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ABSTRACT

In May 1999, two sites were selected within the Mombasa

Marine Park and Reserve for the study of macroalgal succession

due to bleaching. One of the sites was Starfish, which lies

within the Mombasa Marine Park and is protected from fishing

and the other site was Ras Iwatine, which lies in the Reserve

area and is subjected to fishing activities. The study revealed

that the Starfish site had a significantly higher hard coral cover,

which did not change over the study period. A comparison of

the density of macroalgae revealed that a higher proportion of

the substrate in Ras Iwatine was dominated by macro algae.

Settlement tiles, used to study algal recruitment, indicated that

the succession process in the Starfish site passes through more

stages compared to the Ras Iwatine site. This succession process

suggested the influence of grazers in Starfish and their impor

tance in maintaining a lower cover of macro algae in this site.

INTRODUCTION

Studies along the Kenyan coast have indicated that the

coral bleaching event of 1997/98 had a considerable

impact on coral environments in terms of the loss of

hard coral cover and an increase in the amount of fleshy

algae (macroalgae). McClanahan and Mangi (2000) esti
mated the overall loss of hard coral to be 71 % in pro

tected reefs and 44% in unprotected reefs. This decline

in hard coral cover coincided with an increase of 115%

of fleshy algae in protected areas and a 220% increase of

fleshy algae in unprotected areas. This study was under

taken in order to investigate the types of fleshy algal

communities that emerged following the bleaching

event as well as their succession patterns taking into

consideration that degraded reefs are often colonized by

different types of algae, which may undergo a succession

sequence ending in a climax community that is different

from the original community.

In May 1999, two sites within the Mombasa Marine

Park and Reserve were selected for this study. One of the

sites was Starfish, which lies within the Mombasa Ma

rine Park and is protected from fishing and the other site

was Ras Iwatine, which lies in the Reserve area and is

subjected to fishing activities. This study formed part of

the benthic project and the data collection ended in

November 2000.

MATERIALS AND METHODS

At the beginning of the study, in May 1999, three line
transects were established in the study areas. However

the number of transects was increased to a maximum of

12 line transects in January 2000 in order to improve

the quality of the data collected. A tape measure was

used to measure the length of the different substrate

types along the line transects. These measurements were
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later converted into percentage cover estimates of the

line. Additionally, settlement tiles were used to study

algal recruitment. Ceramic bathroom tiles were covered

with a mixture of sand and cement in order to prOVide

a rough substrate for the settlement of macroalgae. A

total of 45 tiles were set out in each field site and

three tiles were collected monthly. In the laboratory

the tiles were studied for the percentage cover of macro

algae on them. Thereafter, small sections (2 cm x 2 cm

sections) of the tile were scrapped off for weight esti-

mates. The weight of the small area was extrapolated

for the entire tile area. The estimation of weight proved

to be imprecise due to the fact that cement fragments

were often incorporated in the sample. Therefore,

percentage cover estimates were used in the analysis of

the tile data. The data presented in this report covers

the period May 1999 to November 2000. However,

sampling was not undertaken in some months, which

affected the quality of the data collected. The data

collected was transformed using the arcsine transforma-
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Figure 1. Substrate categories in Starfish.
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Figure 2. Substrate categories in Ras Iwatine.
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tion and subjected to a two-way analysis of variance

(ANOVA).

RESULTS

The Substrate Composition

The overall substrate types identified in the study areas

were fleshy algae (such as Sargassum sp. and Dictyota sp.),

calcareous algae (such as Amphiroa sp. and Halimeda sp.),

algal turfs comprised of filamentous blue-green and red

algae, encrusting red algae which formed crusts on corals,

hard coral, soft coral, seagrass, sand, sponges and rubble.

In the Starfish site algal turf and hard corals were domi

nant (Fig. 1). About 30% ofthe substrate in Starfish was

comprised of hard coral while in Ras Iwatine hard coral

covered about 5% ofthe substrate. This difference in the

cover of hard coral was significant, however the hard

coral cover did not vary significantly over the time period

studied (Table 1).

In the sites studied in Ras Iwatine there was a domi

nance of algal turf on the substrate (Fig. 2). However

there was no significant difference in the amount of algal

turf when the two sites were compared (Table 1). Mac-

roalgae were found to be more abundant in Ras Iwatine

and this difference was found to be significant.

Approximately 20% of the substrate in Ras Iwatine was

covered by macroalgae while the cover in Starfish was much

lower. The macroalgal group showed variation with time

(Table 1). The cover of calcareous algae, encrusting red

algae and seagrasses was also found to be significant with

a higher cover ofthese groups in Ras Iwatine.

The Composition of Macroalgae

The macroalgae found in the study sites were divided

into upper canopy macroalgae, lower canopy macroalgae

and calcareous algae. The upper canopy species were the

large brown algae and these were Sargassum sp., Dictyota

sp., Turbinaria sp. and Padina sp. These macroalgae

dominated in the two study sites (Table 2) and their

distribution patterns are shown in Fig. 3 (next page) and

4 (page 65). Sargassum sp. and Dictyota sp. were signifi

cantly different when the two sites were compared with

higher amounts found in Ras Iwatine. Out of all the

macroalgae only Dictyota sp. exhibited seasonality with a

significant variation over time (Table 2) .

The lower canopy macroalgae are shown in Fig. 5 and

6 (page 65). There were more species in this group in

Table 1. Substrate composition in Starfish and Ras Iwatine and summary of the statistical analysis

Substrate Categories Starfish Ras Iwatlne AnalysIs of Variance (ANOVA)
sltes_______ tlme _

F P F P

Macroalage 5.78± 3.91 21.31 ± 8.52 125.85 <0.001 8.49 0.003

Calcareous algae 0.29± 0.37 2.53 ± 2.55 7.01 0.024 0.43 NS
Algal Turf 39.91 ± 11.66 36.67 ± 10.04 0.06 NS 0.08 NS
Encrusting Red algae 0.83 ± 0.68 3.86± 4.31 5.64 0.04 1.19 NS
Hard Coral 30.03 ± 12.8 4.81 ± 2.20 85.56 <0.001 1.35 NS
Soft Coral 0.11 ± 0.18 1.06± 2.66 1.13 NS 2.09 NS
Seagrass 0.34± 0.58 8.02 ± 10.94 5.86 0.04 0.88 NS
Sand 10.60 ± 4.68 7.62 ± 4.66 3.50 NS 2.35 NS
Sponge 0.97 ± 0.79 1.41 ± 1.63 0.29 NS 1.48 NS
Rubble 10.27 ± 7.01 11.09± 10.38 0.0004 NS 2.22 NS

NS: Not significant. Data presented as mean percentage cover ± sd.
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Table 2. The substrate cover of the different macroalgae found in Starfish and Ras Iwatine and the summary of the
statistical analysis

Macroalgae Starfish Ras Iwatlne AnalysIs of Variance (ANOVA)
sltes________ tlme _

F P F P

Upper canopy algae

Sargassum sp. 1.71 ± 1.19 9.S9± 3.05 87.07 <0.001 2.17 NS
Dictyota sp. 0.83 ± 0.76 3.57 ± 2.68 39.58 <0.001 4.78 0.02

Turbinaria sp. 0.40± 0.33 1.00 ± 1.88 1.55 NS 1.95 NS
Padina sp. 2.51 ± 2.72 6.12 ± 5.00 1.55 NS 1.95 NS

Lower canopy algae

Hypneasp. 0.22 ± 0.34 0.33 ± 0.65 0.90 NS 6.53 NS
Dictyospheria sp. 0.01 ± 0.03 0.10± 0.12 4.42 NS 0.97 NS

Blue-g-een algae 0.40± 0.33 0.22 ± 0.46 3.51 NS 1.87 NS
Dasyasp. 0 0.02 ± 0.06 1.00 NS 1.00 NS
Codiumsp. 0 0.36± 0.65 4.21 NS 1.00 NS
Halymenia sp. 0 0.05 ± 0.11 2.25 NS 1.00 NS
Chaetomorpha crassa 0 0.01 ± 0.01 1.00 NS 1.00 NS

Calcareous algae

Amphiroa sp. 0.05 ± 0.07 1.67 ± 2.37 12.21 0.008 0.96 NS
Jania sp. 0.10± 0.23 0.38± 0.84 0.94 NS 1.71 NS
Halimeda sp. 0.14± 0.31 0.47 ± 0.39 3.89 NS 0.23 NS

NS: Not significant. Data presented as mean percentagae ± sd.
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Table 3. The cover of the different macroalgae that colonized the tiles set in Starfish and Ras Iwatine and the summary of
the statistical analysis

Macroalgae on tiles Starfish Ras Iwatlne AnalysIs of Variance (ANOVA)
sltes_______ tlme _

F P F P

Filamentous algae 23.88 ± 32.08 20.63 ± 34.3 0.06 NS 5.82 0.03
Sand 33.38 ± 26.74 5.43 ± 9.51 3.56 NS 0.42 NS
Filamentous red 2.20 ± 3.02 0.40 ± 0.93 1.72 NS 2.20 NS
Blue-green algae 5.61 ± 7.16 4.89 ± 11.12 1.06 NS 7.09 0.02

Encrusting red algae 2.84 ± 2.75 8.17 ± 12.01 1.23 NS 2.95 NS
Hypnea sp. 5.73 ± 4.48 1.90 ± 2.38 11.52 0.015 7.74 0.014

Padina sp. 4.59 ± 8.69 5.59 ± 10.49 1.27 NS 15.62 0.002

Amphiroa sp. 3.70 ± 6.02 5.57 ± 9.23 0.08 NS 3.39 NS
Gracilaria sp. 0.63 ± 1.77 0 1.00 NS 1.00 NS
Jania sp. 0.36 ± 0.61 0 1.00 NS 1.00 NS
Sargassum sp. 0.23 ± 0.47 0 2.24 NS 1.00 NS
Chondri a sp. 0.13 ± 0.35 0 1.00 NS 1.00 NS
Dictyota sp. 0.11 ± 0.16 0.96 ± 1.83 1.23 NS 0.58 NS
Ulva sp. 0.06 ± 0.18 0.14 ± 0.38 1.00 NS 31.76 <0.001

Dictyospheria sp. 0.04 ± 0.11 0 1.00 NS 1.00 NS
Sponge 0 0.04 ± 0.11 1.00 NS 1.00 NS

NS: Not significant. Data presented as mean percentagae ± sd.

Ras Iwatine while in Starfish there were fewer speices in

this group and their abundance was very low. In the

group of calcareous algae only Amphiroa sp. was signifi

cantly different when the two sites were compared with

higher densities in Ras Iwatine (Table 2).

The Composition of Macroalgae
on the Settlement Tiles

The tiles were set in the two sites to determine the

colonization of newly opened space, which may be the

outcome of coral death. The tiles were used to examine

what would happen to the coral reefs once the corals die.

The settlement patterns on the tiles are shown in Fig. 7

and 8. This part of the study focused on macroalgal

colonization and succession.

In general, a more diverse assemblage of macroalgae

colonized the tiles in Starfish (Fig. 7). In both sites,

colonization was mostly by lower canopy macroalgae

though some ofthe upper canopy species appeared occa

sionally. At the onset of the colonization process at the

Starfish site, there was an abundance of filamentous

algae (a mixed species assemblage of turf algae) but this

was later covered with sand. Blue-green algae and

Amphiroa sp. were also present in the later parts of the

year and other algae like GradIaria sp., Dictyospheria

carvenosa and Chondria sp. were found periodically on

the tiles. In Ras Iwatine, filamentous turf algae were also

found at he onset of the tile colonization process (Fig.

7). Padina sp. was abundant in the early and later parts

of the sampling period. Sand was present however the

amount of sand on the tiles in Ras Iwatine was lower

than that in Starfish though this difference was not

Significant (Table 3) .

Several macroalgae varied Significantly with time and

these were the filamentous algae, Hypnea sp, Padina sp.,

Blue-green algae and VIva. Hypnea sp. was the only algae
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Figure 9. Succession of macroalgae on tiles at a) Starfish, and b) Ras Iwatine.

that showed a significant difference when the sites were

compared. A more detailed analysis of the peaks in the

succession process is shown (Fig. 9), indicating that the

Starfish tiles had more succession stages compared to the

tiles established in Ras Iwatine.

DISCUSSION

Previous studies in protected and unprotected reefs have

indicated that protected reefs have a high abundance of

hard coral, calcareous algae and coralline algae while

unprotected reefs have a greater abundance of algal turf,

seagrass and soft coral (McClanahan & Obura, 1995).

The Starfish site falls within a protected area and the fact

that the algal turf is not Significantly different from that

found in Ras Iwatine indicates that the area has may

have experienced changes in substrate composition. The

high abundance of algal turf in Ras Iwatine is typical of

an unprotected site. Ras Iwatine lies in a marine reserve

area where fishing is allowed and this has influenced the

substrate composition in the area.

The presence of a Significantly high coral cover in the

Starfish sites indicates that hard corals were still preva

lent during the duration of the study pericx:l. There were no

Significant changes in the hard coral cover during this time,

which indicates that the expected decline in hard coral
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cover did not occur during the study period. Substrate

data collected later In July and October 2001 IndIcated

that the cover of hard corals was approximately 40%

(Mwachyriea, unpublished data). This estimate was sim

ilar to the estimates made during the study period be

tween May 1999 and Novemeber 2000.

The study sites in Ras Iwatine had a high cover of

upper canopy macroalgae. This group was comprised of

large brown algae and these species have been docu

mented to be dominant in coral reef areas (McClanahan,

1997). Turbinaria sp. and Sargassum sp. have been

found to be the most abundant canopy-forming genera

in climax communities (McClanahan, op. cit). In Ras

Iwatine, Sargassum sp. was Significantly more abundant

and its dominance in this site together with the other

upper canopy species indicates that Ras Iwatine has a

climax macroalgal community. The abundance of these

upper canopy species is less in Starfish. Additionally, the

number of smaller lower canopy species was higher in

Ras Iwatine, which indicates the extent of algal domi

nance in this site. Seasonality patterns were hard to

discern in the data set and this may be the result of

infrequent sampling during the year.

The tiles were put in the study sites to try and under

stand the succession process that may occur in a newly

opened space caused by coral death. The tiles in Starfish



experienced more stages in the succession process. Mc

Clanahan (1997) noted that the type of herbivorous fish

on a reef influence algal succession where large roaming

fish like parrotfish and some surgeonfish allow the suc

cession to pass through more stages. The fact that Star

fish lies in a protected site means that there is a higher

abundance of fish compared to Ras Iwatine, and this

abundance of fish could have an influence on the coloni

zation process.

The foregoing results of this study indicate that dur

ing the study period the Starfish site was not trans

formed into an algal reef and that the presence of herbi

vores in this site may have contributed to this. This

shows that consideration must be given to the types of

grazers found at a site, which are here controlled by the

level of fishing disturbance and management, in order to

understand the trends seen in the distribution of macro

algae.
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