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Phytoplankton community structure and environment in the Kenyan waters of Lake Victoria
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Phytoplankton species composition, numerical abundance, spatial distribution and total biomass measured as chlorophyll a concentration were studied in relation to environmental factors in September 1994 (dry season) and March 1995 (rainy season), respectively, in the Kenyan waters of Lake Victoria; 103 species were recorded. 2. Blue-green algae (Cyanophyceae) were most diverse, followed by diatoms (Bacillariophyceae), green algae (Chlorophyceae) and dinoflagellates (Dinophyceae). 3. Twinspan separated the phytoplankton communities in the Nyanza Gulf and those in the open lake during both seasons. During the dry season, the Nyanza Gulf was strongly dominated by blue-greens, while diatoms dominated in the open lake. During the rainy season, blue-greens remained dominant in the Nyanza Gulf although the number of species found was lower than during the dry season; in the open lake, blue-greens replaced diatoms as the dominant group and there were more species than in the dry season. 4. Canonical correspondence analysis indicated that the phytoplankton species distribution was significantly correlated with turbidity during the dry season and with SiO 2 during the rainy season. Chlorophyll a concentrations ranging from 2.0 to 71.5 mg m ±3 in the dry season and 2.0±17.2 mg m ±3 in the rainy season confirm earlier reports of increasing phytoplankton biomass in Lake Victoria since the 1960s.

Introduction

Since the first sampling of Lake Victoria by Stuhlmann in 1892 [START_REF] Schmidle | Die von Professor Dr. volkens und Dr. Stuhlmann in Ost-Afrika gesammelten Desmidiaceen[END_REF][START_REF] Schmidle | Das Chloro-und Cyanophyceenplankton der Nyassa und einiger anderer innerafrikanischer seen[END_REF], some twenty publications on its algal flora have resulted in a list of a total of 601 taxa of algae (mainly phytoplankton), belonging to 117 genera [START_REF] Cocquyt | A Check-List of the Algal Flora of the East African Great Lakes (Malawi, Tanganyika and Victoria)[END_REF]. Information on the main environmental features was first given in the pioneer work of [START_REF] Worthington | Observations on the temperature, hydrogen-ion concentration and other physical conditions of the Victoria and Albert Nyanza[END_REF] and quantitative studies on the phytoplankton began with the work of [START_REF] Fish | The food of Tilapia in East Africa[END_REF][START_REF] Fish | Chemical factors limiting growth of phytoplankton in Lake Victoria[END_REF][START_REF] Fish | A seiche movement and its effect on the hydrology of Lake Victoria[END_REF], followed by Talling (1957aTalling ( ,b, 1962[START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF] and [START_REF] Evans | Growth of Lake Victoria phytoplankton in enriched cultures[END_REF]Evans ( , 1962a,b),b). More recently, [START_REF] Talling | The phytoplankton of Lake Victoria (East Africa)[END_REF] integrated the available information on seasonal population dynamics and photosynthetic production in Lake Victoria. [START_REF] Akiyama | Seasonal variations of plankton and physicochemical condition in Mwanza Gulf, Lake Victoria[END_REF] have related the phytoplankton seasonality to the physico-chemical parameters in the Mwanza Gulf.

According to observations in offshore waters of the lake made in the early 1960s [START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF][START_REF] Talling | The phytoplankton of Lake Victoria (East Africa)[END_REF], diatoms increased in numerical abundance during periods of isothermal mixing of the whole water column. On the other hand, helicoidal cyanobacteria (`blue-green algae' or Cyanophyceae) dominated the epilimnion during thermal stratification, while Ceratium brachyceros, a dinoflagellate, varied erratically.

Green algae generally remained sparse throughout the year. A few other taxa occurred in small numbers.

Recent investigations have revealed significant changes in the chemical characteristics and phytoplankton community of Lake Victoria [START_REF] Hecky | Hydrology and chemistry of the African Great Lakes and water quality issues: problems and solutions[END_REF][START_REF] Hecky | The eutrophication of Lake Victoria[END_REF][START_REF] Gophen | Some aspects of perturbation in the structure and biodiversity of the ecosystem of Lake Victoria (East Africa)[END_REF]. Phytoplanktonic biomass has increased overall and blooms of cyanobacteria, which had already been observed early in the century [START_REF] Ostenfeld | Phytoplankton aus dem Victoria Nyanza. Sammelausbeute von A. Borgert[END_REF], have now become common [START_REF] Ochumba | Observations on blue-green algal blooms in the open waters of Lake Victoria, Kenya[END_REF]. Correlatively with their dominance, there is a relative reduction in diatoms and other groups. These changes may be associated with climatic, physical, chemical and biological processes, together with human activities which are increasingly taking place in the catchment and in the lake itself. [START_REF] Crul | Limnology and hydrology of Lake Victoria[END_REF] reviewed the conditions in the catchment of Lake Victoria. A detailed description of the sources and quantities of pollutants and fertilizers brought in the Kenyan part of Lake Victoria is given by [START_REF] Kirugara | Identification of pollution sources in the Kenyan part of the Lake Victoria catchment area[END_REF].

Indigenous fish species have declined markedly, partly as a result of predation and competition from fish species introduced to the lake in late 1950s and early 1960s (Welcomme, 1967;[START_REF] Ogutu-Ohwayo | The decline of the native fishes of Lakes Victoria and Kyoga (East Africa) and the impact of introduced species, especially the Nile perch, Lates niloticus, and the Nile tilapia, Oreochromis niloticus[END_REF]. A reduction in native phytoplanktivorous fish has been partly blamed for increases in algal biomass [START_REF] Witte | Species extinction and concomitant ecological changes in Lake Victoria[END_REF].

In order to elucidate the influence of environmental factors on the distribution and abundance of phytoplankton in Lake Victoria, we investigated the recent phytoplankton community structure of the Kenyan part of the lake. Therefore, we sought to find any differences in the phytoplankton between the dry and rainy seasons, and between the inshore waters and the open lake, and to relate these to environmental conditions.

Methods

The Kenyan part of Lake Victoria comprises the northeastern part of the main lake and the semi-enclosed Nyanza Gulf (also called the Winam Gulf or the Kavirondo Gulf). It receives the flow of several rivers, most of them rising from the slopes of the western ridge of the East African Rift valley. The main geographical, hydrological and physical characteristics of Lake Victoria and Nyanza Gulf have been summarized by [START_REF] Burgis | The central plateau. African Wetlands and Shallow Water Bodies: Directory/Zones Humides et Lacs Peu Profonds d'Afrique: Re Âpertoire[END_REF], [START_REF] Mavuti | Composition, distribution and ecological role of zooplankton community in Lake Victoria, Kenya waters[END_REF] and [START_REF] Crul | Limnology and hydrology of Lake Victoria[END_REF].

The climate of the catchment area is of the equatorial type [START_REF] Walter | Observations on the biology of introduced species in Lake Victoria[END_REF]. The mean annual temperatures in areas close to the lake range between 22.8 and 23.3 °C, and the mean daily temperature of the hottest month ranges between 29.3 and 31.6 °C. There are two main rainy seasons, the long rains occurring from March to May and the short rains from November to December.

Samples were taken in September 1994 and in March 1995 at thirteen sites from a previously established monitoring programme of the Kenya Marine and Fisheries Research Institute (Fig. 1). These included nine coastal stations with a maximum depth of 4.1 m, mainly located in the Nyanza Gulf (numbers 1, 2, 3, 9, 10, 17 and 26), and in the vicinity of the River Nzoia (number 53) and the Yala Swamp (number 54); four offshore stations, where the water depth ranged between 5.2 and 50 m, and which were situated in the main open lake (numbers 32 and 34) as well as in the Nyanza Gulf (numbers 4 and 31), were also sampled.

Light penetration was estimated with a 20-cm diameter, black-white Secchi disc. Turbidity was measured with a Hach turbidimeter 2100 P. Water temperature and dissolved oxygen were measured with a Yellow Spring Instruments dissolved oxygen meter YSI 57. pH was determined with a Digital mini-pH meter 49 and conductivity with a Microprocessor conductivity meter LF 96. Water samples were collected with a 3-L Van Dorn sampler at the surface, and at depths of 2, 4, 10, 20, 30 and 40 m depending on the maximum depth of each station. Portions of the water sample were analysed for alkalinity by titration with 0.02 N HCl to pH 4.5 using methyl orange indicator (GEMS, 1992). Spectrophotometric methods were used to determine phosphate-phosphorus (i.e. SRP and ascorbic) and nitrate-nitrogen (i.e. cadmium reduction and diazoic complex), as outlined by [START_REF] Mackereth | Water analysis. Some revised methods for limnologists[END_REF] and silicate (heteropoli blue) according to APHA (1985).

For phytoplankton analysis, 250 mL of water was placed in a polyethylene bottle and fixed immediately with Lugol's iodine solution. After 48 h decantation, the lower layer (20±25 mL) containing the sedimented algae was put in a glass vial and stored in a dark cool box. The known volume of concentrated sample was used for identification and counting of phytoplankton under an inverted microscope. Phytoplankton species were identified using the methods of [START_REF] Huber-Pestalozzi | Allgemeiner Teil[END_REF] for Cyanobacteria, those of [START_REF] Hustedt | Diatomeen. Das Phytoplankton des Su È sswassers, 2. Teil (2. Ha Èlfte)[END_REF], [START_REF] Germain | Flore des Diatome Âes: Diatomophyce Âes des eaux douces et sauma Ãtres du Massif Armoricain et des contre Âes voisines d'Europe occidentale[END_REF] and [START_REF] Krammer | Bacillariophyceae 1. Teil: Naviculaceae. Su È sswasserflora von Mitteleuropa[END_REF][START_REF] Ter Braak | Canoco ± a FORTRAN Program for Canonical Ordination by (Partial) (Detrended) (Canonical) Correspondence Analysis[END_REF] for Bacillariophyceae, those of [START_REF] Ettl | Chlorophyta I. Phytomonadina. Su È sswasserflora von Mitteleuropa[END_REF], [START_REF] Ârek | Chlorophyceae (Grunalgen) Ordung: Chlorococcales. Das Phytoplankton des Su È sswassers, 7. Teil[END_REF] and [START_REF] Ettl | Chlorophyta II. Tetrasporales, Chlorococcales, Gloeodendrales. Su È sswasserflora von Mitteleuropa[END_REF] for Chlorophyceae, and the methods of Huber-Pestalozzi (1968) and [START_REF] Popovsky | Dinophyceae. Su È sswasserflora von Mitteleuropa[END_REF] for Dinophyceae. In addition, the keys of [START_REF] Pankow | Ostsee-Algenflora[END_REF] as well as some earlier publications on East African Lakes (see references in the checklist of [START_REF] Cocquyt | A Check-List of the Algal Flora of the East African Great Lakes (Malawi, Tanganyika and Victoria)[END_REF] were consulted. Nomenclatural authorities and abbreviations for species are given in Table 1.

Phytoplankton density (numbers mL ±1 ) were estimated by counting all individuals whether these organisms were single cells, colonies or filaments, for example.

To determine the phytoplankton distribution and community structure, percentage species contribution was subjected to two-way indicator species analysis (twinspan) [START_REF] Hill | TWINSPAN ± A FORTRAN computer program for arranging mutivariate data in an ordered two-way table by classification of individuals and attributes[END_REF], using the default options of the computer program. This is a classification program based on a subsequent dichotomous classification technique expressing the occurrences of the organisms in an ordered two-way table constructed from the sites±taxa matrix. The results can be viewed as a dendrogram showing clusters of stations with similar species composition. The indicator species identified are not necessarily dominant, but demarcate the conditions in which the other taxa of the group are likely to be found.

To investigate the relationships between species, stations and environmental factors, numerical abundance data were ln + 1 transformed and subjected to canonical correspondence analysis (CANOCO or CCA) using down weighing of rare species [START_REF] Jongman | Data Analysis in Community and Landscape Ecology[END_REF][START_REF] Ter Braak | Canoco ± a FORTRAN Program for Canonical Ordination by (Partial) (Detrended) (Canonical) Correspondence Analysis[END_REF][START_REF] Ter Braak | Update Notes. CANOCO (Version 3.1)[END_REF]. This is a technique concurrently performing the regression and the ordination of the data. The significance of the correlations between environmental factors and the species distribution was tested by Monte Carlo permutation.

Environmental factors measured included Secchi depth, turbidity, temperature, dissolved oxygen, pH, alkalinity, conductivity, SiO 2 , PO 4 -P and NO 3 -N. Only the surface samples, for which most environmental data were available, were used in the CCA analysis to study the correlations with environmental factors on phytoplankton distribution.

For determination of chlorophyll a concentration, water volumes of 50±500 mL were filtered immediately through GF/C glass fibre filters after the addition of 0.2 mL saturated MgCO 3 suspension (GEMS, 1992). Filters were extracted in cold 90% acetone for 18±24 h. Light extinction of the extract was measured in a Spectronic 21 D digital spectro-photometer at wavelengths of 665, 645 and 630 nm. The extinctions were corrected for turbidity by subtracting the corresponding reading at 750 nm and the corrected value used to calculate chlorophyll a concentration according to [START_REF] Strickland | A practical handbook of seawater analysis[END_REF].

Results

Species composition

A total of 103 species of phytoplankton belonging to forty-five genera were collected and identified. Out of these species, ninety-three were recorded in September 1994 and eighty-four in March 1995 (Table 1).

The Cyanobacteria were most diverse with thirtyfive species, followed by the Bacillariophyceae (diatoms) with thirty-four, the Chlorophyceae (green algae) with thirty-three and the Dinophyceae (dinoflagellates) represented by a single species.

In addition, there were numerous picoplankters (cell diameter < 2 mm) which could not be identified or counted properly with the inverted microscope. These occurred, particularly in the dry season, in several forms including single cells, colonies and chains of cells.

Dry season

Without exception, twinspan separated stations in the Nyanza Gulf (left side cluster; indicator species Aulacoseira nyassensis and Microcystis flos-aquae) from those in the open lake (right hand cluster; indicator species Nitzschia acicularis and Planktolyngbya subtilis) (Fig. 2a). Within the Nyanza Gulf, stations on the south coast (numbers 1, 2, 3 and 9) were usually separated from those on the north coast (numbers 10, 17, 26 and 31) and the more offshore situated station 4. Stations 3 (2 m depth) and 31 (0 m) were the only `misfit' samples. There were two clusters in the open lake: that on the left, consisting of stations 34 (upper samples) and 32 (deep samples); and that on the right, consisting of stations 34 (deep samples) and 32 (upper samples), and stations 54 and 53. During the dry season, the total numerical abundance of phytoplankton cells showed no consistent differences between Nyanza Gulf stations and open lake stations, but cyanobacteria, with Microcystis aeruginosa, Anabaena flos-aquae, A. circinalis, Microcystis flos-aquae, Anabaenopsis circularis and Chroococcus spp. dominant, were prominent within the Gulf, while diatoms, with Nitzschia acicularis as the most important species, dominated in the open lake (Fig. 3a). The most abundant diatoms in the Nyanza Gulf included Aulacoseira nyassensis, which occurred in large numbers particularly at the mouths of the rivers Nyando and Sondu-Miriu. Aulacoseira agassizii, Navicula spp., Synedra spp., Cocconeis placentula and Cyclotella spp. also appeared in appreciable numbers in bays. Furthermore, bluegreens such as Anabaena spp., Anabaenopsis tanganyikae, Planktolyngbya spp., Leptolyngbya lagerheimii and Spirulina laxissima were also fairly abundant in the offshore main lake. Ceratium brachyceros, the only dinoflagellate, occurred in a few shallow water stations within the Nyanza Gulf.

Cyanobacteria also contributed the largest number of species at most stations (Fig. 4a). Only in the Nyanza Gulf (stations 4, 10, 17, 26, and to some extent, 31) did diatoms and green algae contribute similar number of species as the cyanobacteria.

In the dry season, at the deep water stations 32 and 34, algae (particularly diatoms) were most abundant between 0 and 10 m depth, with a decline in the lower layers (Fig. 5a). The green alga (Staurastrum anatinum) was observed from 2 to 6 m depth at station 34 only. At station 34, the maximum abundance was observed at 4 m depth with Nitzschia acicularis, Microcystis aeruginosa and Planktolyngbya subtilis as the most important species. At station 32, the most important species were N. acicularis, M. aeruginosa, P. subtilis and Spirulina laxissima. For key, see the legend for Fig. 3.

Rainy season

During the rainy season, twinspan (Fig. 2b) produced essentially the same splitting of Nyanza Gulf stations (right hand cluster; no indicator species) and open lake stations (left hand cluster; indicator species Nitzschia acicularis) as during the dry season. An exception was station 53 (2 m depth) which now grouped with the Gulf stations (Fig. 2b). After the first separation, a number of sub-clusters were also formed. For the Nyanza Gulf, western (numbers 4, 9 and 26) and eastern stations (numbers 1, 2, 3, 10 and 17) were separated, rather than the north±south split found during the dry season. In addition, station 9 (0 m depth) was a `misfit' in the eastern cluster, and stations 31 (2 m depth) and 31 (0 m) occurred in the western and eastern clusters, respectively. In the open lake, no significant further specific sub-clustering were discerned, indicating a higher homogeneity of the populations than during the dry season. Phytoplankton abundance was dominated by cyanobacteria both in Nyanza Gulf and in the open lake, except at stations 32 and 34. Nevertheless, at the latter points, diatoms and green algae were more abundant than in the Nyanza Gulf (Fig. 3b). The dinoflagellate C. brachyceros was not found in the rainy season.

In the rainy season, the relative importance of cyanobacteria in the deep water stations increased to equal that of diatoms (Fig. 5b). At station 34, higher phytoplankton abundance was observed between the surface and 4 m depth. The maximum abundance occurred at the surface, N. acicularis, M. aeruginosa, P. subtilis, Anabaenopsis tanganyikae and S. laxissima being the most important species. At station 32, a more or less even distribution of the phytoplankton abundance was observed from the surface to 20 m, with N. acicularis, M. aeruginosa, Planktolyngbya nyassae and Anabaenopsis tanganyikae as the most important species.

Relationships of phytoplankton to environmental factors

The results of the CCA analysis basically confirmed the grouping of stations as shown by twinspan (Table 2). Monte Carlo permutations (ninety-nine unrestricted permutations) showed that only one environmental factor was significantly correlated with phytoplankton species distribution in each season: turbidity in the dry season and SiO 2 in the rainy season. The variations of these two factors are shown in Fig. 6a,b and will be commented upon in the `Discussion' below.

Chlorophyll a concentrations

During the dry season, chlorophyll a concentration was higher in the Nyanza Gulf than in the open lake (Mann Whitney U-test, P < 0.05) (Fig. 7). Generally, relatively higher values where found in bays within the Gulf and mouths of rivers. When all depths sampled are considered, the concentrations ranged from 9.3 to 71.5 mg m ±3 in the Gulf (the latter value at the bottom of station 2 near the Sondu-Miriu mouth). In the open lake, the concentration ranged from 2.0 to 21 mg m ±3 (except for the shallow station 53 near the Nzoia River mouth, with a value of 30.2 mg m ±3 ).

An overall decrease in the concentration of chlorophyll a occurred during the rainy season, with values ranging from 8.8 to 17.2 mg m ±3 in the Nyanza Gulf and from 2.0 to 13 mg m ±3 in the open lake (at station 34, a maximum of 12 mg m ±3 was observed at 6 m depth, and at station 32, a maximum of 13 mg m ±3 at 4 m depth). 

Discussion

The analysis of phytoplankton samples from the Kenyan waters of Lake Victoria taken in September 1994 and March 1995 reveals some similarities and some differences with the situation observed prior to and during the 1960s. A first similarity is the occurrence of most of the important species already reported in the literature (e.g. [START_REF] West | Report on the freshwater algae including phytoplankton of the third Tanganyika expedition[END_REF][START_REF] Ostenfeld | Phytoplankton aus dem Victoria Nyanza. Sammelausbeute von A. Borgert[END_REF][START_REF] Woloszynska | Zellpflanzen Ostafrikas, V. Studien u È ber das Phytoplankton des Victoriasees[END_REF][START_REF] Bachmann | Phytoplankton von Victoria Nyanza-, Albert Nyanza-und Kiogasee[END_REF][START_REF] Thomasson | A plankton sample from Lake Victoria[END_REF]particularly Talling, 1966particularly Talling, , 1987)). These include the very small-sized Aphanocapsa spp., Microcystis flos-aquae and M. wesenbergii, Planktolyngbya spp., Anabaena flos-aquae, Anabaenopsis tanganyikae, Aulacoseira agassizii, A. ambigua and A. nyassensis, Stephanodiscus astraea, Rhizosolenia victoriae, Nitzschia acicularis, Pediastrum duplex and P. simplex, and Ceratium brachyceros.

Another fact, which is repeatedly mentioned and illustrated by [START_REF] Talling | The phytoplankton of Lake Victoria (East Africa)[END_REF]Fig. 6), is the distinction between inshore (bays and gulfs) and offshore (open lake) waters. This distinction appears as the first separation in our twinspan analysis both in the dry and the rainy seasons (Fig. 2a,b).

Although we analysed only samples taken in September and March, we observed a clear seasonal difference in the numerical abundance of the important phytoplankton species, as already emphasized by [START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF][START_REF] Talling | The phytoplankton of Lake Victoria (East Africa)[END_REF] from his counts made month by month in 1960±1961. [START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF] reported that diatoms were most abundant in the offshore open lake during periods of isothermal mixing of the water column. Surirella nyassae, Nitzschia acicularis, Aulacoseira nyassensis and A. agassizii were the most important diatom species. Cyanobacteria dominated during periods of thermal stratification with Anabaena flos-aquae, Anabaenopsis tanganyikae, Planktolyngbya circumcreta and Microcystis wesenbergii as the most abundant. The green algae were present in low numbers throughout the year. The dinoflagellate Ceratium brachyceros also occurred in small numbers.

Although the data treated here did not allow us to describe the dynamics of the phytoplankton on a complete annual cycle, several conclusions may reasonably be drawn from the comparison of samples taken at two contrasted seasons from thirteen stations, both in-and offshore, in the Nyanza Gulf and the open lake. The phytoplankton of the Nyanza Gulf was numerically dominated by cyanobacteria followed by the diatoms, green algae and the flagellates, in that order, both during the dry and rainy seasons.

The north±south split between the Gulf stations observed in the dry season seemed to be the result of a higher number of species in the northern stations (numbers 10, 17 and 26) rather than differences in numerical abundance of the different groups. The unexpected position of our samples from station 3 (2 m) and 31 (0 m) could be caused by diel water currents. In the open lake, diatoms were dominant during the dry season, followed by blue-greens and green algae, whereas no dinoflagellates were observed. Station 34 deep waters and station 32 upper layers occurred in the same sub-cluster as a result of having a similar number of species rather than differences in total numerical abundance.

During the rainy season, twinspan produced the same separation between the open lake stations as in the dry season, but within the Gulf, the stations were separated in a west±east split rather than a north± south one. Again, the main contributing factor to this separation seemed to be a difference in number of species rather than a difference in total numerical abundance or group contribution (Figs 2b & 4b). The `western' stations (4, 9, 26) had more species than the `eastern' stations, and thus, their species richness was comparable to the species richness observed in the open lake stations during the dry season.

In the rainy season, there was a strong increase in the cyanobacteria and a decrease in the diatoms, both in the number of individuals and in the percentage composition, at the deep stations of the open lake. This made the latter less different from the Nyanza Gulf than during the dry season. Also, the phytoplankton of station 53, which is shallow and situated near the mouth of the river Nzoia, had abundant cyanobacteria (» 14 000 individuals mL ±1 ) which were dominant (about 90%) and resembled those of similar Gulf stations (numbers 1, 2, 3 and 10) to which it was grouped by twinspan until the second level (Fig. 2b). This may be attributed to the similarity of these stations, which are shallow, in a coastal location, and have an increased river flow causing turbulence and high turbidity in the rainy season (110 NTU at station 53).

The CCA showed that turbidity was the only environmental factor which was significantly correlated with phytoplankton species distribution during the dry season. As might be expected, most shallow and coastal stations had a higher turbidity than more offshore and deeper stations (Fig. 6). The turbidity was also higher in the rainy season than in the dry season, a consequence of higher run-off, turbulence and resuspension of sediment. At the southern coastal stations of the Nyanza Gulf (numbers 1, 2, 3 and 9), turbidity reached values above 25 NTUs. In the rainy season, turbidity at the north-eastern coastal stations of the Gulf (numbers 10 and 17) was higher than in the dry season, making the light conditions at these stations more comparable to that of the south-eastern stations (numbers 1, 2 and 3) than during the dry season. This is reflected in separated twinspan subclusters of phytoplankton composition in the dry season and their grouping in the rainy season. As might be expected, at deep water stations 32 and 34, surface turbidity was found low in both seasons. The species shown by CCA to be most positively correlated with turbidity included Ankistrodesmus falcatus, Cyclotella ocellata and Aulacoseira nyassensis.

In particular, we found large numbers of A. nyassensis in the turbid waters at the mouths of the rivers Nyando and Sondu-Miriu, and the species appeared in the twinspan analysis as an indicator for the Nyanza Gulf in dry season. [START_REF] Kilham | Hypothesized resource relationships among African planktonic diatoms[END_REF] showed that this large-pored species definitely has low light requirements, but it is possible that it could have benefited from other factors, mainly nutrients like Si and NO 3 -N, which covaried with turbidity or could have been brought to the surface by turbulence in shallow water.

Canonical correspondence analysis showed that SiO 2 was the only factor significantly correlated with species distribution during the rainy season, and covaried with temperature and turbidity, but not with NO 3 -N concentration. During the rainy season, the concentration of SiO 2 was higher in most of the Nyanza Gulf stations than in the open lake. Within the Gulf, the highest concentration was measured at stations 1, 2, 3 and 17, all situated on the eastern side of the Gulf. Other `eastern' stations (numbers 9 and 10) had similar SiO 2 concentrations to `western' stations 4, 31 and 26. Canonical correspondence analysis showed that eight diatom species, among which Synedra ulna, Aulacoseira ambigua, Diatoma elongatum and Rhizosolenia curviseta, were positively correlated with SiO 2 concentrations. On the other hand, Nitzschia acicularis and Stephanodiscus astraea showed negative correlation to SiO 2 . This agrees with [START_REF] Kilham | Hypothesized resource relationships among African planktonic diatoms[END_REF], who ranked these two species among those with, respectively, moderate and low Si requirements.

In the rainy season, NO 3 -N concentration had increased by a factor of ten in comparison to the dry season values, reaching values of over 100 mg L ±1 at most stations within the Gulf and open lake. While this increase is remarkable, values ranging from 10 to 112 mg L ±1 have previously been reported from an offshore station [START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF]. Two main trends distinguish the recent situation from that before or during the 1960s: a more marked dominance by cyanobacteria and a higher mean concentration of chlorophyll a. In the Nyanza Gulf, a high density of Microcystis aeruginosa was observed both in September (up to 8100 colonies mL ±1 ) and in March (up to 20 893 colonies mL ±1 ). In the open lake, large numbers of Anabaena, Anabaenopsis, Planktolyngbya and Spirulina laxissima were observed in both the two months. High densities of the most abundant diatom Nitzschia acicularis was also observed in the open lake in both September (up to 12 200 cells mL ±1 ) and March (up to 3731 cells mL ±1 ); such numbers are much higher than those observed by Talling (1957b[START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF].

We found that the concentrations of chlorophyll a in the main lake ranged from 2 to 21 mg m ±3 during the dry season and from 2 to 13 mg m ±3 during the rainy season. In the Nyanza Gulf, it ranged from 9.3 to 71.5 mg m ±3 during the dry season and from 8.8 to 17.2 mg m ±3 during the rainy season. High values were also observed in the recent past by [START_REF] Ochumba | Observations on blue-green algal blooms in the open waters of Lake Victoria, Kenya[END_REF] in Kenyan waters of the main lake (8± 77.6 mg m ±3 ) as well as by [START_REF] Mugidde | Changes in phytoplankton primary productivity and biomass in Lake Victoria (Uganda)[END_REF] in Ugandan waters (8.4±40 mg m ±3 offshore and 22.2± 67.1 mg m ±3 in Pilkington Bay). Thus, we can confirm the general increase in chlorophyll a concentration observed in the lake since 1960±1961, a period in which values of 1.2±5.5 mg m ±3 at offshore stations and about 20 mg m ±3 in the Nyanza Gulf were recorded by [START_REF] Talling | The photosynthetic activity of phytoplankton in East African lakes[END_REF][START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF].

Besides the major phytoplankton groups reported in this study, picoplankton organisms were numerous in Lake Victoria, particularly during the dry season and could also have contributed to the higher chlorophyll a concentrations. Similar observations were made by [START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF][START_REF] Talling | The phytoplankton of Lake Victoria (East Africa)[END_REF], who reported the occurrence of large numbers of coccoid blue-greens in the offshore waters of the lake in 1960±1961.

In addition to a general increase in phytoplankton biomass, our observations confirm the increasing importance of cyanobacteria in Lake Victoria, also reported by [START_REF] Ochumba | Observations on blue-green algal blooms in the open waters of Lake Victoria, Kenya[END_REF], [START_REF] Hecky | Hydrology and chemistry of the African Great Lakes and water quality issues: problems and solutions[END_REF] and [START_REF] Hecky | The eutrophication of Lake Victoria[END_REF]. Species like Microcystis aeruginosa and Anabaena flos-aquae have the ability to form scums or blooms on the surface of water because of their well-known buoyancy. [START_REF] Paerl | Caretonoid enhancement and its role in maintaining blue-green algal (Microcystis aeruginosa) surface blooms[END_REF] also report that such cyanobacteria have large amounts of carotenoids, which serve as accessory pigments in photosynthesis and provide protection to chlorophyll from photoxidation. Thus, these species are adapted to areas with high illumination and can attain high photosynthetic efficiencies. These factors, in addition to high temperatures and nutrient concentrations in Lake Victoria, give these two and other similar species a competitive advantage, and it is likely that these organisms will continue to dominate.

The overall effect of the cyanobacteria on the ecology of Lake Victoria is complex. Several species, mainly the bloom-forming Anabaena spp., contribute positively to the nutrient balance via nitrogen fixation. In samples taken in the Nyanza Gulf in 1989±1990, [START_REF] Gophen | Some aspects of perturbation in the structure and biodiversity of the ecosystem of Lake Victoria (East Africa)[END_REF] also mentioned significant numbers of filaments of Cylindrospermopsis, another Nfixing genus. Some species, such as Microcystis aeruginosa, M. wesenbergii and Anabaena flos-aquae, produce toxins against zooplankton [START_REF] Gilbert | Susceptibility of plankton to a toxic strain of Anabaena flos-aquae[END_REF][START_REF] Vasconcelos | Toxic cyanobacteria (blue-green algae) in Portuguese fresh waters[END_REF]. The relatively large colonies and biomass of these species may not be effectively utilized by zooplankton and other aquatic organisms, thereby affecting their recruitment. In grazing experiments on water samples from Lake Victoria, [START_REF] Lehman | Effects of nutrients and grazing on the phytoplankton of Lake Victoria[END_REF] observed no significant effect of crustacean zooplankton abundance on phytoplankton biomass. The influence of grazing by microzooplankton and mesozooplankton on the present-day phytoplankton of the lake is insufficiently known and should be further investigated. An atyid prawn, Caridina nilotica (P. Roux), seems to play an increasing role as a phytoplanktivore, while the absence of large populations of phytoplanktivorous fish [START_REF] Witte | Species extinction and concomitant ecological changes in Lake Victoria[END_REF] could contribute to the increases in overall algal biomass in Lake Victoria. Although planktonic bluegreens may be digested by fish, their mass occurrence may also be associated with fish kills. This was mentioned for Lake Victoria by [START_REF] Ochumba | Periodic massive fish kills in the Kenyan part of Lake Victoria[END_REF][START_REF] Ochumba | Massive fish kills within the Nyanza Gulf of Lake Victoria, Kenya[END_REF], and recently, in a Brazilian lagoon by [START_REF] Azevedo | Une mortalite  de poissons dans une lagune tropicale (Bre Âsil) durant une pe Âriode de dominance de Cyanophyceae[END_REF].

As previously mentioned, we observed substantial numbers of Aulacoseira nyassensis only at stations 1, 2 and 53, i.e. in the vicinity of river mouths. Other Aulacoseira spp. (i.e. A. agassizii, A. ambigua and A. granulata) were relatively scarce in the Nyanza Gulf. Aulacoseira agassizii was absent from deep water samples, contrary to observations made by Talling (1957b[START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF] in the 1950s and in 1960±1961, when this species dominated in the lower layers of the open lake. When compared with values of Aulacoseira mentioned by Talling (1957b[START_REF] Talling | The annual cycle of stratification and phytoplankton growth in Lake Victoria (East Africa)[END_REF], we see now that the numerically most important diatom in the open lake is Nitzschia acicularis.

The increased chlorophyll a concentration and higher abundance of the buoyant cyanobacteria have resulted in a decrease in transparency. While values of transparency were clearly lower than those measured in 1927, i.e. 7.3±7.9 m for offshore stations and 1.3± 1.45 m in the Nyanza Gulf [START_REF] Worthington | Observations on the temperature, hydrogen-ion concentration and other physical conditions of the Victoria and Albert Nyanza[END_REF], we observed an average transparency in the stations of the open lake an average transparency in the dry season of 1.1 m (chlorophyll a concentration = 11.4 mg m ±1 ), and in the rainy season, 1.38 m (chlorophyll a concentration = 6.3 mg m ±3 ). In the Nyanza Gulf, the average transparency in the dry season was 0.68 m, the highest value being observed at station 4 (chlorophyll a = 14.8 mg m ±3 ); the average in the rainy season was 0.58 m, with the highest value (1 m) also at station 4 (chlorophyll a = 11.2 mg m ±3 ). In the 1990s, [START_REF] Mugidde | Changes in phytoplankton primary productivity and biomass in Lake Victoria (Uganda)[END_REF] and [START_REF] Gophen | Some aspects of perturbation in the structure and biodiversity of the ecosystem of Lake Victoria (East Africa)[END_REF] also recorded values of 1.3±3 m offshore near Bugaia Island in Uganda and 1.8 m offshore in the Kenyan waters of the lake, respectively, whereas [START_REF] Ochumba | Observations on blue-green algal blooms in the open waters of Lake Victoria, Kenya[END_REF] recorded a value of 0.2 m during an algal bloom offshore in the Kenyan waters.

Our results confirm the eutrophication of Lake Victoria which had already been initiated in the 1920s [START_REF] Bootsma | Conservation of the African Great Lakes: a limnological perspective[END_REF][START_REF] Hecky | The eutrophication of Lake Victoria[END_REF]. Its apparent acceleration may be attributed to the rapidly increasing human population around the lake, and to the intensification of agriculture and industry in its catchment.

Fig. 1

 1 Fig. 1 Map showing the positions of the sampling stations in the Kenyan part of Lake Victoria. The brackets indicate depth. The gulf stations are numbers 1, 2, 3, 9, 10, 17 and 26 (coastal), and 4 and 31 (offshore). The open lake stations are numbers 53 and 54 (coastal), and 32 and 34 (offshore).

Fig. 2

 2 Fig. 2 Dendrogram showing the twinspan classification of samples from stations (numbers and depths) based on numerical abundance of phytoplankton species: (a) September 1994 (dry season); and (b) March 1995 (rainy season).

Fig. 3

 3 Fig. 3 Numerical abundance of phytoplankton in surface waters: (a) September 1994 (dry season); and (b) March 1995 (rainy season). Key: (dark-shaded areas) Cyanobacteria; (white areas) Bacillariophyceae; (obliquely hatched areas) Chlorophyceae; and (vertically hatched areas) Dinophyceae.

Fig. 4

 4 Fig. 4 Phytoplankton species composition in surface waters: (a) September 1994 (dry season); and (b) March 1995 (rainy season).For key, see the legend for Fig.3.

Fig. 5

 5 Fig. 5 Vertical distribution of phytoplankton abundance in station numbers 34 and 32: (a) September 1994 (dry season); and (b) March 1995 (rainy season). For key, see the legend for Fig. 3.

Fig. 6

 6 Fig. 6 (a) Turbidity and (b) SiO 2 in surface waters: (o) dry season; and (s) rainy season.

Fig. 7

 7 Fig. 7 Concentration of chlorophyll a in surface waters: (darkshaded) September 1994 (dry season); and (obliquely hatched) March 1995 (rainy season).

Table 1

 1 Abbreviations and list of phytoplankton species recorded in September 1994 (dry season) and March 1995 (rainy season): (+) present; and (±) absent

	Season

Table 1 Continued

 1 

Table 2

 2 Eigenvalues for the first canonical axis, species± environmental factors correlation and P-values from the canonical correspondence analysis for phytoplankton species in September 1994 (dry season) and March 1995 (rainy season)

		Season	
	Variable	Dry	Rainy
	Eigenvalue for axis 1	0.60	0.61
	Cumulative percentage variance	78	77
	of species±environment correlation		
	P-value:		
	Turbidity	0.04	0.39
	Temperature	0.64	0.49
	PO 4 -P	0.68	0.47
	SiO 2	0.42	0.01
	NO 3 -N	0.52	0.47
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