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– CHAPTER 8 –

Carbonate Production by Calcareous Algae in a  
Seagrass-Dominated System: The Example of Chwaka Bay

Juma Kangwe, I. Sware Semesi, Sven Beer, Matern Mtolera and Mats Björk

INTRODuCTION 

Chwaka Bay is well protected from the open ocean by fringing Coral Reefs, forming 
a secluded bay with vast shallow sand flats and a tidal range of over 3 m. This is an 
ideal setting for seagrasses, and over half of the Bay’s ca. 50 km2 is indeed covered 
by extensive seagrass meadows (see chap. 5). Within these meadows, seagrasses are 
found mixed with large populations of macroalgae, and in particular calcareous 
green algae of the genus Halimeda. Overall, the seagrass cover within meadows 
consist of 54% seagrasses and 35% Halimeda species, and the remainder (11%) 
of the photosynthetic organisms are other macroalgae (Gullström et al. 2006) as 
well as zooxanthellae-containing coral heads and other invertebrates. Both the 
seagrasses and calcareous algae like Halimeda are important contributors to the 
coastal habitats of the Bay; Halimeda species contribute 60% of the calcareous 
sediment (Muzuka et al. 2001). This emphasises the important role of Halimeda, 
which thrive together with the seagrasses, as major producers of carbonate sand 
in Chwaka Bay, as well as the whole east coast of unguja Island (Shagude et al. 
2001). While the contributions by seagrasses per se are covered in chapter 5, the 
importance of the calcareous algae will be discussed here. 

The Importance of Marine Calcification
Biological calcification in the marine environment is an extremely important 
process that builds coral reefs, supplies a large portion of the lagoonal sand in 
tropical and subtropical areas and builds extensive coral ridges in colder waters 
(e.g. Hillis-Colinvaux 1986). Calcification in calcareous macroalgae simply refers 
to the precipitation of calcium carbonate (CaCO3) crystals within or on the algal 
cell walls, and a common feature of these organisms is that they have hard, re-
sistant thalli heavily encrusted with CaCO3. In all environments on earth there 
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are algae and animals capable of depositing CaCO3 in their cells, cell walls or as 
exoskeletons. Among the marine algae, there are species with this capacity pre-
sent within the green (Chlorophyta), red (Rhodophyta) and, although rare, the 
brown algae (Phaeophyta). These algae are thus not only, as other algae and higher 
plants, primary producers of organic matter, but also important carbonate sedi-
ment producers throughout all oceans and contributors to the formation of coral 
reefs in tropical waters (e.g. Hillis-Colinvaux 1986). The ability to deposit CaCO3 
around or within the algal body (or thallus) gives these algae a hard structure 
that is more resistant to physical disturbances and grazing than the non-calcified 
structures of other macroalgae. The CaCO3 can be deposited in the form of calcite 
or its isomorph aragonite depending on the calcification mechanism of the alga 
(Borowitzka 1977), and is essentially the same as in the formation of mother-of-
pearl in the shells of bivalves. 

Amongst the green algae, the calcifying genus Halimeda is commonly found in 
most tropical and subtropical waters in a wide range of habitats, from the intertidal 
down to depths of 130 m (Beach et al. 2003; Hillis 2001). These algae are built 
up by hard, flattened, jointed, leaf-like segments that are connected to each other 
with a thin strand known as the genicula, which provides the alga with flexibility. 
Their hard calcified morphology (with CaCO3 as aragonite), along with an ability 
to synthesize potentially toxic secondary metabolites, renders them an effective 
protection against herbivores (Paul and Fenical 1983). Decomposed Halimeda 
tissues are important sediment elements in the areas where they are present, and 
whole atolls, as well as the sandy beaches of many tropical shores, can be made 
up by disintegrated Halimeda parts (Hillis 2001). Within the red algae, calcifying 
species are found in many different forms, all of them depositing their CaCO3 as 
calcite. The majority of the calcareous algae of the world are coralline, i.e. marine 
red macroalgae of the family Corallinaceae (Borowitzka 1981). Crusts of coralline 
algae can build up a cementing layer covering and protecting whole coral reefs. 
They further act as wave breakers and as substrates where corals can settle. The 
calcareous algae can also grow epiphytically on seagrass leaves as well as on other 
marine organisms such as bivalves and molluscs (Steneck 1986). A special growth 
form of crust-forming coralline algae are the rhodoliths, which are free-living 
nodular forms that can form extensive beds that can provide organisms of eco-
nomical importance, such as crustaceans, fish and molluscs with food, shelter and 
nursing grounds (Foster 2001; Kamenos et al. 2004; Wilson et al. 2004). 

In some parts of the world, beds of rhodoliths, often referred to as maerl grounds, 
are important economically with the dead and living algal material extracted 
and used as a soil conditioner and fertiliser (Grall and Hall-Spencer 2003). The 
rhodoliths normally grow very slowly; as an example, rhodoliths of Lithothamnion 
crassiuscuium increase their thickness at a rate of about 0.6 mm/year. When they 
reach a radius of 6 cm, they would thus be about 100 years old (Frantz et al. 2000). 
By measuring the occurrence of different isotopes such as 14C and trace elements 
captured in the CaCO3, rhodoliths can be used as oceanographic “archives” reflect-
ing important climatic events in the past.
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The Calcification Process
The ability to calcify, that is to precipitate CaCO3, to achieve hard cell wall struc-
tures due to the formation of calcite or aragonite crystals, is, as mentioned above, 
present amongst almost all algal groups. This deposition can occur within the cells, 
but for macroalgae it usually occurs outside the cell membranes, i.e. in the cell wall 
or in between adjacent cells (Borowitzka 1977). Calcification is normally stimu-
lated by light and has in laboratory experiments been shown to be proportional to 
the rate of photosynthesis. During photosynthesis, the photosynthetic utilisation 
of carbon dioxide (CO2) results in an increased pH in the seawater surrounding 
the cells, which favours calcification. Conversely, it has been suggested that calci-
fication might enhance the photosynthetic rate by increasing the speed of conver-
sion of bicarbonate (HCO3

-) into CO2 and water by lowering the pH. Contrary 
to photosynthesis, respiration reduces calcification rates as released CO2 lowers 
the intra- and intercellular pH (Borowitzka 1977; 1981; 1982; McConaughey 
and Whelan 1997). During short-term experiments, rates of calcification can be 
measured as changes in total alkalinity (TA) in the seawater surrounding the algae 
(Smith and Key 1975; Chisholm and Gattuso 1991).

THE CALCIFYING ALGAE OF CHWAKA BAY 

In Chwaka Bay, massive assemblages of seagrasses are found mixed with large 
populations of the calcifying green alga Halimeda and other macroalgal species. 
The composition of these meadows was assessed in 2002 using SCuBA (at 221 
sampling sites, 500 m between each site) to obtain an estimate of the seagrass and 
seaweed cover for the entire Bay (Gullström et al. 2006). The overall cover in the 
bay was 24% seagrass, 16% Halimeda spp. and 5% other macroalgae, whereas 54% 
was un-vegetated sediment. These covers are an average estimate, not accounting 
for seasonal or inter-annual variations. However, the total cover of vegetation in 
Chwaka Bay was estimated by remote sensing over a 20 year period, and appears 
to be largely stable over years (Gullström et al. 2006). 

The Halimeda Species
In order to evaluate the importance of the Halimeda species as contributors of 
calcareous sediments, a study was made on their distribution, standing biomass, 
growth and CaCO3 production within Chwaka Bay (the work was performed by 
J.W. Kangwe and unpublished prior to this volume). For a detailed description of 
the methods used, see Appendix 1. These data were then used to estimate areal 
production rates of CaCO3 by Halimeda in the Bay.

Among the Halimeda species present, four were especially common in the Bay: 
Halimeda opuntia (sometimes also referred to as Halimeda renschii Hauck, Fig. 
1b and 1c) was the most common, growing from the intertidal to deeper waters 
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on muddy sediments containing a lot of calcareous materials of decompos-
ing Halimeda “flakes” (though some specimens are found on rocky substrates). 
Similarly, H. macroloba (Fig. 1a) was common from the intertidal to deeper, 
muddy, areas (with coarser flakes) and medium-fine sands, as well as in rocky 
areas where they show stunted growth. H. tuna was commonly found on muddy-
sandy bottoms, and sparsely on rocky substrates. H. incrassata was found in rocky 
places, course sand and only sometimes in muddy areas.

The study covered five sampling sites (indicated in Fig. 2) representing a range of 
different habitats in order to capture the range of biomass and calcification rates 
that might occur. The sites had the following characteristics: Site I was close to 
Chwaka village, some 550 m from the shoreline and located within the channel at 
depths of 5-6 m and ca.1 m during highest and lowest spring tides, respectively, 
with a rocky bottom in the middle of the channel, surrounded by a thick layer of 
course sand and large Halimeda flakes on the edges of the channel and the sur-
rounding area. Site II was in the middle of the Bay towards Michamvi (about 2.8 
km from the Chwaka village shore), with average depths of 4 and 0 m (totally 
exposed to air) during highest and lowest spring tides, respectively. The bottom is 
soft and muddy with a lot of dark decomposing Halimeda flakes. Site III was in a 
muddy area within the channel which receives most of the rain water inputs from 
Mapopwe Creek. Site IV was a medium-grain sand area in the eastern part of the 
Bay, rich in seagrasses mixed with Halimeda species, and this site was completely 
exposed to air during lowest spring tide. Site V was a deep-water area (about 7 
m) with coarse sand rich in Halimeda flakes. The site was always submerged even 
during the lowest spring tide. 

Figure 1.  a) Halimeda macroloba close-up; b) 
H. opuntia; c) H. opuntia partly decomposing 
into sand. Photos: Juma Kangwe.

(a) (b)

(c)
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H. opuntia dominated the biomass of the material sampled at sites I – IV (Table 
1), and accounted for half of the total mean standing biomass (781 ± 96 g dw m-2) 
and formed the bulk of the total mean dry weight (1563 ± 91 g dw m-2). Mean 
standing biomass of H. macroloba and H. incrassata were 505 ± 100 and 277 ± 77 
g DW m-2, respectively. The biomass of H. tuna was always a minor component of 
the Halimeda vegetation. The highest standing biomass of H. opuntia was found 
at sandy bottoms (sites I and IV), and less at muddy bottoms (site II and III). H. 
incrassata was less abundant than H. macroloba and was largely limited to muddy 
substrates (sites II and III); even though a low standing biomass was also obtained 
at sites which were characterised by course sediments overlying bedrock (I and V).

The growth rate of the different species (estimated only at site I and II) was not sig-
nificantly different between species but changed with season (Table 2). The content 
CaCO3 in the Halimeda thalli at the different sites ranged between 88 and 95% of 
the dry weight with a mean value of 91%. There was no significant difference in the 
CaCO3 content of the different species and the content did not vary significantly 
between months (p > 0.05). 

Figure 2. Map of Chwaka Bay showing the positions of the five sampling sites; for standing bio-
mass sampling were sites I-V; growth rates were estimated at sites I and II.  
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An estimated mean standing mass of CaCO3 and CaCO3 production per m2 
day-1 were calculated (Fig. 3) from the standing biomass of the whole bay and 
mean values of growth rate (from site II which was taken as an “average” site in 
the middle of the bay) together with the CaCO3 content estimated in this study. 
These calculated rates are high, far exceeding many other reported rates (Table 4). 
For example, H. opuntia had a mean standing CaCO3 of 1595 g m-2 and a CaCO3 
production rate of 48 g m-2 day-1 at site I, and H. macroloba had 560 g m-2, and 15 
g m-2 day-1 at site II. H. incrassata had the lowest standing CaCO3 (40 g m-2) at site 
I, and a higher standing CaCO3 than the other species at site II. 

These estimations are based on too few observations (especially the growth data) 
to make any real CaCO3 budgets of the Bay. However, assuming that the carbonate 
production from Halimeda is within the same range (as in Table 3) for the whole 
Bay, and that 16% of the Bay is covered by Halimeda (as in Gullström et al. 2006), 
it could theoretically contribute between 16 and 28 million kg CaCO3 sediment 
per year to the Bay. This is however only an estimate based on extrapolations and 
thus remains speculative. 

Surface waters of the open ocean feature quite stable pH values, and are normally 
super-saturated with respect to CaCO3. However, it has been shown that the pri-
mary production by marine plants can drastically change the pH of the surround-
ing seawater, especially in enclosed bays. For example, the seagrasses in intertidal 
pools of Chwaka Bay could increase the pH to high values such that other primary 

Table 1. Average standing biomass of Halimeda species at the five sites in Chwaka Bay for the 
period December 2000 to May 2001. The values indicated are an average of six months sampling 
in each site (n = 60).

Sites
 

Bottom 
Type        
 

Depth 
(m)
 

 Standing biomass at each site (g dw m-2)  

H. macroloba      H. opuntia     H. incrassata Total

I Coarse 
sand 4.3 392  ± 107 1730  ± 168 46 ±58 2168

II Coarse 
mud 2.5 614  ± 144 288  ± 82 592 ± 84 1494

III Fine 
mud 3.4 287  ± 75 254  ± 76 402 ± 118 943

IV Medium 
sand 2.9 149  ± 70 1513  ± 140     269 ± 109 1931

V Coarse 
sand 6.7 1085 ± 104  119  ± 15 74 ± 18 1278

Mean     505 ± 100 780.8 ± 96 276.6 ± 77 1563 ± 
91

% of 
Total 32 50 18  
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producers were hindered from photosynthesising in those pools (Beer et al. 2006). 
This effect of pH increases the saturation state of CaCO3 in the water (ΩCaCO3), and 
high pH values are common in the open waters of the bay when tides are low. It was 
established in field experiments that this increase in pH caused a drastic increase 
in the calcification rates of both Halimeda and two species of coralline algae and, 
in effect, it appears that calcification in general follows the net productivity of the 
Bay (Semesi et al. 2009b). 

So, could the photosynthetically driven increases in the saturation state of CaCO3 
be the cause of the high calcification rates in Chwaka Bay?  Since we have no, or 
at least very little, data from previous studies on the daily pH changes within the 
studied systems this is difficult to answer. However, Bach (1979) found the highest 
standing crop of Halimeda incrassata at stations within dense beds of the seagrass 
Thalassia sp. Also, the only reported rates of CaCO3 production comparable to 
what we found in Chwaka Bay are reported from a shallow lagoon area in Tahiti 
(Payri 1988), an area in many ways comparable to Chwaka Bay. Thus, the very high 
production of CaCO3 reported for Chwaka Bay, could possibly be explained by the 
increased pH values caused by its dense cover of seagrass beds. 

The Importance of Other Calcifying Algae in Chwaka Bay
To the best of our knowledge, there are no reported data on the distribution or 
production of carbonates by calcareous algae other than Halimeda from Chwaka 
Bay. However, several crust-forming coralline algae of the Corallinaceae occur 
commonly in the Bay, and it is only reasonable to assume that they also contribute 
to the production of calcareous sands. Rhodoliths of various genera have been 
reported as common (Semesi et al. 2009a) and both crustose and articulate coral-
line algal epiphytes are very common on both the stems and leaves of seagrasses 
(Semesi 1988; Lugendo et al. 1999; Leliaert et al. 2001; Rasmusson 2008). Two 
studies (Semesi et al. 2009b; Rasmusson 2008) reported on in situ measured rates 

Table 2.  Growth rates of Halimeda in Chwaka Bay as percent daily growth rate (% DGR) calcu-
lated from the ratio of the new segments to all segments of a thalli.

Growth rate at site I (%DGR) Growth rate at site II (%DGR)

Growth 
Period

H . 
macroloba

H.  
opuntia

H.  
incrassata

H.  
macroloba

H.  
opuntia

H.  
incrassata

January/ 
February

3.8 3.5 0.8 4.1 2.6 3

April/May 3.7 4 2.4 2.1 2.7 1.9
July/August 1.7 1.6 2.9 1.9 1.7 2.3
Mean 3.07 ± 

0.73
3.03 ± 
0.37

2.03 ± 0.66 2.70 ± 
0.36

2.33 ± 
0.66

2.40 ± 0.40
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of calcification in a way which makes it possible to compare the coralline algae 
with the Halimeda, at least approximately: rhodoliths made up of Hydrolithon 
sp. had rates of calcification between 0.01 and 0.16 nmol CaCO3 gFw-1min-1 and 
Mesophyllum sp. 0.1 to 1.15 nmol CaCO3 gFw-1min-1. These rates are in the same 
order of magnitude as the rates of Halimeda (0.02 - 2.75 nmol CaCO3 gFw-1min-1) 

and thus it seems that we can indeed expect a significant input of CaCO3 also 
from the coralline algae. The rates of calcification of rhodoliths can be compared 
also with crustose coralline algae growing as epiphytes on seagrasses in Chwaka 
Bay (Rasmusson 2008). Here, the calcification rate of the calcareous crusts was a 
bit more than half of the rate of rhodoliths (61 and 101 mmol of CaCO3 m

-2 min-1 

respectively), so we should expect that also these epiphytes could contribute to 
the calcification budget of the Bay. Thus, we believe that the contribution of other 
calcifying algae can be significant, and hence there is a need for further studies on 
the other calcifying algae apart from Halimeda spp. within the Bay. 

Table 3. Standing biomass, growth rate and productivity of Halimeda spp. in Chwaka Bay.  
DGR = Daily Growth Rate. 

  Standing 
biomass (g 
dw m-2)

CaCO3 
content         
(% dw-1)

Standing 
CaCO3                      
(g CaCO3 
m-2)

mean DGR                 
(% day-1)

CaCO3 
production              
(g CaCO3 m

-2 
day-1)

From this 
study, table 1

From this 
study

Calculated 
from the 
biomass 
and CaCO3 
content.

From this 
study, table 2, 
site II

Calculated from 
standing CaCO3 
and DGR

Site I
H .macroloba 392 91.57 359 3.07 11.01
H. opuntia 1730 92.22 1595 3.03 48.39
H. incrassata 46 90.50 42 2.03 0.85
 

Site II          

H. macroloba 614 91.57 562.22 2.70 15.18
H .opuntia 288 92.22 265.58 2.33 6.20
H. incrassata 592 90.50 535.76 2.40 12.86
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Table 4. A comparison of ranges of Halimeda spp. biomass, growth rate and productivity in  
different tropical waters. 

Species Location Mean 
stand-
ing 
biomass       
(g dw 
m-2)

Mean 
Growth rate 
(seg tip-1 
day-1)

Mean CaCO3 
production 
(gCaCO3m

-

2day-1)

Mean CaCO3 
production 
(gCaCO3m

-

2year-1)

Reference

H. monile Southern 
Florida 
(Lagoon)

8.33      

 

0.1   6.9  Bach 
(1979)

H.  
discoidea

New  
Kaledonia 

- 0.15   
 

0.04   
 

13   
 

Garrigue 
(1991)

H. tuna Florida Keys 20.09   0.54   
 

0.28   
 

101   
 

Vroom et 
al. (2003)

H.  
incrassata

Bermuda, 
shallow 
sub-tropical 
lagoon

6.70 1.0 0.14 50.00 Wefer 
(1980)

H. 
 incrassata

New 
Caledonia, 
lagoon

16.7 0.15 0.09 31.87 Garrigue 
(1991)

H.  
incrassata

Southern 
Florida 
(Lagoon)

0.1 62.3 Bach 
(1979)

Mixed 
Halimeda

Tahiti, shal-
low lagoon

111.00 3.30 0.29 1400 Payri 
(1988)

H. tuna Mediterra-
nean (deep-
water)

244.0 0.20   

 

0.86   

 

314   

 

Ballester-
os (1991)

H. 
opuntia

Tahiti shal-
low lagoon

100.00       3.53   
 

1 288   
 

Payri 
(1988)

H.  
minima 

Central 
Great Bar-
rier Reef 
Province 
(on reefs)

6.90   0.16     6.12   8.22   2 234   3000   Drew 
(1983)

H.  
macroloba

Zanzibar 505.40   0.48   

 

11.01   15.18   4 018   5541   (Kangwe 
2006;This 
study)

H. 
opuntia

Zanzibar 780.80   0.88   0.70   6.20   48.39   2 262   17663   (Kangwe 
2006;This 
study)

H.  
incrassata

Zanzibar 276.60   0.30   

 

0.85   12.86   309   4693   (Kangwe 
2006;This 
study)
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FuTuRE SCENARIOS FOR CALCIFICATION, EuTROPHICATION 
AND OCEAN ACIDIFICATION 

What threats can we see to the health of the calcareous algae of Chwaka Bay? One 
possible future threat could come from the increasing tourist industry if it would 
lead to increased sewage inputs to the bay (see chap. 1). Such increases in the 
nutrient levels of the water have been suggested to negatively affect some coral-
line algae. A study of nutrients released from the harbour area in Zanzibar Town 
reported that high levels of phosphate being transported with nutrient-enriched 
water to nearby reefs by tidal flushing might have caused a 60% decrease in the 
cover of coralline algae close to sewage sources, and that growth rates of the coral-
line algae declined drastically at high phosphate concentrations, but no effect of 
exposure to elevated nitrate or ammonium levels was detected (Björk et al. 1995). 
Thus, if the nutrient levels in the water of Chwaka Bay increases due to sewage 
disposal it could have negative consequences on the calcification in the Bay. Also, 
eutrophication is considered a major threat to the worlds seagrass meadows (Björk 
et al. 2008, 20) and, because of the above described tight coupling between the 
seagrasses and calcifying algae, anything disrupting seagrass meadows would 
most probably also affect the calcareous macroalgae therein. 

Another possible threat that is commonly discussed within the scientific com-
munity is “ocean acidification”, which refers to a decrease in seawater pH resulting 
from increasing atmospheric, and accordingly dissolved, CO2 concentrations (The 
Royal Society 2005). Apart from a reduction in pH, carbonate ion concentrations 
of seawater will decrease proportionally, lowering the saturation state of CaCO3 in 
the water (ΩCaCO3). If the level of CaCO3 saturation decreases, key marine organisms 
such as coralline algae and corals will have difficulties in maintaining high rates 
of calcification, jeopardising the stability of their calcified cell walls and skeletons 
(see e.g. Orr et al. 2005).

How ocean acidification will affect the calcification within the seagrass beds of 
Chwaka Bay is still an open question. If the pH in the seawater (and thus ΩCaCO3) 
drops because of increased CO2, then it seems reasonable to assume that rates of 
calcification will also drop. This has been confirmed in laboratory experiments 
with rhodoliths from Chwaka Bay (Semesi et al. 2009a).  However, as Chwaka 
Bay is mostly a shallow lagoon systems colonized by a dense cover of highly pro-
ductive seagrass beds, the effects of ocean acidification could very well be partly 
counteracted by an increase in seagrass photosynthesis that, by fixing CO2, elevates 
the pH (and ΩCaCO3) of the water in the Bay (Björk and Beer 2009; Semesi et al. 
2009b). While at present we don’t know enough to estimate to what extent biologi-
cally driven changes in pH might affect processes like ocean acidification, but we 
can definitely say that photosynthetically generated pH changes have a significant 
influence on processes such as calcification within Chwaka Bay, and are therefore 
probably of great importance in other shallow marine systems as well. While 
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reports on the effects of pH on marine biological systems are few, the significant 
impacts shown hitherto calls for pH to be looked upon as an important ecological 
factor in many marine environments, the fluctuations of which can control several 
biological processes including calcification and photosynthetic and, thus, growth 
rates.

APPENDIX 1

Methods for Estimating Halimeda Biomass, CaCO3 Content and 
Growth 
Standing biomass

The standing biomass of the different Halimeda species was assessed from 
Sites I-V (Fig. 2) using quadrants method, during the dry season (December 
to February) and rainy season (March to May). At each site, standing 
biomass was quantified from a permanent area 40 m x 40 m marked with 
sticks in a homogenous Halimeda-containing meadow. Ten 0.25 m2 metal 
quadrates were thrown at random, and all the above ground Halimeda ma-
terial within the quadrates were collected and taken to the laboratory. In the 
laboratory, samples were washed with tap water to remove salt and loosely 
bound sediments, sorted into individual species, below-ground parts were 
removed and the above-ground biomass was oven dried at 60ºC to constant 
weight and weighed. The mean value was obtained to represent biomass of 
each site. The weight of unknown species was distributed equally among the 
3 Halimeda species. All sampled areas were marked with sticks to ensure 
that the same exact areas are not re-sampled over the next sampling period. 

   
CaCO3 content 

Samples of mature segments of H. macroloba, H. opuntia and H. incrassata col-
lected monthly from a homogenous Halimeda-containing meadow for six months 
(December 2000 to May 2001) were used for CaCO3 analysis using the acid leach-
ing method. The segments were thoroughly washed with tap water to remove salt 
and oven-dried at 60oC for 48 h and stored dry before analysis. During analysis, 
three finely ground sub-samples of 10 g dw from each species were treated with an 
excess of HCl (2 M) and the carbonate weight was determined from the weight lost 
during the acid treatment. 
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Growth 

The growth of the different Halimeda species were estimated at Sites I & II by using 
the tagging technique (Ballesteros 1991) using SCuBA. The two sites differed in 
environmental factors such as depth, bottom sediment type and exposure to air 
during lowest spring tides, and both were studied during dry (January through 
February) and wet (April through May) seasons as well as a transition period (July 
through August) after the rain season has ended. This was important due to dif-
ferences in seawater chemistry between the two seasons (nutrient influx, pH and 
changes in salinities due to dilution or evaporation). Between 20 and 25 mature 
thalli of H. macroloba, H. opuntia and H. incrassata were tagged within a 1 m2 area 
using small labelled plastic tags and the number of new segments above the tagged 
region were recorded on a weekly basis for 35 days. Growth rate was expressed as 
percent daily growth rate (% DGR) calculated from the ratio of the new segments 
above the tagged region over the sum of all segments present. Several different 
plant sizes were sampled during the tagging.

Salinity and water temperatures were measured during low tide periods from 
January to August 2002 at sites I and II using a refractometer and thermometer 
respectively. Two readings were taken from each site in a week and the mean 
monthly value was obtained. Monthly mean rainfall data were obtained from 
the Zanzibar Meteorological Agency. Salinity values at Site II remained above 34 
except for March and May, when the mean monthly salinity decreased to 32 and 
30, respectively. A decrease in salinity was observed during the rainfall season 
(March-May) at Site I, where the mean salinity decreased to 24 in March and 26 in 
May when rainfall was high. Water temperature decreased from May towards July, 
reaching lowest values in August that averaged 25.6°C and 24.8°C at Sites I and II, 
respectively. 
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