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RESIDIE 

Th~ benthos of Lake Sibayi, Lake Nhlange, Lake Shcn gesa 

&~ ci ~ake Sifungwc has been sampled by mc&ns of a van Vccn grab of 

2 
bite area 0 . 225 ill. Except for Lake Shengesa, the substrates of 

the lakes have been investigated visually by SCUBA divers. Sc:·.:. 

quantit~tivc sampling, using underwater techniques, has been carried 

v~t in Lake Sibayi. 

In general, the substrate of the lakes consisted of two 

types, either fine sand with an average particle size of 3.2 phi, 

or muci '"ith a median phi value of less than 6. The sandy substrata 

v1as usually rich in .Launa, and the mud usually poor. 

Lake Sibayi , which is freshwater (135 ppm Cl-) has 

estuarine and freshwater species in the benthos. Sor.1e of the 

species, notably Grandidierella lignorum and ~pscudes di~~~~lis, 

show an uneven pattern of distribution with respect to ~epth. 

0 
Lake Nhl~nge is a brackwater lake (3.4 /oo salinity) .:.:nd 

has mainly an estuarine fauna . Many of the species are different 

from those found in Lake Sibayi. There is some evidence that the 

benthic fauna of the lake has increased its range in depth in the 

years following a flood in January 1966. 

Only chironomid larvae were found in the benthos of L<..ke 

Sheng~sa. The greater part of the substrate of this lake coa sisted 

of a h i ghly organic mud mainly derived from burnt grassland around 

the periphery of the lake. 

Lake Sifungwe, ,.;hich is connected to Lake Nl1lange, has a 

halocline at about 9 metres. The fauna of the benthos has more 

species ~han lake Nhlange. There is some evidence to suggest that 
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LGC fauna invades deeper water in su~ner, and is driven into 

sh~llowar water in winter because of the fluctuating level of 

.::!nacrobic co;~ ... i tions be loT.v the discontir..ui ty layer. 

The benthic fauna of the lakes has been compared Hith 

tl-lat of the cstuar~es reported on by the Cape TO\•n Ecological 

Survey. 

~xperi~ental studies on ~· ligr..oru~, a species present 

in L&ke Sibayi, suggested that the physiological responses of 

0 
material from an estuary normally at 35 /oo salinity (Kowie 

River estuary) :.::d fr-om lakes which are normally of low salinity 

(Groenvlei 2.5° /oo salinity, Lake Sibayi) were not different. 

Studies on substrate choice, and pressure, indicated 

that these factors do not affect the distribution pattern of 

G. lignorum in the substrate. 

Studies on light orientation responses and tte affects 

o~ rates of carbon dioxide increase of about 20 mm HgC0
2

/hr or 

more, suggest th~t these may be the principle factors affectinG 

the distribution of ~· lignorum in the benthos of Lake Sibayi . 

Some supporting evidence for the presence of changing 

pC0
2 

has been found . A discussion of the importance of dynamic 

events ~t the substrate/water interface is given. 
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GE~ERAL INTRODUCTION 

lvork on be•:..:i1ic fauna is generally of ::wo types, c.;.i.:i1er 

faunal surveys, or cxper iQental work on benthic o r ganisms. In 

tl11.: f i rs ~ ~ase., c.tte1 .. pts are usually ma de t o correl ate physical 

and ciemical c~aracteristics of the wa ter body with the distribution 

of the f<~'-lna. Very often the data is claimed to afford some 

biological kno'''l edse about the fauna, or is used in an attempt to 

classify habitats. :Cor example, at a very simple level lakes are 

put into :he c~tegories of productive and unproductive. 

a..: fur t her classification very often employ data about the presence 

or absence of particular anima ls, generally known as incicator 

sp -~cies. nowever, as Brinkhurst (1964) and Macan (19 63) have 

c~ear:y pointed out, efforts in this direction hav~ ~ot been very 

success!:u ::.. . Brini<hurst has shown that as far as the oligochaetes 

are concc~ned, not only is there inadequate information, but it has 

bee~ obtained from too restricted a geographical region. Mac an 

( 1963) , Hhen discussj.ng the work of Mackereth, Lund and }1acan ( 1957) 

on t:-:e english Lake District tarns, points out ... hat no s atisfactory 

ex? ~anation of the occurrence of various species was forthcoming 

from chemical considerations, although correlation s with calcium 

and total ion content were present. Brinkhurst (1964) sugg~~ ts 

that 

"He s hould not be surprised if a scheme based on the 
ratio o: ion A to ion E does not tally with tha t based 
on ..: ~ .e ?rese:1ce of species X, Y or z. It is ciifficult 
:.o s2~ ,,!l-ty i~ sn.o\;ld.'' 

Within the fr&mework of survey studies, and taking a lake 

as a w~ole, t~is is perfectly correct. Clearly an all too 

e~br~cing result has been expected from this sort of approach. 

~nen benthic animals become the subject of experimental 
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studies, it is of~~n shown that although effects of factors on an 

animal can be very subtle, it is often possible to show that t~cre 

arc certain limits be:, ond which an unir..al cannot cope, an;.. . :.ich 

will exclude it from a particular env ironment. These limiting 

f~ctors must be expressed in the distribution of a species, and 

ind~ed can sometimes be inferred from the survey data. But there 

arc ::wo complications which make it difficult to tie up gc:· . .:: ralised 

survey work \vith the experimental data . Different limiting 

factors affect different species; species A might be sensitive to 

substrate types of a certain character, and species B to some 

chemical quality in the water. Furthermore, the microenvironment 

around a benthic animal is often very different from the macro­

environment generally measured by traditional li~~ological methods. 

The distribution of an animal will therefore certainly indic~te 

r omething about the lake, but depending on the species u~der 

discussion, it may not relate very accurately to the macroer<\'::.ro71:r.ent 

and, depending on the limits of tolerance of the species, may nJ ~ 

indicate anytning precise even about the microenvironment. 

otter hand, if these limits are reasonably accurately known for the 

anirr.al, from experimental data, then surely a greater understanding 

of the lakes themselves must accrue. 

Real progress towards understanding the nature of a lake 

may therefore be had if data from the two sources is combined. 

~~ even better understanding may be achieved if data from the one 

source can be fed back into directing research into the other, 

in concurrent studies. Such an approach has been adopted in this 

prelimina::y \vor:< on the South African coastal lake benthic fauna. 

The lakes on the eastern coastal region of Southern 

Africa so~ ~h of the Zambezi show, in the majority of cases, 
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u~~istak&ble signs of an estuarine origin. The valleys of the 

estuaries we=e cut at a time when the sea level was some 30 to 

L;.() n~c1: · · ' 5 bclmv its present level (du To it 1954). On the Tongoland 

plain of Mocambique and Zululand (~orthern ~atal), the valleys were 

cut in ~ertiary sands. Further south, the valleys were cut into 

th~ u~~~rlying bedrock. As the sea rose there tended to be 

fillin; in of the valleys by silt from the landward side, and 

blockage of the mouth of the valleys from the seaward side. A 

wide basin of variable depth often occurs just Lehinc the mouth, 

uhich may open ovc.r a shallow sand bar. In a few cases only has 

infillins f rom t he landward side been so meagre that the basin 

~,z;;tind the mouth remained as a lake, with depths of water well 

below sea level. T:te best documented at present are the Kosi 

estuary lakes (Hiil 1969). Swartvlei in the Knysna Distr~ct is 

a~othcr whose depth of ll metres goes well below sea level. The 

K.""lysna c -~ ua:ry has not formed a lake behind the ope"ing of the 

mouth, but the channel is 16 metres deep. In a very few cases 

the lakes no longer have connection with the sea. The largest 

in Sout~ Africa is Lake Sibayi which, as Hill's (1969) charts 

s:. . , has a :naximum depth of 40 metres. The two other lakes 

about which a littL ... is known are both small and shallow. 

Groenvlei i;-; the Knysna district has a maximum depth of 7 metres, 

and ~ake Shengezi near the Kosi es tuary has a depth of 4 metres. 

The small lakes of the Cape Peni"sular sand flats 0o not 

seem to fall into the category of being the remains of deeply cut 

river valleys, but rather have formed from shallow depressions in 

the sand which have been flooded (Harrison 1962). 

Investigations into the two northerly South African 

lake:;, Lake Sibayi and Lake Nhlange of the Kosi estuary, started 
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~·· 1965 when a party of staff alld students from the ZoolOciY 

Department o£ Rhoces University macie a short visit (Allanson, 

Hill, Boltt & Schultz 1966, and Allanson 1969). 

the sturtling discovery of estuarine animals in Lake Si~ayi, 

further visits were made in subsequent years up to January 1969. 

Serious work on the fauna of the substrate in any of th~ l~kes 

did not s tart until January 1967, although a litt le data was 

collected from Lake Nhlange in 1965 and 1966. At the same time 

that samplin6 programmes were being undertaken , many other 

aspects o£ the lakes were being studied by Pro fesso r Allan son 

and others (Allanson & van Wyk 1969, Hill 1969, Forbes and Hill 

1969). 

The early work on the benthos of the lakes was hampered 

by l~ck of experience and facilities which could be transported into 

the field . Nany of these were overcome with passage of time and 

·1·:hen a field station was buil t at Lake Sibayi in January 1968. 

Very early in the work on the benthos of Lake Sibayi .:md 

Nhl&nge, it was decided that data shou ld be collected from similar 

lakes further south. Although the data has not been entirely 

worked up, reference is made to it whenever this has helped with 

the interpretation of data from the lakes. It was decided that 

experimental studies into the biology of the benthic fauna might 

help in the solution of the problems raised. However, sinc e not 

all the species could be investigated at once, a decision had to 

be mace as to what particular problem should be tackled, taking 

into =ccount the need for a supply of experimental material with 

which to work on in a laboratory 800 miles from the lake. 

Three general areas of attack seemed to be most promising: 

1. Is there any evidence that special physio l ogical 
adaptations had taken place in any of the species 
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which were discovered in the freshwater Lake 
Sibayi? 

2. Co~ld the responses that any species might show 
~o t~e p~ysical and chemical characteristics of 
the lake help to explc.in some of the problems 
posed from an analysis of the survey data? 

3. Would a better general· biological knowledge of 
any species help to explain some of the problems? 

One: , ~h2 ~romine~t but numerically not the most 

ir;:portc.nt S?ecies fror:-: Lake Sibayi, the amphipod Graadidierella 

lignor~m Brnrd. was chosen as an experimental subject because ~·· -

species is abundant in the Kowie River Estuary 35 miles from the 

laboratory, and also because an interesting pattern of distribution 

in Lake Sibayi was shown by the a~imal. 

One further important question had to be considered; tow 

far to pursue investigations into any aspect of the biology of the 

animal? Two considerations seemed to be relevant. Since the 

study was in a sense exploratory, it uas felt thc..t more would be 

gained at ~~i s stage in pursuing lines of investigation which would 

lc~d ~ i rectly to answers to the questions asked and to drop lines 

which did not lead to immediate answers for the present. Tl1e 

second point was that study should obviously be confined to areas 

\v~ere si~ple, readily available apparntus could be used. These 

-~s have b8~~ pursued as far as practical considerations of 

time an~ available apparatus have allowed, and form the basis for 

further well orientated research on the lakes. 

The results of the field surveys on the fauna and 

sub~~rates of Lakes Sibayi, Nhlan8e, Shengesa and Si=un~we 

reported first. These reports are partly self-contained, and 

~deas that have arisen from the analyses are assembled at the end 

of each description. Comparative analyses of the data are dealt 
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with as the data beco~e available. These studies form the fi rst 

)~~t of the t~esis. 

T~-.e expc-:.-i:-aental studies and collateral. field work for.n 

the second part, &nd problems and concepts which arose are c~~lt 

with at a?propriate points in the work. 



THE BENTHOS OF SOME SOUTHERN AFRICAN LAKES 
PART I: DISTRIBUTION OF AQUATIC MACROPHYTES AND FISH IN 

LAKE SIBAYI* 

0PSOMMING 

BY R. E. BoLTT, B. J. HILL AND A. T. FoRBES 

(Zoology Department, Rhodes University) 

(With 3 text-figures and I plate) 

(Read November 20, 1968) 

'n Voorlopige ondersoek van die ondergedoke makrofiete en die visse in die Sibayameer, waarin 
van duiktegniese gebruik gemaak is, word beskryf. Die afwesigheid van makrofiete in die ondiep water 
van die hoofkom kan waarskynlik aan golfwerking toegeskryf word, terwyl hul afwesigheid benede 
7 meter deur verminderde ligintensiteit veroorsaak word. Potamogeton is die dominante geslag tussen 
1 ·5 en 5 meter diepte en Myriophyllum domineer tussen 5 en 7 meter. Die broeigedrag van Tilapia 
mossambica is beskryf en die aandag word gevestig op die waargenome verspreiding van kleinere cichlides 
en van Croilia mossambica. 

SuMMARY 

A preliminary investigation of the submerged macrophytes and fish of Lake Sibayi was carried 
out using diving techniques. In the main basin of the lake, macrophytes were absent from water 
shallower than 1 · 5 to 2 metres, apparently due to wave action. Down to a depth of 5 metres, Potamogeton 
pectinatus L. and P. schweit!furthii A. Benn were the dominant species. Below 5 metres Myriophyllum 
spicatum L. was dominant. Macrophytes were absent from water deeper than 7 metres, probably due to 
reduced ligh t intensities. 

Tilapia mossambica Peters was found to nest either in association with submerged macrophytes or 
in very shallow water. T . mossambica did not construct its nests in dense weed or in water deeper than 
7 metres. Shoals of small cichlids, chiefly T . mossambica, were observed to feed down to a depth of 20 

metres several kilometres from the shore. The burrowing goby Croilia mossambica Smith was found to 
occur in the bottom of the lake down to 20 metres. 

INTRODUCTION 

During the current ecological studies on the lakes of northern Zululand an 
opportunity arose in January Ig68 for an underwater investigation of the bottom of 
Lake Sibayi. This investigation was carried out using self-contained underwater 
breathing apparatus (SCUBA). This equipment was particularly useful for studying 
the vertical distribution of submerged macrophytes and the pattern of cichlid nests 
and fish groups which are reported in this paper. 

METHODS 

Diving was carried out at thirteen stations (fig. I). At each station general 
observations were made of the flora and macrofauna. In addition details of plant 
distribution and density were obtained along transects, using a frame covering o · 25 
square metres. In weedy areas, lines of ro or 2 0 successive quadrates were counted. 

* Contribution No. 10 from Section PF of the South African International Biological Programme. 

TrailS. rl?JI. Soc. s. Afr., sa, Part 3> June, Ig6g. 
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This method was only partly successful as the rhizomes of Potamogeton pectinatus L. 
and P. schweinfurthii A. Benn grow in long straight lines with stems emerging from 
the sand at regular intervals. Depths were taken with a 'La Spirotechnique' depth 
gauge, which was corrected for fresh water. The angles of underwater slopes were 
measured by means of a floating plumb bob and a protractor attached to a length 
of wood. Tilapia nests were measured from rim to r im and from the bottom of the 
depression to the level of the rim by means of a fibre-glass measuring tape. 

SuBMERGED AQ.uATic 1\fAcROPHYTES 

Northern and southern areas 

The northern and southern areas of Lake Sibayi shelve gently (fig. 1). These 
shores are exposed to heavy wave action, res~lting from the strong northerly and 
southerly winds (Allanson & Van Wyk, Ig6f). Characteristic of the edge of these 
shores was a ridge of sand behind which shallow pools formed. This is an indication 
of shoreward transport of sand (King, I958). 

A series of observations was carried out from the southern shore to I 1 metres 
depth (Stations I to 5, fig. 1). The margins of the shore were lined with the rush 
Typha capensis Rohrb. The shallow water up to a depth of 2 metres was bare of 
vegetation other than the sedge Scirpus littoralis Schrad. The rhizomes of this plant 
were well covered by sand and the stems were fairly rigid, and thus waves apparently 
had little effect on it. 

At a depth of 3 · 5 metres (Station I, fig. I) the sandy bottom was ripple marked, 
indicating that wave action is sufficient to move sand at this depth. Both Potamogeton 
pectinatus and Potamogeton schweinfurthii were present although the weed cover was 
sparse. 

At Station 2 (fig. I) in 5 metres the weed cover was completely different. Large 
areas of dense Myriophyllum spicatum L. occurred, broken by extensive areas of bare 
sand on which an occasional large bush of Myriophyllum was found (fig. 2). Nests of 
Tilapia mossambica Peters were found in association with Myriophyllum. This aspect 
will be dealt with elsewhere. The Myriophyllum plants were about 45 em high, and 
so dense that the sand could not be seen between the plants. Only a few single 
isolated strings of P. schweinfurthii and P. pectinatus and a single specimen of Cerato­
phyllum demersum L. were seen. In contrast, the bottom at Station 3 in 7 metres was 
almost bare of weed. Along a line of I8o metres length, only one patch of Myriophyllum 
was seen and Potamogeton was extremely sparse. Station 4, at a depth of II metres, 
had no weed cover. 

A series of dives in the region of Station 5, in 3 metres, 5 metres and 7 metres 
showed a well-spaced-out community of P. pectinatus and P. schweinfurthii. Large, 
although isolated, bushes of Myriophyllum were interspersed with smaller specimens. 
Thus, although the species of plants were the same, this area differed from Station 2 

at the same depth in the southern areas where the Myriophyllum cover was much 
more dense and the amount of Potamogeton far lower. 
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FIG. 1. The main basin of Lake Sibayi showing the position of diving stations 
(numbered). Depth contours at 10 metre intervals from Hill (1g6g). 
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FIG. 2. Results of a traverse at station 2 showing distribution of Myriophyllum spicatum. The 
presence of nests of Tilapia is indicated by 'T'. 

Eastern and western areas 

In the east and the west of the lake, deep water occurs close inshore (fig. I). 
A diagrammatic cross-section of the type of shore found in this area is shown in 
figure 3· This shore profile is almost certainly a result of wave action and represents 
a shore-face terrace resulting from the erosion of an originally steep sandy shore 
(King, I958). The maximum depth of water over the terrace was I· 5 to 2 metres. 
Wave action could be felt at this depth and the terrace was therefore an exposed 
environment composed of rather loose shifting sand. 

The slope at the end of the terrace (fig. 3) was extremely steep. Measurement 
indicated that its angle varied between 25 ° and 3 I 0 from the horizontal. This appeared 
to be the maximum angle at which sand could stand underwater and as a result the 
slopes tended to be unstable. 

SHORE 

12 

WAT R 
LEVEL 

FIG. 3· Diagrammatic section of the terrace and slope showing distribution of plants. Depths are 
indicated in metres. 

At Stations 7 and 8 (fig. I), most of the weed on the slope wasP. pectinatus and 
P. schweinfurthii. P. schweinfurthii was generally found at deeper levels than P. pectinatus. 
This may be as a result of the more delicate broad leaf of the former species, which 
probably makes it more susceptible to wave action. At Station 7, scattered plants of 
Myriophyllum also occurred on the slopes. However, at Station 8, both Myriophyllum 
and Najas pectinata (Pari) Magnus were extremely rare. 

Weeds ceased abruptly on the slope at a depth of 7 metres on the eastern shore. 
Hbwever, on the western shore at Station g (fig. I), the slope ended at a depth of 
about 4 metres, from which the bottom shelved gradually. At this station the slope 
was devoid of vegetation, probably as a result of the heavy wave action which was 
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observed during both south-easterly and north-easterly wi~ds. At a depth of about 
4 metres, however, stands of both species of Potamogeton wer~ found and Myriophyllum 
appeared below 5 metres. All weed cover ceased abruptly at about 6· 5 metres, 
making the region below the terrace comparable to the ge~ tle slopes of the northern 
and southern areas. 

FISH 

The majority offish seen were either small species o~ j'-lveniles. It appeared that 
adults fled from the presence of divers. The .barb_el Clanas gariepinus (Burchell) was 
only seen a few times and the~ a~ways swu:unmg away from divers. Important 
exceptions were the adults of Tzlapza mo~sambzca. P<:ters a_.n.d T. spamnanii A. Smith 
which were frequently sighted, usually m assOCiatiOn With nests or young. Divers 
approached within a few centimetres of these adults. Th.e species of fish seen are 
dealt with separately as follows: 

Tilapia mossambica Peters 

T. mossambica constructs a nest by sco?ping out sand to form a pit (Jubb, Ig67)· 
In Sibayi the diameter of these nests vaned bet~een o · 5 and I . 5 metres in width 
with a maximum depth of 30 em. The mean diameter of 30 nests measured near 
Station 8 was I metre. The nests were either directly associated with weed beds or 
were in close proximity to them (fig. 2) · In areas where both Potamogeton and 
Myriophyllum were found, T. mossambica ne~ts were .always associated with Myrio­
phyllum. However, nests were never found m the middle of extensive Myriophyllum 
beds, but only on the periphery of the b~ds and more e~pecially alongside isolated 
bushes of weed (fig. 2). On several occaswns T. mossambzca was seen to hide in the 
overhanging weed on the edge of the nest. The only llests seen which were not 
associated with plants were in shallow water (less than r metre) on the terraces. 

Although nests were confined to weed beds or shallow water, T. mossambica 
was not. Shoals of small T. mossambica were seen at depths down to 20 metres (Station 
12). These fish appeared to be feeding and faecal rop:S were common on the bottom. 
The presence of large faecal ropes suggested that bigger fish also lived and fed in 
the depths although they were not seen. 

Tilapia sparrmanii A. Smith 

Adults, together with shoals of young were seen on several occasions. However, 
they were only recorded on the slopes of the terrace and near plants. 

Hemihaplochromis philander (M. Weber) 

According to Crass (1964), this species is usually associated with small streams 
and the edges of lakes. However, in Lake Sibayi shoals of this species were positively 
identified in 7 metres and tentatively identified in 20 :metres depth at Station · 

12
_ 

more than 2 kilometres from the shore. The shoals consisted of three or four males 
in breeding dress and up to twenty females. 
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Croilia mossambica Smith 

When diving, holes about I em in diameter were commonly seen in the sand. 
These proved to be the burrows of the go by Croilia mossambica (Plate XII). This fish 
has previously only been recorded from Lake Poelala in Mo9ambique. C. mossambica 
is most common on the terrace and slope below the terrace, but its distribution 
extends to at least 20 metres. Visibility at go metres (Station I 3) was too poor to 
permit a search for holes. 

Glossogobius giuris (Hamilton & Buchanan) 

This goby was seen in all depths down to 20 metres. It was seen to inhabit holes 
which were apparently started by the activities of other animals. These holes had 
been untidily enlarged. This fish also took advantage of any other cover available 
such as empty tins. 

Silhouetta n.sp. 

This is a well-camouflaged fish which conceals itself on the open bottom, only 
swimming away when disturbed. They were recorded down to 20 metres. 

Barbus natalensis Castelnau and Gilchristella aestuarius (Gilchrist & Thompson) 

These species were only seen in shallow water, B. natalensis in less than o · 5 
metre among reed stems, and G. aestuarius on the terrace. However, this latter species 
may also inhabit open water since the larvae were caught in plankton nets. 

DISCUSSION 

Wave action appeared to be the chief factor limiting growth of macrophytes 
in shallow water. Submerged macrophytes were completely absent from the terrace 
which is a wave-washed area. Ceratophyllum, Myriophyllum and both species of Potamo­
geton grow at or near the surface in the sheltered arms of the lake. However, the present 
survey failed to reveal these plants in water shallower than I · 5 metres on the open 
shores of the main basin. Indeed on the exposed northern and southern shores, 
weed only commenced at a depth of 3 · 5 metres. The effect of shelter in permitting 
weed growth was shown by the presence of P. pectinatus at a depth of I to 2 metres 
in an underwater bay which occurred on the southern shore (Station 6). Presumably 
the shallower water surrounding this bay afforded the plants some protection from 
wave action. However, on the edges of the bay P. pectinatus was stunted. These 
observations agree well with those of Beadle (I932) on Lake Rudolph where Pota­
mogeton was found in sheltered places behind sand bars and not at all in exposed 
regions. 

Myriophyllum and Ceratophyllum were mainly found on nearly level bottoms. 
They were usually absent from the steep slopes below the terraces. If the terrace 
was exposed to heavy wave action as at Station g, even Potamogeton was absent. 

The lower limit of macrophyte distribution in the lake may be determined by 
limited light availability although pressure may in part also be responsible. Gessner 
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(1952) and Ferling (1957) (in Ruttner, 1963) have shown that submerged vascular 
plants show curtailment in various physiological functions in pressures in excess of 
I atmosphere (equivalent water depth ro m). However, the macrophytes in Lake 
Sibayi ceased at a depth of 7 metres or less, indicating that light may be more 
important than pressure. Although no suitable light metre was available, divers 
gained the impression that at 6 to 7 metres the light became noticeably reduced. 
The Secchi disc reading in the lake was 3 metres (Allanson 1969). Beadle (1932) 
has shown that in Lake Naivasha, Ceratophyllum does not photosynthesise significantly 
below 5 to 6 metres. Correlated with this there was a lack of Ceratophyllum below 5 
metres. Preliminary experiments in Lake Sibayi indicate a similar reduction of 
photosynthetic activity that occurs before depths at which pressure is likely to be 
the major factor inhibiting weed growth completely. Macrophytic vegetation in 
Lake Sibayi was therefore limited to a relatively narrow zone around the shores and 
except in sheltered areas, weed did not occur in shallow waters less than r to 2 

metres in depth, nor did it penetrate into water deeper than 6 to 7 metres. 
Observations on the nests of T. mossambica indicated that they were associated 

with cover, either in the form of plants or very shallow water. Since plants only 
occurred down to 7 metres in Lake Sibayi, the breeding-area of T. mossambica was 
limited to a relatively narrow band of shallow water around the shores of the lake. 

The bottom of the lake at depths greater than 7 metres, although devoid of 
macrophytic vegetation, was rich in both animal and plant life. It was characteristi­
cally covered by fine organic detritus which was rich in diatoms and blue green 
algae. In addition, Boltt (1969) has reported that the sandy bottom of the lake has 
a large population of amphipods, isopods, tanaids and gastropods. This rich fauna 
and flora is probably an important source of food for the small cichlids which have 
been observed to feed down to 20 metres. Thus in Lake Sibayi the shallows are 
utilized as breeding-grounds and, in addition, the deep water substrates are included 
in the feeding-ranges of these fish species. 

Prior to rg68 the only method which had been used in Lake Sibayi for sampling 
submerged macrophytes was a grappling hook operated either from the shore or 
from a small boat. This method suffers from the disadvantage of giving extremely 
little information about distribution. In addition a negative result does not neces­
sarily indicate an absence of weed. The use of SCUBA techniques rapidly established 
not only the pattern of distribution of submerged macrophytes but also the relative 
abundance of the various species. It was also possible to relate the distribution to 
environmental factors which cannot normally be easily observed, such as the depth 
to which wave action could be felt. 

SCUBA techniques also proved to be invaluable in regard to observations on 
fish. It is doubtful if any other method could have shown the striking association 
between Tilapia nests and weed in water deeper than 3 metres. In addition, divers 
discovered the presence of small fish in deep water, a fact that was entirely unsuspected 
and emphasizes the need for the inclusion of the small species in a consideration of 
the economy of the lakes. Clearly sampling methods for small mobile forms in deep 
water must be developed if a complete set of data for a lake system is to be obtained. 
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THE BENTHOS OF SOME SOUTHERN AFRICAN LAKES 
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0PSOMMINO 

Die bodemlaag van die Sibayameer bestaan hoofsaaklik uit fyn sand, terwyl slik voorkom in die 
diepere dele wat vanaf die westelikc en noordelike takke van die meer lei. Die fauna sluit 'n estuariene 
skaaldierkomponcnt en 'n polichaet in. Die varswaterkomponente bestaan boofsaaklik uit chironornide­
larwes, oligochete en molluske. Die vertikale digheidsverskille word vir drie soorte gegee; die ander 
diere is meer gelykmatig versprei wat diepte betref. Die bentiese ingegrawe diere is hoofsaaklik tot die 
sandige substraat beperk, terwyl die epifauna meer algemeen versprei is. Die fauna van die seegras­
beddings ver van die wal, in 5 meter diepte, is soortgelyk aan die van die plantegroei aan die rand. 'n 
Dee! van die fauna vertoon seisoenvariasies in digheid. Die waarde van verskillende by d ie opname 
gcbruikte mctodes word bespreek. 

SUMMARY 

The bottom substrates of the freshwater Lake Sibayi arc mainly fine sands. Silt substrates occur 
mainly in the valleys leading from the western and northern arms of the lake underwater in the main 
basin of the lake. 

The fauna included an estuarine crustacean component and a polychaete. The freshwater com­
ponent consisted principally of chironomid larvae, oligochaetes and molluscs. 

Differences in density of animals were shown for three species in depths up to 20 metres and 
depths below 20 metres. Other animals are more evenly distributed with regard to depth. 

The infauna of the bottom sediments is mainly confined to sandy substrates. The epifauna is more 
generally distributed. The fauna of weed beds far from the shore of the lake in 5 metres of water is like 
that of the marginal vegetation. 

Some of the fauna showed seasonal changes in density. 
The value of different methods that were used in the survey are discussed. 

INTRODUCTION 

The presence of essentially estuarine animals co-existing with freshwater animals 
in the freshwater Lake Sibayi has been reported by Allanson, Hill, Boltt & Schultz 
( 1 g66). The presence of estuarine forms in fresh water in South Africa is apparently 
confined to Lake Sibayi, although at least one other brack-water lake which is 
closed off from the sea has similar animals (Boltt, in preparation). 

An understanding of the biology of benthic animals depends on both field and 
laboratory observations. The present paper is a preliminary account of the results 
of field observations. Although only a limited amount of sampling has been possible, 
some clear, if unexplained, patterns have appeared from the results thus far obtained. 
Laboratory experiments may ultimately lead to some explanation of these field 
observations. 

* Contribution No. 1 r from Section PF of the South African International Biological Programme. 
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This study has been confined to animals larger than I mm, and therefore has 
ignored the benthic microfauna. The animals reported on are therefore intermediary 
in any food chain since they feed on the microfauna and microflora. However, they 
afford food for fish and are therefore important in the economy of the lake. 

METHODS 

Since the benthic fauna of Sibayi may be roughly divided into closely spaced 
small animals such as the Crustacea and worms (the infauna) and larger widely 
spaced animals of the surface (the epifauna), two essentially different methods of 
sampling were used. These were, respectively, grab sampling from a boat, and belt 
transects by SCUBA divers. 

Grab sampling. A VanVeen grab of sampling area 0·0225 m 2 was used during 
January and July 1967, and January and July 1968. Rubber flap valves were intro­
duced into the grab for January I968 and July 1967, since it had been shown that 
VanVeen grabs tend to wash away light material from the surface of the substrate 
(Wigley, I967). The positions of the stations are plotted on a depth contour map 
(fig. I) compiled by Hill (I969). These are only approximations, since it was not 
possible to define the position of the boat accurately in relation to the shore with the 
equipment available. Depths were measured with a weight lowered on a calibrated 
winch. 

Wigley ( 1963) examined the efficiency of sampling by the Van Veen grab, and 
showed that it samples well to a depth of 4 em. He also showed that at least for the 
estuary the great majority of animals live in the first 4 em of substrate. In Lake 
Sibayi, with the possible exception of the polychaete, the fauna lives only a few 
millimetres below the surface of the sand, and therefore the grab is likely to catch 
almost all the animals under its nominal surface area. 

Animals were washed out of the samples by swirling the water and decanting 
through a net, leaving sand behind. Checks on the recovery were done by adding 
formalin to washed samples and repeating the washing procedure. Such trials yielded 
no further recovery of animals. 

In January 1967 and July 1967 material caught in the net was put in a white 
tray and the animals picked out by hand. In order to check the effectiveness of 
removing the animals by hand a number of such samples were inspected for over­
looked animals by means of a scanning binocular microscope. Such inspection 
showed that in large samples approximately 2% to 3% of juvenile forms were over­
looked. In samples with small numbers none were overlooked. The forms overlooked 
were always juvenile animals belonging to the numerically more abundant species. 
A binocular scanning microscope was used in the sorting of the material obtained 
in January 1968 and July 1968. The Crustacea were identified to the specific level 
as were the Polychaeta and Mollusca. Chironomid larvae, chaoborid larvae, oligo­
chaete worms, and Nematodes were recorded as such. Other insect larvae were 
identified at least to the order. 

As a check on the reliability of using the results of single grab samples from a 
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FIG. 1. Contour map of Lake Sibayi from Hill (1g6g). The sampling stations are 
marked and correspond with the SIB numbers of Tahles 1, 7, 10, and 11. The 
positions of the stations is only approximate. Solid circles indicate silt substrates 
and open circles indicate fine sand substrates. The contour lines are marked in 10m 

intervals. 
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single station, an alternative method of sampling the substrate was used. This method 
I have termed 'lines of boxes'. Two divers using SCUBA took down a 12 m rope 
marked at o · 5 m intervals. Clipped on to the rope were ten or twenty boxes with an 
opening of 10 X 10 em. The line was laid straight out from a lead shot and samples 
taken by pressing the boxes gently into the substrate at each I m interval. A flat 
metal spade was pushed under the box to cut off the substrate sample in the box. 
The box was then turned over and a lid was slid over the box as the metal spade 
was withdrawn. The samples so collected were processed as described for grab 
sampling. The results of this procedure are reported with those of the grab samples. 

Anarysis of particle sizes in the substrate 

An attempt was made to analyse the grain size of the substrate using the method 
of Lenard (Ig66), utilizing the author's apparatus. It was found that the results 
could be as much as so% in error by dry weight for any fraction of grain size. 
Analysis of grain size was therefore carried out by the following method. A sample 
of about I5 g wet weight was thoroughly washed with distilled water and the 
washings were strained through a o · 04 mm aperture sieve and collected. The particles 
carried through were then settled with acetic acid and alum as recommended by 
Morgans (I 956) . This fraction of the substrate was then termed the subsieve fraction. 
The cleaned sands were then washed through a series of sieves with apertures of 
o · 5 mm, o · 25 mm, o · 20 mm, o · I6 mm, o · o8 mm, and o · 04 mm. All the fractions 
thus separated were dried at I05°C for I2 hours and weighed. A curve of cumulative 
percentages was then plotted for each sample and, once again following Morgans 
( I956), the median phi, phi quartile deviations and the phi skewness values were 
obtained. The subsieve fraction was also measured as a settled volume with a fresh 
aliquot of the substrate sample. Since the volume of the subsieve fraction is not 
necessarily proportional to its mass this was measured separately to give an indication 
of its importance in the composition of the sandy substrates. 

REsuLTS OF S uBSTRATE SuRVEY oF LAKE SIBAYI 

The results of the analysis of substrate from twenty-five stations are reported 
in Table I. The stations from which the analysed samples were taken are shown in 
figure r. The bottom sediments of Lake Sibayi may be divided into either fine sand 
or silt on the Wentworth scale. 

The substrate is predominantly sandy. The muddy substrates are found in the 
submerged valleys leading from the western and the northern arms of the lake. The 
silt is not necessarily found in the deepest water as there is sand to be found in many 
of the samples from depths greater than go m. 

The sand substrates were all extremely similar. The mean median 4> value of 
twenty sand samples was 3 · 203 with a minimum value of 3 ·53· All these sand samples 
were well sorted with a mean 4> quartile deviation, o · 28. However, varying quantities 
of fine subsieve fractions were present. Much of this material was sorted out as the sub­
sieve fraction, although small amounts remained with the larger fractions, since they 
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TABLE I 

Table of analysis of substrate samples of Lake Sibayi. The phi values were calculated graphically 
according to the method of Morgans ( 1956). The positiom of the Station numbers are indicated in fig. 1. 

% Subsieve dry % Fine Material 
Station No. Depth, m. Mdrp Qdrp SKq¢ weight 0·04 mm Field Description by volume 

SIB S6 o·g 3'25 o· 1S +o·18 2'0 
SIB 99 2 3'03 0•22 - 0·12 I ·o Clean Sand o% 
SIB 67 5 2'95 o·51 -0 '24 o·2 Clean Sand 
SIB I02 8·3 3·16 0·33 o·o6 I ·6 Clean Sand 601 .o 
SIB gi 9'4 3·oo 0 '22 - o·o7 o ·8 Clean Sand so· ! 0 

SIB 68 Io·g 3'25 0·39 +o·r8 I ·g Clean Sand 
SIB 95 '3·o 3·oi o·5o -o·J I ·6 Grey/Brown Sand 13% 
SIB 79 13'3 3'22 0 •20 -O· IO o·5 Clean Sand JO% 
SIB 6g 14'4 3 ·oS o·3I +o·2I o·6 Clean Sand 
SIB 70 I5 ' 4 3'22 0'21 +o· Is I ·2 Clean Sand 
SIB go I6·4 3·03 o· IS -J-o·o6 I '3 Brown Sand 13~~ 
SIB 76 20·6 3·0 0•20 -o·og 2·S Grey Sand 
SIB 71 23·6 3' 17 0•37 -i-O· II I ·S Grey Sand 20% 
SIB 8g 24'2 6 S3·2 Mud IOO% 
SIB 87 24 ' 5 3'3I 0•17 +o·I7 JO·g Grey Sand 8% 
SIB 72 25'5 3'10 0·2g +o·o3 I ·o Clean Sand 6% 
SIB So 27·8 3'30 Q•2J + o·og J·g Grey Sane! 26~ ~ 
SIB g6 27 '4 6 Black Mud 100~ ~ 
SIB 73 2S·6 6 Mud 100~~ 
SIB S1 29•2 3"35 0 '23 + o-'5 2'3 Grey Sand I3% 
SIB 62 33 4 ' 5 63 ·5 Fine grey brown mud 
SIB 82 35 ' 5 3·56 0'45 -o·o2 o·~ Grey/Brown Sand 36% 
SIB 74 36 ·2 3'30 0·2!:l -o ·o3 o·9 Clean SaPd 
SIB 63 38 3'46 0•21 + o·oi 2'5 Grey Sand 24~ ; 
SIB 75 39 ' 3 3'53 0'45 + o·27 6·g Grey/Brown Fine Sand 

formed conglomerates. After drying, the subsieve fraction forms a very small percentage 
of the total weight of substrate (Table 1). This fine material may, however, form a 
considerable part of the substrate by volume. On wave-washed terraces the subsieve 
fraction is usually absent, but in general increases in importance with depth (fig. 2). 
This fine fraction consists of flocculent material containing large quantities of blue-
green algae, green filamentous and unicellular algae, diatoms, and protozoa. 

TADLE 2 

Check list of animals from the bottom sediments of Lake Sibayi. Forms as small as ostracods were not 
counted due to the difficulty of sortin~ out these cryptic forms from amongst the sand grains with the 
unaided eye. Juveniles of the groups named were picked out, it being easy to distinguish them in the 

Crustacea 
*Amphipoda: 

*Tanaidacea: 

*Isopoda: 

samples. *Denotes animals normally associated with estuaries. 

Grandidierella lignorwn Brnd. 
Corophium triaenonyx Stebb. 
Apseudes digitalis Brown 

Paratanais sp.? 
Cyathura carinata (Kroyer) 
Pseudosphaeroma barnardi Monod. 

Paramunna laevifrons. Stebb. 

Abundant in the sand. 
Common in the sand. 
Very abundant especially in deep 

water. 
Very rare. 
Common. 
Uncommon in grabs and never taken 

deeper than 5 m. 
Very rare. 
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Branchyura 
*Decapoda: 

Insecta 

Annelida 
*Polychaeta: 
Oligochaetes: 
Mollusca : 
Prosobranchiata: 

Pulmonata: 
Larnellibranchiata: 
Coelenterata 
Hydroidea: 
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Argulus? 
Hymenosoma orbiculare. Desm. 
Chironomid larvae. 

Chaoborid larvae. 

Ceratonereis keiskama Day 
Recorded as such. 

Bellamya capillatus Frnfd. 
Melanoides tuberculata (Mull.) 
Bulinus natalensis (Ki.ist.) 
Corbicula african a (Krs.) 
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Single specimen from grab sampling. 
Common. 
These were not identified beyond the 

family. The genera Ctyptochironomus 
and Clinotanypus were identified from 
samples in July 1968 as was a 
Tanytarsini. 

Very rare. 

Common in water less than 2 0 m deep. 
Common at all depths. 

Common. 
Common. 
Common in weed fringe. 
Rarely taken in grabs. 

Single individual. 
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FIG. 2. The percentage subsieve fraction in sand samples is plotted against depth. The 
dashed lines are arbitrarily placed. Points above the line indicate samples from shallow water 
which might have high subsieve fraction contents because of special features on the bottom 
profiles. Those below the dashed Jines may have reduced subsieve contents because the 
samples were from relatively steeply sloping profiles in the lake bottom. In general there is 

some indication that sediment content increases with depth in Lake Sibayi. 
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The silt bottoms form a sharp contrast to the sandy bottoms of Lake Sibayi and 
are best described as oozy, grey mud. Very little sand was found in the grabs, 
amounting to less than I% of the material. The median cp value was greater than 6, 
but could not be measured, since the particle sizes smaller than o · 04 mm were all 
measured together as a subsieve fraction. 

RESULTS OF FAUNAL SURVEY OF LAKE SIBAYI 

The faunal survey of benthic fauna has been limited to those animals which 
can be easily picked out from sorting trays and animals which could be seen by 
SCUBA divers on the bottom sediments. It should be noted that SCUBA divers 
would tend to miss very juvenile forms of the animals on the top of the substratum. 

A check list of the animals found in the benthos of the Jake is given in Table 2, 
from which it can be seen that both freshwater and estuarine components are present. 
Certain of the animals were rarely encountered in the grabs and in subsequent 
analysis of the data these have had to be ignored. Paratanais? (Tanaidacea); 
Pseudosphaeroma bamardi, Paramunna laevifrons (lsopoda); Argulus? (Branchyura); 
chaoborid larvae (Insecta) and Hydra? (Coelenterata), compose this group of 
animals and little can be said about them at this stage. A few are more characteristic 
of marginal vegetation, for example Paramunna laevifrons, Hydra? and Paratanais?. 
The isopod, Pseudosphaeroma bamardi, is more common on the shelf but this region 
has not been well sampled and hence only a limited amount of data is given in 
the tables. 

Discounting strictly marginal vegetation, the main basin of the lake has been 
divided into the following habitats: 
(a) Wave-washed terraces (Boltt et al., rg6g) up to 2 m deep. 
(b) Weed beds from 2m to 7 m. 
(c) Sandy substrates. 
(d) Fine silty muds. 

TABLE 3 

Results of dividing all the samples from fine sandy substrata into depth intervals of five metres except 
for the range o m to 2 m. This has been removed from the range o m-5 m since it represents the terrace 
region of the main basin. The samples have been lumped and a simple arithmetic mean of combined 
samples is recorded for each increase in depth. Only numerically important species have been recorded. 

No. of Grandidierella Corophium Apseudes Cyathura Ceratonereis Chironomid 
Depth samples lignontm triaenonyx digitalis carinata keiskama 0 ligochaetes larvae 

o-2 4 o·8 0'22 12'2 6·2 
2-5 7 86·1 70· I 8·9 5'4 6·4 8·3 6·3 
5-10 9 u6·1 35 '0 r6·4 2·6 4'4 4'4 3'3 

10- 15 6 71 ·5 41 '4 31 '3 8·o 2·8 9'0 4'6 
15-20 2 87•0 35'0 26· 5 5·5 o·5 5·o 3 ' 5 
20-25 9 12'3 83'3 655·5 9 ' 9 20·8 6·5 
25-30 6 20 '5 9'0 399'3 12'0 25'1 7'3 
30-35 0 
35-40 4 24'5 3'2 499'2 6·75 4'3 6·o 
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(a) Wave-washed terraces 

The fauna of the terrace of the main basin in general is poor (Table 3). The 
infauna consists of oligochaetes, a few chironomid larvae and the amphipod, Coro­
phium triaenonyx. Solid objects such as old tree trunks on the shelf harbour the tubes 
of the amphipods, C. triamonyx and Grandidierella lignorum. The surface epifauna of 
the sands in summer consists of scattered individuals of the pulmonate, Bulinus 
natalensis, and the prosobranch, Melanoides tuberculata. A few individuals of another 
prosobranch, Bellamya capillatus, may also be found. In winter the shelf region is 
virtually barren of epifauna and numbers of dead shells litter the shore line, especially 
those of M. tuberculata. 

Wave action on the shelf region is considerable, reaching to an average depth 
of over 2 m (Boltt et al., rg6g), and is responsible for the exceptionally clean sands of 
the terrace region. The sands of the terrace region show little or no measurable 
subsieve fraction by weight or settled volume. This may offer an explanation for the 
paucity of infauna in the terrace sands since they are so disturbed as to offer an 
unsuitable, and relatively barren place in which to live. 

(b) Weed beds from 2 to 7 metres 

It has been shown that, in the main basin, weed beds of Potamogeton pectinatus, 
P. schweinfurthii and Myriophyllum spicatum extend from 2 m to 7 m in Lake Sibayi 
(Boltt et al., tg6g). The weed beds are of two sorts, open stands of Potamogeton with 
Myriophyllum and dense stands of Myriophyllum, separated by patches of sand. 

The fauna living on the weed is very different from that living on or in the sandy 
substrate beneath it. It may be termed the 'epiphytic' fauna, which is more like 
that inhabiting marginal vegetation. The density of the fauna is difficult to determine 
since it must depend not only on the amount of weed but also on the type of weed 
bed. Thus in the open stands of Potamogeton the commonest large invertebrate, 
Bulinus natalensis, gave a count of twenty-four snails/m 2 in thick weed and four snailsfm 2 

in a widely spaced community. 
The Potamogeton weed beds are much poorer in both species and number of 

animals, while the close stands of Myriophyllum which occur in 5 m about 1 km off 
the southern shore of the main basin bears a fauna both rich in species and number 
(Table 4). Thirteen types of animals are recorded for the Myriophyllum beds and 
only six for the Potamogeton. 

TABLE 4 

Species lists with relative abundance of epiphytic fauna from open 
stand of Potamogeton anti dense bed of li.Iyriophyllum. + indicates 
present, + + indicates common, + + + indicates abundant. The 
Trichopteran nymphs were Orthotrichia sp., Leptoceris sp., Oecetis sp. 

Pseudosphaeroma barnardi 
Mayfly nymphs 
Bulinus natalensis 
Chironomid larvae 

and Ecrwmus sp. 

Potamogeto•l 
+ 
+ 

+ + + 
++ + 

Myriophyllum 
+ ++ 

+ 
+++ 

+ + 
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Paramwma laevifrons .. 
Corophium triaenonyx .. 
Grandidierella lignorum 
Ceratonereis keiskama .. 
Trichopteran nymphs 
Hydra sp. 
Ancylus sp. 
Apseudes digitalis 
Tanaid (undescribed SIB 98) 
Leech .. 

Potamogeton 

++ 

+ 

Myriophyllum 
++ 

+++ 
+ 
+ 
+ 
+ 
+ 
+ 

+++ 
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(c) Sandy substrates 

The sandy-substrate fauna may conveniently be divided into epifauna, living 
on top of the sand, and infauna, living in tubes constructed of sand (Amphipoda) or 
burrowing a few millimeters beneath the surface. 

(i) Epifauna: The invertebrate epifauna of the sands consists of the larger forms; 
the gastropods, B. capillatus, M. tuberculata, Bulinus natalensis and the lamellibranch, 
Corbicula africana, as well as the crown crab, Hymenosoma orbiculare. 

TABLE 5 

The distribution of large invertebrate epifauna on the sand as recorded by SCUBA divers from belt 
transects. 'Present' indicates animals in the vicinity of the transect. + indicates animals common on 

the plants but not counted. The diving stations are those reported by Boltt (~.1-\,1\ I( ro~es (l"fl:."') 
Dive Area 

Station No. Depth m sampled m 2 M. tubercula Ia B. capillatus B. natalensis C. african a H. orbiculare 

3'5 2'5 8 ·o Present + 
5 5 2'5 39'2 Present 8·8 

Jan. 8 9 2'5 23 ' 2 o·3 Present 
1968 3 9'0 5'0 4'4 Present 

6 9'0 9'0 I3'4 I'4 Present 

5 3'3 12'5 I ·8 o·I o· I 
8 4'0 5 ·6 I '4 I '3 I ·8 

July 5 5'2 5'9 4'7 1'4 2·6 0'2 I. 7 
Ig68 5 7'0 7'5 9'4 I ·g 0·3 0'4 

8 Is· o 5·6 0•2 2•0 
I2 I8·o 7'4 o·3 J•8 
7/8 24'0 5·6 o·9 0•7 0'2 

The only form which was restricted in vertical distribution was Bulinus natalensis. 
This snail is only recorded from depths within the weed belt which reaches down 
to 7 m (Boltt et al., rg6g). Although it was not confined to the weeds themselves, since 
it was often taken cra1.vling free on the sand, it may be restricted to the weed zone since 
it lays its eggs in a mass of jelly which seems to require a firm substrate on which 
to be placed. The weeds do not reach the surface in the main basin and the problem 
of how the animals replenish the gas bubble in the mantle cavity, if indeed they 
carry one, is exposed. 

All the other forms of the epifauna have been collected by SCUBA divers down 
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to 24m (as deep as we have yet investigated). Evidence that members of this fauna 
occur in deeper water has been occasionally afforded by grab samples. Thus 
Hymenosoma has been taken in 36 m (SIB. 74), Melanoides in 35 m (SIB. 82) and 
Corbicula in 33 m (SIB. 62). 

TABLE 6 

Numbers of animals collected in 10 or 20 boxes of o·or m1 along a straight line at I m intervals in 10m 
(A) and in 21 m (B) depth of water. 

~ "0 <; 
~ § .. .::z ·s E 
~ E ~:a l:!,s 

~ 0 s: ~ ~:!! ·- i:'l ~ <; 
s:: "' ~1 '<it: -c: () ::$ .. " E .if .. " () ~Ei ~ -~ l2 ... ~ e "' ·~ > ....... 

::: s::: S -~ ~~ 
.... ::~ ..c ... d~ t:J~ U- o a ~~ 0~ :E'::. 

A at rom 
Box No. 19 8 2 10 r6 

2 15 7 3 2 2 17 
3 20 4 2 2 6 14 
4 23 6 2 3 20 
5 21 3 2 4 4 r6 
6 21 2 5 3 6 10 
7 13 4 2 7 24 
8 13 1 3 2 4 30 
9 15 2 3 2 18 

10 22 2 13 

Mean 18·2 2·6 3'2 2 ·I 4'2 17•8 
Standard 
deviation ±s·6 ±2 ·2 ± 1·36 ± x·o4 ±3 '1 ±5'4 

Bat 21m 
Box No. 7 4 225 4 12 

2 6 4 3o6 15 14 
3 2 II 258 8 12 
4 139 5 12 
5 6 139 9 II 

6 5 165 5 6 
7 3 113 7 
8 7 99 5 5 
9 6 156 7 3 

10 3 99 3 5 
II 3 7 141 7 4 
12 6 224 3 14 
13 7 153 3 5 
14 10 201 2 9 
15 2 5 215 7 r8 
r6 4 101 3 
17 10 157 5 8 
r8 7 172 3 13 
19 77 2 II 

20 3 296 9 9 

Mean 1'2 5'5 171'8 5'0 8•7 
Standard 
deviation ±o·x ±2'7 ±45'2 ±3'2 ±4'5 
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Seasonal differences in number are apparent for Melanoides and Hymenosoma, 
the former with decreased numbers in winter and the latter with increased numbers 
in winter. The numbers recorded for Bellamya capillatus are too small to estimate the 
changes in number during the seasons. The areas measured by SCUBA divers in 
summer were inadequate and in winter barely so. Corbicula is a ltogether too uncom­
mon on the bottom for its density to be easily or confidently measured. The figures 
for Bulinus are difficult of interpretation since the animals occur both on weed and 
on sand and, as has been indicated, seem to be related to weed density. Weed density 
moreover varies with season. 

(ii) Infauna : Some measure of the distribution of animals in the bottom sedi­
ments is afforded by the 'lines of boxes' method. The results are reported in Table 6 
which are from samples taken at I o m and 20 m. 

Over relatively short lengths, at least, the results show that single samples will 
give a reasonably accurate indication of the numbers of any one type of animal 
occurring in the bottom. The area covered by each 'box' (o·ox m2) is less than that 
covered by the grab (0·0225 m 2) and hence the grab is likely to be slightly more 
reliable than single 'box' samples. Although there seem to be small variations over 
small areas, as Table 3 and Table 7 indicate, there is considerable variation over 
wider areas of the lake. Nevertheless, at least some of the variation is systematic and 
leads to a pattern of distribution in the lake which at the moment is discernible 
only from the common animals in the benthos of the lake. 

TABLE 7 

The individual results of a line of Stations shown on fig. 1. This line was an attempt to take samples at 
approximately 5 m increments in depth. The single muddy sample had a median value of 4 and was 

devoid of animals. Sample size o ·0225 m2• 

<:l ~ -.::! ~ 
~ 

§ " 
.::~ ~ ·s 

:ii 
.. 

~ 
.., ... <:l 

~.!'! -5 0 
·- E'- i::l i!! E: ~ ~ Description ~ '""' <> <> <:l ~ 1:! 0 

~ g ~~ .. .!'! ]!~ bO 
!:;.2 ... ·- .,.~ ;.:::l :E ~ Station No. Depth of substrate \:) ~ c;:,~ ~~ ~Jl O'a 0 0~ 

SIB 67 5 sand 131 12 2 3 0 II 0 
SIB 68 ro·g sand 40 73 25 4 8 I4 
SIB 6g 14'4 sand 79 6g g6 7 I 0 12 
SIB 70 I5'4 sand 6g 3I so 0 0 6 5 
SIB 76 20·6 sand 15 5 35 0 2 0 
SIB 7I 23·6 sand 2 0 714 0 15 9 12 
SIB 72 25 ' 5 sand 0 0 77 0 5 0 
SIB 73 28·6 mud 
SIB 74 36·2 sand 2 0 117 0 II 8 
SIB 75 39'3 sand 0 0 26 0 6 4 0 

Those animals which are found consistently in the lake are the amphipods, 
Grandidierella lignorum, Corophium triaenonyx, the tanaid, Apseudes digitalis, the isopod, 
Cyathura carinata, the polychaete, Ceratonereis keiskama, the oligochaetes and chironomid 
larvae. Of these the first three are most numerous. The isopod, although less numerous, 
is important in view of its larger size. 
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Two types of distribution are shown in Tables 3, 6 and 7: firstly a 'discontinuous' 
distribution of particular animals which were found in higher numbers in different 
depths of water, and secondly other animals which were evenly distributed throughout 
the depth of the lake. The discontinuously distributed forms are the am phi pods, tanaids 
and Ceratonereis. Grandidierella appears in greater numbers in depths of 2 to 20 m than 
in water 20 to 40 m deep. The mean for all samples from sandy substrates from 2 to 
20 m is 98· I (± 48·8) and for 20 to 40 m is I6·65 (± 24·9)/0·0225 m 2• Using 
Fisher's method for small uncorrelated samples, 't' was calculated and found signifi­
cant at p = o · 01. A comparison of density means for Corophium using the same 
technique was not significant. However, there is some reason to believe that with a 
larger set of samples the distribution of this species may prove to be also discontinuous. 

High numbers of Apseudes digitalis were taken from sandy substrates between 
20 m and 40 m depth. The average number of individuals was 5 I5 per grab sample 
for water deeper than 20m, which contrasts markedly with I90 for sands at shallower 
depths of 2 m to 20 m. A summary of the range of number of individuals per sample 
is given in Table 8. 

TABLE 8 

The frequency with which certain ranges of density of A. digitalis occurs in samples drawn from depths 
of 2 m to 19 m and 20 m to 40 m. 

Density of animals/ No. of samples 
0 ·0225 m2 grab sample 2m- 19m 20 m-40 m 

o-g II 

10- 49 II 
5o-gg 2 

I00- 499 9 
soo- ggg 5 

IOOD-1500 3 

Total No. of Samples 24 20 

Differences in the numbers of oligochaetes with depth cannot be dealt with as 
there are several genera in the samples which have not been taken into account. 

Perhaps the most strikingly discontinuously distributed animal is the polychaete, 
Ceratonereis, which was never found below 20m. 

Evenly distributed animals are the isopod, Cyathura, oligochaetes and chironomid 
larvae. There may be some suggestion of increased number in deeper water but this 
is almost certainly due to a few samples which had high numbers of juvenile forms 
in them as compared with the great majority which had only adults present. The 
chironomid larvae have usually been lumped together. In the survey of July I968 
some attempt was made to identify to lower systematic categories. Cryptochironomus 
and Clinotanypus were found as was a tanytarsini and Tanytarsus?. Too few individuals 
were found in grabs to decide on patterns of distribution, if any. 

Although only one summer sampling has been taken (January 1967) and two 
winter samplings (July I967 and July I968) there is some slight evidence of seasonal 
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TABLE 9 

Samples from J anuary 1968 (SummerS) and samples from J uly 1967 and 1968 (Winter W). No. of 
samples in brackets after S.D. 

Mean 2 m-20 m S.D. Mean 20-40 m S.D. 

G. lignorum 
s . . 79 ' 9 ±36·5 (14) 2' 7 ± 3'9 (10) 
w .. 116·3 ± 55'4 ( ro) 30 ' 5 ± 29 ·3 (10) 
C. triaenonyx 
s .. 37'8 ±32·8 (14) 2 •J ± 4'2 (10) 
w .. 31'5 ±29'3 (10) 12'1 ± 7 ·I (10) 
A. digitalis 
s .. q·6 ±25'2 (14) 340'7 ± Bo·r ( 10) 
w .. 21 • J ± 26•7 (10) 689·1 ±451·7 (10) 
C. carinata 
s .. 6·r ± 5 ·8 (14) 4'4 ± 4'0 (10) 
w .. 3'4 ± 2·0 (10) 14'4 ± 7'7 (10) 

variations in number. The numbers have been averaged by season and for depth 
for each of the more numerically abundant species (Table g). In the winter, 
Grandidierella showed increases in number in both shallow and deep water. Increases 
in number of individuals of Apseudes was only apparent in deep water. The apparent 
increase in number ofCyathura in deep water was due to an increase in small juveniles 
in some of the samples. 

TABLE 10 

Table showing the results from samples with 100~~ silt contents. For a discussion of the results see text. 

Station 
No. 

SIB 101 
SIB 88 
SIB 73 
SIB 106 
SIB 96 
SIB 61 
SIB 62 
SIB 5 
SIB 112 
SIB 89 
SIB Ill 
SIB 110 

Depth m. 

17'5 
24'6 
28·6 
9'0 

27'4 
25'0 
33'0 
22 ' 3 
22·6 

24'2 

25'7 
40'2 

(d) Silt substrates 

2 

6 

2 

2 

27 
3 

399 
9 

178 

Remarks 

TOO% silt. 

3 \Vestern Arm 

" 
29 20 4 Western Arm 

10 a little sand. 

Twelve stations with substrates having a median cp value greater than 4 have 
been sampled from Lake Sibayi. These samples generally showed a poor infauna 
(Table 10) with the exception of two stations from the western arm and SIB 8g 
from the main basin. Of the epifaunal elements Melanoides tuberculata appeared in 
four samples and Bellamya capillatus in one. 
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DISCUSSION 

Some understanding of the distribution of the essentially fine sand and the 
essentially silt substrates in Lake Sibayi may be gained from a consideration of how 
the lake was likely to have formed and its subsequent history. Hill ( Ig6g) has shown 
that the lake was formed from the blocking up of an old estuary originally cut in 
Tertiary sands. This accounts for the similar median ¢> value in all depths of the 
sandy substrate. The lake has not been subject to serious silting since its formation, 
and what silt has been found occurs in the valleys leading into and carrying on under 
the surface of the main basin. It is, however, curiously absent from the deepest 
portions of the lake to which these valleys lead. This silt may have come from either 
the streams leading into the lake or from generally wind-blown material falling on 
the lake. The presence of the material in the valleys, but not in deeper water, tends 
to suggest that it has come down the valleys from the streams of the western and 
northern arms of the lake and is slowly proceeding towards the deep portion of the 
lake. 

The origin of the subsieve fraction found in the sandy samples may well come 
partly from wind-blown material and partly from the detritus falling on to the 
bottom from plankton, and also fish faecal ropes which were seen by the SCUBA 
divers on the bottom during many dives. There may be a tendency for this light 
material to move slowly into deeper water due to water disturbances generated by 
the wind in the shallower water, and hence the tendency for the subsieve fraction 
to increase with depth. 

The benthos of Lake Sibayi was originally sampled exclusively by means of a 
Van Veen grab of rather small bite. During the analysis of the material collected 
there was a constant feeling that many problems would be much clearer if one could 
go down and 'see for oneself'. The introduction of a short SCUBA diving programme 
in January and July Ig68 showed that many of the ideas which had evolved about 
the distribution of the animals in the lake had to be greatly altered. 

One of the most striking results of the diving programme was the discovery 
that a number of benthic animals, previously only rarely captured in the grabs, 
were of considerable importance in the description of the benthos of the lake. Further­
more, some of the species found were completely unsuspected from grab results, 
namely typically benthic fish such as Croilia mossambica and Silhouetta nov. sp. It is 
doubtful whether any sampling method withou~ visual inspection would have 
given meaningful results, quite apart from the conceptual difficulty of sampling for 
animals which might never have been there. A combination of techniques has, on 
the other hand, produced a pattern of faunal distribution in the bottom of the lake. 
However, the techniques used have also revealed shortcomings. The 'lines of boxes' 
showed that for certain small forms a single grab at any one spot in the lake was 
likely to give a fairly representative number of animals at any one site in the benthos 
of the lake, but not for widely spaced stations. It would seem that although the 
present data are inadequate to give a completely quantitative picture of the density 
of animals in the lake, a large number of reasonably closely spaced grab samplings 
would yield reliable information for small animals. The grab samples are, however, 
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completely unrepresentative of the density of larger forms, the molluscs, the crown 
crab and fish. In order to try to overcome this problem, a number of methods using 
diving apparatus were tried. One such method involved turning a rigid frame over 
and over on the substrate and was the principal method used in January rg68. It 
soon became apparent that Melanoides was now being sampled adequately, but that 
Bellamya, Corbicula and Hymenosoma were not. It was also apparent that with such 
active forms as fish there was no hope of even estimating their numbers with the 
techniques available. One exception was the counting of holes of Croilia mossambica 
Smith. Even this is fraught with difficulty since it has been shown in the laboratory 
that the animal may cover its hole temporarily and hence the holes are no measure 
of the fish's abundance. This also points to the importance of knowing the biology 
of an animal so as to help interpret data from the field. In January a square covering 
g m 2 was laid out on the bottom (Dive station 6, Table 5). The results of this indicated 
that some measure of the density of Bellamya was now being gained. However, the 
technique was too clumsy for routine sampling by divers. During July rg68 a further 
method of laying out parallel tapes was used and larger areas were being covered 
with better measures of at least Bellamya and Hymenosoma. However, the problem is 
not yet solved due to the poor visibility in the lake and the fact that disturbance of 
the bottom of the lake by the activities of the divers stirred up the fine material over 
the sand on the bottom, which tended to decrease visibility. The divers were there­
fore obliged to detect the material partly by touch and partly by sight!. It was 
noticeable that in the collections of epifauna made by divers no really small juvenile 
forms were present. This is in contrast to the grab-sampling which had a good 
recovery of small juvenile forms. 

It is with these difficulties in mind that one must view the data at hand. The 
recovery of animals from the substrate has not been even, in the sense that the area 
from which a sample is taken while being demonstrably adequate for some species, 
is barely adequate for others. 

The density of animals in the benthos of Sibayi has been measured by counting 
the numbers of animals from known areas. While this method gives some insight into 
certain biological problems and raises others, it is not a good method for assessing 
the relative importance of different species utilizing the food resources of the bottom 
sediments. Thorsen ( 195 7) has pointed out the importance of relative size of different 
species affecting their density on a flat marine bottom. The same is probably true 
for the benthos of lakes. 

In Lake Sibayi high numbers of small animals are characteristic of the infauna, 
while low numbers are characteristic of the epifauna. The former might be measured 
in mm while the latter in em. The question of the relative importance of the epifauna 
must therefore be answered with reference to whether they are consistently found 
on the bottom of the lake or not. 

General observation by SCUBA divers showed that the molluscs Bellamya 
capillatus and Melanoides tuberculata were the commonest large invertebrates of the 
epifauna. Data presented in Table 5 show that Bellamya occurs in somewhat low 
numbers whereas Melanoides was found in higher numbers, at least in summer. 
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However, it is believed that both are at least equally important in the lake since 
Bellamya is larger (approx. I· 14 gm) than Melanoides (approx. o · 37 gm). The dif­
ference in size might imply that the larger animal is more widely spaced, since it 
requires a larger area over which to forage for food. 

Quantitative data are available for Bellamya and Melanoides for depths of only 
up to 24 m. The fact that these animals were occasionally obtained in grabs from 
deeper water on both types of substrate must indicate that they are generally distri­
buted throughout the lake. If this is so these molluscs are of at least equal importance 
with the infauna, since they must account for considerable quantities of the food 
resources in the bottom sediments. 

These same arguments apply to a consideration of the distribution of the crown 
crab, Hymenosoma orbiculare, which is also large relative to the infauna. These crabs 
are difficult to sample since they are capable of swift escape movements and are 
highly active. Water disturbances caused by the descending grab may well have 
stimulated most crabs to escape. Divers noted that when disturbed the crabs swam 
away, and it was often only this escape movement which revealed their presence, 
since they are very cryptically coloured, and dig into the sand, leaving only their 
eyestalks visible. This crab was present in the grab samples from 5 stations (SIB 58, 
SIB 55, SIB 74, SIB 78, SIB 77), ranging from shallow water on the shelf down 
to 36 · 2 m depth. One must conclude therefore that as with the mollusca, Bellamya 
and Melanoides, these crabs are an important element in the fauna of the benthos. 

The presence of actively moving forms associated with the invertebrate epifauna 
of the lake has already been reported by Boltt et al. (Ig6g). These are the Gobiid 
fish, Silhouetta nov. sp., Croilia mossambica Smith and Glossogobius giurus (Hamilton­
Buchanan). Since these animals have a reduced swim-bladder they cannot be pelagic 
and are necessarily always on or near the bottom. At least the first two species are 
prominent members of the benthos as judged by divers working on belt transects. 

It has been shown that the infauna of the fine sand substrates is made up of a 
discontinuously distributed component, and an evenly distributed component in 
terms of depth. It has also been shown that in general there tends to be an increase 
in the quantity of fine material in the sandy substrate with increasing depth (fig. 2). 
It is tempting to suggest that there might be a causal relationship between the increase 
in fine material in deeper water and the reduction of numbers of Amphipoda and 
Ceratonereis keiskama, and the increases in number ofTanaidacea. However, inspection 
of the data in Table I I shows that fine sand bottoms of high subsieve fraction content 
in water less than 20 m depth carry a pattern of fauna much like that of sediments 
from shallow water with less fine material. Conversely, stations with low fine material 
content in the fine sands from deep water still show a high tanaid number similar 
to substrates from similar depths with a high fine material content. Therefore no 
good explanation is forthcoming as to why there is a discontinuous distribution with 
relation to depth in these forms. There may of course be qualitative differences in 
the fine material which is found in the sandy substrate of the lake. It has been shovro 
that macrophytic plants cease in a band around the lake at some 7 m depth and 
that this might be correlated with light penetration (Boltt et al., Ig6g). Microscopic 
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TABLE II 

Although generally there is an increase in fine material in the sandy substrates with increasing depth, 
there are exceptions. These have been emphasized in the table by placing a box around them. The 
species distribution appears to be more a question of depth rather than of the proportion of fine 

material in the sand. Area sampled was o ·0225 m2• 
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SIB 117 2 2 3 IS 
SIB 99 0 2 44 2 

SIB 64 0 IS 52 IO 9 6 12 
SIB 92 7'5 I60 I3 7 4 2 9 
SIB xoo 4 6 1S1 5 20 2 
SIB 85 4 0'7 17 3 
SIB 76 4 20·6 IS 5 35 2 

SIB 72 6 25'5 77 5 
SIB 102 6 8·3 14S 5 7 17 4 5 
SIB 74 7 36·2 2 117 I I 8 

SIB 55 7 5'9 59 2 
SIB 93 7 4'4 94 103 24 2 2 6 
SIB 6g 8 I4'4 79 6g 7 g6 I2 I 
SIB gx s 9'4 206 33 15 5 3 12 4 
SIB 7S 8 3'7 34 3 3 12 4 15 II 
SIB 66 9 I'4 32 2 
SIB 79 IO I3'3 159 30 xS 2 I 5 
SIB 67 10 13· I 5 131 I2 3 2 l I 
SIB 87 10 24'5 30 I7 1214 I4 33 
SIB 121 12 12'2 286 19 s 6 6 
SIB 81 13 29'2 4 521 7 19 9 
SIB 6S 13'5 10'9 40 73 4 25 I4 8 
SIB 95 I3 13'0 43 24 6 2I 7 20 
SIB So 13 16 ' 4 136 39 29 6 10 l 

SIB s6 14 5'2 77 100 5 6 
SIB 70 IS 15'5 6g 31 30 5 6 
SIB sS 17 3'7 135 49 12 3 20 9 
SIB g8 20 25'5 10 IO 279 II I6 2 
SIB 71 20 23'6 2 7I4 I2 IS 
SIB 6o 22 8·8 45 25 2 2 6 
SIB ll9 23 24'9 I4 2 143I IS 27 
SIB 65 24 5 97 5 2 2 

SIB 63 24 38 48S 2 5 14 
SIB s3 25 22'5 2 3 675 7 32 39 
SIB So 26 27'S 396 9 5 26 
SIB xiS 30 39'3 95 12 1241 24 
SIB S2 37 35'5 5 
SIB 75 39 39'5 26 6 4 
SIB 59 63 7'S 74 9 4 
SIB S4 63 2g·6 2 
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examination of the subsieve fraction from I o m shows that it is rich in diatoms, 
monofilament blue green algae and protozoa. Light may affect the type of species 
found in different depths of the lake and hence the fauna. There may, however, be 
other factors of which, as yet, we are ignorant. Thus Enright (1962) has shown that 
amphipods may react to changes of pressure by swimming up into the plankton. 
However, Enright does not report any ability in these animals to register absolute 
pressure. 

Discontinuous distributions have been shown for the fauna of at least one lake 
in Canada. Rawson ( r 930 in Welsh, 1935) has shown that in Lake Simcoe the amphi­
poda, trichoptera, and ephemeroptera do not extend below 20 m. While this is 
perfectly understandable as far as the insects with an aerial adult are concerned, this 
is less explicable in terms of the amphipoda. 

In summary, therefore, we must leave this problem largely unexplained. 
The contrast in animal numbers from fine sandy substrates and the number 

taken from silt substrates is marked. Although it must be borne in mind that it is 
only from grab samples that we have data, certain conclusions seem valid. The 
larger epifaunal elements are present in some of the grab samples. In the light of 
previous argument it would seem that these animals are equally distributed over the 
sand and the silt substrates. The number of animals belonging to the infaunal 
elements is, however, much reduced when compared with the results from sandy 
substrates. Although definite conclusions cannot by any means be drawn, some at 
least of the absenteeism can be partly explained. Both the tube building amphipods 
use a reasonably undisturbed substrate on which to construct their tubes. Although 
Corophium triaenorryx uses only fine silt particles cemented together with a tanned 
protein (Rao & Shyamasundari, 1963) these amphipods are found on solid obstacles 
on the substrate, or even on plant stems and poles for harbours. They furthermore 
appear to be entirely filter feeders and it is possible that an increase of fine material 
reduces the efficiency of the feeding or respiratory mechanisms due to clogging. 

Grandidierella lignorum cements larger sand particles together to build a tube 
which is lined with fine silt particles. Although it can cope with only silt if this 
material will conglomerate into lumps of the size of a fine sand grain, they appear 
only to use this method when sand particles are unavailable. They feed both by 
filtering particles out of the water by means of their hairs on the antennae and also 
by working the mouth parts over sand grains in a kind of scrubbing motion. The 
legs, especially peraeopod 5, have a dense brush of setae on the posterior border. It 
seems likely that these brushes and other setose parts may become clogged by silt 
particles in the water. 

The lack of chironomids in this type of substrate is harder to understand, save 
for the fact that they appear to belong to genera associated with sand rather than pure 
silt substrates. Similarly the tanaids and other generally burrowing forms are difficult 
to interpret since we are very ignorant of their biology. 

The seasonal variation in the numbers of Melanoides and of Hymenosoma is very 
intriguing, as is the absence of animals from the terrace regions of the main basin 
in winter. Allanson & VanWyk (1969) has reported on the temperature regime of 
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terrace region of the lake margin. In summer it was shown that although the day 
temperatures rose some 4°C above the ambient lake temperature (± 28°C) at night 
there was little difference between lake temperatures and temperatures occurring over 
the terrace. This is not true in winter when general lake temperature may fall to I tC 
(the water on the ten·ace region has fallen on very cold nights to as little as 13°C). 
It may well be that low temperatures at the margin ofthe lake drove away or killed 
the animals in that region of the lake. There were numbers of empty gastropod shells 
and a general absence of life on the shelf in winter which bore evidence to this. 

The large fluctuations between the numbers of Melanoides counted in summer 
and in winter from the deeper waters of the lake are harder to explain. The animals 
may have burrowed into the substrate and thus were not visible to SCUBA divers. 
This is unlikely since, although they show the burrowing behaviour quite freely, they 
usually leave a disturbed track in the sand. Furthermore collection of animals by 
divers was carried out both by sight and by feeling through the sand so as to disturb 
Hymenosoma, and many snails were discovered at the same time. 

The contrast in the numbers of Hymenosoma orbiculare between summer and 
winter was most striking, and somewhat more easily explained. Forbes & Hill ( rg6g) 
and Broekhuysen (1955) have shown that the breeding of Hymenosoma is distinctly 
seasonal and that the crabs do not live for much more than a year. Although animals 
are to be found in berry all the year round in Sibayi, the major breeding period is 
the spring and the crabs begin to perish a little over a year later. In summer the 
population may still be mainly juvenile and in the plankton and only later does it 
descend and swell the population in the bottom of the lake in winter. 

Some evidence for seasonal fluctuations in number is presented for infaunal 
crustacea. While the egg production of the crab is markedly seasonal the same 
is not true for the amphipods and tanaids. Egg-bearing females are always present 
in samples from the benthos of Lake Sibayi. The fluctuation in numbers in the benthos 
must be looked for in other phenomena. Principal among these in the physical 
environment of the lake is temperature. The reported drop in temperature of some 
I0°C between summer and winter would delay the development of eggs in the brood 
pouches of the amphipods and the tanaids. Generation times would therefore be 
extended in winter relative to summer. Further the warming and cooling of the 
lake will inevitably lag behind mean air temperatures although this lag has not 
yet been measured. Increased numbers of generations in the warmer months of the 
lake may lead to a build up in population which would be highest as the lake begins 
to cool down. Thus the population may be highest at the time when the generation 
time is longest. This, however, does not account for a drop in the numbers encoun­
tered in the summer. Two observations may be relevant. Hymenosoma which is in 
its highest numbers in winter feeds by probing the sand with its chelipeds. Presumably 
it will eat any small crustacean that it comes across. These animals would then be 
preying heavily on the amphipods and tanaids when the recruitment to these 
populations is slowest, due to increased time for development of eggs. They might 
then reduce the population. Conversely, the crab is least common in summer. 
They in turn are heavily preyed on by fish, in particular Clarias gariepennis. Quantities 
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of Hymenosoma have been recovered from gut contents of these fish, and the crab 
populations may be reduced by Clarias. 

The second factor which may well be of importance is the sensitivity, which 
can be shown experimentally of amphipods, to small increases in C02• It may be 
that the increased summer temperatures of the lake increase the oxygen demand of 
the fine material of the bottom with consequent increases in C02• The amphipods 
react to an increase in C02 by abandoning their burrows and swimming off into 
the water. They may thus migrate in the warmer weather to shallower regions of 
the lake. 

For all the shortcomings of the methodology and the scope of sampling in the 
lake, the field results have raised a number of problems of which the following are 
the most important: (i) the discontinuous distribution of Grandidierella, Apseudes and 
Ceratonereis; (ii) the problem of seasonal fluctuations in the density of some of the 
benthic fauna; (iii) the lack of animals as infauna in silt substrates; (iv) the role in 
the food web played by the subsieve fraction, the snails, and Hymenosoma, in the lake, 
and (v) the problem of the presence of estuarine forms living in fresh water in Lake 
Sibayi but apparently nowhere else in southern Africa. Some of these problems can 
be solved by more extensive sampling in the lake, but difficulties of interpretation 
of others are due to a lack of knowledge on the biology of the animals concerned. It 
is felt that critical experimental investigations into the biology of these animals will 
undoubtedly help to solve some of the problems of distribution of animals in the lake. 

ACKNOWLEDGEMENTS 

I should like to express my sincere appreciation to the many people who have 
helped with the work both in the laboratory and in the field. I should also like to 
thank Professor B. R. Allanson, under whose leadership the field trips were done, 
and also Dr. B. ]. Hill for the many fruitful discussions on t he problems occurring 
in the lake and for reading the manuscript. Grateful acknowledgement is due to 
Rhodes University Research Grants Committee and also to the Council for Scientific 
and Industrial Research for generous financial support. 

REFERENCES 

Allanson, B. R ., Hill, B.]., Boltt, R. E. & Schultz, V., 1962. An estuarine fauna in a freshwater lake 
in South Africa. Nature, Lond. 209, 532-533. 

Allanson, B. R. & van Wyk, J. D., 1g6g. An introduction to the physics and chemistry of some lakes 
in Northern Zululand. Trans. rqy. Soc. S. Afr. 38 (3), 21 7-240. 

Boltt, R. E., Hill, B. J. & Forbes, A. T., 1969. The benthos of some South African lakes. 1. Distribution 
of aquatic macrophytes and fish in Lake Sibayi. Trans. rqy. Soc. S. Afr. 38 (3), 241-247. 

Broekhuysen, G. J., 1955. The breeding and growth of Hymenosoma orbiculare Desm. Ann. S. Afr. 
Mus. 41, 313-343. 

Enright, J. T ., 1962. Responses of an amphipod to pressure changes, Comp. Biochem. Physiol. 7, 131- 145· 
Forbes, A. T. & Hill, B . .J., 1969. The physiological ability of a marine crab Hymenosoma orbirulare 

Desm. to live in a subtropical freshwater lake. Trans. rqy. Soc. S. Afr. 38 (3), 271-283. 
Hill, B. J., 1969. The bathymetry and possible origins of Lakes Sibayi, Nhlange and Sifungwe in 

Zululand. Trans. roy. Soc. S. Afr. 38 (3), 205-216. 



EPIFAUNA AND INFAUNA OF BENTHOS OF LAKE SffiAYI 

Lenhard, G., 1966. A new elutriation sieve technique for the determination of texture and structure of 
bottom deposits of natural waters. Arch. Hydrobiol. 62, 82-94. 

Lie, U. & Patatmat, M. M., 1965. Digging characteristics and sampling efficiency of the o· 1m2 van 
Veen grab. Limnol. Ocean. 10, 379-384. 

Morgans,]. F. C., 1956. Notes on the analysis of shallow water soft substrata. J. anim. Ecol. 25, 367-387. 
Rao, M. V. L. & Shyamasundari, K., 1963. Tube building habits of the fouling amphipod. Corophium 

triaenonyx Stebbing at Visakhapatman Harbour, J. zoot. Soc. India 15, 134- 140. 
Thorsen, G., 1957· Bottom communities. in Treatise on marine ecology and palaeontology. Vol. 1. Ecology. 

(Ed. Hedgpeth, J. W.) Chap. 17. pp. 461-534. Geological Society of America Memoir No. 67. 
Rawson, D., 1930. in Welch, P. S., 1935. Limnology. McGraw Hill. 
Wigley, R., 1963. Comparative efficiencies of van Veen and Smith-Mcintyre grab sampler as revealed 

by motion Pictures. Ecology 48, 168-t69. 



8 

Ti-lE BE?IlT!iOS OF SOME SOUTHER;-; AFRIC!u~ LAKES 

III. The Benthic Fauna of Lake ~hlange 

The presence of two South African lakes on the co~stal 

~0n~aland led to the hope that a study of the benthic fnuna 

of one ~ight lead to a better understanding of the other. The 

benthic f&un - of Lake Sibayi has already been reported on (Boltt 

lS09), and although the water is fresh, estuarine animals occur in 

the l<1ke . Luke Khl~ngc, which is some 30 miles north of Luke 

0 0 . 
Sibayi, is brack with a salinity of 3 /oo to 4 /oo (F1g. 1). 

Lake Nhlange is ~onnected by channels to the Kosi estuary syste~ 

which is norffial~y open to the sea (Fig. 2). The f~una of Lake 

~hlange is mainly estuarine, but the species from the benthos of 

the lake were narkedly different from those occurring in Lake 

Sibayi. Comparisons betw~en the two lakes has raised more 

proble:i1s th.::m it has solved, and has drawn attention to the 

iG)Ortance of det~iled investigations into the biology of the 

ani~~ls in the coastal lake systems of South Africa before an 

ucderstan~ing of the problc~s raised is likely to be gained. 

~ost unf ortunate was the fact that the first detailed 

sa,-;-:pling ?rogra:-.-.a·,z of Lake Nhlange benthos was done shortly 

f ollouing a ~1.cavy flood in January 1966. The conditions of the 

lake K.:!r.:: not stable and the significance of dynamic changes that 

\.;ere taking place in the bottom of the lake was not fuily appreciated 

~ntil late in the period of investigation. Although the broad 

chemical ct~~acteristics of the lake are well documented by 

Allanson & van Wyk (1969) adequate chemical measurements were not 

always taken in the lake at the botton sediment/water interface. 

T~is h&s made interpretation of the conditions pertaining on the 

bottom of the lake largely a matter of educated gues~es. 
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-~ of all these shortcomings, the data is 

i"Gteresting :!.:-. that it: raises a number of problems which may .;<: 

more ad~qu~t0ly tackled in the futu~e. 

The in-::-:~ediat~ past history of the lake 

Althouzh the Kosi estuary has been known for n long time, 

th~re are few written records of conditions in Lake Nhlange. 

Br0ekhuyse~ &nd Taylor (1959) visi ted the Kosi estuary in 1949, but 

spent little time at Lake Nhlange. They describ~c a clear water 

i ~~e with a sccchi disc of 14 ft (4 m). Tini~y has written an 

unpublished report which is in the archives of the Natal Parks 

Board (Tinley l958a). 

The lake was firs t visited by us in July 1965. At this 

ti:-r<e only a few qualitative bottom samples were taken. The lake 

wate: was clear and the mouth of the estuary open. The lake was 

next visited in January 1966. The mouth of the estuary had closed 

the previous August, and the waters of the estuary and the lake had 

;;radually r::_sen. There was, consequent on a cyclone in January 

i 906, a great deal of rain that finally rais~d the level of the lake 

to sc~e 2 metres acovc normal before the sand b~r at the 

mouth of the estuary was broken and the water drained away (Breen 

& Hill i969). At the time of our visit i n ~anuary 1966, the wate r 

was stained almost a coffee brown, and the inundation of the margins 

of the luke had caus ed a considerable d~cay of vegetable material. 

It is also likely that much decayed plant material had been brought 

i~to the lake by the flooded rivers which drain through extensive 

s~.;rai.1ps. (Fig. 2). 

During the subsequent period in which the lake had been 

revisited, the water has gradually cleared and in June 1968 the 

\vater ~.;ras ha:-dly tinted brm.;rn at all. In January 1969 the brownish 

tine ~.;ras only seen after heavy wind. This ~ndicates that conditions 
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~~-:. :he l ;:ke iraprovcd over th~ period. The improvement has been 

rc f1 ..:..:. _ [~u~al changes which h~vc been observed in the 

1.'-leasurcmcnts on oxygen conditions in the L :::.c 

sup?or: the view th~t an unusual amount of organic detritus was 

deposited in the la~e. However, the conditions in the benthos of 

the ic:ke 'ivere not knov-r:1 previous to the flood, and the data must 

be vie'ived wi :h this in mind. 

A survey of the substrates, and benthic fauna, has been 

c~rried out on La~e ~hlange over the period July 1965 to January 

1969. Measurements of oxygen conditions in water vcry· near ~he 

substr·ate has been attempted in January 1969. Some attempt has 

been made to understand the pattern of faunal distribution in the 

lc:~e with resp~ct to substrate type and chemistry near the 

substrate/water interface. 

A cor:-.p .:n:-ison of the benthic fauna of Lake Nhlc.r:.;;e and 

Sibayi h~s been attempted. 

Methods 

Grab sampling was done using the modified van Veen grab 

s&~pler employed in Lake Sibayi (Boltt 1969). It must be pointed 

out that only samples carrying an adequate load of substrate were 

analysed; inadequate samples were rejected and retaken. 

Substrate was analysed in the same way as that reported for Lake 

Sibayi. Sa~ple stations are plotted in Fig . 4. 

A special apparatus was constructed to sample water very 

~ear the su~strate surface interface. The details of ~0nstruction 

and a theoretical a~alysis of the mode of action of the apparatus 

is given in Appendix I. 

A limited SCU:3A diving prograrnwe was undertaken, but 

only in relatively shallow water up to just less than 10 metLes. 
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:. :.ist of the numbers of samples taken at different 

sacpl~ng d~tes is given in Table l . 

Table 1. 

~u:nbers of s.::rr.ples taken at various s ampling dates frora L.Jke 
.::-.1a·.-:3e. Station nu:r,ber plotted in Figure 4. 

Date 

July · 4 ~: 65 

Jam.;ary 1966 

January 1967 

July 1967 

Jn;1uary 1968 

July 1968 

January 1969 

No. of grabs taken 

0 (5 anchor dredges obtained) 

5 

21 

16 

33 

30 

so 

Station 
numbers 

NHL l-5 

NHL 2-27 

r\HL 28-44 

NHL 45-77 

NHL 78-lC8 

l\i-iL 109-159 

Th e distribution of s :...:,ples with respect to depth -"-·"' tended to be 

T:--:c. bathyrr.etric chart of the lake shows the :;:r-eatest areas 

of the lake to lie above the lO metre depth contour (Fig. 3). The 

syste:.1 of taking s<:illp les at regular intervals along transect lines 

of the. l.a~~e has therefore tended to favour taking more samph.s in 

s~al low water than in deep water, especially ~t early dates in the 

sa~~ling programme. In 1968 and 1969, more samples were taken 

below the 15 metre contour by choosing some transects to lie over 

d _..:.p water. 

Because t~e profile of the substratum tended to be 

nade up of flat plains divided by steep slopes, samples taken at 

ciepths ~s~aily occupied by steep profiles are natur aliy less 

frequenL (Fig. 3). 

R~SULTS OF THE SUBSTRATE SURVEY 

i) Bottom topography 

The bottom topography of Lake Nhlange has been dcsc=ibcd 

by Hill (1969). The lake has two underwater valleyj which join 
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Tnblc of f;<-,ndy suk; t ra Lc' an<JJ.y sis from I.·,kc Nhlonw~ . Analysis accor ding to Norgan ' s mC'l:hod ( 1956) 
% s ul• s i.c~vc consi sl.ing o[ blacl: d c td.tus . 

Station No. Depth Muy Qdt~ Skq¢ ':'. Subsicvc 
0. Ol1 llihl - ----

Nl!L 22 15.3 3 .15 0 . 36 +0. 09 5% 

NIIL 24 3 . 2 3.21 0 . 12 -1-0 . 07 0.5% 

Nl!L 7 10.1 3 .31 0 . 21 +0.07 O'i' 

NHL 10 2l,., {f 3 .53 0.68 +0. 4-3 1 o; 
'" 

NHL 19 8.0 3 .l~6 0.25 -0.02 17% 

NHL 33 2.3 3. 32 0.29 +0 . 05 0% 

NHL 15 4.5 2.9 8 0.23 -0.05 6% 

NHL 31 3 . 5 3.00 0 . 28 -0. 03 3% 

NHL 42 2.5 3.l~O 0 .36 +0. 12 5% 

NHL 23 6.4 3.23 0.24 -0.11 1.4% ...... 
V1 

Nl!L 40 3.0 3 . 30 0 .21 -0.06 10% 

NHL 32 1.2 3. 13 0 .21 -0.06 3% 

NHL 35 17.7 3.34 0 . 22 -0 . 42 6% 

NHL 26 2. 1 3 .18 o. 29 -0 .05 1% 

NHL 29 7.5 3.06 o. 20 -0.02 6% 

--------
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bcf0~£ reaching t he dacp area in the North Eastern carne~ :; . 3 

& Fig.4). Adjoin ing the main valley in the east i J a ccntly 

sicp~~g a:ea demark~ ~ed by the 15 m contour (see Sections ~-D 

<lnd c::;, Fig. 3). The whole of this area and the bottoms of the 

valleys form a ~'-'"'P · .. -a.::cr plain which is roughly defined by tr.e 

15 r;, c o;-,._our. To the west of the main valley, and ~specially in 

the North "!\Test, a gently t.:ndulating plain at intenne~iate depths 

ex~s~s (tte 10 - 15m con t our). The nature of this "15 r.·,etre" 

plain is shmm in the s ections A-B, A-D and A-M (Fig. 3). A 

s:C,allow water plain l ess than 5 m deep is shown by all sections 

through the le~e. SCU~A divers were impressed by the steepness 

of the slope dividing the -intermediately deep water plain from the 

shallow water plain ( ~rrow on section A-D, Fig. 3 ). Heasurt!men t s 

hava indicated a slope of 1:5 between the flat plains, with s~arp 

cle~rly defined edbes at the top and bottom of the slopes. A 

deep po:tion of the lake defined by the 25 metre contour in the 

north e~st of the lake descends to a depth of just over 30 metres. 

ii) The Substrate 

In general , two types of material were found to make up 

the subst~ate - s iliceous sand particles with smal l quantities of 

shel~ fregments from small bivalves, foraminifera etc., and silt 

("h'entuorth scale, .;organs 1956). The sand fraction of the 

substrate consisted of well sorted fine sand with an aver.::._ of 

median phi values 3.21 on the Hentworth scale (Table 2). The 

silt had a median phi value of less than 6. 

Essentially two types of substrate were found; sandy 

subst:ates and muddy substrates composed of silt particles. 

Analysis of substrates showed that sand, when present, 

contributed the greatest bulk of the dry weight of material, 
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whilst the sub~i~.· ~ fraction very little . Analysis by volume 

(Joltt 1969, p. 252) was therefore more ueaningful. 

su~strates w~re so c~lled when not more than 20% by vol~~c of 

silt was present, mud~y sands containing from 20% to 50% silt, 

sandy mud fror.1 50% to 95i. silt, and mud containi ng no more than 

• u• , 
jt. sana. 

Using these criteria, the lake bottom showed largely fine 

S~ndy SUOStratCS or r.lUd substrates. Sandy mud , and muddy sand 

substrates were characteristic of regions where steep bottor.1 

profiles were adjacent to fiat or gently sloping bottor.1s. 

Percentages of silt f~action are marked on Fig. 3 for stations in 

the lake. -::1cse dat3 shmv- that the .areas roughly enclosed by the 

15 m contour contain either pure silt and hence are mud sujs trates 

or ~&ve a very high p~rcentage of silt fraction over ~and, and are 

sandy rr.ud. Slopes leading down to these deep waters have low 

?e~centages cf silt in them and are therefore sand substrates. 

The shallow water plains in less than 5 m show the least silt 

iraction in the sand. SClll3A divers noted currents nnd u.::vc ;:tCtion 

in 2.5 r.1 during a dive when a force 3 wind \\Tas blowing over t .. 

lake. Sma~l specks of material were visibly being transported by 

the water. It is likely that shallow water substrata are swept 

clear by these water movements, and the material ag~ regate s in 

deep water where less movement is to be observed. 

The character of the silt of r.1ud substrates is different 

from silt in sand substrates. The mud is black and porridge-like 

in consistency. There tends to be aggregation of silt particles 

into soft conglomerates. A small part by volume of the mud 

consis t3 of plant fragments and chironomid exuvae. 

On sand substrates the silt particle size overlies the 
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s~~~ &s a iaycr of fine material. In sh~llow water (0-5 m) this 

iayer of fine material \vas dark brmm, and was rich in raicroscopic 

~ife such as algae, protozoa, and very small crustacea, copepods 

c:.;-.d ostr.::cods . In inte~cdiat~ depths (5-15 m) the fine material 

uas dark grey to black. Much more plant fragment was found. 

Some physical and chemical char.::cteristics 
of ~~e water in the l.::ke 

The sources of enrichment by detritus in the lake are from 

Lake Amanzimnyama, and the swamps around the north west corner of 

Lake A:1.anzimnyama, besides being surrounded. itself 

by low l~·ing densely forested swampy ground, has running into it a 

fairly ~-Tide river which itself also drains extensive swamps (.?ig. 2). 

As the r.~tive name suggests, the lake water has always been deeply 

st~i~~d with humic material and has acted as a settling pond for 

the material entering from the river. The bottom of the channel 

connecting Lc::ke A:n.:mzimnyama and Nhlange is covered with a deep 

layer of dc..rk brown plant material. In June 1965, deep brm-.11 

\vater from the channel leading into Lake Nhlange \vas evider.t only 

at the mouth of the channel. It would appear that norr:1ally, ..:t 

least some of the organic detritus passes t~-...:-ough Lake Amanzirr.nya;ila 

~nd reaches Lake Nhlange. 

The salts of Lake Nhlange come mainly from sea water. 

ihe lake has rem~ined connected to the sea by way of a narrow 

winding channel between the lakes and the estuary. The series of 

lakes leading to the sea, of which Lake Nhlange is the furthest 

but oue away from estuary mouth, show decreasin~ salinities. Lake 

Arnanzimnyama is virtually fresh\vater, Lake Nhlange is brack 

(3-4° /oo salinity, Allanson & van Wyk 1969), and the hypolimnion of 

0 
Lake 'Sifungwe shows va~ues of nearly 12 /oo, while the epilimnion 

is 3-4° /oo. ihe water of Lake Nhlange cannot be considered 
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sir:1ply cilu~c:~ !;.~ a w~tQ:' since the ion ratios v;:,.ry maz-:<ediy from 

s.=:a -· ,. ::.:!r (.,),:..l..::7',son U. var< Wyk 1969). 

Deco:.c, ::-isation of the brown \<laters from the S\<lamps a::a 

La:~a A.-:-.a:u:imnyc:.;::a proo;;.bly takes place in Lake Nhlange in response 

to t~e t~;h calcium and magnesium ion content of the water. A 

57.<:.11 exchange of water between Nhlange and Sifungwe tak.3s place 

~ ~~~~a:-ly, es?eci~lly ~t spring tides when the water drains 

j~c~wards t~~ough the connecting channel. 

T~Q loads of or-bonic material brought in by the inflow 

ir.to Lake Nhlange se0m to form a good part of the subsiev e 

fracti on of tne bottom, as evidenced by the plant detritus 

recognize~ble in it. This subsieve fraction seems to play an 

irr.;:>ortant part i n the oxygen requirements of the bottom of the 

lake. Data on this point are fragmentary and complicated by the 

possiole effects of the flovds in the lake in January 1966. 

The lake water was well oxygenated down to the deepest 

\<laters sampled in July 1965 (Fig. 5). In January 1966, immediately 

cft er the flood, oxygen concentrations dropped drastically below 

13 m, and it is likely that water very close to the substratum 

belovl 18 m was anaerobic. In the following summer , January 1967, 

serious oxygen depletion was only encountered below 23 m. 

2 P?m o
2 

was still present 45 em above the surface of the sediments, 

anci L:nediately above the surface l ppm o
2 

uas pres-::nt. By July, 

no significant depletion o~ oxygen in the deepest waters sffi~pled 

was shov;:-.. However, in January 1968 there were signs of depletion 

of oxygen just above the bot tom. Unfortunately the deepest sa.nple 

ta!<:<::n \.;as aoout 0.5 m from the bottom. Water at the substrate 

surface may well have contained less oxygen . 

In January 1969 oxygen analyses were done on two 
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s~~c:o~s on the lake with Friedinger bottles, one in 28.7 netres 

~-,;;.d one in 15.3 :.;.::.-:res on the 15 metre pl:1in. The results of 

~~ese ~.::asure~cnts ~re also plotted in Fig. 5. Small reductions 

of oxygen are ?resen~ b~low 20 metres in the de~p station. 

Table 3 

C~~cen~rations of oxygen near the bottom taken in January 1969 
\vi.!:~l a botto:n \vater sam;?ler, from Lake Nhlange. For details of 
the apparatus see A??endix l. 

:::\ . . oun.7l.al. distance 
of sa::-.p.:.e fror.l 

D~pth bottom 

29.4'-l 9.0cm 

S.Ocm 

o.Scm 

2il.O 9.0c:n 

s.ocm 

O.Sc:n 

9.0m 9.0cm 

S.Ocm 

o.Scm 

l4.0m 9.0cm 

s.ocm 

0.5cm 

o
2
ppm 

3.1 

3.3 

2.9 

3.8 

2.8 

3.4 

5.9 

5.6 

5.4 

2.6 

2.7 

0.3 

Nature of bottom 

Black muddy 

sand 

Black muddy 

sand 

Grey sand 

Mud 

In January 1969 the bottom water sample was fitted ''"ith 

?lastic disposable syringes in which to transport · the water fro~ the 

site of sallipling to the surface. Tests with the apparatus in La~e 

Sibayi shov1ed that oxygen could and would diffuse slowly ti:J.rou6 h 

the p iastic, and cont~~inate the sample. The trials showed that 

this conta~ir.ation ir. oxygen depleted sa~ples carried on at the 

rate of approximately 1 ppm per hour. Further, after lib~ration 

of iodine for Wir.klLr determinations, iodine was also slowly lost 

t~roug~ the apparatus. In order to obviate as far as possible these 

effects, and at least gain some idea of the conditions on the 
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b0=t0~, tn~ scrnples ware treated with Winkler reagents as quickly 

J5 po~~iblc afte~ reaching the surface. 7he precipitate w&s 

o~~y &liowed co settle until there w~s sufficient space of clear 

fl~i~ ~bove it to introduce the acid safely. The samples >·lere 

·.:~snsported back to ca.-:1p with the iodine already liberated from 

t~a precipitation. The period bet\veen sa.np Eng and d'"termination 

by tic ~ ~ ~o~ ~id not exceed 2 hours, the minimum time required to 

The deterr..inations therefore 

cc.na.:>t be t:c~sl:ed for great accuracy. 

Thus, in deep water over sandy bottoms, somethins of 

t~e order of 2 to 3 ppm o
2 

was present even very near the 

botto~ (Tajle 3). In shallow water of 9 m depth, approximately 

0 pon 0.. ua.s avc:.i lab l e . 
• !. 

At 14 m depth over a mud bott.om, barely 

cetec table amou~t s of o
2 

appear to be present at 0.5 em depth 

above the bottom. At 5 em and 9 em much more oxygen was 

available c:.lthough still in very low concentration when compared 

-;ir.h r.he \vater taken wit:--. Friedinger water sampling bottle. 

Over sandy substrates at 28 m and 29m, about 3 ppm of oxy~-n was 

?resent. 

Other conditions were sampled at the same time. It was 

k~o,:n fror:1 previous experier.ce that H
2

S was present in grab sa..T.ples, 

especially fro~ muddy stations. Some indication of the exact 

loc ality of the H2S was furnished with the bottom w.::te r sampler. 

Vnlsss placed very gently on the bottom, and allowed to settle 

_0r at lea..,;t 10 minutes, disturbed material from the bottom uas 

li~ely to he drawn into the syringe at 0.5 ern from the bottom. 

:. test fo:::- H2S, using ar.1ine sulphuric acid reagent \vhich develops 

methylene blue in the presence of sulphide (Sta~clard Methods, 

l2til ed. 1965), was positive for disturbed water samp les from mud 



23 

~otto::1s, but negative ia samples taken after a period was allowed 

for the bottom to settle. 

7hus, fr~e H
2
S was only present as far as could be 

ascertai:1ed in ~:.:: -c .:;:· ~elo~v the surface of the mud, and not in 

Small traces of oxygen would 

of cours~ oxidise free H
2

S in water irrmediately above the bottom. 

From the cata available, the following tentative picture 

0 : i:~e events in the wc..tc ~ near the bottom emerges. From all 

s :.:·.:).i..1.:1gs in winter mo:1ths (July 1965, July 1967) there was little 

di~inution of o
2 

throughout the d~pths of the lake. Homotl1err.1.al 

cor:.ciitio;-,s obt ai>1ed in the ld(e in winter (Allanson & van "t-Jyk, 

: 9o9 ), and one would not expect diminution of oxygen in the lakes 

cv2n ~ear ~~2 botto~. 

San?lings for 02 and temperature measurements in the lake 

in sur..r.1er (January 1966, 1967, 1968, 1969) (see Alla:1son & van Hyk 

1969 and also Fi;. 5), show lowered oxygen tensions and 

t er:.perature cr.anges in deep water. Temperature discontinuities 

f on-:; a:;d change over c. period of hours, indicating consiC:erable 

ncvement o£ water in the lake, and speak against any sort of stable 

t l-.zruocline ~-1:-:.th consequent complete impoundment of water in a 

:~Y:?O l ir:-~n ion. However ~ che discontinuities allow for temporary 

_; _;::.Y"lg of water below certain depths and these tend to have 

reduced oxyge:1 concentration. The severity of o2 depletion has 

v&ried in different years, the most striking being obtained just 

c..iter the fic Jc in January 1966. In January 1967, seve~e 0
2 

: c..ck was experienced, especially below 25 m. In the surr.rr.ers o£ 

1968 and 1969, deficits of oxygen below 25 m are clear. The 

cetailed investigations of water near the bottom in January 1969, 



24 

Table 4 

List oi :mit~.ols c::kcn ~ .:on thL! benthos of Lc..kc l':hL:tngc. Tl-.e; lise: 
:l.s not cxh ~ustive sine;:: very s:no.ll forr.1s such as benthic ostracods 
and cope~ods were not considered. 

r-:ydroicea 

cr~st ... c~a 

'lar-.a:..C.acea 

:;:sopoda 

Cu::1acea 

Decapod a 

In sec ~. G. 

Ost:Lomouval 1925) 

(Black sea ~nd India, brack water). 

Recorded as s~c~. 

Ceratonere:Ls keiskama Day. 

La:-:-.y :'! cc.pcnsis. Eostly juveniles 

about the size of sand grains. 

animals are found on weed. 

Recorced as such. 

Grandidie~ella bonnieri Stebb . 

Larger 

:~clita zeylanica Stebb. from weed. 

Corophium triaenon~x Stebb. 

Tanais philitraeus Sc:ebo. 

Paranunna laevifLons Stebb. 

Cirolana f~~vi ~t<lis Stebb. 

Cu:nacean, rare. 

Hyr.lenosoma o:;:biculc,re Desm. 

Rhynchoplax bovis Brnrd. 

Chironomid larvae. These have only been 

identified partially from samples from 

July 1968 and January 1969. 

Othenvise r ecorded as such. 

Chironorr.us sp. 

Clinotanypus sp. 

Tanytarsini. Tanytarsus sp? 
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io-.:- :: 1:. tl·.c shortcon1i:1gs of the nppnrntu:;, indic;;tcs rc<.1l deficits 

of oxyzen ~ ~ ss t~~n 10 em from a ~ud bottom, but not ncar a s~ncy 

Sn~:l cicfic::.ts of oxygen in th~ main ~vat~r column ware 

not in~icative of the nearLy anaerobic conditions on th~ mcd 

s:;bstr~:ces. iherefore, anaerobic or nearly anaerobic conditions 

ct le&st on the mud substrata probably occurred in the previous 

SUi".~1l...: :C Oi 1968. 

It would appear, therefore, thnt consequent upon the 

ir,flo\v of orgar.ic material from the streams and swamps, as 

evidenced by the deep brown stain in the water, the substrate in 

J' s.nu.s.ry 1966 belmv- al;)out 17 m was nnaerobic. In successive 

su .• :ners, reductions of oxygen in the water at deep depths still 

cccu~red, but with less severity. Over sandy substrata, ox;3en 

concen~rations were in all probability not limiting to benthic 

faunal life, but severe reductions of oxygen in water less than 

10 em from the botto~ was to be expected over mud botto~s in 

~ake Xhlange. It may well be that better mixing in the 

ho: .. othei.T..al conditions obtaining in \vinter, together with lmv-._.:.· 

temperatures and less bottom oxygen demand consequent on it, 

all0~ed oxygen to be present even in highly enriched mud bottoms. 

In sun-.a1er, high tem;>erntures with high oxygen demands from mud 

bottoms, coupled with poor circulation, may result in anaerobic 

conditions in water lying immediately over rr.ud bottoms. 

~e sults of the Faunal Survey 

A check list of the fauna fran the benthos of :~hlange 

~s giv~~ in Table 4. The majority of forms are estuarine (u~y 

i95 l, 1967,) and a few are more typically brackwater forms . 

:hese lat~e~ are the chironomid larvae and the oligochaetes. 
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1'.:.1blc 5 

;;--::-~c;uency o:: ~,-:~: '.) s .::1:;)l0s cont~inL1g hieh c:r.j 10\.J total nu;:,:..;ers of 
:::~~:. i1::als fro~·rl \ ...: 01~ shc.lloT.v~-:- than, ancl d(!cpcr than, 15 n. 

R..:..11ge of no. of anim.J.ls per grab sam~J le 
Dc::.e ilC:? t:1 rc:11ge ra 0 - 99 100 - 10 000 

0 - 14.9 4 1 

15 - 30 3 0 

0 - 14.9 5 10 
~ :; 
.1....1 - 30 6 0 

0 - 14.9 5 8 

15 - 30 2 , ... Jc::.y 1957 

0 - 14.9 2 23 
~. :.c.c.ry 1968 15 30 7 l 

0 - 14.9 0 21 

15 30 7 ') 
-' 

..;uly 1968 

0 - 14.9 3 21 

15 - 30 17 9 
Ja::1u3ry 1969 

--
0 - 14.9 14 >l" v.:> 

15 - 30 42 14 
Total 

Tc:.ble 6 

.':.:-aquency of nui7,0ers of grabs \-lith different ran;;es of ani::·,al 
~a~si~ics iron watLr deeper than 15 metres in L.::ke Xhlan~e. S.::nd 
c::1d muddy send inplies :.:.ubs t rates \-lith lass thc:m 60/. subsieva 
fr-.ction . :Xud .s.nd sanci.y mud are substrates with not raore than 
30% subsiave fr.s.c t ion by volume. 

Range 0~ animal number per grab 

0 l - lO ll - 100 101 - 1,000 1,000 + Total no . 
of g :...-a.b:: . 

Sandy o:::-
::-:c:::..dy s.::nd ') l 4 12 2 22 J 

~~t.:C o:::-
sc::;dy .............. 27 4 3 0 0 34 

. 1., 
.. - . !. ~ s.:.::-.j)les 31 j 7 12 2 56 
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~:.: of !Joth of these Eroups arc knmm for their tole:ra•·,c._ of 

:-:ig!:! tocal 
• 0 • , C:l.sso1vec so li~s conte~t in water. 

= ~~pectic~ of the botto~ sedi~ents by SCU~A divers has 

• .: 0:1 sandy su~strates there is <: lack of both large 

ep~fa~na and of good growt~s of Heed in depths at which it might 

be expE:cted. Diving has not been extensively carried out on 

but from a series of dives in 2.5, 3.5, 8.3 a~d 

9.5m in t~e :1ort~ west o~ the lake, and 2-3m in the west, -~d 

was o~ly found in 2.5 to 3m. Potc:.:r.o3eton pec tin:-.tus uas o:-,:;_y 

found in - s.:unted growth form. · Potarr.ogeton weed beds occur in 

very s~allow water of less than lm ~round much of the edge of the 

lake. The o::ly c.r:.i:1.al evident. on the sand was the bur::-:-· ~. :-:g 

3o~y Croilia :noss:-.rr.bicz. Smith, '\vhich was taken in up to 9.5:-a. It 

~ay He:;_l occur in deeper water. The sha llow depressions in the 

sand were ta~en to be the r esult of feeding activities of the 

fis~ in the lake. 

Dis~ribution of the infauna with depth 

At all sarr.pling periods from January 1966, the richest 

sc..mpi \Tith respect to total individuals p-.:r grab were taken 

fro;:r. aoove the 15m contour in the lake (Table 5, Figure 7). 

Of 56 sc::.mples tak<::n b.alo~v the 15 m contour, 30 we-::-;: 

~~rren, 5 contai~ed 10 or less individuals &r.d 21 had ~ore than 

lO animals (Table 6). Of these 21 s&~ples, 14 had greater than 

lOO a::i~~!s, and all 14 wer-.: from sandy substrates (Table 6). 

Of tte 22 essentially sa~dy s~bstrates, only 4 were barren. By 

cc~~rast of th~ ~4 ~ud~y or sandy mud s~hples, 31 had less than 

10 an~::-.als, z.;-,c of tr,ese 31, 7 sa;:r.ples Here oz.:.:-ren. ~:one 

co::r.ained 100 or more animals (Table 6). 
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Fig. 7 Map of Lake Nhlange with contours 
marked at 5 metre intervals (from 
Hill 1969) The numbers indicate 
the total number of animals in any 
sample. Stippled area indicates water 
below the lS.m contour 
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'll:...:::\:: i s, therefore, e1 3(!ncr~l :)ut:tcrn of s~11dy c~::-.pl..:!S 

Hi".::h ;-;1a~y <!7<i:-:.:. ::.s a::d muddy sarr:ples \vi::h fc~7 or no c.ninc:.l.s in 

Tte~e a=a irnportc.nt exc~ptions. Sandy and rnuddy sc:.nd 

s:~ples devoid of &ni~als have been taken only fro~ below 20 

The only a~eas where s~nd with very low suosievc 

co::-.:er:t.s !-:as been so..~:p led at t.hese d<!pths is at th..! no-.:-th ei-. .:: of 

: ~ ce::t~~l v~lley, around deep wate r of up to 30 ~ctres (Fig. 3). 

S&::c is ;:o be expected in this re~ion because of the ste~p profiles 

L:::adin:; dm-:n i:O the 30 i:lctrc contour ( }'ig. 3, profile A-3). Ti-,e 

develo?:.tent. of a:naero'uic conditions ia St.;Ti':;ler in the bot:::orn o: t:;e 

la:.-:e ac.count.s for these samples in a generc.l sense, but a =reate:.:-

t.;ncie rs:::aading of th~se conditions can be gained af:::er a more 

detailed an:1lysis of the species and aur:1.ber co;.-.position of the 

Tl-.e rnuddy samples containing ani:na l s simi 1<1-:.-ly is 

better deal~ with afte:c detailed considerations. 

A series of kite diagrans sho~..ring the pattern of 

dist::-ibut.ion of the cornrnon animals ir. the lake is given in 

::'igures 8- 15. The kite diagra.11s J7:.ust be interpreted with 

ca:ce bec.:;use of the way in which they are d:cawn up. 

ciensi~l~s for ar.y particular depth have bt.en shmm on th"' 

dic:grarr.::;. Th..: uata are therefor-3 p._.rtinent only to the best 

conC.itions tha~ uere sarnpled in r.he lake at that particular 

?or exa~ple, r:1.uddy samples from about 15 metres would 

cf coi.:rse have h.:ld few or no anir.1als, t..r~-:ile sandy samples would 

r.c.ve rr.c.~-.y. These ~ust be considered sepa::-ately. 

One c l.::ar rest.;lt shoHn by the; ~ite diaGrarr.s is a 3o.:;neral 

::e:1ce::cy for ~ne found increasing dep~hs 

yeLrs following r.he flood of December 1965. 

Here tal<en in January ::..966, and the t Ho san:ples fro: .. 25 metres 
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--··· 28 r::ctres ;..rcrc void of anir.1als (Table 7). 

Table 7 

:1-:;st:lts of the five gra::; sc:.rr.ples ta~<.::n from Lake 1'\nlange in 
:i c::.-.t:.a:=y 19 66. 

s~ . ::.on :t:o. 

.. -ur · . 
• • l .. .L.ol "- 5 metres G. bonnieri 

C. triae~onyx 

41 
410 

12 rn.:::.trcs 

... ·.~ 3 15 r.:etres 

:\EL 1., 25 t.h.!tr..!S 

28 :::etres 

c. oor.nicri 
C. tr-in.::nonyx 
Oligochaet~s 

Chironomicls 

G. bor.:1ieri 
C. triae:1orryx 
Oligoche1et .... s 
Chi rono:.:ids 

l~i l 

2 
0 

95 
2 

Lv 

0 
7 
l 

A~·.::.::.;:- l~te:.:-, i:1 January, 1967, sarr'.;Jles ;..rith animals wer-:: ta~<en 

o~ly do~m to just ova:::- l.S wetres. Sar:-:ples from July 1967, 

J~~uc:.ry 1963 and Jt:ly 1968, all shm1ed greater pe~etration of the 

~suna with respec t to depth. It is true that the earlier 

sa~?ling ?~06r~~es were small (Table 1). Ho\vever, even if we 

or.~y treat with S3mples from Janucry 1968 to January 1969, the 

conclt:sion that the fauna invaded deeper water see~s to be 

inescapable . This point is a lso clearly brou~ht out when the 

groups ar.:: inspec ted separ ate ly . Thus, a l l groups except the 

chirono~id larvae, Chi:=onoffius sp. w~re found at depths deeper 

than was the c~se in July 1968. In J~nuary 1969 sone groups had 

retreated to slightly more shallow water, but the polychaete 

:~~ ~tc~~r~is kei sk~~a a~d biv~lve L~re~a ca~2nsis were found in ------ -~·------

even ~eeper water than the previous Jul7. 

An axai7lination o f the results witb. respec._ to -:1ccies or 
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.;rcup follows. 

?li.(! '.Ji vc: l "\'e L;.r.:yct ca~cns is is num8:cic~l.ly th~ mast. 

L. c~~~~sis is usu~~ ~y 

&sso=ieted w~:h soce hard surface on to which it actac~as itsel~ 

~y - : . s~s threads. It is not 

::or:r,c:~:..J· c:ssociated vlith :calativ2ly soft s.:.ndy bottoms; for exa::iple 

~~y (1~6S) cct es t~at i~ is attached to wc~~s i~ estuari~s. 

::E::. 06 uas HeeG of good size taken (0. 5 m length), a:1d on this 

uc:cd a cie:;se cover o::: \v::.ll grmm L. cc:,j)~n sis was counted. In 

most sc.:· .. :)les :... capLnsis was found loose on tl1.e sand ar:.C: in .::11 

c.Jse:s on.y vc~y small anirr.als of about 2m:r. ucre present . 

';)iv~lve no::u:al.ly srows to 12rr.m in est;,.;.::ries (Dz.y 1969).) 

r~· 
,.Ln~ 

He~e, ho•·:aver, ;;>resent in large nu:nbers. Inspection of Fig. 8 

shows that these ani~als were found in slightly dee9er water in 

A dramatic increase in the depth in 

•·~hich chey \vere found occurred in the sanpl.::;s taker, in J_nuary 1969. 

~he .::ninz.ls may be intolerant of high su~sieve content in sand 

s<:~?les since they do not occur in sarr.?les with high Gubsiev2 

v-- .. -::e s, even in v 0. ry shallo1v \vater. This may be due to the 

r.:~.: .. -.od of .• 1ucous shaet filter feeding which ~ay clo3 with sU;:. 

7he distributio~ of chironoillid larvae with depth ~or 

cc.c~ successive s~~pling is sho~~ in Fig. 9. Tne larvae \vere 

~estric~eJ to water le3s deep than 15m in January 1967. In t:-.e 

folloui-::g j;,.;l> .::~; ~:::-ono~;:.id larvae other than Chiror.omus sp. larvae 

Chirono~~s sp larvaL ware found in 27m. 

l.~uc:-: th2 same pat.tcrn of distribution ~-las found in January 1968. 

::·.ca agair: i~ da(!p \vatcr Chi~onomus sp. was found in 25rn. It was 

o~ly i~ ;uly 1963 thac chironomid larvae of all types were found 
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The number of animals is indicated on the top 
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In J :.;-,<.:ary 1969 in spite of exte~sive sanpli~3, 

?rio~ ~o July 1960, &11 chironomid larvae except larvae 

o~ t~e ce~us Ch~rono~us sp. were counted togct~er. 

- . ' 
~~-...·lo-S !jOS~i ...... :.=; 

c.·:.~ C:!.~:-.o:.::.:l?!J"3 (tb.e la:ter is a cr.rnivorous type). The 

distribution of chese dif~erent types of chi~onomid lurv~e in the 

seGi~c~~s i~ Ju:y 1963 is illustrat~d in Fig. ~0. 

lc:.rvac were in high ~u~bers in water of up to l5n depth, 

S?. i~ \v-a;:ers deeper than 2Gr., depth. 

c .. : vorous was o:<ly f ot:nd in >-.rate~s 12 to 22n depth. A clea~ 

zon~tion of chi~ononid l~rvae with regard to depth was shown. 

C:-.:.ro:1C:-:-.;;:::; Sp. is especially important because of tl1e l<nO\vn 

to::.e~&:LCe of these anir,1als for highly enriched but.tom sedirr,ents. 

Cr.iror.o·.::~:s sp. Has first taken in July 1967 i.n 27m. On that 

occc:.sion .:mC: subsequently the ::mimal.s \vere recovered frOii> s&mp les 

o~ ::· ~~ lt subsr.rates or sand overlaid with considerable silt. 

In January 1969 the chirono~id pattern of distri~ution 

The pattern is pres~nted in Fig. 11. :n 

contrast to t~e si.tuation in July 1968, there were very feu 

Chironcrnus sp. w~s only discovered 

:~ o~~ gra~ s~~?le, and that ac 4 netres. 

The oli~och~~tes have not been identified further. 

Their pc:tter;-, of distribt:tion in the lake is well shown in Fig . 12. 

As with ~he chi.~onomid larvae, t he anireals appeared to penctra~e 

i::to de!ep~r \vo.ter ~·lith respect to later s&."'1pling dc:tes. 
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Fi.g. 12 Kite diagram of •l li;:,ocltaet: r:s taken from grab s .:-: .. p l es [rem Lake Nh l ange. 
The tli[fcrent species Here not idcnti · i.ed .:md it is probab l e that a 
zonation of differen t: speci.cs l•Jay h t. ~ occ;J red lvith ,, ·pth. 
~lumbers of ani.mals y~ r grab sa.np l~ is i ,u·;ic_,tcd -bove each kite . 
The number in the k i. te for J an.' 69 indic.::i·es a particul..::trly rich s amp le 
that has not been plotted. 
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For c~pl ~natiun see text. 
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or:c in 29 0~ 

yl:.:..~cc, ~ l .. :..gh count of oligoc~aete.3 Out n.o oth~r groups of. ar .. 1.::-~a1s 

-::w pattern of numb.::,rs \lith respect to C:epth for the 

~-·" I~ bot~ cases the population appeared to r~~ch deeper dept~s , ' 

\: it:-. re;;.:.rd to tir:1e up until July 1968 . In Janu3ry 1969 they 

or.l~ penetrated to about 23 metres and 25 rnetre3 respectively . 

A c~rious fluctuation in nu~bers of ani~als per erab has been 

between 2 ~e~res and 7 metres had populations between 20 and 627 

animals par grab. Only one had 20, the rest had more than 2li. 

1:~1 .it.:ly -:...9~7, a·nC:: Ja:r.uary and July 1968, only one sa:n:ple haci a:> 

In January 1969, of l3 samples one had 10 

a:::.i)G::.pocs, Oi-:.e h;::d 59, and the remainder ranged bc.::uecn 140 and 

2,354 ani2als per ~rab. Six s&illples had greater than a thousand. 

&7!1pl:ipod ir1 the lake are not kno\v::. 

:'he polychaete Ceratonereis keiskz.:.1a shmved steady 

increases in ti1e d~pth to which it has penetrated (Fig. 15). 

Toget.h2.r with '-:i.e bivalve L~r::ya cc:pe:--,:;:s, ai.1c! the oligochz.etes, 

-. :_..._, .__ ~:o~?s 6id no~ show the decreased penetration cha~actc~~s:ic 

o: r.!-.e ot:her for:-::s reported on, in Jant.:ary 1969. It is interesting 

to note th~c in Lake Khl~nge, 2· keisk~8~ reached a depth of 23 

:r.t::r.::s d~<.:pcr than '\HlS four,d for sainples fro:n Lo.ke Sibayi ( Boltt 
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:..069, ?• 2.60). s i'i:cc it 

:.s :aL: :.::· ... _ ~~is polych~ete was depth limited in Lake Sibayi c:t 

Lake ~hlc:ng~ p~::::ely f~om the point of view of dept~, sane attention 

uust ~c paid to t~e fauna of different areas of the l~kc . ~he 

J:e& o~ t~e l&~c ~t ~~out 15 ~etres which w~s pr&ctic~lly voiL of 

~ne ~~jority of sonples. T~us, the ~ite diagrams de~l 

1:-.c:inly ·1ith sc;;;::?les show·ing the pr....:sence of animals wit[-, ;..·espect 

lacking aniwals. 

B::-o~cil.y, ::.:::: ~a s of the substrate of the lake r::ay be 

c&~egoris ed c:s follows: 

G~-. ~- i '\1 -.::: .. . 1...-./ u~dulc:ting plains of sandy subst::::ates in w~t~:::: up to 

15 metres t:eep . G:.::c:b sa;-nples fron t~1is area uere invariably rich 

in faunal types and population densi~ies . 

reflect this &rea of the lake well, anJ since there were no obvious 

.. mor:-:alie::>, th.::; ar~a >vill not be dealt with further. 

0) The tt:5 ..... .:re pl.::1in". This area ~ay be rou;~ly defined by 

the area cnclosud by the 15 metre contour, but excluding the area 

~round tn~ ~u~? 0aprCJGion enclosed by thB 25 m~tre contour 

("Fi~s. 3 anc 7). 

Alt:1ough in general the substr.:1te from the "15 metre 

;:;lain" consists mainly of pu:.:-e silt, depending on t~ie presence of 

steeply sloping ~rofiles, s&ndy mud anc muddy sand have also b22~ 

. . . 
C:.:: G.l:-~t:.C. 7~e ~n:auna was generally low ~n nu~bers of aninals 

pe~ g~ab, an~ very often void. Because of the organic nztu:.:-e of 

che silt, this area of the lake bottom has a_hi;h oxy~en demand. 

:~2 p~2sence or absenc~ of infauna in samples from this a~ea, 
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t~~rafore, will ~~~icate in some degree conditions which o~t~incd 

c~iy four samples were rec overed with ani~wls in tnem 

::c..:or.:: ..;\...::.y l96J from the 11 15 metre plain11 (Table 8). 

Tc..ble 8. 

D~:c~ils o.: s.:--.. . 1~;.. es from the. u15 rnet.re p:ain" \Vith 
t~~~~ previous co July 1968 from L~ke Nhlang~. 

. , anu::& .:. s in 

d&te 

::\i-i.L 22 

::-\}:~ 30 

~~-:~ 
')<:; 
J ...l 

Subs ;:rate lo 
Depth Type subsieve 

J"'n . 1967 ::.s. 0:n Sane 5% 

.;c.:ly 1967 l6.9m }~ud 

7l/~ 

J-.;ly ~967 17. hn Sand 6% 

Jan. 1968 l6.0ra Huddy 
s et:1d 

23 ~.. oonnieri' 
9 C :~i~2r:u·c:.~,.~x 

Tnk.ei1 £:::-o:"l: a s lcp...: 

2 C.. t ri c~e::0~~yx 
19 Ciironomi( Larv~e 

373 Ci:::.rono:r,id larvae 
2 Oligoch.:lCtes 
Tal<en frcr~:. slope 

llS C. trieenonyx 
~~.. .. , .. Chiroao:-t,id larvae 

12 L; ,:·,,y::-. ca:;.J c:::sis 
129 Oligoci::aetes 
~. S C .. k l2 islc.J._na 

Tal<e11 f~o:n a slop2. 

Ti:i:::-ec of the sc:xaples \vere t.::ken from a slope .::t the s i des 

of the: 11 15 metre plain". The orie sample tak.::n from a muC.:dy rather 

than a :;andy area, ~;l-1;_, 30 was fro:n July 1967 . In all cases pure 

silt ss:r,ples 1-<ere void of c;nimals. NHL 30 is important, since 

togethe~ with one sa~pl~ from the north east depression containing 

cor-~Gi~ions of the 1ii.5 :netre plain" \vere a7laerobic, tl-'.e Oalc.nce 

~e~wee~ sup?ly to and the oxygen deDand of the muddy s~bstrates 

::-l::.:::;ht hc.ve b<?:en near a poi·t1t when der.1cJ.i"ld just outweighecl SU)~J :.y . 

Tl-:is is supported by the fact that the oxygen in the water col-.;:r;n 



T~~s is in contrast to the cler::and the ;:,re:vious 

weil above t~a substrate in tte water col~~a. 

~~e pcs~~ion changed dra~atically in July 

One of 

.::·.2 ::-.r::e .. lso contaL1e<l eight amp::.ipods and chiror.o::lir.i l a rvae . 

·' - cn"!alysis of the chircnonid faun.a is snm'""' in Figs . 10 and ll. r~l .. 

c:-.. i ro~o:7l~d s of 'the genus c:-.i ronor.tus are p ri:1cipa lly rrol.1 th2 d2-' ? 

Th~y u~e noted for their tolerance of lo:J 

oxygan co~ditions. Their presence in ~ne pure si~t s~bstrates of 

~l;.e 11 15 rr~..:?.tr-e plain 11 r4as been interpreted as evidence that by Jul; 

1903 t:-:2 oxy=;_:;. de;:cand of the or~;anic material in the muc hc:d u&r:C!a 

f:.·o:-:1 previous l \..!v.;ls obtai:;ing just after the flood . 

ce:-:1a:;.c •·:as still high e:-:.ough, however, to create ge:1erally poor 

o~ygen conditions in the muJ substrat~. 

An exter,sive 1969 or. 

11 1.5 metre pl<lin11 s:10wed that all sarapling sites with s.::mdy 

... \.ll thG 

m~Cdj· sar<.;?l.es were void Hit:l1out exception. This featur0 has been 

int~::p:::-0ted as refl~cting a raised oxygen demand by t~e organic 

~.:..:.tt:er of th-2 ;r.ud, under the influence of raised surr:rner tcrr.p-.:r:ltt.:r..;s . 

L::.-:st.:reman-;:s hc:ve shoHn that throughout the free water colu:.1r. above 

-ci-.2 :::ud> c;_uc:m;:ities of oxygen 1i8re pr0scmt> but wit:hL1 a small 

d~s~~~ce of the ~ud, drastic reduction of oxygen concentration 
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void sa:-::p ies, ~ull of 

fc:...::-• .::-.: g::-ou;.s us -.;ell as ::-easonably dc:~se numbe::-s of anii.ic:.ls. 

- -t ... 48 sc:n~: substrate, slight but not severe oxy;en deficits 

i.iay b~ concl~ded that frc~ the point oi view of the 

even~s in th_ benthos, there is so~e evide:1ce that excessive 

loc:.Cin3 of ~~e sub~tratc with allochtonous materi ~l consequent 

in t~c years ~o~lowin~ the flood. It seems to be ::-easonabiy 

cl..~.::rly es::L.'.:. ~isr1ed fro.:l :..:-w ..July 1968 and Januc:.ry 1969 sc:::.:t?ling 

prog~.:.::i::"L..:: t~at the equili0riura beL:tvee11 oxyz;en de~~a~d by the o:.-Ja~ic 

~u~s, a~d t~e rate of oxygen supply to the nuds, balanced out in 

~i:1ter so as to allow limited colonisation of the mu~~ of the 

rr15 :::""'~-.._·e plaii.11r. In su:-r~ner (January 1969) the s; _))ly of oxy;e:1 

had fallen sho~t of the denand, a:1d rendered the muds stcr~~e . 

It would ~p?ear, therefore, that there ~as a cycle of 

seriou s oxy3cn deficits in deep water in the bottom of the lake 

alte~uat~ng with increased oxygen avai:abilit:• to the substrata 

i o" c: -1~0 '"' w.;n+-e--- .. ..) - "' \.J ........ L.. • ' AlL:mso-:1. and va;;. 1·Jyk 1969) mcy ~-~:ve been 

rcsponsib~e for reduced metabolic GCtivity in the detritus of tha 

bot~o~ a~d allowed co~cantr&tions of axya~n in the bottom sadimen=s 

tv risn. 

f~o~ Ja~uary 1966 and January 1967 especially, may inrlica~e 

oxitatio~ of detrital material faster th.::n it is being rec~uit8d 
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Ti-:c: · --,• .::s pl-.ysic~,:;_ charsct.::::::.stics of the s;;bs ·crates of 

~ ~c l~kes ~ra ~v - vary different. The basins of bot~ :~kcs were 

i".."'.. ·ce:..:.:. i a ::y sa: .. : cis, c~d therefore the sa~d particle size is 

-~-·n ~v.:;rage median phi valt.:e of 3. 20 ~•as iou:1d i:or Lc.:(e 

Sibay::., ~-:~:Le for Lake ::hla:1gc it \vas 3.2l. 

charc.cter~s~ics of =he silt in th- lakes is very differenc. l.Jsi::g 

t):;.;:: o:.c.:_--;-;-, silt i:1 ti12 Sc~Se only of particle sizes less tha·a 0.04 :::.-:1, 

i~ boc~ lak~s this particle ~akes u~ t~e mud substrates ~cd c.lso 

fi7le r~~c:terial overlyir .. g the substrate. 

o::: t~i s s ··_ . ::. co~.:es from ~:uo sources in both ld;:es, r::::-ow c.llocthono;_:s 

z:e:l:eric:::. brousi1t in by the inflmving strec::ns, anC: u.usc and pL.:1kto71 

This seco~d co~9onent appears not to be very import~:1t, since i:1 

La:;:e Sib-yi flr.t regions of sar.d have not been sr;-,oth..!::::-e( in th~ck 

Howcver, the organic charact<-r of mud f;:-o:-:1 the two lakes 

&]pears o:.o oe d::.:ferent a s judged from colour and consistency. 

?:1at o~ Lake Sib&yi is oozy grey (Boltt 1969, page 255) and of very 

u::i fo :;_--:.1 co;-. sis t12ncy. ~he mud substrates of L&ke Nhlan~e -re 

Aggregation into soft conglorr.erates Has 

cor.:::.o·.~ Gr:ougn t.o b.a not~d while the r;1ud 'tlas being c.n.:1lyse.C. by 

Quite cjaracteristic was the small buc distinccive 
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Cver sandy su~str~tes, a ~i~~ of fine mate~ial co~si s~~n~ 

a: s:i~ ; ~==~cia ~~zcs is foun~ in both lakes. 

: :.::e ........... ~· '") ·--...... 
111C,..I,... ...... .I,. _c.;. ... sands (~ol~t 1069, 

::o ... ... ,. 
v--.1 to . . ' 

UlD.Ct<., of dccay:.~g p :&L1t. 

!':":.at~ r:i.c:.l i11 it. 

of ~~e sha~l~1 water of Lake Xhlange. 

b) T:12 a:-.i::-,al li:O:e of the benthos of the t•.;o lal<.es co:.:p a :ed. 

l~ilst fewer species may have been exp~cted for L~~c 

Si~~yi, ~s co~pa=ed with the more s~line ~hiange, th~ presence of 

founo in La~e Sibayi, but absent in L:ke ~hl~n3g. ?erhaps even 

. ' 
t •• v_r_. 

T~ere can o~ no 6oubt that thes~ 

They occu~ ~n t~e 

\:..3~uc:::ies .... ~uuu.d -' ... "'\ L. .... t,.._ . Sasterr: Cape Province of Sot.;t1:;. nfrica, ar.C :::-:.e 

::-.al::.s cc.:--, e;. iV7[.!Y s 1;:,e disti:1;:;uisll.ed \·Ii th.out ciifficulty (Ba::1~arC: 1a -: ::: 
.... ';1_;..,.1 

In sucking m~ans for these dif~e~ences, the followin3 

~oin=s s~oui~ be bo~ne in mind. 

~he salt concentrations of the waters fro~ the two la~as 
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while Nhlc:~ge ~~s ccc of 

Neither l~ke s~o~s ion r<.:.tios 

~ccot...::t for of cur..ncec:ns, the 

c-~a~s~s from Lake Sibayi, cannot account for the 

:~es~ di~iere~ces must be attribuced to o~her f~ctors 

7~e s~ irie~s are reinforced by noti~~ ~h~t while tte 

a~sance of C. ~c~~ic~i from Lake Sibayi may be due to differa~~as 

:-.·.i..!c:1 in tr . .:: ~:<:.y st:::;;;.:;sted by Sutcliffe ( :i.9S3) for vario;.:s Gc. ~~::.:.:::-i..:s 

c.s:t.::.::. ·.: be CX)laii:ed a11:1y by this sort of p!:-.ysiological rii::fe::-ence . 

!t seems u~likely that the particle s ize of itself is 

::.:·:.por;:c::-,t: in dete:...-:~in ing tile species of one lake as co:np.::1red u:i..th 

As is reported in the l~boratory investigatio~s on the 

of sc:;:0y substrat:es fro::: Lake Sib.::yi, '::Jui::.ds its t;.:ix.s of silt: 

sanG :..s unavailable or even ::.acking in food p.::rtic le~. 

is i:~L!e of the otli.er S;_JE:cies rr:.ust a.-1ai~ further 

Al~ho~g~ t~e particle size of t~e ~ine ~at~ria~ is 

.>;.:::.sc::-a·.:e/war.er inter.:c.:.ce is modified by th.; nature of the silt. 

The i~flo~ of ~ich organic silt into Lake Nhla~gc may be ::-es;onsiblc 

~or cvt-n ;-;,o:.:-e ?:Cofound diffe:::-ences in substrat8/l-later L-.::.:r~o.....:~ 



so 

of su~. 

~icx~ri~ conc2~~retion increase are very d~~ferent · (vide p. 105, 

from L&kc ~~la~ge ~&y ccpand on 

s~;;~s~cti by t~c response of G. li~nor~~ ~o lowcr~d OX)S~n co~d~~~0~3 

(vi~~ p~ge i22~ Fi~ 37). This ~?hipoci docs ~o~ r~cct to l0we~~c 

OX) 6 0.:1 tcnsio:·,s .......... .:, 
~lLL....L.L less t~an 2 ~g /1 o

2 
. 

G. l~ :~o~u2, at least from the well oxy~cna:ed sh~llow w~:2r of 

~&~2 ~~~~~;e, cannot thereZorc be ~ttrib~ted to this c&usc. 

7hcse findings direct our attc~:ion ~o :he ~ecessit~ fo= 

to &n cxa~in3tion of the responses of different sp~ci~s of animals 

7tcse s:~dics a~c pro~ebly 

0e s t s ta::.::cC: ·· -__ , 
~~rolled conditions of the la~oratory an~ 

i.l the real in 

l.:::ke. 

:he benthic fc~na of Lake Si~ayi was c learly divided into 

T~c ?Oorly developed grow~t of weed found in L~ke ~hlsnge exc0.pt ~~ 

v-2-ry s:-.a:loH Hater is obviously co:cre.lated uith the ra?id C:::op in 

_ie sand may be due to one or r.1o:::-c c.:::·...;ses. 
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:~.Jl.!..u$ca , c:..nC the es~uar~-:;.2 cr..:t> ::. orb i.cul : :-:-~ . 

The burrowing ;oby, 

C,. !"l:oss .:.:::bici!, is the only large fot-m \Jhic :l is d~st:cibuted 

?he Oivaiv~, L~~~::: ... ·a cape:1sis, is the :r.os~ pro::-.i~er:t 

~nci may b..?. so because of the lm; salt cor. tent of 

-::·,is is re.::.lly an epiphyt:!.c fo:..-;n as eviC.cncell by t:·:c 

.:.a:.:-.;:cr an::'..-::z.ls to be found on the one station (l\'SL 17) :;_r;. ·:hich 

~~rge ?la~ts were founU. It is, ho,.;revc-::-, r.ura.;,rically ·-::.:::y 

&b~n~ar;.c, ~hou3~ s~all, on the sands an~ provides food for fish. 

~h~ fis~, c~rrcs oyc~~ . utilizes rhis bivalve extensively for fooc 

..,_,.._. r-:.::.y in pc:rt ~e rcspor-.sible for the saucer si:.aped ciepr_ssior,s 

i~ tte sana and the p~oughed up appearance of t~~ san~. ~:uch 

fro:71 t:::e sea are to be four,o t!1an iil 

isolateri :&kc Sibayi. ,.,.., . 1.rle1.r activities iu 

i<.~.i'.J:i.t t:·w production of a rich epifauna i:1 tnc.: lal<c. 

next differences occur iu. t l. , 
•'"' 

eic~2n~s of t~e two lakes, soffi~ ~ore easily ~nderstoQd t~:n others. 

-::::-:e c:~:..rono:r,ici pop-..:l:..t:.on of Lake :~nlange is on the overage nea::.:-l.y 

~ ~~ndred ti~es gr2ate~ p~r unit area th&n that for ~a~e Sibayi. 

:.:~::-:o~;j the po~u:~tion ~ay have been &::.:-tificiaily anha~ce~ d~e 

·.::·_.:;::_!: co:-,o::<c-::..=:.ss as judged by qualitative a.-:chor C::red.::;L1ss in 

;Jly ~965 ~e-::ds to indicate that t~ey h&ve always beer. ~uch ~o::.:-e 
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is factors govGrning the distri~ut~on o~ 

00· .. -.. ::~i.c : ~u~a i11 these ttvo lakes arc. cor.:p lex anC: one ca11:1ot !"-Lope. 

J.' ~' --:. c.:. ..... ~,;;.. 

~io:ogica l inv~sti~~tions on these sn1m~1s ~ay help to more 
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'";_,~I:.:: :.. :~:.Tr:os OF S"'' '" SCUTI:2:~;J .:~ .. : R: c.:.:x ' 'i"" ... v ... J;.:. ~ "'"'"...:.~ 

;_\, .. ~i ... ·~ 
,!. .. .t.l..,; :~~~thos OJ: Lake Sh(!-; .. gc s...:. c.r .. d L:..k.e S i fU!1:?;l: ... JC 

~he spc::t.ia : relztionships of these ~t..Jo l :<.:. .:.s "'Ji~h LJ.~(C; 

c~. t:-:~ sc.::.·Hn::-d side by ~Jc~n s of a n arrow 'tvinG.in~ cha:1r .. el. 

di:':fereat, 

c. s~ii<1ity o f 

/ .., .- o I- " -·- --.- . _0 uO -<"1 '-L•'-

l ess 

i:1 t2 r:::s of sc.linity 

Lake Shenges ~ is fr~ s~-

:~ wa~ fel t ~hat aa exc~ina~ion of the benthos o~ Lake 

con~ccted to ~~~c 

::.~:.e::[ered witl-: ~tterr.?tS to sac pl2. the lc:l<'=-· The iso;:>od J:..:.s 

s:-:~a :l. l c o:lcction o[ :rtc.:~ginal vc.:;etation fa\,j.na of La!: ..... She~~cz.:::o 

~iu=us a~( Sil~ouetta sp. 

~~:.~1 1969) end partly using wei:hted li~es on calibr~tad winc~es 

(:Sol::.: l%9). The oozy nature of the substrete in sost c=scs 
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v..:. t.~~c Go::tc:J _: ~urr~ transcc:s could not. be d:r-a~:-:1. . ·-. 
~·· 

The subst~ac~ i~ wate~s 

~-:1 c: ~.1ct:::-e w.:.s fir:c sand on the :7en1:t·l0rth scale 

Cl1i r ono'-lid la :-v~e 't:erc cor::::o~1 

(3olt:. 1059). In tne 0ceper \vater the botto;n snrn;_)les \ver~ 

cv:-qosed er~-cir~ly oE t hick lu~.py po~~id:;e-1ike o:r<:;ani c 0.etritus. 

:.s lar:;ely Ce~ived f::-oQ burnt gr.:1: slar.~.ds around ~:1c lak2. T:1.c 

Lake Sifun3w2 ~as been descri~ed by Hil l (~069 ) as a 

~~a~i la~e with, reiat i ve to Lake ~h1anze, ver; little sha l low 

Hill's bathy:'!'.etric chart, to.;~ the;:- >-~i th profi lcs 

c&lcu1ated f~o~ his dat~ is gi ven in Figure 17. 

rou3h ly divided into & sh~llow wat~r pl~in above the 15 ~ctre 

co~~ou:;: and - deep ~ater plain below th~ 15 metre contour. 

S ~ecply slopin~ s i dES divi~e t~ese a~eas ba~reen the de?~~S of 

5 ~2tr2s an~ 15 met:::-cs . Only a few substrate ~nc:lyscs wer~ 

.. ~s in Lal<e :~hlangc, the :.::·,..:::.lo~v v:ate~ 

:: ~c..::.r .. co-:-.s:._::s o: f:.ne sand vlith c: :7"tadian phi v& .:ue of 3.2. 

,.:::~ _\.lcs ·c:Late from the 15 metre , . 
p.~..a:tn \vas r..ud with a silt 

. .Ji:..rticle size '\tlit:t a 17LC~iai.1 phi value. of iess thar.. 6. Vis~ai 

obs8rvations by seu~A divers on the slopes la&ding down to the 
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send. Thase wer~ ql;ite fresh , s~c ~in; a~ u~corrodod ~Ecreou; 

This has b~an ~a~en as cv~dcnce o[ f 2oding ~Gtivit~ of 

fis~1, pro0 ... bly L.~ spotted grunter Po.-::ad .:-.sys operculare . 

All.:1.son & vc::n Hyk ( 1969) hav~ 

"jy a :-.. '-:ocl:.r .. ~. 

Associated wi~h th~ halocline is a 

=&?id ~ecrease in the OX)gen concentra~ions below 9 metres. In 

J&~ua=y ~967 and 1969, the decrease between 9 ~etres and ::.3 mct~es 

U..!S ve:.ry rc.pid (?i6· 13). In July 1967, dissolved oxygen fc~l 
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Table 11 

Species list of the benthic fauna of Lake Sifungwe. Species 
from the marginal vegetation have also been included. 
(*denotes species reported by Broekhuyseh and Taylor (1959)). 

CRUSTACEA 

Amphipoda 

Grandidierella bonnieri Stebb. 

Corophium triaenonyx Stebb. 

*Urothoi serrulidactylus Brnrd. 

'>'(Melita zeylanica Stebb. 

*Afrochiltonia capensis Brnrd. 

'>'cTalorchestia ancheidos Brnrd. 

Isopod a 

Cirolana fluviatalis Brnrd. 

>'<"Pontogeloides latipes Brnrd . 

*Synidotea variegata Cllge. 

Tanaidacea 

*Tanais philitraeus Stebb. 

Decapod a 

ANNELIDA 

Hymenosoma orbiculare Desm. 

*Callianassa kraussi Stebb. 

Polychaeta 

Ceratonereis keiskama Day 

*Dendronereis arbifora Peters 

Prionospio near sexoculata (Personal communication Day) 

Oligochaeta 

(Not identified further) 

MOLLUSCA 

Pelycopoda 

INSECTA 

'>'cLamya (Modiolus) capensis Krss. 

'>'cPsammobia ? ornata (MPU 10) 

?Psammobia sp. (MPU 11) 

Chironomid larvae. 
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from 8.4 mg/1 at 9 metres to zero at 10 metres. The permanence 

of t he halocline has been shown by the reverse gradient of bottom 

temperatures in winter when the hypolimnion was at 25 .2°C ~:tnd the 

0 
surface was at 19.1 C (Allanson & van Wyk 1969). 

Grab sampling stations are plotted in Figure 17. The 

results of the sampling programme are given in Table 10, and a list 

of the animals of the benthos in Table 11. 

Broekhuysen and Taylor (1959) have reported on the 

marginal fauna of the lake, and from the present data their 

faunal list may be extended by some seven species. 

There are more species in the benthos of Lake Sifungwe 

than there are in Lake Nh l ange; ' Urothoe serrulidactylus, Callianassa 

kraussi, Prionospio sp., Dendronereis arbifora and the two 

Psamobiid bivalves not having been taken in Lake Nhlange. No 

species of estuarine animal found in Lake Nhlange was absent from 

Lake Sifungwe, although~· bonnieri was remarkably uncommon. It 

may be that the presence of more species in Lake Sifungwe is due 

0 to an inc~ease of salinity of up t9 l.Z /Po rela.6iye to Lake 

Nhlange. Although this is only a small difference, Sutcliffe 

and Shaw (1968) have shown that small differences in sodium 

concentration are sufficient to allow one race of a species to 

cope with dilute water and another not. 

In general, the fauna extended downwards to the 10 

metre contour. As the table shows, no animals were found below 

this depth. Urothoe serrulidactylus however, although common in 

shallow water up to 4 metres was not found below this depth. 

This amphipod does not build tubes, but burrows through the sand. 

At about 5 metres the character of the sand. changed slightly. 

It would be interesting to know if there is any causal relationship 
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between these findings. 

Although the discontinuity layer has been reported to 

be at 9 metres by Allanson and v an Wyk (1969), animals have been 

found up to a metre below this depth. In summer the oxygen only 

disappears at 13 metres, and hence it is not surprising to find 

animals deeper than the discontinuity layer in summer. However, 

in winter, as Fig4re 18 shows, dissolved oxygen had disappeared 

' 
at 9 metres. An invasion of the substrate in deeper waters during 

summer had therefore taken place. This was confi~ed by the 

observations of SCUBA divers, who noted that in the bottom there 

were the openings of burrows about 0.5 em in diameter. Counts 

of burrow numbers for 0.25 metre square areas are given in Table 12. 

Table 12 

Large (0. 5 em) and smal l (2 mm) burrow openings in the substrate 
of Lake Sifungwe per 0.25m2 counted by SCUBA divers. January 1969. 

Depth Large burrows Small burrows 

2m 4 35 
2m 4 79 
2m 4 70 
4m 6 72 
3.5m 2 79 
5m 0 11 
5m 6 56 
6m 13 0 

10m 5 0 
10m 6 0 

At 10 metres and just below, there were numbers of l arge 

burrow openings, but most were old and showed up in contrast to new 

burrows which had small piles of clean white sand around the entrance 

of the burrows. Close inspection of the old burrow openings showed 

that they tended to be uneven and crumbling and clearly unoccup i ed, 

whereas the new burro"'' openings were recently repaired. 

The reasons for the sharp cut off of oxygen at the 

piscontinuity layer in winte r as compared with summer is not easy 
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to explain. Since the lake has only been visited either in the 

height of summer or of winter, nothing is known of the changes that 

take place bet ween these times. The effect of temperature 

differences on the density of epilimnetic water will be less severe 

than the density difference between the hypolimnetic water and the 

epilimnion caused by salinity differences. The lake probably 

cannot therefore turn over at any stage since at no time will the 

densities of the two water masses be the same. Some mixing must 

be taking place all the time, at the discontinuity layer, and this 

presumably under the influence of wind stresses on the surface. 

It may be that wind stresses are greater in summer than in winter, 

and these allow of better penetration of dissolved oxygen. 

However, no data on the wind forces operating on the lake are 

available. 

Grab sampling only gave information about the smaller 

i n f auna of the substrate. Divers found evidence for the larger 

forms in the substrate. From diggings in the very shallow water 

of the margins of the lake, Callianassa kraussi and Dendronereis 

arbifora were found to construct permanent tubes in the sand. 

Two species of Psamobiid bivalves were also discovered. 

The burrows of the worm and the ~rawn were reasonably 

easily identified. The prawn tends to build a rather large untidy 

mound at the mout h of the burrow, while the polychaete tends to 

build a much smaller but still recognisable mound which is much more 

symetrical around the lip of the burrow. One other burrowing 

animal was found in the lake , name ly Croilia mossambica. This 4 

f ish has practically no mound at the entrance to the burrow. To 

burrow the fish picks up a load of sand in the buccal cavity from 

the bottom of the burrow and swims a short distance away from the 
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burrow to spit the sand out. In the lake they are not found 

more than about half a metre away from the burrow, and these 

usuALly could tharefore be correlated with an animal. Using 

these criteria to identify burrows, it was found that burrows 

clearly belonging to Callianassa did not appear to occur below 

1.5 to 2 metre depths. The burrows reported from deeper water 

seemed to belong either to D. arbifora or C. mossambica. The 

burrowing goby was much less common than D. arbifora and none of 

the quadrats counted actually incorporated any of their burrows. 

The problem of inhabitants of small holes reported in 

Table 12 has not been resolved. These may belong to juvenile 

E· arbifora, but since no intermediate sizes were common, it was 

thought that they may belong to a different animal. Furthermore, 

small heaps of sand were not found around the entrance to the 

burrow. 

The two psamobiid bivalve species were reasonably common 

in the substrate and were found by divers running their hands 

through the sand. No quantitative data was collected on the two 

short dives, but an impression was gained that the one Psamobia 7 

ornata may have been more common in slightly deeper water (6 or 

more metres). 
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General discussjon on South African coastal lakes. 

Clearly the main basins of the South African coastal lakes 

were cue i n f i ne s ands typical of the East and South coast. Sand 

particle sizes from the Zululand lakes , the Knysna district lakes 

and from the Kowie estuary lagoons all have a median phi value of 

about 3.1. The bathymetric surveys of the lakes indicate that 

they are the remains of old valley systems cut in the late 

pleistocene, the mouths of which have been partly or wholly blocked 

by sand from the seaward side. This is true for the smaller lakes 

as well. Groenvlei, for example , which at present has no connection 

with the sea, has a bottom up to 7 metres deeper than present sea 

level. This bottom is generally muddy in the deep water. Martin 

(1959) reported that the mud was uniform to a depth of at least 

1. 6 metres in the lake. 

The original sandy basins of the lakes have had 

allocthonous and autocthonous material added to them which covers 

part or most of the sand as mud. The size of the catchment area 

and also the surrounding vegetation type have determined the nature 

and quantity of the allocthonous material added to the lakes. 

The basins of those lakes which have reasonably large rivers 

running into them, have been almost enti r ely filled with silt 

from inland erosion. Lake Umhlatuzi (Richards Bay) is 12 square 

miles in area, but in the greater part of the lake is only up to 

a metre deep (Millard and Harrison, 1952). The St Lucia lakes 

are 120 square miles in area, and the maximum depth recorded by 

Day, Millard and Broekhuysen (1952) is just over 2 metres. 

Bolangvlei, a small 5 metre deep lake in the Knysna district, which 

has a number of small streams coming in on the North shore, has 
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very little sandy substrate and the whole of the lake shore is 

covered in a thick layer of mud. 

Examples of lakes whose originally sandy basins have 

been mostly covered with organic detritus r ather than silts from 

the land, are Lake Shengesa and Groenvlei. Windblown organic 

debris from grass fires has covered the substrate of Lake Shengesa 

but, as Martin (1959) has shown, autocthonous material is largely 

responsible in Groenvlei. The gyttja of the latter lake consists 

almost entirely of ostracod shells in some of our samplings. 

Addition of material of any kind has been least in the two 

Zululand lakes, Sibayi and Nhlange, largely because of their 

size relative to small lakes like Groenvlei, and the particular 

conditions surrounding them. The catchment area of Lake Sibayi 

is remarkably small, and the swamp forests around Lake Nhlange 

and lining the water courses leading into the lake act as silt 

traps. In any case, the catchment for both lakes drains from 

extremely sandy soil, in contrast to the catchment areas of the 

rivers of the St Lucia lake system. 

Lake Sibayi and Lake Nhlange have of course not escaped 

the addition of allocthonous material entirely, and both lakes 

have muddy substrates in some areas . But the nature of the 

material contributing to the mud of each lake is very differen t . 

The muds of Lake Sibayi correspond closely to the description of 

gyttja given by Ruttner (1963), being largely autocthonous in 

origin and grey rather than black, at least in the main basin . 

This is a well degraded material which has been degraded in well 

oxygenated conditions. The catchment area of the lake is small 

and the mouths of most of the streams are blocked with Typha 

swamps which act as traps to silt. Further, the topography of 

' 
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the shoreline is such that any autocthonous material carried in 

by the· streams must travel 2 or 3 kilometres from the stream 

mouths to the main basin of the lake along arms of the lake. 

Lake Nhlange, on the other hand, is partly surrounded by 

swamp forest (Fig. 2), and undegraded humic material is dumped 

straight into the lake, especially in time of flood. We have no 

record of the frequency with which this might happen. The 

St Lucia lake system has been subjected to flooding on at least 

two well documented occasions (Day, Millard & Harrison 1952 and 

Millard and Broekhuysen 1964/65). Although flooding such as was 

experienced in January 1966 may be a less common event in the Kosi 

lake area, one would expect such an event to occur periodically . 

Consequently, the substrates of the South African coastal 

lakes fall into the broad categories of either fine sands or muds, 

each of which ~ay contribute more or less to the total substrate type. 

Overlying the sandy substrates there is a thin layer of fine 

particle size material which may be likened to the "mulm" that gathers 

in aquaria. This feature is particularly important in Lake Sibayi 

and Lake Nhlange. Lake Sifungwe for example has little of this 

material overlying the sand, only having a skim of brown, probably 

diatomaceous, cells over the sand. The situation in the Knysna lakes 

is as yet poorly known. The origin of the material in Lake Sibayi 

seems to be almost all from autocthonous sources save perhaps for dust 

which may make up the clay fraction. In Lake Nhlange, plant fragments 

from the humic load from the swamps are common, and hence the "mulm" 

of this lake is derived from both autocthonous (the exuvae of insects 

and the ostracod remains) and allocthonous material. . A discussion 

of its importance is best left until after the experimental studies. 
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Table l3 

Lists of fauna from the highest stations of the estuaries reported by the 
Cape Town University Ecological Survey Group, and from the lakes of the 
coastal strip of South Africa. 

Species 
CRUSTACEA 

Isopod a 
Pseudosphaeroma barnardi 
Cirolana fluviata lis 
C. luciae 

Cyathura carinata 
Dies monodi 
Paramunna sp. 
Corralana africana 
Sphaeroma terebrans 

Amphipoda 
Melita zeylanica 
Parorchestia rectiplalma 
Corophium triaenonyx 
Grandidierella lignorum 
G. bonnieri 
Afrochiltonia capensis 
Eriopsella chilkaensis 
Talorchestia ancheidos 

*Urothoe serrulidactylus 
Tanaidacea 

*Apseudes digitalis 
Leptochelia sp. 

Decapod a 
Hymenosoma or biculare 
Rhynchoplax bovis 
Cleistosoma algoensis 
Callianassa kraussi 

MOLLUSCA 
Pelycopoda 

Lamya capensis (Modiolus) 
Psamobia sp. 

Annelida 
Polychaeta 

Ceratonereis keiskama 
Dendronereis arbifora 
D. zululandica 
Prionospio sp. 
Marphysa simplex 

+ + 
+ 

+ 

+ 
+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 
+ 

+ 
+ 
+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

0 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 
+ 

+ 

+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ 
+ 

+ 

+ 

+ + + 

+ + + 

+ + + 

+ 

+ + + 

+ + + 

Notes: Klein River Canal region
0
0.36-7.9 /oo salinity. Knysna, 

Charlesford Rapids mean sal. 3.9 /oo. St Lucia, Hluhluwe River and 
Nyalazi River no salinity data given. Mpungwini 4.4-7 .8°/oo. 

0 . 0 
Sifungwe 4.25 /oo. Nhlange 3.3-4.0 /oo. Rondevlei, Onderlangvlei 

0/ OJ _ and Bolangvlei
0

12- 15 oo. Groenvlei 2.5 oo. Sibayi 135 ppm Cl • 
Shengesa 0.5 /oo. 

~·, denotes animals from Kowie estuary in 35° /oo salinity. 
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In the lakes thus far studied intensively, the sandy 

substrates support the greater part of the biomass of the benthos. 

The muddy substrates support far less, and in some cases none at 

all. Initial surveys on the Knysna lakes confirms this point of 

view even for the smaller lakes. 

The studies on the mud of the 15 metre plain of Nhlange 

show that at least for the lakes receiving some undegraded organic 

detritus, favourable conditions may exist for large chironomid 

populations, but that these are controlled by the oxygen demand of 

the mud. If the interpretation of events that have been observed 

in Lake Nhlange has not been amiss, it will be interesting to follow 

the further degradation of the mud in that lake together with 

population changes of chironomids. 

The lack of such a chironomid population in Lake Sibayi 

in the muddy substrates, may mean that the mud no longer offers 

the food resources of less degraded mate rial . Although McLachlan 

(1969)" has shown that Nilodorum brevibucca (Chi ronomidae) will 

choose silt in preference to coarse .o r fine sand, he also draws 

attention to the necessity f or sufficient food for the larvae to 

live off . Similarly, experiments reported later on ~· lignorum 

indicate that these amphipods will build burrows in silt rather 

than sand, perhaps because the food resources of this mate r ial in 

the experiment were better than those offered by the sand. 

Indeed,Meadows (1964) has already shown that with 

Corophium volutator, even on sandy substrates it is not so much the 

physical characteristics of the substrate which matter as the 

presence of the micro-fauna on the s and grains. 

The species comprising the benthic fauna of the coastal 

lakes may be divided into those derived from the essential ly marine 

environment o f estuaries, and those derived from fresh water. The 

' 
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composition of the fauna of the benthos of the lakes varies from 

an almost totally estuarine fauna as in the St Lucia lake system, 

to the condition obtaining in Lake Sibayi, where the estuarine 

component only forms less than half of the important species of 

the benthos (Boltt 1969, Table 2, P• 253). But the estuarine 

fauna has never been found to be unimportant in contributing to 

the biomass of the benthos of any of these lakes, Lake Shengesa 

excepted, where benthic fauna is practically non-existent. 

The status of species of the lake fauna is interesting in 

relation to Day's classification of South African estuarine animals 

(Day 1967). He has divided the estuarine fauna into five 

components, abolishing one from his previous lists (Day 1951, 1964 

and 1967). They are a freshwater component, an estuarine component, 

a euryhaline marine component, a stenohaline marine component and 

a migratory component. Two of the categories are of special 

interest, the estuarine component including those species which are 

never .found in the sea and which occur along the full length of the 

. estuary. They are most important only at the head of the estuary • 

The euryhaline and marine component is found both in the sea and 

the estuary, and is the most important component of the estuary. 

The stenohaline marine component as defined. by Day only occurs in 

the Knysna estuary (Day 1967, p. 400). The usefulness of these 

categories will be discussed after the experimental studies have 

been reported. 

Considering the fauna of the least saline lake, with 

abundant benthic populations, the estuarine derived fauna is mainly 

of the estuarine component although two species, Cyathura carinata, 

and Hymenosoma orbiculare are euryhaline and marine. 

Table 13 compares the fauna reported by the Cape Town 

' 
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Ecological Survey group for the topmost stations of three 

estuaries they have studied, with the fauna from the lakes. 

With the exception of the Psammobiid bivalves, Apseudes digitalis 

and Urothoe s c r rulidactylus, the species found in lakes having 

0 
salinities less than 5 /oo have all been taken from the topmost 

stations of at least one estuary or another. In all cases the 

species extend into the more saline lagoon regions of the estuaries ' 
as well. 

The distribution patterns of animals in the lakes, and 

among the lakes, is of great interest because. it clearly indicates 

that simple correlations between the gross physical and chemical 

characters is in many cases misleading, and does not afford an 

understanding into the reasons behind these phenomena. 

For example, the range of salinities offered by the lakes 

varies from hypersaline conditions at times in False Bay, in the 

St Lucia system (Day et al 1952) to permanently freshwater 

conditions which have been reported from Lake Sibayi . While it is 

quite true that the number of species from the St Lucia lakes is 

much greater than for Lake Sibayi, and that certain forms such as 

for example Solen capensis (Day et al 1952) is present in St Lucia 

and absent in Lake Sibayi, probably for reasons of inability to 

cope with the salinity, or for that matter is absent from Nhlange 

for similar reasons, the lack of a great number of species in the 

more saline lakes which are present i n Sibayi cannot be explained 

in this way. Thus, an attempt to guage the effect of salt 

concentration on the presence or absence of fauna from any 

particular lake or estuary meets with little success. Day (1951, 

1964, 1967) clearly recognised that simple correlations between 

one factor and distribution were not enough to account for a 
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distribution pattern. Several factors such as salinity, substrate 

type, current, wave action, etc. were important in determining the 

dis t ribution of a specie s ac least in an estuary. We may go one 

further and say that until the response of a particular species 

to a set of factors is understood, we cannot be sure that any 

correlations which have been observed by field survey methods 

are causal or incidental. For example, the problem of Urothoe ' 

serrulidactylus, which is present in many estuaries of high 

0 
salinities (e.g. Kowie estuary at 35 /oo) is also present in 

Lake Sifungwe (4.25°/oo) but absent from Lake Nhlange (3-4°/oo). 

As has been suggested, this may be due to ineffective salt 

regulation below the salinity levels found in Lake Sifungwe. 

Equally, some as yet unknown factor in the substrate may be 

important. If one cannot place reliance on correlations from 

field data, what is to be done? Knowledge of the biology of a 

species in terms of physiological and behavioural responses 

towards certain conditions certainly increases the understanding 

of the reasohs behind any particular distribution pattern as has 

been elegantly shown by numbers of workers in very different fields . 

Heeg, for example, (l967a & b 1969) studying the water economx and 

behavioural reactions in Thysanura (Insecta Apterygota) showed that 

although the lepismatids were sensitive to water loss in arid 

conditions, they have a wide distribution in apparently arid 

regions. He explains the observed wide distribution of the 

lepismatids in terms of their ability to take up water from 

undersaturated atmospheres, making them independent of the 

presence of water in its liquid state. Similarly, Sutcliffe 

(1968) has used biological data gained from laboratory experiments 

and field data to gain an understanding of the distribution of the 
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various species of amphipods of the genus Gammarus in Britain. 

However, not all the biology of an animal directly 

affects its pattern of distribution. The problem then is what 

responses should be investigated in order to gain insight into a 

particular distribution pattern? Perhaps the simplest way to 

start is by investigating fairly obvious factors from the environment 

and pursue them to a point where it becomes reasonably clear that 

further pursuit is not likely to help in explanation of a particular 

problem. One may, of course, have to return to apparently 

fruitless initial lines of investigation. 

One further important point. is that the laboratory study 

in itself is insufficient to establish the reasons behind a 

particular distribution pattern. Conditions shown to have an 

effect in the artificial laboratory experiment must be shown to 

exist in the real situation in the field. 

Of the many problems posed by the field results from the 

South African coastal lakes, the pro~lem of the distribution of 

Q· lignorum in Lake Sibayi has been chosen. l The second part of 

this work relates to laboratory and field work which has led to a 

partial understanding of the problem. 
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EXPERIMENTAL INVESTIGATIONS OF THE RESPONSES 
OF GRANDIDIERELLA LIGNORUM TO CERTAIN PHYSICAL 

&~D CHEMICAL CHANGES UNDER LABORATORY CONDITIONS 

Introduction 

During the course of the field work, numerous problems of 

a purely ecological nature posed themselves. Why was it that the 

lakes Sibayi and Nhlange had such a different species composition? 

Why were the crustacea of Lake Sibayi living there in very low 

salinities regarded as freshwater, and lacking in water which seems 

to be suitable at the tops of the estuaries in the South African 

Eastern Cape Province? Considerations of the known chemical and 

physical environments from the field work of Allanson & van Wyk 

(1969) gave no clue as to answers to these problems. It was felt 

that too many varying factors are present at the same time in the 

field which lead to considerable difficulties of interpretation. 

Nevertheless, the field data gave an indication of the types of 

factors that might be influencing the distribution of animals among 

and in lakes. What was considered a reasonably defined problem 

was chosen, and some of the more obvious factors that could play an 

importafit part in the patterh of distribution wer e experimentally 

investigated in the laboratory. Thus, armed with better knowledge 

of the influence of these factors on a particular animal, the 

problem might once again be investigated in the field with a better 

insight into exactly what factors to measure. 

The choice of the problem was governed by a number of 

considerations. The lakes are 800 miles from the laboratory and 

therefore only a limited amount of experimental material was readily 

available. However, Grandidierella lignorum was available in large 

numbers from the Kowie River estuary. Other species were also 

avaiiable, but in smaller numbers and, therefore, for the present 

work attention has been confined to G. lignorum. This animal was 

' 
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also chosen since it shows an interesting discontinuous distribution 

in Lake Sibayi. The tanaid Apseudes digitalis was used where it · 

was thought that comparative results might help in elucidating the 

problem on G. lignorum. 

The problem of the discontinuous distribution of ~· lignorum 

in Lake Sibayi seemed to offer a reasonably well defined topic for 

a preliminary study of benthic fauna of at least one of the South 

African coastal lakes. A good deal of preliminary study on the 

limnology of the lake is known (Allanson & van Wyk 1969, Allanson 

1969, Tinley 1958b and Hill 1969, Boltt, HilL and Forbes 1969, 

Boltt 1969, Forbes and Hill 1969). From tqis starting point 

therefore an enquiry into the phenomenon has begun. 

Factors which might influence the dis tribution of 

G. lignorum with respect to depth which immediately spring to mind 

are: 

a. L •. vice of substrate, 

h. Pressure effects, 

c. Light intensities , 

d. Dissolved gaseous environments at the substrate­

water interface, as being a reflection of 

conditions there. 

It is inconceivable that there would be no interactions 

between these factors in the real situation of the lake. However, 

it is likely that some are more important than others in determining 

the distribution of the animals in the lake. The work has therefore 

b~en directed towards assessing the effect of these factors on 

~· lignorum. As soon as it became clear that the effect of the 

factor being studied was minimal, further work on that particular 

aspect was discontinued. It was felt that although fascinating 

in themselves, complete analyses would in all probability not really 

help towards solving the problem with relation to the lake; that of 

' 
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the reasons for the distribution of ~· lignorum with respect to 

depth in the lake. 

Initially it was important to establish if it was possible 

to use material from the Kowie River estuary as experimental material 

for the problem related to Lake Sibayi. If it could be demonstrated 

that the Kowie population was physiologically similar to the Sibayi 

population, Kowie material could be used to obtain some idea of the 
' 

effects of the factors which might influence the distribution of 

animals in Lake Sibayi. The first section therefore reports the 

salinity tolerances and responses of animals from Lake Sibayi, the 

Knysna District lakes (Groenvlei, etc.) and Kowie estuary. It 

cannot be claimed that the responses to salinity changes prove 

that physiologically these three populations are identical. 

However, it does seem to argue that if there are any differences 

they are likely to be minimal, and therefore it is reasonable to 

suppose that the results of experiments carried out on a population 

0 
normally living in the Kowie estuary at 35 /oo salinity are applicable 

to the material from Lake Sibayi. 

The later sections report the results of experiments on 

G. lignorum with respect to substrate, pressure, light , and gas 

concentrations. Some further data on conditions near the bottom 

from the field is included in a separate section. 

Salinity tolerance of G. lignorum 

Until the present study, save for one doubtful record, 

G. lignorum has been associated with estuarine conditions normally 

showing high salinities not much different to sea water. It has 

been recorded from the following localities by the University of 

Cape Town Survey: Isipingo, Umgababa , Umzimkulu, Umzimvubu, 

Umzimbosi, Bashee, and St Lucia. (Professor J.H. Day, personal 

communication). Barnard (1952) described the species from 
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Fig. 19. The survival of G. lignorum in pond water 
after direct transfer from sea water ( 0 closed circles) 
and after initial transfer to 50% sea water (~ Triangles) 
and 25% sea water (X crosses). The control in 100% sea 
water is shown with open circles. Excellent survival is 
shown provided the animals are exposed to an initial 
dilution before being put into pond water. 
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Keurbooms River estuary and noted that two specimens from Zoetendals 

Vlei, Bredasdorp District, Cape, might doubtfully be referred to the 

species. Since then we have established its presence in further 

estuaries and also in isolated lakes. It has been taken from the 

East lagoon of the Kowie estuary and also at the head of the estuary 

some 16 km from the sea, from the Bol<nes lagoon and also from 

Kasouga es tuary. G. lignorum has also been taken from Lake Sibayi 

and from Groenvlei, a small isolated lake in the Knysna district. 

It has been recorded from Bolangvlei , Rondevlei, and Onderlangvlei; 

also in the Knysna district. These are small lakes connected by 

channels to each other and the estuary. These localities represent 

a spectrum of salinities ranging from fresh water in Lake Sibayi to 

full sea water in the open estuaries like the Kowie estuary. Both 

stable and fluctuating salinity conditions are represented in the 

localities reported. Thus we have recorded 0.5° /oo salinity some 

16 km down stream from the t op of the Kowie estuary i~ediately 

a fter heavy rains and flooding, when the estuary was temporarily 

flushed out. Airey (1968) has reported that salinities at the 

0 0 head of the estuary varied between 31 /oo to 1.6 /oo. Stable 

salinities are represented by the lakes. 

1. Survival of G. lignorum when transferred from sea water to 

fresh water. 

~· lignorum from the East Lagoon of the Kowie estuary were 

extracted from the substrate and either transferred directly to 

pond water or allowed 48 hours acclimation in 25% or 50% sea water 

and then transferred to pond water from the Botanical Garden, 

Grahamstown. Ten animals were maintained in plastic containers 

in 250 ml of test solution. The containers were fitted with 

tightly closing l~ds. The containers were inspected for deaths 

of animals every day; the results are shown in Fig. 19. 

When animals were directly transferred from 100% sea water 
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Dia~ ram of apparatus used to isolate individual 
G. . ~orum in moulting studies . The r eservoir 
was at a slightly higher level than the perfusion 
chamber so that water siphoned through to the 
sump. The water was recirculated to the 
reservoir by the bubble pump. 
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to low dilutions of below 10% sea water or pond water, deaths occurred 

markedly sooner than if animals were first exposed to 50% or 25% , 

dilut ions of sea water. In the latter case few deaths had occurred 

after 8 days exposure and this was not different to the controls in 

100% sea water. Considering the harsh environment offered of a 

substrateless box, this seems to be good evidence for the ability 

of ~· lignorum from the lagoons to survive in fresh water. It did 

not prove possible to feed the animals, and the only food available 

was the corpses of the occasional animal which died in the boxes. 

After 36 days only one animal survived in 100% sea water, 3 in 25% 

and 3 in pond water. 

2. The ability of G. lignorum to moult in freshwater. 

The most sensitive time for a euryhaline crustacean exposed 

to water of low salinity is at the time of moulting when water is 

taken in by the animal to swell the new exoskeleton. Hill (1967) 

has shown that the mud prawn Upogebia africana puts of~ the moult in 

low salinities and eventually succumbs at moult. In order to study 

the ability of Q· lignorum to moult in fresh water, individuals were 

isolated .in separate chambers in a perspex block perfused with pond 

water (Fig. 20). Only a single individual moulted in these conditions. 

The animal moulted successfully, but 24 hours later became stuck in 

the artificial burrow and died. This period is well after the time 

most critical in the moulting cycle. Upogebia africana died during 

t he process of moulting and did not get out of the old exoskeleton 

(Hi 11 19 6 7) • 

Moulting is a reasonably uncommon event in Q· lignor um. 

During the survival experiments animals were inspected once a day on 

a total of 133 occasions. A total of only 9 moults was recorded 

in all sali nities and only one occurred in pond water; this 

individual survived for at least six days after ecdysis. From 

t his slight evidence it would appe?r that G. lignorum taken from 

' 
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full sea water in the Kowie estuary is able to moult successfully 

in fresh water. 

A second critical period in crustacean life cycles is the 

hatching of eggs. In the crab Hymenosoma orbiculare, Forbes and 

Hill (1969) showed that the young larvae were the most sensitive 

stage to low salinity. In the survival experiments females of 

Q· lignorum with eggs in the marsupial pouch were common. These 

eggs were in various stages of development . At no time was 

abortion of eggs in the pouch noted. The hatching of young amphipods 

from the marsupium was noted on five occasions. Two of these occurred 

in animals in pond water, indicating that the young stage of 

G. lignorum are also capable of surviving fresh water. 

3. The control of the blood osmotic pressure by G. lignorum in 

different salinities. 

Methods 

G. lignorum from the Kowie estuary were exposed to various 

dilutions of sea water. For comparative purposes small numbers of 

an imals from Groenvlei, Rondevlei, Onderlangvlei, Bolangvlei (lakes 

in the Knysna district) and from Lake Sibayi were brought to the 

laboratory for study in their natural waters. Animals from 

0 
Groenvlei (salinity 2.5 /oo) were also exposed to increased salinities. 

Individual amphipods were blotted dry with tissue and 

immobilised by immersion in liquid paraffin oil, thus preventing 

desiccation during bleeding. The animals were bled by inserting 

fine silica glass capillaries filled with liquid paraffin in the 

region of the heart through the dorsal tergites. Care was taken 

not t o break the lateral diverticulae of the gut and thus contaminate 

the blood. The freezing point depression of the blood sample was 

determined by the method of Ramsay and Brown (1955) using apparatus 

built by the workshops of the Council for Scientific and Industrial 

Research, Pretoria. Freezing point depressions were measured both 
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Table 15 

Depression of freezing point of blood taken from G. lignorum from 
different localities having differing salinities. 

Date Place Salinity Ai Mean- ~i st. dev. 
0 /oo e 

27/5/66 Kowie 0 
35 /oo l. 572 

1.666 
2.036 
1.589 l. 640 0.055 
l. 528 
l. 497 
l. 597 ' 

30/9/67 Kowie 0 35 /oo l. 583 
1.504 1.487 0.064 1.480 
1.397 
l. 472 

6/4/67 Kowie 
0 

35 /oo 1.760 
l. /•f0 

1.618 
1.589 
l. 580 l. 679 0.032 
l. 838 
l. 827 
1.709 
1.600 
1.532 

20/9/66 Rondevlei 0 12 /oo l. 294 
l. 089 
0.981 

20/9/66 Onderlangvlei 0 
6 /oo 0.905 

0.974 
0.981 

20/9/66 Bolangvlei 0 6 /oo o. 867 
0.824 
0.829 

19/9/66 Groenvlei 0 2 /oo 0.906 
0.893 
0.977 

19/3/67 Groenvlei 0 2. 5 /oo o. 949 
0.905 
o. 815 
0.880 
o. 835 
0.728 0.814 0.108 
o. 876 
0.885 
0.675 
0.595 
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for internal and for external fluids by the same method . 

~1easurements on the same sample were repeated three times until 

enough skill in controlling the rate of temperature rise of the 

apparatus was obtained so that small differences only appeared in 

the third decimal place of the reading. Thereafter single 

determinations were done on each sample. 

During the taking of a sample from the animal under oil, 

small droplets of water could sometimes be seen on the hydrofuge 

cuticle of the animal. To check for the possible contamination of 

the samples from this source, duplicate samples were taken from each 

of two animals, and the depression freezing point checked. The 

results are shown in Table 14. The differences measured between 

the two samples from the same animal differed by small amounts in 

the third decimal place which can only be estimated on the Beckman 

differential thermometer used. Greater variation was experienced 

between animals, and therefore this source of error has thus been 

Table 14 

Results of the depression of freezing point of two samples of blood 
from the same animal repeated on two indiv iduals of G. lignorum. 
Differences i n t he third decimal place on measurements on the same 
animal are less than differences between animals from 35°/oo salinity. 

Specimen No. 

A 

A 

B 

B 

Results 

No. of Depression Freezing point 
determinations. 

1 2 3 

2.551 2.555 2.553 

2. 561 2. 560 2.560 

2. 625 2.627 2. 622 

2.620 2.619 2.620 

Mean Difference 

2.553 0.007 

2.560 

2. 625 

2 . 620 
0.005 

Depression of freezing point measurements on animals from 

the same locality show considerable variation (Table 15). 

G. lignorum, when exposed to dilutions, regulates rapidly 

' 
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Fig. 21. The drop of ~ i in animals directly transferred 
from 35% salinity to pond water with respect to 
time. Equilibrium is complete by 5 hours exposu~e. 
The point between 1.8 and 1.6 represents t h· :~an 

of 10 animals; the line and qars indicate the 
standard deviation of the mean. 

and appears to have reached stable conditions after about 5 hours 

exposure to very low dilution (Fig. 21 ). However, in the middle 

ranges (Fig. 22 ) of 25% sea water, statistically significant 

differences were found between animals exposed for 5 hours, and 5 

days ( at 25% < 0.01 using Fisher's method for comparing small 

uncorrelated samples.) The measurements of depression of freezing 

point of the blood for Q· lignorum exposed f or 5 days has been used 

as a standard in the subsequent analysis. 
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The degree of regulation of the internal environment varies 

with respect to the external environment. At high salinities the 

blood is slightly hypotonic, whereas at low salinities it is 

hypertonic (Fig.23). Between 5% and 75% dilution of the external 

environment the blood is practically isosmotic. Below 50%, strong 

regulation takes place, and at very low dilutions the blood is lowered 

to about half the concentration found in animals from full sea water. 

Figure 23 also shows that the blood concentrations of 

animals living in naturally low concentrations do not differ markedly 

from G. lignorum taken from 100% sea water in the Kowie estuary, and 

exposeG to dilutions. 
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Ll.i/ Ll.e curves for G. lignorum from Kowie 
e stuary (open circle s) i n d ilutions, and an imal s 
from Groenvlei in increased concentrations 
(closed circles). Both sets of data r epresent 
the mean of readings from 10 animals in each 
concentration. 

. . 
The e f fect of increasing concentrations of salts on animals 

normal ly from low salinity environments was compared with the effects 

of dilution on the animals from Kowie estuary (Fig. 24). G. lignorum 

from Groenvlei, when placed in increased concentrations relative to 

their natural envi ronment show blood concentrations slightly below 

the Kowie estua ry mate rial, when placed in dilutions from 10% to 

75% sea water. Be l ow 10% dilutions, the re is much variation. 

This would seem to indicate that in middle range s of dilution 

exact control of internal blood concentra tions is of little i mportance, 

and only at lower concentrat i ons there may be attempts to ke ep the 

internal concentration as high as possible . 

Figure 25 shows the results of measurements of internal 
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blood concentration of G. lignorum from a number o [ localities wi th 

varying natural salinities when placed in dilutions of water below 

10% sea water. At these low concentrations, the means and the 

range s of the readings have a large degree of variation and form 

no disce~nable pattern. These results suggest that in the 

populations of Q· lignorum thus far studied, there is considerable 

variation in the control of internal concentrations and that the 

osmoregulatory mechanism is similar. 

for physiological races. 

Discussion of salinity responses . 

Thus there is no evidence 

The ability of Q· lignorum to withstand transfer [~ ~ high 

salinities to fresh water and vice versa for at least ·a week has been 

demonstrated . It has not been possible to demonstrate that these 

animals maintain themselves indefinitely and reproduce at low 

salinities under laboratory conditions. No method of reliably 

feeding the animals was discovered, and hence the experiments were 

performed on starving animals. The animals were maintained in 

cl "': . ;.o:xes of water for as much as 40 days, and in one extreme case 

Kowie estuary material survived without substrate for as long as 120 

days. The only source of food in the boxes was the corpses of dead 

animals which were quickly discovered and eaten, and the bacterial 

film which must have grown on the sides of the boxes. In the c ase 

of the Kowie material which survived for 120 days, of the original 

20 animals, 3 animals remaining alive after 36 days were transferred 

to algal rich pond water. The cells of the algae were seen to pass 

through the gut of the animals, apparently unchanged. These three 

succ~mbed by the l20th day. The demands on the food reserves of 

Q· lignorum were under lined by the observation that after a week in 

a substrateless environment, the white fat deposits which can clearly 

be seen beneath the exoskeleton had noticeably decreased. Thus 

starvation appears to be a severely limiting factor in this type of 

survival experiment . 
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The observation that G. 'lignorum, originally from a high 

salinity c.·.vironment can moult in fresh\vater successfully, is 

important, especially since Hill (1968) has shown that the mud prawn 

~?ogebia africana avoids moulting if possible in low dilutions by 

delaying the time to moult, and succumbs during moult if this is 

inevitab le! . This is to be expected since large volumes of wate r are 

taken in by crustacea during the moult, so as to. expand the new 

exoskeleton. Thus the ability of Q· lignorum to moult in freshwater 

indicates that these animals have the physiological capabilities of 

successfully coping with lowfalinities. 

The existence of physiological races has been shown by 

Reigel ,i959) working on the isopod Gnorisphaeroma oregensis. 

The two physiological races could be recognised with respec t to their 

changes of ~i in response to exposure to different salinities. 

The freshwater form did not allow the ~ i to drop belo>v a concentration 

equivalent to 50% sea water. ( 0 
l. 0 C). An intermediate form 

from the estuary Has also recognised, but this \<~'as more nearly like 

th~ fre.,; ,· .d::.er ior~ in its adjustru~nt Eo i1"ltert'1al concentrations on 

exposure to low dilutions. Menzies (according to Reigel 1959) had 

already subdivided the species into two subspecies and had shown 

that the survival of the sea water form was poor in freshwater. 

Suttcliffe and Shaw (1968) have described two physiological 

races of Gammarus duebeni from England and Ireland. Survival of 

these two races in very dilute waters is different. The mechanism 

of the control of s odium uptake system in the Irish form allows for 

the balance of sodium uptake and sodium loss at minimum natural 

concentrutions of 0.27 mM/1 NaCl whilst the English form,which is 

found in streams with greater than l rrM/1 NaCl concentration,can 

only achieve sodium balance at between 0.17 rnM/1 and 0.21 ~~/l 

N~'-' fo r a short time. These differences are not reflected in the 

i. ·.. Jlood concentration levels which are the same for both 
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races. 

Details of the sodium transport mechanism and sodium 

losses from Grandidicrella lignorum have not been carried out. 

The fact that the blood concentrations of G. lignorum from Lake 

Sibayi and from Kowie estuary, when placed in the same external 

concentrations have indistinguishable Ai values, and cannot be 

used as a criterion for checking the possibility of two physiological 

races. However, it ~as been established that Kowie estuary material 

can ~'·rvive and moult in water of low dilutions, comparable to 

Sibayi water concentrations. There is thus no reason to believe 

that two physiological races do exist between Lake Sibayi material 

and Kowie estuary material. 

Sutcliffe (1968) in his paper on the adap tations of 

Gammarus species to freshwater has analysed the mechanisms involved. 

In the series of animals from Marinogammarus finma.rchicus able to 

regulate only down to 20% sea water for short periods, through 

brackwater species G~.:·,;:narus duebeni, Q· tigrinus and G. zaddachi 

to the freshwater species Q· pulex and G. lacustris, three aspects 

to regulation were found: the control of the loss of Na+ ions by 

increased impermeability, and reduction in loss from urine; the 

increased efficiency of the sodium transport mechanism; and finally 

the lower ·'-~g of the internal concentration of the blood. The 

marine species have a high permeability and tend to regulate 

immediate :1· when placed in dilutions, thus maintaining a high 

blood concentration. Loss of ions through "the body wall and the 

urine is countered by the sodium transport system operating maximally 

with an efficiency such that it is only saturated at something of the 

order of 60 to 100 ~~/l NaCl external concentration. Although 

Marinogammarus is able to maintain itself in 20% sea water, it 

probahly cannot achieve this indefinitely (Sutcliffe 1968). 

The brackwater species begin to regulate only at about 
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50% sea water dilutions (Beadle and Cragg 1940). The sodium loss 

is reduced by virtue of an increased impermeability of the body and , 

;::.:. very lo·.; conccn::rations, by the retention of sodium ions := rom the 

urine. The sodium uptake mechanism is only saturated at 10 mN/l 

Nav ~ in G. zadachi and Q· tigrinus and at l - 2 Mm/l NaCl in G. duebeni. 

Thus there is a greater affinity for sodium ions and greater intake 

of soGi um to compensate for the loss of ions (Sutcliffe 1968). 

However, the b l ood concentration is maintained at a high level of 

a~out l.l l:li °C (Beadle & Cragg 1940, Sutcliffe and Shaw 1968, 

Sutcliffe 190~). 

The freshwater species in common with the brackwater species 

have high impermeability, control of sodium loss in the urine and 

efficient sodium transport mechanisms. They differ in having a low 

+ blood concentration, - 0.5 .6. i (Beadle & Cragg 1940), relative to 

the brackwater species. The concentration of ions required to 

maintain the low internal concentration is less, and therefore 

these animals can and do live in very dilute environments. 

An essential difference between the brackwater Garnmarus 

species and the freshHater species is the difference found in the 

blood concent:.:-ation levels, since this determines the amount of ions 

required to be transported into the animals. The blood concentration 

of Grandidierella lignorum has a .6.i °C of 0.75°C and lies between 

the values for the brackwater species ( .6.i about l.l°C G. duebeni) 

0 
and the freshwater species ( .6. i about 0. 5 C .Q.· pulex). Furthermore, 

the lowest concentration of water in which Q· lignorum has been found 

(Lake Sibayi) has a NaCl concentration of about 3.7 rrM/1. 

+ (Calculated from the mg concentrations for Na , and Cl for Lake 

Sibayi given by Allanson & van Wyk 1969). This would indicate that 

the amount of sodium required to maintain internal concentration 

balance in G. lignorum is less than for the brackwater Garrmarus species, 

since the .6.i is lower the sodium transport system may not be required 
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to work at maximum c~pacity. Similarly, since the externai 

concentration of sodium is much higher in Lake Sibayi compared witi1 

that to which the Irish G. duebeni are exposed, the transport sys tem 

of ~· lignorum is able to cope quite adequately with the intake of 

sodiu;·:, ions needed to balance loss. The concentrations of salt in 

Lr.ke Sibayi do not seem to require the special improveraent of s.:1lt 

balance control mechanism required by Irish ~· duebeni as com?ared 

with English ~· duebeni in the very low salt concentrations of the 

Irish \-:aters. 

It is significant that ~· lignorum has not been found in 

the truly freshwaters above the heads of the estuaries of the 

Eastern Cape Province. In such a situation sodium concentrations 

may easily drop to values where ~· lignorum, like English ~· duebeni, 

c~~ survive for a period, but cannot maintain themselves since the 

sodium transport system may be strained to maximum capacity. This in 

itself may suggest that only a single physiologic al race of G. lignorun 

is established in the estuaries and the coastal lakes in South Africa. 

It :1.•S therefore seemed a reasonable assumption that the 

animals from Lake Sibayi are physiologically identical to those from 

the Kowie estuary, and that other physiological responses shmvn by 

the Kowie population may be reasonably expected to occur in the 

Sibayi population. 

Laboratory studies on G. lignorum to various conditions. 

Having established that there are no obvious reasons to 

believe that Kowie estuary ~· lignorum would behave abnormally as 

compared with amphipods from Lake Sibayi, investigations into the 

responses of ~· lignorum from the Kowie estuary to a variety of 

factors which may operate in determining the distribution of the 

amphipods in Lake Sibay~ were attempted. Each factor has been 
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dealt with under sep~rate headings. 

1: Substrc~· choices in G. lignorum 

The results of the field survey of substrates is reported 

previously (Lake Sibayi, Boltt 1969, p. 252, Lake Nhlanse p ' 13) . 

The substrate of Lake Sibayi falls into two clear categories, sand 

and fine silt . Evidence was presented showing that fine silt 

substrates tended to be barren of animals. It was also shmvn 

that the percentage fine silt in the fine sand subs trate did not 

appear to have an effect on the distribution of the animals in the 

substrate (Boltt 1969, p. 265). Nevertheless these points were 

checked in the laboratory, especially in an attempt to establish ti1e 

importance or othenvise of silt in the substrate. 

Materials and methods 

Animals tvere obtained from the Kowie Estuary. :oice 

chambers were constructed from shallow plastic trays, 33 em by 

26 em by 4 c;-n. The tray was partitioned in half by a high wall of 

plasticine and each side was then separated into 7 compartments by 

low ridges of plasticine about 1 em high. Into each compartment 

a separate grade of sand particle was placed up to the edge of the 

plasticine wall. Sands of different grain size was initially 

obtained from the substrate in which the animals we~e found in the 

Kowie River East Lagoon. However, this sand is very defi cient 

in grain sizes of both larger and small diameter. Sand from a 

local river was used to complete t he size range for use in the 

choice chambers. The sands were aged for 24 hrs in water from the 

l~?.oon since Meadows (1964 and 1967) has shown the importance of 

~auna on the particles in choice experiments. 

size came from the Kowie lagoon substrate. 

Results 

The silt particle 

The results of the experiments are tabulated in Table 16 
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Table 16 

Numbers of G. lignorum in substrates of different ;;rain sizes. - substrate (51. 7% The animals ov:: ::.--whe lmingly chose the fine silt 
p:: < 0.02). There is no significant difference between t~1e 

highest percentage and the lowest in the other 3rades of sand 
(cf C c:.nd D where p < o. 2). 

Trial .:--lo . l 2 3 4 5 6 7 8 9 lO Total % 

Particle size 
nun 

A -2::.0 3 4 5 6 0 0 0 l 5 7 31 6.5 

u 0.5-2.0 0 2 1 0 1 12 4 9 3 7 39 8.2 

c 0.25-0.5 1 1 5 4 14 4 2 8 9 2 so 10.6 

D 0. 125-G. 25 l 1 7 l 3 2 2 2 l 2 22 4.7 

E 0.074-0.125 1 3 4 3 14 2 8 l l 2 39 8. 2 

(;'" 0.040-0.725 2 3 5 lO l 14 4 4 l 3 47 9.9 

G 0.040- 19 13 13 27 24 28 26 27 36 31 244 :: :.. 7 

Totals 27 27 40 51 57 62 46 52 56 54 472 

:\ote: Trials l-4 i;.cL.J.sive '"ere arranged with particle sizes in 
sequence, whereas trials 5 to 10 were arranged with particle sizes 
randomised by dra,ving numbers from a hat. 

Fro;n the table it is clear that the greatest choice was for 

the fine silt material. A simple 't' test between sand size C and 

G gave a probability greater than 0.02. A similar test between C 

and D, representing the greatest dif2erence in choice between grain 

size other than the fine silt material, was not significant with 

a probability of less than 0.2 in Fisher's tables. 

Discussion 

These results are very interesting especially when regard 

is paid to the method in which Q· lignorum usually builds its tubes 

in the '-.:.e ld. The tubes in which the animals live are constructed 

from sand particles cemented together from secretions from glands 

housed in the pair of legs immediately behind the gnathopods. 

The bur=ow is the~ often lined with fine material. The behaviour 

as seen in the laboratory is as follows. The first pair of 

. . ~e~nae are used to collect sand grains . These are passed to the 

:::outhparts '"here they are Harked over in a scrubbing r:1otion r.:uch as 

has h:!:m described for Bat~~yporeia pi los a and B. sarsi (Nicolaisen & 
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Kanneworff 1969) although these latter animals do not construct a 

t~.;be. The particles collected by Q· lignorum are then fitted to 

the r.1out:1 of the tube ar~d gu;nmed into place by the secretions from. 

the legs as t~ey r.1ove ~~ck and forth as though the animal were 

"sewin:;' · the grain into place. 

G. lignoru~ may be induced to use artificial tubes. 

The animals were offered short lengths of glass capillary tubing of 

a suitable di~~eter. In order to get the animals to use glass 

tubes, animals ure put into a container with no s~nd and having a 

selection of tubes of differing diameter and about 1 c~ long. 

Within a snort while the animals will have takE:n"up resic: -::e 

,.; .. ::i1in the tube. If a number of animals in glass tubes is retur.-ted 

to a sandy substrate, a small percentage of animals will retain the 

glass tube and continue building the burrow from the mouth of the 

glass tube. The glass tubing is not wholly acceptable since, 

being inflexible, unlike the sand tube, the animal may often have 

difficulty in turning around. 

In glass burrows the behaviour for lining is easily 

observed. Apart from scrubbing of sand grains, G. lip-r1orurr. also 

filter feeds by straining out the suspended material in the water. 

The antennae and gnathopods are held at the mouth of the tube so as 

to form a net of setae from these appendages. A current is set up 

throu6~ the tube with the pleopods and fine material is filtered 

from the water coming into the net. The material is transferred to 

the mouthparts and eaten. Passage of material through the gut is 

rapid. Carmin2 particles fed to the animal in this way appeared 

in the faeces 20 minutes after ingestion. At defa~~ation tte 

animals turn tht: abdomen forward in the tube and collects the 

faeces in the gnathopods and mouthparts as it is extruded from the 

anus. The faecal pellet is then re-eaten. After a certain number 

of passag~ :~ ch~oug~ the gut the animal then collects the faecal 

pellet and plasters it onto the wall of the tube. So~~<<: time 

' 
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lig . 26. Perspex pressure chamber used to subject 
G. lignorum to pressure . 
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later the fa~cal ;~llet may be removed from the wall of the ti.~a 

and reprocessed ~hrough the gut. 

Althbugh t~e main fabric of the tubes is often buiit of 

sand grains rather than silt, the animals are perfectly capable of 

using silt. Loose Qaterial is bound together with sticky secretion 

and moulded into place. Given a single choice of either grains or 

s ilt, the animals construct the tube without difficulty from fine 

m.::terial . In all probability the choice or silt in the experiments 

cited i s not so much a choice of particle size as of material on the 

particles for food. The evidence suggests t~at Q· lignorum is not 

dependent on the particle size Qf the substrate for determination of 

distrib~tion but ~ather on other factors in the botto~ of the lake. 

This ~ccords well with the results obtained for sandy type substrates 

where the percentage of silt in the substrate did not appear to 

influence the distribution of animals in the substrate (Boltt 1969, 

p. 265) . . I t does not explain the absence of animals from the great 

. ~ jority of silt substrates (Boltt 1969, p. 261). The only 

interpretation permissable at this stage is that conditions of the 

water clo s .~ to the substrate are important rather than the material of 

the substrate itself. 

2: Pressure 

It has already been suggested that pressure may conceivably 

form a barrier to the penetration of Q· lignorum to depths of greater 

than 25m in Lake S~bayi (see Boltt 1969, p. 266). In order 

to test this possibility a pressure chamber was constructed . 

(Fig. 26) • The main body of the chamber was turned out of laminated 

perspex. removable lid was retained by six brass screws. Since 

0 rings of a suitable diameter were not readily available , a channel 

was cut on the face of the main body of the chamber. This Has then 

used as a trough in which liquid rubber was built up and allowed to 

dry. When the rubber ring so constructed was a few ~il limetres 
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above the shculder of t~1e groove, it formed an excellent seal bet\veen 

the face plate and the body of the main chamber. Pressure was 

measured by a Smith oil pressure guage connected by ~tandard fittings 

through a n~rrow bore copper tube to a narrow bore channel leading 

into ~ht· '2-hz.rnber. Pressure was introduced through a needle valve 

attached to a side arm on the chamber. The side· arm formed a dead 

air space v.;~tcn the volume of displaced water \vas pushed into the 

guage. The chamber could thus be kept full of water at ,: ::..J.. ti;·ae s. 

1he needle valve was attached to the laboratory compressed air 

system for p~essurisation by means of rubber pressure tubing. 

seals wer · obtained between the brass fittings and perspex with 

Ar~ldite e:..~oxy cement. 

Good 

Twenty animals subjected to pressure of 4.9 kg cm
2 

did not 

come out of their tubes over a period of 6 hours. This p:.:-essure 

represents a· de?th of approximately 48 metres depth, a much greater 

dep~h than that encountered by the animals.in the bottom of the lake. 

There seems to be no a priori reason why the animals should 

react to pressure s~ve that amphipods have been demonstr~~~~ to 

react to small changes of pressure which they use as a signal fo~ 

migration with the tides (Enright 1966). 

3: Light orie~:ation 

Grandidierella lignorum normally lives in tubes in the 

sand, a:1d at least during the day does not venture far from the tube 

although it will stretch out to gather sand grains from around the 

tube to scrub with the mouthparts for food. Animals maintained in 

covered polythene containers in their natural substrate in the 

laboratory, had to be vigorously aerated. If this ae ration broke 

down, and the container became stagnant the animals abandoned their 

burrows a~- col lected on the side of the container ~::..o sest to the 

light. Thus the animals showed a strong photopositive response to 

li;;:C.t whe:-. "unfavourable" conditions occurred. Four questior,s 
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Fig. 27 Choice chambt!r for light and dark expcrimcnl . on g_. lit;norum. The 
hatched portion of the chamber was covered. , he louvres cut do\om 
light entering from the open region of the c} . tbcr . 
The sump and aeration -vmre added in later exp ·imcnts (see text.). 
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are r . ·.~:<t: A. Are the animals normally phtonegative in response 

in ~ood conditions? B. Will the animals migrate int 0 dark conditions 

to turrou? c. Will the animals remain in dim or totally d~~k 

con~~ ~~ons in the burrow? D. Whet constitutes an unfavou~able 

CO';t.d i tion? 

A c onsideration of D is left to later sections on the 

responses of Q· lignorum to gas concentrations i n the environmental 

\vc:.ter. ':he o:::,er questions were answered by some simple experiments 

with light in choic0 chambers. 

L! ·.':.e response of .Q_. l i gnorum to deteriorating co;.. ,.::i.. tions. 

A long trough 90 em by 10 em was built of wood and lined 

One half was painted black, and the other \vhite. 

Substrate from Kowie estuary containing its natural fauna was pl~ced 

along the length of the box to an even depth of approx imately 0.5 em. 

Water over the substrate was circulated by means of a p0ristaltic 

pump taking out water from one end, and returning it to the other. 

The black half of the box was covered with a board and light proof 

material. A light baffle or louvre was placed at the junction of 

the light and dark portions of the box. The louvre had the slats 

wiG : , placed so as not to impede the movement of animals from one 

portion of the choice chamber to the other. A 100 watt light bulb 

was placed over the light half of the chamber to provide illumination. 

Measured values for the light in the light side were c.. 300 ft ca. 

and in the dark half away from the louvre c. 0.35 ft ca. Just 

behind the louv~e the light value was c. 15 ft ca. and half way 

a lo~g the covered part of the choice chamber c . 0.45 ft ca. The 

light values were measured with a light meter specially constructed 

f~~ the purpose (see Appendix II). 

In spite of the slowly circulating water,conditions 

deterio·rated as 2videnced by the peculiar "estuarine" ociour of the 

water. It is believed that this comes from the bacterial pop~ :ations 



100 

on the sand grains. After 24 hours the animals we~e extracted 

f~c~ the sane in each half of the c hoice chamb~r and counted. 

The results are presented in Table 16. 

Table 16 

Numbers of a:::phipods recovered from substrate spread evenly in 
the dark/light trough i n each of the four qu~rters. The light 
values f or the four quarters were the same as in the previous 
experiment . T~e qc~ ~ ~ers in the box are numbered 1, 2, 3, 4. 
Qua·.:-ters 1 and 2 were covered and are therefore "Dark". 

Dark Light 
1\nimal species 1 2 3 4 Total 

G. li:-;norun 

C. triacnor.yx 

1C(3.4%) 72(13.4%) 318(61.2%) 111(21.3%) 519 

42(8.3%) 117(23.2%) 258(51.2%) 87( 17 .3%) 504 

Uro:::ha2 s <:: .:ru li­
c :::.ctylcs 25 ( 4 . 2/~) 77(12.8%) 30~(50.6%) 195(32.4%) 601 

It ~s clear from the ~esults that t he amphipods move away from the 

dark .~a into t~-;.e light showing a photonegative r e sponse . 'lowards 

the last hours of the experiment many ~· lignorum were seen swi~ing 

at the surface of the light half of the chamber and also on the 

walls of the chwnber. 

ii). The porrnal photoneg~tive response of G. lignorur~ . 
c... ~:=:-:r"t 

The apparatus previously described was set up. 

Temporary partions of plastic were inserted to give four isolated 

chambers along the length of the box and into each of these about 

70 animals were introduced, but without substrate. The partitions 

were removed, the dark half covered and the experiment allowed to 

run for 3 hours . The conditions in the chamber did not deteriorate 

in this time. The results of counts of animals in the light half 

of the uox and, by substraction from the total population, :n the 

dark half of the box are given in Table 17 . The light values in 

~··'-· • sice of the c hoic e chamber were as in the previous experi:nent. 
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Fig. 28 Diagram of plastic box light/dark choice 
chamber. Cross hatched area coveLed with 
light proof material. Stippled area 

indicates substrate. 
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Table 17 

. ,. :rcentagcs o: G. lignorum in dark and+ light after pe-riods up to 
3 hrs ir. li~ht /dark c:tOice chamber. - 70 animals put i.;-: .:0 •. ;~h 
of the four quarters of the length of the box initially. ~~e 

animals were deprived of sand in wh:i.ch to burrou. 

Dark Light 

l hr 85%( 240) )'( 15%( 40) 

2 br 89%( 250) ll%(30) 

3 hr 86%(241) 13%(39) 

··k I '\1 ,Ho. in brackets ind:.cates number of animals in each half of box) 

Q· lignort.:m in a sub..:;trateless envir(:.~;;-,ent tend to move around 

constantly. If the animals were not behav ing photonegatively one 

would expect them to be evenly distributed throughout the choice 

cha.-nbe r. It is therefore clear from the results of t~is experiment 

that Q· ~:.~norum will rnove away from the bright light into dim light 

in a short tiffie in good condi t ions, thus demonstrating a photonegative 

behaviour. 

Not· only wil l Q· lignorum move into dim conditions, but 

these animals will also build tubes in substrates in practically 

dark conditions . In order to reduce the amount of light in one side 

of th~.- .~vice chamber, an alternative apparatus was used. A 25 em 

by 16 em by 10 em plastic container was divided by a perspex screen 

for 4/5 of its length (Fig. 28). A light tight cover was fitted 

over as shown in the diagram. Chemically pure sand was placed in 

the dark h~lf of the container. A temporary partition was placed 

in be..:;Teen th~ dark and light portions of the chamber and 30 

G. l:i.snorum were introduced into the light section. The pu.:::tition 

was removeG · .. -:: six hours later 18 of the 30 animals (60%) had moved 

into the dim cond:.tions with less than 0.01 f t.ca. and burrowed. 

• ~- :;_ . ) G. lignon:::. remains in the substrate in dim or dark conditions. 

The ~?]aratus was once again set up as previously described. 

Hmvever, in the circulation path from the peristaltic pump a tall 

container was added. \Vater was siphoned into the con t ainer, and 

this was vigorously aerated . The aerated water was t hen ?c~ped 

round to t he other end of the choice chamber (Fig. 27 ). Thus 



103 

optimal conditio~s were maintained throughout the duratio~ of the 

In t~~ s experiment substrate from the Kowie estuary with 

c:::1phipods in ::.~ ....... s pL::.ced in ·~he covered half of the trough. The 

systa~ was maintained for 36 hours. After 24 hours 19 animals 

c:ppcared in the light half of the chamber and after 36 hours a further 

9 m::..a • .::ls ap;;Jeared (Table 18). The light values for the four 

quarters of the chamber were as previously reported. 

It is clear from this experiment that animals will rewain 

in their tubas in very dim conditions of light. 

Table 18 

:~bers of animals recovered frow dark and light side of tro~gh 
wnen conditions are not allowed to deteriorate. 

t\urnbar 

Dark side 

195 

87. 4/. 

Light side 

28 

12.6% 

The experiment was repeated using the apparatus figured 

in Fig. 28. In this apparatus the light values were reduced to 

lesG than 0.01 ft Ca. Water was circulated and bubbled as in the 

- ·•vious experiment. The experiment was run for 72 hours. At 

the end of this time the numbers that had migrated to the light 

side of the box were 49 consisting mainly of small individuals. 

One hundred and twenty animals remained in the dark portion of the 

chainber. It is quite apparent that the animals will cvntinue to 

re.-.•~~·~ in thei:c burrm-:s at extremely low light intensities. The 

c::pp"'<..rance of ~. few animals in the· light was due to a general 

tendency for the animals to spread over the available space.(Table 19). 
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Table 19 

Nu~bcrs of animals recovered from dark &nd light side of choice 
c~a~bcr with very da rk conditions, when c0nd i ~~ons are n ot allm;ed 
to detcr~or~te. The animals were placed in t~e dark portion with 
the substrate from Rouie. Light values in the dark side of t.1e 
chc.mber were less than 0.01 ft Ca., and± 50 ft Ca. in tr.e light 
section. 

Dark side Light side 

No. of anuaa .:....; 120 49 

Percentage 71% 29% 

Discussion 

: presence of light by itself does not appear to 

&Efec~ the o~haviour of Q· lignorum in tubes in the substrate. 

'.i:'he behaviour of the amphipods in artificial glass burrows .::1ppears 

to be perfectly norr::al compared ,.,ith ,.,hat can be seen of the 

ani~als in sand grain burrows. Further, unlike the mud prawn 

r·:J o p;~bia africana which tends to close up rrwinCowsn in burro'tvs 

built on the side of a glass aquarium, G. lignorum will build 

burrows ~sing glass as portion of the burrow wall. Once in a 

burrmv, the a..-nphipods appear to be indifferent to light, or indeed 

to the absence of light. Only \vhen the animals are out of bu::::ows 

~o t~cy respond to light. Under optimal conditions they beco~e 

photonegative. This mechanism will get them ~ack into the substratu 

at the bottom of the lake. Under unfavourable conditions they 

becmr.e .., .. o:::opositive which will get them into shallo:-rer water which 

is more likc ~y to be favourable . Thus the light respons~s of 

G. liznoru:u oy ;: .. '-.. ,selves will no t serve to affect the dist:;:ib~tion 

oi animals in <:he bottom of the lake. Only "unfavourable" 

condit::.: ., appear to get the animals out of their tubes in large 

n-...:::-.bers. T!'le question of ~;hat constitutes an unfavourable 

condition is therefore of paramount importance. Together >·lith 

the li.:,·· :: responses, some understanding of the reasons for the 

pattern of ciistrib~t ion might be gained. 
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20 Q· lig~orum and 20 ~· digital~s were allowed to burrow in 
acid t~eated sand in the experimental chamber. At time 0 
in the experiment C02 was added at the rate of 40 mmHg/hr. 
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Fig. 30. Q· lignorurn were kept in a container wh~ch was open but not 
aerated. The drop in pH and the number· of animals out of 
::.~.::.e s is shown. A and A' Fresh substrate and animals. 
At the end of the A experiment the container was aerated for 
12 hours. B and B' show the course of events when the 
aeration was turned off for a second time. 
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4: Ec~aviourn l responses to oxyqen, carbon dioxide a~d hydrogen 
sa :.phi(~L . 

I nt rod1:ction .. __ ;3s q rc-:.~l.cms. 

I~ :-.as be.:...n shown ir. experiments with light responses that 

certain "ur.:avour.t::. ~ · conditions" reverse the normal photonegative 

response of _g_. lignoru:.~ to a photopositive response. This may well 

play an i mport c.:nt part in t~tc determination of the pat ... ern of 

distribution of the animal in Lake Sibayi. However, smae idea of 

-o;v-nat consti~utes an "unfavourable condit ion11 i s necessary. 

,\ ~>;:-i ori the most obvious conditions which uay aff~c~ the 

light response s are to be associated with metabolic waste pro~ucts 

of the benthos and possibly the reduction of 0
2 

to critical levels 

for _g_. l:i. ~;no::.·um which may not affect the other fauna ~s much. 

The metabolic -o;v-astes of importance are co
2 

and possibly the products 

of dea;11ination of protein for respiratory purposes. By chance it 

\vas discovered that co
2 

·induced Q_. lignorum to abandon their tubes. 

li{nen this effect was compared with the response of !:..· cigitalis to 

a similar introduction of co
2 

to a system, it was foua~ that the 

latter species ~ocs not abandon the substrate until a much higher 

~-lue of co
2 

concentration was reached (Fig. 29 ). 

The importance of stagnating conditions is shown by the 

response of the animals in the laboratory. Substrate from the 

iZo-o;v-ie estuary with its normal fauna, and kept in a container which 

is no~ vigorously aerated, stagnates, and after some hours 

G. lignorum abandons the substrate and comes to rest on the sides 

0r t:. · container . During this time the pH value of the water falls 

(Fig • . 30 ), as ~ocs the oxygen concentration. In the expe;:-iment 

reported, after one period of stagnation the system was once again 

aerated, and then allowed to stagnate again. The difference in 

tie two : ·ci s of pH for each period of stagnation in the experi ment 

represents the effect of uptake of carbonate from the sed~~~~ c . 
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(This is a well knmvn phenomenon occurring in the bottom of lakes 

c f. Mo=timer 1941/42, Hutchinson 1957, Ruttncr l963).The alkalinity 

had ri sen from 2.62 rn eq/1 at the beginning of :he experimc~t to 

5.69 at ·- :J of the experiment . In order to try and separate 

. 0
2 

concentration, o
2 

lack, and other factors, 

apparatus w~s built in which controlled conditions could be 

obtained. 

I~ orG~r to allow f or experiments lasting sometimes many 

nours, to ensure the adequate passage of water through the 

experimental chamber and across the electrodes (02 probe r equired 

at least ii../hr), an~ to g:i.ve reasonable economy in the quantity of 

se .:: ~va..:~r used, a recirculating system was designed. The general 

arrangement of the apparatus is shown in the diagr~a in figure 3i. 

Essentially the water in reservoir B was treated so as 

to allow for varying gas concentrations. The water was then 

siphoned through t~e experimental chamber, across me~suring 

electrodes and flow meter to a sump. 

recycled back into the reservoir B. 

The efflucpt water was then 

Great difficulty was initially experienced in controllin; 

t~e rate of co
2 

added into the water of reservoir B. It was hoped 

that measured mixtures of gas bubbled through an air stone ~·· the 

main reservoir would result in either stable quantities o£ ~i ssolved 

~~~ or maintain constant rates of gas increase . This method used 

by Ed~ r c-.rds and Learner ( 1960) on oxygen consumption experiments on 

Asellus, proved unreliable since although the quantitites of gas 

SU??liad to the air stone could be accurately controlled by rotameters, 

fluctuating pressures in ::.i-..e laboratory compressed air systc.-:-., ._ .. ~ 

:rorr. tne pressure regulator of the co
2 

cylinder did not allow steady 

states to obtain ~or 3ny length of time. It was found that better 

control could be ef~ected by mixing gas saturated water <-t controlled 

rates of flmv into a standard volume in the main reservoir. 
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Fig. 32. Rc~ul ating valve used to control th0 flow of 
COz sJturated water from reservoir A to 
reservoir B. 
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A detailed description of the various parts of ~he 

appar~tus ~ollows. 

Reservoir A 

A 6 li.c.r8 j · ·:::lc '''ith a stopcock outlet acted ;..s a 

reservoir for uate rs saturated in co
2

. It was discovered that 

slight pressure changes with sa~urated co2 water tended to evolve 

bubbles ic t~e flow ra~e control system and upset it. It tv as 

found that the wa~~L in reservoir A should be bubbled freely with 

gas for some hours (o.t least 2) and then a layer of liquid paraffin 

uas used as a-..1 oil seal. Liquid paraffin takes up quantities of 

g;:s but allows very slow diffusion of gas to the atmosphere once it 

has reached equilibrium with the concentration of gas in the u.:i:er 

beneath t~e oil seal. After a week of standina with the bung op~~ 

to the at~osphe~e the change in concentr~tion of co
2 

in water u~d~r 

oil was hardly 6etectable. Consequently, durina the run of an 

experi~ent, gas was not bubbled through reservoir A. 

The ·water in reservoir A was metered into the main 

reservoir B throu;;h a regulating valve of simple construction. 

Initial trials with needle valves or a capillary drip feed proved 

unreliable. 

?ig. 32. 

The construction of the regulating valve is shown in 

A micrometer screw was used because of the low angle of 

pitch o f· che screw allowing for fine control. The amount let 

through was metered through a Fisher & Porter Company precision 

bore Flowrator tube Xo. 02.F 1/8.20. 5/36. 

Reservoi~ B 

·.;ater. 

Reservoir B was initially chJrged with 3 litres of sea 

The surface of this was covered with liquid paraffin to 

da~p the rate of gas loss. The water was stirred with a long 

stewmed Gallen!<amp raechanical stirrer to pro:note mixing of the 

return flow and water from reservoir A. 
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Fig. 33. ~wo views of experimental chamber. The 
sc~2e~s preventing the escape of animals 
have been omitted in the lower photograph. 
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\·.J...:ter uas leci from reservoir B throug~1 a threeway stopcock. 

On3 am \1 ~-. s ::.ed to .::m automatic siphon which maintained a reasonably 

cons t3~t level in the reservoir. It was found that a large bore 

-:::hrec\vay stopcoc:( uas necessary to ensure that the automatic 

si?hon was not unduly influenced by resistance to flow in the 

stopcock sup:;?:;· .:..1g both itself and the experimental chamber. 

A..1 experimental chamber was constructed out of perspex. 

~he inilm..r opened into an antichamber and thence throur;h a pc.rtition 

with holes drille~ at angles to fac ilitate mixing of water. Screens 

of nylon mesh were introduced to prevent animals escaping from the 

chant::,cr. Tests with dyes showed that fluids advanced evenly through 

th-=. chc:mbe r leaving no backwaters of stagnant water in the chamber. 

A Phillips Harris model pH meter wa s connected to an 

Act ivon co~bined glass/reference electrode. The electrode was 

housed in a parspex chamber designed to allow free ~low of water 

&cross the glass electrode. 

Oxygen probe. 

The details are seen in Fig. 34. 

A Beckmann oxygen analyser was used for estirr,ations of 

o
2

• The probe Has housed in a perspex chamber built by Eill 

(1967). 

Carton ~ioxide ?rob2. 

Titration methods have been described for freshwaters 

by ~:ackereth ( 1963) aml "Standard methods for the exa~ination of 

\vater and \vater waste" (12th ed. 1965) . Mortimer (1941) used 

}laucha Is method c~~ . ...:cha 193 2) and Milburn & Beadle ( 1960) workir<g 

in the spec i&lised swam? conditions evolved a conductrimetric method. 

Titrar.1etric methods have the serious disadvantage in that they are not 

easy to continuously monitor the changes in concentration of co
2 

in 

tile water being exc::,~·. ~ned. Alause ( 1968) has demonstrated t::at there 



The pH probe 
mounted in a 
c:1.:i~1bc r so that 
water flmved in 
t:h<:! botto.a 
<:ro;.J:<d the glass 
b;..:lb, a7td o-.;t at 
the to~. Ducts 
fro:n the top of 
th~ c:i.1.::.mber 
cnsu::0d that 
buo~les ~vere not 
trc.pp-=d. 

Fig. 35. pC02 probe in 
uater bath 
with heater 
stirrer. 
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is ~ straight line ~elationship between dissolved free carer.~ dioxide 

znd p .. for any o;;.c fresh water. He has also shown that for 1.-1;: .: ::- s 

of di{f~r~nt salt conc~ntrations (def{~rentcs salinic~s) these 

s:r~~ght liccs represcn: i~g the relation between the iog 

co·,,c.;::.:rz.tio .. of co
2 

and pH are parallel for any one alkalinity 

concentration . Alause claims that the results are more reliable 

:tan b~ck-titration methods. 

An even more conven~ent method is available usin6 ~ 

s~vekinhaus electrode (Severinghaus & Eradiey 1958). This instrument 

is routinely used in the measurement of blood co
2 

in man. G&~bino 

( 1961) demonstrated that this ins trur.1ent was very accurate for 

measuring blood pco
2

, but emphasised the need for temperature 

co~trol. The applicability of this electrode to other systems 

is given by Severinghaus (1960) where he advocated the use o ~ it 

in satelL . In this case he suggested a polythene membrane 

insteac of teflon co stop water vapour loss from the electrode. 

Poly:hcne membranes render the electrode slow in response. The 

best membrane is s·ilicone rubber, but was not available. Sevcringhaus 

also noted that the electrode operated at low temperatures requires 

a relatively long time to come into equilibrium with the sample 

In order to continuous ly moni tor the pco
2 

concent ration 

in the experiments to be reported, a Severinghaus electrode model 

9987100 supplied by National Helding Equipment Company, ~iedical 

Divisio:1, u.s.A. Has employed. The electrode was connected to a 

Beckmann S-22 Expandomatic pH meter, readable to within .003 pH 

units on an expanded scale. The sar..ple passing the electrode 1.-1as 

1.-7G.rmed to 35°C by passing it through 15 em of narrO'\v bore ~:J'lon 

tubing in a thermostatically controlled waterbath controlled to 

O.l°C by a heate r stirrer. The sample was cooled back to the 

temperature of the constant temperature room on its passage through 
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pipes b~ck to the reservoir. The water bath and electrocc ~s 

:..: .vun in Fi:_;u;:c 35. 

C~libration. 

c~ii~ratio~ of the response of the electrode is no~.ally 

obta i ned by p.:1s sin3 gas mixtures of accurate l y known concent rations 

ECross ~he sensitive membrane of ~he electrode. Gc:.s mixtures of 

known concentration were not available. Attempts at mixin~ gas 

by t~kin; u? ~easured volumes in slass syringes g ave very erratic 

results and 'lvere no t repeatable in immediately consecutive trials . 

Thi s method was therefore abandoned. co
2 

was bubbled through sea 

Nater for 12 hours 30 as to allow of saturation. Carefully measured 

~ ~~ntitic s of saturated water were then diluted with co
2 

free water 

in a gl~ss syringe and passed over the electrode. The saturated 

water was cons idered to be in equilibrium with ai r pressure and to 

have a partial p r es s ure of 100% of 760 mm Hg co
2

• Neither of t~ese 

assu~~tions is strictly true since t he barometric pressure fluctuates 

t:~ily, and slightly supersaturated conditions may have occurred due 

to incr0ases of wa~er pressure at the bottom of the container 

being bubbled relat ive to the free air space above the water. 

However, in the interests of being able to monitor the co
2 

continuously 

with the apparatus the se inaccuracies were accepted for the present 

purposes. The pH readings obtained for various percentages of 

dilution of saturated waters were then plotted on semi log graph 

pc:.per, thus giving a calibration curve. Calibrations were repeated 

Hith most of the expe ri:.lents although the same calibration curve 

vlas used for irr.:nediate ly consecutive experiments on the sa:ne day. 

Specimen c alibration curves are presented i n Fig~ 36 • 

.'. li:·.c.. Has drc:.·m through the points of the graph by eye. The 

various calior ation curves h~d different slopes and positions on the 

graph, indicating drift in the sensitivity of the electrode and 

?Ossibly tte effects of dilution over a long time by water vapou~ 
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Fig.36 . Specimen calibration curves for Sevcringhaus 
electrode . 
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ei~her being added to or removed from the electrode. 

each c~ ~ ~brJtion curve was self cc~sistent in that the cxpec=cd 

s~r~~;ht line relationship between the pH value and the ~og of pco
2 

pcrc~~t~;a concentratio~ was obta~ned. Errors in dilution of t~e 

saturateci Fater 'lvere shmm up by points off the r.1ain line of points 

on the curve a~d could safely be i&norcd. Enough points were in 

~ine so ~h~t t~c dr~wing of the curve by eye couid only result in 

s~all cnang~s of slope. The effect of this would be to shift the 

parcent~ge co
2 

value by about 2% at the ~ost. Any greater accuracy 

~t th~s st~;c Wus not considered meaningful, since accurately 

c 2libr~tcd glassware for dilution was not available. Attempts at 

~ixing s~tur&ted and co
2 

free water, using burettes with the water 

covered with paraffin oil, gave greater scatter than using a syringe. 

~--e cil. over the fluid in the mixing chamber quickly dissolved .co
2 

:.:::-orr, the .; .. -~r and upset the nominal concentrations of co
2

• ':'>e 

v&lues of co
2 

therefore must be accepted with reserve, but do give 

a gooc in0ication of the order of magnitude of co
2 

concentration for 

any one experiment. 

~:fluen~ collection ~nd return. 

The effluent water from the pco
2 

sensor was piped through 

a ro=b~eter to ensure that adequate flow of water was going throuzh 

t}~e system. This is important, especially for the o
2 

probe w~ich 

uses small arr.ounts of oxygen and will record too low if less than 

ah~ut l Ltr./hr. passes the probe. The overflow was collected in 

the surr.p C (Fig. 31) and the effluent was sealed with a further 

layer of liquid paraffin. The effluent was then returned to 

reservo:. .~ :a via a simple peri!:i ::.al tic pump. 

~rclimi~ary observations on behaviour o~ ~he ani~als used as 
c::iteria o l: distress a.-:d movement at..ray iror;o a particu::.:1r environment. 

In early trials for maintaining the animals in tGe 
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i.::::.'.Jor.::tory it beca.-:1e cl c :.r that the _Q. li:::;noru:n, ~· triaenonyx and 

U:.-o::: .o:5 ~:::-..· · · ~ c:actvlus S\vim up into the water away from ti1e substrate 

;:::; soo~1 <:s conditions in the maintenance vessel became st:::~nn:1t. 

~s has bee~ ~emonstrated, G. lig:1o~um move towards the light under 

=~ ~se conditic~s. It w~s also accidentally demonstrated t~at CO~ 

~~jbled through the water &cted as an irritant on the anirn~ls, 

~~ovaki~g a positiva li~ht response. The be:1aviour of ,_._ . c.:.s 

was ~tee inves:ig~ted in glass tubes . G. lignorum was placed in 

:t~ cx?c~irncntel chamber and irrigated with sea water. Normal 

activi:ies of the animals included perio~ic ventilation of the 

·.:ith the gnathopods held out to filter materiel 

The animals t urn round in the tube, 

The ~nimals lc~:1 out of 

~~~ e~~=ance to the tube and attempt to gather sand grains which 

:~cy scrub, as previou s ~y described, and then of ten build =~ ~ sc 

i":. ::o l .. Iuch ti1:1~ is spent on scr.:uin~ . "' 
.,.-;:.:.L: o.:. the t ube ;:md 1.-.an:ipulating the scr.1pings with the mouthparts. 

C0i.l~c~ion 0~ :~e faeces from the anus is often seen as is the 

pl ~st~rinJ of cxri~uste~ faeces on the walls of the tube. In the 

s- - ~- t;.. v.:..s th.._ eni~a::-Ls are often seen rr.ovi ng the second and third 

-...c~;s :: :-.:,T.:~1:r. :.c :.: >i ~~nck u.~d forth as thou;;h !1 ,itching up the secretory 

: . · :.ci:::.1:3 c.f t~1c ~~~ll s in the tubes. In glass tubes in w~ich the 

c.n~~~~ s hcve ~ecn maintained for some time, the walls are often 

· ;-,in film of secretion contaminated Hith 

c~ t~c introduction of irritant Co2 water through the 

e::-:_>erir:ler.tal ch.-mber the animals react by a rapid beating of the 

picopo~s provi~ ing a fast cur~ent of water through the tube. T C 
.l..l. 

~~~s ~s ineffcctu&l the animals will turn round in the tube and beat 

i~ the O??Osite ~irection. ~his turning and beating is carried on 

.:_ G ;~ ;:. s ~'lo:::-t L.i:".:e and eventually the animals abandon t~~e tube c.nd 
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sw~m towards the light. 

S~oul~ conditions keep on deteriorating, the animals ba~in 

to becor .. -.! ~.:ncoorciinated ond fall to the bottom of the char.1bcr making 

::ecb:~ u:~coordinated ~overr.ents. There are often vi6orous cleaning 

~~v~~ents o: t~c C· ~: s on the bnscs of the legs in th~ following 

c:-.a;:c.cteri.stic fc:shion. Tl~e abdomen is bent forward and the 

j;:~shes of se:~a o~ the sides o f the pleopods are pushed between 

C~ss~tion of movement begins with the gn~thopods and 

pereio?ods a~d the:~ oi the pleopods. At this stage the anirnais are 

~nacsth~tisc~ ~nd C3n be revived by placing them in fresh sea wc:ter. 

? r esently the back of the animal arches and they can no lon~c~ ~e 

In ::he following experiments, abandonmc:·, : of the tube is 

uscci ~ L~e criterion for the movement aw~y from stressful 

con~~:ions. ~lthoug~ G. li~norum uses the glass tubes freely 

~s bu=rows, tte tun~id Apseude s ~id not and experiments in which 

-·-·~s-~uCL.!'> c-:1. --: :'.t.::i.i.~ ucre used, either substrate from Kowie East 

l ~:oc~ was used or chemically pure laboratory sand was used. 

T>.::. s l<..tter prov.::d quite satisfactory &s a substrate fo:::- all the 

:n all other cases, G. lignorurn was provide d with glass 

:::ubes for ~urrows. 

7he tolerance of the animals to the chamber w~s good. 

71-.ere Has al\.;ays a sr.1all number of animals ot.: t of glass tubes ;:;. ... 

any one time. 7~i s is due to the fact that the tubes are 

"unco:nfortable" unless of exactly the right dia::1.eter and a few 

::r-. in.::ls ~.;ere alv1ays looking for a "batter fit". The resw : .. _ .. of 

c lonbt~lm CA?erirr.ent are shown in Table 21. In this experiment, 

~~ Hate~ surfaces of the apparatus were covered wi~h paraffin 

oi.l , ~c::: :... .. ..:: ;: .... wns :~o addition of saturatec co
2 

water. The a:~imals 

w~1c~ ware out of t ubes were counted at 10 minute intervals ~uring 
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ce~tai~ per~o~s of the run of the ex?eri~ent. 

Table 21 

.':::!:iods of t:. .. ~ d:Jrir:.g uhich the control experiment on the tolerance 
oE Q· ::..:.g·::.J~-.::.: tc ::.h2 cor.di tions in the expcrime:.:tal cha;-r.ber was 
otse=vcd. During each noted period of tirne the animals out of tubes 
:.n the chCLr:.:.;~r ~.::.s no::cc as \7cre Oz levels, pH, and P.co2• 
Jjse=vations wcr. ~~-- . ined i~clusive for be~inning and end times. 

Tin~e in Minutes l'1ean 
Xv. of ~-..:!.:lCH:_,:3 Bc;i-.;.ning of ::~d of no. }lax. -::-.: .:.n. 

observation obsc~\'a~ion an ir:1<: 1 s ?\os. 
i)eriod period out 

0 100 2 .5 4 2 
6 280 330 4.5 6 3 

iL:- 530 670 2.3 3 l 
3 1320 1340 1.4 3 1 

!.4 1470 1600 l.O l 1 
5 l60J 1720 0.3 2 0 

:..s 1850 2000 2.9 4 l 
4 3300 3330 2.0 3 1 

72 

:;;'ro::: the ':'&ble it is clear that s;:;all ::;.:;::;oers of thi:rty test 

&~iffia:..s w2re always out of the tubes. T:,e mec:n of all the sa771ples 

co~ntcd was :.J with a standard deviation of l~l. The mean plus 

:~ .J s::. ~cdsrd deviations g&ve a figure ol 4.5) so that the occurrence 

of six o.;-.i:.~ -. ls ou::. is ~. ·.:-are enough event to ignore and consistent 

r3.:d:;.;-,gs of 5 or rr.ore have been ta~en as significant in the following 

~::) e~ii7,c·.1. t: s. 

T:-.o s:.: ·;::~ivity or ~:1c :::~inals to oxygen lacl(. 

T:1e syste:n fi2ured in Fig. 37 was used for these experiments. 

7~~ o~yscn t~~s ion was lowered in reservoir B by bubbling nit:roJen 

The level of oxygen was monitored by ~ ~e 

oxygen probe, as we~~ the pH and the CO levels in the wo.t0r. In 

.::~~-::-0:r.ely l. .:·; oxygen conditions of less than 0.5 mg/1 in the 

..::.m<i.ng system, the animals abandoned their tubes progressively Hith 

5C% • . · ~he 30 anim~ls used were out by the time the first 

anim~l3 had ceased to beat their pleopods. This occurred after 

=~e first hour of the experiment. The results are given in Fig. 37. 
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Fig . 37. 

100 200 

Tiwe minutes 

Tr.e effect of two low 02 tensions \. :.: G · 5 ppm 
and 0 1.6-2.3 ppm on ti0 behaviou~ of Q· ii3nor~rn • 
..:·.nimals which stopped all move!rr.ent in the 0. 5 
02 ppm concen~rations shown as E9 • ~o C02 wc.s 
added to the system. 
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i~h-=n tl:e cxygcn levc:is Here :::-aised to between 1.6 and 2.3 mg/l the 

a~i~~~s were unaffected . 

C~::bv-:1 Dioxide. 

It h a s b~en shown that the addition of co
2 

to the water 

wi ~l cc~s e c. li~norum to a~ando~ ~= ~~bes in the su~strate . The 

l.'i1e question of wb.ether the ~1yGrog'-:1 

::.on u.:.s i:a:poi..·tc..nt, rr.:::~er than the co
2

, raises itself. In or-der 

t~ stu~y c::~ effects of hydrogen ion without the effects of co
2

, a 

con t a iner was set up \ Tith anim~ls establis~ed in Kowie estuary 

Tl1e container was sti:.:-red with a ::,ec>.· .·.::.cal stirr~.-r 

to c: l low for :-:-.ixi:-. ·:- .::~:-.ti dilute HCl >vas C.ripped in at a slotv Sj?eed, 

No animals appeared from their 

tubes throuchout tl-.c. whole pH drop from 6. 3 to 6.-~ 5. Tilis is taken 

<.. S evider.cC! that the animals are reacting to dissolved co
2 

rat~1er 

hydrogen ion . 

Initial:y it w~s thought that specific static concentrations 

o: co
2 

t.;ou .... d c :: se the animals to db~nclon their tubQs. Howev_. ,:, 

this is not the c&sc since the animals will return to tubes, after 

::avi·:.z be:cn d::::-iven out by an initial introduction of co
2 

into the 

.sys te;r:. An extrer..e case of this is illustrated by the results 

?re s~r.t~d in Table 22. 

:-:~ch r..ore important in stimulating the behavio~r of 

G. > ·:: .. oru::: ::.s the rate of change of increasing co
2 

concentrations. 

:~·.is Has esj_Jeci.:::.ily evident when ar: attempt . tvas made to increase ti1e 

cor.centration of co
2 

only very slowly in order that the animals would 

not be irritatec out of their tubes prematurely. 

In Figure 38a and b, the course of such an cxperi~ent is 

In t:1is 2.::rly experiment whe r e the con trol over the &·-~- ;:ion 
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30 G. drtnorum \-.TC re pl aced in the experimental chamber 
and-exposed to very s lowly rising pco

2 
concentrat i on . 

A; is a record of the pC0
2 

concentrat1on. B; is a record 
of th~ number o f .mimc.ls out of tubes. (Open circles; 

numbers of amohipods out at each 5 minu)(te interval. 
Closed dircl~s; Numbers of animals out averaged for 
each ~0 minuite period.) 
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Table 22 

Tl-:2 re:spon:..:c of ~· lignorum \..rhen exposed to a lli:::;h conccntrativrl 
o~ co2 w~ic~ is ~0pt st~tic, with respect ~o time. ;~2 Oz ~er1sior1 

,,,s 4 . 3 mg/i and ~he 0 water was at 20°C. The water was lo&d~d 
"':.-.:~. ;:: :->C02 of 59 . 8 m. l-ig, which d:copped the pH of the water to 
?~ 5 . 75. ~fter 310 minutes the pCOz was raised to give a pH in 
tl1e ~,T·a ·..:12r of 5.59. 

---
::·.:.. ::. s . ~·!:J~e;: 

0 
\ 

5 
-, 
I 

., 
--~ 

i 
! . ,'""\ 

> 5.75 -~·v 

50 i 

·· ·:: vJ 
} 

?'·"' -~"-' 
i 
I 

3~0 I 

]::_L;. "\ 

37L; > 5o 59 

~~0 J 

Out of 
tubes 

0 

20 

20 

18 

12 

9 

G 

.;, 

0 

Inc :cease pCo
2 

L.O 

, ' 
.LO 

14 

In 
tu~es 

0 

1 1 
.L.i. 

14 

l7 

20 

Rcn:arks 

3 ;:novin6 · only feebly 

2 II II II 

3 II II It 

All recovered . 

0 Hany showin3 uncoorciinc.tior;. 

4 The sarr.e 

6 7 no movement. 
moving r.1Uch. 

Tl:e res~ not 

0~ CO" WC.S very iG?Crfect because of the drip type of feed in the 
L 

g:.:-ec.t vcriations in the nurnbe-.:-s o'Z ;-:.;:-,ima1s in ~--c ... .. . .::·.:.~ of 

tu~cs duri::.rz; tl1e course of the expe:cirt~ent was recorded. In so;r,e 

cc.ses the m.:.·.nocrs of anirr.c.ls out at a particular tir.~e could be 

~atched with a trctrlSient rapid rate of co
2 

rise. Thus, bc:t•..reen 

the l:c~~ and 120th minute of the experiment, the aniwa1s out of 

tubes ~~O??ed from 9 to 6. At this time the pco
2 

rose only 0.5%. 

3et~e~~ the l20th and l30th minutes the animals out of tubes rose 

~;&l~ to 9 &nd the pco
2 

rose 2.5%. Between the 130th and 140th 

;·.1inute t:1e a-;-timals out of tubes re:nair1ed at 9, and the pco
2 

conce.--,tration rose up l.S'i~ .:.:nd returned to its origin.:.:l value 

These data must be interpreted in tne light of the findi:1_::; 
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Numbers of animals out of e.. ·bcs in the experimental chamber , under 
the influence o f di ffcr:.mt rates of pC0

2 
rj !- • Each e;.:pcrimcnt 

started wi h 30 animals in he ch< -·L· ~r. 
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t:-.. ::.: c;v cn c:::. rclntively high concentrations of pC0
2

, ~· ~ -:-: o ::-u:-:: 

•.Ji ll r·~"turn to bu:c:cotvs providing the pco
2 

rer.<ains constant, drops 

cr r ises a::. a v e ry small ra~e. 

In spite of the i~perfect control over the rate of pco
2 

=! sc in t~~s cxpc=iment, and the variations in the nu~~ers of 

-.:-:l.~:.o. l s ou::. o f t ;.: :~:~ s at any one tir.:e , just over hal f of ti.1e anir.oals 

sl.o•.v r:::.tes of pco
2 

:ci s e there is no particular concentratioo.1 ,.;:-.··.:::t 

Hi::..!. d rive t he <:m.imals pe-;:r;'anently fron their tubes. 

In order to obtain an estimate of the mininal rate of r~se 

'-' - ;>CJ
2 

,-. ~ce s s ary :::o ;nove G. li;norUl:1 out of burrows , cxperi:.1:··.1::.s 

He::-(} ;~ e rfo:;..-r:.ed usin_s the micrometer screw regu lating v .:1 lve for the 

c:.C!di :: :.:.0:1 of co
2 

saturated water to the main reservoir of the 

app:::. r c..tus. Even •.;rith this modification, completely SJ:Iooth control 

W3S n o t ob::. ai~ed, although it Has much better. .Records of 

~ Go2 rise are given in Figure 39. The numbers of aniw<:ls 

out of tuoe s with respect to time are giv en in Figure 40. For 

simplicity, t h e average number o1. animals out oi tubes du::ing 50 

::-.inute pe:;:-iods \vas calculated, and is plotted in Figure 4l. 

Tne t :;:-cnds in the data are clear. At more rapid rat es 

o: ~co~ i~cre&se, more animals are driven out of tubes in a sho:cter 
.!_ 

ti;.,c (Gra;:>hs l to 5, Fig. 41). The minim~~ rate of rise used 

which drove : ~imals out of their tubes within 50 winute s, was about 

At the rate of about 14 IT.m H~ C0
2

/hr, 4~0 

uin~tes elapsed before more than 5 animals .were consisently out of 

?ro:n r..y note book record , this ~·as tl1e first ti::le that 

.::ni;-;u:. :..s show" d typical distress syrr.ptoms by clustering at t!:le lighted end 
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the e.xpcr-::nen~al chara1bcr. Severe .J.naes ti1e tic effects appea;::ed 

~~- 450 ffi~~~ t~s when soree individu=ls stopped beat~ng their pleopods 

&i· .. ~ ccas~d all rnovemcn::. Thus, althou~h significant nu~bcrs o~ 

zni~c:s a~~e~ .- out of tubes at low rates of pco
2 

increase, this 

ef~cct =;~ ~~=s at u ti~e when severe physiologicr l distur~ances 

2rc te~ic~ p!ac~, in contrast to the active abandonment of the 

of pC0
2 

increase. 

The nature of the physiological distress ~~y b~ 

re s"~ : · ': 0::-~r at hi6h ?Co
2 

concentrations, even though oxygen levels 

· ., ::.~~; •;u.:.c::: ~-. -cc: uell above those required to .. 1ove t~l<~ .. -~ ~ ... , .. 
c:... t.' ...... ~·. t.~ .... " ' 

There is an exag;eratcd cleaning of the 

the legs in ..1uch the same '-'i r.y 

~ : 7~S ~~ (Hi:l lS68) cleans its gills when exposed to low oxy~2n 

Conc :.. tions, Ol:" b!.vd,age Of tl:o:! gills iS C.:lUSC~ ',)y l&r6e CL<IOUT, :::; of 

s~s)cnded mate ri=: in the water. 

Havir.g reasonnbly shown that the rate of pco
2 

rise must 

0e between 14 and 28 run H6 co
2

/hr, to drive _Q. li.'morum fror.l their 

t~0cs, it is also important to try and establish the absolute 

conccntra~ion at · 1hich animals move out of tubes for any particular 

rate of rise of pC0
2

. High concentrations are n9t likely to occur 

in the bottom of Lake Sibayi, although transient sharp ris~s in 

pca
2 

m::;y occ..:r over lmv- co
2 

concentrat i on ranges. Unless the 

bt:~cavioural responses of t:~., arnphipod are shown at i.-,· .. : concentrations' 

:-.o :nc.~te::: d1at the .:.ransient sharp ra~es of pco
2 

rise may be, they 

will not b~ e:fective in determining the distribution of the &r.i~al 

in the botto;n of the lc:ke. Furtherr.1ore, any attc' i::pt to match the 

l<!boratory findings on the behaviour of G. lignor•· ~n response to 

·)CJr r.:: t es of rise with field results must rest for the m01:1ent or. 
• L 

iudi:::ect measur e;nents of co
2 

concentrations from the botto~ of ~he 

Ti1e problem of estimating rates of _change in t :1e real 
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situ~~ion in the lake has not yet bee~ solved. 

v:~l.&t c::tn are available on the minimur:l c;uantitics of 

co~ ~ec:uirc to r:.ove G. li ['nO~\.~r:l f~orr. its tubes are assemblec in 
L 

?a::,le 23. 

·- . . ...... .__....; ~ = pC02 
r-ise ~ .... u r!.t;/n-:: -:.59 

?C02 \vhen fi:::-st 5 
or ~ore an :cr.:a l s 'i.3 

:'able 23 

required to move 5 or more G. 
rat~s o[ ~co inc~case. s~c . 2 

122 120 73 63 38 

77 18 13 21 0 .6 

1 :.~no :cut.: 
tcx:: ~l so . 

3l 23 

65 22 

-~c control cxpe:::-irnent indicated that 5 or ~or_ ani~als 

~~~ of tu~~3 cou:d be taken as a significant rc~~onse, the partial 

1;:::-cssur.:: of co
2 

c:.t the time tl.1is occur::ed in the experi~ .. c ·.1ts t.:.s 

o~e:-, ::cc.vrd.:::d in the Table, and was taken as a measure of tl:-..::. r.nn1r..un 

pco
2 

::ec,uirec to r::ove the amphipods out of tubes for a:ty particular 

The apparent concent=ction required varied 

between 0.6 an~ 77 rr~ H~ co2• No systematic arrangement of 

concentrc.tions of C0
2 

is seen when the rates o:. pC0
2 

rntes of rise 

arc ~rrc:.~~~d in order. 

These ~ata tend to indicate that the mini~u~ concentratio~ 

required at any rate o f pco
2 

rise is not likely to be more than 77 

less than 0.6 rr~ Hg co
2

• ~ore probably it may be 

and The higher figures may be in 

crrc;: becc.c:se o..: the method of ta.king readings at 10 ninute i;-.tervc:.ls 

'~:ch only gives in~o~wation at points of time. Should 5 or more 

anina!s have c~~~ged early in the 10 minute interval ~etween readings, 

the co~ccntratio~ recorded would be too high at t~~ next rea~i~g • 

.. i::e lo\·l rcadit-A.g of o. 6 1TIUl Hg mc;.y b~ in error because of the 

c~~vili~~~r relationship of the relationship between electrode 

:i.OO% is 760 rr.m Sg). 
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:.\ore sophisticated experinonts than those on w:1ich tnese 

fig~:c~s ~~~ oascd are really required to get a more reliable 

~sasu~e of exactly the concentrations required. It does seem, 

howevo~, ~hat we rn&y be safe in assuning that it will not be 

~::.~c -::cf:.~n si ... ! : . . )::ide. 

rr
2
s -·c.::di ly forms beneath the surfc.ce o f sub.: trates , to 

for..~ ~<:-:: s ulp::uretum layer. Add::.tion of small amounts of H
2
s 

s::.::urateci water to the water . flo~ving through the experimental 

c:1.:.,-:-:ber causes the .:<1imals to ;:bandon their tubes. li.ovH~ve :c, 

~~ S c an only e~i st very transiently in the presence of oxygen i~ 
L 

- ~r, and h enc e is not likely to be an inhibiting factor in the 

cistri~~tion of animals which live in the first few mn of a lake 

_ubstra te. It is interesting to note that H
2

S was never scelt in 

-.::·.e r..~ddi.est of s .::.~:_?l•.::s from Lake Sibayi, although i t uas 

demonstrated fro~ the black slush bottom sediments in Lake N~lan~e . 

Di scus s :i .. :m . 

Some incications of what might constitute 1'unfavourabie11 

c or.c ::: .. ;:,::s causing .Q_. lignorum to abandon its tubes has been 

go.ir.ed. These need not necessarily be all, or indeed the mos:: 

i:::?ortc:rn: factors which might contribute to this behaviour , :_:;,;:: 

ex<..:-: .. ·. :..e :1itro::;enous excretory waste products, products of planl(tC:'l 

:.::.cay or other chemicals may form part of a co~plex "unfavo...:ra'..:; le" 

cor.llition. For the present, ho~vever , and faced with the l;:c~c of 

f;.:rther i nformation, carbo;1 dioxide appears to be the most likely 

factor cont;:-ibuting to "unfavourable" cor.ditions at the substrG:te/ 

\l~t~~ i:1~erface. The presence of this gas is well establis~ed 

i~ l~~es (Hutchinson 1958, Ruttner 1963) and is usually found in 

co~ce~tr~tions in excess of that found in air. 
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w~ are now in a positio~ to e=cct an hypothesis ·~ich 

offe::s an explanation of the reasons for the di~tribution pattern 

of th~ ar.<phip·:Jds w·i ·;:h :.:-es;:;ect to depth in Lake Sibayi. Briefly 

~~is would be that rates of co
2 

concentration increase between 

. / , _.., serve t:o ::c:nove arr:phipod.: 

= ~=ctes in which these changes occur. It is su~gestcd th~t 

conditions occur in water d~eper than Lake 

:-:,e :o::::·aulc:~ion of this hypothesis directs our att..:.:ntion 

~o u:"!.at sho;,.;ld Je exa;.tined in the real situation of the lake. 

·; ~:: .. :: :..i;:t:!..e d.:>.ta we h;2ve on this point is assembled in the next 

~::.ctic:-., to:;~ ·::.h~:: ·i t:, an exa:uinu.tion of 1vhat might occu:.:- in the 

lake bottom wate::/substrate interface. 
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?IE'!:..D I::-\VESTIGATICNS 0:.1 CO~Dl7IO:::S AT ~EE 
SUBSTR.l-.TE /HATER IN'l'ERFACE 

~he experi~ental results have suggested ~n hypothesis 

for che ~ ~ s~rijution of ~- lignorun in Lake Si~ayi. 

cvicc::cc , eit:,'-r ir. support of, or otherui se, can be gained f:;:-om 

So~~ i::dication of changes in the rates of pC0
2 

rise 

&t t~~ substrate Yate r interface is necessary :ro~ the point of 

v ·· e~; of th<... genc:cation of 11 unfavoura0le 11 co·,tditions. The 

~~ sul£~ so fa:;:- arc disappointing, since problems ~ ~ the t echno logy 

0..:. . r:~ asuring dyr,:: ... ::.c ci-.<-mges in the substrate su:.-fece inter;:ace 

o;: t~a l~ke ha~~ not been solved. It would be desirable to 

sc::-:l;_Jlc water a few rr.r.1 below the surface of the substrate, at t:1e 

st.:r..."c:ce, a·:1ci per::aps 1 em above tJ:-,e surface in at least 35 ;netn:s 

of uater, si:<ce the changes that are envisaged by the hypothesis 

::.ust take place ~;here the animals build their tubes. Furtn~rj 

:~.::>rtit::e:::- (l94l/L..2) has shown that considerable change tal<.::!s plr.c...: 

ex;- ~· . __ ,e fi·rs:: Z.ew r.~n of water interface. 

A~pc:r;tus for taking 1vater so.m?les very near t:1e bottom 

. . d . 
2CSC~~UC l.rl the literature. Thus, Joeris (1964) describes 

h o:::- iZO:lt:,l. ' sarr.p.t..J:" for the collection of water ~car the i:.ottorn. 

~~-.. ~ tr .. ::.s ty:-: 
l 

:.~~elL:\. -s water from up to 7 em a1v-ay from the su'ostrate 

s:i.:-:c-2 ·..:he be:-::-::.-.... :. is 7.1 ern inte~T!al diarr:eter. In order t o try &l<d 

~~t s&~]les . &t s~allar dis tances from the substrate, an &~~arc:.~~s was 

c~s~.:;ned ::o take 20 cc samples of water at k;--.own dista::-~ces fro::l the 

botto::·. sediments. The design of the apparatus is given together 

with an analy r,;_; of ..... ~. 
l...1J.'- sampling action of the apparatus 
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?roill these co~side~atic~s, it is clear t~at 

uc::te:c is ~ei<Lg saro;,Jled f ro;~1 an area around the needle points. 

The no@i~~ l ~eights o_ the needle tips, especially in the ca~c 

c ~o sest to t~e s~bstrate, gives a false inprcssion of the heigt~ 

rron \v!.~ich the •.v.:lt~r is bei~g saropled. Although the ~J?~~~:us 

'T"' ...... . . 
.. .. v'- fu:1.ct:ion exactly as indicated by the ~odel, the figures 

.:-.:1alys is ;;:>e a good ir.dicatic-;-, of who.t 

These are set out in ;able 24. 

Table 24 

':\:\3c ~~;: -·. 2 .~ ~ : . c! is t cr.t.: ~ s fro~·;;. ~l1c subs t r =.t~ o: tf-.tl...! ::-:. t ~r .:: .::~;> lcs 
.: :-k.\,;i"': J y l::~~ syri:1~- -~ s o f the e:!ppcti"~tus for S<1f~tpli~~s \,,.at· .... r very 

:-:·~:~::~ of :::1e 
~eo~:~ :i? ahov~ the 

sLO::.~:::-c:~....:. cn1. 

0.5 

5.() 

9.0 

i':inim~..:m and maximum 
heig~t of ~~tcr sample 

from the subst~ate. em. 

0 -2 .4 

3.1-6.9 

7.1-10.9 

Althou;;,~1 the apparatus obtains sa:np les of uater n..;:ue:: 

:~e substrate t~an that described by Joeris (1964), it is not 

~~ti~e ~y satisf=ctory since the needle at 0. 5 . Zrom the 

:bs:: r ate :.::.xes in Hater f rom as high a::; 2.4 em from the substrate. 

Conc~ctivity measurements and redox potential measurewents 

reported by ~·:o rtimer ( 1941/42) for Lake \\Tindemere, have indicated 

~:,at ov.:r mud substrates extensive changes may occur at less than 

0. 5 em, i.ndeed a few mrn above the subst r o.te/w -. ::.:; r interface. 

The concentr&tion of co
2 

was not measured directly, 

since the volume of the saQple, 20cc, is too small to handle 

without the possibility of serious changes on exposure to the 

at:nos::>here. Howeve~, since there is a linear relationship between 
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:o~ cor.ccr.tratior. (e.g. Ala~se 1963), di::ere~c~s 
"-

i:; p:-r ..:rom acjacc,1t v1at~r sc:<:nples from t he same water body uii.l 

~~vc &r. i~~~cacion o f the co
2 

concentration. Providinz; no 

~~ea~ ctc:~~e in alkalinity occurs, th~ free co
2 

coGcer.tratio~ c~n 

::r.<:r. b!! esti:-:1ateC: for the no:r:ogra~;,s in "Stanuard :1etnods" 

(~2~h e~. ~965) i~ the alkalinity of the wat~r is known. 

The pE of s.:.mplcs \vas mcesured tvith either c: ~.~c trom.:.. 

?O~'.:a~lc pE n~ete r or a Beckman model G ?Ortablc pH meter. 

ccte :..:.-.i .. -.tions by porta0le pH meters Hith g:ass electrodes c::re 

r.otoriously suspect if they have not been carefully calibr~'.:cd 

~~-.~~~ '.: ~cli~~:c buffers shortly before us~. 

The instrument was checked against 

:J:.! ~f2~s bc:Eo~(! t~~e rc~d ing o£ each set of s.::mples. :'his \vas 

;a~t~c~lc~ly i~?ortar.t sir.cc only small changes were to be 

The pH was estimated to the second decimal place, so 

th.:.t cor:.pl~te confidence in the first decimal place could be 

~~ta0lishcd. 

T~e concentrations of oxygen were estimated by means of 

~nfortunately, disposable plastic syringes were 

t.:sed on tr.e first visit to the lake with the apparatus uhen tir;;e 

''T~s availc:ble for an extensive sampling progr.:-~ :--.-... ;-Le. ~a~e in the 

sc::<:;:>li;;.::; p~ogra;:;-.ne, it 1:vas discovered that significant qu..:ntities 

o= o:~:-ge:>. cou ld leak through the plastic walls of syringe barrels, 

c::;: a r.:te o.:: about l mg per hour. This meant that most of the 

oet~=-~inations had to be discarded. In an attempt to overco~e 

\ 
I 

t~c difficulty, and since glass barrelled syringes could not be 

ojtained du:.:in~ the visit to the lakes, t he samples were .:tcidi iio3d 
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Stati on Dutc Dep th 
rn 

Ti:'lC 
h r s . 

Sur :oc e 
pH 

9.0Clfl 5 Clll l{cmm:ks 

B 31/10/69 05 . 30 8 • 2 (: 0 . Of: ( 6) 
-I· 

8 . 71 --0 . Olt.( 7) 
.I. 

8. 3/ :.o. o9 (1:.) Hi11d f OJ: l' ( ' 

22 °i... 
1 

- --------- - - ---- ---- ---·----- ----
c 30/10/G9 20 18.30 8 . 53 (3) 

-l-
8 . L:6 -0. 03 ( 7) s .1./:.:..o. o5 ( 8) 

-1 · 
8 .l;7 - 0 . 0 3( 6) \?ind forc e 2 

22°C 

D 25/9/69 30. 6 18 . 50 8 . 50 (3) -~8. o5 (3) + >'<7 . 91-0. 06(4) + ;'.:8. 0 1.-0 . 07 (7) 21°C 
--·---------~--------- - -- - · ·-·--··~·. ·-

E 23/10/69 31.5 18. 05 8 . 38 (3) + *8.19-0. 03(7) + -:.7 • 7 2 -· 0 . O!!. ( 4) -::7. 29-~o . ot~< 1:.) Hi nd f orce 2 
22°C 

- --·· ···-- - ·-·---------
F 24/l0/69 31.5 0.630 8.53 (3) + 8 . £;3-0 . 01(6) 8 . 35~0 . Ol> (7) 

"' + 
>': 7 . 9 3- 0 . 1. 0 ( 6) Hind force 3 

22°C 
---- ----·- . -----------

G 26/9/69 31.6 o . G3o 8 . 50 (3) + 8 . 38- 0 . 3(6) El . l;O (3) 8 . 32::-0 . 07(5 ) 21°C 

----------· --- ·-·------ ·- .. ----------- ·-- ·---

* Fine mate r ial foun~ in s~n?lcs . 

"' T~nnid s founJ in syrin~e. 

t-' 
(...> 
-.....! 
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t~ r~l~csa io~inc a s soon ~ s a clear S)ace had dcveiopc~ ~- ~ve 

~~~ p~~ci~i~atc o: wcnganous hydroxide i n the barrei of the 

'i'his procedure vi.J. S done in tl:-.e boat on the sc::-:-.ple 

stat:.o:i, ...... .. ~ the f; :-::n;_:; les were then carried back to the laboratory 

Some iodine was taken up by the p l <1stic of .::-.a 

syrinse ~arrels but this was only serious after very long periods 

( :..- L4 hcurs). litr~ti0!1S ·.,'0re c arried c · ;~ " .. 'itb.in 3 ::iot::cs o f 

The dat a on oxygen concentra t ions 

ttero f ore ar2 not .J.Ccurate, but indicate that not less than the 

{ .:~·, : c)t.· ine -:l uc:s present in t h e Hate;:- saraple. 

:.: i c:co\·;i:1~der ract:<od ( c.t'. Barnes 1959), the dead spc:c e in the 

w~ ~ :i ~lecl with ~anganous ch loride. reasent 

";;: s i:1t roduc.::d by means of anot.he:;.:- syringe ui th a need 1.~ in to tnc 

cutlet of t he main syrin~e. 

pli r.-.casurer.1el1'Cs are only available fo r a limited nt.ii.'.ber 

of sa-.:1p les fro1~1 Lak e Sibayi. Ideally the samples should ~ .: t aken 

::.n C:i .: ;:e r c.nt wcat:te .:.: conditions on the lake. Day and ni~ht. 

s~~~les ::;.:-om different depths are also needed in order to ass~ss 

~~a i~flue~c~ of wind action on the surface in the d~ep water of 

T~a d_~a gathered t~us f~r indicate that fur ther 

e~Eort s i n thi s direction could well be r~ ·arding. 

The results of the f~w pH measurements takt.n simultaneously 

1:~0::-. sc:::- f c:ce uaters and waters near the substrate, are r epo :.:-.: ... -... in 

Th...; s~ -;:- :ac e values obtained varied fro:n day to day, 

also fro!ll ,:. ::t.ion to station. Thus, on. .... : .:: 25/9/",.969, at 

\ 
stations over 19 metres and 30 cetres (A and D, 

?~was 8.40 and 8 . 53 respec ti - ~ ly. Sirr.i larly , 
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23/l0/1969 ~n~ 24/lO/lS ~9 ov~r 31 rnct=es (E a~d r , Table 25) 

v&:~~s of pE 8 . 38 and 8.53 were obtained. Since there is at 

J=esc~~ ~o r eason to believe that anything other than c&~~on 

~ioxide is res?on3 ible for the pH differences, these values tend 

to su~a~s~ that even i n open wa ter in the main bas in of L~ke 

S~j~yi, ~h~ c~~bon dioxide bud:et is in a state o~ flux. Us in::; 

t.l:e i:>icc:roo<1c:te ::.;.!..:a lin:. ty v a .ue for tl:c hot season, ~epo :.:-ted by 

_,.:. _.::::-:.::;.::.:: .s;·..-,c: va;, ~~yk. ( 1969) for Lake Sibayi, a maxinum differe~ce 

f-;:-ee Cvr \. <:;S estimated frc:·n t::-..! r.omogr<:..~as in 
1. 

~h.:: z rcatest pH diffe rence bctKeen sur~ace water and 

\..! ..... .. .J o... ... L • 0:-. 23 /10/69 ~able 25), a difference o f jus t over ~ p~ 

~:-ti: ~lC::. S ,-. .,easu~e~. Ct~ .... r pH differe:-:..::es f:::-ora 30 mc-::~e depths 

.... -r-. -.... ~ 
,, ~..,;_~ 0 . 6 . , ~ 

;_.J ..... t:i~:i.ts (D, Toole 25) 
' 

0. 5 p,1 t.:7lits ( !<' Tab~ .... 25) a:-:.c 

In 19 metrd to 20 m~tre ~cpt~s, the ~reatest 

~i~far~nce recor~cd w~s 0.06 pH units (A, B, C, Tn'ole 2~. 

ir ~~~min~ no great change in the bica:~onato alkalinity 

::;.::::w~ e:-:. ..;u:rface &nd bot tom, the iree C02 value was esti::nated f:::-om 

the r.o:·.;,:,.zj:a:':l:::; i u "Star.dard Hethods11 ( :;_ 965, 12th ed.). This 

:~.::::; ;.:, :.:)ti c,-:. is r·.c.t st:.:j.ctly true since any agg~essive car'oon 

dfc.xi~e will t~kc U? carbonate from the substrate as bicarbonate. 

~~~ev~= , tie clif~crences are relatively small , for if the 

~ic~=~o~ate ~~~~ li~~ty increased to 200 mg/l from 150 mg /l at 

;_-;E :: .c, -c::2 i'.. c::,:~se ~.:·. the free co
2 

•·JOuld be l mg/1. The 

~i f~erc~.::0s of free co
2 

estimated from pH v c lues were for 

s ·.: :;: t::.o:·. G G.4 1<1g /;. and Station D 1.6 mg free co
2
/L 

·. -. _-;: d ifferences in pH estir.1ates were found in 
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s~~;les fro~ s~rface and botton waters in 19 mutres (~, B a:1d C, 

~he greatest difference in fr~ c ·-.-:'~6 j .L 0:1 

3:/lC/~900 (3, ~obic 25). 

As f<:-: as L1.:::se few s.:::-a?les tc:ken al~ow, tl1cre sce:-:-,s to i:>e 

0v~jencc t~at in ~ea~:r waters, concentrations of co
2 

in t~e water 

r: -:..:.:. : .:.1<:: s·, .:.;strate .. 1::y very ••icely from su;:face values rr.east.:red at 

~~ water clos~ ~o the t ~~strate . T:1e most marked gr<:C:ient Has .:rom 

S~a.::!.o:-. ?. lvi:e r_; ::he three s.:~mples at· 9 em, 5 em and 0. 5 c;-;: nc.uinc:l 

cc~J'.:~.:> (':z.bL:: 25) hu.d pH values of 8.19, 7.72, and 7.29 respectiv..:ly. 

L65 rr.~/i i:;. 4.7 ffici/1 in t!:e 

::..:·. the bottom sc::~-.;;le nearest the substrate. 

F s.::.vc s:::.::.~cr free co
2 

differences and G practically none 

( ? :.g. 42 ) . 

Allanson .::r:.d v.:~n \'lyk ( 1969) published results which showed 

:.:::<e:. t i ::. w::.::-. t:cr, o;,y:j.::n w;:s almost fully sa t uru.ted doLn to nc; r the 

~.:.'.:to;n of I..a:"e Sibayi, only croppi-.1g to 94~: of saturation at 35 

::--. sur.-.r.1cr a slightly ;;reater de~icit vla_, -:.::;:.c<.onced c::t 

·.: i:::\:!s .. ::;. January l96S the percentage s3turation at 33 re2tres was 

· : s used Fricdinger sa::~p ling bottles which do ~wt 

c.-..; ;..y fro~-=-~ ~he surface. Ca:.:-eful, as yet \;npublished dete::-:.~i>"l.:tions, 

f::-0~ one station at 29.0 metres gave a figure of 6.6 ppm o
2 

o~e 

bot~le height fro~ the surface of the substrate. This n~?resents 

e p~~c~~t~~e o~ sat~ratio~ of a0o~t 80~~ for the tempe~ature zt the 

·.: ~ .. :..:: (:~ ~ l an son, per son a l co-:::mun ic ~t ior-:) • Using the app;:ratus 

C: c;; scr~~ed for sar.:pling n..::!ar the bottom of the lake with disposa~le 
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~~e zbsolu~e vaiues ~re unreliable becsuse of leakage of oxygen i:-:to 

::::~ 't-Ja '..:c:c s&rt~plcs; nevc~theless, t~l<i:1g this e:.:-ror i.::1to accou-::c, -::o~ 

r:::.1c:t ::..css tf:c:.n 6 ppiil ,,,_:; present at th~ bot:tom in 38 1.12tres. Si:-:ce 

it c~~ be conc:u~ed that in the layer of free water close st to t~e 

~o~~o~ of Lake Sibayi, no serious oxyg(!n deficits existed. 

Disct.:.=:s:.c:!. 

The bes;: published information on the conditions c:.t tnc 

subs-rate tv-ater inter:v.ce of a lake comes from the classical work 

of :::-~or::i:t!eY o:-:. Lc.~-:e Hindc:~:.::rc (Hortimcr 1941/42). ~~ortimer, 

~m~ver, wss concerned with the reintroduction of nutriLnt and other 

cl-.c:nic.;::! s :ro:-n the r.:ud during the stratifiL!d period, and fur::he:.:-Gore 

h8 Po:.:-~'ed o~< th.:.. no.:e co-;:;:non rr.ud type of bottom rather than a s...~ndy 

lhe s-:~strate of Lake Sibayi contains both mud and 

The ~uddy bottom is poor in fauna, whereas the sandy 

type has quantities of fauna. It is on the sandy type of bottom 

t~a= :ho eisco~tinuous distribut ion is found. 

l:.ttle info~ation o:;. the conditio<1S of a sandy substrat ... ~v-ater 

i~~er=&ca, is not surprising, since the fine sand type of bottoili 

of :::..c:i(e s::.:::::::i, or inC:ced of the South African coastal lakes, is 

c.:..~ 
.. . ... ,... ..... . 
~.~.~v ..... ~ _.· .... of lakes in genersl • 

:';,::,-: e:-:oc.ch c:!-.;tai led work on the conditions a;: tl·te sc.-::d 

·:·.:: ·;:.:;:- ix:.}::f.J.ce fror.: Lake Sibayi has been done. Up to t~~ present, 

-:.::.a ~ista:-;.ce of the lake froili the laboratory has G.ictatcd far n:o::e 

The whole of t~e 

~::)oleiil ::cquires a special study in itself. We can at this ti~c 

o;.-;.;_y a;:terapt an educated guess at -.;v-hat mi;;ht obtain in this regio:.;. 
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;:,:' :::-.a lc:~.;:e , t.:Si!1g whatever pri71Ciples are ava i lable f:;:-o .. -. prev:i. o~.:s 

~:c:c:\: en S\..:0strate /r .. vG.ter interface studies, and ir:corpoTc:t ing t:-l.e 

:=:imsy field cvi~e~ce fro~ La~e Sibayi. 

s.;.:-,C:y st.:bstrate of Lake Sib ay i has been s .1ow:1 to ~1ave 

~ laye~ of r~~e ~~ter:i.al over it i n which is incorpora t ed both 

pl~~:: ~nd a:1i~~l li~8. Uoub::less the sc:.nd particles ~lso have a 

:-.:·.:s:: t2.:(e up oxyge~1 c.nd release co
2 

from !10r.<lal metc.;:,ol:.c processes. 

::-. ~v- i::n:er ---. Lc.:~e Sibc:.yi t h e re is no lc:.ck o f oxy gen in t:~-:.e deepes t 

wat:ers o f ~he lake • Hi3h oxygen tensions h~v~ been measured ~s 

..:.-:.:. :; ':'::.: .:..:-. c:. ~-. . -.. ~ ~-.:1ai. apparatus would allovl . In surr:..n\J r -=· 

Epher.1eral strat i fi c ations appear (Allc::: .. 

pa::so·.-,al. c oi':'.sun:i.ca~ion) from S cpterr,be~ tl-:rou~h t o Jar.ua;:-y, b'-!t 

t::-.csc C:o .. ot s;;ccess f t.:lly block off the deep ~.;ater from t~· • .:. oxygen 

- 1,....~ ...__, .. c. .;.:-:.aerobi c conditio:~s have n.::!ver been detected in t :-:.e 

~~=~ac2 o~ ~~~ s&ncy ;ubstrat~ in Lake Sibayi , ~~~ inJeed c~n~ot 

.:>.::c c;_;; .:::a ci:cc..;l:..:io~; vf water to all t he substra ::.cs in t.,e l ake 

Si~c::yi. Scu'6c: C:ivers ~1ave measu:::-ed cu rrents of 0. 6 ;;.;:,t res per 

~~~u::. e C!??roximat~ly, using the r a t e of trav~l of a -. ~ chrough 

'c~:.; \v~::er at 8 T.:etres, with a force 3 wind blo\vL1; on ::i-._ lake. 

v~~~al ooservati o:~s on the fine material overlying the s~ndy 

.,. .-~ I • I o .. \_;. '""' ... .... . / L1 dc:p::.h over the sand belcH about 5 

':Lhe: r:~:.~ .:..;.·ial s hows no ripple patt.:::·;;, \·.rhiclt migh::. i:-.~ ::. -: c:::.e 

~~ ~~rbance by currents. However, it is ~ost easily dis~~rb~d ~y 
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t~~ gentlest ~ove~~~ts of divers. 

T~e cxi~tcnce of s:o~ currents in dee~ water has been 

s::c.Mn in a :1u:.:ber of both stratified and unstratified l.:::.kes. :::n 

Lee~ Gar~y, uh~:1 there was a surface current of 28.0 em/sec at 

2C' ::-.2t::es, it >vas 3. 7 c-:r./sec and at 61 rr.etres 3. l em/sec r.-~:1en the 

l.:.:-:c u.:::: u:1str.::tified (iledderburn 1910 vice E;;::.c::in::.o:1, l957). 

:'~.:>:ct.:. .. :0 :::- ( 1.941/ 1942) has shm~•· tl-:at eve:1 vlithin the 

l:y;_::,olirmio;:-,, what he h.::s term~d turb-.:lent diffusion carrie ar.,ay 

:-:u!:rier..t materials from ti1e mud at rates in excess of those that 

~-~ ~~ accou:1 ~c~ for by molecular diffusion in a static systc~. 

in 

:~ ~he water held ~n the substrate. Ln this case iliolccul~r 

~~~fus~0n is ~~e only mechanism for ingress a:1d egress o~ c~ecicL: 

s~jsta~cas Erom t~c substrate (Morti~er 1941./42, Bouil.d~:1 196~). 

it sc~~3 re~sonahle to suppose that the undisturbe~ layer 

o:Z :::i:o..::: ~ . .::~e::iul in Lake Sibayi traps \vatcr, and allows .;.:1s out 

onLy by molecular diffusion. Under t he influenc e of ~ steady 

of gas ~r~:1sport away from the substrate/~ater interface 

~y ~urb-.:lc~t diffusion, a gradient of gas concentration will 

G3~ablish itself in the fine material overlyins the sand of th~ 

Concentrations of ~as ac a~y )articul&r level in the 

wa~a= ;~ase of the fi~e material will then re~cin constant. 

V.:::.:: :.r.~io:.s in the r.:::.tes of transport of gas away frorr. the 

5~~--=.:::.tc will a!tc r the concentration of the gas at the substrate/ 

1-vC::ti.....: ~nterf<. .. ca anc! ::-::nee disturb the rates of molecular dif.::-usion 

o ~ 3a~ o~t of tte substrate. For example if the turbulent 

ci:fusio~ stops for any reason,gas will be t~&~sparted away :::om 

t:-.2 s;_;bst~ate /v;ar.cr i::<terface raore slouly, an0 henc() ::..e:a<.: to 

:.::eis Gd co~c · _:.:: tions of gas there. The difference in gas 
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co~ca~ trat~c~ withi~ the substrate and in the fr~e wate :: over t~c 

s-~strct~ will fal:, and the r~te of molecular diff~c ion o f t~e 

z~s f::o~ c~a su~ s tr~tc will also fell. The conce~ c~~t ion of g~= 

::.: :·ny )C!::L. icular leval ~~ithin the substrate wi ll then rise u:-: t il 

naw c~uiii~::iu~ conditions are set ~; . 

~crtiffier (1941/42) hcs poi~ted out that turbulent diffusion 

· ~ ~n u~ova~ process w~ich v;:;r i cs considerably with t 1- .., ...... 

wi~d fo::ces o~ t~ .... sur~~ce of the l~~ c. 1 
• . ~iations i:-: the rates 

o f t~=~ulc~~ di. ~~sion wi ll seriously affect the rates of co
2 

vui:i.d up in :!-:.:; ·:atcr phase held i4l the substrate, c;.,,d · consequently 

.:. .. ~: .. .-_-..: : . .::...: ::.:.~ occup&r!CY of the substrate by c::.ninals sensitiv 2 to 

?urtjc:: ins i ght in to t~e behaviour of ~as exhange i~ 

il£t er &= tte wat-r/substrate i nterface is afforded 

rc.cordL1;5s of te::1pe:cature profiles shm1ed t~r:qorary stratifications 

in su;:::~1er lD.st in;~ i.Jut a few hours. The presence of these 

I·.-, ~::l.:;.n;5.:, \;c;.te:c i~ediately above the mud surfac8 over the 15 

t :-.:c :rl at 5 c:·n d. .D y h~d 2. 6 mg/1 of oxyt;en. Thus, in spite of 

~ &: c r ~eve~ ~ .. : ; clearly being observed by th~ depression o~ the 

t:!::..:::;:-.ocli::es in Lake cr,o;.tgh .-.:: ;:sis of 

occ~rrcd i4l 14 ~ctres to allow of deoxygenQtio~ by the rich ~otto~ 

Fe~ L&~e s :~ayi, at t his poin~ we can only postulate that 

sto?pages of vlater can occur dur ing calrr. periods on t::.:; lake., but 

th~s does ..... ·~ .. 
.... ... J .... seem unreasonable in relation to the observations o~ 

Certainly the eviGence is not stronc, but surely 

i::dicates that f;_trthe r effort. on detailed measurements of dyna~ic 
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Gr~n~i~ierella lig~orum . wiil ~bandon i~s cubes in 

~:-• .:! c.:::·<:-v .. ;.:ioxid2 e quil ibrium in the oot tom scdi;r.e;·:'.:s 

~~y c:s0 ~ G ~is~urbc~ ~y the effects of pho~osynt~ctic ac:ivi tics 

·=. .. 1~ 
. , 

CC.!..L.S. 

:. :-: . . :.~ ~ ·.-: ~: ·t ~ o:~ o L t :;.c 

,..·. . ·- -~ - .. 
u..:'- ... .1 ._:::J ._ of considcra2,:;, ~.,. :Lu:-.. :C,~::s 

o: C:i.:.::oms .::;-.d ot~,er alg.-.1 cells. Mclosir~ gr~~ula~um and 

s.v:1·:-C: r:l ? c~s c.:.-e t~ To of ~t:,e. rnost ~bu:1da:1t species present , Doth 

·- -- .&...1-..: I"" ..J ·-'· L. .o. .tJ. ..... 

...... ..: ~ow. seC.ir.1cnt s. 

fot.:::d . Thi s .. <ay 1~2ll be 

~ ~~::c.:ion of l .:.ke da? ths since Lake S i~&yi ~as a me an dep: t of 

o~:y ~3 ~e:~~s in spi~~ of .:. large ~r~a below 25 ~a:~cs . 

Obv~ous ly th~ presence of these facultative algal s p~.,.c ies 

. 1 ._, ... .~.ou ... u 

~~~r~ ba suffic icn~ ligtt they m~y use co2 for photosynthetic 

~~s , &~~ in :~~.,. · dark th~y will &dd to ~~e product i on of it . 

It is ciif:icult to judge the Jcp~h at iich the ?~E~ : 

wili hEve an irnport-nt ~ f fcct in the abstraction of co2 from the 

~~ce~ : o~ ~heir ~~ G~tabolism under the in~!uance of light. 

~cv=i~S ~~~ ? i sh (1956) have sho~n that in Lake Victo=ia, t~~ 

ccx?a~s~~ion ?Oint fo r photosynthesis lay ~etween 5 and 10 ca~~as 

for plan~~onic &:~ae, on a clear dey, and was somewh&t less o~ a 

Judgin6 f rom their 3raph, the light had d=C??2C to 

b:;:·,,i<:: Cn 0.27, &~ . :. 1.5% of the surface ill.umin.:.tion. 

~e c::Gi~gs fro:n Lake Sibayi reported i n All anson & v an 'VJyk ( 1969) for 
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Fig. 44 
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Oxygc,i evolved or used by .t-1yriophyllum spicatum in pprn02 /gm 
wet we ight of weed in dark and light bottles in Lake Si5ayi 
according to the method used by Beadle (1932) in Lake Naivasha. 
Open circles ; Dark bottles . Open circles with crosses; 25/7/68 
closed circles; 26/7/68. The compensation point lies 
between 7 and 8 metres. 
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1% of ~otal il~u~i~ation was ~~ese~t at 

In L~l<e Sibayi, m~asurC:lToC:nts of a~solute ·v3lues 

The .... ~ sho":J 

i:e:?Orted at 1500 ~irs, or.e 

~0ot c~~tila ~as present &t just ~elow 20 rn (Fig. 43). It was 

~iffic~l: to judz- the 1% extinction of inci~ent light wit~ the 

- . ·." . v J 

~eve~theless, the 

~oot c~n~lcs o~ ~ore than 500 foot c&ndles. This would tend to 

·xtinction occurs at b~~~~n 15 and 

s l ::. . . :.t .... ~ repartee by ).llans;:m & van ~·lyl.;: 

!.light JUCSS th.:.t 

.- .... - . ........ - ... 

._' __ . ......... v !.J.J.."'- i~i. ~c.:ce Sibayi. :~owaver, .:1 compensc:.t:.o·.'1 po:.ii~ 

i::.:o;:-.. L<.i.<.e l\.::.iv.-.s:-..-, \v.::.s found at between 7 and 8 n~ct;..· s (Fig. 44). 

......... , . 
. .. v'-

............. ·". 

.!. .;:, •. : .... (:oltt, Hill & ~orbes 1969, ~~~e 24.!;). 

to baia:1c~ out the 

~·: .1t ::.ea ... t reduce, the rate of co~ · · ~ d.uction in the 
L • 

s~=: ace ~il~ curing ~~e light, and increase it at ~ight. 

w0:kin~ on t~e ?~otosynthetic behaviour of planktonic diatom in 

::.ut 

. ' 
l..:..~:c_. Ee found that previous li:ht history could increase 
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~~~~~e ~o&p~~ri tv this condition, a~d thus coul~ sp~ak of su~ ~nd 

~utchinson (1957) has given a classification 

11Lovl light" species '·J:-.ich 

al.sv ,: .• ~ T.: ~l \ •· • T.: 4" t.., 
\..:.-.. '\ _\.,ot.;._. . ...... t... !t respec~ to te~pe~a~ure. 

~2~sura~~nc o~ ~~~ ~ctual condi~ions i~ Lake Sibayi, the ~ffe~~ o~ 

::.:..::,~:t 0~ the prvuuctior. and upt-ke of co
2 

at th.:o surface of tl-.e 

su~str~te c~nnot be ~isrnissed as a factor that may help to re;ul2te 

c~e other i~porta~t observation of t~e ~iology oi 

G. ::.::.;-:: .. on.::-.: ::--::::~ains to be repor::ed. This ar,:pl".i;?<)~.-, in ccr:::o::. 

of Lai<t; Siba:, i. The animals identified fro;n th~ pl.1n!cton vJhich are 

:c.o .. :·, ... ro,:-:. the sul:,stratc ar.= given in Table Lv. 

Table 26 

~s~~hic a~im~ls from night surface hauls of ?lankton fro~ L~ke 

G=:ndidicrclla lignorum 

Corcp~i~~ triaa~onyx 

~osc~~cs ~igitalis 

Decc::poda Ej ::'.enoson:a orbi.cu lare 

Cr'7ytochirono::-,us larv;::e 

(rare) 

(small crabs ~part fro;n 
t:;c normal p :..:.nk::onic 
zoea l.::rvae). 

?:-.e S&Q.e pl1e.non:enon was exhibited in experimental 

co::.;..:.::..o:-.s by ti-.e population of arr,phipods f;:-om the Km.;ie Gstuc.ry 
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screen trap to c~tch a~imals cirawn in by the 
~:::. ;:Jhon . A sectional ciiagra.:n of ~he sc::-2en t::-,;~) 

is given. Arrows indicate the directi03 c: ' ·•' >~ 
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Nut .. b...!rs o( G. l ignon; 11 t aken in overflow screen trap i n the apparatus 
shown in fii. 45. Collections from the night are shown as hisLogrnms , 
collection::; from the day as semicircles. 
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. l . :.· .. · . .:. porce L..ln trou:n 50 em by 25 e~ ~y 10 c~. 

~~~~t of 12 nrs c~rkness a~a i2 hrs ~:s~= · 

..:::;to: .. atic ir .. st&:.:eC: 

~a:entio~ of ~~~ ani~~ls in .... ~. -
l... ... ._. 

~he sc~~ens were changed ev~ry 12 hou~s. ~he water floweC thro~gh 

tra~ped only fro~ the eollectio:-.s, 

::..3~: collectio~s (Fig. 46 ). Tl1:...3 result acco::.:-ds •.re l.l 

1,. ;:-_ ·..:: .. of s~ples ' .1nere 

c~-> collccte~ ~ro~ the night plonkton hau~s and never from the 

In the plankton hauls most of t~- ~nirnals 

\." ..... :.-~ is nl~o the case :or t~e 

i:luring the cou~se of the '-:xpcrir:tci:t, a 

to t &i cf S09 ~~ina:s w~~e recovered and classified ~s juveni~cs 

~4.8% ~ere juveni:e forms and 5.2% were adult. 

,.::-.. e i;:-.. pol:"~c..uce of this observation i.i2s i11 tne ra~c~:.:r:.;.isi."J 

\-~---.. =-~--;. st:c=: Je: .. ;:::,_r-= c .... :: :?:.-ovides for the Gist:cib~tion of a:.:pli.ipods a:1d 

c:~a= bc:-.thic f&~na over the t1hole surfcce of the ia~e bottom. 

;..~-.i:-.-:~::.s ov~ :.:- -::cc;;:J Hater at a time uhen they <.1\.!St return to t:ie 

~~=to= ccu:d ?O=e~ti~l~y colonize the deep substrates o~ the l&~a, 
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The males ar2 goo:l 5\Vir:.::-,ers &nd. copula~io:1 

~l:is is t:nl:.:-cc 

:n co:-cncn 

'.r::. ·.:::-.. G. 

co~ditions appears to bL. indistinguish~~l~. 

_ :.:-~:-.1 ~-•.!.-> i~ .1c.s ccnc:!..t:dcd tl:lnt it is rcason ... blc to use the i<.oui~ 

cs=~~=i~w ?O)~~aticn ~s experi~ental material, &nd ~hat the results 

~~a reac.:ions of G. l~gnorum to ~u~~ratcs in the labcratory 

ceter.:li;;.in:; t:-.c Ci1vicc of substrate in the botto;n of Lake Si"oc:.yi. 

s~~ila~ly, exposure of animals to pressur~s greater t~an 

~~ose Zo~~d in the ~epths of Lake Sibayi illicitcd no res?onse. 

Ic is conclucie~ t~c.t th~s factor cannot ?lay ~ great part in 

~~ the distribution of the ani~c:.ls in the h~nthos. 

Pi. st.-~dy o: tl-:c reac.tio~s to~n:;rds li~~1t,c: G. li~~o::-t..:re, 

a:.:-e ~notonegative, 

.:::.-~C ._ .... ~- ::l::~y ~.Ji;.l enter reg::. v:-.. s of very lo'tv li3ht int(!nsities, 

... -·- ., - - . ..... v ... __ .... ,. 

.· ..., ... .. ttese conditions. 

~-.·lt.y .:~o:·."i the suWstrat.e. 

However, under "u·.:.::svourz.jle" 

S::. c.:;-.. -.~~ ion laboratory conditions elicits the 
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SCV(;::~ 

c~rJon dioxide may he thG ,nore 

·_.:.cl< does rj.o:: 

~on~entratic~ tha~ 

.... .:.. ~te.r conc ent"!:'E1t ion of 

t!:-.e 

co 
2 

il1 

. ' r;.o . cc ~ J. c-.-r diffusion on ly ~llcwing 

I-.: i s 

fi~~ ~atei.:'i.ql 

rel&L.vcly 

oc::a::::. i :: co:·.::.tc::-;.:: rates of turbu lent d i ff;.;sicr, occurred, r,:ay :)e 

oi: 

co~c.ancLc.~ion 

• c 
'-''-

::c::::es 

i r:.cuc.s chz..r-t.:;cs of cc:rbon dioxide 

of cha~;c which would elici t the ~sca?e 

.. av.:; no e.:J':2ct on ' ' ,t-~,;.>!:JGG\...05 
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FI~AL ~!SCVSSIO~ 

~~e ~wo ~a~n areas that remain to ~e c~sc~ssed a=a t~c 

.- ,.., -·.-c.vvv._ c::~.:.s fauna. 

'L-:e f;:;t.;;.1a of t~· . .:: Sout::, African coastal lakes l":.:ls '.:lcc:1 

~~~~ ~v h~~on~ in t~e greater part to Day's (:~67) estua=ine 

- -~ \ 
.. -· ...... , . 

te:ls us little abou= the biolo3y of t~e 

s~~~ss~ci t~at it a:sc do~s not indicate ~uc~ ~~out the sa:i~ity 

S?ecies conca=ned. 

!kv::-::: ·.::1.::.~.- s:::;, ulti1 .• ately s.:.linity r..ust be of pa=.:.:::oun-:: 

1. ... 1s .... ;; t:hl..! 

___ -_i·:.i::y re;:;.r.-:~s of r:he South African estu.::n:-ies .::nd coastal lai~es 

o~-) ~~~ic~t~s in a general w~y the salinity tolerances of the 

'..:':-:.:: r~.::son for this rr.ay ~E: tHofolc. Firstly, tl-:~ 

~y tie ef~ect~ of seasonal floods, ana secondly the salinity 

sa:t concant=ation survival ex~eri~ents indicate. 

With rcgar~ to South African blin~ estuarine sys~cms 

\:J~'f -:..S.Sl) and v:?Cn estua=ine systecs, c.lthot.;_ . ::her;:, o.re :·.:a-:-,y 

s]Cc:i.cs co:-:-.:-:-o:1 ..:o both types , tnere is r..o ;ene:::al isation ·1:-.ich 
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Taole. 28 

_,..;cc :. .. \:.3 o: s:. ~:..:.1:. ~ ie s 0!1e day zftcr the o~gin!1i;:}g of .:::. .2lc,.:,<i 
_;.: -~ -1~ .. (V\\;:._c i~i\-'2~ ..;stuar~'· Sc:2.ini~ies so~:.) led c~ 29/5/67" 

D~o~h SalL . .:. ::.y 0 /oo 

o.o :n 4.G; 
1.5 ~:1 3~-~3 

3.c , .. 2#35 

lc.l o.o m ' , . 
L .. .... 1. 

1 -~ ·) r• .. 2.(0 
3.5 r:~ 3l.. L:.5 
7 .o 3 2. 7J 

5 ..... o.o ... o.so 
1 10 5 m o. s:.. 
3.0 !':1 I' I <' 

"-'• -.·v 

::0 ... ~~ S~l:_!!:_t::_..::s -.-0 ::-a 17't(!aSU'!"C.d ~!3ir:g t:tc r.~odifiGci }~..:>ore 

~~-~~cio~ ~~~ st~~~&rised agains~ Copenhagen Eau de Mer 
Xo:.-::-t.::L ~ .. ·. ·:r-. .::s 1059). 

Table 29 

7.::\.: ~~-"J~.'~s o~ s:.~ :. :~ it.y s"'-~?lin g s 5 days c:~te~ {_:~1.! f :.ood :.:: t~~ 
:'-c\·1:;....:: ~{iv2 :.:- cs::u.::;::y ( ~c:ke:~ Lr/6 / 6 7 ). $:;:.;·.11)l~ s wc. ::t.... tcJcen o:· .. tl..e 
:.--~~3:::~-:; t:iC:2 8:""ici .=: lso 01: tl:e £.:1l l ing ticic , st ... _rt in:=; C! t t::e i.toutl1 
·:-... _ ::o::o,Ji.~6 ~~:2 t:.dc ·u::> st~ear:l. The: L.epths also inC:ic e~G: ~l"l2 

~~:)t:-.. 3 o : ~::2. 2s~u:~ r-y bed at the poi~t of s::r:._:) ling. 

J~sta~ce f~om ~h~ ~cuth Depth m Selinity 
0

/oo s~ l ~nity 0
/oo 

2 . 5 :c-:1 

3. 5 i .... "' 
.:\,.j.,.L 

o.o 

2. 0 
L: .• 0 

5.0 

0.0 
3.0 
6 . 0 
9.0 

l 2 . • 3 

o.o 
3.5 
7 . 0 
9.5 

o.o 
l.S 
3. 0 
4 .0 

o.o 
3 . 0 
6.0 

o.o 
4.5 
3. 2 

Risi;-.. , tici8 

10.05 

12.00 
17. L78 

7 . QL;. 

10.60 

33.13 
33. 70 

5. 93 
13. l 7 
34. t..,o 
33.18 

3.52 
4.33 

13.00 

;. ~ ..... 
.1.. --

3.32 
22.22 

0 . 72 

0 . .::,..., 

13.25 

35.5 

28.83 

7 . L,2 

24 .00 

23 . 30 

2.87 

·:: U T:· .: i C ::: ) 9 • l 3 • 2 9 ----- -~~~~------------~--~------------------------~~----
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& H£rrison lS52) 

,., ;"11 ; ·-;c- -''ov·., ~ -"'0 /o'' .. .,..,. s:·o- ..-1 v~ ..... .1. .1-l..L,::, uv - ..JU, v a ..... c .... ' ' for 

ti:.le t.:p to t!1e of t:~e est:u~:ry. 

2:::/2/68 

5 /3/68 

5 /S /6 3 

'26/5/68 

":.. l/8 / 68 

32.03 

29 .59 

0 
/oo 

31. 4~ 

L65 

1053, 

Data 

floo~s. Salinity r~corcs co~l ~cted 

~leinenond showed a v .:.1uc of 15°/oo 

s~~i~~~ies of the estu~riussrc 3lso m~rkedly 

Da~s collc ct.z:j by Jr D.J. ::ill .l'L"!C 

-.:·.ys.:;:..f (:'c.~l.:: 28 £i"!C 29) f or t he Kouie estuary foLo-vJin;;; a 

~~l~~~c~ over :~e ~reatcr part of the estu~ry shortly after ~~e 

:::..ood ~~ve ci~ys 1at~r. 

..... ,.... ·-. (:' ~ -; • ·.- ·- -- '"! ~ \... V .. . ;.:> .:... u •- .... uv.-...:;;. fluct\..:.:.t::.vn. The sal inity rc~~~cs of 
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the interpre~etioc of St.:Ch 

Two levels o£ sc.:..i:1ity 

of t~c life c ycL" , 

Sutclii~c (l96S) 

.. ~ ...... ~ ·- -'---·· .................... ....;. ~ ;:c.s - -- .. ·- - .. . . 
... .---. .... . L • • v . ...... . l:.:y 

~:.~~ :::~ o- ~bi.~:: lez.st 
__ o/ 
•'-' 00 ------

At ve.::y ::.o~l ci::.t.:::ions 

of t he estuaries ~ust t~cr~forc b0 &da?t0d 

Or~ e lo-..: :; terw b~sis, 

-:viv~ cxtre~e di l ut i o:1s on a . 
sJ.-'"~ ~.: ~ 

----'- is is 

J..V- . .. -• [ , · .. ~ G :: :::...., C. ·.:y ' but esp·::ci;::.:_ly :::-offi the South 

s: ~ ~as i~to ca:c~o=ics must t~e refore await ~c.ta frc~ experi~a~tal 
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c-... ---~~.~:::-z::--;:;--i:c-::-_---1.'4 ___ j~---j:;j ia 

?:.::; .. !.,.7. 

' . 1 .: ,_ ---- ....... -· 

..6.2 

.6-i/ .t:..e. c~rves for ~:el.:.t :-: z(;7 l a:1icu 
(c:.oseci ci~c l~s) sr,G for G. :.i snoru:u 
(o?0n ci=cl~s). Bot~ SJLCies we:.-e 
e~.)OSCci fo;:- 5 c~ys ~0 Gi lu:::i.o:1s of SC.:l 

•·•c.:ter. '"· :::eylc::1ica did not ::;urvive 
"uclow 5% ~-ea wa::er. cn::.y 2 rem.:lincd 
alive in 5% at the c~d of 5 da)S and t~~y 
~;or.:! ~:·~r_o::;~ r,torioun~. 

~2c:ns of 10 G. li1no~c~ wi~h stan~s;:-J 
cl.:.viat::.ons are S~10~r.-.; a;.:!ans of 5 
-'"- ze:ylar!ica Hit:1 r .:u:0 es shm'l"<l, except 
&t 5% ~ilut ion). 

c~:::.ection of t~is 

A case ir• point is 

This is a ubic:~itot!s spacies 

fo:.- -•, l.. ... ..... 

.L • • 

~:::houg~ & c om?la te picture of its salinity tole=c:ncas 

v' .. it3 int.::=nc."!. ·.):ood osmotic p;:-essurG i71 different cxterr:a:. 

s c.:.. .:.·.-A. i ;:ie s (Fig . 47)' suggest:.:1g 

~ay js c:bsant =rom t~e ve r y low s.:1lini~7 la~es tecause: i:: c~nno:: 

:ive ~JE:~.cr:~c-,::tly i~ very low dilutions. 



:..·:.:.~ :. :.:..: 0.: 

_ .. _ ... ._ 
t--- .;_~ ..... 

1.51 

sc:lini~ie s a::~ of p::i1r.·~ 

. :o b~ 

, .... 

1..' • 
~..IJ ... : 

.::ccot.:·.-~t. 

in ,.: ... (.) 
L. .... c 

c!;.arc:cter .:.s\:ic:: 

is muc::.. ric~c-;: 

. ' t:n\.! 

- :.s 

orJ&nic maccrial t~n~ L3ke Sibayi . The f~ne material over t~e 

Ir: c ot.::.· as s.:: ~. ·- _;:.--...: 

of csrjon dioxide concc~tration chsnge would exclude C. .~~narc~ 

.--v . .• 3ut doe s not re z..:; on 

I;: r.as teen no::ed that t~:e bette::-. of the l. ake s~:OHS 

=c; ions w~are the water ~epths change over a short ~-- ~ 
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~re correlated with ch&nges in the substrate. The sand of the 

shallo~.; plains tends to be white, whi l.e the sand in 5 metres is 

6rey and, when disturbed, stinks of hydrogen sulphide from the 

decaying plant material in the fine material over the sand. 

SCUBA div~rs noted that in the shallow waters up to 3.5 metres, 

ripple patterns were found on the sand. At 3.5 metres tnese 

tended to die away . The greater part of the substrate which 

has been investigated in detail above the 5 me t re con.tour is less 

than 3.5 metres deep, and therefore directly affected by wave 

action c::. : ... currents in the lake. Wave action has been suggested 

as a reason for the absence of G. lignorum on the shelf region of 

Lake Sibayi. Presumably the same would hold true for Lake 

Nhlange. 

This leaves only a relatively small area of substrate 

between the 3 and the 5 metre contours where conditions mus.t 

change from shifting sands, to sands covered in a skim of organic 

detritus. Such a small area may not be l~rge enough to maintain 

a population of Q· lignorum in Lake Nhlange. 

From this line of reasoning it is clear that more 

detailed work is required at specific sites on the bottom of Lake 

Nhlange to establish the validity of the ideas which have evolved 

out of the present knowledge of the requirements of Q· lignorum. 

A clear direction has been given as to what to measure where, 

but perh&ps more importantly, it has shown that although the 

overall general physical and chemical properties of the l~ke are 

known in some considerable detail from the work of Allanson & 

van Wyk (1969), this has not been sufficient to answer the 

quescions raiseci by even a superficial acquaintance of the 

biology and distribution of G. lignorum. 



163 

However, sight must not be lost of the importance of 

measurements of the overall physical and chemical properties of 

a lake. The microenvironment of the lake must depend to a 

large extent on the conditions in the macroenvironment. In any 

c ;lsc, as the \..rork on G. l:i.gnorum has shmvn, mnny important 

qu0stions were Dnswered by reference to the general physical 

and chemical characteristics of Lake Sibayi. 
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Fig. 48. Diagram of one side of the plate ho ld ing 
the syringes o f appar~tus designed to take water very 
near the bottom. The two top syring~s are shewn with 
the plunger heads held back by t he gate. The bottom 
syringe, whose p lunger is normally also held back by 
the gate is shm-m as thouz;h triggered. 
A. Syringe barrel stops. 
B. Plunger stops. 
C. Gate. 
D. Gate supports. 
E. Release lever. 
F. Solenoid t rigge r. 
Irregular lines from 
plunger heads and gate 
indicate rubber bands. 

N One has been 
~ omit ted on the 

top plunger. 

G~~~ 
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APPA..'Q.ATUS FOR TAKING I.J"ATER SAJ.'1PLES 
CLOSE TO THE 1..fATER/SUBSTRATE INTERFACE 

The apparatus was constructed of perspex (Fig. 48). 

Three ~0 cc syringes were held on to fixed positions determined by 

channels, by rubber bands. The shoulders of the barrels of the 

syringes towards the heads of the plungers were restrained by 

stops (A) (Fig. 48). The heads of the plungers were connected to 

rubber bands which withdrew the plunger head to the stop (B) 

allowing abot: .: 20 cc of sample to enter the syringe barrels. The 

heads of the plungers were restrained from moving before triggering 

by a gate (C) which could slide on gate supports (C). The gate 

was ~eld down by a l ever in turn held down by the arm on a solenoid 

(F). The so:enoid was activated by a switch connected through an 

18 volt dry battery and electric cable which at the same time acted 

as a t e the r for the instrument• Th~ solenoid arm released t~~e 

lever which in turn released the gate. Th.e gate was pu 1.l ed up from 

the plunger heads in such a way that these peads slipped through the 

arches in the gate (C). The plung.ers were withdrawn by the rubber 

bands and water samples were taken .at diffe,rent levels. 

The upright plate holding the syringeswas fastened on to 

a triangui~r footplate arranged so that the syringes overhung one 

corner. The syringes were fitted with bent wide bore needles to 

place them as near to the substrate .as possible. 

The syringes and gate mec~anism were duplicated on the 

obve r se of the plate so that duplicate samp.les could be obtained 

at one time. 

The apparatus was let down on to the substrate and 

allowed to settle for 10 minutes before being triggered. After 

' 
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triggering a further three minutes was allowed for retraction of 

the syringe plungers. 

The positions of the needles were designed to be 0.5 em, 

5 em and 9 em from the surface of the substrate. However, the 

In 

water sampled will in fact not come from as near as the nominal 

heights of the needles from the substrate, but will rather be 

recruited from all directions in the vicinity of a needle tip. 

unobs~rueted water, the sample will be taken from an imaginary 

sphere equal to the volume of the sample with its centre congruent 

with the tip of the needle. For a sample of 20 cc, a sphere of 

radius 1 .971 em will be sampled. Presuming the 5 em and 9 em 

syringes to be sampl ing from water free to flow in from all directions, 

these samples will be taken from bands of w~ter 3.1 to 6.9 em, and 

7.1 to 10.9 em respectively. 

The proximity of the subs~rate within the radius of the 

imaginary sphere of the needle 0.5 em away from the bottom will 

interfere with the free flow of water into the syringe. Calculations 

based vn the assumption that the water being sampled will come from 

a sphere with a segment removed of volume 20 ec, show that water 

Hi. ll be recruited from up to 2.4 em height away from the substrate, 

although t he mean height of the water sample (when as much water 

comes from above as below that height) is about 0.9 em from the 

substrate. 
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APPE~.JIX ll. 

Light meter. 

A lux meter was not available in the laboratory. An 

instrument capable of being used under water was constructed. 

The ci rcuit of the light meter is given in Fig. 49. The light 

sensor was a Phillips light sensitive resistance. The circuit was 

driven by a Mallory nickel cadmium cel l so as to provide a 

sta~dard voltage through the circuit. The resistance of the 
' 

light sensor varies as a non linear function with the amount of 

light falling on the sensor. The amount of current passing 

through the circuit therefore bears a relationship to the amount of 

light impinging on the sensor. The current passing through the 

circui t: was measured by means of a }l ammeter, whose sensitivity 

was regulat ·.·: f or three different levels by using resis;;ance 

shunt. s (R2 Pnd R3), or for ver;y low light sensitivities passing 

the current directly a~ross the meter. 

B .. 3 
I o~. 

5 

.. 3 0 
Ill 

2 

Fig.49 Circuit diagram of light meter. 

~ .... ~ Rl Phillips lignt sensitive resistance. 

R1 
R2 l. OK potential divider. 
R3 230 " 11 

s Ganged switch. 
M u ammeter. 
B Mallory battery Cadmium cell for 1.3 v. 

The light sensitive resistance was calibrated against a 

"Lunimatt" light meter which when used as an incident light meter 

gave readings which could be converted to Ft candles or Lux. 

However, the readings were cited as only being approximate from the 

light meter, and the calibration therefore was not accurate. 
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c 

10 
. 

20 30 40 amps Jl 

Calibration curves for underwa te r light meter. 
The values are only approximate since a 
commercial photographic light meter was usee as 
a standard. 
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Howeve r, some approximation was given, using this instrumc .. t. 

The ~ight sensitive resistance was embedded behind a 

window of pcrspex in epoxy resin, to render it water tight. 

T[,,.;:, the ··-nsor could measure light values under water. 

The curvilinear nature of the r e sponse was very 

convenien t , since very low light values could be estimated, 

indeed much lo\ver than could be obtained using a selenium cell 

as a light s~ns i tive current generator. Light values at very 

hi;<. intensities were much less conveniently measured, since 

~~rge changes in light intensity was measured by small changes 

in c~~~ent in t he circuit. The calibration curve is given in 

Fig. 50. 
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