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ZBSTIUCr

This thesis reports on an hydrobiolcgleal survey of an area 

asaooiated with the south of a n a i l  (280 kaZ oatehnant) soaaav- 

ally flowlag river an1.« ring the tropical mm-oade Lake Karib*.

It mi« aendueted apprcaiiaataly a decade after th® dan's aloeure.

The study u u  holistic la approach md incorporated smpling 

U  Boat ecological aspects, Inducing pUyBico-charieal hydrology, 

plankton, banthio anio&Is asflcciated with a vari{*ty of substrate#, 

and fishes. Th® particular aims r£ tea study werei to assess 

tha ecttpositiai m d seasonal variations of the fama of ,*%riaia 

habitats, providing a basis for odnpariscxi by future workers and 

ini* eating produativs avenues of resear<& for sore United and 

intensive studies in the aroaj to investigate faunal feeding 

relationships; to determine biotic and abiotic effeots of a 

permanent floating aat of a^ivlnl* aolaata In tbe st>Jy ar*»aj 

md to investigate the breeding aoousulatlcaa and oigratiaas of 

the potmodrmouM fiah species. The Inherent variability of the 

fauna was suoh as to place limitations cn the reliabili y  of 

results*

Phvsioo-Asaical charaflterietlee of the water were pt-fcfcndly 

affected by the inflowing rivor Airing the vainy season md \mre 

affected to k lesser arter.t by depth, physical enclosure, and the 

aat at ether tinea of the year.

The a*nrlnla aat decreased in extant during the study, wheretf 

the littoral hydrophytes increased fdUowing their invasion of the 

area. The effeeta of tbeae changes m  the f«m a won lnveoti^atad.



(tending arof of 0Uaktcn nOlastad in delight end 

ratal&ed by a U 2 »  eejh v u  relatival? lou, highaat i«i«ltiee 

<KwuirSng In the idutar and in eeeoolatloi with the s .W i n i .

» t «  Ciraautantlal « v id « i«  laUoifead that a Main h o i m  

of food to i&oplenlrton mm dead partlsulate orgmio setter. 

it judged bj alt* ocapoalticn of the "herblrcroue" •loesMiti of 

the icoplanktcn, cm&r aoderate pradator proeeure < u  baing 

exerted by fiehae.

The reaulte of beothio saopling & m  i » m t a d  and dJLsoueeod 

in depth. It wae fcwd that although tha ftun&X standing orcp 

mi auppraaaed by tha SalTlnla sat away frra tha ahoralina,

C'OP
c w p i U  faunal standing, u u  enhanced fay thu preaonoe of the oat 

in the abaaaoa of rooted hydrophytes, which theBaelvea oauaed a 

acre profcwd increase In fauna! d«iai-V« Tha lapcrtanoa of tha 

drcJ«»«d traaa a*i a productive substrata la anphaaiied.

Flah vara fo n d  to aocwulata at tha rirer acuth before and 

during tha rainy aaaacn aod aovad upatre* with a variation in 

behaviour batvMB species net preriouely reocrded. Tha SflisftaAft 

met mm found not to bav* any dalataricua effect can tha flahaa* 

?h* ^avalopeant of % talaaetrlc traoH/ig danrlee la described.

The fiah found In dry a*a*ce poda  of the rivar era disouasad in 

relation to different pool type a and the slse o<*poaiticn of 

populations in these la considered,

fiah breading data are ocDaldarad ia tern* af teaacnalit/, 

vjgt 'ration sisea, sexual proportion* and feauadity. Modal slsea 

of ora Wkan trtm rlpn fccuda era uaed L . m  attwpt to aaseas 

frequency of breeding, Tha aaily de"ralojaant of two spool** la 

dooarlbed.



Tlw food faadby U tw riaa* of th« flah pojvlwUai ar« 

daaarlbad omS duoaaaad la ralaticn to t M  faisal food vri>«» 

Haiatlvaly f«v fa iH ni v a n  fU lad  due to latit of T&rl«%

of tha f l *  fcaouu The laportonoe of two bonthln oanpcoaote la 

aBphaaliedt the CSigoohatta, vfaioh uara not ut lilted as food «raa 

though thagr foraed cue of the aain banthio ocaponantaf and the 

Chacborlsaa tAiuh played an ia port ant role in recycling «a«rcjr 

«wgr fron the Boder&taly utilised aooplaaktaa and into tha wall- 

repreae&ted banthle faedlng fiahea.

Ftttusa srecuea for raaeareh are listed « d  obvious t'v»**a 

vfaioh hsra occurred aubeeqtMBt to the fiald inv&stigatlcn ara 

described.
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The last decado has been cue of aotive ocnstmctlen of aajor 

4aa» and the fomatian of marinade lake# throughout tfriet*

indications are that this trend will ocntiaue* Many of 

thsam dm a (Table 1 ,1 )  have bean built pria&rily aa n w n r o i n  

for hydroelectric power gonoration, but their creation provides 

the opportunity foi* other uses, suah aa irr' nation, fisheries, 

transport and recroatien, If aeeciajt la taken of the hwati 

population Gxploaiao at present taking place In tfrloa, It In 

foresoaablo that in the future the relative tapcrtauoe of the 

alternative uses of these la res vill ohargz, perhaps, to pro- 

duotlcr of food, and especially animal protoin, rather than the 

generation of hydro-electricity.

!ta<ke Kr.rlba was \*\iqu%, in that nt the tisa of Its <&loflure, 

little experianue had been gained of the types of physical, 

eheeioal and biological changes that could bo expected d ring 

tho forisnticn and saturation of a tropicsal aan-«ade lake. This 

inexperience can bo gaugod by reactions which vero, for exact pl«*, 

generated by the tajoxpectsd Invasion by the water fem# ffftlvini* 

JBiCUftAA&ft lubl&t. Various attempts had been faaiie to aatlclpata 

possible changes; by clearing bush at groat expense to oaks 

fishing frrcwvis { by introductions of X£LABi4 f ^ T T M r  (Bcwlaager) 

to fill the open water micropbytophagcus aloha which, It was 

thought, would not b» filled by any of the lotic flah popxlatiOi 

endemic to the 2aabesi River. In viev of *ub*e<juant experlmaa,
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5*

m m  of the preparatory aeticn vhish took place before tha foam 

of Laka Kariba is opan to qu^ntim, Petroapectivs oritioiam is 

of vales only whan used praga&Moally and la this ruapoct, the 

experience gained fron tbo fom tUcn *ad oaturaticn patteraa of 

M cs  Kariba oould be partiaularly veluabie If  applied to sub­

sequent achaeoa is tropical Africa.

As soon as it was decided, in March 1355, that the K&riba dan 

was to be built, tt.r 'eairability of research ia the ar^a to be 

floodod was widaly appreciated. In the lisndogioal field, hov» 

ever, roaearoh aa the middle Zambesi prior tc dosure was limited 

to som taxcncnio data portatotof to fish spsciea present in the 

aiddlo Zambesi by R.A. Jubb, aud to few- rusearoh trips by tha 

Joint Fiaherioa Rasearch 0:*gimiaatit.n iij 1956 and 196? (Jaokscn 

1961a). Work undertaken by this i»atlor wr*j serverely 

limited oving to its soaBiisaor.^a elae»rfujr© in Northern Rhodesia 

but nevorthelofls la valuable a* the oily liandogiod  roaearoh 

carried cut at tha time* The J .F .R .O . continued reoearoh in the 

area an olosure of the dac (BowmaJcer 19HC) as well as after dosure 

(Hardixj? 1961, 1962, 1964a and b, 1966, 1966). Following doaura 

the situation improved in that several organisations partioipatad 

to llandogical research cn the inf fait lake* Ctoe of these was 

tha ?odogy Department, of the ’Jnlversity of tha Witwatersnmd vhioh 

organ' ad expeditions to the Binga area of the Idea to I960 and 

?.960 (Baltasky and James 1»60) to record gome of the first blotto 

qhanga- oaased by the foTtitica of & i.otie snTircaaKit* Hatvtth>» 

staiding the participation o” many different Oovenmant and <junai- 

govenratal org«miflati<*a, In 1959 it wna raoo^iaad by botb tha 

«f the Wttwatarsrand m d the University Collage of
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T hcdenia that tho arwatlon of a focuo for research an a Xcc0 tam  

basis m m  neoessaxy, Represantailaia aade hy those two festifefr- 

tins* to thia avd resulted in an area of 15CW* of tho Chote Su m  

Reserve, between the Lusikulu and Mwonda Rivors, being s*6 aside 

In I960 as a Research RoRervo by the Southern Rhcdeoiaa Govornaent, 

and grants ancunting to £74,000 woro subsequently donated by tho 

Nuffield FounJatioa for tho establishment of & field staticn* XB

1968 the f&unoia* respenBibility for the Nuffield Late Karlba 

Research Steticc was asmcaod jointly by the two Universities oaa» 

<#>TTia*,

Thr. teras of reference of tho Rofsoarob Statics are, broadly, 

to stud/ both the short end long torts otfoats of the inundation 

of t!ie Zambesi valloy In all Its scientific and social aapecrta.

Th« alms of tho present project or®*

1 , To invostigato tee hyiroblology’ of the Mwonda river and its 

wwth with especial reference to (a) tho seasonal abiotic 

chmgos, (b) the spatial e-vi seasonal changes In th& distri- 

buticn and abundance of tho biota# and (c) the reading 

relationships oi the iquatl'’ i‘auna, culminating in fish.

2 ,  To investigate tea afft -ts of a peraanont sat of floating 

vegetation an the hydrobiology of th..- area in the issaediRte 

rloinity of the river mouth*

5 ,  To investigate tho potaoodroaous behaviour of tho fish species 

cf Lake Knrtba in tee Mwenda river*

It mjt eonsidorod, in pluming thia work, that tho rivers 

mtarlng Lake Xirlb* and particularly the araas associated with 

their norths, vero likaly to be of critical biological importance



for MTnrta n u m .  firstly, It w u  not too* <*ott»r or not

the biota In the *a«tuarlne" area. of the lako were distributed 

In rnch A wo} as tc Imply the exlstcnoe of -n sectcno botwoon 

river £ad lake. Sooaidly, the rlirar* ware knew to bo a malor 

flomiso of trort m trlait , and little cr nothing was know of th. 

usthod of entry it tholr waters Into tho lake. Thirdly, the 

jlB trlbu U ai abundanoe of species ocul! give scno teHnaticn 

of tho scurcos of tho loJto fauna, al'.nough findings would Inevi­

tably bo confusing. Wculd, for exmaplo, speoies fomd to be 

present In the lako have i riser dlreotly frcm tho prosent lotto 

fauna, or would Its pr-.n.r^o In bcth Indicate clcnl-ntl® In tho 

opposite ’l.-ctl-^ Hamoly, lontl* foothold might have be® 

neoessary prior to lctlo oolailsatlw, *»1 tho pr«s«t lotla 

fauna could have bo® mdlfled try th» Ink, >s formatlcn. Thl. 

Interesting problem could ally bo solve,! partially at thl. stag.

Of Lako Karlba'a maturatlc* and a o^pa atlv. knowledge of tho 

ordinal situation can new cnljr M  dorlwd frm a study of 

similarly slsod rlvoni dowiatroam of the dan wall, Investi­

gation of a similarly .U r f  trltatary to be floods *  th. Cbo«-  

bassa dan, before and after flooding, « « U  be particularly lntowct- 

U «  in thl, ocmtoxt. -he fourth roa.cn for th, blologloal taport- 

„ „ e  of rlvor K , U .  a r t . .  fr®  th. potamcdra**. breeding behavior 

of a significant portico of the f l *  populate of Lato Karlba.

This 1 .  -phaslsod b> the faot that, peAaps beoonso of tholr lrtlo 

origin, the fish population would appear to b . largely ocnfli«d

to th© margins of the lake#

tho seas what formidable soĉ xi generated by tbo holiliUe 

appr, (ieh Of thl. proJ eo« was InUntla-OU oho.* tor two main



ra&stmft and arcae froo the teraa of ref ©mice for the ftaaaareh 

station imposed fey th* Truatoaa of the Nuffield Foundation, 

the first involved the necQsaitj- for an understanding of the 

overall ecclcgioal circumstances of an iaportant part of tho 

research reserve so as to fom  a baa Is for th, dopi*. of future 

mors tntaiaivy promote of llmitoi scope, Secondly, ic v&s taid 

ia anticipated that the project, or parts of It, will be repeated 

at intervals of ten or fifteen ynars ao that a reasonably exhaus­

tive and accurate picture of the sequence of .saturation of the 

Mwssoda. river and bay rwr i 6^oert,aluo<i. A fi rther iatonticti 

waj that tho results of this projoct would contribute towards an 

eventually comprehensive picture of the hytirobiology of th® 3ina»» 

svtsnda area as era step in n suecoaaicn of projects, started by 

thoo© c£ Tiy collea^jafj, Balinsky, J fang 8, Douglas, Hite Noll, 

MeLaehlnn, A«, McLnchl?j-i, 5 . ,  Hancock, Thanas, Jarsurai and Hogatisa. 

(3ee Anon. 1969).

The planning of this prcj ct was directed towards obtaining as 

ae£ur».tQ, atatiatically verifiable data as possible at a soasaial 

baatfl. Any approach on a shorter terra b&aia or the use of a 

larger *\rea for a project of this scope, however desirable, mui 

irapraet icahle» It was foun^ during th® oAirsse of -to® pro­

ject efficiency in data eoileaticfv Isprcwed c<ri#idarahljr m d th® 

voLutae •>? unprocessed data aeeTwai al&sviogly* It waa therefore 

emsidered that, apart fro® th© liait cn tia», a sm ^isuatl® of 

routine data ooHectior *su2A prelude any tnrploratoay lines of 

research. Furthermore, th# <J«tra© -rf aorral ation ii. « y  two 

rears oust. It mm aontldflmd, he United wad to inaws** mmml



oorrelatlcns would have required a continuous routine frv f l w ,  

or perhaps evm  ton years. in Edition to this, the situation 

be log amitorod was essentially ono of ohsnge and saturation.

For theto reason* tho full routine of seasonal data oollootlcn 

was ocntlnued for five seasons only. A limited routine wap in­

stituted thereafter which left sufficient ti»a for otner rosoajrch 

within the aoopo of aims of the project, whioh Included the feed­

ing roqulrorocn»3 of KvdiHxmma yittatus (Cast.' * and tho develop­

ment of biotalonotri0 tracking devices on two .pociet> of ]jotaraodro- 

mous fishes. 4 more detailed description of work carried exit 

while at Sinaaswenda is given in Table 1 .2 .

Tho first chapter 3 whicjh follow eoncom the linbiologioal 

history of Lako Karima, followed ty a description of tho study 

area. Thoronftor, the approach adopted separates tho different 

ohaptors according tc the ooological grouping of tho casmunitlfls 

stud led • Tho methods us*d to ccOloct in fom tlcn , mid tho data 

obtained,, Is prosontc*! and discussed. La tor ohaptors ccnsidor 

varioun aspects of fish biology. full ro suits a re pnsento*’ ns 

appendices, for tho benefit of future wcrkars in the area. Rele­

vant data are extracted for presentation within tho text.



TABUS 1 .2  FIELD PEHICD3 SPENT AX SNiMAHDA m  WORK CAM ZED OUT

Dftto

i/e-7/B 1966

20AO- l?Al 1966

5 A - H /E  1967

U / V 9 / 5  1967

zVs-gs/s 1967

B/5 19€7

13/7-03/8 l'tt?

i^A o - 37 /n

19A-15/2 lsee

6/5-10/5

26/fU5G/7 1^58

l/SC-9/y 1968

13/10~£5Al 196S

9A2-4Q/L2 19fia

18/2-25/2 1 * 9

4 /4  1969

August 1 ^ 9

Natr**? of vork undertaken 

Exploratory axaminatida of study ai,oa*

Manufagturo of wair, gillneta, plankton 
sampling g®ar and othor oquiprcavt.
Brooding of larva?, and pupal foras, 
Intensive study of Surprise Pool* 
Exploratory sampling of stud? araa*

First f>iU sa iling  routine of hydrology, 
plankton, banthoa, aquotio plant fswna 
and fish population started* (1)

Pul! aasjplinsf routine. Bonthio transect 
initiator, (2)

Visit »*ith supervisor*

Flight ovor Karlbo. shoreline*

Full sampling routine. Pools bloeonnoEQO 

otrusinod, (s)

Fiill sampling roatino, Pools bioocmoeeo 
sxanlnad* \A)

Final full sampling rtwtlnQ. Concentra­
tion of effort, when routine canrslete, an 

potnmodrcmoaia of river fish. !«>

B<mthic transect. Tanka for foiling 
oxporiawnta m t up, exploratory fiah 
intradyead, Soinlng In r5vor*

Fooding axpertraunt I* Ba&thic irsns©$i* 
Netting profrsEBso at Station 3 initiated* 
Chaaps Pool «x<slusi«r oxporioent started* 
Soso pocls bioeoonos^r, examined*

Student field trip* Chwnpfl Pool axpori- 

ment, a tape Z•

Koodin# experiment It, 3onthic t rankest* 

Champa Pool axperimont final stage. 
Biotalosnotri© tracking .icnrlco trials*

Poola . iortotfttoaos sasiplsd*

Bioftelwmotrio tracking devise trials* 

Biotel«sjstr5.o tracking iovieo trials* 

Final banthie ironsoot*

Torsainatim of Station 3 gillncGiing 

profrssfflw,

Jaitiation of uoep vatar gillnettinff 

prograaeie*
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< m m a  9

UftI EAR1BA

Jh December 1958, oloeure of the dan aeroes the Koriba (Jorge 

resulted Is the creation of an© of the largest aaa-mde lakes in 

the world. This impoundment ie shared by Zambia and Rhodesia) 

the boundary botvuan these countries follows the submerged bed 

of the Zambesi River, which more or less bisects the lake longi­

tudinally.

Lake Karib* ig naturally divided Into four acnnoctsd basins* 

classified by Said (1965) al<xig tha North-£ast to South-West axis 

as the large Sanynti basin, the Gontml basin and the smaller 

Binga and Sebun^we-Wilibisi basins {Fig* 2 .1 ) .  Bend's estimates 

show that much of the present lakeshore 3cueists of Karroo sedi- 

*nentary deposits of the Molteao series, though gneisses 00our on 

the southern ahorelino of the Sany&tl basin in the vicinity of the 

M&tusedcna fault. Bend also describes the flooded valley of 

Zambesi as being a relatively flat peneplain* Apart frum aae 

seotica of the Sanyati basin shoreline the peneplain has jean sub­

merged aivl the shoreline consists of steep slopes which bounded 

this ercsicnal feuture. The steepness of ulofie is modified ir 

places by local Irregularities and is also affeoted by the baokgrcund 

topography of the region. This is of a dipslope-eoarpslope type 

aad the structural grain runs parallel tc the « * •  tf the lake*

Tims the north-faaing soarpslopes emphasize slope qtoopness cn fche 

southern, Rhodesia, side of tho lake and aaith..faaing dipslopes





todoRito tha atoopooflt of the nortti&ni shoreline > As tho late is 

subjected to greater, aero abrupt fluctuation than thoao ncraaily 

axperi*Jncod by natural lakes, this vari'iticn in shcreline slopu i* 

a feature of Importnnoo to the litters! blcta cf Lake Koriba. the 

floaiing of the ot'i peneplain has hnd a narked affect an the ehcrao- 

tdrlstloe of tha Zasbeil tributaries as those new flow diroctly *“ *0 

the with characteristics of hoadwntara. Using the olaaatfioat<cn

miggeatsd I7  lilies (1961) and followed by Harrison (1385), tno rlth* 

rcr*io part:) of these rivers, with ateep elevation gitu’lonta, alter direc­

tly into the laka, and the potomonic sooticaia, cnco proaont in the old 

por.aplain, have bam  obliterated. This factor will bo cmsHsnad 

later in tho light of biological effects.

lUalco Kariba lies at an aXtitudo of 484 ® abcvo 00 nn aaa level 

(at operational lavel) and botwoan latitudes 16* 28<S and 13 ' 6*3 

a»3 longitudes 26* # ’B and S.'*’ OS HE. The longitudinal axis cT 

tha lako is orientated along a 3iau froa Scuth-W st to Ncrtb-Ea«t.

Tha mair faaturaa cf the l a ^ 's  morphology ora givm  in Table 2.1

Tiaip 2 1 main features cf the morphology of l*ks karba
r«,hE IQAfl}(rftor Co©H© 1968)

Length 

Width (mean)

Width (taeatiflfiwi)

Depth (oean)

Depth (mAtljnum)

Area (484 b  a *a .s .l .)

% Area between 0-15 m 

% Aroa between I S ^ O  b 

% Area betwoon 30-60 a 

% Area between 80-118 e 

Voli»a

500-520 to
20 tea 

m  kn 

29.5 n

120 a

H

158 *  10® ffi®
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Tti« aetcoroXogioU. year in the vicinity of Lake Karibn 1* 

divided Into seasons based on temperature and rainfall. The 

* * * »  season lasts frca Ootober to March, during which period the 

aonthly m ®  air taaperature nnga is between £> *C msd 29*C<

Th# cooler period l&sta from April to SeptfflBber m & the loweit 

air temperatures (15*C) occur in June and July, although frost did 

coour la the vicinity of Karlbi Township in 1968. The rainy 

season begin* in R oven her End usually extends to March. Annual 

rainfall varies frm  appro* imately 700 m  cn the Saabian shore­

line to between 400 and 600 m  cn tho Rhodesian side of the lake*

Only exceptionally dres rain fall in the dry season between, April 

and October* Stmu? south-easterly tfiais oecur between April and 

August, m d  tai the rest jf the year prevailing winds are lighter 

and northerly. Pnton* ial evaporation has bean estimated by Coche 

(1968) to raDga betwooo 2,500 end 5,600 mn Annually, The seasons 

can be roughly separated as f-llowaj

Cold/dry season June-Jtagust (Vln-er)

Hot/drr mo* Septoaber-tf c-vettber (Spring ?)

Hot/wet season Novasber-March (Ehsmer f)

Cool/diy seascn Haroh-Moy (Aufarai ?)

It o n  be seen thnt tasperate aeamnal nomenclature Is unsuitable.

ifter thfa aaa*3 closure In Decaetber 1958, peak level was 

reached four and a half years later in July 1965 (487.81 a a»s.s*l»)« 

The lake level was then dropped to % o .«a l  operating level" (abcttt 

404 o) around whl<A point it fluctuated gently until the abnormal 

r&lns experienced in early 1909, when the level a(fain ro w  rapidly 

to over 4BT m a .m .s .l , During the period 1964^-1969, following



tha filling period, nlniau* levels nomally occurred during 

Im m r r , N b r o u r  and March, and rmxlaua levels In July or iugust, 

fallowing the Inflow of Ule main Zambesi floods trm  the Barotee 

flood plains. The normal maximum operating level for hydro­

electric purposes has b e *  sat at Ifii. »  above mho sea level.

Tha lowest tinsiv*. level la 476 m m l the maxims floul storage 

level 400 m. The annual fluctuaticft was planned to average a . 

Aotual levels reaohai and fluotuations experienced up until May 

1969, are given in Table 2 .2 .

2 .  THE LDH0L00XCAL M tV BU IBW  V  W

Lianologioal data pertaining to Lake Kariba stem fra« the wolto 

of Harding (1962, 1964a >>, 1 * 5 ,  196e> '*"> “ '’'rer* 1 *•*“  P"rl“ ! 

trm  closure In December 1958, up to Deoanber 196S| Ooohe (1988) 

whose work covered the period frat .. rll 1965, to January 1966, 

and Begg (1969) who reported on resulta obtained during 1967 and 

1966. The pattern of maturatlcn whioh seems to amerge fro® those 

works, aa illustrated by the findings of these workers at the "Bom 

S t a t i * "  in the Kariba gorge, is as followsi Initially, otrefcl- 

ficati®  was established quicklj during the hot seas®, but the 

■artaltanion was pushed deeper as the hot sense* progrossed m d 

was eventually broksn down durinc the odd  aeasoi by the aotiai of 

wind Bid 1 ewe ring snrfaoe tmperatures, when complete mixing 

ooeurred. The hypolL-anicr, beoase anmlo within w « * s  of a lc u r . 

and hydrmen sulphide was generated fra . the deoc»positi® of the 

large accumulation of org-nic matter resulting trm  th- iaundati*. 

w d  sutswpent death of terrestrial vegetati®. This anoxia 

p.rio4 persisted for .even .a .th e , until July 19*0, w h «  turnover
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rwtrtod ir* aerobic oovJitlms In the deeper waters. The thewo- 

d t r «  was reconstituted by October 1361, at s depth of 4  b , bat by 

early Jacuaty, whan aivxie conditions again prevailed in the hypo- 

lifflnlcm, It ocnred deeper to 15 ?n, Artatia conditions and UgS 

gemratioD Id the hfpoiiar icn was a^ain ft*jnd to persist for s e w  

acxiths until the July overturn. In 1962, the ancatio period lasted 

for eight- jonthfl, but HgS cnly appeared In the hypoliranlcn for the 

latter six aaittia and by 1965 the respective periods rforr u 'u+n\ 

months and three acnths, No data were collected on Hg& ganer.. m  

In 1964. to 1965 Cocho found that this decrease persisted, but 

for the first t.< »e dissolved oxy?«i was found to oocui for three 

mmths prior to overturn la the upper waters of the hypdiani<*U 

Oxyg® was again fouai In the upper waters of the hypolifflniai In 

1966, bot occrurrod hure six months after thorraocline forraaticn and 

persisted for three months lifter the water associated *ith the 

bottcct had becoi© anoxic*

The pattern established Uamedlately upcn closure was *,hus re­

posted annually, with tho bassio dlfferonaa th-.t both tho anoxio and 

tho hydrogen sulphide ; U>l became progressively nhortsr, suggest­

ing that nutrl.3T.ta leached from deoenpoaine t* U t l m  and 

flooded eoils of the peneplain wore bee*;«ii depleted. Harding1» 

(1864) ohenioal atnlTMa «ipr ort this suppoaiticm, In that dlssolTjd 

aaltoe. declined from 69 ppa to to m  ppa In December 1961, and 

«  pp. In Deoenber 1964. By 1965, C - .e, whew r e n e w *  Involved 

the entire lake ® d  not Juat tfc. "B o *  Statlm" at th. im  wall ueod 

hy Harting, found that HjjS wa» 3t»fln»l to m  d««i> m il*ya withla 

the hypdllBnlm and then cnly tc««Me tho an I .f tho staj-natl® 

period. Goohe alao found /lffenmm>« b-twem the fair baataa.



u ,

b  tha milblal/Sebungve basin ( I ) ,  nearest the Inflowing Sanbeal 

River, ha found that there w  always at least S pps dissolved 

<Eyg*t present at *11 tlaas. In ths othar threo basins, th® 

rata at which eaygen daplotJ.cn ocaurred Increased progpaaalraljr 

touATds tha lower, Karlba, end of tha lake. During 1967 Bagg 

jTound that tho KgS period at tha "Boob Station" Increased to aamn 

aenths. During 19*8 -o H£3 was detected at tha "Boon Statlm" at 

»1 1 , It did occur, h' wBTsr, In bottom debrla associated with per- 

aaent mats. Bare>8 findings Indicate that the presenoe

of WjS and ancotlc oondltlcfw In th» hypollmicr, of tha ICarlba gorga 

area (the "Boob 3tatlo>" m  uhloh the oaturatlm ploture la baaed) 

results from a complex flow ptttern associated with tha flushing of 

».ha San/ntl basin by rlvor water. He boileved that ths la<* of 

H^S In the gorge araa In 1968 wn.i a result of tho poor flow condition 

of the Saryatl Idver during x'tm 1<jV/G8 rains, tho dlvergsnao of tha 

196V -•»! lt«8 condltlms from the trend traceable prior to these year* 

wolVJ suggest that these two years ora atyploal and until suoh tine 

as this new trend, If It be so, la established by future finding*, 

should p rhape be regards a* such, 9 » o  reservation shojld also 

apply to con.ld„ratlm» of data collected at the »Bo «  Statl<*», 0>ioh 

are typlo.il of aily aie m all oart of the lake. On the other hand, 

tnls is tt» only published sequential data available since the oloMT* 

of the dass tind canneqimntly ®aflt be used*

Mlth there reaoivatlais and except f  > what nay have b e «  atypk- 

cnl reiulla dirlng 1!«7, the gemral pat* ire of utibU lsati<r. of

1 .1 .  Itarlba ha> followed a sequence which oaiM  be expected after 

aoaslderattai ol the e*«nts ej%*rl«o«d in tsnporate olteatf* «*- 

plained by Stroll (19*6) as follow  i "for three or five years



(after dlosure) there characteristically is so extinction of 

diaaolved caygen in tha hypaUonicn and distinct chemical as wall 

as thymol stratification, These ocnditicns boouBe modified 

favourably to a greater or lesser oxtant in the following Aaara"* 

Beckaann (diacuaaicr. in Rsosk* 1966} quotes the sore speoifio 

phoning of maturation by I .X , Lapitsky as follcvs, (l) a sudden 

increase in the standing orop, (2) a ieprussicn which lasts sop a 

tlaet (5) a gradual increase in productivity. He ocnsildijd that 

the seooni stage may la®* six to tm  year? in southern reservoirs 

(leas than 50* Intitule) and twmty to thirty years to high lati­

tudes.

The high temperature ro^l^e of Lake Kariba and the findings 

of Harding, Coch. wvl Bogg indicate, cn cons Lieraticti of Lapitcky'a 

phasing, that vho third stnge of maturaticn has, or haa noarty, 

been ronehod, A gradual inereaae in productivity ahculd therefore 

be expected,

5. praamT LMOMGicAi. gwACPRgncs at mg mjuba
S,1 Tanmoiatura

Tha established th.imal rtgtao of Lake Karlbs foUowi a regular 

annual uyolo, vhero tha uator na«» enrertuma « d  roaohos ha.-,othGrny 

it botwan 21 .4  and M .i 'O  botwoai Maroh and July. Hostrntlflo»- 

tion noranlly starts In September emd the laataliatnlcli thareaftar 

ncras prcgrasslTely towarfa the bo*tor.. In tha majority af orison 

tha top of tha matall«ml<» i w n o s  SO ■ by Fabtujly of eaah ysa*.

Oucha (1 ^ 8 )  sloaals'toa Laka Kariba, on tha basis of tha thanaal 

properties of tha uator nanse' aid Ul malogy -ith th* olaaslflo*- 

tlcn propoaoi for lake. ,15 Hutchins.* (1957), as a J O B
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8.2 Watar Qanlltv

Tahla 2 .8  gives the ranges of values found by Cocha (I960) 

for watort of toe two upper and two lower basins, which ho sopnr*- 

atoa cn the baaia of tnc* influanco of the inflowing Z«nbe*i River. 

Basina III and IV were found to be richer than baaina I and II .

TABLE 2 .5  WATER QUALITY OP THE MILXB1ZI AND BBiQA U  ft II) AKD
. * . .-rs ni.nr.iiT / TTT a Ttf\ 919 1)16 / ft.**CENTRAL AKE SANYATI (ill  *  IV) BASINS, 

Cocha (1968))

BASINS I ft II

(Data free v 

*S2KS III ft IV

pH 7.7-8.4 7.5-8.6

3p@olfio conductivity (irshoa) 50-100 86-118

Oalciim ppa 2-10 7-13

Magnesium ppt 0 . -3.0 0.5-3.0

Sodium ppa S . 2-4.7

Potassium ppm Tii-1.8 0.6-1.6

Nitrite* PC®
rwo.coe 0-0.004

Nitrates ppa 0.Q0S-G.043 0,010-0.050

Phoephatas m 0-0,05 0.01-0.05

Coah* (1968) ltuud t!r '. at worturn there was a drop In total hart- 

nosj?, while ccr.o.mtr-* t -ni\ of magnesium, nltrltea and phoaphatoe 

lnsraMsd in aurfsM wit«n>. k sharp taoreaaa In n itm tM  and » 

synahrmou* d»ors»M In nltrltoo wna obaarrad to ooour aoveral 

wcako later. Aa th® tharaocllne satabliahad, nltratoa and phe#- 

photoo m n  found In ov«r lnereaaliw quantities In the hjrpoltnntoi, 

nnd d - - taaini cjuantltiaa in the .-pillsniim. Hltrltna progmaalveljr 

.p p M w d  to doapar M t m .  H . defiium U k »  Urlba m  the baala of

woVir fjiO It / m  being «fr*,A > lw  imiBfiHHnlUg-



I K

4» th» amines cr a* m u  m m u sk  xmm
faeefeapa ana of the Boot obvious indicators of obanglAg con­

ditions la take Kariba it tie population fluctuation* expert** cad 

by tha Kariba "veed", Snlvlnla miriarjiata Auhlet, and associated 

plants, which tom  dan Mi f scaetiaes impenetrable mats of regataticn 

on tha lake's surface. Thla vegetation ha* bean reported cn quite 

axtanalTalT; by Sohelpa (1961), Hattlngh (1961) and Bcugh«r (1965). 

Tha Boat valuable ocntrttmtlcn has 'war that cf Mitehell (I960,

19tS, 1967, 1969, 1970) in hia studjr of tho auteoolosy of thla unter 

f a n .

u  total iM A  or m i m m  on l u b  karba (a) hid m t c H u o i  
cr u i s  » ; w i «  coffii® by :h* plast (b) (from Hrrawu. 
1969). COWRAGI FlOOfffiS OBTAINED B? AERIAL SURW5T

Date U )  ta* (B) Percentage

April I960 236 12

August 19PO 421 14

March 1961 580 16

August 1961 724 18

May 1962 1005 22

April 1965 795 15

Atroh 196A 529 H

Aay 1&65 651 U2

June 1967 323 18

SfliXifliA appears to Unvo '* m  ifitmiuaed to tha Zanbwl

River before 19<8, v*an It w  flrnt <soU otrtod fV r a  tl'J Victoria 

Falls. Tha apeolea aad* apeotaeular uae of exseaaive nutrient anA 

r u i  OGndlti« ‘ during the foranfcioti of the lake, and tvm  1959 to 

198* expanded rapidly (Table & * )  until m  of the lake Kirfaoe «aa 

oonred by ialliBi*-  T<use Bata of vegetation offered a stahl* 

aubatrato for the develepMBt of eeoaidajy lnvodora, atudleri tgr



sso.

1965) who lints a total of forty species. tee af the 

principal species whioh eda&ised the mat w a  the sedge

aaigTMw flobieie Poepp. and Kuntn , whose prostrate habit had tee 

effect of binding and oaasolidating blocks of - At tee

tlfle cf very high level reached la 1963, however, Mitchell (1965) 

proposed that fewer sheltered areas suitable for tee growth of this 

plant were available. This factor, coupled with the increased 

fetch c£ waves, resulted in the extensive destruction of the mats* 

which wore oast onshore, Mitchell (1965) points out that the fur­

ther decrease in 1964 resulted fran a rapid drop in water level.

This stranded large blocks of aat, which as a result died. Although 

by 196? the mat had increased tc cover 16$ cf the lake surface, 

Mitchell (1969) points out that since 1965 the plant h&s boon largely 

ccnfinoi to sheltered bays and inlets) even here if results pre­

sented later in this work are broadly applicable, there are flucrtw*- 

t.icna resulting free river floods*

The picture which emerges from consideration of research find­

ings on T^ko Karlba is, therefore, cue of coepar&tive rapid change 

In what was still, ton years after closure, on early pfcace of matura­

tion* Other biotic changes which have occurred will be p resen ted  

for dipcuesian in later relevant chapters#



the Mwmda Rtror Is cno of tha mailer rivers flowing into 

lake Kariba and Is perhaps typical of most of toe drowned Zambezi 

tributaries both in size aid physical ccnfcmnticn, as partly 

dccicnstratad in Table 3 .1 . The catchment of the Mwenda River is 

relati'roly loo«J being below the upper edge of toe Zambesi e»-

jg
earpnent, and is snail, extending over an area of 270 ion , with 

the source 22 ,5  km inland by tho shortest distance, at a level 

800 a a*m.s*lU, about I-’S tr. above normal operating level of tho 

lake. The Iwnifth of tho riv&r bod is approximately if) km, so 

that the mean elovaticn gradient is 1 : 125, The lower gradlflBt 

(1 t 520) of tha flooded portico of the river reflects the level­

ling effect of tha valley per.**plain. V&riaticns In gradient 

are shown in Fi*t, 5 .1 , The rivsr arises from and desoands 

through the vary broken country cf the Zambe*< esoarpaant, In 

this area composed cf Karroo sedimentary sandstones and shales 

of the Moltanr series, so that it is characterised by frequent 

atr.nil waterfalls and acmo low; !>c ’ ler strewn rapids, Intersper­

sed -ith broad flat stretches of cmd, sand and gravel, or mixtures 

of each (F % s . 5 .2  - 5 .8 ) .

No hydrophytes were touadi in the river bed during the period 

of study, other than for the oocummee of a species of £bon 

1b  sane of toe pods during the dry season. This is a r&fioo- 

ticn of the rigorous onvirminont Imposed by toe extreme ch.mgas

1. THE RCTB
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PraMot Langt*
R i m

(in)

SenyaAJ. 4S1

Sngw a 229

Butl 150

M tlib is l 101

Hftodaa 92

Sotungve 80

Oharara 60

Luiilukulu 58

Mm w U  42

SmJcvo 52

Lagcda 52

Qao'jo Ckohe 27

S ib i l  obilo 13

Maauao IS

D rotated Portico Peroentaga of 
Original Rlfar

O n ) Drotf&sd

45 10

45 16

4& 25

10 10

59 50

11 1Z

50 54

16 22

18 50

10 58

8 20

55 56

16 SO

26 67
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Ill MM &naX inter availability. The veg«tatica described by 

Jaraati (3.936) as "rlvertn®* was found in a narrow b«wS up to 90 »  

vide along tie river bank, wherever leva] areas allowed its devel­

opment, bub th*. only macrophytia vegetation which actually eoataot* 

the water, and thia cnly In as much as Its branches trail in the 

water during the mtajr seaacn, is the shrub Coabretum obovatua. 

which was f0.2nd with oomo fi-oquancy directly alcne the margins of 

tae river and was usual.*7 growing abundantly wherever steeply cut 

hanks occurred; perhaps as a result of interaction between high 

water requirement ♦•he necessity for protection free flo&iing.

At the beginning of tha raJns, normally in December, the river 

starts flowing and its main characteristic thereafter is cm  of 

Interbit tent, violent, Hash flooding, which could cause a rise of 

up to 5 ffiotres within 50 minutes, when flow has been roughly cal­

culated and approximates tc 57 cubio notres/sectr.d, ar i is followed 

hy an oqually abrupt decrease of leaser m.’sgkitude. Thereafter 

there is a gradual decrease to a trioklo of 0 .1  to 0*5 cubic metres/ 

second within a week to tan days, and J m j  actually cease,

^or most of the rainy soaacrs th& river is characterised by lm g 

post-flood periods when small, slowly decreasing ^luantitios of 

water flow downstrewa. The Hwenda River finally stops flowing 

In April 0. May with the end of the rains and quickly dries up 

Into a series of pods several hundreds of aetrea apart (see aap 

against sn^ cover), which largely persist until the enset of the 

following rain.T.

1 . THE fools

The pods of the Mwenda River within the study arc-*, and 

thair environment**! characteristics, are tabulated in geographical



sequence la Table 5*2. Typical pools &re illustrated ii:

I i#ures 8 .6  .o S .9 . Th*» b&ale difference between pods physi­

cally unaffected bgr the lak® is related to their peraananoe*

Sens are pers latent throughout the dry senses, ethers ate 

ephemeral In nature and dry before the river starts to -low 

again* toother basic environmental difference is associated 

with the degree of ocver, provide-1 by brok>tn rock, to the faunal 

ocnctitUMits* Pools fall into t w  clear au*; categories tils 

respect? nnnoly, they fllthor have extensive reck coverage (SO - 

60C), or very little (0 - 10<).

Rosoarch was lai;;oly concentrated on fair pools (see map 

against and cover) as exanntea cf the throe saxn envtrcniaantnl 

typos pre,v«\ ■ a the ?tu \y nroa, Surprise Pool was chosen as 

bein£ representative cf ecn’.lticna in a pool which wa.6 persistent 

with minims', cov*r ( 2% estimated rock ccvera*o)j the pool at the 

head of champs Elysces (Champs Pool FJ^r, 5 .6 , 5«3) is represen­

tative of on ephemeral po<-.- ( i*)i  and Haaasei*kop nn1 Deep Pools' 

(FL?s, 5*6, * .7 ) as being poralstent with a ranximaa rook cover 

of 50T and SCI respectively. fhe««e three environmental type* 

or« illustrated J la^raramat t'ally in idealised verslcna in Fig* 3*10. 

A further orrirawsmtal .1 Inference, .n this oase in their attenua­

tion character 1st lea, exists-! ‘«utwoon p e r s is t s  pools w-Ltl* md 

without sorer. Those pods without, ocrror were up to 5 tiraeb 

larger at the *x.Tinning of tho 'ry seascn than at tho end, so 

that Jurlm? the eou.*n« of tho dry seaacn the population captured 

by pool formtion m s subjected to a progressive presumably 

doteriomtin •' envlrcniwent and -i leers.d«e in ”l#b«ist%i®” • This 

\ma not the ^ase in &h® deeper pools associated with covet» wher#



1 i i lli hi ! i H









« »

\bm effect of trying cttt m » largely ocnftned to the vortical 

diaeturioe cel/# Accurate depth# of the various pods «#tra not 

r#®diljr obtainable aa aoat pools cent tined up to four large 

©rocodilos, Approximate depths wsro eeacurad by an^le wipe In 

the sasspl* pools during Hay# I960, w d  were fc*rod to be, a* • 

their deepest, ms follows} Deep Pool 2 ,5  & , Champs Pool 0 ,9  a , 

tturpriae P o d  1 ,2  & ,  The sizes of the pools any bo gttugvd in 

J ig . 5 .10 ,

Dapth ohan^es at Surprise Pori were noaaurcd, apart frua 

June and August, frca M̂ iy to December, I960. These showod an 

Initial rolativoly alow loss of 3 m /day, which increased during 

tho period July to Octcbgr to 5 ara/day, During Nc'ro&b.ar, on 

abrupt increase to 10 ram/lay was measure!, It ia octvsiVvr’ 

probable that this abrupt inoroaa© i» evaporation cannot be 

attributed to a sudden icoroase in relative humidity# in th© 

previous /oar Magad*a (1969) fond that the r.h* Increased during 

November, Some other footer mist therefore be responsible for 

this abrupt drop in level in fJeveaber* Ccch*. (1968) estimated 

the evaporation rate of Lake Kariha to vary between 2,50G a«vJ 

5,600 vm per annum, nbcut ? to 10 jam per day, thus higher thru 

the ohoarved rate of fall of Surprise P o d , The intense heat 

of the Hranda valla/ and the U datitm  of the poda oan only 

result in a lower relative hunidity and higher evaporation rate 

than experienced by the lake but would have appeared in f*et, 

to lav® been lovar, except aftar tba abrupt in^ro&se in rate 

during Hoveraber. The aaly factor bo far not taken into account 

whiafc could affect p od  larela is #ub~stirfaoe wntar. Should 

ground water in faat flow into th® pod s , this would explain to*



apparent dltjerapiaey betw&en recorded fall In pod  loved prior 

to Sovember, ruid Soehe's (1968) estiaatoe of evaporation rate of 

the lake. The fact that during November the level of the pod  

started to drop rapidly appears to support the ground water aug- 

men’ atlon supposition, in that s^mand v?ter supplies above p od  level 

could by this time have boocato exhaus-t^u. If Cocho's (1968) 

evaporation estimates a*e correct, aurjracntaticn frctn ground water 

must apparently be *t a rato of »t least 2 to U nm/day frcsa May 

to October. The .’round conformation adjoining pods would also 

soem to support the supposition that j^rouni water maintains pod 

lovel ; degree. Ch the m e hand, tail race pods similar

to Champs, _ (Fi^s, 5.D, 5,5) art) without any apparent "reservoir" 

and are by nature ephomo r d » Ctt tho other hand, sand is laid 

down by th? rlvar cn the insl/ie of a meander and pods tiocured 

cn a bend in tha rivor are thus associated with this deposition 

(Fi£- 3,10b). Tl.ls imposition could act as a resorvoir of ground 

water whioh is not subject to evaporation an which rotains end 

slowly releases wntir tc the pool, Apar' .c*n this, the river 

aa^ al.jo 3ut irstc sloping strata cf Karr jandstone (Fl#s. 5 .6 ,

5 .? , 3,10c) which has the same e ffe ct , «vailai1 ^ c'i/'ance 

sui^iosts, therefore, that pod  l^voJo m  quite likely to > main­

tains! by ground water, Kit further nore !efinit«? Jata derV^&J 

frc® a project, a pacifically aimed at solving this problem, are 

rmeessary,

j,«w u* f the terra ’’estuary* to 3«scrib» the ares where a 

river enters n static bedy of fresh water could lead to confusion. 

Th®r© is, however, ao suitable limnclo^lcal tens to describe sueh

55.
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«  & m *  The question has been dlsouaaed (Botaaaker I960) and ii 

R-ppaoded (Appendix!!;, On the basis of the pinion of Profaasor 

G . R*y of the Geography Dopartaant of the University of Rhodeaia, 

the tana la being used in this work, aa its "awbiguity % • % • • 

is abrogated by tho ocntoxt in which they (it) eov (it) uaed.*

(op* oit«)« thus the tern "estuary*, as uaed 1a this work, refers 

to m  am * of a tat id freshwater fusociatel with an inflow of freah 

water, and will be used in parentheaia*

The map (egoInst tha end cover} waa ocrapilod by «yj«lf for 

tnis stud/ free aerial photographs and depth transacts, using a 

plumb line and Mirkio otteuton eohoscunder, and was eo Itod and pro­

duced by Muaars, M.O, Collins (Pvt.) Ltd., of Salisbury* It iMjr 

be seen cn this vap, that tho point of entry of the river is given 

as btdow Eltcv Rapid* This is ctvly true when lake level is b^lov 

a a^i.s .l., as aocve this height the river wns backflooded 

by the lake, during tba period of study, as far aa the vair site 

above Elbow Pool. Since field work was torainated, the oxeep- 

ti cnal love? roaohed during March 1969, backflcoded Deep Pool at 

a l*v*l cf 486.2 a a.ra.a-l* the drown*! river bed roraLj# narrow 

(100 - 200 m) and ataep-sidod jooe UQ O 9 from tho Elbow nd *r«du- 

ally deepens to ea. tan ffieftre**’ at Parrot Ttcnd* Thor^aftor, tha 

bay gradually broadens and deapena, ao that by 2UOO a fuith*r aJcn^ 

tho drowned river bed it la * pprosIrately 22 ra deop ant* 900 m wide.

Cross soatlcns of tho *estimiy* and bĉ r (Fig, 5*11), tho posi­

tions of I'M ah are marked m  tlw aaj # show acre uj early th' a gradual 

deepening and broarfenln  ̂ of the lay. It U net possible to define 

quite wher-' "Aa "eetuaurjr* eeaaes aad the bay basins, but for ttta





purpose# of this work the hhxtov are:, free the E±bcw to Panr^

B<md os the drotned river bed, whloh la eoosideraUy affected by 

Inflowing river wuUr, le cons H e  rod aa being the "estuaiy", uhareea 

the area beyend this haa been teraed "bay"* The separation la 

acetewhat arbitrary and haa been Intraluced for ecnvenlenoe* The 

"estu&rino* area la essentially, therefore, ateep-sided, narrow 

and ch&Uov (Figs, 5 .12 , 3,15) and obviously affected by the river 

when It i flcwlru? the bay, ax the ether hand, Is wider, broadly 

ahslvln^, Joeper -mi, .y l"-3 situation, affected ty open lake eon- 

dltlcna to a ?r^at >r extart,

4. THE STHDY AiEl

The area chosen for itudy .f dueled ? 5aa of H  vor bad# 3,540 *  

of this waa alwaya •" vonr:' y the iako, a further 875 si was covered 

for mao aontha an! 2 ,320 in was noTOr physically affected by lake 

water during the ct*irao of atu*y. The mailt atatictip ■ f  tha 

( u m y  wero established arbitrarily a« ahcan <n the map, with 

Static® 1 being the outcraoat and Statlm  5 tH>" innermost# Tha#'; 

f t .* stations ware porasnently lacustrine In character. At these 

stations aaapilr- waa oarriad out quarterly, for five seasaiB, to 

useas the ciwolcal and physical hylrology, plsnktm, baithos ami 

fish fmma of t V  study area. At tatlma 5, 4 and S, sampling 

of tha fmma of t Saivlala mat 3 also undertaken* Claas IX 

atatl®« wore antabllshad <t̂ cv» the drowned .1 -rar twl to sample 

the c h a w s  In the bsnthl.i fuura more prwslsnly, psrtl.-.larly In 

their u io c  Latlcn with *.m varying dagra* of cover 5y the jjfdTlat*  

■at ftirtag the com m  of * M y .  C l»*. II  .tatlana w®r® > «  

Mtshlished In thr r l n r .  Thaw  won- aaupled with rm /ln * ia- 

twwlty during the m i n i  :t the to asreea tha hydrology,

56*





lMfttfeo*, XMT49kB cKI fl»«* ef thf» lotto asid pool population**

0 2 m * XXX s U t lm * \mm established to aasplo entail ewer wr.fc®?* 

b*rt,hio popilatlcna « d  the pegftlaticna cumulated vi*h the mrious 

IgpivopfegFtiHI tfkicH developed daring the qoj »*»a of th® ata 5y*

M a l l s  ol' actual aai&plintj uwiert&Icen am  submit Wd i/i thtfir 

r-'lovant chapters, 4  planned »aapliiig rduttuo m »  normally 

fcUcnJod, tut th« accpe of this ^orv , and uoasepee-toi ’ ▼lrms&mtal

ohsBfos »»<! davelopoants which occnrrarl, aafcresd &t tl&&9 m  

cpport'inlgtla rather th«n rl^id upp^onoh*



Mitchell (1970a) has separated the vascular hydrophytes of 

lako Xaribs Into two sain ,jxc*’p9j the fvso-floating, roprosonteo 

by Hsl1 v 1-1w aurloulata «ubl«, an4 Piatla Btr^lotaa L . f anti those 

attached to the subeer^ad soil-t. The 1; 'tar he saMirides Into 

a further three groups; "o»-a; *a t p " , those grovirug on constantly 

suhraer̂ oci or «rt oxpcaa'l soil a of th#» marginal “soak-scua";

“floating 1 orxvml” , ^raring a; 3t’'mm?0d t^U s up to shout 5 a 

depth* fed **eMsaer^«(lff> (rrcvtni* on mifw’ir?;*! soil© up to about.

10 a dov^th, ill r̂caari" axcopt the "float <n# leavtH" foam vsr© 

found %n-! stuli'Vt In the Mwerui irua, frori at 1966, to Januaiy 

1969, fioro from the viewpoint of <5 dsim’st^ substrate thnr ra vng+~ 

tatlcn J2SX ig .

Ho Pint In -j'\ 3 frMfti in the r.r&a during 136? and 1986, although 

this plant h.-\a ’>ogn froquontl/ roported from Lcua Karima (Mitofasll 

1970a ',

7 ,1  Salvinla

Mitoholl (l&?0b) auoussed taxmonle nro’nl&a^ »rising free th* 

JiKJclis ci 3aT trlula ocla^iaing I nkn Knriui end concluded im t  } t 

v&a n^t possible tc be sorbin of ita idsofctfie&tiur« and at the 

tins mi *stsd rcntlottctlcn of -te u?e of th@ nmm S^lvinla «i»»tanl*tft 

Auhl»t# «*•>* 'nnont2v(mtebell Si* 1972) th* sp^oies haj b*«m 

fives tbs Q.1BS Salvtni * aa’aata.



The proportion of the study area covrred bjr Salirinla mat, and 

the tgrpg of net encountered, varied considerably during t>.a surra? 

period, rhree aorphologieal forma of tho plait havo bean des­

cribed by Mitchell (I960}} a "rat" fora (Fig, 4.1) nn "opon water1 

torn (Fig* 4i»S) and a "primary" fo m . These fores retui trm 

intonation betwe® nutrient and space availability* t ie "primary* 

fore nonsally occurs in newly colonised areas, whero both space rad 

nutrient are readily available. The *nat" fora Is found in nature 

mats when apace is minimal. The intermediate "open water" fora 

occurs nomnlly at the edge of a mature mat, where space is readily 

available*

During the initial period of filling, the develonwnt of stable 

jlfllli&lfi mats provided the opportunity- for colonisation by oaojr 

■peoiea of plants whlot. otharuiso would apparently have not ostai- 

bllshod themselves as the lake shore. The association of those 

plants studied by Bc.^hey (1965) have been termed "suM " by hia and 

Hlt-'hell (1970) and the “Salvlnla ocnplox" by Darnell/ (1970).

1*1.2 Secondary growth

In tho Mwenda oatuary the sat was colonized by relatively few 

species. An almost purs stand cf Soirnus ^jbanaia Peopp* and 

Kunth existed in association with irJWlnla (Figo* 4*5, 4*4)* 

Occasional isolated elura; s of Tvafaa subspecies uaaWlli

Rchr, PhraaaitaB mmrititmnm Kunth, Pplvgctam cpp* w l  MvUllA

fffctill. and Perr.) Raven occurred, but the oily sp^oloe 

fomd r^ularly to exist floating c«t cf 'whixjlatiff with ^rlrilUrt 

was X- ia U Iid ilJ  previously, this has only reported for Jj£- 

xitflA atdLoBiftiia (Mltohell 197D)*

40.
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* •* *»  Islands

Floating inlands of dead Sal/inla. up to sixty squaro metres 

la oxtoct m d  two metros lo*»p, wore found to occur in the Calvin la 

©at* Open thoso developed the rudaral and s«*ml-aquatic species 

nantio&Gd by Boughey (1965), Those includod species of 

Ga&ygfe. Pavcflia. Ecllnta. Pilvgcfmm. Groorua. Tvriia md Ludwig In.* 

Littlo apparent competition occurred botvoon those nlanta and 

S a l t o i . Figure 4.5 sh;jws tho Initial colcnisetian of cn© of thosa 

inlands by this type cf vegetation, Tho island Illustrated was 

nearly a year old at tho time, A imach ollar islan •, ostlraated to 

'*» In the rorjlci of fcur tc five 7-trs old, la ill” fftritoj in tho 

left of Fir, 4,  ?>, whore tho LudwlTla ndaoandana stood approximately 

throe faotros ah . ve the uator surface.

Those lsl-m',s uere foraod in two '.ifforont vt^yp. At the mid 

of 1968 the stntch cf river 'xid botwean tho ilhow and tho weir Bit®, 

which hod boen !>rt»viotialy backfloodod and later c -dcnisod by SalvlniA. 

dried out as a m jult of a rapid drop in wntar lovel* Extensive 

shoats of S&lvlnta wero left stranded by tho rocoding vnV>r and 

died, During D*. comber, vrhan tho r*.vor flooded, thoso shoots were 

ccispaatod an.! floited into tho than porrainont mat where they foraed 

twe larsfo floating. islands. During 19f>B, the river was again book* 

flooded durin’ Ju l/ c‘ lani33-:. by Snlvlnla as far as tho weir

site, In this ca&9, however, tho river flooded at the sarae t3iae 

<is tho lako level receded below the Blbov and too livo ^a^vlnla 

\ma actually observed to be compacted and built up at rapids to 

fore heaps two to three metros in height which were then washed into 

the permanent mat, died, and a ain term floating islands.

The sosMrwhat exclusive edcnisaticn of these ial^mda by rudafw
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ole m  the am  hand, and the propcaAorance of lynha and, parti­

cularly, iatfSBMt on fciw lima iisZz&DjA M«t on the othar (unless 

typical only of the feranda River), tends to indicate a situatlaa 

whioh has chafed a Inc a Boughgyia (1363) observations prior to 

1961* Ho does not differentiate botweon the iiva «u*i dead Sal- 

substrate and it is quit© likely that the circumstances 

sendueive to the latter *8 formation had not ariaon as yot, yot 

Bcn*|hoy'a (1963) list of 40 speei. s includes many tu’oi’als and 

Bomi-acfiatioa now not found on the livo Salvinia substrate in the 

Latvia Rivor. It was thought that this apparently raoent success 

of Selrrais eubanala could havo beer lua bo the lessening nutrient 

lovol of tho lako as a whda favouring tills plant, but Mitchell 

(1970) has shpwn th.-t nut riant availr-biHty within S^yua^a mats 

har not shanked.

1.1»<4 Tho dynamics of the mat in the Miranda Rivor "estuary''

During tho course of study tho Mwonda "estuary'’ was freed frees 

Salvlnla raat for the first time sine# initially colcnised in 1951.

La r i d  photographs taken in May 1965, show that tho entire "astuary* 

frcrt Station 5 as far as tho weir sits, waa owe rod, A large part 

of this area, particularly alcn? tho rivar bed, was Mcveved by 

sooendary growth sufficiently heavy tc ho roco^nizabla free a height 

of 40,000 feet* When tho area was first visited, in »v v-st of the 

fc&loulng year, a naotlon frca Station 3 tc as far as Wintorthorn 

had acred out of th® estuary* The wain secondary growth, otnean- 

trated free) hare to laaana Bend, consisted of XZliUI 

uh@rean Trm this point to the Elbow, Srtirpua aufamajLa i * w  in so 

aiMfMit pure atanl oe the s.aliHnin. as in Figure 4 3 *  This atiua^ 

ticn persisted tmtil, following haavy flooding in ©aiiy May, the
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eettfcva of tea ••atuojry" « 3  doored as far as Esglas Mast, where 

a  acmpaolicn of £jsfefi and floating Islands againsrt the comer 

f owaod a bloekage (Fig* 4*6) stopping any further outvaxti mcv »̂. 

aant* In Hcveaber 1967, this blockage was fouad to have bscc 

aovsd out of tee "estuary*, apparently by wind action, and tho 

central channel was cleared u  far aa Station 4 . Daring the. 

previous Juno, the lata had backfloodad tea section of tho rivar 

froa the Klbov to the weir site, and by Au»?uat tho action of wind 

and a slight back-flov had resulted in thlt> stratcfa being colcnlaad 

S&lvla^a.  Tho flow of the river then cleared this section bjr 

January 1966, and a further small section of the channel was cleared. 

Haavy rains which fell In oarly February 1968, resulted in tee oats- 

plate alictinttticn of Salvlnls. from tec ".sstuary*, <sxcopt for mar­

ginal hands mjtsUo the main force of the flood* Thereafter, 

cnetf flow had ceajoi, Salvlnla. either originating frees the aargias, 

or blown Into and trapped by tho "estuary", covered a snail area 

below Elbow Fapid, firing May baokflocding again oc.urrad and the 

river was cc&cnlsed as far as the uelr site, as had happened in the 

previous June* By November 1968, Sf 1 Inia ng-'t n covered the 

"estuary* a# far as J&cana Bend, and further small vtadblews blookfi 

of ^ailZifiiiA wers continuously ’*3in ; introiucffl into snd being trap- 

pad by tee "estuary". Oa tho lOti January 1989, axofcptionally 

high n  *y.ds eaaplotfi\y *Uared tec "estuary" of ^ T t o l s . but wlthia 

six days sobq pJints bid been blown back i^tc the "estikJpy’1 a* 

illustrated in Figure 4*7,

1 .1 .S  Factors of feat lag tha M z l a fy dymeloa

Th dynasties of the SaiirlaiA aa* in tho Mwanda "estuaiy" re 

ecntrdlad by a nunber of faotoro* Sena e*«trit»te Romania tea
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fcroatlm of tbe ost, others tcvarda its icatructicii., Wtod actioa 

*©nld a.jjp®ar to ocotributo to both.

i ,1 .5 .1  F&ctorg acntrTJuting to m t  aceimuntiai

(a) Tho nature of tho ugtuary. Tho ihro& corners of the oatu- 

a*7 are such ae to trap any j^fx^a which hr.vg bdan Mown into it 

an<’. haw  on accumulative) blockin': on:’! retentive effect during minor 

flooding, Tho rr&hmX broad®, in# of tho "ostuaiy" Into the bay 

h©?.pa oonaiclambly t i ^ H s  tho accunul atlas of Calvin la.

(b) Exycftontlsl ^royoh. ftitctwll (1&70) has daric&stmtod 

that tho ^rowth of a Salvinla vx̂ .t la cxyionontl&l, Thin chara®** 

tarUsio <■• -uploU with tha trnp-3 Ike nature at' tho "ostur-ry* results 

lr. a v,_ • mLak ro<jov>jry faUe^iiK? ox^jJpicsi (Ft/;, 4«7j

t' /onbor i960),

(j . S'-jConi’.ary growth, A mn*, with secondary growth la far 

lt>r ' a aoeptiblo to brooking up thar. ttio without. Chca bound by 

tho rhis-.ctos of So Irma tho whole unit la oohosiv© t.n . roqulros a 

great aal cf Usturbonce tc dtslolTo it . Hats are thorofcru 

vulnerable In an early ata-:o of colonisation. On tho cthor ha*u3, 

at this stv’o, i-jrpelja-’ 3^2vinia may easily ro-*mtor, whoraas 

ctitjQ & jr.", I i/ith soocndary growth has bow  -Unlo&god rsod dtp®lloci( 

it would tfo® to bo invariably 'b.'Strqyorl by vavo uctic*\.

Wind affoot r&rioe <^jiaW©*Tihly accorrllng to tha natures of tha 

sat, Puro stands cf S ^ y in ia . or individual r ^ ^ 8/ oaaily 

mat&l \j win:., Ctae« Salr^ua la established in tH» aat, hew^vor, 

tha bliulS&g affect results in a struts of doYr.lopnant leaj l  rus- 

oeptlble to sorbent by vio&. Moitj taature octsamitifca, sliail&r



t© tiiet shown *n FL?* 4*6, ora cnea again# wi+h their increased 

wdtadaga, *u*0rfptihlo to wind action. The mature sat has, heaver, 

to bo previously diaturb«d ~rr otter n-»ants aid broken up befr»*-<» 

wind OMi have any offset. Refer^mcso to tho dynamics of tho a&t 

in the Mwenda "estuary" shows that th s uffact of wind is basically 

to acmaaalato within tha estuary. A study of seasonal

wlndrcaos, ptvparad by the Pvhodesian Da-vrteinnt <■" Motsordagioal 

Satvieos frciQ dr»ta oallectod luring da.yll:?ht hours show tha daalna* 

tlnn winds to bo northerly throughout tho year. As has boon pre­

viously exited, th«ro is also a strong scuth-eaatorly jefapone*:* 

from April to Au^upt, Furthermore, It is In ray cwn exporionoe at 

SiruK^woivla th<.t strongest winds occur at nifht and frcaa tho south­

east at this ILao of the year, particularly In July, Mitchell 

(197, ) and Smi dder (1962) have ’>oth rocordo1 high winds to havo 

occurred <\t ni:ht in their or™ ri once on L'-kn Kari m, anti in the 

Zaabosi vallay prior to inundation# Local topographic ocnditiuaa 

undoubtedly havo a marked o'fect v..n wind dirac^tcn and velocity In 

the "estuary"* The vallay of tho Aranda (ivar lios frna south*- 

oast to north-west, -aoro’s tho -eels of tho gantle structviml 

r̂rain (o¥/faE). Thus vtu.*n thos« ntrcffv’ south-onstarly winds occur, 

the river vallay has a funnsllliv! offoct which terds to stroiyjthan 

the air flow dour. t»*e valloy nr 1 'Ivor? tc local, short- 1  iv^i,

gel© f rTco winds in the Mwe&d« Day a^l “estuary"# r^fcrenct to 

the top^raphy of tha study area (soa sap) dorecnf -nton tea stoap 

100 -i hillside abov* the aorth m  shorolino of the 'ostuary" fro® 

Jadaria Bond to beyond Parrot band, ihis slop© tond?; to voor -«ioe« 

stroag saithorly wind* to follow tho “estuary”* *hi# factor* 

ooupled with tho li® -f ihis socticn of thr fl odod river, results



In a  eueceptlblllty of the aat outside Jaoana Band to triad ladueed 

oufct’&rd Bovenent, whereas within this bend the lie uf the eetoazy 

aa1 protsotiai by Mwaluna Fold cancels wind effect.

On the m o  haal, there fora, persistent light ncrthorly vlnds 

ooeur throughout the year In daylight hours. Those tend to 

gather atti ac^unulr.to ^nlvdnla ;iintfl within the "estuary" • <*l 

the cttor, short-llvod, emetines iplo force winds ooeur free the 

south-east, mainly at nl«ht, and exert considerable preMure txi 

the n t ,  particularly when Troha has developed. Tha effect of 

these winds is to nove the mat in the atreioh between Jacana at-1 

Parrot Bonis out of tho estuary. It 1': dumrnst ratio (Fig. (.? ) 

that t; persistent northerly winds havi, a greater cv -rail effect 

by ccntinuausly re-colcnlsin,: tho "estuary" with gftlylflto. 

intjraatiir between these win Is, takiws into consideration the 

fact that any maturo mat which is mcvod frau the iholter of the 

estuary la dostrqrod, thus enoourages tho dispe.-s 0. of isi.ture sudd 

and the acoui’ulation of without oeoendary growth.

1 .1 .5 ,5  Factors cmtrTwtllM to nat dlsMtalnaticn

Tha a ctio  of Hanohe*. A U  c lowoh was the only ® 0M  

cf entry into the -ature aat for sampling purposes. Once haring 

cue a path through tho Sclraua r l.-.ro*, the sane path a u  used 

anrl kept o p «  thereafter (fig . A.Z) m i *u»t have Bade the aat 

soro ausoeptlble to the action of winds a d  flooding.

(b) Flooding. During tho study perled, exceptional flocris 

oaourrwi on H h  »*r 1967, when the "plungo .•>»**" oocurred at 

Jsnana Bondi <* U t h  7ebm>ry 1968, when the pimg» point occurred 

between laglos Neat and Mlnterthdm, and ®  !<*•> 124,1 ^
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19*9, (3 .A . r.tohsll, peiuenal oanmmiaitlcn) wten th» pbmge 

point coourvtd at Station 5. Prior to May 19R7, mhiar chanson 

In the <at usro attributable to wind and boat actica, but aftar 

this &ii. ®aJor ivngat. whleh ccaarred resulted frm  flooding.

ikbdut jovon pj’-r - after Its formation, thorvjf-.ro, the mat of 

the Mwanda ilirer mouth started to tmiak up, jhloh it did ;vtr a 

porx 1 of two flood saa3cns thrrv ’h the .T-t. -no ’ nctlcns of wind, 

flooding m i, to a lemur « ta n t , th« dieturbanoo resulting frcm 

the r li.rr entry of a latmoh.

At. tho ste^o of iavslcptv'tit cf Lake Knrlba roachod in 1966 and 

1967, the , "D-tty an! mtnatiaos ocnploto laok of orwr-unt. littoral 

hydrophytes nlcsi  ̂ oonai lornblo at retches of tho ooast was parhapa 

the single neat cutat*uitln;’ ohnraotoriatic of tho shoreline 

(Fii> 1 .0). Several faotoru, apart fran th.s ocmskiornblo UBtMio* 

botwean th» Zanboii Ilivor awl the prosant shorolino, hnro bosn 

suggest**’ as bair^; tho cause of -his. Firstly; whoro exposed, 

tho sh .rullno is renierod »c»what »toril8 by * « «  M tion, result­

ing in baul Mr 'xr .l filo. ocaatlinoa whoro sandstone is sot and 

oltaftn son-: where the more onsily arort*l fhales are encountered.

Tho finer partioloa of Uiaii atfistmtes are washed cut and deposi­

ted offshoro (Bind 1965). Thun aarginal hydrophyte* oan oily deve­

lop satisfactorily in sheltered inlets. Hero, howovar, d«y stran­

ded mala of Sa.lvin.la tend to be most frequent, and are roportod 

(Magsdaa, in press| Kitohell, per*. o a » .)  w  havirvj an iehibi- 

tory offoct cu the gemination of other plants. S.i-ai..ly, tho 

<KMilder»’-io m i  icMtiawi rapid etmual fluBtuatlms of leke l m l ,





M  8 concoBltani of lofce trmagmmt for power gone; at let;, reauit 

In stranding or ds'oaaiag of tfee pr^aasy eolatii&#rs'i, k& HHohall

(1969) has pointed out, only species able to withstand th®#© two 

aoticna are likaly to eurvive, Throo apeoies of plant aaaas to a 

varying degree to be able to exist tatter thee# condSticfiai the 

graaa PtnLsam reama (Bowraiker I960; Mitchell 1969; Dainelly 

1969? Msgadsa in proas)j the herb, <8J&L£fij»£SJ3i {Mitchell

1969) and the aedge, OrmnfM artloulatua (Bo^sakor 1969}*

There are cases, however, where Magadaa'a *.it-shell !y ob- 

aorvatim cn tho inhibitory affects stranded Salvlnla mat h&d on 

germination, have t».ot held trua. &i f-\ct a saul<sh of Silvia la 

flotsam above the wave ling cm  iwprov« startle r-oantal «idiii<»is 

and ganemte the growth of raa/^inal plants, psrt.Iruls.rl/ Ptmlesm 

Jfapana (FI?. 4 *0 ), The Jiearep&nf’y between my om  w i  Ma**«ui«â a 

and Mitohall'a observations probably arises f w s  the &inree ur 

age of strwviwrt Salvlnla. Miteholl (pera. verm,} fms sn.il that 

<11. oasos of Inhibition which he has observed wwre associated with 

stranded atnble mat, whereas «jr own observation ir.v5J.v0B an old 

co<3t®ulatIon of single Salvlnla. plants. TH© indioatiens were 

th»t roe«)tly dead S&ivinln aoffuttulated In this way ioet inhibit 

the growth of Panitnja. whereas an cl-Jer axwaulnticn !id not, and 

In fact atisulates growth (TU , <U9)•

C^-narua nrt.lmilw.t.,a was f Ira* ni »rded in the My jnda 8ay in 

January 1968 men a an*11 atand wn.& fciund m  Seloh® Xvmt- Talan4% 

tbxs particular stand withstood a w ^er  lavel dzvp of 0*6  a an£ 

a riae thereafter of 2,28 3? to the hi#h Ai#rst 1968 lffral* It m» 

thought thsfc the #xi?epticnftl height of the- lake in May 1969 ( 0 7 .6  a

*4*
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acee 4*4 *  higher than wban the plant vu  first im b ,

wnHA t&&It®r»t* the epuloB frt® the margin# of »fcwods U v » 

this hm  not tta* qam . Part of the original stand withstood this 

fluctuation, 1*tt si&allar stands vhiah ha!f subsequent to the initial 

adcnis&tion, ievp’.c^eu elsewhere In the hay, have dl scvppe&rwi.

It wcnld sees therefore, that ufaro Cyperua nrfclmil«tm« haa hod 

tfe* opportunity of astabllshinf? itself in appreciable stfsvia, it 

will be fib la to rcsUt ©xaopticnal lake level fluotuations, wblah 

is net true for tho other twe marginal spooiea nonticcod above 

(Paalcup ranaae and kidwLrla. atdtnlfaral. At this tiara (1967, 

196S) thorn t w  speaies appeared vj maintain themaalvoa relatively 

prooaricualy, 00 stands of those plants did net persist in «vy one 

situation, but appeared haphazardly ami seamed tc survive, uuder 

the lnke lovul fluotuaticn ro£irao# by r âe&Alag* (1970)

/stela* however, that "it  is possible that It (Panleup raaena)

-vrali load to a stabilisation of this (piar?lno3) habitat"# The 

marginal vegetaticn was found so Infrequently during ttve scsitsg of 

study that it did not wnrrant sampling,

For the purposes cf this study this section iaol'jdes both truly 

aubsarged pl.*»ts and plants whioh an  rooted tc the bottos. bat with 

floating leaves, an opposed to tftu mar^ino.1 oquntic. hydroptqrt#* 

ocnsilerod above, whioh aro prakfainaatly ae»rj?€*ii* McLaohlan 

(1968) haa reported tho cecurranee of Bvgphnldaa and h*—-*,*** In 

opheaaral pools cn the lnke man?in, but cnee inundated, these 

plarts did not persist. Pctaacgeffcah haa been

reported t*cw the Sinara/onla area and the Sanynti Basin by Xitohell 

(19?0).



tho role pleyad hy eitaerged littoral hydrophytes, as priaauy 

produce .-a, as a substrate for tho Jovol oftnent cf aufvuohs algae 

and aa a smmuu» cf protection for j'ovcsriile and uo&ll fish apacies 

f « »  predation, is moat important, Tha poor develops*®! of thin 

type of Wf^tatlon oan only petard the productivity in any body 

of static frash wnter» In Mvoala Bay, tfcw lank of littoral 

hydrophytos was sanifast at the and of 1966, and haa boon dis­

missed in tho ocntext of deleterious sffaot an fisheries produc­

tivity by Bo^nikor (19fie) (Appendix 1 ) . Subsequently Motaohlsn 

(1968) haa deaanstrated tha iaportar.ee of establishment of 

littoral hydrophytea on the benthos of Lakn flariba, and 0criMiUy 

(19?0) has dearly shewn its value with regard to tho successful 

breading of I l l ^ l a  pjpyttr* ̂ i, In tho littoral sono of f?«fttly 

shelving shorelines of the beared areas of Lake Kariba, He 

emphasises that this is ps'-timsln.rly true for Laka Karlba where 

juvenile and assail fish a polios ara subjected to ecoaidomble 

predator pressure by the ti^er fiah, ftvArc&mua vlttatua. as waa 

first propounded by Jnckecn (l963o).

Mitchell (1970) rootrda the occurrence of the various sub­

mersed root'id littoral hydrophytes rfuriiw/ f-ho forjaatitr. of Lake 

Kariba. ftfr^cphrlltja dogorgu.- has always been pr^aotrt In the 

IcJto, particul'irly associated with riv%r mcAitha and has at tints 

^roan in very ion so stands* McLachlan (I96d) records thifl speoiai 

as frowing to a dopth of 3.0 »  aad Dcur.olly (1370) to 7 &« Hsfe®** 

B&CS&ilk q^alllua was net, hcwaver, record#! prior to 1964, when 

HoLachlnn (i960) found it occurring sparsely in th-a Sang-aa rfest 

cleared arvm. Within a faw souths this spaci^s occupied th« 

e.itijSi floored area up to a depth cf 4 » •  Dcnnelly (1070)
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records this spocies ct growing In a band fm n appj-oxi-aately 

1*5 B to 5 b  depth, LAgarr«lnh,« illolfcllua was first raoor- 

dod is  the laka at its western, Zarabesi, aid at the eod of 1966 

in "fairly deep sheltered nreaa" (Mltcholl 19?0) and variots 

othor speeios hare pocantly be or recorded by Dcnnolly Mid Begg 

(Mitchell 1970, Dcanelly 1970) In tho Sanyati hirer rogian of the 

laka, perhaps a# a result cf thii area bo in a; studied intensively 

for tho first time, Those include species of Valllanoria.

Ottelia. Utricular la. Pataacgetcn achweinfurthli and the al#a,

Chara.

During tho ccurse of this project, there were ccnaiderable 

ohanjtos in tho populations of tho throe species found in tho 

Mwnda Bey, I .e . ,  Carat,cphrllw Imaoraum. frtawffltaB E M lllM  

and I^urnmnirhcn ^ ^ i f c l i u a . In Au-mat and Ncvombar cf 1966, 

isolate! occurrences of single plants of Gorftt^p^vUt™ and Pctagp- 

goton were noted, These wore most frequent in tho harbour of 

the has3n.roh Static*! and ecaild, perhaps, have been introduced to 

tf© Mwenda Bay by bcata Traro areas slsevhore in the lake, whore 

these two plants were nlr^ody established, Thia supposition is 

lent scrae support by tho fact th<\t by May 1967, isolated large 

stands of theso two species ha! already developed aratmd *he Bay 

and fytnnt^atm was actively i:iva’ v' ' shallow waters (Fi/». 4*10). 

Differences in distribution of the two species wore fomd that cculd 

apparently be rolated to substrate and wave action* Potaaoggtcn 

ms generally found cn. sheltered wave-washed rock and sand points, 

whereas ^gjadjss^iAUi occurred in inlets free of fialvlnia (Fig, 4>11), 

normally aBctvjst trees in quiet waters. The two species were in­

frequently fcask! together m >1 only where a gradation between tur—
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talent sod still voters occurred* It was omsidered at the tin* 

that mm aotla w*u probably the moat important factor liaitliur 

distribution. Thia vac partly bone out by the fact that Potn.- 

kept In aquaria quickly developed a thick e ating of 

perlphytcn and diid, whereas Ceratcphyllitn. urvlar tee same con­

ditions* persisted for several weeks* Perhaps Pgtaangohra offers 

a aore favourable substrata for Jevelopaent c' periphyton sod een 

ctily survive uidtr turtnilant water oanditions, whioh keep the leaf 

surfaces ole® and photoeynthesisin^, whereas under oala oonditlcns 

periphjrtic growth is so suocessfUl that light is largely tajcan up 

before reaching the leaf surfaoe* Certainly, further reeeareh la 

this prohle® could yield Interesting and val’iablo results*

The iaolatlcr. between those twe apeales resulted In a situatim 

markedly cliff a rent frcss that found by Tjcnnn.My (1970) cn sssd- 

shelter**! s?ant]y sloping shoreline, whore abrupt acnatlcn occurred. 

Ho found PotjMBfvmtrn occupying an Inner bend at depths of 1*5 a to 

5 a ant! Coratcphyllua outside this, fran 5 a to about 7 a* Pcta- 

Etyflta'. in Mwor.ia 3ay, was found frcr 0*2 m tc cn. 5*6 a and 

Caratonhyfl f̂fl 1 a  to on. 6 a* Depth distribution of these plants 

wae not examined axhauativoly, hcvover, ao that tee outer depth 

ranges must ba ro^irded as eatijntoa.

By July 1967, tho aJtu-tioc remained unchanged with regard to 

these two apeciaa but Lftjrumalnhan waa found fcr the first ttao 

In the boy, growing in a single dense stand In cne situation. 

Gradually, during the ocurse of the next year, Cnratnnhvllua. 

ap i particularly Prftn|ffff,ttifft ~ weP0 replaced by Vbe invading 

w .n ., .t n l .m  so thnt by Sommtwr 1988, Tary tm  stand, of %&tr



*Qgflfea were paconiol. The entiro coastline, except where parti­

cularly b*.e«plj shelving or unprotected, or covert by a peraanent

SfllTtalfl nztf *** oooupied by Lgnmroalphcc in a bai . at depths 

nsmfini? between 2 and 4 m. Where protection frcm wav© action was 

■ost effective, ban la of CeratonhYliiga were found to occur outside 

the Lagans iDhcn between 4 ® tc 6 a , This situation persisted 

until January 1969, when roocrdln^ was iisccntinuad.

Those rooted llttcral hydrophytes never cccurrei underneath 

permanent 3n.lv in lw s,*it along tho shoreline or further inside tho 

"estuary* than Chris' b«ach.

Tho reasons for the alow developBent of this isportant associa­

tion are! tha basic productivity o*' Lake Kariba have boon diatiussed 

at autoQ lon^th by Bownakor (l96d), Mitchell (1970), arai Donnelly

(1970). It is new senorally hoi loved that the two main causes 

for this tardy development a»*e the fluctuations of late level and 

tha presence of l*i?ht-«x eluding permanent mats o1 3-n.lvlnla« In 

thia contract, it is significant that devolopeevt of littoral plants 

oocurred durirvr a peri^i whan fluctuations were at their lowest 

since the d«t was closed (F l%  5 ,? ) .

It is unwise to try to predict tho future ^©velopiaent of the 

littoral submerged hydrophytes. ^.torsslBhcP liljlfallna has, 

however, shewn a pattern of colonisation start in.? in tho Milibesi/ 

Sebury^ve Basin and ^ralually iacvin*{ down the lake tc tho Stnyati 

Basin* Vherjver thia plant has beooew established it has persis­

ted, sc that it would probably not be i?oin  ̂ ^<o far to au.-;:ost that 

this species appears tc be wall suited to Lake Karlba in ita 

pm &m t sto^s of d®velG|*isnt m l  could quite m B ilj  rca&in a



«1 .

nao— oaartituent tor §tm tim  to ocbo.

The three epooiea dieaueeed abc*e, ®d the nm̂v&Mnlar 

plMkt 2tMO *P» which ooeur* la the river pools*, were seapled 

quito extaoeiTftly to assGsa their faimaa*

(Notet Changes whioh have occurred aibeequently to 19TO*
thle ohaptor was written, are ineluded In tho final 

chapter).
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CHAPTSR 6

m  mmioo^mniQAL L m 'M S i

The collection of physio o-e..araical dat% was undertaken to 

ascertain the hydrologiaal background of the study area, its mr-, riant 

status a»J the seasonal chan go 9 experienced, with tho possibility 

in rntai that oorrolaticna could exist between physico-«heciioal 

asd biotic ohan*r©s» The informaticn was also necessary to oawiar 

to ascertain tho abiotic s* S ' "  of the urbJtrary stations in r&lo­

tion to aach other. A further ale was to assess the effect of 

tho Sftlylnla mat on the abiotic part of the ecosystem being studiad.

1 . METHODS 

1*1

Rainfall figures were takon frcei the n.osearch Station records 

yhoro rain was measured by gangs, daily at 08.00 hc*irs. These 

figure a cannot ^present tho daily rainfall in tho eatchaent of 

the M'jonda River ha most rrin w«s received fran storms which were 

character(.stically local in nature. Individual storms have bean 

observed tc be rocor’.od b / the gauge but not to have delivered 

rain within the catchment of tho river and vice versa. Rainfall 

in the area is, however, governed by the position of the Inter- 

Tropical Ccnvergence Zorn, vUch occurs between moist northatOjr 

and dry south-easterly winds. This results in intaraittant rain 

periods of fm n t io to ten days during which rainfall, takun arar 

the period# is erf a general nature. Hence gma® measurements 

ctfisldered as fortnightly quotas am  consider*! to approximate 

quite olosaly to the rainfall experience by the catotesmt of the 

Muunda River.



l»£ torn

Owing to tha SBMCKMkl aafcura of this projsst It m » not poaalbla 

to obtain ncoumta flw  data for the Muend* River, The ozuol«l 

natoi* of lh» effaota cf flaw crt tho being atudlad <.mn

app«KJiat«d at th« outset of this sti*3y. In am uagwet for 

aoeurata oQuV'i&uo-’* flow »aa*urae»ant, beariaj? in alnd the aei^cual 

nature of vial a and tho caamltaacita of tho RaaoAreh Station ataff, 

vaa not poeMhla vz^ar tho eorriiticns than prevailing at tho BOk.aaroh 

Station. tloither vaa it f inanoi&liy practical, at the tina, to 

build a voir on the rivar so that a constant lcval recorder ooald 

bo infi«all!>d. k gauging wair has now (1972) bean built in tha 

rivar and ecntinuouj flow recording ha* bnm started.

It was possible, hob'oror, U  'UMariaAn the •actual at art and 

oe a nation of flow In the riv«r and whon oajor floods ooourrad*

Tha volma of flow for r»cn-flood poriods usa dotaminad trm  fort- 

aJ^htljr m inf*ll riguros as obaorratima of flew during fiold 

period a boro a aloao r»latlcnahip to fortnightly suopaticnc of 

siaticri rainfall rocorris*

In Dacerebt»r 195?, whon greater amph&aia w&e plaoad cn tha atudjr 

of pctfinoira&o?sla, a wna inatallod to tho river, graduated

at 0.1 as intervalr. Steel "Biasing" pa^s were placed at aaoh 

graduation with the latent Jen that unobserved flood* wnxild laaro 

flotaas auapanded on these at tho higheat water 1oval re&ohad*

Thia devieo waa successful*

i»s leteJ^Boti

lak« Ideals waro t\kan frab data auoplied by tha Contral 

ktr*$m f’twer Corpcrat l<» and converted to aetfe* aUsvo ommu 

mt\ 1 m l*  Tha gsuga nHBtinied above w*a placed artJitmrUjr

88.



64.

and pme* levels ware later correlated to laics levels after th* lake 

had haokfloodod sufficiently to allow ocmpariscn by simultaneous 

tradings of both, Tha gauge aaro was found to be at 4 0 5 ,2  m 

a«.~,a«l* The top of Elbow Rapid, at which level the lake baiskflooded 

scna 675 b of the river, vug measured In relation to gauge aero V»y 

Abuoy level and found to be 485.4 C*0*1) m ft.ra.a.l,

! •  ■ iMMfttoire

Temperatures ware r^aaured tc the nearsat 0,05*C by themistor, 

the circuit was cortstP' t«d by the writer to the daalgtt of Mortimer 

and Moore (1953), and was calibrated before and after each seasonal 

visit. Spot tshecka wore mado cn surface temperatures using a »©*-> 

aury thereafter during the oourso of tha field work, Temperatures 

w9re r&J at & je ra^tns depth Intervals at both Class I and

Class II st&ticfcfl in tha lake. Measurements fron surface to 

bottcct wore also taken against the mat edge, at 10 m, and SO e 

insido thu edge of the mat. Pool and river fcesperafcuras ware 

measured by mercury the i-^ometor.

Until Hoy 1967/ dissolved cfltygan icncfetftratlonii were measured 

at 5 a dapth intei*vals usLy’ a i rladiiiger sampling botHe, and the 

ua&odifled Winder method deaoribM by Mackoroth (1965), Sub~ 

swaples were fixed immdlately and titrated within three d^ps of 

being collected, After Hay 1967, an S .I ,L ,  biological oxygen 

meter, designed by F *J ,H , teakervth, was used and dissolved oxygm  

r a l l i e s  deteralnoci at swter lapth Intervals simultaneously with 

t«aparature readings* This meter was regularly calibrated and 

spot cheoka by VInkier titration were carried <wt, at least c«>e» 

arory H o l d  t r i p ,  through the range of values found, Meter readings



nerve.* varied more than from the values given by titration 

results. When marked changes in the flow of the river occurred 

during a fie?4 period, the temperature and cocyger charaeteristics 

of the wat »r body w^re re-measured.

1 .6  Turbidity

The depth of visibility wae neaaurod using a 30 m  diameter 

Seochi Disc with black nnd white qu/idrsiits,

1 .7  Water Samples

The dissolved oxygen isopleths and isotherms plotted from the 

dftta collected clearly showed whore water characteristics differed 

in the study am a. Selective sampling of the diffctont water 

bodies was than undertaken using a Frl<viingar sampling bottle, to 

ascertain their chemical oh&ractoristios• Samplea were split 

three ways. pH and conductivity were measured iicnod lately and 

alkalinity was measured within twenty-four hours from the first, 

sample} the second sample was kept, un poisoned, in a pdlytaen® 

bottle} the third sample was limned lately poisoner* ay the addition 

of approximately 1 nl/l oi saturated aurourio chloride solution, 

and kept in a polyth-me bottle. Care was taken to see that 

samples contained no air.

i.s  Iha Specific CariwttrUy

CewJuctlvity was measured in ndercohos or reciprocal t&agohas 

per cm (ymhoa) using a Dlaaic Water Tester, oorr^cted to 20*0.

1  ^ ^otal Alkallclty and

Total alkalinity was determined by titration, using 4*8 indi­

cator as described by Mackewth (1385). Carbon dioxide valu * 

wore derived frop these reading s end pH vcJuos of the sample,
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uai&g Ma&kereth's (1963) namc^ra®.

i a o

pH values ware determined culoriaotrieally, using a Lovtbcnd 

CcHparato'r.

Ks|»t samples wen analysed in Salisbury by the Gcvornraant Analyst's 

Laboratory uithln a month of call act ion. The methods ua«d and d«gree 

&! aomirmef of thaw are tabulated (Tahl* 5.1) .  Whenever vaults 

were okt&lnod whloh diverged markedly, tho analysis vm  checked and 

0<not 1*90 3 ro-oheekod*

The ’tstithod of preservation of sarap.us, by poisoning with HgClg, 

m u ohornn. an neither sophistic*,.od analytical nor frs®»ta* faolll- 

ti«8 ajdntad at tho lte«earoh St*tlcm »t the ttae. Holli/tg (1964) 

has shown polaoniwt iri-th HfsClj to be offootive for poIlut«d M BplM  

up to two uoake after oollsotloo. In then*, biological activity 

am be mpootod to bn far titghor s.ml thus offset dete-minatlona 

moro) than in yator samples froa Late Karifea. Tha method Is 

ignored by mors roomt yorkars (Ckiltwrwan, 1969) end wcsild there­

fore m m  to h « e  limitation, <rr**i though moat oommaient.

Pr»sant opinion favours immediate *nnl,r»ts of w p l e J ,  partioularijr 

for nitrogen and phosphorus. T  :jatl®sticna of wator oheEilfftrf 

preaontod In this thesis, partlnuj'rlj In tho o»»« of 8 and P,

■ut th«rsfor.> bo roganiad with tram nnarration tod om <alr »  

M parud  with similarly treat*) The lnaoouraoy lnharwrt

to so*, of tho sa iling  Mthcils and •inlr»*» u ,* ! thl* • tort3r 

w n L T u t  after oceaideratlon of Oaltsman'o (l')S9) diaeusslcn of 

tho M a i  «*ly»ii< of fr»»n writer*. Thujr ,u » , h » ) w ,  it 

laaat aqulralant In aoouraajr to prarious orw lyM  of froth waters,



T1BLB S.l THE AHALISI3 OP KEPT SAMFUSS

ASALISIS 

Calclun end

Sodiua aid pctassiua 

Phosphate (?Q~ )

Bitrato nitrogen 

Nitrite nitrogen

Aramcoiacai nitrogen 

Albuminoid nitrogen

Flaae photasetar

Shako-out into butanol, 
stannous clxlorido/^il/bdato 

colour (Analyst 1966 p.29)

Shake-out with 2-6 xylanol 

(Analyst 1964 p.730)

H*lllge standard disc 
after diiiaotiaation

Dietillation a»S nesalerl- 

satlan

Distillation after addition
of KJteO. and nesalerisatlcn

ACCtnuCT

(p.p^B.)

o a

G.QOS

0.05

0.02

0.01

o.ca

*1 . Accuracy refers tc the ©gtablishod accuracy of the method o m A 
and not tc the actual values in the water body sampled, sj 

analysis took plao® between 14 and 50 days after oolleetlc*.

2. AmOysLfl of Ca*% V  f Ha* and K+ # ware carried « « -  
poisoned sasples.

J . Phosphate and nitrogen estimations were carried ewt m  eaaplea 

poisoned by the addition of saturated HgClg solution*



68.

particularly in Africa. It will undoubtedly take 00m  tine for 

local faoilitieo to beocfl* sufficiently developed to allow the 

achievement of higher degrees of accuracy.

Laboratory analysis was llaitrd to suspended solids, dried 

•olid residue, ignited solid residua, loss an ignition, ohloride, 

nitrate, nitrite, amacniacal and albuainoid nitrogen, oalai\», 

aagnesiuB, potassium, aodlua and phosphate} emphasis was thus 

placed to suspended Batter, organic loed and the nutrient ceotent 

of witters s am plod,

2 . RESULTS

2.1 Rainfall

Rainfall data in fortnight 1 / periods are presented in figure 6*1* 

It is dear that both the amount and seasonality of rainfall varied 

considerably during the study period* More or lees "nonasl* raJja— 

fall was axporiunctjd in 1966/67 (5U-06 mm) arvd was concentrated la 

Deoeaber and January. Tha rains had apparently ceaaod by the end of 

April, but the third heaviest singlo fall (58.6 m ) of the season m u  

subsequently experienced following a storm on 2nd May, 1367,

During tha 1967/68 aoascn, only 550*01 ss of rainfall was 

reoordod. On threo occasions more than 25 m  fell in a singls 

twenty-four hour period, compared to eight ocoasians in the previ«is 

seasau

Ir. the fallowing season a total of 781,55 as of rain fell, ®ora 

th*n twico as such as in the previous year. Another feature of 

1968/69 seascn was the very low rainfall of the latter half of 

January and Febnary# totalling <sZ tm m r six weeks, follow ' by 

the exceptick.il March rains *"f A55 no. Falls of greater than 26 n  

wem recorded on slsren separate t^nty-four hour periods.







to,

* •*  SUtf

figure 5*1 alae afaow the flow and flood lag period* of the 

Hm>-.a* Riv»r. the relative voluwaa of flow can be gauged roughly 

frm  ssount of rale recoivad 1. fortnightly periods for the 

rsaaooa givoc Above {Sectl* 1 .? ).

During tha 196C/67 rains, the rivor started tc flow la earl? 

Daoaeber and flrodad cn the 10th Docowb^r, It cc®timied to ft.w 

until lato Msreh, flooding ngiin cn 8th January, Ho flow wu ox* 

perioncod batw^on la to March and the beginning of Mv» vh&n am »-  

^optional atom r-isultod in tte largest sia#lo flood of the soascc. 

Flow finally coaaod within a fov days of this md did act atari 

sg&in until aid-JJooWftber 196?. As can bo oxpoetad fran tho low 

r&infcJJ. oxporianaod in tho 196?/60 r&ina only cno minor flocd 

occurred on 25th January, and flow coasod finally In aid-March»

A tetwiay poric4 without flow «dso occurrod in mid^Januajy 1968.

Tho rivsr started flowing a^aln in old-Ocjc-'̂ ber, Hooding viclantly 

cn tho 10th January 1969, Flow cnaa**’ during tha lew rainfall 

period in the sootnd half of February, but recastonced aa excep­

tional flo^uB which acatinuad thm^hout Mawh 1969* Tbs river 

finally ooaaed tc flow in psJ 4pril, Gate ragetfding flocda aro 

ahoui in Tablo 5.2,

2.5 Lako Laval

the temporal pattens of lako IjvjI fluctuations u&a nonsal 

batveon 1366 an. 1969, with high le-^la vaulting aftor tbo Barate* 

flooda, bo ween 3vg» aend September, and lowest lavala ooourrinf 

hetwvan Fobrumy and AprJl. During 19ST and 1966, fluctuation* 

raaainod at a lev level (Table 2 .2 ), net haring beer> mch RofQ than 

two satros* During 1966 and 1969 those fluotuaticns wars o©re that 

diiuhle the W t tntemadiafca years.
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lain l m l i  ten  ban plotted la T U . tJt m i l»t<*wlty 

duration of fluotuRtloxa during tha atadjr period are alao *ho<® u  

H t n , flee or fill par month. Thl» figure daacnatntaa the rela­

t i n g  atable condition axperlonoed between May 1967, m i D»?onb-r 

X968. Tha m ln phyaloal offset of fluotuatlow la the stuî r am*, 

is KlAtad to tho bask-floodlng of tho loner roaohsa of tha riv«r up 

to tha voir alto. th U  baok-flooding occurred botwo® April and 

Soptorber 1966; Juno and U jvor.bo r 1987, m l May 1988 to January 

1969* Tha ateepnoea of tha ahorellae Is tha ftnnda Bay generally 

(fig. 5 .1 1 } nmilta la relatively mall horiacotal norawit* faring 

wtor lerol ohangee, tha ratio rsnglag frot no vnlt of hori*c«tal 

aor tt tc -bo isilt of vertical oovomoit to approxlnately 10 I 1 * 

Effaots of water level fluctuation* are thoraforo o c m 'Jermbljr Jam  

than tho Sangwa Jost clear** area, irfiloh KcLacSUac (1988) fend to 

i-a aboit ¥X> l 1 .

2,4 Saaaonal I«m»r»turo Va.latt.ail

Tlgora B.S shows t‘ .Mcoai dlrtrlbutltn of 1"0 l*oth»iM 

at Station S, and Indicate. four phaeoi within the annual <*oiU. 

Initially, surfaoo water tomperaturea druppod 4*0 betve* Januai7 

and the aid of ».y 1987, Indicating a alou ootllng phaje of la w  than 

1  "C/month, fhu mooimI pha» frca lata May until mid-July, waa <m 

of rmpld deoreaae (of 7'C to two M>th«) to 2C‘C. Tho thin! piiaM 

oouil»t«d of rapid laoreaM to *7*0 in two month. and tho fourth 

ptaM, a>a of alow lawwue at tha rate of IX /m o M , took place 

between October m i J*raary. Tha* for eight sm th. awr tho hot

______ , tmpenture change. wra enrfual la aurfao. water. (e’O ),

aul for four K«th» over tha odd period, ohange. were relatively
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abrupt (lA*C) •

Batten temperature ^as«»s *<Latod nnrwtily to thoae of the 

■urfaoe, occurring up to two months prior to that during the oool- 

<«Hf pt*-e, and lagging as auoh as four scathe behind during the 

heating phase* Tha rapid change apparen*; at the beginning cf M-/ 

m m  &»e to heavy flooding which ooaim d at this tine*

The situation at Staticn 3 refl»cts tha pattern found at all 

stations with water deeper than 6 a . Other stations differed <*Jj 

In the relationship cf change bet wean surface and bottaa water, which 

varied as a funcrticn of their depth*

2.4,2  Seaacnal tanneraturfr rtK*ngfll» flvtr dr«tfa

Figure 5,4 shows the results of ssascnal trsnseortd of wrfaoe 

awi bottcn teoporatures,

2. 4,2*1 Gators free of Salllalfi

Higher surface temperatures oocurred wituta ♦'•he "estuary* than 

elsewhere during the hot season in January 1967, which o n  be attri­

buted to the smaller volume of the encloP&i waters, and lnvaaioie of 

hot (up to 55„5*C) water from thy river during lesser now periods. 

Bottom waters shewed : gradual tncr %se Inversely proportional to 

depth. By /.oril, when the coding process was rapi/\ tanperaturee 

vere similar throughout the lengU of tHo dna«ed river bod, and showed 

little differ*-** between surface and bottaa. By July, ytom the 

greater teapemtwre gradient between surface and bcttcn Indinatad a 

atari of the waning phase, water cuteide the “estuary* appeared to 

be warning Xaster than within, and tenpeiatures aloag the bctt<* 

fullowod surface teopermture differences closely. Tha P*0"

oees was at a height whan next sanded In Ncrsmber, and temperatures 

within the "•itueJT* were up to 1*0 law r than water* The







•lops of bcttaa teopjraturo outaide the "estuary", Is ccnjunctlcr 

with tin gradient betuean aurfase and bottco tonpemturjs wcuM 

appear to have hem aaaooiated with tt»-development of at-mtifioatian, 

yhloh will be dincuaeed balow.

Oraater annul fluotuatlai thsrefore oocutred In anoloeed water* 

than In tha open bay area «nd tha data Indicate that change* within 

th*ee v&tere ooourred after changoa In tho bay md Bast thor for* have 

continued to rlaa or fall after open watera hart atajUlMd at hi«hi**t 

or lovort temperature*. Whan th* magnitude of thaaa change* are ooa- 

pared to annual vnriatic® in temperature, however, tho biologioal 

affaota of thaao difference* oannot have bean grant.

t .4.8.2 tha offairt- r* «*» ggMflla na*

Aa oould U, expected, tho effect of tha MYlfllfl nat M  ba»ically 

lnwilr.tory. Ihua during the hot and warning perlcda, "aatuarl 1a" 

water waa ooder under the mat| during cooling and the eold **u m , 

watar* under the nat were fcund to be waraer, ('laarly denc«*iritad 

by the abrupt fall In temperature of a blook of open ehallc, wntor 

whloh happened to occur near the rivar mcuth In July. The SftlYlfill 

nat therefore hnrt tha affeot of reducing the difference* between 

open water* eul ancloeed "eaiuarine" watera.

2.E S « .m l  Change* <" DUeolved O m a

Figure 8.5 ahowa the aaoaonal ohange* In mjrgeri oontent of *»rfaoe 

ami bottos witara at the five naln atatlons. the *fc ^ticu r<*nd at 

Station* l « > : f *  'd appea to be identioal. Surface aaturntl 

at tha** outer utatlona remalnod rarjr high thrcuglicut the y»ar,

Kwttcn watera, »  the otiwr hand, varied -xmlderably, belr : low la 

January (10 - SB»; a d  lnoroaalns to a peak In April («0 - «0J)t 

thereafter treUcna decreaaed alowly until the January low level w,»



sxpertaseod again in 1968. Thus, in waters associated with tha

bottcaa at about 28 ra, catygan ocnditicns appeared not tr be 1  malting,

aa far as la knows, except pctsibly in nid-aumer* ml~- — rrimf fir 
Th*

%Mb» situation at this tins of yuar oould bo osuaed by tvo factors. 

Firstly* the development of stratification, and soeayily, the decom­

position of fresh organic nattor laid down Airing rocont flocding, 

Surface Miters at Station 5 showed a similar pattern to the op® 

surface waters, bit conditions in waters associated with the bottaa 

woro different in that highest values wore ^ound in Ncvooher, with so 

abrupt decrease to a January low. The reascns for this difference 

are associated with the development of dc stratification at the 

outer stations, not preset at this station, (See below).

ftatiens 4 arid 5, underneath the Salvlnln nut, generally showed 

lower oxygen concentrations throughout. Sinilor trends were observ­

able in both surface and bctt ts wntors, with higher voiues at tha sur­

face. Soasmal chan*," H r . 'iffared in that low January concentra­

tions persisted until April. From July to Ncvonbor tho indication? 

woro that oxygen tensions ranged between 50 and 80* throughout wu*ars 

underneath the 3alrlnl«. Values droppe-’ cgain by January 1968, in 

better waters, tc 2C% saturation, in keeping with the low ccn con trac­

tions v,xporianoed in January and April 1967. Surface concentrations 

in January 196?, did not follow the pattern outlined above, this is 

ocosidered to he fcr tha sane reason as the high v^luos fc*s*d in 

January of tho following year, nanaly, eurface watora in both eases 

were of direct riverine origin, Tho 196? concentrations wro sanpled 

><hen tho river had virtually oaased tc flew, where&s sarpling in 1968 

was undertaken wh> a the iriver was flcvla> li§htly. This oould exp] sin 

the apparent liscrepnnoy betwean Statlens A ar*d 5 in 1967, where th*»
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bleofc of w v  caygenated river water is thcwght to haw pa*eed beyond 

Static® ft, tat at'. Station 4, h«mo© tlie higher oxj-geft tensions at tho 

latter* It will bo aeon, below, that whan, the river flove veakly, 

river water renatns at the surface In the "oatuaiy", a characteristic 

tfhioh allows this ©xplan/itico,

2*e Tfagnaal &s itoa a  ,&frraii&&afekft
Theoretically, the mere enclosed a body cf water and tho higher 

tho ratio between derth and surface g g h , the aore abxvpt shcsxLd 

tanporatura changes coour with depth, and the shallower these 

shculd odour. Those ch4U*a<rt*ristics should be emphasised if &he eo~ 

closed bc^y of ^nter la expericnoing greater tai^eraturo fluotuaV.cii. 

Thus, th?. oxpos<*i auto- static: .3 , (l  and ?) with their large surface 

area, lover ratio of depth to surface area, and lower range of annual 

temperature fluctuation*, stratification could theoretically be ex­

pected to be 3m.por and less abrupt than &t the inner static*** (S  to 

5 ) , This ;*altem wis f<llcverl only In part, as fellows.

During April 1967 <Fitj. 5 .6) stratifieatlcn vns ,?onerally woak 

{0,6*C/ia at 2 8 X ) ,  and sloped frcrt 8 - 7 n l i i  iajyth at 3tatlOR i  to

4,5 is at Station 2 , with r.c apparent stratification tnalda title, 

except the ah nipt changes which occurred In surface water* inside the 

ftnigtnijk sat. Dissolved cxy^en values sloped inwards, lfK?ep*id*tljr 

of toe the mat atraUflaatian, with highest values at the surface at 

carter statlcns, and lowest values \raiernaath the oat. The pattern 

of lacthtfjme and dissolved oxygen values indicated considerable airing 

to havo bean taking place in thp vioAaity of tho mat ed#*# prcboibly 

meool&Ud with wind induced surf&e# current 9 being activated aloag 

the »at a&ge, bat not wader tho mat, *«5 4U*e acecclatod cciiponrnti<» 

f u n  the bcttcB Mature, Thie moults la a "tilt* in the opposite
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direoticn to that experienced In outer waters*

The following July shoved a duplication of this pattern (Plg»S.T), 

but stratification was deeper and far sore abropt (l,2*C/n &t 21*C), 

•loping trm 10 a at Station 1 to 5 n at Station 2, and 2.5 a at 

Station 3. Oxygen valuta showed a sharper gradient in association 

with teoperature stratlfloaticn in open water, but thereafter oharao- 

teristioally "sloped" independently of temperature, with a rapid 

rsduotica between surfaoe and bcttaa within the "estuary" raid parti- 

Wilarly against the edge of the Salvia la mat, though values did net 

drop balcv 50% saturation. More highly catenated water intruded 

at Elbow Rapid as a result of baok**fl coding whioh occurred at this 

tine*

By Noveebor (Fig.S»8), double stratification was established*

The strong upper stratlfloaticn layer (l .4*C/m at 28*0) sloped 

characteristically, but acre shallowly than previously, having riser* 

to 6 is at Station 1 , 5 s at Staticn 2 and 5 n at Station S* Deep 

stratification (0 .7 "C/s at 27*C) »t- established horisontally at

14.5 a. Oxygen values were tcva» vary independently cf the upper 

thorncaline, but a marked "axyollno” (100 - 80</ra) occurred in 

association with the deeper theraodine and csqrgen values fell rapidly 

underneath this, though values remained aoove SOI saturation through­

out the area of study during this acnth*

Tho double therraoclins persisted until January 1968, (Pig.S.9) 

but the shallower was forod now tc be horisontal and stranger at 

outer stations (l.S'C/m  at 50*0) where it ooourred between 4 and 6 a 

depth* The deeper theracGline was found to be both less abrupt and 

deeper than In Hcveraber, occurring at 20 a. Tvc sloped and Barked 

"cosydines* ooourred, the shallower running free 12 a at Staticn i
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to 7 «  at Station 2 and 4 m at Station 5. The lower coqrdUaa 

(96 - lJM/a) occurred within 2 to S s of the bcttaa and extended 

well into the estuary, that both occurred independently of the real 

at ratification.

It is considered that tho deeper thoroecline, which boom— 

apparent in November and which was closely associated with an abrupt 

decroase in cocygen was probably, judging by its depth, the outer 

edge of the overall lake then&odine, whifh mcvod deeper by the 

fc&lowing January, in keoping with findings by other jorkors 

(C. ^he, 1°*° Begg, 1969). Tho fact that the caqrelina was inde­

pendent of this rtmtiftcaticc by January indicates effects otter 

than stratification and it La sug?estod that this could be caused

by flooding of tho rivor. ___tially, this wculu causo sa increase

In etymon, but ccnaiderable organic na*.tor would al#o be deposited. 

Once flooding had ; eaa*>’ mi ! relative stabilisaticn achieved, the 

effects of fresh organic n-.tter boiig deposited cn tao river bed 

oould persist and result in de-oqr^oriaticn of water associated with 

it, honce the "oxyolino" which j* sely follcws the bcttaa ocntcur, 

aitf the sloped layering cf tho dissolved cocygon isopleths (Fig.6 .9 ) .

The fact that a shallow thoirioclin*? is persistent in the Muenda 

Bay and has not be«n reported frcr. open waters of the lako indicates 

th'.t thin is local, characteristic perhaps of "bayed" areas of 

the lake,

thus tho theoretical characteristics of stratification uoild 

appour- to be borao out in part by the findings, in that there is a 

progressive shallowing of the *bay" thf.moclino as expoture decreases. 

On the «it her h'wi, tenperatu ro gradients to <*iter waters wew gener­

ally acre abrupt, contrary to theory# Perhaps this is due to th’



external oharuotorlct'oa of the tt/aoda "estuary", is that the «teej> 

md high hill tide against the greater part cf tt.j aorth-eoatarn 

j iw a i i M  ftwmil« «lnia on to the water .-..*faof- sad generates ml**» 

lug w r m t ii

Thu* the shallower "bay* ttk moolln* appeared tc be proBwit 

throughout tha jroar, haring Ueon weak la April and going deepen « d  

beocoine more definite by July. V  Sorcober It had beeoM nny 

definite and had aorod towarJa tho surfaoe in deeper .atari, until 

beo-aning acre or less heiiacsital by January at 5 a bsneeth the tur- 

faeo. The deeper alake* themoeline had appeared V  Koromber Ulan 

It hr/! a definite tffoot cn oxygen 31strlKrt.cn to deeper lay®re, and 

although persistant >mtll January thU effect had, it is « « » 8ted, 

been disrupts by inflowing rlrsr t«ter so that it no longer had m f 

atl , t, effect a i  oxygen distribution.

2 .7  Flow Sffactu.

Tha tani watare and caygen oharaoteristlos of f'o  transeat, 

sampled whlla tha rlvar was flowing at a low lerel, estlmte.' at 

approximately O.S mS/s, are Ulustrited In Tiaure 5 .9 , The ohira®- 

terlstlca of the rlw r  at thia tin" were extremely hfeh tenj»mture 

(56 .8 ‘C) aaaooiateJ with Its aTugglah flow, high myg«n oint«t  

(98*) and iJthou^h turbid, the . U t  Iced M  low. Turbidity atm- 

ded to betwMO Staticnr S and 4. but no mai*ed oom  n - o o e  K M  « •  

present, ts n>- be s e n  from the figure, the effeets of *"■«■ * tar 

appear to be limited to surfaoe waters, In that hl«h axsm  « ! * ■ •  mi 

Wiperaturei wer. frjnd direc*.ly unrlomoath the mat, omr a

„ „  abwjrt c a p lin . (70 - W * A 0 .  It w « M  «—  that i m M  

tmpai tur« of the ri/e water onreamt « r  dsnslty assoolated with 

•U t  load « »  that this water flowed a l« «  the surfoo. -s-d was *>iekly

i
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aealnllated by Mfeuari&0 water. Tinder theee oonditioDt tho postage 

of *  boot over apparently turfeU v-ator# vas observed to remit in a 

vote of deeper olei r water where turbid imrfaeo vatere hod be*& dl*- 

pSAoed*

Figure 5,10 tlluvtrntoii a ligh\ fiocri, estimated as a flow of 

» «S/s , vhich took plaoo In February 1968. River inter tanparatura 

e t  the t l u  o f  siimil 1 nii w u  f e m d  to lo 2 7  *C , aau]4«rnbl]r cooler then 

late voter, it the sane tlno the ellt .’.oad m  quite high. TMa 

reeultei In the rivar water bein#* octisl- n ably 'tn&QT than late water* 

m l flow along the bottan resulted. Tho tanperaturo gradl«i nwny 

fro* the river couth v»s rapid, indicating ictiaido.'ablo early nixing. 

Oxygon ocnowtr-tlm lniientod a aUplaoem* t upwaid and Mow- 

Btron.»" of tvUtx; water undorooath the mat, on! the fornatlai of m  

Interflow botweon S s and 7 la at Station 51 which dlsel^ated n p U lf  

as n r JSU lt  of poriphoral mixing trnd tho broadenllg of tie flooded 

rivor basin, so that little effect on tho water edusB was dlaoomable 

at Station 2. The turbid water and dear late water oairaiTenoB « l  

BO€ti aa tho surface tetyeai these two st'.tlcns,

Cn the 2nd Nay 196T, tho rivor flocJal vlolmtly attar app.-art- 

maUlr SO ran of mln hod fallen in the previous Svolvo hars. Ural 

was ostiaatod at 81 n!/« .  The r l w  wrter was eold (21.8*') and 

earriod t lx  rr silt looi. The foroe of flow was su'Tlaiuot to d is­

lodge the Salvlnl* nat and oopwit it against Jaoana Bond. 1 strenc 

eamtor current was set up on the rnrfaoe in the regivii cf Status 5, 

<®d o definite flow oonvergenoa occui-roJ underneath the eaoprneseo 

m i . Figure 5.11 Illustrates tho off eat of flooding. The rivor

atarsd within Its bed. A (trog theraooliw- nos estahl hed

2 b  atwr> the bottaa at tho outermost statlai and this ovorinr Honing



Figure a J.C and 5 U 1

Th m affect a of flow uo tb« ftnattur' of static wators 

'Joacribad by lacthema fud cl4 *®olv,yl csxy^en IsoploUiB.
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water, The wire of tho Prlodtagor sanplin*. befctl/» usud to aanpl* 

theee waters started vibrating when M*e bottla was lew*red into the 

lact two metres, m m  20 a free th« water surface, B utton waters 

war* diepl&ood to a degree that lowest oxygen tentlcns were food 8 a 

off the bcttca, above a strong temperature gradient, A further 

ilopol thornoclix.d was established 5 n above this* Tht> effects of 

various grades of flooding Are suanarised in Figure 5*12,

2 . 8  f t t t o t r  f h r f l <<lft- r^ m t n f t l  D n t f t

The sea®^iol . /.atic^ship of the phy sioo-ch<?m ienl character­

istics of tho waters in the study area are ccnplox an! in order to 

facilitate their analysis, arbitrary types of wcter are considered 

aepai*atoly. The^e are patwtly artificial, as horiscnt.

In water quality ore mere likoly to be gradual than abrupt, uj aay 

be soon in FItjim  5,15. The separation aroi 

(a) opet ^oy" waters (Stations 1 and 2 ),

(d) enclose 1 "estuarlno" waters free of Salvinla (Stoticc» 5),

(o) enclosed ’’estuarlno* waters oovered by (Stations 4

and 5),

(d) flowing rivor water*

Statio river wators do not directly affect the characteristics of the 

lake and are therefore ocflstdered separately, Th« looacnal eharao- 

toristicii of these water type,' will bo eensiderod first md there­

after their relationship will reooivo attention* All physico­

chemical estioatlcns whioh were unlertak® are appended (Appendix 5.3, 

5,8) and tho range of quality values for different water types have 

been tabulated, for easier reference, in Table 5,5 *



timira g.lg

A -iiagrann'aio suanarUatlc® of flow effects m  atatlo watara 

ntt&r the * Jver ocuth.
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*.®»1 I f  ataragWrlltlca cf tla ria *  river untar

^h«» flooding, tho electrolytic load of tho river was low 

( 33 jiahe-s/3®) wt lch would indicate an inverse relationship between 

salt load and flow t o ! wsa, This was also reflected in 'J*e catim asti- 

wit lent ( accept potas'Uim) aven though tho water is particularly tufbld. 

This turbidity ?rust therefore result fras in&odlately parti­

cles in dwtspensitm, Tho rivor waters wer© , irticulfTly well axyg«*&~ 

i®d, slightly no id (pH 6,ft) and had a low alkalinity and hardness 

therefore a relativnly high carbon dioxide ccc&ant (22 .6  ag A )«

Mattar In auepension (94 ppra) and the organic oimtont was high, which 

is reflected by both lc«* an l^nitiai {$15 »g/l) and albuninoM «■<■>!*

( 0.86 a g A ) estimations. The aoet Important feature, biologic 

cally speaking, wag ths nutrient, particularly nitrate, lead 

(Nr'j i 0 mg/l| i 0.1? n g /l). Phosphate *.a also pro sect in

quite nigh eon cant mtlcns.

2 .8 ,2  5aoloo<yi "estuarine8 .m tsra free cf  ^ a ^ i a l a

Seasonal charges In selected phyaico-oharcloal characteristics are 

demonstrated in Figure 5.15. The spec if to conductivities cf these 

waters ranger] between 87 and B3 i«ihos. Generally conductivities 

wero slifl fitly hi-? wsr ca tho sur'ace <md there was little seasonal 

shango «ax3©‘ * •.•han flooding occurred. The cation c cncont. rat ions 

behaved similarly to conductivity, although calcium ^.owed a deoreese 

between J umary biv< April 1967, and raa^neiiiuB a fjmdual Inoroase, so 

tiutt th* Oa/Mg ratio dropped from 14 to 5 around which lattor <jlnt 

it resain^! ^or tU* rest of tho ysea _ Tf- > pH in surf&co water* 

remained -'cut 7.S  through the yw&r, except when flcoding ©oeurrt'. 

the bottcis u^’ ers m m  l@as alkaline and fl actual:: around f.2t 

coccopt whan affected by fl Derivators, and during Hcvonber whan the pH



sharjfly to T .0 . Alkalinity u u  s£ati*r sfr wrfaoe and b«*tm  

md mnainea between 40 and «*«A 'rfCj ihrougft tho year. Dissol­

ved oartcn dicodde ocnc jntratiTia were J w , particularly to surfaoe 

w ^ n ,  but a slight Ijiareas* in both surface and bottcn vntors was 

rams^mble during the relay w w u^. Surfaoe waters were al»oei f w i  

of m tpmA#* solids throughout tho year* it  the bcttcn suapt.-'de'* 

solid values w en  stuoh higher during tu* rains, but trm  August satll 

the rains started, ccndltims on tho bcttas were stellar to tbooa »

(he surf a#*’ » Surface and bcttco waters showed a narked sinilarity 

with regarl to seasonal fluctuaticna of dissolved (residual) solids, 

although bottcc ccccen rations » r e  al i^htly higher* Canoaitr^lcos 

were bi<?her In January 1967 than at a: y other tliss (oa 83 ag/li, 

dsoreased to oa 55 s g A  In Ju^y» increased In Ncvoi bor r* surprisingly 

showed a decrease In January 1968. Ho seasonal change in dissolved 

organic nattor was apparent {loss cn Ignition} and mirfaoo and bcttas 

waters carried similar aa<wnts (oa 1C » * A ) .

Ho nitrites were f w !  l». the enclosed waters freo of 

In surfaoe water* mcrt* free wmcnloal nitrogen was present betwscn May 

aa’ August than froa Noveabar to February, whoroas, a*jWft frcm January 

1967, nitrates t<*ded towage tho opposite, even thtwgh the dissolved 

oatygen Jantamt. of these waters remained high thraughoit tho year. &  

waters Rssoolatol wi‘ h the ittco , annonloal nitrogen ecntsnt m s g«a-  

rn Lv  fran 0.025 mgA to 0 .1  mg/1 higher than fomd at tho «rfaee  sad 

tended tc be in higher oeneontrntiens during the rainy seastn. MItrates 

jre also higher at tfcl *i tino bain* ahaont In winter in both surf&oe and 

bottca w*tars.

fSoupbAtes thrtwghout the wu'^r cclunn remained at approxiaately 

0*0® m«/l through the year, exoept In Hcvomber, whan there was an



lmocpM cable inoiaae to 0,218 tagA# Pheapbafcea would t>«ereforo aean 

to have been i"eadny a/ailuKle at ail 1 at, whereas ttte ncc-available 

11%/ of nitrate could have bean biologically Uniting la winter (July) 

and It aurfaoe waters during J«t &ry  1967,

tfhe/eas the depth of w*ter at dtaticn 5, ohoaeu aa typical of an­

al oaed et.uarine waters £ raw of Salvlnia. ranged t 'c*»d 10 netrea, tha 

depth at crater station* ranged between 17 and fl2 netrea, apprcatinataly 

twice thla mount, The water charactariatiea of 3taticns 1 and 2 were 

t»e ainilar that it la not ccnsilerod noceasary to pro sent then separately. 

Figure 5,16 dflts-nstratea aeasonal ehangea t aeleoted chart ur'-arist lea.

The speelfic oenductivitjr o? cxm waters indicates, apart fren slightly 

lowor wintor c cmantratica3, a ronarkable similarity In having low ecu* 

coptratlcna tftrcugh tho water colum tnrcughcut tho year. The pH of 

tho scrawhat alkaline aurfuce waters (7,5 - 7,9} indicates slightly 

groator alkalinity during the rains than In winter, when surface aui 

bctt-.fi i '.Vs wer*s the sarrn. In waters asaoolatod with tht bcttac# c<»• 

dHiuns were l->aa • Ikalinc* rmu an Inoroaae occurtvxl in winter, Daxiog 

Hcvonber, however, bettcn 'gators beoa «  ali^htly /»oid, AsAk&linitiea 

(aa CcCOj) were f<?md tc. bfe <julto st/*vle, di»aolv®d carbon dlcsdde 

ahowed on lnoro-̂ s© at this tlno • Slightly greater oonoentratlana of 

e?jrticn dioxide existed »  the Gotten through acst of tho yoar, Tha 

analyses of solids showed little aoudoial change and littla dlffeienee 

in the water a d ’inn except early In 1 9 when larger qunntitiaa of 

juapt^ded B'lida wrre iuisv.l In botton wa*-ors.

fl.itri.Vis **re r m r  found to V  present. Nitrates were always 

r ecent *~>pt c® the bottcn at Station .* in January 1967, Cknoroll^ 

they were futfkl to be i*i slightly higher concentrations u* the aurfaot
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aad during the tains. Armcniacal nitrogen in surface waters de­

creased during the course of sanpling, but sfc-wd an increase an 

the bottca in Hcvanber and during the rains, the phoaphate oontMt 

of surface waters raaained approxinately constant exoe.it for a ■harp 

four-fold increase in Ncveaber to 0^.5? *agA, thr.eafter decreasing 

to previous levels by tho following January In bottcn waters the 

ecnaentratiaa of nhosphate in January 1967 sna high (C.24 a g A ) 

dropped by April to the surface ocntwt and thoroaftor fluctuated in 

the eaae way as found at the surfaoe*

2*C*4 Enclosed "oatuarine'1 wators covorod ty

As the "estuary41 shallows ard Mccnos nantnier, tho effects of 

enclosure and of tho river nuat beoc^e noro prcnouncod. Those off eats 

ara partially obscured, however, by t><-3 presenee of the oet

whioh will bo discussed in greater detail below (2. .7 ), The seasatal 

changes in water cjuality are shown in Figures 8,17 aa! 5*1% As bat 

been daseribed, Station 4 (Fi#, 5.17) beaarae free of SfiJiYf-ftfo by 

NcvQc’>ar 1967, so that what nay so*., to have been seasonal changes 

after Au,?u<>t 1967, nuat to *000 extent hava affected by this, 

Sanpl«s were not token at Station 5 (Fig* 5.1C) in July 1967, but 

furthor inland, whors a perceptible (upstream) flew as a result of 

hackflocding resulted in a patch of wator free of which auat

have passed underneath tha whole length of the ‘‘at*

The alectrolytij contant of surface waters worj generally slightly 

highor than at toe bcttora and a flight decrease oocurrecl both In winter 

•ill during the rains, with nVheat values being recorlrd in April and 

November* Greater dWrepaaty between surface md bottom occurred 

during the rains* tho pH indis;. a A. e jUitions at Static* 5 to be 

relatively acid (6*5) prior to July ’ 967, Bore so than at Statics 4*
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A general rlM  la pH occurred during tha ecuree of ths work, puti»

(Mlarl.r la nrfaoe waters, so that by January 1969 ocndiUcne were 

definiliely alkaline (o .C ) at Static* 5 . Alkalinity ronalned n l»~  

tlvwly constant, tat tho seasonal fluctuations in the oarbon dioxide 

ocntant were rather abrupt and tho differences between the surface and 

bcttaa content were relatively large. Suspended solids are parti­

cularly high during the rains but decrease to low levels frca April to 

Moveober* little  ohan^« could be seen In the organic aatte* ecntent 

of the water and residual solids followed tho saae pattern as suspended 

solids. Nitrate was present throughout th<» yaar, except winter, and 

a gradual decrease in imncntaoai nitrogon through 1967 was found which 

oocurred rjmohrcnously with an Increase ix. n4trat© at Station S . 

Phosphate showed a narked increase In tho bet ten waters at Station 4 

during the iitudy period, but was relatively stable at the surface.

At Station I the phosphate ocntent was generally higher than at 

Station Ut excopt in win to - when it dropped tc less than 0 .05  tag^L*

Thn Q h «ge in  mt.o^ mmlltv froa rlvar aouth to ..bar 

Tho effoirt of flood writers will be considored below* Otter 

effects on wat*r quality oust stan frcxa tho spatial rolaticnship of 

r̂ he wntex "types*! water depth, enclosure (InasBueh as tho water body 

boocriua proc? restively snallor) anl the Sulvlnla ant* The effects cf 

the iat will also be ecnaidered separately so that tho present eons id- 

oration cnly invalvea spatial rolatianahipa, water depths, and the 

effects of onoloeure as defined abo*'9« Tho gmdaticn of character- 

Istlca froB river south to bay can be seen in the turbidity readings 

In Figure 6 .1 8 , where the clarity of the water progressively Increase! 

*roa the edge of the aat to the bay. Ha oh of the data tndi—

date ' trend <n other quality characterlstica, pH and alka-



llnlty (as CaCOg), for axaaple, also showed an lnoraaM. Waters 

booms* s o n  alfcallne th* further they mr» trot the rlvor mouth aid 

■or* unitedly to at the surface (tho tilt of dissolve*! coygan 1• 

repeated}• Conductivities ohanged w ry  little and, if aaythias, 

A o w i  a 'light decrease away frctt the river aouth, as did albuminoid 

nflsonia, nwonfaoaJ nitrogen, nitrate, phosphate, potaaaln and dia- 

ac&ved oarbcn dlcaride, Cn tho other hand, there a^pecrod to be no 

dlaoernable difference in the quantities of aodlias, aagnasiua n d  

oaloiuB lens in solution.

2 .3 .6  The affects of toe rlyor cn wataf quality

The degroe to which tha river affected the static waters haa 

bean phom to be dapandant cn tha voluae of flow. Hot aQjr do flood 

waters ccnpletaly replaoe tho watera of tho narrow part of tha syataa 

and disrupt conditions, particularly in deep water, of the bay, but 

throughout tho m ine ar^as noarer tha river mouth are siabjeetad to 

almost ocetinuous intrusions of slowly flowing river water, vary 

different in quality frco flood wat-.it;.

Tho off acta of flood ir/: cn tha wat<-*‘ chemistry of static wators 

oan bo oloarly seen in Figures 5 .15 and 5 ,1 6 , Ccndufltlvlty, pH, 

alkalinity and iCTacniaoal nitrogen all show a radioal dooroaae, aa 

do oodiun, ’vu’naslun and ealolxsn, Cr, yu> other hand, the solids 

load is incTe%aod greatly (Appendix 5 *") and carbon i’JLcodde ocntant, 

rl'ncinoi I rfr-ionia., uitrate n d  phasr ate alar increase, Thu* the 

quality of rlvor wntar is inpressad upcc the statlo waters It invades 

a**I evun has an l&nedlate, atjul t affect m  w r fs w  waters m u  80 a 

abw e it .

The river there'ore an uctraetely important aouoe of nutrient, 

both nitrogen and phosphotus, tha fonaor ^avlag bean introduce oainly



la  tte alfcwiiaoid tom and m u  thus not laM di»ta3y available.

ScMtnuPf tha fttrH ag action o f flat cn tho alluvis* of fete drtaned 

r t w  bad and cnddaticn of this by flood uatur would also —m  to 

bam  an Important effect. For anraoniftoel nitrogm# derived froa 

albnlaold nitrogen « d  whioh deereaaea, appears to have been trVMrrt 

aid to havp oaused an inareaae of nitrate. Thig Batter is dlaouaeed 

Author below (5 ) .

Introduction of phoaphate oannot bo a* Important 1& tha abort 

tax% aa there would app$&r to havo bean an excess at tha ttaa of 

atudy.

2 ,0 ,7  tbs effpgta of tho m  water quality

Aa tha laJca level riaes and badcfloodin^ of the lower reaohea 

of tho ftntvda River ootfvra, a vory gradual flow frt® the lake into 

the river takoa place. 3y monitoring tha characrterist.\<3a of watora 

which Had paaaed underneath tho SAlvinla- but which had not aixed 

with waters of the voolo, amd by o on poring thoso, firstly with tha 

*n*td of change in characteristics fm n tee h*Y Lc *he cuter oat 

s 'ga, and aeoaidly, with the characteristic* :?  thv outer eat ed^e, 

it should be poaalbla to differonti/vto between "enclosure* effect# 

and tho effects of thy oat at that tirae.

During July 1967, thia situation ooourred and a patch of £*£,- 

f m  water was found below Elbcv Rapid, *hla w&ter was ax— 

wptlcoally dear# Aa Xariba waters are a«<av»Uat turbid the effect 

was drwaatio, thus the ter.i ;»*tylnU M latillate* m§ ooiuod to de*- 

orlbe it* The phyaico-chaoioal data coll act et? have bean extracted 

In TaM e 5 .4  and by ooBperiacn, aa described above, few aharacterie- 

tlaa mob to have bean affected by tho SwlvinlA oat only. Apar*- ?rc* 

dissolved a^rfan m d taaperature, whioh have already bean considered,
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tha- j Include pH Kid turbidity, which ware ^creased, and oaibot 

dioxide n d  iu p m d tl solid*, which wcra inoreuedf Certain pthtr 

characteristics seeo to have been affect»J by both &nclo«ure of tha 

water body and th-s Salvlni* aat, The 00 ware alkalinity- and —  

oal nitrogen which showed an increase. Tha aodiuo content of tho 

v&tar seems only to havo been affected by enclosure, as the Ingram*3  

feuztd was progressive and vas nrvt affac'-ed by the sat.

Tbs S i iS l l i i S  had the effect, cti &a&& oharacterlr*l3s, o f  

Jwortin# tho effacta of an closure to conditions b o p o  slallar to  

those famd in open water. These were tot*'- solid? u d  phosphate. 

Apart free nitrata, tho other characteristics tabulated showed l i t t l e  

or i-o change between upon vreters, «n closed waters, and waters fhich 

had passed undor the mat.

The Increase of crnrbon dioxide and decrease of dis^olvoc 

oxygen probahly resulted frora the respiration of subsurfaoe alaaonto 

of too SflJvlnln plants, coupled vi ’h tho physical barrier a dense mat 

imposed on gaaatws interchange at the surfaco, Photosynthetio 

activity and oxygon generation is liaitad to the chlorophyllaua 

aorlal parts*

The dooroM« in phosphate indicated a higher level of utiliaa*- 

tic» by tna 3*l1v1j\1a mat than by the phytoplanktas in opt« waters at 

that tiiae 'jf year, but the content present waa still in exa**88 of. 

MquiroEents, Mltrates, on the other hand, ahwad ccnside. .hie 

decrease cn enclosure, but a alight incr .se ir the "distillate" 

whieh etxld be axplainad by the release of nitrate in oxcess of require- 

mmt following daooepositicr of dead Salytol*. ng found by Mitchell 

(19T0). The lack of nitrate could therefore have bean limiting at 

thin tiae of jrwu* in onaloeed Salvlnl» free waters.

1C9.
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A poaalble eolation to the increase in auapcndad aollda la tbe 

•distillate*, In the light of the axceptlcnal clarity of the wttcr, 

m s that thla increase m s due to the preaenoe of the ubiquitous 

trlohoBoe of the auboerged part* of Salvlaia (the root b a in ),

loh by their nature would have tetded to give high suspended solid 

readings withcut impairing the clarity of the water relative to other 

types of aolida ir» auapenaicn, auoh aa ohytoplanktcc or aoll partiolea.

The axtreno clarity of tho Salvlni* distillate probably resulted 

frcn tho suppression of both turbulanoe and phytoplanktcn lirrnl npnant 

by tho mat, In that It  protectod the water fr xa wind aotlcn

and suppreaaed the csitiy of light irto the water*

Tho laok of nitrato and thu low l*»vel .<* phosphate at the tla» of 

s«aplin# oould bo attributable to tho fact th-t, tho winter nodtfia are 

♦.v.e m jet JVvounble growth period for S&IvIhIa. This la , however, 

<K*ttr'iry to Mitchell18 (l»7G) flndinga and the ay&ahrancua decrr-..Be 

of nutrient In free poola of the river &t this tiae of year

Bo^geota Wje involvement of aciao other factor or factors,

2 .0 .0  S(.a»aui.~ nfemgoi In utat.irlvor -ratoni 

The change that oan be soeu in tho phyalco^ch^cdcal oaiditicna In 

the ri-mr and, subsequently, poola, following the oeasaticn of flow 

are given In Table 5 ,5  and figured in F ig. 5 ,1 9 . Tho specific con­

ductivity, which was relatively low (57 mhos) in the statio river 

during the rains beuoaes oven lower (46 vehos) hy Mrcr* but thereafter 

increased to aa auoh aa 222 nahoe in the poola by toy end of the liy  

•e a a ji. Caldua la the most iaportant oatlcsi and fed.' jved, vttb 

Btgnealtn and potaaatn, th# Initial dnnrmjte thorn by tbe specific 

ocBOuailvity, %fcereaa aodiua Increased from a low January figure 

(l.fi a g A ) to «  October high ( " ,1  a g A ) ,
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The highest tenperature w x  recorded Sa January (88*6*0)«

T h U  had fallm  nearly 14"C by Hay aoi a further 2*0 hf 3vlj to 19*0,

By October tha tenporaturs rose again to 26 *C but « i  still ocnslderw 

ably loner than the previous January.

Dissolved oxygan showed a gradual dooroaae fra*, high levels la 

tha first part of the year (6- 0 agA) to low level* by July 

(5*2 a g A ) which persisted until October (5 ,4  m g/1). The oaibcB 

dioxide ecntcnt of tho w ter behaved similarly, except that the decrease 

occurred betvean January and May, when ccncantratiaui full froa 21 ,5

agA to 6 agA.

Suspend ■ olids alac showed a gradual dooroaae froa high Janiaxy 

levels (159 m^A) to lew July Icrvels (7,6 agA)* prior to shoving as 

increase again in October to 19 agA • In contrast, residual sol Ida, 

and their organic content, remained at a high level trm  January to 

May, decreased sharply in July and inoreaaed to their highest levels 

In October,

The content of nitrates and phosphate a behaved similarly, being 

present at high oonoentraticna in January asd shewing a sharp decrease 

to very low levels in July and thereafter Increasing again by October, 

Joacniacal nitrogen, go the otter hand, was at its lowest aofiocnfcm- 

tiens in January an i highest concentrations froa Hay to July*

The fluctuation pattams of -he .aricua analyses aen be grouped.

In tho first instance, certain of thos« showed a procressive fccousula- 

tied or Increase through tho yoai, namely, specific conductivity, jgR 

and alkalinity, the latter going to vory high levels, Soocndiy, 

others shovwd »  loss to a winter low and then a marked increase in 

Ootobor, These ucladed temperature, residual ■olid3, orRrtr.ia Batter, 

albualnoid ataaonla ami phosphate, Thiidly, soae showed a loss until
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th® winter and tkm  lnoreised slightly in October, nansly disadvei 

atygaa and oa^x» d lc *id e , cusp and od solids a**i nitrate,

Thu*. &  ,eady Increase Id ionic ocBesetratlai occurred as the 

p o d s  dried out, apparently &  purely physical affect. 4  gradual 

settling of atispefcdnd material also occurred, although a alight ia- 

erease was apparent Li Oetobor, perhaps as a result uf tho acrtirlty 

of fla has (Ft?. 5 ,*t ) aa) #aa© aniaals whioh used the pools as a source 

of drinking wst*»r# T|» fact that nutriant levels wore at their lowest 

in winter would surest that at this tiaa biological activity was at 

its highest whioh is ancmaloua in the li£ht of tha tanparaturo ragioa. 

High victer activity would be ecnfinaod, bearing in nind the possible 

effect of ectvcontratia* of the fish populaticc, if at the am * ties 

tha suspended 15 olid cor.%*vt of tho wnter « s  high, which it  '<*34 no?.

The ir.-JXplioabl-> Incroase following low winter levels aculd have baae 

tho roauit of defalcation and disturbance of tho bottom suds by 3*ae 

sni/ml^ an! fish oatin j birds fc* > during winter, water s tll  

widely available in the small oph<*roml pools in tho river bad vhioh 

wore not soiaplod. It was notice! tha% a prefet-cnee was ehcr«i for 

tho so snail pools ay grsto anin&l/t, perhaps as a result of either the 

likelihood of attack by crocodiles in the large? pools or tho prefer­

ence for the more saline wators in highly attenuated pods, or a oob*- 

hinatioj ctf both, fish eating birds also proferr*d toe attenuated 

pods ar> thair prwy were acre easily oaptured in these* 3y Ootc&«r» 

however, al?. the ainor pools h*i dried out «*d the iniaals were fcreed 

to us® tie larger pods whioh yielded these results* This solid fe*vs 

tod tho effect of raising the nutrient level to such a dagn s  that a 

slight wteees wne available, uven though the bidogiaal d m m & ww high, 

perh&pa hlsfhar thm in winter* Tims the conclusion that tf*.* hi^hcet

114.



I'ntreatod snnples from tho diff ;rent pools

*fu;8n ’,1th in W c  hour* of on.’ h other on 24th October 

2 .^ 7 ,  showing 1 lffflron:-oa In water colour, Fools 5 

aid 4 ha.: baa;, virtually clear*:?''! of fifth tvc months 

pr«* r i c h l y ,  ool 8 hal b"«n  recently hnc/flooisd 

by the lake,

pfl, 1 : WM  rl pool

2 : Surprise Fer.1

Si Hamroerkc: Pool

4: ■̂ h^wms fool

r>: ^ rooixi! 1« '-miut

! Byapass rool

7: ' ;oep Pool

Hi Voir i'ool



oooumd la xirUr, m  tho bula of theas figure, alow , ir» 

UJM ly to b . errmeous*

&  octtparlaca with lake waters, tha poola oxhibitod much higher 

wudueti’fltl#!, Calotuo, potass iiva and, particularly, 8odi.ua urn 

fcuad in oo&alderabl/ higher concentrations, whereas the nagaeain 

content mu ouoh the mbs* Alkalinities were also of a such higher 

order« Nitrate ecn cant rations rose as high s m  tho £A2x]ttU| ooveredi 

bottaa waters and the flowing river, and phosphates fluctuated between 

tha lowest concentration rooorded and th* Uigheot fom3 in statie 

tAters* Other properties exhibited much the saae range as tha static 

waters of toe lake,

Z* ' 9 The water minify p a r e n t  Pools

Pools woro soxnplod almost airaultanecusljr cr. 24th October, towaxds 

the and of the dry soascn when attenuation effects were at their 

highest, in ordor that a acrapariscn of the ohemio&l character!.'tics 

oould bo made. Pish had boon removed fras two of tho pods (HaEn#*w 

kop, Champs) In the previous Au-ust, however, so that only a few 

Clarify pftrtflpVfflg remained in Hannorkop Pool and a intli proportion 

cf to# smaller fish of tha orhzlnnl population occurred in Cheaps P o d , 

This wouli3 seen to have hati seme effect cn wntor quality (Fig* S*2C)* 

Tho results are ^ivon in Appendix 5*5 and illustrated in Fig* 6*21*

Mo convenient sopa. J.cn can be applied to these lata, for eaoh 

pool would appear tc have been saaewt'at unique* However, several 

factors are worth noting. The effects of b a c k f l t n g  by the lake 

tad the resultant dilution oar be dearly  sean in tho tolative charac­

teristics of Xlbow Pool* Although the "coluotlvitioe and disseized 

organic aatte.- concentrations Is tne attenuated Chaapt, Pool wrro hl&'h, 

nitrate ccnceDtratians were low* Surprise P o d  was characterised





Of a  relatively lew Icd oaatmt, yefc suspended and albuminoid

■Mcoia were v«ry high relative to tho other pool*, Thow r ~ °"  

ftan which fish had beoo reocved showed vary little matter it* ŝ epon*-

5 , pTffllffiTfll

D ixie 's ryl® that temperature ohangaa of at least 1*0 per as-ttw 

were neoeesaxy to oenstitute a true thermocL. no m m  strictly adhered

to by Vfaloh (1952). He objoot-ed to the use c? thn tens in a troj&~ 

oal ooatext where change* which apparently constituted theraooline* 

wers not aa great* Os© of the term was defended by Hutchins® (19?0  

and othors, following Daaaa (1981) who d<*nonatratod teat dansity 

differences between epi- and hypclionicn w*»ro the same in tropical ai 

In temperate regions, ovan though the tewperaturo diff*rooaes were not 

as efr%at. It is for this roaacr that the stiongth of the tharaoaline 

has bee..- indicated in this work, namely, the rate of change vlth '’apth 

at a given temperature (e .g . l .^ ’C /a at £C*C),

The writs of Worthing* and ^©adla (1952), Jenkin (1952), Fish 

(1951), Howell (I960), Tailing (1963 anri 1964)» 3aauohaiap (19AD and 

1964), Coulter (1065 and 196:)  and Wood, Prosser and Doctor (i960 and 

1969) have shot** that a wide -ariotjr of type* of theraal stratification 

occur it African .lakea, ranging frees pdyniotic to noncaictic to acro» 

mictio.

The differen t between natural and suswsado laker whieh has tha 

greatest offact in the contort of stratification is asically due to 

differences in inflow and outflow budget. Munro (^d66) has shoim, 

for eotaffiple, teat Lake MeXlwaine, a quite substantial iapoundasBt at 

t ie Rhodesian Highreld which is usually acnaaietlo In character an' 

typically overturns winter, can be affected by auamar rein inflow



n » .

to tha extant that complete nixing takas plaoo. Thcnas (1966)

•tawnd that a M a ll w ta r body In East Africa jfaouad so aat p a tU n  

and *bc*i or stratified int«' *eotly. Svmoer vain sto«ns hacva also 

bo«n thoui (lU a u c n  and Qiask&s, 1961) to disrupt tha Btratifioaticii 

of Hartabeespoort data, mother high veld •Sow ecnsiderably 

winter than Lake Mollwalne, and results in a oaaplax stratifl**

cation*

2h the larger tropical oacMBada lakes tha affects of inflowing 

watar are not aa obricns, Initial davolopnent of stratification also 

▼aries cenaladrably. In ,1 irect oontr&st to the situation at 

Xariba, *iiera a definite t '.jm o d in e  was found by Harding (1961) 

within ncnths of ol» jure. Lake Volta (Ewer, 1966} did not stratify 

within tha firs* yuar and suhseo antly Dlswaa (1966) showed that there 

was usually a marked tenperaturc gradient within tha first faw aatres 

and that the tezsperature gradually decreased until no further change 

oocurrol at between 2C - SC ra depth, Viner (1969) balievad that act 

a later sta^e a "alight but definite thersc?Xine develops at about SO a* 

(L a w s c k  jfc jJ,, 1969) in this lako, sirtilar tc t-h) situation in Lain 

Kariba* Lake Volta is dinictic, overturning duzing floods bat wean 

•June and September and, as a result of the HaRKttan winds, In Decanbar/ 

Januiiy. (Latn»cn 1969).

Tha results presented in this work sugi?ds* an upward tilting of 

tha tha roodine at tiie shoreline of Luke Kariba, in much the sane way 

that Coohj (I960) and Kite he 11 (1971) have show that ale ig the longi­

tudinal axis of tha lake, stratification tilts to bacons shallowed 

towards tha dan wall* Tha relationship between the shallow themo- 

oline and the deeper thernocline, which is taken to be toat of tha 

lake, is  obsoura on present data md requires further rpoaaroh. It



1* ocKftldr .’•d, howavvr, do* to tha hurisoatal nature of the shallower 

stratification when what Is takm to be the overall lake thewaool tea 

1ft preaaat near tha river acuth In auxaaer, aod the aonside rafale depth 

of witer eeparo&uig these Wo, that tha twc seta of strat ifioaticc are 

distioot md do net serge further away froa tha river couth*

In lake Rariba, tha faat that rivers, sod partioularly tha Zaabesi 

River, flow along their old courses as a natural funation of their 

higher dsttsity haa be«B appreciated ar.d asBticoad siuoe Harding** 

first cfaaervatic» in 1959, though tha phenaMnca had not been oleerly 

dsoenstrated and discussed a# such, with reference to tha gaahsal 

River, until Gooho (I960) and Kitehall'a (1971) work, 3*gg(a (19S9) 

observations cm the Sanyati River gorge also Indicate a dUplaewMnt 

oft mmXo bettor waters upwards by river waters flcrrtng into tha lake, 

is  lc*v? ago a* the 192t>s the phenotasactt of inter and under-flow wwv 

appreciated, Uasctund (1927) and Bister (1957 and lflW) stasilod tha 

interflcw of the Rhine in Late Ccnatsnce. Mora recently, 3ell ' •

'1942a, b ) experimental vortt an density ourronts has greatly olari- 

fioi thair oharaaterlstics axv! ^oneditft (1963) bava discussed

thao I d relation to tha aaehaaios of sediment transportation*

Tha results obtained In thip study, suaaariaed in Figura 6 ,12 , 

lodiaata, perhaps, ?. aora caaplex situation than Coche (I960) and 

Mitahail (19?C) suppose, Fdver water entering the lake behaves in 

aaoct**aEtoa with its density otuuraotaristioe, bast ? pria-.rliy oh t*ap*f%- 

ture ana silt load, relative to the density of the lake water it snt^ra. 

These oharstftenati os vajy proportionately to the speed and volute at 

vhiob rain water i« Introduced frco the catohaant intf tho la i. Under 

conditions of atnlaal flow, tha teoperature rf u . i r  water rieea ec*v- 

■iderahly, and silt load drops, hetto* density deoroaeoa. 4s flow in­

creases, density increases a s  a result of laereasal silt load « d  da-
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oreaaed t e ^ m v t a r u . Thu* the greater tha flow experienced, the

deeper late the lain tha rlrsr water oust penetrate to find lta out 

d «s lty  laj*r« Furthemore, peripheral takes plruM u  soon

m  tha loin la antered, so that tha smaller tha voluae of inflowing 

« * » »  tha Bora qulokly it la affected by th* static water bod^ 't  

entera* Thu* a large volume of inflowing water not markedly differ- 

tfit la character fron tha water of tha laka nay retain its original 

characteristics longer than a a-ioll volune of aturikedly different 

inflowing water, Stsaller vdvraea of inflowing water therefore tend 

to be influenced by laka w&tar to *  dagree that interflow a d  di 1̂- 

patlcn taka place quickly (Fig , 5*12c) •  The questicn relevant to 

these considerations is leather or not, wh«t tha Mwenda R?.ver, wad 

river* lika it , flood to tho degree shown in Figure 5*12d, they reaoh 

tha old Zambesi course still retaining a large -.re; orti on of their 

original characteristics, or wijethur their density is influauoed to 

the degree that interflow takes place at depths not raich greater than 

those aampled, further away fraa the river (south*

Far it has bean shot** and is discussed further below, that tha 

river Is an important scuroe of nitrogen, phosphate and potassiua# 

Under circumstances of early nixing these would lanediately heoone 

available* This would not be the eaia if cycled as an int&r- or 

tadarfLov beneath th* tberiaocline, when they would be available 

several acts'ha later, after turnover had occurred, I'rom open wat.>~,

Tha nutrient loar* of the river ha* bean she** to vary inversely 

to flow, thus with accurate flow asaesscent, regular sampling of river 

water and acnitorlng of mixing characteristics associated with d iffer­

ent flows, a nutrient "budget” could be worked out which would hulp 

oot«1 iorahly in prdaU m * auch as whether or not SalxJaLft a •ignfc- 

floantiy lialtlag affect m  oth«r astatic plant production by the
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actraoticn of nutrient* directly frm  inflowing river* (which it o*a 

caly do «  tho baai* of tb"*a, finding* under minimal flow condition*) 

and raise* *  further question, naaolyi How ouch of the total nutrient 

bnd«*fc doe* eater th* lake under these conditions?

Further ecnsldere.icn of the effect* of underfltv ia relation to 

the iatroduetlcn and releaso of nitrogen oa the bottoe of th* lake are 

necessary•  It ha* bean suggested that th* main cause for nitrate 

availability on the bottaa during heavy flooding Is the result of 

physical diaturbaoaa and oxidation of hot too deposits rich ia mnaonia 

which results in a rrloase of nitrate, rather than the introdueticn of 

fresh nitrate a* such. The incoming river water ia seen to carry low 

ansaoaincal nitrogon concentration*, yet the albuminoid nitrogen con­

tent is very hW . nnd is, presumably, deposited on the old ri?er bed. 

Although in its albuninoid f^ra nitrogen 1* not r&adily released, 

during tho c^aiesoant period of tha year the of albuminoid

nltrogon to asacnia nust take jlaoe, la the bottaa de;:-o3its, so that 

during flooding, in following yoars, further nitrate is released cn 

caddatlon of the mural* arising frcn tho doccr.position of prot^ina- 

oeous material* The ecourin^, oxidising and depositional role wtf 

underflows oould therefore bo o ra lly  important to the nut riant 

levaL in lako waters as the direct introduce :»  o'* ’/lily a*-.ilabl* 

nitrogen in the fora cf nitrate.

Host of the rivers now on ter Kar’ba through stop sMed bp.ttcw 

<{o: 6js whirti havo been hackfloodod by tho lake. These fjorg** now 

offur tha r -t suitable habitat for ealcnisatlcn by end tCT.

hydrological finding* in thea have been related to tho p*\. sac* of 

weed mats. Th* effects of enclosure have bean ignored, lar*©.* • , it 

is thought, b*o*u*e raat-froo gorge* have not been available for ccra- 

p&ratlve purpo***. Tot, thus® in th.’ FWv" •. I<iver suggest



that there lit a definite enclosure effect, quite separate free tho 

offsets of tita Salv-nla aat, The Salvlnia sat oertainly o w n i  a drop 

la dissolved coygao tensions and inoreasea the carbon dioxide ocatett. 

Out tn©lc*ttr*i alone aan affoct other characteristics* Apart fraa a 

alight deerenae la dissolved oxygen, and a ©or® aarked decrease in 

nitrate, alto&l;iity and arsaonia both show m  increase, Certain 

effect# of enclosure sees to be reverted by the SaIvIM * mat., namely, 

temperature, dissolve Bolide and phoephat-3. With regard to teepert#- 

ture, tha move mrked fluctuations of enclosed, water*

were rendered tsore equable, apparently as a result of the insulatorjr 

properties of the mat. The solids content of the water also Increased 

under Salvlnla. having dropped between open and enclosed waters and, 

conversely, phosphate a which were low in open waters and showed m  

IncreR^e in enolosod waters, usually decreased a^tdn wider the sat* 

Apart fraa these characteristics, all other analyses which were carried 

out ahcwad ao tronds of increase or decrease* Thus the conclusions 

dravn following physicc-chemioal analysis of anclosol, 

cuvored, waters which have attributed chants tc the Ivin in mat alone, 

would appear to require recons Lloraticc*

Coohe (1963) made measure, jnts of relative light intensity, «&» 

pressed as a percentage of surfaoe litfht, sinultar.&' ualy with depth 

of visibility readings, uaing an identioal Seochi Disc to that used to 

this work* He fouud that normally, about nf light was absorbed 

In the first two metres of water and that *>he depth of IS relative light 

lntecsity ( as the classical level, at which the cessation <.f

femoral photoaynthetie nativity takes plaes, related tc- depth of Seeohi 

disc visibility in a ratio of about S t 1* If tola rather variable 

ratio can be a llie d  tn the depth cf visibility data of this worts,

1* levels in the bear (Station 1) varied bo*,vw® about 9 and



VLU

1 4  M iT M f md ist enoloeed w tere (Staticn S) betv»«i 5 aid 10 metres, 

w w lrttwM y  lower than Ooohe's figures for the open lain , 

renged arc-j^ I I  aatr»a, with cm  roading at Pi .6  sett**,

0oe2» (I960) toeluded fr<* his data that "Lake Kariba exhibit* 

^ M ia  oh»ioellgr aa wall aa tfaeiMlljr" with ******

nearer tha Zaabeai River being poorer In nutrient than baaiaa towards 

the dam vail* Ha give* cne of the roascns for thii aa being "tha 

increased fertility of the river tribut *ries frcm the Zambesi River 

northeastward, up to the Sihllobilo Narrow*" (tha l o w  limit of tha 

Central baain). Coche’s station 555S was at the eonfluanee of the 

ftanda and Zaabeai Rivera in tha aentre of tha Central baaln* Ha 

gives aatinataa for nitrate, phosphate and total hartaess from thin 

staticn during 1964/65 and hi* range of values have been coopered 

with ay cm  in Figure 5.22*

Surface nltrataa clearly increased froat open water to river* 

However, a higher range of values occurred in tha bay than within tha 

"estuary*, which is inexplicable unless it can be related to a phjrvioal 

oQBcentmticn of phytop]snktoc within the "estuary*, or as a result of 

an exoess ’-i what may be tha optimal depositicnal acne (Vie area 

around tha outer hay station).

Surfer j nhoawh»taa also show a marked increase from lake to rivei', 

both in their concentration and range* 41 though the nitrate acneac- 

tration in pods oan get considerably higher than in any other water 

types, phot phate concentrations wore considerably lower than in the 

flowing riv'~  n d  were similar to thosv fcnakl in water associated 

with the Si I r  In  la mat.

Jottca nhomcfaatea behaved similarly to bottca nitratea but *-<j 

alway* prei*»t»

XfltftLbiEi&ftil Mtlnnticna wore similar in both valiw and range
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between opm lake sad static eatuarine waters at tho surface and at 

the bottom. Istlaiatlanj m  the. flcwlng fiver. * »  to dUstlca, 

ahowed lower valtjea to d , earrertely, the pools ahowed such higher 

valuea m d wider range.

Thus It would im d  that in the llcrht of Coche's data aleo. tho 

Kwtoda River la aa laportant sou roe of nutrient to tho late* Ftuv 

them ore, tho annual range of nitrate lam ia were usually slightly 

higher ia enclosed waters (Station 5) than Coo ha .‘cunri In tho lake*

Tot In the intermediate bay waters a higher range of valuta waa fcmd. 

Phosphates, cn the other hand, increased progressively fros open lake 

to river.

There is new a general belief that Binorganic If (is ) a poeaible 

widespread limiting nutH*sntH(Talliag 1969) to phytoplankton protec­

tion in African lakes. Tha*; nitrate la limiting to phytoplonkton 

growth haa bean shown by Pro*/se and Tailing (19&3) in tho White Hilo, 

Tailing (1965 and 1966) in Lake Victoria and Mosn end Mose (1969) 

in Lake Chilwa, Malawi, Mitohell (1970) haa given evidence that nitrate 

waa U niting  the growth of yinia in Lake Kariba In 1962* In the 

vicinity of the Mwenda River mouth, inorganlo nitrogen ap?)ai*d to 

have boon definitely limiting cnly within onelosed water In tho winter 

acnthe and at the surface in e..closed Salviaia-freo waters In Jaauu*y 

1967, a situation which was not repeated In 1960. Aa turnover had 

occurred, during 1967, shortly prior fco saapllng, tho opposite would 

have been exp eo W  to ooaur* It can cnly bj supposed that sa iling  

took place at the clis^t of the phytoplaaktrm growth period and that 

.1 1  available nitroger was being or h-id been taken up. More olo«*ly 

spaced "ttnling periods are necessary to clarify tLe point*

Hit rate concentration In the Musnda "swtuajy’’ wrxa oonaiatently 

higher than Coehe*s (196n) activates elsewhere in Lake Fariba



( M U  a n A  to 0 ,* « S  mg/l), the latter valuo being found in the 

S u g w U  Rlv*- In December 1964* Uo suite achieved by Muefeall (1971) 

give the range of nitrate in Lakr Mcllvalne, gwiorally accepted ee 

being eutrophio, to rage  b#iwe«n a trace and 0 .47  agA (i  t 0*08 ag A )«  

fh i» makes the level of nitrate estimation praeentod hare eojhigh that 

It  oust be suspect, Nevertheless, scoe <»upport as to their accuracy 

la given tqr Coohe's (i960 , Table 7) nitrate values taken at hie 

Station 5352, tho Zaaboi i/Kronda confluence in 3aaln III , uhleh t ere 

also higher than he found elsewhere in tho lake, though this is not 

aont4oned in the text. If , aa it therefore appears, the estimates 

made hero are accurate, the Mwenda River could be of sose iaportanco 

as a nitrate contributor tc Lake Karlba.



UJLPTEB 6 

THE fUtHCTCfi

The plankton was stapled at Stations 1 to 4  during the oourse 

of a single day la e%oh field period, starting in February 1967, and 

qnrilwg in February 1960, It was net possible to reaoh Static® 5 in 

February 196” , but samples were taken hero subsequently. Cfc the 

whole, therefore, five seasmai samples were taken at eaoh station. 

Sanples wore oolleoted fraa eaoh station fraa between the water 

surface awl 1 aotre depth, fron Bid water at Stations 1 to S (at 10 n 

at Stations 1 ®  ! 2 e»d 5 m at Station 3) at*i fraa water 1  a above 

toe bottds.

1 . MBTHU)

A 1$ b .p . open inpaller motor punp, drawing water through t  W  as 

diaaeter reinfcroed plastic hoee nt a rate of 15,600 l/heur was used 

to plankton. The intake ncusle was designed to draw water as

horizontally as poesihle « d  was protooWl ty heavy nosh to «olude 

debris* i  C .2 a® ( W  gallon) sample woa taken cnce tho pipe had beat 

alaared of extraneous water. The nanplo was than deoonted v<i a 

SI vm (2 ") Tai™  through a splitting fainel, ocnslstlne of a aeries 

of four grU-gause nraanos of deoroaslng slae ( 1 * 0  u, 88S lit ISO t> 

tmd 112 ») m l plankton oolloeted by those neahos were preserved 

separately la <* formaldehyde. The first, ooarao noah, usually 

retained alloohtan. la debris only aad as the washing process was 

thorough aorta* deeantlng no plsrktonto ornonlaor vorc retained by 

the 'fibril. It was tomd that the voluao of water inrolTetl and the 

speed that this was lnfcroduoed to the splitting fw n e l, resulted in 

a relatively ifflolont sepaattcn of plankton by alio .



the four resulting flub jwaples which constituted all plankton 

fraa the 0«2 a* saaple w n  individually mntrtfuged (la the labors- 

toiy) at UaX  i%n for tea aiautea m d tho values noted. Tha m an 

conversion <£ rx&vm in nl to dry weight la ag m * found to be 

0*04275 {? C .00S6), Dry weight of saaples la ag/a® were obtained 

using this catverslcn xB , This raethcd t u  advantageous la that 

■espies were still available for qualitative analysis.

1*1 Pyrhlara* in W ik t a i  Saanltng

Quantitative methods fcr tha sampling of sooplanktca have always 

been open to error* Klaker (1950) maintained that results obtained 

by the use of the Keoaerer vater saopler were open to error as a 

result of avoidance by certain plaJeters* Tha sane oould hold tnts 

for the Priediager bottle used for water sampling la this study* al­

though Welch (1940) considers th« err or in the use of sampling bottles 

as "niaiaal"* Trials with the Frledlager bottle showed thie methoi 

to be unsuitable, however, due to the saall msabers of plankters taken 

per am ple• Similarly no*, a havj also resulted in error, due primaril y 

to changing filtering officidnoy during the ocurse of a ainf&e haul 

and the inability to saople accurately disorete depths of Miter using 

closing nets sad the vertical haul oothod. This applies to shallcw 

waters particularly* tfelofc (194n) considered that cnly a fracti<a 

of the total plankt m populaticn oould be sampled by net, hflooe the 

tere "net plankton* when referring to a staple obtained in this way* 

Welch (1943) also omsidered the "puap md Hopi" oethcri of saapling 

to be inaccurate, due to iheotaotio reaction of plankters near the ia» 

%qim nosale and at the tine he wrote stated that the aethod had been 

largely la ^sntitatlve work* He ocnsUer^d that further

d iso! vantage arose from, firstly , the innbillty of tho method to take



a dU oitU  depth MBplo and, secondly, tre^M&tation of plankton 

w* ■ resulted free the aoticn of the puop,

Serortboless, this aeth.d w u  ehosen as being the best available 

for this particular study,. due to the relative shalloiae@s of the 

natter and the aeoeeslty to aaaple voder the got. Care m s

taken to puap nt high epead so that rfceotaotio avoidanoe was reduced 

to a m to la w * The nature of the lopeUer to the punp used, lAloh 

wa~ op® » joeoed suitable as it was thought that ain4atsa fragoent&» 

tian would result. This appeared to be the o u t ) for althcn^h seen 

of the Cladocera ia the saaples wore found to hare had dsaagsd valves, 

actual fragmentation of aooplanktcn was act found to occur in tile 

sanplee oclloeted• The oethod was, however, unreliable with regard 

to depth accuracy. Tests to a laboratory a^juariun using dyes and a 

venturi pursp showed a current set up r-ruund the nossle not unlike 

tho pattern given by a m ^netio field* The greater the sarsple voluBe 

therefore, the less dise. oe the sample depth* In order to crere<©s 

this weakness, samples ifkT*, c* ly  taken at a BtolsuD of 5 a ncriicntal 

Interval* (unless itatian depth dictated otherwise) « d  as so<& as 

actroneou* "pipe m terN had an olaared ( The soBetlas* startling 

differences In jasp2.es taken only two etetro<i apart -\t Station 5 

augsaat that tha method aa uaad fava a reaacnably rapr«a«itc.tlvo ample 

of th® population at a particular Upth.

Quantltatlv* ssnpliiu; of sparse pUnktcr. populntlma, ifciah require 

large swaples, weald appaar to tj inocopatible with tha It r*tatlsttasl 

eraluntlon, for fiill repllsatlai la not poaalble. Tha reaacn for 

thia la m in a  tha apaflal dlatrlbutlon of ploUttm m i  tha dlatuiw 

hmoe vhloh n n l t a  fr w  tha m w w al of a larga simple) thu» tha 

raquimA wotmmit awar f n »  the original »«5pl« to rolatlvaljr \»dl»-



tturbed m im t  tfooSd m u l t  in aanpliag a  different pofsikllflB fru ity  

and aa erronooua tapreaiic® cf inefflotaucy wtxild otaergo# to 

1/ela  of the rwaulta a eh lm d  do »hc*# moreoror, a dlatributicn of 

plaoktoi vhloh b* « i  to be peculiarly eltspad and looaliaed, In 

older to tfwrBcm  thia problota to acne unkncMn degree, a largo aaa.de 

was ijn cce position at high apeed in ■& attaopt firatly, to

apply the fom ula dsrlvod by >taviio (1957) to tost for ftoouraojr, ® d  

aeecndly, to o nrocw  ifeeotatftio aroldanoe# Handle *s foraula i i , 

however, depend «it on the data haring olth^r rendc® or ^oiaecn H»-  

tributiai, ao that tha m is  equals tho varianoe and the itanda*d 

deviation r x . Ce  this baala ha sierlr«J that n » (lAere 

n .» inabar of eamplee neoeawy for 10* limit» of acouraqr, 5 pojwla- 

ttcn moan). This la similar to tho fonw la stron ty Sarthwwd (1#S6) 

to tofft for number of eanplae neoosaary to be vlthta a given leval of

arjuraegri

i l  8
H uber of easplea required ■ "  

where •  la eUndard error, D the rsqul’-vl level of aoaureqr (normally 

C .1  •  10*) n d t  li quant it /, depending <*i mmbar of wmplea m i ob­

tained frm  tables. k» firstly the data w re  analysed by w ight m i 

not nuubera, eeocndly, the ilrtrtouticn when taetej u u  found to be 

ocntagioua (1 nylur s pcw r lav faotor p *  0*152) « d  thir-.il/, Soxtlfc- 

wood f!96e) olearly state* that data must be derived trm  with la m  

eodogloally hcacgatoui habitat to apply hl» fo rw la iwhioh ha* •  

similar derlvatlcn to that o w ! by M m dla). the river north t» 

aeevittally hetMogaiecu* the fo nula <mnct be applied, »o within 

p i . tatt la taeun to be available in order to find tho aoouraoy of 

tho saaple*.

trm  though the anounaoy of the settled la etlll open to oaijertnn,



It Is ooialdared the a ln  of ■nfflplo md tlM apeed with jhloh It ml* 

t&kcn {C.2. a9 In 1 minute) ihculd ban ivsultod In & better nanpla 

than oould have bean Obtainwl by acta, A further proh3«s datraota 

fret tha value of data eollaeted* the nature of tha project miti­

gated i-galnat nora frequ»it !a,rll̂ tit aaiapU ng and aero importantly 

porhapa, tha aaaaamant of diurnal varlatiaia. Changaa In plankton 

population aan ba particularly rapid ( even on an bijirly baaia 

(.laoaka, 19«0), ao that generally apeaking, roaulti oan-.ct ba «a»- 

alde*ed aa being repreaentative of aaaacnal variatlcna» Ccncilusicna 

baaed on tho data oan only, therefore, bo derived either frco aub- 

atantial variation or consistent tnnda«

1 .2  - '- I't- H”  in«l»«l*

Mesh aub-aaapli'a were trade up or down to exactly 1C al without 

affacting plankton nuabera, were thorough!/ »ha>«i «»i a l u l  aaaj&a 

renewed. In thicker aanplea, tha 1 ml nanpla waa dilutad to 5 nl 

n d  a 1 ml ample taken off thin. Thus two dlluticna w ra  uaad to 

obtain material for courting, 1 l 1C ana 1 i 5Ci, depmiing cn tha 

m nbor of plmktera present. Theae aanplaa of tha aeeh eub-eanplea 

wara plaoai in a perspex oountlng trough, oada foi tha j«irpoaa, m d 

the different apeolea counted, The porwntase ooapoaltl® of each 

apaalea in the nosh aub-aaraple vrna derived f r «  theae C on te . In 

order to teat for aocuracy of tha l/10th and l/5Cth aanplea, three 

raadoa aanplea of differait density ware m tlroly oontadi a "thin* 

M B p l. (105 plaakters), a •w U » <  («,98J ) n d  “think* eanple

(1 1 ,8 7 « ), i  amparlacn cf the percentage ocupoaltlcn aa refloated 

tajr aaopUng againet actual pero«ta«e oompoalti* of the neah «4>- 

sanploa a n  aho«B In Table ( .1 .  to aA ltraiy  deoiaien waa made, 

baaed liiruely m  "coat /  value" ocnaidemtlcna, to aaart In aeeh



m m »  6 .1  PLAlttTO* COBOTOT THLu.IS OB THE 2*SI2 OF Ifejflf 100

••m w  sa* "m m w f1 sahh*

Staple a iM  V lO

tariMr *~«apl®» repaired 
to OOUBt fct iMMt 100

%>tal w ater plaaktem

StaptOMa I 
B iaptoaeai I I  
Cy-3lopoids 
Capapod anplil 
Bceaiz* I 
Bn— lit II 
Cnl<)te|taii

Oqrdcria I 
Ctqrdorta II 
triehocNKre* 
Botifar H  
Botifar T

lohoe

10

105

SAMPLE i C T U  

> %

6 .7
3.8  

10 .5
7 .6

67 .6

3 .8

6 .7
3.6  

10,5

7 .6

67.6

3.8

1/50

1

4932 

&jiri£  m i  

%  *

9 .0

1 .4
26.2

0 ,7

4 .1  
12*4 
22.6
13.1
1.4

2 .5
0

1*4

2 .3
3 .5

5*4
0.3

27.1
0 .6
4*2

14.3
24.4 
11.3
1.1

0.7
0.1
1*4
0.6
7.4

FUXK3BS S O B  COOTOD

-THBat- SAMFTC 

1/50 

1

11,276 

SAMFB ACTUAL 

*  *

12.0
4.5
2 .6  
0

5.2

62 .0

1.9
0 .4
0.8

0
0

4 .1
6*4

10.9
1.8
4 .1
1.0

* .5

61.8

2.6
0.7
0*6
0.1
0.1

- .0
’,.e



sub-sonple m i4.i  so that wt least 100 m l&als M *e  oaut«d . Ttaua 

tvr mush su*—swaplas M re oatirely oou&ted If  the firat held less 

than ICC plankters, It con be seen in this table that tha “thin*

$a plas rvqalrwl oa&plete counting to fulfil this stipulation, In 

the *siedtu»" sa&ples, a im  speoies w re  within H  of their t n s  pro­

portion, two were within *$ m d  two within 4(* &  the "thick" 

sanptfe, sight were within IS , two within H  and one within & ,  Sob** 

of the moat infrequent speoies were aot found by this not hod, althcw^ 

present, and it is recognised that the tabled results oould be dut to 

ohnnoe but this is ocnsWered onllJcely in the light of thalr similarity. 

In view of tb? general nature of •ohls part of the surrey and the unknown 

in accuracy of the sampling method, It was decided to use the foliating 

method i entire 1 ml saaplss of tho nesh sub-sanplus Mr® coasted 

qui0.itfrtively u itil 100 planHers or noro had been processed, from 

these percentage composition figures, densities in ag/nS dry M i g h t  

for each nosh sub-saaplu ware calculated and than add* i to give tt* 

total plankton density for che station/depth snrsple. Thi*. oeans of 

oalaulatln^ plankton density m s greatly aided by splitting the saaple 

through the decreasing aeshe*, I r if the statlW dapth sanplos had 

not he®  split, the smaller, more ms&erous species would have been ala- 

proportlcnately enlarged and the larger species reduced, Ai a reailt 

of splitting this problso was overeat aad species of aore or 3m ? the 

§n—  sise nade up each a*»ah saaple, Thus timer values of proportionate 

M l^h t were obtained, In the aaae Mgr, toe colonies la tha

different meshes M re  similarly sited and oould therefore be c a » t * i .

The aethods used to saaple n d  assess both apaalee aoapoaitica sad 

p inktca deneit/ ware therefore eaaanUally gross and atqr oaiclusicns 

be^ad ca these data auat b* regardad as tentative.

154.



Y n ir t t a i  Ul Z hBffiw  gm lter

Ttu variations in planktco dsnslty aa fauna rt the d iffer«t  

deptL* of the stations on the rarious saapliag dates a «  given la 

Table 6 .2 , and are figured (F ig . 8 .1 ) . to the b u l l  of these ■ethode 

and re suite, the density of plankton varied considerably ranging between 

0 and 979 ag /n *. The arerall nean was fcwnd to be 223 ag/n  3 

iSO ■ 21<>), Although It la aouevhat speculative to assune, cn the 

basis of a series of slnglo day, aeoaanally spaced saaplos that the 

results ij*e representative of seasonal changes, the substantial dis­

crepancy between tho sampling days indS sate lowest l«raltie* during 

aai after the raina and highest danaities during the winter (F ig . 6*£ ). 

This pattern was follu«*®d in Staticnii 1 , 2 and it  Statics: 3 , 

howevt*?, d«nslties were acre or less statlo after May and at Statlcn 8 

which was f omcnantly covered by gfllyfo** co sampling dates, a 

deoreaso in plankton occurred cnrer tho course of the project. It la 

also clear that densitlas of plnnktcn wero at their highest near the 

riv®r mouth end decreased progf^aaiveljr rvway fit® tho "estuary*1 

(F ig , 6 .8 ) . &  teras of depth d lstrim tim , on the "bay" Statical 1 

end 2 there eemed to be little difference betw a* the w eraH , rmm 

dm aitiaa r£ planktcn on the surfaoe, In midwateis m * cn toe bottaa. 

Within the "estvary\ however, a definite iacnm si u u  found associa­

ted with waters of at least 5 motrea depth sl- at static® 5* where 

the depth was never greater than 5 a , little difference betue® surfoae 

md bottaa Is appurent wtan aeon d«jsitiea are ocnaiderod.

Distributional peculiarities of planrt® are app&rmt the 

e*\Rpling dates are ocn*ider»i separately as density isopleths 

(F ig . 6 .1 ) . Two centwa of higher density were found at ttoes.

The ooo, associated with waters inside th.* #8 « W  uauaUy
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proeaiat, eoBotiaea la aurfaeo water* aaeoeiated with s«iv4«** and *t 

Oti^r it e N  aaeoeiated with the bottctt,

the other vaa fouod at 5 a  depth at Station 8 <* ftfe H»y 1967, 

at 10 a  at Station 2 ae Slat July 1967, and an tho batten, lxrtweeo 

Station* 2 and 5 «k  8th February 1950, Theae centre# will bo malyeed 

furfchir below,

2 .2  Snatlal Dlitributlai of

A rafsrenca oolu at ice of placet on apoeloa vaa made* Speoiaena 

have boen kept aa duplicate aota both la alochol «nd aa permanent 

acwntb, atained la borax carmine and mounted la Sw ot*a nodifleeticn 

of 3erXeeef8 nadlura. Qaa of the aets la at proasut being rased and 

until thle la occ.pleted, a spooLea H a t  oanncrt be lnolud*2 here* 

Tventy-ewven rtBpeoiean of acoplanlctcn end two epeetaa of phytoplmktac 

were fouai, Densities of ooat of theae speoiea found by ataticfcf 

date and depth have h&m tabled a**l are appended (App, 8*1)* The 

pt^jporticna of all oclleoted »oojiUakt<»> by weight, ecaetltuted 5 #  

Copepcria, t&f, Olaiocem  and 3$ Rotifers, The c o p e r s  ww-o dqainated 

by the diapt calls (241 of total) and the egrolopolde (19K)« Oopepoi 

nauplil ecnatituted I l f , The aost important eladooerai \ms Qtfio- 

ABfitfiiA (20$) | filAfibttUUBft Cl2t) and ^ «8f) were alao a ig n i~

fioant ocefitituonta.

The mm ionaity of the different apoetea of planktaa fcn&d 

during too awrvey are figured by atatlcee and daptha and ahot* ir 

figure 6 .5 .

The diaptoai/1# ahowed a tendanoy to in'trease Into the eetua*y 

and appeared to farcur water of leaa t b *  10 a depth* The daoaity 

cf the diaptonld ocnpcoent cf the ptnnktcn in anaoolAtiarv tfvth SlttiflUi 

In the aurfaoe waters of Station S waa al«c*t twioe that fc*ad el*#-

%$>*



where* fitflfldiDtttlft* single oo«t important sooplsnkter, showed 

little differenoe, in open water, la its distribution between 10 a 

and tho surface, but decreased in waters Jeeper than this. In 

•Mloaed waters shallower than 10 a this tendency was w w wd and 

greater ocneentrati.ne were found associated with the botton, 

peoially under the 2aLX&A&&*

The afolopold oopepcds showed a definite tendency towards 

greater density near the bo-taa thrajghout the area* Unlike m y 

of the other speoies, the/ were found In largest ocnoentratlcaa at 

station 5, decreasing both toward* open water and towards tho riw-r 

acuth,

Ctpapcd naunlii were ubicjultous in fair ocnoentratlm, showing 

no apparent depth preferanoe* k fivefold inareas© toe found at the 

stetl-n nearest the river aoutH( underneath the SflHlifliA In

aaaoolati.cn vlth th* bottan.

4=08 ol tha Elinor •ooplan'ctcn constituents, shewed a 

progressive lnoroase in*>© the river raoith, partlaul&rl/ In aasooln** 

tlcn w ith the bottan.

JilflfibflLfilflBfi ftlso showei a prefer»oe for betters waters* Den-* 

•ities of this species were nor* or lass ocnstant In cpen and noloead 

waters, aocoopt underneath tha aIv ItiIa  whero & mark**! lnoraaee waa 

fomd.

The rotlfara wara ubloultoua Id *m11 •cno«itratlcns ahowlag bo 

deftalte tr via of p«for«we r.aaoointed alttar *ltii depth or neaiBeaa 

to the river south. Tha apparant Inareaaa at StsUai 8 mm due 

largely to a alngls tlrely enormia omoantratl® of a (tpeaiaa of 

fftn^ll 1 * (Rotifer II) «hia*' ooaurrel la February I960, .md >*iloh 

oould be attributable to m  aaouulatlcn arlatng frm  the flowing



Tha daphnids occurred cnly sparsoly and were in more tr lass ocn- 

stant concentration through tho study araa.

Although tho snail qoaatitlas of tha blue g n m  alga 

jgB U M  oollaatadf relative to tha larger quantities at aooplankton 

takan sircngly suggeat that tha method uaad la un­

suitable for tha quantitative ssapling of this spades (in that the 

action of tha puap largaly disintegrates the colcnles to a alsa 

amaller than the smallest mash used, 112u) the data shoild be aoai*» 

ste m  a relative baala, aa the techniquw uaed was ccnaiatont#

AMTfntii was fcund at all leptha of all stations at store or laaa the 

aaae ocnc«ntraticna, but was particularly abundant aa 51 nt July 1967, 

on the surface at Statica 4* This is ocnsidared to be as e rewlt 

of d««i, floating oolcnles haring bean collected hare on tha au£* of 

the SlisialA oat by wind aotian teid could therefore g:w *n errate*- 

oua iapreirslcn of spatial distribution*

The ocnparat * valy tough c«aiat«iey a»l alaa of SSSJSM oolcriea, 

m  tha other hand, vers better suited to tha puaping method. In th*> 

open bay, greatest concentrations were found at 10 a* At Stati® 8 

tdLrat was apparently a dots important phytoplanktcn caiatltuent thm 

was densest at tee surface, showing a ccnatwit deoreaae 

tow&rda the bottom. Although quite hi«h acnoontratlms were fond 

equally distributor between surface a»td bcrtton at Station A* ***7 fw  

ccdmivs ware found further into tea Slllittwil *®t at Stati® 5f and 

than only at the surfaoe,

?,3 JS*saal2L fl4eSeti»U m ^L5»«M tfi

bearing In al»3 tha reacrratlena imposed by the potentially inade­

quate scsnpllng, ocnsidaratian of the tamporrl fluatuatlcns of lndlvi-



<Joal speeiee at each depth point would be ^nrealistlo. Ja attaapt 

has been sad* to overocae this, at least partly, by grouping t—yoral 

results tor eaoh speqios throughout tha study area and reg-rding eaeh 

nwpllng point as a "seasonal* jufesaaple, This should result in Bore 

reliahle information on the poesihle seasonal fluctuations of eaah 

species, as tht. resulting saapls la considerable, ropreemtlag plank* 

tax oolioated free 2.6 n® (572 gallons) of water* The data for the 

acre Jjaportant apeolsu tmated in this way are given in Table 8,5 ard 

figured (714* 6,4),

Major ohangoe which are apparent are as followsi 

Cyaloocid aooepcda were at their greatest density in Horeaber 

1967, being relatively sparse at other tiaaa*

Couepod wmifdii shewed a similar pattern to the oyolopoids, with 

scrae indication of a decrease in July 1967, which wse not found In the 

oyalcpolda.

maintained a high density between Hay and August 1967, 

and fell off oonsiderab-y at other tines of the year,

Ottoavnt CtontoBBiaiit i w i M  uttla * “ * • th™ « h-

out the sampling period, but CarlodanhnlA showed a considerable in** 

oroase in July 1967,

aotlferei the rotifer population showed a deoroaee in July. 1967, 

but increased considerably by the following Moveaber, A farther in­

crease the following February was attributable mainly to 2I2S£aUJI 

(Rotifer I I ), XciOtaatt»* **»• cnly other rotifer species to appear 

oonslatently in aost samples, r«nain*l relatively constant, apart trm 

the poesibility of a decrease in July 1967,

^ott) Vdvac and is M n U l  w m  present on all 

sampling periods, nora&lly in low concentrations, -1 oth also showed

14*.
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a oonaidr able tuaniM  is July 1967.

Cb theee tentative finding! the m is plankton apesiea « a  be 

aaparatad into 4 oatagoriee aa bale**. These whioh, cn the beai* ol 

tha magnituie of ahange a n  non reliable, ara not followed by tha 

braoketod quosticr. nark, which tndlaatea unreliability, 

t . Thoae uhl'h showed an iaoroaae in Jtilyi tof.aYfftU- ISlZiS 

Ceritdanhnlj.

2 . Thcaa which inowaaed in Hay thiwgh to Julyi dlaptanlda.

8. Thoa* whioh lnoreseed In Koroobarj oyolopolia, rotifore, eopepai 

nauplii, rin»tn« (’ ) and n i ( t ) .

4. Ifcoaa whioh daowaaad during Julyi ntlfera (? ), oopapoJ 

s w ' 1 (?), nianhanoaq&a (7 ).

All ...reo grou;» whioh ahowod a poaaibl# Joly deoroaee showed at 

inoruasd In tho following Hovanher*

The naan "eeiBuial" figurea for total n’ ankton oclleoted ahoim 

in Table «.£ iaJioate ■'.oweat production in Fobruary IS6?| in May 1967 

md Fabmar/ 1960 protection waa found to be about fair tlaoa greater 

than thi«| a fur*.!wr apprractaato threa fold inoiwaae to highaat pro­

duction was found in July 1967, followed by a snail Saerawa to a high 

Nove&bor production.

2 .4  Penalty 2sri«»

The prsaaneo of "danaity aantraa" Motion*! above, -hloh are 

apparent in n«ure « « > « * . on quintI' S.l-v data alsne, the p w  

t(r -*« of eeparate population*, whioh, if cm ijialitotiva analyaia 

ahcw a different fpeaiaa ooapoaltioB, would be wrified. It, tmmnr, 

the danaity oentrea »re oui#tltu«ed of tho ease oorapo*>nta, it ia •••*» 

likely that tha opulatim wcwlxi be the ease.

Cn 5t.i May 1 « 7 , the oc»c*itratlcm in aid water it Stati® 8



was mainly due to the diapttaid I whi?h aoner.ltuted U &  of tbs aaaple. 

Tbs s.iftse apaeiee ooaatlasted 48$ (it Station 5,, though la tl̂ Lr M M  

2UfL of the eaaple v&»

'‘^aptomld I w&a alto on la portent component of the "Penalty 

oentrea* ca Slat J'lly oonatltuting Z7% av 9 n at Station 2 and 23g oa 

the surfaoe at Station 4. At thia time *ie more Important ocnrbit- 

tunt at the outar oentre waa Carind»p^^r however (50%) and at tha 

inner, jBftgdill (60*) thought tc be mainly deed, floating, allooh* 

tcnoua, material*

The denalty ocntre c® vno tot ten at Station 4 cn 10th November 

waa due to an extreme oonoentraticn of equal proportlm Df Carlc- 

fliphnlff apA £jJdyo&SB£ft£B& whioh together ocuatituted TB$ of the aasiple« 

Cn 8th February 196C a departure frcm what had been prevlcwaly 

scrna rlencai occurred. Inatead of the cuter "denalty oantre” being In 

old wnt«r, it appeared along the bottcn and at an Isolated point on 

the surfac* at Staticix 5, Aa in the previews November, the inner 

"donalty aantre* waa aci the bottom, roderaeath the ^s^v^^A ®at, but 

much nearer the point of entry of the river. Alcng the bottom at 

Station# 2 md 5 the populatloa waa kolnatod by the crctcr~i*t ocpepoda 

K#Jl) and, to a leaae# extant, DlflnlwntMiawt Ctl the •****•• at

Station 2 the hi?h oyolopold ocrspcuant (35<) waa alao apoartmt, tait

had been replaced by dlartc*ald I {%?%) • tJn^exneata the 

art, cn th. other far, !, the sain ocrapcneat, vaa £s.cktl6BhBln

(SO*).

On ecnaiderafclcn of the three tabling day* which ehoweî  bcth »n 

iwwf  ^  jitter "denalty centre*, the indAoatlona are that, c«\ .h# 

baftla of epee lea dl«trlbt-lm* on 5th K 967, the twe oentre; vere 

^jeentlall/ oC the m m  populatlanj cn 51 bv July 1967, the pojfcUtlcne



" "  « * ">  thaagh th» lsp o rtm a . of w j #r  tti.

gtlvVllf •uggtatad aoae difference} and cfc 5th February I960, tfa* 

indioatioft* art* that the population wen entirely different. Ro 

gmarel w le regarding theee centre la therefore applicable, bat 

it Is Into rotting to note that the findings reoulteat opert ocnaid#*^ 

ticn of the apociea ocopoaitico sr© aleo su^geated by the ocnforaa- 

ticD of the 4«aaity iaoplethe in figupa 6«1 «

*** nat SiflU^w rt to fran^i

During the poet turnover juried of oscsh year, frca Jtmo to 

August, ft blocn of gyaaap wsa obeenred to occur* Caa»

ouirently, the pi'veeno# of aosetiaee loxye oaaoentratlons cf tfc* frvftb 

water jellyfish Llmn<yHft was found, In cwnoe't ?tlma eirtlasted to 

be up to 20 individuala/ta^• Greater oau^rritiiofte aoeeed to occur 

within the "statuary" #

Lxo«ht; areaUs whioh judging Ijr thoir nunbers J“ mthle 

^  -nplea (Cnaptor 7) mmt have <*cn*tltuted aa important ocnpcnant cf 

^anktati at night, uae the pradatory larva of the phantora midge 

phacboraa. which is Vsiown to be bonthia during daylight and plank- 

tocic at nL-bt (S ,l. Mitohell, peracfcal ocnra»loatian).

3, vncUSSIM

5.1 EnarfW Ualfttlcturiiloe

>rcoka (1989) hat reviewed knowledge regarding feeding bahavkur 

of planktco aotd the eflsot* cf predation <tt plflttktai oaapoaition.

Hi* fin Jin,?a with roforenoo to pXanktraio Bh«rblm v>e" (those whlah 

e&*4 participate *&tfr ) m y bo M M r lM d  aa f oil owe i 

X, They all eocpete for fine partlottiate aatter (1 to 15 »). 

g, Larger epeolM have a wrfced advantage ^ r  «a U «r  spooler 

both 135 U r m  of fUtertn# efflolunelea, whlnh inoroaae with



at laaat tha square of body - ength and in their ability to 

asalallate larper food p&rtleie*.

S. When predator preaaure freer, flah la Ion, larger horblTorea 

prodaalnata and whan high, mailer spooios are allowed to, 

for flah select the larger specie*.

4. Moderate predation proventa the elimination, both aa a result 

of feeding oompetltion md wit' pojxilaticn predaticn, of 

the anallor speolo* by the larger,

to ordei' to apply Brooke' (1969) finding*, tho gut of main 

sooplsnkton specie* found during tho «r»ey were studied oioroeoopl- 

.1 1 ' to asoortain food proferanoo.i. Particulate organic natta* 

ahowed up oloarly where proson* in t h® gut eo that cn the baals of 

pronaioe or absonee tha species ms deemed heibiroro or predator,

Thoso flndlnge were rupplenanted by an exaninatlcn of ooithparta, 

the relative «i»>  of tho different species end Brooks' (1969) 

statement that oyeiopold oopepads are generally predatory whoreaa 

tho oalanolds, with few exoeptiens, ans not. A wlthln-|iUn)ct<m 

food web has bean prepared free those flndirg* (Fig. 6.8'  shewing 

the proportionate slses of the main oaapcooits. The relative U- 

portanoe of thou* cx[>reai.jl as !« uentoge by wight of oil plaructcn 

aOleoted, is also figured. brco», end Dodsn (1965) showrx! Shat 

in Ciystel Lake before prttiatlcn, t'.j mode cf v-he plmktcn pojMla  ̂

titn was about 0.8 m  with niustaoeen ocr. txranta belw 0 .4  ■>

baiag absent, whereas after introduction of the planKai eating flah 

J J A *  «•- aode dropped to 0 .5  or-.. Ttn preponderance of

the »-up oaspoeed of ffnr* *»> BUchflBM a a . balanoed by

tha more or lee* eqasl proportions made up by the 0.1 m  and

1.2 m  groupe n t l N U  that only moderate pwdatier. pms*ure was 

being exerted cn tha plankton populatle* during 1987. This aspont of
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pleoktcn will be expended further whoa discussing the feeding of th* 

plsnktivorous £LftE&&fi £UltB&fl}lI*

3*2 Tto Food of "Hartlvorea"

Although it hat bean .itated above, that tha sampling nwthart was 

laadecjtia&e for tfr* purpoees of estioaticn of the phytoplanktcn pojwla«- 

tion, tha facrt that there ia a definite inorea*e of all herbivore** 

eleoents of *' ' plankton peculation within the estaaiy (whioh cculd 

be iue to the presence of 'ialv Ala) , yet that the predator oyolo- 

paid oopepods do not show this, suggests that the main soiree of food 

for the "Herbivores” is Dot phytcplanktan, whioh is sparse in assoolfc* 

ticn with Swlvtnla. but partijulate organic natter in iuipw» i a> in th® 

water.

Cn the other haul, ai* increase was soon in suae of the "herbi­

vores* in July, indicating utili* i^cn of phytoplanktcn at this tiae 

of the year. The Boat startling inoreaaes were recorded for the 

diaptaaids «ad £fl£l£dA&ilUd» ^3PCE5 ^ i0 ^°P ®iddle "size tiers" of 

the heAivores. Tho opposite reaction whioh possibly took place in 

the w»*pm  Mid the rotifers, both of +b» lowest herbivorous tier, is 

perhaps explicable in similar tarns to Hrbaoek‘s (1964) suggest!** 

regarding soo/ph',toplnnktcn Interaction in tho River Slbe of Caecfct̂  

Slovakia. Sam A y , that tha lovolopmnt of the innayti* &  JulJr 

initiated by nut riant releaee following overturn results in a lower­

ing of production in the plant nannoplanktcn, tha scamse of food for 

the smallest aooplanktora. This p vaisa, *Aich arisen ,*rcn the aav- 

tradlotory fluctuation of two of the tier# of the in-planktai food we’ , 

Is lent sane support by the low citrate sod phosphate levels tasnd 

(Chapter 5) at a Mas when highest levels coOd be axpeotedj in that 

the available nutrient is taken up by a peak InnflyflUl popilatlcn,



x§ itiaul&ted ty po#t-tunu>rer nutrient availability to the 

preeorlcu* level where nutrieeta released ce dooay are alaoot laned* 

lately r*cpol«l within tha Amuw^tf population. Tbua the otttto* 

planktcnio food of tho ■uCUop* aooplanktore could hare teen euppreuaed 

in Jaljr 1967, vy the overvhalr.ixts tloctt of Aaagvetla. 4 further lapli- 

oatioe vAich ar âea from this la that the plant nannopianktm foitwd 

an aaaantial constituent to tha loweat tier horbivorae at other tine* 

of the year*

ui twr> oooasim* pl*nktcn were saapled within two we oka following 

flooding» on 6i*i May 1967, foUovi/v? a flood of 61 n3/»  »  2nd Hay and 

on 5th February i960, following a Clood of IS a V s  <n 25th Jaxnuuy

I960.

Theoretically, on the so two oocaaicti*, the Inner density 

oontree wero of riverine origin and the cuter density ocotre* ware 

either cf displaced lacustrine origj- , or a ocnoanttiticxx at a suit­

able feeding site. With rufcv* * to Pig* 6*1, the inker danaity 

centre an 5th May 1967, cunt be ^ftely of riverine uri&ta (tales* 

a nualeua retained in the S«ivin<f. roo^a* and rule&eod fcUjaii&g 

flooding) following displaeettent by the ocAsidnraule flood whic<’ 

o«a*»rrwd (see Pig* S .ll). Although pl̂ jJrton aaaooi'. with the head 

of the "eatuAiy" prior to flooding eaild have beor» dieplaood up-j&rda 

and oatwarda by the nature of the vndarflcv and therefore jsused to 

octieentrate In the middle layer* at Station S. It waa fam& that tn 

t j ooo&aldn qualitative tmalyei* of density Metres ahowed & similar 

«peoi>.«* composition, whloh would indicate n distribution that ha* 

rsooveud trm  flooding* C« oonaideratlcn of t»e m a »t  of ipaoo 

whioh has bean o*&cfti8*d, fe^-wty of the plankton following flooding



n m »  to !» aurprialaglr rapid and sngg»*t» th»t ShItIM j mar sot aa 

a source for reeolcnlssticsi aa aantlcnad above.

The distribution of planktcr. found on 5th Kobruary 1960, lends 

itself to easier explanation In toms of delayed flooding affoot <n 

tl a plankton distribution. Tho outer density oentro nay have best 

aasoolatad si tha r with tha pattern of citrate rojo&se along tho botti*, 

or with tha presenoe of concentrations of particulate organic saatter, 

ftUonlag flooding Tha Inner density oentre umld theoretically 

hava bufln a ocnesntratlcn of lotlc ri.:ln« Tha qualitative differ­

ences fund betwwn tha density osntras at th.'» time suggest that 

thaso acfaowhat theoretical suppositions ««ld t* tmo; provided tha 

rain otnpawnti wore herbivorous. This was not tho oase, hovnvar, 

for tha dos^natlng ocepawnt of tho guter Asnelty oentro u@re tha pre-* 

datory ^-nlojold oopapoda. First ocnclusiais regarding iraaedlato and 

delaysd cffaot* of flooding, baaed oily cn qiwntltatlve analysis, wcu]d 

therefore m m  to ba misleading. The effects of flow cn tho planlrtm 

population of tho "estuary" cannot thorefora to classified m  prsssnt 

data. More olosely spaced sanpling Is necessary before, during Mid 

aTtar flooding oocurs.

3 .4  Plank»,<a Ctsf.rlbtttlm to itfatlai to TheraasUBE-WtS

tU|rAWfl-toan

k ocnpallscn of plmkt® distribution (Fig. 8.1) and tha dwbla 

thomoollne fcraations whiih ooourmd (Ohoptor 6) shcw»; that taqptn» 

turn stratlfloaticn sesned »•> have little effeot m  plantt® dirtribu- 

ticfl.

On tha other ham!, highest ,-ianWon concentration were frequently 

ast-oiatad with low dissolved oqrgw tsnsions, as follows i Inner d»-  

»lty centra, 6/B/B7, D .C .  I M , Inner l«aity oantN SlA/CT, D.C. 

noarly lowest fcuni at ttae, M t  *»»«• centra ia/11/8?,

1(8



D«0* lowest fcund at tine, 60%\ Alarv; tho bctton S/2/60, itmer and 

cwter denoity oentres, 0»C. lowest found at the tiae, 15 - 2ft.

This asscokitlcB between high pianktcn density and lowest available 

uxyyun ocnosntraticns suggest that tho scoplanktcn ©an roelet lew 

cs&geto ©aoosntratlens in ord to utilise tho particulate orgsnio 

sattor ccwain-? decocŷ enatictt. It follow* that they oust bo able to 

Jo a~j to be able to utilise this food where it is acst abundant, 

Although an atte&pt was nade to correlate this negative relationship 

nathonatl3ally, toe probability of the resultant rorroasicn h,1 little 

slgnificnnoe (n a J6, t with two de^rooa of fro odea t C.4?). This 

is oensiderod to be the romilt of selection by tho plankton for the 

lowest catŷ on cctitent available (find therefore tho highest feed con­

cent rntictf) yhich orsull b© as hl;?h aa 5l to 6C$*

s . i  aaattgigmJLte..«d-itettr

In order tc aee if any eorrelaticne existed hetvmen pliaktcn 

density and tho individual physioo-ohaaical oham-cturisticj of the 

water, linear ro/’re/tsiens bo Wo an Individual physioo-ehenteal aharao- 

teristios Jansity of different planktc® speeios, whe'.'Q the two 

typos of sjnjiing coincided In reS.ativoly stable conditions, were oon- 

put ad end fL'urod, Uosuits obtained in May 19G7, wers onitted due 

to tho possibility of instability following flo<x!tn*’  an3 phytoplanktao 

densities were '«ly considered in surface waters* Tha Independent 

variables considered were oenductivity, temperature, pi!, dissolved 

cotytrsn, total hardness (as CaCOj), nitrate, acnoda aa£ phosphate* 

Those were Individually oc-iputed against tho dependent variable si 

total plmktcfc, diapfcoaid i, ayolopoid ocpepcds, oopencd wmplii,

> « a »4 QtrtHii«ito>fl» PlanlviiMagifli th« rotifers, iaaernti i

yflwp- In fear eases % definite linear relationship vns food to

IS*.



ooour, nonaiyi

taapwrature against total plankton (7 * 1 1C4.3 *  81»%c# ;> ► 0.GC5)j 

taopftiwtur® Qgaiw.t (y *. 399,2 - t ► 0 ,U a )|

temperature against diaptarid I (y =* 217.1 - G,70rt p ► O .X l) | 

and nitrate against the rotifers (y ■ l*r- ♦ 0,054at» ►C.C-Cl).

The g.'ouping of figured readings are such as to ocnfina the probability 

value? obtained by calculation.

Quite apart fraa the high levels of probability found in ttwse 

relatirmahips it la unrealistic to consider any single factor being 

respcnaihl for variations in j lonktcn nuobere* Nevertheless, the 

relationships gl^an abov® owi '*0 usad as indications of correlation,

A nor realistic analysis cf the relationship between water quality 

and plcnkton density would involve the randoo ooabiaaticn of the 

various water character!sties in n rmlti-kULsensicnal approach. It 

is considered, however, that this is not warranted* due to tho paucity 

of data axxi the dangers inherent in applying coaplcst analyses to 

field data which are suMeot tc wto^vs stapling error,

*.C Tho Laval of Plnafctm PrcrfuoUg)

In order to obtain sccae idea regarding 1she level of planktcn 

prcducticn at the MMnda River mouth by coaparlscn wit** a rioh, 

dutrophic, water body, sampling was carried cut at !Ake MoGwaine 

in Deoenbet 1971, using a can parable procedure. This lake is cco~ 

aiaered by eaae to 'hi polluted, as it receives processed sewage frao 

the aity cf Salisbury and is subjected to an alaost oenstant heavy 

bican Ol blue fert® ftlga*, oainly md fcWtWMWI HSt~

XgjBi, 00 that the waters are usually an vMrthcl.nCLiy displeasing 

soup^-green colour* falossr (1&?1) has shoe the priaaxy pttdu** 

siico in vurfaoe writers am  raaeSjr high, ranging b*tw«*a *U> agOg/ 

a *A r  In winter tc 2C* C A'fn in sunaer. The Utter level is

im*



SflBparafesl® to thoea ferad hjr Tailing (1965) to La’ta f«aorgo, «haw 

petovuy produotlon Is tho hlghsrt roeorded free 4fr.'.ca, Other

v hm lw l aimmsieristifes cm the s>trf*oo at tha tlnr. of aampJiag Uk® 

Mollwain© i#@ro» pH, 9*tj total harlnass (as C^Xg) 56*0 agA} 

conductivity ISfc .rshoii aitrata 0.06 *v /li ort»^pho«pfeate C«(0* JSgA 

Zocplmktor. dmalty was found, in the spil Ionian of take Manual*** 

tc rm g® botwean 2180 and 4 ^  4  ««/h5, as eonp'trod to tha Mvwrula don- 

ai' 19S yliloh ranged between 0 srt 970 rag/n5 with a naan of 220 «?A»5 .

4. ICHCLUSKHS

Jmring in ninl tha ro?.arvatioruj Iraposad by the frequency of 

sapling which has boas aophMisad nbovs, the following acuclusictia 

are roach* ! s

1 , Thar© tre quite roaaormbls ^mindfl to ©anolude that thore is 

an incree.se of plank* cti towarls tha river mouth m &  mloreoath 

the mat.

2. An overall lioroaM In plankton oeoui'rwJ In Augu*t 1967, follow­

ing tha laKu'a vor m  tho previous Juns Ueggt rit'rr5*

s. Apparent, oontro, nT plankton danaity, <*» '»>«• **>

mat, tho other away frm  It , wn> fourri cm t tires of ft™ 

ooaMlau. Tho»« jor • not ^anar-lly axpllaablo In tom * cf 

I .;nrat«i populations.

i . Tho I l n  ocnpoaitlm of the scoplankton ; cvul'iticr. lndlootod 

that only nademto pr«1atlcB jmasuro « u  k»lw? «*»rtod by tha 

flahu.

6, (to tta* Sasia cf alrcwmtnntlal jtU «  >, tha noet laportmt

forf w m  mm purllm U U orgoxlo ra-tter, not pt.ytoplimM.cn, 

though thia m a  a food oori3titu«t»

6 . Thar, » n  tax  lwSlontloa of a rapid moo.mrr of « »  p te**®



pgprtftfttigx tflUflwtog flooding wHtoh !»%▼• b*m £ae to ft 

rooolcniwticu f&iolau* retaloed by the s sat.

Tho thoiricaHo* hod no npp;.raot c»?f«at cn the vortical dia~ 

trlbutlcn cf the plankton.

ELaBkte& »©«aed tc ocBfis&trgite ia area* of lcva#t axygm 

toniicfe* It is 0Ug*o«t*A that this is tc utilise partioulat* 

orgaBio aattar, tho caus® of decsyganst* a, wher® this is ac»t 

*w*isni, iJr>atei*t odnoantratiofts of pXsaktoa m m  »c®£>tiae» 

fr*wl to sur, ^ifingly 3ov di«»dv*d axygati fcaraiona.

Rotifar daoeiti#® tm& nitr&te <smcwntr%ttco« tthcwad a po»iti** 

relationship (p » 0,001). A rwgativ* lel&iicmship vu  fouad 

to oadst tetwan tsraneratur© and total p.'janlctori (p 0,005) j 

dinptmld t (j, t- 0.001) { nnd Cayĵ riftnhnlft (p > 0*001 \  

Plankton production at the Vtanda Riv^r t&cuth ms aaxaidaf" 

rtbly lower than subsequently .'cua3 in the eutropMc Laka 

MeHwain® (8 to 979 ng/fc* ity weight a* "-y-JOAjd to 2160 to 

<U6/» ng/r?).



CmFTBR 1

1 . nmmiotiai

for tha jurposin of thia oaayter, tfc" tern baiithoa refere tc the 

animiln living In or cn tho botta» 'ai-oelto. It i» eaisilered con­

venient and nor. reali»t<e to separate tha faunal oanrainltl. i of tha

static 1alB v'ter tvm thoee of the river «nd ita pool*, 

hence ody th» bott<* f.»a» of tho lake ooamnity will be ecnsidered 

her*, nopumt.ol/ f m  the s i p i u t !  aitnoolatod with either tha variois 

ftffaatlo macrophytep cr with tho drowned treos of tue lako, whloh will 

bo am.lderod in tho next chapter. TK, mwninlty of tho rlvar will 

bj oaisiaoi*«i separately «* a Hater date.

tha orl* -nttl intentl® had be* tc samjJ® tho benthos o»»r five 

rpiarterly roricx!^ To t  January 1987 to Janoary 1 * 8 ,  at the .ix aajor 

,t « U  or,. ailyi *  tt« *cown«r< rlvar bod, on the virgin* and at five 

and tan wtros ,„pth Mrm wffloiant depth of water allowed. Thla 

pro*'**-* wa„ carried out, ait .ailing of tha drowned river bed waa 

oontimed for oUtt »,.a«ooa» at an taeraaeec'. of anBplin* point*

„  follow., Follow!** tha first aowpliag porlod, the »»b«»r of M o ­

ling points <r the drowned rlvor bed was increased tc nino by tha 1mJ«- 

, 1 *  of three Intar^-Uate atatier- between -tatia.. ^  4 (w e «e|0, 

for It ae-«d trm 1. U M 1  wault* that thla waa tho » a t  critical 

rt««teh, bring -aaoolaW. with tha <Cge of the SillleU « * •  * *  

1967 th- jwotwr c.' bM : ling 'ta waa increased t© 14 by

,  or a tf *lo point b,wean S t a t ic  1 « d  t »  point. **w e-

8 w A  S, *•»■* b®t« *  !" od  ^  8* *  * M  "  *  “ * ■"*



gradually neved out of tha "estuary" betwwn January and July 3967, 

thus an Ideal opportunity to study the offsets of rnt r»ova3 cn the 

benthos oeeurred (particularly If this tr«v:l for cleerenoe would per­

sist) ana was taken. Tula approaoh was anhano j  ’jy the greater uni­

formity of the sub.trnto fcund cn tho draaed -.'-or ho! thou away 

froo It. In opior to utilUe tha opportunity offered by tho break­

up of the gmvtnln m i , furthor saiaples wore taken at the oat edge,

,nd tea and ICO netres In from It . A* haa oo«n shown In Chapter 4, 

the clearance M  did In fact peralrt, thus sampling of the river 

uns ocntlnued at ~wrterly Intervals until Cctcfcer I960 at mo. , 

or Iona tho saw numbor of saM in* points »  used In July 1967.

This staly nay thorefore be conn H e rod In two partai tho "se*s«al" 

survey lantto; five quarterly seasons anti Including tha shoreline 

m i Into rood late depths, and tha drowned r l« r  b*i tranMCt, lasting 

for qunrtorly »eai®».

s. THE B m n s

t v  ocr-slderabla of feet ttat substrate oan have In tha llatribu-

tim  of b«thlo aninals haa b .®  appreciated since before the b^inn-g 

<* the century (ltm-ay and Renart, 1091) md has boon recently su b »t  

to axp.ru.nt. both In te.par.te (C ^ ln s  an, U r f . 1 » )  *»d In tropi- 

oal (McLaehlan, I960, Manhall, 1971) •« • '» . M « lly , ■'■b»»rate ana­

ly s is  shall! b . oarried out on all a c c e p t  •***>»>  l— » 1» ♦—  

af ocntent, aa -n lndioatla. of organic - H er  preset, and soil

partial, si.es. Th. tins available for this a s ;..*  of « »  otu<̂  

allowed tor Iteited substrate lanplin.: a« described beli*.

?-.i m a t u

Two r t W .  Of analysis were u~ d. b  « *  « * * .

M d .  «*hod, the actual samples «e d  to ooUeet t*thlo or*«nl».
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were described m  oallaction prior to washing end the valuee of 

■ttkd md detritus wtainad by 40 aesfa/lnch netting « g  aaoertalntfd. 

Tbit procedure « n  foilouod for tho 201 samples oollaot**! in Jnmuury 

1960 fras all stapling points.

Tho second nathod was ueod m  staples takon purely for thia pu^ 

peas at all drowned rivor bed transect staticns in F.^ruaiy 1969* 

Sanples were colle<*+-ed by Petorsen dredge, placed in larg* bowls and 

thoroughly mixed with the water token at tho soma time* They were 

then allowed to dry cut naturally and were subsaopled whan dry and 

cnalysed by the Department of Chemistry and Soil Solsneo of the 

Rhodesian Govemaetit for particle siso and calbcn ocfitent. Their 

method of analysis for particle sis© was as described by Piper (I960). 

Carbon ocntunt was estimated uaLig tho Walkly Black (1947) raothod, 

which involvoi the caddaticn of carbcn with potassium dichraaate and 

tho aeasureaent cf carboi dioxide eva*/ed by titraticn against ferraia 

araraaniun sulphate*

2*2 Results

The results of the rough assessment nothod are givm in Tablo 7.1 

and the vcO-unoo of lotritue found at tho drowned rivar bed statlces 

am bo found in Fig. 7.1. Hesulta of the oarbm and particle site 

snalynij are also given In thy sano figure*

The sort outstanding feature obearvod while handling the fr>- 

strata ms the change wdch occurred in it# c^K-Lstoney, wi*<i pro- 

gressico into the "estuary* and whmerer samples wire tt-J ,n away ft®  

the ato?«ad river bed, partlcalaily at depths of 10 i  or loss, At 

tbs cutemost atatlces of the drowed river bod samples invariably 

appealed as squaw, at rat if led, Jelljr'-liko oatos, with layers of 

saooth grsy «*S apptmlaately 2 m  thick iepafatad by 2 mn lepoolta



of floe vegetable debris, omslstin^ mainly of Sfl&XlAiA 7006 l̂â ra 

(Fig. 7 .2 ). this stratification is caisldorcd to bo tho rusult of 

differential deposition during tho rains and dry souacr;, tho thicker 

layer 5oing deposited in the rains* 2 X  n insido Station 3 a change 

occurred, the sanples beoming looser nod with a groater proportion 

of vegetable nntter, ori^inntlnr nr„inly fraa Snl/m la. With pro­

gression into tha eetuary tho samples became both looser and nore 

6*idy, Samples collected awry free tho drowned river bed at 15 a 

were similar to those fraa the drown®! river bed. In shallower 

waters., however, the substrate lost its apparent uniformity. Here 

lacustrine deposition cceuirod in Isolated pockets. Away fraa those 

pocketa vogetabU dabrla l&rivsd lar^oly fraa the drowwd trons ham­

pered sampling cmsiderably. Sterna aid grit were also «aw ou  

Tho margins of the lake in the ’-nor consisted of wnw-wash»ia sands 

within whic.1 q sood deal of -articulate flotsam, largely dorHu' fraa 

waL 5cwnd«

Rofaranoo to fl«. 7,1 shove that «c.-ot.able debris rotaimd by a 

U- Boslx/lnoh not was oa>slstsntly present at low lsrnd s cn the river 

bad fran the outermost statiai to Parrot Bond. Thereafter a suit «n 

inoroase occurred tc highest levels at I i r M  Bond followed by a 

sharp *oarease to very low levels at the point of entry cf tho river, 

Kosults of tho carbai analysis, which lncslado *.\1 crgmlo matter, 

show a ocnslstaitl, Kl«h love’ of obUot up to JMonn Send fcAloued 

by a sharp doorwaso with progressicn tcuaitla tho rlvor scath.

Analysis of particle si«o show m  ezpected gradual l n o r o M o  In 

thu pro port let* at U**er particles with progresslm towards the river 

mouth until, again, J«c<ma Bend was roaohod. Here tho proyertiai of



■■ABLE 7.1 IKSUR1PTICU cr SDB3TRATB TYIS3 PWWD AT MX STiTIOIS 
(washed through 4D/" *ash)

FELD DSSORimCM 

Sand and dabria.
Hud ova rljring sandy mid with a littla J 
laavas and twigs.
Sandy dark brow floecalant aud*
Soft amooth and with ten* sand and aaall aacunt 
of dabria.
Soft anooth jally-lika uud with aona fins drtrli, 
Dark fr*y/brown.

Sand md dabrij.
Hiddy dark brew Mod.
Dark brourt aftrdy detritus with sow oud.
Soft smooth jully-lika aud with s«e fina dabria.
Gr*yA>rovn.

Sand and dabrls.
Salvfnia datritua lying caooth fllay-CJka nad.
jmootr^lRy-llke aud ath see* daad laavoa and

MztiUa-

Hard raddish m l  with n m  sand and dabria. 
(Jritty gray/Wown oud with d<sbrla.

Dirty aand with -\]vini^ debris.
Coanw dlrtj sand >>ith 3aiylnlft dobria, daad 
laavas and reels.

67 25 Fina »aA? with »am rad sud and dwtritu#.
Pool

lr ?< 1H) t Rad/brown smooth jally-lika s
2« 14 125 0 Rad ltah-h: own smooth jally-likn aud with

t dabria.
Sa 15.5 125 0 Loose Ql&y-llka sud with traces of SfllTlnU

dabria.
5b fl 270 C Sreoot.h grayArown alay-llka But’ with organie

dabria,
Ssooth brown iraifi with light ■■Win la datrit* 
and deed l^nvan

3d 4 1C5? 0 Heavy . al/IjLb dabria overlying Itgtst I
^  f 80C If Light itw//t>ro«ri gritty buH rfith p—“  c

debris en top. 
light grayArown Bandy mudj 
dabria cn top.
Muddy fjrayArcwe aand with Halvlnla and Othar 
dabria.
Coar * dirty sand with vo^otabla dabria.
Coarsa dirty sand with vagntftbl* dabria.

DOTH wrrRrns SAND
a nl* «1*

0 588 290
4.6 58 25

10 115 65
IS 150 4C

22 68 0

0 das #0
6 75 75

8.5 57 1%
18 70 J

0 2CC £55
4*5 650 C
10 14* &

0 220 £0
6 716 C

0 43C IRC

4 sec S5

67 25

?C 1 m C
H 125 0

15.5 125 0

8 270 c

7 66 C c

4 1C5? c
r 8CC t

6 555 &

MS 10

57C 15
« 50 10

* In oa £7C0 al, th fjm V*«n dradga eapAeltf







larger parU.e3.et showed a »hfjr? ineronso.

Free these analyses, It would sear, that the substrata of thj 

drowned river bed outside Jaosna 3<wd and, aore particularly,

Parrot 3aai, was mieh the sane, Within those points, however, a 

change in substrate was found which was sudden and nor© or lacs 

consistent.

&  the basis of substrates, therefore, tnc drcw&ed river bed 

oan be broadly separated Into three seotlcM (see Pig. 7.1) t 

A. The b*v acne. Proa Station 1 to approximately 250 a inside 

Station 3 (Parrot lend). Characterised by a ftoe jolly-like 

mv! aade up of clay, silt and fine sand with a lew perceptible 

component of vegetable debris, but a carbon content of spprod#- 

mately ! . # •  Within this sons particle sise showed a gradual 

increase towards the estuary. 2.2 Km.

D. Tha aitar ajtuarlM tnraHUjnil im u. Trm a point apprrad. 

rmtaly 250 b  Inside Parrot 3end to Jacana "Jond, Particles 

dcEdnated by fin-* sand. Sharp Increase in perceptible vegetable 

debris with inwaM progression* Caiman oaotent apprcxioately

l . & .  C.s fa.

0 . Th» limar gmiaring tm m lU am l ana . rw « J»«un 3«nd to tto 

river south at Elbe* Sapid. Sharp decrease in both re ntable 

debris sod carbce (C.S£). Sharp increase in particle sise so 

that substrate "ciainated for tne aost part by ooarsi saad. 0*0 fa.

s* m  r i m

3.1 Methods

3enthlc sooples ftm  tho shoreline were tak-an using a Rlgoaha 

"snapper" grab e<m»riag m  area of 25 sq m  to a d*pth of 2,8 « •

* l# t  wrapper gmb samples ccnstituted a single sample for analysis,
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thus eaoh sample w&.s taken as 200 on  ̂ to a depth of 2.5 ob. Five 

M B 0«a ware taken at eaoh station as a soaecnal sample for that 

station, thus 1000 ecnstitut*! the seasonal adleotion traa eaoh 

margii*al sampling point. L m  Vo«i grab, sampling an area of 

554 ® *» was used for all sampling away free the margins, £1 though 

the cieslgEL of th* grab allows samples to be taken to a depth dt 12 ca, 

the jelly-like oanslstency of the a»ds of the droumd river bed indi­

cated the true depth of each sample In that substrate to be in the 

region of 8 to 10 oa (FI?. 7 .2 ). Five samples taken as olosely 

together as possible constituted the season'll oollocticn at Stapling 

site, totalling a surface arm of mud of 1670 sq « •  Saupling sites 

considers! in the seasonal suivey incline margins and the drowned 

river v’ed at all five main stations, 5 metres at Stations 1, 2 and 5 

sad 10 metres at Stations I and 2.

Some concern has bean expressed by varicwa authors (ftnro, 1966j 

MoLaohlen, 1968| Marshall, 1971) as t? the efficiflnay of the van Veen 

grab in taking samples of consistent volume or area in vaiyir* sub­

strates. Muruo (1965) fornd in Lake Mcllvaine that the number of 

banthio invertebrates of all types varifi proportionately with the 

voltaae of the sample. McLachlsi's (1968) findings frc® Lake Xariba 

tn,j opposite, namely that volume end cumber of animals were 

inversely rolated, in that eSironcaid lfiivne, the predcsdnant benthos, 

occurred in the first 2 or. cf mud, as found by ftmdia (10S7) in in 

English reservoir, Subsequently Marshall (1971) ^ ’•king *  Lake 

Matlwaine, ha, shown that in this l&ke ■ 'Uvam and toe Ciligochar* are 

positively rtlated whereas the Chlrcniaidae are natively  related, 

tha liscrepanay in *hese findings suggest that my attempt to djust 

results cn jhe basis <£ the aotual valuse of sample taker, omld re«lt





i& deoNNtsi&g, ratner than incraarihg aoouraoy. fnrthemare, & 

gwb soBg&o always oontaias a water as we3i as & substrate ompcn«at* 

the vduao of the latter being fat more important uban cdvaidaring 

fsunal density. Neither Hwiro (1066), MoLachlnn (19S0) nor Marshall 

(1971) n%m to have considered this point whan relating mashers of 

anlsals to voluoes of aacplGs, which oould explain the disoropanav in 

tholr findings. However Bophiatiaatod statistical arose oheaking my 

bo used, faward distribution results on tho baa is of jtrab ample* are 

always op«n to arrcr of aony Winis, including aacngst ether factors, 

•so&po reacticfi by eam  spejias, %last' effoot by tha pressure \1uv9 

in frcnt of the grab# differing closing pattertis in different sub- 

etmtoii by tha sane type of %mb9 differing closing’ patterns by 

diffsront typea of ^rab rsnd substrate depth preferences by different 

species v/hioh nay vary hourly. In tho uarae way as the tern "net 

plankton" la used to denote plaaktcr. sampled by plnnktcn net, so also 

should thq tom «r,rab benthoa" be used.

Tho rationale governing thla aspect of th*» sampling in tha present 

study tended tcvnrda praotioality and was baaed firstly cn tha fast 

that qptte apart trm faunal distribution, any s^plln., method using 

a grab is open to error, but that for a given substrate this error 

should be reasonably ecnsistsnt, tai this ’̂ aais, cnly 'Vocdw samples 

were aooopted* k "good" sample was easily defined cn the river bed 

whore cnly unifcrnly *1**1 pcakertf (fig* 7.2) weru accepted trm a 

prab which had dosed ccnplotely without any laakar.o whan llftel froo 

tho v.+ >r, Away frees tha river bed the assessment of a "good* sanplo 

was no*e but m» based on the ijusntity 8ubstr%t® 1 ifted

vhioh waa judged after reposted sailing at a particular station to bo 

the obtainable fro® that substrate* Any leakage trm the gn&b



led*

lifted trm th* water ntsuited la the ara$4' being rejected.

At tto«» thtir wm « tadioua principle to naintaia, 4 ortloularljr amy 

free the r i m  bad vha?e larger atleka cr grwnl pu tialaa hald the 

jasm of the grab opan. Cn c u  ooeaaicn, for axeepla, tha grab hod 

to b* dropped 43 tlaaa to detain 5 acceptable M&aplfl*.

As Bisvjr aaoplaa as cost/value ocnaideratiofta allowed wore tokm 

at e&oh aaapllng point and tha ohoiao of five aaeiple* aaapares favour­

able with that of other berthlc workore (T&blo 7 ,2 ). McLafmlan (I960) 

using Moadlo'a (195?) derivation of tho fornula M ® ( -ĵ S) gXrm 

Sc Southwood (1966) and diaouaaad earlier with regard to tho plankton, 

nttanpted to as seas tiie accuracy of hia aaopla* on tha baaia of tha 

mmbors of anlaala adleetad in eaoh. Tha orgunont against tho om 

of thia fonaula without tranafoiaaticc of data and In as essentially 

hotoro,:enc*ia habitat has bom oad« earlier (Chapter 6 ), thus tha 

oenfidanee llrtita achieved would seen questionable and thr nothod haa 

not bean used in tha preaant study*

T13UL 1J3.

BKKOR SAMHJS SIZE

(m Z)

SAWPI* HUM3EB AREA SAMPLED

! • * )

Hsdia (1357) 56.5 12 JS

Mtnro (lflet) 554 e 2004

HaLaokXan (I960) 554 0 2672

* 4 1586

* 1 & 4

IhnhaU  (1971) ICC 6 600

* 584 % re*
ucmtakBt ( - ) 554 6 M7t



The juartarly approach also imposes limitations on the occfldaucse 

whioh con be placed cc findings, particularly on acnsidaraticn of 

tho ecosiderable daily variation found by Phelps jg£ &  (1969) In the 

Mwanda estuary subsequent. to this study. These surest, however, 

that conclusions based on sanplos taken even a week apart would be 

of dubious v&lv 3« Cm this basi:: -ly maples would be of

equal value to fortnightly or ncnthly cr*aa, for only rnjor etuuv,es 

or insistent trends oould be regarded os significant for either. 

Nevertheless, the probability of missing raajt. changc* Is .^roster 

the IcagQT the period between samples. Thw results presented hero 

rii. st therefore bo viewed with accve coition.

Cn onlloctian, saraplos were imo-i lately washed thrtaxgh a Jfi 

aosh/inoh netting had and* when free of mud, stored in a t$> formal­

dehyde solution. In the laboratory, nnir Is wr»*e sorted into 

"species* and counted. As acne of the oil - chaetn tended to break 

up with this treatment, only the anterior ends of tho a© were ©waited* 

The prosent state of knowledge of the species of aquatic inverte­

brates in Afric* allows **ecognitlcn to a large extent only by special­

ists in oaeh *?rcup. This Is particularly truo in respect of larval 

and nynphal stages, a larra proportion of whi'jh have not been !osorthoi. 

it hat appoaied to bo different species wero therefore separated fella** 

l«r dose oxaiainntlcn and ware measured and dra%« wil l the ai of a 

asmra luolda, before beiivj allocated a eeiee code. 43C .1 lffe»*on* 

Invertebrates werr alienated code numbers during toe coarse of this 

study, though the acturl rasters of the species <#as subsequently 

fount to be approximately half this number, tlae in part tc the sepat'- 

ate sode aD'^oatlon to larvae, nytipha, p«psa and adults and in part to 

the fnet that, excessive care «as taken to separate sptcies to the e»-



t«mt that cn® ep&eio* cculd bo allocated several nunherv, tho

spa®io« ilat« if appended (4pp. 7,1) grate&d adtec«d«ig^aot ij 

ffftaadUrt to the specialists who na&ed too various groups and who or* 

listed Sa the sose appendix, £ roferonco aollacticn of ap&clas has 

bMB kept s»3 H  la late-adad to produos froc tola a guide tc the 

aquatic fauna of too Mw»da a m  of Laics Karlba aaparatoly free tuis 

etixty.

3-2 liaaiaita.sal ,gia,gua3i«

In tola soottari, It ie i kmdad to ccfiaidor tha jv suits of th« 

seasonal survey mvti th«w tha river b«x3 tr^sao**, and discuss thea Jfi 

»KneyfU|ifvft-i, Caapsirativa discussion i£ miarwd tor Station 4«

All results ar® presanto 1 in nurabsra per square taatrs mA are 

apps*si®3 aa follows t Danthos cn shoreline ^App*7*2)j at S s 

(App* 7 .3 ) j st 1C a (App. ?*A)} n*tf eft +twa river b©.* (App* 7*5 ). 

i\<asulie frejtt the *iver bad trnaseot in 19C.' and 19*50 ai'--**. in 

Apper*ii©9st 7,0 - 7*1X« It was r.ct pi-ssibl© tc Caudal escaples

on collection ca tho speoinens jould havo *>ô i nxfuirtjcl for the 

rofor n<?3 cc&leaftien o»d scrtotv* oculd culy b& carried out a’j’bswpj* 

®at to a i’tald trip. Oiaoaas ustimtas taads in Ssotiou A*9 w©r© 

therefore derived by oanversiciv. ^ftar allocation of spotsijamB to 

tha raftira&m eollssiian.

tha rof jronoo oollecticn h »  k»pt to ?c« alcohol so thst 

Statio n  w&s nae#*sair prior ta utightag. Tte f <01owing prosed^ 

uns fdlowwii At least 2C sp»alswn* of aaaft *paai»* -m takwn trm 

+&* m&nemQ* cdUoatiao atti pi seed in wawr far v&xyiag tis»s, d«p«&» 

dent m  »fa» sis® cf S£©ei»8 involved. Lar^r 3o«<jis«is# woh as ttte 

la n t  of tsw « M 1 *  Sismiiaatli •»«• *» >»*•» tc*  86

Blurt.. while th* aMOlM* up®«l»*iui (l.«. Iflartafaitf larroa. SxslA-



1athnrta') uors hyamtwi for tan minute*. f aiming tayiratiai the 

(paolama « n  and m  filter paper to nmcm « o .m

vster m i welched to the am.rest ng. Ccnveralor wr.a calculated «  

the oaeie of tbs wmbor of Individuals wilghed. These are tabulated 

(Table T.S).

Apart fran eonalderstlcns relating to standing crop, nuoerioel 

data have been used In the analysis.

The presentation and Uscuoolcfi of moults hat 'non separated 

lnt;> *ur pnrtsi the data station surrar, t ™  January 1 »7  to 

j mullry 1965, whloh follows, and the drowned river bed transect, to 

be e>*al<lar0d lfttor.

57 - Fa!
3.2.1

5.2.1 .1  Snatlal dlffmuBCTII 1n

Tho analysts of results as funal ocmposltldi la alnod to clarify 

the relative lnportanoe of the fannal ^roupf it «)''> MapUaS »!*>, 

withf.t reference te waacnal ohanges which have been Ignored In the 

pro sent 3ont«xt. Hence remits xnr- '*s«l «  total ealleetlctui fra. 

all "soaecos" fron » « *  »M* and v.< tabulated by aajor taxa for depth 

in xpp. 7.6 and for static* In App. 7.7. The total nunbor. of m im l, 

in „aoh ta*® ejected »  tabulated (Table T.*> as are the pU™«t- 

^  derived froa the« total. {Table 7.5), which are figured (M « .

Th, overall p o s ta g e  «n . osltl® by ~r»’.ors for the onUre 

study u w  lmlwtes m  overvholnto- dm-nanee (aW) by the ai*o- 

oha.ta, Chaobortnae anl Chlron-idao (S C .» , 8 1 .8 ,  87.8* roopectlvoljr) 

in J *  proportions. Th. other * * *  tpmi In significant — • »  

th. Sffc-eropt^a ( I M > .  Trloho^ra l l .*> , C e ^ t o p u * ^  

( % » ) ,  th. Mollum* : i . » ) .  Interesting differ-*-, 

within the M r  » * » ,  rt 18 " *  « rTOIll- t to * *  t" * “ t
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ocntait tc ©ensideJr «aah to e* in turn, by order of their isportand* 

a•  constituents*

fita&SSifitth fha phantaa ai%os vojv aa oxtreaaly insig&lfltf&Bt 

constituent of the {aarginal samples. dusty teca the margins, how- 

ew r, nuabers Increased end they wore particularly iaportent at 1C & 

and at Parrot 3 «d , bocceltv? loss important in deeper and shallower 

waters into the ’’estuary* abd outwards towards tho boy.

~ Cligochoota ware a alaarly dcfainant portion of tha

population cf the river bad and ware of ecoo si^ntfloaaoa along tha 

entrains* Their tapcrt?moe as a population constituent Increased 

vith progression mtv&rds into tha bay* Coupled with their insigni­

ficance at Parrot Oand, th© litficaticns would be that they and the 

Fhantco Midges showed a rev^ranl of dooinnricG,

Chiron jiidAa. the ohircncetiis shoved imre&aliig importance la 

shallowing water ard were parts ̂ ulnrly inpo”tant alcng tho a&rglns*

In the flocso voy, a narked lncruaao in their significant as a pcfwlar- 

ticn ocnstitue&t ot'oars with progression toward g tha river nouthj 

frcci Parrot D®5 towards the boy their prcporticiv renamed constant 

at abcut 21*.

C a - The oe '̂atopegoaide appeared to be of greater 

importance towa*3® the river aouth, until Station 5, when a slight 

increase la importance was found*

Caddis fly larvae aom od to be cf greater i&portano* to 

the bay aw interaadtate depths than elsewhere, bein^ oore daninent 

whore fewer dUgo9h»'>ta were fasnd.

fh* enly point where the sqUium)* *«re of any sl£rtifi<*«*we 

m  a peculation omstituent was along the shoreline of the baff.

The regaining fiTe taxa which occurred in the ocOlectims,



iff.

but whioh weru of little overall ai<*tUlia*5ii«o» were usually associated 

with the shoreline, llthcfu^h Bore or less the sa^e aun’ er of repre­

sentative t « a  appeared at «ach static and depth, odxaidersttcn of 

?ig* 7.S Indicates t reals la the proportions of these. Th© analysis 

of overall depth ooBpopiti® su$??e«te that with incte&s&i de^th, or 

prcgresslofi towards th# drowned river bed, significant oavrtituants 

beoaao fewer and the ii port ant ocnstituents aor© dcciinating * & 

aiailar type of trend is not apparent whan can? Llo ring toe cvaroll 

station ocnpositicri, thcu^h the relatively large nunh©r of signifioaav 

taxa at i'tatia; 2 nud snail nunber at Station S Is of interest*

Those Vf-Hnticss could be explicable m  tha basis that where saaditim* 

are suitable# such as the dm aed river bed or Statical 3, certain well 

act&pted tax&p such as th© ohaoborids or dUjjochaats, oaa;ote with sad 

therefore oppose cclcetlsaticfi by less wall adapted taxa* Thla should 

also app y, hovover, fco the shoreline where toe ahiro&aaids are dcoiiv- 

ant, in that tho sajw effect t/ouli ry^ult in their ovorvholialjig toe 

shoreline fmma, but this does not seae to have been too oase* There 

ic therefore sots« indication ham that abiotic factors were primarily 

roe.iCfiai’ la, rather than ccnpetition,

3.?.1.2 5dbtlal iifloroncofl la abundoaofl

The data referred to In this seotlcrt say bo found in Appendices 

7,7 and ’#o* Figure 7.4 illustrates toe numerical ab>m£ance of taxa 

at eash sanplltu? sits - a tba total collected over aH  "se&s-r.a** 

far the host productive araa sampled was the river bed away fws 

■̂ irtw4ft (Stations 4 sed 5) where a ccoaiderah}^ decrease in numbers 

was found. The next ac#t nuaarieally promctive regicn is e<* -a to bt 

alaitf tlie shoreline# at a eouitlomtely lower levol thun e» to© drowned 

rlvar bed free the Aivini* s«t* Here, an incra-iae wus 3 * » * n
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tfeft ©«to®r of anls&ls alcng ttrt pari of th% shoreline astfoeiated tdtj 

tho perat&attt Salirtnin m %. Production at interned iat® <3opthB is 

lower| utth lowest nuneritfal yields, apart fraa th© uoaa aasaplad 

b3na«th $jrtn.fa at S a  sites* This lovs! of d if foresee lft man 

production for all atatlo&s 1p givon 1* TaMs 7,4.

fho aa&e t-Ahle gi% the moan figures for all depths sampled at 

«&st\ station, lrvilaatln^ slightly hl#̂ ior nurwrlaal pMtaSwawf In the 

bay, etwi particularly at Station 2, them within tho ’’eetuarlns” area, 

wham at Station 3, 4 aid 5 production is apparently acre or leM  

constant, Juo nainly tc &he relatival/ high production alcng the aa*~ 

gins in aaaoolaticfi with Salvlpla and low preduaticn away free tha 

rivsr b®3 at Statlcn 5. Wha.. overall numbers fr®  tho area# in 

aasocistlcfi with 'chase three statiens is ccnsLieral, hovevwr, proiuo- 

tian at Static 3 la olaorly ccttaideraMjr higher than at 4 sod S, 

due to the very Halted nraa of th- ra,ar?rlmal habitat which qsmsqs an 

apparent inc* 3aa« at Stations k rod 5 uhu< tiesn values are QaisUend* 

Th© ounertoa-i f31jtrivmtidna of the Clif$ooha*tft, Gotntcpoglnldaa, 

Mdlusoa and T riohoptora nr© siailar to tha It* i&pcrtanoe as peroanta#e 

poptCLaticn ecfistituenta s® d®a«rl^«i in tho previews section • The 

ChnohortMte show oaa sajcr difference* Although for acre important 

at Stnticii 5 as a population oonatitusnt, thoy were to fact fond 1b 

equal mashers at Station 2, hut were overshadow®! h#r» V  the very 

ntta©rc*»s Qllgoohaeti. The mashers of Jhirenaaldae f< and alcft? the 

urging and at interna’lato ’ = ptbs crsifijrs the diotributicoal patters 

indicate* by the consideration of their inportanci as a pojwlati a oca- 

stltue . iti tha river bed, however, alth*»#i increajii^ In iz>port~ 

m m  as a pcf*ilati«B cc*istitu»nt tomr&a fch® rivsr ncuth, th© actual 

nusberp frra Station S tn*»Ms reaaia ocr.stant, at a considerably



Illii . 

■■i.l j ILi Jl.
i i  n J l  h i ___4 

J i l i l ___

iiiii

jjii
*u**

iL - ! l «  *

Fig. 7.5 'u m M 1 cmntt$ »r •« « • <** »r

eanMoCMt *» M *k i!0  <• «<*»• “ »#



181.

lower level than found at th© bay stations, Th# minerieally ualo- 

portant tas» aay be separated into three different grou,^. The first 

includes narfjinal finale found throughout the study area (uionata, 

Hirudinea); the seeoad, aarglnal animals associated with tha peraaaefut 

Salvinla nat (Sphenercptera, Tipuliiaa, Cdooptera, Crustacea) j tha 

third were footf nainly in deeper wator (Haniptora) •

5 .2 .1 .3  affaaacRfllw different In abundance

The aosn nvobora/a2 at each sampling point cn the five sampling 

3at©a have boon oaloulatod and aie presented as histograms (Fl% 7,5),

4 oaisidorahlo variation v>etwe* sanpl^ng dates say be boor, sunsa&riaed 

by th® 'nmrali mean "seasonal" variation. The greatest density of 

ryairmls seemingly occurred in April 19 *̂7, due nainly to the very large 

nilBbers of which occurred cn the river bed at

Stations 2 and, particularly, 1. For this reason the oorstributicc of 

to toe nsan values haa been illustrated. Without

* it otoi bo oeen that the remaining fauna showed a tread for in­

crease between January and .7 liy 1 ' ^ ' ,  with a sharp decrease by toe 

followin ( T t o W  and with mmbe-s rising again by January 19PG, to 

higher levels than found in January 1967, k very sharp increase In 

the marginal fauna was fouai In July lv*7, mainly attributable tc the 

shoreline associated with to® peraanent "al vlniA m%, At intermediate* 

depths there was scne indicatiai of an overall increase <hn tog the octer## 

of the survey. <fSMacnd* fluctuation of s;*»o‘es ether than tolffilltfy 

au^ost hi ;host nuobers In July and lowest nuabers In - <muary m  the 

Ar&wfted river bed. This pattern was followed at all th® ,tati<ms when 

the various depth scntw w r *  ocnsldered to-rath'W with til© m&kwL axoor- 

%Xm ©f the fmasa at Statitm S, where the l&mLt denaity was f«md la 

April 1967.
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Haring presented the najor spatial and seasonal changes la the 

beefchlG populatlcft, 1* is now necessary to ocnafcior the spoaies invol­

ved In the so changes. It has been totals ocnra&lont to do this by 

separating the species by depth 2000s,

The .horollna stntlcns)

Althcfc -h a total of 59 species were found alcng the margins during 

the 0our90 1 ' the survey, cnly eight of these constituted 7Cjl of tha 

shoreline pomlntico fcy msshers* The aost Important of these nuaerk- 

colly wore the Chlrcuccua (Chlrtnaaua) s*p, #  (21$)* ra*le up of £» 

tmnavaalondla Klsffer md £. fi^slagiaia Kleffer, which occurred In 

large msabers nsar the rivsr ucuth In July. The cnly other tlrae it 

was food was in th® same senpl.lng point the previous Jonw.-y*

Stlatochlrcnaau* oaffmrina ^sp, 8» 12%) vt*a also of acsaa im­

portance Hut was found during the rains at the hoy statlms md partl- 

^ 2lufiy» the tmnsitlci*al Stnticn 3* £ijflf7tflPiYyHa 

(sp, 25* 750 \ms vary nearly always prosent in a&rginal samples, the 

only exooptlm h**ng a complete disappearance in July, It was aost 

tiuneroua in association with the permanent Static*, A*

T'ue oily ronaijaijfc? ohircncnld of Importance was Sĉ SBfeCStti aafAtl (sp* 

lS^’ & )  which ooeurrgd in sceie density rnly cnee during the survey, at 

Statiun 4 In July. jfaBartodril^p sp, 20 (0 $ )  and ni jbinfcytraia

la «®rs botfc uniqulfcoua c*j tho shoreline but shewed a preference 

for the ar®a clcse to the rivur mouth, £LLGBS«Ul ®P* 12? {&%) the 

only other iiaportant dJjjoohaet was famd ot se-veral occaalcna hut 

ooourred partimXajrly ifl association with ohircsnaald Crlflptoouii atKitfi# 

as did the mayfly JaMALS sp* 108 (81) • "SULLfifiMSJ* ®P* (6$) wo*



m

ubiquitous, but Stowed a preference for the bay shoreline. I* 

was particularly numerous at Statiaa 2 In April, Cn tbs basis 

cf tills analysis alone uo single species could be rsganiad as being 

"typical* of tha aargins, though the chironcedds w«re Clearly the 

sost taportanb constituent,

Thu 6 natre danth mow (Station 1, 2 and S cnljr)

k considerable decrease in numbers of speelsi was fcund betwesn 

the shoreline and the *, a depth sites. Z7 species were found during 

the course of the survey and sevon of thoso constituted 0 #  of rsuabers 

odluctod in 5 a, Wheroas cnly a few specimens wore collected al<»g 

tho shorwlin®, the Chonhnwn sp. 1 (/£*), probably oade up by £ .

2* fflm\9rTfnnia,> £• (Mitchell, «w, pars, 3cnn.) consti­

tuted nearly half of the aninals odleeted at tho 5 m altos. The 

larma and pup 10 were ublquitru j, both in toms cf "soascffi" and 

station, though numbers increased towards Statiat 3 and oasparatlvely 

fev were f otmd in totoher,

T/mvtaraua haltaatmi (sp. 1C 1 21$) also occurred In most sasplss, 

bu*. was markedly absent fra 1 Parrot 'otsl and now wars tamd in vatebsr* 

Stiatnohircaicima atfflraltf U p .  fli U X )  uhiati <*» «l»o <* ■aM  

Mica along the shoreline, occurr^ rat»inly at Statiai 1 In January 19$G* 

The regaining icsportant chircr.mlds CrrotodUrgnqBM* sp* 7 ( # )  a**l 

Pr^mAUim hrmri-^tlolntua (sp. 151 tf>) OCJUTTOd minly in tha bay In 

Jnnuar/ I960. iMrmaurionalfl aanansls {sp. 14* &$) &&& tho cnly ’ibl- 

fjui'tcwo species at 5 wires and wad most mawrais at Station Z In July 

end Ictohor. Althcugh deal shells war® frequently siaaplad, live

(sp. 32i 0,) » n  «a y  fcund cnoo at 5 a during 

tha const* of the survey, In October at Static® 2#

fh© cnly spades to be cf importune© bath aiaag ths shorelln*



md u% S metros was therefore found to be aaffg&rlras. 

The 16 aotre depth rang (Stations 1 and 2)

Again, a decrease in nuebor of apeciea occu. red between S and 

10 setres, though tht^ doomage could bo a fUncticn of fewer sampling 

aites. 21 species were found and enly four of these constituted 

0091 by raaabers of aniacxs fouivi. The ChAoborua species alcne con­

stituted 63$ of animals aolloatod, actual mmbors bein^ ncro or less 

twi-Te those found at 5 tn. The seasonal e*d rpotlal tronds at 10 m 

ware similar tc those found at 5 m. PdvpedlluB sp. 5 (14$) starts 

appearing at 10 a stations and wrs nost numerous in April 1967 and, 

overall, at Station 2. "Cullcoidaa" sp. 61 (P>$) which was found to 

be of scrta importance cr. the margins and wtiich occurroil at 5 q sites, 

a$ain boesEie an inportant constituent at 10 a, predominantly at 

Staticn 2 in April. The discontinuity in depth distribution of this 

’’spooios" su^ests that thens are more than caw true species grouped 

in tho code. Dlpaaudosala an-nonals (5%) showe a similar spatial and 

seasonal distribution as fcftind at 5 ra.

Ttia river bad (Stations 1 to 5, £2 m to A a depth)

Tha number of species on tho river bed incroased to 32 but cnly

3 of these constituted 00* by numbers of all animals collected. As a 

pi-oporticn uf all the fauna collected, the numbers of AulgirllUfl 

trimlatl (ap# S /i  tft$) wew overwhelnin,’. As they occurred cnly cnce 

in any timbers, in April at Stations 1 and 2, wber ver> dense <xn<wn- 

tratiens ware saaplod, total firurec refieot a greater importance 

than was, ;*rhaps, afftu*01y the case. Qhaoborufl app. (# * )  aoeurrai 

throu^hrut tho snaponal and sp«tiaX sampling, but were particularly 

dense in July and N<: 'amber at .Hati<*is 2 arid S. A seascnal J iffer- 

ano© was apparent b#twe«i intsmedinta depths jnd thn river bad.
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In tho foasar, denaeet concentrations occurred to January 1060*

A H  did show, boMVHFf high levels of density in JuXjr Mid spatial 

ocBcetttratl'Zui at all depths shoved a trend for increase toward* 

Staticn 8 . M s a U U a i  >P* 6 (41) w *  found predominantly In 

deeper water in April and June* Greater rasnbers ware found at 

Station 2# in keeping with tha findings fran 1C a sites*

There is «cras indication free tho results presented abcva that 

tha ouaber of iaportaat apecdas and depth show a negative ocrralaticn. 

As haa been mentioned, however, this could be a functicn of tho amber 

of stations saapled at different depths • Ccnversics to nunbar of 

species/station would uot rt® arily correct this f-ailt, for fewer 

actual samples ware taken, hence incre using toe likelihood of aiaeiiig 

tha rarer species. This would not apply with regards the more ocaBoa 

speoiaa, however. A narked deoxeaee in these was apparent (Table 

7*6) with increased depth, which Is arm acre apparent if the import- 

out species free each depth acne arc aorraoted for their oontritaticn 

towards the fauna collected, by o\lc".latln£ the raoan percentage ect>- 

tributiaD par species. A consistent trend taaargoa fra ihoreline to 

rirer bed (Table 7,3) indicating that there fleeoec' to be an inverse 

imLationahip between depth and nuober of iaportant species, which 

would suggest either that there wrs a decrease in habitat ecoplaxity 

frm  shoreline to the bad of the ('rotated riv^r, or that the laauftftae 

Blonds w®re not fully utilised by the benthos, or a ombinatiai of 

both* Tha m t&tf is diaouaaed further below*

*•# •1 .* TK"  dlstrl-utlm of all b^ J .1

Tha fallowing aaalyeis has been uedertakan to ascertain habitat 

pr ifartooe by iaiividual species. Ail sp'aiaa w»«s listed awd aarfced 

as abssnt, prjjent, abundant or oecaaiccrlly abimJant a i&inst too
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dajAh m h  aaparafad into baj (Stafcia&a 1 and 2 ), Parrot 3«d  

(Staticn 5 ), mad "latuaiy* (StaMcna 4 aad 6 ). Tha ahlroimaid ; 

"apeolas" vara disregarded aa their larval linkages wen laparfacttiy 

k&oun* Spatial distributions wara found to be as follows! (important 

as ara aaterlakad).

awga^i fcmri a & r  m  ttw nhm iHM*

20 apeoloa fall Into this categoryi

(a) At tha bay stations cniyt

Hlrurlinea sp* 68, sp* 66

Epheneroptera Cloecn sp* 62 

Gdonata sp* 57, sp* 67, sp, 160, sp* 27

Ifftlnngmtihug farm 

Chlrcncnidaa Dloratandlnea fuaacnotafcus. Mllodc«a

(b) At Parrot 3end only t 

Ulcnata ap. 4L

Chlrananldae niariHawvtAreua JMMlddMBflUA 

(o) Within the estuary cnlyi

Ephaneroptera RitKwmim sp* 55 

Cdcnata ap. 145

Colooptem ISHS Ĵ UDUKfllS

Tlpultdaa Llacnilal (?) sp. 100

Chlrcncnldaa Crlaotonua jflflfiU, IM im m B  (ttikXtfam 

(d) At bay st itlcna and In the "estuary* only*

Cllgoohaota AUiHfllfl ®P* \  aioa®oac.alattJdaM ap* 17fc, 

ap* SO

Chlronaaidaa SbldUKiiifl jtfflBiniflJLWMrti* r £ • XfiBlfifli*



(t) At hay atatlca.3 end Parrot 3end cnlyi 

tligoohaeta *»i furoatua

(f) At Parrot 3end and in "estuary" cnly*

Chlronaaidae Ctvntnflhlrmagua

(g) IfbiqaitcKUi along marginsi

idcfcata Libellulidae sp. 167

Soacloa found alcra; tha.shoreline aaS at 8 a aflri

Three speoies fall into this oategory, the aayfly 

sp* 90, which was found ccly in tha bay* the larval chlrcnaaid 

Stlotf-fthi ift.fMn which was found in tho bay, bat wan

msaerous at Parrot 3«ndj snd fffi+rflfltfllUiffllf Mittal larvae which 

ocaurred in tho bay and "oatu try” but not at Parrot 3end.

SBwtM  fewfl jhprrtlm nmi rt b  a A v

Nil.

Spoclflfl farad alcng tha mrgina and a> tin .rm r  'nad ailTi

m i .

3paalgs faitJ at 5 a atatlona ailyi

The cnly speeiee in this category was ths nyoph of the wood 

boring mayfly, ~ whi®  ̂ would m o b  to hnvo been

displaced frees th© drowned trees (see Chapter 0).

3peei®a found at 5 ^ and 10 n atnticttg a l n  

N U .

Speoies found at il a tain 

Nil.

3- elaa found at 10 a and in the.rim  M , « lr*

Mil.

apeoiaa famd in tha rlwr bad mlr» 

tm  speoies fell into this aategofyi

18ft.



The eCUgoabM* D«go ap. 29 and th# bivalve nclluso * » » »  

[SBIg&gM w n  found at two pduts color, the feroer la tt» bagr 

sod at Parrot 3end, the latter In the beer and estuary. Tha 

other apeciea In this category were fewnd at single point#,

AS fclloVB!

(a) In the bay aalyj

Hnl^tara inlacme sp« 124 larvae

(b) 4t Parrot 3end cnlyt 

Cligochaeta Daro AarmlLa 

Haoiptera Aniaoaa ranUanala 

Mollufloa Bui lima

(o) In the "eatuary* cnlyi

Hixudinea ap* <4S# ap# 151

Cdonata LsfftinoggaptMfl tfrtgnmil

Ohlrcnaaidaa 'j TTrtffllhl >■*»— ■» »P. 59 

GoratopttronUd* "frobaMla* sp, 72

Four species fell into this categoryt

The oli£ochaet t^aproArllas ap. 6C and the ohironceids

,<«lntnn and rn^nfainiftiuum ap. 71, ooourred adjr 

in th* bay, wharwu AhlnhamrU *nnti<i» im  ubiquitaM throigb- 

out the stilly area away trm tho river had,

11. 3r.eU « fomd at nil I t » '

T«o *p»0l08 oucurred in this category nnd ’--’th m m  uM- 

qultous apart froa their thtmim trm 10 m dopth oasplee.

These a m  th* dUoehaet f  -nhl̂ rtrllus tartaHlft! uhl<*  “®r 

*o«t raMwroufl on tha river bed In the bay and tha ahlraicrald



19a,

gijnofcanyma urinlrmla* which was particularly' iaportant 

within the "estuary*. It la very likoly that the absence of 

these two specie* at 10 a sites ia the result of saaplAag error 

on ocnsideraticii of their otherwise widespread distribution,

12* Snooiea famd at aU  depths Uit 5 B»

Similarly, the cnly species falling into this category, 

the aligoehaet Jaileririlua nLiU'Ttl* waa widespread, thaigh osson- 

tinlly of the river bed fauna in th® open bay and ita absence 

fron 5 os sites is probably explicable in terms of sampling er~or.

Four species occurred in this sategoryt

neccillaola woulJ. appear to be tjuly latfustlin® aninals, in 

that they were cnly found in the bay awsy frc® the margins, 

as wrts the oeratopo^mid MCullocldeal> sp, 19* Another chircno- 

aitl in this category, but showing a widosprenii distribution and 

preference for "astxmrinf*1’ crnditicca was Cllnotaaraia aafflflfitTfl • 

14 .  Pbiauitoua saaMaai

Th-* six species found in all depth a ones also occurred in 

all parts of the stud vroa, so tha*. their di3tri’*uticn ^as 

widespread from all viewpoints, the larvae of tho caddis fly 

JHffiSfillfi showed preference for areas away free the 

aarginc and was more abundant in the river bod, apparently l n w *  

pentive of hay/estuarine aonditia&s, The distribution if the

flpp, has txen described In the pravictia seotlcn. Three 

1 m l  chircncnlds m m  ufctquttone. FmtMltti lamigBUfilllMi 

aw* TeatftftMia balteatua are siiail»r to Shmfrygafi ** ft

preference for ocnditions cn the drowned river bed, but within



tbs estuary. FdvnedllMa sp. S occurred with greater frequency 

in depths greater than 1C a. Tho remining ubi<$iitous species 

was tbs eeratcpof*cnM, ,tQullQol;lealt sp, fil, whiob showed pre­

fer® co for boy caaditioas,

4 point of interest which eiaor ?os frco the analysis la tho "ppar** 

ant lade of species typical of the intermediate depths, which wculd 

®c plain the lower yields frc© these areas*

3.2.2 The drcaiad ilvar bad tranaaat (Pebruuy 1967 to
November 1960)

Tho collection of infornaticn for twc /e ars  an tho drowned 

river bed was undertaken in in attempt tc find ait  firstly  f a t h e r  car 

not "seasonal" changes wers repetitive m !  aeocudly, what effecta the 

roraovnl of the SnlvlniA nat had on tho benthos*

S .Z .2 .1  lb . aajcr differences 111 ' w i k m I 1 abA Bartini  

Tha mmbors cf anljnalb oolloatbd in 1 ^ 7  ,’ind 1960 flu-’ ;ostfi a 

jimilar level of praltictlon in thuao two years (Table 7 .7 ) ,

T\> results ■ixtr'icto) In T-bits 7,7 support tho findings of tho 

!aain statlm  3r i 'ny In that thagr Indicate ' .'“cat twice the hot aeaacn 

populatlm of October - > .u,uary In tho cooler omth« of April and 

july. Hart It not >«an for tho Isolated ooourranco of largo nuBbam 

of h.trrfrtln. nl,.uatl In May 1967, a trond of lncroaso frco January- 

through (toy tc hltf: »t July lavala foUouad by a doeroasa to Honrtar 

would havo bean apparent to both jraars, (in vrworant with KeUohln'n 

(1960) finding* In tho Mwsmdt. D«y). Apart fruj the Gotobas 1960 find­

ings, January and October population wot® ronarkahly olnllar, as .era 

tha July populatl os of th» two y»art. The J m i o t *  whloh aj^urod 

to oo«ir In October 1963 la not o.i»ily explio»ble but oonnct bo taken 

to indioat® a trun! for deoroaas In nun’ ora of tho drownod rirar bad 

popularise.
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Tkiuro T,o ahcws tho w u a u i l  ohnr..»,»s In number* of aotasls 

focwJ at the various stations or. tho drowned rivnr bod. the new. 

cwar.UA p ni*SU !ai vf 3niaals/m~ "t  ©aeh station ovor th© two years 

of ar.-pHiu* leu found to ran&o between 219 to 1239/a • Toe results 

from both years lttllaate ao Increase 1* ’ onthlc production free the 

cntamost bay station ts 2b, a substation lnteraedirta between 

Stations 8 and S JhaTn highest levels »>ri fomd. A sharp deerer.se 

occurred to Statlai 3 (Parrot 3 * 0 .  but the population remained me 

or less tha same thereafter to n point approximately 160 metres wt- 

slde Jaoana -so.! where a further dnorense ooaurred. trm  this yetet 

to the rl-«. south, otnslsUntly low numbers of animals ooeurred at 

more or less the some lsval. :Wth the anrruai m m  «l»trtt»tl«*» 

do not differ very markedly fraa this pattam of prcduutit*.

results t f the seasaial transects -uvi net readily oa- parable. 

Charaoterlstlaa oceslsMnt between the two saapllnB years arei

1 .  The outer bay statlcns (1 and 2) were most productive In May 

of both years.

2. a. May of both jro-rr '* *  !'• •>»!/ !««« K sou’1J<,re-hl0 tocr,Kl: ’ 

numhara of benthos otsourrt*. within tha ontusiy.

S . Trm  J-ily 19*7 to Jam m y I960, and aealn frcm July to Oetooer

19T0,  highest yields w;>r*i foind between Stations £ ®ld 3. 

the sequenoe ropHeated between the two years therefore suft«e«» 

that from Octdber to Janiray p»atastl<» is I w  In the m ter bay and 

within the estuaiy, and is highest to the urtonnedlata k m  between 

Stattms 8 « 4  5 . to May, highest yields occurred In the outer hay 

and the Inner estuarii . pofulatltn *oww! on I m i m m . ^y -ul)r« !'ro" 

*w tio n  at the outer stations deceased Mid « » .t  aniaals ooaurred to 

th , M M M d U t o  . « e  between Stations 2 and S . Only Jn I M «  4“

1A4.



tha IffiMHr aatuarinj population maintain the May ineraaaa, and thla vm

probably <fc« to th* offact of rooovtj of tho SiO. glnl» nntr disouaaad 

in SaoticD 5 *2.2.5 and 4*1. Tho May inero&aa* cf th© icnar ontuariaa 

sqm alto cannot ba attributed to normal aaaacnal fluetuationa. In 

May 1967 aanpling took jilaeo aubaequent tc unseasonal flooding of tha 

rlvar afld supplarwntsticn of the lunar eatuarin# population by poc&a 

banthoa vaa Tary likely, In May I960 tha ineraaaa my moat probably 

due to tha Salvlnl^ nat rartovol. All that nay ba dorlvad firta tbaaa 

data with any certainty la that the outer bay area showed & rnrked 

Ineraaaa in production in May of aaoh yaar and aa a r&ault bacaa* tha 

Boat prolMctivo araa, particularly &u tbe fauna of the ooat ocaaiatantly 

productive intamadia^a scno {Stations 2 5) ehowad a pituAltwacuji 

daofaaaa.

3 .2 .^ .2  Zm ®aLjBsm ati&&

A ocnmrigon of tha percent*.-?® earapcsitica by taxa batwven tha 

.j&lit station survx/ which included tho margin* and intamadlato 3 eptha 

anr! the two y*r& drowned Mrar bad trRnaoat auryoy (Tablo 7.C), »'»«? 

tho a.irac taxa drasinating the baathoe* namely tha Clwc.:‘..-.i*iiaa, Ĝ iiraao- 

nidae and Cli£oohaeta. Dndorst^ndably, thcsa occurred in different 

pmpcrtiaaa, the ahaoborila trujroaaitv* acnaiderably in laport<rnoe, 

fras 31.5 to 45.1*, at the oxpenaa aainly of too dSgoeheeta (nhiob 

dropped &t to i’l$) an! aoat othar jreupa with tho a*cer*ic& of tha 

ohlrcftcoiJfl, which nttintalaed nore car laaa tha **arae inportanoa aa a 

population ocuatituont at 29jl*

Cc«oiJcriJv» cnXtf **h© traaaao® ftguroa <?iiro in Table ?,G , tha 

Cligoabaata ah<?wad a trwrvd of lacroaae 1»  Isportanoe during too ftirragr* 

though tharo la so..a Indication of m  inoraaao ta Ktnraaber I960. fha 

mm% lnportai*. oUgarftaaU asm iuiatriim  *ha tws»«ala«
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of tha aurvoy, 3ireqfalodHlu* hrr^anals tvm Jw w ry 1967, to May 1980,

and g-fe&e'c.cg  ̂ aoofPrta-i froa July 196::, to 1jh( jv] of the survey* Tha 

Cbeoborlnae were at a peak over toe rainy Be&acn of 1967/20 md were 

alwnya an laportont ocnpm«t in 1967, A norko  ̂doorenso In inport-* 

anae c*.3U3*rtri free July 1963, vhioh was oujtributoiy tc tho inere&eed 

importance of the oli^oohaote frm  this tins* The ChiraicBidae ehowtd 

a definite inoroaeo during the cdurau of tho survey# Meet important 

wore P abroad Hum sp. 5, which showed a narked ef'eon.al tnaroaso la 

winter nan the, apart free a tread for inoroae© durin,: the surra/} 

Cliaotan-mig naoulatwa. whioh me always pr*s- : and 

bnyvicetiqlfttun which appeared in larjjo oasber. in July 196C, and waa 

so iaportaot ooopefjont of tho populntlctf la Hcverabor i960,

A trend of increase during th© ecum  of tho survey «»e *l*o 

notiooabla in the Trichoptera (mainly Dioaeudopgla iJOQflUKU)* Carato- 

pegoridae m l ‘Iclluaoa (du<. ^  U*; ippoaranoe of Eur*>r& fw-Ttna* in 

Novarâ or i960)* The Hirudinea, Waaata, K«aiptera tad CGXecptera 

w^r^ of little iaportflfloe as population i?cn«titu«ntn throughout the 

auiray cf tho river bed*

The A',4rl3/Mj increase mentioned In the previous aeoticn um due 

nainly, in 1967, tc an inoraaae In iulfgEtittl and tha £J3fiti£iS0U

app. In I960, th* aeaaaml increase wat attributable to the Chiraso- 

sldae, partioul&rly PolyqedlluB sp, 5.

Flaunt 7,7 Illustrates by kit# Ciagna tha soruiotuvi distribution 

m i abundance of th© tsore Important species of th« 'xmtfcoa. It miI 

four** neoassary to um *> variable horizontal seals as ir^ioatod, 

bo««a-.dK> of the wiie Yari*ti«a in mrabera between species, The ilgure 

is app&ioaMe tc tbe feat of this aetfticn, and the following two 

»#otionii, bat la not used exclusively, aa refereeot> *o tlie cwrall



in .

Fig. 7.7 TKe seasonal distribution and ataadaaes of ths sore 
important species of the  r lv o r  bad tran90<3t (1 9 6 7  •

1968).

Th ■ ndge of the Salvlnla mat Is dopoted by the haavy 
stippled ) lne.
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Cant Inued overleaf
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results (App. 7.0 - 7,16) has boor sad*.

Consideration of tho specios ucntributcry to tha spatial dlffov 

snoes In production, mmaarised In FU;. 7.C, is neoeee&rr. rreduc­

tion between Stations 1 and 2 was largely due to tho pretence of iulff- 

drtlus nijmstl. hortanala and, cn oooaaioft, r.i

jggylB&U (V® 0)* Oti or speoies contributory towards this soation of 

the drowned river bed, but which increased between Staticfts 1 and 2b 

and wore most nuneroue between Stations 2 and 2b were tho fihftflfrPTBl 

apeoles, sp, 5, a»i ^nnhlam aowerhri. Tha decrease

in production at Station I was largely due to a foil off in numbers 

of those apaeias, Species found predominantly between Station* 3 and

4 tforo ar-nanfilfl QXl'\, at t^OS, G1 InatfflVBU TilflfTIllfUMI

(1/67} v ‘67). P^lm U ua bravisatlolatua. "nullooldaa" ap, 19 and 

Daro were largely oonfijwt to the sootlon betv-een Station 3

5, Tha increase in May producticn in the cutor hqy was due 

largely to ^lltrfrllufl and Pplyoadllmi an. 5 in 1967 and ' PfflafflartttM 

sp* S in 1963.

5.2.S .S  Tha .ff.a t  of Salvlnla cn tho bontho. of the drwgji 

IMvar Bg

It would appear (Fl«a. 7.6, 7.7) that Salrtala m r b» restrioti™ 

to tha bonthle fauna, although tho trend for deoreaao In nuabera wlthljl 

tho oet mry tnplioe that tho la not tho oily faetar Involved,

In much tho Kina way aa It waa found whan ocnallorlng "ancloaura" 

effeeta on wo tor quality (Chapter 6) . If, howevor, o alfjnlf lomt 

t g o n u  In xnthoB ooeura In areas freed of Sailitla> It la not Ott- 

roaaonoblo to a a « w  that tho offoct of k .i i .i .  Is the -icat lr.portont 

restrictive fnotor. flauroa nontlaw! above ahow qplts alearty

that there la a alsnlfloant Vnoraaao In fauna following tha dopUtltn 

,,f aalvlnla cover, which would ecnfIra thnt SsjYifcto 1» rwtrletlva

201*



%© the be&thcs. Kr>t OB-ty th*a, but that a decrease aay fellow the 

initial increase should re«c^r, though an these dnt& this

oould equally be tha rsault of a sansotKd ©ffaoi, (October, I960).

It would npjaar that ireaa which have been aero red by <H3d thv

freed of it beoaa© highly prcduetivQ, at varying times after alearanoe 

(Static*ui 5b to 5, Hay acei July 1960), Th© tisaing of ola&rance thus 

plays a large part in thn produotire aQquatî e following clearance, 

highest population levels being reached V.'otw»«n lose than S mantas to 

between nine aad twelve noaths after al#arsnw, ®a fcHcwsj

Statical 3a was cleared ’-etwean May and July 1967, if*-™

areuaed considerably by 17th July, whao sftrspling v&& carried out, and 

t’ell away tujein viy tha following October, 4 trend f^T deerea*# per*. 

Bistort throughout tha foHo-wln.t y<rtr, a point vhi<sh will be rstttraed 

to below. Tv-a '*^a between Stations 5h ?snd 4 cleared between July 

"ji. October . ■* . 4 gradual inoreae® in benthoe occurred thereafter, 

ve&ohtn/' a panic in the fallowing July, ae&rly a year lnt«r* the 

stretch between 4a and 5 cleared bstwean January and May tha following 

year and the populati, j had reached a peak by May, emulating the situa­

tion at Station Sa. ti» previous y@f-. The ifaplienticn of the go resold 

is tiw.fc full utilisation of the acne or less virgin hotton laft by the 

<3#,j'firtux» of S^iyfoi/i was 'janfcrollod by seasonal factors. The steady 

fall off in nunthera after +hs pogt clearance explosion of bottoa fasm  

at 5b, the ctvly station dLe&red f n sufficient period to oover the 

May/Jtaw period in each indicated that for a a »  reason the bet toe

saids underneath w*re capable of maintaining htsh pojwlatlaun

c9»r a aizMfl® exploaive period only a»d wf*r© thereafter unable to 

support further i&ar&aees, twler e«e»ingly optical seasonal son- 

diU ca# .



Tha •poelai toro1.*ad Is th# cc.lcnlsatl* of tho bcttai rani* 

olonred of SalYinla did. In this caso, ahcv a soquunco uhioh oould 

it lioate 9ally and late eulcnisors of virgin suds# the following 

spaclse ware apparently early colonlaors: Cry,:toohlrcficgrja tp. 7, 

iulcrirllus pl.‘ ;oti, boro dortalla and tho Chaohonw »pp. Secmdaiy 

oolmtoora l»olwled Frooladlua broTipotlolatus. M a g U i »  *?• 8 

ant! PlpacudcpalB ca b a l a .

i. a p g m  decbs3I(«

It has beon found nwansary to dlsouso a < »  of the taplloatlens 

of the results, in themselves, in Soctl<m 5 .2 , ,~r:>sont. seotim

is basically to consider these rosuits In relation to othar findings, 

both within tho present study m d in relation to tho findings of 

other workers.

*•1  Tha Effect of jffivlnla tn the aanthoa

Mataohlan (1368) found that "In the case of 2- mirlnujiittti tha 

few sonplos take-. (Ills table 27 (p 275) suggests two samples 1<* 

matron wider tho rnt and cvo „a*pl«» at the mat edge at two station) 

r®voal a total depression of all nod fauna under a ponsanfflit » t » .  

BounuOcor (I960, ipp. 1.1 ) In preliminary observation made In 198* 

at the cutset of this study, obaorwd that tha bcttoa sod under

a.lvlnln "would appear to bo devoid of macroscopic Invertebrate life" 

and discussed possible rsasma far this, oaialudlnt} that lev 

tweisui In wtters closoly oppoaad to tha m d w ro  probably n ipo n . 

, 11,1, , Petr (1969) found auppreaaitti of benthos wider mats of iifliia 

In Volte lako, «nd aleo suggest*! low t*yg«n omoentraiittis as balng

rcBpcsisible.

The results of this study indieate th-.t both the obsarwtiaw 

regttlding tre proml to be ftwwhat inaaourato. i  span*



COU

bentbia population t*aa aub»a<ni«jiiy f * » d  beneath Salvia ifo. on the 

dTowaad rlvor bed, and although there aey be &  decree of a«ppXaoa«i*» 

tian of the beathc* by animals actually liriag cn s»i»<w4«- whioh 

hate fallan off it , ana aniaals brought u*v5er th® by flaw ,

oorteln epooios wire found on tho river bed tinder the m t  whiah oculd 

not h w n  tad «ith«r »t«re®| (for a u n p U t y ra M tU frW W  IWrtflMli. 

Iftg&aiUai . and Derg ilorafllla^, Nenrorthaleaa there

oan be little  doubt that Sal .-ijit̂  i a limiting to tho benthos z m ?

Ztm the ahoroline (goo 5.2.1 ,5). Tha possible reason for this re- 

airietian should bo attributable to cm of the following fnotoraj

(1) Tho bajplo trophic lsvola are -vbaont due to lack of li^ht, honac 

there ia a shortage of food,

(2) Ton substrate Is unsultablo, limiting colonisation.

{3) Low cayman ttinsions ar® associated with the bcttaii auda, m  a 

result of hir>h levels of daooapoaiag or^anio matter causing a 

m lorost rat If te.it ion of dissolved oxygen ayainst the bottom m id a 

and a lack of <acy-fan within tha®,

T siting ths firat point, sany of tha Ohiraiceaii, including pfi1*Tia1;ti1i,fB 

an! ^ry*>*t?ahlrapr«tur whioh are present in ■i^nifioant nunbora la tha 

river bad away from Sndvlni/i. f«@d cn deiritua srsd th© haatorlft Mad 

fm gl associated with if. tf the look of U*ht an\ Prbmry praduo- 

ticn were tha oauae of the reatrietic® of bathos un’er 3«vigf^ln. 

these Chircncctcni would alaoat certainly ba present but they are not# 

Tha leca# aotMSontratic*i of th© apparently partioulrte latritua-faodia? 

■ooplanktco found underneath the Mivipia (Chapter 6) indicates that 

Ixoit dT priaaiy prcdnoUov ia probably of secondary importance ana 

that tha reatriative faotor/a mist bo related to oenditiona in the 

bottan anda*



MsLaahlaa1* <1699} arparljMcta an mbatmta prtfara&su afcowad 

for Mllflctomay Ugrlbttoaa d» "rltttfl itacif does not

to Inhibit Larval aattlarwut* (p.S27) end ocucludad that 

te«%rieticB by should be attrihui&blo to tcae ether ftictor.

Tb# typa of sub strut** prefarred by different apaciaa swat msy, 90 

that » gaoanl ocnoloalvi baaed cn tho bohariair of a eingle spaelaa 

la ,  In th ia  ocntext, auaioct, It is poaaibla, tharafors, that tha 

undaraeath 3>dTtnl« ©uld be roatriotiva to apecioa other 

the® N13 riorum.

The thirl poasiSiiity \ma that fawnal restriction results trm 

low csxygaa tsnaicrs in the Sottas m is bonooth galriait* Lowe«t 

oxygon tension* within C,5 a of th* Kcttoa tmdarnaatb ocsumd

in January and Hay 136? (tig. 5,5) bafore flooding, whan reading# of 

tatweao 2 at*’ 1C* aaturt -ion wore tsikim, Spooioa found at tliia tiaa 

ware Chj>r>-f-T--n Cll&flfcMwms toad a.hiaoeaarii  iff*

in January at Station 4, while in Hoy fifteen different apaodoa wt»ra 

ooHeotod undarnaoth the aat Upp* 7,fi)t I? tha aderostratiflooticfi 

gradient la affecWi by csxyqm tensiw^ In thf \»t«r oolvm ebova tha 

aid, as lexically it should ba, tha abcvo reautltt indicate that a 

aitfalfioant fauna wsj praagct at what m y have boen l<M««i v*yff« 

tenslcoa in tho L'ctto® crud. Tha cc&oniaatlon of the mat-oovorod 

portie* by ĵginhifrfyiliia during July 106?, when axyqvKi

tttvsiuvs in tha water ooluan ware high and ncri in the twt? proricus 

aoftaona, :*an tmslota \mre at their l<***Bt, au^Toet that thia ipeolM* 

oi^ratlcn tmcar iho aat may hare been Halted by 1 m  t«y«r«» teasima. 

Although, W »»fo r», aeaa »p*oi»a rmy not colonise tho auhatmte undor 

s-wini. Am  «o a lsok of «**«* tarMUiat « « •  *•«•

Jtm u y , Hqr a :  July J9»7) othan appaar not to bo iff act*! *- « »



MB* degree, mrtloulp.rly if tna reduction in manboi of *#pecies ubse 

'i^Uir caqrgen tensions w»re ncnitcied in the bcttcn waters is consid­

ered* Low oxygen tenaicrji may Imve another effect, howuvtr. Marshall 

(1971) found experirwntaMy that although irwnahiiim aoweriari was 

capable of withstanding low oxygon tensions fcr a ocnsiderable period, 

no reproduction icon plaoe, although e*?«js were produced in oxygenated 

ecn-i'ola. Restriction oould thorefora be nlaced or the grtwth of 

c&i&Ofthaote populations by low cayman Wvsicno* This restriction 

would not apply, however, to the insect larva®* where /&3iuitaeat is 

dependent cn the eg ia producpU by ncn-oquatio adults., Hero a fur­

ther liaitati®  aay be involved. Trw most obYiais factor is tho 

Bffoot of tho nemanent Salvinia oat cn tho ’ ayin- beharlcwr of the 

*jhiita of t 1c larvae. Tho assnnpticn that an «dult insect will 

not lay a ^s  cn mimtngxy ?did r̂camd if behavicttmUy it requirys 

open water for oripofiticn, is net ocnsidtir&d unreasonable, This 

dnes not nf course apply to the adult a of tho insocts which live on 

the fialllttifl oat, but thoso vM.oh are bonthie* If this is a Halting 

factor m  the benthic p^mlntica beneath the Salvinia nat, then the 

arst uiMorous a■ <icioa oclonisin^ this habitat oust h&va bean actively 

migratory. Tho aaln np^oios, Ch/toberna a pp. and SliflfftflttHW 

r mO,».„a are b<Ah extreoaiy active in their larvtu stages and are 

both predatory m\ would therefore atrcn^ly sw^ost taat the lac* of 

ovipyaiticn above the aat-oo.areci bctton by suitable species Is on 

JLT-port-mt factor In the ccnsl Jeraticn of tho paucity of benthos wd«r

Fantwrs 5nvolvod Li the suppression of bt-nthos undernaath a pat*- 

aanent aat would therefore include!



*• ct'TP?®** tttteiafte associated with leocrapoaiticn ir boHoa 

aa&a SBd unsuitable ccnd itlcnp for Taaaous interchange at the 

■ator surface.

5# AipoatMon by adulta of benthic upeoiea being iispaired by tha 

ft 1m  eurface preaented by a permanent mat, surprosaizv’ oolcaU 

statcti.

The I'cnaldamtion cf supplementation cf the banthio fauna m  the 

dreamed rivor bed bonaath Salyirla by apeoita living 

which hive aon dittlod^l oar only be troata' adequately whan the 

Salvinla four a has tern considered (Chapter fl).

Supplementation b..» tho river fmma ia cle ar.ly suggested by tho 

altuatlcc found In January 19?7 (App. 7.5) In this oaae Stlatoahii*»o- 

gm  caffrarlug at Station r, below Slbow Rapid. "hu same apeciea is 

proaon". mar Via h>-»ad of estuary in May artl July 19H0. The pre- 

aonco of Chno,hoffia tpp* and 1** January 19P7,

oaild alao b# attributable to the Pi/or. Supplaraontiv. 1 cn from t be 

river woill a*»§m to have been, on theso lata, insi/Tiif 1 oant. Whereafi 

the @ff©<jt of Sulvinl* cn th<* Jrowned river bed waa fcm d to be restric­

tive, production sea A enhanced alone tha shoreline (F; -. 7*4), 

particularly in July 19^7. Tha two apeoiaa

r*n.J <2, were 2a**ei/ n-apeosibi© for tho inoreaaud msabrra.

A oensidorn; I > number of apeo\ea were involve], bo-raver, (#o# 1*4), 

and apart from the ^HaaMBUfi #,!>• n*ttienod above, aix further *;p®ol«e 

wen* of Liportfnoe on ttta margins assoc? <»ted with : ilYinlar two of 

wfeioh (Gacaia #p , K  Crtc.otm^a t\aattA) ware focal only at static*. t> 

wi a r/>rmnnont £g&E2&^ Iaat. AltHou ?1taartalrllmi sp* go wa& 

-oi»filt jiak alav ta margins, a marko. prefersnoe for shorelines

.1. 3ttb*t?v*t»



eororcl by Saigiwia was shown* Further Inyaiti^ati® su^gattad a 

ehspod distribution !& this l&rg« aligocHaote, in batwaan 2 « d

20 c® dflpth of water* Other species found only is aascciatictv with

Saiylnifl ana llatod (3 .2 .1 .5 .1(c)) and include tho nmrrw flnfrhpgpM 

•p . 57 and Ohlr«i«»g fltflrtffllff- *  further point worth aantiming 

in tha preaimt context i« the importanoe of S t.latoehlrcm«fflg fwffmrlue 

on tha raarsjiaa away f roe tho and Its ocnploto aba^nap cn mat-

covered unrein*. The rare ra j held true for tha flhimnrgBm species,

Tha increase 1a ouabera of animals cn margin* associated with 

oa» partly be «cpla<r.M by tfe presence cf aniaals ahich live on 

Sftlytnln haring betm, ip rmrrfinal oonJi*-..» » , ^lowaly associated with 

th# mibetfnfc© 'in' r ^rtV  by thr iner»n#*«y3 conplGncity cf th®

m r^inal hahit-vt o/ais.vi >y Salvinia.

Th© point h.\a already bo art m«. '<j th»t, the aarginal habitat owe re 

a cccapa-ativ^ly m all aria* Or balnnc-a, therefore, production by 

banthoo is . ostrtoteO by Balvinl? .̂ ’jut asonitvgly oahiu^ad by the 

remov'd of Splviiiia.

Hynes (1961) found thnt with the fall in water low?, of a northern 

tsrapeyate lake, ocaskWrable mortality occurred ae a result of stranding 

Mil that little change ooourvad in tha amber of marginal aniaftla* 

MaLaAlsn (1970) fora! similar sireunstnncea at tbe S«»v?va Waat k 

aleared area an Lake Kariba. A rise is voter level, however, "elicited 

a strong rettpcnae fron larval eera-’tmltiea"* Ghlnticcma ^saiXafljL^BllIt 

arfcicularly, inereaeod octtaiaerably. T’-o Sangvo Woat dear©! fret 

ie gently slcjsing •  ’ alluvial la nature i i d w i s  favour prosing 

araa far $mB gnlnala. vfHen tha area was inundated by a riaing natar 

level, the sballcv marginal waters were found \McLachlan, S#M, 197t) to



be ridi In nutrient* and poor in cayman as a result of tbe insaadaticR, 

Initially, of dun'?. MaLachlan (1971) su^ested that th® mocvaa of 

fihtFm«Vg tranavaalonslfl under theao conditions was the rosult of 

the species' ability to utilise tha nut riant rich habitat, iespita 

low oxygon tensions, ooupled with tho atypical pooltivo phototrophio 

response of the larvae of this speoies whic1 annuroG an nbUfcy to 

follcw the Bov&sent of marginal v rs. During a further study sub­

sequently carried out cn Lake Chiiwa, a tropical andcmeic saline 

lake, MoLachlan (19C9) found tho samo inor*taao with lake laivel rise.- 

also attributable tc Chironcma tmr.pvn^l ran^s.

.oforence tc Ft?, 5,2 (Chapter 5) show* that ths ctily period during 

the mrriy a riso in lake level occurred wrs in May to Juu  19C7, at 

a naan rate of 0.5 m/month. Marked increases iri the mem concen- 

trati cn of marginal benthos occurred at tho a wao tine (Tr.ble 7.9), 

However, thi^ was duo tc iiajor increases at Stations 4 and 5, withJ * 

tho S&Li'iUifl for decrease* occurred it tha "bay" stations*

This din<arenae -/ould geotn to indicate that ' seasonal" conditions are 

is tills oaii© of a secondary nature and therefor© <amot by theru>alves 

b® used to e it plain the major Inrrstnaes which ce air red within tha 

"naiaifry**, Vhese are jcnsidorc .1 to be the ’•'ssult raalnly cJ tho rlso 

In lake lnvol pn : associated fr.eV. rs, for reason** which follow-.

Apart froa ti & ir cJistsn-oa fr*ta ti'-e rivor tacuth and mat ^ / e ,  the 

major Ufforencos tff^ctin^ the uar^inal fauna at 3tatlc®s 4 5 

are tho decree of euopa and ui oclated factors. Station k is very 

#tuop n d  Station & gently tlopin^ where -w -lei, slniiar to tbe hay 

stations 1, 2 and S. M  S^atiOi 4, tho July Jnereae© was duo to 

thirteen different spocl-’s, notably *P» !*'•, »P« 102

and n«»w<fc«-fTua aanttl. k\ 6, hamror, <iflly three speciss were
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Nllaotad, ^T««WJ>laMla 30(3 S ' f'0™>4,4™nn<" ecr,atituting

00% by ambers of ft ccnsi^&rable population* Lb ruolin (1957) (uu 

pointed oat, tha Orthoali*lllnae (whioh Include Crlootcnm) do not 

have an effective erythrocworln ays tee nnd are unahlo to withstand lew 

dissolved totygen tenolona. Cn tha other band the large Ghirmaaai 

larvae are both physiologically and, possibly, acrpholo*?ioally adapted 

to wlths.*-X low oxygen tensions, having ezrthrocruerin and olmgated 

ftMoolnal gills. CorllUuas at Staticna 4 aa3 5 od tho basis of the 

above, would therefore seeet tc have be® naika'ily different. Tha 

oauaa of these differences would appear to ba tho r*«ult of thu shcs*- 

llna slope. Mitchell (1970) repcrta cr a phenasancn frequently no^S 

against the shoreline of a fiVlvlftla a/ifc followlr^ a rlaa 1* water 

lavel, namely -hat a gap la formed between the oat and shoreline whioh 

la later coluiitsed by a rc.pl • ^rcvth of ^t Stac.ice, 4,

however, .hie tc (1) the steoraoas of tho shoreline aid tho relume of 

water in oc»taot with & sparse depoaltlcn of fffllvlfljff debris j (2) hi#h 

oxygen tanslctu’ reaultln: free ef**»ctive bc-.aoe interohauto, and (5) 

a suort oleoranoe to the raarr'ln rojultinr free tha steopne«d of tho 

shcrellne, odcnisaUon by many species was allowed wtiloh either re­

quired readily available oxygon (Grioototau>. ffnBBll *P*)# wor« n a ­

tively phototr< plo cr were w®ak migrators, the /lat shore at Station 

6 was observed prior to Kay 196?, to have a deep compact cover («a 80 - 

80 on) of branded left by tha high 1966 water love." whioh

had appreciably deooot«»«l In It . dwpar Iojtwb ;>rW  to th* Msy/July 

liiun.-Iit.lcti. With flcwlliM!, tht.efcro, f-a aargin of tl» w t«r r rai 

oonparntir.1f  rapidly aul nlthough wbjaot tc affootlvo aurfmoo InUr- 

g h W  «f th. UnMi.aU foUwrfw organic dM on^lttcB

m m  probably extraMly low. As thoy w » ,  la faot, at 3 « W .



SIS*

(Md^ehlao, S.M* 19K>) iwier ooaditlons allowing f m  wirfaae into*- 

ohange. 3cih population increases would seem, therefore, to haw 

resulted frcfli a rise In water level* Co the aw  ha&d, how***, the 

#Hort migratory diatanoe sad soanin>7 availability of oxygon ollowod 

eolcmi,iatite by nany species and on tha other the ocBparativoly lcog 

nigratory distance, high nutrient level and low oxy^m ecnosntraticn 

provided on apparently ideal habitat for Ghifonaaifl. Why th«n, the 

ieeraase In fauna at the stations in the 3ay, where the elope i* 

tloilar to that at Station 5? The cnly ccaolasion that 9m  be Anm  

<9 this difference, is that the nutrient level at theee static©* tos 

considerably lower end that requires, particularly, a high

nutrient level, aa mm supplied in this oaw fey the stranded j 

On this prenlse the Hn'itation inposed by a rapidly extmding i 

net ojc^riaioad it Static. 4 v .fc tha • w .  use of tha low 

marginal population "* the r>fiy.

rt would thorulopo seen th*t v »  i’aplicnticr of McLaohlan1 s 1 

litat a rise In vnUr loval c i n  Inoraaao In w.rtdiK't fauna In 

widaly aepar»t«i l»k» type* *  ’ to ooldiiMtlm by fihtfaBqaii1 tWB*~

oamct ho ''Bnaraij.'. the hula of fchea«

raaulta the rt«a In « « * r  lsval ahoui’. ’*> by both i rapid

w m t  of tbs atargln <*& a high nutH «t low.1 t i U «  ,uoo..r.ful 

jolcnlaatlon >jy thl. spaalaa. Tha taplioatlcna of tha aba»oo of 

tht. apoeiaa .» Statl* 4 ar. alihor that tha m itn . ’.aval vaa not 

*iTflelontly blgh, or that J . .trMHTttfclgHtU " *  £• ffflWHlln— ll “M  

Artiaularly guseeptible to eoopotitl<»*

Othar faetora oculd obrtoualy ba inToivao to thaaa totaraatln® 

frnmal K iT am a m  ao that furthar no* <*> affaota of a riaiag 

laka laval on dlffam-t »w.irataa ond alopaa m i at ltflarant nutrl«rt



lavols are el«irly necessary Mid aro likely to jrleli? valuable inf crea­

tion,

4.3 Tha Kfaat of 3ubatrato cti tho gnthlo 3tM U «g C m  cf tte
DramadMLirar Tad

On the basis of substrata anal ye is, the drowned river bed haa been 

zoned into three areas t Area A (thu ay acne), fraa Station 1 to fc5C a 

inside Station 3 (5a); Area 3 (tha outer transitional asme), to Jacana 

3and (Se)j Are*. C (tha inner transitional *one), to tho river south 

(PiK. 7 ,1). Zcnation cn the basis of stand in: crop {Fi-;;, 7,6) plaaea 

the outer, -productive, zona frcn Station 1 to a point saaewhere between 

2b raid 3j the outer transitional zone free this point to between 5a 

and 5b j the inner transitions! acme free tore to tee river nouth, 

Factor® other than subatr&te, analysed in the way they have ho an here, 

would therefore j*.r;-«ar to be of greater importance to the standing 

crop.

4.4 The EffQ.gt .pf Booth and Aaapclatad fjqtgn  flB

Ocnsideraticn of the spatial differences in ooapositioi of the

benthos (8.2.2.1) led tc tho tentative conclusion that vith increased 

depth or progression tovards the drowned river lied, constituents of 

the benthos of proportional significance became fever and acre laminat­

ing. Ths n u c n  aw? 'ested for this uaa that under suitable omiitims 

certain jell-*! apted taxr oanjyititlvcly «*oludea less well-odanted taxa. 

Against this au'?;oaticnt however, was the fact that olovt the ahcrnliiw 

where the ohirat.cn ids wer* clearly overall dcnin noo, tho greatest 

diversity of species was l«ma. This seemed to have Filed cmpetitive 

oxclus' cn out and suf^osted rather that abiotic factors war* prliaariljr 

^apcoaible. Subsequently it has besn sh»* that cm of the reaacna 

for overall da&inanoe of chircncaid larrae alcng tha ahorelina



wePe th* danse eonoentraticos of Shl«w>rtw  ̂ associated with a rise 

in water level, This suggests that ccrcp^titlre wtolualcn my still

have been a significant factor in tho decrease of Unmal variety with 

depth.

Consideration of tho spatial differences of the numerically impor­

tant species (3.2 ,1 . 4} also Indicated a negative correlation between 

numbers of spec Us sad Increasing depth, Tha tentative conclusiao 

drawn fran these data was that ther-a was either a decrease in habitat 

oaaploxity froa the shoreline to the drowned river bed or that lacus­

trine niches had net yet been filled at toe tine of sampling.

There wculd aoee to be little doubt, therefore, that tho variaty 

of ardnals decreased with depth and that numbers Increased j (soxj 

3*2.1,2 /A) a situation analogous to marine fishos In tho Tropics 

(= shoreline) and Tenperato (= river bod) regions, However, any 

attempt to explain this phsncsenon without further study is open to 

crltiolsn., Nevertheless, factors which mist have a considerable 

hearing Include nutrient levels, light, substrate and a degree of cco- 

petition frcra established deep water species. The suggestion that 

all deep water niches ha.l not yet been filled, which stems fron fch© 

ocrsjmrat Ive yefcth of Lake Karlba, is sore questionable, bearing In 

aim , particularly, the comparative simplicity of tha drovsaed river 

bed as a ha’._ ^at; the similarity of toe fauna to profunda! benthos 

of lang-ostahlished lakes, Ascribed by Cdun (1969) as having little 

variety; and the relatively high production of the deeper waters,

..5  B J j W a t U B  »f qnt&ta. la.- aiaiia.U  'fate frailto

Underflow resulting frcr tlo-Tdlag of toe river did not at any tine 

coincide with stuspling of t*se bontt.es of the drowned river bed 

(?aUi 7*1&). The acourliv* aid dUj^aoaiasett effect of these, which

Z14.



am  likely to ham been both aeleatlve aid considerable, are therefore 

tataowu

TAJU 7-10 3HTOJIC SAMPLING HSRICOS 0  R2UTICK TO FLOW (a5/* )

SAHH.IKG DATS FLOODING DATE VtiUJM CF 1X0(30 u o m t

10 .12.^6 20 45-50 daya prior 
to sampling

28.1 - 5.2.87 0.1.67 25 17-25 daya prior
to sa&pllfig

10.4 - 5^.4.67 2 . S , f 7 61 Scaplins before 
flood

7.1 - 2C.1.6 25,1.6, 15 Sanpliag before 
flood

0,2.6 '' 6 Sampling baf ore
flood

The distribution of tha bentho® canrnt be related tc water quality

by itself unless radical changes in vb.‘ c.- quality Q8& be associated

with nnjor <3h«n/?ea In either the quantity or quality * tha fauna. 

W%ter quality ha* bean aeon (Chapter 5, 2*0,5) to ha/© she . n ifradntl 

trend cf changa free the edge of tha Salvlnla mat to tha ope©, bâ r 

stations and little Hsascnal change apart frets floating pericds mid 

ipore&sorl phonphates and pH fluctuations during Vortabttt 1967, Th.*9e 

diffare*’ *»s ccsuid be aaaoeisted with the fatmal differences but are 

Insufficient in theaselvas to haw ’̂ «r\ of overrt’in# iaportenea* Tha 

effeeta of enclosure aal tha s*i ' 1»*a aat on water quality have also 

taan discuss®! (Chapter 8, 2.0*6/?) there can be little d<»bt 

that those tw factors oould h«vj of their ef'>ct ct the benthos in 

Ittiiraot naaner. Nevertheless( it la net posaible to dmu av® 

vaffue ocnolualcna «,tmding tha effe*t of niter ^hatdatry «  «»• ’■»»- 

thoa, apart frora those 'un& abcwa, relating ^o Salxtelft ^  lak®



level fluctuations*

- Tb» Oa,tegoi jaatloa of the 3qathoa

Coaatrlarstijm of too spatial distribution of all secies of bentos 

(5,H*1.S) suggests that certain species nay be regarded as typical of 

certain habitats. On these lata rar^inal spccios vrAild include 

libellulid sp, 167, Kllcdorun bgBvi’jucoa. All mala sp. IS:?* Bacwrtp- 

drilua sp. 2 , Auloohonip furoataa. Ghlrcftegma trangyaalonals sod 2* 

famesjpannla. Shallow water speoios of ocarser sediments inoluie 

Stlatoohlroncoig: irnffrariua. rantapedllua wlttei and Caanla sp* 90,

Deep water spoolas of finer, nore unifcm sediaants iiiolude Dero sp, 23, 

EuiiSra faru^lnaa. Aultdrllua Iguatl. Chaoborua s.Tp** PnlyrartUma sp, 5, 

Crvntoohlrongm sp. 7, ^natsaMZSSm i t!WUt°d~- «*1 -irmrtUdlUm 

hcrtfcnsl.̂ . Although nny study of the lake as n. whole would bo in­

clined to oato^criso all spooiotf faind in this study to be of tt.s 

area associated with river nouths, stvscU i closely rJ*8;>ciated, or 

"estunrine* species for the purposes of this study, include Cnroto- 

qhirer.oaua linineri. I^atlnc^oaahtea afrioanua. GlinoWvraia alatiLBliffiU# 

S* a».̂  rtPro?>otsian sp* 75!, Ubiquitous speoios inducts

Dinsaudopflls oapensle, ?roaladlua 'iiwlr^tialatua, TflflytraTap fl 

Mil "Cullaoidoa” sp, 61*

Any study of a levelling MOffjrttetn suoh as Lake Kariba aust of 

necessity oonsider indicators of ahnnge in a lynacd call/ unt, table 

situation. *. study '-Tuitorin  ̂ these aha ,** ahtuld ideally be carried 

art of r a lca««r period than it was possible to us hoi . N®verth®» 

I®*.-, aajcr faimal dovol wits of species oocurrla^ in larp® number* 

luring toe \vo y»*r treaseH oould be indicative of development,

Vfhethfff there voro true long t*jm chau-?or not will only be seen

218,



et«*ly utth tvxHm* TaapoMl trv m a r  4«te cf «ca>

.poclo. aw  flifurad (FM . 7 .8 '. With th. .be™ m m rm U m , ilruMfcto- 

^ 1„ .  hnrtm.1. Old ChaobCIM .pp. «h «  » docrea*, 'lurln.' tb. oour*. 

of th. mrrer which could lndlMt. a "phMlng out» of t;» »  »P»«»»».

nlauet.1 oould alao be lnoludod, but this 1. matt -r-’ lkulr 

to th. light of th. rloluMO of popilatlcB nmg» which occurred oy" r 

» 'io»t p»rlod. Dlpa.udop.ln m M t M ’ tS&m t&U m  »P* si CTO&g-

— . . .  ,p. », rroaiMiufl im is a iis M to  » J  in a d M M i t t l M  

„adc «.r. to »h« .  »ph«in« 1»". Stasztasw moAntm. lAlotl u  

not *i*uw4, .ho«d »  ..M itlally »«> !» pojulatl* turta: tb. « «  

of the « m „  u  d U  tee narrow-hs-M -OuHooto." »P. Th.

broad-ha ndod Cullocld.. ip. 19. <*> th« other hand, b»oaw> »on numrm*

towards the latter part of the survey.

R  U  Moo.mry to «sk  0®r ima-ticn 01' « » . .  Upro.slon. by ««- 

pari.® with HoLaahlan's (1*?,) finding, 'ra. 1965 to 19«6. AH  « ”> 

aboro « | « 1 . .  w®r« found by t t o n a  M.oclatad with bott® M d (.

- l ^ o f  ■ i .■nnchladrllM tarttU U  «*> « « .

as bein^ p n « *  (as opE. , « l  to a i d a n t )  during work, ,o

that thaw 1. a on. Indication of an i n o r w *  of thaw sr*ciM  until 

I960, 0\py«Jtlon.l. M tf s- • ^

»r . u )  TO: .xaaaoau. * jk U »  »  t o  - w  a. »3mg only p n w t.
,o tSat -*> probability cf th.lr *pt*u,ln« In” t. grwt-r. M * » U ®

fowl to «  !««'•>• *>• *» • Mtu--rl1’0 " d* hM0” r* *°

that 1 though th.™ 1. » powlbllltj of thi. ,j«l® » taring i m » o « d ,

tel. u  u n c r v a n . U a t f t t «  *r- «. < ***  th*“  data u

„  . * . . ! » «  1 » %  h o  b . «  »  * P « W . »  . « « - »  of •-  * *

^  lAtai art. for * »  '•» , »o -<* —  * *  ^ '- ohl“  { i m ) 

followiJW siwdin (1950) has o l u r t f W  Sarib* «w '*Jng a t l M l B





1*1m* m  th# basis of the frttquncr of ooeurene* of h 

■P« 10(l) which la the m w  species an Is being 9on*ideK*d here 

(ifp* S)« It Is therefor* unlikely to be "phasing \nB, although an 

the** data, oolonlsatlcn of the "estuar.oe" »abltnt took place la 

I960, QIImImmwm a«i«ml»tua held mucf. ihe saae position In 1967 snd 

I960 as previously, as did the oeratopcgonld "CullaolAaa* sp. 61* 

Taxanaalc difficulties mitigate against earlier oaapariscn* of 

"Cullooidea11 sp. 19. These lata sre presented for comparison ty sub. 

sequent workers, for confiraaticn of trends is necessary free later 

sampling,

The increasing numbers of ^gpnohlura aowerfavi and, possi’uly, 

££2QiLS(UttA brevioetl c1 atus sM^gest an enrlchsrant ol tht bcttora muis 

in the dm Aed rivwr bed, as these two species are typical of the 

eutrophic Lair) Mallwaine (Marahall, 1971), This enrioh&ent oaild 

be oithor a ftineticn of detritio accurate '-lien in the "estuAry" with 

tiao, or Uin result of the break-up of the permanent SalrlnlA mat.

4,0 SJM^SSSILi£L ^ aticn to Zooplanktor Density

TADLE 7.11 A CGMFiulISCt. CT THE DENSITY Cf UHACDOKDB IH THE nPITHCS 
AND PUNKTCH CUJCFOTiiATKliS

renicD 

January 1967

July 19C7

October 1967

Jo.maiy I960

CHACLOi'JS CIWCBNTUTICK 

Statical 3

Stations la to 2b

Stations 2a tc 5

2n to Eb

PUNKTCH CCHCarritATIUi

Veiy loti# highest ia 
vicinity of 3tatioa 8

Density oontro at 
Staticns 2 and 4

uensity con*r; at 
Statias 4» bottcn, 
reasonable concMitrv- 
ticn at 2 an ’ 3

Station 2 to S) 
Station F

The Hay finllngs have be<n mitted as bontMc sampling tcok plae 
before flooding} planktonlo, after.



ir.ru. U  widely taKMB to ba planktonio by night and benthlc 

by day (MlB, 1860). As both plankttnlo « J  banthlo •anplin/» w*~ 

earrlad out ty 4«y It f H a n  th t  ainwtoaa »pp. « • »  coU*otod 

M « .iy  in twrthlo aompl«». CcnoMoratlcn of oolncll ant'd aanpLis, 

trm  Im m tT 1«*7 to JamiruT I860, (FI4 .  7.0, 8.2) shows a .lallartty 

la seascnal fluatuatlm of pOanktm and ChMbcrm. Tb«re 1b alno 

a3M spatial correlation batman Jonslty of CtaofrffiBg tK tha transect 

and planktai dannlty aentrea, particularly In July 10CT in'. January 

I960 (Tablo 7.11). High numbers of Chaobsrsa voro nonr tam i, 

howwror, In aaaoolatlcn with planktm density M > t m  unrternoath the 

mat. a to- dark, It wou. ’ bo expaotel that ShMfegM  * “1>1 

have roMlnad planHonlo unlom-ntl. tho Salviala mat which «*-

plain their pauoity In banthlo sample., hut they -el- >*>t ocllaoted 

with plasiktcn hare, an! n u t , therefore, have ha« In 1 «  number* 

undarroath tho ^fjvinls mat,

4,9 GrciP

The o a m n & c n  viiu«3 « l v n  in T ib U  7.5 hav^ bo«*i iu*l to u m » u  

tuij r..<»*n standing crop of the study aroa, usU e  the numerical .lata 

f r ®  the seasonal survey. am  In Table 7.12*

VIig 7ilL̂  THE STAKJING CiiO? IN HQ WET WT/M2 O' T B  SEASl ’Al 
. If-***’ SURVEY 1V 7/C0

srrs 'i k **®

Shorslln* (0 metres) ^ 2 5

S metre* 

1C i

1005

909

Drowned river bed i ^ g
(5 - 8 2  awjtrta)

Ovsmll 1 » 4



Clearly the aost productive acne, as biomaaa, ia the ahorelino, 

thoigh thla la mainly due ..c the very lar^e Kamarfccdrilua ap. go 

which xm*  ftfmrrljr found ia association with 3/vlvlnln at Staticsis 4 

and 5* tflthoxt thia apeciea, the 'aeon blcmaas of the margins was 

fcufld to be U 45 which ia similar to tho findings on the river

bod ond at 5 an! 10 net re depth stations.

Unfortunately McLachlan's (1969) values are expressed aa outiclo-

free dry weight and are not comparable with theoe astlnaticna,

Petr'a (1969) estinatos of bottan fauna standing crop of Volta Lake

2
in water snail ewer than 1C m are similar to the 1504 mpjm estimated 

from the results of thi« work. At. Koto Krachi, annual estiraatea of 

approximately 170C to 5000 mg/m** verj found, at Yeji 2090 to 2570, at 

K-paadu 770 to 1700 and at Dodi. near tee dam wall, 050 to 710 mg/m*** 

Petr (1969) found, hovovar, that the bottan fauna was 1/jf^oly confined 

to waters shallower than 10 m, nnd '*etv^en the year 19G6 «nd i960, a 

nark®! decrease in standing crop oceurro! as tee lake matured*

ly ocrapariacn tho stand L ’ crop qatimat- .- made at the outrophic 

Lake MeGwaine in 19PG are ccnailembly higher, Marshall (1971) 

eatLaatoi the following standing crop for tho different depth i jreat

o - 5 » i e.oii

? - 10 m l 15,212 g/i?

10 - ZC, a l 2.607 g/«2

4J .0 the JottM Fauna foort W«b

Literature aa th* feeding hablta of tha 'irvm cf, particularly, 

African aquatic inaoots ia sparse* In order to attempt olarifioatier 

of the feeding habiti of the iaporwnt cfwrtituents of the bottom 

fauna bo that a aignifiannt food web could be craiatructed, tee ssouth- 

parta e£ thoa* genera upon which direct feeding ohaervatiens have not

.......................



It l» know Uat tte larval Chirenaaini are feedere of particulate 

airiwle watiar Wirth awl Sices, 19S6), In mam o m s  oc&leetod V  

tha tiN oT salivair w>ba spun aoroaa the mouth of the larval tuba, 

irrigated tep a current sat up through tho tub© by the body movonwnta 

of animals an! periodically eaten. Larval Tpnyt*"«dnii are

also known tc use salivary weba to antch food particles} In sobi© 

species, vehs are spun cn special extensions of the larval tub?.

1 his haa been fouiri both in America and Africa (Wirth and Stcoa, 1986} 

Soott, 1967). Cn the other hand tha Tanypdinne are known -enerally 

to bo predatory (Wirth and Stone, Pennok, 1955). The '’hor’ i-

▼orous!,t specias (hera usa^e iapllos animals sating both living and 

do«d particulate organic matter) are espontlally sedentary? the pre­

datory species, errant.

In the larval chironaaids of .a ^wr mo- \h, iear

radation In the following characteristics of the inert;orta imp be 

seen (Fi^a 7,9)*

1. A simplification of tha ^rindin^ solar type mandibles of tha 

"herbivores" with Severn.1 teeth, to the staple, l«nfrthan©l 

speazsOlka mandible of the predators*

2 . la Ineiaasad curvature ci‘ tho prodntory mandiDj.e csujjnir. ltin-t in 

tha aimtely hooted amdlbli of Clinotonram. 'hum two a«rieB 

are ocnaidorad th* moat important Udicat—» of the ty?» of fawn­

ing.

5, The separation of tha labial plate by a m»-tooth. 1 wntril lcfca 

tmd reduction In tooth ocmplexity.

4, Tha abs*a#Kse of praaanee of the lingua, fc«md or /  In i ^  Trasypalk-
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An attanpt has ban sad* to correlate both i !m  an  ̂ antemal

(as htttf/antannal length ratio) with the above ob&raoteristies, 

but a clear gradation was not found. Apart fr-'n Ghlrcncmifl. be 

■herbivoro .in mod of tho series are nailer. K/A ratios were ooo- 

i\ssod by tbs gradation of eharaoteristios within the Tnnytorsinii 

(Fig. 7,9,1) where both short and srtrsouly long ant«nao were found, 

the former being indicative of a sedentary, berbivorcws, rolej the 

lattar of an errant, predatory cob. It is of intemat to note that 

although mandibles retain "herbivorous* characteristics thrwgbcw- 

the Taaytarainii series, the labial plate shows r, tendency tovnrla 

predatory characteristics, in that seise species show a separation of 

the labial teeth by the ncn-tocthed c«itral lobe. Thus cn bnlrsnee 

the Tanytarsinii are considered herbivores, but there is acrao likeli­

hood that aceia of thara may be predatory. The ha’-bivomia Cliircfitiaini 

all have shot nr.'-orr. and a clear ^mdaticn oar. bo so«t in the Tanyw 

podlnao where bc*h antenna© oi.i hand cap aula •? Ion rthon in close oor*- 

relaticn with the predatory ehoracteriotics of the mandible and labial

p3ate (Ft’. "*c,» 6 - ")•

(V ,hc bf.sifl of the s*M.T*,hpartB, sorao of which aro fibred {Yts* 7.9)» 

tv„ j-ris*®, st-irt.lv* with tha *nosrfc h$rfc'«xr us and ending with the most, 

pwdwtory, is as follows: Chlr.aacnm . l£MkU3Ua» IflbQ&OttJfif SUsfar- 

riaotosus. CiprrAoahircnamua. iaiiiiiiiiBi itolftiraftSCto 

and fiifnotnnvttis. Aa far as StiatooMrcnemio, in tho sorlas, maith- 

parts are clearly of a "herbivorews" nature. It is probable alao, 

Judging by n .  of tho l«u»  iiMoeUtlcna of CflgQtagM < *»/»  ) whi* 

usro fowl whloh are anjhnraateriatlc of pradatofy animal*, that 

r U  also h»i%lTorou«. m a m  1» aen  Ufflault

to aUuwlfy on tha bMl» cf n«th[*rtB, bat aa thuso wrr» famrt In



m n  denser aMootaticM than SrtQBtMM (502/®*) »  * • Ppoh“ ''1°  thot 

these a n  *1«> herbivores. aem lndlM  Is f «  *>»• lU“ ly 40 be Prc* 

totoJ7 «  the b M U  Of its aandibios * d  th la tw cto  »■! a i n e V iuratB 

SKJ alnoat certainly predatory. It cannot bo ocndudod, howerar, 

that thoso last throo genera are ectlraly predatory. There are smo 

lndloatlcns that ProcladlM oould be on amivoro (qulto der.so eaweo- 

t rations (156/W*), short antennae, hert-TOrous-liko la b ia  plate, 8*01 

< lM ) on! tt» likoiihool Of tobibiti® W  tttobew rta  '« *  OitoirtmgBU  

of particulate organic nattor cannot bo rilad cut. Their arrant 

nature (observed to aquaria), tho donrly dovolopoJ niouthparts, ompa>~ ■ 

t l « l y  sparso concentration and 1 ®  antonme rag :o«t that thoso two 

aio , howovor, essentially P ^ a t c y .  *  « »  analysis of tho food web 

tho latter throo ^onera havo been ocnsldered to bo predators.

Tho 011«ochaata and Mcllusca are all omsidared "herbivorous",

„ d  tho acnthpartu of tho trlohopteran fiiMfluto.:!* <NC. 7.9.0) wit.: 

tho mandibular bn.sh ^  sotae, « * L « 1  with tholr tab. dwelling habit, 

sug'rest rtrcn-iy that they are rdsc toAlvorous. This has boor. con­

fined as far as practically poaslblo by tho examination .f  fl»t ocnt®t0 

is on observed predator, of .ooplanfctera (Chapter

«), and has Itsolf been observed to bo pr^at«l upm tho oewtopego-

nld "S u l im M M ” , 7 .3 .1t) * 1 *  * « “  ^  ^  F « l y s ^  S“11™ 7

properties (Mitchell, S ., i*rs. » . ) ■

Two further species • *  bo omsldered, althc^h thoy ^  of 

U t u o  l^rtance In b«thlc sample T h e  are the l a q .  snlsopter® 

^ p h .  of - - « « «  Which are orront, and tho cryptic IrtlW M Bfa 1 ’*>**"» 

both of which occurred with such fre^- cr la the r ,t contents of f l * .  . 

tho n c ^ r l d . in articular, that they ~ .t  have p l a ^  a .h r - t t * *  

to the f~iin« rf tt. >xtt« Both are predated



m .

cad p m lo w  experience has shown that cha aOy woy to oaptui* the 

■?■$!** cf t t M  apeelea la tmy numbers H  by employing a fa ^  «ovte^ 

dredge, a method act u#ad in this anrvqr of tho bottom fauna.

Ob tha basis of tha above cntegcHsatlcn of tho feeding habits of 

tha bottom fauna, tta food webs of tha seasonal survey and the river 

bad transact series have beim illuatratad (fi^s. ?.!</» 7,11) shovdiu? 

tha relative proportion* by nuttb«rt of tha components, Two points 

beeona dear on consideration of tha food veba» The first li» tha ec«v- 

sidorabl* oontrtbuticn made by aooplanktcn, parlioulsrly U> the banthle 

secondary ccnstuoera through Ch^ohcrus and to the bottan fauna number* 

u  a whole. The seoond is the seisin,; lack of utilisaticti cf a oc&> 

sidoreble prcfjortiaa cf the primary ccnauoers la higher trcphio levols. 

This point will be reconsidered when the feeding of fishes is i<?alt 

with in a later chapter, The relative! proportions of the constituents 

have already bem aasalder&d {Sections 5.2*1,1, 3 ,2 ,2 ,2 ),

5 , CCMUUJSIlHS

The ooooliaima which nay be derived from those ’mta, bearing in 

aind the reservations imposed by toe f^xjuenoy of sampling, are eonaar- 

teed below.

1 , Oli^oehaeta, Chaobcrlaae and Chironcaldoe dominated the fauna of 

the bottom wuda in varying prop^rtiroa according to depth azsi sti&- 

sti-.te, ocnstiti’tiryr 09* by numbers of e^utaals oaHectod in the 

see i-fi-.l surv»" aid 05% of the *iver bad popii/iticn,

2* 'Tha meat productive area, numerically, waa ti e river bad away frt* 

the ®&t* C€Biiderab7t dacreaaa in batten fauna occurred

u&ler tha §s^xis£ft ®at, vihero tha drowned rivt<r j*d una lonat pro* 

du-rtive, Waifias, wh*» *an»id«*ed maaferically, -*re next scat 

productive, particularly in association with the a«n. ̂ inin mat.



m .
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10 wti&m depths were next Boat product!** nuaerioally and 5 a 

depths were least productive. Considered at biconss, the aargins 

were clearly the 'meet productive, particularly whop associated 

vith S»lvinin. mostly na r result of the presence of the large 

oiigosh&fito Lna-irrrfrliua. Ther*. was little difference la aesa 

standing crop at 5 raetree, 10 metres aid the drotsaed rivor bed.

The bottota fauna was moat uunerout during winter months* 

the area consistently most productive cn the -;>rown*d river bed 

occurred between Stations 2 and 3, acr j 2 I&u free the point of 

etftry of tha river.

The only clear-cut replicable neescnal change which occurred on 

the droun&l rivor bed «aa the increase in numbers of bottnfi fauna 

at the outermost stations in May of each year, due tc tti© presence 

of and 8P* 5 in 1967 and tc foly»

nadUum sp* S in I960.

The restrictive effect 3*̂  vim was found to have on bottaa fauna 

possibly results frco a comb in at: cn of the following fictoru 

a* Substrate unsuitability

b. Lev oxygen tens ions

o. Ovipoaiticn by «3ult insects being impaired by the fnlse 

surface of the wat.

The larvae of £J&lCSVi)£flttfl known to latiwO ? colt*. i lake mar­

gins in association with a rise * water 1evei. Tho isp.1 icatiai 

©f the occum e-a snd 'bsence of Ghiranaaia larvae undei these oco- 

ditiaus in this atud; indicate that for suece ful ©olenisatiem a 

rapUl atJfinal lovaeazt (hmce gently sloping shoreline) caipled 

.1th high nutrient levels are necessary*

Dif vnt substrates, as analysed in this etody, show®’ no ocr-



m *

M & M m  with bmthte production. It is e<»eiderod that sub­

strate* wquiw  ao^« careful anal/sl* th.**n thoao tralitlciaolly 

und , for requinjaaoti of henthie aaisal* aw  probably far sere 

subtle than these methods show*

9. y«uri«*tr of anioals and depth were u^jatively correlated« Por 

general reasons it ia eaQai1ere3 that this was not prlra&itly due 

to & lade of suitable species remitting frt® the comparative 

youth of Lake JC&riba*

10. Gorrelatior. oauld be s&ie between water quality an’ benthie 

. •oduotlvity.

13 • Setae bonthic aninr&B Have boon tant&tirel/ aate^arisetf into mnr-~ 

eri^al species, shallow water/coargo ae-ii/nent dpecios, deep vrt^r/ 

fiur? sedJjjont npe<5i<as nfcd "estunrinett ap^ciet*

12* An attempt has been "y ai.alfala for trend? of incro'5a<?,

stability or decrease of th© mot a »i\s&ertsis s'p%ci«8 cf the river 

bed over the t.v̂ -year sampling period, tc ascertain uhstfcer any 

s;teeie« ecul' >>e either aclmiairvg, stahl a or decelcnisi&Ef • Cera- 

parison with HsLaohlan*b (I960) fii l̂infra su&yeste that sokg specie# 

fn?l into thaa<3 categories, 'wt oenf imaticn is necessary froa 

later saspiinff,

15* An apparent increase . hieh ©caurredl *n the populations of pra&ahl- 

ujc. njiwtfarl and rg^^arliiiH ^mrlnqtlclatug which rre tropical 

eutrophie indicators, w^ssta an increasing Metritis aom^jle- 

tioa Ua the vicinity of th*, river Bouth, -Jug either to increasing 

natursM.cn car to the disintef’*sti£ai of the pomnnont ■S .̂vtnia aa*., 

14* the pattern cf Sh&efaeg\̂  density In, th® bottcft surfs both twe^coslly 

and s-intinll/ ( & w  frera  ̂nivlaln) jug^st* the r visibility of sees 

oerralatio) with plankton \eneity cvmtraa*
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IS* Th* naan standing orop estimate of ISiU ng/a2 Is similar to Potr'a 

(1969) tiUastM  frctt La<fe Volta, end considerably lower tfua; 

those of MaxsnaU (1971) fran th# eutropMj take Mollwaino which 

MBgsd f m  £•* tj IS,8 g/®2 .

16 . Tha relative oorapopitlrti of tho aaapaaente of tho within-benthos 

food \mh indicates the importance of ChaohoMu to productivity of 

fcbe ben+hoa In that ita main source of food la s<>oplanktcn • A 

ccnaiderahla proportlcn of the primary consumers are not readily 

available to higher trophic levola within the benthos. The 

-juestion will bo reoonsidered when fe^dliu? relationships of fish 

are dealt with.



CHAPTER 8

SHI FiPHA Cf SUBSTRATES OTHER THAN BCfTTCX MUff 

1« fflTRODUCT ICB

In order to fulfil cn* of the main alas of the stuUy it wa* 

necessary to subjectively determine what appeared to constitute 

■ajor habitats mt! to saaple these as adequately aa cost -janaider**- 

tim s allowed; determining whoever possible seasonal variation of 

fauna, tut, aore inportantly, the speoies composition of various 

habitats in teras of presence, importance end feeding relationships.

The principle underlying this approach basically involved the questim 

of availability to and utilisation of the faunal ocinponsnts, at species 

level, by fish.

The major benthic habitats (substrates) chosen at the u»;tsot of 

the itudy vere ths bot «a -rids, the drowned trees and the Salvinla sat. 

During the course of the field wort; m  invaa im  by rooted aquatio 

maarophytes occurred lAieh has be® described (Chapter 4)  sod tha im­

portance of which has been emphasised pi^viously (Bowaaker, 1068, 1970} 

Donnelly, 1969), As these plants Invaded the study area saspling was 

Initiated on them, They included PfltiMTflTtifln .Ẑ 'CftkfiBbXiUK?’

imsntm md Lagaroalphai j & U ' d iu a .

This chapter will oansi^er the results of aaspllng of all these sut>- 

strates, apart frora the bottan muds.

It was considered unli>.ely, prior to inundatlcn, that the trees of 

Lake Kwrlbe would readily disintegrate, due to the very hard woods of 

the vegetatltt to be floated and the seasoning effect of subnsrolm.



Vbaraa* thla would haw* — tied to have held true for totally sub*ergea 

t i m , exposed tr— rt particularly at their u t K a t iM , wart dbmmt. 

to be in the prc^eaa of disintegrating during the oouraa of tela study, 

Tenainal aaterial was rapidly at ripped off tbs trees follovii a inunda­

tion and m m  augnested biological affeets of thla hems been publlahafl 

(Bowikir, 1968, 1970).

2 a  Kathode

Duo to the difficulty of obtaining a urxifor® substrata to sample, 

tha aethods used ware qualitative, though an effort was sad<. to soilsot 

approximately th© aana quantity for eaeh sampla. Samples wars oollso- 

tad orer three woasons, during April, Auguat and Hoveaiber 1967. At 

Station* 5 and u aaaples were taken trm dead traaa standing both in 

tgvl olaar of the Salvinla aat, Sa*jsles -mr* aollecrted free bark and 

twigs within 1 ■ of tha water gurfaee, exmmpt m  one oooaslen wnwi a 

branoh w i  collected accidentally frees tha bottoa at 10 m depth by 

grab in Apr4' . i .« twigs arkl bark were broker, 'iff sad plaoad la a 

4> Boah/ln ok* \a>' ■ r the water, which, whan full, wan waafceri into a 

oontainar in the boat. Tha fauna was sorted fran the oottecn>ed Mat*. r~ 

lal by eye, Anlaala utilising cracks or boring* ssergad as tbe aata*- 

ial drlad out. Sorting waa eontinuod until no further aover -ut. swuld 

b® fowl In diy aaterial, tfaahing in a foraaldahyde irrita.-X baai 

ealdaB alioitad further eaarganoa of anlaala, An attaapt waa aad« to 

obtain awe quantitative reeulta by the uae of standard wood® bleaks. 

Sat* of five w»re suspended fn buoyed ahains at five metre depth inter- 

Tala •'t all stations. The blouka ware constructed of tw> 1 m  thick 

■arsnti planks, 15 <* x lc aorewod together and drtU.d with three

S  wm holes at lair lnterphaae, bo that m  being unaewwi f«ma utili­

sing the holes could be collected. Tha use of styrof can buoys waa
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raled oat la the Mwunda area Am  to their rapid iestmctlcn by oroco- 

Cost M u id t n ila u  dictate! the use cf aetal cane. These 

buoys ware taaultable (sens had been used as tafgets, others disinte­

grated) and ail the wooden blocks end chains were sventually lost.

This part of tho project was abandoned and the results obtained to© 

scattered and discontinuous to be of value. Ho attempt was Bade to 

relate numbers of aniaals to the species of dead tree sampled, due to 

recognition problems, though both the specie* of tree and state of 

disintegration could have a considerable affect on results. S^anling 

oarried out in December 1972, strongly indicated m  subjective assess­

ment a sajor increase in the tree fauna; the surface material of the 

treo8 was found to be haieyccnbed with Povilla borings, offering a 

greatly improved substrate for thos* animal a particularly. Over 700 

specimens wore collected froa the drowned

2.2 Eaaulta

Full results are appended (App, ft.l). Thirty-five species were 

collected frees the dro^iod trees and six of thesa corst-^utod 89$ of 

the total iran^er collected, the uood-bcring nymph a4' tho mayfly 

Pair Ilia aduata contributing 63$ by Itself. Other important species 

were the larvae of the oaddia P,eon anna thmumtytl (7,3* of total aninals 

collect**!), nyapha of the Bayfl/ £uth ranl.ua sp. 55 (6.911), the jorato-. 

poganid pupa sp. 556 (5,5*), the larvae of Chiron orris (Nllalorum) sp. 

558 (2,9<), end Olarotsndtpea fuaccnotatng (2,5$), Oligochaeta, 

Crustacea, Odcnata and Mollusc- wore infrequently found and only in 

— ii nuabers, Ho single station appeared to be aore productive thar* 

any other, on the basis of the :-cugb aethod used.

Of the important species, end Milodoaia occurred tc all

"seasons" sampled, whereas iuthrmilua was not collected in April,



totufr it ooqmx la large nuahera in August and with less treqamtty 

Uk Kornber. Manc^MMHwj larra» Mere not edleotad In August*

TIM  ft J  A OCtiPkRtSCU OF THE FAUNA OF GLOSSLf ASSOCIATED DROWNED 
TRESS WITHIN ASE AtfAT FROM THE -̂,VI?Jli MAT

APRIL AUGUST NOVEMBER TOTAL

amcm m AiiA'i IN AWAX IN AKAT IK AMAT

PjtIIIm adnata 58 0 69 5 107 11 254 3.6

Ea*nnmig iJum/usfti B 0 s 0 5 0 1/, 0

SuthrauluB 8p« 55 1 c 1 6 Q 0 Z 0

Nllodona sp. 550 S 0 0 0 5 0 10 0

Dlarotandlpea 0 e 0 0 2 2 2 8

Tab!a 8,2 indicates that SalylnLo probably axdrts a ocr.sirier'&le effect 

Ox tho fauna of the droned treos, particularly In the case of totals 

a/tuata. whero retry large mmbera were four̂ J on the treoB in association 

with Sal?lnlA as opposed to tht relatively ^mvse population on trees, 

never more than 10 a <21*trade awn/, whioh were clear f the w t ,  Al>- 

though the roethcd uBod was only roughly quantitative, the ootvsidgrtible 

ajd oausistont difference vae probably significant, Ther© wns also 

a possibility that numbers of Mllodorua sp, 558 and 

also shoved an inoruaaa in association with the rant,

^•5 K n w f a *

The drotaed trees appear to be oxtrenely important to secondary pro­

ductivity in Lake Roriba. Although no adequate saaplL.g of perlphytie 

derolopaBDt cm the drowned trees was undertaken, this was observed to 

be considerable, partl<rularljr la aloso association with the surfaoe m& 

eeeaingly mrm abundant in areas olcaer to the rivet mcwth* Sot only 

did the drowned trees provide a relatively stable nulteble

for poriphytlo development in the photic sow, but tncnmzm th* area



for thla dwfolqpewot wty considerably. In toms of ofepall producti- 

▼Itj this liiem M la perlptaytic doralojpsant would have to be ' JL-nc*d 

againut a decrease in phytoplartktaaie production. Novortheloeg, tho 

censiderabile dlT^sroncea In the specific makeup of the fauna typical of 

drovaied trees from uther habitats, particularly in the instance of 

Pf'trilla gduata. ’fhir>h if this habitat had not been available wwild have 

boar, urarse if at all present, 'suggests that by increasing habitat and 

therefore specie a diversity in the lake, the drowned tree subgtrnta esn 

only increase overall productivity, This would bo particularly applica­

ble to fisheries productivity if the fish species present were predcrain- 

antly insectivorous rather than planktivores. Being of lotic origin 

tho majority of tho fishes would logically bo of the former rather 

than the latter category, Under the oircuiestaiiceB present in the 

gt.udy a m  at tho time of this study therefore, it is considered that 

the drovned treea, as a substrate for peri phytic development m d ij  in­

creasing habitat md therefore species diversity, increased seocndaiy 

production. On consideration of the enormous substrate area involved, 

the role of the drowned t.ro-is in tho whole lako nust have bnm consider­

able. The subject will bo reoenniderod after pro sen tat ion of fish foot­

ing data (Chapter 11 ).

The increase in number" of Pnvilla in association with Snl?jlia 

would sees to have boan related to development of early instars. In 

tr®m associated with Salvinla. nymph*, ^r© ifsnerally * « n e r  fcsmd

in trees awa/ f r a  the mat. The implication of these filin g s  was that 

formed a suitable substrata for the development of oarljr instare, 

banco Increasing the population an troes associated with .frlEl&Aft*

Pair (1971) omol/tora trrnt tha pr-iont fisheries produetivity of 

fehm Volta Lake Is largely dependent upon the exploeicn of the Pfffttla



iftMlt papwltlm  u«w i«ted with the drowned trees. This situation

has H0t *»#n reported cn Lake Kariba, which could be related to dlffoiw 

«oes in the type of woodland inundatod. The softer forest woods of 

the Lake Volta are* provide a sore suitable substrate for the vcod-boring 

ny*PhB than hnM> predominantly woodlands Inundated

Itariba* Inroad, MaLachlwi (1968) reports that a significant 

increase in the population of Lake Kariba ctily *.ook plnoe after

dftidova unr! attack on tho dead trees below high water level by terres­

trial beetles.

The importance of inundated trees in terms cf resource management 

will b® oansidered in a lator Raptor,

One of the sain aisie of thia study was to ascertain the effe.-’ts of 

SsiUJttite both biotio and abiotio components of the "estUArlAe11 area*

It has boon shown that a quite ccnsidemulo negative effect is txertod 

on th< fauna of the bottom suds by v-he sat. It followed that an assee*- 

mmt of the fwma actually living within the mat was necessary. This 

investigation did not, however, oanslder the aseenttally terrestrial 

fauaa 1 Ivin? above the i rater fajrface, even though, potentially, this eoa-- 

pctiQBt oould have interacted with the aquatic auna and had considerable 

effect on it* Obvious terrestrial opponents Included large numbers 

of spiders and the Jaoma (i.at«Ailmwi!« wTriawyym) the latter fre­

quently having be a  observed to turn ever Salvln,!^ leaves «nd take off 

aquatic aijaala fro* the tndersurfaco*

5*1 Methoda

Initial sasipltiig was «tirely -ualitative end has been reported 

on (Bour'tar, 1968)* Quantitative aaapllcg was initiated in kprix,



1987. it this tlas If. dm  hoped that tho fauna of tho a.lrinl. art 

vould tw UvwttCKtad ssparatoly to dopth and oausummtly by anothor 

writer -Jtw starfcod bis iairoatlsatlcm an this ttao, so that -i^iaf.is 

w u {Oaood <n othor aspect* of tni.i study, r .fortunatoly thn wparata 

stoody of -’.alvlni/-. fauna was dlsoentlnuod, i*it has be in roportw; (Alp, 

1968).

BlltiaTly, qaantitatiiro sampling wn: undartaksn using a #12i ffi 

op€B*«cdod bay, dosignod for tho purpose ;uid mads from aluminium, 

taking a saraplo 0.Z6 m2 In area. Tho box was plunged Into tha Salvinln 

to a dopth of 0 .5  e and a 20 monh/inoh framed game bottan gild Into 

place on slots. The whcl® box was then lifted frt* tho water «nd tha 

entrapped TOfretation washed to remove tho fauna which wan than oortod 

free tho dobrts, while allTO, against a white background. The folxW fl 

was then thoroughly aquiosod by hand to ronovo axooca moisture and 

vsighod, Tbo samples wars found to bo so ocKsidorabla tha1-' tiise miti­

gated against ropllmtlon. This rsethal was used in 196?, 

but thoroaftor, when It was oloar that tho aoparato S.alvjujfl study was 

not to ocntlnuo, a dlffurant ikuthod allowing replloatlcn (usually S - 

m  Table B.2) was rtartad. This Mthod lnvolTOd sooopins a snapl* of 

out of tha watsr uslnj a dish .if (K. on dianiotar an! «  m  d<wp 

Tho dish was pushed sidoways undor tho mat and brcxsght to tho surfaoo 

In u  abrupt a m am m t aa posslhl.. After tha rogetatlai sample had 

bean wasliod to r«ffiovi t u® fauna (soo bolcv), tho hand-squoaaod 

«u> weighed. it tha time of taking s, rplos, tho ad ltfilt b«  * “  

to taki» thro® smnlas of wwd which wort, similarly troated, to roman 

mama aolsturo, and wolgted, gibing an .rttaato of SaUdlda donsl^ at 

tho a ^ i i n e  site. Tta» the faunal danslty oaild *» nlaU d  olthur to 

mrtam arm  of art or to l l w  w»l#»t of wood lo w  « m m  water, « H « -

238.
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lag the cppw t o liy for ctKpariscn with oitHer bott*® «uia or product!- 

▼Itjr (in tarn of fauna/unit lire plant weight) of ether aquatic tsaoro- 

phytea.

Prior to stjueeiing tha for weighing, individual plants were

agitated vigorously Id three separate water baths before being passed 

through graded neahes of 20, 40 and 60 raeshea/inchj thereafter being 

sorted separately, alive againet a white background. The oothed was 

tested by washing five tises, the last tiae in a 1$ foraaldehyde solu­

tion, and found to extract 89% of the ‘‘ana by nuabers, error resulting 

frca retention mainly of Ceratopogcr_idan 3>vi Himdinoa (Pig* 8 ,1 ), 

Sajaples usually produced approximately 15C individuals, the nore abun­

dant sreoiea occurring in markedly similar numbers in raplieatos, where&f, 

rarer spoclos showed little ccnaistoncy botwoon replicates, inaple alse 

apH extraction technics waa considered aatisfactoiy in taraa of the 

roquirfl»*tg of tha Btudy, Tha sorting of animals was greatly "'Mili­

tated by their movement and the use of a flnt triangular net designed 

for the purpose and used when hand sorting bocaae diffioilt* This 

sorting net, used in all vegetation samples, had a 10 on base md 12 m  

height, the apex being attached to a handle, aoross which wm stretched 

60/nesh/ineh netting. By scooping through a sample, agile anlaals and 

debris could be extracted awl reracved. After caref^ scrutiny for 

moTomont of faunal componenta the debris was diacardod. Thus a saaple 

was aatiai^otcrily cleaned of all debris and adiaals.

The use of the .«uivinle bo to ascertain weed 'M.sity md the hand 

aqueoaing method #,«r» result* of surprising oonsiafom*^ for any giv® 

part of the weed oat. Stairia*! orrorr. *or three raplioatas ranged 

between 0 ,1  and 14.6# (Table 8.5) but were frequently famd to be with­

in i d  fiduolal limits, suggeating a reas«ably good ®othod for the
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rig. i .l  t u t  OMhln^a for 'ratal w rferasU ® Tmm dlfr*r«rt 
rotation w bttrwf*

At Total nwbar* of «nl*a> « t n < M  
Bi MMban «xtr»ut*l law  Chlmcmlim 
Oi Chinn <*ld»» ostmetai



T i m  ajl <m cwPAcria or saltiku at sim aiQ  a i m  as
Q tIVE ttlOHE/tf (n u m w t o r  rvsovod by h«d

BCYSMBKR 196? n m m  i% 8
srraicn

S(s/m2) * E ?<:•>*) « *

x s 5452 A. 79 10,080 4 *H

1 B» 5432 - 2,£88 7,90

2 S - - - -

2 »V - - 2,r0fi 5.75

s s 3500 0.99 8,06G c ,a

5 EV 0700 - 5,568 A* 91

4 S 2^80 - 7,928 5.39

A TEW e-uo - 4,952 1A*64

4A 84 tfstf) 12.00 5,368 A.9&

An. ♦ 10 a ■*^452 5.55 15,300 7,o:

4a ♦ » *3,188 5.50 15,500 9.55

5 28,700 iac 15,409 8.97



•stimate of Salvlnla otapaotlqu

Sampllx* point* vai-ied during tho oouree of the study, but until 

It m u  kaowB that tho Mparete study of tho tamo too no

!**o r  to bo oarriod out, coverage t «  minimal* Thereafter, however, 

replicated sampling waa undertaken ot a gm U jr increased nwbor of 

gftations* Sampling w a usually undertaken at at least one of the boy 

#tatloB0 (l or 2 ), being taken frc* tho margin of tho mat and against 

tho shorelines at Stations 3 and 4, also at tho margin and shoreline} 

at ths edge of tho penunant mat (4a), iO m and 90 a inside the mat 

odifoj at Station 5 at tho margin and shoreline and, whan baokflocding 

permitted, above tbo Elbow. Details of sampling aitoa, aanple also 

and raplioati® aro tabulated in Tahlo 8.2*

After separation of aniaala free the vegetation, samples were pre­

served in ijL formalin and sorted to ©odd species leva! in Salisbury* 

After this soecnd sorting and v .«mg by camera lucida, animals wore 

allocated code nunbers and add«r' tc 'he reference oollecticc.

Data collected ia April and July lye?, therefore limited and 

suspect; in NoVdis'oer 196? and January 106S, courage and roplioati® 

was such on to give reasonably reliable informa' Icn.

5.2 Results

ull results cf /aunal m»Xy sis are appended (App* 3.2 - 8*5) 

m d, in keeping with other ohaptera, data have to® extracted and 

tabled where rale's ant within the text.

8.2 rl Salami *  Compaction

Results of lb ’ etttimatlan of 3^1vinia oogwaUou are gl*a» In 

8 .8 . Durlrg llevonber 1967, tho ati Station 1 was

mrnmxiy compacted iton shojrelifie to wood edre* At Stall cn* 8 

mm! A, however, compaction was far greater agaiist the wood
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nargin than tho choral in*! tho toner baing aature or errn m m i*

Met blooka of wad| tha latter, yowger and therefore lass ocspao- 

tad, haring probably developed along the shoreline following toe ri»e 

In ubtar level oarller in tho year* By ?obruaiy» the aituaticn at

Stations 1 to 4 Had reversed with greater oenpaotien along toe ahore- 

lino, Thla is more difficult to aocplal£> ixxt ccxild have bean due to 

tho disappearance of aaneaoont marginals and the maturation of ihore- 

llne planta, coupled with tho rapid outward sxpanaicn, and therefore 

lower ccmpsjtioi, of marginal plants foil owing tho availability of 

nutrient associated with river flooding*

Estimates of oaapacticn in the permanent estuarlno nat cn the 

transect 4a to 5 wero acre consistent# Whores# dansitios ranged 

betuoan Z and U  ltg/m* almg tha mar* Inal band* of gftlylnte. tho mat 

odge vua found cn bc+> oeeaaiaia to be eloaa to U kg/ 

oatroa Into tho nat this roao abruptly to 15 kg/u2 and r. .aoi! t . 

approximately thla figuro to Statlai S, vaiying llttlo bot'*wn 

November and Februaiy,

5,2.2 fin a l agacaUlai

Although a ralatively xido ranga of upprcjtlrmtoly 96 apaolaa 

irers found In as.'ootatlm vrlth tho Salvlnla nat, tha fauna waa daa- 

lnatrd by the Iphoraoroptora, Odcnatn, and to a laaaor axtmt, tho 

Chircncmldao (Toblo 8.4) totalling 68* by number a tho fauna aamplid. 

Molaohlan'B .1363) aarllar aaupllng in tha ant* a im produood atollar 

n a C U  (Tabla 8 .4 ). Spoolao tamlaal cf M tia lS  « • »  not MMrOT* 

honour, Tho sajrflloa, for oxampla, woro roproaantod by oily too 

•poo:>««, fcAfc^miii. ap. 65, In m } graat nunborai alnlUrly tha 

OhU-.jumMaa von. largoly raproasntad by tho larroo of a iBrtaMTBM 

n d  iUatoegl,) ap. *0. In ocntmrt, a wldo ring* of





cdoss&o ijympa# »©««aed to utilise tfco sttbstpn to a#! g««y

different «paei®« were o'>«*re«I ovipositing, an the j&mts, to 

op® Mat©** which oGeurral het-veoe plants or against tte tint

including trti1fti9El4?r BJCES^SBIB# P«n»*Wrttrt». Geri-ft&r^cp ob& 2St^B&* 

iSNE&M JkSXSt* 8«verfehaXoae, the tdoaoto utilizing tba ap-lvlnia aat 

ware a^ain strongly aonlnated by tho libdlluXMs, probably of on® or 

W o  species (see Sooticn 0)* Theeo points need cctistdurffu-iori In 

graatar dofca.il*

Speoion typicrJL of thy fttlvfoifl <su? strata, in th't tfwy worn acre 

iRasorcwa hero than ©Isowhare, utjro not nacossartly d jaioant prcpoiw 

tiae of the Sfilvlni,  ̂ fsmn and Table C.5 has been eoespiltx’ to illustrate 

this point, by <oct faction of spoeias \wing two critoria. Th© flrt.1 

of thoso ?o;xjdU'’ cfl the mmrloal importance of individual 

tho eoccwi, cn tho proporfcicti oooh epooi^s constituted ns a repreeaB-* 

tat ire of its t&xmmic group, covers*! by the general phras© "major 

taxm"*

The tii^oohaeta wore ovo rvholningly reprunantod by q specie* of 

(sp. 127), Tbs lar#«» r,i* 20 and Sranefalaam

ttcujnrhvi wore ccSUectecl <atto afeoreline oOy rm-1 probablv ~roeo frejs 

the bottom suds*

A larg© •proponi.m of the Crustacea collected war© oetr^dfi, 

perileularly *po<sl«» 212 (StffaskgpfiJriff sp ?) anl £7?, Gyglaaatharlfc 

JjjyUlgjai uaa the? single aost inpcttont crustacean on*! th*3 laP’̂ r fr '«b» 

v-.tar shrliap Cart^tna nii.fAi.aft wa# f ’̂ q’jently sclloetod*

Of tbo Hydraefcn^XXas, ^^nnhnwmftwui ep. 2?? Mjmirrod iiifr©-* 

quatttly in vory laarg4 matter*, sonetitutiivT 06$ «sf &1X cdtss collocstot!.

Although six r;wlsa cf taayfly nyffipha wmm oolle^kd, t h*i



TABLE 8.5

H U M  TAU 

otjncoueri

CRUSTACEA

n v m a m u M

f f i r n m m

COCBATA

CCLMFTSRA

CMDWOIGDU:

colic  n>a

th* wcntjiR ooiaHMBfts cf : he MiTlKlt

3RCBS 

jjAaaaijt ap*

sp.

BMftWtonWftCtf aP-

gy+-h*piilun 8p .

yylthorvlo pnnulata(7) 
Rally InstftT

LIbollulHao 

urthitoa ap.(?) 
farlyiaatar

Coanagrlldae

^vdpovatitB 8]

VNjUSflStitiBil

app.
8pp.

9p«

I J t t i W I

CHUSOKMCa BAS Short head ’ W W i l '  

U S m O K C A  m lam

GOGS
% <* 

M4J0R TAXQK
*<*

TOTAL

127 97,0 5 .4 •••

172 7.6 0.5

209 27.4 1.8 •

212 16.6 1.2

277 25.9 1.7 •

17B 36.4 4.6 *#*

53 89.6 24.7 IM

283 12.0 5.1 •«

261 65*5 16.4

262 7.9 2.L

251 9.3 2.3

2*6 25,5 oa »

276 24.2 oa

25 54.2 7 .4 •ft

») K> 50.0 4.1 ««•

155 9^.2 TJS »*»

72 57.5 3.5 *#

256 68.5 2.3 *»*

, SpMiM suoowioftaiy utllijla* tho iaisi#i» ^strata bBi 

, s J S a ^ o ^ ” c»r»rvilly utilising « * •  oAntret.

, S o i ^ t o S ’ w w M ^fu i m  a a n a i a ,,ut “hlch oth*r
Bnbutmtes with peaactiablo «ue«®M.

, £ S « w t » t < *  probably :U U
te high m»b«ra.



iphawcyuwi v&r* oremhotolngly represented by feAh»«a.-n» sp. 88 

{90f)t This spades m » ubiquitcus cn tho gY <n aid oenstituted 

the single noet lnportont avmerloal oonpcnent of tho fauna (25*).

LihAiiuiiil dragcnfly t^sphs were also very nureroaa in tbs 

s*iytnii* oat (particularly in oarly instara) far sore so than oosna- 

grlM aygopteran*. It Is probable that ther* has bo® saas eenfttsion 

rogarding the aopnraticn of spooies due to tho cliffiailtias assoolated 

vith the reocgniticm of early and lato Instars cf the saw species.

Tba caaparptivaly large nuabor of eleven speoies vaioh hare boon 

tabled eottld in fact bo fewer than this* The (Mcnata will bo con­

sidered in more detail in a later section of this ohapter (sto Sooticn 

8) .

The Colooptera shewed the greatest species diversity in tho 

oat, 19 apeeioe being acUoetod, Thejr waro, however, 

nuoerioally unimportant, oenstituting cnly 0.52$ of the total coll*®- 

tod, suggesting a rwiden utUltatice of on eaaantially unsuitable 

substrate.

Two predatory tanypoi ohircneeidB, fllniTlnlnlil

imd *p. 50 te th e r  ocoatitatod S£  of ohiracmide wapiod,

although 14 speoios occurred. Sinilarly oulicids were daainatod by 

a single ipMloSi AUfifiDlSUl AfXlBIBA (94^) and tho oo^atopo^cnids b]T 

sp. TZ ( *7%) , Ea'jh ocnatiiutod respootively 1% and 3.8* of the 

total faunal avRola*

Th® gaatorcpoi molluscs showed a aialiir phanmm® iAU 

SgOatUM doBdnating (6«t) tho six species colloctod and Uaalf om- 

utitutiaf 2,o% at total fmmal w nplw .

Sumarisiwi thoae findings, it ia clear that the ant

oonatiSutos a rather speolalisod habitat, with uaually only a sirvrJo



«poci*a rtm  w h  major tax® vtUUIw? It •fflaJUmtly, Tbo :*■* 

of important coapcnantf, at •£**£•« It-vel, of the s*ivii>4i> &at in 

^ w f o w  a wlfttlwljr theft aa© and, in order of BUEsnriaol laporttmo*,

1• 00 tall cm i

*p. 55

LihoUvlidDO

£U&8£fiGKSttt A&AB&Bl&il

afriaana 

Rhfonr^raaarua sp, 170 

Abl̂ aaBy^ii sp, 50 

P*aba»a±A Bp* 72 

il\ma^.a ap, 127 

Anl«ia ocratm

Apart free on unknown, itunbor of libolIuIH anJUoptoraa*, oi^ht 

apocltts only w«ru th«rsfcro of numerical lapcrtmc# in tho s«3v<n<a ast* 

The Ciuvtaoea worn atypieal in having sore Bpeoloo with »iotlar oaaori- 

Oftl proportion#.

3.2.S Y^flAtlcaB ir flmnti

Total faurxal are tabulator as numbara/m2 awlAg (Table 0,6 )

and figured bjr "w u m i *  and oajor toxa in Figuro* 0,2 to nt+ aa nunbera 

per sqtiato astro of s&i»iniA- for roaacna given when diaouaslng 

oethorla, little reliable inforoatiaj regard in-j aoo»cnal chuftfte m $  

derived Tran the results, tho rolativoly low pos**lati<» figure* for 

Api*il and July aaald easily be sampling artofacto. Spatial ii*tribu- 

UtA  of fearned oaEUBtltuonta ara ,-aora reliable ant.'; yariatitti in this 

mtpc t occurred a* f  oil owe i

UlfoehMtea « m  not found to April 1967, bat In July oemmi

2 0 *
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at Station S «it th* *o©d odgje <snd within tho weed nat at Station 4 

in am ll mnhere* In H<jvorab<w mall tsesabore were again fcnaiA cn tha 

weed edge, bit this ilno of permnent sat, an- within tho aat at 

Station 6 . A m eh larger amber, ectspoa®! entirely of a aev apedea 

of ilLLfiiiAi oemrred in the sat covering the baok-floodod r*ver, not 

provioualy aaffipJed, In February 1968, cli^ochaotes wore aolloctod 

vlialy, sp, (127) bein-T dctilnant and cecaurring in largest

nunborc ag&Jn at the shoreline at Staticn 4* Taken aa a whc' 4.her®** 

fare, the nligochagta ohcwed no dearly dlscomable diatributJ jn&l 

trend by the aethcd and frequency of sampling uaod*

K^.-icnnallao

Ho mitoa war© collected in April and Joly 19b7, but ware probably 

present, helm lost through the seah of +-hflafl»lv1nln befit*# In Kovae- 

ber 1 <67, they wait*® cclleotel in largo nuabers, particularly Juat 

within tho aat edge. This dl«rtributlcnal pattern w.̂ »» aainly due to 

tha lar%9 hubLoi ; cl khincphorrLarufl ap* l?fl /hich oowrred. Arraauma 

ap. i'B  waa found to occur in toe Salvlnla. against the shoreline at 

Staticn 4 ml?, when's large mashers were found. In February 1968, tha 

nusbera deeroaa»5 ea. larably, but tho pattern of diatributicn wm 

repeated in that lanfost rmnl«ra  ooourred in the pertsan&ut oat within 

SC X5 of the oat edge, 5« t  away from it. An afparcnt pattern of pre­

ference of nrens aaaoeiatsK. with tho m t  edge, fcut away free it, nay 

be deduoad froo these results*

Cmataaqp

Apart fror what teemed an atypical dif*tri5‘utian of « o H  ouffiber* 

cS crustaceans In m y  1967 (Station 5 ), the preferred habittt of 

Cruetacea utilising the *ubatrat& olMily red to b«

2S4.



•ither loose wood or agai&ct the edge of th* SsHXUULa* 

lehattflpopfcawi

Although aoyfly nyapha oocurrod in ossooiatioa with Sul vlnl?i at 

meat points, a olear preference for tbo paraanont SfllTtoftfl

met Is iailoatod by th© results. This obsorvnticn bolls truo for 

Bp, 55 only, however, for tho b&otld nymphs 62 and 98 

ooeurrod in larger ountora at Stations 1 to 3, she /lac a reversal of 

duaiaaioe, sp* 98 b©in& nore muaorous st Stax.lax 5*

Odawta nynphs wore aaiUtor.v'y pr»sont at a.1 saBpUn; stations. 

Variation uocurr®! to p*-epci-*.icoc of nurabors cf lato and *11117 instaro, 

howwr. L-ito instars wars isually I'wnd a* tho t v  stotiais m i *.00; 

within tho pomanont oat. '.a:'ly instars shew' a altar inaroaso in 

"sscclfttl’jn with tho nat odjc or loosoly oomprossad Sul 'Into. 

tag that ivipoaitlcn ccaurrol In open watir patches and ilsporalcn 

wmultod L\ th.! wider dist. i>»tiim of lato iastnrs.

Iteeq^itc ’.anraa an! pupa® u>r» o(«islst«ntly aasooiatod .4th oj»m 

water a*, the ot ,0 of tha <uiwtoiji aat, ’wing nest ramirois in Fobnaiy 

1868, wh* Urn, w r .  wldaspmad, 1" this habitat, thr«ghart th. stuiy 

an a . In inocnslatant Jansa pojulntiai was aomplod in thj SalYl&U 

oworing the bnok-floodol Hvar in Ncrapbor 1967, which In tho ll^ht

01 Itbsr dlBtributicnal n w l t (  amid b ralatod to tha rolatlvoljr 

reoant invrsicti of this aroa by

S iM w w & m

Chi? «n®M lanms, vhiah worn OTorwbalminaly roprooontod bjr tha 

Ti»7 ;,olinn<> w»"> first found in appruoirAl.. wnbors in July m l ,  

whan .10 dlB*«nahl», dlatrlbatleaal pattoro was apparont. In H.-vaabar



tho distribution of tiaaypod larvae was incooaUt^t ia that lariat 

cuabom wore found at both the bay stations and within tho pemonant 

aatf & ciraumstonce not explicable la toiws of specific constituents* 

Larval of Orthocladiiaao woro raost eases cnly founl in association with 

tho wood r 'go and the fow Chirmcoini which were fcund occurrod up tho 

rivor In aaaooiaticri with invasive 3nivinla. In February, crthoolads 

and Chircncialni were too infrequent for wiy distribu*.!. nal ccnnont.

Tho tanypols, which wero presort in far larger tr nbors thnn fcund 

previously, showed a aero narked proforonco for ecopactod tuxt alcng 

the shoreline and within 50 aetros of tho odgo of tho poraanont sat*

j&storopod tnolluaca aearned to occur in greatest ccneontraticea 

in P3 P jliticn with tho od^e of tho poraanont sat in April and were 

not -‘cund in July 1967. In November, two foci of ccneontratico were 

found, cn tho shoreline at Staticn 2 and tho cthar deep within tho 

poraanont oat at Staticn 5* Ir February 1968, tho distributional 

variability was sustained by tho ;rua<mco of gostoropods at most

tians except within tho poronnant nr.t, lorgast ocncentrafcictai boin^ 

fame! at Stations 1 and 3 associated with both tho ed^o of the wood 

anI tl* shoreline. Tho variability cf soastnal rowlts su’Tosts 

that gosteroped populaticns ware clumpod during 1^ 7» ^  showed on 

overall inereaso in Fob wary 1968,

Cam tcm m rcn ldn a

Geratcpagaaiu  ̂ rrae were not found prior to Htvonbor ’ *? , when 

Aug* nusbcrs occur-*d at roet sampling points, doereuina ao»n 'at 

by tho following Fobmaiy. Larvae w w  widely distributed, showing 

little preference for ony particular habitat a* the basis of tha 

analysis etna l^o rod here*



The a patio! distribution c£ taaea in rolatiai to depth of 

ooeumnoo within tho m t are suDsarlMd in Table &• 7,

Tho fame Inhabiting Sftivinifl noy bo oategoriaod in throe rrnin ^rcups 

on tha baoia of thoae data.

1. ■I1"-""*"' tmmn.. This category Includes tho Ollgochaota,

Into lnstar Qdoiata, Gasteropoda and Gertttopocoiidao.

8, frnir,»«. Incluio. here are tho Ciuatacea, »p .

early in star Odcnata, Cullcidao ®d orthoclad chlraimide.

5. "Within fauna". This j-.tv< ry Include* those ontaals boat

adapted to both withstotti and util •  tho nost atrlrv'ont condlt- 

lcns taposed by ocopacted Snlvlnlr;. Inoludod nro the Hydrnoh- 

nollao, hoptaijsnld mayflies and tanypod ohirencnMs.

It could be expected that tho ocrapcnonts cf tho 'edjjo fama" 

would shew a deoronso with rwreealcn towanls tho river misith as 

the effoots cf th© -it boeaae noro raarkod, whoraas tho

"within" faunal components would incroaso for tho «ra» nascn. Ccn- 

side-atlm of tho conponents of theuo oatejorlos shcv that variations 

occurred ao fcllowsi Tho Crustacea and boetlds cf tho ode® fauna did 

s h  w a  trend for decrease with pro,:resslc» Into the "estuary". Cfc 

tho other hand, tho Odaiata wore gowrslly more numerous at In to mediate 

station and • j oullclds and ostmcods rwnalnod noro or loss constant. 

A similar variability was found In tho d is t r ib u t e  of tho "within* 

fauna. Tho h o pW *iid  mayflies showed a leflni'.o incroaso Into tho 

ostuar-/, whereas tt« nltos and tonypol chlrtMtalds showed an lnoroaoe 

trot th*. bay to t '»  Intenralinto sen®, a decrease towards the poraanoat 

mat att! an abrupt Increase within tho mat. Hsnoe no leneral correla­

tive treat was found In this respect.

tho results of fsaml distribution over tho ontiro ntuJ.• urea



tes



gtv* Ka> indication of habitat proforoacea of tl» Snlvinla fauna. 

Conaidoraticc of '.iatributicn within tho pemanont Salvlnla mat only, 

without tho addad complication of shoreline effects, shculd aid In 

olarifyia? habitat proferonoea shewn tgr tho apeoios ecmoorood, if ocd- 

parad with thoir overall distribution. Data pertaining to lifftribu- 

tied of speeias important within tho pomanont Bat have tberoforo baeR 

extracted (Tablo B.B) to allow oonparlaau

In Huvenbar 1967, 11stribut im  of the oligochaoto All mala «p. 18" 

«UB»a*ts that tha preferred habitat cf thla antaal wna loo; i/lthin tho 

mnt at thla tine. By February 1360, thla trand wir wvoraod howovor, 

ao that tho Ink. finite ccnolualcn draw frtn tho ovorall distribution 

pattern persists, Novortholoss, tho «i;ecies la on important amstlt*-- 

snt of tho Salvlnia fauna and mljr oaears in «nmll nusiba-a m  tho 

drownod traos, giira‘.onhrllun and Lmrarosiriiai. ao thnt although no 

acnaiatait dlstrlbutltool pattern «»n?«s fron those roaults, it l« 

oloar that without tho pnnonoo cf ialyjjvla, l U a m k  would have bo^n 

«ror»o if net sntlroly nbaont frca tho study aroa.

Tho heptoganld ephemorepteron gnti)nHJ.M • >  53 •han -bvlou* 

proforonoo for tha permanent nat a«y  frco ':<*> untor in Si vwiber 

1967, when it was found in lar^o nuBbors. Althaifjh prosant thraigh- 

out tho Bat in tho f 11 win.; Pebruaiy, however, on oron*olriin« prs- 

foronoe for the station 10 b away fran tho mat odgo <ra» indloatod by 

diatrtbutlcn. Tho distribution of this opaiies within tho sat there- 

foro tonlo to confira the ocfeclualcnn draw oarlior, thnt tho large 

rrjmbors of a^hmulmi sp. SS 'raw! would have probably bra absent 

fro® tho study aroa tad it not bea-. for the prownoo of tho SaiTteto 

substrata.

CoujMer&ticn cf th* early (sp. 261) and Into Instor ltbsllulMs
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(■P. 268) emftraa the distribute derived froa cvoroll fi^inis , sarly 

Sastars belnet associated with tha poramont oat edge and late laetars 

distributed more or less evenly to deep within the ponaanent mat*

The tanypod chircncif.ids atti

*P» 50 both showed an inorease Into the penanent oat In Noreober 196?, 

and greatest oot.?entratlcns wlthcn 50 a of the sat odge the following 

Febmary, vtth a narked d^eroase -'sop within tho mat. The Hoveober 

dlatrjbutlcn ecnflnas tho suitability of a asprosso1 nat to those 

spoeies, and the February distribution which is acasBcn to several 

difforant species is d iseusso! below*

Probeaala sp, 72 is consistent in showing an increase into the oat 

both in November Mid February, strcngly m asting "solviniaphyllia* 

tendencies if. tho spooios* This was not apparent cn aanaldoratlcn 

of broader dlstrltaticn as a result of a soroonine of foot by the di*- 

tributlce of other ocratopogcoid larvae* Probczsia sp. 210 shews a 

stellar dlatrihiticD in Ncvotnbor, but this is changed In Fehnmry tc 

tho saoo Jiatrlbutlcn as found in tho Tanypodinae (see below)*

The alte Rhinophoraoaisifi sp* 178 is cloarly associated with the 

S«1 via 1^ scne distance fran tha mnt ad#e, but ocnrfltlms deep within 

the aat aecocao limiting at scne iiatancc between 50 and 250 m froa the 

edge* 0a tha basis of overall distribution, this limitation cn dis- 

tributia would not be expected, as largest numbers of these aites 

were associated with the nen&^aent aat*

Tha culicid is oloarly associated with the aat

edge although saw were found 50 a in free the ed^e, wharr aontaot dth 

the water surf sum for respiratory pur pesos mat have bean difficult, 

bearing in aiirf cBpacrticn of tte eat* Oeourreooe of this spooies 

deep within tta nat la February 1900, la oonsldenri >elcv.



The gar&ercpod Bulli jm ocrotua also shows a variation in

distribution, occurring deep within the oat in Ncvorfjor 1967, whore 

it was absent tho following February, although si^nificont oanoontrop* 

ticns ceflurrod noar the oat edgo*

5 .2 .4  Flow offocrt

Most of the species ccnsidorod ab^ve ( includingt 4^£BAifi »P<*

127, perhaps *>®» ^h° tanyp:d ohlrcndaJula, ffffrflltff1 *P*

210 aad inlmia acrotua) showed a peculiar variation botwoan Hcvonbor 

1967, whore they wort present in lanjost numbers doo; within tho nat, 

an2 Fobruary 1968, whon tho ccncontraticc ooaurrod botuoon 10 ond 50 

ootros froo tho oat od^o. This variation has tended to obsouro tho 

objoct cf this analysis| tho eanfirar.ticn or not cf tho suitability 

of .̂-,1 iHnln txa a substrato for various spodos, In itsolf hcvovor, 

this fftfif™"1 change is cf interest for it sugjost* diapl: eccmt of 

tte fauna. Throe oltcrrrvtivea resulting in dlspioflwaont worn possible, 

the first is that conditions -loop within tho S^lvlals mat wor < ptiiaal 

to certain speoies. When the riv»r flows ocnditicc.s ore ohm^d tc 

such a dogree that aijrr'ticc away tvm tho rlvar r.oith occors tc that 

port of tho mat where ea*litlcns arc mos* optimal md moat like the 

situaticn deep within tho nat in tha dry soascn. Tho soorol alterna­

tive is that flow displaced tha f«una downstream, towards tho mat ed*e, 

in Fobruary 1J68. Tha unsuitability of odfro oenditims lot., hcwevor, 

to m  active dispersion back into the nat whioh at tho tino a? sampling 

had prorjrosoed to at loa*t 50 m in froa the mat edge. Thu thiid al- 

\\emntiv9 was that tho main flooding affect was caifinod to Stat.’.in 6, 

at footing tho faua-i here a d /*

k flood of pppraxin&tely 15 m5/s  occurred shortly prior to send­

ing <a 28th January 1968 (annplin* taking place botwoen Z9th Januaiy



sad 2nd February), tbe plunge point being *t Station 5, deep within 

the sat. This strongly suggests that physiool displacement ma m  

iaportont factor in the listrlbutlon of tho nat fauna, m l is suppor­

ted by the apparent lack of affeot cn sp# 72, previously 

tcvu3 to be particularly tenacious aniaals, (see tost washing, Fi#.

H,l) at Staticn 5. let the evidence m^asts (Chapter 6) that soo- 

planktcn .̂ ay be retained if tha mat to a degree that reeolcnisuticn 

cf waters beneath Sal/ln la occurs a short poriod after flocdiiv?* As 

these animals aro lrsn wall adapted tc anchor thonaolvos in tho waod 

eat than the fauna found in it and oa the*- ro displaced it wculd so am 

fallaoious tc argue that sooplenktarv Is retained by ^alvinla, It 

vaCd tho ref ere sera unlikely th.it zcoplanktcn id rut^ined by 

vhore active flow is experienced in the nets, namely above

the plunge point. Retontlcn, If 1‘. occurs, wculd therefore so an to 

take place dewnstroon cf tho plunge point, cf both sooplanktcn and tho 

Salvlnii fauna, apart frcm Probegsla sp, 72 and, to a lessor extent, 

sp. 5C.

Whan heldinj faunal samples with S^vlnia In aquaria, It tms 

noticed that all faunal caapcnonts (apart from radiuses and digoehaets) 

dislodged frees the plants s*an actively upwards with great persistence 

until reaching the plant substrate caoo more* Under ainor flooding 

conditions tho effect of this behaviour would bo to displace the eat 

fassta downstream, forming concentratlcns below the •>lunj,o point,

Hajcr floods waul’ , however, be arfcreseSy destructive to the mat 

fauna.

The available erlianoo suggests therefore that floct’ing is the 

najor faotcc affecting faunal distribution during the re.in/ seas<»,

an! that although distributlcn is essentially passive, there nuit also



be a dogvee of satire acreaent to tho distrtbu*.i<*» auzy trm

the oat edge, and ecnoentroticna cf fauna 10 m within tho m t , Et 

is prcbahle therefore that the first two alternative* given abcve alec 

have sciM bearing cat fsunal distribution during tho rains.

5«2.5 The effect of Qaapactlcn cti fauna! deneltr

Ccnsideratica of the wide varirticn in result* related to 3analty/n‘ 

(Figs* 8.2 - 8.4) in relaticn tc a soening aaisistencQr of results re­

lated tc density/kg (Fig* 8*5), suggests that tamal density is directly 

related to compaction, or the nnoun'- of substrate available The ccn-

elusicn which oculd understandably bo dra* free these figures proves

2
erroneous howuver, for tho standard deviaticn cf results, per n , in 

relation to the nean is propcrttcnntoLy less than for results par Kg 

( see Table 8,6).

5.2*6 ftjrfPf

The biaaass waa estimated by oenvorsien frc© noan nunbor* of each 

s;~ ios in the sane way as for the aninali r-t .ho bottca mads* and ocn- 

tributiens by tho various conpcnants are given in Table 8*9* Bionaea 

results are presented in rag/n2, and by ocnverelcn ueing tho tvamll 

seal oaaprosslai value of the înl yin 111. 1b tv\ wet weight cf b/ocIob/X,; 

11t« weight of gjjl&fila. Fop caaparotlvo purposes, It la c<mlJ»r*l 

nore realistic tc oonslder cnly tho Srlrlnla puts no a Ri’jotmto for 

aquatlo anlr/Us, so that tho ;rop<rtl »  contributed ’>y the roots to 

total plant weight of a wide range of :nwth fom* of flaiwtain w-.o 

osoortained (rooty/tctal p-lont vol-Tht: 0.4/30| ex: 0.01«2| 31) 

amA vvluos/K., pl*a*t oenverted to voluaAg T<-r t . Thu mean total rallies 

wen esttmtal to be approximately U'l n wet weluhVa2 Salvia la. C,8 g 

m t welghtA* l '-« weljl* of Salrlnm and 1 j wet wilght/Xg live 

weight of Salvlnla "root*.

*64.
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UB1S j*2 « «  sttwinio oior or mg suxaik rum. («« wt
vrtgtt of nlstO/kg lira wight 5  2/UTialit)

Kliudlnaa

Suthpmfof
aSSiS&e

Z rm fo **
Bari? Jjutar

Mid lnat&r
Aniccptcm 

Late lAita*
iniuojWra.

K«* t«r&
T ipt«w
Goxuoptom 
3uiioi*iao 
Hjrlrachnollac 
Chircrcninc'. (larva©) 
Tanypodinao (Larva®) 
Chiraicoidao (Pupae) 
CerotopusenfctaQ 
Other Diptera

ngAg
ivoot 'nly

5 , ; 0 .4 0*8
157.7 16.5 54*0
280.0 29.6 61.7

14.7 1.7 3,8

*.* 0.2 0.4

o,a 0.2 0,i.
201.0 25.6 4S*6
44*6 8.8 u*o
28.6 5.0 6*2

2U .0 26.8 59.4
417.8 49.4 102.9

767,0 90.7 188.9

1610,0 190.$ £96.8

1.7 0.2 < u
0,2 f p

18.6 1*0 4*&
61.7 7.5 15.2
5.9 0.5 1.0

0.4 0.1 0.2

151 4 15*6 52*5

2a 0.8 0 3

4S.5 %2 10,0

SO.O S.5 7.8
ip .a .s 15.2 51,7

4.9 0,6 1*2

? M -4*7 9,C

18.2 1 .9 4*0

0.2 F P

* T^Tili £96.9 4^*5  10*4*2

’ D-trivtxl fras spocios tabic



As a •uHftratSj there.ore, fia&Xjftto empat^x' favour .bly yith tha 

bottcsn nurf% arm whom these were neat productive.

Tho ccly value comparable with roaul'a obtained by MoLachlan (IX  ■ 

ia the.*, of 4.2 g wot woight/ra2. He estimated 754 l\* dry weight/®2, 

m-' usia-; Hi* -vo nonveraicn valuos fraa ry to wot weight, this 

ar^raxinate* to 5.7 g vet weight/ra ,̂ a figure of rarmrkable similarity 

ccnaiderlng both the variation in metheda of aatlnatioi ami tha bom  

limited snnplio^ carri&l out by McLaeiilan,

Cauai’.aration of tha eaaponentj as biomass c -n̂ oa the inpcrtnnee 

of various frtups (Table 0,10)j in particular tho Odcnata show cvsrw 

wholain ; laainmoQ os bicmass, to tho et at cf tho nitoa, no)files* 

mosquitoes and ehircnaaiJs in particular. Tho molluscs aro not 

eraphaeised whan ocr*a ilerod as icnaaa in this inatanco, as tho species 

Involve! (Lni»\i*\ is Q snail one*

TABLE C.1C FaONAL COMPONENTS or salvinia in 
NUMBER AND f£R(2NTA(Z WEIGHT

TERMS OF

%
NUMEHS uixutr

di^ochaeta 5.5 5.3

Hlruriinea 0.2 o a

CiMatacan 6,4 e.s

Hj itiohnellae 5,6 0.1

Sphere roptera 27.6 6.6

Oclcnatc. 25.2 72.5

Hemiptera 0.2 oa

Tricnop*^ra 0.1 o a

Coleop^jm 0.5 0 .4

Oullcldas 7.6 1.5

OhironcBiiJaq 15.7 5.5

Cemtcpogcnidae 6.1 1.0

Other Oiptera O.S 0.?

Gasteropoda 5.5 4.5



4* ™  vacuum inDBCPggpis

jU1 Introduction

fti* iiapcrtano* of the role pi'i/ad by vuoular hydrophytea has 

hem wntimed previously (Chapter 4); ad food directly to graaiag 

invertebrates and fish, as a substrate fcr perlnhytlo dovolojmar* and 

banthio antaala, and, perhaps moat importantly in Lftkt* Kariba, where 

a aajor factor governing tha fiah population is the intonso prodatlon 

prassure axerto! by Hyiroevnua. as protective cover for Juvenile 

fiahesj. McLe.3hlan fcund, in fact, thr.t baithic productivity alcne 

increased in the ro^ice of 5004 in association with floating moro- 

ptiytos, V’alch (1552) states thr.t gone roily opoakLn.-; "tho ^rantar 

the development cf larger aquatic m-otnticr., the .-’■poster tho biolo­

gical productivity of a STdy of water"• On the other hand, in cer­

tain oircumatnnoea ocffipotiticn b> .f'crophytaa may decrease piqrto- 

plantetan productivity, as is tho caso In fro#-*floatirvt aaerophytes 

such as HalvAh.1a« for both <xr© utilizing tho «  sourco of nutrient 

in water. But, a» Kofoid (in V/eloh, 1952) has pointed out, 

phytcpCLariktcn proiuctiou may actually ’>o enhanced by the rooted aacro- 

phyt@#»f by the ©vantucl releise of nutrient iorived fnti bcttcia 

deposits where noraially it would net be availabl* tc phytopiankton, 

a eirc.sagtaRce ccnai’erod to contribute ocnslderably to \.he high produc­

tivity of the tropical «jnd<»*hoic Lake Chilwa, Malawi (Howan! Williams, 

pan.i, ocas*)*

4.2 Mathoda

A oonvttuont quantitative assessment of th© total fauna of 

littural nacre phyt*s is a problan which haa still to overctr'  ̂

satisfactorily, Although aafty attempts have bean start* (fcr ®eampl«j,

*»• Welch, 196* | foetti 1968) tc solve ih\§ prcblen by the ua* dT

260,



S©9.

volumetric grab device*, oages loft la situ. weeping tbrtwgh a set 

distance with a stand&rdoitted scrapor not, each method is subject 

tc ir **<mslistent error and is essentially unsuitable, although several 

©oaplors, inciting thoso devise! by (Jerkin, Macan, Gillespie and Brcwn, 

and tekiaixU1 aodifieaticn of Macon's sasplor, haw boon rocasmended 

(Edncoscn and Winborg, 1971)* Faunal density con be rolatod to dry 

a»I wei, weight of substrate, quadrat area and actual area of substrate.

It would seem obvious the* o latter method is the aost roalistio.

A method for the assessment of plant surface area ha  ̂ bean derieed 

by Harrod and Hall (1962) which is relatively simple cnee a particular 

plant has bear calibrated. Surface area In Itself does not, however, 

taka into account the type of aicrohabStat offered by tho plant.

The area of a broad flat loaf of the Ltallla type, for examplo, ’* * * 1  

little reJaticnahip to the sane aroa of a plant with small d-msely 

tufted loavu such as Caratcnhvlluia. In the m m  way the fc rmr 

offery far Hsu  substrate *rea for any given volume of water. The 

difficulties involved In sampling of nacrophytic faunas is no pre- 

blaraatic that mmy workers have tended to iguoro this importa.it hsbU 

tat. Others have ignored ncn-oraer.'ent fauna and used tho more om- 

renlont nothol of cnorgenco traps, a technique ro^iowx’. by ftmdle 

(1971). Another withal, whioh allows araergmt insects tc be related 

to wet weight of substr'.t® ta ?cnsidor©d later in this chapter*

The method used in thU study njlatea faunal density to wot weight 

c€ sustmto as fell a/9 >

4 basin 00 m  in diameter and 20 m  deep was slipped gently ski*- 

wayr into the weed bed. It was then tilted to tbs horUcmtnl and racv&l 

slowly sideways until the vagetatlcn swayed Into it. Tho we ad attf* 

wens then damped to the edge of tho basin whero they c m  into ocn-



tact with It by hand and tho whole gently raised abcvo the water 

surface into tho beat, X& the procoss tho ■toms broke off, usually 

where they w n  clasped gainst the ed^o of the dish, Typical saaples 

of Pafempggfcfla md Ceratophvliua may be seen in Ft.ury 0,6. Washing 

prtioduro to teac«r» faima was the some as for only in in. Whan wash­

ing was ccopleted the plants were placed in a 6C nesh planktcn net 

eed either allowed to drip dry or were spun by band tc reecva excess 

v>ster and then weighed, Extraati.cn curves for the throo plant ap£*oie£ 

sampled are ftivan in Fij, 0,1, Tho extmotlcn sothod was sost affoo— 

tire cn lost) and lose effective cn PfffrfTyraten

(o, 9f> lost) and Cam.tenh.v'11lma (c* 12t lost). In nil iaaoa the 

great majority of the acre tenaoicu? snic-'ils wore flhircnoaid larvao.

The washing water eaitainiw? the faunal sample vtu split through .‘*0,

40 » d  60 nesh/inch sieves an! parted alivs*

Safflpliryj of the Pofcantigatcp and Caratophvllua was initiated In 

April 1967, and cavtinuoi <juarteriy until Fsbmary and Hoy 1963, 

respectively* 5 an pi in; Lagagpalah.iJi wa-: initiated whoa this .l<mt 

first appeared in July 1967, and continued to F ebruary 1960, Quarterly 

japlicg was un’orfcaken wherevor dent"c bods jf pl*mts wore found within 

th* study area* Three replicates were taken at each chosm site, 

tike the fauna of Salvia In. a nunurical similarity of the ncre nu^rcra 

speoies on all the substrates was found bot-ren replicates*

Jfc all eases the stands of plantc wore dense, giving tho impression 

at tho water surface of occupying approximately 50$ of the a\ ̂ liable 

space* ?ho substrate offered by each variod ccnsi- tambly, however* 

ItfgHSilrfl »# for example, has lma *te»as (up to 8 n) approximately

S vm th*** fit® which a-iso, at intervals rf ab<wt 5 to, whorls of 

tough, briv.tle leavss about 10 m  long which aria© alternately wd





**<jurva downwards and towards tfa* ate®. Tbs nAa!« fe*©s a narrow 

spiral of protective intorecnneeted cages under tha recurved leaves, 

£§OfcataliHi 18 also fchin«st<*®Kid and has well defined nodes and 

intattialea, the latter about 3 m  Itng* About 1k leaves of more or 

lass tho ®a©e length as the interned*, a~lse frcn otxah «wde, the 

loaves are acre or less circular in section, thinning distally and 

bifurcating twice. Each whorl ia closely opposed to tho stea at 

its bass and angles away fron tha stem distall/, tha wholo plant 

giving tho Lapregale® of a serias of brushed. The great majority of 

tho **sun& is found within these "brushes" which appear to be a highly 

effective substrata. Ectaacgetcn id raoro delicate than tbe plants 

already aarjtitfkxl, 1 m  vide and 8 cm lerig delicate flat lor.veo 

arte& about 1 m  apart along a 1 so thick gten, Tho density nf the 

plant is relatod raora to an increased number of stems than the morpho­

logy ^  the leaves and a vary different aicrohobitnt would sees to be 

af fared.

Full seasonal taimlt are appended (&pp, 8*8 to 8*8)# The frs- 

tguoncy of saspling used does not tJLlow m analysis of spatial differ­

ences in the estuary between stanrfc of t?o boao speoies th** quanti - 

tative pom>jt«r choaon, that of maaberaAg we* weight of mb-jtmt©, 

mit.gat®s against accurate qu&»ititatiw easparlaon between substrata* 

ia absolute ieras, due %c their widely varying habit, Analysis ef 

seasonal ohmg&a of fauna is also suspect, porhaps leaa so than the 

abcv®, so that these results are presented (Talu® 8.11), Th» trMe 

value of mapHng the aaarophytes Has In the smgarimm of ttieir faunal

BCBpGSitlCkU
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* *  fUMAL eoaoiiCBS (is 
«ub«traU) (V THS MIUIIC NCR' -

1967 1968

April July Hot, Feb. May Total Moan

Fntomtyy wt cv. 258 m 5i5 1*51 709 5260 652

16 & 3439 use 1640 m 0390 1670

- 56 49 1649 925 1551 5772 i m

4.5.1 tm m a  iim»i.ty ttd "aeaainal" chmz«

Tho tahle (S .11) glvea results .if no an famuil num’^rn/kT wet 

wight of aubntrata for each 8.saplirvs period. The mean densities 

of or Iranis cn eaoh kg of rubstrate sii&?eei«, with reservation, that 

ktfaTMlriMtt an* Caratoohyllua may be clasaed separately, as substrata, 

ttm  Pntaaogatcn sx.1 vould soem to bo .jqually mere effective than 

Pctcfflf-->otcti per unit plant weight. This observation is supported 

hf  the morpholep ioal differences sotwoon the thrae cubetratsa, for 

Sm Xm tefUm  and L»gft»»aeltihap obviously offer a creator sufrace area 

per unit weight than Fctanoruttn.

little 'jan be sail about the "0«a»cftaln changes ir. the fauna of 

Pot-megaton, frr the twe ><oy ssnples vary omsldoraM;,', Pet+.n-,̂  t.fi# 

isr ^aase in February 1963, was sufficiently v̂r-'o to warrant the observa­

tion that an inorcasa occurred d*j rins the xaiai, A&ni.:, tho April and 

May results over tha two ŷ iira cHffar do widely for the fauna of 

«hvllvm that little can bo said, unions th<* iecro.\ao ' otwoen July 1967, 

end Hey 13&&, la suffioient-y ecrjJfttent a trro' to warrant eceaeat*

Tha faunal density on w*rn^lchf«i. in oontra.t, was eeaaing^y ocoeiyt- 

m\ during the asapling periid f
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FT mnl amnoaltlcc 

Although qulto wide yariatim  botwwm tha poroonta, :,i frequency 

of ranjor taxa to each of the routo! naorcphytoa occurred, the op-or of 

importance waataoi th. «aw> (Table 0 .12 ). Oi all nubstrateo, th. 

meist Important animals numerically were the chirr n rJ.’. l i r t a  (x* 52?) 

M l c w  ' ''7 ndluBOB (27S), crustaceans (11*), lra:cnfliee l'")t "n - 

than ma/fltes (8K)» The samo table shows tho faunal variation which 

occurred in each substrato. Mors or less the seme nuabtir of species 

was foual m  each substrate I at le-tst 50 species ooourrwt cn 

nhTllua. 56 m  l-a.-nn.al :at and ai CanL'oraticn of

tho :,f,r» important specios ftun: cn the rootad raacrcphytoo (table 0.3'S) 

»:;:oi>ts that these may be eatefto.riied, cn the basis of apparent «u!>- 

atrate preferences, as fellow*: (iiont important opootoa cn each mb- 

stmte are emterif icod).

TISLE n .lg  THE HSRtZHTAffl: B/-MB u ; injWERS CF FAIWAI, CCMPCfiHICt! Cl 

ROCfTED !i&CR0Htm’> BT >XJ0R T«A

CERATOFHTLLOM POTAHKBTOI LAOAROSIFh(* X

0.7 0 .4  

t

14.1! 10-7

C.1 0.1

S.5 8.1

6 .a 8.0

0.7 0.S

0.2 0.*
p r

57.9 El.6

0.3 0.1

o.2 o a

54.0 2*.®

"Pi pTMOBt

Gli^oohaeta C.4

Hlntllnea p

Gruatacoa 12.4 5.5

Hyd raahntallae 0.5

EpheBaroptera 2.0 1.7

Odcn&te 7 a 4a
T rioh opt on* p ia
Ljpidoptflra 0.9 0.5

Honiara p

ChlrcAceilae <46.9 70 a
C«imtcp^:mllno ea 0 .?.

Culiotla* p

Mdlucoa 50,? 15.0



the mucanir: cmfmmm (btea oh huhwb) «  won-tr
SIEC2ES CD RCvTSfc ASIATIC M*CRC?KTrRS

COT CSRATOiWOiOM POIAMSBTC* LAflMUBDK*
SWWJSS

a u o o w m

Fm nffMiTilrUwa""ggSSr
f i & S i * .

CRUSTACSA 

nswainft ftllctlga

fi*EdFfflto

gn*.k*«mluH ip .

SaXST̂
TRICHGPTEIU

ScncTttU

c& cbjja

2y. -vptera 
itJ optora

USrOOTTKM

Pyndia^

c h ir m  c k ida i

29
127

172
2C9

53 
^2 

1 5o

Ptntinr ^ 4-im wi^tai
AM *>Sn«wia nllotica

pfllde-

r^ontoiMo acuttl

««2s^^[safl Xsjsfisftfi~

5$
68
7C

159
140

TnmrtarflUJ sp.

G ^ f O R Q Q in a

.’Jnrrcv h®rd 
Madii .* hoi 
W . ’ i^od

0*1

0.3

0.1
U .O

1.6
0.?

0.3

6.6
0 .4

0.9

S.?
5*6
0.5

5.6
16.0

5.9

I iAaa* 61
21C
*54

4*9
0.5

1*2
0*2

5.4
0.0

27*8
0 .0

12.7

6 .2

0*1
0*2

25*2

0.1
5.4
2a

0.8

0*5
o.s

0,2

,4
5.6
4.5

9.2
5.5

0.3

0

0 1



1 . SUBSTMiS SPECIFIC

(a) iSgacafttibtfO1 Dayo «p* 20, Forriaia Buthraulua

sp, 53 (? ) , on! Pfwrllla aflaeta (?)

(b) C«mitenh?ll\iBt TtmvtnrmiA sp. 54*4* eoratua and

Pyralifra (?)

(o/ PnfcwmfiiTatcBi Coratcpct'cnidao spp* 81 and 21C

(a) Brush typo SP* hlalonl.

: fl^aroalnhcr, ruad Dltiarotflpdineg fuaecRotatua* ’’ZJBiLaSjtifl*

Caratoptollua) i 534, fjgaaagk «P< so"«»! Zyioptors.

(b) Pnfcnaogatcn r.arillmt nilotica*. FaitanmlllUB Mittal.*

thlatnm l a  Cijniotacytaraua

nffptiilrMfinimfl* I.wmflM TjatftlanaiB a*" 1 

Antatpt-jra (?)

3 . Mai-suBffmr1' . ^  " im

Cloaoti sp. , £<r JBHI thmaaatl. CrLaatcme a .otti and g\TlHflhfjlftli ‘ 

nfalffar!.

A cmsLlemble proportion of aniaals using t,he> plnnt* as aubgtrataa 

tho refold showo1 apparent ohciea N j twoen brushy typo plant, a, Irroo- 

pactiv© cf species, aa opjwaov. tc thi PotuacigetcE type. This oonolu- 

aicn Is ecnsiderad not to bo attributable to aamplin; or* or for two 

re as cna. Firstly, tho percent*?* oonpoeititti of aany apaaies wora 

mrtcodly stellar on the brush type substrate ait! ’iaslailar on

too frequently to bo anti rely attri^i* >blo to sampling art©-* 

fast (Tahla 0 .15 , Crcla.aatheria. Zygoptera, iniaoptara,

^hlnhywri*. Bui lima and Lvanaas.) .  Tha sot»<and reascn was t o  froqutsr.i 

cjcurrenoe of roprosontntives tc eaoh mtbstrat® typo Ttm tbe sane 

major t s u  whish n « M d  (specific to that substrata typn. For arm?1%,





Ca-vfSlmt occurred mainly ca Potaaogetc . wVrwm gyr!)achtheidA was 

pregent ta&inljr cn the ot' or two ful atn-tcsi ZsBSflMdllJB occurred 

oainly cn Potam^Qtcc and filar. 1 ^ iBflfi th® "brash" gubstrates.

The interchange can be seer between and J<SMfi6# ^

within the Caratcpogcnldaa an:l Gdonatn. In each case bh.;re i« a strong 

sug;o3ticn of different species ootsapj ng siailar niohs® and the ijspli- 

o«tim. ia that the categories are valid, for similar niches ootsified 

by iifforerv- species imply different habitats.

lu* farther "tnolusion which may be drawn frus these results is 

that Camtontarllya and L^njtalphcc to of for a aoparnto liabltat 

frco particularly with ro-ar’ tc the "typo ^'.(.trst*

Sfeclflo" antaalJ, whlah aoMtltuto tho nnjor t»rt of tfx, • o-mlatlull 

an th® "bruoh" type planta (o. 6SJ by mmboro, 7C* by woltht).

Bloraos oatlaatlona of **e aquatic imorophyton, uhloh havs bean 

oaltmlatud 1'roa tho Individual spaclc" lo-rel, are neat ocmvonlmtly 

ocnsl’ore! In relatlcn *o o»ur other and 511 tho aootlcn

below.

s ,  TtF. v m m  mb rnxsm a  u  at m m  f« TKF. riT O P W  W T M M

BIobom has httm »«tlHnt»: fraa moon numbors of IbIItWuiI spool»3 

a« for other -witho# ond obrtaiuily ehawjoa th> .«pha*l« of nurwrloal 

Japortwio from ml)<> tc .< xxn *p»«io» <*»*>!« 0.14 md O.iE).

Tho fnuna founl cn Opiate shrills wa« doainatad by aollu*m>

(Tabla 0.14) whloh emtriboU ’,3* of tha blcnrua of tt» popilatim, 

to a l .» » r  mrtont by th. uiormta. tltHcugh th. a h l i W d  la*. 

v »  dl! not fora a .ignlflamt part of tho biotas of thl* •i ’»ti»i», 

larga n » b « i  of t h m  vAloh j w m d  wpha.1**! tholr .l^nlfloaneo 

as a po^wlat ion Kfiatitumt.
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tha fauna of Laimrcalnhai cloeely followed that of rnmtnrhvlllim. 

axoept for non frequent oeaurr^noe of opbameroptonin oynpha, Cii 

2^/BSSM^Af however, there was & marked /.lffersnco. Tho moHu&ca 

woro far loas dcalnant (a * )  aa blccmas and tho population vaa largely 

om;coo! of oniataceana (r ,% ), with Odonata (11*) an:’, ohlrcnoclda («*) 

also Important eonrtltuenta.

Tuo fauna of s«Tv<nlji vna dourly dcnlnated by tho blcnaee of 

Cdcnata (72*) ®d carrlod a relatively minor molluscan cmpcnont. 

Ephaneroptara and Crustacea we"e both significant aa might omatltn- 

anta of tho fauna (o. 6?), whereas chlrcncmld lnrrou woro even loaa 

Important thpn ai tho roctod nncrrphytoa (3 /). It In noteworthy tha*- 

four axtra taxa fu n  - cm Salvlnla. with blanass oontrlbutlcrs .’Water 

than did not occur cn other microphytes, or a»ly upcurrad at

laaa than t.OS* blariaas.

Vho ft - 1 at the drowned troes was atypical In 'wing ocopletaly 

datlnatsrl by ophoaeropteran ny*phs (0758) whan considered aa jlornss, 

(ilthe v h a quite vldo variety cf arlool" woro found oa this substrate.

it i- ciear that the fauna of substrates oaisfor®’ above, ev *  at 

family or or’.or level, are distinct as a grewp frc* tho fauna of the 

bottrn suds whan faunal oaiatltuonts oro ocnsldorwl. to the son# wa” , 

a Purtter distinct faunal category woa found In tho rlvorlno poola.

It ha’. baen Intend*! to Include an analysis of this camunlty In tho 

nraaont atudy but time consideration nltlsato again it thia. Pro- 

llntlnejy analysis haa shows however, a clear daalnaioa of a and

Ctdaoptsra In tha pods and althoujti tho re Is a logreo of similarity 

between the faunas found to • .ttas deposits of both pods and late, th» 

naited apeelaa diversity of the pod«, esv.-’V d  with this abundance cf 

Hoslptera and Cde>rtem, sug**«ts e further hailtat within tho atudy



U M i  This li imloratwi’.ablo uhan ocnaUortn^ tho rolrtlvo a:33 cf 

tbs two habltots.

It this sta-e in tha diacuMicn, tfwrofc ro, tho dromod tram and 

ar f *.4« taorofhj-tui (typified by a Uslnanos of Gasteropoda, Odmata 

m  Enhoooroptare) any bo aloarly saparatad frcn tho bott« mult 

(t^jtflod by tho tUgochas»s, i,hlrcncnidao m i Chaoborlnao) and the 

rtv rlno pools (typlflod by tho Homlptora and Colooptora).

Ocnsldoratlai of tho ffflnml oompcnonta at r/oolaa 1-*>1 ahcuH 

olarlly th<. similarity, or net, of tho substratoa othor than tho 

bottoa null cf too lrJ'c ant! tho rlvorlno pools. Tnl» la mcrt ccii- 

vanlontly acocnpllshod by ’.oollj.; with oaoH major taxcu to ancoas 

specific faunal diffomicos.

Tha iQQchos showed ft dear pivforonco for flnlylnln 

as a .abstrnto md wore tofrevont olsowhrre. 

f.ily ma spoelos ocairrod with

any froquoncy cm tho onorcphjrtos, hairing boon abssnt 

trm jv*"’*- .-<*»»«% nnl «lao hmrin* shcwi a aleor

prefarjncs for In in.

Tho new spools* of BhlnnrhmaaBia (ap. 170) iu> 

oln irly tha not nuno.-ois mite, but oocurrsd « ly  

In association with SslXtiUe. uth° r » lt«  ^ mrTal 

but In small numbers tnly.

Baotid nymphs wore fcunl ®  all subatMtos, but 

octui rod in the irt-ataat ejencantratioas <»

<r. 65 ahowad a alow rmforonoo f «  2al- 

ftlthciu'b It w m  also of saw 

'** *n«2 tree# anrt '.ecurtod m

h d w d w e a

aiXCHtfTA

HYDRAC3WELLAE

tb«



TRicHcmm

OXHATA

i teaarleal ooajKwant of g^lyiain. this specie* 

was fcattd to be an Important constituent, The 

large nymph* of gorilla ndustg rrcnridod a no»t 

significant role in the stand in' crop of the ttttiy 

area. It foraod 97% of tho bicaas* od tho dremad 

trees, was also an important octapcnent of the 

Lfirynalnhgp fauna (17?) and was found en all sub­

strates, The role played 'yy tMs spools* else-* 

where has already bo<n disoussod (Chapter C.2,3), 

Tho larvae of thonaaatl. though aover cf

an/ importanoo, ooourred on oil aubstoatos, though 

Infrequently found cn 3.^1viaia.

An interesting apparent interaction between antacp* 

terans and *ygo‘.erons oceurroJ between imbstratGB. 

Whereas tho ini/Dptera were a clearly dcBlnant 

ocnponent of the S^ivlnla. fauna (?£% biaraass)

\jtero llbellulid nyaphs were abundant an! fc«»d 

92$ of tha cdcnate blcooss, the Zygcptera forced 

95$ ami $9% of the odcnate 'Amass cn

?*ul respectively, £S&d3SlB2~

i a  appeared to be InteimXicay between these Wo 

pxxroma, tbs Zy^cptora mly constituting 8<$ of 

biaansa of tha Gdmata, 41thc«^h of obvious Im­

port once an the living aacrcphytes, dragonfly 

nyjaphs occurred infroquently on tho drewnod ttecfej 

cnly early in star nysphe being found# farther 

cmatiomticn Is to the Ulcnata In a later

section ci' ihl'. chapter (0«Q)#



HSMXFIERA

otaoprm

LEPIDCPTERA

CULICIDAE

Haoipteraas wore most infroquaot cn the nacrcphy*-Q» 

and so-med always to of neuetio ori&la* Oorrid 

agga wre found efi Cer&tcphirllutt. however, 90 that 

the eraorgont tips of vegetation ecwld play an im­

portant roiQ In the life cycle af ne-uatie hemipter- 

ans,

Surpriaingly low beetloa ware oollooted fraa the 

aquatic macrophyteaj tb.olr oontributioh to faunal 

biataaa uaa therefore insignificant. No >9©ties 

ware found <n tiie roc ’4 ncrophytea and only a 

few cn s«lylBlni SoBplos fr<tn drownad traaa pro- 

ducod two apooloa nf larvao, cm® a dytiacid, tho 

ether tbs hydrcp!.yllid Beroaus. apart fras an 

adult hydrophyllid.

Tha larvao «»d p paa of pyralid aoths were oeemm 

cn the rooted mncrcphytes, cn which the In 

fed, and worn absent fraa sui-rtnlA and tha drcxmad 

trees. They were invariably famd an tha terminal 

tufts closely associated with tho .mtor aurfafl*, 

and r".or̂ . to ahow a profarenoa for fiaZSifiJatil®6 

Liiatm! . afrtflant was tho oily moaquitc which 

occurred with any frequency lr. association with 

tha aubatratea being ocnaidered, and showed a 

dear preference for Snivjnla. vtiero it ocfiatltwtad 

an important oaaponont of tho po^ilatim# So taoe- 

quitc larva® ware colloctod in nsaociaticfi with 

either vnkmmmmte* or the drowned trooa.



CHIRaiCIGDiE It is perhaps raora realistic to acaaider c^peete 

of ehircnciati density mimorieally. The rooted 

maorophyteB dearly carried u.uh higher nuaber* 

of chirm aali larvae than Sal via la. As a mmeriU 

«J. faunal caapaaent of Pflfryxygfe**! (7050 tho 

ohirancaidfl were of greater Importance than c*v 

either Cagtttonhyllun (48*) or tanMMlalWi U ¥ ) ,  

\j\xt a larger bictAee was fcund, per unit Aibstrate, 

aa Carfttaphvllun (565 rag/kg) and fanramtnhyr 

(247 rag/ter) than Patnaoretcp <X7Ci ng/kg)» *h&e 

s.,iytniA could again clearly bo soparatod frc« 

the rooted oaorophytes, oarrjring coly 55 ng/kg«

TLKIS. n.lfi THE PRCK'HT ICUS IF CHIHCUCMXDAE aLLECTSD CH DJTTRHKT 
SUBSTRATES (< as a constituent)

GSR. u o . POT. SAL. THE.

f OhircnaBinao U a 55 c.e 05

% rtliocl" lina# 10 25 1C 1.2 0

t Tfiryprdinae 26 56 57 90.2 9

% hipao 5 k 52 t 15

It is of interest to -etc, firstly, the brood 

caapcnentj of the chircnoaid popul&tlcns fcwnd 

aa the various mibstratos mi'!r secondly* the pro­

portion of pupae oolloctod. These percentage* 

are Wmlatod above (Table 0,16), the substrates 

being denote by their first luttera. There 

would appear to have besB an Ir-'oraa ralatlcuahjp 

}j& teima of the proportion# of tee ohircnmM 

tsma between the Ghiraicainao and Tc«ypodiaa*|



the foraser dcwinating the troo populstlco and 

decreasing thereafter, In the sequonoo Gar&to-

LagM».inhcii. t u fa w t e  ■»* Salxlala.

where It formed on lnalgnifieant ocnetit\i»t.

On the other hand, tha Tanyportinoo Bhcwad an 

exaetly oppoaita aoquenae of importance. Tha 

Crthoolallnao neomod independent of thia relation­

ship, hnvir-’ bean more consistently prosait thrcMgh- 

out th© aubstmtes, f-, Art from Salvlnla. and wre 

invariably represented bj* Criantcpua MSttti 

though various other i peoiee ooeurred, Cn the 

tmea, tho Chlronanirao wore largely represented 

by IHnrctandlnea fuaacnotatufl owl BP*

550, u, ftiaamotatna »l! aJso on iraportan* 

o®-tituen< i  the Care** pojMlatioi nr,3

ooourrod cn Cn fsttto*

netinim uitt-el uas the nain reproaaitative and 

thia tpooies alao oaeurred cn '.qratBBtallM '*'■ 

IfleMaalsbai" Cladntumrtnriu -neulcnanaua an* 

also a significant component of jgViavlgtai * “  

occurred m  all other substrates apart froa the 

trees. tf tho TnnypodJjina, i.iAa.'CKfflfl *P- * “ * *  

oiearly tho moat important and was peculiar to 

Bnlvlnta- /.hliih— nfla nllatlaa waa found ai all 

substrates, but wna ooax important m  frtaBBMto- 

The cnly other tonjrpc '. of anj algnifieanee vm

JlflDSiJdflii waa moat ccBBaaily

fow»l m  SflldUUfl. ocoarriiu; m  the dead trooa



CHUffOFOGCKIDAE

KOLLUSCA

™d Caratontarllig, but act elaewhor*.

Consideration of tho pupal ocr^tituanta of ehircno- 

aid population) (Table 8.16) indioates a olaar 

differentiation betwean tha rooted aaarophytae, 

where more or loss half the population ecnaiated 

of pupae, and tho dead trees aid 3alvinlA. th* 

pupal ocaetltutlarx of each to tha ohircnaaid bio- 

nass amounting to Z% and 191 respectively,

Cloarly, Salvlnia was an unsuitable substrata for 

tha pupae of the oreruhelralngly tanypod population 

ecaponent*

The ceratopogcrvid species 72 (short hood *Probo»>la") 

was found to be an Important constituent of tha 

SftiviniA fauna and occurred quite frequently cn 

the trees but not elaeuhe- Sp&cias 210 (sadfcai 

head "Pjro^Mtia1*) was also jigcif iccnt in the 

yintft populatlcc md occurred cn rntffypatcn tat 

not on the trees or other rooted ranorc,̂ Kytee, 

wtere, in the latter instance, another apeoias 

peculiar to those ^Ime occurred (speoias 584i IvHf 

head "Probaagla" ) .  0enm«illy speaking, apart f r a  

vithin Salvlnia 'rocta", tha oei 'ltcpogcnids Mere 

not significant population conHituenta*

The moll'flca were found to be extrenaly important 

peculation eonetititents of tee rented oacrophytes, 

particularly an and £fSy£&&tttUw*

Hare the Bain representatives were JUjasbAlA&lA

ani £• for— sp.  50, the latter haring

28ft«



bean ftuod ca  all wuS the fomer cn oil

substrate* asoept tho treos, though it 1b alnoat 

certainly prosent hert. nft.ta.ltmai,* mpb

alno prascct cc all substrates, but neror In 

large numbers, Aalaua aogotua was amfirvod vo 

CaratoGhrliuc and :^artleulartjr, Sal yin ia. .mem 

It cO'?urrocl ia largo makers* tha otvly other 

gacteropod found cn these eu’i-rcratoe wo# Farrlaia. 

«m«tcn4 yhtoh OCeuWeci c» Sfî vlrvlfi. fHffl/pflfcm 

and Laararoŝ sfacn. ond jogeoc1. to show a prafereaaa 

fcr tha latter.

Tho above tseneideratiens are sumarisod in table 0*1?, which 

attempts tc indioat© tha importance of different species by ccruination 

of twt- viewpoints* th© relative abundnnes of individual species and 

their importance as oorapcnonta of a substrate populntion, i««» a 

species abundant cn a i;ivrjn substmto but r^Iativtoly uniaportant as a 

^opulntiai scngtituant cn this substrate rates squally with a species 

whioh ia aore abundant cn another substrate, but is tin important ocn- 

utitwmt of tho givsn substrate populnticn* The table is, thorafore, 

scnewhat subjective, but is baaed cn two objective obggrvatiojc*

In tho ©ensideratien of abundance rafcd distribution of tho ani&ils 

an the variuus suK*traif>s, there are eight dear sasas whoro listri- 

butimal patterns separate .aalvinia fpca tha other ;su safer .Ua« Thia 

wculd aeea to lalioato that nnlvinia otwld ba v a r i e d  is a separate 

habitat* la throe eases, ^istrtbutiens are confined to trees suggest­

ing that those tcc, oould be regarded aa ueparate* Xsx a further ftur 

eaaes distributions are ocean cn to both trees and .^alvlnl^ but net the 

other substrates. There are, therefore, a t<*al of s « w  instances



aeLiiiS? ^ ^ 1 '■ V OX m iM 'M  Of TO t KDWT SY&GTSB <

sworn

OLIGCCJUBr*

Mn£ «p* * « .
<a»3r*cK4

uomi&k

3aarm»rild**
LiWUulidM

LEPIDCFTERA

PyTfclldid*#
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25 X XX

55
50 XXX

68 X I

78 X
159 I X
ia tx

558 XX

155 XXX

72 X XXX
210
554

XX

1* X
SC X X

65 X
28$ XXX
808 X

29 X X
12T X XXX X z

178 X X X X
209 X XX XX XX X

178 XXX

K5 XX XXX X
I X X XX X

155 XXX X X XX X

91 XX X X X z

_ X X XXX XXX XX
- X XXX X X XX

X
Xra

m
m
x
xt

x
xx
X

XXX
XXX
X

zx
X

XX
XX
XX

XX X X

X X

X

X
XX

X

SXfi X - Fmsaot In nbstmt*
12 - litter BOMreca a  «ib*trtte er *or« cobs only fond m  mibatrmt# 

W t  - Sitter *hm dm %  m  sab»tr«U or ■»»! 3c**3b3t found m  «ub«t»mi#
I.e ., sp«ol«fl typia«3 of



m .

whsvs distritoslicns suggest tha drownod trees aa a separata habitat, 

of whioh four suow an association with £*1*4*1*. 4s tha to is a 

teas enable ease to sr.p^ort the aeparation of £Qlz2&&ft (0 elearMSut 

Instances of oniaals peculiar to Salvlnia only) as a habitat, the 

four Instances where distribution Is easncn to both substrates tend 

to support the separation of U  divwe^ trees as a hobltnt also.

The tentative oaiclusion would therefore bo, cn the basla of speeius 

distributing to further subdivide the plant substratus into 

and drewned tree habitats. At this sta/'O In tho there­

fore, <snthic habitats in tha study area may be separatod In the fcllo*-

ia* way*

A* Pools

B. Bottora ratals

C. Vaeoular plants

'1) Drowned tress 

(Z) Salvtnlfl 

(?) Rooted hydrophytes 

Tho se:.nr*1ti<x of tho rooted hydrophytes is less distinct in 

the so ccosliertitlais, though thoro is s c b o  evidence tc support the 

soparatlcn of frcia t/--g»rc«lph«i and namtnnhylluffi (whiot

have etony oamcn distributional patterns) which «st discu 'sed earliar 

ce oonsidcratlcn oi‘ nuaerical abundance sioilarltUs (0.4.1.2)*

The dangers cf quantitative ocopai •«$ of the different sub titrates 

has been previously emphasised. Coaparison Is caisL’ered permissible, 

however, if it is clearly understood that all tho ccsaporlscn implies 

is that plant A, as a substrate, carries a larger/similar man biaaass 

per unit IgHt of plant A than plant 8 carrion per unit woight of 

plant B, For the sake of oenvaaienee this will >® ;omed "carrying



9 9 X *

capacity". Tba varying oanyiag capacities of the plant auhstratee 

have been eattaated aa*.

flagatonhyllun i 4 .4  g vet vt/kg live weight of plant 

Lagaroalahcp i 4.3 g wet wt/kg Uva "laht <* !&««* 

fghpangfttcc t 2*7 g wet vt/kg live weight of plant 

£j£vlj£j| * l.t g vet vt/fc? live weight of ’’♦oct*

Theee figures in-1 iaate quite etrongly that ttio tentative so par a- 

tlco, basad cn species distribution, of Caratopiivll'm and Li.TttfBlljLtv' 

Pot_ itm/S«1vlnla Is valid, Tho results > SV "A  therefor*, that 

Habit-, j oatagcry tha reotad hydrophytes, "My bo furMwr saparatad

Into (a) Brush typo and (b) jc*tanc'oton.

MoLsohlan's (1969) results dinar rontly from thoso ijlwn obcura 

both In or'or of carrying capacity and <..f vejuas. He fiamd that "tha 

floating mats I Ulvlnla an-! I.u.liAfla'' s.-.iportoa noarl/ swan tines 

rum  than s;  ̂arica' vegetation (fnt-arif̂ rtax «si I ComtcnhTi^ua)1'.

Ha jives his results as dry w t /W  t dry wt of substrate, sc that direct 

cmparl'Jcn of values can oiily bo vagus estimates mi aro not acnsldored 

to ba of value. However, In thia study tha cariyim; -.. aoltjr of tha 

rootod ( •• raur,**' hydrophytes) was 2,7 tc 4.4 tlnas ^siiL?£ than for

a . i . M . , a llffaronce not cmslly attrlbutobla to satnllni error. It 

can only ba assunwd that during early i-ivaslve ita;a», «a seatwd to 

ba tha ease durinn McLaohlan's sapling, plant substratoa hru '-id. had 

, ch/lnco to levulcp thair full eanytn capacity) a promise which 

receives sdsa support frcra the an .an^o of Curnata frtm atjuari*

(0.0),

Tha propcn tons of Mdluaoa In the biomass eoawd closely relatad 

to tha totul cartying enpoaity of aooh substrata, Tha ndlusoan 

component f r a  oach substrata has baan mbtraot®’., therefore, with



tho following roaultai

finittfmhrUM

PnfcjMwgfem

Selvlnlfl

fhtt» tha iMjor dlff»r«noe In oarrying capacity bstwMi tho "bruah" 

fmbatratea and Pnttjmgiitai waa attributable tc the pro ion oo of a 1 firmer 

pPopoPticc of mclluaca In th® foraer. Without tho nclluaca tha 

oarr-'-v capacity of rooted Raorophytoa wne very stellar, about tvloo 

that of s»iv<nl«. Clearly, Salvlnia ha-', a loror earrylne c&panltjr 

aid i f  ocMVlerod in terno of enviramontol area, u o u i ’arably lower, 

aa a rotfult of ltisltitlcr. <n depth and therefore vdune of “utor

*>. iiiwn calcfilsablo •

9C epoolea wore founi cn ifllz 'M . y«t tho rootud nocrophjt«« m i 

droaiod troas ylel'.a’. a raloUvoiy ocniHtont aw! much lower number, 

botwom U  and S3. It In ’.Iff 1-rult tc fin3 on explanation for thla 

phoncmcon union* It oould hav® been attrlbutablo to "edge effect* 

ob a result tho wile variety of ccrV-ot witt. llffor«t h-.' lt-.ta mperi- 

onced by s.Wta<«. auoh aa mrtlna, tho rlvar, time, ate. OortaillU, 

certain apeoiae mo»o< peculiar to ialxtaifl <*>■' tha

1. that thi. plant, In itself and quite apart f w  e a f f e c t ,  of far. 

both a aarlas of specialised habitat, and a janara! substrate utiUa-

ftbld by blxiy specia*#

It i .  not poa.ible tc cmp«r. tha stand In- crop of rootad maero- 

phytoa directly with that of the >otto« M ia . they do, however, 

cany roughly 4 ttaa. t o  Utaoa. fooorl in anlTUUfl, >»‘«ht for

substrate, <u»i SaU H U S . awn for area, carries ,vmin about S tUws 

tho blcuaa of tho bottom mu's. Vary roughly ther.fore, tho rooted

1700 

102G 

21 £7

909



hyr’rcphytQa youig eany 16 ttaoa tho blcn&ae of tho bcttc* au'a, vrm 

1£ the *perfcraaaoe" Qcluwi (aensu MoLaehlan! 1969) uas lii&lted to the 

depth at galxtalc. at ant/eala about C.5 m. i» the perfonmaje oclum 

of rooted hy’rtphytea sen exton', to abcut 7 a thia vtx-l.1. anphaalae the 

lnonaac) prcduotlTltSf emalderahly. Theee figure, are aaaontlally 

rough «ven If the dletlllatlan of oenalrterable •ompllnbut the point 

that is nade la that there waa a very ocnalderobla lnoreaae IE ataoling 

orCi -J bvithoe following tha entabllehmont of root a’, aquatlo maoro- 

phjrtaa.

e . TKM IC  BSPHESBTOTiai

The oropa of a ropreaantntlve aaleotlcn of Zy toptora v'jre roeioved 

an* perm-mently munt»' in Suann'a "V •' if icaticr. of Barleaa'a nodil*.

Tho oleorinr aetlcn of thia namtant allow! tho Inapoatlcn of orop 

ocntonta. The oxperienoe -nin^1 free tho oar&ful separation of !*»- 

thoa for oo’.la: allov»! relatively aaay raocgnlt.lcn of noat *l«ala 

frm their arta. Chlrc«<»ii' head eapeulaa are eloarly revealed by 

the teohnlque Jesorl,'od aa! an they aru ora! rtwit, ;lv® on lndloatlaa 

of «y T/ teron fool preforonoeo, Tho rsaulta achieved fros tha orop 

eontanta of 114 ay.tr pte ran nynpha oollsoto! fran th« rootw.’ naorophjrtea, 

aa «ronnt.T-8 oec’un-enoe, ware \a follow* i 

%

55.;

4.6

5.0

45.1

e*

5.1

7*

6.1

OHIHCUCMISiJ

Cnreo»?nlaable

c iotccudbiis

Crlaotoaa

TlMTTCDIHiJt



The wain roaaam apart from the persistence of head capsules, 

allowing the rooa’nitlcn of oaatents irj that the pr®y Inje-w

W t  vholo, with mry little -lam"''a. Similarly, an two occasions 

Ablaboagorta were fcwT iajestin: aiorotacdipes. Thsso also wore 

injsaW! whole, an both c coa*iana hen.’ first, ihama the Zyrroptero 

in JeoW  ohircncftM ia:*v*a frcra both anterior cm' posterior eft’s, 

Usually ana or two larvae wmii pro sont in th<j fryt, but u;> to four 

reeof'niaabl® hocul onpsulos oocHrre’ .it, one time# In contrast, tho 

Jinisoptera ap^ar-i' tc masticate foo’ before injaeticn an-! an the few 

oaoa*icr»s that contents were reecmiaaMe, these wen.* of animals 

lar'er than the ohircnomi* Irarvt ■=>, such &b PavtXle,. Thoonrvi^ally, 

thorefore, tha iy^optf'm coul1 cnly Injsfft ; rmy ^  th.-* ohircnessiJ 

shape whoroas the /.nlBcr 1 om ooulil utilise lar-e• ?mlmala. This ma 

teste in aquaria orvl it wan fourtl th.-rfc t‘>ie thecrr does,.̂  1 to hold 

true for Zy.’optortij whereas AnisopterR injest lari' mastJ-’at©) both 

larger prey an' smaller pro/ of the chtron ami-1 ty~-*» Tft* o'iBemtier.j 

on su.' ’est that thoso ,-lac may cnly smiler syiiiv*

drijal or soft animals and that tho alzo of prey int.-ika is limits'-* "w 

tho 9iao of tho buccal orifice of tho hr*a’ capsule. Thus tho liza±&s»- 

ticn of chircmce-i 1 larvae, as pray tc ,/̂ ftbafffBrta woul" be h@a;! aff-wole 

olzQf whioh wooL. have to ?>e smaller than thj buccaJ. ' rifles* of tha 

predator-. tha llaitaticr of prty si* a an'. r * h for 2y .cpt^rB oouM 

explain their paucity an Saly-mia. as suitable prey i3 .prtlcularly 

sparse.

In letemitilng the froporUrnal trophic representation by biOBasit, 

aaapanants were aaparatwi into the fallowin' groups*

Secav’aiy pmlatara - Xygoptera, lat«r instar Anisoptora

29S.



IMaaiy predator* •  Karly instar Anls<-ptara, Tnnypcdiaaa l*rrae, 

Caratopoemidao* 

tftillsable herbivores - Chircnctainao ok! Grthocindinae larva©,

Bpharceroptera nymphs, Cva3Aaatharla. Qstmeoda, 

Culioidao, Cligoohaata.

Ncn-utilizabla hax^ivores - Gasteropf’da, Pyrnlid&a, Caridlna- 

Tha reason ehind tho separation of the herbivores is -©rived 

ft «  the fact that a larva proportion are cither net utilised or 

utilized only in a liaitod way* Tho ^actoropols, for example, 

cannot be injest ad by aithor th« primary or secondary prodntors listed, 

-hie to the presence of the shall. Similarly, Curidina is too large 

3itf swift to for® a sif^nificant part of prey an’ tho habit of the 

pyralid moth lan»a* of utilizing cnly tormina! matot-î l associated 

with the water surface vouJd tand to rula cut their sl'nificwt usage 

ae 4 i*qy*

Tha proportions of total bimaas aaeh of these group* constituted 

on the different maorophytos is listed boluw (Tnbla 0,11)# SflOSti?"

md Las; aroai nhun ore combined as one sib strata (the l*Bruah 

type") fcr roaacna rivai oarltar,

TJ||1 -Lifj PRCPCKFKflS OF POTOLMICK BICIt&SS CF THE DimREHT SUB­
STRATES SEPARATED AS TRwffilE LEVELS

brush tyto xtiM xm m  aiLyniii

Bianaa* % Biomass 1 Biomass $

Secondary prolators 915 21 K & n 740 07

Primary pre’ators 50 1 55 2 155 IS

ntlliaablo "heAirores" 702 16 108 7 1*1 11

8 on^utillsable £665 61 a T i 00 100 10

"harbivorrxf*



Thara cn the baai® of tbaa« V.ta* a merit*! Imbalasee bafoieaB 

ut-ijaaabXo h*rbiv<a>*a, whloh sHouH thaoratiwHy bo of ^roatar blo» 

au »i  *ftd ptmdfttora* Prefatory hi<auuw 1a each ease id jreator than 

P *V  kieau\»a, particularly in SilzlfljA* .toot <©r i&torostift  ̂ point 

la the dafinita 4a«raaaa tn the nawitilizahla ocra>£»ont of tft» Sal~ 

t!a1\ fauna.

?ho is£ialm«« of tho trophla biomass pyrwald su; osis m  iiiTOreiosi 

situation, know to bo typloal of 8fca»'inr orop of pl/mktctvio (Harrsy, 

1050, md Rlloy, 1956, in Odum, 1950) but atypical of Sonthio ocnmunl- 

tioa. Throa axplanaticne for tbe situation nro pvailabloi

1 . Th© rate of snargy turnover of th# primary ocnauraors, ^ortioularly 

of tho chironofsil s, crujrtaasans an’ ^oworoptomr^, Is ocMidoi*- 

aMy hi'hor thflu fcr tho 0 ’atiata»

2. Th© Odomt?, utilise thoir own earlier instnrs, Thla ha* baaft 

obaarvod naau'flt Aniacptora in n^aria#

3. A of afcarry for the profiatoiv * drived -^re'ttly 

fro* hsAs^wl&xi, Zooplanktoi d«iaiti©8 in aaaoclatloa with tea 

Salylplfi oat, for axmplu. woro such ns to mako this BUppoaltlaa 

reasonable.

It is pn>’«khl« thnt all thrg# of th^ae alternatives eaitrl-Juta to 

tha atability of tho apparent invwrtad bicnaaa pyramul oS’ thn fauna, of 

rooted hydrophytes.

Aquarhia oviilgnoa has ahown fchsstt ^laoptora are <>a;ar to pfsdat# 

on P«yni/>. Tho ^ro!>a’ilo explanation for the ovorwhalaijvi la&ina&oft 

of tho#© «rii»al» cn tho irt jhod tw«i* Xlm i» thair w^I-Horine h&H* 

vhtah aakaa th**o difficult to pray or* Th$ laok of ©ovar for Antsop- 

tam an the dJrownw’ traa# also tiro this an uaauitnblo sui>aiv"ii« for 

th«vf for they are particularly vulnerable bar* V  '-to atlon hy flabva*



7. CM FISH ASSOCIATED OTH THE U P f f l m

Fish ware takar. hirln"' oollootion of mnorophyt© sasaplas*

!•■■<-„„r, .^.rn th® *peci<w odlotrt®! were l U m i a  <prtl»rt 3uv»n41a» and 

adult flalfatia f.aMnlatua and Hanlhnriloohrama iMlan.’.Ig. Xil M to 

SaSiJMGl juvaniloo were also oolloet<*I frtm 0«rfltaph»Y3.^M?, bu* 

raost frequent spacies collect®! wors ;J.Q3to8

lonraa and fish « ' ». praMnably of thia spooler), worn oomcEly f<*s*i 

In till* autatr»t« throwrhmt tho y w r . Larroo m ' &a:;t of a J iffjiw A  

•poolaa ( m  Chapter 1C) vrera founi la shoreline SalSifllS* TttiBiS 

.nrt.lumrl woro also oollooto’. In Siilvlnla sample as M  the mlnnoil

B̂UrTTI1̂ 4 brovlanalis*

Larrt* man'wrs of aaalJ flaha« wore usually m.*i In aMooiatlcK 

with tho fl.lvtaU mat. These were rooognUablo a» betas, mainly, 

ahoala of Juvmile TUaplfl aortl»rl m ’ lnlivHuala *vl ahoalf of

tho two nto-ow, A i l a t e m s l l t a  -  'a J s a l i a a d J ’ M  J ' " —  

U aa wore frequently soon In assoc in <-*<m with iniUvlJuiil wiMl-’- 

p«gvlnln plants in opon water.

During tho oourae of the study, partioularljr ’.urirx; 1C«0, a ntT

f.mm  population of Ata-tM laSSi&U a « •  ob.erwl to ooour in tho

an-. frWtffltffUM '>»>■• 3® °  rf th° ’<,“ lt)r °f

thl. apeclos oan bo ~aiiw>. fro. the fact that, unto; a aoalie-oera 

pcrrlcu. balto.1 eon«rttaa not with a C.5 »  < ll«t«r  or*iln:, up to 

200 U U y M u o I . oouV. easily be «u-*t within a f «  ninuto.. It i« 

of int.r.at to not. that a u r a l l y  (1072) tho .a ®  roaulta aro obUlB- 

att» la borti, but tta »peci«3 now ta rd™  t ar» t i M t M

1-h.rt. i .  lataraiu .  »>. MleralMtM dOtUOBl-  Tha»

vill b* roforro’ te vtaln in »

th® aquatia aaorophytea would m m , fchaw)faro, to S# m  lasportant



w r .

haidtat for Juvenile m l small flahaa.

0 .  m m m m m m  cm the t e a m a

0.1 *** •*  M«u»t« frm *«ni«lliiJ  ■'.maria

Tha knowle^e of nyaphal n d  larval foras of African aquatic 

insects is aa yet lar^eiy la Its infancy, mX inposos Irritating 

restrictions o p  accuracy in hyrtrebiaLotrionl studies* In on atteopk 

to ovorcctne, *t least partly, this- iapositicn, breeding aquaria wars 

used to correlate early stages of I ovel opw»n t with imagines, sioat of 

which «w\ now bo accur'xtcly nonod• Initial triels of broodisv; indivi­

dual epociJBoos at tho Research Statist. indicaterl the vosuitability of 

this oothed, for cn many occasions by tho on! of a fiolct pericd, few 

(̂ aorrtan̂ as had taken place and non-onerr-onts tad to be -liscarJed.

The not hoi which was eventually evolved which is Josoribod balov, 

although having: the drawback of occasldiol mass oboivuhc*# r  «ilting 

in dlffic dtios in minting pupal/nymphal oasta to imagines, was faffid 

to b© aoro suitable.

The teohnique usee! involvo5. tho ccilsotlcn of o^nplus of tho varittJS 

hytlrophyiic substrata# of aoro or loss constant sla$ shortly <oforo tho 

*ik! of a field trip. rhoso ■aaplas weiv placed in lorpo hoavy gauge 

pdythjrvj bag*, with a Itboral Mount of ’njth yator m l air, and crated 

for tjmt-j&isaiao to Salisbury. Or arrival, always w’.lhin ti) hours of 

collection, sasplos w-.*ro plnoot! into larro ’lasa n^iaria (120 x 50 *

&  m ) contain!»t arpiwiraately Z70 litns of matured tap watu* <mv~ 

Jylng a ifxyor of clean smd, These aquirla were aerate! *u*’ covered 

with a dcrao of mo-quit-o Bteepgcmt. adults were collected daily

using a auction device, killed with chloroform and tmnsferwl to vials 

of 70^ alcohol. txuviao wore collected on tho wntor ■urfase or trm 

dowels plac*l rerticallT in tho tanks to facilitate c*norr*e*ee mA
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