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SUMMARY

Planktonic diatoms wer e investigated in the Kenyan water s of Lake Victoriain September
1997. A total 82 diatom taxa were recorded. Among the centrales, Aulacoseira was the
most diversified genera followed by Cyclotella, and, among the pinnates, Nitzschia and
Navicula were the most diversified. Diatom abundance ranged from 2.51 x 10° to 5.42 x
10° frustules |- in the Nyanza Gulf and from 1.58 x 10° to 8.61 x 10°frustules|-* in the open
lake. Nitzschia acicularis and N. lacustris were the most dominant in the open lake and
they were prevalent in most parts of the lake. N. gracilisand Cyclotella radiosa were also
important in the open lake. Aulacoseira nyassensisvar. victoriae, Navicula digitoradiata,
Nitzschia palea, Cyclotella ocellata and C. meneghiniana predominated in the Nyanza
Gulf. The spatial patternsindicate recent changes in species composition and abundance
of dominant taxa. Soecies richness, diversity and equitability were higher inshore than
offshore. Diversity was related to Secchi transparency, conductivity and concentration of
slicate.

BACKGROUND

Tdling (1966, 1987) reported clear seasond successon of phytoplankton groupsin Lake Victoria
in early 1960s and he observed that during periods of isotherma mixing of the water column,
diatomsreplaced cyanobacteria (blue-green a gae) asthe dominant group. Recent studiesindicate
that this successon has diminished and the cyanobacteria seem to persstently dominate and
diatoms and other phytoplankton groups have declined (Hecky & Bugenyi, 1993; Ochumba &
Kibaara, 1989; Lung'ayia, et al., 2000). Besdes, diatoms mainly of the genus Aulacoseira,
formed amgor source of food for detritivorousand phytopl anktivorousfish species (Greenwood,
1953; Welcomme, 1968).

Diatoms are sengtive to many environmenta variables and have been consdered as ecologica
indicators of environmentd perturbations such asacidification, eutrophication and climeatic changes
(Dam et al., 1994). The shiftsin communities of diatomsin Lake Victoriaare manifestationsof a
changing environment that hasimplicationson water qudity, biologica and fish production. Studies
on thedidtribution and compogtion of diatoms can beone of thefirg gepsin providing abiologica
means of assessing environmenta conditions as well as naturd variability and production in the
lake.



The objectives of this study were to describe planktonic diatom species composition, especialy
gpatid digribution in abundance and diversity in the Kenyan waters of Lake Victoria and their
relationship to some environmenta factors.

MATERIALSAND METHODS

Study area

Investigations were carried out a 10 dtes in the Kenya waters of Lake Victoria (Fig. 1) in
September 1997. The Sites were sdlected from among stations established by Kenya Marine
and Fisheries Research Ingtitute (KMFRI) for routine limnological sampling and were used by
Lake Victoria Fisheries Research Project (LVFRP) for fish stock assessment studies. The Sites
represented inshore, mouths of mgor rivers and offshore in both the Nyanza Gulf and the open
lake. The geographic, hydrologica and physicd characterigtics of the lake, including the Nyanza
Gulf have been summarized by Mavuti & Litterick (1991) and Crul (1995).
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Fig. 1. Location of the sampling stations (3-106) in the Kenyan part of Lake Victoria.



Secchi trangparency was estimated with a 20 cm diameter black-white sectioned Secchi disk.
Turbidity was measured with a2100 P Hach Turbidimeter. Water temperature, dissolved oxygen,
pH, and conductivity were measuredin situwith aHydrolab Surveyor |1 Multi-parameter Water
Quadlity Monitoring System. Alkainity was determined by titration with acid as described by
Heron & Talling (1978). Chlorophyll a was determined after cold (refrigerated) 90% acetone
extraction followed by spectrophotometric analysis and caculated according to Strickland &
Parsons (1968). Water samples for analysis of nutrients were preserved with mercuric chloride,
gtored in ice and transported to the laboratory. The samples were filtered through cellulose-
acetate membranes (pore size 0.45 mm) and subsequently analysed for nitrate-nitrogeni.e. NO,-
N (cadmium reduction, diozoic complex), phosphate-phosphorus PO,-P (SRP, ascorbic acid)
and slicate SO, (heteropoli blue) using methods based on those described by Mackereth et
al., (1978).

Diatom samples were collected with a 3 | Kemmerer water sampler from the surface (0-0.5 m
depth). 250 ml of water were put in polyethylene bottles and preserved with Lugol's solution and
5% formdlin. The samples were concentrated by settling for 48 hoursto afina volume of 20-30
ml. Diatom frustles were cleaned with sulphuric and nitric acids and mounted in Styrax (Gum
dorax). Examinations were done on a light microscope using oil immersion lens & 1000 X
meagnification. Taxonomic identifications were made following Krammer and Lange-Bertdot
(1986, 1988, 19914, b). Counting 300-500 frustulesin aknown surface area.on each permanent
dide made quantitative estimates. The counts were recorded as number of frustules|-1. Species
richness (d) was cal culated by equation of Margdef (1951), diversity (H) by Shannon and Weaver
(1963) index and species equitability (J) or evenness by the equation of Pidou (1975). Pearson
correlaion coefficients between diatom abundance, diversity and environmental factors were
caculated usng STATISTICA computer program.

RESULTS

Table 1 gives the data on environmenta characterigtics for the 10 sites sampled. When the
different parts of the lake are compared, the Nyanza gulf had lower Secchi transparencies than
the open lake. Trends in turbidity were the inverse to those of transparency and turbidities were
higher in the gulf than the open lake. There waslittle variation of water temperature whereas pH
wasdightly dkdine. Dissolved oxygen wasgenerdly high a dl gations. Onthewhole, dkdinity,
conductivity and agd biomass, as indicated by chlorophyll-a, were higher in the gulf than in the
open lake. Concentrations of PO,-P showed no clear variations except a Stations 34, at Rusinga
Channd and 32 in offshore open lake, where the highest va ues were recorded. Concentrations
of NO,-N were higher in the gulf where the highest value was recorded at station 10. Sightly
higher concentrations of NO,-N were recorded in the open lake. Similarly, the gulf had higher
concentrations of SO, and they decreased to very low vauesin the open lake.
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Table 1. Environmental characteristics of the 10 stations sampled. (NTU = Nephelomet
-ric Turbidity Units).

Station
3 |4 [10]26[31 [34 [32 [54 |50 | 106
Secchi transparency 08 [13]07] 0808|1316 | 10]10] 13
Turbidity NTU 1319 |27 |12|15|8 |4 |11 |11 8
Temperature °C 27 |27 |28 |28 |26 |27 |26 | 28 |27 | 27
Dissolved oxygen mgo, I | 8.3 |75 |76 | 8416394167 | 83 |64 7.9
pH 78 |83|7g|83[81| 75|79 87|77 | 81

Alkdlinity mgH asCaCO, |78 |76 |84 |80 |84 | 72 | 48| 42 |44 42
Conductivity 'S cm? 195 | 191 (213 | 238|236 (138 | 133 | 126 | 128 | 128

PO,-P gl 3 |27 |31 22|28 |48 | 47| 31| 29| 50
NO.,-N ng* 17 |7 |169 |34 |23 |37 | 53 | 58 |27 16
SO, ngl* 26 |16 |41]35|39|03]| 03| 07]07 | 02
Changl 9 |33 |23 |51 |31|22| 8 | 28|28 7

A total 82 taxaof diatoms belonging to 24 genera(from 6 orders) wererecorded (Table 2). The
most important order was Birgphidaes, which comprised 68% of the totd number of taxa,
followed by Coscinodiscales(16%), Aragphidales(9%) and Monoraphidaes(5%). Rhizosenides
and Rhaphidioididales accounted for 1% each. Among the centric diatoms (Centrophycidae),
Aulacoseira was the most diversified genera comprising 46% of the taxain this group followed
by Cyclotella (23%), and Stephanodi cus (15%). Themost diversfied generaamong the pinnates
(Pennatophyicidae) wereNitzschia accounting for 22% followed by Navicula (20%), Pinnularia
(13%) and Gomphonema (9%). Higher numbers of taxaper station were observedinthelittora
and inshore shalow waters particularly inthe Nyanza Gulf and they decreased offshore. Numbers
of taxa varied from 12 at Staion 4 in mid-gulf to a maximum 36 a Stations 3 and 54 near the
mouths of Awach and Y darespectively.

Spatid abundance of diatoms ranged from 2.51 x 10°to 5.42 x 1C° frustules I* in the Nyanza
Gulf and from 1.58 x 10°t0 8.61 x 10° frugtules|* inthe open lake (Fig. 2). The highest abundance
was observed at Station 54 and was mainly congtituted by Nitzschia acicularis that accounted
for 36% of the total diatom population, and, N. lacustris 21% (Fig. 2, Table 3). A second
maximum occurred at Station 34 and was dominated again by N. acicularis accounting for
67%. These two species, N. acicularis and N. lacustris, were among the most predominant in
other parts of the open lake together with N. gracilis and Cyclotella radiosa. In the gulf, the
highest abundance occurred at Station 10 and Aulacoseira nyassensis var. victoriae was the
most important taxa, othersincluded Navicula digitoradiata, Aulacoseira nyassenss, Nitzschia
palea, Cyclotella ocellata and C. meneghiniana, Nitzschia acicularis and N. lacustris.
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Table2. Taxonomic list of diatomsrecorded in the sampled area.

Centrophycidae

Coscinodiscales

Aulacoseira agassizii (Ogtenf.) Sim.

A. ambigua (Grun.) Sm.

A. granulata (Ehr.) Sm.

A. italica (Ehr.) Sm.

A. nyassensis (O. Mull.) Sm.

A. nyassensis O. Mlll. var. victoriae O. Mill.
Caloneis bacillum (Grun.) Cl.

Cyclotella meneghiniana Kiitz.

C. radiosa (Grun.) Lemm.

C. ocellata Pantocksek

Sephanodiscus astraea (Ehr.) Grun. var astraea
Sephanodiscus sp.

Thalassiosira weissflogii Grun.
Rhizosolenides

Rhizosolenia victoriae Schrod.

Pennatophycidae

Argphidaes

Asterionela formosa Hassall.

Diatoma elongatum (Lyngb.) Argardh.

Fragilaria construens (Ehr.) Grun. var. construens

F. construens (Ehr.) Grun. var. exigua (W. Smith) Schulz.
F. construens (Ehr.) Grun. var. subsalina Hust.

F. capucina var. capucina Desmaz.

F. intermedia (Grun.) Grun.

Rephidioididdes

Eunotia pectinalis Rabh.

Monaraphidaes

Achnanthes hungarica (Grun.) Grun.
A. clevei Grun.inCl. & Grun.

A. ploenensis Hust.

Cocconeis Ehr. var. placentula

Birgphidales

Amphora commutata Grun.

A ovalis (Kutz.)) Kitz. var. ovalis
A. pediculus (Kitz.) Grun.

A. veneta Kitz.

Anomoeoneis fallis (Ehr.) Cl.



Cymatopleura solea Bréb. W. Smith var. solea
Cymbella sesatii (Rabh.) Grun.

C. turgida (Greg.) Cl.

C. ventricosa Kiitz.

Gomphonema acuminatum Ehr. var. turris
G. angustatum (K itz.) Rabh.

G. clavatum Ehr.

G. clevei Frieke

G. gracile Eh.

G. oliveceum (Hornemann) Bréb.
Gyrosigma acuminatum (Kitz.) Rabh.
Hantzchia amphioxys (Ehr.) Grun. var. amphioxys.
Mastogloia smithii Twaites

Navicula clementis Grun.

. cuspidata Kitz.

. cryptocephala Kitz.

. digitoradiata Greg.

. gastrum Ehr.

. gottlandica Grun.

. gracilis Ehr.

. oblonga Klitz.

. pupula Kitz.

. rynchocephala Kitz..

. viridula Kiitz.

. variostriata Krasske

. vulpina Kiitz.

Navicula sp.

Nitzschia acicularis W. Smith

. amphibia Grun.

. dissipata (Kiitz.) Grun.

. gracilis Hantsch.

. hantzschiana Rabh.

. intermedia Hantsch.

. lacustris Hust.

. linearis W. Smith

. microcephala Grun.

. nyassensis O. Mlll.

. palea (Kutz.) W. Smith

. paleaceae Grun.

. pusila Grun.

. vermicularis (Kitz.) Grun.
Nitzschia sp.

Pinnularia alpina W. Smith

P. cardinalis (Ehr.) W. Smith

P. divergensW. Smith

P. leptosoma Grun.

P. subcapitata Greg. var. subcapitata
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P. viridis (Nitzsch.) Ehr.

Rhopal odia gibberula (Ehr.) O. Mlll. var. heurckii O. Mull.

Sauroneis anceps Ehr.
S obtusa Lgst.

Table 3. Percentage contribution of the most quantitatively important (>5%) diatom
taxato thetotal count in the various stations
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Higher speciesrichness were observed in the inshore shalow waters of the Nyanza Gulf (Fig. 3)
whereas, maximum dengties but lower numbers of species occurred offshore and in the open
lake. The highest pecies richness in the gulf 2.8 was recorded at Station 3 and the lowest 0.9
was a Station 4 in mid-gulf. A minor pesk of speciesrichnessoccurred at Station 54 in the open
lake. Spatid variationsin species diversty index (H) followed smilar patternsto those of species
richness. The highest diversity was observed at Station 3, owing to presence of alarge number of
specieswith higher equitability (J) contributing to the total aobundance (Table 3). A minor pesk in
diversity was observed at Station 54 while the lowest diversity at Station 4 was due to a few
dominant species with a high percentage contribution to the total diatom population. Diversty
was sgnificantly correlated to Secchi transparency, conductivity and silicate (p<0.05) (Table 4).
There was no sgnificant correlation between abundance and any of the measured environmental
factors.
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Fig. 3. Variationsin diatom speciesrichness (D), diversity (H) and equitability (J)

Table4. Correlation coefficient ‘r’ and significant ‘p’ values calculated between diatom
abundance and diversity, and environmental factors (* Significant at 5% level).

Environmentd factor Abundance Diversty

r-value pvaue | r-vaue p-vaue
Secchi transparency -0.164 0.651 - 0.892 0.001 *
SO, -0.016 0.964 0.806 0.005 *
Conductivity - 0.149 0.681 0.732 0.016 *
PO,-P 0.009 0.098 -0.577 0.069
Turbidity 0.253 0.480 0.595 0.070
Alkdinity 0.005 0.990 0.592 0.071
pH 0.399 0.254 0.316 0.374
Chlorophyll a 0.106 0.771 0.304 0.393
Temperature 0.424 0.222 0.228 0.527
NO,-N 0.451 0.191 0.083 0.819
Dissolved oxygen 0.451 0.191 - 0.003 0.996
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DISCUSSION

In Lake Victoria, distomswere quite diverse and quantitatively important in the phytoplankton in
early 1960s (Tdling, 1966, 1987). Unpredictable weather changesin the lake's basin is causing
variationsin therma structure of the water column and according to Hecky, et al., (1994), there
is an increase in dability that has reduced mixing of the water column. Consequently, this has
reduced redistribution of nutrients, accumulated in bottom sediments, particularly slicate required
for sructura growth of diatoms. The decrease in slicate in the epilimnion (Hecky & Bugenyi,
1993) may have lead to a decline in diatoms and in addition, increased their photosynthetic
activity as reported by Mugidde (1993). Higher rates of photosynthesis may partly explain the
higher concentrations of dissolved oxygen a stations with large populations of diatoms.

In our study, concentration of slicate remained low except in shalower waters in the Nyanza
Gulf, particularly near mouths of riverswhere higher concentrations were recorded. These aress
were a so characterized by lower transparency (except at mouth of Y da) mainly dueto suspended
sediments, and, they had higher ionic content (higher conductivity). Most of the diatom species
that were dominant in the shalower waters, such as Aulacoseira nyassensis, Navicula
digitoradiata, Nitzschia palea, and Cyclotella meneghiniana, aretolerant to low light condiitions
and that iswhy they contributed greetly to the higher diversities seen, for example at Station 3.
This could aso bewhy diversity was sgnificantly correlated to secchi trangparency, conductivity
and glicate. Our findings agree with those of Lungayiaet al., (2000) who report that silicate and
turbidity influenced sgnificantly the digribution of phytoplankton, in generd, in Lake Victoria
Elsawhere, in the gulf, lower transparency could be éttributed to high dga biomass mainly
contributed by other dgd groups as shown by higher concentration of chlorophyll a but lower
abundance of diatoms, for example at Stations 26 in Asembo Bay, 4 and 31 in mid-gulf.

Minor pesk diatom abundancein the Nyanza Gulf at Station 10 in Kisumu Bay, was accompanied
by relaively high NO,-N. On the other hand, the peak of diatom abundance in the open lake
coincided with higher transparency and a fairly rich nutrient environment (higher PO,-P and
NO,-N). Lower SO, in the same areas could be due to exhaustion by the large populations of
diatoms. Taling, op cit. reported low concentrations of Slicate during and after periods of diatom
abundance and associated thisto depletion of slicate by the diatoms. Asawhole, concentration
of PO,-P and NO,-N remained higher than the 10 g I* reported by Talling (1966) confirming
the increasingly eutrophic nature of Lake Victoria Long-term trends of mgor nutrients in the
lakeindicate that, while concentrations of phosphates have not changed significantly since 1960s,
nitrates have increased and slicates have reduced. According to Hecky (1993), the N: Pratio
has reduced and this has favoured cyanobacteria that are now persstently dominating the
phytoplankton.

Intheinshore shalow weters, the diversity of littora habitats and high amounts of nutrients seem

to encourage the florigtic richness and growth of different species. Thisisin agreement with Rao,

et al., (1988) who related higher diversity of plankton in generd in Lake Rangasagar, India, to

high temperature and nutrients. On the other hand, lower concentration of Slicate in offshore

Lake Victoriaresultsin adecrease in diversity, dthough aso, the concentration of slicate seems
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to be sufficient enough to support large numbers of Nitzschia acicularis and N. lacustris.

The coupling between diatoms, and phytoplankton in generd, and herbivorous zooplankton and
fishin Lake Victoriais not known and needs to be studied. Although the decline of detritivorous
/ phytoplanktivorous fish species in the lake is blamed on the introduced predatory Nile perch
Lates niloticus (L.) (Ligtvoet & Witte, 1991), it appears that the changes in phytoplankton
composition where cyanobacteria are persstently dominating and other groups are becoming
lesser could dso have contributed to the decline of the fish species. This is probably due to
reductioninavailability of certain food itemsincd uding speciesof diatoms. According to Greenwood
(1953) and Welcome (1968), many detritivorous and phytoplanktivorous fish speciesfed mainly
on diatoms, particularly Aulacosarathat used to be among the most dominant genera.

Theabundance of diatom speciesreported by Talling (1966) as dominant appearsto have changed.
Theseincluded Aulacoseira nyassensis (1011 cdlslt), A. agassizz (10%), Nitzschiaacicularis
(10°) Surirella nyassae (10°) and Sephanodiscus astraea (104). Themaximum that werecorded
for some of these specieswere: A. nyassensis (2.1 x 10° frustules |'Y), A. agassizzi (4.7 x1(?),
Nitzschia acicularis (4 x10°) and S. astraea (1.4 x 10%). If we compare our datawith those of
Tdlingopcit., itispossble that Nitzcschia may have replaced Aulacoseira asthe most important
diatom particularly in the open lake.

CONCLUSIONSAND RECOMMENDATIONS

From 1997 up to 2000, more data have been collected but it is still predominantly an irregular
sampling stream and most of the dataisyet to be examined. Until thereis complete data.collection
at regular intervals and covering different seasons, clear relaionships, more than the type
demondtrated here will be inconclusive and will remain descriptive. However, our deta are il
aufficiently inclusiveto revea spatia digtribution thet is governed by environmentd factors, since
the samples were taken from areas representing different habitats of the lake.

Water quaity monitoring programson Lake Victoriaare mostly based on environmenta varigbles.
Consdering that there is growing interest worldwide on assessment methods on water qudity,
based on biological organisms such as diatoms, our data may provide basdline and useful
information to examinethe controlling processes aswell asthe potentid of ecosystem production.
Research on diatoms and other organisms as biologica indicators of the state of the aguatic
environment should be pursued further.
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