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• Evaluated marine protection area on population recovery of Coral Trout.
• The population of Coral Trout recorded higher inside marine reserve.
• Low compliance and illegal fishing inside marine reserve impact on fish abundance and biomass.
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a b s t r a c t

Reef fish respond differently to reserve protection. The abundance and biomass of sedentary species
and those with limited mobility should be higher inside the marine reserve and decline with increased
distance from the center of the reserve. Reserve protection reduces fishing mortality and allows recovery
or maintains fish population abundance within the reserve. We assessed the effects of protection on reef
fish, including three species of Coral Trout (Plectropomus spp.), and hard coral cover at a marine reserve
surrounding Lankayan Island, Sabah Malaysia, after 11 years of a ‘no-take’ policy. Underwater visual
census conducted at 8 closed sites and 4 open sites indicated that total reef fish biomass and abundance,
and Plectropomus spp. biomass were significantly higher inside the reserve. Eleven years of no-take policy
appears to maintain Plectropomus spp. biomass up to 5 km from the reserve center. Hard coral cover
influenced reef fish abundance and biomass but it did not affect the presence of Plectropomus spp. Our
findings suggest that the effectiveness of a no-take marine reserve not only requires consideration of
ecological connectivity, reserve size and location, but also socio-economic factors including compliance,
enforcement availability and community participation to achieve greater benefits.

© 2017 Elsevier B.V. All rights reserved.
1. Introduction

Many of theworld’s tropical reef fisheries are overexploited and
are in danger of collapse (Agardy, 2000; Zeller andRuss, 2004) from
unsustainable fishing practices, increased pressure from human
population growth, and economic development that has led to
higher fishing effort (Palumbi, 2004) and habitat degradation. No-
take marine reserves or strict Marine Protected Areas (MPAs)
have been used worldwide as a fisheries management tool to
reduce the impact of overfishing and to allow restoration of fish
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populations (Agardy, 2000; Ormond and Gore, 2003; Mar Lopez-
Rivera and Sabat, 2009). Protection from fishing pressure is one
of the strongest factors affecting fish abundance and diversity in
the marine reserve (McClanahan and Arthur, 2001). Effectively
managed no-take marine reserves maintain sufficient biomass
of reproductively active fish within the reserve to replenish
fish stocks (Roberts, 1997; Rodwell et al., 2002; Sale et al.,
2005). Several studies have indicated fishery benefits of MPAs, as
evidenced by an increase in total biomass and species richness
of reef fish within the MPAs. For example, species richness of
fish community and biomass of many reef fish families were
higher at Seychelles’ marine protected areas where protective
regulations were effectively enforced (Jennings et al., 1996). After
more than 18 years of protection at Apo Island, Philippines, Russ
et al. (2004) documented significantly higher hook and line catch
per unit effort (CPUE) of surgeonfish (Acanthuridae) and jackfish
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(Carangidae) outside of the reserve, indicating a potential spillover
effect. Furthermore, a small no-take reserve (∼500 m length)
at Wakatobi National Park demonstrated an increase in several
populations of grouper species over 5 years of protection effort
(Unsworth et al., 2007).Moreover, abundance, biomass and species
richness of large edible species such as Serranidae, Lutjanidae
and Lethrinidae were also reported to increase within 5 protected
islands in New Caledonia (Wantiez et al., 1997).

No-take marine reserves are predicted to benefit adjacent
fisheries through two mechanisms: (1) net emigration of adult
and subadult specimens and (2) export of pelagic eggs and larvae
to areas outside the reserve (Gell and Roberts, 2003). Protection
from fishing pressure increases the abundance and biomass of fish
inside the reserve but whether it benefits fish catch in adjacent
areas requires more empirical study (Crowder et al., 2000; Sale
et al., 2005). No take marine reserves play a critical role inside
the designated reserve areas and promoting emigration of adult
or sub-adult specimens as well as spillover of larvae to areas
outside the reserve. Several studies have looked at patterns in fish
abundance across no-take area boundaries to deduce evidence of
spillover (Rakitin and Kramer, 1996; Ormond and Gore, 2003). For
example, a decreasing gradient of fish biomass across a no-take
area boundary may indicate export (Forcada et al., 2008). Spillover
can occur when fish density per unit area in the reserve exceeds
the maximum carrying capacity, leading to a positive gradient
of migration of fish towards the adjacent area (Rodwell et al.,
2002; Pérez-Ruzafa et al., 2008). Furthermore, several studies have
evaluated the benefits of marine reserves based on the duration of
protection, size of the area under protection, distance from the no-
take zone (Claudet et al., 2010; Vandeperre et al., 2011), species
behavior and mobility (Claudet et al., 2010), habitat continuity
(Hackradt et al., 2014) and results from effective management
(Maypa et al., 2012).

Several marine parks and marine conservation areas have
been established in Malaysia for biological, fishery, and cultural
conservation and management. However, there is no empirical
study yet to demonstrate the potential effectiveness of these
measures on fisheries enhancement in Malaysia. Reef fish con-
tribute significantly to commercial fisheries in Sabah (Cabanban
and Biusing, 1999). Several other developing countries also de-
pend on reef fish as sources of protein and employment (Levin
and Grimes, 2002). Surveys conducted in 2004 by Daw (2004) and
2002–2004 by Scales et al. (2007) indicated that reef fish popu-
lations have declined in Sabah, Malaysia. Massive harvesting of
large-sized groupers (Serranidae),wrasses (Labridae) and snappers
(Lutjanidae) that support the Live Reef Food Fish Trade (LRFFT) is of
serious concern because it threatens the sustainability of the fish-
ery (Sadovy and Vincent, 2002; Gillett, 2010). Sadovy et al. (2003)
estimated that to support the fishery, the yield of groupers reached
about 0.4 tons km2 year. The exploitation of groupers is excessive,
resulting in the absence of adult reproductive fish in many reefs
(Daw, 2004). Humphead Wrasse (Cheilinus undulatus) and Coral
Trout (Plectropomus leopardus) are highly prized in the LRFFT and
cannot be cultured (Gillett, 2010). Thus, these species are sourced
from the wild. Several species of Plectropomus spp. are the main
targets for the LRFFT besides the humphead wrasse (Cheilinus un-
dulatus) and the mouse grouper (Cromileptes altivelis). In the past
decade, the LRFFT has caused severe depletion of Cheilinus undula-
tus and led to an export ban on this fish in Sabah in January 2010
(Poh and Fanning, 2012). Extensive LRFFT may result in a similar
fate for Plectropomus leopardus if the level of exploitation persists.

Not all species benefit from reserve protection (Halpern et al.,
2010). For example, Choerodon rubescens in Western Australia did
not respond to protection (Nardi et al., 2004). Several studies
indicated that groupers (Serranidae) respond positively to reserve
protection (Nardi et al., 2004; Samoilys et al., 2007; Unsworth
et al., 2007; Mar Lopez-Rivera and Sabat, 2009; Anderson et al.,
2014; Hackradt et al., 2014). Smaller species which are sedentary
may respond more effectively and quickly compared to larger
species which are generally more mobile (Molly et al., 2009). For
example, the smaller grouper species Cephalopholis cyanostigma
and Ephinephelus fasciatus that are reef residents reacted positively
even after 5 years of protection at a small no-take area at the
Wakotobi National Marine Park (Unsworth et al., 2007). While
Claudet et al. (2010) found that mobile species with wide home
ranges also benefit from reserve protection. The Plectropomus spp.
may respond differently to protection. For instance, Wantiez et al.
(1997) detected no change in the average size of Plectropomus
leopardus after five years of protection at 5 protected islands in
New Caledonia. Furthermore, movement patterns of fish between
reefs also determines if emigrationwill occur (Rodwell et al., 2002).

In this study we examined the effect of protection on the
abundance and biomass of 22 families with 139 species of reef
fish and Plectropomus spp. (Plectropomus leopardus, P. oligacanthus
and P. maculatus) in the no-take marine reserve around Lankayan
Island in Sabah, Malaysia. The study addressed two questions: (1)
Do reef fish and Plectropomus spp. benefit from reserve protection
at Lankayan Island? and (2) What is the spatial distribution of
Plectropomus spp. at Lankayan Island? To answer these questions,
three specific objectiveswere defined. The first was to determine if
there is higher reef fish abundance and biomass inside the reserve,
and whether these indicators decrease with increasing distance
from Lankayan Island. The second objective was to determine the
spatial distribution of Plectropomus spp. from Lankayan Island.
The third objective was to determine whether percentage of hard
coral cover affected reef fish abundance and total fish biomass.
We tested two hypotheses: (1) Reef fish and Plectropomus spp.
abundance and size are higher and larger at sites close to the island;
and (2) substrate quality positively affects the abundance of reef
fish.

2. Materials and methods

2.1. Study site

Sugud Islands Marine Conservation Area (SIMCA) is a no take
marine reserve established in December 2001 under the Wildlife
Conservation Enactment 1997 as a Category II Conservation Area,
in accordancewith the IUCN Protected AreaManagement Category
for protection and conservation of marine biodiversity and for
recreational purposes. SIMCA covers an area of approximately
467 km2 in the Sulu Sea within the Coral Triangle region, which
is the epicenter of global marine biodiversity (Allen and Werner,
2002). SIMCA is exposed to two prevailing monsoons: (1) the
South-West monsoon from March to October that generally
consists of sunny and humid weather and features calm sea
conditions; (2) the North-East monsoon from November to
February that experiences strong winds from the northeastern
direction, excessive rains and rough sea conditions (SIMCA, 2008).

Lankayan Island (N06° 30.44, E117° 55.03) is located towards
the southeastern end of the SIMCA. The island is enclosed by
fringing reef flats that are 50 m to 1 km wide. The reef flats are
about 0.5–2 m deep, with the outer slope ranging from 5 to 16 m
depth. The island is also surrounded by ∼30 small (∼0.5 ha) to
large (∼400 ha) patch reefs having an average depth of 13 m at
the reef top and a maximum depth of 24 m at the sandy bottom
(Fig. 1). In this study Lankayan Island was chosen as reserve center
because of the enforcement presence on the island for the past
11 years. The assumption was made that the protection around
the island is fully enforced and that fishing activities around the
island are nil. However, as distance increased from the island, the
level of protection decreased. For example, illegal fishing could
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have occurred at reefs located as far as 6–8 km from the island.
Furthermore, illegal fishing occasionally occurred at reefs closer to
the SIMCA borderwhen enforcement is limited during night hours.
Thus, we evaluated the protection benefits based on reference
distance from the island, instead of the border of SIMCA.

Twelve (12) patch reefs around Lankayan Island (Fig. 1) were
systematically selected as survey sites based on reef size and their
distance from the island. All the selected patch reefs were similar
in depth, with an average of 13 m and maximum of 24 m. The
closest reef was located 1.5 km North-West and the farthest reef
was 10.1 kmSouth-West from the island (Table 1). Only patch reefs
were selected for this study so that they were comparable with
reefs (reef size and depth) that were situated beyond the borders
of SIMCA. We classified the sites into closed and open groups. Four
of the survey sites were located outside of SIMCA in the adjacent
fishing grounds and labeled as the ‘open’ group. Eight sites were
located inside the reserve, and labeled as the ‘closed’ group. Four
sites inside the closed group have been occasionally poached by
illegal fishing. Thus, the ‘closed’ group could be categorized into
two subgroups according to level of protection: (1) Fully protected;
and (2) Occasionally poached (semi-protected), while all sites in
the ‘open’ group were considered to be fishing grounds (non-
protected) (refer to Table 1).

2.2. Fish census

Fish censuses were conducted during the SouthWest monsoon
from April 2010 to October 2010 and April 2011 to November
2011, when sea conditions allowed underwater surveys to be
conducted. The belt transect method suggested by English et al.
(1997) was followed with four (4) independent random transects
of 50m in length placed at each survey site at 13–15m depth. Each
transect was randomly placed, with at least 50–100 m between
transects. Each census was carried out by a diver swimming along
each transect, counting and recording all the fish (22 families, 139
species) exceeding 3 cm total length encountered within 2.5 m on
both sides of each transect. To facilitate counting, the diver would
stop at every 3 m of the transect for 3–5 min to first count the
highly mobile species followed by demersal and sedentary taxa.
Fishes that entered the transect area after the count started were
not counted (Samoilys and Carlos, 2000). For each transect, the
abundance and total biomass were reported for an area of 250 m2.
A total of 48 transectswere laid for all 12 sites, covering 12, 000m2.
All fish censuses were conducted between 09:00 and 16:00 during
good water visibility (>7 m).

Fish biomass was estimated using the Le Cren’s equation
(Wootton, 1992) by converting the length measurements of the
fish to weight (g) using length–weight relationships (W =

aTLb), where, a = constant, b = exponent obtained from
FishBase (www.fishbase.org) for the allometric growth equation,
and TL = total length in centimeters. The sum of biomass of all the
fish recorded on each transect was referred to as total fish biomass.
Abundance and biomass of Plectropomus spp. were expressed as
the sum of abundance and biomass of Plectropomus leopardus, P.
oligacanthus and P. maculatus counted in each census.

2.3. Hard coral cover

Line intercept transects (LIT) for coral substrates were con-
ducted on the same transect as the fish census (English et al.,
1997). However, only 20 m transect of substrate transitions were
recorded. On the 20 m transect, each transition point of substrate
life form was recorded in centimeters. Substrate life forms were
summed up and categorized into ‘hard coral’, ‘soft coral’, ‘algae’,
‘sponges’, ‘rubble’, ‘dead coral’, ‘sand’ and ‘others’. Only the per-
centage of hard coral cover was reported in this survey.
2.4. Data analyses

Two level nested analysis of variance (ANOVA) was used to test
the null hypothesis that there was no difference in mean values
of 5 indicators: reef fish abundance and biomass, Plectropomus
spp. abundance and biomass, and percentage of hard coral cover,
between (i) open and closed groups; and (ii) between sites at
different protection levels. For data (Plectropomus spp. abundance
and biomass) that did not meet the criteria of normality and
homogeneity of variance, the data were log transformed (x + 1)
to stabilize the variance.

Furthermore, regression analysis was used to examine the
relationship between reef fish and Plectropomus spp. abundance
and biomass over distance from Lankayan Island, and the
relationship between hard coral cover and Plectropomus spp.
abundance and total biomass.

3. Results

3.1. Comparison between closed and open group

Reef fish abundance (individual per 250 m2) was significantly
higher inside the reserve (closed group) (F(1,45) = 4.81, p < 0.05),
with a mean of 624.22 fish/250 m2 (SD = 303.4, N = 32)
compared to a mean of 373.44 fish/250 m2 (SD = 113.63, N =

16) in the open group (Fig. 2). However, there was no significant
difference within sites of the same level of protection.

Similarly, total fish biomass was significantly higher in the
closed group (F(1,45) = 8.48, p < 0.05), where the mean total
fish biomass was 39.5 kg/250 m2 (SD = 33.5, N = 32),
compared to a mean of 11.97 kg/250 m2 (SD = 4.03, N = 16)
in the open group (Fig. 2). In terms of protection level, total fish
biomass was significantly higher at fully protected sites compared
to semi-protected and non-protected sites (F(2,45) = 5.88, p <
0.05), while there was no significant difference between semi and
non-protected sites (i.e., occasionally poached sites and fishing
grounds).

Mean abundance of Plectropomus spp. was 1.53 (SD = 2.50,
N = 32) and 0.44 (SD = 0.81, N = 16) fish per 250 m2

inside and outside the reserve, respectively. However, there was
no significant difference detected between the open and closed
groups (F(1,45) = 1.59, p > 0.05), and between sites at the
different level of protection (F(2,45) = 0.34, p > 0.05). Fifty six
individual specimens of Plectropomus spp. were recorded in the
entire study, with an average abundance of 1.17 fish per 250 m2

or per transect. Nearly 80%were Plectropomus leopardus, while 13%
(N = 7) were Plectropomus oligacanthus and only 7% (N = 4) were
Plectropomus maculatus.

Within the closed group, the highest mean Plectropomus spp.
abundance of 3.25 (SD = 2.75) fish per 250 m2 was recorded at
Goby Rock, a fully protected site. Mean abundance at the closest
reef (Froggie Fort), located 1.5 km away from Lankayan Island,
was 2.5 (SD = 5.0) fish per 250 m2. In contrast, there were no
sightings of Plectropomus spp. at Chamber reef, a closed site located
7.6 kmwest of Lankayan Island that has been occasionally poached
(i.e., semi-protected).

There was a significant difference in Plectropomus spp. biomass
between the closed and open group (F(1,45) = 3.79, p < 0.05).
The closed group recorded a mean of 1.30 kg/250 m2 (SD = 2.21,
N = 32), while the open group recorded amean of 0.06 kg/250m2

(SD = 0.14, N = 16) (Fig. 2). There was no significant difference
detected in Plectropomus spp. biomass between sites at different
levels of protection.

Percentage of hard coral cover was significantly higher in the
closed group (F(1,45) = 7.84, p < 0.05), with a mean of 47.25%
compared to a 33.38% in the open group. There was no significant
difference in hard coral cover between sites at different levels of
protection.

http://www.fishbase.org
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Fig. 1. SIMCA is located in the Sulu Sea, within the Coral Triangle region. It has more than 30 small to large patch reefs (in gray) surrounding Lankayan Island. Twelve (12)
patch reefs with name indicated survey sites.
Table 1
Summary of characteristics for twelve (12) survey sites, including distance and direction from Lankayan Island, whether the sites are open
or closed to fishing, and level of protection.

Site Distance from Lankayan Island (km) Direction from Lankayan Island Level of protection Category

Froggie Fort 1.5 North-West Fully protected

Closed

Bimbo Rock 1.9 North-East Fully protected
Jawfish Lair 2.6 South-West Fully protected
Sunnug Lair 3.8 North-West Occasionally poached
Goby Rock 4.5 South-West Fully protected
Katching Star 4.6 South-West Occasionally poached
Moray Reef 6.3 North-East Occasionally poached
Chamber Reef 7.6 West Occasionally poached

Kestrel Shoal 7.3 East Fishing ground

OpenReef 49 9.1 South-West Fishing ground
Pancang 9.5 North-East Fishing ground
Roger Reef 10.1 South-West Fishing ground
3.2. Regression analysis

Mean reef fish abundance decreased with increasing distance
from the island (Fig. 3(a)). However, regression analysis indicated
no significant difference between fish abundance in relation to reef
distance from the island (p = 0.1648, R2

= 0.1834). Mean total
fish biomass was significantly related to distance from the island
(p < 0.05, R2

= 0.337).
Plectropomus spp. abundance and biomass plotted against

distance from the island demonstrated a decreasing trend with
increase in distance (Fig. 3(c) and (d)). However, linear regression
analysis indicated that Plectropomus spp. abundance was not
significantly related to distance from the island (p = 0.238, R2

=

0.136). Furthermore, therewasno significant relationship between
Plectropomus spp. biomass and the reef distance from the island
(p = 0.172, R2

= 0.178).
Approximately 32% of the specimens of Plectropomus spp. had a

total length ranging from 21–30 cm, followed by 30% of specimens
in the size range of 31–40 cm, and 25% in the smallest size group
measuring 10–20 cm. Mean fish length was 33.21 cm (SE = 1.35,
N = 56). Twenty-two individuals of Plectropomus spp. with total
length in the range of 31–50 cm (out of a total of 23 Plectropomus
spp. specimens) were recorded at reefs within 1–5 km from the
island. Only one individual that reached 51–60 cmwas recorded at
Bimbo Rock, 1.9 km northeast of the island. Twenty-three smaller
Plectropomus spp. measuring 10–30 cmwere recorded at distances
1–5 km from Lankayan, with another 9 individuals at distances
more than 5 km away from the island (Fig. 4).

Furthermore, linear regression analysis detected that hard coral
cover was significantly related to distance from the island (p <
0.0005, R2

= 0.741), with hard coral cover percentage decreasing
with increasing distance from the island (Fig. 5). The lowest hard
coral cover percentage was 19.6% and it was recorded outside the
reserve, located at 9.5 km North-East of the island.

Regression analysis indicated that total fish biomass was
positively associated with hard coral cover (p < 0.05, R2

= 0.12).
The trend in total fish biomass increased with hard coral cover
percentage (Fig. 6(a)). However, regression analysis detected no
significant relationship between Plectropomus spp. abundance and
hard coral cover percentage (P = 0.06, R2

= 0.0.036) (Fig. 6(b)).

4. Discussion

Total reef fish biomass and abundance was higher inside
compared to outside SIMCA. While Plectropomus spp. abundance
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Fig. 2. Mean values with standard deviation (SD) for total reef fish abundance per 250 m2 , total reef fish biomass (kg/250 m2), Plectropomus spp. abundance per 250 m2

and percentage of hard coral cover (%) at the closed and opened groups.
was not significantly higher inside the reserve. The larger
Plectropomus spp. recorded inside the reserve indicated that
protection from fishing may have allowed them to grow to larger
adults in the reefs within the closed area. This study indicated
that higher biomass and larger fish (10 kg out of total of 10.7 kg
recorded)were found at distances of 1–5 km from Lankayan Island.
This is comparable to a study of MPAs in 37 Philippine coastal
municipalities, in which higher fish densities and larger fish (more
than 25 cm total length) were recorded inside the marine reserves
(Muallil et al., 2015).
Plectropomus leopardus was the dominant species compared
to the other two species (P. oligacanthus and P. maculatus),
accounting for 80% of the Plectropomus species recorded in
this study. The mean Plectropomus spp. abundance within the
reserve was 1.53 (SD = 2.50, N = 32) individuals per
250 m2. In comparison to other reserves, the Plectropomus spp.
abundance at Lankayan Island was relatively low. For example,
Russ et al. (2008) reported a range of between 2.5 and 4 individuals
per 250 m2 of Plectropomus leopardus on the inshore reefs at
the Great Barrier Reef (Palm Island, Whitsunday Island and
Keppel Island). At Houtman Abrolhos Island, Western Australia,
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Fig. 3. Linear regression analysis betweenmean reef fish abundance, mean biomass, Plectropomus spp. abundance and biomass to distance from the island. (a) No significant
relationshipwas detected betweenmean reef fish abundance to distance from Lankayan Island. (b) A significantly negative relationship (p < 0.05, R2

= 0.337)was detected
between mean total biomass and distance from Lankayan Island. (c) No significant relationship existed between Plectropomus spp. abundance and distance from Lankayan
Island and (d) No significant relationship was observed between Plectropomus spp biomass and distance from Lankayan Island. Filled diamonds indicate sites inside SIMCA
(closed group), unfilled diamonds indicate sites outside SIMCA (Open group).
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Fig. 4. Plectropomus spp. abundance and total length (cm) across distances from
Lankayan Island. A total of 23 individuals were recorded at reefs within 1–5 km
from the island, 22 individuals of which were in the range of 31–50 cm.

Plectropomus leopardus abundance reached 15 individual fish per
250 m2 after eight years of protection (Nardi et al., 2004). In this
study Plectropomus spp. abundance was greater at closed reefs,
although this was not significantly higher from fishing grounds
outside SIMCA. No comparison can be made on Plectropomus spp.
Fig. 5. Mean percentage of hard coral cover in relation to distance from Lankayan
Island. Linear regression indicated a significant negative relationship between hard
coral cover and distance. Filled diamonds indicate sites inside SIMCA (closed group),
unfilled diamonds indicate sites outside SIMCA (open group).

abundance before the establishment of SIMCA. Thus, the ‘before
and after’ effect of themarine reserve protection at Lankayan Island
could not be elaborated in this study.

The larger specimens of Plectropomus spp. exceeding 30 cm total
length (23 individual fish, 41% of total counted) were spotted at
reefs at 1–5 km from Lankayan Island, especially at reefs located in
the south of the study area. Thus, fish encountered were of larger
size and of an older age group closer to the island. Similarly, Sadio
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Fig. 6. Linear regression demonstrated (a) significant but weak relationship (R2
= 0.12) between total fish biomass and percentage of hard coral cover (b) no significant

relationship between Plectropomus spp. abundance and percentage of hard coral cover.
et al. (2015) found that sizes of tropical estuarine fish was higher
inside a reserve in Senegal. Female P. leopardus are reported to
mature in 2–3 years,with a fork length range of 32–36 cm (Ferreira,
1995). The high occurrence of larger fish indicated curbs on fishing
mortality up to 5 km from the reserve center. This protection led
to a concentration of older and reproductively active adults inside
the reserve. Smaller Plectropomus spp. specimens measuring less
than 30 cm in total length occurred with greater frequency at reefs
located between 1 and 5 km from the island, where 23 individuals
were recorded. In contrast, only 9 individual fish were recorded at
distances more than 5 km from the island. Fishing tends to remove
the larger fish from the population and causes a rapid reduction
in fish biomass (Gell and Roberts, 2003). The lower occurrence of
Plectropomus spp. and smaller sized specimens recorded at reefs
located further and outside the reserve could be the result of
fishing activities that reduced abundance and size. For example,
there was not a single sighting of Plectropomus spp. at Chamber
Reef, which is a semi-protected reef (occasionally poached) located
7.6 km from Lankayan Island. Smaller Plectropomus spp. (a total of
10 fish counted) also tend to inhabit the reef (Froggie Fort) closest
to the island’s fringing reef,which ismuch shallower and sheltered.
Plectropomus spp. are species that mature late and live longer and,
therefore, their population is expected to take longer to show
responses to protection measures. For example, Russ et al. (1995)
reported no significant difference inmean size and age structure of
P. leopardus in the center of the Great Barrier Reef after the fishing
area was closed for six years. Wantiez et al. (1997) also detected
no change in the average size of P. leopardus at 5 protected islands
in New Caledonian reefs after five years of fishing prohibition.
Species of higher trophic groups such as Serranidae, known for
larger maximum size, slower growth rate, longer life span and
slower maturation rate tend to recover at a slower rate (Green
et al., 2014). In this study, we found that 11 years of protection
may maintain Plectropomus spp. in density and average mean size
up to 5 km from reserve center. The lower density and biomass of
Plectropomus spp. at reefs more than 5 km is indicative that fishing
activities still occur.

The effect of a MPA on catches of surrounding fisheries varies
depending on reserve size (Vandeperre et al., 2011; Green et al.,
2014). The entire area of SIMCA (47,316 ha or 473 km2) was
declared as a no-take zone. However, with enforcement presence
mainly centered only on Lankayan Island, poaching is still going
on. Local fishermen usually oppose MPAs because of the loss of
their fishing grounds following MPA establishment (Lorenzo et al.,
2016). Green et al. (2014) have explained what they termed as
the ‘edge effect’ when fishing intensity is high near a marine
reserve or inside the reserve. At SIMCA, enforcement presence is
fully concentrated at the eastern end of the reserve. It is a large
marine reserve compared to the smaller Apo Islandmarine reserve
(106 ha) in the Philippines where community-based management
practices are applied (Alcala, 2001). The Apo Island marine reserve
is smaller (Green et al., 2014), and fishing is banned 500 m off the
island. The no-fishing policy in Apo Island can be fully enforced
with close collaboration of the authorities and the community.

The reefs around Lankayan Island have been protected from
fishing since 2004, even though the SIMCA was established in
2001. There were no enforcement measures to ensure a no-
take policy from 2001 to 2003. Low compliance in areas where
fishing pressure inside the reserve still remains will hamper the
reserve’s performance. For example, in 2010, eight illegal fishing
boats were detained within SIMCA. About 50% of the reported
intrusions were for fishing using sodium cyanide that generally
targets live reef fish such as several species of grouper, snapper
and humphead wrasse (SIMCA, unpublished data). In 2008, a
dynamite Fisher was apprehended within SIMCA (Daily Express,
2008) and in 2009 an illegal bottom gill net fishing was detected
in the north west of Lankayan Island and the offenders were
prosecuted (Leong, 2009). These encroachments of illegal fishing
inside SIMCA are congruent with the fishers’ expectation of higher
catches and of larger-sized fish within the protected area. Non-
compliance continues to be a threat and enforcing the no-fishing
policy within a large area around SIMCA can be challenging. There
are 5880 MPAs worldwide and only a small number of them are
well managed, with proper enforcementmeasures and regulations
in place (Toropova et al., 2010). In larger no-take reserves or
MPAs, enforcement can be insufficient to cover the whole area
because of limitations of resources and manpower. Moreover,
fishers tend to alter their fishing schedule to fish illegally at a
time, generally at night, when enforcement is not effective. This
encroachment of illegal fishing activities within no-take reserves
will hamper the results of protection and offset the positive
implications for fish population revival inside and outside the
reserve. For example, poor enforcement in the Komodo National
Park, Indonesia, failed to stop fishing activity targeting the grouper
spawning aggregations and this caused a decline in the population
of these fishes (Mangubhai et al., 2011).

Reserve protection not only encourages repopulation of fish but
also allows for recovery ormaintaining the benthic habitat quality.
Hard coral cover percentage was significantly higher at the sites
closed from fishing and the percentage decreased significantly
with increase in distance. All the surveys were carried out at the
similar depth of 13–15 m, thus light intensity was not the factor
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affecting live coral cover. Conversely, as distance increased, the
level of protection of the reefs decreased. Unprotected reefs are
often subjected to illegal fishing activities such as fish bombing
that cause habitat destruction, loss in live coral cover and other
collateral damage. Further, invasion of coral-eating Crown-of-
Thorn starfish may reduce hard coral cover at selective reefs
(Pratchett et al., 2009). For example, a total of 7863 Crown-of-
Thorns starfish were removed from 11 reefs around Lankayan
Island from January to November 2006 (SIMCA, 2006). There
was a significant relationship between hard coral cover and fish
biomass. This finding supports other studies which indicated that
fish assemblages and distribution are positively correlated with
hard coral cover (Chabanet et al., 1997; Crowder et al., 2000;
McClanahan and Arthur, 2001; Forcada et al., 2008). But the
relationship may not necessary be applicable to exploited reefs
such as at Kestrel Shoal that is located outside the reserve. Good
hard coral coverage at Kestrel Shoal (recorded at 46.3%) does
not appear to be contributing to higher reef fish biomass. Higher
fishing intensity at this reef may have removed large or adult fish
while sparing smaller and less commercially important reef fish
such as damselfish (Pomacentridae) and wrasses (Labridae).

Plectropomus spp. abundance did not show any relationship
with percentage of hard coral cover. These findings are congruent
with the observations of Nardi et al. (2004) which indicated that
habitat had little effect on the abundance of Plectropomus leopardus
in Western Australia. The distribution of Plectropomus spp. may
not be associated with the percentage of hard coral cover but
rather with the complexity of the reef such as number of hiding
areas and the biological and ecological interaction of the reef
community. Habitat type and complexity could play the main role
in structuring fish communities (Crowder et al., 2000). In this study
area, habitat complexity such as holes, cave and crevices, and the
presence of food sources (prey species) can be considered as major
factors that influence the fish (Plectropomus spp.) distribution.
Furthermore, Plectropomus leopardus was observed to move from
220 m to a maximum of 5210 m between foraging habitats
and spawning aggregation sites (Zeller, 1998). This indicates
that P. leopardus migrates over a modest distance and moves
largely within or between reefs. This probably accounts for high
patchiness of Plectropomus spp. in the reefs. Several species of
Plectropomus spp. were reported to form aggregations during
spawning (Samoilys and Squire, 1994; Johannes et al., 1999; Pet
et al., 2005). Aggregation could occur at specific areas of the reef.
Plectropomus leopardus, which is known as a resident spawner,
moves over short distances to form smaller spawning aggregations
at multiple sites over a wide area (Domeier et al., 2002). Our
recent findings indicate the possibility of Plectropomus leopardus
aggregating for spawning and feeding during new and full moon
periods from May to November at Lankayan Island (Chung and
Komilus, 2012). Thus, the distribution of abundance can vary
during reproductive and non-reproductive periods. Selection of
locations for transect surveys and timing can determine the
total number of fish counted. For example, abundance counts
can be positively skewed at aggregation sites when fish are
assembled in high abundance. Otherwise, they may be negatively
skewed (zero encounter) when observations are conducted during
the reproductive period, at non-aggregation sites. Thus, the fish
census needs to consider reproductive periods as well as potential
aggregation sites that may alter the normal distribution.

The larvae of P. leopardus have the auditory and olfactory
abilities to locate a coral reef to settle towards the end of their
pelagic larval phase (Wright et al., 2008). This ability of the fish
may explains why Plectropomus spp. density tended to be higher at
the south-western reefs. The possibility is that the multiple patch
reefs located close to one another (see Fig. 1, between Goby Rock
and Katching Star) encouraged movement of the fish within 5 km
between reefs. This survey showed a decline in reef fish biomass
and size of Plectropomus spp. with increasing distance, suggesting
the possibility of emigration influencing the distribution.

Plectropomus oligacanthus and P. maculatus were recorded in
low numbers in this survey. Both species are equally valuable
for the live reef food fish trade. Compared to data available on
P. leopardus, a limited amount of studies have been carried out
on the biology and population structure of P. oligacanthus and P.
maculatus. Both these species seem to inhabit deeper reefs (more
than 13 m depth), and this may explain their low occurrence
in our survey. More investigations are required to determine
habitat utilization, distribution and the natural history (spawning
behavior) that may impact the recovery rate of these species.

Besides reserve size, the duration of protection, compliance
with enforcement measures and habitat connectivity, there are
other challenges concerning the effectiveness of no-take reserves
with regards to fisheries conservation. For example, no-take
reserves or MPAs are unable to protect against warming and
acidification of seawater as a result of global environmental change
(Halpern et al., 2010). River run-off containing high levels of
sediments can reduce the hard coral cover in shallow reefs at
Lankayan Island as was reported in 2007 (SIMCA, unpublished
data). Thus, passive no-take reserves or MPAs are no longer able to
contribute towards effective protection of the coral reefs and other
species that depend on these reefs which may be vulnerable to the
effects of climate change.

It can be concluded that conservation intervention at Lankayan
Island contributed to higher Plectropomus spp. biomass, total reef
fish biomass, abundance and percentage of hard coral cover.
However, Plectropomus spp. abundance is still relatively low in
comparison to other protected reefs. In order to achieve greater
positive response, full compliance is needed. In the planning
of no-take reserves, consideration of biological and ecological
connectivity are important as much as reserve size, location, and
socio-economic factors which influence the enforcement capacity,
community and stakeholders participation especially with respect
to fishing, for achieving long-term benefits.
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