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– CHAPTER 9 –

Nutrients and Pesticide Pollution in Chwaka Bay 

Salim M. Mohammed, Nadja Stadlinger, Aviti Mmochi and  
Linda Kumblad

INTRODuCTION

Chwaka Bay is a predominantly rural setting part of Zanzibar Island, far away 
from any industrial establishments. Consequently, the area does not directly re-
ceive chemicals from industrial point sources. However, Chwaka Bay is located 
relatively close to the rice farms of Cheju, approximately 4 km west of the Bay 
(Fig. 1). Chwaka Bay is the drainage basin of the Cheju farms, but there are no 
direct surface water pathways between the rice fields and the Bay (Mmochi 2005). 
However, during the rain season, when the groundwater table is high, consider-
able surface runoff reaches the Bay (Tack 1997). There is also the possibility of 
groundwater intrusion due to the coralline structure of the underlying bedrock 
(Tack 1997). In Cheju, both fertilizers and pesticides for insect pests and weed 
control are used (Mmochi and Mberek 1998), making the Bay potentially vulner-
able to input of agrochemicals. 

The southern part of Chwaka Bay is fringed by a large mangrove forest, part of 
Jozani Park, which has the potential to trap both pesticides and nutrients from 
the Cheju runoff (Mohammed 1998; Kruitwagen et al. 2008). Chwaka Bay may 
also receive pesticides from fumigation and malaria control activities in the sur-
rounding villages and tourist hotels, and nutrients from waste water and domestic 
animals. There is no sewerage system in the Chwaka Bay area and most villagers 
use pit latrines while some households do not even have toilets (uNEP/FAO/PAP 
2000; see chap.1).

Research addressing pollution in Chwaka Bay is scarce. Available documenta-
tion focus on (i) pesticide and nutrient levels in and around the Bay, (ii) nutrient 
dynamics in the Bay and exchange with adjacent areas, as well as (iii) the use of 
pesticides in agricultural areas in the drainage basin, particularly in Cheju. This 
chapter aims at summarizing, discussing and evaluating the available knowledge 
on nutrient and pesticide pollution in Chwaka Bay.  
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NuTRIENTS

The term nutrient refers to elements that are required for growth and function 
of living organisms. In seawater, phytoplankton requires a supply of nutrients 
for growth and it is usually the availability of nitrogen, phosphorus and/or trace 
elements such as silica that are limiting plant functions. In general, nutrient con-
centrations in most tropical waters are extremely low (Lapointe et al. 1987) with 
concentrations generally at µM level (Thomas 1966; Sanders and Moore 1979). 
Excessive nutrient input into water bodies e.g. from sewage, agricultural fertilizers, 
livestock manure, soil erosion and upwelling may cause eutrophication, a process 
whereby enhanced nutrient concentration triggers growth of primary producers 
such as phytoplankton, which ultimately may result in anoxic conditions when 
massive amounts of organic material eventually are degraded.

Figure 1. Map of Chwaka Bay showing the Cheju rice fields, Mapopwe Creek, mangrove  
forest and the surrounding settlements. Source: Institute  of Marine Sciences, Zanzibar, 
2010.



159

Nutrient Sources
The Bay could potentially receive nutrient inputs from two major sources: farming 
activities in the nearby Cheju rice farms and domestic sources such as livestock 
manure from the various villages surrounding the Bay and sewage from hotels and 
villages. The Cheju rice farms use both nitrogen and phosphorus based fertilizers 
as a common practice. From the rain-fed farms, nutrient-laden effluents drain 
into the Bay via the various mangrove creeks that drain the Chwaka mangrove 
forest but also through underground drainage. The high concentration of nutri-
ents in these effluents is however not reflected in the waters of the Bay, where the 
inorganic nitrogen fractions were below detection level (BDL) while the level of 
soluble reactive phosphorous was substantially lower compared to the rice fields 
and somewhat lower in the Mapopwe Creek (Mmochi 2005) (Table 1). This could 
be due to nutrients being trapped by the mangrove forest fringing the southern 
part of Chwaka Bay and mixing due to the high turnover rates of water in the Bay. 
There are no estimates available of the nutrient concentrations outside the Bay.

The high primary productivity reported in Chwaka Bay has partly been attributed 
to input of nutrients from the mangrove forest (Mohammed et al. 2001). The main 
primary producers in the Bay and adjacent creeks are possibly mangroves and sea-
grass meadows found adjacent to the forest. Phytoplankton and microphytoben-
thic algae are possibly minor players. It has been speculated that nutrients-laden 
water from the forest supports the primary production in the Bay (Jordelius 1998). 
However, several studies have shown that mangroves in general are not neces-
sary net exporters of dissolved inorganic nutrients (Morell and Corredor 1993; 
Alongi 1996). Mangroves are known to be highly productive systems themselves, 
implying that they have a high demand for nutrients (Middleburg et al. 1996). The 
nutrients that are regenerated within the forest may therefore probably be mostly 
utilized at the site and leave very little for export. As Table 1 above shows, the 
water draining from the Cheju rice farm has been stripped of most of the nutrients 
while passing through the forest. Some authors have suggested that mangroves are 
essentially nitrogen limited (Onuf et al. 1977; Boto and Wellington 1983; 1984) 
and that the high demand may be met by a system of conservation and retention 
as mentioned above. In addition, Boto (1992) and Clough (1992) suggested that 
nutrient utilization by mangrove ecosystems might exceed re-mineralization rates 
and hence lead to retention or even import of nutrients. Similarly, Alongi (1996) 
among others, have found that mangrove forests in Hinchibrook Island (Southern 
Australia) imports nutrients. 

Studies performed in Chwaka Bay have also suggested that the forest is efficient in 
recycling dissolved nutrients within the forest and that little of the mangrove re-
generated nutrients is available for export to the Bay (Mohammed and Johnstone 
1995). Studies in the Mapopwe Creek (the western major creek), the principal 
waterway draining the mangrove forest, showed that neither soluble reactive phos-
phorus (SRP) or dissolved inorganic nitrogen (DIN) fluxes across the sediment-
water interface were great enough to alter water column concentrations, and that 
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significant amount of the inorganic nutrients was sequestered in the mangrove 
sediments by a combination of microbial production, microphytobenthic uptake 
and possibly by de-nitrification (Mohammed and Johnstone 2002). Only ammonia 
showed significant efflux into the water column and thus represents a potentially 
significant source of DIN to creek water and the Bay. However, in a study of water 
column concentration of nutrients in the same creek, very low ammonia levels 
were observed and concentrations of the nutrients decreased towards the mouth 
of the creek (Mohammed and Johnstone 1995). This implies that the creek retains 
these nutrients for internal use and, thus, does not export significant amounts to 
Chwaka Bay and beyond. As shown below, any export of material from the forest 
occurs in the form of particulate organic matter rather than as dissolved fractions.

Another possible source of nitrogen in the Bay is in situ nutrient production within 
the Bay itself. Studies by Lyimo and Hamisi (2008) show that nitrogen fixation by 
epiphytic and benthic diazotrophs contributes a significant amount of nitrogen to 
the seagrass ecosystem in the Bay. In their study, nitrogen fixation rates were 35.8 
± 39.9 µM of C2H2 per m-2 h-1 in seagrass meadows at sites with seaweed farms and 
22.6 ± 22.5 µM of C2H2 m

-2 h-1 at sites without seaweed farms. Thus within-the-Bay 
fixation of nutrients appears to be highly important for the productivity of the Bay. 
For example, measurements of primary production in the Bay have given values 
of gross community production of 1,029 g C m-2 y-1 at a site farthest from the 
mangrove forest compared to a production of 467 g C m-2 y-1 at a site closest to the 
forest (Mohammed et al. 2001) despite the fact that the latter site (located closer 
to the forest) is a direct recipient of the mangrove derived particulate organic mat-
ter (POM) as shown by isotopic studies (Mohammed et al 2001). It appears that 
primary production at the site furthest from the forest is not directly coupled to 
mangrove export and that production within the Bay is more dependent on fixa-
tion of nutrients by the epiphytic communities in the Bay and only sites closer to 
the forest benefit from mangrove derived nutrients (in the form of POM). There is 
also a possibility of nutrients entering the Bay via ground water seepage. However 
there is no data to verify this.

Nitrogen Transformation Rates 
There is very scant information on nitrogen transformation rates in Chwaka Bay. 
However, a study in the Mapopwe Creek by Mohammed et al. (2001) reported 
nitrification rates of between 0–12 µM N m-2 h-1 and these rates did not vary much 
among sites in the Bay. These rates are comparable to similar tropical environment 
where values of between 6–45 µM N m-2 h-1 have been reported (Koike and Hattori 
1978). De-nitrification rates range between 0.37–2.72 µM N m-2 h-1 and studies 
have shown that de-nitrification observed in the Bay was entirely supported by 
water column NOx, i.e. non-coupled de-nitrification (Mohammed and Johnstone 
2002). No coupled de-nitrification was observed in sediments from any sites stud-
ied. Studies on de-nitrification have shown that the process could be a significant 
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contributor to nitrogen loss in coastal environments. For example Seitzinger (1988) 
estimated that up to 5 percent of nitrogen could be lost from such environments 
through de-nitrification. However, a more conservative but significant estimate 
of 1-14 percent nitrogen loss was given in other studies (see e.g. Zimmerman and 
Benner 1994; Nielsen and Rasmussen 1995). As mentioned above de-nitrification 
rates are relatively small within the Bay and supposedly cannot be a strong factor 
in the loss of nitrogen from the Bay and cannot therefore alter the nitrogen budget 
of the Bay. On the other hand nitrogen fixation rates recorded in the Bay are quite 
significant and have the potential of adding significant amount of nitrogen to the 
Bay.  

Nutrient Concentrations in Chwaka Bay
There is limited data on dissolved nutrient concentrations and their behavior in 
Chwaka Bay. More studies have been undertaken in the major creeks (see for 
example, Mohammed 1998) than in the Bay proper. unlike the major creeks that 
drain the adjacent mangrove forest, very few studies have been carried out in the 
Bay proper. The available studies have shown that concentrations of dissolved 
inorganic nutrients in the Bay, in general, are relatively low. Water column SRP 
concentrations range from 1.2–2.0 µM l-1, while DIN range from 1.6–22.6 µM 
l-1 (Mohammed et al. 2001). Similar concentrations were reported by Ngusaru, 
Mohammed and Mwaipopo (2001) who estimated mean SRP of 2.0 µM l-1 and 1.2 
µMl-1 in the inner and outer Bay, respectively. They also recorded DIN concentra-

Figure 2. Rice farmer in the irrigated part of Cheju practicing manual weeding.  
Photo: Tove Porseryd. 
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tions of 23.6 µM l-1 in the inner Bay and 18.6 µM N l-1 in the outer Bay. In a more 
recent study much lower concentrations were reported in the outer Bay; dissolved 
phosphate, nitrite and nitrate of 0.1–0.3 µM P l-1, 0.2–0.3 µM N l-1, and 1.3–2.1 µM 
N l-1, respectively (Lyimo and Hamisi 2008). unfortunately there is no information 
on seasonal fluctuations of these nutrients. 

Sediment Nutrient Concentration Profiles
In a study of pore water concentration profiles in the inner part of the Bay, the 
concentrations of dissolved ammonia ranged from 20.2±8.0 µM N at a site closest 
to the forest to 12±7.6 µM N at a site furthest from the forest, where conditions are 
more or less oceanic (Mohammed et al. 2001). A similar concentration pattern was 
observed for ammonia adsorbed to particles (KCl extractable fraction). Values of 
25.6±11.7 µM N and 16.0±11.1 µM N were recorded at sites closest to the forest 
and at the site furthest from the forest, respectively.

Pore water concentrations of NO3
- and NO2

- (defined as NOx when combined) 
are generally very low in the Bay with concentrations at or below detection limit 
(Mohammed and Johnstone 2001). Peak concentrations of nutrients were gener-
ally found between 2-3 cm below the sediment surface; however, at some sites 
and/or sampling occasions, NOx was detected as deep as 14.5 cm, although the 
concentrations were close to the limit of detection. Notably, at that the sites where 
NOx was observed at such depths, a considerable number of animal burrows were 
present mostly crabs and worms. Hence, the elevated levels of NOx observed are 
possibly a result of intense animal activity and organic matter deposition into the 
sediments. There is no data available on phosphorous concentrations in the sedi-
ment or pore water.

Nutrient Exchanges
Studies on nutrient exchanges in the Bay have concentrated mainly on the flow of 
nutrients between the Bay proper and the various creeks that drain the mangrove 
forest during tidal exchanges. An important focus of these studies was to identify 
whether the Bay itself is an importer or exporter of nutrients. Studies by Johnstone 
et al. (1998) suggested that nutrients are efficiently recycled within the Bay and 
very little is left for export. The study showed that there was a small import of NH4

+ 
averaging 3.5 Kg N d-1 and NOx import averaging 8.2 kg N d-1. For soluble reactive 
phosphorus, integrated flux calculations showed a small net export of 31 kg P d-1 
(Johnstone et al. 1998). 

In conclusion, it can be said that Chwaka Bay is possibly a highly conservative 
system with regard to nutrient exchanges as only a small amount of material is 
exchanged between it and the adjacent ecosystems (see chap.10). The implication 
of these findings is that if the Bay were to receive increased nutrient load from 



163

the mangroves or elsewhere, this would not be removed from the system but ac-
cumulate and potentially lead to eutrophication. 

PESTICIDES

Pesticides are substances that are designed to confine living organisms that inter-
fere with human activities or that spread vector-controlled diseases (EPA 2010). In 
the 1970s and 1980s the amount of pesticides used in the Western Indian Ocean 
(WIO) region increased substantially due to increased farming in the area as well 
as intensification of agriculture (Mmochi 2005). However, overall pesticide use in 
Africa is still the lowest of all continents (Mansour 2004) and low on a per hectare 
basis (Pimental 1996; Repetto and Baliga 1996; Pretty and Hine 2005, 4). 

TRADITIONAL FARMING IN ZANZIBAR

The traditional type of agriculture in Zanzibar Islands is intercropping, where 
crops forming several canopies are grown together. The highest canopy (usually 
coconut) is followed by fruits (mainly mangoes), cloves, citrus trees and other 
shrub spices, and closest to the ground, root crops like cassava, yams and smaller 
spices are found (Mmochi and Mberek 1998). The intercrop practices facilitate an 
efficient nutrient uptake since the different crops reach various depths in the soil. 
The system is self-fertilizing to a higher degree than cereal crops through recycling 
of nutrients as only the edible part of the plant is removed as opposed to cereal 
crops where clear harvesting is practiced. The intercropping supports balanced 
ecosystems where the plants more often withstand pests and diseases. The pest 
organisms in the intercropped cultivation system exist in balance with their preda-
tors, and thus, the pests occur within tolerable limits (Mmochi 2005).

For a long time, cloves were the main cash crop for Zanzibar. As a result of rapid 
increase in clove cultivation in the Far East and a consequent fall of prices in 
the world market (Martin1991; Hodd 2002), Zanzibar has recently been forced 
to diversify its economy, which has also affected agriculture. There is now more 
emphasis on tourism, aquaculture (seaweeds) and semi-processing industries. In 
agriculture, fruits, vegetables, cereal crops and spices other than cloves are now 
prioritized. Some of these are grown as monoculture crops, which require more 
pesticides than the traditional crops. Due to changes in agricultural practices and 
increased population, pesticides are now often used on a regular basis, especially 
in rice, sugarcane, and citrus fruits as well as in vegetable farming. About 90 per 
cent of all pesticides used in Zanzibar Islands are used in agriculture (Mmochi and 
Mberek 1998).
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Table 1. Water column concentrations of nutrients (µM) in a gradient from Cheju rice fields, 
Mapopwe Creek to the outer Chwaka Bay, BDL = Below Detection Limit. Source: Mmochi 2005. 

Table 2. Pesticides in use at Cheju in 1995-2007. Source: Mmochi (2005) and Stadlinger et al. 
(2010). DT50 = half-life in soil. Source: Tomlin (2000).

Table 3. Pesticide concentrations in water in Cheju-Mapopwe drainage basin (μg/l). BDL= below 
detection limit. Success rate (per cent) is the frequency of quantifiable samples used for the deri-
vation of maximum, average and SD. Source: Mmochi (2005).
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Importance of Pesticide Use in Zanzibar
The population of Zanzibar is slightly over one million (ca. 10,000 in the Chwaka 
Bay Villages), and growing fast (3% per year) due to high birth rates and migration 
from the mainland (TOMRIC News 2000; National Bureau of Statistics 2002). In 
Zanzibar, agriculture contributes up to 43% of the gross domestic product (GDP), 
employing 65% of the (mostly rural) labour force (Ali and Sulaiman 1995). The 
population density is 400 persons/km2 (National Bureau of Statistics 2002), which 
is one of the highest densities in Sub-Saharan Africa. To support the growing 
population on the limited available and arable land, intensified crop production 
is needed. 

Other factors influencing pesticide use are poor governmental management of 
pesticides, including partly uncontrolled importation of pesticides, the importa-
tion of very toxic and persistent substances and little information reaching the 
farmers (Stadlinger 2010). Pesticide use in Zanzibar rose sharply in the mid eight-
ies, peaked in the early nineties, fell to its lowest in 1996, and is now showing signs 
of increase again (Mmochi 2005; Stadlinger 2010). This trend was also observed 
on the Tanzania mainland (Ngowi 2002). The decrease in the mid-nineties was 
mainly due to the removal of the subsidies in agriculture, forcing farmers to pay 
the full price of agrochemicals (Mmochi and Mberek 1998). 

Pesticide Use in the Cheju Rain-Fed and Irrigated Rice Farms
Rice farming in Zanzibar is concentrated in only three areas: Cheju, Mahonda 
and Kibokwa. In the Cheju rice farms, located close to Mapopwe Creek and the 
mangroves of the Chwaka Bay (Mwandya 2009), about 1,000 ha of rain-fed and 
irrigated rice farms are cultivated annually (Mmochi and Mberek 1998; Institute 
of Marine Sciences GIS database 2010; Agricultural Officer in Dunga, personal 
communication). About 200 farmers are involved in irrigation farming whereas 
up to 4,000 farmers were cultivating rice in the rain-fed part of Cheju (PADEP 
Cheju officer personal communication). 

In 1991, Cheju was estimated to consume about one third of all pesticides used 
in agriculture in Zanzibar (Mmochi and Mberek 1998; Mmochi 2005). The main 
pesticides used in Cheju are listed in Table 2. While insecticides were used in both 
types of farms, herbicides were only used in the rain-fed farms during the 1990s 
(Mmochi and Mberek 1998). A more recent study confirms that irrigation farmers 
are now also using herbicides (Stadlinger et al. 2010). Herbicides are considered 
better and more effective than manual weeding by many farmers (Fig. 2). Satunil is 
the most commonly used herbicide, which contains the two active substances pro-
panil and thiobencarb (Tomlin 2000). Farmers apply pesticides one to four times 
per year, mostly during the rain season in March-May (Stadlinger et al. 2010). 

Farmers’ risk-awareness concerning pesticides is generally low and, therefore, 
there is a risk for misuse or overuse due to ignorance, which might lead to human 
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Table 4. Pesticide concentrations in soil from the Cheju-Mapopwe drainage basin (μg/kg). 
BDL=below detection limit. Success rate (per cent) is the frequency of quantifiable samples used 
for the derivation of maximum, average and SD. Source: Mmochi (2005).

Table 6. Average metal concentrations in sediments (μg/g dw ± SE, n = 2) and fish tissues (μg/g 
dw ± SE, n = 5) collected in June 2004 at various sites in Chwaka Bay (for full table see  
Kruitwagen et al. 2008).

Table 5. Concentrations of organochlorines in sediments (ng/g dw ± SE, n = 2) and fish tissue 
(ng/g lipid weight ± SE, n = 7) of various sites of Chwaka Bay (for full Table see Kruitwagen et al. 
2008), BDL = below detection limit.
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and environmental health hazards (Stadlinger et al. 2010). For instance, appropri-
ate protective gear is not used, pesticides are stored together with food, and empty 
pesticide containers are re-cycled as household utensils or discarded carelessly 
(Mmochi and Mberek 1998; Ngowi 2002; Stadlinger et al. 2010). High pesticide 
concentrations have also been found in water wells and near pesticide stores 
(Mmochi 2005), confirming careless storage, handling, washing and discarding 
of pesticides and their containers. A previous Food and Agriculture Organization 
(FAO) office situated in the Cheju area, with the task to help farmers to reduce their 
pesticide use (Mmochi and Mberek 1998), was shut down in 2007 leaving farmers 
in the area with less assistance (Stadlinger et al. 2010). A consequence of that could 
be farmers nowadays using herbicides against weeds instead of manual weeding 
(Fig. 2), because it is perceived to be more effective (Stadlinger 2008). Pesticide 
handling and use are factors that influence the environmental fate of pesticides 
(Daam and van den Brink 2010), and consequently, inappropriate pesticide use in 
Cheju due to ignorance, has the potential to negatively affect Chwaka Bay.

Environmental Fate of the Pesticides Used in the Area
The environmental fate of a pesticide depends of its vapour pressure, water solubil-
ity, photo-stability, biodegradability and abiotic factors such as temperature, pH, 
amount of organic matter etc. in the receiving environment (Trautmann, Porter 
and Wagenet 1989). The pesticides used in Cheju range from highly soluble (e.g. 
2, 4-D) to insoluble (e.g. carbosulfan and endosulfan) (Table 2). The pesticides 
are mainly applied when the temperature, humidity and soil moisture is high. 
Particles of hydrophobic pesticides may be transported by air during strong winds 
or storms or by water currents (Table 2). The more hydrophobic and persistent 
pesticides, such as endosulfan, have the potential to bio-accumulate in organ-
isms and bio-magnify in the food chain. The more hydrophilic (water soluble) 
pesticides are generally more easily dissipated through biodegradation, dilution, 
photo-oxidation and hydrolysis than the hydrophobic pesticides (Hassall 1990). 

In Cheju, the soils have a relatively low organic matter content, and hence a low 
capacity for retention of organic chemicals (Mmochi 2005). Accordingly, many 
pesticides used, including e.g. propanil, will remain in solution thus increasing the 
possibility of transport over greater distances and reaching Mapopwe Creek.  

When pesticide application in Cheju coincides with heavy precipitation, pesti-
cides may be transported to Chwaka Bay via the mangroves in Mapopwe Creek. 
However, a barrier between the Mapopwe Creek and the rest of the Bay reduces 
the water exchange (Wolanski 1989), which may render the Creek a reservoir of 
pesticides from the Cheju rice fields.
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Environmental Levels of Pesticides and Metals in Chwaka Bay and its 
Drainage Basin
Pesticide residues in the Cheju–Mapopwe Basin between 1998 and 2000 were 
analysed by Mmochi (2005). Concentrations in water and soil samples from (i) 
irrigated rice fields (not using herbicides), (ii) rain fed rice fields (using herbi-
cides), and (iii) ground water outflows and marine waters from Mapopwe Creek, 
downstream of the Cheju rice farms, show that the concentrations are in general 
were fairly low (Tables 3 and 4). Low levels of propanil residues were detected in 
stagnant waters three weeks after use in the Cheju rain-fed rice farms, and also in 
the seawater in Mapopwe Creek, more than 5 km distant, indicating a transport 
route (Mmochi 2005). The detected environmental levels indicate a fairly low use 
of pesticides.

Pesticide and metal concentrations in mangrove sediments and fish tissue in 
Chwaka have also been studied by Kruitwagen et al. (2008) (Tables 5 and 6). Both 
γ-HCH and α-HCH were found in the sediment samples, and γ-HCH was also de-
tected in fish tissue samples. These metabolites are a clear indication of a previous 
agricultural use of lindane (g-HCH). Based on the ratio of the different metabolites 
DDE, DDD and DDT, the sediments of Chwaka indicate a more recent use of DDT 
compared to other places along the Tanzanian coast. Polychlorobenzene (PCBs) 
congeners were detected in fish muscle tissue that probably are the result of the 
use of outboard engines in the Bay, since the area is out of reach of industrial pol-
lution (Kruitwagen et al. 2008), which usually is the main source of PCBs. As the 
concentrations of both pesticides and metals were generally were low, the study by 
Kruitwagen et al. (2008) concludes that Chwaka Bay is only a little affected by agri-
cultural pesticide pollution. The pesticides that have shown higher concentrations 
in the Bay stopped being used in Cheju quite sometime back and are probably not 
from the Cheju rice farms. Some or all of the organochlorine pesticides reported 
may be derived from fumigation during construction of tourist hotels or from 
household application in Chwaka Village of malaria control products (Mmochi et 
al. 1999). 

Pesticide Use and Potential Effects in the Marine Environment in  
Chwaka Bay
Even though pesticides are much needed in modern farming, their adverse effects 
on the environment and human health are problematic (Schulz 2004). Studies have 
shown that not all of the pesticides applied reach their target organism and that a 
large part ends up in coastal marine ecosystems (Peters et al. 1997; Reichenberger et 
al. 2007). This contamination poses a threat to non-target organisms (Domagalski 
et al. 1997). 

Chwaka Bay is one of the most productive ecosystems in Zanzibar in terms of 
fish catch (Jiddawi and Muhando 1990; de la Torre-Castro and Rönnbäck, 2004). 
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Interviewed fishermen describe observing fish and shrimp mortalities in Chwaka 
Bay and attributed this to natural causes, as they seem to coincide with low tide 
and inflow of large amounts of fresh water that may cause oxygen depletion in 
shallow ponds (Stadlinger 2008). However, some fishermen think that pesticides 
in the water could increase the mortalities (Stadlinger 2008). The results from in-
terviews (Stadlinger 2008) and laboratory (Mmochi 2005; Kruitwagen et al. 2008) 
indicate that pesticide residues do not seem to constitute a threat to the organisms 
in the Bay. However, it is important to monitor the development of pesticide use in 
Cheju, assess the effect of the pesticides used on biota and make fresh evaluations 
if the amounts or types of pesticide used changes.

POTENTIAL RISK OF NuTRIENT ENRICHMENT AND PESTICIDE 
POLLuTION IN CHWAKA BAY

The mangroves of Chwaka Bay are effective in using dissolved nutrients and are 
therefore only exporting nitrogen and phosphorous in the form of particulate or-
ganic matter, such as mangrove litter, to the Bay. The Bay itself is poor in nutrients 
and there seems to be a net import of nitrogen from the open ocean, and only a 
small amount of phosphorous is exported from the area (Johnstone et al. 1998). 

Runoff from Cheju rice farms carry both nutrients and pesticides that are increas-
ingly being applied during the major growing season coinciding with the heavy 
rains in March-May (Stadlinger et al. 2010). Chwaka Bay is semi-enclosed and 
retains water during low tide. If the water contains pollutants, they remain for a 
longer period and are available for uptake by mangrove organisms (Kruitwagen 
2007). The surface runoff also contributes to a fresh-water environment in the 
mangrove ponds. It is in such ponds during the rainy season that mass-mortalities 
of fish and shrimps have been observed. The precise reason for this is not known, 
however, it seems likely that decreased salinity and oxygen concentrations in the 
water are the main factors, which also may act in combination with the presence 
of pesticides. 

The pesticides used in the area have the potential to be toxic to non-target or-
ganisms in Chwaka Bay. However, with the exception of endosulfan and its toxic 
metabolite, most substances have a short degradation time, especially in this hot, 
sunny and moist environment (Tomlin 2000). The agrochemicals of most concern 
for potential non-target and wider environmental effects are insecticides applied 
when there are pest outbreaks, which often occur during the rainy season.

The mangrove forests play an important role in trapping nutrients, traces of metals 
and pesticides entering the Bay in Mapopwe Creek. Seagrass meadows that are 
covering a major area of Chwaka Bay have proven to be sensitive to eutrophica-
tion and the mangroves are thereby extremely important for maintaining the high 
water quality needed for the diverse and productive seagrass habitats. The ability 
to trap pollutants has also been shown for mangrove forests, for example in Kenya, 
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mainland Tanzania and Mozambique (Kruitwagen et al. 2008). Thus, the man-
grove areas of Chwaka Bay act as natural filters of terrestrial runoff and are thereby 
critical for maintaining the high water quality required to sustain the diverse and 
productive marine environment. 

The current use of fertilizers and pesticides does not seem to be a major threat to 
the marine ecosystem of Chwaka Bay. However, an increased used is expected as a 
result of the steadily increasing population and demand for agricultural products. 
It is therefore important to monitor the handling and use of pesticides and their 
levels in the environment, as well as to protect and maintain a healthy mangrove 
forest that helps protecting the Bay from pollution.

CONCLuSIONS

As Chwaka Bay is a recipient of pesticides and nutrients from adjacent agricultural 
areas, there is a risk that these substances enter the Bay. However, research on pol-
lution in Chwaka Bay waters, sediments or biota is very limited. Mass-mortalities 
of fish and shrimps observed in the Mapopwe Creek, could either be related to 
the agricultural activities in the catchment area or be due to natural occurrence of 
anoxia and salinity decrease. This needs to be empirically assessed. The scarce data 
available suggest that the mangrove forest located between the agricultural area 
and the Bay effectively filter land runoff, contributing to the low levels of pesticides 
and nutrients observed in the Bay. Thus, the current use of agrochemicals in the 
area seems presently not to be a major threat to the marine ecosystem of Chwaka 
Bay.
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