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Abstract Reef fish play an important role in the community dynamics of coral reefs and maintaining healthy reefs. This
study aimed to (1) assess coral recovery at reefs around Racha Yai Island after the 2010 mass coral bleaching event and (2)
compare the fish community indices (Shannon diversity, evenness) and fish trophic functional groups between low (Patok
Bay) and high (Khonkae Bay) environmental disturbance sites during 2013-2019. The fish surveys and the percent live coral
covers from both bays during 2013-2019 were collected using the fish visual census method and a permanent quadrat
method along 50-m transect lines. Our results showed that the percentage of live coral cover at both bays increased by 68%. At Khonkae Bay, there were 69 reef fish species and 10,684 individual fish belonging to 5 orders, with 27 families and
54 genera observed from 7 orders: Perciformes (91.03%), Tetraodontiformes (5.54%), Syngnathiformes (1.24%),
Beloniformes (0.26%), Beryciformes (1.25%), Scorpaeniformes (0.70%), and Aulopiformes (0.06%). Fish community indices
at Khonkae Bay increased during 2013-2019 and were composed of species richness (3.65-10.53), the Shannon index (0.653.49), and species evenness (0.49-0.91). At Patok Bay, there were 60 reef fish species and 10,362 individual fish belonging
to 3 orders, with 22 families and 50 genera observed from 4 orders: Perciformes (93.04%), Tetraodontiformes (5.92%),
Syngnathiformes (0.55%), and Anguilliformes (0.53%). Fish community indices at Patok Bay increased during 2014-2019 and
were composed of species richness (4.69-8.62), the Shannon index (1.36-3.30), and species evenness (4.92-8.62). Our
results suggested that the 2010 mass coral bleaching event had large impacts on both the coral and reef fish community at
both low and high environmental disturbance sites with good recovery over nine years.
Keywords evenness, fish trophic functional group, Shannon diversity, species richness
1. Introduction
Coral reefs are very complex marine ecosystems,
where fish diversity is very high (Hermelin-Vivien 1989;
Moberg and Folke 1999). Coral reefs host approximately
5,000 marine fish species with an occupying ocean space of
less than 0.1% (Helfman et al 1997). These reefs provide
refuge and nursery or settlement habitats for various fish
species (Harrington et al 2004; Mumby et al 2004). In the past
few decades, live coral has experienced unprecedented loss
causing the reef fish species to decline in diversity and
abundance. Anthropogenic changes such as ocean
acidification, climate change, fishing, nutrient loading,
introduced species, disease, and overgrowing tourism
especially with diving tourism are the mechanisms
responsible for these losses (Fishelson 1995; Rinkevich 1995;
Harriott et al 1997; Ehrenfeucht 2014; Boström et al 2018).
The reduction of live corals is responsible for the decline of
fish species that live and feed on these live corals (Cheal et al
2002; Bellwood et al 2004; Halford et al 2004).
The 2010 mass coral bleaching event was widespread,
affecting the degradation of coral reefs within the East Asian
Seas Region such as Thailand, Indonesia, Malaysia, Vietnam,
and the Philippines (Kimura 2010; Hoeksema and Matthews
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2011; Khokiattiwong and Weidong 2012; Sutthacheep et al
2013). Several environmental stresses have been reported to
trigger coral bleaching events, e.g., temperature, low salinity,
irregularity, chemical toxins, light intensity change, and
diseases (Hoegh-Guldberg 2011). The magnitude and
frequency of climate-induced coral bleaching are expected to
heighten over the coming decades. The Andaman Sea was
reported to have an elevated sea surface temperature of
between 30-34 °C during April-June 2010, causing a severe
coral bleaching event where over 50-90% of the coral was
bleached (Chavanich et al 2012; Yeemin et al 2012;
Sutthacheep et al 2013). Many studies reported that
branching coral species (e.g., Montipora spp., Acropora spp.,
and Pocillopora spp.) were the most susceptible to bleachinginduced mortality, while massive and encrusting coral species
(e.g., Porites spp.) were more resistant to bleaching
(Yamazato 1981; Fisk and Done 1985; Glynn 1988; Brown and
Suharsono 1990; Hoegh-Guldberg and Salvat 1995; Sheppard
1999; McClanahan 2000; Edwards et al 2001).
Coral loss has a significant impact on reef fish
abundance and diversity (Graham et al 2006, 2008). The
Andaman Sea is characterized by its high fish diversity and
endemic fish species (Randall 1998; Randall and Satapoomin

Received: August 12, 2020 | Accepted: September 10, 2020

Jaroensutasinee et al. (2021)

1999), but information on how coral loss due to mass
bleaching events affects reef fish diversity is very limited in
this area (Satapoomin 2011; Noosang et al 2016). Species
richness and abundance of reef fish caused by coral reef
decline are still uncertain (McClanahan and Arthur 2001;
Smith 2007). To the best of our knowledge, this study is
among the first to investigate how reef fish diversity and their
trophic functional groups recovered during 2013-2019 after
the 2010 mass bleaching event in Southern Thailand.
This study addressed the following questions: (1) How
to live coral cover at Racha Yai Island has recovered after the
2010 mass coral bleaching event, and (2) How to fish
communities have changed as a function of environmental
disturbances at Racha Yai Island. To investigate, we
compared (1) the percentage of live coral cover and (2) fish
diversity and fish feeding habit between low and high
environmental disturbance sites (i.e. sites affected by the
2010 mass coral bleaching event) at Racha Yai Island during
2013-2019. We expected to find a decline in fish species that
rely directly or indirectly on live corals for their diet after the

(a)
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2010 bleaching event, followed by increases in fish diversity
and abundance after coral recovery.
2. Materials and Methods
2.1. Study site
The study was conducted on the reef around Racha Yai
Island, Southern Thailand (Figure 1a,b). The study was carried
out at two locations: Khonkae Bay (07º36’17” N, 98º22’35” E)
and Patok Bay (07º36’34” N, 98º21’56” E). Khonkae Bay
forms a fringing reef with a depth ranging from 1-12 m
located in a small bay on the eastern side of Racha Yai Island.
Patok Bay also forms a fringing reef with a depth ranging from
5-18 m located on the western side of Racha Yai Island. The
2010 mass coral bleaching event affected the reefs around
Racha Yai Island. The reef at Khonkae Bay was heavily
damaged with a 90% loss of live coral, but the reef at Patok
Bay was affected less by the bleaching event with a 10% loss
of live coral (per. obs.).

(b)

Figure 1 Map of study sites. (a) Map of Racha Yai, Southern Thailand, and (b) Location of Patok Bay and Khonkae Bay at Racha Yai Island,
Thailand.

2.2. Data collection
The fish surveys from both Khonkae and Patok Bays
were collected at the same time of day in NovemberDecember during 2013-2019 using the fish visual census
method along 50-m transect lines (English et al 1997; Wismer
et al 2014; Triki et al 2018; Triki and Bshary 2019). We set
three permanent transect lines parallel to the reef slope at 812 m in depth at Patok Bay, and four permanent transect lines
at 10 m in depth at Khonkae Bay. Each census area covered
250 m2 extending 2.5 m at both the right and left hands side
of a 50-m transect line, and the total coverage census areas
with three replicates for Patok Bay and four replicates for
Khonkae Bay were 750 m2 and 1000 m2, respectively. Each
www.jabbnet.com

transect line was 10 m apart from each other. We identified
and counted all reef fish in each transect line at both bays
based on several fish identification books, e.g., Allen (2000),
and Lieske and Mayer (2001). Each fish species was
categorized into one of seven trophic functional groups based
on diet and habitat use (i.e., carnivore, corallivore, herbivore,
invertebrate consumer, omnivore, piscivore, and planktivore;
Table 1) (Durville et al 2003; Randall 2005; Froese and Pauly
2012).
In this study, we used the same three permanent
transect lines at Patok Bay and four permanent transect lines
at Khonkae Bay to monitor changes in the percent of live coral
cover with a permanent quadrat method (English et al 1997).
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We took underwater photographs of 50 x 50 cm2 quadrat at
the 2-m interval with a total of 25 photographs per 50-m
transect line to estimate the percentage of live coral cover in
each transect line. The photographs were analyzed using
CPCe software developed by the National Coral Reef Institute
(Kohler and Gill 2006). Percent benthic cover in each quadrat

was estimated from 200 randomly distributed points using
CPCe software with quadrat data pooled for each transect
and averaged across transects at each measurement period.
We categorized the benthic cover into four main groups: (1)
live coral; (2) dead coral; (3) pavement, rubble, and sand; and
(4) others.

Table 1 Number of fish species, fish families, orders, percentage of fish families, and percentage of live coral cover at Khonkae Bay during
2013-2019 and at Patok Bay during 2014-2019.
Fish and Coral
Parameters (%)

Khonkae Bay

Patok Bay

2013

2014

2015

2016

2017

2018

2019

2014

2015

2016

2017

2018

2019

95.31

89.39

90.61

88.76

91.26

91.15

90.70

88.89

92.42

93.67

94.79

94.85

94.90

Tetraodontiformes

1.56

4.58

4.92

8.99

5.83

6.19

6.70

6.35

7.58

5.06

5.21

5.15

2.00

Syngnathiformes

1.56

1.52

1.64

1.12

0.97

0.88

1.00

-

-

1.27

-

-

3.10

Beloniformes

-

-

-

-

0.97

0.88

-

-

-

-

-

-

-

Beryciformes

1.56

3.00

3.28

-

-

-

0.90

-

-

-

-

-

-

Scorpaeniformes

-

1.52

-

1.12

0.97

0.88

0.40

-

-

-

-

-

-

Anguilliformes

-

-

-

-

-

-

-

1.59

-

-

-

-

-

Aulopiformes

-

-

-

-

-

-

0.40

-

-

-

-

-

-

Live coral

13.74

14.8

15.2

15.89

15.99

20.16

22.18

21.34

22.1

23.05

24.65

26.84

27.55

Dead cora

58.78

57.9

57.05

54.45

53.58

50.33

50.12

40.17

37.55

39.05

35.38

34.79

33.85

Pavement, rubble
and sand

22.26

21.7

21.85

22.1

22.3

20.98

32.25

30.1

36.23

32.28

33.41

33.25

32.26

5.22

5.6

5.9

7.56

8.13

8.53

7.74

8.39

4.12

5.62

6.56

5.12

6.34

Fish family
Perciformes

Coral Cover

Other

2.3. Data analysis

3.1. Live coral cover

The Shannon index, H = -ΣPi In Pi (Shannon and
Weaver 1949); Margalef’s richness index, D = (s - 1) / In N
(Margalef 1968), and Pielou’s evenness index, e = H / In S
(Pielou 1966) were used to measure the fish diversity. H was
the diversity index. Pi was the relative abundance (S/N). D
was the richness index. S was the number of individual fish
for each species. N was the total number of fish per transect
line. e was the evenness index. In was the natural logarithm.
S was the total number of species. Parametric statistics were
used when normality or other assumptions of parametric
tests were met. Two-way ANOVA tests with posthoc
Bonferroni adjustment were used to test the effects of bays,
fish trophic functional groups (i.e., carnivore, corallivore,
herbivore, invertebrate consumer, omnivore, piscivore, and
planktivore), and their interactions on bays and fish trophic
functional groups. Linear regression analyses between the
number of coral reef fish, number of fish species, Shannon
diversity (H), species richness (D), evenness (e), and fish
feeding habits and years were tested. All tests were twotailed with a signification level of P < 0.05.

The percentage of live coral at both Khonkae and
Patok Bays was positively associated with the years during
2013-2019 and 2014-2019, respectively (Linear regression:
Khonkae Bay: R2 = 0.841, F1,5 = 26.390, YKK = 0.639x +
2005.229, P < 0.005, Figure 2a; Patok Bay: R2 = 0.972, F1,4 =
138.596, YPT = 0.726x + 1998.896, P < 0.001, Figure 2b).

3. Results
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3.2. Fish diversity during 2013-2019
At Khonkae Bay during 2013-2019, there were 69 reef
fish species and 10,684 individual fish belonging to 5 orders,
with 27 families and 54 genera observed (Table 1). There
were reef fish from seven orders: Perciformes (91.03%),
Tetraodontiformes (5.54%), Syngnathiformes (1.24%),
Beloniformes
(0.26%),
Beryciformes
(1.25%),
Scorpaeniformes (0.70%), and Aulopiformes (0.06%) (Table
1). The list of families that had the top three species
composition in the coral reef areas included Pomacentridae,
Labridae, and Serranidae (Table 1). The species richness (DKK)
ranged from 3.65 to 10.53. The Shannon index (HKK) ranged
from 0.65 to 3.49. The species evenness (eKK) ranged from
0.49 to 0.91. The number of fish species, species richness,
Shannon index, and species evenness were positively
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associated with the years during 2013-2019 (Linear
regression: the number of fish species: R2 = 0.890, F1,26 =
209.493, YKK = 0.147x + 2009.694, P < 0.001, Figure 3a; the
species richness: R2 = 0.858, F1,26 = 156.965, YKK = 0.877x +
2009.681, P < 0.001, Figure 3c; the Shannon index: R2 = 0.583,
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F1,26 = 36.402, YKK = 1.860x + 2011.673, P < 0.001, Figure 3e;
and the species evenness: R2 = 0.388, F1,26 = 18.140, YKK =
6.923x + 2011.806, P < 0.001, Figure 3g). Otherwise, the
number of individual fish was not associated with the years
during 2013-2019 (F1,26 = 0.112, ns).

(a)

(b)

Figure 2 Percentage of live coral cover at two study sites at Racha Yai Island, Southern Thailand. (a) Khonkae Bay during 2013-2019, and (b)
Patok Bay during 2014-2019.

At Patok Bay, during 2014-2019, there were 60 reef
fish species and 10,362 individual fish belonging to 3 orders,
with 22 families and 50 genera observed. There were reef fish
from four orders: Perciformes (93.04%), Tetraodontiformes
(5.92%), Syngnathiformes (0.55%), and Anguilliformes
(0.53%). The list of families that had the three top species
composition in the coral reef areas included Pomacentridae,
Labridae, and Chaetodontidae. The species richness (DPT)
ranged from 4.69 to 8.62. The Shannon index (HPT) ranged
from 1.36 to 3.30. The species evenness (ePT) ranged from
4.92 to 8.62. The number of fish species, species richness, and
number of individual fish were positively associated with the
years during 2014-2019 (Linear regression: the number of fish
species: R2 = 0.880, F1,16 = 117.045, YPT = 0.131x + 2010.976, P
< 0.001, Figure 3b; the species richness: R2 = 0.479, F1,16 =
14.682, YPT = 0.918x + 2010.275, P < 0.001, Figure 3d; and the
number of individual fish R2 = 0.882, F1,16 = 119.774, YPT =
0.004x + 2013.956, P < 0.001, Figure 3j). The Shannon index
and species evenness were not associated with the years
during 2014-2019 (the Shannon index: F1,16 = 0.003, ns, and
the species evenness: F1,16 = 0.2111, ns; Figure 3f, h).
3.3. Fish feeding habits
There were seven trophic functional groups present at
both bays: omnivores (𝑥̅ ±SD: 248.17±206.14), planktivores
(𝑥̅ ±SD: 132.57±90.46), carnivores (𝑥̅ ±SD: 66.85±81.77),
herbivores (𝑥̅ ±SD: 60.45±42.28), invertebrate consumer
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(𝑥̅ ±SD: 15.76±8.61), corallivores (𝑥̅ ±SD: 10.17±8.40), and
piscivores (𝑥̅ ±SD: 2.00±2.08). Comparing the number of fish
among the trophic functional groups at both bays, Patok Bay
(𝑥̅ ±SD: 99.39±129.88) had a higher number of fish than
Khonkae Bay (𝑥̅ ±SD: 57.15±111.22), and the number of fish
differed among the trophic functional groups with some
interaction between bays and trophic functional groups
(Two-way ANOVA: bays: F1,292 = 15.123, P < 0.001; trophic
functional groups: F6,292 = 44.790, P < 0.001; interaction: F6,292
= 3.895, P < 0.005; Table 2). Bonferroni’s posthoc tests
showed that Patok Bay had a higher number of corallivores,
planktivores, and carnivores than Khonkae Bay, but there
were no differences in the number of piscivores, herbivores,
omnivores, and invertebrate consumers between both bays
(Table 2).
At Khonkae Bay, the number of piscivore, corallivore,
and invertebrate consumer fish were positively associated
with the years during 2013-2019 (Linear regression:
Piscivore: R2 = 0.546, F1,26 = 10.842, YPCV = 0.804x + 2014.794,
P < 0.05, Figure 4a; Corallivore: R2 = 0.546, F1,26 = 31.291, YCLV
= 0.416x + 2013.399, P < 0.001, Figure 4c; and Invertebrate
Consumer: R2 = 0.270, F1,26 = 9.630, YCLV = 0.139x + 2014.195,
P < 0.05, Figure 4m). Otherwise, the number of planktivore,
carnivore, herbivore, and omnivore fish were not associated
with the years during 2013-2019 (Planktivore: F1,26 = 0.552,
ns, Carnivore: F1,26 = 2.474, ns, Herbivore: F1,26 = 2.159, ns, and
Omnivore: F1,26 = 0.001, ns; Figure 4e, g, i, k).
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Khonkae Bay

Patok Bay

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

Figure 3 Fish species, diversity, species richness, and evenness at Khonkae Bay during 2013-2019 and at Patok Bay during 2014-2019. (a-b)
Number of fish species, (c-d) species richness, (e-f) Shannon index, (g-h) species evenness, and (i-j) number of individual fish.

At Patok Bay, the number of piscivore, corallivore,
planktivore, carnivore, herbivore, omnivore, and
invertebrate consumer fish were positively associated with
www.jabbnet.com

the years during 2013-2019 (Linear regression: Piscivore: R2 =
0.699, F1,16 = 37.1,7 YPCV = 0.789x + 2014.878, P < 0.001, Figure
4b; Corallivore: R2 = 0.695, F1,16 = 36.409, YCLV = 0.146x +
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2014.340, P < 0.001, Figure 4d; Planktivore: R2 = 0.633, F1,16 =
27.619, YPV = 0.018x + 2013.549, P < 0.001, Figure 4f;
Carnivore: R2 = 0.693, F1,16 = 36.150, YCV = 0.017x + 2014.676,
P < 0.001, Figure 4h; Herbivore: R2 = 0.756, F1,16 = 49.504, YHV

6

= 0.037x + 2014.095, P < 0.001, Figure 4j; Omnivore: R2 =
0.926, F1,16 = 200.857, YOV = 0.11x + 2014.329, P < 0.001,
Figure 4l; and Invertebrate Consumer: R2 = 0.477, F1,16 =
14.608, YIC = 0.155x + 2014.492, P < 0.05, Figure 4n).

Table 2 Mean ±SD of the number of fish in seven trophic functional groups at Khonkae Bay and Patok Bay, Southern Thailand.
Trophic functional group

Khonkae Bay

Patok Bay

Piscivores

2.00±2.19a

2.00±1.94a

Corallivores

6.86±5.13a

15.33±9.94b

Invertebrate consumer

14.71±8.48a

17.17±8.82a

Herbivores

54.96±43.32a

66.83±41.07a

Carnivores

26.79±15.56a

129.17±102.75b

Planktivores

78.42±54.41a

204.78±77.89b

Omnivores

238.96±215.14a

260.44±198.95a

Letters at the mean ±SD indicate the results of pairwise comparisons among treatments using posthoc tests with Bonferroni adjustment (matching letters
indicate a P-value > 0.05).

4. Discussion
4.1. Live coral cover
The 2010 extreme ocean warming event as high as 34
°C has been reported to trigger a mass coral bleaching event
in Thailand (Krishnan et al 2011). The effects of this mass
bleaching event caused scleractinian corals ranging from
reduced growth rates to total morality (Alemu and Clement
2014). The response varied between 90% mortality in
Acropora spp. and Pacillopora spp. to high survival rate in
Porites spp. (Chavanich et al 2012; Yeemin et al 2012). Our
results showed that the percent live coral reef cover at Patok
and Khonkae Bays increased by 6% and 8%, respectively.
Many studies reported that after the 2010 mass coral
bleaching event, the percent of live coral reef cover increased
by 6-10% in many reefs, e.g., reefs in the Caribbean increased
by 10% (Perry et al 2013), reefs in Hawaii increased by 9%
(Graham and Nash 2013), the Great Barrier Reef increased by
6-7% (Osborne et al 2011; Lukoschek et al 2013), reefs in
Northwestern Australia increased by 9% (Gilmour et al 2013),
reefs in Samoa increased by 6% (Houk et al 2010), reefs in the
Maldives increased by 7% (Morri et al 2013), and reefs in the
South Andaman Islands increased by 8% (Marimuthu et al
2013). Gilmour et al (2013) reported that the isolated reef
showed rapid recovery of coral cover following a mass
bleaching event with the recruit from local sources. These
increases in the percent of live coral cover could be due to
the high supply of planulae from healthy local reef
recruitment. At both bays, the local recruitment of coral
larvae from surviving individual corals in deeper or adjacent
areas might be very high.
The majority of coral reef lost or recovery is focusing
on the percentage of live coral cover of key reef species such
as Acropora spp. and Montipora spp. (e.g., Acropora palmata
and Acropora cervicornis in the Caribbean (Polidoro and
Carpenter 2013); Acropora aspera, Acropora cerealis,
Acropora humilis, and Montipora spp. in the South Andaman
www.jabbnet.com

Islands (Marimuthu et al 2013); Acropora spp. in the Maldives
(Morri et al 2015); Acropora spp. and Montipora spp. in
Samoa (Houk et al 2010); and Acropora spp. in the Great
Barrier Reef (Lukoschek et al 2013)). In our study, the key
coral species with a high percentage of live coral recovery at
both bays were Acropora spp. and Montipora spp. as well.
Previous studies reported that the growth of live Acropora
spp. has a rapid growth rate ranging between 1-12 cm per
year depending on the location, e.g., the growth rate of 1-2
cm per year in the Indian Ocean (Phanor et al 2016), the
growth rate of 1-2 cm per year in Japan (Omori et al 2016),
and the growth rate of 1-3 cm per year in the South Andaman
Islands (Morri et al 2015).
During the bleaching event of April-June 2010 in the
Andaman Sea, high sea surface temperature (SST) ranging
from 30.0 to 34.0 °C was recorded (Krishnan et al 2011).
Acropora spp. was the most susceptible coral to the bleaching
with more than 90% of them bleached in the Andaman Sea
(Chavanich et al 2012; Yeemin et al 2012). Previous studies
reported that Acropora spp. bleached at 31.00-31.24 °C in
India (Kumar et al 2017) and at 31.00-35.74 °C in Indonesia
(Johan et al 2012; Wisha and Khoirunnisa 2017). Our results
showed that SST at both bays rose from April to May in 2010
from 31.14 to 32.50 °C (per. obs.), causing Acropora spp. and
Montipora spp. to be severely bleached. SST at both bays
during 2013-2019 obtained from our CTD sensors deployed
at both bays ranged between 29.00-31.00 °C, which was
below the critical SST values to trigger severe bleaching
events. This resulted in no severe bleaching event that was
observed after the 2010 bleaching event at both bays.
Previous studies reported that the loss of coral cover
would lead to a reduction in fish density (Jones et al 2004;
Russ and Leahy 2017; Pratchett et al 2018) and a decline in
fish abundance (Prachett et al 2011; Brandl et al 2016). Our
results showed that after the 2010 mass coral bleaching
event, the number of fish species, species richness, evenness,
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and fish abundance increased over the years as the coral reef
recovered, which was indicated by increases in the
percentage of live coral cover during 2013-2019. The reef fish
is associated with shapes of coral, types of coral, and
structure complexities; and they use coral reefs as shelter,

protection, reproduction, and feeding grounds (Reese 1981).
Reef fish interact with coral in two modes: direct interaction
(e.g., as territory, spawning ground, and foraging grounds)
and indirect interaction due to reef structure, hydrology, and
sediment (Choat and Bellwood 1991).

Khonkae Bay

Patok Bay

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)

(l)

(m)

(n)

Figure 4 Feeding habits of fish at Khonkae Bay during 2013-2019 and at Patok Bay during 2014-2018. (a-b) Piscivore, (c-d) Corallivore, (e-f)
Planktivore, (g-h) Carnivore, (i-j) Herbivore, (k-l) Omnivore, and (m-n) Invertebrate Consumer.
www.jabbnet.com
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4.2. Fish diversity
A higher Shannon’s diversity index is the characteristic
of mature and non-perturbed communities, but a lower index
is characteristic of constantly changing or newly established
communities (Odum 1972). The evenness reflects the
abundance distribution between species (Magurran 1988).
Our results showed that at Khonkae Bay there were 90% coral
loss due to the 2010 severe bleaching event, where
Shannon’s diversity and evenness indices were the lowest in
2013 as a new coral community was being established after
the 90% coral loss but showed an increasing trend as the reef
was becoming a non-perturbed community for nine years.
4.3. Fish feeding habits
Our results indicated that the fish associated with the
live coral habitats were from seven reef fish trophic groups at
both bays (i.e., piscivore, corallivore, planktivore, carnivore,
herbivore, omnivore, and invertebrate consumer). The
majority of the reef fish associated with the live coral were
omnivores (Pomacentridae and Balistidae families) and
planktivores (Acanthuridae, Pomacentridae, and Caesionidae
families). Omnivorous fish tend to forage within the live coral
areas for two possible reasons: (1) they can seek shelter
when predators are present, and (2) high prey concentrations
tend to be close to living corals (Hixon and Beets 1993; Wen
et al 2012). Our results showed that at both bays the main
trophic types were omnivore feeding habit groups that
belonged to the Pomacentridae family (e.g., Abudeduf
vaigiensis, Abudeduf nototus, Abudeduf sordidus,
Pomacetrus lepidogenys, Pomacetrus pavo, Pomacetrus
moluccensis, and Neopomacentrus sororius). A majority of
the Pomacentridae are small, territorial, and live close to the
substratum for shelter. They are influenced mostly by the
morphological characteristics of the substratum and use
corals more as a habitat or shelter than as a food resource
(Prabowo et al 2019). Interestingly, Abudeduf vaigiensis were
found in high abundance at Khonkae Bay foraging on bread
from tourists. Damselfish in the Pomacentridae family (e.g.
Pomacentrus moluccensis, Pomacentrus amboinensis, and
Plectroglyphidodon lacrymatus) feed in the water column
above branching corals, and when threatened they retreat to
within the coral branches for protection (Forrester 1990;
Allen 1991). Triggerfish in the Balistidae family (e.g.
Balistapus undulates, Melichthys indicus, and Odonus niger)
use coral for predator protection and shelter during the day
and forage over a large area on the reef at night (Marnane
and Bellwood 2002). The presence of reef fish is related to
food item abundance (Floeter et al 2007; Prabowo et al
2019). Planktivore fish abundance may also depend on the
speed of currents transporting the plankton onto the reef
(Thresher 1983).
The corallivore group consisted of reef fish species
from the Serranidae, Scaridae, and Chaetodontidae families.
The majority of corallivores was coral-feeding fish that had a
strong association with live corals. Cole et al (2008) reported
that more than 90% of corallivores target coral prey from the
www.jabbnet.com
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genus Acropora spp. due to their high nitrogen content
compared to other corals (Graham 2007). This indicates that
corallivores will be strongly affected by the loss of Acropora
spp. through habitat and food removal.
Our results showed that the herbivorous fish
associated with the live coral at both bays belonged to the
Scaridae, Pomacentridae, Labridae, and Siganidae families
with a total of 243 species. Herbivorous fish play a vital role
in controlling macroalgae in coral reefs and preventing coralalgae phase shift (Bellwood et al 2004), generate greater
diversity in benthic communities, and speed up the coral
recovery following a coral loss (Cheal et al 2010; Burkepile
and Hay 2011). They serve in highly diverse functional roles
supported by live corals, such as grazers of algae turfs and
macro-algae, scrapers, excavators, and farmers.
Coral structural complexity is important for the
existence of small prey fish, concealment from prey when
hunting, and protection from potential predators while
resting which result in a high abundance in reef-associated
predators (Munday and Jones 1998; Graham et al 2007;
Wilson et al 2007; Pratchett et al 2011). Piscivores in a reef
play a vital role in energy transfer to higher trophic levels and
the provision of food and livelihood through fisheries (Hixon
1991; Sadovy 2005). Our results showed that the piscivore
reef fish at both bays belonged to the Labridae and
Serranidae families, ranging from small (e.g. Epibulus
insidiator, Diploprion bifasciatum) to larger-bodied species
(e.g.
Epinephelus
fuscoguttatus,
Epinephelus
caeruleopunctatus, and Epinephelus malabaricus). Small
piscivore fish rely on live coral sheltering within the branches
for protection, while larger piscivore fish shelter under larger
coral structures (e.g., large coral table form) and depend on
the physical structure provided by the coral (Munday et al
2003, Kerry and Bellwood 2012).
5. Conclusions
The study observed excellent live coral recovery after
the 2010 mass coral bleaching event in Southern Thailand
from both low (Patok Bay) and high (Khonkae Bay)
environmental disturbance sites during 2013-2019. The
number of fish species, species richness, evenness, and fish
abundance increased over the years as the coral reef has
recovered, indicating that the characteristics of the coral reef
were essential in shaping the fish community.
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