaommris sp. ?
Euovpria of Qorculaita ? 
StapcoYpria sp* ?
Qyprlf sp* ?
HcnooTpgiB sp* t 
Cyprldas 
Cyprld ae

StaawyBrtj »p- 7
Gyprid as 
Cyprldao
fMMdoaTMia »p. 1 
Cyprtdae 
Cjrpridae 
Iaooyprls sp* ?

diaptmid
diaptceid
ayolopold
Harpactiooida
diaptasid
diaptaaid
oopopcd nauplius

^ d d L u  &&2j3&1&a
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CODS WTFtlCATE SHKJZSS

Family: ARREMUHDiJ 
1?8
266

Phyluis t ART HftOFCDA
Clans: INSECT A

Partly i CcSu&lfeAE

Suboidart BOPTSRl 
Family: GCWIuBAE 
Hytapha

61
95

Family t AESHNIDiE

Family j CCRiWLirDiJS
226 
596

Family; LXBELLULOa

jMar* su ss&sm

ftrdart HBMIFim 
Subordart ffifEROFTSM 

TBRHESTRUL

551
5S7

Family? MESOVELIID^ 
21
56

Faailyt GSRRXDAB 
194 
545
574

Rhinophor&oarua sp. nor. 
sp« nor. ?

Paaudagricn
Pftaudagtdm
Paaudagrlen
Iaobnura jj 

T f f f M B

Sj&at
Pinbesy

78
R«ab.

Tfitinogoamhua fereflC Rent:. 

Paragcmphufl hagmi (Salvs

4nax into rat or var mamrfM.fjma Ranb.

Maarcfcla pxHnaa La Rot 

Mfrgrotala niataT?) Hagai

OrthatrvuB .
Orthetrun >
Orthatrua j
Orthetrun J_________
Pal ptml aura lucla Drury

ŷ norpoMsa flpgftLapholdfta Ranb, 
Croootnaria agrthraea Brolle 
Braahvthegals lacuatrla Kirby 
Bmofarthaiiifl laaooatrlctA Buna. 
f rlfchnml« annulata BeaUV.
Tflthaalfl arterloaa Burn.
TrithaBia hecate Ris.

I w u m  torrlda Kirby 
Pantala flavoscana Fraser 
Urothacd.3 ftaalgnata Setya 
Hyot hernia aduafdal Solya 

f^hrintjmtR reala. Kirby

r?orv.M^anvalla vittlyra 

Meacwelild ( M

LimamUifi
ttoM a ttu  sp. T®?g® and 1

sp* (larvae)

(Gerst,)



CCDS DCJPLIC/JS SPECIES

Faailyi
69

105
124
125 
168 
572a 
3?2b 
STOo 
572d 
587a 
587b 
896

Faaily:

284
Fanli/t
147a
147b
198

244
815

Family1
1C9

Familyt 
196 

Qrdort 
55
62a) 
62b)? 
85 
9Q 
96 

102 
133 
311 

Order i

14
91

164
200
323
380
386
34?
348
35?
579
598

QrdariFatally:
819
820 
889 
840

aorttscrxD&i

128
69

HJ££D£B

HlUCORIDJiS

COR IX ID Ut 

NEPID 1£ 

EHjEMERQFTSRA

TRICHOPTSRA

Anlacoa aflllanalu Brooks 
felth&raa an. (larv^a) 
Aniaopa ap, (larvae) 
Hyohla r (3oett)

Anlaooa deb ilia torst.
InlaoDa ep.
Anlaoiy ep. (larv ve)
Anlflppa ap. (9)
Anlaotfl h«wioAt Huicl..
Anlaoaa aardaa H.S.

Plea fullulA 3*tal

Dlnlonyohua grnaal.. gr&aaU Poiaa. 

irfWffiffifflrM JJfiigflEBtf 14H,itfl*w>* s '̂il« 
Sarthra ap. (9)
Laooocorla ap. (larvae)
Dlnlcnrafaufl of graaail Poiaa*

Mlercttflgfca 3tal.

Laeootretjhaa fabrlell f/tbrlall Stal

fythrniHn. sp.
Gloccn ap. (?)
Cloacti ap. (?)
Qaaaia sp« (?)
Caanlw sp. (?)
Caar-is ap. 1?) 
v&aalf ap. (?)
Povllift adjyta Navaa.
Cjqnla dpTrn

DlciBeudooeld (pupae)
Bloaaudopala MBStMtjkS (larva**) 
JlAjSUfl H m n fgtl 

SfltiflUA ®P* 
nT sp.

|>«rtvTw«at s p .  (larvae) 

- »p.
, *p. (1«v m )  

a p .  (p u p * * )



850.

ccds m p u c m  

JBSdSC* SfiUiSQMA
Far t : tB B kKIIXDAE

FanUyi HTDROFHILIDAB 
98 

110 
157
173
174 
190 
132

110
no
174

240

264

20?
21 
z a
240 
249 
255 
260
263
264 
269 
290ft 
290b 
365
see
569
575
578

Fae 11/; HALIPLIDA2 
ZIP

Family t OAJUB iDAE
575 
532

Foully: GXR1MXDAS 
500 
585 
584

FanUy: DTL’ ISCEDAE 
95 

105 

104 
1U
113
114
175 
193 
197 
196 
199 
201

205e
20M
206

spec  m s

Agronhvdrm ap. mot.
Bar&aua aorrugatua Regiiahnrt

TAimmSiu* f i m i H ^ i a l  « p ,  UCW.

* * * “ ‘ li Perri*
ftireatua Bohaaac

flnphrm) imgolatiaia

lohacn

«»1 ̂ K«w»a (Hvdrobatleua) Indaoraigia 
HSooKaroa (g.rtff-Y^Haa« fMadaay)

r?«^i ̂ otfiaia t&fllflgtp ^ g ff wihyottlngtua ' 

niiotloa (Sharp) 
HgLocharoa (S«atr.) dllutua (Erlchsa

B-8.

R«g*

(Erlohsaa)

^nhfua(LuBintua) sp
feftAwia TMathvdrua J

t nor.
hefloarldiua (Sharp)

(Boham)Baroaua la (Bat
norforatufl Raj

ggjJLBl&MI gyĵ fiQTfctufl QulrnfA 

t

Olnmitua m w u  (Klug)

- . aykagtewa (■&««>
rrua (Aube)

HvriwdM t » m u  (Klug) 
ypla babaulti Paach, 
mtm^vtfla avanaaeoaa Boh.

fl&dd&flQAUf
Sousa
- - - - . ^frift/jma Caat.

Sh'i)» 
k Boh,

__ s Boh.
["j ^ f fivittatua Reg.



CCDt DUFLXOJfft

t m
248b
268
278*

rmb
278
288
287 
292
517 
866%
366b
866 105
867 104 
882
888
889
890&
890b 

Old art DIFTBRA 
fS3y> TA3ANIDAS

94
? M  llyt DOLICFOKEIDZJ
267
288

Fmilyi EKPIPIDiE 
ltf

Fmllft TIHJL1DA*
108
a ?
229
280 229
tsi

5G1 108
Fanily: STJUTlOMrilDAE 

296 
808 
818 

tod or i 
fasllyt 
Subfanilyj CULICIN^S 
186 
186 
171 
179
225 155
228
201 156

284
858 228

Subfwdlyi CH4CBQRIH4X 

1
89

sncxss

I fiflLSBbAiU 0“C»
(M3._ Qttlau

____ ?>
«t«mBMnttHi|) ta iM i i l -

Rvdroaanthua wlttal Sad 

Uvama vittlaallla 3oh.

T.»f«omhtlu« w.niiM<hia Sh»* 

pi>naodytaa ^ ^ 5 3 5 S l 8 " • • •
‘ “  I yarnlouloauj  Genrt.

I ftfngaaiaia Hug
I Aut»

Liacniini ?
Briopterini
CmoidA Irronta (?) Wiad«w*m

GopcbtIa  ap.

| Mflfgwti-LgBiaire

j2 2 ^^T h e o b e
uplvittatua

■S'*

jQlfLflftl (?) (Gough)

■p. (t)

•pp. (1 » ™ )  
•ppt (pupfto)



Fatally-i CKIHCKGiGD4i 
Subfasdlyi TitfYPCDINAE

URVAL fVPAL LARVAL 
CCDS CCDS DUPLICATE

IS
85
55

156 55
25 295 

130 58
50 272 
60 294 ? 25 

299 202 ?
291

Subfamily* ORTHCCUDIIHi^ 
159 526
227 5CC
289
556
559

542
Family! CHEtCWUflDAE 
Su’tfowiljri CHniCUCKBÎ JS 
Triboj

16 2a  ?
7r

78

97
122 £5

125
5^*
355

Trlbot CK iRCHCK3WI
5 45 ?
6 106
7 151
9 45 ? 5

1C
17 1C6 6

18 1C6 6

22 1C

24 1C

54

55 521 1

4

4?&

47b

55

*/*JM refors to the acd

SffcCSS

jpgonladltis of braTttftlqllltas Goetg*

jfrmtflnmim ap*
CUnatnnrpiy ggy^ajgg Pm sBlflfl 

InntfTnyrAia Kieffor

P|w^wwim «f ^^hlfthnywia) #p, 
fH ^ d i r n  (t‘.b-i-ftbo«a9irla> nllofciea Kioffsr 
Patitnrtaum #p.

Paataneura sp*

Crlaotoaus soattl 
Crifloionta sp. ? 
Criflototslj sp* ? 
CrlQotoous sp. ? 
Crieotonua sp* 7

T/mvtargua (Tamftaraus) bnltoatus 
Tanytarsf 'Cladotaavtarsua) wnrlrwinaM  ̂ fkaig.
Tnnvtarsus (LlrAtitmvtaXMia) of j

Tnnvtarsua (Tamftargua) SftrtflB 
Tnnytii.’gl’fl sp*
Jwnvtarsufl sp.
T<mvtargLq sp.

*p. (= /UM »p.D)

) .p . (5 IJH lli(t)) 
Kioffer

inmlifmhl nrr"f * p -  ( w m  18>
aualns 
Sa lE ae*!

taijaililuB iiniaais 0o**s*

Pfiiim atiiium  iP itm ad U M ) rr tia a n rttfttM

PrilireadiluB {Pantapadilua) iil?- # /™ ® '® ' 
finriimrl

nhirrnmu. (SM rm m u ' tirgBTtt**^* 

r.hii^it«.ni (s u c u a n i )  Xflgeriaseli

PrAvnadllun tVcl'roadllum) ^ i M t u U tM E



LARVAL FOFAL LARVAL
CCDS CODS DUPI

59
76
77 1C6
79 106

05
99

1C7
112
1 &
1 4
146 557

149 562 (121)
105 106
329
549
555
556 14?

QoDB .OUr-ICATE

Faaiiys GERtflPUj1
1ft

19
61
64 61

72 257 7
75 61

74 61
GC ♦ •1

01 Cl
82 61

210
274 5C5 ?
275
554

of (Crtmtnahirenenia) 

nh1 T T 'T *  (CrinAoAigtattiMuai~m

55 ? 

112 ?

150
556
266
297

2
12
5C
4P

PopUyt LTWAEJDA*

65
109

Family;
26

65
!€LANin>AS

_  sp# (AJM 125-5) 
noaiillcola

of (Cryntoohlrcnasuj) sp. 
of

) (AJM 128)

SblEfllflttB (Syjc&fiflttc) £fill&&£&iS Kiaffar
(DlaTotanrUnefll f u SQ C P O U ltm

KieffaJ

yfrn_.tr* (H & ^ x i o Q m }  b r a v l ’ftlQQfl KJLaffWP 
S^SfiMSil lEllcdoKia) fmafcilo’iiia Kieffar

SfciOJiflBig (Niladorum) sp.

•.>ro€K*-h«ft.'l "Cullaoldaa11

(Head length/
width ratio)

(1.8) 1.0C

1.94
(2.1-2.6) 2.59

(0 . 9) C.91
2a &
2.21
2.29
2X9
2*55

(1*9) 1*88
(2.4) 2.44

(1 .0) 1.88

(4.6) 4.50

Short-haaci "Probaaala"

Madiua-haod "Prohaaaln" 
Curvw-heod 'tFro’)e«zlnH 
Curva-h#a<i ^Probaaaia* 
Lcng-hdftJ "Probazilft* 

Pupa 
Pupa 
? Pupa 
Pupa

n«i irtt.a (liuliitufl) dar.raaaufl (Hats*)
I r t T S f S i f g g S srirtrMgW (Krmiss) 

SullnualPtoaooflla; ip« 
n«i 4twm f^uliauai fc-akaj i (Shranberg)
I^D tf  Tie Jlainnilo)

BflfcfliSfiliA KxttUM 

I (^llvi°r)



K M  DUPLICATE

F*»ilyt ASCXLiDA*
see

IX* 52

Posilyj SHUERIIDAE

4*
sg m 

2U  42
Fasilyi ffJTSUD/.K 
162a 
162b

5Si.

^.snus

Faiftala am»fca»l Walter

Gorfeteula afglagna (Krouw)

Bu m m  farruginas Krause

MiAula of goat rata SoodcH
Aarvitherifl lirathonala) nahlbawrl (KPHUBfi)
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