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INTRODUCTION 
Coral reefs play a crucial role in the well being of coastal communities in Tanzania (Johnstone et 
al., 1998; Muhando, 1999). However, despite their usefulness, coral reefs are being degraded by 
destructive anthropogenic activities (Salm et al., 1998) and natural causes (e.g., competition, 
predation, diseases, bleaching, etc.). The coral bleaching and mortality event of March - June 
1998 was the most serious natural calamity ever recorded in the Indian Ocean (Wilkinson, et al., 
1999). Several areas along the coast of Tanzania were affected. The degree of coral mortality 
varied between sites, from 60% - 90% at Tutia Reef in Mafia Island Marine Park and Misali Reef 
on the west coast of Pemba, to approximately 10% on reefs around Unguja Island, Zanzibar 
(Muhando, 1999). After the bleaching and coral mortality, the status of Tanzanian reefs became 
unclear and it was apparent that there was a need to assess and monitor the extent of coral 
mortality and its effects on reef ecosystems, as well as socio-economic effects (fisheries and 
tourism). Three teams were formed. The first dealt with the assessment and monitoring of coral 
reefs, the second with socio-economic effects and the third team investigated specific issues 
relevant to coral bleaching, mortality and recovery.  
  
The objectives of the coral reef assessment and monitoring team were to assess and monitor a) 
benthic cover, b) the distribution and density of ecologically important macrobenthos, and c) reef 
fish distribution and composition. This presentation is a summary of reef assessment and 
monitoring results for 1999. 
  
  
METHODS 
Monitoring was carried out at reefs at Unguja (Zanzibar) Island (Chapwani, Changuu, Bawe, 
Chumbe and Kwale), Misali Island (West of Pemba Island), off the Kunduchi coast in Dar es 
Salaam (Mbudya and Bongoyo), at Mafia Island Marine Park (Tutia, Msumbiji and Utumbi) and 
at Mnazi Bay (Chamba cha Matenga, Chamba cha Kati and Kitelele)(Figure 1). The sites had 
variable exposure to waves (protected or semi-exposed) and tidal current strength (strong, 
medium, weak) (Table 1). 
  
At each site, a mixture of random and permanent transects were used to sample benthic cover. 
Permanent transects were recorded using the Line-Intercept Transect (LIT) method (English et 
al., 1994), with varying lengths of 10 m or 20 m recording a total length of 20 m – 40 m per site. 
Random transects were recorded using a Line-Point Transect (LPT) method, dividing a 50 m 
transect into two hundred points at intervals of 25 cm (Allison, 1996). With the exception of sites 



at Mafia that were sampled using nine and 10 LPT’s, most sites were surveyed using two or three 
transects. A plumb line was used to reduce observer parallax errors (Allison, 1996). At all sites, 
transects were set on the reef flat (1 m - 5 m) and reef slope (5 m - 15 m) parallel to  the reef 
front. Standard reef benthic cover classes w re used following English et al. (1994), and 
recording corals in life form categories.  
  
Belt transects were used to sample invertebrates and fish (English et al., 1994). Invertebrates that 
were relatively easy to see and could indicate the health  of the oral reef were counted in belt 
transects of 50 m x 2 m (100 m2) placed randomly on the reef. A T-stick was used to maintain 
the belt width. The macrobenthos counted included crown-of-thorns starfish (COTS, Acanthaster 
planci), sea cucumbers (Holothuroidea), sea urchins (Echinoidea), sea stars (Asteroidea), giant 
clams (Tridacna), gastropods (commercial species), and lobsters (Palinuridae). Fish were 
counted in 50 m x 5 m belt (250 m2) transects. On each occasion, fish were counted on reef flat 
and on the adjacent reef slope. The counting started between five and 10 minutes after placing 
the transect line to allow fish to resume their normal behaviour. Attention was given to 16 fish 
families that were considered to be commercially or ecologically important (Acanthuridae, 
Balistidae, Caesionidae, Chaetodontidae, Haemulidae, Kyphosidae, Labridae, Lethrinidae, 
Lutjanidae, Mulidae, Nemipteridae, Pomacanthidae, Scaridae, Serranidae, Siganidae, and 
Tetraodontidae), organized into seven trophic groups (corallivores, piscivores, herbivores, 
invertivores, omnivores, planktivores and spongivores) for analysis. 
  
All sites were referenced using GPS, and key physical parameters such as turbidity, 
sedimentation, exposure to currents and waves and type of substrate of adjacent habitats were 
recorded. Visibility of the water was measured using a secchi disc set horizontally, and 
sedimentation was evaluated by visually estimating the amount of suspended particles in the 
water column, the type and size of bottom sediment, and sediment stress signals on live corals. 
  
  
RESULTS 
Benthic cover 
The benthic cover reported here is calculated from the random transects only. The observations 
from permanent transects will be considered together with results of next year (2000) to give a 
stronger indication of changes over time. This report only  resents only summaries of the results, 
detailed reports for each monitored site are being prepared (as IMS - Internal Reports) for use by 
local area coastal zone managers and researchers.  
  
In 1994 Misali Reef was dominated by live hard coral (51% & 74%, see Horril et al., 1994) 
However, this decreased to 17% and 7% respectively in March 1999, after the bleaching and 
mortality event in 1998 (Figure 2). Conversely, the amount of dead coral increased from 11% 
and 15% to 10% and 40% respectively. The category "substrate" (rubble, rock or sand) increased 
significantly from an average of 20% in 1994 to 53% in 1999. The relative cover of other benthic 
categories such as fleshy algae, coralline algae, sponges and soft corals did not change 
appreciably.  
  
Unguja reefs did not appear to have any serious negative effects from the coral bleaching, except 
on Chumbe Reef located south of Zanzibar town where coral cover decreased from 51.9% 



(1997) to 27.5% (1999) and Kwale where coral cover declined to 29.7% in 1997 and 13.3% in 
1999 (Figure 2). A slight increase of live coral cover was observed at Bawe, off Zanzibar town, 
from 53% in 1997 to 57.7% in 1999. The cover of fleshy algae was lower on Chapwani, Bawe, 
and Changuu than at Chumbe and Kwale, where two genera (Sargassum & Turbinaria) occupied 
8.8% and 16.6% of the substrate in 1997 and 18.4% and 26.2% in 1999 respectively.  
  
The cover of live coral on reefs near Dar es Salaam appears to have increased in 1999. Coral 
cover at Bongoyo Marine Reserve was estimated at 55% in 1999, compared with 49% in 1997 
(Kamkuru, 1998) and 70% in 1974 (Hamilton, 1975). Similarly, available data on live coral 
cover for Mbudya Marine Reserve suggests an increase from 37% in 1997 (Kamkuru, 1998) to 
59% in 1999. Dead coral comprised approximately 14% of the total cover of substrate on these 
reefs (Figure 3). Algal cover was relatively low in both Mbudya and Bongoyo reserves. 
Similarly, other organisms contributed less compared with substrate category and live coral 
cover. 
  
Live coral cover at Tutia Reef decreased from 80% in 1991 (Ngoile & Horrill, 1991) to 15.1% in 
October 1999, (Figure 2). On Msumbiji and Utumbi Reefs (locate in Chole Bay) the percentage 
of live coral cover was higher (30%) than at Tutia Reef  Fleshy algae had increased substantially 
on Tutia Reef from 1% in 1996 (pers. obs.) to (15%) in 1999. The most abundant species of 
algae was Stypopodium zonale, a brown alga found only at Tutia and Kwale Reefs. 
  
At Mnazi Bay, live coral cover on Matenga (Chamba cha Matenga) and Kati (Chamba cha Kati) 
decreased from 55% and 60% in 1997 (Guard et al., 1998) to 28% and 42% in 1999, 
respectively. The channel reef at Kitelele had very low coral cover at 1%, however the high 
cover of rock substrate has high potential for coral settlement. The amount of dead coral was 
estimated to range between 9.3% at Matenga Reef and 9.5% at Kati Reef. The highest cover of 
sponges (22%) was observed at Matenga Reef. The cover of coralline and fleshy algae was 
relatively low at all sites monitored in Mnazi Bay  
  
Macro-invertebrates and fish 
A summary of the macro-invertebrate counts for each site is shown in Table 2. High densities of 
sea urchins were recorded on reefs at Bawe (2.6 per m2) and Chapwani (2.2 per m2) in Zanzibar, 
while intermediate densities were recorded at Changuu in Zanzibar (0.4 per m2), Mbudya and 
Bongoyo Marine Reserves in Dar es Salaam (0.2 per m2 and 0.5 per m2 respectively) and Misali 
Island (0.6 per m2). Sea urchin densities at other sites, including those with greater abundance of 
fleshy algae were low. Gastropods of commercial value and sea cucumber densities were 
generally low. Sea star densities were highest in Mnazi Bay with an average density of 0.5 per 
m2. COTS were found at all sites of Zanzibar but, because of their low densities, were not 
recorded in any of the transects sampled. COTS were recorded in transects at Bawe, at a density 
of 0.06 per m2. At Mafia, COTS were observed at all sites surveyed (pers. obs) though they were 
recorded in transects at Msumbiji Reef only. In Mnazi Bay COTS were recorded at all sites.  
  
A total of 119 species of reef fish were recorded at all monitoring sites (Table 3) with the overall 
average density of 88 individuals per 250 m2. Reefs at Misali and Mafia had comparatively 
higher densities and specie richness of fish while Zanzibar reefs had the lowest density of fish. 
Reefs of Mtwara and those of Dar es Salaam have had the lowest fish species richness (Table 3). 



Fourteen families of commercially important reef fish and three other reef indicator families 
were represented in the survey. 
  
The most common trophic group was herbivores comprising more than 50% of the fish 
population at most sites except Chapwani, Changuu and Bawe in Zanzibar (Table 4). 
Invertivores and corallivores were fairly well represented at all sites. However,  t most sites 
invertivores exceeded corallivores, except at Matenga, Mbudya, Bongoyo, Bawe and Chumbe. 
Planktivores, represented by the family Caesionidae, generally occurred at low densities except 
at Bongoyo and Misali Reefs. Spongivores were present at low densities at most sites. 
  
Environmental conditions 
Measurements of environmental parameters at the monitoring sites are shown in table 5. Low 
visibility was observed on reefs of Dar es Salaam (Bongoyo and Mbudya) and reefs close to 
Zanzibar town (Chapwani and Changuu). Reefs located away from the city and in shallow 
coastal areas such as Tutia and Misali Reefs had very clear water. Bongoyo Reef has the highest 
sedimentation and lowest secchi disc measurement. 
  
  
DISCUSSION 
The 1999 coral reef assessment and monitoring shows that all reefs surveyed were affected by 
the major bleaching event. Several reefs suffered severe or catastrophic mortality: about 80% of 
the corals in Tutia, Mafia Island and reefs of Misali Island in Pemba suffered mortality. At 
Chumbe and Kwale in Zanzibar and Mnazi Bay in Mtwara coral mortality was intermediate, 
with 30% to 55% of hard corals lef  dead. On the reefs of Bawe, Changuu and Chapwani in 
Zanzibar and Bongoyo and Mbudya in Dar es Salaam 11% to 20% coral mortality was recorded. 
  
High mortality occurred on reefs receiving direct oceanic waters (Tutia in Mafia and Misali in 
Pemba). Reefs in bays (Chole Bay in Mafia Island and Mnazi Bay in Mtwara) or shallow areas 
(Zanzibar and Dar es Salaam) had lower levels of bleaching and mortality. Shallower waters are 
influenced by night cooling, which reduces the stress level. It is also possible that the intrusion of 
cold water masses in Zanzibar (Muhando, 1999) and Dar es Salaam, and high cloud cover and 
rainfall both contributed to reductions in solar radiation and warming of the surface water. All of 
these factors would have reduced maximum seawater temperatures and, thereby, lowered the 
levels of bleaching stress. 
  
There was an increase of coral cover from 37% in 1997 to 59% in 1999 at Mbudya Island. 
Differences in sampling techniques and study plots between surveys conducted in the area 
(Hamilton 1975; Kamkuru, 1998; IMS/CORDIO survey, 1999) could be responsible for this 
discrepancy illustrating the need for standardised techniques and study plots.  
  
It is postulated that death of hard corals may give a chance for fleshy algae to proliferate (Bell, 
1992; Done, 1992). The pronounced increase of macroalgae in Tutia Reef, Chumbe and Kwale 
could hinder coral settlement and retard the processes of reef recovery. Further stress of the reefs 
could lead to algal dominance. Nevertheless, at many reefs increased algal abundance was not 
very pronounced. On the contrary, at Misali there was a reduction in cover of macroalgae after 
the bleaching event, giving high chances for reef recovery. 



  
Macro-invertebrate densities were generally low, except for sea urchins on some reefs close to 
urban areas. Chapwani and Bawe in Zanzibar had the highest numbers and Misali, Changuu, 
Mbudya and Bongoyo had moderate numbers. The densities of gastropods of commercial value 
and sea cucumbers were low in all sites. This is likely to be a result of over-exploitation rather 
than an effect of the coral bleaching event.  
  
In general, the densities of COTS were low, but have been observed to cause substantial damage 
on a local scale. For example, the live coral cover in areas where COTS have aggregated on 
Changuu (permanent transects 12 and 13) was reduced from from 58% in 1996 to 25% in 1997 
when the density of COTS was between 0.8 per m2 and 1 per m2. In 1999 no COTS were 
recorded at Changuu. However, high densities were recorded at Bawe, with aggregations 
observed in areas dominated by Acropora. 
  
Misali and Mafia Islands had the highest density and species diversity of fish. These islands had 
the highest hard coral cover before the bleaching event, but the high coral mortality in 1998 has 
not yet had a noticeable effect on the populations of reef fish. Herbivores are  the dominant 
trophic group on the reefs, and also dominated the artisanal fisheries catch at landing sites, at 
least in Zanzibar (Jiddawi, pers. comm.) both before and after the bleaching event. Therefore, it 
is too early to draw conclusion on the effect of bleaching on the reef fish population. 
  
Sedimentation estimates showed that reefs close to Dar es Salaam and Zanzibar town had higher 
sedimentation rates compared with those away from highly populated areas. Bongoyo Reef, for 
example, is close to the waterway where ferry boats frequently pass into Dar es Salaam harbour. 
The powerful engines might be responsible for stirring up fine sediment from the bottom and 
creating high sedimentation rates. Continued monitoring of the reefs will provide information 
that can be used in the management of the coastal environment and its resources.  
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