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Abstract
Around the Perhentian Islands, coral reefs have been undergoing significant degradation, as is reported annually through citizenscience coral reef monitoring programmes. Typical methodologies included in citizen-science surveys overlook the hosting sea
anemones’ contribution to lowered live coral cover (LCC) on reef sites. As sea anemones compete with corals for suitable substrate,
nutrients, and light availability, the current study was designed to investigate hosting sea anemone abundance and distribution
patterns independently. In addition to identifying and assessing sites of localised sea anemone dominance, sea anemones were
examined to identify factors that positively influence reproductive success and growth rate, including formations, hosting status, and
resident Amphiprion species. In total, 379 sea anemone samples were analysed over 1600 m2 of Perhentian reef, making this study
the first known independent investigation into sea anemone abundance patterns around the Perhentian Islands. Statistical analysis
revealed that at site Village Reef, sea anemone abundance was higher than would be expected in healthy reef settings, and sea
anemone cover was negatively impacting LCC. At second research site Teluk Keke, such analysis resulted in marginally insignificant
results, potentially due to temporal onset differences or pressures exerted by other coral competitors. The most dominant sea
anemone species, Heteractis magnifica (N=352), was analysed to test whether factors linked to higher reproductive success and
growth rate were present in larger sea anemones. Results corroborate that larger sea anemones were significantly more likely to be
actively hosting and were more often encountered in cluster formations. The current study employed a citizen-science method to
explore its feasibility as a survey tool to identify reef sites undergoing dominance shifts, such as could be further developed and
incorporated into currently used citizen-science monitoring programmes.
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Introduction
On the Perhentian reefs, coral abundance and health has been subject to degradation as is demonstrated by a steady decrease of
live coral cover (LCC) on longitudinally assessed sites[1-13]. In 2017, reef assessments conducted by the Perhentian Marine Research
Station revealed a bleaker reef health status than had been held previously (data available on request due to permit restrictions**).
Analysis of 41 unique sites around the Perhentian Islands indicated a live coral cover average of just 27% (sd=14) compared to an
LCC of 42.32% as reported by other citizen-science reef monitoring programmes[11}. Although differences in results are partly
attributable to discrepancies in methodology, the lower LCC estimate puts Perhentian coral reefs right on the edge of a reef
degradation classification from ‘fair’ to 'poor’.

For the most part, monitoring of coral reefs around the Perhentian Islands has been completed using citizen-science methodologies
and trained volunteers[3]. Such approaches to local reef monitoring have proven very effective in collecting relevant data, which is
subsequently used to analyse trends and inform protective regulations[14]. More so, these approaches provide sufficient statistical
power to identify site integrity profile discrepancies, which are instrumental to effective marine park zone designation[15].

As a key determinant of citizen-science based reef surveys, various bio-indicators are measured to record and analyse ongoing
trends[1-13]. Methods generally include a holistic selection of variables which are relatively easy to work with. Furthermore, citizenscience reef monitoring approaches often assess relevant variables together with other correlated determinants. Although these
methods are low cost and easy to implement, they may fail to spot underlying competition dynamics on the reefs, increasing the
likelihood for misinterpretation, misinformation and ill-informed management[16].

One practise in citizen-science reef monitoring prone to inaccurate representation involves nutrient indicator algae (NIA) recordings
as an assessment of coral competition. The underlying premise of this method involves recording macroalgae abundance to indirectly
measure dissolved nutrient levels, which negatively impact coral survival[17]. However, as Littler and Littler[18] explain, using algae
presence to pinpoint eutrophication effects can be flawed. High macroalgal abundance does not directly indicate an elevated level of
nutrients dissolved into the water body, as macroalgae species can thrive independent of nutrient levels. More so, not all types of
nutrient indicator algae found on the reef detract from coral growth, and whilst this understanding is widely shared (for example,
coralline crustose algae is often categorised separately), citizen-science methodologies often collate distinct variables into
ambiguously defined groups[19]. Subsequently, insight into underlying drivers and practical implication values related to these results
is limited. In identifying this inherently ambiguous practise alternative assessment approaches should be investigated, so as to
increase the accuracy with which we can identify and understand ongoing reef competition dynamics.

A marine species that has been ubiquitously linked to elevated dissolved nutrient levels regards sea anemones[20]. Additionally,
higher competitive pressure is exerted by sea anemones on sites where live coral is present. In conditions of high dissolved nutrient
levels and live coral cover, anemone growth rates are higher, and their competitive strategies more aggressive than in conditions with
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no live coral cover[21]. Currently, the relationship between sea anemone abundance and live coral cover is not receiving the attention
warranted by scientific finding attesting to the direct competition between sea anemones and corals. Regarding Malaysia’s coral
ecosystems in general, and the Perhentian Islands’ reefs specifically, no distinct investigations into sea anemone abundance and
their effects on live coral cover are occurring at this point.

Perhentian Island site assessment methods commonly used currently include sea anemones only in combination with tunicate,
hydroid, and corallimorph presence in a category labelled ‘Other’[13]. In collectively recording the presence of these marine organisms,
the opportunity to recognise independent effects attributable to individual competitor species are lost. Regarding sea anemones, their
independent coral competition is scientifically demonstrated, with increased anemone abundance negatively influencing coral planula
recruitment and thus negatively impacting coral recovery[22]. This finding highlights the potential in studying sea anemone abundance
as a means to also study variables concerning coral presence on the reef. Furthermore, categorizing species within a broad class
increases the likelihood for observers to miss individually attributable effects; a cognitive bias known as the Von Restorff effect[23].
Such an observer bias could help explain why no previous independent assessment of anemones has been completed as a part of
citizen-science reef assessments pertaining to the Perhentian Islands.

Sea anemones are direct coral competitors, and their elevated presence has been reported in outbreaks on newly colonised reefs
following collapse events[24]. Sea anemone abundance and substrate cover is positively influenced by dissolved nutrient levels[25],
with suitable environments allowing anemone aggregation into extensive anemone beds[26]. In favourable settings, anemones can
directly outcompete stony corals for attachment substrates[27]. Givensea anemones’ longevity, their potential for year-round asexual
reproduction[27-29], and their fast rate of growth in conducive conditions, high anemone abundance can be an indication of reef
ecosystem dominance transition. Moreover, examining anemone density levels offers a means to investigate and monitor
eutrophication effects, given anemones’ ability to thrive under conditions of high nutrient levels[17,20].

Sea anemones are invertebrate marine animals of approximately 1000+ different species worldwide. Like corals, sea anemones have
strict environmental requirements due to their dependency on algal symbionts[30] and thus are only found in the photic zone. They
have tentacles with nematocysts for defence, plankton capture, and opportunistic predation[28. Sea anemones require specific
elements for growth, including ammonia, nitrogen and sulfur. They acquire the bulk of their nutritional needs through zooxanthellic
photosynthetic symbionts, but also possess a capacity for nutrient absorption from the water column through skin tissue. More so,
actively hosting sea anemones recycle nutrients from waste excreted by symbiont fish[30-31]. In fact, sea anemones that successfully
host ectosymbionts such as anemonefish are shown to also host greater concentrations of zooxanthellae, positively affecting
acquired energy and growth rates[31]. The plethora of mechanisms through which anemones can obtain nutrients, speaks to a
competitive edge and increased resistance in the face of environmental changes.

Only 10 actinian species have evolved to host symbiotic anemonefish (Amphiprions), of which there are 28 known species. Papua
New Guinea is the only location where all 10 species of anemones with hosting capacity can be seen[28]. For the rest of the Indo-West
Pacific, numbers of hosting anemone species tend to be about half, including the Perhentian Islands where hosting anemone species
2

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.22.427756; this version posted January 22, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

Heteractis magnificus, Heteractis crispa, Entacmaea quadricolor, Stichodactyla gigantea, Stichodactyla haddoni and Stichodactyla
mertensii are encountered. An important factor influencing anemone abundance regards hosting status. When anemones are actively
hosting, growth rates increase threefold [29]. In fact, Holbrook & Schmitt’s research revealed that actively hosting anemones have
significantly higher asexual reproductive rates.

Another advantage culminating from the obligatory symbiosis between anemones and their symbiotic fish regards increased
oxygenation of actively hosting anemones during the night. Szczebak et al. investigated adaptive behaviours of Amphiprion species
during nighttime when paired with hosting anemones[32]. Results show that anemonefish influence oxygen levels of the host
anemones by altering flow rates around the anemone host’s tissues, leading to increased oxygen availability and absorption,
subsequently increasing metabolic rates. These findings further demonstrate mechanisms by which anemones use multiple adaptive
strategies favourable to survival under changing environmental demands.

The current study set out to measure anemone abundance at Perhentian reef sites that show indicators of heightened
concentrations of anemones. One of these sites is ‘Village Reef’, a location which the local community also informally refers to as
‘Nemo’, in acknowledgement of its high abundance of anemones and anemonefish. The second site included in the study was a reef
area called ‘Teluk Keke’, which is a highly prized site due to its diverse coral presence. We aim to investigate sea anemone
abundance levels to localise sites of high sea anemone concentrations, which subsequently identifies sites where sea anemones are
successfully outcompeting live corals. More so, the highly prevalent Heteractis magnifica sea anemones were examined to identify
markers of successful survival, including size estimates, hosting status, and formation classification. Previous studies have already
demonstrated that hosting sea anemones more frequently engage in asexual reproduction, a reproductive strategy assumed to
underlie the formation of sea anemone beds[29,33]. Assessing whether these relevant factors are found in the sea anemones around
the Perhentian reef sites can inform distribution trends, and could thus aid the development of appropriate management strategies.

The sea anemones assessment used in the current study is novel to any citizen-science based reef monitoring program employed
around the Perhentian reefs. Through the identification of anemone-dominated reef sites, and showing that high sea anemone cover
impedes live coral cover, we demonstrate a prominent role for hosting sea anemones in coral reef assessments. We thus propose
the inclusion of sea anemone abundance surveying as a valid means by which to monitor anemone-coral competition on the reefs of
the Perhentians. In addition, sea anemone monitoring can indirectly identify changes in sedimentation levels, as well as point out
increased levels of dissolved nutrients which also inhibit coral reef recovery.

Materials and Methods
Data was collected at research sites Village Reef (central coordinates: 5°53’39.05”N, 102°43’37.61”E) and Teluk Keke (central
coordinates:5°53'14.0316''N, 102°44'20.9004''E). Village Reef lies on the intertidal zone off the South-East of Perhentian Kecil, and is
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also locally referred to as Village Beach due to its proximity to local village ‘Kampung Pasir Hantu’ (Figure 1a). Teluk Keke (Figure
1b) is located to the West of Perhentian Besar, and its reef contains rocky reef areas in combination with sheltered regions of shallow
reef. Between May and August 2020, SCUBA technique was deployed to study the anemones within the research sites. In addition,
live coral cover estimates were collected using point intercept readings along the same transect line. At site regions too shallow for
SCUBA (depth <2.0m), data was collected using freediving. All data collection sessions took place between 8.30am and 11.59am,
and visibility during data collection sessions had to be over five meters as a prerequisite to diving. All statistical analyses were run
using ‘R: A language and environment for statistical computing’[34].

At Village Reef, several hosting sea anemone species can be identified, including Stichodactyla gigantea, Stichodactyla mertensii,
Stichodactyla haddoni, Entacmaea quadricolor, Heteractis crispa and most notably Heteractis magnifica. Stichodactyla mertensii,
Heteractis crispa, and Entacmaea quadricolor were located outside the survey boundary, and Stichodactyla gigantea was found only
in shallower regions of the survey site. As for Teluk Keke, three species of anemone were recorded; Heteractis magnifica,
Entacmaea quadricolor, and Stichodactyla mertensii. At Teluk Keke Heteractis magnifica also demonstrated a disproportionately
large abundance. To avoid loss of statistical power due to differences in growth rates, expansion patterns and formations[28,35], all
data pertaining to Heteractis magnifica was extracted for analysis of successful survival markers.

Within the boundaries of survey area Village Reef, a total of fourteen 20 meter transects were laid out in parallel using a 225° South
West bearing, as well as spatially referencing from a stable landmark. Shallow transects not including any sea anemones were
excluded on the premise that these areas did not meet habitat requirements. As for the survey site Teluk Keke, ten 20 meter
transects were laid out in parallel, using a 270° North West bearing. At Teluk Keke, a partially exposed rock made for a natural
landmark for additional spatial referencing.

Distance between parallel transects was set at 4 meters, so as to allow full surveyance of the site whilst mitigating overestimation due
to overlap. Following the laying of the transect, two research divers regressed along the transect, taking a two meter width
perpendicular to the transect line, and recorded data for all encountered sea anemones. To record live coral cover, the substrate
cover directly underneath the same transect line was visually identified at 50 cm intervals, at a total of 40 points per transect line[36].
Hard and soft coral data points were subsequently calculated to produce a LCC percentage estimate per transect line. An
interobserver analysis revealed an overall recording and identification accuracy of 96,7%.

4

bioRxiv preprint doi: https://doi.org/10.1101/2021.01.22.427756; this version posted January 22, 2021. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in
perpetuity. It is made available under aCC-BY 4.0 International license.

Figure 1. Satellite image of site Village Reef, at Pulau Perhentian Kecil (a) and Teluk Keke on Pulau Perhentian Besar (b),
with photographic depiction of typical sea anemone abundance.
Note. (1a) Yellow lines indicate transect lengths, each 20 meters long with the jetty functioning as the starting point for each transect. Image source:
Google 2020, CNES/Airbus. Photograph credits: Alanah Campbell.

Note. (1b) Red lines indicate transect lengths, each 20 meters long with the rock acting as a natural referencing point. Image source: Google 2020,
CNES/Airbus. Photograph credits: Alanah Campbell.
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Upon identifying a sea anemone specimen, a long and short axis measurement of the oral disc was taken using a tailor’s tape and
relevant spatial mapping measures were recorded. In addition, sea anemone species identification was made, its formation was
recorded[37], hosting status was determined[30], and any resident Amphiprion species were identified[28]. When encountering
ambiguity, video footage was collected to allow cross referencing ex situ. In classifying clusters of anemones, specimens were
included within a cluster when a fully expanded individual’s tentacles could touch a neighbouring sea anemone.

As formulas to calculate area coverage assume full coverage between the elliptical long and short axis[38], clusters which did not fully
cover the substrate, or clusters which did not assume an elliptical shape, were adjusted for by recording the area cover estimate (0100%). Furthermore, site rugosity measurements were taken to convert cover estimates accordingly. When calculating area cover
percentages of the sampled sea anemones, adjusted coverage estimates were divided by transect segment area, which was
calculated at 20m2 excluding reefscape adjustments (4 meter width x 5 meter length intervals along the 20 meter transect line, for a
total area per transect of 80m2). To establish a baseline reading on sea anemone percentage presence in healthy coral reef areas,
transect lines were laid on site areas with high live coral cover (criteria: LCC <60%, LCCmean=67.5%) and anemone coverage was
calculated using the same methodology as previously described. The average sea anemone cover percentage was subsequently
taken to estimate expected sea anemone abundance at coral reef sites of good health.
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Results
At Village Reef, a total of 203 sea anemone samples were identified and analysed. Heteractis magnifica was the most dominant
species, with 98.03% presence (N=199). Furthermore, two specimens of Stichodactyla gigantea were identified, and just two
Stichodactyla mertensii specimens were recorded (Table 2 and Figure 2). The average size of the studied anemones was 0.126 m2
(sd= 0.165 m2, max= 1.300 m2, min= 0.003 m2), and 73.40% were actively hosting Amphiprion spp. at the time of analysis (N=149).
Of the hosting anemones, 89.26% hosted Amphiprion ocellaris symbionts (N=133), and 10.74% were found to host Amphiprion
perideraion (N=16). As for formations (Figure 5b), 49.26% included solitary anemones (N=100). 30.54% were clustered in groups of 5
or less (N=62), 12.81% were clustered in groups of 5 to 10 individuals (N=26), 2.96% were part of clusters of 10-15 individuals (N=6),
and the remaining 4.43% of sea anemones were part of groups comprising 16-30 individuals (N=9). The total estimated area cover of
sea anemones at Village Reef was 25.487m2.

At Teluk Keke, a total of 176 sea anemones formations were identified and analysed. Of the total sample, Heteractis magnifica was
also the most dominant species, with 86.93% presence (N=153). Entacmaea quadricolor species were identified at 11.93% (N=21)
and just 1 specimen of Stichodactyla mertensii was recorded (Table 2 and Figure 2), representing 0.57%. The average size of the
studied sea anemones at Teluk Keke was 0.043m2 (sd= 0.027m2, max= 0.161m2, min= 0.005m2), and 88.64% were actively hosting
Amphiprions at the time of analysis (N=156). Of the hosting anemones, 76,92% hosted Amphiprion ocellaris symbionts (N=120), and
10.26% were found to host Amphiprion perideraion (N=16). Furthermore, Amphiprion frenatus was found to reside on 8.97% of
actively hosting sea anemones (N=14) and one anemone was recorded actively hosting Amphiprion clarkii, with a percentage
representation of 0.64%. As for formations (Figure 5b), sea anemones at Teluk Keke were found only in solitary formations or in
clusters including less than 5 individuals. 85,80% were of solitary formations (N=151), with the remaining 14.20% clustered in groups
of less than 5 (N=25). The total sea anemone area cover at Teluk Keke was 7.623m2.

At Village Reef, sea anemone abundance at the survey site was skewed, with decreased sea anemone coverage in shallower areas.
The average percentage cover of anemones was 12.74% (min = 0.28% , max = 44.78%) per 20m2, with an average live coral cover
of 38.83% (min = 15.38%, max = 60.0%). Table 1 displays all sea anemone coverage results and LCC estimates for the survey sites.
Results show a higher percentage of anemone cover within the first, and thus deepest parts of the analysed site, coinciding with
lower LCC percentages at Village Reef, whilst the highest anemone coverage estimates at Teluk Keke were localised around the
centre of the survey site. The average live coral cover at Teluk Keke was only 20.00%. with an average anemone cover of 3.81%.
Analysis of sea anemone cover at reef sites found to be in a good health state (LCC <50%, according to Reef Check Malaysia)
revealed a percentage presence of 2.43% on coral dominated sites. Both at Village Reef and Teluk Keke, sea anemone coverage
was found to be elevated as compared to sea anemone coverage found in sites of ‘good’ health as indicated by live coral cover
estimates surpassing 50%.
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Table 1. Recorded area cover and percentage cover for analysed sea anemones, in addition to LCC percentages at survey
sites Village Reef and Teluk Keke, per analysed transect.
Note. Analysis of sea anemone coverage on site areas assessed to be in ‘Good’ coral health (LCC<50%), revealed an average sea anemone area
coverage of 1.984m2 per 80m2, or 2.43%.

Table 2. List of sea anemone species found at survey sites Village Reef and Teluk Keke, including tentacle identification
details.
Note. Stichodactyla haddoni and Heteractis crispa were not located within the survey area parameters.

Figure 2. Bar graph displaying sea anemone species distributions recorded at Village Reef (N=203) and Teluk Keke (N=176).

Figure 3. Bar graph displaying sea anemone cover and live coral cover (LCC) per 80m2, for Village Reef and Teluk Keke.

To test whether anemone presence directly impacts the presence of live corals, anemone cover and live coral cover were analysed
using linear regression modelling (Figure 3 and Figure 4). Results reveal that at Village Reef, sea anemone cover significantly
predicts live coral cover (F(1,8)= 6.486, p<0.05), with higher levels of sea anemone abundance predicting lower levels of live coral
cover (r=-0.669, R2= 0.447, se= 0.271). As for Teluk Keke, no significant results were found when analysing sea anemone and live
coral cover levels (F(1,8)=5.494 *10-5, p=0.994, se=0.886).
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Figure 4. Scatterplot displaying the relationship between sea anemone cover and live coral cover (LCC) at Village Reef (a)
and Teluk Keke (b).
Note. (a) Site Village Reef. R2=0.44, LCC= -0.693x +47.5, p <0.05, r =0.690 and (b) Site Teluk Keke. R2=0.001, LCC= 0.66x +19.7, n.s.

As an indicator of survival and reproductive success[29], the sampled Heteractis magnifica anemones were tested to determine
whether actively hosting specimens are significantly larger than their non-hosting counterparts (Figure 5a). A non-parametric MannWhitney U test was used to test a significant difference in size between the actively hosting and non-hosting groups. Results revealed
a significant difference in sea anemone size at Village Reef (U=1214, p<0.001), where actively hosting sea anemones are larger than
non-actively hosting sea anemones (Xhosting= 0.158m2, Xnon-hosting=0.039m2). The Mann-Whitney U test for survey site Teluk Keke also
revealed a significant difference in size between active and non-active hosting status of Heteractis magnifica (U=575, p<0.001), with
larger sizes recorded for hosting specimens (Xhosting= 0.045m2, Xnon-hosting=0.026m2)

A further indicator of survival rate and reproductive success relates to anemones’ asexual reproductive levels. With increased
asexual reproduction, anemones are predicted to occur in cluster formations more often[27,29]. A Chi-Square test was utilised to test
the relationship between hosting status and cluster formations. Results demonstrate that actively hosting anemones were more often
encountered in clusters than their non-hosting counterparts at Village Reef (X2(1)=20.688, p<0.001) (Figure 5b). Results for Teluk
Keke were marginally non-significant (X2(1)=3.7953, p=0.0514).
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Figure 5. Bar graphs illustrating Heteractis magnifica hosting status in relation to (a) average size (m2) and (b) formation at
Village Reef and Teluk Keke.
Note. Heteractis magnifica specimens sampled at Village Reef, N=194 and Teluk Keke, N=153.

Discussion
The purpose of the current study was to identify distribution patterns and species abundance levels of sea anemones at survey sites
Village Reef and Teluk Keke. Sea anemone coverage estimates were subsequently analysed to determine whether higher anemone
levels are directly impacting live coral cover (LCC) locally, and to relate sea anemone cover to a baseline estimate such as would be
expected for intact coral reef sites. This study also sought to locally examine variables which influence sea anemone growth and
reproductive success, including hosting status and formations, which have been demonstrated to positively impact sea anemones’
competitive success[27,29,33]. More so, we set out to demonstrate feasibility of utilising sea anemones abundance monitoring as a
survey tool appropriate for citizen-science reef monitoring with which to investigate sea anemone cover and success and its
competition to live corals on the Perhentian coral reefs.

Results indicate that higher abundance of sea anemones negatively impact live coral cover (LCC) on reefs. Since sea anemones and
corals require similar substrate, nutrient, and light penetration requirements[20,22,25], they are in direct competition for available
resources. Although this relationship was not significant for Teluk Keke, the high presence of algae on that survey site (mean NIA=
42%, min=25%, max=57.5%), may explain the lack of power to identify the relationship between sea anemone presence and LCC
levels. The recorded sea anemone abundance levels at Teluk Keke do exceed levels expected in healthy coral reef settings. Further
monitoring and assessment should examine whether Teluk Keke is undergoing a similar phase shift as is occuring at Village Reef,
with differences in temporal onset, or different patterns related to pressures exerted by high macroalgae abundance.

Comparing LCC percentages for the survey sites and the islands’ average demonstrates that the LCC percentage for Village Reef is
above the islands’ average, even if just slightly (Mean LCCVillage Reef

2020=38,83%;

Mean LCCPerhentian Islands 2019=35,50%)[13]. Finding

both higher LCC levels and higher sea anemone abundance levels is unsurprising given that sea anemone dominance co-depends
on the presence of live coral[21]. It would be interesting to study whether this relationship entails a threshold, or tipping point in terms
of LCC estimates and the ability of sea anemones to take over aggressively. At survey site Village Reef, sea anemones seem to have
the upper hand in the matter, with significantly higher sea anemone coverage estimates in the deeper regions of the site.

The rate of success with which sea anemones can outcompete competitors is influenced by factors such as hosting status, cluster
formations, and nutrient availability[25,31]. The presence of resident Amphiprion species, for example, can positively affect sea
anemones’ growth rates[29]. Analysis of data collected at both research sites confirms that the majority of sampled sea anemones
exhibit factors associated with higher reproductive success, and that sampled species exhibiting these factors are significantly larger.
This result implies the need to continue to monitor these areas to examine temporal changes in abundance levels and future
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distribution patterns, with the expectation to find higher growth rates for sea anemones that are exhibiting success-associated factors.
More so, efforts should be poured into the investigation of the individual contributions of these factors on sea anemone growth rates,
so that expected growth can be calculated accurately for future scenarios. Such mechanistic insight can be used to further shape
accurate sea anemone survey methodologies fit for citizen-science programmes, in addition to informing effective management
strategies with continued sea anemone growth on the reefs.

The high homogeneity of the analysed anemone specimens and symbiotic Amphiprion species was striking: At Village Reef 98% of
sampled anemones were Heteractis magnifica, and 89% of identified anemonefish species were A. ocellaris. At Teluk Keke these
values were 87% and 77% respectively. Given this finding, it stands to reason that identification of Perhentian reef habitats with high
concentrations of Heteractis magnifica or A. ocellaris could provide a simple yet effective preliminary tool to locate areas potentially
affected by extensive coral collapse, lowered biodiversity, and decreased carrying capacity. Longitudinal assessment of these sites
over time could reveal which Perhentian sites are undergoing profound and undesired phase shifts. These results could subsequently
aid biodiversity management and the identification of habitats unsuited to coral restoration efforts as high sea anemone abundance
patterns indicate coral stressors such as increased sedimentation and higher levels of dissolved nutrients. Future resources should
be allocated to further develop a sea anemone survey tool within citizen-science approaches to reef assessments of the Perhentians,
where cover and abundance measurements can be used to estimate whether a site has passed the threshold of coral dominance.
The current study demonstrates the wider value of exploring sea anemone monitoring for all Malaysian reef monitoring programmes,
as clusters of sea anemones are found throughout the Malaysian marine systems, but are often excluded from scientific study[26,33].

To better estimate sea anemone abundance patterns outside of the citizen-science monitoring approach, water quality testing should
be incorporated in all studies on sea anemone blooms. In doing so, fluctuations of dissolved nutrient levels can be investigated and
related to ongoing sea anemone dynamics. For the Perhentian Islands specifically, the presence of a waste water outlet in close
proximity to the research site (Figure 1a) shows the potential for nutrient offloading into the water, which has been established as a
factor impacting both sea anemone abundance, and live coral cover[17,21]. A further area in need of more study involves
sedimentation. Prior research indicates that sea anemones can outcompete corals in the face of increased sedimentation levels[20].
More so, experiments conducted by Nugues & Roberts[39] suggest that the direct impact of algae on coral mortality is negligible when
compared to the mortality effect sedimentation has on smothering corals, highlighting the potential for sedimentation to work along
two independent mechanisms when it comes to decreased coral dominance on the reefs. With climate change increasing rain events
and thus the introduction of organic sedimentation into the water bodies surrounding the islands, in addition to increases in tourism
[40]

with subsequent increases in coastal development and land run-off, such research is very relevant to the Perhentian Islands.

Assessment of sea anemone abundance in relation to dissolved nutrient parameters, sedimentation levels and waste water outlet
proximity would be a valuable next phase in sea anemone research.

The used methodologies in this study were shaped by restraints in resources and site habitat idiosyncrasies. As such oral disc
recordings were taken to estimate coverage for all species of sea anemones. Due to diurnal changes in sea anemone expansions of
the oral disc, measurements of the pedal disc diameter (PDD) is generally more accurate and thus preferred[35]. However, the reef
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rugosity at Teluk Keke made PDD measurement collection unfavourable. Furthermore, all data was collected using visual sensus and
assessor accuracy training. This technique was selected as it mimics the citizen-science approaches used in other reef assessments.
Nonetheless, this technique is more prone to inaccuracies due to observer effects, and ideally should be examined in parallel to
techniques with higher accuracy such as photo identification. An analysis of several data collection techniques would help investigate
the accuracy levels obtained when using an approach suited to citizen-science monitoring, and could thus determine whether such a
monitoring tool offers substantial value and information for sea anemone research.

Conclusion
The current study set out to better understand complex reef dominance and outbreak dynamics for the Perhentian Island by
monitoring sea anemone-coral competition with a research approach suitable to citizen-science monitoring programmes. Results
demonstrated highly localised abundance patterns of sea anemones which were directly impacting live coral cover. In addition,
examined sea anemones displayed variables indicative of increased growth rates and reproductive success, and specimens
displaying such factors were indeed significantly larger. Identifying and monitoring sea anemone abundance around the Perhentian
Islands as a citizen-science approach offers a valuable tool with which to reveal sites of lowered ecosystem integrity, potentially high
dissolved nutrient abundance and sedimentation levels, undesired dominance shifts and their combined negative impacts on corals.
Further researching localised sea anemone outbreaks could prove instrumental in informing conservation strategies for stable coral
recovery on these reefs, and thus several future research directions are proposed to continue sea anemone assessments for the
Perhentian Islands .
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