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– CHAPTER 6 –

Coral Reefs in Chwaka Bay and Adjacent Areas

Christopher A. Muhando and Mohammed S. Mohammed

INTRODuCTION

Coral reefs are mounts of living coral, coral skeletons and calcium deposits from 
other sea organisms that reside in the ocean (Fig. 1). The distribution of coral 
reefs worldwide is influenced by sea water temperature (optimum at 26-29°C), 
water depth (optimal < 25 m), light, salinity, runoff/sedimentation and exposure 
to air (Kleypas et al. 1999). As a result, coral reefs thrive in warm tropical shallow 
saltwater, typically in the form of a barrier reef, fringing reef or atoll (Veron 2000). 
under appropriate conditions, many other organisms, e.g. crustaceans, molluscs, 
sponges, algae, seagrass, polychaetes, bryozoans, echinoderms, ascidians and 
zoanthids occur within coral reefs, besides corals and fish. Some of the important 
reef organisms in Chwaka Bay area are shown in figure 2.

Coral reefs wherever they occur play a crucial role to the well being of coastal com-
munities, including those found around Chwaka Bay. Coral reefs support higher 
biological diversity than that found on seagrass and mangroves (Groombridge 
and Jenkins 2002). A variety of fish species, spiny lobsters, octopus, sea cucum-
bers, clams, gastropods and oysters form the basis of harvestable reef resources. 
According to Jiddawi and Muhando (1990), more than 70 percent of marine 
fish landings in Zanzibar are harvested on or adjacent to coral reefs by artisa-
nal fishers. Coral reefs also support inshore and offshore fisheries by providing 
spawning, feeding and nursery grounds. Like mangroves, coral reefs play a crucial 
role in coastal land protection, by damping wave energy reaching the coastline 
(Conservation International 2008). Furthermore, coral reef ecosystems serve as an 
important tourist attraction (Honey and Krantz 2007), and accommodate organ-
isms whose extracts have pharmaceutical potentials (Adey 2000). Therefore, coral 
reefs wherever they occur deserve special conservation attention.

This chapter attempts to describe the distribution and abundance of coral reef 
benthos, commercially and ecologically important reef macro-invertebrates and 
fish, as well as evaluate the role of environmental processes/factors and human 
activities around Chwaka Bay and adjacent coral reefs.
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Zanzibar, Tanzania, e-mail: mohammed@ims.udsm.ac.tz
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THE DISTRIBuTION AND DIVERSITY OF CORAL REEFS IN CHWAKA BAY

Coral reefs are found all around unguja Island, with higher spatial occurrence 
on the west and southwest coasts (Fig. 3a). unlike on the west coast, there is a 
formation of barrier reef along the east coast except in the vicinity of Chwaka Bay 
(Fig. 3a and 3b). Due to various natural processes such as turbidity, sedimentation, 
salinity as well as availability of suitable coral larval settlement surfaces, coral reefs 
in the Chwaka Bay proper have less coral cover and diversity as those outside the 
Bay (Mohammed et al. 1999). Bays and estuaries experience relatively low energy 
ocean conditions, which normally favour deposition of fine sediments. Fine sedi-
ments (silt) in turn render the ocean bottom conditions unsuitable for coral set-
tlement and growth, because corals require a hard substrate to settle (Birrell et al. 
2005). Settling of resuspended particles clog and eventually kill corals due to high 
energy expenditure for cleaning (Rogers 1990). High turbidity also reduces pho-
tosynthesis of zooxanthellae living symbiotically within the coral polyps, resulting 
into low coral calcification processes or reduced production of coral framework 
(Dodge and Vaisnys 1977). A considerable amount of the suspended solids in 
Chwaka Bay is derived from the mangroves. 

Narrowness of the continental shelf in Tanzania (uNEP 1989), means coral reefs 
are close to land (see for example figure 3a), and hence prone to over-exploitation 
and other human induced degradation (Jiddawi and Muhando 1990; Johnstone 
et al. 1998). Today, healthier corals and abundant fish occur around small islets 

Figure 1. Coral Reefs - Coral reefs are mounds of living coral, coral skeletons and calcium  
deposits from other sea organisms that reside in the ocean. Photo: Christopher Muhando.
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and sand banks where human interference is minimal (Muhando and Mohammed 
2002; Muhando and Mwaipopo 2008). Although there has been little detailed in-
vestigations on coral reef resources in the Chwaka Bay and adjacent areas, the fact 
that they are easily accessible, means they are likely to be overfished and degraded 
through the use of destructive fishing practices (e.g. drag-nets and anchor dam-
age), as reported in the area (Mohammed 2004; chap. 11). In addition, pollution 
from land based sources such as fertilizers and pesticides in Cheju rice fields and 
sewage from tourist hotels have been mentioned but not proven to be serious 
threats (see chap. 1 and 9).

Chwaka Bay is characterized by a high cover of Halimeda, a calcareous macroalgae 
(Kangwe 2006). The abundance of calcareous algae has enhanced sediment forma-
tion in the Bay (Muzuka et al. 2005; see chap. 8), which favour the establishment of 
seagrass rather than corals (Birrell et al. 2005). Beaches along Chwaka, Marumbi 
and uroa villages have high carbonate sand, linked to high calcification from 
abundant Halimeda in the Bay (Muzuka et al. 2005; see chap.1). As a consequence 

Figure 2. Some of the coral reef invertebrates found on Chwaka Bay and adjacent coral reefs: 
cowries (A), clams (B), crown-of-thorns starfish (C), sea urchins (D), sea cucumbers (E), sea 
stars (F), lobsters (G), octopus (H) and giant triton (I). Photos: Christopher Muhando.

(a) (b) (c)

(d) (e) (f)

(g) (h) (i)
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Figure 3a. Map showing the distribution of coral reefs around Unguja Island, Zanzibar. 
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of the various stressful factors mentioned above, coral growth in the Bay proper has 
been marginalized to the occurrence of few coral patches, dominated by Porites, 
Acropora, Goniastrea, and Pocillopora. The few corals found in the Bay grow on 
dead coral structures (bommies) raised above the sandy bottom. 

A rapid coral reef assessment study was carried out in the Chwaka-Paje conserva-
tion area by Mohammed et al. (1999), to describe the status of coral reef benthos: 
live hard coral, coral rubble, fleshy macro-algae, Halimeda, turf algae, coralline 
algae, seagrass, sandy habitats and rocky surfaces (Fig. 4). A total of 57 study plots 
were studied and classified into three reef zones: the Bay proper (Fig. 3b), the 
exposed or outer side of the barrier reef (the exposed reefs), and the landward 

Figure 3b. Map showing the distribution of coral reef in Chwaka Bay and adjacent 
areas, Zanzibar.
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side reefs (the lagoon or the inner reefs). Highest mean hard coral cover (about 
9 percent) was observed on the exposed reefs, while inner reefs had mean coral 
cover of about 6.3 percent and it was about 1.6 percent in the Bay proper (Fig. 4). 
Rocky surfaces were the dominant features in the inner and exposed reefs, while 
sand substrate dominated in the Bay. Seagrass, Halimeda and other macroalgae 
were most abundant in the Bay, while turf algae were highest in the exposed reefs. 

About 21 hard coral genera were recorded in the Chwaka Bay and adjacent reef 
areas in 1999 (Table 1). When compared with other reefs in unguja Island, e.g. 
Chumbe (52 genera) and Mnemba (39 genera) (IMS corals database), Chwaka Bay 
and adjacent reefs showed low coral diversity.

FISH AND MACRO-INVERTEBRATES CENSuS IN CHWAKA BAY 

The most common fish species found in Chwaka Bay and adjacent reef areas, 
according to visual census (focusing on marketable or fishable-size fish) carried 
out by Mohammed et al. (1999), are summarised in Table 2. Harvestable com-

Figure 4. The mean percent cover (%) of reef benthos in the Chwaka Bay proper, Inner reefs (or 
lagoon reefs) and exposed outer reefs in 1999. HC = live hard corals; R = coral rubble; RCK = 
rocky surfaces; S = sandy habitat; MA = fleshy macro-algae; HAL = Halimeda algae; TA = Turf 
algae; CA = Coralline algae; SG = Seagrass.  Source: Mohammed et al. 1999.
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mercial fish species were frequently encountered in the Bay while typical reef fish 
were seen mostly in the exposed outer reefs, while both fish groups were found 
in the inner reefs. It was further shown that fish aggregated more towards the 
deeper parts of the Bay and where there was a raised coral framework, irrespective 
whether the framework was composed of live or dead corals.  Thus, the few reef 
structures found in the Bay play a significant role as fish refuges (Hixon and Beets 
1993). Indeed, most of the fishing activities are concentrated in the Bay (see chap. 
11). Mohammed (2004) reported that monopolized fishing around the coral reef 
structures is a source of conflict between dema (basket) and nyavu (drag-net) fish-
ers. Mohammed et al. (1999) attempted to provide the density of visually censured 
fish in three study zones (Fig. 5). The reef fish densities provided in Figure 5 should 
be considered as indicative because visual fish census method has limitations in 
estimating absolute densities in habitats with different water depth and visibility 
(English, Wilkinson and  Baker 1994); such where the prevailing conditions in 
the Bay proper and adjacent reefs. Furthermore, the abundance of fish in the Bay 
is more variable (in space and time) due to immigration of fish from high energy 
open sea and mangrove habitats found further to the south. Additionally, many of 
the smaller, typical reef fish are territorial and hence less influenced by the pres-
ence of an observer compared to the larger and more frequently targeted market-
able species. In general, visual census in shallow waters tends to under-estimate 
the commonly targeted species which are normally frightened by the presence of 
divers. Further studies using robust stock assessment techniques that take into 
consideration depth, day-night, and which minimize the explained weaknesses are 
required to better understand fish stocks dynamics in Chwaka Bay and adjacent 
reefs. 

Genera Relative Frequency of 
encounter (%)

Genera Relative Frequency 
of encounter (%)

Porites spp 14.2 Favites spp 3.2
Acropora spp 9.9 Echinopora spp 2.8

Goniastrea spp 9.1 Fungia spp 2.0

Stylophora sp 9.1 Seriatopora sp 2.0

Favia spp 8.3 Turbinaria spp 1.6

Pavona spp 7.9 Platygyra spp 0.8

Montipora spp 7.1 Merulina spp 0.4

Astreopora spp 7.1 Plesiastrea spp 0.4

Hydnophora spp 5.1 Physogyra spp 0.4

Pocillopora spp 4.3 Montastrea spp 0.4

Galaxea spp 4.0    

Table 1. Coral genera found in Chwaka Bay and adjacent reefs listed according to their relative 
frequency of encounter (in %) during the study. (Modified from Mohammed et al. 1999).
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Table 2. Common fish species found in the Bay, Lagoon and the exposed reefs.

Family Species Number of sites found (Frequency of oc-
currence)
Bay Inner Exposed

Siganidae Siganus spp 10 - -
Scaridae Leptoscarus vaigensis 11 - -

Scarus ghobban 15 - -

Hipposcarus harid - - 4

Scarus sordidus - - 7

Mulidae Parupeneus macronema 13 10 6

Parupeneus barberinus 14 - -

Lethrinidae Lethrinus harak 13 12 -

Nemiptredae Scolopsis ghanam 15 - -

Balistidae Rhineacanthus aculeatus 10 - -

Suflamen chrysoptera - - 4

Chaetodontidae Chaetodon auriga - 12 4

Chaetodon kleinii - - 6

Chaetodon melannotus - - 5

Zanclidae Zanclus cornutus - 12 6

Acanthuridae Acanthurus triostegus - 13 -

Acanthuridae Acanthurus leucosternon - - 6

Acanthurus nigricauda - - 6

Acanthurus nogrofuscus - - 5

Acanthurus tennenti - - 4

Ctenochaetus striatus - - 6

Caesionidae Caesio lunaris - - 5

Lutjanidae Lutjanus fulviflamma - - 4

Pomacanthidae Centropyge multispinnis - - 5

Serranidae Cephalopholis argus - - 5

Source: Mohammed et al. 1999.

The macro-invertebrate community (Fig. 2) in Chwaka Bay reefs was domi-
nated by sea urchins (Fig. 6), similar to the situation in other reefs in Tanzania 
(Mohammed, Muhando and Machano 2002; Muhando and Mwaipopo 2008).  
The highest density of sea urchins (75 per 100 m2) was found in the inner reefs. 
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Sea stars were more abundant (10 per 100 m2) in the Bay proper while more sea 
cucumbers were observed (10 per 100 m2) in the inner reefs. Lobsters were not 
encountered in the survey plots (Fig. 6). Absence of lobsters in the study plots is 
a probable indication that they are overexploited around the Bay as reported for 
other sites around Zanzibar (Mohammed et al. 2002).

Figure 5. Fish density (numbers per 100 m2) in surveyed reefs in 1999 Source: Mohammed et al. 
1999.
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SIGNIFICANCE AND IMPACTS OF THE 1998 CORAL BLEACHING 
EVENT IN THE CHWAKA BAY AND ADJACENT REEF AREAS

Reef building corals, also called hermatypic  corals, live symbiotically with 
zooxanthellae, an autotrophic flagellate protozoan.  The calcification process of 
corals is driven by the photosynthetic zooxanthellae, which also provide colour 
and up to 90 percent of coral’s energy requirements (Veron 2000). In return, the 
coral provides the zooxanthellae with protection, shelter, nutrients (mostly waste 
material containing nitrogen and phosphorus) and a constant supply of  carbon 
dioxide required for photosynthesis. It is this symbiotic relationship that enables 
corals to successfully be build reefs in tropical waters. 

Coral bleaching is the whitening of corals, due to stress-induced expulsion or death 
of their symbiotic protozoa, zooxanthellae. Bleaching occurs when the conditions 
necessary to sustain the coral’s zooxanthellae cannot be maintained. under stress-
ful condition such as elevated seawater temperature, e.g. a 1-2oC temperature rise 
for 5–10 weeks and a 3-5oC decline for 5–10 days, corals may expel their zooxan-
thellae (Brown 1997; McClanahan et al. 2007). Other factors associated with coral 
bleaching include exposure to air, excessive solar radiation, low salinity, excessive 
sedimentation, bacterial infection, crown-of-thorns starfish infestation and pol-

Figure 6. Density of macro-invertebrates in the Bay proper, Inner and Exposed outer reefs. 
Source: Mohammed et al. 1999.



121

lution (Brown 1997; Veron 2000). The loss of symbiotic algae causes the primary 
functions of the coral colonies (maintenance, growth, reproductive capacity, etc.) 
to regress or stop altogether. Bleaching results in coral mortality unless conditions 
improve enough to allow the zooxanthellae to return. 

The 1998 coral bleaching event had negative impacts on the condition of coral 
reefs in Tanzania (Muhando and Mohammed 2002), including those in Chwaka 
Bay and adjacent areas. For example, coral surveys in 1997 conducted by the 
Institute of Marine Sciences coral reef monitoring team (IMS database) showed 
the coral cover in Pongwe inner and exposed reef areas (Fig. 3b) to be 12.8 percent 
and 13.5 percent, respectively (Fig. 7). Surveys carried out in 1999, a year after the 
1998 bleaching event, showed a significant decline in coral cover to 5 per cent and 
6 per cent in the inner and outer reefs, respectively.  Follow up studies, in 2004 
and 2010 (IMS database) revealed poorer coral recovery in the inner reefs than 
in the exposed outer reefs (Fig. 7). The Pongwe inner reefs are now dominated by 
algal mats and high density of reef eroding sea urchins (Echinometra mathaei). 
Interviews with local fishers in uroa, Pongwe and Marumbi (around Chwaka Bay) 
in April 2010 suggested even poorer coral recovery in the Bay proper. A detailed 
study is required to follow up coral recovery rates and associated changes in fish 
stocks and the associated fishers’ behaviour in the Chwaka Bay area.
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Figure 7. Coral cover dynamics of inner and outer Pongwe reefs for 1997, 1999, 2006 and 2010. 
Source: Mohammed et al. 1999; IMS Database.
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At the moment, though slightly eroded and overgrown by algae (Halimeda, 
Sargassum and Padina) the reef framework in Chwaka Bay is still partly intact and 
the refuge, spawning, feeding and nursery functions of coral reefs partly preserved. 
Interviewed fishers around Chwaka Bay in April 2010 generally accept that the 
fishing locations and catch rates did not change significantly as a result of the 1998 
bleaching event, as was reported for other unguja reefs (Muhando 1999). What is 
alarming now is the continuing erosion of the dead coral structures in the absence 
of appreciable coral recovery rates. This is a long-term threat to fisheries in the 
Chwaka Bay area and immediate attention is required as the disappearance of the 
coral framework would have the following consequences: i) The fish populations 
associated with the coral reefs would be lost and the ichthyological biodiversity 
would generally be reduced; ii) The fishermen’s catches would decrease; iii) The 
coastline would become more vulnerable to erosion; iv) The coral reef based tour-
ism would decrease; v) Productivity in the associated coral reef habitats such as 
mangroves and seagrass beds would also be negatively impacted (see chap. 10). A 
proper monitoring system for coral reef, mangrove and seagrass is urgently required 
to verify and continuously gather information on the status of coral framework in 
the Bay and adjacent areas. Otherwise, fishers and managers will continue without 
proper feedbacks on the status of the environment and resources being utilized, 
a situation which can aggravate fishery problems. The 1998 coral bleaching event 
and its impacts should be taken as a lesson that natural disasters (e.g. coral bleach-
ing) can result in substantial coral reef degradation (McClanahan et al. 2007) and 
appropriate conservation measures are necessary to enhance recovery processes. 

CORAL REEFS AND TOuRISM 

The coral reef environment is beautiful and attractive to tourists; local and foreign. 
Seagrass beds as well as mangroves also attract tourists, but by far corals are most 
attractive. Today, there is a chain of hotels from uroa northwards through Pongwe 
and beyond. One of the reasons for tourism interest just north of the Bay proper is 
the proximity to coral reefs. Preservation of these resources is the key to sustainable 
tourism around the Bay.  So far there are no clearly observable impacts of tourism 
on Chwaka Bay habitats and resources (but see chap. 9). However, vigilance is re-
quired in regard of specific harvested reef resources such as territorial reef fish (e.g. 
groupers), lobsters and octopus. If not properly managed, the increased demand 
and associated higher prices offered for these reef organisms may induce further 
over exploitation (Nelson 2007). unemployed youth may quickly be recruited to 
take advantage of lucrative prices offered by the expanding Zanzibar fish market 
and quickly deplete stocks and eventually resort to use of destructive fishing prac-
tices (Jiddawi and Muhando 1990; see chap. 11). 



123

CORAL REEF MANAGEMENT 

In order to prevent and eradicate overfishing and destructive fishing, laws and 
regulations aiming at controlling fishing and environmental pollution, have been 
enacted. Establishment of Jozani-Chwaka Bay Marine Park and MIMCA plan 
with attention to coral reefs was another positive step taken by the Zanzibar 
Government (see chap. 4 and 15). The current efforts to regulate the exploitation 
of coral reef environment and resources are facing two serious obstacles. The first 
obstacle is the lack of financial resources to facilitate proper enforcement of exist-
ing regulations and carrying out research and monitoring programs for adaptive 
management processes. The second obstacle is the increased demand of fish prod-
ucts (due to increased population, access to global markets, hotel-complex driven 
tourism, among others) exacerbated by  generally poor economic conditions (with 
few employment alternatives), free entry to the reef resource base (itself of  un-
known stock size, value or turn-over rates). As a result, efforts to reduce fishing 
efforts required to allow stocks to build up are difficult to be implement. A whole 
landscape-ecosystem approach, which integrates and analyzes social, economic, 
ecological and governance issues, is required to devise a practical and sustainable 
approach to Chwaka Bay resource management, including coral reefs (see chap. 5 
and 15). 
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