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– CHAPTER 4 –

The Mangrove Ecosystem of Chwaka Bay

Charles Lugomela

INTRODuCTION

Mangroves are woody plants, which grow with their roots in salt and/or brackish 
water. The term mangrove may, however, refer to the plants or to the ecosystem 
in which they are found. The latter is synonymous to tidal forests, mangrove com-
munities, mangrove ecosystems and mangrove swamps (Shunula and Whittick 
1996, 1). In this chapter, the focus will be both on mangroves as trees and the 
larger ecosystem. 

Mangroves forests are widely distributed in the inter-tidal areas in the tropical and 
subtropical regions of the world between approximately 30° N and 30° S latitude 
(Giri et al. 2011). Mangrove trees grow best in hot, humid climate where tempera-
ture fluctuations do not exceed 10°C and where the annual rainfall exceeds 1,000 
mm (Shunula and Whittick 1996, 2). Mangroves may also occur as sparse shrubs 
in arid and semi-arid climates, such as the Red Sea and the east coast of southern 
Africa (Shunula and Whittick 1996, 2). 

In general, mangrove forests are highly productive ecosystems, enriching coastal 
waters with nutrients and at the same time filtering contaminants, yielding im-
portant forest products, protecting coast lines and supporting productive coastal 
fisheries (Boto and Bunt 1981; Alongi 1996; Kathiresan and Bingham 2001). They 
contribute significantly to the global carbon cycle with forest biomass values 
reaching as high as 700 tonnes per hectare (Clough 1992). They are vital as breed-
ing, nursery, growing, refuge and feeding zones for marine organisms, especially 
fish (Rönnbäck 1999; Lugendo et al. 2005; Walters et al. 2008; see also chap. 10). 
Mangrove wood is harvested by mankind for an array of uses such as firewood, 
poles for construction and fishing, doug-out canoes and furniture (e.g., Rönnbäck 
1999; Walters et al. 2008). The forests are also important as shoreline stabilization 
areas and act as filters, preventing sediment from reaching seagrass beds and corals 
(Semesi 1998; Rönnbäck 1999; Walters et al. 2008). A recent report on the estimate 
of the global total area covered by mangrove forests show that in the year 2000 
there was 137,760 km2 of mangroves distributed in 118 countries and territories 
in the tropical and subtropical regions (Giri et al. 2011). Tanzania has a total of 
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133,500 ha (115,500 ha on the mainland, and 18,000 ha in Zanzibar) of mangrove 
forests with ten species (Semesi 1998). Chwaka Bay (Fig. 1) contains the largest 
mangrove stand in unguja Island, Zanzibar, comprising about 3,240 ha (Ngoile 
and Shunula 1992). 

Globally, mangroves are however severely threatened with loss rates exceeding 
those of rainforests and coral reefs (Duke et al. 2007). The main threats to man-
groves worldwide are their conversion to large-scale development activities such 
as agriculture, aquaculture, salt extraction (Alongi 2002; Giri et al. 2008) and over-
harvesting for fuel and other mangrove timber uses (Mohammed 2004; Rönnbäck 
et al. 2007). Thus, globally mangrove ecosystems need large-scale rehabilitation 
(Rönnbäck et al. 2007) and management programmes in order to sustain their 
many goods and services.

The focus of this chapter is to describe the mangrove ecosystem of Chwaka Bay. 
A general introduction about mangroves is followed by a description of their 
diversity and distribution. Other macrophytes associated with mangroves forest 
in the Bay are also presented. In addition, the ecological importance of the Bay 
mangroves and their direct livelihood values are presented followed by a discus-
sion on management and sustainable uses. Finally, the gaps in knowledge and less 
studied areas of Chwaka Bay mangrove system are highlighted.

Figure 1. Map of Chwaka Bay highlighting the area covered by mangrove forest and 
the villages surrounding the Bay.
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MANGROVE DISTRIBuTION AND DIVERSITY IN CHWAKA BAY

The Chwaka Bay mangrove forest grows in variable soils, ranging from coral rock 
through coarse sand to fine mud (Shunula 1996). All the ten mangroves species 
known to occur in Zanzibar are also found in Chwaka Bay. These are Rhizophora 
mucronata, Bruguiera gymnorrhiza, Ceriops tagal, Sonneratia alba, Avicennia 
marina, Xylocarpus granatum, X. moluccensis, Heritiera littoralis, Lumnitzera rac-
emosa and Pemphis acidula, (Shunula et al. 2001; Shunula 2002). However, other 
authors do not consider P. acidula as a mangrove tree but regard it as mangrove 
associate (e.g. Banyikwa and Semesi 1986).

One feature of mangrove trees is their tendency to form pure stands of a single 
species. While some mangrove stands may be monospecific, most contain few spe-
cies. According to Shunula and Whittick (2001, 50) the distribution of mangrove 
species in Chwaka Bay is not obvious; for example one small island may support 
all species while on another only one or few species occur. 

Worldwide there have been many attempts to explain the distribution of mangrove 
in relation to non-biological factors such as soil types (grain size), soils drain-

Table 1. List of macrophytes species associated with the mangrove habitat in Chwaka Bay. Source: 
Shunula (1996).

SN Species Name Habitat
            Non-Woody Angiosperms

1 Loranthas quinquinervis Parasite on C. tagal
2 Sesuvium portulacastrum Mudflats

            Macroalgae
Green algae

1 Boodlea composita Mudflats, creeks
2 Caulerpa lentilifera Mudflats, creeks
3 Caulerpa taxifolia Mudflats, creeks
4 Chaetomorpha crassa Mudflats, creeks
5 Cladophora mauritiana Mudflats, creeks
6 Enteromorpha intestinalis Mudflats, creeks, roots
7 Enteromorpha kylinii Mudflats, creeks, roots
8 Ulva fasciata Mudflats, creeks
9 Ulva reticulata Mudflats, creeks
              Red algae
1 Acanthophora spicifera Creeks
2 Bostrychia radicans Roots, trunk
3 Bostrichia tenella Roots, trunk
4 Caloglossa leprieurii Mudflats, roots, trunk
5 Ceramium mazatlinense Creek,
6 Gracilaria edulis Mudflats, creek
7 Gracilaria corticata Creek
8 Gracilaria crassa Mudflats, creek
9 Gracilaria salicornia Mudflats, creeks
10 Laurencia papillosa Creeks
11 Murayella periclados Roots, trunks
12 Sarconema filiformis Creeks
              Brown algae
1 Erythrotrichia parietalis Roots, trunks
2 Cystoseira myrica Creeks
3 Hormophysa triquetra Creeks
4 Padina gymnospora Creeks
              Lichens
1 Dirinaria picta Branches, twigs, backs
2 Lecanora cf. strobilina Branches, twigs, backs
3 Parmotrema aldabrense Branches, twigs, backs
4 Pyxine cocoes Branches, twigs, backs
5 Ramalina fecunda Branches, twigs, backs
6 Roccella montagnei Branches, twigs, backs
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age, organic matter content, frequency and duration of tidal inundation, slope of 
the land, the distance from the sea at low water, and the height of a given stand 
above low tide level. Other factors include salinity levels and amount of water in 
the mud, the amount of shade, evaporation rates, nutrient concentrations, sulfide 
concentrations, pH, water temperature, waves, rainfall, and soil redox potential as 
well as competition between species and predation by grazing animals (Macnae 
1968; Boto and Wellington 1984; Nickerson and Thibodeau 1985; Semesi 1998; 
Shunula and Whittick 1996, 39; Lyimo and Mushi 2005). According to the report 
by Shunula and Whittick (1996, 40), there is no apparent single explanation for the 
distribution of mangroves in Zanzibar. Clear zonation patterns may exist at some 
sites, but the situation may be reversed at an adjacent location where environmen-
tal conditions appear to be similar.

Shunula (1996) reported that A. marina is the most widespread species in the 
Bay found throughout the mangrove forest including hypersaline sandy soils. Its 
wide salinity tolerance is assumed to be due to possession of salt excretory glands 
(Shunula 1996). The species also possesses pneumatophores, which allows it to oc-
cupy anaerobic mud in the lower parts of the mangrove swamps. Other common 
species in Chwaka Bay are R. mucronata, B. gymnorrhiza and C. tagal. R. mucronata 
is found on the seaward side of the mangrove swamps and is commonly found on 
the banks of creeks where its stilt roots help it to anchor in the unstable soils. C. 
tagal and B. gymnorhiza occur both in the intermediate zones of the swamps and 
in more well-drained soils. S. alba which also has pneumatophores may also be 
found on similar soils as A. marina. X. granatum, H. littoralis, L. racemosa and 
P. acidula occur even higher on the shore in still better-drained soils, which may 
only be inundated with salt waters at high tides (Shunula 1996). However, the 
total percentage composition of each of the mangrove trees in Chwaka Bay is not 
known. There is also lack of information about zonation and distribution at the 
specific creeks or micro level.

The Chwaka mangrove trees are found to co-exist with other macrophytes. Shunula 
(1996) identified several species of non-woody angiosperms, macroalgae and 
lichens (Table 1) as mangrove associates in Chwaka Bay. The woody angiosperm 
consisted of two species, i.e., Loranthas quinquinervis that occur as parasite ex-
clusively on C. tagal and Sesuvium portulacastrum, which is found in open spaces 
among the mangrove trees. Macroalgae often found associated with the mangrove 
habitat of Chwaka Bay includes 25 species, the most dominant group being the 
red algae (Rhodophyta), with 12 species. Some of the latter are frequently found 
on mangrove roots (pneumatophores) and trunks. The green algae (Chlorophyta) 
is the second dominant macroalgae group comprising nine species that are com-
monly found on mudflats and in creeks close to or among mangrove forests. The 
brown algae (Phaeophyta) comprise four species, of which one occurs mostly on 
roots and stems. Six species of lichens are known to occur in association with man-
grove tree of Chwaka Bay. The lichens are predominantly attached to dry branches, 
twigs and trunks of all mangrove trees species except on A. marina.
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ECOLOGICAL IMPORTANCE OF CHWAKA BAY MANGROVES

There are countless ecological services provided by mangroves throughout the 
world. These include, among other things, protection of coastal areas against 
floods and hurricanes, sediment retention and reduction of shoreline erosion, 
maintenance of biodiversity, biophysical support to other coastal ecosystems, stor-
age and recycling of organic matter, nutrients and pollutants, and influence on lo-
cal and global climate. For a comprehensive list of goods and services provided by 
mangrove ecosystems the reader is referred to e.g. Rönnbäck (1999) and Walters 
et al. (2008). The sections below highlight only a few studies of ecological services 
provided by mangroves of Chwaka Bay.

Sediment Retention
Mangrove forests are not just mud flats in which trees happen to be growing: the 
trees affect their substrate by trapping sediment particles, hence accelerate ac-
cretion and, conversely, retard erosion (Hogarth 2007, 64). In Chwaka Bay, the 
dynamics of sediment in mangrove forests and in the open Bay has been studied 
in only a few cases. Thus, it is far from been clearly understood and no study has 
analyzed the rates at which mangrove forests trap sediment particles in the area. 
Nevertheless, Muzuka et al. (2005) analyzed sediment sources, character and 
distribution in the Bay and found that the tidal channels of Mapopwe, Kinani and 
Rubani act as conduits of land derived materials transported to the offshore areas 
(see chap. 2). Also the sediment thickness in the Bay was found to be lower in the 
southern parts close to the mangrove forests, towards the western part and in the 
sand/muddy flats possibly due to high concentration of the calcareous green algae 
Halimeda spp. in those areas, which is the major producer of carbonate sand in 
the Bay, (Muzuka et al. 2001; Kangwe 2006). In addition, Muzuka et al. (2005), 
observed low δ15N values, which further reflects the influence of Halimeda spp. 
to the total sediment, budget of the Bay. The authors also reported stable isotope 
values of nitrogen and organic carbon increasing towards offshore areas, indicat-
ing a decrease in the influence of terrestrial material. 

Nutrient Cycling
Exported mangrove material has been hypothesized to contribute up to 10% of 
the total riverine organic carbon inputs to the oceans (Jennerjahn and Ittekkot 
2002; Dittmar et al. 2006). In most of the studies however, the term ‘exported’ 
only implied that mangrove carbon has reached the estuarine or coastal waters 
with no concomitant studies to its ultimate fate. Recent studies suggest that min-
eralization of the mangrove carbon in the nearby subtidal sediment having left the 
intertidal zones is a major fate of mangrove carbon exported from the intertidal 
zones (Machiwa 1998; Borges et al. 2003; Bouillon et al. 2003; 2007). 
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Studies on nutrient cycling in Gazi Bay, Kenya, have indicated that mangrove 
carbon is exported from the intertidal areas but the adjacent seagrass beds are 
highly efficient in trapping this material, thereby contributing significantly to its 
benthic mineralization (Hemminga et al. 1994; Bouillon et al. 2004). Similarly, 
studies in Chwaka Bay have suggested a strong coupling between the Chwaka 
Bay mangrove forest and adjacent seagrass and algal communities (Mohammed 
1998). The author observed significant amount of particulate organic matter to be 
exported from the forest to the Bay. The exported materials are however trapped 
and utilized in seagrass beds just outside the mangrove forest. Thus, communities 
growing further out from the forest are only indirectly affected, suggesting that the 
seagrass and algal communities growing adjacent to the forest are vital in utilizing, 
filtering and conserving mangrove outputs. Consequently, nutrients are efficiently 
conserved within the Bay and the associated mangrove forest. This implies that if 
Chwaka Bay is to receive an increased nutrient load, the excess nutrients will most 
probably not be removed outside the Bay, but may probably result in eutrophica-
tion of the system (see also chap. 9). 

Litter Production and Transport
According to Shunula (1996, 96), most species flower throughout the year with 
an exception of A. marina which has been found to show some seasonality with 
flowering coinciding with the short rain season in October and November, while 
the production of fruits and shedding coinciding with the long rain season during 
late February and continues through April/May (Shunula 1996, 94). In the Chwaka 
Bay mangrove forest, leaf litter production forms the most significant component 
of the total amount of litter (50 – 80 per cent) compared to other forms of litter, 
i.e. flower, fruits and seed/propagule (Shunula and Whittick 1999, 52). The authors 
reported that litter production varies among different mangrove species and with 
seasons. The peak litter production by A. marina occurs between January and 
April while for the other species peak total litter production occurs as follows: B. 
gymnorrhiza (June – January), C. tagal (January – April and August – November), 
S. alba (March – June and October – January), R. mucronata (January – April 
and September – November). However, there are no significant differences in total 
litter production among different seasons. The different species also showed vari-
ations in the total amount of litter produced with average values as follows: S. alba 
(18.0 tonnes/ha/year), B. gymnorrhiza (16.0 tonnes/ha/year), R. mucronata (14.0 
tonnes/ha/year), S. alba (13.7 tonnes/ha/year), C. tagal (11.5 tonnes/ha/year) and 
A. marina (8.9 tonnes/ha/year) (Shunula and Whittick 1999, 53). These figures 
are within the range of previously reported litter production elsewhere of 3 – 17 
tonnes/ha/year (e.g. Duke et al. 1981; Gong 1984).

Studies in Chwaka Bay showed that leaves of different species of mangroves decom-
pose at different rates (Shunula 1996). For examples, unburied leaves of C. tagal 
and R. mucronata decompose more slowly compared to S. alba and A. marina; fur-
thermore, the decomposition rate of C. tagal was slower than R. mucronata. under 
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Mangrove trees as habitat for other biota. The picture demonstrates a mangrove tree inhabited 
by the gastropod, Cerithidea decollata. Photo: Charles Lugomela.



76

buried condition, S. alba leaf litter decompose much faster, followed by B. gymnor-
rhiza. In all cases, the mangrove leaves decompose faster under buried conditions 
than when suspended in the water column (Shunula 1996). The percentage weight 
of nitrogen in the residues of decomposing leaves remains fairly constant while 
the level of carbon initially increases during the first week of decomposition and 
then undergoes a slow decline (Shunula 1996). The initial C:N ratios of the four 
mangrove trees leaves which were studied in Chwaka Bay were as follows: 76:1 for 
C. tagal, 82:1 for B. gymnorrhiza, 43:1 for A. marina and 57:1 for S. alba (Shunula 
1996). The author further reported that after five weeks of decomposition under 
buried condition the C:N ratio in A. marina and S. alba fell considerably to 37:1 
and 45:1, respectively, while in C. tagal and B. gymnorrhiza the values were higher 
than the initial, i.e. 106:1 and 97:1, respectively, suggesting that as decomposition 
progresses the leaves of C. tagal and B. gymnorrhiza tend to be richer in nitrogen 
and attractive for colonization by degrading microbes.

Nursery Grounds
Elsewhere, mangroves are important habitats for different types of juvenile fishes 
(e.g., Ewel et al. 1998; Rönnbäck 1999; Rönnbäck et al. 2007). In Chwaka Bay, 
Lugendo et al. (2005) analyzed habitat utilization by juveniles of 13 commercially 
important fish species from mangrove creeks, the mangrove channel, sand/mud 
flats, a seagrass area close to mangroves and a seagrass area away from mangroves. 
The seagrass beds near to mangroves showed the most diverse fish assemblage of 
all habitats, possibly because of its function as a corridor between the mangroves 
and deeper parts of the embayment. Fish juveniles of Cheilio inermis, Hipposcarus 
harid, Leptoscarus vaigiensis, and Scolopsis ghanam inhabited seagrass beds ex-
clusively, while juveniles of Gerres filamentosus and Monodactylus argenteus were 
mainly found in the mangrove habitat. Lethrinus variegatus, Pelates quadrilineatus 
and Siganus sutor were found in more than two habitats, with highest abundances 
in seagrass beds (Lugendo et al. 2005). On the other hand, juveniles of Gerres 
oyena, Lethrinus lentjan, Lutjanus fulviflamma and Sphyraena barracuda were 
the most generalist species and were found in all studied embayment habitats. In 
terms of habitat utilization by different size classes, the authors reported that five of 
the 13 species (Lethrinus lentjan, L. variegatus, P. quadrilineatus, Siganus sutor and 
Sphyraena barracuda) were found as small-sized individuals in shallow and turbid 
mangrove areas, whereas large-sized individuals were observed in deeper and less 
turbid seagrass beds. It was hypothesized that this pattern could be an ontogenetic 
shift in habitat utilization (see chap. 10).

In the study to determine fish community composition of Chwaka Bay, Lugendo 
et al. (2007a) identified a total of 150 fish species belonging to 55 families. The 
diversity index (H’) ranged from 1.9 in the mud/sand flats to 3.4 within Chwaka 
seagrass beds. Furthermore, the authors reported that the overall mean density 
of fishes was significantly higher in the mangrove creeks than in other habitats 
and that, there was a high overlap in species composition in adjacent habitats 
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(i.e. mangrove creeks and mangrove channels), while habitats that were far apart 
showed low overlap. In describing the spatial and temporal variations of fish com-
munity structure in Chwaka Bay, Lugendo et al. (2007b) reported a remarkable 
disappearance of many fish species from the mangrove and mud/sand flats during 
the rain period (April –May), which was correlated with a decline in salinity and 
increase in turbidity. On analyzing the relative importance of Chwaka Bay habitats 
for fish, Lugendo et al. (2006) reported that within a particular fish species almost 
the same food items were consumed regardless of the different habitat in which 
they were caught. As expected, crustaceans (copepods, crabs and shrimps) were 
the preferred food for most zoobenthivores and omnivores, while fishes and algae 
were preferred food for piscivores and herbivores, respectively. In addition, δ13C 
signatures of most fishes from the mangrove-lined creeks were similar to those of 
food items from the mangrove habits suggesting that these fishes feed from the 
mangrove habitats (Lugendo et al. 2007c). Furthermore, it was noted that fishes 
feed more from the mangrove-lined creeks as compared to fringing mangrove, 
which is probably related to differences in the degree of mangrove inundation. 
That the more or less continuous access provided more time for fishes to stay and 
feed in mangrove-lined creeks compared to fishes from the fringing mangroves, 
which have access to the mangroves only during high tides and have to migrate to 
adjacent habitats with the ebbing tides (Lugendo et al. 2007c).

uSES OF MANGROVES OF CHWAKA BAY

Mangrove forests are one of the most important natural resources along the 
Tanzanian coast and have been crucial for the people in Chwaka Bay. They provide 

Table 2. Mangrove species and their uses in Chwaka Bay (Source: Shunula 1996; Shunula et al. 
2001; Shunula 2002; Mohammed 2004).

Species Local Name Uses

R. mucronata mkoko Poles, fuel wood, water proofing fishing lines, fixed stake 
fish traps and tannin

B. gymnor-
rhiza

mshinzi Pole, fuel wood and tannin

A. marina mchu Dug-out canoes, fuel wood, cart construction, posts, beds, 
drums, furniture, spoons, spade handles

C. tagal mkandaa Pole, fuel wood, furniture and tannin

S. alba mlilana Fuel wood, fixed stake fish traps, boat ribs

X. granutum mkomafi Dhow building, furniture, poles, medicine

X. moluccensis mkomafi Furniture, hole handles

H. littoralis msikundazi Dhow masts, bedsteads, furniture, mortar and pestles

L. racemosa mkandaa 
dume

Fuel wood, fixed stake fish traps, medicine

P. acidula kilalamba 
dume

Fuel wood, fixed stake fish traps
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goods and services that are of economical, ecological and environmental values 
to the local and national economy. Historically the people surrounding Chwaka 
Bay (i.e. villages of Chwaka, Charawe, ukongoroni uroa, Marumbi Michamvi and 
Pingwe) have for generations depended on mangrove resources either directly or 
indirectly for different purposes as summarized in Table 2. 

In general, mangrove wood is widely used in coastal communities for residential 
construction (Rasolofo 1997; Ewel et al. 1998; Semesi 1998). This is due to the 
qualities of strength and durability, including pest- and rot-resistance, of man-
grove poles that make them well suited for construction purpose (Bandaranayake 
1998; Kairo et al. 2002; Walters 2005). In nearby Kenya for example, it is estimated 
that about 70% of the population along the coast depend on mangrove poles for 
house construction (Kairo et al. 2002). In Chwaka Bay, mangrove cutting for con-
struction purpose is the second most important economic activity after fisheries 
(Mohammed 2004). The author also acknowledges that commercial harvesting 
of mangrove poles for building purpose is the single most important mangrove 
exploitative activity in the Bay. It is estimated that about 15% of mangroves poles 
used for construction in Zanzibar town come from ukongoroni and Charawe 
villages alone (Ely et al. 2000). The most targeted species of mangrove pole for con-
struction purpose are R. mucronata, B. gymnorrhiza, C. tagal and A. marina (Ely et 
al. 2000). In addition, mangrove cutting for firewood and charcoal production has 
lead to widespread clear cutting of the mangrove forest in the Bay (Mohammed 
2004). Preferred mangrove species for charcoal production in Chwaka Bay are B. 
gymnorrhiza and C. tagal  (Mohammed 2004). Indeed, harvest for fuelwood is 
known elsewhere often to be non-selective despite the fact that some species pro-
duce better fuel than others (Walters 2005). Thus, decisions about species selection 
for fuelwood are more likely to be based on relative availability, rather than species 
preference.

Other recorded direct mangrove wood uses in Chwaka Bay include construction 
of dugout canoes, spoons, combs, tool handles, netting needles to repair fishing 
nets, paddles and traditional fishing gears (namely spears) for catching octopus, 
crabs, etc (Shunula 2002; Mohammed 2004).  Mangrove poles are also locally 
used for making beds and as pegs for seaweed farming. Further, parts of some 
species (e.g. leaves, fruits and roots) are used in herbal medicines. Tannin from 
Rhizophora, Bruguiera and Ceriops are used for dying and softening of leathers, for 
uses in sandal and belt making (Shunula 1996).

Worldwide, non-timber forest products represent important economic resources, 
particularly to the rural, often marginalized communities living close or within 
the forests (Vedeld et al. 2004). Likewise, the majorities of people living in or near 
mangrove forests derive their primary income mostly from fishing and related ac-
tivities within the mangrove areas (Walters et al. 2008). Thus, the direct harvest of 
mangrove wood and plants is rarely a full-time occupation for them, but many rely 
on these products to meet their subsistence needs (e.g., Walters 2005; Rönnbäck 
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et al. 2007). In Chwaka Bay, indirect uses of mangroves include fishing and bee 
keeping. Indeed, fishing has historically been a major livelihood activity under-
taken in the mangrove areas of Chwaka Bay because mangrove habitat provides 
suitable breeding and nursery grounds for a variety of marine living organisms 
(e.g. Lugendo et al. 2005). Such fish including Gerres sp., Siganus sp., Lethrinus, 
and Chanos chanos, crabs like Scylla serrata as well as molluscs such as Anadara 
antiquata, Pinna sp. and Terebralia spp. (Shunula 1990; Shunula 1996; Shunula et 
al. 2001) are harvested from the Chwaka Bay area (see also chap. 1 and 11).

THREATS TO THE MANGROVE FOREST OF CHWAKA BAY

Despite the fact that mangrove forests are important sources of wood and food 
products and provide crucially important environmental services for coastal com-
munities throughout the tropics (Balmford et al. 2002), their rate of destruction 
continues to take place at an alarming scale (Valiela et al. 2001; Duke et al. 2007). 
It is estimated that mangroves, which formerly occupied about 75% of tropical 
coasts and inlets (Farnsworth and Ellison 1997) currently line only about 25% 
of the tropical coastlines by mid 1990’s (World Resources Institute 1996). The 
continued decline of the mangrove forests is caused largely by conversion to 
agriculture, aquaculture, tourism, urban development as well as overexploitation 
(Alongi 2002; Giri et al. 2008), although inundation due to sea-level rise is also 
cited as potentially one of the greatest future threat to mangroves (Gilman et al. 
2006; 2008). Predictions suggest that all mangroves forests could be lost in the next 
100 years if the present rate of loss continues (Duke et al. 2007).

With respect to global trends, the Chwaka Bay mangrove forest is not exceptional 
as mangrove exploitation for construction, firewood and charcoal production 
continues at an alarming scale, resulting in widespread locations with clear-cutting 
(Mohammed, 2004). Other threats include nutrient enrichment and pesticide con-
tamination with their concomitant effect on the biota in the Bay (see chap. 9). So 
far, there is no evidence of mangrove clear-cutting for aquaculture, salt production 
or urbanization in Chwaka Bay mangrove forest areas or how climate change has 
impacted the ecosystem.

MANGROVE MANAGEMENT AND THEIR SuSTAINABLE uSES IN 
CHWAKA BAY

Due to the great livelihood and ecological importance of the Chwaka Bay man-
groves for both the local communities and the nation at large, their utilization 
has resulted in degradation in some parts of the forest (Mohammed 2004) thus 
demonstrating the need for management actions. Chwaka Bay mangroves have 
been subjected to different management systems over time (see also chap. 15). For 
example, before 1946, Chwaka Bay mangroves were under traditional manage-
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ment and villagers around the Bay exercised some control over their exploitation 
in areas traditionally identified as being under the jurisdiction of the village 
concerned (Mohammed 2004). under this arrangement, villagers were allowed to 
cut mangrove wood only for personal use. Formal mangrove management efforts 
in Zanzibar, including that of Chwaka Bay area, have their origins in 1946 when 
the Government formulated the Wood Cutting Decree with the view to conserve 
and develop forest areas on unguja Island (Griffith 1950). This was superimposed 
on the existing community-based management structure with the Government 
issuing permits to non-village residents for commercial exploitation thereby ef-
fectively weakening the local management system. In 1949, a five-year working 
scheme was implemented to regulate domestic and commercial bark harvesting 
for tannins, and cutting for poles and firewood (Griffith 1950). The scheme also 
encouraged the planting of more bark tannin extractable trees (B. gymnorrhiza 
and R. mucronata), as a measure to ensure sustainable exploitation of the resource 
(Mohammed 2004).

In 1965 the authorities issued the Forest Reserve Order under which all mangrove 
forests on unguja Island were declared Forest Reserves (Mohammed 2004). under 
this Order, the forest was to be closed and opened for cutting at ten-year rotations. 
Also, mangrove harvesting required licenses and restriction on other uses like lime 
burning and bark collection. However, these measures were not sufficient to stop 
excessive exploitation of mangroves, and the destruction continued (Mohammed 
2004), probably because the formal management system greatly weakened the 
sense of community ownership of the resource and led to poor community in-
volvement in management decision (Mohammed 2004; de la Torre-Castro and 
Lindström 2010). Also, the lack of awareness on the part of the local community 
of the fragility of the resource together with the deprivation of a significant liveli-
hood opportunity contributed to the failure of the Order to contribute to effective 
management of the mangrove ecosystem (Mohammed 2004).

In recent years, new conservation efforts emphasizing community participation 
in sustainable development, together with liberalized politics and a market-driven 
economy (Hulme and Murphree 2001,5) have been promoted by international 
development donors and non-governmental organizations (e.g. uSAID, GEF/
uNDP and CARE International), which fund many of Sub-Saharan Africa’s con-
servation programmes (e.g. Hoben et al. 1998; Neumann 1998). In Zanzibar, this 
has influenced the enactment of the Environment Legislation and review of the 
Forest Legislation, both of which called for the involvement of local communi-
ties in the management of their resources (Mohammed 2004). Furthermore, the 
Government of Zanzibar developed an Integrated Coastal Area Management 
(ICAM) Pilot Programme in 1996 for the Chwaka Bay-Paje area (ICAM 1996). 
The plan proposed comprehensive multi-sectoral strategies to manage marine 
and coastal resources in the Chwaka Bay-Paje area. This included the formation 
of Coastal Resources Management Committees (CRMC) and sub-committees on 
fisheries, mangroves, seaweed and tourism. The CRMC for Chwaka-Paje pilot site 



81

observed the breakdown and non-compliance of laws governing harvesting of 
coastal and marine resources (see also chap. 15).

Another management initiative was the launching of the Jozani-Chwaka Bay 
Conservation Area (JCBA) partnership in 1995, a collaborative initiative between 
the government of Austria, the Zanzibar Commission for Natural Resources, 
CARE Tanzania, and GEF/uNDP Biodiversity Conservation Fund (Masoud 
2001). Among the goals of the initiative were the enhancement of community 
awareness of resource conservation and the improvement of the living conditions 
of the communities in the project area. Conservation Committees were established 
in some of the villages around the project area and the Jozani Environmental 
Conservation Association (JECA), an advisory committee registered as an NGO in 
1999 (Masoud 2001). In 2004 the government of Zanzibar declared Jozani Chwaka 
Bay as a National Park, i.e. Jozani Chwaka Bay National Park (Jozani Chwaka Bay 
National Park Order, 2004).

These new conservation efforts have however come onto a stage already weakened 
by a history of failed conservation and fierce competition for resource control, as 
well as bitter political struggles in Zanzibar (Myers 2002). The author for example 
argues that despite the fact that Chwaka village remains a strong district for the 
ruling revolutionary party or Chama cha Mapinduzi (CCM), many residents in 
the village lean toward the main opposition party, the Civic united Front (CuF). 
This political polarization however appear to affect conservation efforts in the area. 
For example, Government efforts to curb the use of purse-seine gill-nets of small 
mesh-size by Chwaka villagers in the neighboring village of Marumbi, leading to 
the death of one fisherman from Chwaka in 1996, has been suggested by some 
observers to be due to Marumbi’s villagers general support for the ruling party 
and Chwaka’s opposition to it (Williams 1998). For this reason, efforts to place 
restrictions on forest uses, or on uses of the Bay areas that fall within or even near 
the JCBCA, have been bitterly resisted by many Chwaka Village residents (Myers 
2002). Furthermore, Myers (2002) observed that the inequalities in economic, po-
litical or educational standards prevent some people from acting in the interests of 
development and conservation for the good of the majority, or even from becom-
ing active participants in JCBCA’s agenda. Overall however, Mohammed (2004) 
concluded that there is currently good management success mainly due to the 
sense of ownership by the local community and enhanced conservation awareness. 

The challenge facing the Government and the communities alike is that of iden-
tifying workable alternative livelihoods for the local residents. Indeed, one of the 
main problems in mangrove management is that it has been set isolated from the 
rest of the Bay and oceanic part, causing fragmentation in efforts, resources and 
results (see chap. 14 and 15). Nevertheless, the management of the Chwaka Bay 
area remains the principal basis for the social and economic development of the 
area. Involvement of all stakeholders, especially the local communities in resource 
management is key to the sustainable, long-term utilization and conservation of 
the Chwaka Bay mangrove ecosystem.
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FuTuRE RESEARCH ON CHWAKA BAY MANGROVES

Not all desired uses of mangroves are compatible with sustainable uses of the 
mangrove ecosystems despite the fact that mangrove ecosystems are highly resil-
ient within a range of environmental conditions (Lugo 1980). This means that the 
values that humans can derive from mangroves may only be optimized if proper 
management techniques are used. Such management techniques must however be 
based on scientific knowledge gathered over long time frames. For example, some 
management options require an understanding of the life histories of individual 
species of mangrove trees, while others require insight in the complexity of hydro-
logical systems in the mangrove forest and/or land use patterns of the catchments 
area.

Very little is known about the productivity of mangroves of Chwaka Bay. Only 
measurements of the litter fall were attempted by Shunula (1996). However, litter 
production is a fraction of the total mangrove biomass production as it does not 
include the totality of above ground biomass (stem/shoot and branch biomass) as 
well as below ground biomass (roots). For management purpose, it is necessary to 
understand the complete process of biomass production by mangrove trees. For 
example, although the Chwaka Bay mangroves produced leaf litter (Shunula and 
Whittick 1999, 53) at the same rates as the mangroves of northeastern Australia 
(Duke et al. 1981), it is not necessarily so that Chwaka Bay mangroves would 
match northeastern Australia mangroves in terms of wood or root production. 
Thus, local studies of total biomass production by mangrove trees of Chwaka Bay 
are needed.

For quite sometime, Chwaka Bay mangroves have been under intensive exploi-
tation pressure mainly from increased population of the surrounding villages 
(Mohammed 2004). However, studies that consider the effect of deforestation of 
Chwaka Bay mangroves on the wider coastal ecosystem and economy of Zanzibar 
are lacking. Elsewhere, mangrove deforestation has been found to significantly 
decrease the biodiversity and densities of mangrove associated fauna (e.g. Fondo 
and Martens 1998). Other effects of mangrove deforestation include decreased 
availability of wood, fish and prawns, less revenue paid to governments in terms of 
royalties and tourist fees, increase in coastal erosion and eventual negative impacts 
on seagrass and coral reef ecosystems (Boto and Bunt 1981; Alongi 1996; Fondo 
and Marten 1998; Semesi 1998; Kathiresan and Bingham 2001). 

Where damage to the mangrove ecosystem has been extensive, restoration prac-
tices that go beyond the re-planting of trees may be required. Thus, studies on 
restoration ecology of damaged mangrove ecosystems are needed. This is useful 
in determining features of the ecosystem that are resilient and those, which are 
not, thus helping in establishing management guidelines for ecosystem restora-
tion. Indeed, many countries in Asia (Bangladesh, India, Indonesia, Philippines, 
Thailand and Vietnam) for example have had successful mangrove rehabilitation 
programmes (e.g. Field 1998). In nearby Kenya, Rönnbäck et al. (2007) report on a 
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successful return of goods and services in a replanted mangrove at Gazi Bay. So far 
there are no restoration programmes in Chwaka Bay despite the fact that several 
areas of the forest are reported to be cleared of trees for fuel (Mohammed 2004).

Chwaka Bay mangroves have been the subject of studies related to taxonomic, 
floristic, ecological and management aspects. However, the recent development 
of molecular methods in mangrove plant investigations has not been applied to 
much extend in Chwaka. Elsewhere, molecular methods in mangrove 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 conservation, systematics, biogeography and population biology of 
the mangrove plants. Thus application of molecular methods in studying Chwaka 
Bay mangroves is highly recommended.

In Chwaka Bay, studies on the diversity of animals associated with the mangroves 
are limited particularly to fish species (Lugendo et al. 2007a; 2007b; 2007c). Studies 
related to the architecture of the forest (tree density, height, and foliage diversity as 
well as canopy structure), in relation to other wildlife such as birds, have received 
little attention in Chwaka Bay. Such types of information are critical to determin-
ing for example, bird use of mangrove forests, and how this can be linked to timber 
management practices.

One major effect of human activity on mangrove ecosystem is the change in hydro-
logical conditions either through alteration of regional hydrology or modification 
of the geomorphology of the mangrove basin (Lugo 1990). The mechanisms of 
action are very complex and include changes in water quality (e.g. salinity, nutri-
ents or toxic compounds), unusual flooding and subsequent asphyxiation of trees, 
extreme droughts, reduction in aeration, burial by sediment, erosion, siltation, etc. 
Thus, the Chwaka Bay mangrove ecosystem requires an assessment of these stress 
factors with a focus on their intensity, duration and return times. For each of these 
factors, it is necessary to understand the response of the mangrove ecosystem as 
well as the response of the individual mangrove tree species.

In addition, increased frequency and levels of high water events due to sea level 
rise are likely to affect the position and health of mangroves as well as other coastal 
ecosystems. Extreme high water events are projected to increase over coming 
decades as a result of same forces projected to cause global sea level rise and other 
factors such as variations in local climate and changes in storminess (Gilman et al. 
2006; 2008). The response of mangrove wetlands to global climate change effects 
such as sea level rise, increased air and sea-surface temperature, change in pre-
cipitation and salinity are less certain and not well understood. It is clear that the 
Chwaka Bay mangrove forest has a high ecological and societal value and efforts 
for better understanding and management are important for the sustainability of 
the whole Bay. 
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