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Abstract. Threats to coral reefs are not only coming from anthropogenic factors, but also from natural 
disasters, such as earthquakes, tsunamis, cyclones, and volcanic eruptions. We carried out a 
comprehensive study from 2004 until 2010 on changes in the coral reef in North Nias (eastern Indian 
Ocean) off North Sumatra, which was impacted in March 2005 by a massive earthquake of 8.6 Mw, with 
eight aftershocks, measuring between 5.5 and 6.0 Mw, only a few months after the larger earthquake 
9,1 Mw of December 2004. This resulted in a 1.65-m uplift of the coral reef and temporal changes in live 
coral cover and coral species composition. Our studies showed the development of recovery conditions 
after the shock with time-series data and illustrated the essential factors that affected the recovery of the 
coral reef structure. We used line intercept transect (LIT), underwater visual census (UVC), and quadrat 
transect methods to observe the dynamic changing of coral reef structure, coral reef fishes biomass, and 
coral recruitment. Across six stations surveyed, we found 48.5% live coral cover in the pre-earthquake 
condition (2004). The coral cover plummeted significantly down to 28% three months after the shook .  
Porites was the dominant coral genus in 2004, but it was replaced with Montipora in 2010. Recovery took 
place in the form of coral recruitment. Fish abundance was highest before the earthquake, decreased 
three months after the earthquake, and was lowest in 2007, but in 2008 the reef fish composition had 
recovered. Our finding emphasizes the destructive impact of an earthquake on a coral reef structure and 
its species composition due to the physical damage and the seabed uplift. We also found that the time to 
recover for coral reef and coral reef fishes was four years after the earthquake. 
Key Words: coral cover, coral life form, massive, natural disturbance, recovery. 
 

 
Introduction. The moment magnitude (Mw) of the earthquake in the Sumatra 
Subduction Zone (SSZ) off the west coast of Sumatra was unusually high (Briggs et al 
2006). On March 28, 2005, at 11:09 p.m. local time (16:09 UTC), the earthquake (Mw) 
8.6 was generated by a rupture of a 400 km section of the Sunda megathrust offshore 
Sumatra at a depth of 30 km, shaking Nias and the Simeulue islands (Boen 2006; Qiu et 
al 2019). The epicenter of the earthquake was on the Great Sumatra fault and located at 
approximately 2.074° N, 97.013° E (USGS) (Boen 2006; Borrero et al 2011) and 115 km 
from Gunung Sitoli, the capital district of Nias. The large earthquake resulted in 
deformation and uplifting of the coral reefs along the west coast of Sumatra, which were 
also hit by a large tsunami. The Sumatran GPS Array (SuGAr) recorded a high moment 
magnitude in a portion of the megathrust, which continued slipping and generating the 
surface deformation three months afterwards (Qiu et al 2019).  Based on the study of 
Briggs et al (2006) the uplift after the event was as high as 1.65 m on the south-eastern 
part of the island, and the last effect from the earthquake has considered relative to land 
level changes that happened as the tsunami was generated and immediately before its 
arrival on land (Borrero et al 2011).  

The earthquake had a tremendous impact on the flora and fauna of Nias Island, 
especially in the coral reef community along the west coast of Nias Island (Borrero et al 
2011). The coral damage was clearly demonstrated by the formation of coral fractures 
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and the upturned coral blocks. The damage to the coral has became worse due to the 
uplifting process, which caused reef areas to become exposed to the surface (Wilkinson 
et al 2006). 

Severely damaged coral reefs need much time to regenerate and recover to their 
original state. The abundance of herbivorous fish to control algal growth also affects the 
recovery speed of the damaged coral reefs (Williams et al 2001). The presence of 
Crustose Coralline Algae (CCA) also supports the calcification process and provides a 
suitable substrate for attaching coral larvae (Roth et al 2018). Also, a complex habitat 
structure with high abundance and diversity will increase the duration of the recovery 
process of coral reefs more than homogeneous habitat conditions (Bracewell et al 2018). 

A change of coral reefs has occurred since the beginning of the Nias earthquake in 
2005, which lasted until the following years. The structure of coral reef communities, 
primarily the stony coral, is essential in determining the health of coral reefs (English et 
al 1998; Giyanto 2013). The ability to endure pressure to recover (resilience) is an 
indicator that confirms that the coral reef condition is healthy (Hoegh-Guldberg et al 
2007; Hoegh-Guldberg 2011). Additionally, the ecological services such as economic 
important reef fishes provided by healthy coral reefs meanwhile needs to be well 
maintained (Halford et al 2004; Acosta-González et al 2013).  

The catastrophe impact of coral reefs is varied according to the location and 
intensity of the earthquake (Wilkinson et al 2006). The earthquake in Nias in March 2005 
showed a different impact from the shock in December 2004, which resulted in the lifting 
of the seabed included coral reef with an altitude of about 1.7 up to 2.7 meters in 2005 
(Suyarso 2008). Studies of changes in coral communities were carried out at several 
locations in Indonesia and other countries (Baird et al 2005; Wilkinson et al 2006), but 
the changes in hard coral communities over a long period of time that result from 
uplifting are not clear, except that reef flats that become permanently exposed will 
become dead. 

A comprehensive survey, consisting of observations of the coral reef ecosystem in 
time series before the earthquake (2004), 2005, and after the quake until 2010 provide a 
better understanding of the coral reef ecosystem's recovery process. The purpose of this 
study is to find out temporal changes in live coral cover, coral species composition, and 
potential recovery of coral. The understanding of the dynamics in coral reefs caused by 
natural disasters and knowing the essential factors that affect their recovery will 
contribute to the sustainable management and conservation of the area (Godfray & May 
2014). 

  
Material and Method 
 
Description of the study sites. For this research, six coral reef sites across the Nias 
Islands were studied during before and after the earthquake (Table 1). Based on the 
geography, the island is facing the eastern Indian Ocean and is characterised by big 
waves and strong currents (Kurnio 2007). Nias Island was formed by the uplifting during 
tectonic processes and is located near the collision line between the Indo-Australian Plate 
and the Eurasian plate (Risqi et al 2020). We installed permanent transects at each 
observation site. We put three of 10 m line permanent transect in each sites at various 
depth between 5-7 m (Figure 1). 
 

Table 1 
The position of study sites 

 
Sites Location Longitude Latitude 

NIAL01 Sifahandro, Sub District of Sawo 97o10’14.18” E 1o25’21.35” N 
NIAL02 Sisarahili Teluk Siabang, Sub District of Sawo 97o24’23.34” E 1o30’40.33” N 
NIAL03 Teluk Bengkuang, Sub District of Sawo 97o25’30.67” E 1o30’53.80” N 
NIAL04 Panjang Island, Sub District of Lahewa 97o14’33.90” E 1o27’33.34” N 
NIAL05 Lafau Island, Sub District of Lahewa 97o12’47.09” E 1o25‘23.22” N 
NIAL06 Pasar Lahewa, Sub District of Lahewa 97o10’41.25” E 1o24’39.20” N 
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Figure 1. The location of study area of coral and reef fishes monitoring at Nias Island. 
 

The benthic communities structure. The benthic community was evaluated by using 
the line intercept transect (LIT) method based on the standard of Coral Reef Health 
Monitoring (RHM) protocol in Indonesia (Giyanto 2013). The LIT is recommended by the 
Global Monitoring Reef Network for coral surveys (Uychiaoco et al 2010; Lu et al 2020) 
and has been widely applied in coral reef assessments, especially in the Coral Triangle 
region (Jordan & Samways 2001). The LIT was carried out using SCUBA dives to estimate 
the percentage of benthic community structure coverage (live coral, fleshy seaweed, 
dead coral, dead coral algae, rubbles, soft coral, sand, silt, and sponge) (Manikandan et 
al 2016). The transect of the LIT was modified from English et al (1998) and laid out 
parallel to the coastline at each study site (Bruno & Selig 2007; Facon et al 2016; 
Sabdono et al 2019) with a tape measure on the reef along 100-m transects which 
divided into three segments of 10 m in 0-10 m, 30-40 m and 60-70 m. The transect was 
placed along the slope and follows the depth contour from 5 to 10 m of water depth. The 
survey was held on June (2004), July (2005), May (2007), August (2008), June (2009) 
and June (2010). For a more comprehensive analysis, we took pictures of the benthic 
structures attached to the live corals. Identifications up to the genus level were based on the 
works by Hoeksema (1989), Veron & Stafford-Smith (2000), and Wallace et al (2012).  
 
Data analysis. We devided the data into pre-earthquake (2004), few months after the 
shook in 2005, and post-earthquake (2007-2010). Then, data of the percent cover of 
benthic communities were collected, tabulated, and calculated using MS. Excel (Edinger 
et al 1998; English et al 1998; Giyanto 2013). The percentage of benthic community was 
calculated by converting the LIT data by the number of points recorded to the percentage 
for each benthic category. Where percent cover of each category = (number of points in 
that category ÷ total number of points on the transect) x 100 (Wilson & Green 2009). 
The percentage of benthic categories for pre, three months afterwards and post-
earthquake was analyzed using “ggplot2” packages (Wickham 2009) by R statistical 
software analysis. The condition of coral reef was determined by the percentage of hard 
coral (HC) cover and divided into four categories according to the Ministry of Environment 
and Forestry of Indonesia decree No. 4 the year 2001 regarding the criteria of coral reef 
damage, specifically HC ≤ 25% (poor); 25% < HC ≤ 50% (fair); 50% < HC ≤ 75% 
(good); HC > 75% (excellent). Subsequently, to compare and to investigate the 
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dynamics of two categories of benthic communities structure (hard coral and dead coral-
algae) we use a non-parametric Kruskal-Wallis using “ggstatsplot” packages in R 
Software (Patil 2021). The non-parametric test was used since the normal distribution 
assumptions cannot be obtained by data transformation. The post hoc test using Pairwise 
Wilcoxon shows significant changes in coral reef conditions with a significant difference, 
p-value < 0.05 (Booth & Beretta 2002). Analysis of changes in benthic community 
structures  for the conditions before the earthquake, sometime after the earthquake and 
after the earthquake is using non-parametric Kruskall-Wallis followed by Pairwise 
Wilcoxon analysis using the "ggstatsplot" package from R Statistical Software with p-
value < 0.05 (Patil 2021). The Corresponding Analysis (CA) performed on the percentage 
cover benthic communities’ structure and reef fishes categories using” factoextra” 
packages was implemented in the R Statistical software analysis. The benthic community 
and reef fishes categories data were log-transformed for normality to facilitate 
interpretation of the coefficient for CA analysis. 
  
Results. The results showed a change in the percentage of benthic substrate 
communities (Table 2). Among ten categories of benthic coverage, two are dominant i.e. 
live coral and dead coral with algae (Table 2). There is a significant change in live coral 
cover and dead coral algae over the years. Before the earthquake (2004), the percentage 
of live coral cover was in the fair category (48.45±3.62) (Table 2). The earthquake 
caused significant devastation to coral ecosystems. Live coral cover experienced an 
extreme drop in 2005 with more than 50% (20.45±3.64) (poor category), and to 
17.20±4.30 in 2007. Coral recovery occurred in the third year after the earthquake 
(2008: 19.82±5.75) and rose to 29.83±7.01 in 2009 and 32.04±6.59 in 2010, 
respectively (Table 2). On the other hand, the percentage of dead coral algae increased 
three months after the disruption. Dead coral algae (DCA) also show a fluctuating trend 
from year to year, in contrast with live coral cover. The most significant increase in DCA 
coverage occurred in 2009 (53.68±8.76) and shows a significant decline in 2010 
(22.48±6.30) (Table 2). 
 

Table 2 
The mean percentage of benthic category year of 2004, 2005, 2007, 2008, 2009 and 2010 

 
Percentage of mean benthic communities structure (%) ± SE Benthic 

categories 2004 2005 2007 2008 2009 2010 
Live coral 48.45±3.62 20.45±3.64 17.20±4.30 19.82±5.75 29.83±7.01 32.04±6.59 

Fleshy 
seaweed 

0.52±0.19 0.99±0.91 0.76±0.68 4.22±3.90 1.71±1.12 4.79±3.01 

Dead coral 0.03±0.03 0.00±0.00 0.00±0.00 0.08±0.08 0.00±0.00 0.52±0.42 
Dead coral 

alga 
34.53±4.59 50.56±2.80 50.23±5.15 49.45±6.08 53.68±8.76 22.48±6.30 

Others 0.97±0.46 1.41±0.90 0.53±0.24 0.15±0.08 0.64±0.25 0.40±0.12 
Rubble 1.73±0.69 15.57±4.70 15.55±6.20 17.10±5.50 1.12±0.73 26.68±13.19 
Sand 5.99±3.52 8.77±3.84 10.32±6.32 8.08±3.81 8.56±4.48 9.32±5.35 

Soft coral 0.76±0.54 0.00±0.00 0.17±0.13 0.21±0.15 0.17±0.11 0.12±0.07 
Silt 0.96±0.61 0.40±0.40 2.65±1.30 0.00±0.00 3.15±3.10 0.00±0.00 

Sponge 4.59±1.35 1.86±0.91 2.59±1.18 0.87±0.34 1.15±0.59 3.66±0.94 
 

The changing of hard coral and dead coral alga. Based on our analysis, the hard 
coral (HC) and dead coral algae (DCA) were two dominant benthic categories with higher 
percentage than the others. The changing percentage of HC and DCA could be used to 
explain the conditions of coral reef ecosystems in the earthquake event. The analysis 
percentage of HC cover revealed a significant difference between the data before 
earthquake, sometimes after the shook and afterwards (Kruskal-Wallis, p = 0.0088) 
(Figure 2a). Three months after the disturbance, the HC cover in Nias Island decreased 
more than expected with the internal Pairwise Wilcoxon test showing significant 
differences compared to the pre-earthquake condition of 2004 and sometimes after the 
earthquake in 2005) (Pairwise Wilcoxon test, p-value = 0.022). Two years post-
earthquake disturbance (2007), the HC was still hard to recover, and the percentage of 
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coral cover was decreased but did not vary significantly (Pairwise Wilcoxon test, p-value 
= 0.48). After three years of major earthquake disturbance in 2008, the percentage of 
HC cover started to recover and increased but not significantly (Pairwise Wilcoxon Test, 
p-value = 0.82). The recovery of hard coral cover to its original state occurred in 2010 
(Wilcoxon Paired Test, p-value = 0.173) (Figure 2a; Table 3). During the great 
earthquake in Nias in 2005, the percentage of DCA cover was increased and remained 
flat until 2007 (Pairwise Wilcoxon test, p-value = 0.94) (Figure 2b). The decline in the 
percentage of DCA started from 2009 (Pairwise Wilcoxon test, p-value = 0.026) (Figure 2b).  
 

   
Figure 2. The Kruskal Wallis with internal Pairwise Wilcoxon test from hard coral cover 
and dead coral algae cover before and several years after the earthquake to recovery 
process a in northern Nias Island. The pink color showed earthquake condition (2005) 

and the grey color presented the post-earthquake condition (2007-2010). 
 

Table 3 
The Pairwise Wilcoxon test of significant difference from two benthic communities (hard 

coral and dead coral alga) 
 

Hard coral Dead coral with algae Years 
p ns < 0.005 p ns < 0.005 

2004 2005 0.002 *  0.07 ns 
2004 2007 0.002 * 0.09 ns 
2004 2008 0.004 ns 0.18 ns 
2004 2009 0.093 ns 0.93 ns 
2004 2010 0.065 ns 0.24 ns 
2005 2007 0.485 ns 0.94 ns 
2005 2008 0.589 ns 1 ns 
2005 2009 0.485 ns 1 ns 
2005 2010 0.173 ns 0 ns 
2007 2008 0.818 ns 0.94 ns 
2007 2009 0.093 ns 0.94 ns 
2007 2010 0,128 ns 0.02 ns 
2008 2009 0.24 ns 1 ns 
2008 2010 0.128 ns 0.02 ns 
2009 2010 0.936 ns 0.03 ns 

Note: * - significance; ns - no significance. 

a b 
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The comparison between percentage of DCA cover shown different trend 
conditions with HC cover trend but not statistically significant (Kruskal-Wallis, p = 
0.023). The changing percentage of DCA cover demonstrated different trends from pre-
earthquake condition (2004) to post-earthquake recovery in 2010 with the trend 
increased during pre-earthquake (2004) to earthquake condition (2005) (Pairwise 
Wilcoxon test, p-value = 0.065). After three years studies, the percentage of DCA cover 
still decreased but not significantly (Pairwise Wilcoxon test, p-value = 0.094) and the 
lowest of percentage DCA cover show in 2010 (Pairwise Wilcoxon test, p-value = 0.094) 
(Table 3). 
 
The temporal variation in mean percentage of major coral life form. Changes in 
coral cover based on the coral life-form occur during the observation time. The 
hydrocorals Millepora spp. disappeared as a result of the earthquake. Foliose corals, 
encrusting corals, branching corals, and the blue octocoral Heliopora were the most 
affected with drops of up to 97%, 91%, 73%, and 64% respectively. On the other hand, 
submassive corals showed an increase in cover three months after the earthquake. In 
2004, the most dominant coral life form was branching coral followed by Heliopora and 
massive corals (Figure 3). In 2005, the coral species composition changed. Massive 
corals became the most dominant surviving coral group. A growing number of 
submassive corals were present sometimes after the earthquake and reached their peak 
in 2010 (Figure 3). In 2009, four years after the earthquake, each coral group showed 
recovery. Acropora corals, foliose corals, encrusting corals, and branching corals were 
showing recovery of over 50%. The year of 2010 is showing a similar abundance between 
massive corals, branching corals, and Heliopora. Corals of the genus Millepora were 
observed to start recovery in 2010, with a percentage of 0.06%. 
 

 
Figure 3. Temporal variation in mean percentage of live coral cover of major coral life forms (CB = 
branching coral; CHL = heliopore coral; CM = massive coral; CE = encrusting coral; CF = foliose 
coral; AC = Acropora; CS = submassive coral; CME = Millepora; CMR = mushroom coral) at the 

study sites in 2004, 2005, 2007, 2008, 2009, and 2010. 
 
The composition of coral genera pattern. Benthic structure data during various 
conditions lead us to recognize the differences in the composition of coral genera 
patterns. Before the earthquake in 2004, corals of the genera Porites, Montipora, and 
Heliopora dominated the coastal ecosystem of North Nias (Figures 4a, 4b, and 4c). A 
year after the earthquake in 2005, Porites and Heliopora seemed to have survived and 
started to dominate even though their presence had decreased due to the earthquake 
(Figures 4a and 4b). A different result was shown by Montipora corals, which were 
severely damaged by the earthquake (Figure 4c). In 2010, Montipora and Heliopora 



AACL Bioflux, 2021, Volume 14, Issue 6. 
http://www.bioflux.com.ro/aacl 3397 

corals returned to become dominant (Figures 4b and 4c) together with Acropora (Figure 
4d), which became less common during the previous years. 
 

 
Figure 4. The presence of coral genera changing before and after earthquake 

disturbance. Size of dots show the number of genera per years.  
 

Discussion. The Nias large earthquake geological disaster in 2005 produced the 
movement of the lithosphere followed by attributable seafloor uplift (Orcutt 2013) about 
1 up to 2 m (Baird et al 2005). The uplift condition caused localized coral mortality and 
continues to threaten some reefs. Several islands such as Simeulue and Nias were tilted, 
with one end rising as much as 2 m while the other end descended a similar amount  
(Chavanich et al 2005; Foster et al 2006; Wilkinson et al 2006). Recent studies from 
Suppasri et al (2015) recorded that the tsunami run-up height during a large earthquake 
in Nias was approximately 4 m or less in areas near the epicenter. Although several 
species of coral get more damage from large earthquake disturbance in Nias Island, and 
Baird et al (2005) recorded that not even a single live colony from Acropora was found at 
this site in April 2005.  

Observations showed that the coral coverage from 48.5% in 2004 dropped to 
20.5% in 2005 while the rubble coverage rose to 16.1% (Manuputty et al 2007). This 
illustrates that branching coral was the most affected by the earthquake. The changes in 
benthic communities in Nias Island from 2004 to 2005 were indicated by live coral and 
rubble categories. All of the coral growth including branching corals, Celiopora, massive 
corals, encrusting corals, foliose corals, and Acropora showed a decline (Cappenberg 
2010). The structure of the coral reef community before the earthquake showed that it 
was dominated by branching coral followed by coral Heliopora, massive coral, encrusting 
coral, foliose coral, and Acropora groups. When the earthquake occurred, it brought 
damage to the coral and changed the composition of the coral reef structure. Massive 
coral is known to be more resistant to physical disturbance (Hopley 2011; Pisapia et al 
2016). The massive coral often found in the northern Nias waters is the species of Porites 
lutea (Siringoringo et al 2019). 

The dominant coral species before the earthquake were Porites cylindrica, Porites 
lutea, Montipora sp., and Heliopora coerulea. P. cylindrica is a branching coral that 

a b 

c d 
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usually grows in large colonies (Seebauer 2001; Hopley 2011). Furthermore, coral 
Heliopora also has a very wide distribution, especially on the west coast of Sumatra, 
including in North Nias Island (Siringoringo et al 2019). Montipora frequently dominated 
in coral reef areas (Crane et al 2016; Luthfi & Wibisono 2017). After the earthquake in 
2005, the composition of coral species experienced significant changes (Chavanich et al 
2005; Wilkinson et al 2006; Stoddart 2007; Guo et al 2017). P. cylindrica coverage 
decreased while P. lutea coverage has not changed much. Drastic changes were seen in 
Montipora and P. cylindrica coverage. The species of coral with branching life-form known 
as resistance species to environmental disturbance (West & Salm 2003; Grimsditch & 
Salm 2006; Hopley 2011). Furthermore, coral Pocillopora disappeared as well as 
Seriatopora, Galaxea, and Pectinia. These corals might be flung and covered by sediment 
(Wilkinson et al 2006; Zhao et al 2016) but in 2010 these species reappeared.  

The composition of coral species in 2007 was similar to that in 2005. Massive 
Porites were still dominant, followed by H. coerulea. In 2008, the coral fauna composition 
started to recover. Species that were missing in 2005 began to reappear. Recovery is 
increasingly visible in 2009 through increasing coral coverage. Fast-growing coral groups 
including Acropora, Pocillopora, and Montipora presented rapid growth even though they 
are known vulnerable to environmental pressure (West & Salm 2003; Grimsditch & Salm 
2006). Earthquakes can change the corals species composition (Wilkinson et al 2006; 
Campbell et al 2007; Stoddart 2007). Based on the temporal observations, corals showed 
the ability to recover. However, the recovery process is very dependent on environmental 
conditions, and anthropogenic factors (Baker & Weber 1975; Buddemeier & Kinzie 1976; 
Buddemeier et al 2004; Osinga et al 2011; Hoegh-Guldberg 2011; Mansour et al 2017). 
A massive shock brings modifications in the structure and composition of coral 
communities, including the predominant species before and after the earthquake. After 
four years after the earthquake in North Nias the group from Porites was replaced by the 
Montipora group. It is because branched Porites corals are physically damaged by the 
shock and loss of habitat in shallow waters and experienced the uplifting during the 
earthquake. Montipora corals with encrusting and laminar growth forms were also 
severely affected during the earthquake but recovered quickly due to the fast colony 
growth and recruitment throughout the year. Montipora, Acropora and Pocillopora corals 
are among the pioneer coral groups on open substrates with brooding reproduction types 
with year-round recruitment (Hopley 2011; Adjeroud et al 2018). The massive Porites 
group has the lower impact from the great earthquake in Nias and still exists after five 
years of the earthquake. The species of Acropora and Montipora had the highest number 
after the earthquake in 2004. Species H. coerulea begun to recover year by year after 
2005. The branching corals of the Porites genus experienced a decline after the 
earthquake in Nias, but massive corals of the Porites genus were generally able to 
withstand from earthquakes. This decrease was due to the mortality of P. cylindrica 
species at NIAL03 site location. The location of NIAL03 is in Bengkoang Bay and close to 
the mainland and in this location there are many groups of macroalgae that are 
suspected to be the cause of coral death (Siringoringo et al 2017; Giyanto 2018). From 
the data obtained was known the highest fleshy seaweed cover was in 2010 of 4.79% 
(Table 2). 

A recruitment analysis illustrates the potential for corals to recover in North Nias 
waters (Glassom & Chadwick 2006; Morri et al 2015; Jonker et al 2019). The distribution 
and the number of recruitment are closely related to the availability of stable substrates 
within locations (Roth et al 2018). Coral larvae need an ideal environmental condition 
and hard substrate to attach to (Hughes et al 1999; Price et al 2011; Martinez & Abelson 
2013; Lubis et al 2018). Recruitment distribution patterns describe which locations will 
encounter a faster recovery. This can be seen from the high coral recruitment at NIAL05 
which is reflected in the high live coral coverage. 
 
Conclusions. The earthquake had caused alterations in coral cover and coral 
composition. Branching corals were severely affected by the shock, while massive corals, 
although experiencing decline, were more resilient and more dominant in the following 
years. In the fourth year, recovery obtained by the higher coverage of live coral cover, 
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coral recruitment, and coral fish density, which are very dependent on the environment 
and the anthropogenic factors. The implementation of marine protected areas will 
accelerate coral recovery gradually. The monitoring of coral reefs also needs to be carried 
out regularly to see the development of the coral reef community in the future. 
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