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– CHAPTER 7 –

The Microalgae and Cyanobacteria of Chwaka Bay 

Thomas J. Lyimo

INTRODuCTION

This chapter focuses on current knowledge and status of microalgae and cyano-
bacteria in Chwaka Bay. The first section gives a general introduction about mi-
croalgae and cyanobacteria (i.e. brief description of their ecological and economic 
importance) followed by a section which describes the documented species of 
microalgae and cyanobacteria in Chwaka Bay as well as occurrence of harmful 
species. In section three, microalgae and cyanobacteria biomass and productivity 
measured in various studies at Chwaka Bay are presented. These include temporal 
and spatial variations in phytoplankton and benthic biomass (chlorophyll a), 
primary productivity (carbon dioxide fixation) and nitrogen fixation. The environ-
mental factors governing spatial and temporal distribution in Chwaka Bay are also 
discussed. Finally, the gaps in knowledge and less studied areas are highlighted for 
future research.

The term algae refers to a large and diverse group of simple plants lacking many 
distinct organs such as true roots and stems, which are found in the common 
plants. They range in size from tiny single celled species less than one micrometer 
in diameter to giant seaweeds over 50 m long. Based on size, algae are grouped into 
two major categories, macroalgae that are macroscopic multi-cellular algae and mi-
croalgae that are the microscopic mostly unicellular algae. Algae are abundant and 
ancient organisms found in virtually every ecosystem in the biosphere and possess 
enormous morphological, cytological, molecular and reproductive diversity. What 
constitutes an algal species has been a subject of much debate but most of species 
are recognized by discontinuities in sets of morphological characters observed 
with the light microscope. Thus, algal systematic is largely based on morphospe-
cies concept but many groups have been reorganized based on culture studies, 
biochemical and molecular biological research (John, Whitton and Brook 2002, 
1-10 and references therein). Traditionally, algae were broadly subdivided into four 
groups based on their pigmentation, i.e. green-algae (Chlorophyta), brown-algae 
(Phaeophyta), red-algae (Rhodophyta) and in the older literature blue green algae 
(Cyanophyta) were also regarded as algae (e.g. Geitler 1932; Desikachary 1959, 60-
72). Currently, many other groups that are microscopic have been recognized and 
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are also included in algae. These include Euglenophyta (euglenoids - usually green, 
but also colourless with red pigment), Cryptophyta (cells brown, blue, blue-green, 
red, red-brown, olive green or yellow-brown), Pyrrophyta (dinoflagellates - usu-
ally brown), Bacillariophyta (diatoms – usually yellowish-brown), Raphidophyta 
(yellow-green), Haptophyta (golden or yellow-brown), Chrysophyta (golden or 
yellow brown), Xanthophyta (yellow-green), Eustimatophyta (yellow-green), 
Prasinophyta (green) and Glaucophyta (bright blue-green), as described by John, 
Whitton and Brook (2002, 20-23). 

Cyanobacteria (blue-green algae) are oxygenic phototrophic prokaryotes, which 
were initially regarded as microalgae based on their photosynthetic properties, 
pigment composition and morphological features (e.g. Geitler 1932; Desikachary 
1959, 60-72). However, following the discovery that their cell wall is typical of 
gram-negative bacteria and their sub-cellular arrangement typically prokaryotic 
(lacking membrane-bound organelles), a proposal was made to reclassify the blue 
green algae as bacteria (cyanobacteria) (Stanier et al. 1978). The majority of cyano-
bacteria are microscopic, but aggregates of filaments can reach several centimeters 
(Silva 2002). Due to the common occurrence and similar ecological role that exists 
between microalgae and cyanobacteria, we are in this chapter treating cyanobac-
teria and microalgae together.

Microalgae and cyanobacteria are usually found growing individually or in colo-
nies/aggregation suspended in the water column (phytoplankton) or attached to 
a substratum (phytobenthic). Planktonic microalgae and cyanobacteria (phyto-
plankton) are floating microscopic photoautotrophs. They are important primary 
producers in various aquatic ecosystems, particularly in the open waters of lakes 
and oceans. They form the basis of the aquatic food webs, being the main food 
source for zooplankton and other aquatic animals. Likewise in benthic systems, 
microalgae and cyanobacteria are known to support much herbivory and may 
influence meiofaunal abundance (Pinckney and Micheli 1998; Yamamuro 1999). 
They have an ability of forming macroscopic, coloured, vertically-stratified micro-
bial communities known as microbial mats. These may vary from mucilaginous 
coatings (biofilms) on sand, mud, organic debris, coral reefs or rocks, to well-
developed and thick ‘carpets’ (Paerl et al. 1993). Microbial mats are usually domi-
nated by filamentous cyanobacteria such as Oscillatoria spp., Spirulina spp. and 
Microcoleus spp. (Bergman et al. 1997). The release of photosynthetic products by 
microalgal assemblages attracts other microbes such as sulphate reducing bacteria 
and methanogenic archaea (Stal 2001; Sjöling et al. 2005). These benthic microbial 
mats contribute significantly to the primary productivity in various ecosystems. 

In many cases, cyanobacteria play a double role related to productivity, first by fix-
ing carbon dioxide (CO2) and secondly by fixing atmospheric nitrogen (N2), which 
often limit primary production in many ecosystems. Biological nitrogen fixation is 
the bio-conversion of atmospheric N2 into combined nitrogen i.e. ammonia (NH3) 
which can be utilised by plants (primary producers). It is an enzymatic process ex-
clusively limited to some free-living and symbiotic prokaryotic organisms collec-
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tively known as diazotrophs. All diazotrophic organisms possess an oxygen labile 
enzyme called nitrogenase to carry out the nitrogen fixation process as follows:

N2 + 8e- + 8H+ + 16ATP   Nitrogenase   2NH3 + H2 + 16ADP + 16Pi

In nature the process of nitrogen fixation is important because it counterbalances 
losses of combined nitrogen from the environment by denitrification (i.e. conver-
sion of combined nitrogen into atmospheric nitrogen) and assimilation by other or-
ganisms (Karl et al. 2002). In the marine environment the nitrogen fixation process 
substantially contributes to ‘new production’ i.e., primary production associated 
with newly available nitrogen coming from outside the euphotic zone (Dugdale 
and Goering 1967). In the open ocean for example, Karl et al. (1997) estimated 
that Trichodesmium species alone, contributes up to 50% of ‘new production’ in the 
subtropical North Pacific Ocean. In the near shore waters of Tanzania, Lugomela 
et al. (2002) reported rates of nitrogen fixation by Trichodesmium species to be in 
the order of 1.8 ± 1.6 pmol N trichome−1 h−1 giving an average nitrogen fixation of 
42.7 mmol N m−3y−1. The overall global oceanic nitrogen fixation is in the range of 
1 - 2 g N x 1014 yr-1, approaching modern estimates of oceanic denitrification (Karl 
et al. 2002). The fixed nitrogen has been shown to be subsequently transferred 
to bacteria, other phytoplankton as well as zooplankton (Bryceson and Fay 1981; 
O’Neil et al. 1996). In another study by Glibert and Bronk (1994) it was shown that 
approximately 50 percent of the nitrogen fixed by Trichodesmium is released as 
dissolved organic nitrogen (DON). This DON release is likely to stimulate micro-
bial activity and primary production by increasing the availability of assimilable 
nitrogen. 

Numerous microalgae strains have been shown in the laboratory to produce more 
than 50 per cent of their biomass as lipids (Chisti 2007; Hu et al. 2008) with much 
of this as triacylglycerols (TAGs). TAGs are the anticipated starting material for 
high energy density fuels such as biodiesel - produced by trans-esterification of 
TAGs to yield fatty acid methyl esters (Schuchardt et al. 1998), green diesel, green 
jet fuel, and green gasoline (produced by a combination of hydro-processing and 
catalytic cracking to yield alkanes of predetermined chain lengths). Thus, microal-
gae offer great promise to contribute a significant portion of the renewable fuels in 
the future. In addition, capture and utilization of CO2 by microalgae has emerged 
as a promising technology to help reduce emissions from fossil fuel powered plants 
(Zeiler et al. 1995). In fact they are capable of fixing CO2 from the atmosphere to 
produce biomass more efficiently and rapidly than terrestrial plants (Pienkos and 
Darzins 2009). Microalgae are also of particular interest because of their potential 
in other numerous commercial applications such as (i) to enhance the nutritional 
value of food and animal feed, (ii) use in aquaculture as food source and (iii) incor-
poration into cosmetics. Moreover, some microalgae are cultivated as a source of 
highly valuable molecules. For example, polyunsaturated fatty acid oils, which are 
added to infant formulas and nutritional supplements (Bentens and Kyle 1996). 
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Sometimes microalgae form toxic blooms (i.e. Harmful Algal Blooms - HAB), 
especially in coastal waters of tropical seas. Potentially harmful microalgae are 
also known to occur in Chwaka Bay but have been reported in low numbers 
(Lugomela 1996; Kyewalyanga and Lugomela 2001). Elsewhere it has been shown 
that under certain conditions these species may form extensive blooms commonly 
known as ‘red-tides’ (Anderson et al. 2001). These may cause massive fish kills 
and contamination of shellfish with a consequent death of marine and terrestrial 
animals (Boney 1975, 97-100). The effects of such blooms may be categorized into 
three major types; first are blooms formed by species which produce basically 
harmless water discolorations. These may however, under exceptional conditions 
particularly in sheltered bays, grow so dense that they cause indiscriminate kills 
of fish and invertebrates due to oxygen depletion. Secondly are blooms by spe-
cies which produce potent toxins that can find their way through the food chain 
to harm humans. These cause a variety of gastrointestinal and neurological ill-
nesses such as Paralytic Shellfish Poisoning (PSP), Neurotoxic Shellfish Poisoning 
(NSP), Diarrhetic Shelfish Poisoning (DSP), Ciguatera Fish Poisoning (CFP) 
and Azaspiracid Shellfish Poisoning (AZP). These toxins mainly originate from 
dinoflagellates such as Prorocentrum spp., Dianophysis spp, Gambierdiscus toxicus 
and Protoperidinium crassipes. Other neurotoxins are Amnesic Shellfish Poisoning 
(ASP) produced by diatom such as Pseudo-nitzschia spp. Cyanobacteria (e.g. 
Anabaena, Nodularia, and Lyngbya species) are also known to produce a wide ar-
ray of different types of cyanotoxins (hepatotoxins, dermatoxins, neurotoxins etc.). 
Thirdly, there are species like Chaetocerous spp. which are non-toxic to humans 
but harmful to fish and invertebrates (especially in intensive aquaculture systems) 
by damaging or clogging their gills (Anderson et al. 2001; Sidharta 2005). 

CYANOBACTERIA AND MICROALGAE DIVERSITY  
IN CHWAKA BAY

Several studies have analyzed species composition of microalgae and cyanobac-
teria in Chwaka Bay from both among the plankton and benthic species (e.g. 
Lugomela 1996; Lugomela et al. 2001; Kyaruzi 2002; Lyimo and Hamisi 2008). 
In these studies, a total of 118 species have been identified; of which 68 are dia-
toms, 32 cyanobacteria, 17 dinoflagellates and one haptophycean (Table 1). The 
various species have been reported to occur either in the water (phytoplankton) 
or attached to substratum i.e. in the sediment or epiphytes. Microbial mats are 
observed almost throughout the year in the sandy and mud sediments (Kyaruzi 
2002) in different forms ranging from thin biofilms to well-developed thick car-
pets of different colours. However, the different mats fluctuate with time in terms 
of intensity and appearance. Most of the observed microbial mats in Chwaka Bay 
mangrove sediment are dominated by filamentous cyanobacteria such Oscillatoria 
spp, Lyngbya spp., Microcoleus chthonoplastes and Spirulina species (e.g. Fig. 1).
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Table 1. Documented species of microalgae from various habitats of Chwaka Bay.

Taxa name Habitat Reference
Cyanobacteria

Anabaena spp. Plankton; Sediment Lugomela 1996; Lyimo and 
Hamisi 2008; Bauer 2007; Kyaruzi 
2002

Aphanocapsa sp. Sediment Lugomela et al. 2001; Kyaruzi 
2002

Chroococcus sp. Sediment Bauer 2007
Chroococcus tenax sediment Lugomela et al. 2001
Leptolyngbya sp. sediment Bauer 2007
Lyngbya aestuarii Sediment Lugomela et al. 2001; Lyimo and 

Hamisi 2008
Lyngbya cf. aestuarii var. arbus-
tiva

Sediment Lugomela et al. 2001

Lyngbya majuscula Sediment Lugomela et al. 2001
Lyngbya spp. Kyaruzi 2002; Bauer 2007; 

Mwandya et al. 2010
Merismopedia convoluta Sediment; Plankton Lugomela et al. 2001
Merismopedia sp. Seagrass Lyimo and Hamisi 2008; Kyaruzi 

2002
Microcoleus chthonoplastes Sediment; Seagrasses Lyimo and Hamisi 2008; Lugome-

la et al. 2001; Kyaruzi 2002; Bauer 
2007; Mwandya et al. 2010

Microcoleus lyngbyaceus Plankton Lugomela 1996
Nodularia sp. Sediment; Seagrasses Lugomela et al. 2001; Lyimo 

and Hamis 2008; Kyaruzi 2002; 
Mwandya et al. 2010

Nostoc sp. Plankton Lugomela 1996
Oscillatoria limosa Sediment; Epiphyte Lugomela et al. 2001; Lyimo and 

Hamisi 2008
Oscillatoria princeps Sediment; Epiphyte Lugomela et al. 2001; Lyimo and 

Hamisi 2008
Oscillatoria proboscidea Sediment; Seagrass Lugomela et al. 2001
Oscillatoria spp. Plankton; Sediment; 

Seagrasses
Lugomela 1996; Lugomela et al. 
2001; Lyimo and Hamisi 2008; 
Kyaruzi 2002; Kyewalyanga and 
Lugomela 2001; Mwandya et al. 
2010

Oscillatoria subuliformis Sediment; Seagrass Lyimo and Hamis 2008
Phormidium luridum Sediment Lugomela et al. 2001
Phormidium molle Sediment Lugomela et al. 2001
Phormidium sp. Sediment; Seagrass Lyimo and Hamisi 2008; Kyaruzi 

2002; Bauer 2007
Plectonema spp. Plankton Kyewalyanga and Lugomela 2001
Pseudoanabaena sp. Sediment Bauer 2007
Rivularia bullata Mangrove pneomato-

phores
Lugomela et al. 2001; Kyaruzi 
2002

Schizothrix sp. Sediment; Plankton Kyaruzi 2002; Lugomela 1996
Spirulina major Sediment Lugomela et al. 2001
Spirulina spp. Sediment Kyaruzi 2002; Mwandya et al. 

2010
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Spirulina subsalsa Plankton; Sediment Lugomela 1996; Lugomela et al. 
2001

Synechococcus sp. Sediment Kyaruzi 2002
Trichodesmium erythraeum Plankton Lugomela 1996
Trichodesmium spp. Plankton Kyewalyanga and Lugomela 2001

Diatoms 

Amphiprora alata Plankton Lugomela 1996
Amphiprora gigantea Plankton Lugomela 1996
Amphora macilenta Plankton Lugomela 1996 
Amphora wisei Plankton Lugomela 1996
Amphora spp. Plankton Kyewalyanga and Lugomela 2001
Asterionella notata Plankton Lugomela 1996
Bacillaria paxillifer Plankton Lugomela 1996
Bacillaria spp. Plankton Kyewalyanga and Lugomela 2001
Bellerochea malleus Plankton Lugomela 1996
Biddulphia pulchella Plankton Lugomela 1996
Campylodiscus undulatus Plankton Lugomela 1996
Chaetocerous costatum Plankton Lugomela 1996
Climacosphaenia moniligera Plankton Lugomela 1996
Coscinodiscus centralis Plankton Lugomela 1996
Coscinodiscus concinus Plankton Lugomela 1996
Coscinodiscus sp. Plankton Lugomela 1996
Cylindrotheca closterium Plankton Lugomela 1996
Diatoma hyalinum Plankton Lugomela 1996
Diploneis bombus Plankton Lugomela 1996
Diploneis crabro Plankton Lugomela 1996
Diploneis smith Plankton Lugomela 1996
Diploneis spp. Plankton Lugomela 1996
Ditylum brightwellii Plankton Lugomela 1996
Gyrosigma caffra Plankton Lugomela 1996
Gyrosigma spp. Plankton Kyewalyanga and Lugomela 2001
Hantzschia insolita Plankton Lugomela 1996
Hantzschia virgata var. gracilis Plankton Lugomela 1996
Isthmia minima Plankton Lugomela 1996
Isthmia ernevis Plankton Lugomela 1996
Leptocylindrus danicus Plankton Lugomela 1996
Licmophora abbreviata Plankton Lugomela 1996
Licmophora aurivillii Plankton Lugomela 1996
Licmophora lyngbyei Plankton Lugomela 1996
Licmophora spp. Plankton Kyewalyanga and Lugomela 2001
Mastogloia spp. Plankton Kyewalyanga and Lugomela 2001
Mastogloia angulata Plankton Lugomela 1996
Mastogloia binotata Plankton Lugomela 1996
Mastogloia pusila var. subcapitata Plankton Lugomela 1996
Navicula clavata Plankton Lugomela 1996
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Navicula spp. Plankton Lugomela 1996; Kyewalyanga and 
Lugomela 2001

Navicula subcarinata Plankton Lugomela 1996
Nitzschia longissima Plankton Lugomela 1996; Kyewalyanga and 

Lugomela 2001
Nitzschia ossiformis Plankton Lugomela 1996
Nitzschia sigma Plankton Lugomela 1996
Nitzschia sigma var. intermedia Plankton Lugomela 1996
Nitzschia spp. Plankton Kyewalyanga and Lugomela 2001
Odontella mobiliensis Plankton Lugomela 1996
Odontella sinensis Plankton Lugomela 1996
Plagiodiscus nervatus Plankton Lugomela 1996
Pleurosigma angulatum Plankton Lugomela 1996
Pleurosigma naviculaceum Plankton Lugomela 1996
Pleurosigma rhombeum Plankton Lugomela 1996
Pleurosigma spp. Plankton Kyewalyanga and Lugomela 2001
Podocystis spathulata Plankton Lugomela 1996
Pseudonitschia sp. Plankton Lugomela 1996
Rhabdonema adriaticum Plankton Lugomela 1996
Rhabdonema punctatum Plankton Lugomela 1996
Rhizosolenia alata Plankton Lugomela 1996
Sternoptrobia intermedia Plankton Lugomela 1996
Striatella unipunctata Plankton Lugomela 1996
Surirella americana Plankton Lugomela 1996
Surirella fastunosa Plankton Lugomela 1996
Surirella neumeyeri Plankton Lugomela 1996
Synedra farmosa Plankton Lugomela 1996
Synedra hantzschiana Plankton Lugomela 1996
Thalassionema nitzschoides Plankton Lugomela 1996
Thalassiothrix longissima Plankton Lugomela 1996
Tropidoneis approximata Plankton Lugomela 1996

Dinoflagellates

Ceratium extensum Plankton Lugomela 1996
Ceratium fusus Plankton Kyewalyanga and Lugomela 2001
Ceratium massiliense Plankton Lugomela 1996
Ceratium trichoceros Plankton Lugomela 1996
Ceratium tripos var. atlanticum Plankton Lugomela 1996
Diplopsalis lenticula Plankton Lugomela 1996
Gonyaulax spp. Plankton Lugomela 1996; Kyewalyanga and 

Lugomela 2001
Podolampas sp. Plankton Lugomela 1996
Prorocentrum concavum Plankton Kyewalyanga and Lugomela 2001
Prorocentrum compresum Plankton Lugomela 1996
Prorocentrum lima Plankton Lugomela 1996; Kyewalyanga and 

Lugomela 2001
Prorocentrum micans Plankton Kyewalyanga and Lugomela 2001
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Prorocentrum spp. Plankton Kyewalyanga and Lugomela 2001
Protoperidinium minusculum Plankton Lugomela 1996
Protoperidinium oceanicum Plankton Lugomela 1996
Protoperidinium sphaericum Plankton Lugomela 1996
Protoperidinium spp. Plankton Kyewalyanga and Lugomela 2001

Haptophyceans

Prymnesium cf. parvum Plankton Lugomela 1996

Recently, Bauer (2007) studied the composition of cyanobacteria in Chwaka Bay 
using a molecular approach and found several different phylotypes from four 
distinct microbial mats. The majority of the 16S rRNA and nifH partial sequences 
retrieved clustered together with sequences from non-heterocystous cyanobacteria 
such as Microcoleus, Phormidium, Pseudoanabaena and Leptolyngbya species. This 
group has been found to have closely related sequences occurring in a wide variety 
of habitats and geographical locations (e.g. Ley et al. 2006; Musat et al. 2006; Díez 
et al. 2007). However, a large portion of sequences were not closely related to any 
of the cultured or identified cyanobacteria from Chwaka Bay. This suggests that 
there exists a high potential for finding un-described species of cyanobacteria in 
Chwaka Bay. The author also proposed that the identified phylotypes represent 
active nitrogen fixers in Chwaka Bay, which might be contributing substantially to 
the nitrogen budget of the mangrove forest. 

Occurrence of Harmful Microalgae and Cyanobacteria in Chwaka Bay
Several species of microalgae known to be potentially harmful elsewhere are also 
found in Chwaka Bay (Lugomela 1996; Kyewalyanga and Lugomela 2001). These 
include, Gonyaulax spp., Ostreopsis spp., Prorocentrum concavum, Prorocentrm 
lima, Prorocentrum micans, diatom Pseudonitschia and unidentified Prorocentrum 
spp. Other species include cyanobacteria such as Lyngbya majuscula, Nodularia, 
Anabaena, Oscillatoria and Trichodesmium spp. (Kyewalyanga and Lugomela 
2001). The authors concluded that occurrence of potentially harmful microalgae 
may increase in the future due to interference of coastal ecosystems by human 
activities such as dumping of untreated sewage. There have been some reports by 
fishermen of fish kills in Chwaka Bay especially during the rainy season. Although 
some scientists postulate the causes to be due to pesticide release, salinity drop or 
oxygen depletion (see chap. 9), there is a need to also consider harmful microalgae 
as a possible cause of such kills.   
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Figure 1. A typical example of microbial mats in mangrove forest of Chwaka Bay (top two 
pictures) and light micrograph of the same mats showing that it is dominated by filamentous 
cyanobacteria such as Microcoleus chthonoplastes and Lyngbya sp. The micrograph also shows cells 
of unicellular cyanobacteria, Chroococcus sp. Photo: Karolina Bauer. 
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MICROALGAE BIOMASS, PRODuCTIVITY AND  
NuTRIENT CYCLING 

Biomass and Primary Production
Temporal and spatial variations in phytoplankton biomass (suspended microal-
gae) and primary production have been observed in the mangrove creeks as well 
as above the sand and/or mud flats of Chwaka Bay (Lugomela 1996; Kyewalyanga 
2002). In a report by Kyewalyanga (2002), phytoplankton biomass in Chwaka Bay 
ranges from 0.11 to 19.7 mg Chl. a m-3 with a mean value of 3.72 ± 5.2 mg Chl. a 
m-3. These values were generally higher than those reported by Lugomela (1996) in 
the Bay who reported phytoplankton biomass values ranging from 0.04 to 0.5 mg 
Chl. a m-3. Both authors however, reported significantly higher biomass in stations 
located in the mangrove creeks compared to stations located above sand/mud flats 
away from the mangroves. 

Primary production values in Chwaka Bay ranges from 7.54 ± 0.58 mg C 
m-3h-1 (May 2000) to 132 ± 9.19 mg C m-3h-1 (July 2000) with an average 
value of 53.07 ± 2.3 mg C m-3h-1 (Kyewalyanga 2002). The author showed 
two major peaks of primary productivity during the dry season in July and 
August while two smaller peaks were observed during the rainy season 
in November and March. In addition, higher primary production was 
recorded in mangrove creeks than in open waters. The high rate of primary 
production in mangroves compared to open areas is hypothesised to be due 
to differences in the concentration of inorganic nutrients between the two 
stations. Indeed, Mohammed and Johnson (1995), showed strong spatial 
variation in nutrients with concentrations decreasing towards the open 
Bay (see also chap. 9). The primary productivity by phytoplankton is very 
important as it forms the basis of the aquatic food webs, being the main 
food source for zooplankton and other aquatic animals. In the west coast of 
unguja Island for example, Lugomela et al. (2001) reported phytoplankton 
primary production to range from 204 – 4,142 mg C m-2 day-1 and 77% of 
this was consumed by heterotrophic flagellates and ciliates before reaching 
higher trophic levels. Also, Lugomela et al. (2002) reported the mean rate of 
carbon fixation by one planktonic cyanobacteria species, Trichodesmium, (a 
filamentous colony forming cyanobacterium) to be in the order of 1.2 ± 0.3 
ng C trichomes−1 h−1 in the upper 5 m of the water column. It was estimated 
that Trichodesmium species contributed between 0.03% of the total CO2 
fixation during the southeast monsoon period when Trichodesmium abun-
dance is low and up to 20% during northeast monsoon when its abundance 
is high. 

The benthic microalgae and cyanobacteria biomass in Chwaka Bay has been 
assessed particularly in the mangrove forest and in seagrass bed areas with and 
without seaweed farms (Mohammed and Johnstone 2002; Kyaruzi 2002; Lyimo 
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and Hamisi 2008). Generally chlorophyll a on sediment shows patchy distribution.  
Mohammed and Johnstone (2002) reported the mean chlorophyll a concentra-
tions in the sediment ranged from 2.7 to 5.6 μg Chl a g-1 dry wt during the rainy 
season and from 17.2 to 31.7 μg Chl a g-1 dry wt during the dry season in mangrove 
creeks of the Bay. These values were higher than  those reported by Kyaruzi (2002) 
who estimated a mean value of 0.98  μg Chl a g-1 dry wt at Mapopwe Creek and 
that there were no significant difference between dry and rainy seasons. In the 
seagrass beds of Chwaka Bay, Lyimo and Hamisi (2008) estimated a total biomass 
on sediment and seagrass epiphytes to be in the average of 2.96 ± 0.73 μg Chl a 
cm-2 in areas with seaweed farms and 3.46 ± 1.72 μg Chl a cm-2 in areas without 
seaweed farms. However, analysis of the data showed no significant difference in 
the biomass between seagrass meadows with and without seaweed farms or with 
seasons. Although some seasonality influences may be responsible for changes in 
the benthic chlorophyll a concentration of Chwaka Bay, the variations seen between 
different studies at different seasons seems to be more governed by patchiness than 
seasons. Rates of primary production (carbon fixation) by benthic microalgae have 
never been measured in Chwaka Bay. Elsewhere, epibenthic and epiphytic micro-
algae and cyanobacteria have been reported to provide as much as 46% of the total 
autotrophic production in seagrass meadows (Pinckney and Micheli 1998). It has 
also been estimated that about 33% of the total primary production in Mississippi 
(uSA) salt marsh benthic production comes from microphytobenthos (Sullivan 
and Moncreiff 1988). In addition, it has been estimated that 20 – 30% of the total 
primary production in coral reef systems is associated with microalgal production 
in sediments (Sorokin 1993). Primary productivity levels in some microbial mats 
are comparable to those in mangrove and rain forests (see Stal 2000, and references 
therein).

Off the west coast of unguja Island, Lugomela et al. (2005) estimated microbial 
mat surface cover to range between 5-56% with an annual average value of 25%. 
They reported that mats found in deep waters showed low light adaptation of their 
photosynthetic activities compared to their shallow-dwelling counterparts. Also, 
the microalgae and cyanobacteria regulated their photosynthetic activity depend-
ing on the light regime over the day, showing high light utilization coefficients 
(a), light saturation index (Ek) and maximum electron transport rate (ETRmax) 
values at around noon compared to morning and evening values. Carbon fixation 
rates of 0.05, 0.3 and 0.5 kg cm-2 y-1 for thin (≈0.5 mm), medium (≈1 mm) and 
thick (≈2 mm) microbial biofilms, respectively, and an overall primary production 
rate of 0.14 kg cm-2 y-1 at depths of about 5 m were estimated. It was shown that 
biofilms in the area actively fix carbon and may contribute substantially to the 
primary productivity in the Zanzibar coastal ecosystems.

Nitrogen Fixation
Various cyanobacteria genera such as Anabaena, Lyngbya, Rivularia, Calothrix, 
Microcoleus and Nodularia are some of the well-known diazotrophs found in 
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Chwaka Bay. They occur in sediments as well as epiphytes on seagrass and pneu-
matophores of mangroves (Lugomela 2002; Hamisi et al. 2004; Bauer 2007). Rates 
of nitrogen fixation by some cyanobacterial species isolated from Chwaka Bay, 
were reported to range from 0.03 (Microcoleus chthonoplastes) to 33.5 (Anabaena 
spp.) nmole C2H4/μg Chl.a/hr (Lugomela et al. 2001; Lugomela 2002). Also, 
Lugomela (2002) reported diel variability of nitrogen fixation rates, with different 
optima periods for different types of cyanobacteria collected from Chwaka Bay. 
The heterocystous Anabaena spp. practices the well-known strategy to fix nitrogen 
in light concomitant with photosynthesis while Lyngbya majuscula fixes nitrogen 
at night like most other non-heterocystous cyanobacteria. Much higher nitroge-
nase activity was seen for heterocystous cyanobacterium Anabaena spp. compared 
to L. majuscula probably due to direct supply of adenosine triphosphate (ATP) and 
reducing power derived from photosynthesis for the Anabaena that fixes nitrogen 
during the day. The observation that L. majuscula fixes nitrogen only during the 
night contradicted some earlier report (Jones 1990;1992; Dennison et al. 1999) 
which suggested that these cyanobacteria are capable of aerobic nitrogen fixation 
in light during the day. Further, re-evaluation of nitrogen fixation behaviour of L. 
majuscula collected from Zanzibar coastal waters confirmed that it fixes nitrogen 
and synthesizes its nitrogenase in all cells during the dark phase of the diel cycle 
while during the light phase its nitrogenase is degraded to undetectable levels 
(Lundgren et al. 2003).

The rates of nitrogen fixation in microbial mats located in mangrove forests of 
Chwaka Bay was estimated to range from undetectable levels during the day but 
to the order of 3.9 µmol C2H4 m

-2h-1 for measurements done at night (Bauer 2007). 
The rates of nitrogenase activity in the non-heterocystous microbial mats in man-
grove was considerably lower compared to those recorded from similar mats in 
e.g. Paje, Zanzibar and Heron Island, Australia (Diez et al. 2007; Bauer et al. 2008), 
but almost in the same range as observed in microbial mats dominated by Lyngbya 
sp. in Guerrero Negro (Pacific Ocean) as reported by Omoregie et al. (2004). Bauer 
(2007) postulated that the low nitrogenase activity in the mangrove forest may 
be due to higher availability of dissolved organic nitrogen which emanates from 
the surrounding dense stands of mangrove trees and their litter. Nevertheless, it 
may be expected that nitrogen fixation occurring among mangroves contributes 
positively to the overall nitrogen budget of these lush stands. Much higher nitro-
gen fixation rates by epiphytic and benthic diazotrophs in seagrass meadows in 
the open waters of Chwaka Bay were reported by Lyimo and Hamisi (2008). The 
authors reported rates in the average of 35.8 ± 39.9 μmol of C2H4 /m

2/hr in the 
areas with seaweed farms and 22.6 ± 22.5 μmol of C2H4 /m

2/hr in areas without 
seaweed farms. However, there were no significant differences in nitrogen fixation 
rates between areas with and without seaweed farms in Chwaka Bay. In general, 
the nitrogen fixation rates recorded at Chwaka Bay fall in the range recorded in 
similar environments within the region and elsewhere (Stal et al. 1984; Lugomela 
and Bergman 2002; Lyimo and Lugomela 2006). 
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ENVIRONMENTAL FACTORS GOVERNING MICROALGAE  
DISTRIBuTION IN CHWAKA BAY

Salinity, pH, turbidity and inorganic nutrients are possibly the main factors 
influencing the spatial dynamics of microalgal and Cyanobacteria species com-
position in Chwaka Bay. Lugomela (1996) observed that areas close to mangroves 
are always relatively more turbid with consistent low pH and highly variable 
salinity regime. The species composition in such areas are normally dominated 
by small pennate diatoms such as Tropidoneis approximata, Asterionella notata, 
Amphora spp. Nitzschia spp. Pleurosigma spp. Gyrosigma spp., as well as some 
centric diatoms such as Campylodiscus spp. Biddulphia spp., and small sized 
dinoflagelates like Protoperidinium minusculum. In contrast, the more seaward 
areas in the Bay which have relatively clear waters, are dominated by large centric 
diatoms such Chaetocerus spp., Rhizosolenia spp. Coscinodiscus spp. Bacteriastrum 
spp. Leptocylindrus spp. and large armored dianoflagellates such as Ceratium spp. 
as well as cyanobacteria like Trichodesmium spp. In addition, nutrient is one of 
the factors influencing microalgae biomass. The higher phytoplankton biomass 
observed in the mangrove creeks compared to the open Bay is due to the fact that 
Chwaka mangrove creeks have consistently higher nutrients (Mohammed and 
Johnsone 1995; see chap. 9). The lower nutrient levels of the open waters of the Bay 
could be influenced by the limestone seal at the mouth of the Bay which has been 
found to hinder water exchange between the creek and open waters (Mohammed 
1998). 

Temporal variation in phytoplankton composition in the Bay has also been re-
ported by Lugomela (1996), who observed dominance of the diatom Tropidoneis 
approximata and Buddulphia pulchella in June followed by Climacosphenia mon-
iligela in July while Pleurosigma angulatum dominated the phytoplankton com-
munity in August to November while Climacosphenia moniligela dominated again 
from January to March. The reason for this temporal variation in phytoplankton 
species has been postulated by the author to be largely due to temporal variations 
in salinity. Short time fluctuations in chlorophyll a concentration in the Bay have 
also been reported possibly to be due to short term fluctuation in the water column 
stability driven by physical process such as wind (Lugomela 1996). It is for example 
well known that Langmuir circulations results in patchiness in plankton distribu-
tion. Other factors which may be responsible for such short term-fluctuations 
include fluctuation in nutrient concentration and grazing by zooplankton. In 
addition, availability of micronutrients such as iron, copper and cobalt may also 
influence plankton production under certain conditions (Martin et al. 1994).
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FuTuRE RESEARCH ON MICROALGAE IN CHWAKA BAY

The composition, abundance, and growth of microalgae and cyanobacteria are 
controlled or influenced by a number of environmental factors such as availability 
of resources, hydraulic conditions and biotic interactions. In turn, microalgae and 
cyanobacteria communities affect water chemistry, hydraulic conditions, habitat 
availability, and food web dynamics. However, many of these ecological topics 
remain unexplored or underexplored for Chwaka Bay. Physiological responses to 
stressors, competitive inhibition and exclusion, allelopathy, and the effects of drag 
forces and turbulence need to be accessed. Ecology studies tend to be multivari-
able, phenomenological, and non-mechanistic. The previous ecological studies on 
microalgae and cyanobacteria of Chwaka Bay provide information about temporal 
and spatial patterns, but rarely provide evidence for the causes of those patterns. 
These studies are impaired by low statistical power and insufficient experimental 
control. Thus, future microalgae and cyanobacteria ecological studies in the Bay 
need more rigorous manipulative experiments, particularly experiments that gen-
erate clear relationships between environmental drivers and ecological responses.

Harmful Algal Blooms (HAB) are a natural phenomenon, however their incident 
are increasing both in term of cases and affected areas (Sidharta 2005). In Zanzibar 
coastal waters for example, Lugomela (2007) encountered for the first time the 
occurrence of a potentially harmful dinoflagellate Noctiluca scintillans, despite 
the fact that they were not encountered in various previous studies. The author 
hypothesized that the microalgae was possibly introduced into the area through 
ballast waters or ocean currents. When HAB outbreaks occur it will usually dam-
age the environment and create economic losses. Environmental damage and 
economic losses are caused by HAB organisms, derived from both environmental 
alterations and toxin productions. In Chwaka Bay, studies on HAB events are still 
lacking possibly due to low number of researcher and limited research funds, lack 
of awareness as well as national agenda with regard to HAB in Tanzania.

Microalgae and cyanobacteria studied in Chwaka Bay have been the subject of 
conventional studies related to taxonomic, distribution, ecology and productivity 
(carbon and nitrogen fixation). However, application of molecular methods such 
as that of Bauer (2007) has received less attention in Chwaka Bay. Elsewhere, mo-
lecular methods in microalgae studies are being applied to investigate for example 
population structure and phylogenetic relationship. Results from such studies 
have provided new insights into issues pertaining to systematics, biogeography 
and population biology of microalgae. Future research on microalgae in Chwaka 
Bay needs to focus on identification, isolation and molecular characterization of 
ecologically and/or economically important strains. Thus the application of mo-
lecular methods in studying Chwaka Bay microalgae and cyanobacteria is highly 
recommended.
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