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Abstract. Climate change has led marine ecosystems to degrade, especially coral reefs which are
threatened by the elevated sea temperature-related bleaching. As a result, the reefs may shift from coral
to algal dominated reefs; therefore, it is necessary to investigate possibilities to relieve or to prevent
such shifting. Herbivorous fishes reduce algal cover which then provides space for corals to reoccupy,
supporting reef recovery. However, many types of coral reef variations in Indonesia may have a different
potential for coral resilience, and also information on the functional group is limited in each area. This
study investigates several fish species into a functional group that might support coral resilience in
Sabang. Four species were found dominant in Sabang: Acanthurus tristis and Ctenochaetus truncatus
which have less ability to support coral resilience, and Acanthurus leucosternon and Zebrasoma scopas
which have more ability to support it. However, these fishes might have a role to mitigate algae shifting
in species mixtures, and more information is needed on the most effective species as key species to
support coral resilience such as food preference, aggregate group forming, and the territorial preference
of each species.
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Introduction. Nowadays, coral reefs are undergoing degradation due to anthropogenic
threats, natural disasters, climate change, and other stressors. Coral reefs are coastal
ecosystems with an important role to provide essential habitat for many organisms and
also support local communities in economic, social, and cultural terms. Enhanced coral
reef degradation has promoted numerous ecosystem service impacts (Bruno et al 2019),
such as decreasing marine tourism, fishery sectors, and ecological function as a feeding
ground, nursery areas, and spawning for fishes (Chung et al 2019a). Climate change has
driven ocean temperature increase and has a relevant impact on coral reefs; it can result
in coral bleaching events. Coral mostly grows at an optimum temperature of 23-29°C,
while elevated ocean temperature has broken the symbiotic relation between
zooxanthellae and coral. The global coral bleaching event in 2014-2017 was reported to
affect approximately 75% of coral reefs worldwide (Hughes et al 2018). Indonesia has
also experienced bleaching events, of which reef health monitorings in 2015 and 2016
showed declined trend of coral condition (Hadi et al 2020). Overfishing, pollution,
sedimentation, and climate change have led to weak coral ecosystem conditions, causing
live coral coverage to shift to be dominated by algae as a consequence of coral bleaching
impact (McLeod et al 2009; Adam et al 2011).

Coral reef condition in Indonesia has a different character due to hydrodynamic
types and also the geomorphological conditions, wherein the response is to different
disturbances, including climate change (Hadi et al 2020). Local management is needed to
enhance the coral ecosystem recovery based on conservation and socioeconomics
according to resilience potential as a management concept. Although there is no
consistent relation between coral cover and resilience potential, analysis of resilience
indicators in each location is an effective strategy to support reef sustainability. Although
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it is uncertain regarding the functional group of herbivore fishes’ efficiency to manage
those effect of climate change, mapping of this group provides a strategy and
implementation for managing regime shifting (Schumacher et al 2018; Chung et al
2019b). Herbivorous fishes are identified as one of potential indicators for coral
resilience, by which their feeding modes and food preferences on algae can maintain and
recover coral reefs after experiencing disturbance. Therefore, herbivorous fish represent
a prospective aspect to mitigate the effects of the climate change (Heenan & Williams
2013; Schumacher et al 2018). The widespread algae on corals may be driven by coral
bleaching; however, herbivorous fish populations collapse due to overfishing has also
influenced the algae shifting. Coral reef resilience which focuses on herbivory
management has many aspects, e.g., habitats of the juvenile such as mangrove,
seagrasses, and inshore coral reef, variation of feeding intensity, and food preferences
(Aubanel et al 1999; Mumby 2006; Heenan & Williams 2013).

The herbivorous fishes have different supporting functions to coral resilience in
each location, so it is necessary to understand the role of species in the functional
groups, viz., scrapers/small excavators, large excavators/bioeroders, grazer/detritivores,
and browsers (Green & Bellwood 2009). Moreover, food preference and food presence
has contributed to the functional group, the relationship between species, and alga
coverage which may help to support managing the algae itself (Heenan & Williams 2013;
Faricha et al 2020). Here, we investigated the species into a functional group that
supports coral resilience in Sabang, which has been bleached in the past decade.
However, the condition may happen again in the future considering that coral bleaching
events are a phenomenon due to the increasing sea temperature. Understanding the key
species can help in supporting management to avoid the regime shifting in coral reefs
and can be an essential indicator for coral resilience. In this study, we focused on
members of the family Acanthuridae which are reported dominant among herbivorous
fishes in Sabang.

Material and Method

Study sites. This study was conducted in March 2018 and June 2021 in Sabang, western
Indonesia, located in the Andaman Sea and around 38 km away from Aceh. In general,
the coral reef is typically fringing reefs which are relatively sheltered in the east area and
are exposed in the west area due to the Indian Ocean hydrodynamic characteristics.
Sabang reefs also experienced coral bleaching during 2015-2016 (Hadi et al 2018). There
were 10 sites (or sampling points) in the present study and distributed in several areas
belonging to Weh, Seulako, Rubiah, and Klah Island (Figure 1).
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Figure 1. Distribution of study sites in Sabang, Aceh.
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Benthic coverage. The benthic substrate coverage was assessed using underwater
photo transects (UPT) method (Hill & Wilkinson 2004). A 50 m line transect was applied
for each site and a quadrat transect used to border the target photo about 58 x 44 cm?.
About 50 photos were collected from each site and followed by an estimated benthic
coverage using software CPCe 4.1 (Coral Point Count with Excel extension) (Kohler & Gill
2006). Categories of benthos and substrata refer to Giyanto (2012). Relationship
between benthic substrata and herbivorous fishes comprise two types of lifeform as dead
coral with algae (DCA) and fleshy seaweed (FS); however, we focused on algae coverage
based on benthic substrates types of DCA which provided the epilithic algae, and also
coral life coverage includes Acropora and non-Acropora types which might provide
benthic substrate preference.

Study species. Herbivorous fishes contribute to control algae growth; however, there
are some species with a specific function which has an important impact on controlled
algae shifting after coral destruction conditions (Bellwood et al 2006). The herbivorous
fishes contribute to the coral reef resilience as functional groups based on how they eat,
what they eat, and the impact on the coral substrate (Green & Bellwood 2009). According
to the bleaching event histories in Sabang and the role of the herbivorous functional
group, the research was focused on the functional group from the family Acanthuridae
which was reported as a dominant herbivorous fish in Sabang, and also reported as
dominant members of most reef fish (Hadi et al 2018; Grulois et al 2020). Acanthuridae
have three sub-families as surgeonfishes, unicornfishes, and saw tails, where many
species were algae grazed, some digesting sand, and plankton as filter feeders, and some
species were ontogenetic shifting for food preference (Kuiter & Tonozuka 2001; Green &
Bellwood 2009). Therefore, surgeonfishes were chosen to study, belonging to the grazer
functional groups. We used two data sources: (1) previous study in 2018 and (2)
collected data in 2021. The underwater visual census (UVC) method was used to obtain
abundance, standard length estimations, and feeding activity of surgeonfishes. Data were
collected at the same line transects used for benthic substrate coverage, and 2.5 m was
added on each side of the line transects.

Feeding behavior. In order to collect feeding behavior data, SCUBA diving was
conducted between 8 am and 3 pm, and Acanthurus leucosternon, Acanthurus tristis,
Ctenochaetus truncatus, and Zebrasoma scopas were observed, being chosen based on a
greater density in 2018. The fish that encountered grazing along transect areas were
chosen to assess feeding activity. The surgeonfish were selected, and the feeding
activities recorded with no double records for the same individuals. The counting number
of bites during feeding activity for each individual, and the number of bites were
averaged for 5 minutes per individual (Madduppa et al 2014; Nanami 2020).

Data analysis. The fish biomass was calculated using the data of fish length estimations
and following equation W = a x L?, where W is the weight (g), L is the total length (cm),
while a and b are constants of the allometric growth equation, accessed in fishbase.org.
The biomass of surgeonfish and benthic coverage variations visualization was using
ggplot. The trends of density and biomass were calculated using Kruskal-Wallis, and the
size frequency distribution was analyzed using Wilcoxon test. The effective differentiation
of surgeonfish species composition was examined using multivariate statistical analysis
with factor analysis of mixed data (FAMD) to differentiate the influence of benthic
substrates’ contribution for the fish. To describe the observed bite rates, Bray Curtis
similarity was used to examine the variability of individual fishes in their proportional bite
data and an average of standard length estimations of surgeonfish, and non-metric
multidimensional scaling (nMDS) was performed to visualize (Heenan & Williams 2013;
Kelly et al 2016).

Results. The number of total individuals for A. leucosternon, A. tristis, C. truncatus, and
Z. scopas in 2018 were recorded 152, 97, 112 and 59, respectively. A. leucosternon had
the highest density of surgeonfish in Sabang during the studies in 2018 and 2021, and
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widely distributed along reefs in the Indian Ocean (Otwoma et al 2018). The trend for
mean densities of four focal fish species is shown in Figure 2A; these fishes density all
increased except for A. tristis. Based on p-value mean the densities of these fishes shows
that only Z. scopas has significance (p-value 0.00014).
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Figure 2. Variation of mean density (A), and mean of biomass (B) of surgeonfish in each species.

The variation of biomass among the surgeonfishes in Sabang is reported in Figure 2B and
variation among the sites in Figure 3. Biomass of A. leucosternon showed in site st01
only in 2021, wherein the benthic substrate presented live coral (LC) increased 0.5%,
and DCA decreased (-3.7%), from 2018 to 2021, respectively. This fish also experienced
a fair increase of biomass in st09 and st10, while the benthic condition increased both of
LC (4.2% and 2.8%) and DCA (10.1% and 7.1%), respectively. Differently in st06, A.
leucosternon couldn't be found either in 2018 and 2021, although the benthic conditions
showed LC increase (5.7%) and DCA decreased (6.8%). While this fish reported a
decrease of biomass in st07 and st02 which has percentage cover conditions of LC (5.3%
and -10.6%) and DCA (-5.6% and -14.7%), respectively. The biomass of A. tristis has
decreased at all sites in 2021, except for st09 by which this species was not observed
during surveys in 2018 and 2021, while the percentages of LC and DCA were reported
increasing (4.2%, 10.1%, respectively). Another species, C. truncatus, was observed in
st05 and st06 which was previously absent, but this fish in st03 couldn't be found in
2021. The variation of the benthic substrate at st06, st05 and st03 had no pattern (LC=
5.7%, -2.0%, -8.3%, and DCA= -6.8%, -13.8%, -19.0%, respectively). Moreover, Z.
scopas showed an increasing of biomass in almost all sites, except in st04 which
decreased 0.036 g m™; however, this presents as a contrast condition to A. tristis, by
which the former species decreased in 2021. Z. scopas also was reported present while
absent in 2018, in st02, st03, and st09, where benthic cover conditions in st02 and st03
experienced a significant decrease in both LC (-10.6% and -8.3%), and DCA (-14.7%
and -19.0%), and st09 experienced an increase in LC and DCA cover percentage of
4.2%. and 10.1%, respectively.
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Figure 3. Comparison of biomass (kg 350 m™) of surgeonfish in each site.

The surgeonfish recorded in Sabang have standard length (SL) variation among these
four species as shown in Figure 4. A. leucosternon and Z. scopas ranged of SL (cm) and
proportion (%) in 2018 up to 14 cm (50%) and 11.5 cm (40%), respectively, and
experienced a fair increase of SL in 2021, e.g. A. leucosternon (1 cm), Z. scopas (2.5
cm) from 2018 to 2021 with the same proportion of the SL distributions. However, the
standard length of A. tristis and C. truncatus decreased from 2018 to 2021 as range 19.5
cm (60%) to 17.5 cm (40%), and 15 cm (50%) to 14.5 cm (40%), respectively. These
was a clear trend of species A. leucosternon and Z. scopas to have similar patterns of
mean densities, mean of biomass (Figure 2B), and SL frequency distributions which
counted as an increase in 2021.
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Figure 4. Size frequency distributions of surgeonfish with Wilcoxon test. Note: leucos =
Acanthurus leucosternon, scopas = Zebrasoma scopas, tristis = Acanthurus tristis, trunca
= Ctenochaetus truncatus.

With the effective differentiation of surgeonfish species composition, we examined
multivariate statistical analysis with factor analysis of mixed data (FAMD) to differentiate
the influence of species compositions and benthic substrate. The FAMD presented the
differences between PC1 and PC2 accounted for 30.9% of the variance (Figure 5A). The
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result showed that the composition of A. leucosternon has a positive correlation with Z.
scopas and C. truncatus; however, the species composition of A. tristis has a negative
correlation. A. leucosternon is the dominant herbivorous fish in most study sites, but
information on the relationship between DCA and the number of individuals of A.
leucosternon is still limited and the role of fish in a single species is still low in influencing
DCA coverage. During the grazing, A. leucosternon was observed in a mixed group with
other species such A. tristis and C. truncatus; this might affect the role of surgeonfishes
providing management of alga shifting and assessing the species’ effectiveness in
supporting coral resilience. Meanwhile, Z. scopas was found in small groups (1-4
individuals) within no mixed species. According to the FAMD result, the number of
individuals, biomass, and estimated average SL of A. leucosternon have positive
correlation with fleshy (FS), live coral (LC) and non-acropora (NAC) percentage.
Furthermore, the domination of A. leucosternon might also influence the role of
controlling epilithic algae. Surgeonfishes were observed biting on epilithic algae,
throughout the feeding activities based on bite rate per 5 minutes and relation in size and
biomass showing the bite rates of Z. scopas have a positive relation to size; however,
other fishes were unclear (Figure 5B).
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Figure 5. FAMD analysis for contribution of benthic substrates for the fish in 2018 and 2021 (A),
and nMDS of Bray Curtis similarity of fish bite rates and an average of standard length estimation
and biomass in 2021 (B). Note: leu = A. leucosternon, sco = Z. scopas, tri = A. tristis, tru = C.
truncatus, in = individual, bm = biomass, sl = standard length, bit = bite rate, example bmleu =

biomass of A. leucosternon, bittru = bite rate of C. truncatus, etc., ac = Acropora, nac = non-

Acropora, Ic = live coral (ac + nac), dca = dead coral with algae, fs = fleshy seaweed.

Discussion. The present study on the trend of surgeonfish dominant in Sabang
investigated the ability of fishes to support the coral reef resilience during facing
stressors throughout algae shifting due to coral damage or bleaching event. Mostly, mean
densities trend of surgeonfish in Sabang increased; the environment conditions might
support these fish to high recruitment, while tsunami effect and bleaching event that
previously impacted Sabang can explain that the study area has provided food resources
(Utama & Hadi 2018). However, Z. scopas present as significantly increased compared to
other fishes, which might be on account that the environment in each site supports this
species. The pattern of the benthic substrate and biomass of A. leucosternon might not
only be impacted by the presence of this fish, but also affected by feeding activities of
other species, i.e., A. tristis and C. truncatus. During feeding activities, surgeonfishes
have been observed forming mixed-species aggregations (Pitkin 2001), and the grazing
intensity driven by depth and exposure of the reef environment (Marshell & Mumby
2015). Although A. luecosternon is a dominant member of the surgeonfish in Sabang, the
variation of biomass and presence-absence of individuals in each site has no strong
relation with DCA percentage. In general, the relationship between the fish and algae was
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examined by a simple linear regression analysis between the total humber of individuals
and DCA coverage, which showed a weak correlation (R> = 0.3024); however, there is
still a lack of information about the algae compositions on the DCA coral form. Several
studies present that habitat preference, food resource, recruitment, juvenile and adult
phase characteristics, habitat connectivity, wave intensity, predatory, fishing and other
human pressures have effect as to the density of reef fishes (Adam et al 2011;
Hernandez-Landa & Aguilar-Perera 2018; Otwoma & Reuter 2019; Santano et al 2021).

These surgeonfish might have habitat preferences and foraging behavior such as
at st06 that couldn’t provide for A. leucosternon and st09 for A. tristis. Habitat
specialization of surgeonfish might have relation with foraging microhabitat and the
dietary specialization of these fish (Brandl et al 2015). The foraging behavior of grazer
herbivorous functional group showed differences in grazing and preferences on benthic
community composition among the species while the surgeonfish considered 50%
foraged on different composition of turf algae across other substrate types (Kelly et al
2016). Because of these conditions, st03 and st06 are likely not a preference area for C.
truncatus and A. leucosternon, respectively. The location of st03 is a tourism area for
jetty tours, with short slope reef about 30°, dominated by Heliopora coerulea and Porites
rus. The location of st06 was in a protected area with a slope about 45° and dominated
by coral from the genera Porites and Galaxea (Hadi et al 2018). The distribution of
abundance and biomass of herbivorous fishes are not only driven by coral bare
substratum and algae but also by physical attributes, including interaction between
ecological and physiological variables which played an important role (Hernandez-Landa
& Aguilar-Perera 2018).

The two species, A. tristis and Z. scopas, might have a territorial rivalry which was
reported in opposite conditions; however, the variation of surgeonfish may be influenced
by several factors such as ontogenetic shifting, and migration according to the food
supply or environmental conditions. Herbivorous fishes have been reported having
ontogenetic shifting, e.g., Naso brevirostris and Zebrasoma desjardinii (Acanthuridae)
and Siganus rivulatus (Siganidae) (Bos et al 2017; Tettamanti et al 2019), and some
herbivorous do migration due to degradation of their territorial environment (Magel et al
2020). Some study sites are marine tourism areas and feeding by humans for fish
attractions, and other human interactions might influence the fish behavior and
community structure. Moreover, the herbivorous fishes have shown facultative
scavenging habits in tourism areas due to tourism activities (Delgado-Pech et al 2020),
and the differences in feeding preferences give impacts on benthic communities (Duran
et al 2019). Abundance and biomass of surgeonfish vary in different reef types, benthic
substrate compositions, abiotic percentage, sampling periods, and individual sites, as a
result there were differences in their browsing rate. The microhabitat preferences as to
their territory might support information driving the distribution of abundance and
biomass of surgeonfish along with the information of benthic substrate and specialization
of food preference. Furthermore, the differences in microhabitat could be used for
ecological understanding of coral reefs in past, present, and future predictions (Brandl et
al 2015; Semmler et al 2021).

According to the mean densities, biomass, and distribution of SL were increased in
2021, these show that environmental conditions might support surgeonfish in growing
up, especially for species A. leucosternon and Z. scopas. Almost all study sites are
underwater recreation areas, fishing spots, jetski traces and transportation, while the
lockdown during the pandemic in 2020 has impacted on the decline in human activities.
The pandemic might provide to improve the environment conditions, while the human
activities are decreased (China et al 2021; Patterson Edward et al 2021). This condition
might impact the A. Jeucosternon and Z. scopas population increases in 2021. C.
truncatus has different condition, which is that the density and biomass reported increase
in 2018; however, the size frequency distribution was decreased. According to the size
composition of the fish, the size 10 cm classes has increased and size 20 cm has
decreased from 30 to 20%; there were indicated recruitment processes and also pressure
as to maturity of fish. The size class frequency of fish populations could be affected by
several factors such overfishing, alterations, climate changes and other destructive
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human activities. However, the climate change contributes to change the size structure
selective predation (Queirds et al 2018; Weerarathne et al 2021). C. truncatus in this
study has a smaller size compared to other species; however, the previous study
reported that small surgeonfish can maintain the algae substrate and could be considered
for coral ecosystem management (Marshell & Mumby 2015).

The size frequency distribution provides information of the growth of fish
populations, A. tristis has opposite condition with A. leucosternon and Z. scopas. Total
individuals, biomass and size frequency of A. tristis constantly decreased although the
size frequency in 2021 presented that the size composition of classes 10 cm and 15 cm
increased, and size classes of 25 cm decreased (Figure 4). The smaller size of mean size
frequency suggests the population of this fish might have pressure, while infrequency of
large size might indicate mortality of mature fish caused by predatory or fishing activities
(Friedlander & DeMartini 2002; van Overzee & Rijnsdorp 2015). A. tristis showed in
decreased conditions, which could be due to a response to benthic community changes or
under/overfishing. The abundance, group aggregated according to trophic levels,
seasonal variability, foraging behavior by substrate availability, and different effect
between each habitat suggest that each species in surgeonfish has different graze and
shape of benthic community composition. The prospect of surgeonfish targeted
investigations might support alga shifting management based on the local mitigations of
some of the unpredictable stressors for coral reef, and fishing of herbivorous fishes might
alter the effectiveness of regulating algae abundance (Adam et al 2011; Madduppa et al
2012; Edwards et al 2013; Heenan & Williams 2013; Kelly et al 2016).

The presence and absence of A. leucosternon and Z. scopas could be used as an
alarm of the benthic conditions in Sabang. Group formation of surgeonfishes indirectly
affects the social learning of juveniles and adults to avoid predations, community
structure, and aggregate behavior of feeding activities (Benevides et al 2016). Behavioral
variations indicate differences in which species perform their functions, and that species
assemblage may be much less redundant in existing functional classifications (Semmler
et al 2021). The effective species supported the coral resilience driven by facilitating
return of coral dominance and managing the algae shifting; it is less clear that grazing by
the four species of surgeonfishes was affected by fish size and influence by fish biomass
and benthic conditions in individual species levels and suggests well-facilitating in a group
with species mixture. Combined herbivorous fishes could retain the structural complexity
of the reef (Santano et al 2021). Further research to reveal some aspects including
benthic changes to provide food availability, food preference of algae type, and group
aggregate compositions is needed to better understand the species’ effectiveness in
supporting coral resilience. The basic control of management through investigating of the
functional group of reef fishes is important to understand the species’ effectiveness (Russ
et al 2018).

Conclusions. Based on trend of biomass and total individuals, distribution of size-
frequency, and number of bite, the surgeonfish was found dominant in Sabang as the key
species but its potential is still unclear and has less relation to support coral resilience
within the complex factors that affect the role of surgeonfish for the benthic substrate. A.
leucosternon and Z. scopas populations were stable comparing to other species during
2018 and 2021. Moreover Z. scopas present a positive relation between bite rates and
size of the fish. The benthic substrate and the environment change might drive to
different distribution in each species, implying a different influence in each site. This
study revealed the role to mitigate algae shifting in a mixture species of surgeonfishes for
resilience such as aggregate group forming, and territorial preference of the fish.
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