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Abstract Much of the western Indian Ocean
suffered widespread loss of live coral in 1998
and interest is now focussed on the indirect
effects of this coral loss on other components of
the ecosystem, in particular fishes. However, it
is just as important to identify changes in fish
assemblages at locations that did not suffer
coral mortality to understand local versus
regional drivers. We surveyed benthic and fish
communities on a reef flat in Mauritius five
times between 1994 and 2005. The design
allowed for comparison through time, along the
coast and between inshore and offshore reef
locations. The benthic community demonstrates
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a clear trend along the coast, likely in response
to a dredged water ski lane, but little change
through time. Branching Acropora colonies
dominate much of the live coral and best
explain patterns in the fish assemblage
(P < 0.01). Few changes in overall fish species
richness through time were identified, and
observed changes were within fishery target
families rather than species reliant on live coral.
Departure from expected levels of taxonomic
distinctness suggests degradation in the com-
munity associated with the dredged ski lane.
Non-metric multi-dimensional scaling of the fish
assemblage demonstrates a similar pattern to
that seen in the benthos; greater differences
along the coast (Global R = 0.34) than through
time (Global R =0.17) and no trend between
reef positions. SIMPER analysis identified two
species of Stegastes as the main drivers of trends
in the MDS plot and the most dominant of
these, S. lividus, appears to be reducing species
richness of the remaining fish community. The
study highlights Mauritius as a regional refugia
of thermally-sensitive corals and specialised fish,
suggesting a need for careful management.

Keywords Climate change - Community
structure - Reef fishes - Coral bleaching -
Mascarene Islands - Tourism - Stegastes - Western
Indian Ocean
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Introduction

Coral reefs globally are suffering increasingly
frequent events of thermally induced bleaching
and associated mortality (Hoegh-Guldberg 1999;
Sheppard 2003). Loss of live coral cover at this
scale is expected to affect other components of
the ecosystem (Walther et al. 2002), and studies
of such impacts are growing in number. Much
attention is focussed on likely ramifications for
reef-associated fish assemblages. The majority of
studies to date have been on the scale of a few
months to years and indicate limited community
change aside from species directly dependant on
live coral or algae for food or shelter (Kokita and
Nakazono 2001; Lindahl et al. 2001; Booth and
Berretta 2002; Chabanet 2002, McClanahan et al.
2002; Sheppard et al. 2002; Spalding and Jarvis
2002; Sano 2004), whereas the longer term effects
may be much greater (Jones et al. 2004; Garpe
et al. in press; Graham et al. 2006). This may be
due to lag effects associated with changes in
physiological condition of fish (Pratchett et al.
2004) and collapse of the physical structure of the
reef matrix (Garpe et al. in press; Graham et al.
2006). Understanding such effects and processes
will clearly be essential for future use and man-
agement of affected reef systems.

When trying to understand the effects of
bleaching on fish assemblages, it is just as
important to assess change through the same time
period at locations that did not suffer badly from
bleaching, as it is to study sites where severe
mortality occurred. This acts as a control for
bleaching effects where other drivers in fish
community dynamics can be identified in a region
over the same time period. Ecological processes
such as variable recruitment (Doherty and Wil-
liams 1988; Letourneur et al. 1998; Doherty et al.
2004), predation (Hixon 1991; Graham et al.
2003) or competitive interactions (Robertson
1996; Letourneur 2000; McClanahan 2000a) could
be driven by natural processes and influence fish
assemblages. They may also be driven by changes
in habitat associated with effects such as eutro-
phication (McCook 1999), sedimentation (Rogers
1990), or fishing (Jennings et al. 1995; McClana-
han and Graham 2005), or actions that may cause
physical damage to the habitat (Brown et al. 1990;
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Adjeroud et al. 1998). Identifying such processes
and collecting baseline data at a location that has
escaped much of the thermal damage character-
ised at other sites will provide information for
future monitoring and management, particularly
when future effects of bleaching at regional scales
are expected to be significant (Sheppard 2003).

The warm phase of the El Nifio Southern
Oscillation (ENSO) event of 1998 resulted in the
greatest global bleaching event on record (Hoe-
gh-Guldberg 1999) and was particularly devas-
tating to the western Indian Ocean (WIO)
(Goreau et al. 2000) where it interacted with the
warm portion of the Indian Ocean dipole (Saji
et al. 1999). However, the effects varied greatly,
with some locations, such as the Maldives and the
inner Seychelles suffering 75-99% mortality,
whereas other locations, such as Réunion and
South Africa suffering low to negligible damage
(Goreau et al. 2000; Obura 2005). Bleaching in
Maurtius was also minimal with less than 10%
coral cover effected in 1998 (Moothien Pillay
et al. 2002; Turner and Klaus 2005), and 24% in
2004 (McClanahan et al. 2005). Post these two
events coral cover is still dominated by thermally
sensitive genus’ such as Acropora and overall
cover appears to have risen since a broad survey
in 1992 (McClanahan et al. 2005).

This study assesses changes in benthic and fish
communities on a narrow reef flat in north-west
Mauritius that escaped much of the bleaching
mortality experienced by other locations in the
WIO in 1998. Temporal and spatial trends
through a period 1994-2005, thus spanning the
1998, 2003 and 2004 bleaching events, are studied,
aiming to identify any change in benthic and fish
community structure. Alternative hypotheses are
considered and, using a suite of multivariate tools,
a case is built for the most plausible explanations
for the observed trends.

Materials and methods
Study site and sampling techniques
Mauritius is located in the southwestern Indian

Ocean, 200 km east of Réunion Island, and
800 km east of Madagascar, between latitudes
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19.58 and 20.31°S, and longitudes 57.18 and
57.46°E. The study was conducted in the north-
west coast of the island (Fig. 1), which is sheltered
from the dominant southeast trade winds. The
study site, Pointe aux Piments, is located 10 km
north of the capital, Port-Louis, this part of the
coast developed with hotels. The fringing reef,
dominated largely by branching Acropora corals,
is approximately 250 m wide and 1-2 m deep
along this section of the coast, and largely used for
recreational purposes by hotel guests. Within the
study area a dredged water ski lane has been in
active use since 1995 (Fig. 1). Fishing pressure
around Mauritius is high (~1600 t yr' from
lagoons and reefs) and is thought to exceed max-
imum sustainable yields (Turner and Klaus 2005).

Data were collected on benthic and fish com-
munities at ten stations over a 10 year period,
where samples were collected in 1994, 1995, 1996,
1997 and 2005. The design allowed for compari-
son through time, along the coast and between
inshore and offshore reef locations. Five transects

Fig. 1 Map of the study
site, indicating location in
Mauritius, proximity of
the ten sampling stations,
direction of transects and
location of dredged water
ski lane. Adapted from

(T1-T5) perpendicular to the shore, each had a
landward (A) and seaward (B) sampling station,
where a 50 m transect tape was laid down parallel
to the shore in a southerly orientation (Fig. 1).
The study site comprised approximately 1 km of
shoreline, each transect being separated by 200-
350 m. Land sampling stations (A) were located
50 m from the shore, whereas sea stations (B)
were ~200 m from the shore.

Full fish censuses were carried out by snorkel
along 50%2 m belt transects at each of the ten
sampling stations. Fish were identified to the
species level (within 29 families) and abundance
estimated. The discrete group sampling technique
was used, whereby fish in different families and
mobility groups were surveyed during different
passes of the transect (four in total) to account for
varying behaviours (Harmelin-Vivien et al. 1985).
This process was repeated 3 times for each station
and an average abundance for each species
attained. A presence/absence survey was also
conducted around each station area during a
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30-min timed swim. Although fish counts were
conducted by three different observers over the
five sampling years, all observers were highly
experienced and observer variation is expected to
be minimal (Williams et al. 2006; McClanahan
et al. in review). After a fish census was complete
the benthos along the same 50 m transect line was
quantified using the line intercept method (Loya
1978), whereby the distance of tape occupied by
the following substratum categories was quanti-
fied: live branching coral, live plating coral, live
other coral and dead substratum. These data were
converted into percent covers of each category
for each of the ten stations surveyed within each
year. Data were collected during peak daylight
hours. Surveys in 1994, 1996 and 2005 were during
the Austral winter, whereas surveys in 1995 and
1997 were during the Austral summer, however
analysis of 1994-1997 data indicated little sea-
sonal variation (R. Galzin unpublished data).

Data analysis

Due to the multi-species nature of the data and
the design of the survey, the most appropriate
analyses were multivariate (Clarke and Warwick
2001a). To assess patterns in benthic data from all
stations in all years we used correlation-based
principle components analysis. Data were
log(x + 1) transformed to account for some right
skewness detected in draftsman’s plots and nor-
malised. Eigenvectors were overlaid on the
resultant plot to identify direction and contribu-
tion of the different variables to the patterns and
to identify any correlation between variables.
Percent total live coral was also quantified for
each transect and landward and seaward sampling
stations across the 5-year period. Two-way
ANOVA’s were used to assess differences
through time associated with both trends along
and away from the shore. Normality of data was
examined with histograms and normal probability
plots of the residuals. Homogeniety of variances
were tested with Bartlett’s test. Where a signifi-
cant difference was found, Tukey’s test identified
those samples driving the differences.
Presence/absence fish diversity data from
timed swims was pooled to the year level to rep-
resent the reef as a whole. Overall species rich-
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ness (S) and richness within key families was
calculated for each year.

We examined the taxonomic diversity of the
fish assemblage for each station and year. Aver-
age taxonomic distinctness (AvTD) was calcu-
lated by assessing the degree to which species in a
sample are taxonomically related, measuring the
average path length between every pair of species
based on a taxonomic tree (Clarke and Warwick
1998). Variation in taxonomic distinctness
(VarTD) was assessed by measuring the evenness
to which the taxa were spread across the tree
(Clarke and Warwick 2001b). Funnel plots were
constructed for both variables with expected
mean and 95% confidence limits constructed
from a simulation distribution using random
subsets of the master taxonomy list (constructed
following Helfman et al. (1997)). Any departure
from expected values could thus be identified,
where low AvVID and low to normal VarTD
indicates degraded locations (Clarke and War-
wick 2001b). General patterns related to our
study design were tested using two-way crossed
ANOVAs with the factors year and transect, as
these were identified as the key sources of varia-
tion by Analysis of Similarities (ANOSIM).

Fish assemblages within each station in each
year were compared using non-metric multi-
dimensional scaling (MDS) based on Bray—Curtis
similarity measures. Species abundance data were
square-root transformed to down weight abun-
dant species. Differences between years, transects
and reef position (A-B) were tested using
ANOSIM, which is a non-parametric permutation
procedure. After identification of which transects
and years (the 2 significant factors) differed the
most (ANOSIM pairwise test output), SIMPER
analysis was run on the data matrix. SIMPER
decomposes Bray—Curtis dissimilarities between
all pairs of samples to identify those species that
contribute most to differences (Clarke and War-
wick 2001a).

As SIMPER identified Stegastes lividus fol-
lowed by Stegastes nigricans as the species con-
tributing most to the significant trends in the
MDS plot for both year and transects along the
shore, bubble plots were used to overlay relative
abundance of both of these species enabling
identification of the trends they were contributing
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to. As these species are both highly aggressive
and territorial (Randall et al. 1997; Letourneur
2000), the influence that their abundance has on
species richness of the rest of the fish assemblage
was tested using linear regression analysis.

To link the benthic and fish data, bubble plots
were used to overlay relative value of benthic
variables on the fish species MDS plot. This
allowed identification of any trends driven by the
benthic variables. The BEST BIO-ENV routine
was then run using Spearman rank correlation
between benthic Euclidean distance and fish
species Bray—Curtis similarity matrices to identify
the benthic variable or group of variables that
best explained the patterns in the fish species
MDS plot (Clarke and Warwick 2001a). The sig-
nificance of this result was tested using a permu-
tation test.

Results

The benthos at this location in Mauritius experi-
enced very little change through the 10-year study
period. Principal Components Analysis indicates
a trend along the shore line, from Transects 1 and
2 to Transects 4 and 5, but little change with time
(Fig. 2). The main factors influencing this pattern
along PC1 (~57% of variation) are higher cover
of live branching and plating corals towards the

Fig. 2 Correlation-based

southern end of the study site, or away from the
ski lane, and higher cover of dead substratum
towards the north (Fig. 2). Percent cover of other
live substratum (mainly massive corals) appears
to be driving patterns along PC2, however this
cover was often low. These trends are further
highlighted by looking at overall percent live
coral cover. The decline along the coast in a
northerly direction is significant (Fs37 = 13.9,
P < 0.001), Tukey’s test indicating that T1 differs
from T4 and T5, and T2 differs from T3, T4 and
TS, whereas no such trend is found through time
(P =0.70) (Fig. 3a). The greater cover at near
shore locations compared to seaward locations
(A-B) in 1994 was not nearly as great in sub-
sequent years, and the overall difference between
sites A and B and through time is not significant
(P =0.15 and P = 0.85) (Fig. 3b).

The timed swim presence/absence surveys
demonstrate remarkable stability in overall fish
species richness through time (Table 1). Stability
is consistent in nearly all the key families in-
volved, including those dependant on live coral
such as the chaetodontids. Notable declines in
number of species are seen for lethrinids, lutja-
nids (though both were already in low number)
and in particular serranids, all of which are com-
mon fishery target species (Table 1).

Conversely, at the level of stations, a number
of samples depart negatively from the expected
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Fig. 3 Percent cover of total live coral in (a) each year by
transect and (b) each year by position from the shore

values of AvTD, suggesting some samples may be
taxonomically depauperate (Fig. 4a). The only
significant decline in the ANOVA model was for
the factor year (Fsps =3.22, P =0.03) and Tu-
key’s pairwise comparisons indicate that this was
influenced by lower values in 1997 versus 2005
(P =0.03). Much less departure from expected

Table 1 Reef fish species richness from presence/absence
timed swim data at level of whole assemblage (S) and
within selected families

1994 1995 1996 1997 2005

Total species 104 102 110 99 101
richness (S)
Acanthuridae
Balistidae
Chaetodontidae
Holocentridae
Labridae
Lethrinidae
Lutjanidae
Monacanthidae
Mullidae
Pomacentridae
Scaridae
Serranidae
Siganidae
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values is noticed for VarTD (Fig. 4b), however a
weak significant difference is detected for the
factor transect (Fyjps5 =2.95, P =0.04), which is
driven by a difference between Transect 1 and 3
(P = 0.04).

The fish species MDS plot indicates a very
similar pattern to that found in the benthic PCA,
some difference in years, but an overall trend
along the coast from T1 and T2 to T4 and T5
(Fig. 5a). Samples from T1 and T2 are located in
the bottom left side of the plot for all years, with
samples from more northerly transects located to
the top and right of the plot. This pattern is
highlighted by the ANOSIM results, with signifi-
cant differences for Year and Transect, but not
Position on the reef (Table 2). Pairwise testing
identified 1994 departing from all other years and
2005 from 1996 and 1997. Pairwise tests for
Transect identified T1 departing from T4 and TS5,
and T2 from T4 (Table 2).

SIMPER analysis, for the 2 years and transects
that differed the greatest from one another,
highlighted that Stegastes lividus followed by
S. nigricans were contributing by far the greatest
to the observed differences (Table 3). Poma-
centrids and more mobile scarids, acanthurids and
wrasses make up the majority of the remaining
species contributing 60% of the differences
(Table 3). The trends driven by S. lividus and S.
nigricans are highlighted by the bubble plots
(Fig. 5b, c), the former being more dominant in
the southerly sites that have greater live coral
cover (Fig. 3a), whereas the latter is more domi-
nant in the northerly sites. Furthermore, and
likely exacerbating the patterns, is that the
abundance of S. lividus but not S. nigricans is
negatively correlated with overall fish species
richness, though the trend is not consistently sig-
nificant between years (Fig. 6).

Bubble plots overlaying percent cover of ben-
thic variables on the fish species MDS further
highlight these trends; samples to the bottom left
of the plot being dominated more by live
branching and plating corals (Fig. 5d, f), whereas
samples to the right of the plot have a greater
cover of dead substratum (Fig. Se). Rank corre-
lation of benthic variables to the fish species data
indicates that the best single and significant
(BioEnv Rho statistic: P < 0.01) benthic variable
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Fig. 4 Funnel plots of
average taxonomic
distinctness (a) and
variation in taxonomic
distinctness (b) of each
sampling station (belt
transects) within each
year with mean and 95%
confidence limits from
expected values using
master taxonomy
aggregation file
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driving the patterns in the fish data is the percent
cover of live branching coral (r = 0.36).

Discussion

Coral and fish communities appear to have
experienced very little change over 10 years at
this location in Mauritius, in contrast to other
studied sites in the western Indian Ocean (Lin-
dahl et al. 2001; McClanahan et al. 2002, Shepp-
ard et al. 2002; Graham et al. 2006). Indeed the
dominant trend at the study location appears to
be along the coast, rather than through time. This
suggests that the benthic community has changed
very little through the 1998 ENSO event and the
more minor 2003 and 2004 bleaching events.
Unfortunately, reefs were not sampled between
1997 and 2005, which raises the question as to
what happened during this sampling hiatus. The
1998 ENSO event resulted in less than 10% of
coral colonies bleaching in Mauritius (Moothien
Pillay et al. 2002). The 2003 bleaching event was
most evident on the southwest of the island and a
cyclone was implicated in the recovery of

20 30
Number of species

bleached corals (Ahamada et al. 2004; Turner and
Klaus 2005). In 2004, 24% of corals bleached
(McClanahan et al. 2005), however recovery was
again high (Ahamada et al. 2004) and coral cover
was higher than surveys conducted in 1992
(McClanahan et al. 2005). Although we can not
discount the possibility of rapid re-colonisation
and recovery of the reef with the predominant
fast growing Acropora colonies, the above studies
and the remarkably similar cover estimates
through time suggest a minor influence from
bleaching events. Furthermore, Acropora is one
of the most susceptible genera to thermal stress in
the region (McClanahan et al. 2001, 2004) and has
experienced large declines in many other loca-
tions (Goreau et al. 2000; McClanahan 2000b;
McClanahan et al. 2001; Sheppard et al. 2002).
Indeed, branching and plating corals now make
up less than 1% of the benthos in the inner Sey-
chelles, a decline of over 95% (Graham et al.
2006). Study and protection of this apparent
refugia of sensitive, habitat forming corals in
Mauritius is important given predictions of fur-
ther widespread degradation of the region in
coming decades (Sheppard 2003).
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Fig. 5 Non-metric Multi-Dimensional Scaling (MDS) plot
of fish assemblages at each of the ten stations (belt
transects) within each of the five sample years based on
Bray-Curtis similarity measures (a). Bubble plots for
Stegastes lividus (b) and Stegastes nigricans (¢) over species
MDS sample points indicating patterns driven by their

The observed trend in benthic composition
along the coast within the study location is most
likely due to the dredged water ski lane that has
fragmented the reef flat in this section, likely still
results in increased sediment loads and is subject
to high recreational use. The disparity between
near shore and sea (A-B) stations that was quite
apparent and a dominant driver of trends in 1994
(Adjeroud et al. 1998) is not as great on a tem-
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presence. Abundance at each sample given below station
name (scale of bubbles: 0-20). Bubble plots for cover of
branching coral (d), dead substrate (e) and plating coral (f)
indicating which patterns in the species MDS are driven by
these benthic variables. Percent cover at each station given
below station name (scale of bubbles: 0-100%)

poral scale. Given the dominance of the reef flat
by fast growing branching Acropora corals, it is
possible that this may be due to some recovery
following completion of the ski lane (1993-1994).

Although overall species richness of the reef
fish assemblage has remained stable through this
time period, the richness is fairly low compared to
studies in nearby islands such as Réunion (Le-
tourneur 1996a), Madagascar (Harmelin-Vivien
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Table 2 Analysis of Similarity (ANOSIM) outputs for the fish sampling stations

Factor Global R Significance Pairwise test

Year 0.17 P < 0.01 1994 diff to all, 2005 diff to 1996 and 1997
Transect 0.34 P < 0.01 T1 diff to T4 and TS5 T2 diff to T4
Position 0.02 ns

Global and pairwise test results given for each of the three factors in the design

1989) and Mayotte (Letourneur 1996b; Chabanet
2002). This is likely due to the surveys being re-
stricted to the reef flat and because the reef is
narrow along this section of the coast (Adjeroud
et al. 1998), although reef flats of a similar width
in Réunion had higher species richness (Letour-
neur 1996a). It could also be due to anthropo-
genic stress on the system through past dredging
of the water ski lane and ongoing effects of fishing
and recreational use. Indeed, many samples de-
part from expected values of taxonomic distinct-
ness, and common fishery target species, in the
families Lutjanidae, Lethrinidae and Serranidae,
are missing. The years driving the main difference
in taxonomic distinctness were 1997 and 2005,
with 1997 having lower values. Although coral
cover was lowest in this year, the magnitude was
small and it is hard to ascribe causation to this
trend. Indeed, the stability of species richness
from the presence/absence survey within families
that often feed on (Chaetodontidae) or dwell in

(Pomacentridae) live coral indicates that these
patterns are likely not driven by ENSO effects on
the benthos, in contrast to other locations in the
region (Spalding and Jarvis 2002; Graham et al.
2006). As samples from all years demonstrated
departure from expected values, it is more likely
that long-term effects are causing the trends.
The overall pattern in the fish community from
MDS analysis is remarkably similar to that for the
benthos, with the greatest differences identified
along the coast (Global R = 0.34) as apposed to
time (Global R = 0.17). This lends further sup-
port to our conclusion that the ecosystem has
remained stable through the ENSO event and
other factors are likely responsible for the
observed changes. The heavy fishing pressure in
Mauritius (Turner and Klaus 2005) and the
apparent loss of diversity in key fishery target
groups, of which many species are piscivores, may
be driving trends related to predation pressure.
Studies of predator control on reefs indicate

Table 3 SIMPER outputs for greatest pairwise differences in year and transect identified by ANOSIM

Year (1994 and 2005)

Transect (T1 and T4)

Species % Contribution Species % Contribution
Stegastes lividus 10.64 Stegastes lividus 12.03
Stegastes nigricans 10.07 Stegastes nigricans 10.84
Dascyllus aruanus 4.77 Scarus psittacus 6.56
Chromis viridis 4.21 Dascyllus aruanus 4.78
Chlorurus sordidus 4.18 Chlorurus sordidus 3.92
Ctenochaetus striatus 4.15 Scarus scaber 3.36
Halichoeres scapularis 2.78 Ctenochaetus striatus 3.26
Stegastes limbatus 2.65 Chromis viridis 3.18
Scarus scaber 2.55 Halichoeres scapularis 2.79
Acanthurus triostegus 2.41 Calotomus spinidens 2.69
Gomphosus caeruleus 2.03 Thalassoma hardwickii 2.36
Zebrasoma scopas 2.02 Stegastes limbatus 1.91
Acanthurus nigrofuscus 1.95 Stethojulis bandanensis 1.76
Stethojulis bandanensis 1.86 Epinephelus merra 1.68
Chrysiptera unimaculata 1.82

Oxymonacanthus longirostris 1.79

Parupeneus macronema 1.43

Species that contributed 60% of the overall difference are listed in descending order of most contribution
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Fig. 6 Regressions of
Stegastes lividus density
against fish species
richness per station (belt
transects) overall and for
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trends both at the level of single species (Graham
et al. 2003), aggregated by size class (Dulvy et al.
2004), and evidence suggesting there is a direct
relationship between gape size of the predator
and size of prey (Mumby et al. 2006). Recruit-
ment has also been shown to drive variation in
fish assemblages on reefs (Doherty and Williams
1988), particularly following mass-events (Le-
tourneur et al. 1998). Given the time between
surveys and the narrow spatial scale over which
the study has been conducted, variable recruit-
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ment could influence the small temporal patterns
detected, but is unlikely to be driving the larger
trends along the coast. Given that the availability
of habitat types has not altered a great deal,
competition for resources among fish species may
be expected to have remained stable through this
time period. However changes in certain domi-
nant species, such as Stegastes, could well be
causing changes in the rest of the assemblage.
The coastline adjacent to the study site has
experienced rapid development for tourism in the
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last 10-15 years, and this is likely exerting stress
on the reef ecosystem. Along the 1-km stretch of
coast, two large hotel complexes actively use the
reef for water sports activities. High use of reefs
for snorkelling and diving can have detrimental
effects (Hawkins et al. 1999; Zakai and Chad-
wick-Furman 2002). In this case, however, the
greatest effect is likely to be from the dredged
water ski lane through the middle of the reef flat.
Increased pollution, sedimentation and changes
in current regimes are all likely to be effecting
both the coral and fish assemblages, and may be
partly responsible for the changes through time.
However, the greatest effects of the ski lane
appear to be along the coast in the survey area.

Both the benthic and fish communities display
the strongest patterns along the coast from
Transects 1 and 2 to Transects 4 and 5, with
greater live coral to the south end of the study site
away from the dredged area. Branching coral is
likely to be causing the observed patterns in
the fish assemblages given that it was best at
predicting the patterns in the fish assemblage
structure and because it provides important
three-dimensional structure (Bellwood et al.
2004). Furthermore, this habitat is critical at the
early life history stage when fish settle from the
plankton; 65% settling directly into live coral
(Jones et al. 2004).

The two species of Stegastes were influencing
the greatest difference along the coast and
through time in the MDS plots. Although the
preferred habitat of both species’ is branching
coral (Randall et al. 1997), it appears that Steg-
astes lividus is dominating the area of the reef
where branching coral is most abundant. This
may be explained by S. lividus growing to a larger
maximum size than S. nigricans (Randall et al.
1997); size of individual correlating to size of
territory and dominance over more favourable
habitats in this genera (Robertson 1996; Letour-
neur 2000). If the relationship between S. lividus
abundance and overall fish species richness is
causal, this one species of small reef fish appears
to be accounting for a large portion of the varia-
tion in fish species richness; benthic variables and
Stegastes nigricans demonstrating no measurable
control. Although the competitive dominance of
larger species of Stegastes over abundance of

other Stegastes species in the same area has been
identified (Robertson 1996), and the influence of
territorial pomacentrids on behaviour and forag-
ing of individual species of other reef fish is well
documented (e.g. Jones 2005), we believe this
influence on the species richness of an entire fish
community has not been demonstrated before.

Dominance of space by branching coral and
Stegastes lividus is clearly contributing to the pat-
terns in the MDS plot, but not necessarily in the
direction one may expect from previous positive
relationships between coral cover and fish species
richness (e.g. Bell and Galzin 1984). Areas of high
cover of live branching coral in Mauritius are
dominated by large numbers of S. lividus and their
territorial behaviour may actually reduce species
richness, such that the relationship between coral
cover and fish species richness is negative. Conse-
quently, mono-specific stands of branching coral
are resulting in an ecosystem more susceptible to
competitive dominance by fewer species (Almany
2004). Indeed, dominance of a reef by one main
taxa of coral will not necessarily promote high
species diversity, rather a range of different taxa
and habitat types is expected to provide more
niches and a more diverse ecosystem (Almany
2004). This will be particularly true for small-
bodied species of reef fish that are closely reliant
on habitat for shelter and food and are often
specialised (Munday and Jones 1998).

The western Indian Ocean has suffered the
greatest effects from coral bleaching in the Indo-
Pacific (Goreau et al. 2000) and future bleaching
is predicted to result in the ‘extinction’ of these
reefs in coming decades (Sheppard 2003). How-
ever, various locations in the southern western
Indian Ocean, including Mauritius, currently
seem to be a refuge from coral bleaching, dem-
onstrating ‘“‘protection” from serious thermal
stress (Obura 2005) and host high coverage of
thermally sensitive corals that still support spe-
cialist fish species. This study has demonstrated
minimal community change through time on a
coral reef in Mauritius, and identified other fac-
tors likely to be driving trends. Such data and
future monitoring in these areas of bleaching
refugia will be important to understand natural
variation in fish communities and associated
management implications.
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