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The folloving thesis, spart from help and servioes which
are scknovledged berein, 1s the result of my owm work. No
part of it has been sutzitted in part or {s being or is to be
abpitied for a degres in any wiversity apart from the
University of tho Witwatersrand, The information used in
this thesis vas cbtained vhile I was a Research Fellow of the
Buffiald Leke Kariba Rerearch Station. During the later
analysis Imﬂplayodbathuoc-pmnhmnrdm
Untversity of the Wituatersrand and lecturer ot the Univer-
sity of Rhodesla.

Corrigsadups At the time ssctions involving Salvinis were
prepared, the plant vas know a8 Snivinia
surigulate Aublet, Subsequently it has bem
renssed Salvinis melogts D.S. Mitchell
(Mstchell, 1978).
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This thesis reports on an hydrcbiclcgical eurvey of wn area
asacatated vith the mouth of a small (260 kn® catohment) soacn~
ally flowing river entering the tropical men-made Lake Karibe.
It was conducted approximatoly a deoade after the dam's alosure.

The study wvas hollstic in approach and incorporated sempling
¢ most eoclogioal aspects, ineluiing plysico-chemical hydralogy,
plankton, benthic asimals asscciated with a variety of eubstretes,
and fishes, The partioular aims of the study vere: to assess

the position and 1 variations of the fauna of varicus
hebitats, providing a basis for comparisan by future worksrs and
indtoating productivs avenues of research for more limited and
tntensive stulies in the srea; %0 investigate faunal feeding
relationships; to deteruinc bictic and ablotlc effacts of a
permanent floating met of Salvinia mclests in the stuly area;

ad to Anvestigate the bresding scoumilaticns sand migrations of
the potencdramous fish species, The inhsrent varisbility of the
fama vas such as to place limitations an the reliabili'y of
reculte.

Physico—chemical characteristics of the water were prof cundly
affected by the inflowing river during the vainy seasm md were
affeated to - losser extant by depth, physical anclosure, end the
Salvinis mst at cther times of the yoar,

The Saivinda mat decrvased in extent during the study, vhereas
the 1ittoral hydrophytes inoreased follosing their invasion of the
ares. The effects of these changes (n the fmma wore invectigated.
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The etanding (rop of plankton eulleeted in daylight and
retained by & 112p wesh uss relatively low, highest demsities
oocurring in the wvinter and in asscoiation with the Salvinia
mat, Ci tantial evid indicated that s main source
of food to scoplankton was dead partioulate crganic matter.

Ls Judged by size ccapositicn of the "herbivorous® elements of
the sooplankton, culy moderate pradatur prossure was being
oxerted by fishes.

The results of benthic sempling are presentod and discussod
in depth, It vas fond that although the feunal standing orcp
wvas suppressed by the Salvinia mat away from the shoreline,
overall faumal stunding,ves shanced by the pe of the mat
in the absmmoe of rocted hydrophytes, which themsalves ocaused a
more profoaumd increass in fmmal density. The lmportance of the
drowned tress as & productive substrats is hasised

Pish were fomd to aocumulats at the river mcuth before and
during the rainy seascn and moved upstreax with s variation in
behavioir betvem species nct previcuely recaded. The dalvinls
met was found not to have any deletericus effect on ths fishes.
The developemnt of a telemetric tracking dovice Ls dosoribed,
The fish famd in dry seascn pocls of the river ere discussed in
relation to different pocl types and the aiss oocmpositim of
populaticns in thess is considered,

Pish breading data are considered in terms of geascnality,
met eation sises, sexual proporticns and feoundity. Modal sises
of ova takan from ripe gonads are used i. w attompt to amess
froquency of bresding. The early develoment of two spooies 1a
desaribed,




The food ed feeding behaviour of the fish population are
desaribed md disouseed in relaticn to tha famnel food webs.
Relatively few fesding nishes werw filled duo to lack of variety
of the flsh feana, The importance of two bonthis compcnents is
phasised: the Oligochasta, which vere not utilised as food even
though they formed cns of the main benthis oomponents; wnd the
Chacbarinas which played sn important role in recyeling energy
away from the poderately utilised socplankton and into the well-
represented benthio fesding fishos.

Future svemuos for research are listed mnd obwvicus " ~awes
which have cccurred subsequent to the fiald investigation are

described.
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Typlorl stretoh of the lower reaches of the Mvenda
River. The rock barrier above Crocciile Bend Pool,
Janvary, 1988,

Typlosl stretch of the lower rcaches of the Mwenda
Kkiver. The repid and fall above Doep Poole
December, 1968,
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CHAPIER 1
SMTRRUR IS
The last decado has been cne of active oomstructlon of major

s and the formation of men-made lskes throughout Africa,
Presant indioations are that thia trend will emtisus, Many of
those dans (Table 1,1) have bean built prinarily as reservoirs
for hydeowclactric power genoration, but their creation provides
the opportunity for other uses, such as irr’ zatim, fishories,
transport and recrustian, If sccamt 1a taken of the humen
popalation explosion at present taking plnce in iAfrlea, it is
foressagble that in the future the relative imperteuce of the
altemnative uses of those laes will change, perhaps, %o pro~
duotian of food, and especinlly animal protoln, rathor than the
gaaration of hydro-elsctricity,

lake Krriba vas wiique, in that at the time of its closure,
1ittle oxperience had boan gained of the *ypes of physieal,
chorioal and blalogleal changes that could be axpected d:ring
tho formation and maturabion of & tropiosl msn.made lake, This
inexporience can bo gaugod by resctions which were, for example,
generatad by the wmaexpectsd invasion by the water fem, Srlvinle
Arisulaty Aublet, Various stiompts had bean made to mticipate
possible changes; by clearing bush at great espanse to make
fishing gromnds; by introductions of Jilanis magrochir (Boulemger)
%o £41) the opem water misrophytophagcus nishe which, 1% was
thought, would not be filled by any of the lotio fish populstian
endemic to the Zambesi River, In view of subsequent oxpurismce,
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8.

somd of the preparatory acticm vhish took place befare the forme-
of Leko Kariba i cpan to quastion, Petrospective oriticimm is
of valos only whon used pragzatically and in this respoct, the
experience gained from thi formation sd maturation patterns of
Lake Kariba aould be particularly veluable if applied to sub-
sequant schamos in tropical Africa.

Ag som ae it wes decided, in March 1355, that the Karibe dem
waz to be bullt, tie ‘esirability of resecarch in the area to be
floodod was widaly sppreciated. In the liamclogical field, how
ever, rusearch o the middle Zambezi prior t¢ closure wes limited
to some taxonamio dats portaining to fish specles presant in the
middle Zambezl by R.4, Jubb, mud to fou' rusearch trips by the
Joint Fisherios Research Organisati.n in 1956 and 1957 (facksm
19618}, Work undertaken by thia Orgsnlsation was severtely
1imited owing to its commitmesta olsswhere in Northem Rhodesia
but nevertheless 1s valuable as tha anly limological research
carried cut at the time. The JF.R.0. continued research in the
area on closure of the dam (Bownaker 196C) ss well as after alosure
{(Hardirg 1961, 1962, 198.a and b, 19¢5, 1986}, Fallowing closure
the situation tmprov.d in that several orgmnisations participated
in limological research an the infmunt lake. One of these was
the Zoclogy Departmmt of the Unlversity of the Witwatersrand wvhioh
organ’ 'ad expeditims to the Binga area of the lake in 1959 end
1960 (Balinsky and James 1960) to record some of the first bictie
ohange- caused by the formatiwn of a aotic enviroment, Hotwith-
standing the participation o many different Government and quasi-
govertmontal organlsstions, i 1989 it was recognised by both the
University of the Witwatersrand and the University College of




Tholesia that the crvaticn of A foous for research an & lo, term

basls wes nocessary, Representatios made by those two Institos

tiens to this ad remilted in m ares of 15Gkn” of tho Chote Game

Reparve, botuean the Lusilulu and Mwenda Rivars, being se: aside

in 1960 as o Rescarch Reservo by the Southem Rhcdesian Govornment,

and grants smounting to £74,000 wero mibsequantly demated by the

Nufrieid Pamlation for tho establishmont of & field statim, @n

1968 the financlas responsibility for tho Nuffield Lake Kariba

Rosvarch Stetion wms assumed Jolntly by the tuo Universitics oane

semel,

Tho tems of refersnce of thn Ropwarch Station aro, broadly,
to study both the short and long term offocts of the inumndation
of tho Zambozl valloy 1o all its selantifin and soclal aspects,
The aims of the presmmt project aret
1. To invostigate the hylircblalogy of the Mwenla river mnd its

wouth with aspecin) referomce to {a) the semscunal abiotis

changos, {b) the spatini end sensomal ohanges in the distrie
bution snd alandance of thy biota, and (o) the feoling
relationships of the aquatis rama, aulminating in fleh,

Se 70 invostizate tha offc ‘ta of a permmnant met of floating
vogotution on the hydroblology of th. area in the immsdinte
vicinity of the river mouth,

¥, To investigate the potamoiromous boheviour of the flah species
o Lake Kuriba in the Mwonda river,

It wus considered, in plomning this work, that the rivers

antering Leke Yaribe snd part{cularly the aress associated with
their mouths, werv likaly to be of oritical biclogical importence
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for seversl reascns. Firstly, it was not knce whethor or not
the biota in the ostuarine” arvas of tho 1ake wero distributad
in such . way as to imply the axlstance of n eoctone botwoon
river tad lake, Seomdly, the rivers wors known to bo a major
souree of fresh mitrient, nnd 14ttlo cr nothing wns known of the
pothod of entry (I thoir waters into tho lake, Thirdly, the
A1stribution end sbundance of spoclos csould give scme indication
of tho scurces of the lake fmuna, alunough findings would inevi-
tably be confusing., Would, fcr example, specles found to be
progent in the lake have arison diroctly from tho prosent lotie
fauna, or would its presence in both indleate eclonisatian in the
opposite rocticn? Namoly, lanti. focthold might have bean
necessary pricr to lotie sulantsation, and tho prosant lotie
faunn could have been molifisl by the loks's formaticne This
intoresting preblen aculd anly bo solved rartially ot this stage
of Lake Kariba's naturation and o aumpa- ative kmowlodge of the
original situation can now mly be dorived from a stuly of
similarly sizod rivers downstrosn of the dam wall, Investi-
gation of o sintinrly sised tributary tc ba floodod hy the Cabore
bnasa dam, hefore and after flouding, would be partioulnrly intorert~
ing in this oontoxt. mhe fourth roascn for the blologieal importe
anoe of rivor moudas arises from the potamodromaus brooding behaviour
of s sigrificant portion of the fish population of Lako Yaribae
This is amphasised by the fact that, perhaps booauso of their lotie
origin, the fish populstion would appear to be 1argely confined
to the nargins of the lake.

The scmovhat formidshle soope generatod by the halistie
approach of this projeas ws intenticoally chosen for two main
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reasons and arose from the terme of referace for the Ressarch
Station imposed by the Trustoes of the Nuffield Fomdation.

The first involved the necessity for an understanding of the
overal]l ecclogleal clreumstances of an important part of the
research roserve so aa %o form a basis for the design of Cuture
more intasive projects of limited scope. Seeondly, 1o was and
is anticipated that the project, or parts of it, will be rupeated
a4 intervals of ten or fiftean ysars so thad a resswnably exhaus-
tive and accurato ploture of the soquence of aaturation of the
Meands river and bay mac 5 ascertained. A frrther intention
wne that tho regults of this project would contribu.e Sowards an
overtually comprehensive picturs of the hydrobialagy of the Sinsw
mamda area as e step in a succession of projecks, started by
thoae of my colleagues, Balinsky, Jnmes, Douglas, Mitehell,
Melachlan, A,, Molachlen, 5., Hanccok, Thomas, Jaman and Magedaa,

{360 Anon, 1969),

The planning of $his projost was directed towards obtalning as
asoursta, statistioally verifisble data as possible an a soasanal
basis. Any approsch ot a shortor term basla or the use of a
largor rrea for a project of this seope, however desirsbloe, was
impractleable, It was fount thal furing the course of We pro-
jeot officlency in dats collectlon improved ccusiderably and the
vilume »f unprocessed dats moorusd alatmingly. It was therefore
sousidered that, apert from tho limit on time, a ccabinuatim of
reutine data collsoticy would preclude any erplorstory lines of
research, Furthermore, the degree of correlation in any two
yours must, it uns cmaidernd, be limited md to Incresss munusl
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esorrelations would have roquired a omtimuous routine fre five,
or porhaps oven ten years, In addition to this, the situatioam
being senitorad wvas essentially ono of ohange mnd maturation,
For thece reasons tho full routine of seasoncl data collection
was 4 d for five aly. 4 limited routine ware in-

stitutod thoreafter vhich left suffiolont timo for other rosearch
within tho soopo of aims of the project, vhioh included the frede
ing roquirements of hirireovous viftatus (Cast.’, and tho develop=
mont of bictelemetric tracking devices an two spocies of potamodro-
mous Pfichos. A more detalled description of work carrisd out
while at Sinamwenda 1s given in Table 1.2.

The first ohaptora which follow concomn the limiclogloal
history of Lake Kariia, fallowod by a desoriptiom of tho study
aron, Thoreufter, the appronch adopted separates tho dirferent
shaptars according tc the ccological grouping of thoe commmiting
atudied, The methods usad to collect information, and tho data
obtained, ie presonted and disoussed, Later chaptors cansidar
various asmects of flsh bldlogy. Full romilts are prasentod as
appendioos, for the benefit of futurc workers in the aren, HKele=

yant data are oxtracted for presentation within the text,
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TABLE Ja2 FIRELD FERICDS SPENT AT SINAMANDA AND WORK CARRIED OUT

Date

4/b1/8
20/10-17/11

5/1-11/2

12/4-9/5

2%/5-25/5
8/%
13/7-12/8

18/10-17/11

16/1-13/2

6/6~10/5

26/6m30/7

1/9-8/9

19/1025/11

3/12-18/12
18/2m38/2

Wh

hugust

1988
1966

1967

1967

1967
1967
197

R

1969

1968

1488

1968

ims

1968
1989

1989

1979

Nate=e of work undortaken

Exploratory oxamination of study eres.

Mamufasture of weir, gillnets, plankton
sampling goar and other ogquiprant,
Brooding of larval and pupal fomms,
Intansive study of Surprise Pools
Exploratory sampling of study aroe.
Pirst fall sampling routine of hydrolegy,
plankton, banthos, aquatic plant fama
and fish population started, (1)

Full sampling routine. Benthic transect
inttiated, (2)

Vialt with supervisor,
Flight over Hariba shoreline.

Pull sampl. routine, Pools bloecenopes
mamtned,  (8)

Full sampl routine, Fools bioocencses
oxamined, 4)

Final Nl aampling routine. Concentrae
tion of aoffort, whon reutine o ote, m
potanodroreats of river figha 8)
Benthic transect, Tanks for foeding
oxporimonts sot up, exploratory fish
introduced, Solning in river,

Fooding oxperiment I. Banthic trensoot.
Notting progremmo at Statian 3 inltiated.
Champs Pool exclusian oxporiment started.
Seme pocls bilocoenoses examined.

Studont £ield trip, Champs Pool expaeis
ment, stage 2

Fooding experiment II, Jonthie transect.
Champs Pool sxperiment final stage,
Aiotel otris tracking Javics triala,
Pocls hiosoencass sampled,

Bintolomotric tracking device trials,

Bictelemotrio trecking devico trisle,
Final benthic trunsooct,

Tormination of Station 2 gillnocting
PRORTRING +
Znatlation of daep water gillnotting
programe,



1. GRERN. INPORMATION

In Docenber 1983, closure of the dam acrces the Kariba Gorgs
resmted in the creatlon of one of the largest mmmmade lakes in
the world. This impoundment is shared by Zambia and Rhodesiuj
the boundary betwuen these countriss follows the submorged bed
of the Zambesi River, which more or less bisects the lake langi-
tudinally.

Lake Karibi is naturally divided into four conncoted basins,
alagsified by Band (1965) almng tho NortheEast to Scuth-West axis
as the large Sanynti basin, the Central basin and the smaller

" Binga and Sebumgue-Milibisi basins (Fige 2,1). Band's ostimates
show that much of the present lakeshore oonsists of Karroo sedi-
mentary deposits of the Molteno series, though gneisses occour on
the southem shoreline of the Sanyati basin in the vioinity of the
Matusedons fault. Bond also desecribes the flooded valley of
Zambesl as being a relatively flal peneplain. Apart from e
section of the Sanyati basin shoreline the peveplain has een sub..
merged and the shorelins comsists of steep slopes vhich bounded
this ervsicnal fecture, The steepness of ulope is modified in
places by local irregularities and is alsc affested by the background
topography of the region. This 1s of n dipslepe~scarpslope type
and the structural grain runs parallal tc the axis cl the lakes
Thus the north-facing scarpsliopes emphasise slope steep n the
sonthem, Rhodesia, side of tho lake und southe.faoing dipslopes
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soderate the stoepnoes of the nortiorn shoreline. A4s tho lake 1s
subjectod to greater, more sbrupt fluctuntions than those nommally
axporienced by natural lakes, this verintion in shcreline slopo is
a festuro of importango to the littoral biota of Lake Kariba. The
flocding of the old peneplain has had a marked effect o the chorooe
toristics of the Zambasi tributaries as these now flow directly into
the 1nke with charncteristics of headwnters. Using the alnsaification
suggestod by [lies (1961) and followsd by Harrison (1986), the rithe
ronio party of these rivers, with steep slevation gradlents, ater direcs
tly into the lake, and the potomonic sectimns, once prosent in the old
poneplain, have beem cbliterated, This factor will bo considered
later in tho light of biclogionl effects.

Lake Kariba lies at an altitule of 484 m nbove mom sen level
(at operntional level) and botwean latituios 16° 28'3 and 18° 6'8
and longitudes 26° 40'B and & 03'E, The longitudinal oxis of
the lake is orientated along n lioce from SoutheWost to North-Bast,
Tho matp features of the lakots morphclogy sro glven in Table 2,1

LABIE 2 MADY FEATURES P THE MORPHOLOGY OF L.¥S KARIBA
(~ftor Coshe 1968)

Length B00w320 lm
Width (mean) 20 Im
Width (moximun) ® ¥
Depth (mean) 29,5 m
Dopth (maximm}) 120 m
Aroa (484 m aum.sls) 5,280
§ Lren bobween 0wl m 208

€ Lrea botween 15-30 m 20%

& Area betwoen 30-60 n seg

§ Lrea botween 80-116 m o%

Vclume 155 = 109 ®




The aeteorclogioul yeer in the vicinity of Lake Kariba i
divided into seascns baged on temperuture and rainfall, The
warn goason lasts from Ootcber to March, during which period the
monthly meen air Semporature range is betwsen 22°C and 29°C,

The cooler period lasts Prom April Yo Septambor mnd the lowoit
air temperatures (15°C) occcur in June and July, although frost did
casur in the vieinity of Kariba Township in 1968, The rainy
season begins in November and usually extends to March, Anmual
reinfell varies fram approximately 700 mm on the Zasblan shore~
1ine to betwasn 400 and 600 mm on the Rhodesisn side of the lake,
Only oxcepticoally dons rain fall in the d:y season between April
and October, Streng south-easterly winds occur between April and
Auguet, md £or the reast of the year prevalling winds are lighter
und portherly. Poten*1al evaporation has bean estimated by Coche
(1968) to range betwoen 2,500 and 3,600 mm ennually, The seasons
ann ba roughly separated as - 1lowss
Cald/dry season  June-august (Winsor)
Hot/drv - aaem Septombar-Hoveuber (Spring ?)
Hot/wet seagon November-March  (Summer 7)
Cool/dry senscn  March-May {dutuem ?)

It om be seen that temperate seasonal nomenclature is unsuitable,

Aftor the uam's closure in Decomber 1858, peak leval was
reached four and a half years later in July 1963 {487,681 m a.m.sdd.).
The lake lovsl was then dropped to ™c.mal operating level" (about
{84 1) around vhich point it fluctated gently until the abnormal
rains experienced in early 1989, when the level agasin ross rapidly
%0 over BT © nen.sel,  During the pericd 1964-1969, following
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the flling period, minimm levels noreally occurred during
January, February and March, and maximm levels in July or ingust,
following the inflow of the main Zambesi floods from the Barctee
flodd plamng, The normal maximum operating level for hydrom
Wow-mb‘mmnwanMMMhm.

The lowest drawdows lovel 18 476 m and the maximum flood etorage
Jevel 409 m, The annual fluctuation was planned to average 348 m.
Aotual lovels reached and fluatuatimms experienced up until May
1969, are given in Tsble 2.2,

2. THE LDWOLOGICAL DEVELCPVENT OF LAKE KARISA

Limnological data pertsining to Leke Kariba stem from the works
of Harding (1962, 19648 md b, 1965, 1968) vho coversd the period
from closure in December 1958, up to Decamber 1963; Cocha (1968)
Jhces work covered the pericd fram ...ril 1965, to Janunry 19663
and Bagg (1963) who roported on results cbtained during 1967 end
1968, The pattern of maturation which seens to emerge from those
works, as iliustrated by the findings of these workers at the "Boan
Station" in the Karibs gorge, 1s as followss Initially, stratie-
floation was established quickly during the hot seascn, but the
netalimnion was pushed deeper as the hot season progrossed end
was eventually broken down during the ocld season by the notion of
wind and lowering earface temperatures, vhon complete mixing
osqurred, The hypollmnion became ancxio within weeks of alusure
and hydrcgen sulphide vas generated fram the decomposition of ho
1arge aocumlstion of orgenlo matter resulting frem the ammdation
& subsequont death of torrestrial vegetation, This anaxio
poriod persisted for seven months, until July 1060, when turnover
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regted 1n sercbie sanditlons in the deeper vaterss The thermo-
Qlire was mocnstituted by October 1381, ut a depth of 4w, tut by
anrly Japuary, vhan anxie conditions again prevatled in the hypo-
limnicn, it moved deeper tc 15 m, Araxic conditims and U8
gemeraticn in the hvpoiimricn was eain found to persist for seven
manths until the July overturn. In 1962, the anoxie period lasted
for eight onths, but H,8 aly appeared in the hypolimnicn for the
latter six months and by 1985 the respective pericds Jorr eighy
menths and three months., No data were ccllected on 55 gemer. M.
in 1964, In 1985 Cocho found that this decrease persistou, but
for tha first tie dlzsclved oxyzen was found to coowr for three
months pricr to overturn in the upper waters of the tvpolxmim;
Oxygem was agein found in t'e upper waters of the hypalimiom in
1966, tvt ocourred hure six months after thormoaline formation and
persisted for three nonths after the water associated with the

bottom had besose anaxio.

The pattern est:blisied immediately upa closurs waa thus re=-
poated annually, with the basic Alfferense that both the ancxie end
the hydrogen sulphide ;| ~iol bacame progressively shorter, suggeste
ing that nutrionts losched from deocmposing vegotation and aly
floaded solls of the peneplain wure besoming depleted, Harding's
(1964) chemical analyses suprort this suppositicn, in that dissclvod
salines declined from 69 ppm in 1958 to &8 ppm in December 1961, nd
42 ppe in December 1964. By 1965, C . .e, whose research invalved
tho entire lake md not just the "Bomm Statlon” at the dem wall usod
by Harding, found that HoS wae sonfined to some deep valleys within
mmdtmlmmmcnutMamm@tmonmtm
period, Cosche also found ;Ltfonmms betwsan the four basinge
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In the M1idisi/Sotangwe basin (I), nearest the inflowing Jesbesi
River, he found that thore wes always at least § ppe dissolved
oxygen present at all times, In the other threc basins, the

rate at whick oxywen depletion otourred increased progressively
towards the lower, Kariba, end of the lake, During 1967 Bugg
found that the Ho8 period at the "Boom Station® increased to seven
wonthe, During 1968 -o st was detected at the "™Boom Statim® at
all, It did cccur, hrwever, in bottom debria aasociated with per—
marent Sglvinia mats. Berg's findings indlcate that the presence
of }‘23 and anaxic enditions in the hypolimnian of the Kariba gorge
ares {the "Boom Statim” on wvhich the maturation ploture 1s based)
remits from a complex flow pittern asscciated with the flushing of
%he Sanyatl basin by river water. He baileved that the lack of
His In the gorge area in 1968 waa a result of the poor flow conditicns
of the Seryati River during \he 1367/68 rains, Tho divergenao of the
1967 =nd 1568 conditions from the trend tracesble pricr teo theeo years
w1l mugzast that these two years are atypical and until wuch tive
as this new trend, if it be so, ls established by future findings,
should o rhaps be regarded as much, Same reservatione should also
upply to considarations of data collactad at the "Boom Statim”, shich
are typioal of aly cme mmall vart of tho laks, On the other hand,
this i tha only published sequential dnta available aince the closure

of the dam and conaequently must be used,

With thope reservations and except f . what may have been atypl-
oa) results during 1967, the ganeral pattym of stobilisatim of
lake Karibs has folloved a sequense which oauld be expsated after
amsiseraticn of the evants exjorienced in temporate olinabes @x-
plained by Stroud (1966) ae followss wfor three or five yoars
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{after olosure) there charscteristically is an extinction of
dissclved cxygen in the hypalimnion and distinct chemical as waell
as thermal stratificatim, These conditims buoume modified
favourably t¢ a greater or lesser oxtent in the following -ronrete
Bockmann (discussior. in Rsosks 1966} quotes the more specific
phasing of maturation by I.I. Lapiteky as follows, (1) & swlden
increase in the standing orcp, (2) a deprossion vhich lasts sors
tine, (3) a gradual increase in productivity, He consicaisd that
the second stage may la=i six to tan years in southern reservoirs
(1ess than 50° latitude) and twanty to thirty years in high lati-

tudes.

Tho high te.perature rugime of Lake Kariba and the findings
of Harding, Coch. =nd Bugg indicate, on consideration of Lapitsky's
phasing, that vho thind stnge of maturation has, or has nearly,
bean reached, 4 gradual increase in productivity should thorefore

be expected,

Ths established thormal regime of Lake Kariba follows a regular
annual aycle, where the wator mass overtums eand reachos hascthermy
at between 21,4 and 25,4°C botweon Mareh mnd Juiy. Restratifios-
tion nommally starts in 3eptembor snd the metalimnicn thereafuer
movas progressively towards the bottome In the majority of cases
the top of the metalimnlan reacaes 20 m by Fobruary of eash years

Cuahe (1948) alassifies Lake Kariba, on tho busis of the thormal

properties of the water masser ad in mnalogy with the classifios~
tion proposed for lakes iy Hutchinamn (1957), as o warm Ashemiahio
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S.2 Yater Quallty

Takle 2,8 gives the ranges of values found by Coche (1968)
for waters of the two upper and two lower basing, which ho sopnr-
ates oo the basla of tho influence of the inflowing Zambesi River,
Pasins III and IV were found o be richer than basins I and II,

TABLE 2,3 WATER QUALITY OF THE MILIBIZI AND BINGA (I & II) AND
CENTRAL AND SANYATT (IT1 & IV) BASINS, (Data Prom |
Coohe (1968))

BASINS I & II LSINS III & IV

o [ X I 7,888
Spoaifis amdustivity (yohos) 50100 86-118
Calcium ppm 2.10 713
Magnesium ppin 0, 5540 045-3,0
8odtum ppm 1.3 BoZeial
Potassium e Thel o8 QeBulef
Hitrites ppm ) 4002 Ond) o004,
Nitrates ppm 04008-0,040 0,010-0,050
Phosphatos o o] 00,08 04010405

Conhe (1968) foumd that at overtum there was a drop in total hard-
nose, while concantrations of magnesium, nitrites and phosphates
inereased in surfase waters, A sharp {necrease in nitrates end a
aynchronous decrsase in nitrites was obsarved to occur sevoral

wcoks later, As the thermocline established, nitrates and phog
phates wre found in ever increasioy quantitiss in the hypolimnion,
and dnormaging quantities in the epilismicne Nitrites progressively
appesred in desper wators, He defines Lake Kariha on the basts of
vator quality as being ghomloolly meashreuhle.
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4 THE DXBAMICS OF SALVINIM AURICULATA ATPLEY

Perhaps cne of the most obvious indicators of changing cone
ditions in Lake Karibe is tas population fluctuations experienced
by the Kariba "weed", Solvinis suricalata Aublet, and associated
planta, vhich form dense, scmetimes impenoetrable mats of vegotation
o the lake's surface, This vegetation has boen reported o quite
extensively, by Schelpe (1961), Hattingh {1961) and Boughey {(1988).
The most valuable contributicn has boen that of Mitchell (1960,
19¢5, 1967, 1969, 1970) in his study of the autacclogy of this water

fom,

TADIE 2,4 TOTAL AREA OF OF LAKE KARIBA (1) AND PERCENTAGE
OF LAKE SURFACE BY -HE PLANT (B) (FROM MITCHELL
1969), CUVERAGE FIGURES OBTAINER BY AERIAL SURVEY
Date (a) w® (B) Percentage

April 1960 206 12
August 1960 @1 14
March 1965 880 18
August 1961 724 18
May 1962 1008 22
April 1968 795 18
#areh 1964 529 n
Hay 1485 651 12
June 1967 028 16

Salvinia suriswlets appears to hiave been introduced to the Zambesi
River before 1949, whan 1t vas first calloected above tbe Vistoria
Pells, Tho specles mnde spectacular use of excessive nutrient and
eda onditl o~ during the formation of he lake, and from 1959 %o
1962 expanded repidly (Table % 4) until 22% of the lake surface was
covered by §alvinis. These mats of vegetutice cffered & atable
substrato for the development of secandary invaders, studled by
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Bougbey {1933) who 1ists & total of forty species, One of the
principal specles vhish colonised the Zalvinia mat was the sedge
Salre gubenale Poepp. and Kunth , whose prostrate habit had the
effect of binding and omsdlidating blocke of Salvinia. At the
time of very high levol reached in 1963, h y Mitchell (1965)
propoeed that fowor sheltersd areas suitable for the growth of this
plant were avallable. Thias fastor, coupled with the increased
fotoh of waves, resulted in the extensive destruction of the mats,
which woro cast anshore, Mitohell (1965) points cut that the fur-

thor decrease in 1964 resulted from a rapid drop in water level.
This stranded large blocks of mav, which as a result died, Although
by 1967 the mat had incressed to cover 18% of the lake surfaos,
Mitohell (1969) points out thnt since 1965 the plant has been largely
onfinod to shelterod bays and inlets; even here if results pre-
sontod later in this work nre broadly appliesble, thore are fluctua~
tions resulting from river floods.

The picture vhich emerges from oonsideration of researoch find.
ings on Lake Kariba is, therofcre, ohe of comparstive rapid change
in what was still, tan years after closure, an early phace of mature-
tin, Othor biotic changes which have ocourred will be presonted

for discussian in later rolevent chaptors,




CHAPTER 3
1HE WIENDL RIVEY, AND BRY

1. THE RIVER

Tho Mwenda Riror s oo of the smaller rivers flowing into
laka Kariba an! is perhaps typical of most of the drowned Zambeszi
tributaries both in asize and physiocal conformation, as partly
denonstrated in Table 3.1. The catchment of the Mwvends River is
relativaly local holng helow the upper odge of the Zambesl oe-
carpnont, and is szall, extending over mn area of 270 ke, with
the mource 22,5 km inland by the shortest distance, at a level
800 m nym.a.ls, about L5 r ahove normal cperating level of the
lake, The langth of thoe river bed is approximately 40 km, so
that the mean elevation gradlent 1s 1 : 125, The lower gradlent
(1 & 320) of the flooled portion of the river ruflects the lovelw
ling effect of the valley peneplain. Varlations in gradlent
are shown in Fige %.1. The rirer arises from and deseends
through the very broken cowtry cf the Zambosz! escarpment, in
this nrea composed of Karroc sodimentary sandstones and shnles
of tho Moltenc series, so that 1t 1s characterised by froquent
small weaterfalls and some long ho' ler strewn rapids, intersper-
sod ith broad flat stretohes of mul, sand and graval, or mixtures

of each (Figs. 3.2 = 5.5).

No hydrophytes were found in the river bed during the period
of study, cther than for the cocurrence of & spesies of Charm
in stme of the pools during the dry seasn. This 15~ refloc-
tion of the rigorwus onviromat imposed by the extreme changes



TABLE 5.) PROPORTICNS OF TRIBUTARIMS OF ZAMBEZI RIVER DROMNED
¥o%&ém after Begg, 1970) GROUPED ACOORD-

Present Lengthr Drowed Portion Peromtage of

River Original River
(im) (i) Drowned (%)
Senyatd 451 ] 10
Sengwa 229 48 18
Buad 1% 4% 23
MQibist pin} 10 10
Nacdsa 22 59 20
Setamgwe 80 1 12
Charara 80 30 S4
Lusilukulu 58 16 @
Mywonda 4 18 30
Sankve 2 1 38
Lagola 52 8 20
Gache Oache 27 58 %
Sibilobllic 13 18 "
Mammo 13 28 87
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in seascial wnber avallability, The vegetation deseribed hy
Jarman (1038) as "riverins" was found in a narfow bend up to W »
wide along tie river bank, vherever level aress allowed ita devel~
omant, bul the mly macrephytic vegetation which actually emtacts
the water, snd this anly in as much as its branches treil in the
wnter during the miny seaswn, is the shrub Combretuy cbovatim,
which was fomd with come froquensy directly alung the margins of
the river and was usual.y growing abundantly wherever steeply out
hanks occurred; perhaps as a result of interaction betweon high

wator riquirement an® tho nedessity for protection from flooling.

At the beginning of the ralns, ncrmally in December, the river
gtarts flowing and its main charscteristic thereafter is me of
interaittent, vicient, flash flooling, which could oause a riss of
up to 5 motres within 30 minutes, vhen flow has bewn roughly cale
culated and approximates tc 57 ouble metres/sescnd, ard is followed
hy an oqually abrupt decrease of lesser maguitude, Thervafter
thore 1a a gradual docrease to a trickie of 0.1 to 0.5 cuble netres/
socond within a week to tem days, end ']  mar actually cease,

“or most of the rainy seascn the river la charasterised by lang
post=flood pericds when emall, slowly decreasing uantities of
water flov downstresm. The Mwenda River finally sbops flowing
in April o May with the end of the rains snd quickly dries up
tnto a sories of pocls several hundreds of aetres apart {(see map
against ent cover), which largely persist until the onset of the
following rainn,

e, IHE POCIS

The pools of the Mwenda River within the study arvs, and
their environmenusl charscteristiss, are tabulated in geugraphioal
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soquence in Table 8,2, Typical rocls are illustrated un
Flgures 5,6 ~.0 5.9, Thw bnalc difforence between pocly physim
ocally unaffected by the laks is related to thalr permanence,
Same are porsistent throughout the dry seasmm, cthers ave
ephemeral in nsture and dry before the river starts to .lw‘
azala, Anocther baslc environmeutal difference is assocliated
wAth the degree of ocver, proviial by brokm rock, to the faunal
oonstituents. Pocla fall into twe clenr eut oategories in tils
respect; nnmely, they olthor have extenaive roek coverage (30 -

&%), or very littls (O ~ 108),

Rasonrch was lar oly ccncentratel on four pools (sae map
azainat and cover) as exwples of the three main environmental
typos progons 3 the etuly ares, Surprise Peol wne chosen as
being representative of coniitions in n pocl which was poraistant
WAth minime . covar (2% estimated rook scvarnge)s the pocl at the
head of shamps Elysess (Champs Pocl Flir. 3.8, 8.3) is repreven—
tutive of an ephemeral pocl {12); and Hammerkop snl Deep Pocla
(Fira, 3.8, %.7) =8 being porsistent with o maximm rock cover
of 807 and 80% respeotivelr, [hene three anvircnnental Lypaes
are illustrated !iagrammatically in idealised versions in Figs 5410,
i further enviraamental 1liference, in this oase in their attenus~
ticn characteristics, existel butwoon persictent pools with mnd
without cover, Those pocls without ocrer were up to 3 times
larger st ths Suvimning of the ry seasmn than at the end, sc
that Juring the cou-se of tht dry sessan the populatlon eaptured
by pool formation was subjected to a progresaive prosunahly
doterloratins envircament mad . lecrease in "lsbensram®, This
uns not the ~ase in the doepor pocls assoclated with cover, vhera
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the effect of drying out vas largely ocafined to the vertieal
ai len caly. 4 te depths of tho varicus pools wera not
readily cbtainabla se most pools conteined up %o four large
erccodilos, Approximate dopths wore messursd by angle wire in
the sample pocis during May, 1968, and were found to be, at
tholir deepest, as fcdlowa; Deep Pocl 2,3 m, Champs Podl 0,9 m,
Surprise Podl 1,2 m, The sizes of the pools may he qauged in
Fiz, 3.0,

Dapth ohanges at Surprise Pocl were meapurced, apart frum
June and August, from May to Decomber, 1868. Those showed an
initlal rolatively alow loss of 5 nn/day, which increase’ during
the period July to Uctcher to 5 mm/day. During Novembar, an
abrupt inoreasa to 10 mm/day was nessurei, It §s omsiders?
probable that this abrupt inoresse fn evaporation cannot be
attributad to a sulden Sooreass in relative humidity, ss in the
pravious yoar Magadza (1969) found that the r,he lnoreased duriny
Rovember, Some cther factor must therefors be respansible for
this abrupt drop in levael in November, Coch.. (1968) osbinated
the evaporation rate of Lake Kariba to vary bHewwaen 2,500 end
5,800 s per annum, shout 7 tc 10 mm por day, thus higher thrn
the cbeerved rate of fail of Surprire Podle The intense heat
of the Mwenda valley and the luclation of the pocia ocan only
rosuit in a lower relative bumidity and filgher evaporation rate
than experienced by the lake but would have appeared in faet,
to have besn lower, except after tha abrupt inorerse in rate
during November, Thoe only factor so far hot taken into nocount
vhiok could affect poul levels is sub-surface water, Should
ground water in faot flov lnto the pools, thia would explein i
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apparent diverepancy betwwen recorded fall in pocl leval prior
to Bovenmber, and Soche's (1968) cstimatos of evaporation rate of
the lake, Tho fact that during November the level of the pocl
started to drop rapldly sppears %o support the ground water auge
mont ation suppositlon, in that ground -mter suppiles above pocl level
eculd by this time have booome exhmustadis If Goche's (1968)
evaporation estimates aie correct, aumentaticn from zraund water
mast apparantly be at a rate of at least 2 to 4 mm/day from May
to Ootcber.  The sround sonformation adjoining pocls would aleo
soom Lo = pport the supposition that groun? water malutainas pool
lovel - » degree. (n the one hand, tailrace pocls similar
to Champs . (Fize, 3.0, %.2) are without any apparent "resorvoir®
and are by nature ephemeral, On tha other hand, sand fs ladd
down by the river an the inside of a meander and poala socured
on a barel In the river are thug asscelated with this depcsition
(Fig. 3,10b), Tlds deposition could aot as a rescrvelr of ground
water which is not subject to evaporetion en  which rotains end
slowly releases watyr to the pool.,  Apar'  .om this, the river
may also wub inte sloping strata of Karr  sandstone (Flgs. 3.6,
5.7, $.,10¢) which has the samo effoct, Lvailal’s evidance
sugrosts, tharefcro, that pocl lavolg are quite liiely to . malne
tatne! by ground water, hut furthor mors lefinite lata derived
from a project, specifically almed at sclving this problem, are
nEoABYATY
3. ) 3

o0 e £ the %erm "estuary® to desoribe the ares vwhere a
river antsrs o statie boaly of fresh water could lead o confusien,

There L¢, howowver, no sultabls limnclogisal term %o doscribe such
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a srea.  The question has beon discussed (Bowsaker 1068) and is
sppended (Appendixil}. On the basis of the opiaion of Prafessor
G, Fay of the Geography Dopartment of tho University of Rhodesia,
tho torm 13 being used in this work, as fta "aubigulty « o« « o o
1s abrogated by tho omtoxt in vhich they (1t) are (1is) used,”

(ops 0its)e Thus tho term "egtuary®, as used in this work, refers
to &an ama of static freshwmter assoclated with an inflow of freah
water, and will be used in paremthesis.

The map (egainst the ond cover) wes compiled by my.elf for
tals study from aerial photographs and depth Lransccehs, using a
plumb line and Mimco offshore echoscumnder, and wap oo lted and pro-
dused by Massrs. M,0. Ccllins (Pvt,) 1tde, of Salisbury. It nay
bo soan on this wap, that tho point of entry of the river is given
as bulow Eltcw Rapid. This is only true vhan lake level is below
Wbk m aum.s.l,, as avcve this holgnt the river wns backflooded
by the lake, during the pericd of study, as far as the veir site
above Elbow Pool. Stnce field work was torminated, the axoep~
tional love) ruached during March 1969, backflooded Doep Pocl at
a lovel of 486.2 n a,m,s.1, The drownad river bed renaias narfow
(100 ~ 200 m) and stoep~sided sase 1400 m from tho Elbow 'nd gradu-
ally deapens to ca. ten metror st Parrct Dend.  Thereaftor, the
Yay gradally broadens and doapenu, 80 that hy 2000 m fuyther elong
tho drowned river bed it ls rpproximutely 22 n decp and 900 m wide.

Cross sosticna of the "estuary" and bay (Fige 5.1}, the posi
tiong of which are marked o tho map, show more ciearly this gradual
despening ani broadening of the Lay. [t Ly nct possible to define
guite whec~ “he "estuary® cesses aad the bay begins, but for the



38.

FiG. S, CROSS SECTIONS OF THE OROWNED

RIVER  BED.

SCALE ;

20
m

Weter iave: 483 4m arrel
suses 534 amel




S8,

parposes of this work the asrrow are:, from the Eibow to Parrot
Band .n the drowned river bed, vhich 1s omsidorslly affected by
inflowing river water, is considercd as being the "estuary”, vherees
the ares beyad this has been tormed "™ay". The separation is
scmevhat arbitrary and has been introduced for scnvenlences The
westuarine” area is essentislly, thereforo, steep-sided, narrow

and challow (Plgs, 8.2, 3.13) and obvicusly affected by the river
vhen it § flowing; the bay, on the other hand, is wider, broadly
ghalving, Joeper ani, 'y its situaticn, affected by open lake cone

ditions to a sreat:r extent.

40 THE STDY AEA

The area chosen for study irnluded 7 km of river bed, 5,540 m
of this was alwvays ocovered by the lake, a further 675 n was acovered
for some months anl 2,820 m wag nover physically affected by lake
wnter during the course of She stuly. The main stations of the
gurvey were ostablished artitrarily ss shom @ the map, with
Station 1 “oinz the cutermost and Statim § th~ lnermosts Theuss
£1.» stations were permsnently lacustrine in charactor. At these
gtations asmplir- was carriad ocut quarteriy, for five seascns, 3
assess the cnenical and physionl hydrolowy, plankton, benthos and
fish fauna of e study ares, At Statins 5, 4 awd §, sampling
of the feuna of ¢ Sglviala mat s also underbakens Clase II
statione were catablished a“cve the drowned civer ved to sample
the chanwes in the benthis fuura more precisaly, parti.olarly in
their ssscelation with %ie varying degree of cover by the Salvinls
mat during the cow se of study. Cluse II shations were 'ro
gstablished in the river, These wor~ smpled with varging fie
tenaity during She oourse o the st to aseesa Uho hydrology,
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Dentlio, nausbon 30q Fim of the Sotle and pool popuintions.

Glass 111 staticns weeo sotablished to sasple challowss w.bes

hamthie popdations ad the populations ssscclated with the various
hydrophytes which developed during the course of the atuly.

Datails of actual sempling undertsken are submitled in their
r-lavant chapters, 4 planned sanpling routine wes normelly
followad, tut the scope of this work, and wiexpecicd nvirenmental
changes and dovelopments which cconrrad, enforced af times an
opportusistlie rather than rigld appronch.
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CHAPIER 4

Mitehell (1970m) has separsted the vescular hydiruphytes of
Lake Kariba into two main groops; the fyeo-floating, reprosented
by delviole surigulats aubl., and Pigtia ghroskotes L., and thoes
atiacked to the submerged solias The 1 “tar b sahdivides into
& further three groups; ‘"ers: “mte”, thuse groving on ccnstantly
submerged or wet oxposel scils of the uarginal “scak-sana®;
"floating loaved", growing o sthmerzed £olls up bo ehout 3 m
derths  and Yeutmersad”, sroving oo eulmargel solle up to aboub
10 m deyth,  all groune azeost the "floating leavel™ foame wore
found and stullod in the Musnua aren, frow an st 1988, to January
1883, rore from the viowpoint of a dwnamic substrate thar ra vegew
tation par ge.
1., E P 2 B

%o Phghle w5 Pound in the nrea during 1367 and 1968, although
thic plant has besn [recuontly reported from Lake Kariha (Mitohell
1970s),

1ol Salvinds

lddde The form of Zeevinly

Mitohell (1970b) discussed baxonemic ~reblems s rising from the
spoctisg of 3 oclenising Lakn Kartua snd concluded tiat v
wes not pessibls ¢ be cortain of {us identificatiure and at the
tim su sated contlowetlon of oo ure of the neme Salvinda aichaulato
Aublot,  Suns vmentlv(Mitehell g4 al, 1972) ths specles has boen
given the name Splvindt maleabs.




.

The proportion of the study area covered by Salvinia mat, and
the typs of mat sncamtered, varied cmsiderably during t.e survey
poricd, Three morphclogloal forms of the plmnt have been dose
oribed by Mitohell (1860); a "mat® form (Fig. 4.1) on "opan water®
forn (Fig, 4e2) and a "primary® form, These forms recil’ fram
interactica Lotween nutrient and space ovatlabllity., Tae "primary”
fore nomally occcurs in newly colonised areas, whero both space and
nutrient are realily available., The ™mat® form 1s found in mature
nats whan space is minimal, The intermediata "open water" form
ceoars nomally at the odge of a mature mat, where space is readily
available.

Durin? the initial pericd of filling, the develourment of stable
3alvinds mats provided the opportunit. for colnlsntion by meny
spacies of plants whicl. otherwise would apparently have not esta-
nllshod thomselves on the lake shore. The associaticn of thase
plants studied hy Be.ghey (1963) have been temmed "euld' by hiz and
Mit~hell (1970) and the "Zalvinis oomplex® by Domnelly (1970).

1142 Secqnlaky crowth

In the Mwenda astunry the mat was colonised by rolatively Zew
spocies, An almost pure stend cf 3oirpus cubenads Peoppe and
Kunth existod in sssociation with .plyinds (Fizse 4e3, 4ed)e
Occasiomal isclated olum s of Iypha latifclis subspecios uapsmais
Rehr, Phraqnites Reucitiagus Kunth, Polyzoaus eppe wnd Ludwigls
alolaifers (Mdll. and Perr,) Raven ocourred, tut the ouly spooler
fomd repularly to exist fleating ot of awsvelatic with Selvinds
wes 1. lakifolins previoualy, this has anly “een roported for Lad-
wels atclmiCers (Mitohell 1970).
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11,5 Moshing "wdd" ielends

Floating imlands of doad Salvinda, up to sixty squarc metres
in oxtont md two metros desp, wore found to ccour in the jalvinis
mate Upwn thoso doveloped the rudorel and semleaquatic specios
mentioned by Boughey (196%), These inclulad spocics of Jouohus,
Sonvan, Pavends, Boldots, Rolozonup, Sroorus, Ivohe wnd Ludulidse
Littlo apprrent compotiticn ceenrred hetween thoss nlants nnd
Sgirpuge  Filrure 4.5 shows tho initial colonisetion of e of these
ialands by thiz type of vogetations Tho igland Wlustrated was
noarly a yoar old at the time, 4 much older ialan?, ostimated to
“a in the roglca of four to five roars old, 1s Qlnetrats. in the
left of Flre 4e3, whore the Ludwi~ls sdsoandang stoo! approximately
throe metres ahove the wator surface,

These 1slinis ware formed in twe Sifferent weye. At the ond
of 1968 the stritch of river bod hotweoon the Elbow and the welr site,
which hnl Leen )revicualy backflocdel and lator < slonised by Salvinka,
dried out as 2 r1asult of & rapld drop in wnter lovel, Extensive
shuots of Salvinla vero left stranded by the receding wvater and
died, During Dccember, when tho rivor flooded, thoso shouts wore
sompacted and floated into tha then pormanont nat where they formed
two large floating islmds, During 1963, the river was again baoke
foodad durin: July anl was oclonised by Salvinds as far ag the welr
site, In this cmss, however, the river flooded at the same time
a8 the lake lovel rcceded helow the Elbov and the live Jalvlais
wes actunlly ohservad to be compacted end Huilt up at raplds to
form haaps two to three metros in height whish were thon washed into
the permanent mat, died, an! avain forwe! floating lslmnde.

The scmowhat exelusive eclonisation of these islands by mder-
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als i the one hanl, and the prepondorance of Lyvhy and, parti-
cularly, Jgirpyg on the live 3alvinds wat on the other (unless
typloal only of the Mwenda River), tanls to indiscate « situation
which has changed since Boughay's (1363) cheervations prior to
1961s Ho does not differentiste botween the 1live and doal Sgl-
Yinls substrate and 4t 18 quite 1ikoly that the circumstances
sonduoive to the latter's formation had not arisen as yot, yet
Boughoy's (1963) list of 40 speci.e inclules many ruduials and
senl-aquatics now not found on the live Zalvinip substrate in the
Mwercia River, It was thought that this appurently resent success
of Beirmus gutensig eonld have bean dus te the lessening nutrient
lovel of tho leko as a whole favouring this plant, but Mitchall
(1870) has shown thet nutriont availsbility within Sglvin s mats

har not changed.

lole4 The dymambcs of the mat in the Musnde River Tegtunry'

During the courss of study the Mwenda "estuary" was freed Iron
Salvinis mat for the first time aince initially cclonised in 1981,
herial photewraphs taken in Moy 1985, show that tho entire "estuary®
from Station 3 as far ns the welr site, was coversd, A4 large part
of this aren, particularly aleng the river “ed, wms covered by
soomlary prowth sufficlently hoavy tc be rvcognizable from a height
of 4,000 fest, When thc aree wns “lret visited, in inyust of the
falloving year, s pection fram Station 3 to as far as Winterthom
had moved out of the estuarys The uain secondary growth, concen-
trated from hore to Saoana Bend, comsisted of Lypha latifolass
whoress fram this point to the Elbev, Salrous subsnals grev in oo
almost pure stend on the Salvinda, as in Figure 43¢  This situa~
tim persisted wmtil, following heavy flocding in early May, the
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cstre of the “estuary® was cloared as far as Esglos Nest, vhere
a eompaotion of Jyphy 4 flosting iddands against the comer
formed a blockege (Pig. 4.6} stopping any further cutward movs.
ments In November 19687, this hlockage was found to have bawm
moved out of the "estuary", apparently by wind action, and tho
gettral channel was cleared as far as Station 4.  During the
provicus June, the lake ha! backflooded the section of tho river
fram tho Elbow to the weir sife, and by duguat the actiom of wind
o & slight Hackeflow had resulted in thia stroich belng colmised
by Salvinig. The flow of the river then cleared this section by
Junuary 1988, and & further small section of the channel was cleared.
Hoavy rains which fell in oarly February 1968, reaultsd in the oom-
plete alimination of Salvinls from the ".stuary”, oxcept Cor mar-
ginal bands cutside the main force of the flood, Thervafter,
mow flow had ceased, Sglvinia, either criginating fram the margine,
or blowm into and trapped by tho "estuary®, covered a small aree
helow Elbow Fapid, During May backflooding again ocurrad and the
Piver was colamised as far as the weir site, as had happened in the
previcus June, By Novemler 1968, §Sgl inis non'n covered the
fagtiary” as far as Jacana Bend, and further small windblown blooks
of Salvinig were continucualy hein: introluced int. ond being trape
ped by the "astuary”.  On the 10ta January 1989, exesptiunally
high f1ods eamplote™y olsared the "estuary® of Talvinis, but within
six days somc plants had been blowm back Lito the "estu.ry® as
Qustrated 10 Flgure 4.7.

1J.5 Factors affecting the Salyindg mat dynemios

Th. dynamics of the Salyiais me® in the Mwends "sstuary” -re
eeptrolled by a mmber of faotors, Some contritute lowarda the
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foemation of the mst, sthers towards its dostructicn, Wind sotimm
werld appear to sostritute to both,

1o1.5.1 Pactors sontrimtine to mat secumistion

(») Tho nature of thy estuery. Tho throe comers of the ogbu~
ary aroc such ag Yo trap any planis which havs hesn blown into 1%
anl have sn accumletive blocking and retentive effect during minor
flooding, The sralual broadaning of the "ostuary” into the bay
ficlps emallorably downrds the accumdatian of Salvinise.

(b} Exponential srowth. #itehell (1470) bas demaustrated
that the srovth of a jalvinis mat s ox;menbml; This charage
tarisiio o .upled vith the tropelike nature of tho "sstunry® rosulte
ir a v audek rocovory follewing exptlelon (Fig, 4a7; Potmuarr
te o romber 1968).

{4, Boconlary srowths A met with secondary growth la far
ler s soeptible to breaking up than e withaurte Onee bound by
tho rhizames of Jgirpue the whole unit is cchosive o . requires a
great conl of dieturhmoce tc dislolze it, Mats are therofore
vulnorables in en enrly staso of calealsatlion. On the cther hand,
at this stave, ovpelis? Salyinle mey easily re-entor, vhoreas
ance a nal with geccndary growth has hoop Aisladged and exvelled,

1t wordd sosm to be invariably destropot by wove uotion,

10252 Nind potian

Wind sffoct varles ewside.nbly according to the naturs of the
sat, Furw stands of Salyials, or individual rlante, arc casily
moved 'y wind. Oneco Sgilpua 18 estahlished in the mab, howsver,
tho binding offect results In a stege of deovolopment loasl sise
sentible te movoment by wind, More mature ccmmitloes, sinilar




%o thet shown .n Plge 48, nre ance again, vi*h their increased
windage, suscuptible to wind mctlon, The mature met has, howsver,
2o ba previcusly disturbsd sv other nzents and broken up hefrs
vind omn have any offect, Referance to the dynamizs of the met
in the Mwends "estuary® shows that th» offect of wind is brsically
to acoumlate Jalvinds within the estuary, A study of soasonal
windrosos, prepared by the Rholesimn Den~iment o Moteoralogical
Services from danta collected Jurlnz daylizht houpg show the domina
ting sinds to bo northerly throughout the year, As has boon pre=
viously eivtod, there is elsc a strong southesnstorly somponech
from April to Ausuet, Furthormere, 1t is in my cwm exoerisnce at
Sinamwonia th.t strongest winds cocur at nizht s from tho southe
eagt at this timo of the yonr, particulsarly in July, Mitehell
(197.) and Soudder {1962) have Hoth rocorlod high winds to have
oceurred at nisht in their oxporionce on Lekn Karioa, snd in the
Zezbesl valloy prlor to imundation, Looal topozraphic eonditiuae
undoubtedly have a marked e foct n wind direcvien and veloelty in
tho "estuary”, Ths vallay of the Mwenda iver lles from sorbhe
angt Lo north—west, norots the sxls of the gentle astructural

araln (SWANE), Thus vhen those strone southeonsterly winds cecur,
the river valloy has a funnelling offoct whish tends to strengbhen
the air flow dowr the walley en! “ives riso to loeal, short-lived,
gele frreo winds in the Muendm Bay anl "estuary®, leforence te
the topography of the study area (sou map) demont whos tho steep
100 4 hilleide above the .orth m shoreline of the “estuary” from
Jnoans Send to boyond Parpct Hond, Lhis slope tends to vesr .acse
strong southorly winde to follow tho "estuary”s This facter,
souplod with tho lle ~f this sectlen of the f1 oded river, rogul ta
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1n a suscaptivility of the mat cuteide Jacans Band to wind induced
utvard movenent, wbereas within this bend the lie oI the estuary
and protaction by Mluma Fold cancels wind offect,

On the cno haal, therefore, persistent 1ight northerly winds
ooeur throughout the yoar in daylight hours. These tend %o
gathor and acowmlate Salvipla plants within the "estuary", On
the cthor, short-lived, scmetimes gnla force winds cocur fron the
southeeast, noinly at night, and exert considerable pressure on
the mat, partioularly when Izghig has doveloped. The effect of
thoso winds s to move tho mat in the stretoh botween Jacana i
Parrot Bonis out of the estunry, It i3 Jemenstrable (Fige LT)
that ti. persistont ncrtherly winds have a greater ovorall effact
by continuously re-cclonising ths magtuary® with Jalvinia. The
tntoraction “otween thaso winls, taking into considoration the
fact thnt any maturo mat vhich is moved from the sholter of the
estuary is destrayed, thus enoournges the dispecsil of m.ture sudd
and the aceurulation of 3alviuig without scocndary growthe

1.1.5,5 Factors scnbriuting to nat dissamination

{a) The oction of lsunchoge A 14 o Ymnch wns the only moans
cf entry into She “ature mat for sampling purposes, {nca having

out o path throuzh the SgArmug riiizonos, the same path wes used
an! kept open thereafter (Fige 4e3) and must have made the ant
more susceptible to the actionm of winds @l flooding.

(b} Flooding. During the study veridcd, excepticnal flools
coourPed on 5t Mey 1967, shen the *nlunge ooint® ovourred at
Jaomna Bend; o 11th Fobrunry 1963, when the plunge point occurred
betwean Eaglos Nest and Winterthorn, and a 10th to LZsh January




1969, (S.hs ¥'tohell, perconsl oammnication) whon the plunge
podnt cocurred at Station 3,  Prior to May 1807, minor changes
in the sat werc sitributable tc wind and boat action, tut after

this 2.j sajor yrange. which coourre! resulted from ﬂoodlxng;

ubout seven yorrs afer its formation, thorefore, the mat of
the Mwenda Kiver mouth startsd to biuak up, which it did cver a
pori-d of two flood ssasms thragh the comined astims of wind,
flooding and, to a lessor extent, the ‘lsturbance resulting from
tho rogalar entry of a launch,
2. T TUAGENT LITTCRAL FODOPHYTES

At she stego of devoloprrmt of Lake Karida reached in 1966 and
1967, the ;mueity and sonetimes complete lack of emerpent littoral
hydrophytes along ocnsilorable stretches of tho ronst was perhaps
the single mest cutetanling sharactoristic of the shoreline
(Fige 4e8)e Sovoral fnctors, apart fram the cansidernble distance
hotwoun the Zambesl Hdver and the present shoreline, have boen
suggostol s belr. the cause of Lhlse Firatly, whero exposed,
tho shoreline is renjered scmewhat sterile by weve astion, result-
ing in bouldler arucuped ccastlines where sandstone is mot and
olenn san where the mcre casily arcied ehales are snoountored.
The finer partisles of lhese subat rabes are washed cut and deposi=
tod cffehcre (Band 1065), Thus mrginal hydrophytes can only deve~
lop sntisfactorily in sholtered inleta. Hore, howovar, dry strane
ded mabs of Joalvinds tend to be nost froquent, snd are reported
(Magalza, in press; Mitohell, pers. comm,) 18 having an iphibi-
sory offect on the gersination of other plants, Secmndly, the
considorstio md scwetimes rapld snmunl Flustuationg of leke level,
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as 2 ftans of lake rwag for powsr gemeratiss, result

in strending or drouning of the primery colonlsers, As Mitehell
(1969) has pointed out, mnly species able to withstand these two
aotims are likely to survive. Threo spesiss of plant ssenm %o &
varying degree to be able to sxiet under those conditiomey the
grass Ponioum rupenn (Bowmaker 1968; Miteohell 1969; Dounelly
1969; Magadsa in press); the herd, Ludwdcds gholanifers (Mitehell
1969) and the sedge, Qypurus artioulatus (Bowmaker 1968).

There are oases, however, where Magadza's snd Mitshell's cbe

servatiun an the inhibitory effects stranded Jalvinis =at has oo

germination, have nct held trus. In fact a mulob of Salvinis
flotaam above the wave line can fmprove sterile soastal emditlons
and ganernte the growth of mamginel plants, partieulsrly Eabloun
Dpaos (Flz. 47).  The discrepancy hetuesn my cun and Macadwa's
and Mitohell's ohservations prolably artses frem the soures or
age of stranded Salvinise Mitohell (perv. comm,) has snid that
all cases of Inhinition which he hae cheerved were agsociated with
stranded stable mat, vhereas my own obserration luvaives an old
creumulation of single alvinis plants. The indisstions were
that recently dend Jalyinip ncoumudated in thls way doer inhibit
the zrowth of Paplgum, whereas an cliar aseumulsticn !id not, and
in faot stimilates growth (Fiz. 4ef)e

Cynarug artieulatug was first vucrded in the M nda Bay in
January 1968 shen s small stend wne found on Selohe Tower Taland,

Thas partioular stand withstood & we.er level drop of O.8 m and
a rise thereafter of 2.18 m to the high August 1968 levals It was
thought that the exsepticnal height of the lake in May 1969 (4878 m
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Galialele)y B8 4ok B higher than when the plant was rirst seem,
wrild ohliterate the speoies from the margine of Mvwends Bay, Wt
this was not the oame. Vart of the orizfoal stend withstood this
flustuation, it smaller stands which had, eubsoquent to the Anitial
oclmisation, dovelopas elsewhare fn the hay, have d!sappeared.
Tt wenld seon thereforu, that uhere [ypeius artioulatus has nad
the opportunity of ustablishing 1%80if in apprecisble stmds, it
will o abls %o roslit excapticaal lake lavel fluctuations, whioh
is not true for the cthor twe marginel spocies menticned above
(Panious rapong ~nd ludwicdn stcl@mifors). 4t this time (1067,
1968) thoss twu apooies appearcd o malntain themsslves relatively
procariously, as stands of thuse plants did not persisi in eny one
situat.on, ut appoarcd haphasardly and seomed %o survive, wder
the lako lovel fluctuation regima, by resseding., Megadse (1970)
faals, however, that "1t s poesible thet 1t {Panicup rauena)
aculd Joad to a stabilisation of thiz (marginal) habitat®, The
marginal vegotation was found sc infroquently during the course of
study that 1t did not werrant sawpling,
S THE SURMERGED L ITTORAL HOROPHXTES

For the purposos of this study this sectlcn inoclndes both truly
submorged rlants snd plants wilch are rocked ¢ the botbom hut with
floating leaves, an opposed to thy marginal sgustle hydrophytes
smsilersd above, which are predwminantly wwergent, Wclachlan
{1968) has reported the cocurrence of Nymoholdas end Hwmohass in
ophemaral pocls on 4he lake marwin, but meo inundated, these
plarts did not persiet, Priamceatik soReminurthis bes been
seported from tha Sinamvonda ares and the Sanysti Basin by Mitohell
(1970},
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The role pleyed by sudmerged 1ittoral hydrophytes, as primary
producers, as & substrate for tho development of aufwuchs algsa
@ 5s & weans of protection for Juvemile md umall fish species
from prodation, is most fmportant, The poor developmemt of this
type of vep~tation osn only retard the productivity in any body
of statia fresh water, In Mwonia Buy, the lask of Iittoral
hylroriytes was manifost at the ond of 1966, and hag beon dls-
oussod in the suntext of delaterfcus offect o fisherios producs
tivity by Bowniker (1986) {dppendix 1}, Subsequemtly Molachlsn
(1968) has demcnstratod tho importance of establistment of
1littoral hydrophytes on the benthos of Lake Fariba, and Danally
{1970} bas olearly shown its value vith regart to the successful
broeding of T4lapis paxtdnord o the littoral sono of gently
shelving shorelines of the «learsd areas of Lake Kariba, He
amphasises that this is partionlarly true for Lake Karibs where
Juvenile anil small fish spocles are subjected to eounslderable
preiator pressure by the tiger flsh, Hydrcoynug xiliatug, as wes
first propomded by Jackew (1961e),

Mitchell {1970) roscrds the ocourrence of the varicus sube
merged rooted littoral hpdrophytes during tho formaticr of Lake
Kartba., Jotatophdidus dagorsmyr hae alvays been present in the
lnke, particularly associstod with river mcuthe end has at times
arown in very danso stanis. MoLachlan (1968) records this spwoies
88 groving to o dopth of 30 m and Doelly (1970) ¢o0 7 me  Eghe-
sogatan saalllus was not, howver, recorde! priocr to 1984, when
MeLachlan (1988) Pound At ccourring sparsely in the Sengwa Wost
sleared area. Wishin a fow months thir spocles ceoupled the
aatire eloared avea up to a depth of 4 m. Downelly (1970)




rocords this spocles ¢z growing in & bepd frem approxinately

1.5 m te 3 m dopth.,  lagzarceiochan Aldoifcliug wes first recor.
dod in the lako at 1ts wostern, Zanmbezi, end at the end of 1066
in "falrly desp sheltsred areas" (¥itchell 1970) an! various
othor specios have rocently heen roecrded by Donnelly and Begg
(Mitohell 1970, Dcanelly 1970) in the Sanynti idver roglon of the
lako, porhaps as a result of this arca “eing studied intonsively
for tho first time, These Inclule species of Yalllsnoris,
Atelis, Utrloujaris, Polamcgeten schwelnfurthil and the alga,
Shara.

During tho ccurse of this project, there were ccomsiderable
changes in ths populations of the three specles found in the
Mwenda Bay, 1.e., Coratcohvilup demorgun, Potamereldn nuakllua
and Logarcogichon Aldelifcilug.  In Aumust an! November of 1966,
isclated occurrsnces of singls plants of Cgratoohyldum and Pokame—
gotop were noted, These were mas% frequent in the harbour of
the Hesaarch Station and could, perhaps, have been introcduced te
tte Meenda Bay by “oata “rom arcas slsewhere in the lake, where
these two planta were alrenly established, This supposition is
lent some support hy the fact thet by May 1967, isclated large
stanls of thesn twc specles hal alrealdy daveloped arcund the Bay
and Potamopetan was aotively trvalin: shallow vaters (Fime 4,10).
Differences in dletriutior of the two species were found that eould
appareatly be rolated to suhstrate and wave sction. Pobamoseken
wna genorally found on shaltered wave-wnshed rock and sand points,
whereas Seratounrllup ccourred in inlets free of Salvidia (Fig. 411),
normally smongat trees in quiet waters. The two specles were in~
frequently famd together md only where a gradstion hetween tur-
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bulent and still waters cocurred. It was omsidered at the time
that wave actia. =z probably the most impcrtant factor limiting
distribution, This wac partly borno out by the fact that Pote .
Mgeton kept in aquaria quickly developed a thick c.ating of
periphyton and disd, wherens Coratophyllum, under the same con-
ditions, persistel for sevoral weeks. Porhaps Potamozetcg offers
a more favourable substrate for development ¢’ periphyton snd oan
only survive under turbulont water oomditions, whioh keep the leaf
surfaces clean and photcsynthesising, whereas under cala oonditicns
periphytic growth is sc suocessful that light is largely tacen up
before reaching the leaf surfass, Cartainly, further ressarch in
this prohlex could yield intoresting and valuable results,

The isclation edween those twc apecies resultad in a situstion
markedly different from that found by Donnnlly (1870) an semi-
shelterad rantly sloping shorelinss, whore abrupt zanaticn cccurred,
He found Potamopotan onoupying an inner bend at depths of 1.5 m to
3 n and Corntophyilup outside this, fram 3 m to nbout 7 me  Potin~
Logatsn, 1o Mwenda Bay, was found from Ge2 m to on. 3¢5 m and
Goratoohyllug 1 m to en. 6 me Depth distribution of these plants
was not cxaminod exhaustively, howover, so that the cuter depth

ranges muat ba regardel ns estimntos,

By July 1967, the siturticn romained unchanged with regard to
these two species b Lagarcaiohan wes found for the Plrst Lime
in the bay, growing in a single dense stand in ane situation.
Gradually, during the course of the next year, Cornbonbsdlus,
ari partioularly Pohabgzetun, were replaced by the invading
Jezaxvaiohan so that by November 1968, very fov stands of Pakg~
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Rm wore recorded, The entire ccastline, exoept vhere parti-
oularly oteeply shelving or unprotected, or sovered by » permanent
Salvinls mat, wes cooupled by Lasarceiohgn in a bar . at depths
ranging betwoen 2 and 4 m. Whare protection from weve action was
most effoctive, banis of Corptophvllum were found to ccour outside
the Laggroaiphon between 4 m to 6 m,  This situntion porsisted
until Junuary 1989, when roccrding was discatinued,

Thuse rooted littorn) hydrophytes never cceurred unlornoath
permanent Jalvipla mat along tho shoreiiue or further inside the
"ogtuary® than Chris' beach.

The reonsans for the slow develomment of this important asscole-
tion and the basie prodictivity o Lake Kariba have been discussed
at some length by Bowmakor (1968), Mitchell (1970), and Donneliy
(1970). It 1s now generally belioved that the two main causes
for this tarly develcpment are the flu tustions of lake leval and
the presence of lizht-exeluling permanent mate of Jolvinige In
this context, it is slpnifionnt that developme st of iittoral plants
cocurred during a rericd when fluctuations wore at their lowest

since the dam was closed (Fl7, 5.7).

It iz unwise to try tc predict the future Jdevelcpment of the
littoral submergad hylrophytes. I-oarosiohen dddsifoliug bac,
howaver, shown a pattern of oclanlaation starting in the Hﬂ.l.bo-i/
Sebunsrwe Basin and gradually moving down the lake to the Simyatd
Basin, Whergver this plant has beooms sstablished 1t has persie-
tod, s that 1t would prebably not be guing Yoo far %o auvout that
this spec.os appears to be well sulted to Lake Karibe in it
prosent stage of development anl owuld quite eagily romain a
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mocessiu] ometituent for some time to ome,

The three spooies discussod sbove, snd the non-vasolar
plaat Chaps sp. vhich cocurs in the river pocls, werc sampled
quito extensively to their £ .

(Noter Ohanges which have cccurred subsequently to 1970, vhen
this ohaptor was written, are included in the final

chapter) .



CHAPTER &
THE PHXSTOO-CHEMICAL LIMITLOGY

The collsetion of physico-ciemical data wma undertaken to
assertain the hyirclogical background of the study area, its mrnrient
status ani ths sesacnal changos experienced, with the possirility
in mind that cormlations could exist botwoon physicoschemical
and biotie changes, The Information was also necessary in order
to assertain the ablotic s* %+~ of the urbitrary stations in rela~
tion to onch other. A further alm wae o aspess the cffect of
tho Salvinia mat on the abictlc part of the ecosystem belng studied,
1. LGS

1.1 Rainfasl

Rainfall figures wers takon from the lesearch Station records
whore rain was measured by gauge, daily at 08,00 hours, Thesa
figures cannct miprosent the daily rainfall in the catchment of
the Myenda River ag most roin was recoived from stoms which vers
eharaoter istically local in nature, Individual storns bave boen
chserved tc be recorlod b7 the gauge but not to have delivered
paln within the catchment of tho river and vice versas Rainfall
in the area is, however, governad by the position of the Intor-
Tropical Comvergence Zone, whlsh comurs botwemn roist northerly
and dry south-casterly winds. This results in intermittent rain
periods of fram $vo to ten days during whioh raiufall, takea over
the poriud, 18 of & goneral nature., Hevoe gauge monsurements
comsldered as fortnightly quotas are considered to approximate
quite clossly to the reinfall experiencad by the catohrant of the

“wunda River,




1.2 Do

Oving tc the somscoal sature of this profest it was not possidls
%o obtain noourate flow data for the Mwenda River, The orucddd
nature of the affents of flow an the scosystom boing studled ves
apnresiated et the cutsot of this study, 4n arrangenent for
ancurate convinuc'e flow seasursment, bearing in aind the sesumel
nature of visi s md the commitmanta of the Research Station staff,
was not por~ihle vzdar the conditions then prevailing st the Revearch
Station, Yeither wea it financially practionl, at the time, to
tudld a wolr on the river sc that a constant lewal recorder could
be fnstalleds A gmuging weir has nov (1972) beem tuilt in the
rivar and ccotinuous Clow moording has buan started,

It wms possible, howvewor, to ascerisin the aotual start ad
cegantion of flow in the river mnd whon major floods oorurred.
Tha voluma of flow £or non-flood periods wes dotemmined from furd-
nightly reinfall [iguros ae obsorvationa of o durlng fiold
poariads bore & aloso relationsbip to furtnightly sumeations of
gtation rainfrdl rucords.

In Dacembor 1337, whon greater anphasis was placed a the stuly
of pobamodromasia, & gauge wno installad In the river, grsduated
at 0,1 m fntervals, Steel "magzying™ pegs were placed &t each
graduation with the Intention that uncboorved floals wuld leave
flotsas suspanded an theme st the highest wster loval reached,
This devico was sucressful,

1.3 leke leysl
lake lovels were taken frow date suoplisd Ly the Contral

Afriom: Yowsr Corporation and canverted to netyes alove msen
son lovel, The gaugs muntimned abowe was placed srbitrarily
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and pauge levals were later oorrelated to lake levels after th- lake
had hackflooded sulfleiently to allow comparison by simultanecus
readings of both, The gauge zerc was found to be at 483.2 m

asi.dela  The top of Elbow Rapid, at which level the lake backflooded

some 875 » of the river, was measured in relation %o gauge zero v
Mbuoy level aud found to be 485.4 (20,1) m a.m.sel,

l.. Iemperature

Tewperatures were raasured to the nearsst ,05°C by themmistor,
The ofroul’ was constr: ced by the writer to the degign of Mortimer
and Moore (1953), and was calibratoed before and after each semsonal
vislt, Spob checks were made on surface temperatures using a mer-
aury thermonaler during the course of the fleld work. Tamperatures
wore messured at che wetre depth intervals st both Class I and
Class [T stations in the lake, Measurements from murface to
bottam were also taken against the mat edge, at 10 n, and 80 m
inglds the odge of the mat. FPool and river temperatures were
meagured by mercury theisometor.

1.5 Diasdlved Oxvgen

Until May 1967, dimsclved mygen aoncsatrations were measured
at § m dapth intervals using a )} riedinger sampling bottlo, end the
umodilled Winkler method described by Mackereth (1963),  Hube
samplans were fixed {mmediately and titrated within three days of
baing collected, After May 1967, an Esl.L. biclogloal oxygen
mytar, dosigned by F.J.H, dadkereth, wvas used and dissclved oxygen
values detormined st meter lepth intervals simultanecualy with
temporature readings, This meter was regularly ealibratod and
spot checks by Winkler %itratlon were carried out, at least mee
every fiold trip, through the range of values found, Meter readings
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never variad more than 3 from the walues given by titration
resuts. When marked changes in the flow of the river ocourred
during a fie)? periocd, the tesperature and oxyger characteristics

of the wat:r body wire re-measured,

1.6 furbMily
The depth of visib’lity wes measured using a 30 on dismeter
Secchi Disc with bleck and white quadrauts,

1.7 Mater Samnles

The dissclved oxygen lsopleths and isotherms plotted fram the
data callected clearly showed whore water charnoteristios differed
in the study arca., 3elective sampling of the diffcront water
bodies was than undertaken using a Friadinger sampling bottle, to
ascertain their chemlcal charactoristics. Samplos were split
three ways, pH and conductivity were measured immediatsly snd
alkalinity waa measured within twenty-four hours from the first
pample; the second sample was kept, unpolscned, in a palytaene
bottle; the thimd sample was immediately pofecmed uy the addition
of appraximately 1 ml/1 of saturated murouric chloride sclution,
and kept in a polythame bottle. Care was taken to neo that
samples contained no air,

1.8 The Specific Comduetivity

Conductivity was measurod in mieramhos or reciprocal megohms
por am {ymhos) using s Dionlc Water Tester, corructed to 20°C,

1.9  Iohed Adkalicity and Carhoo DJaxdde

Total alkalinity was determined by titratlom, using 4e5 indi-
cator as deccribod by Mackereth (1083). Carbom diaxide valu:s
wore derived frar these resdin.s end pi valusa of the sample,



using Mackeroth's (1063) namogram,

130  Ihe Hydroeen Ion Concentratium (oh)

@ valuss wore determined sulorimctrically, using a Lovibond
Comparator.

111 gboratory Apalvses

Kejt samples wers analysed in Galisbury by the Governmant Analyst's
Laboratory vithin a month of collection. The mothodas used apd degree
o socursay of these are tabulated (Table 5.,1)., Whenover results
vere obtalnod which diverged markedly, the analysis wae checked and
gamotines re-checked.

The mwthod of presarvatien of sampizs, by polaoning with HaCl,,
was chosed as nelther scphistiosiod epalytical nor freesing facili~
tles axistod at the Rosearch Steticn at the time, Hellwlg (1964)
haa shown polsoning with chlz Lo be effcctive for palluted samples
up to two weske after collesticn., In these, biclogical activity
oms be sxpected to be far higher (anl thus offeet determinations
more) than in wator samples fron Lako Kariba, Tho method is
{gnored by more mgant vorkers (Golterman, 1669) end would thoree
fore seom b0 have limitations, even though most convenient,

Prssont opinion favours immedlatu annlveis of samples, partioulariy
for nitrogen and phoaphorus, T aatimaticns of water chemistry
presonted in this thesis, particulorly in tho aase of ¥ and P,

wmast tharefore bo rogardad with some reservetion and oan only vo
sompared with similarly trpatad semplos, The lnacourasy 1nhorent
in some of the sampling methods and annlyses waed in this stuly are
wnifest after coaidernticn of Galterman's (1969) dlscusslon of
tho chemiot] anslysls of fresn wuters. Thay are, howsmr, b
least squivalent in scoursey to previous analyses of fresh smters,
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ANALYS IS

Caleium snd magneaium
hardness

dodium and polassium
Phosphate (PO:")
Nitrate nitrogen
Nitrite nitrogen
Anmonincai nitrogen

Albuminoid nitrogen

THE ANALYSIS (F KEPT SAMPLES

METHCD

Veraanato

Flane photasotar

Shake-aat into butancl,
stannous chloride/sclybdate
calour (Analyst 1965 p.29)

Shake-out with 2-8 xylancl
(Analyst 1964 p.730)

Hallige standard disc
alter diasctisation

Distillation and nesaleri-
sation

Digtillation after addition
of K‘-‘nOA ang nesslerization

87,

-
ASCURLCY
(pepens)

1

0.1
C.08

0.0

1. Acouracy refers to the establishod acouracy of the methad uset
and not tc the actual valuns in the water boly sampled, o4
analysls tock plage betuwen 14 and 30 days after collectimn.

2. Analysis of Ca“, Mg“, K nnd K‘, wore oarried out on une

polscnsd samples.

%. Phoaphate and nitrogen estimntlons were carried out on pamples
pelammed by the addition of saturnted chlz galutione
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partioularly in Africe. It will undoubtedly take some time for
local faocilition to becoms suffiolently developed to allow the
achicvement of higher degrecs of accuraay.

Laboratory analysis was limited to suspanded solids, dried
solid residue, ignited salid residuo, losa on ignition, ohloride,
nitrate, nitrito, smmaniacal and albuminoid nitrogen, caloium,
Dagnosium, potassium, sodium and phosphate; emphasis was thus
placad m suspended mattor, orpanic load and the mutrimnt ccatent

of wators samplod,

2. ERSULTS

2. Runfall

Reinfail data in fortnigitly periols are presented in Figure 5.1,
It is clear that both the amamt and scasanality of rainfall varied
oomnsidorably during the study period, More or less "normel® rain-
fall was exporicnced in 1966/67 (544,06 mm) and was ooncentrated in
December and January, Tho rains had apparontly ceased by the end of
April, but the third heaviest singl fall (38.6 mn) of the season was
subaequently experienced folloving a storm on a4 May, 1387,

During the 1967/83 scason, only 350.01 mm of rainfall was
resordad, On three cccasions moro than 25 mm fell in a single
twenty-four hour period, comparcd %o eight occasions in the previcus
seasan,

In the £:1lwving season a total of 761,55 mm of rain fell, more
than twioo ms much as in the previous yosr, Another foature of
1968/69 seagcn was the very iow rainfall of the latter half of
January and Fehroary, totalling &2 ms ov_r six weeks, follow ° by
the exceptioual March rains ~f 455 ma, Falls of greanter than 25 mm
weru recorded cn eleven separste twenty-four hour pericds,
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2.2 Ti

Figure 5.1 also shows the fiow and flocding pericds of the
Wuo.uia River.  The telative volumss of flov can be gauged roughly
froam the msount of raln received L. fortnightly poricds for the
reasons given avbovs {Sect!m 1.2).

During the 198¢/67 rains, the river started to flow in early
Desvebar and flroded on the 10th Docomber, It comtimued to flew
unt!l lats Msrch, floodlng again on 8th January, No fiow was ox~
perioncad betwoon lato March and the beginning of May, vhon mn axe-
qaptionnl stom risulted in thwo largust single flood of the seasm,
Flow finally ccased within a fow days of this ead did not start
sgain uptil mid-Docember 1967, As can bo oxpoctod from tho low
rainfell oxperionced in the 1967/68 raina anly one sinor flocd
ocourred on 28th January, and fiow ccasod finally in midMarch.

A tondny poriod withaut flow also occurved in midJanuary 1968,
Tho river started flowing egain in aidwDocomber, flocding viclantly
on tho 10th Jumary 1969, Flow ceasw’ during the 1w rainfall
poricd in the soocnd half of Fobruary, but recimmonced as exsop-
$icna) floods which oontinued throughout Mareh 1989, Tha river
finally oconsed to flow in m§ April, OUate regarding floode are
shown in Tablo 5.2,

2.8 Lake Level

The %emporal psttomn of lake leval fluctustions wos normal
batwoon 1366 an 1969, vith high lemis resulting after tho Barctee
flocte, beiween Jupe and Saptember, and lowest levela ccourring
between Pobruary and Aprdl, During 1987 and 1988, fluctusticns
yomafnod at & low lovel (Tahle 2,2), not having bec mich more than
tvo metros, During 1968 end 196D thoso fluotuations vere morw the
dusble the twc fatormediate years,
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Lake lovels bave been plotted in Fig, 5.2 wd the intensity and
dvretion of fluctuatione during the study period are also shown as
wetros #ise or fall per month, This figure demonstrates the rela~
tivaly stable ocnditions experienced between May 1967, and Dezcmber
1968, Tho main physical effect of fluctuaticns in the study araa
18 velated to tho back-Tlooding of the lower reachas of the river up
%o the woir sita, This back~flooding ococurred betwoan April and
Sopterber 1966; Juno and Nvenber 1967, and May 1968 to January
1969, The stoepniess of the shoreline ip the Meenda Bay goenorally
(7ig, 5.11) results in relatively small h risontal t rd

wator levol changes, the retio ranging froe uo vnlt of horiscatal

mov » 1t tc o wnit of vertical movemant to approxinately 10 s 1.
Effoots of water level fluctuaticna aro therefore aona’lersbly less
than the Sangws Wost cleare’ area, which Mclachlma (1988) foumd to

ra about &0 1 1,

2.4 3eascel Temcoraturs Vaslaiices

2.41 goascoal Lemperature changes of She Mater MR

Piguro 5.5 shows t . casonal distribution of 1°C isctherms
at Station 5, and Indicates four phaeos within the annual aysle.
Initially, surface water tomperatures dropped 4°C betwem Jaouary
and the end of Msy 1967, Lndica‘umgnnlowoodmgphnolhu“-
1°C/ncmth, The scoond phase fron late Mey wtil nid-July, vas cne
of rapid deoroase (of 7°C in two nontha) to 20°C, The thind phase
ocnsivted of rapid lncrease to 27°C in twc months end the fourth
phase, me of slov increase at the rate of 1°C/mnth, tock place
betwsen Octcber and Japuary, Thus tm-d‘Mmthlmrlhnho\

U turs oh wore gratual in surface waters (8%),

» g

and for four mcnths over the cald paricl, chsnges wero rolatively
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abrugt (14°C). |
Botton tempsrature changes rulated morwally to those of the .
surface, ocourring up to two months prior to thex during the cocl
ing phee=n, and lagging as much as four months behind during the
heating phasos The rapid change apparen’, at the beginning of My
was due to heavy flooding which ccourred at this time,
The situsticn at Staticn 3 reflects the pattem found at il
stations with water deeper than 8 m, (ther staticns Jdiffered only
in the relationship cf change betwean surface and betiam water, which
varied as a function of their depth,

2.42  §onacpal temporature changes Srom bey Lo pAVeT 4ok
Pigure 5.4 siows the rosults of soascnal transects of surface
and bottom teoporatures.

2.4e2,1 Haters freo of Jalyinis

Highor surface temperatures cocurred witiuin the "estuary” than
olsovherc during the hot seascn in January 1987, which osn be sttri-
muted to the smaller vclume of the enclored weters, and invasions of
hot (up to $5.5°C) water fram the river during lossor [low periods.
Bottom waters showed - gradual inon ase inversely proportianal to
depth, By lLoril, vher the cocling process wes rapit  tamperatures
were similar throughout the lengtt of the drowned river bod, and showed
1ittle differeide betwsen surface and bottome By July, vhen the
groater toupemture gradient betvesn surfece and bottan indioated o
start of the varaing phase, vater cuteids the “estuary® sppeared to
b waraing iaster than within, and tonperatures along the botta
tallowod surface tempersture differvnces closely, The warming pro-
uumntch-wstmm-lphdu' aber, ond temp
within the "estuery® were up to 1°C lower than open weter. The
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alope of bottom tempurature cutside the “estuary”, in o junobion
with the gradient betueen surface aad botcn tomperaturos wculd
appsar to have bean associated with ahe_development of stoatiffcation,
which will be discuesel belows

Greater annual fiuctuatlon therefore coourred in enclosed waters
than in the Gpen bay ares and the data indicate that changes within
these weters cocurred after changos ia tho bay and mist thor.fore have
eontinued to rise or fall after open waters had sta)illsed at highrst
or lowsst temperatures. Whon the magnitude of these changos are ool-
pared to annusl variaticn in temperature, however, the biclogloel
offacts of theso differences cannct have been great,

2.4.2.2 The effscts of tho Jolyiplg mat

As oould Le expooted, the effect of the Salvinlg nat was basically
inslctory, Thus during the hot and waming pericis, *aptuari 10*
wator wns cocler under the mat; during socling and the cold seaacn,
waters under the ma% were found to be wamer, clearly dencnstrted
by the sbrupt fall in temporature of a block of open shalle/ wator
which happened to occur near tha river mouth in July. The Salvinis
nnt therefore had the affect of reducing the differcnces botween

opon waters eul anclosed "egtusrine® wnters.

2.t geasgoal Changes in-Ridaclred Qxvgsn

Figure 5.5 shows the seascnal ohangos in cxygen ocatont of mrfaoe
and botton waters at the five main staticns, The siy .atim Pomd at
Stations 1 aui ¢ wo d appea- to be identioal. Surface saturati..s
at these cuter stations remained very high throughout the ysar,
Button vaters, m the cthor hand, varied sonsiderably, bein; low in
Jonuary (10 - 207) mnd inoreasing to a pesk in April (80 - 90K},
thervafter teraicns decreased slowly until the January low level was
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exporionced again in 1968, Thus, ‘n .mtors asscciated vith the
botton at about 22 m, oxygan oconditicns appeared not to be l.niting,
as far as is lknows, oxoept persibly in nid-sumor, Thewssasens—for
Shbo- situstion at this time of year oould bo omused by two factors.
Firstlr, the dovelopment of stratifioaticn, and scocnily, the deocre
position of fresh orgenic mattor laid down during recent flocding.

Surface watars at Staticn $ showed a sinilar pattem to the open
surface waters, but sonditions in waters associated with the bottom
wero different in that highest values wore *mund in November, with an
abrurt decrease to a January low, Tho reascns for this difference
are asacciated with the dovelopment of de  stratification at the
outer stations, not present at this staticu, (See bolcw),

ftaticns 4 and 5, wndormoath the Salvinds mut, gonerally showed
lower oxygen concantrationa throughcut, Sindlar trends vere chaerve

able in both surfacs and betton waters, with higher volues at the sur-

face, Scaswmal chang=e 22r: !'iffared in that lov January concentrae
tins persisted until April. From July to Nevembor tho indicatfms
wore that oxygen tensions ranged betwoen 80 and 80% throughout wosurs
undemeosth the 3Jalvinig. Velues droppet egain by Jenuary 1988, in
botton waters, t¢ 208 aanturation, in keeping with tho low concentres
ticne «xporionced in January and April 1967, Surface ocnomntrations
in January 1987, d4d not follow the p.ttem cutlined above, This s
oonsidered to be for ths same roascn ne the high velucs fomd in
January of tho following year, nanely, surface wators in both casee
wore of direct riverine origin, The 1587 concontrations wre sampled
vhen tho river had virtually ceased 4¢ flow, vheress sarpling in 1968
was uplertaken when the fiver was flovin, Lightly, This could explain
the apparent disorepanay between Staticns 4 and § in 1987, vher the
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blook of wari, oxygenated river waier is thought to have passed beyond
Btatim 5, Wt no' Btation 4, henoo the higher cxygem tensiuns st the
latter, It wil! be seen, balow, that when the river flows weskly,
river vater remains at the surface in the "ostuary", a charncteristic
which a'lows this explanatioca,

2.6 Thommal aud Gurgen Stratilicatict

Theoretionlly, the more enclosed a bady of water mnd tho higher
the ratlo between dosth and surface areu, the more abrupt should
tamporatura shanger ococur with depth, and the shallowor these cluwss
should cacur, Those charasteristics ahould be emphasised 1f che ene
slosed boly of water is experiinsing greator temperature fluotuat.om,
Thus, tho oxposed outer statiros, (1 and 2) vith tholr large eurfage
area, lover ratic of depth to surfaco area, and lower range of wnnual
temperature [luctuations, stratifiontion could theoretically v ex-
pecied to be deuper and less abrupt than st the inner staticis (8 to
8}y This nettern wms fcllowsd cnly in part, as follows,

During April 1967 (Fig, 5.6) etratificsticn was genernlly wnek
(0,6°C/n at 28°C), and sloped from 8 = 7 o 4n lupth at Station 1 to
4.5 m ot Station 2, with no apparent stratification ineide thias,
axoapt the abrupt changes which scourred in surface waters inside the
Salvinda mat. Disscdved cxygen valuws sloped inwarde, indepandantly
of the thermai atralification, with highest values at the surface at
outer stations, and lovest values wndemnaath the mat, The pattorm
of Lsctharme and diseclved oxygen vilues imdleatsd ccnelderable mixing
to have been taking place in the viclnity of the mst edgo, probobly
assoclatod wAth wind induced susfuce urrents being aotiveatud aloag
the uat edge, but not under ¢ha mat, an? the asscolatod acupenzation
fran the botton waters, This results in a "ti1%® in the opposite



direotion to that experionced in outer waters,

The fallowing July showed a duplication of this pattern (Pig.5.7),
but stratifioation wny deeper and far more abrupt (1.2°C/n at 21°C),
sloping from 10 m at Station 1 to § n at Statimn 2, and 2,5 m at
Station 5. (xygen velues showed a sharper gradient in association
vith temperature stratification in open water, but thereator chaveo.
teristically "sloped" independently of temperature, with a repld
reduotion betwea. surface and bottom within the "estuary” and parti-
oularly against the edge of the Salvipis mat, though values did not
drop balow 508 saturation, More highly oxygenated wanter intruded
at Elbow Rapid as a result of back~flooding which occourred at this
timo,

By November (Fig.5.8), double stratitication was established,
The strong upper stratification layer (1.4°C/m at 28°C} aloped
oharacteristically, but more shallowly than previcusly, having risen
to 6 m at Station 1, 5 m at Staticn 2 and 5 n at Station 83, Deep
stratification (0,7°C/ 2 st 27°C) s~ ostabiished horisontally at
14.5 8. Oxyzen values were foun. ‘o vary indepondently cf the upper
thormoaline, but a marked "oxyoline" {100 - 80%/m) ocourred in
association with the deeper thermocline and oxygen vulues foll rapidly
undornoath this, though values renainsd anove 508 saturstion through-
out the nroa of study during this month,

Tho double themocline persisted until Jamary 1968, (Pig.5.9)
but the shallowe: was found now %o be horiscntal and strongor at
outor stations (1.5°C/m at 50°C) where it ocourred between 4 end §
Aepth, The doeper thermocline was found to be both less ebrupt and
deopur than in November, oceurring at 20 m, Twc slcped and marked
"oxyel inos® veourred, the shallower running from 12 m ot Station .



Edcuren 5.6 30 5.9

Seascnal ohanges of igothorms end dissalved axygse isoploths
of tho water colwm overlying the old river bed, Sampling
points indicatod by dots; stations by mmerals. Salvinds
18 indicated on the water surfaco.
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Fig. 5.8 8th Hovember, 1967
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%o 7 m ot Station 2 and 4 m at Station 3. The lowor axyoline
(88 « 188/n) cocurred within 2 to 3 n of the bottom ond oxtanded
well into the ostusry, tims both occurred indepsndently of thormal
stratification,

It s sonsidered that the decper thermocline, which becw.—
apparent in November and which was closely assccisted with an abrupt
decrosse in oxygen was probably, judging by its depth, tho cuter
odge of the overall lake thormocline, which mcvad doeper by the
falloving Jamuary, in keoping with findings by cther workers
(C.che, 1989  Negg, 1969}, Tha fact that the axycline was inde-
pendant of this strotificaticn by January indicates offects other
than stratifisation and it is suggestod that this coull be caused
by flocding of the river, ...tially, this woulu cause c inorease
in oxymen, ut comaiderable organic matter would alfo be daposited,
Onoe flocding had « ease! an? relntive stabilisation achioved, the
offects of fresh orgaile netter boliyg deposited o too river bed
oculd persist and result in do-axyronation of weter nsscoiated vith
1t, hence the "oxysline® which uf saly follwws the bottom sontour,
and the sloped lagoring of the dlssclved axyzon iscpleths (Fig.8.8).

The fact that a shallow themmocline 1s persistont in the Muenda
Bay and has not bean roported fron open waters of the lako indicatos
th.t this is local, and ocharacterietic perhaps of "bayod” arcas of
the lake,

Thus the theoretionl characteristics of strmtifioation wouwdd
appour to be bome cut in part by the finiings, in thot there is &
progro.sive shallowing of the "bay" tharmoaline as oxpofure desruases.
On the other hond, temperature gradicnts in outer waters wers genor-
ally nure abrupt, scntrary to theory. Perhaps this is duc to tho
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sxtornal oharactoristios of the Mvara “ostuary®, in that the steep
;d bigh hillside agalust the greater part of tho north-eastern
shoreline funnsle vinds on %0 the wator «irface and genoratos mix-
ing ourrents.

Thus the :ha];lovor "bay* th.:mcoline appoeared tc bo presunt
throughout the year, mvugwmwuw.msmngem
beoming more definits by July. 7 Novenber it had beowno very
Aefinite and had moved towards the surface in decper ulers, wtil
beeaiag more or less hciiscntal by Jemuary at § n benesth the sure
face, The deeper "lake" themocline had appoared by Novomber when
1% hed a definits uffcot on oxywen distributicn to deeper layers, end
although pereistent mntil January this offect hal, it is suggested,
been diarurte’ by inflowing river water so that 1t nc longer had say
apg b effect on oxygen distrivution,.

2.7 Do Effecty.

The tensrature end oxyren sharacteristics of tho trensect,
sanplod while the river was fiowing at a low level, estimated os
appraxisataly 0.5 n%/s, are {llustrated in Pieure 5,9, The chareos
teristics of the river at 4his timn vere extronely high tenperature
(25.6°C) asscoiate! with 1ts slugzish flov, high cygen cmntent
(96%) and althoagh turbid, the silt load was low, Turbidity axtene
ded to betwwen Staticas 3 and 4, but no markod cOMVErgonOd SCNS vas
present. As msy be seen from the figuro, the effocts of river wator
appear to he limited to surface waters, in that hizh cx/ien valuee and
tusperatures wars fomnd direchly unlomaesath the nat, lying over &
vory sbrupt oxysline (70 - 308/n), Tt would seem that the oxcsesive
tomparobure of the rive~ water overcaze any density assooisted with
si1t load ma that this uater flowe! alang the surfnes and vas quiekly
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asaimiiated by ostusrine wator. Finder these conditims the passege
of a bost over apperently turbid vaters was observed to result in «
welte of desper ole:r vater vhere turbid murface vaters hal hean dise
piaced,

Pigurc 5,10 {1lustrates a ligh' flocd, estimated as a flow of
8 u3/3, vhich tock place in February 1968, River water tumperature
ot the time of smapling was famd to lo 27°C, considerably vocler than
lake wator. A4t the same time the eilt load was quite high, This
resultol in the river water being oonsilwably (anser than lake water,
and flov along the bottom resulted, Tho tamperaturo gradient away
from the river mouth wvas rapid, indlicating xmnaidereblo early mixing.
Oxygen sncentrotl.ns inileated a displacemert upward and "down
stroas® of Foiio: water undomoatn the mat, anl the formation of e
inborflow botwoon 3 m and 7 m at Station 8, vhich dissinated repidly
as n rosult of poripheral mixing and the brosdening of the flocded
river basin, sc that 1ittlo effect on the water eclumn vas d4soemable
at Staticn 2, The turbid water and clear lske water omvarzence was
goan n the surface tetwoan these two stiticns,

(o the 2nd May 1967, the river floalel viclantly atber appraxi~
mately 80 mm of rain hat fallen in the provicus tweive harse Mow
wne ostimatad ot €1 n3/8, Tho river wter vas ecld (21,5°3) and
carriod a he vy silt loal, The force of flow vas suffiolont to dise
lodge the Salvinig mat and ocmpust 1t against Jaosna Bond, A streng
cambor current was set up on the surface in the reglun cf Statica s,

ol o definite fluv omnverg: osourred und th the canpraese
nat, Figure 5,11 illustrates tho cffect of Moalinge The river
olearly staysd within its bed, A strag themucoliny vos establ . hed
2 o above the botlcn at the owtermcst station and this ovorlay floving



Elguwres 5.6 ond 5.1l
The effocts of flov un the structure of statio wators as
doseribed by {sctherms asd (tesalvad cygen isoploths.
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water, The wire of the Pricdingor sampling botkls uscd! to smmple
these wators started vidbrating vhem *he bottle was lowered into the
last tuo motres, same 20 n from the water surface, P.ttas woters
were dieplacod to a degres that lowost oxygen tensions were found 8 m
off the bottam, above a strong temporature gradient. A further
slopel thomoclirs was estahlished 5 m above this, Thu effects of
various grades of flooding are smmarisel in Pigure 5.2,

2.6  Qthor Physloo-Cheuical Dats

The seas.iol . . ationship of the physico-chemical charactor-
istics of tho waters in the study area are ocmplex an! in ordler %o
facilitate their malysis, arbitrary types of wotor aro considered
sopaintely, The.e aro patently artificinl, as horismt . rhoges
1n wnter quality are more likely to be gvadual than abrupt, w. may
be seen in Pirurs 5,18. The separstiuns aros

(a) ope ™ay" smters (Stations 1 and 2),

(n) enclosel "estuarine® waters free of Salyialp (Statics 8),

(o) enclosed "estuarina” waters covered by Salvinln (Statiems 4

and 8),

{4) Nowing river wnter,
Statio river waters dc not dirmetly affoct the oharacteristics of the
lake and are therefore considered separataly. The soasonal oharec-
toristicy of these water types will bo cmsiderod first end there-
after their rolaticnshiys will receivo attention. All physico-

chemidal estimstions wvhich were unlertakan are appended (Appenddx Bl =

§.8) and tho range of quality valuos for difforent water types have
bean tabulated, for easier referunce, in Table 5.8




Bauxe 5.2
4 disgramnatic summarisation of flow effects on statio waters
near the .lver mouth,
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2.6.1  The characteristics of Xloving river wnker

Whan flooding, the electrolytic load of the river was low
{ 5% ymhos/sm) which would indisste an inverse reletionship between
salt load and flow volume, This was also reflected in “he cation esti-
mations {axcept potassium) sven though tho weter is partioularly tusbid,
Thia tarbidity =.et therefore rosult fron immedistely insciublo porti.
oles in suspension, The river waters wore partlcularly well oxygema-
sed, slightly acid (pH 8.6) and ha?) n lov alkelinity nd hardness and
therafore o relatively high sarbon diexide cordent (22,5 mg/1).
Matter in wuspension (94 npm) and the organic oomtent was high, which
1s reflscied by hoth lcas on fgnition (38 mg/l) and albuninold sememia
( 0.88 ng/1) estimtions, The most important fenture, biclogie
oally speaking, wae the nutrient, partloularly nitrate, load
(6 ¢ G0 mg/1; NH, 1 a1 ng/1).  Phosphate fs also present in

quite aigh cmneentrations,

2,8,2  Boolosad Mestuarine™ wnters free of Solyinds

Seusannl ohanres in salected physico-chemisal charasteristics ars
demonatrated in Flgure 8,18, The specific conductivitiss of these
waters ranged botweaen 87 and B whos.,  Ganerally sonductivitiss
ware slightly hizwsr on the surfuce an’ there was 1ittlo seasonal
shango exser* ~han flooding occcurred, The cation concentrations
behavod similarly to canductivity, although enleium showed a decrease
botwoen Jmuary an. April 1967, and magnesium a grodual inorosse, so
that tha Ca/Mg ratio dropped from 14 to 3 around which lattor point
1t remain. ! Por tha rest of the yems . Tho pH in surfaoe waters
remained out 7.8 through the year, excopt whem flcading ccourre’,
The bLotbem welors were loss alkaline and fluctuased arwnd 7.2,
oxenpt whon affected by flooiwaters, and during Novomber whon the pH




ruse rharply to 7.8, Alkalinity was stallar-a¥ surfaoe and bottom
and renained bstwesn 40 and &2 g/l “0Cy shraugh the year, Disscl-
ved oarben dlaxide oonc mtretions were low, partioularly in surface
waters, tut a siight incresse in both surface and bottom untors was
measureble during the rainy sonsone Surface waters were almost fros
of suspended enlide throaghout the yeer, At the bottan suspu~ie?
scli values were much higher during hw rains, but from August watil
the rains startel, conditions on the bottam were rimilar to thone
the surfass. Surface and bottcn waters showed s marked sinilarity
with regurd to seascnal fluctustions of dissclved (residual) solids,
although bottcm concen-raticns were slightly higher, Cmootritions
wers higher in January 1967 than st a.y other time (oa 85 w3/1),
ascreased to oa 55 ng/l in July, increased in Noveber rv  surprisingly
showed o deoresss in January 1968, No seascnal change in dissolved
organic matter was apparont (loss on ignition) and surface end bottom
vators oarriel similar anovnts (ca 17 me/l),

No nitrites wvere fund 11. the enclosed waters frec of Salyinds.
In surface vaters more free emmanioal nitrogen vas present hotvecn May
and August than from Novenbor to February, viheroas, ayert from Jenuary
1067, nitrates tamded towards tho opposite, even though the dissolved
oxygen omntent of theso waters romained high throughout tho years mn
wotors essociated wi*h the .sttom, amonical nitrogen content was gone-
rally fram 0,025 mg/l to O mg/l higher than found at tho surface and
tonded to be in higher ocncentretions during the rainy seasmn, Nitretes

sre also higher at this time being absent in vinter in both surface and

bottom watars,

Posphates throughout the w.ler oclumm remainal at approximately
0.06 mg/1 through the year, sxoept in November, when thoro was an



inexplicable ina:jase to 04218 ng/l. Phosphates would tierefors seem
to have tewn veadily aveilurde at ail ' i.as, whereas tie nop-availabi-
1ity of nitrate could have leen biclogically limiting i winter (July)
and 4r surfeoe waters during Jau sry 1987,

2,0.5  Qoen "uar® watars

Whereas the dapth of weter at Statiom 3, chosm as typieal of en~
closed ss.uarine vaters {rew of Salvinia, renged ¢ omd 10 rwtres, ths
depth at cuter staliaus ranged betwsmn 17 and 72 netres, approxinately
twice this anount, The water charactoristies of Stations 1 and 2 were

so sinflar that 1t 1s not consilered nocessary to prosent than senarately,

Figure 5,16 den.natrates seasonal changus of selacted charvcieristies,
The speeific oonductivity of ¢ von wators indicates, apart fron slightly
lowsr winter conrentrations, 1 renarkable sinilarity in having low cctee
coptrations through the water cclurmm tnroughout the year, The pH of
tho saavhat alkaline surfuce Jsaters (7.5 - 7.9) indiestes slightly
grontor alkalinity during the rains than in winter, vhen surface etd
bhottas (' wers the sane,  In waters assocliatod with the botta, com-
A141s were 1oes rlkaline and an inerease ocourrad in winter. During
Novanber, howevar, bottan vaters heocn.e slightly rol?, Asdkalinities
(a5 Cafly) wera Tomd to b quite steble, dissalvel carbon dioxide
showold nn lnorouse at this tirw. Slightly greater concentrations of
carbon dicoxide existod n the hottom through most of tho yoars The
analyses of solids showed little sousanal change and littls differemce
in the water solrn except early in 1967 when larger quantitiss of
susne ded 8-1ids wre fand in botto wators.

Hatribss mre vover found to be presant, Nitrates were alwnys
reocont  reopt on the bottan at Station ° in Jamuary 1987, Generaliy
they were fund to be L clightly higher concentratims ca tho surface



and during the razas. Amoniscal nitrogen in surface wators de-
oreased during the course of sanpling, but sk -wed sn increase an
the botton in November and during the rains. The phosphate oontent
of surface vaters remained approxinately constant exoot ror a sharp
four-fald increass in Novenber to 0..58 131, thr.eafter decreasing
to provicus levels by the following January In botton wators the
tration of phosphate in January 1967 «as high (C.24 ng/1) tut

dropped by April to the surface content and thoreaftor fluctuated in

the sane way as found &% the surface.

240¢4 Enclosed "estuarine” waters coverod by Salvindg

As the "estuary" shallows and hacomes nariower, the effoots of
enclosure and of the river must besu,e more pronounced, Those effecte
are partially obscured, however, hy tha presencs of the Jalyinis mat
vhich will be liscussel in groater detall belww (2.0.7)s The seascnal
changos in water quality are shown in Firures 5,17 an! 5,17, As bas
boae desortbed, Station 4 (Fig, 5.17) became free of Solyinis by
Novenhor 1967, so that what may see. to have been senscnal chanses
after August 1967, must to ecne extent have lcan affected by this,
Sanplos were not taken at Station 5 (Fige 5.20) In July 1967, tad
furthor inland, whore a perceptidle (upstrean) flow as & resdt of
backflooding resulted in a patch of water free of Jalvinds which must
have passed underneath the whcle length of the Salyiads mate

The electrolytic content of surface waters wory generally slightly
highor than st the bottor and a slight lecrease oucurreld both in vinter
wnd during the rains, with ni-hest values belng recomird in April and
November, Greator dlscrepsnay between surface and botbar cocorred
during the rains, The pH {ndicc.ed conditions at Station § to be
roiatively aotd (6,5) prior to July 967, more so than at Statim 4



Figs. 5.15 to 5.18
Jeascnal ohanges in selected chemical charecteristios st the
varicus stations. The effects of flooding in May 1967, om
be seen in Figs, 5,15 snd 5,16,
Surface O—n0
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4 gensral rise in pH occarred during the ocures of the work, partie
oularky in surface waters, so that by Jamary 1969 onditicns were
definitely alkaline {3.0) at Station 5. Alkalinity remained rele~
tively constont, At the sensomal fluctuations in the carbon dicxide
omntent wore rather abrupt and the differences between the surfaco and
boktam content were relstively large, Suspended sclide are parti-
oularly high during ths rains but decreass to low levels frem April to
Hovember, Little ohange cold be seen in the organie mattor sontent
of the wuter and residusl solids fullowed the same pattern as suspended
salids. Nitrate wns present throughout the yoar, oaxoept winter, and
8 gradual decrease in aminisoal nitrogen throuch 1967 was found which
oocurred symohranously with an incroase in n'tratoc at Statimm 5,
Phosphate showel a narked incrense in the botton waters at Statiom 4
during the study pericd, tut wae relatively astable at the surface,

4t Station £ the phosphate oontent was generully higher than at
Station 4, etocpt in winte: when it dropped tc less than 0,06 mg/l.

24548 dator

Tho effout of flool waters will be oomsidered balow, Other
affgcts an watsr quellity must sten from ths spatial relationship of
the water ™ypos¥, water depth, enclosure (inasmich ns the water body
beocomos progrossivoly smallor) and the Salvinig mat. The affects of
the aat will also bo ocnsidered separatuly sc that tho present oonaid~
eratian cnly invalves spatial rolationshipa, water dopths, and the
offocts of onalosure as defined abova. Tho gradation of charmotor
istica from river mouth to bay can bo soen in the turbidity ruadings
in Pigure 5.18, where the clarily of the water progressively increasel
2von the odge of the §alyinig mat to the bay. Mich of the date indi.
date - afmilar trend in other quality characteristics, pi aal atka~
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linity {as Ca20y), for example, slso showed an inorease, Vaters
beomso more alkaline the furthor they werv fros the river mouth and
mote narkedly so at the surface {thu tilt of dissolvel axygen is
repeatod), Comductivitiss changed vury little and, if anythiag,
showol & rliight decrease amy from the river mouth, ss did albuminoid
smonia, amoniaocal nitrogen, nitrete, phosphate, potasshm and dis-
sclved sarbom diaxide. (n “ho cther hand, there a peared to b8 nc
discernable difference in the quantities of sodium, magnesium amd
oalofun ions in sclution,

2.0.8 The effecta of the river m water aualdty

The degree %o which the river affectod the static waters has
bom chown to be dependent on the volume of flow., Not mly do flood
waters completaly replsoe the watore of the narrow part of the systes
and disrupt oorditicns, particularly in deep water, of the bay, It
throughout the rains arcas ncarer the river mouth are subjectod to
alrost contiouous intrusions of slowly floving river water, very
different in quality frem flood wat.is.

Tho affects of floodirs on the wates chenistry of statio vaters
oan bo clearly soen in Figures 5,15 and 5,168, Conductivity, pH,
alkalinity and amoniacal nitrogen all show a radiocal docrease, a&s
do sodfum, ~amesium and salefum, (7 the other hand, the sclids
lond s increassd greatly (Appendix 5,7) snd carbun Mlaxide cmntent,
s2minod ! reconds, nitrate and phos; ate alec inorcase, Thus the
quality of river wuter is impressad upc the static waters it invedes
anl oven has an immediate, smull, effoct ¢n gurfsse waters saw 20 o
above it.

Tho river wa: there“ore an uxtremely important scu.ow of nutrient,
hoth nitrogen and phosphorus, the formor “aving been introduced mainly
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in the altwminoid form and was thus not immedistaly avallahle,
However, the stirring action of flow an the alluvime of the drowned
river bed and oxidstion of this by flood water would also seem to
have mn imporiant offect, Por ammcnincel nitrogen, derived from
albumineid nitrogwn and which decreasss, appears to have been oxidised
md to have oaused an inorease of nitrate, Thia matter is discvssed
further below (8),

Introduction of phosphate osanct be as important ix the short
term as there would appsar to have boon an excess at the time of
study.

2,0.7 The offocts of the Salyinlp wet on wator qualivy

48 the lake level risos and baokflouling of the lower reaches
of tho Muanda River cocurs, a vory gradusl flov from the laks into

the river takes place, Dy monitoring the characterist’cs of waters
whioh hal passel underneath the Jalyilds, Wut which had not mixed
with waters of the ‘ools, and by oomparing these, firstly with the
trond of ohaige in characteristios from the bev iLc *he outer mat
&'ge, and secondly, with the chumaoteristics -7 tho auber mat edge,
1t should be possible to differmmtirto between "emclosurc” effects
and tho effects of tho Salvinig mat at that time.

During July 1967, thia situation ooourred and a patoh of fnl-
2inia froe water was famd helow Elbow Rapid, This water was ax-
septimally alear, As Kariba waters aro sroviat turbid the effect
was drematio, thus the ter: jalvinis "ilatillate” wee coiuod to des=
oribe 1t. The physicochamioal data sollecued have bean extracted
in Tarie 5.4 snd by camparison, as desoribed aboeve, fow charscteris.
tlos seam to nave ean affocted by the Sgivinis mat mly. Aparh frem
dissclved oxyzen snd vemperature, which have alrealy been omsiderod,
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the: s inolude pH and turbidity, which were doareased, and oarbon
dicxide and suspended soliis, which were inoreased. Certain other
sharasteristios seem to have heen affectad by both enalosure of the
vater body and the Salvinda ma%. Theso were alkalinity snd ssmonis-
oal nitrogen which showed an increass, The sodium content of the
vator seans only to havo bean affected by enclosure, as the increase
found was prorrossive and was not affocted by tho mat,

Tho Splvipis mat had tho effoct, oo some oharacterirtics, of
mvorting the effscts of anclosure to oanlitlons more similar to
those found in opan water, These were tote” salids end phosphate,
Apart from nitreto, the cther charactoristics tabulated showsd 1ittle
oF vo change betwemn upan waters, enclosed waters, and wators vhich
had passed under the mat,

The increase of oarbon diaxile and decresse of disscived
axygen probehly resulted from the rospiration of subsurface alemento
of tho Salvinda plants, coupled wih tho physical barrier a dense mat
imposed on gasecus interchange nt the surfaco. Photosynthotie
activity and oxygen gemeretion is liaited to the calorophyllous
acrial parts.

The doorozse in phosphate inilented a higher level of utilisa~
tim by tns Sadvinds mat than by the phytoplankton in open waters at
that time f year, but the content present wms stil) in oxerss of
roquirements, Nitratos, on the othor hand, shoved ° conside. ble
deorease on enclosurs, Mt a alight inor .se ir thoe "listiilate®
which omdd be axplained by the release of nitrato in axcess of requiro-
mant following deccmpoeitior of desd Salvidls, ne found by Mitohell
{1570).  The lack of nitrate could therefore have bean limiting at
this time of yesr in emclosad Salyinla froe waters,




A possible solution to the 1 in panded sclids in the
*ilstillate®, in the light of the axcepticnal clarity of the water,
wis that this inorease was due to the presence of the ubiquitous
trichamoe of the submerged parts of Jalvinia (the Salvinis root hatrs),
vtich by their nature would have terded to give high susponded salid
readings without impairing the clarity of the water rolative to other
typos of salids in suspension, such as phytoplankton or scil particles.

The axtrenc clarity of the Salvinls dietfllate probably resulted
fram the suppression of both turbulance and phytoplankton developsent
by the Salvinls mat, in that it protectod the wator frwm wind asticn
end suppreasad the ontry of 1ight irto the water,

Tho lack of nitrate and the low level - phosphatc at the time of
sanpling could bo attributabls to the fact that tho winter montns are
*we m.st ‘uvourable growth pericd for Salvigise This 1s, hovever,
oontrary to Mitchallle (170) findinge and the synchronous desrcrce
of muitrient in Salvinds free pocls of the river st tids time of your
mzgeots the invalvement of somo other factor or factors.

2,040 Jeapqual changos in static river walors

The change that can bo seeu in tho physicomchomical conditions in
the river and, subsequently, pocls, following tho cossation of flow
are given in Table 85,5 and figured in Fig. 5.19., Thoe specilic oo~
dquotivity, vhich was relatively low (57 umhos) in the statio river
Auring the reins besuses even lower (48 mhos) hy Mry, tut thereafter
inoressed to as much as 222 ymhos in tho pools by the end of the dry
seaacn, Caloius 1s the most important cation and fol” wed, with

iun and potassium, tho initial dooresse shown by the specific

omauotivity, vhereas sodium inoressod from & lov Jenuary figure
(1.6 ug/1) to an Cotober high (2,1 mg/1).
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The highest texperature vas recorded in Jamuary (35.5°C),
This had fallen neerly 14°C by May and a furthor 2°C hy July to 19°C,
By Oetcber the temporeture rose again to 26°C but was still oonsider—
obly lower than the previous January,

Dissclved oxygen showod a gradual deorcase fyem high levels in
the firet part of the year (6 - 0 mg/1) to low levels by July
(5.2 ug/1) which persimted until Gotober (5.4 mz/1), The carbem
diexide sontent of the water behaved similarly, oxcept that the decrease
ocourred betvesn Jenuary and May, when concentrations foll frem 21,5
8¢/l to 5 ng/l.

Susponded solids alsc showed a gradusl desrease fron high Jmuary
levals (159 my/1) to low July lovels (7.8 mg/l), prior to showing en
inorease agaln in Cotober to 19 mg/1, In contrast, resiiual sclide,

and their organic content, remained at a high level from January to
May, decreased sharply in July and increased to thoir highest lovels
in vetoher,

The oontent of nitrates and phosphatos behavod similarly, belng
proacnt at luigh oconocentraticna in January and showing a sharp decrease
to very low levels in July and thereaftor increasing again by Uctober,
Amsoniacal nitrogen, on the othor hand, was at 1ts lowost coticontre=
tiona in January and highest concentrstions from May to Julye.

The fluctustion pattorns of she ,arious analysce cen be grouped,
In tho first instance, cortain of those showed a procrossive ascumila-
tim or increase through tho yoar, namely, specific senductivity, s
ay alkalinity, the latter going to vory high levels. Seconliy,
othors shownd o loss $o & wintor lov and then s narked inoronse in
Cotober, These wicluded toaperature, residuerl salida, orgaris matter,
alluminodd mamonia and phosphate, Thirdly, some showed a loss until
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the wintar snd then incressed slightly in October, namely dissclved
axygon md ourbon dioxide, susymded solids and nitrate,

Thue & =5eady incresse in ionic concoantration ocourred as the
poale driod aut, apparently a purely physioal effect. 4 yredusl
sottling of mispendnd material also ocourred, althogh a aligh. ine
croasa ves apparent in October, perhaps as a result of the astivity
of fishes (m. E.xU) and game snimals whioh used the pocls as a scurce
of drinking wter, THs fach that mtriont levels wore st thair lovest
ir vinter voul) sucgest that at this time blologlcal activity was at
its highest which {¢ snomalous in the light of the tanporsture reginme,
High winter sotivity would be ocnfimed, boaring in mind the possible
offoct of omcentration of the fish population, if st the sem tine
the eusponded rolid sontent of the weter was high, which {t uss not,
The irwplicable incroase following low wintor lavals aculd have been
the reosult of defascation and disturbance of the botbom muis by game
endpals and figh cating birds for, during winter, wmter was sti’l
widely availablo in the mmall ephateral pocls in the river bed vhich
wore not sampled. It wen ncticed tha' o preferonce was shom for
theso amall pools oy gemo animels, porhaps as a result of althor the
1tkalihood of attack by orocoliles in the larger poals or the prefer-
enco for the more saline wators in hlghly attenunted pocls, of a oone
vinabian of both, Fish oating birds wlso proferre the attemuated
pocls s their prey wers more easily ceptured in these, 3y Cotober,
however, all tho minor pocls had drisd cut and thc cninals were foroed
to use the larger pools whioh ylelded theso resuits, This could bave
and tho effoct of raising the nutriont level to such a degres that n
slight exooss waz available, uven though tho bicloginal d emmnd was high,
porhaps highet thes in winter, Tims the conclusimn that tha hishect



Fig, Savv Untreetod water samples Trom tho difforent nools
taken wlthin two Lours of ench other on 248h Ootoher
19687, showlng Alfferances in water colour.  Fools 3
anvl 4 had bean vietwlly elearsd of Plsh tue nonths
praviocusly, ool 8 had Leen recently bach Clooded
by the lake,

Samples fese 1 Whirlpool
21 Surprise Pecl
+ Hammerko; Pool
FPool

+ Oroendile Hend
&y Byapass Pool
Ty lesp Pool
Ay Welr Fool




desend cocurred in wvirter, co the basis of theso figures alame, are
likely to be errcmecus,

I ompariscn with lake vaters, the pools oxhibited much higher
omduotivities, OCalotum, potassium and, particularly, sodiun vere
found in iderably higher trations, vh the nagnesd
content was muoh the sams, Alkalinities were also of a much higher
oMer, Nitrate omcontrations rose as high s the Solvinis soversd
botton wators and the flowing river, and phosphates fluctusted bet
the lowest concentration recorded and the Lighest found in statie
wators, (Other properties exhibitod much the same rango as tho statie
waters of the lako,

2.%8 The water quality of differsnt cools

Poals woro samplod almost simultaneously on R4th October, towards

tho ond of the dry scason vhon attenuntion offects were at their
highost, in order that a oomparison of the ohomioal charastoristics
could bo made. Fish had boen removed fram two of tho poals (Harrerw
kop, Champa) in the previous iuwrust, howover, so that aly a fow
Clarias cardopigus remainod in Hemmorkop Pool and a small proportica
of the smaller fish of the orisinal population occurred i Champs Pocl.
This would seam to have hal scme offuct an water quality (Fig. 5.20),
The results are given in Appeniir 5.5 and illustretod in Fig, 5.21.
No conveniont sopar:tlon oan be applied to thoso lata, for esoh
poal would appear to have been samewhat unique. However, savoral
factors are worth noting, The effocts of backflc. ng by the lake
and the resultant dilution car bo alearly sean in tho rulative chareo
teristics of Elbow Pocle Although the ~onluetivitice and disscived
orgmic matto. concontrationa i» the attenuated Champ Pool wore high,
nitrate ocmcentrations were low, Surprise Poal was characterised
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<Y & relatively low ion oontent, yei suspendsd sclide and albuminodd
samanda were very high relative to the othor posls. Thosa pools
from which fish hui beon removed showed very little mattor i B2 EPOD
sia,

5. DASCUSGION

Dirge's rolo that temperature changes of at leust 1°C por metm
were necessary to ommetitute s true themcol.no was strictly sdhered
to by Wolsh (1952), He objooted to tho use < the ters in a tropi-
oal oontext vhere shanges whioh apparently omstituted thermoniines
were uot as great, Use of the torm was defonded bty Hutchinson (1967)
and others, following Demas (1951) who damcnatratod that density
diffarences botween opl~ and hypclimmion wero the same in troplcal as
in temporate regions, ovon though the temporature differences were nct
as oreat, It is for this reascr that tho strungth of the thermocline
has bes. indicatod in this work, namely, the rate of change with capth
at a given temperature (e.ge 1.2°C/m at 20°C),

The worka of Worthington and Deadle (10232), Jenkin (1952), Fish
(1951), Nowell (1960), Talling (1963 ani 1364), loauchanp (1940 and
1984), Coulter {1985 and 196} and Wood, Prosscr and Daxter (1980 and
1969) have shown that a wide sarlety of types of thermal shratifisstiom
oaour it African lakes, ranzing from polymictic to nonomiotis %0 mero-
unietio,

The diffarence between natural end man-mado lakwe which has the
greatost offect in the cemuext of stratification 1s asically due %o
differences in inflov and cutflow budget, Mumro (i266) has shown,
for example, that Lake McIlunine, a quite substantial impoundiment m
t'is Khodesian Highveld vhioh is usually nmonomictic in charactor en’
typioally overturns .a winter, oan be affectod by sumier rein inflow




e 1ns,

to the extent that aomplets mixing tekes place, Thomas (1968)
mmc-&m:wuzmumm»mmm
and mixel or stratified inte uit.emtly, Sumer rain storms bave also
boen shown (Allanscn and Gleekes, 1961) to disrupt the stratiffcatim
of Harteboespoort dam, another highveld dan ecnsiderably calder in
winter then Lake MoIlvaine, and results in a complex double stratifis-
oation,

In the larger tropical man<eada lakes the effects of inflowing
water are not as cbvious, Initial developoent of stratificetion alsc
varies considdrably, In dlrect oontrust to the situation at Lake
Kariba, where a definite t'.omoaline was fomd by Harding (1961)
vithin months of ol. sure, Lake Volta (Ever, 1966) did not stratify
vithin the firs* yuar anl subsecvently Diswas (1966) showed that there
was usually a marked temperature gradient vithin the first fow metres
and that the temperature gradually decreased wntil no further changs
cocurrel at betwean 20 « X n depth, Viner (1969) belloved that st
a later state a "alight but definite thermcoline develops at abowt 20 m*
(Lawscr: g4 al, 1969) in this laka, sinmilar to th) situation in Lake
Kuriba, Lake Valta %s dimictic, overturming during floods betweem
June and Septamber and, as a result of the Hammrttan winds, in Decsmber/
Januwy, (Lawson gt al, 1069),

The results presented in this work sugrost an upward tilting of
the thermocline at the shoreline of Lake Xariba, in much the seme way
that Coshs (1960) and Mitohell (1970) have show that nlc @ the longi-
tudinal axis of the lake, stratification tilts tc beoome shallowed
towards the dan wvall, The relationship between the shallow thermo-
aline and the deeper thermocline, which is taken to be tiat of the
lake, is obsours cn present data and requires further renearch, It




is omalde wd, however, dus to the hurisontal nature of the shallover
strasification wvhen vhat 1s taken to be the oversll lake therwooline
is proscnt pear the river mouth in summer, sad the ooneidershle depth
of water sapareting these two, ‘hat the two 8ets of stretification ave
distinot md do pot merge further awy fron the river mouth,

In Lake Kariba, the fast that rivers, and pertioularly the Zsmbesi
River, flow along their old oourses as a naturel NAmotion of thafr
higher density has bemn appreciated and memticned since Harding's
first cbservation in 1959, though the phencmencn had not been clsarly
d trated and di t as such, with refermce to the Zembesi
River, wntil Cocho (1960) and Mitchell's (197C) wurk. Oegg'e (1969)
obssrvations on the Sunyati River gorge also indicate a displacwoent

of muxlo bettor waters upwards by river waters floving into the lake,
ks lomg ago sa the 1920's the phenchencn of inter and under-flow vere
appreciated, Wamnnd (1927) and Elster (1957 end 193¢) stuifod the
interflov of the Rhine in Lake Constance. More recently, Cell's
‘1942a, b) experinental work cn demsity ourronts has greatly olari-
71ed their characteristics and Jenedict gf al (1965) have discussed
then in relation to the mechanios of sadiment trensportation.

The resmlts cbtained in thir study, swmarised in Figure 8,12,
indicate, perhaps, s more complox situation than Coche (1960) and
Mitchell (1970) supposs, River wvater anterin: tha lake bahaves fn
acaordance with ita density characteristios, basc! prin-riiy on tonpere-
ture and siit load, relative to the densiiy of the lake wvater 1t enturs.
Those charmcteristios vary proportiomately to the spoed and volume at
which raln water 1y introfuced frop the catohment intc the lak. Under
conditions of ainimel flow, the temperature of ri or water rises cotw
siderably, and stlt load drops, henoe density deorvases, As [low ine
cruases, density inarcases as s result of incrvassd silt load and de-




oreased temperatures, Thus the greater the flow experiemced, the
desper into the lake the river water must penetrate to find its om
dmsity layer. Purthermore, peripheral nixing takes plooe sa soom
as the lake is entered, so that the smaller the vaiume of infloving
water, the more quiokly it is affected by the statis wvater hody 't
euters, Thus a large volume of inflowing water not markedly differ-
ot in oharacter from the water of the lake may retain .ts original
characteristios longer than a suall volume of merkedly differeat
inflowing water, Suzaller vclumos of inflowing water therefore tend
to be influenoced by lake water to s Jsgree that interflow and df W=
paticn take place quiokly (Fig. 5.,120¢), The question relevant to
these oonsiderations is vhether or not, vhen the Mvenda River, md
rivers like it, flood to the degree shown in Plgure 5,124, they resch
the cld Zambesi course still retaining a large rroportion of their
criginal characteristics, or wiether their density is influenoced to
the degree that interflow takes place at depths not much greater than
those sampled, further awny fram the river mouth,

For it has been shtown and is discussed further below, that the

river is an important scurce of nitrogen, phosph and potassi
Under circumatances of early mixing these would immedistely become
available. This would not be the case 1f cycled as an intur~ or
wlsrflov benseth ths thermocline, when they would be maie available
several nonths later, after tumover hat ocourred, irom open watsr,
The nmutrient loa' of the river har bean shown to vary inversely
to flov, thus with accurate flov asmosmwent, regular sempling of river
wator and monitoring of uixing characteristiocs sssocisted wvith di7fer.
et Zlows, a nutrient "mxdget” oould be worked cut wvhich would halp
ooet jorahly in problems such as whether or not Salvinis has a eigni~
fioantiy limiting effect em cthor apatic plant proCuction by the
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axtraoction of mutrimts directly fron inflowing rivers {vhioch it cen
cnly do on the basis of threa findings under minimal flow conditicme)
and ralses a further questicm, namaly: How much of the total nutrient
budget does snter the lake under these conditions?

Purther considere ion of the effecte of underflcw in relation to
the introduction andt release of nitrogen on the bottam of the lake are
neoessary, It has hean muggested that the main ocmuse for nitrate
avallability on the bottom during heavy flooding 1s the result of
physical disturbsscs and oxidation of bottonm doposits rich in amsonda
wvhich rosults in a rcloase of nitrate, rather than tho introduction of
fresh nitrate as such. The inooming river wnter is seen to ocarry low
amncnincal nitrogon ommcontrat‘ons, yet the albuminoid nitrogen con
tent is very hirt. nnd is, presumably, deposited on the ol river bed,
Although in {%s albuminoid form nitrogen is n‘ot rgadﬂy raleesed,
during tho quiessant pericd of the year mewgf albuninold
nitrogen to ammonin must take jlace, in the bottum dejosits, so that
during flooding, in following yoars, further nitrate is rclossed m
oxidation of the ammonia arising fren the docomposition of proteina-
oecus material, The scouring, wddising mnd depositionsl role of
underflows oould therefore bo equally ns important +o the nutrismt
levol in lake waters as tha Iirect introduchion o - illy a~.ilable
nitrogen in the form of nitrate,

Most of the rivers now onter Xar!ba through st~op sided mrrrov
goly s which have been backflooled by the Jnke. These gorges now
offur tho m: -4 suitable habitat for colonisatlon by Salyinia, end w37
hydruiogical findings in them have been related to tho pou-ense of
wood mats, The offeuts of enclosure have been ignored, larzely, 1%
18 thought, bacause matefron gorges have aot been avnilable for oo
parative purposes. Yot those "'rl'wze in the Meeni: Tiver sugzgest
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that there in & definite enclosure effsct, quite separats frem vho
offocts of the Salvinia 3at. The Salvinis mat oertainly omuses & drop
in dissclved oxygen tensions and inoroases the carbon dioxide ocntent.
But anclesurn almie oan affeot othor charastoristics, Apart fros s
slight decrense in dissclved oxygen, and a pore marked deorosse in
nitrate, alkalloity and armonia both show »n increass. Certain
offects of enolosure sean to be reverted by the Salvinis mat, namely,
tomperature, dissclvad sclide and phosphats, With regard to tempere~
ture, the nore weried fluctuations of enclosed, Salyinin-free, wators
were rendsrel more equalls, apparently as a result of the insulatory
properties of the mat, The solids content of the water also inoroased
under $alvinla, having dropped between open and enclosed waters and,
aonversdly, phosphaten which were low in opsn wateus and zhowed sn
incresse in enclosed waters, usually deoroased aguin under the mate
Apart from those charscteristies, all cther analyses which were carried
out ahowed no trends of inorease or decrosse. Thus the conclusicns
drawn fallowing physico-chemical unalysis of emclosed, Salvinde~
ouvered, waters whioch have attritnte! changes tc the Salvinia mat alane,
would appear to require reconsileration,

Coohe (1987) made measurc. nte of relative light Intonsity, ex-
prossed as a peroantage of surface light, simultanccusly with depth
of visibility readings, using an identisal Seochi Disc to that uwed in
this work, He found that nommally, about 5M% of light was absorhed
in the {lirst twc netres of vator and that “he depth of 1% relative light
intensity (*.L.1.), as the clansical level at which the cessatiom <
guneral photosynthetiec activity takes placy, related tu depth of Seochi
disc visibility in a ratlo of about 8 ¢ 1, If this pather verisble
ratlc ean be spplied &o the depth of visibllity data of this work,
18 k0.1, lovels in the bay (Sta*ion 1) varied betwoun about 9 and




ocnsiderebly lower than Ooohe's figures for the cpem lake, which
renged arcasl 1§ metres, vith one roading st P .6 petves.

Goode (1960) acnalided fros his data that "Lake Karibe exhibits
beasln Audividuality, obemically as well as thermelly” with basins
mwzmun;nrumgpmmmm‘mmm;m ?
the dam wall, Ha gives one of the roasons for thiv ae being “the
inoreased fertility of the river tribut.ries from the Zambesi River
northeastwvard, up to the Sihilobilo Narrows® (the lower limit of the
Central basin). Coche's staticn 3532 wes at the oonfluence of the
Muenda and Zazbesi Rivers in the sentre of the Centrel basin, Ho
gives estimates for nitrate, phosphate and total hardness from this
station during 1964/85 and his range of values have boen compared
vith my own in Figure 5.22,

Surface pitrateg olearly increased from open water to ri.nr‘
However, a highor renge of values cocurred in the bay than within the
"estuary®, vhich is inexplioable unless it cun be related to & physioal
emcentratio of phytoplankton within the "estuary™, or as a result of
en exowss 'a what may be the optimal depositicaal sone (tae aree
around the outer hay etation).

Surfazy phosphatps slsc show a marked increass from lake to river,
both in their emocentration and range, Although the nitrate ocnoen-
tration in poals oan get considorebly higher than in any other wutor
t¥pus, phorphate concentraiions wore considersbly lower than in the

124e
14 metros, nd in onclosed waters (Staticn 3) between 5 md 10 metres,

floving rivo- and were similar t¢ thoss found in water associated
with the Silvinin mat,
Dottos, phosphakes behaved similarly to bottam nitrates bul w.o

alvays preamt,
Tatal hacioass estin~tions were similar in both valus and renge
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between cpen lake and static estuarine waters at the surfase snd at
the bottoms  Rstimation: oo the flowing river, due %o dfluticm,
shoved lowor values and, cmversely, the pools showed much higher
values and wider range.

Thus 1t would seen: that in the 1ight of Coche's data aleo. the
Mvenda River is an important source of mitrient to tho lake, Pur
thoruore, the annmual range of nitrate levels were usually slightly
higher in enclosed waters (Station 5) than Coche “ound in the lake,
Yot in the intarmediate bay waters a highor range of valu.s was found,
Fhosphates, on the other hand, increased progressively fron open lake
to river.

There 1s nov & general bellef that %inorganic N (1s) a possible
widesproa’ limiting notrient”(Talling 1969) to phytoplenkton prodve
tion in Lfrioan lakes. Tha“ nitrate is limiting to phytoplankton
grovth has boen shown by Prowse and Talling (1953) in tho White Nile,
Talling (1965 and 1986) in Lake Victoria and Moss and doss (1969)

in lako Chilwn, Malawi, Mitohell (197C) has given ovidonce that nitrate

wns liniting the growth of Salvinis in Lake Karita in 1962, In the
vieinity of the Mvenda River mouth, lnorgenic nitrogen appoars? Lo
have bean definitoly limiting only within onclosed wator in the winter
aonths and at the surface in e.closed Salvinin-free wators in Januury
1987, & situation vhich wns not repeated in 1960, As turnover had
vesurred, during 1967, shortly prior to sampling, tho cpposits would
have been expactud to ocaur, It can only by supposed that sanpling
took ilace n% the alimex of the phytoplanktn growth pericd and that
all avallable nitroger was boing or had beem taken up. More alosely
spaced w-~ling periods are mecessary to olarify tie point,

Nitrate omcontration in the Mwenda "swtuary” was ocnsistently
highor than Coche's (1967} ertimates eloowhere in Lake Fariba



{068 30/1 to C,2525 ng/1), the latter valuo being found in the
Sanyati River in December 1964, Rosulte achieved by Marstall (1671)
give the range of nitrate in Laks MoIlvaine, gemerally accepted as
being sutrophic, to range between a trace mad 0,47 mg/A (1 0,08 ng/))e
This makes the level of nitrate estimation presentsd hore e0_high that
it must be suspeot. Nevertheless, some support as to t.hnir:;mrw
1s given bty Coche's (1963, Table 7) nitrate values taken at hie
Station 5382, tho Zambosi/Mvenia confluence in Jesin 11I, vhich: ere
also higher than he found elsewhere in tho lake, though this is not
monticonad in tho text., If, as it thorefors appaars, the estimates
made herc are accurate, the Mwenda River could be of same importence
as a nitrate contributor to Lake Kariba,
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VuAPTER 8
THE PLANIOR
The plankton vas sanmpled at Stations 1 to 4 during tho ocourse

of a single day in each field pericd, starting in Fobruary 1867, end
ending in February 1960, It was not possiblo to reach Statim 5 in
February 196”7, but samples were taken here subsequantly. (n the
vhale, thorefore, five seasmnai samples were taken at each station.
Sanples wero callected from each station from Letwean the water
surface and 1 motre depth, fron midwater at Stations 1 to 5 (at 10 m
at Stations 1 an! 2 end 5 m at Station 5) and from water 1 m above
the bottam,

1. MW

4 14 bep. open inpeller motor pump, drawing water through & 76 m
diamoter reinforced plastic hose at a rate of 15,600 L/hour vas used
to sampls plankton, The intake nossle was designod to drav water as
horizontally as possible and was protected ty heavy mesh to axalude
dobris. & .2 15 (44 gallon) sample wos taken onoe the pipe had bem
aloared of oxtreneous water, The sample was then deconted via a
& on (2") valve through a splitting fimnel, consisting of a eerios
of four grit-gouse neshes of decronsing sise (1000 u, 288 uy 150 w
ond 112 ) and plankton scllocted by those meshas wore preserved
separately in & formsldehyde. The first, cocarsc nosh, usually
retatned alloshtmcus debris only and ns the washing [rocess wes
tharough during decanting no plarktanic organisses werc retainod by
the debris. It was found that the volumo of water involved aad the
speod that this was introduced to the splitting funnel, resulted in
s relatively afficlent sepa-ation of plankton by sizo.
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The four resulting sub samples which constituted all plankton
fron the 0.2 n® sazple were individually swntrifuged (in the labora-
tory) at 4AC rm for ten minutes and tho valims noted. The mesn
oonversicn of volume in ol to dry weight in ng was foamd to be
0404275 (F C.00R8). Dry weight of samples in me/n> were obtained
using this conversion xB, This method was advantagecus in that
samples were still available for qualitative analysis.

13 Ercbles in Plaokten Semcling

Quantitativo methods for the sampling of scoplarkton have always
bean opon to error, Ricker (1930) maintained that remilts obtained
by the use of the Kemmerer vater sampler wers cpen to error as a
remuilt of avoidance by sertein ple.kters, The sane ocould hold true
for the Friedinger bottle used for water sampling in this study, al-
though Weloh (1940) considers the ervor in the use of sampling bottles
as "mininal®, Trials with the Friedinger bottle showed this method
%o be msuitadble, however, due to tho small mmbers of plankters teken
per sanple, Sisilarly ne's hava alsc remilted in error, due prinarily
to changing filtering officlanay during the ccurse of a single haul
and the inability to sample accurately disorete deptha of water using
olosing nets and the vertical haul mothod, This applies to shallow
wators partioularly, Welok (1947) considered that wnly a fractim
of the total plankt n populaticn ocld be sampled by net, hanoe the
term "met plankton® vhen referring to a sapple cbtained in this way.
Walok (1943) aleo omnsidered the "pump md hory® method of sempling
wmwmu.muwxonmtmdwmwmm
take nossle and at the time he wrote stated that the method had been
largely abandoned in guentitative work, He omsiler.d that further
disalvantazos arcse from, firstly, the inability of tho methad to taks
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a disorete depth sample and, seondly, fregaantation of plankton
w1 resulted fron the uation of the pump,

Hevortholess, this moth.d was chosan ss being the bost available
for this particular study, dus to the rolative shallowneczs of the
vater and the nececsity to ssmple under the Jalvinls mat. Care wes
taken Yo pomp at high epoad eo that rhectaotlo avoidance wms reduced
to a minimum, The nature of the inpeller in the pump used, whioh
was opm, seemed sultable as it was thought that ain‘mn fragmante-
tim would regult., This appeared to be the onse, for althoush ecoe
of the Claldocera in the samples were found to have had damaged valves,
actusl fragmentation of scoplanktcn wns not fomnd to ocour in the
samples ocllocted, The methad was, however, unroliable with regard
to depth ascuraay. Tests in a laboratory ajarium using dyes and a
venturi punp showel a current set up cround the nossle nct unlike
the pattem given by a magnatio fislde The greator the sample volune
therofore, the less disec:-ie the sample depths In order to cverccme
this wealness, sanples sorv. 1y iaken at a minimm of 5 m noriacntal
intervals (unless station derth dictatod ctherwise) md as som as
axtronecus “pipe water" had 'an cloared, The sometimes startling
differances in sanples taken mly two mettwa apart at Statian §
sugrest that the method as used gave a bly rep tetive sample

of the population at a particular depth,

Quantitative sampling of sparse piunktar populaticne, whish require
large samples, would appear to Ls inoampatible with their ~tatistical
evaluation, for fisld replicatimn s not poesibles The reason for
this involves the |p‘:1n1 d1stritution of plenkton and the distur-
banoe vhish results frun the removal of a large sazple; Shus the
requirel movenent awey from the original sanple to rolatively wmdie-
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turbed waier oould result in sampling a differen’ population lemsity
and an erronscus impression of fuoffislancy would omerge. 4n atoe
lysis of the resulte achisved do show, moreower, a distritutian of
plankton vhioh sesms $c Lo peculiarly clumped and localised, In
order 4o overocme thia problem to same unknow degree, a large seade
was taken in «ne position at high spsed in mn attempt firstly, to
apply the foremla derived by Mmdie (1957) to test for soouraay, and
sscondly, to overomme rbectactio avoldance, Mindie's formula is,
however, depondent on the data having olthar rendce of ;oum Ao
tribution, so that the mewm equals the variance and the standard
deviatim = %. (o this basis ho derived that n = 4% (where

n = muber of samples necessary for 108 limtis of acoursay, 3 popula-
tin mean), This is similar to the formla given by Sarthwood (1968)
%0 %ost for number of samplos neoessary to be within a given level of
acouraqys

Number cof samples required = g

whore @ 1s stendard error, D tho requivd level of scoursey (norwally
¢ = 108) and ¢ 1s quantity, depending on mmber of senples mnd ob-
talned from tables, uri.r-uyu\odaManaJ;-odbywichtnd
not mumbers, scomdly, the distributicn vhen testel wes famd to be
omtagious (Taylor-s powsr lav fastor p = 0,152) mad thirdly, Southe
wood {1968) clearly states that data mist be derived from within @
eoclogioally homogenovs habitat to apply his formula {which has 8
staflar dortvation to that used by Mmdie), Ao the river mouth is
oasmtially heterogmecus tha forwila omuct be nppiied, Bo within
osmple test 1s Imova to be available in onder to find the sccureay of
the samples.

Bvan though the accurmay of the method is #8111 open to omjeeturs,




it 4s omsidered the sise of sample mnd the speed with vhish it was
Saken {Cek n” in 1 mimits) showld have rusulted in s butber sample
than ocu)d have been cbtained by nets, A further problem detracts
fycn the walve of data ccllected. Tho nature of the project miti.
gated .gainst more frequent daylight sampling end more importantly
porhaps, the assossment of diurnal variaticne, Changes in plenkion
populaticns can be particularly repid, oven on an bourly basis
(scska, 1960), so that generally speeking, results camict be oob-
sideved as being representative of seascnal varistions, Conolusions
based cn tho data oan only, therefore, be derived either from subw
stantial variation or omaistent trends.

1.2 alitatire Aoalvals

Mesh submsamplos were made up or down to exaotly 10 ml without
affocting plankton numbers, wers thoroughl/ shaken ani a 1 ml sample
rencved, In thicker samples, the 1 ml sampls was diluted tc § ml
ad a ) ml ssmple taken off this, Thus two dllutims vere used to
cbtain material for counting, 1 ¢ 10 and 1 ¢ 50, depending on the
pwmber of plankters presant, These sanples of the nesh sub-sanples
were placed in & perspex counting trough, nade for the purpose, md
the different species counted, The porcentege composition of each
species in the mesh subesanple wus derived fram these comte, In
arder to test for ascuraqy of the 1/10th end 1/5Cth samples, three
rendce samples of differant density were antirely comteds a "thin®
sanple (105 piankters), s "medimn® senple (4982) end "thisk® sanple
(11,276), A scaparisan of the peromntage compositimm as rof) e ated
by sanpiing against aotual peroentage oompositicn of the mesh b~
sanplos are showm in Table 8.1, 4n arbitrary decision was made,
based lurgely on "cost'/ value® considersticns, to com’ in mesh

BT —




TAELE 6,1 PLANKTON COUNTING TRILIS OF THE 3aS1! OF .7 IEAST 100 PLARKTERS HEDG COUNIED

RIEIN® SLNFOIE PMEDIUM® SAMEFLE SMICK® SAMPIZ
Sanple sise 110 /50 1/50
Rmber rauples required 10 1 1
to oount st least 100
Total mamber plankters 105 4932 1,276

SIS » % X % £ %
Dimptomue X 647 6.7 9.0 Sed 12,0 10,9
Dimp tomus 11 3.8 348 1.4 03 4.5 1.8
Cyslopoids 10,5 10.% 2642 7.1 2,6 4,1
Copepod muplii 746 746 07 0.6 [ 1,0
Besatom I 403 4.2 Se2 £S5
Bosminm 11 1244 4.3
Ceriodaphnis 67.6 6746 22,8 2844 62,0 61.8
Diaphancsoms 3.8 3.8 13,1 133 19 2.6
1 1.4 L1l Ced 0,7

Chydcris I 0,8 J46
Chydoris II ] 5}
Trichoosrce 23 Q7 o Q1
Rotifer T1 [ 0ol
Rotifer V 1.4 1ed
Armcystis 2.3 0.8 4.1 w0
Yolwox 3e5 T4 6.4 el

s £14

R
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subwsnnple mnits so that st least 100 aninals were oa.ted, Thua
twe mosh su'msanplos were satirely oountod if the firet hald less
than 10C plankters. It oan be seen in this table that the "thin"
sa. plas required ocmplete coumting to fulfil this stipulation, In
Lhe "medium® ples, nins spscies vere vithin 18 of their trme pro.
portim, tvo wers within 2% and two vithin 4. In the “thiok"
senple, sight were vithin 1%, tvo vithin 2% end one within &, Sare

of the most iafrequent species were act found by this mothod, althouet

prosent, and 1t 1s recognisod that the tabled results could bs duw to
ohanos but this is onsidered unlikely in the light of their similarity.
In viev of tho general mature of vhis part of the survey and the wlnow
inaccuraoy of the sampling method, 1t was decided to use the following
method: entire 1 ml samplss of tho mesh suibwsamplus wore coumted
quilitetively uitdl 100 planktors or more had been processed, From
those percentage compositimn figures, densities in my’r:s dry weight
for each mesh sub-sanply vare oaloulated and thon addel to give the
total plankton density for che station/depth sannle. This acans of
oaloulating plankton density wms greatly aided by splitting the sample
through the decreasing meshes, [.r if the stat!on/depth samplos had
not beas split, the smaller, more mmercus speciss would have been dlise
proporticnately anlarged and the larger species reduced, 4va remlt
of eplitting this problem wvas overccue and species of nore or les:s the
saxe size made up sach mesa samplo. Thus truer values of proportionste
weight were cbtained, In the same way, tne anaguatis cclonies in the
14fferant mostes were sinilarly sised and oould therefore be somted,
The methods used to sample and sssess both spaoies composition and
planiton donsity were thereforv esseniially gross and my omclusims
bausl on these data must b regariel as tantative.
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20 Yariabima in Plaskion Deuaity

Tha varistions in planktcn density as founc et the differmt
deptle of the stations on the various sampling dates a-e given in
Table 8.2, end are figured (Pig, 6.1), (n the basis of thess methode
ad results, the density of plankton varied onsiderably ranging be*wesn
0 ad 979 ng/ed, The ovorall nesn vas found to be 220 mg/
(SD m 214). Although it is samevhat speculative to mssume, on the
basis & a series of sisgle day, senscnally spaced samplos that the
results sre representative of seascnal changes, the substantial diee
srepancy betvean tho sampling lays indiate lowest deraities during
and after the raina and highest densities during the winter (Pig. 6.8).
This pattern was follused in Statioms 1, 2 and 4o 4t Statia 8,
howevur, dmsitics were more or less statlo after May and at Station B
vhich was rermsnently covered by Salvials on sampling dates, a
dearenss in plankton oocurred over tho oourse of the project. It is
also alear that densitios of plankton wers at thoir highest near the
river mouth end decroased progrvosively away from tho feptuary®
(Pig. 6.5). In terms of depth distriwmbim, on the "ay” Statims 1
and 2 there semed to be little differunce betwem the overall musn
densities T plankton ca the surfaos, in midwaters ! an the bottom,
Vithin the "estuary®, however, a definite increas: wnus found sssosis-
tod with waters of at least 5 meires depth m.. at dtation 8, vhere
tho depth was never greater than ¥ m, 1ittle diffarence betvesn surfase
and Sottam 1s apprent whan mean densities are oonsidered,

Distributionsl peculiarities of plankton are apparent sha the
swpling dates are ccnaidered soparstely as dennity isopleths
(Plg. 8.1)s Two centres of higher density were fomd! at times,
The ono, associated with watsrs inside tho "estuary” was umall,
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presnt, sometines in surfaso waters asscciated with Jalvinis and ot
other times asscolated with the bottom,

The other was found at 5 n depth at Station § n Stk May 1067,
st 10 n at Statian 2 m Slat July 1967, snd on the bottom, hHetuess
Stations 2 anl 8 o Sth February 1960, Thess ocentros will be malyeed
furthor below,

2.2 Enatisl MAMrbiim of GRucmts

& roforence calicsbimm of plapktan species was made, Spocimens
havae boen kept as duplicate sots hoth in alochcl and as pernment
noonts, stained {n burax camine and somted {n Svann’s modificstion
of Jerless’s madlun. (ne of the asets s at pressnt being named sad
untsl thie 4s oompleted, & epecies 1ist oannot be ncluded heres
Tventywsaven "species™ of sooplankton and two species of phytoplenktee
ware founl. Donaities of most of these spesies faund by station,
date and depth have boon tabled mnd are appended (App, 841)s The
proportions of all ocllested socplanktmn, by wight, scostituted 54
Copepuda, 3% Cladocera ond 3% Hotifers, The sopepuis wers dominated
by the diaptamids (2/% of total) and the aeyalopolds (198), Ocpepod
neuplil constituted 118, The most important oladocerss was Caxdo-
Aaxitmin (26%); Riaphsucache (12%) eand Dogilng (9%) wre also signi-
flomt gcostitumta,

The maen leneity of the different spoctes of planktam found
during the sureey are figured by staticns and depths and shows in
Pigure 6.8,

The Alaptomide showed a tandanay to inaresss inte the estussy
and ajpeared to favour water of less thm 10 o depths The density
of the dimptontd somponent of the plankton in assooiation with Saluinds.
in the sarfaos waters of Statian § was almost twice that faudd slve-
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where, Cariadanhnls, the single most important sooplankter, showed
1ittle differsnce, in opsn water, in its distribution betwesn 10 n
and the surface, tut deoreased in wators leeper than this, In
malosed waters shallower than 1C m this tendency was reversed and
greator ocneentrati ue were found asscoiated with the bottan, ese
pecially under the Salvinia.

The ayelopodd copepcde showed s definite tendenay towards
greater density near the bo.tms thraughout the area. Unlike ay
of the cther spociss, they were found in largest conomtrations at
2taticn 5, dearcasing both towards open water anl towards tho river
noutti.

Ceraped naunlii wvere ubiquitous in fair ooncentretion, showing
no apparen: depth preferance, A five-fold inorease was found at the
statl nearest the river mcuth, underneath tho Salvindg mat, and in
assoolation vith the bottam,

Doming, e of the minor sooplanittan oonstituants, shoved a
progressive inorease in'c the river momth, partioularly in assooias
tim with the bottom,

Diacbercscms also showe! a preference for bottcm waters. Danew
sities of this specios were mors or less ocnstan’ in cpen and @closed
waters, axcopt underneath the Jalyials vhere a narkad inoraase was
founl,

The rotifors were ubiguitous in mall ecncantretiomns showiag no
definite trds of preforsnoe rsscointed elther witi depth or nearness
%o the river mouth, The apparent inorease at Stetion 5 was due
largely to s single tively tratico of & spesies of
Jaratalls (Rotifer ID) vhich oocurred in February 1960, mnd vhioh

oould be attributable to en asoumlation arising from the flowing
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river (eee balow),

The daphnids occcurred only sparssly snd were in more or 1ess o
stent ooncentration through the study area,

Although tho small quantities of the blue green alga jnagvatis
SUnes oclleoted, relstive to the largsr quantities of acoplankton
taken similtanecualy, strongly suggest that the method used 1is uoe
suitable for the quantitative sampling of this speciss (in that the
agtion of the pump largely disintegrates the cclanies to a slse
smaller than the saallest mesh used, 112u) the data should be scour=
ate m a relstive bHasis, as the technique used was cansistent.
Anearatds ves found at all ‘epths of all statioms at more or lees the
same ocnoentraticns, but was partioularly abundant oo Slot July 1987,
on the surfaoe at Staticn 4. This 1s oonsldered to bo as & remlt
of dsad, floating colcnies having besn ccllected here an the duge of
the 3alvinip mat by wind actimn and oould therefore giv ' AR OFTAw~
ous impresslon of spatial distribution,

The oonparat’7ely tough omsistency an! slze of JQlygx oclomies,
@ the cther hand, were better suited to the pumping methad. In the
open bay, grestest sancentratims were found at 10 my At Statioan B
Yolyex was apparently a more important phytoplankton omstitumt than
soagystis sl was densest at the surface, showing a omstant deorease
tovarde the bottom, Although quite high samoontratims were fomd
sqally distributed betwen surface ard bottom at Station 4y very few
cclanies were famd further into the §alyinig mat at Statiomn 8, ed
then anly at the murfaoe,

2,5 “Sssamal® RistrAN'dm of Cpummis
Jearing in mind the reservations imposed by the potentially insde-
quate saupling, omsiderstion of the tamporrl fluotustimns of indivie
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dual species et each depth pofnt would be wnrealistio. An stienph
bas bean made to overoome this, at loast partly, by grouping tesporal
results for ocach specics throughout the study area and rog-rding each
sempling noint as a "seascnal® gubsample, This should result in sore
reliable information on the possible sesacnal flustuations of each
spocies, as the resulting sample is omsiderable, mpresenting plank-
tan oallested from 2.8 n® (572 gallons) of water, The data for the
more Lwportant specise treated in this way are given in Table 8,% ard
figured (Fig, 8.4).

Major changue which are apparent are as follows:

Syalonald souenqds were at thelr greatest daneity in November
1967, being relatively sparee at othor times.

Gowercd paunlil shcwed a similar pattermn to the ayelopoide, with
some indication of a decrease in July 1967, which was not found in the
ayalopoiise

Diactanids maintained a high density between May and August 1967,
and foll off oconsiderab.y at vther times of the year.

Cladecarns Diachancagss snd Jomaipn showed 1ittls ohange throughe
art the sampling period, ut Sarigiaphnis showed a sonsiderable ine
orcase in July 1967,

Botiferst the rotifer population showed a decrvase in July. 1387,
but increased considersbly by the fallowing November. 4 further in-
arease the following February was attributable mainly Yo Karatalls
(Rotifer IT), Izishcosrus, the only cther rotifer species %o appear
omsistently in nost samples, remaine! relstively oanstent, apsrt from
the possibility of a decrease in July 1987,

Parkanlapkiont Doth Yolyox snd Auaqyatis wero present on all
sampling pericds, momaally in low ccnceitraticms. Doth also shoved
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& omnsidc rable inorease in July 1967,

On these tontative findings the main plankton species osu bs
separated into 4 oategories as belcw, Those which, cn the besls of
the magnitulde of change are more rellable, are not followed by the
bresketed quostio merk, which indicstes unreliability.

1. Those vhirh showed an incresse in July: Adugvatis. Yolyox and

Serdodanhnia.

2., These vhich increased in May throwgh to Julys diastomide.
%, Thoss which incressed in Kovembery oyclopoida, rotifors, sopepol

nauplil, Jomiza (?) ! Diaciapcscos (7).

4 Ttose which decrcased during July; rctifers (), copepad

nnuy”: 4 (1), Dichancecps (7).

A1) ..red grours vhich showsd a possible July decroase shioved o
inoroase in the falloving Novembers

The mean "so.acaal® figures for total plankton ocllected showm
in Table 6.2 indieate lcwest proluctimn in Pebruary 1567 in May 1987
md February 1960 production wns foamd to be about four times greatcr
than this; a further appraximato three fold tnoroase to highest pro-
duction was found in July 1967, faliowed by & smll dacreese 4o a high
Novembor production,

2.4 Denadlv Jerkiwe

The presenco of "density oentres” menticnod above, <hich ere
apparent in Floure 6.0 sy set, o quantitative data slme, the pre-
so-ve of separate populstions, vhich, 1f on qualitative analysis
show a differant species acapositim, would be rerified, If, however,
the density centres sre owastituved of tho same oompanonts, it is r.we
1ikely that the . opaiation would be tho same.

n St May 1967, the tration in nidwater <t Statim B
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was mafoly due to the dlaptcaild I whish oomstituded 448 of the samnle,
Tho sxe spoeies uonstituted 458 at Staticn 5, though in t.i: sesm
2% of the samp'e wni Dischencsoua.

Tiaptamid I was also an important componen® of the "density
omntres” ca 5lst July oonstituting 27% av. 9 n at Station 2 and 28 a
the surface at Station 4. At thia time ‘he more important onstite
uent at the cuter oentre was Garicdapbuis, however (50%) and at the
inner, Appavaiia (80%) thought to be mainly dead, rloating, allodhe
tonous, material.

The density omtre on tae tottonm at Statiom 4 ar 10th November
was dug to an oxtreme ooncentraticn of equal proportims of Cerig-
daohols and Diaphancscms vhich togothor oanstituted 73% of the sample,

(n 5th Pebruary 1960 a departure from vhat had been previously
exnerienced cocurred, Instead of the cuter "density ceatre" belng in
pid wator, it appeared along the bottom and at an isclated point on
the murfac. at Staticn 3., 4s in tho previcus November, the inner
"donsity centre” was on the bottom, wderneath tha Salvinis nat, but
much noarer tho point of entry of the river. Al the botim at
Statims 2 and 3 the population was duminated by the cyalepotd ocpepads
{%#%) and, to a lesses extant, Diaphancame (13%). (n the eurface st
Statien 2 the hizh ayalopold oompanant (33%) was also apvarent, tut
Riapoancacis had bean roplaced by diaptomid I (22%8), Uniemeath s
Galyiads met, on the other har l, the nain component was Caclolapkdas
(508),

(n omsideration of tha throe samyling days which showe! beth en
tnner an’ suter "densily ocentre®, the indloations are that, o Whe
basts of speciss distritu.ion, on 5th X 967, the two contrev vere
Lasentially oo the seme populationy on Slst. Juiy 1967, the populstions
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vere also similar, though the importence of Garigdantmis wder the
£tdvinis muggested scae difference; and o 5th Pabruary 1969, the
inlosticne are that the populations were entirely different, No
gwnoral rule regarding these omtres is therafore applicable, Wit

it 1s intoresting to note that the findings resultent open smsidare.
tion of the apocies occmposition nre also suggested by the onforma~
tim of the lensity isoplethe fn Pigure 8.1.

2.5 Iupartant Suecies not Simifiasat i Samcles

During the post tumover ;aricd of esch year, frem June to
August, & blomm of jaagvatis ovmies ves observed Yo oooure Cone
ourrently, the presance of sometimes large canocentrations of tha fresh
vater jellyfish Lirpomids was found, 1o ooncsit. atims estinated to
be up to 20 sndxviAuaIu/ms'. Gfoater dauw*rutions soomed Yo coour
wvithin the "getuary”,

haothe o speates whish fwdging Ly thelr numbers - snthie
semples (Onaptor 7) must have smetituled sn important saxponant of
Jionkton at night, was the pradatory larva of the phantom midge
Lhachorag, whioh 4s lmow to be benthia during darlight snd planke
tonie at aisht (8.4, Mitohell, personal oummmiocstion).

3, RGN
% Eeeding Relatdonshios
Drocks (1989) has reviewed knovladge regarding feeding behaviouy
of plankton aud the effacts of predation i plakton ommposition.
His findings vith reforence to planktonic *horbiverne® (those which
eaty partioulate .atter) nay be sumoarised as followe:
1, They all cmpete Yor fine particuiate matter (1 to 15 u).
R, lLarger speoiss have a verked adventage ~ver smmaller species
tLoth in tarme of filtering effioiuncies, which inorease with
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at least the square of body length and in their ability to
assimilate larper food particies.

3. When predator preamure from fish is low, lergor horbivores
prodauinate and when high, smallor spocics are allowed to,
for fish select the larger speclce.

4 Moderate predstion prevents the elimination, both as & rosult
of fesding ccmpetition md wit:  populstion predatiom, of
the smaller specles by the larger,

In ordes to apply Brooke' (1969) findings, tho gut of main
sooplankton speciss found during the survey were studled nicrosoopis
oall' to ascortain food preferences, Particulate crganio matter
showed up cloarly where present in the gut so that on the basis of
presance or absonce the species wms deemed herbivore or predatofs
These findings were supplemented by an oxamination of nouthparts,
the rolative sises of tho differunt specles and Brocke' (1969)
statenent that ayeicpold copepods are generslly predatory vhoroas
the ocalanoids, with few excepticne, are note A within-plankion
£o0d wob has been prepared fron those findirgs (Fig. L2} shoving
the preportionate sises of the maln ocmpapaiie. The relative i
portance of thone cxpressxi as (e ‘gentage by weight of all plankton
sullected, is also figured, broos. end Dodem (1965) shown! That
in Crystsl Leke before pradation, tie ncde of vhe plankton popule~
tiun longth was about 0.8 mm with nrustacean ocnpansnts bolov U4l mm
being absent, whercas after iniroduotion of the plankton eating fish
Anse aextdvalis, the sode Aropped to 08 m.  Thy prepanderanse of
the #=-up composed of Cariclaptnle and Diachanoacu, balanced by
the ocre or less equal proportims made wp by the 0.t mn ond
1.2 m3 groups muiggests that only moderate predation proseure was
boing sxorted cn the planktan population during 1967, This aspast of
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plankton will be expended further vhem discussiny the feeding of the
planictivorous Clacios garieoizus.

8.2 1IheTood of “Herbivorss"

Although 1t has been atated sbove, that the sampling methal was
inndequate for tte purposes of estimation of the phytoplankton populas
tion, the fact that there 1s n definite inorease of all herbivoroms
slements of *' * plankton population within the estuary {whioh could
be due to the presmos of jalv.als), yet that the prodatery cyelo
podd oopepods do not show this, auggests that the main source of food
for the "herbivores” 1s not phytoplankton, vhioh is sparse in associe~
tion vith Salvinda, but partisulate organic matter in suspension in the
water,

(n the other hand, au increase was scen in sune of tho "herble
vores” in July, inlicating utiliesiton of phytoplaniten at this time
of tha yoar, The moat startling inoreases were recarded for the
diaptanids and Gardcdapinda, from tho top and middle “sise tiers* of
tho herbivores. Tho opposite reaotion which possibly took place in
the nauplii and the rotarers, both of *he lowest herbivorous tier, 1s
porhaps explioable in similar torms to frbacek'e (1984) suggestione
regariing sco/phytoplankten interactics in the Iiver Elbe of Csecko-
slovakia, Nazaly, that the develcpmont of the Jooacyatis in July
initiated by nutrient relesse following overtum results in a lover
ing of production in the plant nannoplankton, the source of fcod for
the snallest scoplankters, This pwdse, which arises “ren the oone
tradiotory fluctuation of two of the tiers of the in-plankton food we',
1s lent scme support by the low nitrate and phosphato levels foomd
(Chapter B) at a time when highest levsls could be oxpootel} in that
tho available nutrient 1s taken up by a peak Anagvahis population,
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which is stimulated by post-tumuover mutrisnt availsbility to the
procoricus lavel vhere nutriats roloased cn Jooay are Almost inoede
dately weayeled within the pugoygtis population. Thue the nannoe
ploaktonio food of the smallest sooplanktors could have besn supprecsed
in July 1987, vy the overvhelrin, 'lom of Apngeatise A further fmpli-
onbion which ariees from this 1a toat the plant nannopiankton formed

an assential oonstituent to the lowest tier horbivorus at other tinmes
of the yenr,

3.3 Dapichan Denadby sad Py
o twn ocoasians plankton were sampled within two weaks following

flooding on blh May 1967, fallowing a flood of €1 B/ oo 2nd May and
o Sth Fobruary 1960, following a flood of 15 n°/s on 25th Jamuary
198C,

Theoretically, on thoss twe cocasions, the innor donsity
omtree were of riverine orizin and the outer density combrea wers
oithor cf displacel lagustrine orig.., of & onoentration at a suite
sble faoding stte, With refem- . %o Pig. €,1, the innar deneity
omtre on Sth May 1987, must be r~rrely of riverine origin (ualoess
a nuoleus was rotained in the Salvinly rov.s” and roleased following
flooding) following displacenent by the aonslderacie flood which
oorarred (sce Pig. 8.11), Althaugh pliaktan sssooi: 3 with the head
of the “sstuary™ praor to flooding eculd bave bear displaced wrmards
and oatwards by the nature of *he underflow and thersfore ssused to
ooncentrate in the middle layers et Station 5, It was found thet o
L s cocaslon qualitative maiysis of density owstres showed a simllar
speoiss composition, vhioh would indicate m distributicn that has
reooverad fram flooding, (n omsiderstion of tie emount of upase
whioh has bewn colmfsed, Tecivery of the planiton folloving flooding
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sooms to be surprisingly repid sl syggests that Solyigig mey act as
a source for regolmisation as menticned above.

The distribntion of planktor found on Sth Fobruary 1960, lends
itself to easier explanation in torns of delayed floodin, offect o
4o plonktan distribution, Tho cuter density centro may have beer.
as:oolated wither with the pattern of nitrate reloase slong the bottam,
or with the presence of conocentratims of partioulate orgenic natter,
fulcving flooding. The irner density centre would theoretioally
have boen & ooncentration of Yogde origin, The qualitative differ-
aticos found batween the density centres at bhir time suggost that
theso acnewhat thecretical suppositions oould te true; provided the
nain oampanente were herbivorous. This was not the oase, however,
for the doninating companent of the quter density ocantre wvere the prow=
datory ayelopold copepods, First onclusioms rogurding immediate and
delaysd cffects of flooding, based wnly m quantitative analysis, would
thereforo seem to be misleading. The effects of flow on tho planktom
pepulaticn of the "estuary" cannot thorefore te classifiod o presant
dats. Moro closuly spaced sampling ls mecessary beforo, during and

acser flooding ocours.
Bed d mmnm_m_&nmmnmnmmm
xzen

A comparison of plenkbn distritution (Fig. 6.} and the double
themoaline formations whish coourred (Chaptor 5) showed that teupcra~
fure stretification soened 5 have 1ittle s{fect cn plankton distribu-
ticn.

On the cthor hand, highost ;larkton sonosntraticns were froquently
asi-olatod vith lov dissclved cxygem tenslcns, as follows) Inver dene
sity owntre, 8/5/67, DG, 188; Lamer dunsity centre 5/1/87, V0o
noarly lowest foun! at time, 8085 Innor density sentre 10/11/87,
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Dl lowest found at time, 608 Alan; the bottom §/2/60, inmer and
outer density sentres, Del. lowest found at the time, 15 - 2%,
This nescoiation between high planktan density and lowest availshle
wxyyon ocnoontrations sugrost that the zcoplankton oen rosiet low
aygen concantraticns in ordsy to utilise the portieulate orgenic
nattor omising deoxygematici, It follows that thoy must be able %o
do 8- $o be able to utilise this foo! where it 1s nost abundant,
Although an attenpt was nade to correlate this negative rolaticnship
mathonatisally, the probability of the rosultant resression b1 1itile
significanoe {n = 36, ¢ with twc derrves of froadon ¢ G447}, This
1s onsilerat to be the rosult of selestion by tho plankton for the
doweat oxyzon content availeble (nnd therefore the highest food oone
contration) vhich oculd be ns hizh as 5% to 6(%,

5.5 Phapkben Dennity und Water Quality

In order to see if any correlations axisted Hetween planiton
dengity mnd the indiviiual physioc~chemical charnctaristics of the
water, linear resressions Yotwomn individual physico-shenical chareo~
teristios wil donsity of different pisnktcen spocles, whee the 4wo
typos of sanpling coineided 4n relatively stedlo ecnlibions, were gone
puted md firured, lopults ohtained in May 1967, were omitied due
to the pessitility of instability follewing flooding ani phytoplankton
3ensitios were ~nly omnsidered in surfaco watorss Tho Independent
varialse conaldered were acnductivity, tempernture, pi, dissalved
axyyen, tobal hariness {as Cally), nitrcte, amonia and phosphatos
Thase were Iniividually eciputed against thoe dependent varisbless
total plankbon, daptomid {, eyslopeid ocpepols, copencd nmuplil,
somings Serdodostala, Dlackancasg, the rotifers, Anamcghis and
Yolvcx. In four cases & definite lineer rolationehl; wme found %o
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coour, namelys

tunperature against total plankton (y =+ 11045 - .9%x, 1 » 0,008))
taperature againct Qarlalanbnls (7 - 39942 - 1ukx, I+ OUcl)y
temperature against diaptorid T (y = 217.1 - 8,70x, 7 » 0,%1)3

and uitrato against the rovifers (y = 1,02 ¢ 0,064x, » »0.0()e
Tho g ouping of figured resdings are such as to emfim the srcbability
valuos cbtained by caloulation,

Quitc apart from the high lovels of probability found in thuse
relaticnships. it is unroelistic to cmnalder any single faoctor being
responsibl - for variations in plankton mumbers. Nevertholoss, the
reationships given above own “w used as indicntions of correlation.
A mor realistic analysis of the relaticnship betwoen water quality
anl plenkton density would involve the random ombination of the
various weter charasteristios in a rulti-dimonsional approach. It
1s omsidered, however, that this is not warrentel, due to the pmucity
of data and the dangers inherunt in epplying complex analywses to
£1ald data which are subiegt tc unim.w sampling errof.

%6 The keval of Floniskcn Preductic

In order to obtain some idea regarding the lovel «f plankton
preduction at the Mvenda River mouth by coparismn with s rich,
autrophic, wmter budy, sampling was carviad cut st Lake MoIlwaine
in Deoenber 1970, using n couparable prosedure, Thie loke 1is con-
sicered by oame to "o polluted, as it receives processod sewnge from
the aity of Salisbury and 1s subjectod to an aluost onstant heavy
blean of tlus .ram algas, mainly Aoagvsbis Syapus @ Ausbesus Do~
23008, 8o that the waters are usuelly an seethol.sully displeasing
soupy-greon oclour, Paleamer (1971) has show the prisaty produc
i in surface witers are - rasely high, ranging betwesn 200 aglpy/
23br n vinter %o 200 24 Oat i gamer, The latter lovel is



separable So those found by Talling (1968) in La%e (weorge, vhare

prinary profustion is the hizhost recorded fron Africe, Cthor

sharmionl oharsctoristics on the #urface &t the tim: of sampling Lake

MoTlwaine wers: G, B.0; total haniness (as Cally) 5640 mg/1y

oondustivity 180 wihos; nitrate 0,06 wg/l; ortho-phosphate (415 ng/1.
Zocplenkton density wee found, in the opdlimnion of Loke MoIlwalna,

4 rangs botwean 2160 and 44 ma/nsy as oampured to the Muends den~

s’ los which ranzod botwoen O and 979 m/n® vith a mean of 220 mafus

4 SHCLUSICNS
Jeardng in nind the reservations inposed by the frequency of

sanpling which hes boan emphasized above, the following eonclusions

are vonohsds

1. There trv quite raascnable grounds to convlude that thore is
an inoresse of plankton townrds the river mouth snd anderneath
tho Salvipag mat.

2. An ovorall inorosse in planiton ccourred in August 1967, follow=
ing the luke's overturn the previous June (Degsz, pers. somme) e

8, Apparent oontros of plankbon denelty, cne under the Jalvinls
nat, tho other away from it, were found on & heeo of five
cuoasians, Thess wors aot zemer-lly explicable in terms of
separate populaticns.

4 The size oompositiom of tho sooplankton populatioe indloated
that only noderste predatian prossurc wes belny exerted by the
fishes.

5. (n the basls of ofrcumstantial ovidm o the most important
Pord moures wns particulate orgenic matter, not phytoplankton,
tnough this wae a food ocnstituent,

6, There were sae indloations of a rapid reccrery of the plankten
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popilatic followdng floodlisg vhish oculd hrvs beon Cuo %o a
reodionisetics naoleus retalned by the £ Lyinis mat,

The themcaline had no appurant effect on the vertical dise
sribution of the plankton,

Flankten sounod 4c concantrate in arvas of lovest oxygen
tonaion, It ia mgrosted that this s to utilize partioulate
organio matter, tho cause of deokygenats n, whore this is most
abranlant Groatert concantrations of plankton were powilnes
foumd {5 mur Aeingly Jow disscdved oxygen tansiona.

Rotifor densities and nltrste scncontrstiona showed a positive
relationshis {p » 0,000). A nogative reinticuship wes found
4o oxfet etwoen tomperature and total pleakton (p - 0.008);
Saptoatd T (p » G.O0L)y and Cericdashoda (p > U.001).
Planktor production ot the Mwenda River mouth wng casiders
nhly lower than subsequently Scund in the eutrophic Lake
Mellwnlne (5 to 879 rg/n® dry woight as rcsed bo 2160 Yo
wBs, rafe®),



CHAPTER 7
THE BMIHOS CF LAKE VATERS
1. DRDUCUIG

Por the parposss of this cnapter, th~ tarm benthos refers %c the
animals living in or m the hottom ‘eposits, it is easilerad con—
ﬂni.qt and more realistic to seoparate the faunal camamniti. 3 of the
w static lake wter from these of the river snd its pocla,
henae ondy the bottom feuna of the lake community wiil be conaidered
here, sepamately fvom the compments agsoolatod vith either the various
aqiatic macrophyter (r with 1he drowned troas of tiuc lake, whish will
be eonsiderod in the next chapter, The somrunity of the river will
b> emsinered soparately at a later dave.

The orig.nal intentimm had bexm tc sample tho benthios over five
quarterly rariods [rom Junuary 1967 to Jmasry 1368, at the six major
stations alyr oo the .cownst river hod, on the margins and at Tive
and ten motros Jupth vhero sufficlent dapth of water slloweds This
ProgL e was sarrvied out, wut sampling of the drowned river bod vas
sentimod for elgtt "reasons" at an {nereased aumbay of sampling points
as follows: Following tha first sarpling period, the mmbor of sEEpe
1ing pointa o the drownod rivor bed was inoreass! tc nino by the inclue
sl of threo intsrellate station” between *taticus s ani 4 (sne map),
for 1t sesmod from fittial rosults that this was tho most oritical
stretoh, being ~sscciste with Sae olge of the Salxiods mnte In July
1967 th- mmsber o s4ipling nolits weo fnorsasad to 14 by tho intro=
duo 1 of a singlo point buuween Stations 1 emd 2, two poiats betwesn
Q-ﬁ!,duﬁ«mrwmt?ntm!‘m& Somo 260 m of mat had
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gradunlly noved out of the "eatuary® between Jonuary ond July 5987,
thus an 1desl opportunity to study the effects of mat recova) on the
bewthos ossurred (particulariy if this trend for clesrmnce would per=
o.st) and vas taken, Tuls approach was enhano - by the greater unie
formity of the mubstrate found o tho drowned r.ver bed than awey
fron $t, In order to utillise the opportunity cffered by tho break-
up of the Sglvinin mat, further sauples wore taken at the nat edge,
and ten and 100 metres in from 1t. As has ooen shown in Chaptor 4
tho clearance treand did in fact persist, thus sampling of the river
bed was continued at marterly intervals until Cetober 1960 at me1?
or loss tho same number of sampling points rs used in July 1967,
This study nay therefore be considered in two partar the "ggasonal®
survey lasting five quarterly seasons and ineluding the ehoreline
and Intornediste depths; and the drownad river bad tronsect, lasting
for ol quarterly seasonse
2. THE SUISTIATES

v sor.siderable effect ttat eubstrate con have in tho distribue-
tin of banthio aninals has bean appreoiated since bufore 4he beginn g
of the century (Murray and Renard, 1091) mnd has been recently subject
to expsrinent, both in temperate (Cumraine and Lauf, 1369) and in tropie
oal (McLachlan, 1967; Marshall, 1971} scvase Ideally, substrate sna~
lysis shoul! be carrisd out on all aosoptable sanples, ut least in terms
of sarbon oontent, as rn indioatic. of organie matter proget, ond scil
particle sizes. The time available for this aspact of the atudy oly
allowed for limited subatrato sanpling as daseribed beluwie

2 Mathady

Two nethode of snalyeis were used, In the first, cssentially
mmnm,wmmuwumummtmmm
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were desoribed an eallootion prior to washing end the valume of
sond and detritus retulned by 40 mesh/inoh netting was ascertained,
This procelure was followed for the 201 eamples collected in Januury
1960 frcm al) sampling points.

The socand mothod was usod on samples taken purcly for this pure
peee ot all drowned river bed transect statimms in Fclruary 1969,
Samples were collectad by Petorsen “rudge, placad in largs bowls and
thoroughly mixed with tho water taken at tho samo tima. They were
then alloved to dry cut naturally end were subsampled when dry and
enalysed by tho Dopartmont of Chemistry and Soil Sclence of the
Rhodestan Govormnment for particle sizo and ocarbon eontont, Thoir
nothod of analysis for particle sise was as deseribed by Piper (1950) 4
Carban oontant was ostimated usiag tho Walkly Black (1947) method,
whick involved the coxidation of carbon with potassium dichromate and
the measurenent of earban dicxide evc.ved by titration against ferrous

amoniun sulphate,

2.2 Bogults

The remilts of the rough nssossment mothal are given in Table Tel
and the volumes of detritus found at tho drowned river hed atatlons
san bo found in Fige 7.1. Results of the carbon and particle sise
analysis are also given in the same flgure.

Tho most cutstanding feature obsarvel while handling the ol
stratn waa the ohonge widoh cocurred in 1ts cmslstency, wita prow
gressicn into the "estuary” anl vhenever samplos wore tuknn oway frar
the . @Fcunad river bed, particularly at dopths of 10 m or loss, A%
the cutemmont stations of the drowmed river bod samplos invariably
apponrod as aquare, stratified, jolly-liko ocakes, with layers of
smockh grey mad approximately 2 om Shick soparated by 2 ma depouits




of fine vegetable debris, ocnsisting mainly of Sal¥inis root hairs
(Fig, 7.2), This stratifioation is comsidored to bo the result of
aifforventinl deposition during tho rains and dry souscr, tho thicker
layer Joing deposited in the reins, 230 r insido Statim 3 & ohange
ooourred, the sanples beecning looger and with a groater proportin
of vegetable matter, originatine sninly from Salvjalde With pro-
gression into tho estuary tho samples booame both loosor and more
smdy, Samplos collected awry from tho drowned river bed ot 15 n
wore sinilar %o thcse from the drowned river beds In shallower
waters, however, tho substrats lost its apparent mu'wmiw; Hore
lacustrine depoaition cecurred in iaclated pockets.  Lway fron those
pooketa vegetabi. debris derived largoly from the drowned trons hame
pered sampling considerably. Stumes and grit wore alec cummine
Tho namying of the lake in the hay consistad of wovoewnshel sands
within whiei a qood denl of particulate flotsam, largely dopdve ' from
Snlvinig, wn founds

Rofarence tc Fige 7.1 shows that wecotable debris rotaind by a
& nosh/inch net was owsistently present at lov lavols on the river
bad from the cutermest statin to Parrct Dende Theroafter a suk
inoroase cocurred to highest levels ot Jarana Band followod by &
shary @ocrenss to very low levels at the point of entry of tho river.
Koaulta of tho carbon malyses, which inalnde all organic matter,
show o omsistantl,; high love! of carbar up to Jacona Jond fcllowed

by a sharp dooruase with progressicn towards the river nouth,
Analysis of particle sizo show on oxpectod gradual inorease in

the proportim of larger partdcles with progreseim towards the river
nouth wntil, again, Jacana Bend vas roachod, Here tho proportion of
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DESCRIPTION OF SUBSTRATE TYPE3 PUUND AT ALL STATI(NS
{vashed throush &0/* wesh)

FPIELD DESCRIPTION

Sand and dabris,

Wud overlying ssndy wud vith a 1ittle Salvinia,
leaves and tuwigs.

Sandy dark brown flocoulent mud.

Soft smooth md Atk some send and small amcunt
of 3 debris.

Soft emooth jelly-like wud with some fino debris,
Dark grey/brown.

Sand and debria.

Muddy dark brown sand.

Dark brown sardy detritus with some mud.

Soft smooth jully-like mud vith same fine dsbris.
Gray/brown.

Sard and debris.

Salvinia detritua overlying cmooth alay<'tke mud,
Tmookh clay-like mad 73th soms dead lasves and
2alvinia

Hard reddish mod with sowe sand and debris,
Gritty grey/brown mud with debris,

Dirty sand wvith J\lvinds debris,
Coarss dirty sand vith Jalvinis debris, dead
leaves and roots.

Fina san! with some red eud and detritus,

Rod/brown smooth jeliy-like mud.
Reddishehrown smooth jellyelike md with
aalyinia debrie.

Loose alay-iive mud with traces of JalYinis
debris.

3mocth grey/brown alaylike mu! vith organie
debris,

Smooth brown mud with 1ight jalvinla detritus
and deed lanves.

Heavy /gl debris overlying 1ight mud,
Light arey/brown gritty msud Jith some

debris co top.

Light grey/brown sandy mid; some Jalvinie
dabris on top.

Maddy grey/brown sand vith Jalyinla and cther
dabris.

Coar 3 dirty sand with vogetable dobris.
Coarse dirty ssnd with vagetahle debris.

®in oa £700 ul, th van Veen dredge capacity
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ek A bypleal seoply from the drowned siver bed
usdng a van Vien grab.  Note the stretified
lavars of mada



larger particles showo! o phurp inevonso,

Fron these analyses, 1t would seen that the substrate of the
drowned river bod cutside Jacana Jend and, more partioularly,
Parrot Doend, wms much the same, Within these points, however, 8
ohange in substrato was found which wns sulden md nore or Lecs
oonsietent,

(n the basls of substrates, thorefore, tne drowned river bed
can bo broadly separated into three sectims (see Fig. 7.1):

A. 1he bav scnge From Station 1 to approaximately 250 m inside
Stntien 3 (Parrot Jemd)s Characterized by 5 fine jelly-like
mul nade up of olay, silt and fine sund vith a lov peroeptible
eomponant of vegetablo dobris, tut n earbon oontent of eppraxis
mately 1.48. Within this sone particle sise shoved a gradual
inorease townrds the estuary. 2.2 Km,

3.  The cuter estuarine Sransibi.ral she. From a polnt approxi~
mataly 25C n inside Parrot Dend to Jacana Jad, Particles

daninated by fine sand,  Sharp inorcase in percertible vegetable

debris with inward progrossime Carbon sontent approxinately
leife (o8 Knm,

6. 7The inpor eaiunbias Wransiticnol acpee From Jecaua Dend to the
river mouth at Elbow Bapid, Sharp dcorense in both regetable
debris and earbon (Co5%)s Sharp inorense in particle sise so

that substrate Scminated for the most part by coarsy sand, Ol Km.

5. LR FAINA

5. Methols

Danthic samples from the shoroline were taken using a figosha
'Wﬂmmmmumdzs.queoadwafz.sa.
Bight mnapper grod d ttuted o single sample for enslysis,




166,

thus each sample wns taken as 200 an® to u dapth of 2,5 . Five
semplee wore taken at each station as a seascnal ssmple for that
station, thus 1000 0!2 omnstitutal the seasonal ocllection from each
marginal sampling pointe 4 van Vean grab, aampling an area of

354 m?, vas used for all sampling away from the margins,  Although
the design of the grab allows oamples to bu takan to a depth of 12 m,
the jelly-like consistency of the mxis of the drowned river bed indi-
cated the true depth of each sample in that substrate to be in the
region of 8 to 10 am {Fig. 7.2). Five samplos taken as closely
together as possible constituted the seascns) collsction at sampling
site, totalling a surface area of mud of 1670 sq om. Saupling sites
consideral in the soascnal survey include margins and the drowned
river “ed at all fivo main stations, 5 motres at Stations 1, 2 mnd 8

and 10 metreg at Stations 1 and 2.

Scme concern has bean expressed by varicus sithors (Mmro, 19683
McLachlen, 19685 Marshall, 1971) as to the efficiency of the van Veen
grob in taking semples of consistent volume or ares in varyird sube
stratos, Mmio (1985) fomd in Lake Mollvaine that the number of
beuthis invertebrates of all types varici proporticnately with the
volume of the sample. Molachlan's (1968) findings from Lake Kariva
eipragted the ~pposite, namely that volume and pumber of animals vers
inversely relatsd, in that eiironomid larwes, the predominant benthos,
ccourred in the first 2 om of mul, ns found by Mundie (1357) 4o @
English reservoir, Subsequently Marshall (1971) w.ridng om Lake
MoTlwaine, hn- shown that in this luke .olime and the (ligochae'. are
positively rulated whereas the Chironamidee are negetively related,
The diserepancy in these findings suggest that eny attompt to nd Just.
results o he basis of the aotual volume of ssmple teken oould result
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in dearensing, ratoer Yhun Ancraasihg noourany, Purthemore, a
grod sanplo alvays convains a water as vell as a mubstroto omponent,
the valume of the latter heing far more important when cwsidering
famal density. Helther Yuorc (1288}, Molachlan (1983} nor Marshall
(1971} sewn to have cunsiderod this point when releting mmbers of
aninals to volumes of sanples, which could explain the dissrepanar in
tholr findings. Howover scphistiontod statistlonl oroes checking may
be usad, faunal distribution results on the basis of srab samples are
always opan to error of many kinds, including anomgst other factors,
s8soape reactich by some speifes, "blast? effoct by tha pressure wive
in frant of the grab, differing elosing patterns in different sube
stratos by the sane Sype of grab, differing olceing patberns by
differont types of zrad mnd substrate dopth sreferdnces hy different
spocins vhioh may vary hourly, In the same way as the term "net
plankton® 1s used to dancte planktan sampled by plankton net, ac ulso
should tho term “"grab benthos™ be used.

The rationale governing this aspect of the sampling in the prosent
atudy tanded towards practicality and was based firstly on the fact
that quite apart from faunal distribution, any sampling method using
a grab is open %o errcr, Wt that for o given substrate this arrof
ehould be mascnobly consistent, (u this basis, only “gocd” samples
were ncoerted. A "good" sample was easily defined on the river bed
vhore aly wniformly sis.l "caker? (Fige 7.2) werw nccepted from a
grab which had closed complotely without any leaksgo whon liftei frem
tho witor, Away from the river bed the assessvent of o "good" sanple
was fiore cibfestlio, but me bSased on the quantity ~f muhstrate 'ifted
wvhich vas julged after repeated samling at a psrtioular station to be
the naximum cbtalnable from that substrate, Any leakage from the greb



when 11f%ed fros the wnter resulted in the sanpl- being rejosted.
At tines this was a tedious principle to naintain, , 1rtiowlarly away
frem the river bed vhere larger sticks cr gravel pasticles held the
Jouw of the gread opan. (n e cocasion, for exempls, the grad had
%o be dropped 43 times to obtain B acveptahle smaples.

As nany sanples as cost/value oonsiderations allowsd were taken
ot each sampling point and the oholco of five samples cumpares favour-
ably with that of other benthic workers (Tsble 7,2), Mclaonlamn (1960)
using Wadio's (1957) derivation of the fomuls ¥ = (M) v
35 Southwood (1966) and discussed earlier with rezard to the plankton,
attenpted to nsmess the agouracy of his samples on the basis of the
mbars of anfnals acllected in ench, Tho argumnt sgainst tho use
of this formmla without transformstion of data and in an essantlally
heterczenous habitat has been made earlier (Chapter 8), Thus the
omfidance linits achloved would seen questicnable and the mothod has
not been usod in the present study.

IAIE 1.4

BITHOR SAMPLE SIZBE  SAMVIE NUMIER  ARBA SAMPLED

(en?) (@)

Mxdte (1987) 56,5 12 5

Wnro (1065) 84 8 2004

MoLachlan (1960) 884 8 g

[ 4 1338

Ll 1 A7Y

Marshall (1971) 100 [ 600

. 354 g 1702

Dowsaker ( - ) 34 [ 187
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The quartarly approssh also imposes limitations wn the sanfidence
whioh con be placad on findings, particularly on consideration of
tho conaiderable duily varistior. found by Phelps gf al (1969) in the

Muandn estuary subsequent tc this study, These suggest, however,
that conclusions hased on samples teken even g week apart would be
of dublous valua. (n this basis quark ~ly semples would be of

equal value to fortnightly or monthly anes, for only major clanges
or ommsist:at trends could be regarded as significant for either,

Havertholoss, the probability of missing majc. changoe ts groater
the lager the period between samples. The results presented here
m 8% therofore be viewsd with smme naution.

on onlloction, samples were irmodlately washed through a &
mesh/inch notting m} and, when fres of mxl, etored in a 4 formal-
dehyde scluticn, In tha lahcratory, anir ls were sorted inte
"grectos® and counted. A8 acne of the oli-chasts tendod %o bresk
up with this troatment, only the antericr ands of those wero counted.
The progent state of knouladge of the spocies of aguatic inverte=
brates in Africe allows .ecognition to a large extent only by spociale

1stas in onch group, This is particularly true in respect of larval
and nymphal stages, o larzs proportion of whish have not been dusertbels
what apresied to be different specles were therefore soparated fullowm
ing close oxamination and were measured and drawn wili the al of &
sanors luocida, before being allocated n  ecles codes 450 diffecent
invortobraies wore allcoated cole mmbers during the course of this
study, though the acturl mz.oers of the species was mibsequently

fourdt to be approximately half this mmber, due in part tc the separ-
ate sode al) ~ation to larvae, mymphs, pupns snd adults and 1n part to
Lhe fact bhae excescive care was taken Lo separate spueles to the ex-
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tant that ane specios eaild bo Allocated severa)l mmbers, The
postos 11at is appended (4pp. 7.1) md greteful asknovledgement is

artondad o the speciallists who nabed tho various groups and vho are
1ested in the same sypevdix. & rofersnce acllestian of specles has
bean kept and iy 15 Antended %o produce from this a gudde %o the
aquatic fams of the Mwands area of Lake Xarida separataly from this
study,

5.2 Demlte ond Diacuesda

In this seation, it {s i tended to consider the rsults of the

sensonal survay and then the river bed transety, wmd discuss then 4
*hongalvet, Compurative diseussion is reserved tof Soution 4e

A1l results are pressnte? in mmbers per sguare mstre md ers
apperdod as Scllovst Jenthos on shoreline \Appe7.2)s ot 5=
(Apre 748)5 8t 10 n (4ppe Ted); ond on tha river dai (Appe 745}
Rasulte from the ~dver bed transect in 1%/ and 1960 waae xi™ in
Appendioes 7.0 = 700, 14 wae not possible to weigh famal saaples
o collaotion 2z tho apooimens sould have been required for the
rofercnce cclleotion amd sortin: could only be currind it subaeque
ant $o n (lald trip, Jiomnss ostimatos made in Section 4eb wore
therefore derived by sonversion, after allocation of gpecimmme to
the referense ocllesticn.

The roferance ooclleoticm wis kept in WK wlechal so that
bydration wes necessary prior to weighing, The fcllowdng prosedure
was followsdt 4% 1oapt 20 spesivens of aash spesies ma token from
44 raforenge collootion and placed fu wever For varying times, depens
dont cv She size of spocies luvolved, Larger specisens, sush as toe
lasva of the wddls Diugeudonsds scoenals, wore lefy in wnter for K
mimbos vhile the swallest upoeinens (1.c. laprbarsug larves, Qyalo-



m.

aakligrig) were hydrated for ten Fllowing hydraticn the

spocinens wre separnted and placed on filter paper to remove excess
water and welghed to the neurest ng. Conversion wae enlculated on
the pasie of the mumber of individusls weighed. Those are tatulnted
(Table 7.5).

Apart from considorstions relating 4o standing crop, mmorical
data have boan used in the snalysis.

The prosentation and dlacussion of regults hau been senarated
inio two partes  the main station survey, {ran January 1967 %o
January 1963, which follows, and the drowned river bed transect, %o

be esasllarod later,

3421 ng_mmumm&w

3.2.1.1  Soatdad differonces da compcaliled
The annlysis of results as frunal oomposition is aimod Lo clarify

the rolative importance of the faunal groupe nt 62 sanpling site,
withoot reference tc sesscnal changes which have been ignorod in the
prosent contoxt. Heice results are hased on total callsctions from
all "soascns" from each site and are tabulated by major taxa lor depth
in Appe 7.6 ond for staticn in Appe Te7,  The totul mumbors of animals
in ench taxon ocllected are tabulated (Table 7.4) as are the poraente
aces dorlvec Eran these totals (Table 7.8), vhich are flgured (Fige 7Te5)e
Ths cverall poroentage conyosition by numbers for tho entire
study ores imleates m overwhelning dom?nance (09%) by the (1lgoe
ohnwta, Chachurinse and Chirenanides (5C.3%, 51.5%, 27.5% respectively)
in equal proportions. The othor groups found 4n aignificant auwnbers
wore the Ephemorcptern (2.(4), Trishcptera (1.9%), Ceratopuginides
(3,18), and the Mcllusca 1,08), Tuteresting differences we-» foumnd
within the stuly area, however. % 1s most corveniont in the present
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TAE 7.5 AFFROIDATE OONVELSION VALUSS FROM NUME:S TO WET
WETET FOU (ENTHIC CRGANISMS

mz/individual

0,07
Ol

0.2
o3

Cod
Q.5
e
Co7
0.

1,0
1.5

268
2.0

8.1
10.0
1%.8
10
28

Jz0

roup

Hyiraohnallae, Ostraccle

Landanedllup wilteld, Sladotanrtorms, sy~
larug ep. 344

Srlocdorug, Adlabesnvls ap. 50
mm.x-m.m

Diorgtoniinos

Pentanours

Ercaladine, Culiocideg sppe 18, 61
Syvdagathoris, Anlmis

D Aionada, Eengmas
Cpyptochirnans, Hiledcnm, Gluads, Soandds

Haulipters

LaoTua, » Gl seccaleciiae, »
Elaalbls
Barly instar dnisoptors

Colecptern

Fyrellidas, Mirslines

Timlildne, Synopters

axaishiurs

Jdinags, JAsnahaiario, Eovilda

Mid Lstar Anisoptera

Late instar dnlsoptera, Caradiid, DACSlals:
Gerhiada, Buners

HEssartoizilie
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omnteaxt tc ocneider saoh taxon in tum, by ordor of their importence
as oonstituents,

Shachoxinag. The phantom mliges were an cxtremely insisnifivant
constituent of the mayginal samples. dwny fren the margins, howe
ever, mmbers inoreased and they wore partioularly inmportent at 10w
and at Parrct Dend, boocsing loss inportant in deeper mdd shallower
watore ioto the Mastuary® and mtwards towanis tho bay.

Slzachaats. The Gligochaota vere a alearly daminant portimm of the
population of the river bad ant were of eato sigmificance slong the
marging, Thair importance as a population oonstituent increased
with progrossion outwards into the bay. Couplad with their insigniw
ficence at Parrct lend, the indications would be that they and the
Phanton Midoes showed a reversal of daminance,

Chironaidne., The chironcmils showad insressing luportance in
shallowing water and were partisularly dmpo-tant along tho margine,
In the seame way, a narks! incronse in thelr sigmillcance as a populas
tion oanstituent orours with progression towards the river mouthy
from Parrot Dend towards the bay their proporticn recamed constant
at about 0.

Serptoncacnddag,  The seratopognide sppeared to be of greater
fmportance towards the rivor mouth, until Station 5, vhen n alight
inoresse in importance was found,

Triahoutars. Gaddls fly larvas seonad to be of greater importanos 4n
2he bay nu int d4ate depths than olsevhere, Leing more daninant

whore fewor oligoshe~ts were foumd,
Mollugoge The only point vhere the molluses were of sny simifioanve
as & population ocnstituant waa along the shoreline of the bay.

The remaining five taxa whioh ccourred in the odllecticns,




.

tut whioh were of 1ittle overall stenificance, worve usunlly associsted
vith the shoreline, Althcugh more or loss the sane number of repre
scotative taxa appearud st each station and depbh, schaideration of
Pige 7.5 indicates tronis in the proportions of these, Tho snalysis
of cvorall depth somporitlcn susteste thet with increcsed depth, of
progressian $ovards the drowmed river bed, significant oonstituents
beocane fewer an! the &1 portant sanstituents more daminating, &
siallar $ype of trend is not apparent when cansidering tho overall
sbation composition, though the rolativaly large masber of signifiomm
taxa at Station 2 wd smal) nunber st Station 8 is of intorest.

Those vrriaticns could be explicable tn the basis that vhore cmditions
are suitable, such as the drowned river bed or Statimn 3, certain well
alapted taxs, such as the chachorids or oligochasts, sompote with amd
therefore oppose aclanlsation by loss well alapted taxa, This sheudd
alsc app y, howover, £o the shoreline where the chircnmids are domine
ant, {n that the same effect would result in their ovorvhelming the
shoreline fauna, but this doss pot svan Yo have been the case, There
is thorefore sure indioation hare that ablotic fnctors wore primarily
roepensible, rather than compotitian,

3.2,1.2  Seablal dACforvnces I ADAMACE

The data referred to in this section may be found in Appendices
7.7 and 7,5, Flgure 7.4 illustrates the mrorieal atuniance of taxa
at oach sampling site -3 the total collected over all "sersra¥e Iy
far the tost projuctive ares sanpled wee tho river bed auny fren
Saluinds (Stations 4 and 8) where a ccpalderabls desrsase in mumbors
wes found. The nert poet numerically proiuetive regicn i3 erom %o be
alog the shoreline, at a oonuidornbly lower level thun on the drowned
river bed aw.s fros the Jalvinls mat. Here, an inerense wus soon’in
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the wmber of snimals along thit part of the shoreline associated witu
the pormenent Jqlvinis mat. Productlan ot intermediate dopthe is
lover, with lowest mumerical yields, apart fras the wrens smnpled
baneath Jalviniy at 5 » sites. The lovel of differances {n mean
prodaction for nll staticns e givon in ToMie 7.4

The ssne table giv. - the wean figures for all depths sampled at
ssoh station, indlosting elizhtly higher muerical w in the
bay, snd particularly at Station 2, thon within the "estuarine® area,
whore ab Stations 3, 4 md § profuction is apparently uore or loss
oonstant, due nainly tc¢ the relatively high proluction along the mar-
gine in assooiation with Sglvigds and Jov profustion awsy from the
rivor bod at Station 3, Wha. overall numbers from the aress in
assoointion with these three stations is consilersd, however, produoe
tion at Station 3 18 clearly cmsiderably higher than ot 4 and §,
due to the vory limlted aresa of th. marginal habitat vhich csusas an
apparent tnerense at Stations 4 md 5 whon vesn values are considered,

The numerisal dlstrimticns of the (l{gochueta, Covatopoginidae,
Mcllusce and Trichopteorn are sindlar to thelr importence as peroentage
populsticn onstituents ss desoribed in the previcus sectim. The
Chacborines show one major difference, Although far more important
at Statdion 3 as o population oonatituent, they were in fact famd in
equal mumbers at Station 2, but vere cvershadowed hore by the very
mmerms Oligochast . The mmbers of Shircnonidas found alone the
‘arging snd at intormeilate O pths eonfirm the distributicnal padteru
indionted by the consideration of their importanc as a poplati n oude
stitue . (n the river bed, however, sithough incressing In impurte
anoe as a pepulation oonstituent towards the river mouth, tho actual
mmbore frem Station 8 {nverds remaln omastant, st e supsiderably
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lower lovel than found at the “ay stations, The numerically unine
portant taxa may be meparated into three differant grou,s, The first
includes marginal snimale faund throughout the study area (Ldonata,
Hiradines); the second, marginal animale assosisted with the permanetd
Salvipls vat (Ephemeroptera, Tipidlidss, Ccloopters, Crustacea); tho
third wore found nainly in deeper water (Hemiptera).

342,13 Gana

The mean nunbera/m° at each sanpling point on the /ive saspling
dates have been caloulatod and are presented as histograms (Fig 7.8).
4 considornble variation between sampling dates may be seen, suwmmarized
Yy the ~worall mean "senscnal' variation, The greatest density of
aninals seenmingly vcourred in April 1967, due mainly to the very large
mmbers of fulodrilug niguatd which ceourred wn the river bed at
Stations 2 and, porticulnrly, 1. For this reason the eontribution of
Aulodrilus to the mean values hrs been illustrated. Without ulo-
2rldug, 1t oun bo seen that the remaining fauns shuwed a trend for in-
srease botwoan January and §ily 1787, with a sharp decronss by the
faliowing (mtoher ond with numbers rising again by January 1968, to
higher lovels than found in January 1967, A very sharp increase in
the marginal fauna was found in July 1937, wainly attributehle Lo the
shoreline asscoisted with the permanent 3alvindg mat. At intermediats
depths there wms some indloaticn of on overall increase huing the course
of the murvey, "Seasonal” fluctuations of specles other than Julcdridus
suzrest hizhest mumbers in July and lovest mubers in Januery the
drowned river “ed, This pattern wns followed at all the SAations when
the verious depth scnes were emsidered torether with tho marked axeop-
tian of the fruna at Statiom 3, vhere the lowect density was found in

April 1967,
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Having presented the major spatial and gesscnal changes in the
benthic popdation, 1V s now necsssary to acnsidor the species inval-
ved in these changes. It has bean found convenient to do this by
separating the species Ly depth zcnes,

Ihe ghoreldne (.. staticns)

Althou-h 8 total of B9 species vere found along the marging during
the course . the survey, ly eight of thess oonstilutad 74 of %he
shoreline populsticn by mmbers. The most important of theae numeri-
cally wore the Chircpcmug (Chircnamia) mpe 47 (21%), made up of G.
Lronavaalengle Kisffer and §. fopmcgloennds Kleffer, which ceaurred in
large mmbors noar the river ucuth in July. The only othor time 1t
wag found wag in the same sampling point the provicus Jam..rye

Stdstochirncuy galfruriua (epe 81 12%) wes slso of schae ime
portance ™t wms found Juring the rains ot the bay stations and perbi-
edarly, the transiticnal Station 3. Clinctonvime alacinionds
{ape 263 7%) wns vory noarly alunys presant in marginal samples, the
anly excoption be'ng a completa disappearance in July, It was most
nunerous in asscelatica «with the pormanent Salvipds wnt ot Stetion 4
Tis aly remaining ohircnenid of importence uas Crigobotus sasisd ep.
152 &) whioh cccurre! in sume density only once during the survey, at
Station 4 in July. Hemartodzilug spe 20 (%) and Clincleurima slaki~
Jlirls wore both uniquitous oo the shoreline tut showed o preference
for the srea clese to the river mouth, Allonals spe 127 (6%) the
only other inportant cligochaet was found oo several cacaslons ut
cosurred partioularly in ssscelation with ohirenomid Cpigctonus ascihis
as 414 the mayfly Cagbis sp. 102 (88). “Qulicaldes” sp. 61 (6%} wme




ublquitous, but showed & preference for the bay shoreline, Iu
was partieularly numercus at Station 2 in kprile  On the basls

of this analysis alone nc single speoles eould be reganded as boing
“typloal® of the margins, though the chironomids were clearly the
nost important constituant,

The 5 petre depth ache (Statioue 1, 2 and 5 only)

4 oonsidersble docrease in numbers of specles was found Letween
the shoreline and tho o a denth sites. 27 species were found during
the oourss of the survey md seven of those constitued 04 of numbers
ocllocted in § me Wheroas cnly a fow spocimons were ocllected along
the shoruline, the Chaghorus spe 1 (43%), prouably made up by Ce eduldss
Ge garutororcnas and C. puopalus (Mitehell, 5WM. perss samne) consti-
tuted nearly half of the minals collected at the 5 m sltes. The
larvae and pupte were ublquitius, both in terms of "gonacon” and
gtaticn, though numbers incressed towards Station 3 and oomparatively
fow waro £ ound in (ctober,

Tanvharsis halteotus (sp. 16+ 21¢) also cosurred in most samples,
bu* wag markedly abesnt fro. Parret Jen! axd none were found in cxtober,
Stictoohirchoous saffrakkua (sp. A1 111} vhich was nlso of some 1mportm
anoe along the shoreline, occurn ! muinly at Statim 1 in January 1960,
The ramatning important shironcmids Crrptechisnama spe 7 (&) and
Precladiug brovicetdalatus (spe 183 4) ocwrred mainly in the bey in
Jmwary 1960, Dizseddooals sapensdg (spe X4t 67) was tho aly ubie
quitous apecies at 5 motres and wua most numerous st Staticn 2 in July
and Cotcher, although dead sholls ware froquently sampled, live
Sasttouls alxiema (ep. 321 48) were only found once st § m durlng
the ocuiss of the survey, in Cstcber ot Staticn 2.

The only species to be of iaportanss both alang the shoreline
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and ot 5 motres was therefore found to be Stighochiraucms calfrazius.
Ihe J¢ notre depth npe (Stations 1 and 2)

Again, a deorasge in number of specles occow red betwoan 5 and
10 metres, though this deo™wase could bo a functin of fewer sampling
sites, 21 specles wore found and nly four of those constituted
008 by mumbers of animeis famnd, The Chgcborug specles alme oot
stituted 63¢ of animals cclleoted, actual mmbers being moro or less
tulse those found at 5 m, The seasmmal exl rpatial tronds at 10 n
ware similar t¢ those found at 5 m. Polypedilun spe 5 (14%) starts
apponring at 10 m statioma and wrs nost mmerous in April 1987 and,
overall, at Station 2.  "Culdgoldes” spe 61 (68) which wna found to
be of same importance on the margins and wiich occurred at S o sites,
again booame an important acnstituent at 10 n, predaminantly st
Staticn £ in April. The discontinuity in depth distribution of this
"gpeolos” sugrests that thero are more than ome true spscles grouped
inthe colo. Dipgeudouals sapsneis (5%) shows a similar spatial and
gpongonal distribution as found at & m.

The river bod (Stations 1 to 5, €2 m o 4 m depth)

Tho mmber of spoclos on tho river bed incroased to 32 but only
3 of thoso ocnstituted U0F by mmbers of all snimals collected, 4As a
proportion of all the fauna collected, the mumbars of Auledrilug
sdmuetd (aps 371 R%) werw ovorvhelning. As thay coourred only once
in any mmbers, in April at Statioms 1 md 2, vher vory dense ooncan-
tratime wore sampled, the tota) fisurec reflect a greater importance
than vas, perhaps, actwdly the case,  Ghacborus sppe (&%) cccurred
throughout the searcnal and wratis) sampling, but were partioularly
denss 1p July and Norember at Jtations 2 and 8. A sonsonal d iffer-
ence was apparant betwean intarmediate depths .nd the river bed,




In the former, densest oonosmtretions coourred in Jumary 1985,
A1 41 show, however, high levels of density in July and spatdal
omcentratims at all dopihs showed s trund for inorease Scwards
Statien 5.  Polepedilium sp. 5 (%) vas found predominantly in
desper water in April ani June. Oreator mmbers were found at
Station 2, in keeplag with the findi fram 1C n sites,

There {8 saw indicatin from the results presented above that
the mmber of important specias and depth show o negative ccrrelatiom.
A# has been nontioned, hovever, this sould be a function of tho mumber
of stations sampled at different depths, Conversion to number of
speolen/station would uot ne  sarily ocorrect this fault, for fewer
aotual senmples were taken, henoe inore.sing the likelihood of missing

the rurer species. This would not apply with regards the more oommca
species, however, A marked decrease in theso wes apparent (Table
7.8) with inoreased depth, vhich is even more apparent if tho imporéw
mt species fras eash depth sune arc oorrscted for their omntritution
towards the fauna ocllected, by oalolating the mean percentoge oone-
tribution per sposies. A omsistent trend wnerges fro. shoreline to
river bed (Table 7.3) indicating that therv seemed to be an inverse
relstionship Hetvesn depth and mwber of importent speoles, which
would sugzgest either that there wrs a deorease in habitat complexity
frow shoreline to the bed of the drowned river, or that the lacustrine
nicnhes were not fully utdlised Ly the bamthos, or a smbination of
both, The uatier {s disoussed further bulow.

S.2.1.5 Zhe spohdal distriluticn of all soeusen

The folloving malvsis has bean undertakem to ascertain habitst
pr iforwnce by iniividual species. ALl spiofes werv listed and sarked
as absent, prosent, abundant or laorlly atunient azainst the
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depth sanws separated into bay (Stations 1 and 2), Parrct Demd
{Statim 8), and "Retuary® (Stetimns 4 and 5). The chironmid pupal
*species? were di rded as their larval linksges vere inperfectly
imown, Spatial distributicne were found to be as follows: (important

speoies are nsterisked).

1. Species fomnd ply o the shoreline:
20 specios fell into this category: |
(a) At the bay stations anlys 1

Hirw'inea sps 85, sp. 66

Epheneroptera Cloewn spe 62

donata ops 57, sp. 67, sp, 167, sp. 27
Sotdnoganiug Lerck

Chirmomidae Risretendives Suseenotutus, Nilodcmm
hrsvdlugos

(b) At rarrct Dend only:

(donata ape 4

Chironomidae Cladctanvtarous pasudausnsis
(o) Within the estuary anly

Ephemeroptera Bukhomlug spe 85

(donata sp. 148
Caleoptera Jcla babsulti, Earacvins aholomig
Tipul dne Liscnitnd (?) sp. 100

Chircnamidss  Griocbomie asctil, Chiremwus sslditemia
(d) At bay stations and in the "estuary” anlys
(A1gockaota Allnals sp. 127, Glossoscaledtdan spe 170,
Nesartalriiua spe 200
Chironcmiiae  Ghircoauis MSRIALISAS ) Ge famwsd-

sl




2.

3.

5.

8.

9

(o) 4% bay statlons end Parrot Dend anlys
(1igochacta Aulodhonis fureatug

{£) At Parrot Dend and in "estuary" only:
Chironcmidae Soytechiranomia Jindnerd

(g) Utdguitous along marginss
(donata Libellulidne sp. 187

sneclon fovnd aloue the shoreline sod ot § o eodyt

Three species foll into this category, the mayfly Casnis
spe ¥, which was found culy in the bay; the larval chirunomid
Stigtoshircionus caffrarius which was found in the bay, but was
mmercus at Parrct Jend; ond Pentapedilum witted larvee vhich
ocsourred i the bay and "estuiry” “ut nct at Parrot Send.
Svecies found alone the shoreline ond st 3¢ R sulyt

Nyg.,

Sveeles found alene the marzins and oo the river bed culyt

Nil,

Suecleg vouy '

The only specles in this category was the nynph of the wood
boring mayfly, Pevilla pduats, which would seenm to have bewn
displased from the drowned trees (see Chapter 0).

Scecdes found at 5 7w and IC n atatidna colyt

NQ.

Speoles found ak Al @ caly:

N,

S-oeden found ab 10 m and dn the river bed caly

N41.

Species found i the river bed ey

Ten species fell into this oategory:
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1%,

The cligoshast Derp ep. 29 and the bivalve mclluso Rupars
farugines were found at two pclats only, the former in the bay
and at Parrot Jend, the latter in the bay and estuary, The
other species in this category were found at single peints,
as follovet
() In the bay cnly:

Hemiptara Anisops spe 124 larvae
(b) &t Parrct Jend only:

(igochasta Dere dorsalls

Hemiptera salocos palimals
Mcllusca Dulime Sorekald
(e) In the Mastuary" oanly:
Hirudinea Bpe 45, 8p. 151
danata Lertdnoganctus ACrAgams

Chironomidae Sryvtochironamua 8pe 59

Coratopogonidae  "Probesals” ep. 72
Soecdes found ot ald deptha but the river ed:

Four species fell into this oategory:

The cligochast Leaprodriius sp. 60 and the chircncmids
Pelyoedilup daletup snd Cladotanytaruus epe 7U ccourred nly
1n the bay, wherons Ablabesavis ilebigs wee ubiquitous through-
out the study aren away from the river bed,

Scecies fowd st &l deothe tut 1y Bt

Two spacies oncurred in this category and *th were ubj-
quitous apart fros their absence fram 10 m dopth samples,
Thoss vers the oligochast Jruhicdrilia hartanalal vhich ver
-mmmmwnnrmmwwmmmxmu
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Qnctanrous slarkolinds’ which was pertieularl; importemt
within the "estuary®, It i3 very likely that the absence cf
these two speaies at 10 m sites is the result of sampling error
on consideration of their cthervise widesproal distribution.
Speqiss found at als deptho ut § e

Simdlarly, the only cpecies fallinz into this category,
the aligochaet Aulsirilus m‘ was widesprand, though essens
41111y of the river bed famuna in the opan bay and its absenco
fram 5 m sites is probably explicable in temms of sampling erwor.
gpecien found st all J
Faur species cccurred in this sategorys

The larvae of Crypboshizcngmus spe 7 and Cryotochircoama
pariliscla woull appear to be truly lacustrine animals, in
that thay were only found in the “ay away fraw the margins,
as wns the oeratopogondd "Culiccides" spe 19,  another ohirono-
nil in this category, but showing a widespread distritution and
preference for "ostuarine” conditions was Glinotonvisg W‘j’c
Thiquitous soeaiest

Ths six speoies found in 211 depth zanes also ccourred in
all parts of the stu! 1rea, so tha’ thelr distritution ms
widespreal froa all viewpoints, The larvus of the oaddis fly
Dpeaudopals sacenals showed preforence for areas awey fron the
marging snd wne more abundant in the river hed, apparently irres-
peotive of bay/estuarine sonditians, The distributiem of the
Ghachorug sppe has buen deseribed in the pravicus sestim, Three
larvol ohirmanid, woro ubdquitous, Proglading hrevipeblolatss
and Tagytarsus hadbeatun are similar to Shaghorus in showing a
preference for conditiona m the drowed river bed, but within



.

the estunry, Jolmedllup sp. § occurred with greater froquency

in depths greater than 10 n. Tho remaining ubiquitous species

wns the ceratcpoondd, “Qulicoides™ sp, €1, which showed prew

forance for bay coaditicns.

A podnt of inter.sat which emorses from the analysis is the ~ppar-
ant lack of aspecles typleal of the intemmedlate depths, which would
explain the lower ylelds from theze areas.

3.2.2 The druwed idver bed trapgact (February 1967 to
November 1960)
Tha eolleetion of informaticn for twc years wmn the drowncd
river bed wms undertakon in i sttempt to find out firstly whother o
not "seascnal" changes wers repetitive an! sscaxlly, what affocts the

removal of the Zalvinda mnt hal on tho benthos,

3.2.2.1

The numbors of animals ocllected in 1687 and 1960 suqsests a
sdmilar level of production in these two yoars (Table 7.7).

The resulta extrocted in Tabue 7,7 support the findinzs of the
main station surrey in that they indicate rimost twloe the hot seascn
population of Uotober » . .iuary in the cooler nonths of April and
July. Hat it not bean for the isclated csourrerce of large numbers
dmmmwl%hamndManuoﬂmeaw
tarough May tc high:st July lovels followed by a deorease to Hovember
would have been appurent in both yoars, (in agreement with MaLachlan 'a
(1960) findings in tho Mwenis Jay)s. Apart from the Cotcber 1960 finde
ings, Janunry cnd Ootober populatians were renarkably sinilar, as were
the July populati as of the two years, The decrase which appeured
to coeur in Cetober 1980 le not oasily explisable but eannct ho toaken
to indiente a trend for decresse in nunbers of She drowned river bed

population,



192,

TR TITIOTT soe,

9ot
Slg
wr ot
66¢
(L) olg
P73 tol
(L) LrTT
ist

FeXAIANR

HYS TSRy ROLLWLE/RYB DWOLIVLE 40 WIEHLN wWivd T

SOLLYES HE! SHGBLON NVEH W Qi° 4XTTTHOSTES. CELOUTION STHHIM & cumed T 38 [T #ER

2061
e
266L
6Ly
(1189
0586

v2eor

Tz

eyjor/6e
89/Lf9T Ve
89/5/L
89/1/02LT
lyjor/ze=1z
L9/L/6T-LT
La/v/zzet
lafefe-r/oe

aSw



193,

' : FTRY AN

— asocn

[FRREEFC inttibry ¥y

P
0 e oF u e WA et m Bampiing painit Suia o

L

Big 16 tscsms mereasmas i et Serrie Spu
prgonyens) rome

s »

Setusee P

o

-
—

tranions




194,

FLours 7.7 shows the sessnal changes in mmhers of animals
fomd at the varicus stations on the drownod river bede The mean
mmlmufmmda/mcﬂ.mmlwmrwmm
of smapling was found to range between 219 to 1259/:2; The results
fram both yoars indioste an increase in venthic protuction from the
owbernost bay station %> 2b, a substation intermediste between
Statione 2 and 3 +hare highest lovels wora fumd, i sharp decrense .
oncurred to Station 3 (Parrot Dand), but the population remained mc

or less the game therenfter to a point appracimately 180 motres oute
side Jacane Jend where a further dacrease coourred. From this point
%o the rivei mouth, omsistently low mmbers of animals oncurred ot
more or less the same level, Joth the annusl. mem Astridvutioms ¥
4o not differ very markedly fros this pattem of production.

Pemilts «f the sesscnal transecta nwo nob readily covoarables
Charnoteristics consistent botwsen the two sampling yoors aret
1. The auter bay staticns (1 axl 2) were most prob.ctive in Moy

of hoth yearse
2. In May of both yearr cotl mel%GuMMomblemcmssm

mumbers of benthos coourre. within the cetuary,
5, Prem July 1987 to Junuery 1960, and ngain froe July to Octouver

1907, hlghost ylelds were found between Stations 2 end 5.

The sequence replicated betwwon the two years therefore suggest
that frou October to Jmmurry preducticn is lou in the cuter hHay snd
within the astuary, and is highest in the intermedinte sone hHetween
Stations 2 wd 8. In May, Wﬁﬂm-mwmmmw
apd the inner estusriru porulation shoved on Inarense, Oy July, pro=
Auotion ot the outer statimns dexveased and most mmimals cocurred in
the intermedinte sono betweon Stutions 2 end 3. Ouly in Ty 1930 a4
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the imer estuarin; populstion maintain the Moy incresss, md this was
probably dus to the effuct of resovel of the Jgiginio mat, discussed
in Section 3.2.2.5 ad L. The May inoressss of the imner ostuarine
sone oiso cannot be atiributed to normal seascnal fluctustioms, In
¥y 1997 sampling took place subssguent to 3 flocding of the
river and supplementaticn of the imnar estuarine poplation by podls
benthos wna very ilkely. In May 1900 the incresse was most probably
due to the Jalvini, mat removals, Al) that may be dorived frem theae
data with any certalnty (s that the outor bay ares showed x marked

increase in production in May of each yoar and as a result hecane the
most profuctive area, partioularly as the faumna of the most ccuslatently
productive internediave sone (Statlans 2 mnd 3) showed a pinaltsnecus

docrense.

5.2.%.2  Faaal comcalidib

& oonparison of the peroeniaze camposition by taxa Letwewn the
ain 3tation sarvey which included thoe margins and intormedintc 1 epths
and the two year drowned river bed transoot survey (Tablo 7.0}, i
tho same taxa deminating the venthos, namely the Chacioridae, Chlruno=
nidose ond Cligoohacta. Understandably, thuse ccourred in differmt
proportions, the chacborids inareasing oomsiderably in importcnoe,
from 51,5 %o 45,18, at the exponsa mainly of tho cligochoete (which
dropped 9% to #13) and moet other groups with tho exception of the
chirononidn, which anintalned more or loss the ~ame {mportance as a
popdation ooustituont at 20K,

Cansiderins onlv whe transecy figures given in Table 7,0, 4be
Cligoohnota showed & trend of dacresse in importance during the survey,
thaugh there s sw.e indisadice of m inoresse in Novasber 1960. The
mosd important oligoshacte were Sulcarilus piguebd, % the beginning
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of the eirvay, Jrunohiodviins hortensls frce fanuary 1067, to May 1980,
ed Dpeng'iura gownrlyl fran July 1960, to the 5ad of the survey. The
Chachorinac were at a peak over the rainy season of 1967/60 and were
alvnys oo important ccopopent in 1967, A markod deorsass in lapurte
anoe cvourred fran July 1983, which was contributory to the inoressed
importance of the oligochacts frem this time. The Chirmazidas showed
o definite inareaso during the oourse of the survey., Mest important
vore Polypedilum ap. 5, which showed n narked eengonal inaresse in
wintor nonthe, apart frem o trond for {norease durinz the mirvey;
Slinctanyius paculstus, which was alvays proe ; and Jroolediug
brevicotiolatus vhich appeared in large mmbers in July 198C, and waa
m inportant compoment of tho popudation in Novenhor 1963,

4 trend of increase during the course of the survey wns nlac
notiooabls in the Trichopters (minly Jibsendonsde canapsls), Ceratos
poganidse and Mollusen (due bo ww appesrance of Eypers fexuzines in
Novener 1960}, The Hirudines, (duata, Hamiptern and Caleopters
were of littla importonce ns population constilumts throushout the
survay of tho river bed,

The A ril/July tncrease nentioned in the previcus seotion was dus
natnly, in 1967, to an inorvnse in julodrdlus ndauedd snd the Ghaghorua
appe  In 1960, the seasonnl inerense war attributable to the Chiramoe
nidne, particularly Lalypedldug sp. 5.

Ploure 7.7 Allustrates by kite Jliagrom the sessonal distribution
el abundmoe of the more important spocles of the “enbhos, 1% wos
foun! necsssary to use » varlablo horizontal seale as irdisated,
bosmise of tho wils varisticn {n mmboers between upeciow, Tho Jlgure
1s applicahle to the rest of this ssotim, and the fullowing two
seotions, but fa not used exclusively, as reference o the cverall




Pig. 7.7

The sessonul distribution and abundance of the more

upm)-tm specias of the river bed transect {1967 =
1968).

Th~ sdge of the Salyinis wat le denoted by the heavy
stippled Jine.
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Fig. 7.7 (Continued) 10e8




rosults (Appe 7.0 = 7,18) has beon made.

Constderation of the specles rontridutcry to the spatial differ-
ences in proluction, summarised in Fiq. 7.6, is necessary. [roduce
t1on between Statione 1 and 2 was largely due to the presence of Aule-
drllus pisuets, Jrsnchlodrilus bortenals and, on ocossicn, Clincheuvous
pagulatug (4/60).  Gtior speotee contributory towards this scation of
tho drowned river bed, tut which fncrensed between Stations 1and 2b
and wore most numetcus betwoen Statioms 2 and 25 vere the Chagborus
apeoles, Polvvedilup sp. 5, anl Jranchiurs sowerbvd. The decrease
in production at Station T was larzely due to o fall off tn mmbers
of those species, Specles found prodominantly between Stations 3 and
4 voro Dipseudopsis sepauala anl, ot tines, Clinchonius naculolis
(1/67; 467). QPrscladius brovioetdalatus, "ullcaidag” op. 19 and
Dare deraalis were largely confined to the section betwveen Stations 3
~d 5, The increase in May produciion in the outer hay was due
laczely to judadrilus and Polypedilum spe 5 in 1967 and *  Zalypadilup
spe 5 in 1962,

5.2.2,5 The effect of Salvinly oo the benthos of the drowned

It would arpear (Figs, 7.6, 7.7) that Salyvindd mey be restrictive
to tha benthic fauna, althouzh the trend for decrease in mubers within

the estuary implios that the Salyinds is not the anly factor involved,
1n mich the sane way ns it was faund when ecnsilering "enclosure”
offocts an vater quaiity (Chapter ). Ir, howowver, o signif icant
inorease in banthos ocours in areas freed of Solvinid, it 48 not un-
reascnable to nssume that the offect of Lalvinda 1s the most important
restrictive faotor, figuros mentioned above show quite oloarly
that there is a significant tnorease in fmma following the depletion
of Salvinlg cover, vhich would confirs tht Salvinla is restrictive

A R
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%o the bemthos, Net oy this, Wt that s decrense may foullow the
inltial incrense shondd felvinds reccver, though cn these dnta this
old equally be the reault of o seasonal effect, {(Qotcber, 1960},
It wonld appear that areas which have been coversd by Solvinia and the
freod of it hecame hizhly productive, nt varying times after clearance
(Stations 8b to 5, May et July 1960), The timing of slearmnce thus
plays & large part in the productive decq fallowing al ,

highost population levele being reached otwwen loss than 3 months %o
batuwsen nine and tuelve months ~fter clearanne, sn Tellowss

Station %a was clearsd Detwean May and July 1967, g Y
ereassd considernhly by 17th July, when sampling wns oarried out, ond
fell owey agedn dy the following Gotober. 4 trend far deorense pere
slstal throuvhart the following yesr, a point whieh will e ratumned
to below, Th> --am betueen Stations 3b and 4 aleared hetwsen July
ot Gotoder . . A& gradual ineresse in benthos voourred thereafter,
veaching o penic in the folloving July, usarly a year later, The
stretoh betwsen Aa and § cleared batwsen January md May the following
year and the populati, y had reached s peask by May, soulating the situse
tion at Station Ba the previous yeer, The implicntion of these remults
1y that full uhilization of the more or less virgin botton left by the
devarture of Salvinls woe nontrolled by seaconal factorsz. The stesdy
fall off in mmders after tha post clearance explosion of bHottom fauvs
at %b, the only station clenred €0 n sufficlent periocd to oover the
May/June periol in each year, inilcated that for some resson the hotiom
mds undorneath Salyinda were eapable of mainbalaing high popilations
over s aingle explosive perlcd anly snd were thereafler wnable te
support further inoreases, oven uier seeningly optimal seasonal aob-
a1%ions.



Tho sposios invilved in the cdlonisation of tho bottem mds
alenred of Salvinia did, in this case, show . sequonce which oould
inlicate early and late cclonisers of virgin muis, The fcllowing
apeclos wore apparently early colonisers: Cm«:t&mm spe 7,
fulodrilus plyetd, Doro dorealis and the Chuchorus sppe  Secondary
sclondsers inclivled Proolsdius brovipotiolatus, Polypedilum ep. ]
and Dipseudcpals copensise
4 GEMERAL DECUSSICN

It has heon found necessary to discuss some of the implicatiens

of the rosulte, in themsolves, in Sectim 8,2, The prosent section
18 basienlly to oonsider these results in relation to othor findings,
both within the present study and in relation to the findings of

cother workers.

iel The Effect of Zaivinig o the Banthos

MelLaohlan (1368) found that "in the onse of §. suxdaulala, the
fow sonples taken (his table 27 (p 275) suggests two sarples 100
netres wunder tho mat and tvo .aaples at the mat edge at tue atations)
rovoal o total depression of all myl fmma under o pormsnent natty
Bowmakor (1966, Appe 1.1) in prelinminary cbservations made in 1966
at the cutset of this stuly, checrved that the bottom mud under
Solvinls "would appear to be devold of macroscoplc invertebrate life”
sl disoussed possible reasons for this, comaluding that low axypea
tonsions in waters closaly opposed to the md were probably respone
sible. Potr (1969) foumd suppression of benthos under nats of Platia
in Volta lake, and aleo suggested low oxygen omoentratimns ns delng
respansible.

The regilts of this stuly inlloate that both the cheervatione

raparding Salvipda nre proved to be semevhat inacourate, & eparse
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banthis population was subsequantly famd beveath Salvinds, o the

drowned river bed, sn! although there mey be a desres of suplonentas

tim of the beuthos by animals aotually living on Stlvinis, whioh
have fallen off i, m animals Hrought under the Salvinds v flov,
oortain epoclos were found on the river hed under the mat which oonld
nct have hal either scurce; (for examples Jrapchieirilus herlenals,

Eroglading previceidolatua, snd Jorg deramlis). Nevertheless thare

can be 1ittle doubt that Salvinis is lindting to the beathos sway

trom the shoreline {soe 3.2.2.3), The possible reasm for this ro-
siriction should be steritutable 4o oue of the following Inotors:

(1) The baslo trophic levela are Absent due to lask of light, hence
thore 1a a shortare of fouls

(2) Tue mudstrate ls unwuitable, limiting calonisation.

{8} Low oxyzan tenslons are assoelated with the bottom auls, as 8
remidt of high levels of decomposing ofgsnic matter onusing a
mlorostratifiontion of ‘issclved oxyren against the Lottom muds
and a lack of axyren within tham,

Taking the first point, many of the Chironomeni, incluw!ing Polynedilum

and Cpyntochirengmg, vhich are prosent in sigmiffcant mmbers In the

river bad avay from Sglvinda, feed an detritus and the bastoerin and
fungl nsscolated with i+, If the 1nok of ilght an! prinary produo-
tion were the oause of the resbricticn of hanthos wmier Jalvindn,
those Chircamoni would almost cortsinly be present lut thay are note

Tha dense ooncentration of the apparently partioulste detritus-facding

sooplankton found undernoath the Salvinda (Chapter 8) iniicntes that

Jaok of primary production is probably of secondary importance and

that tho restrictive fsotor/s must be related to sonditions In the

hottom mxlne
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Malashlents (1966} expery on substrate preferonces showed
that for Bllodomu Lievitucas “Salvitie d¢‘ritus ftscif does not
appsar to inhihit larval ssttlemant® (p,527) md concluded that
rostriction by Salviply should be attribuiable to sams other factos,
The type of substrate prolarred by difforent specisa must wary, so
that s general oonclusim dased an the behaviau of a single species
48, in this oontext, susroot, It is possidle, therefors, that the
substrate undemeath Jalvinds ¢ :uld be restriotive to apscias other
then Kilolonm.

The third possiniiity vas that faunal restriction results froem
low oxygen tensions in the Hottor mis benoatt Salvipds. Lowest
axygen tensions within (.5 u of the “cttom undernsath Salvinls ocourred
in Jamary and May 1987 (Pig, 5,8) before flooding, shen readings of

betwean 2 ar! 10% ssturs.ion wore taken, 3pecios famnl at this time
wero Chagher.g spp., Shlngtannvg masulaiue ed ibiscemarly nlidbite
in Jaruary at Statiom 4, vhils in Moy fiffeen diffarent spocies wers
ocllectod undernesth the mat (Apps 7.8), It tho microstratifiostiom
gradient is affected by axygen tensiuw.ws in the wot.r ocolwm above the
mxl, ss logleally 1% should be, the above rosults indlcate that o
siqnificant founa was present 2t what may have boen lowest xygeR
tensions in tho votéom oud, The cdlonisation of the mat-covered
portics v Jtmeiedralis huthansie during July 1067, whon axren
tenstows in the water oclumn wore high and not in $he two provious
sassons, +hen bensicas wero ot their lowest, suguost thst this species’
nigration uncer ihe mat may have beon limited by low wxymor Lensions
Although, therefore, sume species may not colauise the subatrate undor
Salxinla e to s lsck of axyeen (rmsblodcidua hurienalse Tize 7.6,
January, May and July 1967} othere sppoar not to bo affacted tn the
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sane dogres, sartioulsarly 4f tne reduction fn mmbor of species vheo
‘igher oxygen tensicms wore nonitcred in the bettay waters is onsid.
ered., Low oxygen tenglons moy hnve apother « (leot, howver. Marshall
(1971) found experimentally that althourh Jrapchiume sewertd wes
eapable of withstanding low oxygen tansions for a ocnsiderable period,
no repradustion boox place, althongh esge were proiuced in oxygonated
eoniicly,  Restriction oculd thorsrfore be nlaced on the grovth of
aligoshacte populatins by low axyden tensions, This resiriction
would not apply, however, to the insect iarves, where saruitmoat is
darendent on the egys produced “w non-aquatic adulta, Hero a fure.
ther linitation may s invalved., Tho most obvicus factor is the
effoct of tha -ermanent Sglvinis mat oo tho Tayin: behaviour of the
aduits of © - le larvae, The assmpticn that an adult insect will
not 1ay eg7s on seemingiy sclid sround Af behavicurally it requires
npen water for oviporition, is not ocwnsidered wnroascnable, This
dnes ot of course apply to the alults of the insocte which live on
the Salvinds mat, but thoso wiioh are benthics If this is a limlting
fnotor an the benthic populntica bensath the Salvibds nmat, then the
mest mmercus avecles cclonising this babitat mist have bean actively
migratory. The main sprctes, Chaoborug sype sad =dingkonving
mogulatua nre both extrenely acbive in their larvel stages and are
both prolatory ml would thorefore stronely suigost that the laek of
ovipeaition above the mateoco.ered botten by outtable epecios la un
irportant factor in the cons)leratiom of the paucity of benthos wnder
S0lyiodse

Forbors nvelved la the mppression of benthos wnlernoath & par=
manont Salyinda mat wadd therefore inclules




e Suhwtrots unsultebilits,

2 Low arygen tensicne assoclate! with decomposition iv s botban
muds and vnsuliable conditions for gasecus interchange at the
ahor surface.

Bs  wipositdon by adults of banthic upecies being impaired hy the
felso surface presented by & permanant mat, surpressing oclonde
suuion,

The vonaideration of supplomentation ¢f tho benthie founa on the
drowned river bed benoath Sgivinds by speciss living on Salvinds
vhich have ‘esn dinlodro! oap only be treate! adequately when the
Salvinds fare has bean aonaidered (Chapter 0).

Supplementation b tho river fauna is clearly suzgested by the
situation found in Jamary 1987 (ipp. 7.5) in this case Shictoshirano-
ma enllrarduc at Station ©, below Elbow iapld, Thu same apecies is
prosent nesr the haal of the estuary in May and July 1060, The prow
sanco of Qhachorug tppe and Clinobanvins pasulatug in January 1067,
eanld also be attributable to the river. Supplementation from the
river would gosm to have been, on these lata, inslmificant, Whereas
the effect of Salvinds <o ths drowned river bed s foux! $o le regtrio-
tive, production sea <! enhanced along ths shorsline (Fic, 7,4),
partioulerly dn July 1907, The two spsoies Shirauora iransoelenala
and o Lormogioonnis were largaly responsibie for tho inoronsed mmbers.
& eonsidor! 1t mmbor of specios were lnvalvel, howwer, (see .7 1.4),
end apart from the Zhiroucomis oope nentionsd above, six further srecles
wors of Laportence on Lhe margins assocloted vith falvinds, two of
whish (Cacpda epy M-, Cricohouas voatitd) were found only at staticns
wi o o permapent Solvindy mat,  Althen  Uomerkodrllus spe 20 was
wolgitan along the margina, a marke. prefersnoe for shorelines
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eoverad by Salvinia wns shown, Purthor investization suzgested a
olumpod distribution fn this large dligochaste, in hetwoen 2 md
20 em dapth of water. (ther species found only in assoclabion with
falxinis are listed (3.2.1,5.1(c)) and Include the nayfly Exthraalus
#p. 5% ond Shinnamue Salipteing. & further point vorth manticning
in the preent context is the importance of Jilptoghironomus saffrnriua
on the margines away from the {gavinls and 1ts complote abssnce m mate
cevered martina.  The roverss held true for the Chirungmis specleg.
The increase in numbers of animala cu marging assoctated with Salvinds
oan partly be explainod by ite presence .f animals vhich live on
Saldnds hevins heon, i marinal conditioms, slosely cascolinted with
the marginal substrato ansd partl, by the inerense! complaxity of the
marginal habitat causad by Splvinds.

The polnt has alrecdy been mule thet the marginal habitat eovere
n occoparatively @anll area. o balencs, therefore, production ly
bonthes is ostricted by Salvinds, 't seeningly enhus.ded by the
removil of Salyinds.

42 The Effect of Loks Level Flustuaticns on the Fogginal Jwnthos

Hymes (1981} found that with the £all in weter lovel of & northern
touperato 1nke, scosidersble mortality osourred as a regult of etranding
end that 1itile change coeurved in the mmber of marinal animala,
Molachlen (197C) fomd simflar olreunstonces at the Bongws West 4
aleared area on Loke Kariba. & rise in woter level, hovever, "ellcibed
a strong rosponse frve larval commities',  ChiniGgus Juoavaai.osls,

artioularly, ineronsed cansluerably. The Sengwe Wost clonred rves

is gently sloping o ' )luvial {n nature wd wvas a fovowod grozing
area for yane snionls, Whon the ares wns imndated by o rising weter
lovel, the shalloy sarginal vaters were faund (Melacklan, S.M. 197C) to
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be rich An mtrients and poor in oxyzon as a remilt of the Ymndation,
tnitially, of dung, Malachlan (1970) asuczested that the suocvss of
Shireaomip $ropavaalonsig under these conditions was the result of
tho speales' ability to utilise tho nutrient rich habitnt, despite
low oxygan hensions, ooupled with the atypical positive phototrophie
response of the larvae of thils apeclos which enmured an sbidy to
follcw the movament of rarginal v rs, During a furthar study sub-
sequently sarried wut on Lake Chilwa, a tropical endorhelc saline
laks, MeLachlan (19¢9) found the same inorenss with lake level risc.
also attributable to Chircnomus trongvaglonsls.

lefurence to Flg. 5.2 (Chapter 5) shows that the anly period during
the survay a riso in lake level veourrel ws in Moy to Juno 1967, at
a mmn rate of G.5 m/month,  Marked inoreases in the mewn concen
tration of marginal benthos ccourred at the same time (Toble 7.9),
Howerer, thi, was duo t¢ major increnses at Statioms 4 and 5, withi.
tho Salvindn mat, for decreaser cosurred st the "bay" stations,

This ddfference vould seen to indicate that "seasonal" coniitions are
in this cave of 2 secuninry natur: and therefore annct by therwsalves
bo uged to exploin the mejor incvonses vhioch coourred within the
"ostuary”, Thase are romeidere] %o be the ~eault mainly </ tho rise
in lake lovel ev.! asecelated fro® vs, for reapons which follow.

Apart from tieir distanses from tie civer meuth and mat eage, the
major dlfforencos iJffscting the narsinal faunn nt Stations 4 and §
are the degree of miope and nc-colated fackors, Statlon 4is  very
stuon (11 Station 5 gontly sloping vhere sw led, sintiar to the bay
stations 1, 2 and 3, .t Stotian 4, tho July !noreasc wes dun to
wdrtoan difforend spocl s, notibly Allaals sve 127, Cronde ep. R
and Cpigctorna asptkds 4% 8, however, only throu spoclos vere
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oalleoted, Chircnoums Wransvaslensls ond C. formisicennis eonstituting
00% by mmbers of o considorable population. 4s Drundin (1957) has
pointed cut, the Urthocladiinae (whioh include Srigotomug) do not

have an effective erythrooruorin systes and are unshlo to withstand lov
Aissclved uxygen temsions, (m the other hand the large Chirsncmts
larvae are both physiclegioally and, pomsidly, morphologically adapted
4o withs. ..} low axygen tensioms, having erythroarucrin and olmgated
axdoninal gills, Corlitiwas at Stations /4 and 5 o tho basis of the
above, would therefore seen to have heen markelly different. The
osuse of those differonces would appear %o be tho rsult of tho shove-
1ine slope, Mitchell (1970) reports oo a phencmanon froquently nched
sgainst the shoreline of a Sylvinid mat followirs a rise in water
level, nasely that a gap 1s formed “etwecn the mat and shoreline vhioh
1s later colwnised by a repi! growth of jolvinds. At Staiimn &
howover, due to (1) the steornoss of thu shoreline and tho vclume of
water in contact with & sparso deposition of Jalyimnds debrisg (2) high
cygen tonsione resultin: from sfsctive s.vInce interchauzo, and (8)
a suort olearance to the maryin resulting fron the steopness of the
shoreline, oclonisadlion by many species was alloved walch oithsr re-
quived readily available oxyzon (Criaetorus, Soanls 8pe), were nega-
tively phototrcplo or were weak migratora, The {lat shore at Station
& was cbserved ~rlor to May 1967, to have a deep compact oover (0 20 -
50 an) of stranded Salyinls left by tho high 1966 wator lovel which
had appreciahly decomposed in its desper layers prius to tho May/July
Lundatin, With ficcding, the.efcre, the maryin of the water r ved
omparatively raplily and although subject to effective surface inter-
ohapge of gese3, the mygen torsicns following crganic deccmpositicon
wars probally extremely low, Aa they were, in faot, at Sengwe



(MaLasilan, 5.M, 1970) wmder sonditicas alloving fres sirfase inter-
okenge, oth population inoresses wauld seem, therofore, to have
resultad from a rise in water level, (» the e hand, hovever, the
short migratory distance and seemin? avallability of oxymen allowed
oolonisaticn by many speciss and on the other the eanparatively long
nigratory dletance, high nutrient level and low oxygen concentration
provided en aiparently ideal habitat for Chirchcmuge Why then, the
Jeorense in fauna at the staticus in the bay, where the slops is
«milar to that pt Station 57 Tho only ccmolusian that can be drawn

@ this difference, 1s that the mutrient level at these stations was
omsiderably lower end that Chircugmis requires, particularly, o high
nutrient level, as was supplied in this oass by the stranded Salvinia.
(n this premise the 'Ivitatice imposed by & rapidly extending margin
not axperianced st Statiz. {wic the - 3 ev  mse of the low
margibal populetion © the ony.

It would thoret-re seem that e inplication of McLaohlants work,
Lhat a rise in water loval ¢- % an inoresse in merzinsl fama i
widely separated lake types d » to calmnlsstion by Shilmndac AERne-
yaalsRala, cannct be applied meneral,~» (n the basis of these
results the rise in water level shauld be acoctpanied by both 1 repld
movereat of the margin and a high nutident lovel t allow cuscessful
solonisation by this speeies, The implications of the abseroe of
this species at ftation 4 o olthor that the mutri~, level was not
suffiotontly high, or that G, Lranavaalentis end C. formceiosonds ore
Jartioularly suscoptible tc compotition.

Other fastors cculd cbvicusly be involved in these interoating
fanal 1{fforences ec that further vork on ths effocts of a rislng
1oke level on aiffereit slwirates md slcpes md at different mutrient




lavols are cloarly necessary and ars likely o yisl? wnluable informa-
tin,

(n the basis of substrate analysis, the drcwned river bed hus been
saned into throe areass Area A (the “ay szcne), from Stationl to ¢80 m
inpide Stution 3 (3a); Area 3 (the cuter transitional zone), to Yacana
Jend {3c)y 4res C (tho inner transiticnal szone), to the river mouth
(Flge 7.1)e  Zonation on the basis f standing orop (Fige 7.6) places
the outer, productive, zome from Station 1 to a point sanewhere between
2b end 3; the outer traneitional zone from this point to betwean 3s
and %b; the ipner tranaitional zone from here to the river nouth,
Factors othor than substrite, analysed in the way they have bean here,
would therafore arpear to ba of greater importance to the staniing
oropa

4ot Tho Effect of Depth and sssoclated Fackors oo the Jenthce.

Consideration of the spatial differences in composition of the
benthos (3.2.1,1) lod tc tho tentative conclusion that with inoreased
deptl or progression tcwurds tha drowned river bed, ocanstituents of
tho bonthos of proporcional significence becape fever and more ¢ ominat-
inz, The reason suz wgted Tur this wes thad under suitsble sonviitions
sertain welleainpted taxe ampatitively excluded less well-adantod taxa,
Aoainst this svsrestion, howover, was the fact that alon the shoreline
where the ehircuomids were clearly in overall danin.noe, ths rreatest
divorsity of species was {ounds This seamed %o bave ruled canpetitive
axoluston out and suggested rather that ablotic factors were peinarily
sesponsible,  Subssquently it hns bees shown thut one of the reasons

for o overall dminanve of chirencmid larvae along the shoraline

[
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were the very denso concentrations of Shirgnomis asscointad with o rise
in wnter level, This sugzgosts that ocapetitive exclusion may still
have beon n simificant factor In the decreass of founal variety wvith
depth,

Consideration of the spatial diffeyences of the mmerically impore
tant species (3.2.1.4) also inaicated n negative ccrrelaticn between
mmbers of specles mad incressing depth, The tentative sencluelm
drawn from these data was that thero was elthor s decrease in habitat
ooaplexity from the shoreline to the drownod river Sed or that iaouse
trine niches had nct yot been filled at the time of sampling,

There would seem to be little doubt, therafure, that the varlety
of oninnls decroased with depth and that mumbers inorvasod; {soe
$,2.1.2/4) & situntion analagous tc marine fishos in tho Troples
(= shoroline) and Temperste (= river bed) reglons, However, any
attanpt to exnlaln this phencmenon without further stuly is opems o
oritislan. Nevertheless, faotors which must have n oonsiderable
baaring inolude nutrient levels, light, substrato and n degree of oobe
potition from establisned desp water spooles, The sugrestion that
all deep water niches hal not yot been filled, whioh stame from the
ownparntive yorth of Lake Xariba, 1s more questlonable, bSearing in
mind, partioularly, the somparative simplielty of the drowned river
bad as a hab. tat; ths sinllarity of the fauna to profundal benthos
of long-established lakes, Jescribel by Odum (1969) as having little
varlety; and the relatively high produotion of tho doeper watera,

45 Rlstrilution of the Jenvhos in Beletion.bo Water Quallty

Underflov resulting “rov (londing of the river 444 not et any tine
ecinolde vith sampling of the bentios of the drowned river bed
(Tabdy 7,10)s  The seouring snd displacesent offect of these, which



are 1ikely to have been both selective and oomsidersble, are therefore
wnlmown .

IAGLE 7JQ  CENTHIC SAMPLING PERICDS IN RELATICN TO FLOV (a/s)

SAMVLING DATE FLUCDING DATE VOLUME (F FLOOD LOMMBINT
10.12,86 20 4550 days prior
to sanapling
28,1 - 5,2,87 8,187 2% 17«25 days prior
to sampling
10,4 = 22,4487 2,8.87 8l Sampling before
flood
701 = 20,185 28,16 18 Sampling before
flood
0ok o 8 Sampling before
fleod

The distritution of tho henthos onnrot be related tc water quality
by 1%e0lf unless rallcal changes in wu'c. quality osn be asscelated
with major changes in eithor the umtity or quality * the fauna.
Water quality has been sewn (Chapter 5, 2,0.8) to have shcur a grudual
trend of chengo fwem the elge of the Salvinia mat to the open bay
stations and 1ittle senscnal change apart fros flouiing pericls and
inereasad phowphates and pH fluctuations durlag Novenmber 1967, Thane
d4ffarenise cauid be nssceisted with the faunal differences but are
tnsuificiont in themselves to have hwem of overriiing importence. The
effocts of enclosvre snd the Salrzinds mat m water quality have alsc
Leen dlscussal (Chapter B, 2.0,6/7) and there oan be 1i%tle doubt
that those tw. faotors oould bavs of their ef™ et on tho benthor in
this Indireot manner, Neverthulasn, it &s nct possible to drmw oven
vague omclusions regarding the effent of weter cheuistry on %he et
thos, apart froo those . ered sbove, relating %o Salvinds =d lake




lsvel fluctustions.

Conslderabion of the spatial distridution of all aspecies of benthos
(3.2.1,8) sugrests that cortain species may be regarded as typioal of
sertain hahitats, On these inta rarzinal speclos wald inclwle
1ibelluldd spe 187, Hilcdonup breviouocs, aldenals spe 147, Nemerho-
Agldus epe 2%, Akophorvs furcatus, Shircncous lrsnsveslenals and .
forucsipannige Shallow wnter speciss of coarser sedime.ts inclule
Stigtoohlranoms eAfCrariug, Jenbacediluy wittel =nd Coanda spe 90
Deep water speclas of flner, more uniform sediments include Derg sp. 24,
Eucers femugines, Aulcdrilue viguetd, Chaghorug sorey Eolinedidlum ep. 5,
Srtechdronans spe 7, Sryptoohirengme pecnildscla mn Jronghicdrilus
herteneia,  Althowsh any stuly of the lake as n whole would bo in-
6lired to catogorise nll specios fours in this study to be of the
ares assoolated with river mouthe, spoecl: s alosely nesocinted, or
"ogtunrine® gperles for the purposos of this stuly, inclute Cxwoho~
shircuooma lininerd, Legblnozompima africonus, Sliachunviue clordnianls,
Zo pagulatug cmul "Probezzia™ epe 77, Ublquitous speciss insluwle
Riusoulensls saweneds, Lreshallus Lrevicotdclatus, Lanviare.s balleatus
an! "Qullcofideg” sre 61,

47  Frunad, Stabllity

Any stuly of s level.ping esoeystem such as Lake Karidba must of
uecessity conalder indicators of shange in a ynanioally unitable
stiunticn, « study ~onitoring these chn o8 should ideally be carried
out o¢ r a longer period then 1t was nossible to we. het -, Navertho-
les~, major faunal devel wents ol specles cocurring in larpe murders
Juring the ‘wo year trmnsest could bs indieative of developnent.
Whother thore vors Srue long term chagy s or not will only be seen
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clearly with further studies, Temporel fr-mensy data of scae

spocios are fiqured (Piz, 7.8%, With the abcve reservation, Jrguohie-
dridus hortensis end Ghaoborug spbe show o decreage during the ocurre
of the survey vhich oould indicate s "phasing out® of these spocies.
Sudadeilug plguaty omadd slsc bo inoluled, tut this s most w tkely
in the light of the viclence of populatior. nenge which occourred over
» ‘wrt poriod. Dirgeudcosis sapensls, Esdypedilun so. S, SInde-
ghbranome 5v. 7, Lresindiue brevipebiclatus and Jrenchiure acwaryd
would seer to show a “phasing in®.  Clinctanyous magulatug, which is
not flrured, showed an essentially stabla population during the ccurse
of the gurvey, as did the nnrrow=headed "Oulicoidas® 8Dy fle The
heoad-headed Cullocides sp. 19, oo the other hanl, became mor’ “EPUUS
towards the lattor part of the survay.

It is necessary to sesk cmnfiruation of those y.apressions by oot
parison with MeLaghlan's (1960) findings from 1963 to 1966, All the
sbove apactes were found by MeLacw . assooiated with botton mudse
Aloicilus sigusks Jnohloirilus horienals end Chaghamis vers merked
as Solne present {as opposed to abundant) during MoLachlenis work, s
that there is somo indication of an inoreaso of these apacles until
1960,  DApseulopsls sapensls, Srtochiro.cms sie 7 (= Molaohlan
sp. 15) ond [ ronghlure ageryyl ro dlso narked as haing only presat,
so taat ohe probability cf their "phasing ir” is grontor. Molachlan
foumd [reclodius in son Jensity L tho estuarine msl, hevever, 8o
that 1though thore ias e possibility of this specios having inc rensed,
this 4a uncertein. Eslvpediiwm 5pe 5 which in these data ls shown
as "pheging in", has been sn tmporbart copnoment of Lae fauna of deap
vator L.ttom mude for some 10, 85O mich sc, that Motachlan {1960)
following Srundin (1950) has olassifiad Kariba as “eing o "Rolynedilum

i
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lai® on the dasis of the frequensy of soourrence of his Polynedilip
#p. 10(3) which is the same spocies as is being oonsidered here

(s 8)s It 1s therofore unlikely to be "phasing ‘n®, although m
these data, oclonisation of the "estuar.ne® .abitat toock place in
1960, Clinckanyius maqulatus held mucl. the same position in 1967 and
1360 as previously, as did the ceratopogomid "Culisoddes” sp. 61,
Taxonanio difficultios mitigate azainst earlier samparisons of
*Oulligoides” spe 19, Theee lata are presented for cmparison by sub.
sequent workers, for cmfirmation of trends is necessary frum later
sanpling,

The increasing mmbers of 2rauchiurs gowertyl and, possiuly,
Procladfus hrevinetlo'atus surgest an enrichment of the botiom muis
in the drownel river bed, as these two specios are typlecal of the
eutrophic Laks ‘oIlwnine (Marshall, 1971), This enrichnent cculd
bo eithor a function of detritic accum~iion in the "estuary™ with
timo, of Lhn regult of the bresk-up of the rarmanent Splviplg mat.

40 Chagbopyg in ' alation to Zooplankton Density

IALE 7.1 A COGARISQ. OF THE DENSITY CF CHACIQRUS IN THE JE(THCS
AND PLANKTQN CCNCENTRATIONS

FEIID CHAQLGIJS CONCENTATION  FLANKTCN GOHCENTRAT LG

Jonuary 1967 Station 8 Very lowy hizhest in
vioinity of Statim 3

July 1907 Statioms 1a to 2b Jensity oontre ai
Stating 2 and 4

Ogtober 1967 Staticns 2a tc 3 Daneity oen' v at
Statim 4, hotton,
repsobable consentrn..
tin at 2 end $

Jasuary 1960 Statians 2s bo Eb Statim & to &,
Station F

The May findings have besn mmitted as bonthia sampling tcok plac:
befor lloodings planktanis, after,




Shaghorus is videly kmown to be planktonie by night md benthie
by day (Odum, 1960), de hoth planktonic and benthie sampling was
carTied aut by day it £ 2lovs thet Chaghorua sppe were collectod
nodnly dn the benthio samples. Consideration of coineidental samples,
from January 1967 to January 1960, (Fige 7.0, 6.2) shows a similarity
in seasonal fluctuntion of planktan and Shaghorug. There is also
a-me spetial correlation between density of Chiachorug ¢on the transoot
and plankton density centres, rartioularly in July 1967 anl Jomuary
1960 (Tahle 7.11). High mmbers of Chacborug wore never famd,
however, in assooiation with plaakton density centres unlemonth tho
Salvinds mate “elng dark, it woawl’ Yo expectel that Chooborys would
have remained planktonic unlerneath the Solvipdy mat which coull ¢X—
plain their paucity in benthic samplos, tut they wer. not golleated
vith plakton here, anl must, therefore, have heen in lo4 numhers
underreath the Salvinda mat.

49 Standag Srco

The eonversion values given in Table 7.3 have bean nael to nsscss
tiu reen stending erop of the stuly aren, using the numerical Iata

fron the semsonal survey, Theso are given in Tahle 7.12.

C4E 7.2 THE MBAN STANDING CUOP oMo WET WIAE P T SEASCTAL
SURVEY 19¢7/00

SITE 0 IOMA3S
Shoraline (O metres) 225
§ mot.res 1008
10 metros 908
e 1008
Overnll 1304




Clearly the most productive sone, as biomass, is the shoreline,
though this is mainly due .o the very large Nemartodrilus sp. 20
which ws ocomacnly found in association with Salvinig at Staticus 4
and 5, Without this species, the mean biomnss of the margins was
found to be 1145 nz/a®, which is similar to the fintings on the river
bed and at 5 and 10 metre depth atatioms.

Unfortunately Mclachlan's (1969) values are expressed as outiclo-
free dry weight and are not comparmble with these ostimations,

Potrts (1959) estinates of bottam fauns standing erop of Valta Lale
1n vater snallover than 1C m are similar to the 1204 mg/n° estimated
from the results of thir work. 4t Kete Krachi, annual estimates of
approximately 170C to 3000 mg/m2 wor: found, at Yeji 2090 to 2570, at
Kpaxiu 770 to 1700 and at Dadi, near the dam wall, 050 to 710 qu/mz.
Petr (1969) found, howover, that the bottom fmunn was lurgely confined
to waters shullower than 10 m, and between the year 1906 and 1063, a
markol decrease in standing orop occcurred as the lake matured,

Jy scmparison the stanlic~ arop sstimat:s made at the eutrophic
Lake MeDlwaine in 1940 are ocnslderably hizher, Marshall (197)
estimatel tha fallowing standing crop for the different depth 2 sres:

-85 1 6,01 gla®
7<.10m 1 18,232 g/m2
10 =20m 1 2,607 g/n2

410 The Jcttom Fauna Fool Heb
Litersture on the feading hablts of the Iarve of, partiocularly,
Afriem nquatic inscets is sparss. In order to sttempt clarifisation

of the fending habit. o the imporiant constituents of the bottom
famn so that a significant fool web swuld be srmstructed, the mouthe
parts of those ganera upon which direct feeding chservations have not
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bem aadc have bee: stadied,

I8 is imown that the larval Chizamomini are fesiers of partioulate
argenis mattar (Wirth and Stone, 1958}, in scme onses odllectod by
the use of salivary wobs spun acroas the mouth of the larvel tube,
irrigated by n curremt set up through the tube by the body movements
of these animals and pericdically eatem, larval Tenytsveinii are
also known tc use salivary webs to oateh food particles; in ame
spacies, webz are spun on spoclal extensions of the larval tub>.

This has bean found both in Ameries and Africa (Wirth and Stcne, 19563
Seott, 1967), (o tho other hand the Tanypolinae are imown senerally
to be predatory {Wirth and Stome, 195%; Pennak, 1953}, Tho "herhi-
vorcus®, spocies (here usaze implies animals eating both living and

dead particulate organic matter) are escoutially sedentarys; the pro-

datory specles, srrant.

In the larval chironomids of .o Mweodsn .ver mo ih, - ‘iear
‘radation in the followiny characteristics of the mort! arts may be
seen (Fig. 7.9)s
1. 4 simplification of the grinding molar type manviibles of the

sherbivorea” with severn! teeth, to the sirple, lensthensl

spear-like mandible of the predstorse

2. 4n increasad curvature cf $he predatory mandivie alminating in
the auvutely hooked mandibls of Glinchonyime. lheso two series
are omsidered the most irrortant indiest-rs of the type of feod~
inge

5, Tho separation of the labial plate by & non-toothc? sentral ldsg
and rolustion in tooth complexity.

4 The absance of presence of the ingan, found o 7 i the Trngpodi-

nas,
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An sttempt haz bemn made to correlate beth sise and antemnal
length (as head/mtennal length retic) with the above charscteristics,
tut a clear gredation was not found. Apart from Chircngmmg, “he
"horbiveru x% end of %he series are smaller. /A ratics were oone
fusod by the sradation of characteristics within the Tanytarsinii
(Fige 7.9.1) where both short and extremuly long antennao were found,
the former being indicative of a sodentary, herbivorous, role; the
latter of an errant, prodatory ona, I% is of intersst to note that
although mendibles rotain "herbivoreus” sharnateristics throughaut
the Tanytarsinii series, the labinl plate shows r tendency tovards
prelatory characteristics, in that same specles show a separtion of
the 1abial teoth by the non~toocthed central lcbe. Thus on “alwce
the Tanyinrsinii are considerel herbivores, but there is somo likeliw
hood that scpe »f them may be predatory. The herhiverous Chirenumini
all have shor nr'ann. - and a clear sralaticon can ho sean in the Tany-
padinac where Leth antennne ad hand eapsulos lenvthon in close cor-
relaticn with the predatory characteristics of the mandible and lablal
wlate (Flo. Ted, 6 = 7)s

G the brala of the morthparts, somo of which aro fimured (Five 7.8),
the grrivs, stortines with tho most hero’wor us and ending with the most
predatory, is as fallews: Chirouoms, lonvhorsud, Lodrpedilun, Stloke-
hiradi . (TAastomu, SroAcohlranena, imxalaliue, sdabemicia
and Clingtononage 49 far as Stigtochironamug, in tho sorios, nouthe
parts are clearly of a "hephivorous” nature,  [% in prolablie alsc,
Julging by som. of the denso asscolations of GElactoma (550/n%) which
were found vhich are uncharasteristic of predatory animals, that
Srigotaua is also harbivorous, Sryptechironomy is more Aiffioult
to classify on the basis of movthrarts, but as these were found in
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even donser assoolations than Sriootogua (502/a%) 1t is probalile that
thess are alsc herbivores. Eroaladius 1s far more likely to be pre=
dntory on the besle of its aendibles end $blabosmvia md Sliaclouvius
are almost cortainly prodatory. It cannct be omcludod, howeror,
that these last threo gensra aro antiroly prodatory. Thore are some
indications that Progladiug codd be an amivore {quite dense cuncens
eraticns (158/a2), short antonnas, horbivorous-liko labinl plate, small
size) and the likolihood of imbibition ty Ablabosmrin nd CliNCLanYAS
of particulato organic mattor cannct bo ruled out. Tholr orrant
nature (cbaorved in aquaria), the eloarly 4oveloped mouthparts, compars::
tively sparso concentration aml lon - antonnae rageost that theso two
nin, however, ossentinlly predatorye In tho analysis of tho food wob
the lattor throo gonera have boan onsitored to ba predatorse

The Oligochacta md Mallusca are all omsidercd "herbivorws”,
and the mothparty of the trishopteran Digeandal 8 (Firs TeDe?) wits
tho man:itular brush and satan, couplod with thoir tube dwolling habit,
gugront stronciy that thoy aro nlso hosblvorouss This has bear. cone
firmed as far ng peactically possible by the exanination of put omtants.
Ghoouogus is on chserved prodator, partisulerly of zooplankters (Chaptor
8), anl hae {taclf heen cbserved to be predated upon by the coratopego-
atd "Culiagldas®, (Fiz. 740.1C) which seans to hrvo poralysing salivary
proportics (Mitchell, Sey vOFSe cotrie) o

Two furthor spocies must de scnaidored, althoush they vore of
1ittle importance in benthic samples. Those are the largo snlaoptoran
nymphs of Maoraald vhich are errant, md the eryptic Iotinozampl 1 nynphe,
both of which oocurred with such froquendy in the gut contants of fisho, |
the mormyrids Jn perticular, that thay mist have playod a slgnifioant
rale in the fooling web of the bettom faunn, Both are predatory
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and previous experience has shows that the only vey tc capture the
nympha cf these spoctes in any mwmbers 1s by eomploying a fagtasoving
dredge, a method not used in this survey of the bottam fauna,

On the basts of the ahove ontegcrisation of the feeling habits of
the botten fauna, the food webs of the seasonal survey and the river
bed trensect series hava been {llustrated (Pigs. 7,10, 7.13) showizg
the relative proportions Ly mmbars of tha companents, Two points
beoame clear on coisidersticn of the food weba, The first (s the cone
siderable contribution made by zooplankton, particularly 4o the benthice
secondary sonsumers through Chachborug and to the bottom fmana nombers
as a vhole, Tho seoond is the seemins lack of utilisation of a v
sidersble proporticn of the primary consumers in higher trcphic levals,
This point will be reccnsidered vhen the feeding of fishes is 2calt
with in a later chapter, The relative nroporticna of the constituents
have already been gumsidered (Secticna 3.2.0.1, 3,2.2.2),

5. COBCLUBIWG
Tho conclusims which may be derived fram thode data, toaring in
mind the reservations imposol by the frequenay of saspling, smve sumaar-

4803 below.

1. Oligochasta, Chacborinae and Chironomidae daminated the fmuma of
the brttan muda in varying propuortices according to dapth and subw
stinte, omstitvting 094 by mmbecs of wimals oolleoted in the
sessn. ] surver amd 958 of the ~iver bed populatiom,

2. The most productive area, mmerically, was tis river bed away froe
the Salvigia mat, Copaidermb?. decrease in bottom foupa ccourred
wader tho Salyinia mat, ubevs the drownsd river ed wos loast pro-
duvtive, Margins, vhwn oonsidered mumerically, vere next moat
profustive, partioularly in ssscoiation with the Joirindo met.
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10 wetre depths were mext most productive muserically and 5 m

dephhs were loast productive. Oomsidered as blasnss, the margins

wvere cloarly the most produstive, particularly whan asscciated

with 3alvinls, mostly as a result of the pregence of the large

oligoshasto Lomorodriiug. There was little difference in mean

stonding crop st 5 metree, 10 metves and the drowned river bed.

The bottam fauna was most numerovs during wint»r months,

The area consistently most proluctive on the irowned river bed

ocourrad betwean Stations 2 and 3, sors 2 K from the point of

extry of the river,

The mly clear-cut replicable sesscnal change which cccurred on

the drownel river bad waa the increase in numbers of bottm fama

at the outermost stations in May of cach year, due tc the presence

of adodrilus plgvetd and olyrelddum sre 5 in 1967 and to Fgly~

il spe 5 in 1080,

The restrictive effec. Sglvini; was famd to have on dothom faunn

pessibly results from a sombination of the following faotoras

ae Sulstrate wnsuitability

b, low oxygen tensicns

2. Ovipositiom 5y adult insects being impaired by the false
surface of the mat.

The larvae of Shironamug are kmown to astivalv cola. + lake mare

gins in assceistiom vith a rise ' water ‘evel., The imp'leatdan

of the seocurtvrca and bsence of JHAPGRGED larvae undee these oot

Aiticns in this stud; indicat: that €or succe Ml cclonisation a

rapid marginal novemest (henoe gently sloping shoreline) oopled

Ath high mutrient lovels are nocossary.

DAL .ont substrates, as anulysed in thia stody, showe! no core
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relsticon with bamthio produstica. It is oomeidered that subw
atrstos yoquire mo.e careful analysis than those traditicaa)ly
used, for requirements of benthie mnimals are probably far more
subtle than these methods show.

Varicty of animals and depth were nagatively correlated. [Por
sovoral reesons it 1s considered that this was not primarily due
%o a lack of suitable specises resulting from the comparstive

youth of Lake Kariba,

1o corrvelation could he male between water qual ity an! benbhie

L odustivity,

Sune banthic animals bave been tontatively categorised inbo map-
ginal species, shallow water/cocarso sediment speaios, denp wrtar/
fiue sedinent species mud "estuarine” apaciles,

An attemt hae baen made, 'y avalraia for tromds of incronse,
stabilit, or Jecrense of the mo¥s aumerous spacies ¥ the river
bal over the two.year sampling perled, tc ascertain vhather any
speales ocull be elther coloniaing, stable or decclonisisg. Cume
parison with Mclaohisn's (1960) findings suggeets that some species
111 into these categories, ut oonfimmstion is nevessary from
1ater samplirg.

&n apparent increase .hleh coourred In the peplstions of Jrapsbi~
weo sowurtod od Crealadiug Lroviogticlatus wheh nre tropiesl
eutrophic indioators, wuggosts an inoressing detritie asoumln-
tion wn thoe vielnity of the river mouth, due elther to inorsasing
maturation or to the disintegration of the permanent Jalvinls me’.
The pttem of Shachorug density ta the Sction muls both secscanlly
and auatinlly (away from Solyinda) suggests the neseibility of some
eoprelntion with plankton donsity centras,
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18, The mean standing orop estimate of 1804 mz/u” is similar to Petris
(1989) estimates froms Lase Valta, and comsidersbly lower than
those of Marshall (1971) from the eutrophic Lake MoXlwaine which
ranged fram 2.6 % 15.2 g/a®,

16. The relative oonporiticn of the campaments of tho within.benthos
foul wel indicates the importance of Chaoborus to productivity of
the benthos in that ito main scurce of food s scoplankton. A
eonsiderabla proporticon of the primary consumers are not readily
availahle to higher trophic levels within the benthos. The
question will be reccneidered whon fewding relaticnships of fish
are dealt with,



Ino:dorto!\xlfﬂmoofﬂuu!ndmao!‘tmmum
necessary to subjectively determine what sppeared to omstitute
major habitats and to sample these as adequately as cost smsidera~
tins allowed; determining vhanever possible seasmal varlations of
fauna, but, more importantly, the species compositian of various
babitats in terms of presance, importance and feeding relationships,
The principle underlying this approach basically invoived the questim
of availability to end utilisation of the faunal oomponents, at specles
level, Ly figh,

The major benthic habitats (substrates) shosen at the wuitsot of
the rtudy vere the bot:as wuls, the drowned trees end the Salvinis mat.
During the course of the fisld work an invasion by rocted aquatic
masrophytes cocurred vhich has bean desoribed {(Mzpter 4) and the im-
portance of which has been emphasised pieviausly (Bowneker, 1968, 1970;
Donnelly, 1968). As these plants invaded the stuly area sampling was
initiuted on them, They included Pctamcgetan waillus, Zotakeohyllie
demersus end Lagaroaiphad M) Ls) Gliug.

This chapter will ooneider the results of ssmpling of all these gube
strates, apart from the bottam muds,

2. IHE YAUNA OF THE DROWED 1RERS

It vas ansidered unlirely, prior to inundation, that the trees of
Lake Kariba would realily disintegrate, due to the very hard woods of
the vegstation to bs flocied and the sessoning effect of submercimm,
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Wheress this would have seemed to have held true for totally submergeu
Srees, exposed treer, partioularly at their extrexacies, wvere ocbasrved
%o be in the process of disintegrailng during the ocurse of this study.
Terminal material was rapidly stripped off the trees followh , inunde~
tin end some sugzested biclogical effects of this heve been published
(Bowmaker, 1985, 1970),

23 Metholy

Dus to the difficulty of obtaining & uniform substrate to semple,
the methods used were qualitative, though an effert was mad. to collset
appraximately the same quentity for each sampla, Jamples wers colleow
ted over three weasons, during April, August and November 1967, At
Statioms 8 and 4 samples were taken from dead trees standing both in
and clear of the Salvinis mat, Semplen wers ccllected from bark amd
twigs within 1 m of the water surface, exsespt on one occasion wnem o
branch was colieoted accidemtally frow the bottom at 10 = depth by
grab in Apr't, .6 twigs and bark weve brokwn Aff snd plased in a
& posh/in ' bug v r the water, which, when full, waa wasned into a
oomtainer in the boat., The fmuna wms sorted from the collsoted unatere
1al by eys, Animals utilising oracks or bering god as the mat
fal dried wit., Sorting wvas continued until mo further moves at seuld

be found In dry material, Washing in a formaldshyde irritat bash
seldom elicited further emergence of animsla. An attempt wes mwie o
obtain more quantitative results by the use of standard wooden blosks.
Sets of five were suspsnded om buoyed chaine at five metrsy depth inter-
vals ~t all stations, The blouks were comstructed of two 1 om thick
mersnti planks, 15 om x l¢ (1, sorewnd together and drill.d with three
S mm holes at -ueir interphase, eo that on being wnscreved fmuma utili-
sing the holes could be collected. The use of styrofcam buoys was
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riled cut in the Mwunda ares due to thelr repid destruction by ercoo-
d1les, Cost camsiderstions diotatei the use of metal cans., These
bucys were unsuitabio (some had been used as targets, others disinte-
grated) and all the wooden blocks end ohains were sventually lozt.
This part of the profect was abandonod and the results obtained too
sonttared and discontinucus to be of value, Yo attempt was made to
relate rumbers of animelis to the species of doad tree sampled, due to
rezognition problems, though both the species of tres and state of
disintegration could have a ccnsidersble affect on resulis, Samnling
oarried out in December 1972, strongly indicated an subjective ansess-
ment a major increase in the tree fmuma; the surface material of the
treos was found to be haneyommbed with Povilla borings, c«ffering a
greatly inproved substrate for theso animals particularly, Cver 700

specimens were ccllected fram the drowned *»wng,

2.2  Results

Full results are appended (App. 8.1), Thirty-five aspecies were
oullected frar the drowod trves and six of thess cunst.‘uted 858 of
the total mumher collected, the wood-bering nymph of the mayfly
Povills aduats contributing 63% by itself. Other fuportant speciee
were the larvae of the oeddis Fognomus thamasohd (757 of total animals
sollestad), nymphs of the mayfl, Euthraulus sp. 55 (6.9%), the seratoe
pogonid pupa ap. 356 (5,5%), the larvae of Chirongms (Yilclorum) =p.
558 (2,9%), end Diorctendipes fusemotatus (2.5%)s  Cligochasta,
Crustacea, Odonata and Mollusoz were infrequertly found end enly in
omall numbers, No single station appeared %0 be more praiuctive than
any othar, on the basis of the ~cugh method used.

Of the important species, Povills and Hllodomup ocourred ir all
" ] led, wh Euthraulug wne not callected in April,

S % ’
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Shough 24 cuour~ed in large mmbors in August and vith less frequency
in Novewber., [Diorctandives larvas were pot solleotad in August,

TABLE 8,0 A COMPARISON OF THE FAUNA OF CLOSELY ASSOCIATED DRUMNED
TRERS WITHIN AND AWAY FROM THE SALVINIA MAT

APRIL AUGUST NOVEMBER TOTAL

BPECTES N ANAT IN AWAY  IK AWAY DN AWAY
EBadlla adusts 58 0 89 5 107 11 234 18
Boanama hopasetl 8 0 3 o] ] [ 14, [+]
Eutbrenlun spe 53 1 [ 1 8 2 0© 2 L}
Niladerum sp. 358 ] ¢ © [ 5 o 1w v

[¢} 8 4 ] 2 2 2 8

e ctatus

Table 8,1 indicates that Jalvinin probably axérts a omsidersble effect
on the fauns of the drowned trees, particularly in the csse of Prvills
adugty, where very large mumbers were found on the trevs in nsscolation
Jeh Salvipda as opposed to the relatively spavse population on trees,
never more than 10U o distance away, whish were slear -f the mwat,  Al-
though ths method used was only roughly quantitative, the ewnsiderable
aaxt oonsistont difference wae probably signifisant, There wns almso
a possibility that numbers of Nilgdomum ®p. %58 and Bognomig Shosagatd
also showed an inoreass in asscelation with the mat,

2.8 Dlacussicd

The drowned tress appenr to be axtremsly important to secondary pro-
duetivity in Lake Kartba. 4)though no adoquate sampling of periphytic
developaent oo the drowned trees was undartaken, this was obnerved to
be coneiderabla, particularly in alose assoolistion with the surfaoe mnd
sooningly more sbundmt in areas cleser to the river movth, Hot only
did the drowned trees provide a relatively stable substrate muiltsble
for periphytic developemnt in the photlc zome, Yt inoreased the area
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for this development vory comsidorably, In terme of overall productim

vity this inorease in periphytic developmeul would have to be l.ulmnesd

agalnat a decrease in phytoplanktonic production, Neverthelees, the
iderable dif(: in the spocific makeup of the fauna typioal of

drowned trees from uvther habitats, particularly in the instance of
Povilla adustn, which if this habitat had not been available would have
bosn sparse if at all present, =uggests that by increasing hebitat and
therefrro spocies diversity in the lake, the drownal tree substrnte can
only incrense overall productivity, This would be particularly spplice~
hle to fisheries profuctivity if the flsh species present were predomin-
sntly insectivorous mther than pianktivorss. Belng of lotie origin
the majority of the fishes would logleally be of the formar rather

than the latter category, Under the circumstances present in the

study area at tho time of this study therofore, 1t 1n considered that
the drowed treea, as a substrate for periphytie development and ty in—
eronsing habltat and thorefore specles diveraity, incressed secordary
production,  On considerstion of the enormous substrate area involved,
the role of tho drowned treas in the whale lake must have boen emnalder—
able. The subject will be resonsidercd after presentation of rish fooul-
ing data (Chapter 11).

The inerease in mmbare of Povills in assoclation with Salvinda
would soom to have boen relatec to development of early instars. In
troes assoclated with Salviads, nymphe were generally ssaller than found
in troes away from the mat, The implication of these firdings was thot
Salvipds formed & suitable substrate for the development of carly instars,
henoe lncreasing the population on troes assoolated vith Srivinds.

Potr (1071) omsidnrs that tho prasent fisherios productivity of
the Valta Lake 1s largely dependent upen the expleelot of the Povilla



adusta popxlation associated with the drownsd troes, This situsticn
has not tuen reported on Lake Kariba, which could be related to diffora
ences in the type of woodland imundated, The softor forsst woods of
the Lake Volta area provide a more suitable substrate for the vood-boring
nymphs then the hard, predominantly Colghospersum vocdlands immdated
by Lake Kariba, Indeed, MoLachlen (1968) reports that a significsnt
increase in the Poyilla population of Lake Karibs only “ook place aftor
drawdown «n! attack on the dead trees bolow high wmtor lovel by terres.
trisl beetles,

The importance of inundated trees in torms of resource manngenant
vill ba considerad in a lator ohapuor,

5. TVE PAUNA OF THE SALVINI4 MAT

(ne of the main alms of this stuly was to nsoartain the effe-ts of
Saloipda o both biotic and ablotic components of the "estuarine” aroa,
It has bon shown that a quite omsidernlde negativo effoct 1s exertud
m the fama of the bottom muls by the mat, It followed that an assess-
sent of the fmma actuslly living within tho mat was necessary, This
investizatim did not, however, cmsider the essentislly terrestrial
fmma living above the uvater sarface, even though, potentiaily, this ocom~
pouant could have interacted with the aquatic muna snd had oconsiderable
offoct on it. CObvious terrvstrial components included large mumbers
of spiders md the Jeoma (Actophilamnls sfriganua) the latter fre-
quently having bean observed to tum over Salvinig lsvaves and take off
aquatic m:inals fras the wdersurfaco,

5.1  Mekhode

Initial sampling was entirely ~uslitative and has been reprrted
oo (Bowrsker, 1968), Quantitative sempling was initiated in Aprii,



1287, At this time it was hopud that thoe fmma of thoe Salyigla mat
would be favastigeted separately in depth and concurrently by ancther
worker vho startod iis inveetigation ac this time, so thet amphasis
was placed an other aspects of this study. ¥ .fortunately ths scparate
etudy of 3slyinds fauna was discamtinued, ut has beon reported {Alp,
1988).

Initially, quantitative sampling wa: underteksn using a o328 ns
opanwended box, deaigned for the purpose =l made from aluminive,
taking a aample 0,28 »? In area. Tho bax was plunged into the Salvinin
to a depth of 0.5 = and a 20 mesh/inch framod gause bottom alid into
place oo slots. The whcle box was then 1ifted from ths water and tha
srdrapped vogetation washe! to remove the fmmna which was then sorted
from tho debris, while alive, agninst a white beckgrouad. The Saivinia
was then thoroughly squeesod by hend to remove exceca molature snd
weighod, Tho samplas wers found to be so cansidornbla tha' time mitd~
gntad azaingt repliention. This mothol was used agnin in July 1887,
wut theresfter, when 1t was dlear that the separato Sglvinls etudy wms
not to omtinus, a different muthed allowing replicstion {usually & =
sea Tablo 8,2) wng started. This method invalved seooping n saeple of
Salvinds out of the wmber usiny e dish of 80 am dimseter and 2C e deep
The dish was pushed sideways under the mat and brought to the surfeee
in as abrupt a movement as possihle, After the vagetation sample hod
boen washed to removs tae fauna (see bolew), the hand=-squoosed 52y ldo
wns welghed. At tha time of taking s.rples, the Salyinds box was ured
40 take three sssples of wwod vhich wore similarly treated, to remove
axoess soisture, and woighod, gibing en astimate of Splvinis density ai
tho seapling site. Thus the faunal density oould he related oither to
gurface aree of mat or to live weight of woed lens excess water, allow-
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ing the opportamity for compariscn with olther bottm mals or producti~
wvity (in terms of fama/imit live plant weight) of cther aquatic masro-
phytes.

Prior to squeesing the Salvinlg for weighing, irdividusl plants were
agitated vigorously in three separate water baths before being passed
through graded meshes of 20, 40 and 60 meshes/inoh; thereafter being
sorted separately, allve against s white backgrouwd. The mothod vas
tosted by washing five timos, the last time in a 1§ formaldehyde solu-
tim, md found to extract 89% of tho “wna by numbers, error resulting
from retention malnly of Ceratopogenidas and Hirudinee (Pig. 8.1).
Sumples usually praduced approximately 15C individuals, the more abun-
dant specise ocourring in markedly similar mumbors in replicates, vheress
rarer spocins showed 1ittle conoistency botwsen replicates, Jample size
and extraction toohnigue was considerod satlsfactory in terma of the
roquiremants of the study. The sorting of snimals was greatly ":~ili-
tatod by thoir movemmnt and tho use of a flat triangular net designed
for the purpose and used vhan hand sorting bocame diffioult. This
sorting net, used in all vegotation samples, had a 10 cw base md 12 om
height, the apox boing attached to a handle, across which wms stretohed
80/mesh/inch netting. By scooping through a sample, agile animals and
debris oould bo extracted amd removed. Aftor careful serutiny for
movement of fauna) ocomponents the debris vas discarded, Thus a sample
was satistactorily cloaned of all debris and aaiuals.

The use of the Salyiple ba- to ascertain weed deraity ad the hand
squeszing mothod cave results of surprising cmslatencv for any given
part of the weod mat. Standard orrort *or thres roplinates rengel
botwoan Ol and 14.6% (Table 8.5) but wero froquantly found to be with-
in 108 fiduoial limits, suggesting & reasonably gool mothod for the
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LR S TR mmxw AT SIMPLING SITES 48
ERCOBS

G LIVE WEIGHT wetor removed by hmd aques:irg)

BOVEMBER 1987 FESHULAY 1968
STETTQN . 2 . 2

#(o/a") -1 (/%) %
108 5482 479 10,880 4aBd,
1 M 5432 - 2,po8 7.90
2 s - - - -
2 B - - 2,008 5.7%
5 8 3500 0,99 8,088 [
s B 970 - 5,368 491
i 8 2480 - 7,028 5,89
4 B B0 - L8 1iB4
wn B wp 12,00 5,988 4eB8
B0 V42 5,38 15,307 7.0%
e om Le,188 8.50 18,300 9,85

5 18, 700 1.0 18, 408 8,97
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estinate of Sslvinia oampaotion,

Sempling points varied during the ocurse of the study, but umtil
it wvas lnown that the meparste stuly of the Salrinia fuuna vas no
longer to be carried out, coversge wes minimal., Thersafter, however,
1eplicated sampling was undertaken at a greatly inoreased number of
ehations. Sempling waa usually undertaken at at least ons of the bay
stations (1 or 2), being taken from the margin of the mat snd againat
the saoreline; at Stations 3 and 4, also at the margia and shoreline;
at th: edge of tho psrmanent mat {/a), 10 » and 50 m inside the mat
odye; at Station 5 at the margin and shoreline end, vhen beckflooling
permitted, mbove the Elbov. Detuils of sampling sites, sample sise
and replication are tabulated in Tahle 8,2.

After separation of animals frou the vegetation, zamples vere pro-
served in /% furmalin and sorted to codé species leval in Salisbury,
After thia socond sorting and .. ug by cawers lucida, snimals were
allocated code mumbers and addi< tc “he reference oalleotion,

Data collected in April and July 1967, ar. therefore limited .nd
suspoct; in Novamber 1967 and January 1988, coversge and replicatiomn
wvas such as to give reasonably relisble informa'ion,

5.2 Remlts

‘ull results ¢f faunal snalysls are sppended (App. 8.2 = 8.5)
md, in keeping wvith other chapters, data have tee axtracted and
tabled where ralevant within the taxt.

1.2 daltida Compaction

Results of the entimation of Jalvinis coupartian are given in
Trole 8,8, Lurirg November 1967, the Sglvinis av Station 1 wvas
svenly compacted from shorelins $o weed edpe. AL Stations 8
and 4, however, ccmpaction was far greator sgalist tha weed
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margin then tho shoreline, tho formor deing mature or oven senes-
st blocke of weed, the latter, yomger and theraforc less compao-
ted, having probably developed alang the shoreline following tho rise
in water lovel carlier in tho year. By ‘obruary, the eltuatiom at
Stations 1 to 4 had reversed with grestor oampaction along the shore=
1ine, This 1s more difficult to explair, but could have bedm due to
tho disapposrance of ssnescont marginals and the maturation of thore-
1ine plants, coupled with tho rapid outward axpension, and thorefore
lowor campection, of marginal plauts lollowing the availablility of
mutrient associated with river flooding.

Estimatos of cuupaction in tho permanent estuarine mat a the
transect 4a to 5 wero more consistent, Whoross densitios ranged
botwoon 2 end 11 kg/n® almng the marginal bends of 3alviada, the mat
odge w.s found on botk ccoasians to be cloeo to 4 kg/nz. Ton
motros inte tho mat thi ruso abruptly vo 18 kg/u® and n-ained ¢ .
approximately this figuro to Statiom 5, varying 1ittlo botimen

November and Fobruary.

3.2.2 Fmanal qomocaiticn

Althouzh a relatively wido rango of approximately 98 spsoies
wore found in associasio with tho Salvinds mot, the fauna was dom-
inatcd by the Bphamoroptora, Odeneta, and to a lsssor oxtant, tho
Ohircnonidne (Tablo 8.4) totalling 664 by mumbers of tho fuuma seaplcd.
Molachlan's (1983) sarlier sampling in the same area prodused similar
rosu.ts (Table 8,4), Speoies fypical cf Salvinin wero not mmercus
however, Tho mayfllos, for eoxamplo, woro roprosantod by wnly wme
spocies, Aubhraulus spe 58, in any great mmbers; sinllarly the
Ohir.nanidas wore largely roprosented by tho larveo of Chinctanrmis
adatdninds nd Ablabewgyls spe 50, In ocatrast, a wide range of
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cdcnste nymphs svemed to utilise the Splvinda substrste and many
aiffarent spacles were ohsarved ovipositing, on the plents, in aay
open wator which occurred betweem plants of azaingt the wot aarptn,
tneluling Iritheuin, Lxctbewde, Poowlaarions Seruaria oo Jobinee
Sstiohus fonqn. Nevarthelese, the (dannts utilising the Solyinip met
were arain strongly dominated by the 1iballulide, -~robably of e of
$wo spocies (see Sootdmn 0).  These polnts need conatdaraiion in
groater detail,

Specles typlenl of the Salvinls substrnts, in th-t thoy wars nore
manorous here than elscwhare, wore not nscossarily o d.minmt projote
tiom of the Salvindo fauna axd Table 0.5 has been conpiled to illustrate
this point, by admetion of speclos uslng two eritorfa. The first
af iheso depende? on the numerical imporbtance of inlividual anweloes
the socond, on the proporticon onch spocics constitutod as o ropresa~
tative of its taxomemic group, covers! by the gonoral phrase "major
axcn s

The (lirochasta wore overvhelningly reprosentod by o epeolos of
biicnnde (sp. 127),  The large Hemorboirilus s 20 end Pranchingp
Aogmptyt were ocllected on the shoreline auly and probably rcose S
the bottan mulas

4 large proporiten of the Crustaces ccllected were cetraccds,
partionlarly spoctes 212 (3kencgrutds sv 1) end 277,  Cyelaestberis
bialopd wee the single most fmporbant aruetacesn ond the larer froshe
wber shrimp Cardding oddctlog was Fequently cdlloctode

Of tho Hydrachoollas, Bhinsobomnosiug ops 277 covurred infrow
quently in vory largs mambérs, sonstituting 08% of all mites ecllected.

Althongh six epenlee of wayfly nysphs wers eclleghl, b he



TABLE 8.5 THE DEPORTANT CONSTITURNTS OF THE GALVDLL) FAUA

o % o
MAJOR T4X4 SPECIES CODB MATOR T4XCH TOTAL
OL EXCHART & Wllanais sp. 127 97,0 Boh wee
CRUSTACEA 17 T8 0.8
209 27.4 1.8
Sancarueia (?) sp. 22 18.6 1.2
Ostracoda sp. 277 2549 1,7 »
HYDRACHNELLLE Rhinguhorncalug 8p. 178 86844 heB WA
EPHEMEROPTERA  Eythroulug ep. 53 89,6 R W™
ODXNATA Trithenis snmdata(?) 283 12,0 3.1 e
Rarly instar
Livellulidae 261 65,8 1644
%E;mm ape(7) 262 7.9 2,0
1y instar
Coanagriidas 251 9,3 2.3
GOLEOPTERL Hedrovatug spp. 24p 25,5 Oud *
Hrdroosating srv. 278 24,2 0a
A TRCNCMIDLE gAnghanvous sharrl-
25 5442 Ted "
Psntangurs ( ) 80 30,0 hal e
spe
CULICIDAE aldequvia SIKicans 138 9.2 T2 M
GRRITOPOGIN IDAE  Short head “Irebazzia” T2 57,5 8.5
GASTEROPDA Mhloup snretus 258 68,3 2,85 *w

¢ Speafes succesafully utilising the Jalvipls substrate but
fomd claevhere.

#  ; Species more successfully wtilising the Salvinis substrate
tut found slnevhere.

s Specles mos: suocessful Sadvinda vut which utilisa other
substrates with reasmablo suocess.

¢+ Speclos vhich probably ind Sulvinds on ccemntial substrate
o maintain high mmbers.
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ErhenercpAers e overvholningly represonted by Buihamidia =p. 53
(908), This species was ubiquitcus an the Sglvipds ond constituted
the single most importent numerical component of the famna (258)e
Libellulid dragonfly nymphs were also vory mmorous in the

Salvinig mat (particwarly in early instars) far more so than coena-
griid sygopterans, It is probable that thers has boan soms oonfusim
rogarding the saparation of spocies due to the diffioultios asscoiated

with the recognition of early mnd lato instars of the same specics.
The ccmparrtively large mumber of eloven species walch have boan
tabled eauld in fact he fewer than this, The Odcnata will be cone
sidored in more detail in a later section of this chapter (swo Section
8).

The Caleoptera shewed the groctost spocirs diversity in tho
Sslvinia mat, 19 specice baing acllected, They wore, however,
mmerically unizportant, constituting caly 0.52% of the total colleo~
tod, suggesting a random utilisstion of an sgsantially wnsuitable
substrote,

Two prodatory tanypod chiremomids, Clingtanyiua slarzininie
and Ablabagnvis spe 50 tegethor ocastituted 8/% of chirmonids soapled,
although 14 specios ocourred. Similarly aulicids wers daminated by
s single species, Aldacuvia alrieng (94%) and tho co~atopogonids by
sp. 72 (7%), Each constituted rospactively 7% and 3.5 of the
iLotal fmmal samnles

The gasteropol mclluscs showod a similar phencaenan vits ARl
goretis dominating (6A€) tho six species collectad and itself eune
wbituting 2,58 of total faunal smples,

Sumarising those findings, it is clear that the Solvinig med
conetisutos a rathsr specisiisod habitat, vith usially only a single
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spocics from eosh major taxen uwtilising it effistently, The "¢~
of taportant occmpanents, ot apocies lovel, of the falvimdn mot ia
thorefore o relatively short cne and, in order of mmorical importance,
is as fallowe:

Akhumidue ep. 53

Libellvlidne

Slinctanrine slasrieinds

Adenvda afxicona

[Bhincoharngarug ®pe 170

Alabegmris #p. 50

Erchessia spe 72

Alloads sp. 127

Abdsua soredus

spart fron an unknown mumber of 1ibellulid anisoptorsne, oight

wpacias only ware thersfore of mmerical imporimmoe in tho Salyinis net.
The Crustacen were atypleal in having more species with sinmllar mmeri.
oal ﬂmporum.:

8.2,5 Yariaticos 4 Comal depalty

Total faumal ~omts are tsbulatel as mmbere/n’ md/kz (Table 0.6)
and figured by "seascns® and major taxa in Figurcs 0.2 to .4 as nunbors
per square metro of Salvinig. For reasos given vhen dlsoussing
methole, 1ittle reliablo informatiam roganiing soosanal chunige moy be
derdved from the results, The rolstively low populaticn figures for
April md July could onsily be mampling artefecta, Spatial distriiu
timn of fmmal contituents are more relisble md varistion in this
ek ot ceourred as follows:
Sdeoshoatan

(ligochastos were not found fn dpril 1967, tut in July oocurred
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Fige 8.3
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at Station B at tha weed odge nnd within tho weod nat at Staticn 4
in =wll munbers.  In Novomber annll mumbors wore again famd wm the
wood edge, bt this time of pernanent mat, anl within tho mat ot
Station 5. A much larger mumber, conposed entirely of s now specles
of Allcanads, cerurred in tho mat covering the back-flooded r'ver, mot
srovicusly sampied, In February 1968, cligochactes wore callocted
videly, ilagaals sr. (127) being deminant ond cccurring in largest
munmbere against the shoreline at Station 4. Taken as a whe™  there-
fore, dhe aligochaste showed no clearly discemable distribut! nsl
trend by the methol and frequency of sampling used.
Hrimcinallog

Ho mitos were scllected in April and July 1967, but were probably
prasant, “eins lost through the mesh of the®Jalvinie dbox®, I Novew-
ber 1 87, thuy wers ccllected in large mumbers, porticularly just
within tho mat odge., This dlstributicnal patter w+ aninly due to
tho Jarge mumber : ot hbincphofucrug sp. 178 which ccourred, ARRURRIME
8pe ©38 vas found to cecur in the Salvinls azainsl the shoreline at
Statian 4 mly, where large mumbors wore found, In February 1968, the
mmbors decreasst gwi. . lerably, but the pattern of distritbution wae
repeatad in that largast mumbers cocourred in the permancut mat within
50 m of the mat edge, but wwny from it,  An apparent pattem of pre
foranoa of arvas asscolnts] with the mat edge, tub auey fran it, may
be deduced fram these results.

Soustacos
Apart fror what gaemed an atypionl distritutim of anll mumbors

o crustagesns in Juy 1987 {Station 5), the preferred habitat of
Crustacea utilising the Salvinds substrate cleerly appeared to be
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either loose weod or against tho edge of the Salvinig.

Rshagarogtero

Althoug®. mayfly nymphs oocurred in asscciatlon with Salviadp ot
most sampling points, a alear profersnce for the permonont Salvinis
net s inlioatod by the results. This observaticn holds true for
Buthraulus spe 55 only, however, for the haotid nymphs 62 and 98
coaurrod in larger mumbtors at Stations 1 to 8, sheving o revorsal of
dminanoe, Sogndg soe 98 being more mumorcus st Stavin 5,

Lmata

Odmeta nynphs wore canzistently presant at a1 sampling staticne.
Varintion coourred in paopcrticne of mumbors of lato ard early instarc,
howovers Late instars wors asually Cound ab tho toy statims mnd dec:
within the pomanent mat. 'acly instars showed 2 clcar inoroase in
asscelatl-n with tho mat odge or locsoly compressod Salrindo, su o st
ing that oviposition ccourred in opan woter patchos and Jispersion
resulted L1 the uldor dist.lbiticn of lato fastars,

Suldaklan
Hosqitc Jarvae and mapac wore emsistencly sssociatod vith open

water ab the sdyo of the Salyinin mev, Seing Best mmorous in February
1668, whap they wero wideepread, in this habitat, throushout tha stuly
area. An inconsistent Jonge populntion was sempled in tho Salvinds
covering the back-flooded river in Novembor 1067, which in the light
ot (ther distributicnal results oould b ralatod to the rolatively
recant inveaian of this area by Salviad:e
Chiteanmid 12

Ohirnmid larves, vhich wire overvholningly represcntod by the
Tanyoudinan, were (irst found in appreoisblo mmbors in July 1867,
vhen a0 dissemabls distrbutionad pattorn wus apparent, In Novenber
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the distribution of tanypod larvas was inoansisteut in that larrost
mmbers wore found at beth the bay stations and within tho pernanent
mat; a oiroumstonco mot explisable in tomms of specific constituents,
Larvas of Orthocladiinne woro most comanly found in asscciaticn with
tho wood lgo and the fow Chircnomini which were found occurrod up tho
rivor in assueiation with invasive Salvinia. In Fobruary, orthoclads
and Chircnomind were too infroquant for aay dlstribu‘i .nal conment,
Tho tanypols, which were present in far larger 1 nbors thm fomd
proviously, showed a more marked profernco for easpacted not along
the shoraline and within 50 motros of the odge of tho pormanont mat.
Gnatezovods

Jastoropod molluscs seomed to cocur {n greatost concentraticas
in sae sintion with tho olge of tho pormanent mat in April and were
not Jound in July 1967, In Ncvember, two foel of concontraticn were
famd, o the shoreline at Staticm 2 and the (thor deep witiin the
pormanont mat at Station 5, Ir February 1868, the dlstributional
variability vas sustained by the prusonce of gastoropals at nost
s ticns except within the permanont mat, largest eoncentrations boing
found at Staticns 1 and 3 asscciated with both tho edge of the waod
arsl the shoreline, The varinbility cf scasmal rosults swizosts
that gastercped populations wore clumped during 1967, onl showed on
overall increaso in Fobruary 1963,

Combeootenidng
Goratopogendd . rvae wore not fond prict to Ncvanbor 1787, vhan

Jarge mmbers ocourmed at most sampling points, doarcasing saniat
by tho following Fobruary, Larvas wure videly ddetributed, showing
1ittle preferense for eny particular habitat o tho besis of the
annlywis cmsidored here,
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The epatial distribution of taxa in relatian to dopth of
cocurrence vithin the 3alyinlg mt are summarised in Table 8.7,

Tho faunc inhabibing 2alvinds ney bo categorisod in three maln groaups
o tho bSaole of these data,

1. asdosurend fmmn. This category includes the Oligochaota,
lato instar Gdonata, Gastoropoda and Ceratopormnidac.

2. "EKdze fauno". Tncludoy here are tho Crustacea, Clracn, sre €2,
oarly instar Odonata, Culfcidae and orthoclad shiranonidls,

5., ™{ithin fauna", This ontagery includes those aninals bost
adapted to both withstend and utl) e tho most stringent aondlte
1cne inmposed by compactel Splvinds. Included are the Hylrnohe
nallag, hoptasenid mayflies and tanypol chiramodds.

It could be expected thrt the componenta of the 'odge fama"
would shew o decronsc with ~rorressim towards the river mcuth as
the effocts cf tho SalvADLS ~at beeasmo more markod, whorons the
"dthin® faunal components would Incrosss for tho smwo ronsdn. Come
sidevation of the components of theso eategorios show that variations
ceourred an fcllowe: The Crustasen and baotids of the odge fmma ad
sh'a o trend for decreasc with propression into tho ogtuary®s On
ths other hand, the Odmata wore gmorally mcro numorcus at intormedinte
gtaticns an? ‘i culleids snd ostracods romainod moro or less oconstant.
A similar variabilfty wae found in the stribution of tho "within®
fuwma, Tho heptagenid mayflies showed o definita incrcaso intu the
sstunry, whereas the nites and tenypol chircnomids showed an inoronse
fror the bay to the intemmediate acne, o decrense towards tho pormaneat
mat and an abrupt incronse within tho mat, Hence no teneral correla-
tive trend vas fom) in this respoct.

The romits of faural dstribution over the entire stul; area
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give spe indication of habitat preforoncos of the Salvinly fauma.
Conaideration of “istributian within tho pormanent Snlyiaip met only,
wvithout the added eomplication of shoreline effects, shculd aid 4n
olarifying habitat proferences shown by the species cmcomed, if oooe
pared with thoir coverall distridution. Data pertaining to dietribue
timn of specles important within the permanent mat have therofore been
oxtracted (Table B8.8) to allow comparisan,

In November 1967, distribution of the dligochaote Allcuals spe 127
sugzests that the preferred habitat of this animal wns deep within the
mat at this time, By February 1968, this trend wan reversod however,
80 that the indofnito conclusion drawn fron the overall distributicn
pattem rorsists, Novertheless, tho ajecies {s mn important cmstittia
ent of the Splvinia fauna and only cocurs in small mumbers on the
drownod tress, Caratophvilup and Lagarcalghen, so that although no
eonsistont distributional pattem emerges fron thoso results, 1t in
slear that without tho prosence ~f $alvinis, Abddtads would have Leun
srarse 4f nct entirely abaent from tho stuly arsa.

The heptagenid ephemorcpteran Ruthraulus sp. 55 shows cbvlms
preforonco for the pomanent nac avay from open wntor in Noveuwber
1967, vhm 1t was found in largo mumbors, Although prosont taroughe
out tho mat in the following February, however, an ovorvhelning pre
forense for the station 10 n away fran the mat odge was indloatod by
dlstribution, The distritution of this speciss within the nat theroe
fore tends to confirm the ocholuslons drawn oarlior, that the large
rembors of Duthroudus spe 53 found would have probably bean absent
from the study arca had 4% not bew for the prosonce of tho Jalvinds
substrata,

Considoration of the early (spe. 261) and late instor 1tbellulids
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(op, 262) ecnfirms the distributin derived frem overall findinre, sarly
instars Yeing assceiated with the pormanent mat odze sn? late ianstars
distributed more or less ovenly to decp within the pormanent mat.

Tho tonyped chircacmids Clingtanvius slarxininds end Ablabegavip
sps 50 both showed an 4 into the p t mat in Novecher 18687,
ant 7reatest conlentrations withon 50 m of the mat odge the following

February, with a marked decroase csep within tho mat, The November
distridution confirms the suitability of ccmprosso! mat to those
spocies, and the February distribution which is common to soveral
difforent species is discusso?l Helow.

kxchaaals ap. 72 19 cmsistent in showing on increase into the mat
both in November and February, strongly suqgesting "salviniaphyllie*
tendenoies ir. tho spocios, This was not apparent on consideration
of broader distribution as n roeult of a soroaing offoct by the dise
tribution of other ceratopogonid lervme. Probezsls lp: 210 shows a
sinilar distribution in Novomber, but this is chonged in Febyuary tc
tho samo distribution as found in tho Tenypodinae (see below).

The mite Rhinonhoraouius spe 170 1s cloarly associsted with the
Salvinja some distance from the mat edge, hut oaniitions deep within
the mat oecomo limiting at some distancc between 50 and 250 m from tho
oige, (o the basis of overall distributim, this limitation on disw
tributia would not be expocted, ns largost numbors of those uites
were associated with the rem:nent mat,

The culleld AMdocwds afriogns is clearly assoclated with the mat
adge although same wers found 50 n in from the edge, whore oontact Ath
the wator surface for respiratery purposes must have boon diffioult,
bearing in mind rampaction of the mat, Oecurronce of this spooies
deop vithin the mat in February 1908, is oonsiderod below.
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The gastarcrod nullisc julmis goiclus slec shows a varistion in
Alstritution, occurring deep within the mat in Novomber 1967, whore
4t uns absent tho folloving February, although simificant omoontro-

tions corurrod noar thoe mat edgo.

5.2.4 Fhen offogh

Most of tho spocies considorod abuve (including: Allonods spe
127, porhaps Buthomilua #ps 53, tho tanyy-d chirenemids, Exchosain op.
210 and Anigug goretus) showed a poouliar variotion botwoon Novembor
1957, whore thoy wor: presont in larjost numhors doop within tho mat,
and Fobruary 1968, whon the ccncontration cocurrod botwoon 10 ond &0
motros from the mat odre. This variation has tendod to cbacuro the
objoct ¢f this analysis; tho confimation or not of tho suitabllity
of salvindg ns a substrato for varicus spocios, In itsal{ howovor,
this seascnal chanze is of interost for it suggosts displ:comant of
the faunn. Throe altemntives rosulting in displacemont wore presibla.
The first is that canditions deop within the Salvindg mat wer ¢ timal
to cortain speoles, Whon the river flova sonditic.s are ohmgad to
such a dogroo that mizrnticn away from tho river nouth occurs te that
part of the mot whers ccaditlons are nost optimal md most like the
situation deep within tho mat in the dry soascn, The sooon! alterna~
tive is that flow displaced tho fauna lownatrean, towards $ho mat odre,
in Fobruary 1368, The unsuitability of odze oonlitions loc, howvevor,
to m active disporsion back inte tho mat whigh at the timc of sampling
ha) progrossed to at loart 50 m in from the mat wize. Thu thind ale
Sernative was that tho main flooling effact was oonfinod to Stat!la B,
alfocting the fauna hore anly.

A flocd of spproximataly 18 n/s cocurred shortly rior to senple
ing on 2bth January 1968 (sanpling taking place Yotwoen 20th January
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end £nd Pobruary), the plunge point being at Statiom §, deop within
the mat, This strongly sugrests that physiocal displacemont wes on
important fastor in the distribution of tho mat fauna, and is suppor-
tad by the spparent lack of affect on Probozads sp. T2, previcusly
foun! to bo particularly tonacious animals, (seo tost washing, Fiz.
8.1) at Station 5. Yot the evidence mgraests (Chaptor 8) that soo-
plankton nay be retained w the mat to a degree that rocolmmisution

of waters beneath Salidndg cccurs a short porlcd after floc'ing, 4s
thoge enimals arc lesa woll alaptod to anchor themsolves in tho wocd
nat than the fauna found in 1% end as thae~ .o displaced 1t wald seon
fallnoious tc argue that scoplenktan 1s rotaincd %y jalvindge It
vald thorefcore seem unlikely that zccplankton is rot-ined “y Salvindd,
vhore active flow 1ie experienced in the % rcots, nanely nhove

the plunge point, Retontlcn, if 1% ocours, would therefore seon o
take place dcwmstroan of tha plunge polat, of both socplanktan and the
alvipis feuna, apart from Probozads 1« 72 and, to a lessor oxtent,
Buthrodus sp. 50

When hclding faunal samples with 3glvinis in aquaria, 1% wms
nctioced that all frunal ecmpononts (apart fram mclluscs and cligoohsots)
d1alodged from the plants swan actively upwards vith great sersistance
mtil reaching the plant mi>atrate cnce more, Under minor flocding
sonditims the offest of this behaviour wadd be o displace tho mat
fama downstrean, forming ccncentratimns balow the nlunyo polnte
Major floals woul', however, he extremely destructive to the mat
fauna,

The avallable evilence suggests therefore that floc’ing is the
mojor facter affecting faunal distribution during the reiny scascm,
and that although distribution 1s essentially paesive, thero mist also
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bo a dogree af astive movoment 0 exnlain tho distriludion mwmy from
the mat odge, and smmcentraticus of fauna 10 m within the mat, It
is probable therefcro that the first two nltermnatives given above alsc
have some bearing on famal distribution during the rains.

8.2.5 The offoct of ocungeticd on faunal denaity

Consideratica of the wide vari~tim in results rolatel to dmaiﬁy/n?‘
(Pigs, 8.2 = 8,4) in relatim tc o scoming omnsistonay of rosults rew
lated to density/kg (Fig. 8,5), sugzosts that fmnal donsity ie directly
related ¢ compaction, or the snount of substrote availablc. The ectie
clusicn which cculd understaniably “o drawn from these fijurcs proves
errcnocus however, for the standand deviation of results, ;or nz, in
relation to the mean {s proporticnntsly less than for rosults por g

(see Table 5.8).

3.2,6 Bicnasg

The Yiomass was estimatel by omnvorsion frem moan mmbers of each
87108 in tho same way as for the aninmal: ~f “ho bettom ruds, and con-
tributions by tho various compononts are given in Table 8.9: Biomnass
rosults are presonted in w/mz, and by omversion using tho overall
meen oonprossicn value of the Jolvindg, in mg wob weight of syeclos/Xg
1ive welght of Splvindg. For camparctive purpescs, it s considered
more realistic tc consider wnly the Splvinla rccts as a substrate for
aquatic animals, so that tho proportion sontributed “y the roots to
total plant weight of a wide range of ;ruwth forms of Salvipls ves
asoortained (rocty/totel plant wolght: 0.4005 eX: 0,0142; 3%)
and valuos/Kg plant converted to valuo/Kg rocte Tho mean tctal valuos
were ostimatad to be approximately /.2 g wet woiqht/mz Salvinia, O g
wot woizht/Kg live weight of Salvinig ood 1 7 wob wight/Xz 1ive
veight of Solvinis "roct®s
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Fig. 8.5
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As a suhstrate, thorerore, Salvindp compared faviur-hly with the
botton muls, even vhore ‘hese were mcst productive,

The only valus scmparable with rosulte obtained by MclLachlan (10600
Lo thot of 42 g wot uuigbt/my. He estimatod 784 1 dry w.igh't./\nz,
! using his -wn nonversimm valucs from ‘ry to wot weight, tnis
arroximates to 5.7 g wot vaight/mz, a figure of romarkatle similarity
emaidering both the varinticon in methals of estination and tha more
limited sempling carried cut by MeLachlon,

Cousilaration of the components as hiomass e-.~nges the impertance
of various grcups (Table 8,10); in particular the Odonata show over-
wholmin: dominmce as biomass, to the cvst of tho niton, nayflles,
moaquitoes and chironomids in partioular. The molluses nro not
emphasize] whon omsilero! as .icmass in this instance, as tho specles

invelvad (4nigus) is a somll cne,

T4BLE C,1C  FAUNAL COMPONENTS OF 3 A IN TERMS OF PERCENTLGR
NUMBER AND PERCENTAGE
% %,

NUMBE RS WEIGHT
01igochaota 8.5 8.3
Hirdinea 0.2 04
Crustaces 6.4 6,8
H; ruchnellae 5.8 0.1
Ephemnropters 27,6 6.8
Odcnata 25,2 72,8
Hemiptora 0e2 (A
Trishopsera 2199 0.1
Colecptara 0.5 0.4
Vulisidne 7.8 1.8
Ghirenomidas 18,7 5.5
Cemtopogenicas 8.1 1.0
Other Dipters 0.3 0.7

Gastercpola 5.8 4ot
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4o TEE PATEA OF VASCULAR JXDRCHXTES

41 Ztrolustic

The fmportance of the role plazed by vascular hydrophytes hns
boon menticned previously (Chapter 4); as food directly to grasing
invertebrates and fish, as a substrate for perivhytic developmart and
berthis animals, end, perhaps mcat importently in Lake Xariva, where
a major fagtor governing the fish population is the intenss prodation
prossure exerto! by Hydrooynua, ae protective cover for juv.nile
fishes. Moleshian found, in faot, that “anthic productivity aleme
incronsed in the rogimm of 5004 in asscoiation with flonting maeres
phytes.e Valch (1952) states thnt gonerally speaking "tho groater
the devalopment of larger aquatic veqotation, the srenter the bicloe
gleal profuctivity of a “ody of water"s On the other hanl, in cor-
tain circumstances competition by s~erophytes may lecresse phytos
plankton protuctivity, as is tho case in free-floating maorophytes
such ns galvinig, for “oth are utilislng the  w source of nuirient
in the water, But, as Kofold (in Wolch, 1058) has [winted cut,
phyterlankton proluction may actually be enhance! by the zgoted macro-
phytes; by the eventus)l release of nutrient dorived from botbom
deponits whore normally 4% would not be avnilabls to phytonlenkson,
s ciro.matance consllered to contribute omsiderably to vhe high produoc-
tivity of the troplonl endovhaie Lake Chilwa, Malav! (Howard Willisnms,
paTit, GUNme).

42 Mathols

5 convenient quantitative assessmant of the total fauma of
1ittural macrcphytes is a problem which has still to ce overcops
patisfactorily, Although many attompts have been male (far mxampla,
soo Walch, 10525 Macan 1065) tc solve this preblem by the uae of



volumetyie grab devices, onges loft in aity, sweeping through o set
dlstonce with a standard-dired serapor not, oach mothod ia subjeot
to ir-~maistent error and 18 cssentially unsuitable, although several
sapplors, incluling those devised bty Gerkin, Macan, Gillespls and Brown,
and Coldands! ncdification of Macan's sampler, have beon rocamonded
(Edncnsan and Winberg, 1971), Faunal density can be related to dry
an! wei weight of substrnte, quadrat area and notual area of substrate.
It would seem obvicus that o lattor method is tho most roslistio.
& method for the assessment of plant surface arca has bean devised
by Harrod and Hall (1962) which is relatively simple cnoo a purtiouler
plant has been malibrated. Surface area in 1tself does not, however,
take into acocunt the type of micrchabitat offered by the plant,
Tho area of a broad flat loaf of 4he Ltellla tyve, for exam)le, hears
1ittle re)aticnship to the same area of a plant with amall domsely
tufted leavha such ns Gorptophvllum. In the samo way the fcmer
offers for Jess substrate area for any given volume of water, The
AUrfiodties tnvclved in sampling of maorophytic fmunas is so pre-
blamatic that many workers have tended to {gnore this importaat hobie
tat, (thers have ignored non-emergent founa and used tho more othm
venient metho! of amavgence traps, a tochnique rewiawol by Mundie
(1671),  Ancther methoi, which allows emergmt inscots to be related
40 wot welght of substr.ts ir scneidered 1ater in this chajter,

The method ussd in thir stuly relates faunel domsity to wot welght
o susstrete as fellowss

4 basin 00 o in diametar and 20 om desp was elippod gontly sido-
wayr into the weed bed, It was Shen tilted to the horizonbal md move!d
alovly sidowsys until the vegetation swayed into it. Tho wood sters
wore then clamped to the adge of tho asin whero they came into oone
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taot with 1t dy hand and the wvhole gently raised abovo the water
surface into tho bvat, In the proocess tho stems broke off, usually
where thay wers clamped s;ainst the odge of the Aish, Typloal samples
of Pokapogaten =d Cerakophyllup may be seon in Fiqura 0,6, Washing
presedure to remcve fauna was the same as for Sulvinig. When washe
ing was completed the plants were placed in a €C mesh planktan not

and either allowed to drip dry or were spun 'y band to removo oxcess
water and then weighed, Extraction ourves for the throe plant apcoles
sampled are given in Fiy, 8,1, The extracticn methed wms mest effeo-
tivo on Lagarcaioha (c. 5% lost) and loss offective on Pohapgzetcn
(0. 9% lost) and Uomabaphv' g (oo 121 lost). In all cases tho

great majority of the mcre tenacicur anirals wors shircnandd larvae.
The wnshing wvator ecntalaing the fmunal sample wae split through °C,
40 md 60 mesh/inch sieves and sorted aliva.

Sempling of the Polamczaton and Caratophvilun was initiated in
Lpril 1967, and cntinued quarterly until February an’ May 1968,
respootivaly. Sempling of Logarealphon we: initlated when this rlant
first appocred in July 1967, a! continued to F.bruary 1063, Quarterly

npling was undertaken wherevor dennc bods of plants wore rfound within
the study area, Throe replicates were taken at onch chosn sito.
Like the fauns of Sslvinid, o mumerical sinilarity of the nore muerees
spocies on al) the substrates was faumd botwan seplicates.

In all cnses the stonds of plantc wore demnse, givang tho impression
at tho water surface of ccoupying approxinately 50% of tho av allable
apace, 7The substrate offered by each variol cmsinerably, howsvor,
lozaraaigh m, for examplo, has 1mg stens (up to 8 n) approxiontely
2 mm th ok from vhich arise, at intorvals of abou’ 3 mm, whorls of
tough, brittle Yeaves ahcut 10 mn long which arise altormately and
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regurvd domwmrds and tovards the etem. The wvhrle forms o narrow
opiml of protective intercwmnected cages under the reourved leaves.
Carntonbdiug 1s also thin.stomsed md haa well defined nodes and
intornoles, the latter about 2 om lag., Adout 12 leaves of more or
lesp the same length as the interncde, arise frem onch node. The
lonves are more or less circular in section, thinning dlatally and
bifurcating tvlce. Bach vhorl 4s closely opposed o tho stem at

its base and angles awvey from tho stem distally, the whole plant
giving tho impressian of n series of brushes, The groat majority of
4w *mma {s found within these "srushes" which appear to be o highly
affoctive substrate. Potamogetan 1s moro delicste than the plants
already mentionod, 1 mm wide and 8 om long dalicate flat lerves
ariso sbout 1 om apart along a 1 mm thick steme Tho donsity -f the
plmit s related more %o an Anereased number of stoms than the morpho-
legy of the loaves and a very difforent niorohnbitat would scem $o de
ffared.

&3 Domlle

Full seasonal vesilt are appended (Appe 8.5 to 8.8]. The fre-
quoncy of sampling used does not allow m analynis of spstial differe
mous 1o the egtunry betusen stande of 1o same specles wud the guanti.
tative paraccter chosen, that of mmbers/K; wet welght of =ubstrate,
mibigates against scourste queatitative camparism hetueen mibebraban
in absclute terms, due o tholr widely varying habit. Analyels of
seascnal changes of fmina ia also sucpeoct, porbaps legs sc then the
above, so that these remilts are presented (Tabie 8.11). The true
valus of sampling the masrophytes lios in the comparison of their faunal
pmponitim.
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T o) & Tk Lo wh e ot
1987 1988
April July Nov, Peh, May Total Maan
Potonceta 258 48T S5 1481 709 3260 652
Carntcohvilu 1842 3439 1256 1848 48 0390 1470
Lacarcaiohan - 1849 1649 923 1581 5772 1442

45.1 Faupal denglty and “seascool’ change
The tahle (5.,11) gives results of mean faunal mmbers/kz wet

wolght of substrate for each sampling perfcd. The mean densities

of animals on cach kg of substeate myresis, with reservation, that
Jagarseivhan vl Saratoohvdlug may be classed separately, as substrates,
from Bokamozoten ond vould seem to bo aqually mere effoctive than
Potamoretep per unit plant weight, This obaervation is supported

by the morphalogionl (ifferences Hotween the thrue ou'setrotes, for
Saratophyllus ond Lazapcgivhap obviovsly ~ffer a greator sufrace area
per unit weight than Potamo-ogtcn.

Tittle ~an “e sall about the "seascnal® shanges ir the fauna of
Pobaticgaton, Tor the twe Moy samples vary cmsideratly. Perbayw the
1 wane n Fohruvary 1968, was sufficiently lars to warrant the clscrvas
tiom that en fnoreass ccourred ducing the ralar,  Agris, tho April amd
May results over tho two yuars differ so wilely for the fauna of Gukabo=
dhellup that 1ittle oan be sald, unless the decrease Lotwoen July 1967,
anl Moy 1984, ia sufficlent'y ecafstent & tren’ Yo wurmmt ccument,
Ths fmmal density o Lagarcalibih, in emtra.t, wns scemingly oonelsbe
vt during She sampling pericd.
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MWse2 Paunod segoositic
Although quito wide variation hotweon the poreontasa froquensy
of major taxa in each of the rooted nacrcphytes ocaurral, the order of
inportance romaino! the same (Table 0.12)s  On a1l substrates, the
neot important animals nunerically were tho ehircnonid lamne (X1 52%)
£rllowe] by polluses (27%), crustaceans (11%), irmmflies (63), ent
thon mayflies (3%2), Tho samo table shows tho famal variatlons which
ceourred in ench substrato, More or lesa the seme mmuer of species
was famd on each substrate: at least 30 species coourre! on JoEnho-
phylium, 36 o Lagargsibgn and 34 on Pokangzotaqn. Ceonslleration of
the more important specics founl on the rocted mnercplyton (Table 0.3%)
mug-oste that these may be cntegorizel, on the “asis of apparent eulm
strate preferences, as followss (nost irportant spoclos v each b
strate are asterirked).
TLBLE 0a08 THD PERCENTACE B/3ED G! IUMIER3 CF FAUNAL COMPLSTT IR CF
ROOTED MACROPHYTEY BY *LJOR TAKA
CERATCPHYLLUM POVAMOGETCN  LAGAROS [PhON ]

(lirochnota Cok 0,7 Ouhy
Hiraltnen P P

Crustasoa 124 5.8 Lde# 10,7
Hydrachnallao 068 Col 0o
Ephemaroptern 240 1,7 5.8 841
(densto 7.1 hel el . 8¢
Trichoptora P 11 047 ()
Laptdoptara C.9 03 O Oed
Homijtora P P 4

Chirenomidae 4549 T0ed 3708 51.8
Coretopozonidas C.l [¢18-] 0u3 0.1
Culicilas P [84 el
Mollusca 50,7 18,0 34.0 26,8

Py present
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TABIE 8,13 THE PERORNTA™ CUNPOBITION (BASED (N NUMBERS ) CF DMPORTLY
SFECIES (N ROUTED AQUATIC MACROPHYTES

SPRCIES CODE  CERATOPHYLLUM POTAMOGETCN LAGLHOB IPHCH
CLIGGCHARTA
g Gl - -
npm 8P 29 - - .
Aadsnala ope 127 0.3 - ¥
CEIGTLRA
% 172 0.1 4al -
& 29 1.0 Co3 18,2
EFHEMEROPTERA
BTe 5% - - Cob
8P %R 1.8 1.2 Bl
G 133 Ce? Ce2 2.1
TRICHOPTERA
Eeugwis hamasetl a 03 02 C.3
COCRAT L
2y yhera - 8.8 Bed 048
4l optere - Cod G0 0.8
LEP IDUZTERA
Pyrdides - 049 (. [
CH IRCH OMIDAE
Pegtansdilin wittel 58 5.7 2748 i
adlotica 68 3.8 0.0 346
pemdc- 70 0.5 12,7 4ot
e, accitl 189 8.6 642 9.2
&4 Duagcpe- 148 18.0 - 8.8
Lotus
Taortarug spe LRYS 5.9 - -
CERATCPOGON AR

Sarrow head LI} - 0.1 -
Modds - hoad ®, 21 - Co2 -
Vone tood "ERubRusds’ 584 1 - 63

B 1.2 boiv
20,0 13,7 25.8

ol Jed ({184

1.4 - -

P 0u8 5.9




1. SUBSTRAZ SIECIFIC
(a) Locarorivhsgs Qaxo sp. 29, Forrdala soustcnd, Buthroydus
spe 53 (?), and Povilla adusds (7)

() Corsteophvlluat  Lonviarms spe 34k inlmue goratug and
Pyralime  (7)

(o) Potamoraten: Coratoporonidas spps 61 and 204

(a) Brush typo Lleals e 127, Gr-lagsthoris hislonds

(Lazarcaichas no!  Diagretondiver Suaediotatud) "Exehozais”
Coratoohvllum):  ev. 554 Phyaonala sp. 30 and Zygoptore.

() Pctancsotp “#po+ Coriiig ailoties) Centanedilus sdbtal."
sblabwndds alucdded, Clalotanviarmiz
sagudowmoud’ Lymaas natalenals on1
Antsoptora (7)

3. NON-SUBSTRLTY .ux "AFIC

Clgeq ope 7. Lo gma Shopasetd, Crleckomus g.gitd wnd Ricnohedard:
ofedfloxd .

A comsilerable proporticn of animnls using the plonts os mhatraten
thorefore showo! an apparent chcice “wtwoen byushy Lypo plants, irres-
poctive cf species, na cpposs. tc tho Polaaogoluls type. This oonalus
sion is emeidered not %o be attributable to samplin: ervar for two
rensongs  Firstly, the percentage cumpositicn of many specles were
snpkodly similar on the brush type substratc and ‘isaimilar on Pohago-
b too froquently %o be entirely mttrimt ble to sampling arte-
fact (Table 0.13, Cyrdasakheria, fygoptors, Aniscpters, Panbocodilum,
Aabosmyis, Dulious and Lwmaee). The seond reasan was the frequent
wourrence of reprasentstives to oach mubstrate type from the same

najor taxa whish neemed opecific Lo that eubstrats typne For sxample,






Camidipe oscurred ainly en Potamogetc , v reas Gyglacciberds was
rresent mainly on the ob!er two sibstretesy Pontepaddlin ocourred
madnly on Potamosabon and Dick.Jdsndipag oo the Mpught substrates.

The seme interchange can be seer between Juligus ond Lamags, ond
within the Cersbopognidas and (denata. In each osse whire in & strani
augcostian of Jifferant specles cooup, ng similar niches end the inpli~
ontien s that the categories are valid, for similar niches compled

by Aifferer', specles imply 1ifferent habitats.

The further copolusion whish may be drewn frum theso romults is
that Coratephvilup and lecarceiohen seom Yo offer a separate ha-ltat
from Potamouakei, partioularly with re-ard 0 the “Hypo ewebrate
specific? animalas, which constitute tho major part ~Af the ~opulations
ah the ™rush" type plents (o, 555 by mumbors, 7UE by wolzht)e

Biomass estinations of “he aquatic macrophytes, which have been
onloulated rram the indlvidual specice level, are ncat sonveniently
smsidered in rslatim %o eacr cther and Dalvinds, in the sooticn
balewe
5, memmmw

Blomase has bean estimate’ from moan numbers of individual spooles
as for other Tenthos and chviously changos the omphasis of numerical
tmportanse from smalle. to . arie® sp-aios (Tables 0,14 and DsiE)e

The faune four?! o (epatoohviln wes dominated by acllures
(Table 5.14) which cantribmts "9% of the blomass of the poptlation,
.ol to & lussor extont by the Ldonaba, Although the chirenmmid lar
vao 41 oot form a signifioant part of the biomars of this substrate,
s large numbers of those which scourred emphasizoed thoir significance

as & population constituent,
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The fauns of Lozarcaichan closely followed that of Coratohdllum,
exoept for more frequent oocurronce of ophemercptoran nymphs, (n
Potapozatcn, hovover, there was a marke!d lifference. Tho molluscs
woro far loss dominant (21%) as biomass and the population was largely
omyoncd of orustaceans (59%), with (demata (11%) and ohircnowids (6%)
also important conetituents.

Tue fauna of Salvipig wns clearly dominated by the bicmoss of
Cdenata (722) and sarriod e rolatively minor molluscan componont.
Epheporoptera and Crustacea weve both simmificmnt as weight congtitue
onts of tho fauna (o, 8%), whercas chircnomid larvas were even losa
important than v the rocted macrophytos (3¢). It 17 noteworthy thot
four axtrs taxa found on Salvinda, with blomass contrilutices sreater
than C,1%, did not coour o other nacrophytes, or anly gpourred at
loss than (,(5% blomass.

‘tho fm.na of the drcwned troes was atypleal in heing completely
dominatod by ophamercptaran nymphs (97%) whon considered as ulcmoss,
elthoch a quite wido varlety of ardmoln wore found on this substrate.

It '~ clear that tho fauna of substrotes acnsilore! above, v ot
feally or order level, are dletinct aa o group from the faunn of the
botton mula whon faunal constituonts nro owmsidored, In the samé wav,
a Murtter distinot faunal catepcry was found in tho riverino pocls.

It ha! been intondad to ineludle an mnalysis of this commmity la the
presont stuly but time ccnsiderations mitisnte agninst this. Proe
Jiminery snalysis has ehcwn however, a clear dcminmoo of Hamijtos.a and
Calooptera in the pocls and although thore 15 a dogroe of eimilarity
betweon the faunas found in L Atan deposits of both pools an’ lake, the
markod specios divorsity of the pocle, acva'ed with this abundance of
Homipters and Celecptera, sugzusts o further habitat within tho study
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area. This is understanisblo vhen omsidering the roletive asss of
the two habitats,

At this staze in tts discussicn, thorafcre, the rowmed troos and
aquatic meerophytes (typified by a diainance of Gasteropola, (dmate
on! Ephomercpters) may be clearly separated from tho bottom muls
(trpiried by the (ligochae*s, Lhircnonideo and Chachorinse) and the
rivirine pocls (typifisd by the Hamiptera and Calooptorn)s

Gonsideration of the famal oomponents at rjccles lovel should
clarify the similarity, or noty of the substretos othor than tho
bottrm mila cf tae lake and tho rivorine poclss Tnis i3 mcot cofie
veniontly aceomplishod by dealin; with oach majcr taxen to uacoss
specific faunal difforaucos,

HIRUDINEA Tha laochas showe? n clear pruforence for Salvinio
as o .abstrato an! wors infrequont olsovholre.

CLIGCCHARTA Caly one specics (Allcnada Bpe 127} ccourrod vith
any frequency cn tho moorcphytos, having beon absent
fron Potonozoben iy, anl aleo having shown a clear
preferonce for Salvindd.

HYDRACHNELLAR The new species of Bhincrhorucario (spe 178) na
olaarly the mcet numo.ous nite, but ccourred enly
in association vith Salxinio. (thor mitos coourred,
but in small numbers only.

EPHEMERCPTERA Baotid nymphs wore founl oli substrates, but
ocmurred in the greatest concentruticns on Logarosiohan «
Eutbomudug ope 53 showed a sloar preforence for Sale
winla, slthouzh it wos alao of sane inmportance on the
peamed troes and rocurrod on Logaxcuhuiele io n
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COCRAT L

trmertoal eompanent of Salvinis, this spooios

was found to be an importent custituent., The
large nymphs of Fovilla aduslsg provided a moet
sisnificant ccle in the standin- ervp of the study
aren, It formod 97 of tho biamess n the drowned
trees, was also an important component of the
Lacarosichan fauma (17%) and van found on all sube
strates., The role plavel Yy this spocios oleoe
vhore has alroaly boan disoussed (Ghapter £.2,3).
Tho larvae of Zonomua thomosokd, though never of
any importanco, cocurred o all suhstrates, though
infrequently found e Szlvinias.

An interesting apparent interaction between anfsop
terans and gygoterans occurrod betweon rubstratos.
Whereas tho Aniropters were n clearly dominant
ocapoment of the Salvipis fauna (725 biomass)
vhere 1iballulid nymphs were abundant an! formad
928 of the cdnate biomass, the Zygoptera formed
95¢ and 9% of the olmatc hHicmass o Carake-
bl o hazorepichen mapockivelys  Putuigeo-
g appesred to be intarmalwy betwson these two
exiromes, the Zyjoptora only constitubing 648 of
bioanss of the (doata, Although of chwious o
portance on tho living macrophytes, (rogonfly
nymphs coourred iafroquently on the drowncd Svecs,
anly enrly instar nymphe being found. Further
cansidoraticon 1s given to the Ulmmata in a later
seotian o¢ thi~ chapter (0.0).
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CULECPTERA

LEPIDCPTERA

CULICIDAE

Hepipterans wore most infrequent on the maorophytes
an’ sccmed alvays to be of neustioc origin, Gerrid
eggs were foumnd on Qeraboohwdlup, however, so that
the emergent tips of vezetetion oould play an ime
portant roie in the 1ife cycle of neustic hemiptar-
ans,

Surprisingly fow bectlos were ocllocted from the
aquatic macrophytes; tholr contributioch to founal
biaross was therofore insignifieant, No bveetles
wore found an the roc' v macrophytes and only a
fou o Sulvinios Somplos from drowned trees pro=
duced two apecies of larvao, one a dyblscid, She
other the hydroplyllid Bgromds, apart fro an
adult hydrophyllid.

The larvao and p pae of pyralid noths were oommon
o the rooted nnorophytes, on which the larowe

fed, and wore nbsent from Salyindn ond the drowned
troes, Thay were invariably fom? o the terminal
tufts closely asscelatod with the sntor surfece,
and eseme. to show a preference for Carpheubydluss
Lblecyls, alrigann was tho only mosquitc which
cocurrel with any frequency ir assooinbion with
the substrates being considered, mnd showed a
clear proference for Salvinis, vhere it oconstituted
an important ccmponent of the popalatin,  No nose
quito larvae were collocted in nssociation with
either Fghamusatan of the drownel troce.
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It is perhaps more realistic to amsider uspects
of chircnanid density numorically. Tho rocted
macrophytes olnarly carried w.ch higher pumbers
of chircnomid larvao thon Salviniae As o numeris
ol faunal compenent of Pobomogatan (70%) tho
ohircnonids were of greater importmoce than on
eithor Coratophyllup (461) or lagaroaichers (548),
at 8 larger blosse was found, per unit substrate,
o Geratonhyilup (365 me/kg) ond Locaroaiohon
(247 mg/\r} than Pfaageetan (17 ng/ig), while
Sulvinds could again olearly be soparated from
the roctod masrophytes, carrying only 38 mg/kge

TABLE 06 THE PROPCRTINS P G IRCNCMIDAE OCLLECTED (N DIFFEHENT
SUBSTRATES (% as a oonsiituent)

¢ Chirmoninae

% “rshoal ~1inne

¥ Turypedinoe
¥ Pupse

CER, LAG, M. SAL. THE,

64 Q 35 (.8 a8

w 23 1¢ 1.2 g
26 36 §7  90.2 9
& 54 52 2 13

It is of interest to -otu, firstly, the broad
scmpanenty of the chircnamid populations fomnd

o the various mibstratos !, secondly, the pro-
porticn of pupae ocllacted, Those poroontages
are taulatod above (Table 0,18), the substrates
being denctx) by their first letters. There
would appear to have beon an ipvorse rolatimship
in terms of the proporticns of the chircnonid
fauna bet tha Chir 4 md Teaypoliness




the former dominating the tree population and
decrecaing thoresfter, in the sequonce Carato-
shyvldum, Lesaresinhan, Egtemoreban ond Sadvinids
where it formod an lnslgnificont constituent,

On the other hand, the Tanypolinao showed an
axactly opposite sequence of importance. The
(rthooladinae secmed Ludependent of this relatione
ship, having e more sansistantly prosent throughe
ut the substrates, ¢ .art fran Salvinls, and were
invarisbiy represented by Crigchooup acctid,
thouzh varicus other (pecies coourred, (n the
trees, the Chironaminae were inrgely ropresented
by Digrctendines fussanctatus on' ilolonm spe
250, .. fugconotalug ws also important

o tituent of the Copptcobmllum population and
coourred o Lazasvslohm.  On Betanocetcd, Dute~
2ed4lun wtel was the naln reprosantative and
this spocios also ocourred o Coratophvldup and
also a 8l mificant component of Petouorotay mo
cocurred m all other substrates apart fron the
troes. LT tho Tanypodinne, Ablabomuvls sp. 5 was
cloarly the most important and was peculiar to
sulvialo. hblabesovi nileiden was fow! on all
gubstrates, At wes most important on Egtapogebad.
The mly octhor tanypol of any significance vas
Glinchanvius slarriainka vhich was most cmnenly
found oo 3alidnds, ocourring on the deal troos
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and Ceratophyllum, but not elsewhore,
Considoration of the pupal constitusnts of ehirono-
mid populations (Table 8.18) indicates a clsar
differentiation betweon the rocted macrophytes,
vhore more or less half the populatin ocnsisted
of pupme, and tho dead tmes and Jalvinis, the
pupel omstitution of each o the ohirawmid blo-
mass smounting to 2§ and 13f respectively.

Cloarly, Salvinig was an unsuitable subsyrete for
the pupas of the overvhelmingly tanypod population
componont.

The ceratopogonid species 72 (short head "Probensia”)
was found to be an important omnstituent of the
Salvinis founn and occurred quite frequently om
¢he traos but not elsevhe: : Spocles 210 (medim
head "Protuagia”) was also sigriffcant in the Sel-
xinls population and osourred on Potgmogetcn Wut
not on the trees or cther ronted mnery hytes,
wherw, in the latter inst , ancther speoi

pesuliar to those nirne occurred (speclos 534, lung
head "Prebeszla™). Oenoially spoaking, apart frem
vithin Salvinds "rocta”, the ceratcpogmids were

not significant population constitucnts,

The mallusos were found £0 ba extremely important
population constituents of the reoted macrophytes,
particulerly oo Lagaresishen and Crradeotwddin.

Hare the nuin representatirves were Bicmphalarie
sfaiffori and B. Huacosls spe 50, tho latter having
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bew found o all substrutom wnd the fommer m all
mibstratos oxvopt the trecs, thagh it i» nimost
certainly prosent here. Lympas nekalanaia wes
algo pregent on oll substrates, mt never in
large numbors, ARlgus sapatus ws oonfined Lo
Sambenbldus ond particulariy, Jalelnls, mere
1t coourrad in lsrge mmbors, The only othor
gasteroped fomd o these suhwrntos ves Farvlals
SouEtml Whioh cocurres m JALYIAMG, DohMRRED
md Lagasrseihich, ond ssemed to show a prefarence
for the latter,

Tho above cansideraticns are swmarised in Table 4,17, which
attempte to indionte the importancs of diffarent specles by combinakion
of tvo viewpoints; the relative atundmes of individual species and
their fmportance as compononts of n suhateste population, lees a
species abundant o o given substrato but relatively unimportent as a
ropalation constitusnt o this substrato rates squally with a species
which is more abundant m another substrate, but 15 an important con-
stituont of the piven subsbrate populntiom, The table {a, thorefore,
acnovhnt subjective, but is based o tuc objsotive cbasrvatimnse

In tho ompideration of abundance snd distribution of the anizals
o the varivus suhstratos, thore sre oight clear sascs vhore distri-
tutional pattoms separatc Splyindn from the other suiste lsg,  This
would seem to indicate that Jalyinis oould ha resamicd as a sejarate
nabitat, In thros cases, sistridutions are cmnfined 4o trese sugrewte
ing that those tco, oould be regandsd as soparate. In n further four
onses dlstrivutions are cammen to both trees el Jalvialy btut not the
other substrates, Thore are, therefure, 8 totsal of seven ilnetences
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JMBLZ AJT NS DISTRIBURICH AND DMPORTANCE OF THE L"MDUNT 3PEOTSS OF THE DIFPRRRMY

DEAD
3pEcIRS OO% pps SMYRLIA CRRATCPHILL. ¥ LAGMICSIRNG sTAMCBIGH
CLRGOCIABTA
oLy 5 ,
#pe DOV, LA § XXX X 4
CRUITACEA
1” X X X I
209 X x x b+ 4 X
HIDRACANRLLAR
Bhtaschoreonsus sp. 78 ox
xxx X
X X XX I
X X x I
X X X b 4
X xxx xxx ) 4
xx X X b« 4
X X X
n X
X . X
XX
Y X X =
X X X n
X X xx X
xxx X
XX X
xxx
x X
X X
X xx X xX
X x o xx
X X X b+ 4
xxx X
X )+ } ¢
KELe X < Present in sibstrate
X - Bitusr mumercus on subsirate or scre comonly famd em substirate
XX - Sither L3 t or most dy found on substrate
L.0., species typlos of substrete
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whore distritutioms sugzest the drownod troes az a separate habitat,
of whioh four siow an association vith Sulvinig. 4s thero is a
reascnable case to svpport the weparstion of 3glvindg (0 cloar-out
inetances of onimals peculiar to Salvinig only) ae a habitat, the
four instancos vhere distribution is to both substrates tend

to support the separation of ii di-we. trees as a habltnt also.
Tho tentative onclusion would therofore be, on tho basis of specles
distrituticn, to further subdivide the plant substratss into Salvinia
and drcwned tree habitats. At this stase An tho aisc. 1sion thore-
fore, anthic habitats in the study arec may be separatod in the £21low=
ing wvays
Ae 200ls
B. Bottun muds
C. Vasoular plants
‘1) Drownad trecs
(2) sSaplvands
(2) Rocted hydrophytes

Tho sepamtice of tho rooted hydrophytes is lesa distinet in
thoso ocnsiderations, though thore is same evidence te¢ support the
soraratin of Datepogaton from Legarcaioha ond Corakenhvlln (whiok
have mmy ccamon distributional pu’,bom) which wee discuael earlisr
o omaideraticn of mumerieal abundance similaritics (J.4et.2).

The dangers of quantitative compas ‘ou of the difforent subutretes
hns beon previcusly emphasised, Comparisco 1s ameaidered pormissible,
howevor, 4f 1t s clearly understood that a1l tho comparison implies
1 thné plant A, ns a subatrate, carrics a larger/srallor nean biozass
por unit 1ght of plant A than plant B carrios por unit woight of
jlant B, For the sake of ocnvenicnce this will o omed "carrying



oapacity®. The varying oarrying capaoities of the plant substrates
have been estimated as:
Coratoohvldum ¢ 44 g wot wi/kg live welght of plant
Lagarosiohen 1 43 g wet wb/kg live weight of plant
Echamagebdm 8 267 g wet wb/kg live woight of plant
Salvinds t 1.0 g wet wt/kz live walght of "oot?

These figures indlcate quite strongly that tie tentative sopars-
tion, basod mn spocles ddstritution, of Coratcuiavllup and W
Pt ap/Salvinln 18 valid, The results sugrest therefore, that
habit:. sategory G(), %he rochal hydrophytes, nay bo further separetod
into (a) Brush type and (b) Pokamoretions

MoLachlan's (1969) results )iffaer -roatly from those iven above
beth in orler of earrying capasity and of velues. He found that "the
floating mats (Jalvinls an! Ludwdgin) sopperted nearly seven times
more than subrorge! vegstation (Polamegeten and Coxatopbvadvy)".

He gives his rosults as dry wt/1KC g Ary wt of substrate, sc that direct
gomparisen of values can only be vaguo estimatas m ' are nct omsidered
to e of valuo, Howsver, in this stuly the carrying caraelly of the
roctod ( ~vmerged hydrcphytes) was 2,7 tc 4e4 times Lgllor then for
Salv'ada, a lifference mot onsily sttritutable to asmsling error, It
con only be assumel that during early invasive alores, on seemed %o

Yo the case Jurins Molachlan's sampling, plant substrates hos not had

a chanoce to levelop their full ecarsyins capacity; a promisc whioh
receives somo support {rom the em:-gence of (donata from nquaris

(0a8)s

The prope: ims of Mclluses in the biomase soomod olosely related
to the totul oarrying eapacity of each gabetrate, Tho molluscan
component frcm aach substrate bos heen mlbtrnotel, therefore, wvith



tho following remultss

Qexnhopbvidum 1790 §
Losorcsiuhen 1926

ng ] ™ wot/kz w
Salvinis 909 g

Thus tho major differwnce in carrying capacity hotwean the "brush®
substrotes and Potulogaten was attributable to the presence of o laryer
proportiom of mclluses in the former. Without the mclluscs the
carr'ns capacity of rooted mucrophytos wns very siniinr, about twice
that of Salvinig. Clearly, Sulvinig ha' o lowor carrying capacity
and if octsidersd in terms of environmental area, eonsiderably lover,
as & rosuit of limitation an depth and thereforo vclume of water
~dlumn ool onisable.

9G spectes ware fon?! o Salyieds yot the rooto! maerophytes and
drownod troas ylelded! a rolstively onsistent and much lover mmber,
botwoon $4 and 33,  [% is difficult to ¢in! en explanation for thia
phoncnenon unloss 1t could have beon attritutable to "edge of feot"
ag o result the wide varlety of cop’aet with Aifforent hnbitate AXPSTim
anced by Salvinds, such as marzins, the river, teecs, ote, Cortainly,
cortaln spocies seeme! pecullar o Solvinds nlone and the implicatian
is that thie plant, in 1tself and quite apart frem olge offvet, offers
hoth o sories of speoiallsed habitats and o genersl substrate vtilise
ebly by muny spocles.

It {8 not possible to compnre the standing erep of rocted moSro-
phytes directly with that of the Hottom mxls, They o, however,
carry roughly 4 times the Licmass foun! in Salvindn, weight for walght
of substrate, and Salyinda, aren for ares, earrien nonin ghout 3 Simee
the blamase of tho “ottom mu's,  Very roughly therufore, the ructed
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hydrophytes would earty 18 times tho biomass of tho bottom my's, even
4f the *perfcmmance” eclum (sensu Melachlen, 1069) was limited to the
depth of Salvinis, s extrenis abwut (.5 ms Ls the performance oclumn
of rocted hydrophytes can exton! to shout 7 2 this vald emphasise the
inorease! -roluctivity comsiderably. Thesa figures are essentially
rough even 1f the distillation of considerable somplin:, but the point
that 1a male is that there was a Yery ocnsidorable inorease in stanling
ero, < benthos followiny the establishmont of yootal aquatic maorow
phytes,
6. IRCPHIC REPRESENTATIGH

The erome of a Tepresontative solecticn of Zyrcpters wnre roeoved
an! mermmently m-mtel in Swann's molification of Berless's madlum,
Pho clearin: action of this mountant aliowed tho ins;ection of erop
ontonts, The axnerience 7aino! {rom the careful serarative of bone
thos for coling allowed relatively easy reccgnition of most animals
from their sarts, Chiraomi! head oapsules are olearly rovealed hy
the tochnique Jescrihed and as thoy are sorsistout, sive an iniicatim
of syzcpteren fool preforences. Tho rogults achievod from the orop
contents of 1(2 syicpteran nym;hs ccllecto? from the ructed maorophytes,

as paroontase CCOUITence, Yers S followss

%
CHIRCNUMINLAE 7y
Rdorcianll. 8543
Embacel il lab
Cladctanriarms 8.0
Unrecognisable 5.1
CRTR(CLADINAR o
Sriachons 5.8
TANYPDINAR »
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The main reasm, apart from the persistence of hoal eapsules,
alloving the recomition of oonbents w-s that the srey wasre inje=
tod vholo, with wary little damore, Similarly, on two ocossiong
Ablabosmyls were foon! injestin- Diorctendines, These also were
injeste! vhole, on beth cocaslons hen! first, shercus the 2Zymopters
injeste chiranemid larwes I'rom both mterior an' jostericor en's,
Usually ono or bwc larvae warc srosont in the gubt, “at up to four
reconisable honl enpsulng cocurre’ at one time, In ocmtrast, the
Anisopters arpears’ to mastloate fool before injestion an' on the fow
coonslong that contents were rvewmizahble, these wers of animals
larrer than the chiremori’ lavwi s, such os Bowrdlle. Theoretleally,
tharefore, tha dyroptera coul'! only injest ‘rwy 7 tho ohiraieeid
share whePoas the inisortara could utilise lar-e animale, This wma
toste ! in aquaris anl L8 was found! that the theory soeie ! to held
true for lysorters, whereas .nisoptera injest {an mastioate] hoth
larzer jrey an'! amallar proy of the obfromendil! tyve. The Ohservebians
on ablragnyds sucest that thess oYao may only .. jost saallor eylite
drical or soft animals and that thoe sizo of prey intake e limdte’ Sy
tho size of tho bucesl orifice of the hon’ capsule. Thus the limfhe.
ticn of chironomll larvae, as pray to jalabosmyls woul' Do hea! erreeie
size, whioh woul. have fo he ssallor then the “uopal ¢ Pifise of the
predater,  The limitatior of prey sles anl shnpe for Ly opters ooudd
axplain their pavelty oo Spiiuals, of miuitable prey is ortieularly
gparse.

In letarmining the proporticaal trophlie representation by Liomass,
oompanonts were separated into the followkng groupst

Sesunlary predators - Lygoptera, later instar inlsoptora rymphs,
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Primary predators - Barly instar Anlsc;ters, Tanypulinas lurvae,
Coratopogonidae,
Ut{lisabie herbivores = Chiiranaminge and (Urthoclnlinas larvao,
Ephameropters nynphs, Cvalaestheria, Ustemocoda,
Culicidae, Cligochastas
Nonautilizable herbivores - Gasteropnla, Pyealitne,  Cariilug.
Tho reasan .ehinl tho seraration of ths herbivores 1s derived
£1m the faot that a larye proportion are oither nct utilised or
utili-ed anly in & limftal way, Tho zastoropols, for axample,
oannot be injestol by eithor thu primary or secondaxy pralators listed,
Aue to the presenice of the shall, SinQarly, Suriiing is too large
and svif® to form a sisnificant part of prey an? tho habit of the
pyrelid moth larvas of utilizing only teminal material associabed
with the wator gurface wouil ten! to rule out their simificnnt umage
a8 | raye
The proportions of total biomass each of these groups constituted
an the Aifferent macrophytos is limted balww (Tablo C.17}.  Gorghe-
vl wd Lacarosdphon nre combined as one substrate {the "Brush
tyye”) for ronsons piven oarlier.

UPLE_ i PRCPURTTCHS (F POPULATION BIQWASS (F THE DIFFGRENT SUBw
STRATES SEPARLTED AS TRUMIC LEVELS

BRUSH TYPE  PULWKGETN  SMVEUL

Biomnss $ Diomaas 4 Sicmass %
Sacmdary prelators joty 21 ety 11 T4 87
Primary prelators 56 1 85 4 186 12
Ptilisable "herlivores" e 16 108 7 b T2 R ¥ §
Honettilisable 2665 61 an 60 108 10

Phorbivorse®
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Thors 15, o the basis of theee data, a marke! imbalance betwoen
uvidaseble herbivores, which shoudd thearetisslly be of ;roster biow
nase, md prodators, Fredatory biomass in each case i3 7reater than
prey biomass, perticdarly in $advinige Anotier intorosting point
is the dsfinlte daorosme in the non-utilizanle ompanant of the Belw
inds fauna,

Thoe ishalence of the trophic biomass pyromld s osts mn invereion
situation, known Lo be typleal of atandlin: orop of plamitonde {(Hesvay,
195C, md Riley, 1956, in Gdum, 2559} tut atyplesl of bHanthie commmnie
ties. Thraa explanations for the situation nro evailablos
1. The rate of snargy tumover of the primary conaumers, nartioulaerly

of the ohircnomids, crustaceans an’ sphomoroptornns, is considam.

atly hi-her than for the (lanata.

2, The Odonatn utilize thoir own carlisr instars, This han baen
chesrval smangat Anfsoptora in aquaria,

3. A rjor soteeg of energy for the predator: '- dsrlved .Lserly
frem s niloon,  Zooplankton demsitios in associntion with the
Salyialp mat, for examplu, were such as to make this supposition
reasonable,

It i3 probable that all Shroe of thess nltematives sontrilmte to
the stability of the appsrent inwirtad bicmass pyrami! of the fmine of
rwotod hydrephytes,

Louariue svidends has shown that Anlacptors are saer to prolate
on Raydlla.  The probable explanation for the ovarvhalming laatnanos
of these mnimals on the ircuaed trees lies in thelr wood-horing habit
which makes tham 3iffieult to pray on.  The lask of oover for Antsop-
tern on the drownsl trecs also make this an unsuitablo substrate for
them, for they are partimularly vdnerable hers t- rroiaties ty flehes.



Fisa were taken Juring scllection of mnorophyto samples. In
Iotanaretan the species adllecte!l were Tiiaois portdmerd juveniles and
adult Darbus faachelatus and Hendhaoloohronia chilandeXe Ilauis
aerkimer juveniles were also sollocted from Corptochyllupm, bub the
nost frequent specles cdllscto? were hlosbeg latepalise A lasoandis
1arvae and fish er-s, prosumadly of this spocies, were commonly found
in this substrete throuzhoit the yoer. Larvao an’ ogss of n iffarent
spocles (seo Chapter 1C) were fowmd in shoreline Salvinine Iilavks
nertlngrd wore also collectol in gelvipia somplos as was the minnow

Latyte numbors of small Pistes ware usually seen in associntion
with tho Splvinip mat. These wore rocognisable ne belng, mainly,
shoals of juvenile Tilapls mortimeri e’ inlivituals and shoals of

tho two nimnows Ajlochellicdiazs - JucreuMoynxige Liania Suvan.
{Jas were frequently seon in apsoniaiion with individual windel on
Salvipia plants in open wntor.

During tha course of the atudy, partioularly wring 1060, a vory
2ense porulstion of Aleglen Lateralls was ormervel to ocour in the
lacarcaiohap on’ Carntoohvddus vods, Scome idoa of the ‘onsity of
this specles can be ~atnol from the fact that, using a nonalie-monl
perridie baltod scncortina net with a G5 m Adnmetor openinc, up b0
200 laliviluale eoull aasily be eaurht within a fow ninutos. It is
of intermst to note that ourrently (1072) the same results arc obtatne
able in Lacarcaiphon hods, Wit the species now involve! are Llsaten
Jbart, be Aatermiia, o Miaralestes agutidgg. Thess ohenrvatims
w1l be referred to azain in a later chapbers

The mmuatioc maerophytes would soem, thereforc, to e an tmportant




hapitat fur juvenilo md small fishea.

0. SHEERVATIONS Of THE CONAIS

0.1 The Bugrcencs of Qanata from "Breedins” daustis

The imowlscze of nymphal and larval fomms of Africen aquatis
insects 18 us yet larzely in its infancy, and imposss irritating
pestristions  soourncy in hyircbiclorieal stulles, In on attenpt
to ovaroome, it least partly, thie imposition, hreaiins nquaris were
used to correlato carly stagos of dovelopmont with imaginos, nost of
vhich aan now bo accurntely mamed., Initial tricls of brealing indivie
dual spocimons at tho Research Statior inlicated the vasuitability of
this methel, for on many oceasions by thu en! of a fiold rericd, few
amorpencas had taken place and naneomersents hal to he lacardels
The mutao! which was eventually ovolvel! which 1s losoribed balow,
altheugh having the Irawvhack of cocasianol mass amorgunces ralting
in diffic dties in wolating mupal/nymphal caeta to imaines, vas fourd
t0 ho more sultable.

The technique used involvoel tho callection of sguplua of tho various
hydrorhytic sustratos of mere or logs constant sisqg shortly vofore tho
o of o feld trip, Thoac samplos wero placed in large hoavy geuge
plythons bags, with a 1iboral saount of “woth wator anl alr, and oreted
for trirunission to Salisbury, (n arrival, always withdn 40 hours of
ccllection, sanplos were placal into larte lass armaria (120 x 50 x
45 om) ontaining approximately 270 litros of matured tap wvatar ovare
1ying a layor of clean sand, Theso aparia wore aersto! and sovered
Wth a dcme of mouquito sause, Emergent adults wero eollsoted lally
using a1 sustion dovige, killied with chloraform and transforred to vials
of 70F aleoncl, Bxurino wore collectod on tho wator surfase or from
dowols plased verticallv in tho tanks to facilitate omorsonce ml vere
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