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– CHAPTER 2 –

Physical and Geological Processes in Chwaka Bay

Yohanna W. Shaghude, Shigalla Mahongo, Alfred N.N. Muzuka  
and Ntahondi Nyandwi

INTRODuCTION

Estuaries, lagoons and bays are among the most prominent coastal geomorpho-
logical features of the coast of Tanzania. These features are extensively utilized 
by communities for fisheries, transportation, recreation and port development. 
Chwaka Bay (see Fig. 1), has been a centrepiece of numerous research studies over 
the last two decades. The Bay, like most other Tanzanian coastal geomorphological 
features, is a result of physical and geological processes (tidal fluctuations, wind 
generated waves, air-sea interactions and glacia-interglacial changes). 

Chwaka Bay is located about 22 km east of Zanzibar Town and oriented in North-
South direction (Fig. 1), with no part of the Bay deeper than 5 m during high tide 
(Wolanski 1989). The Bay has an area of approximately 50 km2 at high water spring 
(Cederlöf et al. 1995), and it is the largest bay in the whole of Zanzibar. It is roughly 
rectangular in shape, being enclosed by land on its three sides (southern, eastern 
and western sides) with an opening to the Indian Ocean on its northern side (Fig. 
1).  Its mouth is barred by a living offshore coral reef. The Bay is surrounded by 
seven villages, namely Chwaka, Marumbi, uroa, Charawe, ukongoroni, Michamvi 
and Pongwe (Fig. 1). The Bay can be classified as being within a fringing reef coastal 
system, with a landward side defined by rocky cliffs, stretches of beach and tidal 
inlets and creeks (Arthurton et al. 1999; Kairu and Nyandwi 2000, 9-20; Francis et 
al. 2001; Arthurton 2003). 

The southern boundary of the Bay is mainly a line of dead reefs fringed land-
wards by a narrow 1-3 km wide mangrove forest stand (Nyandwi and Mwaipopo 
2000, 3-12). Mangrove forests make an important physical feature of the Bay (see 
chap. 4). They occupy about 90% and 50% of the southern and eastern coastal 
stretches of the Bay, respectively. Other important features include fringing reefs 
and tidal channels. The fringing reefs protect the Bay from the ocean waves and are 
responsible for its lagoonal type setting (Muzuka et al. 2005). Two tidal creeks of 
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Mapopwe and Kinani which merge with two tidal channels of Pwani and Rubani 
are responsible for the exchange of water between the open ocean and the Bay (Fig. 
1). Mud sediments accumulate in several coves along the southern shore of the 
Bay while the outer part of the Bay, dominated by a live coral reef, receives minor 
supply of sediment from the mangroves. 

Chwaka Bay, and the whole of East African coast, is subjected to two alternat-
ing wind seasons, the southeastern (SE) and the northeastern (NE) monsoons. 
The SE monsoon starts in April and ends in October, whereas the NE monsoons 
start in November and end in March (Bargman 1970, 55-64). The SE monsoon is 
characterized by relatively lower air temperatures (23-28oC), stronger winds and 
long rains conditions. In contrast, the NE monsoon is characterized by relatively 
higher air temperatures (28-35oC), weaker winds and short rains conditions. The 
months of March-April and October-November are the inter-monsoon periods, 
locally known as the Matlai and the wind conditions during these periods are 
calmest (Richmond 1997, 12-21; Dubi 2001, 131-144). Strongest winds along the 
coast of Tanzania are experienced during June and July (Richmond 1997, 12-21; 
Dubi 2001, 131-144; Francis et al. 2001, 9-47). Occasionally, the SE monsoon is 
also associated with storms and cyclones (Francis et al. 2001, 9-47).

Figure 1. Map showing the approximate location of Zanzibar along the coast of 
Tanzania (insert map) and the major physical features of Chwaka Bay. The circled 
cross symbols indicate the stations (1, 2 and 3) where current meters were installed 
by Wolanski (1989) and Cederlöf et al. (1995).
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TIDES AND TIDAL CIRCuLATION PATTERN 

The tidal circulation pattern in Chwaka Bay is mainly driven by water exchange 
with the open ocean and is associated with oceanic tides. The tidal circulation 
determines the water dynamic patterns, as well as the distribution of any other 
aquatic properties in the Bay. The water movements and the turbulent mixture 
that result from the tidal forcing express interesting challenges for hydrodynamic 
understanding. Knowledge of the tidal circulation pattern within bays, besides 
the intrinsic interest in comprehending its origin, is fundamental towards the un-
derstanding of issues like larvae dispersion, microalgae transport, sedimentation 
processes and water quality. Tidal currents also influence the erosion processes 
and sediment grain size distribution. It is obvious that the study and characteriza-
tion of the tidal dynamics are of fundamental importance to the understanding of 
the multidisciplinary processes generally occurring in shallow bays like Chwaka. 

The tidal circulation pattern of Chwaka Bay has been studied comparatively more 
than other bays in the islands of Zanzibar. The study concerning the tidal dynamics 
of Chwaka Bay was first undertaken by Wolanski (1989), who determined its ba-
thymetry using a portable echo-sounder. The surveyed area included deeper water 
on the eastern side of the Bay, and a limestone sill which inhibits water exchange 
between the Bay and the Mapopwe mangrove creek, located on the southwestern 
part. using the bathymetry data, Wolanski (1989) then applied a two dimensional 
model to study the dynamics of the Bay, the output of which included velocity and 
sea levels, that were verified by current meter and tide-pole measurements (Fig. 
1).  The numerical modelling by Wolanski (1989) suggested the existence of an 
asymmetry between flood and ebb water velocities that was attributed to friction 
in the mangrove creek, which is in turn controlled by the density of the vegetation.

Tides in Chwaka Bay are predominantly semi-diurnal (two high waters and two 
low waters each day), with a Form Factor F of about 0.16 and dominated by M2 
tide component (Wolanski 1989). Current measurements, using a combination 
of pressure gauges and self-recording current meters, indicate a tidal asymmetry 
with stronger peak ebbs (Wolanski 1989; Cederlöf et al. 1995; Mwaipopo 1999; 
Nyandwi and Mwaipopo 2000, 3-12). Although there is no obvious freshwater 
input into the Bay, salinities have been observed to range from 26.3-28.1 on the 
inner sides of the bay (Lugendo et al. 2005) to 29.5-35.0 towards the entrance to 
the ocean (Wolanski 1989). This salinity gradient is probably due to groundwater 
seepage on the inner mangrove sides of the Bay and the flow of minor seasonal 
streams during rainy periods. These studies also indicate that tidal currents are 
stronger on the eastern side of the Bay relative to the western side and the differ-
ence in energy regime between the eastern and western sides of the Bay seem to 
control the sediment distribution pattern.  

During lowest spring tide, a large part of the Bay (more than 60 per cent) is exposed 
and most of the water is confined to the tidal channels. According to Cederlöf et 
al. (1995), the mean spring and neap tidal ranges at Chwaka Bay are about 3.2 m 
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and 0.9 m, respectively. A comparison of the tidal harmonic analysis results for M2, 
S2, K1 and O1 constituents with the nearby stations in Zanzibar and Dar es Salaam 
Harbours  show a high degree of similarity (Table 1), with a Form Factor of 0.17 at 
the middle of the Bay (station 2 Fig. 1). 

There is an apparent phase lag of the tidal cycle in the Mapopwe Creek in rela-
tion to the open waters (Cederlöf et al. 1995). Comparing the detailed sea-level 
development between inshore and outer offshore areas, it was apparent that high 
tide occurs simultaneously while low tide occurs at least an hour later inshore. 
However, the difference is less pronounced during neap than during spring tides. 
The duration of ebb period in the inshore waters averages 7.3 hrs while it averages 
5 hrs during flood period indicating an ebb dominance. Generally, the differences 
between flood and ebb periods decrease progressively towards the open ocean 
(Cederlöf et al. 1995). 

This phenomenon of tidal asymmetry at the mouth of Mapopwe Creek was also 
demonstrated by Wolanski (1989), who observed maximum speeds during ebb 
and flood of 0.5 and 0.3 m/s, respectively. The ebb dominance in Chwaka Bay has 
partly been attributed to the presence of one or several sills along the creek which 
restrict free flow during low water on the oceanic side (Wolanski 1989; Cederlöf et 
al. 1995). Alternatively, this can be a result of trapping of the outflow from man-
groves and mud flats (Aucan and Ridd 2000). Whereas the ebb water first finds 
its way into the creek, resulting in a concentrated but delayed outflow, the flood 
waters enters over a wider area and are less concentrated in the creek, and thus less 
restricted by the topography. 

The maximum speeds during ebb are about 25% higher than the corresponding 
flood speeds (Cederlöf et al. 1995). During spring tides, the maximum ebb cur-
rents have speeds of about 0.3 m/s, while the flood speeds range from 0.2 to 0.25 
m/s. During neap tides, the corresponding speeds are generally less than 0.1 cm/s 
(Cederlöf et al. 1995). Closer to the mouth of the Mapopwe Creek, the currents 
show strong tidal asymmetry, with extended ebb periods and faster ebb velocities. 
However, due to the longer ebb period, the relative volume flowing within the 
creek is even larger. The average residence time for the Bay water is less than a day. 

Component Period 
(hrs)

Chwaka Bay 
(Stn 2)

Zanzibar 
Harbour

Kunduchi
Beach

Dar es Salaaam 
Harbour

M2 12.42 1.03 1.2 0.99 1.07
S2 12.00 0.61 0.61 0.5 0.54
K1 23.93 0.17 0.18 0.15 0.17
O1 25.82 0.11 0.11 0.11 0.11
Form Fac-
tor, F

0.17 0.16 0.17 0.17

Table 1. Amplitudes (m) of the dominating tidal components in Chwaka Bay and nearby sta-
tions. Sources: Cederlöf et al. (1995), Mahongo & Francis (2010).



45

In the Mapopwe Creek, however, owing to the trapping effect, the residence time 
is more than a day. 

In the offshore waters, the dominant prevailing current is the East African Coastal 
Current (EACC).  It is the main surface layer of water bathing the continental shelf 
of Tanzania with nutrient-poor mid-ocean water resulting in low biological pro-
ductivity along the coast (El Sayed 1989). The EACC flows northwards throughout 
the year, with a speed of only about 1.5 - 2 m/s during April to October when it is 
accelerated by the southeast (SE) monsoon winds. During November to March, 
the current is weaker (0.5 m/s) as it is impeded by the northeast (NE) monsoon 
winds (Richmond 1997, 12-21). However, Chwaka Bay is sheltered from the full-
scale effects of the Indian Ocean circulation during the SE monsoon because of 
its north-south orientation, and the eastern arm that acts as a protection barrier 
(Fig. 1). Protection from the open ocean waves is nonexistent during the NE mon-
soon and waves from the open ocean enter almost unrestricted into the Bay. The 
presence of the offshore fringing reef offers minor interruption. Apart from the 
orientation of Chwaka Bay, the current dynamics of the Bay are also controlled by 
the fragmented coral reef at the entrance to the Bay. The reef is part of the extensive 
coral reef that fringes the east of unguja Island. Strong tidal mixing over shallow 
water of the reef results in the formation of a front separating the Bay and the 
open ocean. The reef thus inhibits mixing between Bay waters and oceanic waters 
(Wolanski 1989).

HEAT AND VOLuME FLuXES 

Knowledge of the heat fluxes of an ecosystem such as that of Chwaka Bay is rel-
evant to the ecology of the area as it provides a vital input in linking physical and 
biological processes. The relatively shallow waters of most coastal bays and lagoons 
make them good natural laboratories for the investigation of air-water heat energy 
exchange. An accurate estimation of surface heat flux for instance, is crucially 
important for understanding and predicting seasonal sea surface temperature 
fluctuations (Yu et al. 2006). In the case of the Chwaka Bay, the interaction be-
tween the diurnal heating of solar radiation and the tidal cycle is vital in balancing 
the concentration levels of some dissolved nutrients (Mohammed and Johnstone 
1995) (see chap. 9).

The heat budget of Chwaka Bay is a balance between net heat gain through ab-
sorbed shortwave solar radiation (275 W/m2), and net heat loss through evapora-
tion (156 W/m2), net long wave radiation (38 W/m2), sensible heat flux (18 W/
m2) and bottom reflection (2 W/m2). The remaining flux in the form of net heat 
loss (61 W/m2) was attributed to advection of heat from the Bay to the open ocean 
(Mahongo 1998; 1999; 2000). In an earlier study, Cederlöf et al. (1995) had indi-
cated a net heat gain to the Bay leading to advection of excess heat to the open 
ocean. This heat flux was interpreted as a result of reflection of shortwave radiation 
at the Bay bottom. Since a significant amount of the incoming shortwave radiation 
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was reflected at the bottom, a negative heat balance of the surface fluxes would be 
created. However, a later study conducted by Mahongo (1998) revealed that bot-
tom reflection was very small (2 W/m2), consistent with the hypothesis that there 
is a net advection of excess heat from the Bay to the open ocean. Constant transfer 
coefficients of 1.3 x 10-3 and 1.1 x 10-3 were recommended for the turbulent fluxes 
of evaporation and sensible heat, respectively (Mahongo 1999). 

Cederlof et al. (1995) also gave an account of the volume fluxes of the bay, indicat-
ing that most of the bay volume is flushed out to the open ocean in each tidal cycle. 
During spring tide, when the tidal range is about 3.2 m, about 90% of the water is 
transported out of the Bay, but also during neap tides, with a tidal range of 1 m, 
more than 40% is exchanged. The authors also estimated the residence time of the 
Bay to lie between 1/2 and 1 day on assumption that the outflowing water is totally 
mixed with the open ocean water and carried away by the coastal current. On the 
other hand, mixing within the Bay is not complete and the residence time may be 
substantially longer within sheltered areas like Mapopwe Creek.

BEACH RIDGES AND MARINE TERRACES

The beach ridges and marine terraces which are common geomorphological  
features on the western side of the Bay are considered to be associated with 
Holocene sea level fluctuations (Muzuka et al. 2004). On the Tanzania mainland 
coast, marine terraces have been described by Alexander (1968) who defined three 
marine terrace units, namely the Mtoni (lowest terrace), the Tanga and the Sakura 
(the highest terrace). The work of Muzuka et al. (2004) described the marine  
terraces on unguja Island and noted two major similarities between the ter-
races on the Tanzania mainland shore with those found on unguja Island: (i) sand 
ridges were the common geomorphological features superimposed on the terrace 
platforms, especially on the Mtoni terrace and, (ii) the terrace steps of both cases 
consisted of reef limestones. uplift is considered to be the dominant process that 
led to the formation of the marine terraces on the mainland and on the Zanzibar 
Archipelago (Alexander 1968; Muzuka et al. 2004).

Despite the above cited similarities, the terrace elevations on the Mainland are 
higher (more than 40 m high above present sea level) than on unguja Island where 
the highest terrace elevations, including at Chwaka, are generally less than 10 
m above present sea level. On the basis of the elevation correlation between the  
terraces on the mainland with those on unguja Island, Muzuka et al. (2004) noted 
that the marine terrace units on unguja reflect minor sea level fluctuations during 
the Holocene.

The marine terraces in Chwaka Bay represent three phases of palaeoshorelines 
(old shorelines), represented by a series of raised reef limestones, separated from 
one another by vertical cliffs (Fig. 2-3). Each of the steps (the vertical cliff) rep-
resents an old shoreline position. According to Muzuka et al. (2004), the lowest 



47

step (about 0.3 m high), which is represented by beach ridges, starts immediately 
from the beach berm (the highest high water mark) and extends for about 50 m 
landwards in some places, but in other areas it extends for over 300 m. The second 
step, which is made up of a coralline cliff undercut, is 2 m high in some areas and 
extends for about 50 m landwards at the Chwaka Hotel before encountering a third 
step (Fig. 2). The third step is about 3 m high above the second step but generally 
forms a continuous sloping structure of coral rag. The total height of the steps is 5.3 
m, which is in agreement with the height of the last high sea level stand (Ramsay 
and Cooper 2002).

SEDIMENT COMPOSITION AND DISTRIBuTION 

Sediment composition and distribution in Chwaka Bay (Fig. 4-5) have been influ-
enced by processes that have been taking place over geological time. Some stretches 
of Chwaka Bay, particularly the western part, has an extensive low/gentle dipping 
sandy beach which apparently is experiencing severe beach erosion as evidenced 
by the presence of sea wall, fallen cliff materials and exposed tree roots (Fig. 6-7). 
This is in agreement with global observed trend where low/gentle dipping beaches 
normally impacted by erosion are characterized by fine grained sediments (e.g. 
Bascom 1951; Anwar et al. 1979). Chwaka Bay beach sediments are macroscopi-
cally composed of biogenic materials and have mean grain size that range from 
fine to medium grained sizes (Muzuka et al. 2005). The fine beach sediments are 
mainly confined to the eastern side of the Bay while the medium sized sediments 
are confined to the western part. Furthermore, the grain size distribution of the 
Chwaka beach sediments show a northwards decreasing trend (Muzuka et al. 
2005), suggestive of preferential net northward transport of the sediments.

Figure 2. A schematic representation of the marine terraces at Chwaka village.  Modified after 
Muzuka et al. (2001).
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As for sea bottom sediments, the study of Muzuka et al. (2005) indicated that the 
sediments deposited in Chwaka Bay are generally of sand sized category, with mean 
grain ranging from –3.0 to 3.7Φ and averaging 1.4 ± 1.1Φ (Fig. 4). The sediments 
on the eastern parts of the Bay are characterised by medium to fine white sand, while 
coarse sand rich in calcareous green alga Halimeda flakes are confined to the central, 
western and north-western parts of the Bay (Fig. 4). Fine sediments are also com-
mon on the southern part of the Bay towards the mangrove forests. Areas that have 
coarse sediments have the highest percentage cover of Halimeda, with the Halimeda  
macroloba species being dominant in the north-western part (Muzuka et al. 2001, 51-
59; see also chap. 8). The western-central part of the Bay is characterized by coarser 
sediments relative to the eastern central part (Fig. 3 and 4). Most of Chwaka Bay 
sediments were classified as coarse to fine grained sediments (Muzuka et al. 2001, 
51-59). The sorting of the sediments range from 0.38 to 3.89 phi and averages 1.34 
± 0.49 phi, with much of the Bay sediments being moderately sorted (Muzuka et 
al. 2001, 51-59).

The calcium carbonate (CaCO3) content in the sediments ranges from 73 to 100 
percent and averages 98 percent, with low values being confined towards the man-
grove forest (Muzuka et al. 2005). Similarly, the stable isotopes of organic carbon 

Figure 3. Photographs illustrating the three phases of the former shorelines at Chwaka Bay Hotel 
(a) the lowest terrace unit (b) the vertical cliff of the lowest terrace (c) the sloping hills, and (d) 
the highest terrace.  Source: Shaghude et al. (2007).

(a) (b)

(c) (d)
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(OC) (mean value of -17.4 ‰) and nitrogen (mean value of 1.5 ‰), show a general 
increase with increasing distance offshore. This shows a minimal offshore transport 
of terrestrially derived organic material and dilution by silisiclastic (terrigeneous 
non-carbonate) material. Lack of siliciclastic material can be attributed to non-
existence of source rocks in the catchment area. The authochthonous source in the 
Bay is also reflected by the C/N ratios which averaged 7.9 (Muzuka et al. 2005).

Geochemically, the sediments have a low content of organic carbon and nitrogen 
averaging 0.66 ± 0.36 and 0.10 ± 0.05 percent, respectively. Elevated values are 
generally found close to the mangrove stands. The low values of organic carbon 
and nitrogen are similar to those reported in other Tanzanian coastal marine sedi-
ments (Muzuka 1999), which suggest a high degree of degradation during early 
diagenetic alteration of organic matter.

Sediment thickness is greatest towards the open ocean on the western part of the 
Bay, with tidal channels having thinner sediment cover (Fig. 5). Most of the south-
ern part of the Bay including the creeks is rocky substrate. The sediment thickness 
distribution pattern probably results from preferential deposition of Halimeda 
flakes owing to high primary productivity (Muzuka et al. 2001; see chap. 8). Other 
possible factors include circulation pattern in the Bay and/or Holocene rise in sea 
level, where both processes lead to erosion or deposition.  As described above, the 
eastern side has stronger tidal currents relative to the western part of the Bay. Thus, 
the western part, with weaker currents may act as a deposition centre for sediments 
eroded from other parts of the Bay, hence resulting in a thicker sediment layer. 

SHORELINE CHANGES 

Imprints of Holocene sea level changes, occurring in the form of marine terraces 
and beach ridges which are widely found along the coast of Tanzania mainland 
(Alexander 1968; 1969; 1985, 691-695) are also common in many parts of Zanzibar 
(Muzuka et al. 2004). As discussed in the previous section, Chwaka Bay serves as 
an example where imprints of Holocene sea level changes are observable (see Fig. 
2 and 3). 

Apart from the imprints of past shoreline changes, the Bay is also one of the sites 
in Zanzibar which are currently threatened by coastal erosion (Shaghude et al. 
2007). Signs of beach erosion, which include uprooted trees, presence of terrestrial 
trees on the shoreline, wave-undercut cliffs and collapsed cliffs, are wide spread at 
Chwaka village (Fig. 6). Erosion poses a threat to socio-economic infrastructures. 
For example, the road to Chwaka Bay Hotel and the old Government Hotel build-
ing are on the verge of collapse (Shaghude et al. 2007). Shore erosion is severe in 
areas studded by sandy ridges as compared to cliff-fringed coasts.  
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Figure 4. Map of Chwaka Bay showing the mean grain size distribu-
tion (in phi) of the sediments. Source: Muzuka et al. (2005).

Figure 5. Map of Chwaka Bay showing the sediment thickness (in 
metres) on the sea bottom. Th e contour interval = 0.4 m. Source: 
Muzuka et al. (2005).
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IMPACT OF INTERACTION BETWEEN PHYSICAL PROCESSES 
AND HuMAN ACTIVITIES 

Physical processes which are considered to have profound impacts on human 
activities in Chwaka Bay and its adjoining beaches include tidal and wave forces 
and due to the climate change (Bindoff et al. 2007). As pointed out previously, 
the Bay experiences a semi-diurnal tide, with mean spring tidal range of 3.2 m. 
During spring ebb tides, a large part of the Bay (more than 60 per cent) is exposed. 
In contrast, the entire Bay is almost covered with water during spring flood tides. 
These tidal fluctuations regulate the socio-economic activities of the communi-
ties (e.g. fishing, seaweed farming, and boat transport between different villages) 
around the Bay (Tobisson et al. 1998). 

Commuting between ukongoroni/Charawe and Chwaka is greatly regulated by 
tidal fluctuations. During low tide conditions, commuting between ukongoroni/
Charawe and Chwaka villages is difficult as one has to cross the Mapopwe creek 
using a small dugout canoe. However, during high spring tide conditions all the 
villages around the Bay are easily accessible through boat transport. The local 
communities have therefore adapted themselves to these natural conditions so that 
their socio-economic activities are in phase with the spring-neap and daily tidal 
cycles.

Furthermore, in response to the increasing threat of coastal erosion, local com-
munities have undertaken several mitigation measures such as the construction of 

	  

Figure 6. An eroding sandy beach at Uroa exemplified by the presence of stranded coconut 
stumps (a) and beach scarp/step (b).

(a) (b)
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seawalls (Fig. 6a). Although seawalls are widely used, they degrade the aesthetic 
and recreational qualities of the shore. Also, they tend to reflect the impacting 
waves giving rise to scouring or erosion of sand at the top of the structure, which 
can give rise to progressive flattening of the adjoining beach and possible collapse 
of the structure itself (Karsten 2004, 294). 

Records of the majority (60 per cent) of tide gauge stations in the Western Indian 
Ocean (WIO) region generally show a rising trend of mean sea levels, with the 
remaining (including that of Zanzibar) indicating a falling trend (Ragoonaden 
2006; Mahongo 2009). According to Mahongo & Francis (2010), the falling trend 
at Zanzibar between 1984 and 2004 is attributed to strengthening of the NE trade 
winds. However, model reconstructions of long-term sea level trends (1955-2003) 
show a general rising trend (0.4 to 2.0 mm/yr) in Tanzania (Bindoff et al. 2007). 
Thus, the anticipated global sea level rise due to the global climate change cannot 
be underestimated for the case of Chwaka. 

An attempt to assess the vulnerability of the Tanzanian coastline due to sea level 
change has been made by Mwandosya et al. (1998). Results revealed that, with 
a 1-m sea-level rise, about 2,090 and 2,117 km2 of land (including Chwaka Bay) 
would be inundated, respectively. under both scenarios, significant proportion of 
the coastal areas of the unguja Island, which lacks substantial high relief features 
(Kent et al. 1971, 101), would be inundated. All the villages surrounding the 
Chwaka Bay are therefore considered to be among the coastal erosion and/or sea 
level rise inundation hot spots.

CONCLuSIONS 

The present physical setting of Chwaka Bay is a result of the interaction of various 
physical and geological processes that acted predominantly during the Pleistocene-
Holocene period. Apart from these natural processes, the anthropogenic influence 
has over the last few decades interacted with these natural processes leading to 
further changes to the coastal geomorphology and hydrodynamic setting. A  
better understanding of these processes is very fundamental in understanding the 
biological, physical-chemical and ecological processes within the Bay, which are 
in turn important for the  sustainable management of the use of coastal natural 
resources around the Bay. 

Although the studies that have been carried out in Chwaka Bay provide a  
better understanding on the above key issues, the existing knowledge of offshore 
processes and their effects in the Bay remains inadequate. Also, information on 
heat flux through sediment conduction including the effect of climate on the  
dynamics of the Bay is still scant and very few studies have been undertaken on 
the geological evolution of the Bay and shoreline changes. Future studies of the 
Bay should therefore address these aspects. In particular, as modeling is increas-
ingly becoming an important tool for understanding the hydrodynamics of coastal  
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areas, modeling studies leading to a better understanding of various hydrodynamic 
processes (including coastal sediment transport) and studies on the vulnerability 
of Chwaka Bay to sea level rise/climate change should be conducted. Furthermore, 
future studies should be undertaken to investigate the magnitude and rate of 
coastal erosion and recommend appropriate resilience and adaptation strategies 
due to these future threats.
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