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Coral reefs at the inner granitic islands in the Seychelles were heavily affected by the worldwide
bleaching event in 1998, which led to subsequent coral mortality and widespread phase shifts to mac-
roalgae dominated reefs. In this study, five sites within a small, but well enforced marine reserve at
Cousin Island, were investigate using various methods to explore differences in coral habitat quality,
coral recruitment, fish assemblages, key invertebrate grazers, and rugosity. The objective of the study
was to collect a broad set of scientific data, which could be useful to describe linkage between coral reef
and fish assemblages after a large-scale disturbance, as well as for future management decisions
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M:\/ rine protected areas regarding marine resources, in terms of MPA protection and recovery abilities. The results showed high
Coral reef spatial variation in coral coverage between sites (from 1.5% to 43.2%), which were higher than previously

reported, as well as high variation in dispersal of coral recruits. Furthermore, there were large hetero-
genic differences in fish densities and composition, which were directly linked to coral habitat quality,
e.g. total fish abundance was 15 times higher on sites with high coral coverage in comparison to sites
with low coral cover. In summary, this study demonstrates that coral reef habitat and fish assemblage
may display high spatial variability and heterogenic differences after large-scale disturbances and sug-
gests that potential recovery from coral mass mortality may occur in a non-linear and patchy procedure,
which in turn may depend on underlying stocastical processes that affect coral recruitment and
survivorship.
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1. Introduction Worm, 2003; Berkes et al., 2006; Knowlton and Jackson, 2008),

decreases in water quality (Wooldridge, 2009), outbreaks of crown-

Degradation, fragmentation, and loss of habitats have been
suggested as some of the most critical threats to global terrestrial
and marine biodiversity (Musick, 1999; Bellwood et al., 2004;
Carpenter et al., 2008; Graham et al, 2011). During the last
couple of decades coral reef habitats, which have the highest
biodiversity of all marine ecosystems (Birkeland, 1997), have
declined at an alarming rate due to a combination of both
anthropogenic and natural disturbances (Bruno and Selig, 2007;
Gamfeldt et al., 2014). Threats to coral reef habitats and associ-
ated fish communities include: over-exploitation (Myers and
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of-thorns starfish (Acanthaster planci) (Wilson et al., 2008; De'ath
et al, 2012), sedimentation, (Fabricius, 2005; Halpern et al,
2013), and more recently severe large-scale effects from climate
change (reviewed by Pratchett et al., 2011; Hoegh-Guldberg, 2012;
Wernberg et al., 2012; Hughes et al., 2013).

While the coral reefs in the Seychelles have been considered to
be one of the least affected areas by local anthropogenic distur-
bances in the Western Indian Ocean (Cinner et al., 2009; Burke
et al, 2011), the coral reefs at the inner granitic islands at the
Seychelles were one of the most severely affected areas by the
worldwide 1998 bleaching event (Wilkinson, 2004 ), with up to 95%
coral mortality (Bigot et al., 2000; Graham et al., 2006; Wilson et al.,
2012). The coral bleaching event in 1998 occurred as a result of the
interaction of the El Nino Southern Oscillation (ENSO) and Indian
Ocean Dipole (IOD), which led to global increased sea surface
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temperatures and large-scale coral bleaching, which was followed
by coral mass mortality and widespread phase shifts to macroalgae
dominated reefs (Goreau et al., 2000; Spalding and Jarvis, 2002;
Graham et al.,, 2006), defined as an extensive decrease in coral
cover coinciding with substantial increases in some alternative
benthic organism, which have persisted for more than five years
(Norstrom et al., 2009).

Before 1998, coral coverage at the inner granitic islands at the
Seychelles was reported to reach in average 28% and surveys con-
ducted within the marine reserve at Cousin Island described the
coral reefs within the MPA to be in good condition, with high
percentage of coral cover (Wilson et al., 2012) and high levels of fish
biomass (Jennings et al., 1996). However, the coral reefs around
Mahe and Praslin suffered extensive damage and mortality from
the 1998 bleaching event and mean coral cover within the reserve
at Cousin Island decreased with 95—99% coverage (Wilson et al.,
2012) and covered only approximately 1% of the benthic sub-
strate in to 2005 (Ledlie et al., 2007).

The aims of this study was to investigate spatial variability in
coral reef habitat and fish community, as well as examine ecological
linkages between habitat quality and coral reef fish assemblages
within a small well-protected MPA. Scientific information
regarding recovery rates of coral reefs and associated fish assem-
blages in small marine reserves may have important implications
for both the local fishery, as well as for continuing support and
coastal management decisions (Halpern and Warner, 2002; Roberts
et al., 2003; McClanahan et al., 2006).

Five sites were selected for extensive surveys within the marine
reserve at Cousin Island and by using various methods investigate
differences in: (1) biotic and abiotic benthic substrate, (2) rugosity,
(3) coral recruitment, (4) fish density and functional groups, and (5)
key invertebrate grazers.

2. Material and methods
2.1. Study area

The study was carried out inside the no-take MPA around

Cousin Island in the Seychelles. Cousin Island is a part of the inner
granitic archipelago of the Seychelles and was declared a nature
reserve by the government of the Seychelles in 1968 (Jennings,
1998). The area received further legal protection in 1975 and
became a ‘Special reserve’ when the surrounding water, from
400 m from the high tide water mark in all directions around the
island covering in total approximately 1.2 km? was protected
(Francis et al., 2002), which makes it one of the longest established
no-take marine reserves in the Western Indian Ocean (McClanahan
etal., 2009). The MPA is well enforced (Jennings et al., 1996) by local
wardens and the science officer, who lives permanently on the is-
land, and during the turtle season all beaches are frequently
patrolled.

The marine area around Cousin Island is characterised by
fringing carbonate reef, granite reefs, patch reefs, and extensive
areas of sand and Sargassum sp., a late succession algae species
(McClanahan, 1997). The coral reefs around Cousin Island are
affected by large seasonal variation due to the regional monsoon
weather system, and the sandy area is repeatedly shifting between
the eastern and northern beaches, which during certain times can
result in low visibility. All of the reefs within the MPA are located
fairly shallow (<20 m).

Five different sites around Cousin Island were surveyed for this
study (Fig. 1). Site 1: carbonate reef mainly dominated by a com-
bination of macroalgae and turf algae, but with patches of high
coral cover; Site 2: carbonate reef dominated by turf algae and
underlying substrate of stable coral rubble, which is being re-
colonised by coral recruits; Site 3: granitic and carbonate reef
mainly dominated by algae and patches of corals; Site 4: carbonate
reef flat dominated by high coverage of turf algae and with low
structural complexity; Site 5: carbonate reef slope dominated by
corals (Fig. 2a, b).

12 and 15 sub-locations were randomly selected for surveying at
each site (15 sub-locations at Site 1, 2, and 3; and 12 sub-locations
and Site 4 and 5). All sites were located within the 400 m zone
where all fishing activities and all other extraction of marine or-
ganism are completely prohibited.
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Fig. 1. Map of Cousin Island Special Reserve with the five surveyed sites marked out. Dashed line indicate border of the marine protected area.
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Fig. 2. a. Stable coral rubble, which is slowly being recolonised with corals. Photo:
April ]. Burt. b. High coral coverage at one of the investigated sites (Site 5) at Cousin
Island special reserve, which were severely damaged by the 1998 coral mortality event.
Photo: April J. Burt.

2.2. Collection of data

The following survey methods were used to collect data for this
study: line intercept transects (LIT), coral recruit quadrates, belt
transects for fish abundance and key invertebrate grazers, and
rugosity, i.e. the three dimensional complexity of the benthic sub-
strate on a small defined spatial scale (Wilson et al., 2008).

All data was collected during October 2013 to April 2014 using
SCUBA and recorded by the same persons during the study (AJB and
ECM) to reduce personal bias, which has shown to affect accuracy of
data collection (Samoilys and Carlos, 2000; Nadon et al., 2012;
McCauley et al., 2012).

Benthic substrate was recorded using 10 m LIT transect. Tran-
sects were placed haphazardly parallel to the shore at approxi-
mately the same depth (6 m—10 m) according to English et al.
(1997). Biotic substrate was classified into the following cate-
gories: live hard coral, soft coral, coralline algae, turf algae,
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Fig. 3. Differences in coral and algae coverage at the five surveyed site inside the
marine reserve at Cousin Island. Error bars denotes +SE errors of the mean.

macroalgae, algal assemblage, sponge, and other (including
zooanthids and sea anemones) (Leujak and Ormond, 2007). Hard
coral was further classified to genus and morphology according to
the literature (Veron, 2000). In addition, the underlying abiotic
substrate was noted included sand, rock, rubble, and dead coral. In
total 69 LIT transects were completed for the study and the same
transects were used for counting fish and invertebrates. Each
transect was separated by a random number of fin kicks (with a
minimum of approximately 10 m interspacing).

Coral recruitment was surveyed at each site by counting the
number of recruits within a 1 m? quadrate. Three quadrates were
randomly placed at each sub-location, resulting in 36—45 quadrates
surveyed at each site. Coral recruits were classified as corals smaller
than 5 cm diameter, which represent approximately 2 years growth
(Wendling et al., 2003). For each quadrate, the substrate was
meticulously examined and any present algae were carefully parted
in order to locate small and concealed recruits. In total 207 quad-
rates were surveyed during the study.

Coral reef fish assemblage were surveyed using 20 m belt
transect (English et al., 1997). A transect tape was laid parallel to
shore by one diver while the surveyor swam in front, recording fish
abundances 2.5 m from each side of the tape. Samoilys and Gribble
(1997) recommend this technique of simultaneously counting fish
while rolling out the transect tape, since it increases the accuracy of
data collection. Fish were identified to family level and later cat-
egorised into functional groups (Froese and Pauly, 2014), which has
been defined as a group of species that perform a similar function,
regardless of their taxonomic affinities (Steneck and Dethier, 1994;
Bellwood et al.,, 2004). At each site 12—15 belt transects were
completed, covering in total 6900 m?.

Surveying of key invertebrate grazers (Diadema sp.) were carried
out along the same transects as the fish belt transects, where one
observer searched and counted all individuals of sea urchins.

Finally, the small-scale complexity of the benthic substrate
(rugosity) was measured using the ‘chain-and-tape’ method (Risk,
1972; Luckhurst and Luckhurst, 1978; McCormick, 1994).



TL. Jorgensen et al. / Ocean & Coastal Management 114 (2015) 32—41 35

Fig. 4. Various types of coral recruits growing on top of stabilised coral rubble. Photo:
April J. Burt.

2.3. Data analysis

One-way ANOVA was used to analyse differences between sites
regarding benthic substrate, total fish density and composition,
invertebrate density, coral recruitment, and rugosity. ANOVA as-
sumptions were tested using Brown-Forsythe's test for homoge-
neity of variances. When necessary, transformations were applied
(square, square root, log+1 transformations). To further investigate
differences between sites, Tukey's unequal N HSD test was used as a
post hoc test. When ANOVA assumptions were not fulfilled, non-
parametric Krustal-Wallis ANOVA test was used and Krustal-
Wallis multiple comparisons (2-tailed, p-value) test was carried
out as a post hoc test. To examine the overall relationship and
linkages between benthic substrate and coral reef fish assemblage,
multiple regression and simple regression analyses were carried
out.

All statistical analyses were performed using the software Sta-
tistica (version 5.5) and SPSS (version 20).

3. Results
3.1. Spatial variability in habitat characteristics

The results from the surveys showed high spatial variability in
habitat characteristics, coral recruitment, fish density, key inver-
tebrate grazers, and rugosity at the five investigate sites inside the
marine reserve at Cousin Island (Tables 1-3).

Recorded coral coverage displayed significant differences be-
tween sites, covering in average 19.8% of the substrate, however
coverage varied from 1.5% at Site 4—43.2% at Site 5 (p < 0.001;

Fig. 3). Furthermore, coral recruitment was also unequal distributed
at the surveyed sites, from 1.31 coral recruits/m? at Site 4, but was
significantly higher at Site 2 with 6.98 coral recruits/m? and 3.72
coral recruits/m? at Site 5 (p < 0.01; Table 1a, Figs. 4, 5).

Total coverage of algae (macroalgae, turf algae, algae assem-
blage) was high at all sites and reached up to 97.8% at Site 4, with
the lowest recorded cover at Site 1 and Site 5 (56.2% and 53.1%
respectively). However, while algae coverage was the pre-
dominated substrate at all sites, the algae composition differed
markedly between sites (Fig. 3). Cover of turf algae was significantly
higher at Site 4 in comparison to all other sites and reached nearly
90.6%, while it varied in between 27.4 and 45.2% at the other sites
(p < 0.001; Table 1a). In comparison, macroalgae reached 7.2% at
Site 4 and varied between 20.8 and 22.8% at Site 1—3, but was not
recorded at all at Site 5 (p < 0.001; Table 1a). Finally, algae
assemblage reached the highest noted coverage of 21.7% at Site 3,
but was significantly lower at Site 1 and 4, with 1.3% and 0%
coverage, respectively (p < 0.001; Table 1a).

In addition, bare substrate (substrate with no recorded biotic
coverage) was high at Site 1, reaching 24.75% and was significantly
lower at Site 2, 4, and 5.

3.2. Abiotic benthic substrate and rugosity

The underlying abiotic substrate varied between the surveyed
sites. Coverage of rock was highest at Site 3 (82.6%) and was
significantly lower at Site 1 (57.8%) and Site 2 (55.4%) (p < 0.01;
Table 1b). Coverage of rubble varied from 38.6% at Site 2—16.9% at
Site 5 and 7.2% at Site 3 (p < 0.01; Table 1b). Sand was relatively
uncommon, except at Site 1, which had a 21.8% coverage of sand,
which was significantly higher than all other surveyed sites, which
had a coverage of <5% (p < 0.001; Table 1b).

Rugosity was lowest at Site 4 in comparison to all other sites;
however due to low number of replicates this result was not sta-
tistically significant.

3.3. Fish composition, functional groups, and key invertebrate
grazers

Total fish density varied greatly between sites with 3.0 speci-
mens/100 m? recorded at Site 4, which was lower in comparison to
19.9 specimens/100 m? at Site 1 and significantly lower in com-
parison to all other sites (39.6 at Site 5; 48.7 at Site 3; and 50.5
specimens/100 m? at Site 2) (p < 0.001; Table 3, Fig. 7).

Functional groups displayed high heterogenic differences be-
tween sites (Fig. 6). Numbers of piscivores were highest at Site 2
and reached 2.93 specimens/100 m?> and were higher than
numbers of piscivores at Site 1 and Site 4, which had 0.73 and 0.0
specimens/100 m? recorded respectively (p < 0.001; Table 2). In
addition, invertebrate/piscivores and invertebrate feeding groups
were not encountered at all at Site 4.

In comparison, herbivores were noted at all sites, but in various
numbers, from 2.92 specimens/100 m? at Site 4, which was
significantly lower in comparison to recorded numbers of herbi-
vores at Site 2, 3, and 5 (p < 0.001; Table 2). Highest numbers of
herbivores were encounter at Site 2 and Site 3, with 30.73 and 34.20
specimens/100 m? recorded respectively. Both sites had higher
densities of herbivores than Site 1 and Site 4 (p < 0.001; Table 2).

Densities of corallivores were highest at Site 5 (5.50 specimens/
100 m?), which were significantly different from Site 2 and Site 4,
which had 147 and 0.0 number of specimens/100 m? noted
(p < 0.001; Table 2). Obligate corallivores, which are corallivore
Chaetodontidae species which has a diet that is centred on coral up
to 80% according to Cole et al. (2008), were most commonly found
at Site 5, which also had the highest level of coral cover and were
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Table 1a

Biotic substrate and coral recruitment and diversity at all surveyed sites at Cousin Island. Significant results from one-way ANOVA, Unequal N HSD, and non-parametric
Kruskal—Wallis tests. Substrate presented in percentage and coral recruitment in recruits/m? with mean coverage and standard error in brackets.*p < 0.05; **p < 0.01;

sekok,

p < 0.001; ns (not significant).

Substrate Site 1 (n = 15) Site 2 (n = 15) Site 3 (n = 15) Site 4 (n = 12) Site 5 (n = 12) p-value
Coral 15.76 (3.54) 19.91 (4.51) 19.91 (6.14) 1.45 (0.42) 43.18 (3.02) <0.001*>
Site 5: 0.017* Site 4: 0.025* Site 5: 0.034* Site 2: 0.025* Site 1: 0.017*
Site 5: <0.001*** Site 3: 0.034*
Site 4: <0.001***
Soft coral 0.00 (0.00) 0.53 (0.53) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) ns™P
ns ns ns ns ns
Coralline algae 3.10(1.42) 2.33(0.83) 3.15(1.04) 0.33 (0.19) 1.25 (0.43) ns*"
ns ns ns ns ns
Turf algae 32.50 (5.16) 40.79 (5.73) 27.36 (4.47) 90.58 (3.19) 4521 (3.15) <0.001***>
Site 4: <0.001*** Site 4: 0.001** Site 4: <0.001*** Site 1: <0.001*** Site 4: 0.026*
Site 2: 0.001**
Site 3: <0.001***
Site 5: 0.026*
Algal assemblage 1.33(1.33) 8.82 (2.74) 21.67 (5.21) 0.00 (0.00) 7.93 (2.61) <0.001***>
Site 3: <0.001*** Site 4: 0.034* Site 1: <0.001*** Site 2: 0.034*
Site 4: <0.001*** Site 3: <0.001***
Macroalgae 22.33 (5.63) 22.81 (5.41) 20.82 (3.65) 7.21 (3.15) 0.00 (0.00) <0.001***>
Site 5: 0.008** Site 5: <0.001*** Site 5: 0.003** Site 1: 0.008**
Site 2: <0.001***
Site 3: <0.001***
Sponge 0.23(0.23) 0.07 (0.07) 0.33(0.19) 0.42 (0.21) 1.66 (0.67) nsP
ns ns ns ns ns
Bare substrate 24.75 (5.71) 4.56 (2.86) 6.83 (2.90) 0.01 (0.01) 0.78 (0.46) 0.002**>
Site 2: 0.041* Site 1: 0.041* Site 1: 0.001** Site 1: 0.014*
Site 4: 0.001**
Site 5: 0.014*
Coral recruits/m? 2.89(0.80) 6.98 (1.67) 2.05 (0.47) 1.31 (0.47) 3.72 (0.59) 0.01**P
Site 4: 0.003** Site 2: 0.003** Site 4: 0.036*
Site 5: 0.036*
Coral recruits diversity/m? 1.67 (0.30) 2.42 (0.36) 1.58 (0.31) 0.97 (0.30) 2.44 (0.25) <0.001***>
Site 4: 0.013* Site 2: 0.013* Site 4: 0.018*
Site 5: 0.017*

2 One-way ANOVA.
b Krustal-Wallis ANOVA: Median test.

totally absent at Site 4, which had the lowest coverage of corals
(p < 0.001; Table 2).

Planktivores were most frequently observed at Site 5 and were
more than twice as numerous as on all other sites (p < 0.001;
Table 2). Densities of omnivores were generally low, varying from
0.08 to 1.40 specimens/100 m? at all sites and differed significantly
between Site 4, which had the lowest observed levels of omnivores
to Site 2 and Site 3 (p < 0.01; Table 2).

Recorded numbers of key invertebrate grazers was highest at
Site 5 (6.6 specimens/100 m?) and were significantly lower at Site 1
(2.0 specimens/100 m?) (p < 0.01; Table 3).

3.4. Interactions between habitat structure and fish composition

The final multiple linear regression model showed that coral
cover was significantly correlated with the following predictors:
fish density, sea urchins, and macroalgae (the latter displayed a
negative correlation) (R? = 0.36; intercept p < 0.01).

Regarding functional feeding groups, planktivores, obligate
corallivores, and invertivores correlated with coral coverage
(R? = 0.37; intercept p < 0.05) and when separated into fish family
groups surgeonfish, triggerfish, sweetlips, and parrotfish displayed
similar results, although not significant (R* = 0.35; intercept
p = 0.07).

The lowest recorded numbers of coral recruits were at the same
site as the lowest observed coral coverage (Site 4), however there
was no significant correlation between coral coverage and coral
recruits. In contrast, numbers of coral recruits were strongly
correlated with coral recruits diversity (R> = 0.63, p < 0001).

4. Discussion

4.1. High spatial variability in coral habitat quality and fish
composition between sites

This study investigated coral reef habitat and fish assemblage at
five different sites within a small (approximately 1.2 km?), but well
protected no-take MPA (Jennings et al., 1996) that was severely
affected by the worldwide coral mass mortality event that occurred
1998 (Bigot et al., 2000; Wilkinson, 2004; Graham et al., 2006;
Wilson et al., 2012). Coral reefs at the inner granitic islands at
Seychelles were heavily damaged and average live coral cover fell
from 27% to 3% after the bleaching event 1998 with a reduction of
up to 90% of live coral coverage (Graham et al., 2007). While pre-
vious studies have reported little recovery inside MPAs at the inner
granitic islands at the Seychelles (Ledlie et al., 2007; Wilson et al.,
2012; Harris et al., 2014), the results from our study demon-
strated high heterogenic variability in habitat quality between sites,
including coral coverage and coral recruitment, as well as large
differences in fish density and composition of functional groups.
This type of information could be important for both a broader
scientific understanding of coral reef recovery after a large scale
disturbance, as well as for marine management decisions, e.g. in
support of expansions of the current marine reserve or future de-
signs of MPA networks. Furthermore, in areas where MPAs are
being managed by local communities or NGOs, it is of great
importance to demonstrate effects of reserves in order to maintain
local support (Beger et al., 2004; McClanahan and Graham, 2005;
Mora and Sale, 2011).
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Fig. 5. Differences in coral recruitment and coral diversity at the five surveyed site
inside the marine reserve at Cousin Island. Error bars denotes +SE errors of the mean.

4.2. Variability in coral coverage and recruitment

Results from this study showed that coral cover varied greatly
between sites, with the lowest coverage of 1.5% recorded at Site 4
and in average 43.2% coral cover at the nearby Site 5, while the
remaining three sites had a coral coverage of 15.7—19.9%. Although
most of the reefs around Cousin Island were dominated by various
types of algae, patchy coral recovery, which has been documented
in the region (Baker et al., 2008; Chong-Seng et al., 2012; Sheppard
et al., 2012), seem to be occurring around Cousin Island. Coral re-
covery, defined as a return to coral dominance (Connell, 1997)
seemed to occur at one site (Site 4), which displayed a coral
coverage that was similar to pre-1998 levels in the area. In addition,
coral coverage was in general higher than previous reported (Ledlie
et al., 2007; Wilson et al., 2012; Harris et al., 2014).

Coral recruitment and survival have been suggested to be a vital
part of coral reef recovery (Miller et al., 2000; Fox, 2004; Graham
et al., 2011). In this study, there were no significant correlation
between coral recruitment and coral coverage, a result which may

Table 1b

depend on co-linearity between available substrate for coral
recruitment settlement and live benthic coverage (Harris et al.,
2014). However, two of the surveyed sites were located fairly
close to each other (Site 4 and Site 5), but displayed large differ-
ences in both coral coverage and recruitment, a result which may
indicate that coral settlement and survival may operate on small
scales (Green and Edmunds, 2011; O'Leary and Potts, 2011; Sawall
et al., 2013). Indeed, recent studies have shown that coral larvae
may selectively settle at beneficial habitats and avoid degenerated
reefs (Dixson et al., 2014). The highest numbers of coral recruits
were found in areas where coverage of coral rubble had stabilised
and lowest at sites with high algae coverage, a result that has been
seen by other authors (Kuffner et al., 2006; Ritson-Williams et al.,
2009; but see Chong-Seng et al., 2012). It is possible that as coral
rubble continue to stabilise around the island, coral recruitment
may be further enhanced, however recruitment success and sur-
vivorship may also depend on other stochastical processes, such as
oceanographic factors and future disturbances, which are poorly
understood and hard to predict (Connell et al., 1997; Hughes et al.,
2012; Freeman et al., 2013). In addition, numbers of coral recruits
and coral diversity were significantly correlated, which may indi-
cate that coral recruitment most likely were not due to one single
episode of recruitment success (Green and Edmunds, 2011; Sawall
et al., 2013; Harris et al., 2014).

Unfortunately, baseline survey data from before 1998 including
all surveyed sites have not been collected, however some of the
investigated sites have shown increased coral coverage during recent
years (Montoya-Maya et al., 2015). Furthermore, while some larger
coral colonies (e.g. massive Porites sp. >2 m? in diameters) were
encountered inside the marine reserve, a vast majority of the
recorded and observed coral colonies were moderately small in sizes,
in average 30—40 cm in diameter (pers obs). Although coral age and
size relationship may vary between species (Soong, 1993; Bak and
Meesters, 1999), it is not unreasonable to assume that due to the
small size of encountered corals colonies, these were corals that have
successfully recruited and survived after the 1998 coral mass mor-
tality event. Average recovery of coral reefs in the region has been
estimated to increase with 1% coral cover per year, but has shown to
vary (Wilson et al., 2012), which is not uncommon, since coral reefs
often display a dynamic response to disturbances (Graham et al.,
2006; Polidoro and Carpenter, 2013; Dixson et al., 2014).

4.3. Heterogenic differences in fish community and linkage to
habitat

Fish density and assemblage showed a high variation and

Abiotic substrate and rugosity at all surveyed sites at Cousin Island. Significant results from one-way ANOVA, Unequal N HSD, and non-parametric Kruskal-Wallis tests.
Substrate presented in percentage with mean coverage and standard error in brackets.*p < 0.05; **p < 0.01; ***p < 0.001; ns (not significant).

Substrate Site 1 (n = 15) Site 2 (n = 15) Site 3 (n = 15) Site 4 (n = 12) Site 5 (n = 12) p-Value
Rock 57.87 (5.68) 55.40 (8.66) 82.57 (6.95) 78.94 (6.36) 82.68 (3.85) 0.002**
Site 3: 0.012* Site 3: 0.027* Site 1: 0.012*
Site 2: 0.027*
Sand 21.83 (5.70) 5.93 (3.00) 3.56 (1.56) 0.00 (0.00) 0.00 (0.00) <0.001***>
Site 4: 0.001** Site 1: 0.001** Site 1: 0.001**
Site 5: 0.001**
Rubble 20.14 (6.70) 38.60 (8.33) 7.20 (2.91) 21.06 (6.36) 16.91 (3.95) 0.007**"
Site 3: 0.006** Site 2: 0.005** Site 2: 0.047*
Site 5: 0.047*
Dead coral 0.00 (0.00) 0.07 (0.07) 0.00 (0.00) 0.00 (0.00) 0.41 (0.41) ns® b
ns ns ns ns ns
Rugosity’ 1.50 (0.17) 1.45 (0.15) 1.48 (0.07) 1.08 (0.04) 1.45 (0.21) ns* ®
Th=3 ns ns ns ns ns

2 One-way ANOVA.
b Krustal-Wallis ANOVA: Median test.
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Density of fish functional groups at Site 1- 5
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Fig. 6. Differences in fish density of functional groups at the five surveyed site inside
the marine reserve at Cousin Island. Error bars denotes +SE errors of the mean.

heterogenic pattern between sites, with the highest total abun-
dances recorded at Site 2 (50.5 specimens/100 m?), which was
more than 15 times as many specimens than at Site 4, which only
had 3.0 individuals noted per 100 m?. Large differences in func-
tional groups were recorded, with high numbers of piscivores and

Table 2

Density of fish families groups at Site 1- 5
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Fig. 7. Differences in fish density of family level at the five surveyed site inside the
marine reserve at Cousin Island. Error bars denotes +SE errors of the mean.

obligate corallivores at Site 5, which also had the highest level of
coral coverage. Both functional fish groups were completely absent
at Site 4, which only had a 1.5% coral coverage. Herbivores, which
plays an important role for coral reef recovery (Bellwood et al.,
2006; Hughes et al., 2007; Mumby and Harborne, 2010), were
present at all sites, but were ten times as numerous at Site 2, 3, and
5 in comparison to Site 4. In addition, planktivores were more than
twice as numerous as at Site 5 in comparison to all other sites.

Fish functional feeding categories at all surveyed sites at Cousin Island. Significant results from one-way ANOVA, Unequal N HSD, and non-parametric Kruskal—Wallis tests.
Mean fish densities presented in species/100 m? and standard error in brackets.*p < 0.05; **p < 0.01; ***p < 0.001; ns (not significant).

Feeding category Site 1 (n = 15) Site 2 (n = 15) Site 3 (n = 15) Site 4 (n = 12) Site 5 (n = 12) p-value
Piscivores 0.73 (0.25) 2.93 (0.64) 240 (1.15) 0.00 (0.00) 1.92 (0.29) <0.001**>
Site 2: 0.011* Site 1: 0.011* Site 2: <0.001*** Site 4: <0.001***
Site 4: <0.001*** Site 5: <0.001***
Invertivores 3.53(0.85) 7.60 (1.80) 5.27 (1.20) 0.00 (0.00) 3.00 (0.66) 0.006**"
Site 4: 0.007** Site 4: <0.001*** Site 4: <0.001*** Site 1: 0.007** Site 4: 0.015*
Site 2: <0.001***
Site 3: <0.001***
Site 5: 0.015*
Invert/Piscivores 0.93 (0.57) 0.40 (0.19) 0.40 (0.16) 0.00 (0.00) 1.17 (0.66) ns®"
ns ns ns ns ns
Herbivores 11.33 (2.42) 30.73 (6.46) 34.20 (5.90) 2.92 (0.80) 15.75 (2.83) <0.001**>
Site 2: 0.045* Site 1: 0.044* Site 1: 0.013* Site 2: <0.001*** Site 4: 0.027*
Site 3: 0.013* Site 4: <0.001*** Site 4: <0.001*** Site 3: <0.001***
Site 5: 0.027*
Corallivores 1.80 (0.66) 1.47 (0.57) 1.53 (0.45) 0.00 (0.00) 5.50 (1.49) <0.001*>
Site 5: 0.042* Site 5: <0.001*** Site 2: 0.042*
Site 4: <0.001***
- Obligate corallivores 0.87 (0.24) 1.07 (0.54) 1.13 (0.42) 0.00 (0.00) 4.25(1.02) <0.001**>
Site 5: <0.001*** Site 4: 0.0021**
- Coral/herbivores 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.08 (0.08) ns®"
ns ns ns ns ns
- Coral/invertivores 0.93 (0.57) 0.40 (0.19) 0.40 (0.16) 0.00 (0.00) 1.17 (0.66) ns*P
ns ns ns ns ns
Planktivores 1.33 (0.99) 4.67 (2.28) 3.47 (1.35) 0.00 (0.00) 12.08 (2.13) <0.001*>
Site 5: 0.002** Site 5: 0.011* Site 5: 0.026* Site 5: <0.001*** Site 1: 0.002**
Site 2: 0.011*
Site 3: 0.026*
Site 4: <0.001***
Omnivores 0.80 (0.35) 1.40 (0.41) 1.00 (0.20) 0.08 (0.08) 1.00 (0.35) 0.008***
Site 4: 0.011* Site 4: 0.036* Site 2: 0.011*
Site 3: 0.036*

2 One-way ANOVA.

b Krustal-Wallis ANOVA: Median test.
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Table 3

39

Total fish density, fish families, and key invertebrate grazers at all surveyed sites at Cousin Island. Significant results from one-way ANOVA, Unequal N HSD, and non-parametric

Kruskal—Wallis tests. Mean abundance presented in species/100 m? and standard error in brackets.”p < 0.05; **p < 0.01; ***p < 0.001; ns (not significant).

Category Site 1 (n = 15) Site 2 (n = 15) Site 3 (n = 15) Site 4 (n = 12) Site 5 (n = 12) p-value
Total fish density 19.87 (3.84) 50.47 (6.91) 48.73 (7.11) 3.00 (0.80) 39.58 (3.94) <0.001*>
Site 2: 0.012* Site 1: 0.012* Site 1: 0.032* Site 2: <0.001*** Site 4: <0.001***
Site 3: 0.032* Site 4: <0.001*** Site 4: <0.001*** Site 3: <0.001***
Site 5: <0.001***
Acanthuridaea (Surgeonfish) 5.40 (1.38) 9.07 (1.36) 9.33 (2.37) 1.58 (0.67) 8.83 (1.57) 0.012*>
Site 4: <0.001*** Site 4: 0.008™* Site 2: <0.001*** Site 4: 0.002**
Site 3: 0.008**
Site 5: 0.002**
Balistidaea (Triggerfish) 0.07 (0.07) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.58 (0.23) ns*P
ns ns ns ns ns
Chaetodontidaea (Butterflyfish) 1.80 (0.66) 1.47 (0.57) 1.53 (0.45) 0.00 (0.00) 4.17 (0.93) 0.004**"
Site 4: 0.044* Site 1: 0.04* Site 4: <0.001***
Site 5 < 0.001***
Diodontidae (Porcupinesfish) 0.07 (0.07) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) ns*®
ns ns ns ns ns
Haemulidaea (Sweetlips) 0.07 (0.07) 0.47 (0.19) 0.27 (0.21) 0.00 (0.00) 1.83 (0.56) <0.001***P
Site 5: 0.005** Site 5: 0.016* Site 5: 0.003** Site 1: 0.005**
Site 3: 0.016*
Site 4: 0.003**
Holocentridaea (Soldierfish) 1.33 (0.99) 4.67 (2.28) 3.47 (1.35) 0.00 (0.00) 6.92 (2.54) ns*®
ns ns ns ns ns
Labridaea (Wrasse) 2.47 (0.70) 6.93 (1.07) 5.33(0.91) 0.00 (0.00) 0.58 (0.36) <0.001**P
Site 4: <0.001*** Site 4: <0.001*** Site 2: <0.001*** Site 2: <0.001***
Site 5: <0.001*** Site 5: 0.002** Site 3: <0.001*** Site 3: 0.002**
Lethrinidae (Emperors 1.07 (0.40) 1.47 (0.70) 0.20 (0.14) 0.00 (0.00) 0.17 (0.11) 0.006™*"
Site 4: 0.029* Site 2: 0.029
Lutjanidaea (Snappers) 0.20 (0.20) 1.80 (0.61) 1.87 (1.09) 0.00 (0.00) 0.75 (0.25) 0.001**"
Site 2: 0.030* Site 1: 0.030* Site 2: 0.027*
Site 4: 0.027*
Pomacanthidaea (Angelfish) 0.80 (0.35) 1.40 (0.41) 1.00 (0.20) 0.08 (0.08) 0.92 (0.29) 0.007**
Site 4: 0.010** Site 4: 0.033* Site 2: 0.010**
Site 3: 0.033*
Scaridaea (Parrotfish) 5.73 (1.73) 8.93 (1.69) 13.47 (1.79) 1.33 (0.64) 6.42 (1.85) <0.001**>
Site 3: 0.011* Site 4: 0.004** Site 1: 0.011* Site 2: 0.004**
Site 4: <0.001*** Site 3: <0.001***
Serranidaea (Groupers) 0.53(0.19) 1.13 (0.22) 0.53 (0.19) 0.00 (0.00) 1.17 (0.24) <0.001**P
Site 4: 0.003** Site 2: 0.003** Site 4: 0.004**
Site 5: 0.004**
Siganidaea (Rabbitfish) 0.20 (0.14) 12.73 (5.79) 11.40 (4.76) 0.00 (0.00) 0.58 (0.31) <0.001**P
Site 3: 0.005** Site 4: 0.024* Site 1: 0.005** Site 2: 0.024*
Site 4: 0.002** Site 3: 0.002**
Tetradontidaea (Pufferfish) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) 0.00 (0.00) ns*?
ns ns ns ns ns
Diadema sp. (Sea urchins) 0.20 (0.07) 0.44 (0.13) 0.31 (0.08) 0.39 (0.06) 0.66 (0.04) <0.001*>

Site 5: 0.001**

Site 1: 0.001**

2 One-way ANOVA.
b Krustal-Wallis ANOVA: Median test.

The results showed that coral cover was positively correlated
with total fish density as well as with densities of sea urchins, and
negatively correlated with macroalgae. This result is in agreement
with other studies that have shown that coral reef fish assemblages
often have been linked to coral coverage and complex three
dimensional structures (Syms and Jones, 1999, Graham et al., 2006;
reviewed by Pratchett et al., 2011). Furthermore, planktivores,
invertivores, and obligate corallivores were directly correlated with
coral coverage. Fish use coral reef habitats for food, protection, and
shelter (Cox, 1994; Bozec et al., 2005; Pratchett et al., 2008) and
especially obligate corallivores have shown to be directly linked to
live coral coverage (Harmelin-Vivien, 1989; Pratchett, 2005),
however feeding specialisation has been shown to vary widely
within species of Chaetodontidaea (Sano, 2004, Berumen et al.,
2005; Pratchett and Berumen, 2008).

5. Conclusions

In conclusion this study showed that coral reef habitat and
associated fish assemblages may display high spatial variability and

heterogenic differences within a small marine reserve and indi-
cated that potential recovery may occur in a patchy manner
(Sheppard et al., 2012; Baker et al., 2008). Since one of the most
important criteria for MPAs to function has been suggested to be
solid political and public support (McClanahan et al., 1997; Gell and
Roberts, 2003; Bennett and Dearden, 2014), this type of collected
data and results may be useful to build local support and for future
management decisions regarding the MPA.

Coral recruitment and coral coverage were higher than previ-
ously reported inside the MPA at Cousin Island (Ledlie et al., 2007;
Wilson et al.,, 2012; Harris et al., 2014) and there was a direct
linkage between coral habitat and fish composition, a result which
is in concordance with other authors (Rodwell et al., 2003; Ruppert
et al., 2013; but see Bellwood et al., 2006). While marine reserves
have shown to be beneficial in terms of protecting diversity, habitat
quality, and fish biomass (Alcala and Russ, 2006; Samoilys et al.,
2007; Molloy et al., 2009; Noble et al.,, 2013; Jorgensen et al.,
2015) they cannot protect against all types of disturbances
(McClanahan et al., 2001; Jones et al., 2004; Mumby et al., 2011;
Selig et al., 2012; Halpern et al., 2013) and therefore investigating
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and assessing factors that promote coral reef recovery processes
should be considered imperative for future marine ecology
research.
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