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Seasonal and spatial aspects of phytoplankton along the north-eastern

coast of Lake Tanganyika
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Phytoplankton was sampled over 10 months at five stations along the north-eastern coast of Lake Tanganyika. The
biomass is composed chiefly of diatoms together with blue-green algae and, occasionally, green algae and Euglenophy-
tes. Seasonal changes in phytoplankton composition and densities are discussed in relation with abiotic factors.
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Des prélévements de phytoplancton ont été effectués pendant 10 mois le long de la cte nord-est dans 5 stations du
Lac Tanganyika. La majeure partie de la flore algale est constituée le plus souvent par les Bacillariophycées et les Cya-
nophycées et, plus rarement, par des Chlorophycées et des Euglenophycées. Les changements de la structure du peuple-
ment phytoplanctonique et de la densité cellulaire sont analysés en rapport avec les facteurs abiotiques.

1. Introduction

Several studies have been published on the pela-
gic phytoplankton communities of Lake Tanganyika
(West 1907, Van Meel 1954, Symoens 1955a, b,
1956, Hecky et al. 1978, Hecky & Kling 1981, Gasse
1986, Caljon 1991 a). However, little has been done
on the phytoplankton of the numerous sheltered
bays and lagoons of the lake (Mpawenayo 1985,
1986, Caljon 1987). In the present study spatio-
temporal changes in littoral phytoplankton are des-
cribed in relation to abiotic factors.

2. Materials and methods

General data on the study area can be found in
different publications (e.g. Beadle 1974, Coulter
1963, 1977, Degens et al. 1971, Hecky et al. 1978,
Hecky & Kling 1981, Van Meel 1954, 1987, 1988).
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Five stations were selected along the north-eastern
coast of Lake Tanganyika, on the territory of
Burundi. They are all situated in the Bujumbura
basin which is the shallowest of the four basins on
Lake Tanganyika (Capart 1952). Sampling was done
on a monthly base between October 1985 and July
1986. All samples were taken between 9 a.m. and
1 p.m. on the same day (18 october 1985, 22 Novem-
ber 1985, 17 December 1985, 17 January 1986, 14
February 1986, 14 March 1986, 11 April 1986, 9 May
1986, 6 June 1986 and 3 July 1986). In the study
area, the wet season starts mid October and lasts
until mid May, with a short period of little rainfall
at the end of January. Northern winds prevail during
the wet season. South-eastern winds blow during the
dry season. Local disturbances due to geographic
and microclimatological conditions of these gene-
ral wind patterns are common over the entire year.
The geographic position of the sampling stations is
shown in figure 1.

Sampling localities :

— Station 1 : a rocky coast near Nyanza-Lac, in
the southern part of Burundi. Samples ACBUA 475,
509, 524, 539, 573, 588, 607, 639, 658, 672.
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Fig. 1. Map of the northern part of Lake Tanganyika with location of the sampling stations : station 1 : Nyanza-Lac ; station 2 : Kibwe ;
station 3 : Resha ; station 4 : Gatororongo ; station 5 : Bujumbura.
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— Station 2 : a bay near Kibwe, 105 km south
of Bujumbura ; the coast consists of a sandy, stony
beach, tufts of Vossia cuspidata (Poaceae) are abun-
dant. Samples ACBUA 478, 512, 527, 542, 576, 591,
609, 641, 660, 674.

— Station 3 : rocky coast near Resha, intersper-
sed with a few sandy beaches, 52 km south of
Bujumbura. Samples ACBUA 482, 516, 531, 546,
580, 595, 613, 645, 664, 678.

— Station 4 : stony beach, near Gatororongo,
28 km south of Bujumbura. Samples ACBUA 484,
518, 533, 548, 582, 597, 615, 647, 666, 680.

— Station 5 : sandy beach overgrown by Phrag-
mites mauritianus (Poaceae), situated near the « cer-
cle nautique » at Bujumbura. Samples ACBUA 487,
521, 536, 551, 585, 600, 618, 650, 669, 683.

Samples for quantitative investigation were taken
by filling one-liter plastic pots and fixed with an aci-
dified lugol solution. Phytoplankton samples for
qualitative investigation were taken with a plank-
ton net of 28 ,m mesh-size and fixed with formal-
dehyde. All samples are deposited in the Herbarium
of gent.

Temperature, pH and conductivity were measu-
red in situ with respectively a mercury thermome-
ter, a pH meter model Schott C.G.819 and a con-
ductivity meter model Schott C.G.857. Carbonate

COASTAL PHYTOPLANKTON OF LAKE TANGANYIKA

217

and bicarbonate were determined acidimetrically,
chlorides titrimetrically, sulphate by nephelometry,
sodium and potassium by atomic absorption spec-
trophotometry, calcium and magnesium by com-
plexometry. Methodology for all abiotic factors is
as described in Rodier (1978).

Phytoplankton counts were made with an inver-
ted microscope (Reichart-Jung-Biostar) after sett-
ling of the samples in sedimentation chambers of
50 ml. Acid-cleaned subsamples for qualitative
investigation of diatoms were mounted in Naphrax
and studied with an Olympus BH 2 microscope
equipped with phase contrast.

3. Results

3.1. Abiotic factors

Table I shows the means and standard deviations
of the abiotic factors for the five sampling stations.
Water temperature was at all stations between 23,5
and 30.5°C. The pH is alkaline during the whole
year (8.6 - 9.1). On the whole, water temperature,
pH and conductivity tend to be higher during the
period December-March. However, between the dif-
ferent stations there are differences in the periods
the maxima occur. No clear trend could be detec-
ted in these variations between the stations. There

Table I. Mean vatues and standard deviations of temperature (°C), pH, conductivity (uS/cm at 20°C)

and principal cations and anions {meqg/1) of stations 1, 2, 3, 4 and 5.

station 1 2 3 4 5
mean  std  mean std mean  std mean  std mean std
teap. 25,50 136 27.50 1.2 2635 147 26,80 0.9 28,00 L.R2
p 8.87 0.1 8.89 0.09 893 0.0 891 0,08 8.85 0.1
cond. 657,00 18.03 680.80 20.93 657.60 21.82 667.20 17.55 679.80 1L.74
Ha* 2,62 0,04 262 0,05 2,63 0.0 2.62 006 2,65 0.0)
K 0.89  0.07 0.85 0,06 0.8 0.04 0.85 0,02 0.82 0,04
Ng*+ 140l L2 ol ¢ 02 328 04 323 007
ca*t* 0.54  0.01 0.59 0.03 0.5 0,10 0,56 0.07 0.63 0.12
C0,™" Lz 62 132 025 1,35 0.8 L35 0,25 130 0.23
HCO,~ 510 015 497 0.1 501 019 495 0.9 5,02 0.16
el 095 0,05 0.9 0.04 0,93 0,05 0,93 0.0 0.9 0.03
80~ 0.05 0.3 0.06 0.03 0.06 0,03 0.06 0.03 0.05 0.03
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seems to be little spatial differences in the mean
concentrations of the major ions. The cation com-
position is dominated by magnesium and sodium,
calcium and potassium are relatively less important,
The total anion concentration is dominated by bicar-
bonate ions. Again, there seems to be little diffe-
rence between the five stations.

3.2. Phytoplankton composition

In the present study we will focus on the diatom
part of the phytoplankton. In total, 240 different
taxa belonging to 34 genera were observed. 93 taxa
(distributed over 25 genera) were encountered in the
quantitative countings.

The list of the observed diatom taxa is given in
table I1. Taxonomic remarks will be published elsew-
here. Taxa marked with a « * » were found in the
countings.

In addition, 89 taxa belonging to the following
taxonomic groups were observed during the quan-
titative investigation : 35 Cyanophyta, 11 Eugle-
nophyta, 7 Cryptophyta, I Dinophyta, 3
Chrysophyta, 2 Xanthophyta, 30 Chlorophyta.

The seasonal changes in phytoplankton densities
in the five stations are shown in the figures 2 to 6.
On most occasions, diatoms formed the most impor-
tant part of the phytoplankton, both quantitatively
and qualitatively. On average, diatoms make up for
about 40 - 61 % of the total phytoplankton density

1985

in stations 1, 3 and 4. In stations 2 and 5 they are
quantitatively more important, and account for
more than 88 % of the total cell density. In terms
of species composition, stations 1 to 4 are very simi-
lar, with Fragilaria africana, F. construens,
Amphora pediculus, Caloneis bacillum, Cymbella
minuta, Gomphonema africanum, Navicula capitata
var. hungarica, N. cryptotenella, N. exigua, N. gas-
trum, N. pupula, N. seminuloides, Nitzschia fonti-
cola, Rhopalodia hirundiniformis, R. operculata as
most common taxa. Station 5 is somewhat different,
Cocconeis placentula, Amphora pediculus, Capar-
togramma karstenii, Cymatopleura solea var. api-
culata, Diploneis ovalis, Epithemia adnata, Gyro-
sigma wormleyi, Nitzschia lancettula, Surirella linea-
ris were regularly found, while absent or rare in the
other stations. Fragilaria construens is less impor-
tant compared to the other stations.

In station 1, phytoplankton densities (Fig. 2) were
low during the entire study period, with a small
increase of diatoms, blue-green algae and chlorophy-
tes at the start of the dry season.

Station 2 is characterized by much higher phyto-
plankton concentrations (Fig. 3) than station 1. A
very high maximum occurred in January, almost
completely determined by diatoms, and to much les-
ser extent by blue-green algae. This peak is mainly
accounted for by Fragilaria construens, with up to
3400 organisms/ml. Fragilaria africana, Cymbellu
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Fig. 2. Seasonal phytoplankton composition in the littoral zone of Lake Tanganyika at station 1, near Nyanza-Lac,
120 km south of Bujumbura.
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Fig. 3. I phytoplankton ition in the littoral zone of Lake Tanganyika at station 2, near Kibwe,

108 km south of Bujumbura.

minuta, Navicula cryptotenella, N. seminuloides,
Nitzschia fonticola and Rhopalodia operculata
attain a less important maxima. A second peak
occurs in April-May, with Fragilaria construens,
Gomphonema africanum and Nitzschia fonticola as
dominant taxa.

Phytoplankten densities are generally low in sta-
tions 3 (Fig. 4), with a small maximum of chlorophy-
tes at the end of the dry season, and a second smal-
ler one in the short intermediate dry period, in
January.

In station 4 phytoplankton densities (Fig. 5) are
comparable to station 3 and remain fairly constant
during the entire period except for a minimum in
April.

In station 5 (Fig. 6) diatoms are present in great
quantity during the whole study period. The most
important diatoms are : Navicula exigua, Cocconelis
placentula var. euglypta, Amphora pediculus, Calo-
neis bacillum, Cymbella minuta and Epithemia
adnata, with more than 100 cells/ml during one or
more samplings. During the two peaks, N. exigua
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Table II. Taxonomic list of the observed diatoms taxa. Taxa marked with a « * » were found in the countings.

Centrobacillariophyceae
Coscinodiscales

Aulacosaeira distans (Ehr.) Simonsen

A. granulata (Ehr.) Simonsen

Orthoseira roeseana (Rabh.) OMaera

Cyclotella krammeri Hakansson

C. meneghiniana Kutz.*

C. meduanae Germain

C. ocellata Pant.

Cyclostephanos damasii (Hust.) Stoermer & Hakansson
Thalassiosira faurei (Gasse) Hasle

T. rudolfi (Bachmann) Hasle

Soleniales
Rhizosolenia eriensis H.L. Smith

Pennatibacillariophyceae
Araphidales

Fragilaria africana Hust.*

brevistriata Grun.*

brevistriata var. trigibba (Pant.) Hust*.
construens (Ehr.) Grun.*

construens var. subsalina Hust.
contruens var. venter (Ehr.) Grun.*
inflata (Heid.) Hust.

pinnata Ehr.*

pinnata var. lancettula (Schumann) Hust.
Synedra acus Kutz.*

S. nyansae G.S. West*

S. rumpens Kiitz. var. fragilarioides Grun.
S. uina (Nitzsch) Ehr.*

S. ulna var. aequalis {Kitz.) Hust.

S.

S.

mMmMmMmTmm T

ulna var. danica (Kutz.) Van Heurck
vaucheriae Kitz.

Raphidioidales

Eunotia didyma Grun. var. tuberosa Hust.
E. monodon Ehr *

E. pectinalis (O.F. MOll.) Rabh *

E. pectinalis var. minor (Kiitz.) Rabh,

E. pectinalis var. ventricosa Grun.*

E. polydentula Brun. var. perpusifia Grun.*

Monoraphidales

Achnanthes affinis Grun.

buccula Chol.

exigua Grun.*

inflata (Kutz.) Grun.

lanceolata Bréb. ex Kutz.*
lanceolata var. dubia Grun.*
minutissima Kz,

minutissima var.1

subhudsonis Hust.

Cocconeis disculus {Schumann) Cl.
C. hustedtii Krasske

C. placentula Ehr.*

C. placentula var. euglypta (Ehr.) Cl.
Rhoicosphenia abbreviata (C Ag.) Lange-Bertalot *

PR32 BBLN

Biraphidales

Amphora ct. calumetica (Thomas) Peragallo
coffeiformis (Ag.) Kutz.*

copulata (Kitz.) Schoeman & Archibald*
inariensis Krammer

montana Krasske

ovalis Kitz.*

pediculus (Kitz.} Grun.*

tanganyikae Caljon*

Anomoecneis sphaerophora (Ehr.) Pfitzer

A. sphaerophora f. sculpta (Ehr.) A.M. Schmid
Caloneis aerophila Bock

C. bacillum (Grun ) C1.*

C. schumanniana (Grun.) Cl.

C. silicufa (Ehr.) CI.
C.

P> >nD> D

partog Jo] Ross*
C. crucicula (Grun. ex Cl.) Ross
C. karstenii (Zanon) Ross
Cymatopleura solea (Bréb.) W. Sm.*

C. solea var. apiculata (W. Sm.) Ralfs*

C. cakcarata Hust.

Cymbella caespitosa (Kutz.) Brun.

C. cucumis A. Schmidt

C. grossestriata O. Mall.

C. minuta Hilse ex Rabh.*

C. muslferi Hust."

Cymbelionitzschia minima Hust.*

Diploneis finnica (Ehr.) Cl.

D. ovalis (Hilse) Cl.*

Epithemia adnata (Kutz.) Bréb.*

E. argus (Ehr)) Kotz.

E. sorex Kitz.

Frustulia rhomboides (Ehr.) De Toni *

F. rhomboides var. crassinervia (Bréb.) Ross
F. rhomboides var. saxonica (Rabh.) De Toni

6)
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F. vulgaris (Thwaites) De Toni
Gomphocymbella beccarni (Grun.) Forti*

G. gracilis Hust.*

Gomphonema aequatoriale Hust.*

G. affine Kutz

G. africanum G.S. West™

G. augur Ehr. var. turris (Ehr.) Lange-Bertalot
G. clevei Fricke

G. gracile Ehr.*

G. parvulum (Kitz.) Katz.*

Gomphonitzschia ungeri Grun.*

Gyrosigma acuminatum (Kiz.) Rabh.

G. attenuaturn (Kitz.) Rabh.*

G. nodiferum {Grun.) Reimer®

G. scalproides (Rabh.) Cl.

G. spenceri {Quekett) Griffith & Henfrey

G. wormieyi (Sulliv.) Boyer*

Hantzschia amphfoxys (Ehr.) Grun.*

H. amphioxys var. africana Hust.

H. virgata (Roper} Grun.

Navicula absoluta Hust.

amplectens Hust.

arvensis Hust.

bacillum Ehr.

barbarica Hust.*

capitata Ehr. var. hungarica (Grun.) Ross®
capitatoradiata Germain

cincta (Ehr.) Ralfs*

confervacea (Kutz.) Grun.®

contenta Grun.

costulata Grun.

cryptotenelia Lange-Bertalot*

cuspidata (Kiitz.) Kutz.

damasii Hust.

decussis Ostrup

erifuga Lange-Bertalot

exigua (Grég.) Grun.*

fossalis Krasske var. obsidialis (Hust.} Lange-Bertalot
gallica (W.Sm.) Van Heurck

gallica var. perpusilia (Grun.) Lange-Bertalot
gastrum (Ehr)) Kotz.*

gastrum var. signata Hust.

gosppertiana (Bleisch) H.L. Smith
hambergii Hust.

hasta Pant.*

lapidosa Krasske

modica Hust.*

monoculata Hust. var. omissa (Hust.) Lange-Bertalot

RXZAIIIAIIIXIIIIRIIIIIZIIIZRZR

N. mutica Kiz."

N. mutica t. intermedia Hust.

N. muticoides Hust.

N. oblonga (Kutz.) Kotz.

N. paramutica Bock

N. periatoides (O. Miill.} Hust*

N. perparva Hust.

N. placentula (Ehr.) Kutz.

N. platycephala O. Miil.

N. pupula Kutz.*

N. pupula var. nyassensis (O. Mull.) Lange-Bertalot
N. pygmasa Kitz.*

N. aff. rhynchocephala Kutz .*

N. rotaeana (Rabh.) Grun.

N. rotunda Hust.

N. schroeteri Meister

N. scutslioidas W. Sm. ex Greg.*
N. seminuloides Hust.*

N. subrhynchocephala Hust.”

N. trivialis Lange-Bertalot

N. viridula (Kutz.) Ehr*

N. viridula var. rostellata (Kotz.) Cl.
N. zanonii Hust.

Neidium ampliatum (Ehr.) Krammer*
N. dubium (Ehr.} Cl.

N. indis (Ehr.) Cl

Nitzschia aciculanis (Kitz.) W.Sm.
N. adapta Hust*

N. aequalis Hust.”

N. amphibia Grun.

N. archibaldii Lange-Bertalot

N. asterionslioides Q. Mull.*

N. bacillum Hust.*

N. cafida Grun."

N. capitellata Hust.*

N. compressa (Bailey) Boyer var. vexans (Grun.) Lange-
Bertalot

N. constricta (Kiz.) Ralfs

N. dissipata (Kutz.) Grun.

N. epiphyticoides Hust.*

N. fonticola Grun *

N. frustulum (Katz.) Grun.

N. gracifis Hantzsch

N. inconspicua Grun.*

N. intermedia Hantzsch

N. lacustris Hust.

N. lancettuta O. Mull.*

N. levidensis (W. Sm.) Grun. var. victoriae {Grun.) Chol.
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. liebetruthii Rabh.

. linearis W. Sm.*

. linearis var.tenuis (W.Sm.} Grun.
. nana Grun.

nyassensis O. Mull.*

. palea (Kitz.) W. Sm *

. palea var. tenuirostris Lange-Bertalot*
. paleacea {(Grun.) Grun.”

. recta Hantzsch

. reversa W. Sm.

. sigma (Kutz.) W. Sm.

. aff. sigmaformis Hust.

. siliqua Archibald*

. spiculum Hust.

. subacicularis Hust.

. tubicola Grun.

. umbonata (Ehr.} Lange-Bentalot
vitrea Norman

Pinnularia acrosphaeria Rabh

P. borealis Ehr.

. borealis {. rectangularis Carlson®
. gibba Ehr.*

. legumen (Ebr.) Ehr.

. microstauron (Ehr.) CL*

. obscura Krasske*

. scaettae Zanon

. stomatophora (Grun.) Cl.

. subcapitata Greg.

. tropica Hust.

viridis (Nitzsch) Ehr.
Rhopalodia gibba (Ehr.) O. Mull.
R. gracilis O. Mull.*
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. obtusa W. Sm. var. schweinfurthii Grun.

R. hirundiniformis O. Mall.*

R. operculata (Ag.) Hakansson*
R. rhopala (Ehr.) Hust.*
Stauroneis anceps Ehr.

S. obtusa Lagerst.

8. phoenicentaron (Nitzsch) Ehr.
Surirella acuminata Hust.
angustata Katz.

cf. astridae Hust.

biseriata Bréb.

brevicostata O. MONL.
brevicostata var. constricta Hust.
debesii Hust.

cf. elegantula Hust.

englen O. MUll.

fasciculata O. Mall.
fuellebornii O. Moll.
fuellebornii var. elliptica O. Mill.
heidenii Hust.

lancettula Hust.

finearis W. Sm.*

muelleri Hust.(non Forti)
nyassae O. Mull.
obtusiuscula G.S. West
plana G.S. West

reicheltif Hust.

sparsipunctata Hust.*
sparsipunctata var. faevis Hust.
spiraloides Hust.

subcontorta Hust.

tenera Greg.*

Fig. 4. phy ton composition in the littoral zone of Lake Tanganyika at station 3, near Resha, 52 km south of Bujumbura.
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Fig. 5. Seasonal phytoplankton composition in the littoral zone of Lake Tanganyika at station 4,
near Gatororongo, 28 km south of Bujumbura.

is the most important taxon, with more than 1300
cells/ml at the end of the dry season and 560 cells/ml
in March.

4. Discussion

On average, the water chemistry of the coastal
waters seems to be similar to more pelagic stations
(Hecky et al. 1978, Beauchamp 1946, Talling & Tal-
ling 1965). However, the mean concentrations of sul-
phate and calcium were lower while chlorides were
slightly higher than in the off-shore waters. The
Cl/S0O, ratio was about 14, the Mg/Ca ratio about
3,7.

The seasonal variations in the concentration of
the major ionic constituents seem to be quite unpre-
dictable. No clear trends were found between the
stations. Local effects of rainfall, input of water
from small rivers and local mixing of the shallow
water may be of more importance than general
trends described from the pelagic area of the lake.

In the pelagic region of the northern lake basin,
Hecky et al. (1978) found 103 algal taxa : 21 Cya-
nophyta, 1 Euglenophyta, 5 Cryptophyta, 9
Dinophyta, 13 Chrysophyta, 36 Chlorophyta and 18
Bacillariophyta. Phytoplankton composition in the
littoral region of Lake Tanganyika mainly differs
from the pelagic region in the greater diversity of

diatoms. Dinophyta and Chrysophyta on the other
hand, seem to be better represented in the pelagic
region.

In total, we observed 240 diatom taxa, 93 of which
were found in the quantitative countings. However,
many diatoms also occur in surface sediments (Cal-
jon 1991 b, Caljon & Cocquyt 1991) and can pro-
bably be considered as tychoplanktonic. Suspension
of these organisms can be induced by the often
strong wind action along the coast line of the lake
and by local circulation of the water column due to
the input of river water. The important contribu-
tion of tychoplanktonic diatoms in the plankton
communities is well illustrated by their great abun-
dance in stations 2 and 5. These stations are situa-
ted near sandy beaches, while in the other stations,
rocky substrates prevail.

Coulter (1976) described a northward movement
of enriched epilimnion by winds, from an upwel-
ling in April-May off the coast in Zambia. This
should result in a gradual increase in the plankton
in Burundi, reaching a maximum in September-
October. As it is apparent from our results, this
theory does not fit to the littoral plankton of the
lake. Again, local conditions seem to be more
important for the development and seasonal evolu-
tion of the in-shore plankton.
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Fig. 6. Seasonal phytoplankion composition in the littoral zone of Lake Tanganyika at station 5,
near the « Cercle Nautique » at Bujumbura.

The greater number of algae in station 5, in the
city of Bujumbura, points out to a certain pollution.
Caljon (1991 a) found also higher nutrient values
in the Bay of Bujumbura, compared to the rest of
the northern basin of Lake Tanganyika, due to pol-
lution and mixing of surface water with bottom
deposits. This is also suggested by the abundance
of Euglenophytes in this station.
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