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Elrmds have experienced ive degradation across the world over the last 50 years as a
result of a variety of stressors Operating ata range of spatial and temporal scales. In order to
assess whether declines are continuing, or if reefs are recovering, detailed baseline information
is required from across wide spatial scales. Unfortunately, for some regions this information is
not readily available, making future reef t@¥gtories difficult to determine. Here we chanacter-
ized the current benthic community state Tor coral reefs in the Wakatobi region of Indonesia,
one of the most biodiverse marine regions in the world. We surveyed 10 reef sites (5, 10 and
15m depth) to explore spatial variation in coral reef benthic communities and provide a
detailed baseline. Previous data (2002-2011) were available for coml, sponges, algae and
soft coml at six of our study sites. Using this information, we determined if any changes
had occurred in dominance of these benthic groups. We found that benthic assemblage com-
position differed significantly over relatively small spatial scales (2-10 km) and hard coral
cover was highly variable, ranging from 7-48% (average 19.5% £ 1.5 SE). While coral cover
appears to have declined at all sites where data were available since 2002, we found little evi-
dence for widespread increases in other benthic grou regime shifts, Our study provides a
comprehensive baseline dataset for the region that can be used in the future to determine rates
of change in benthic communities.

Bsuction

Coral reefs, one of the planet's most biodiverse ecosystems ubiquitous in shallow tropical
coastal environments across the globe and have persisted for hundreds of millions of years
(Stanley, 2003). The Indo-Paci arbours ~75% of these reefs (Roberts ¢t al., 2002) and is
home to the global epicentre of coral biodiversity, the Coral Triangle Region (CTR).
Encompassing coastal waters around Philippines, Malaysia, Indonesia, Papua New
Guinea and the Solomon Islands, this area contains more species of coral, fish and other
reef taxa than anywhere else on the planet (Briggs, 20035; Veron ef al, 2009). The 17,000
is!au@af Indonesia span most of this area and consequently, the archipelago is considered
the Targest and most important coral reef nation in the world (Spalding et al. 2001).
Indonesia is also highly dependent uﬁ]f:ndinn ing reefs as a source of nutrition and finan-
cial income, and is consequently very rable effects of reef degradation (Burke ¢t al,,
2011). Unfortunately, Indonesia has not escaped the global trend in coral reef degrad and
coral reefs across the archipelago face a variety ol stressors that are operating at both local and
global scales (Edinger ef al., 1998; Baird et al., 2013; Cleary ¢f dl, 2014; Ampou et al, 2017).
This is consistent with the situation across South-east Asia, where over half of all reefs are con-
sidered threatened or very highly threatened (Burke ef al, 2011). Reef stressors range from
localized threats, such as destructive fishing and watershed-based pollution, to global scale
stressors, i ing regional thermal anomalies and ocean acidification (Burke ef al., 2011).
The result has been a decline in coral cover. For ple across the entire Indo-Pacific,
coral cover is estimated to have declined by ~50% since the early 1980s (Bruno & Selig,
2007). However, despite these reports of declines there are many geographic areas, particularly
in the CTR, where fiEnprehensive published baseline data remain largely unavailable. This
lack of information makes it difficult to accurately assess rates and extent of coral reef decline
or Lo assess any positive outcomes of management interventions.

As corals have historically been the dominant spatial occupants on tropical reefs, their mor-
tality in response o environmental stressors can create space for other, more resilient benthic
taxa. In the Caribbean, coral declines have often resulted in a shift to macroalgal-dominated
reel communities (Hughes, 1994; Szmant, 2002; Mumby, 2009). However, i the
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Indo-Pacific, coral decline has generally not led to widespread
macroalgal dominance. Bruno et al. (2009) reported that only
1% of 963 surveyed sites across the Indo-Pacific were considered
macroalgal-dominated (although the threshold was set at >50%
cover) and the regional average was 9-12% macroalgal cover.
This has led researchers to consider what other (non-algal) ben-
thic taxa might increase their abundance on degraded reefs. While
non-algal taxa such as sofl corals, ascidians and sponges can
dominate degraded reefs (see Norstrom et al, 2009 for review),
these occurrences are gen / rare.

Over the past 20 years, the Wakatobi Marine National Park in
SE Sulawesi has been one of the most well studied regions in
Indonesia due to the presence of the research organization,
Operation Wallacea, on Hoga Island. Previous studies have
reported the benthic cover at selected sites in the Wakatobi, par-
ticularly around Hoga Idand (see McMellor & Smith, 2010;
Curtis-Quick, 2013). In this study we build on these earlier surveys
(conducted at six sites that we sampled) by including data from
previously un-surveyed locations (four sites) in the Wakatobi
region. We identify taxa to a finer taxonomic resolution than pre-
vious studies, to provide a comprehensive benthic composition for
reefs in the Wakatobi region in 2014. We also provide online access
to our aw data to facilitate future assessments. Since declines in
coral cover have already been reported from sites around Hoga
Island, we also compared our data to information from 2002 (12
years earlier; McMellor & Smith, 2010) to identify any longer-term
shifts in the dominance of different benthic organisms.

Haterhls and methods
Study sites

This study was conducted in the Wakatobi Marine National Park
in South-east Sulawesi, Indonesi he 14 million hectare
national park was gazetted in 1996, encompasseés the four major
islands of Wangi:Wangi, Kaledupa, Tomia and Binongko, and
is home to ~100,000 people (Unsworth et al, 2010). Centrally
located within the CTR and with around 50 hectares of
coral reefs, the Wakatobi harbours over 390 species of hard
coral and 590 species of fish (Halford, 2003; Turak, 2003).
However, with a large resident human population, many of
whom are dependent upon reefs for both income and nutrition,
the ecosystem is under considerable threat from local sources
(Unsworth et al, 2010).
Surveys across the Wakatobi took place in July 2014 at 10 sites
€N 1o represent a variety of reef types and varying degrees of
exposure to human activity (Figure 1; Appendix 1): Wangj, a tur-
bid and sedimented reel within the harbour at Wangi-Wangi
Island; Karang Gurita, a coral atoll located between Wangi and
Kaledupa Islands; ]ﬁ 3 and Ridge 1, steep-walled sites on the
Hoga fringing reef; Kasims, a sloping site on the Hoga frin-
ging reef; Kaledupa 1 and Kaledupa Double Spur, two gentle slop-
ing sites on the Kaledupa fringing reel; Sampela 1, on the
lepupa fringing reef and adjacent to a Bajo village, considered
0 be highly degraded, sedimented and turbid (Bell & Smith, 2004;
MeMellor & Smith, 2010; Powell ¢t al, 2014); Tomia 1 and Tomia
2, gentle sloping sites on the Tomia fringing reef. While short-
te ironmental data are available for some of these sites
(see Powell et al., 2014; Biggerstaff et al, 2015; Marlow et al,
2019) including Sampela, B3 and Pak Kasims, we do nol have

environmental data from all sites.

Survey design_gnd sampling

Sampling was conducted at 5, 10 and 15 m depths at each of the 10
survey sites (Figure 1), with the exception of SI and WA, where
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shallow reef depths prevented sampling at 15 m. Transects were
50 m long, start locations were chosen haphazardly and tranfiils
repeated three times at each depth and site (N=9 per site),
a minimum of 50 m distance’ transects. On each transect,
50 % 50 cm photoquadrats were taken at 1 m intervals along the
transects (N = 50 and N = 150 in total for each transect and depth).
Substrate composition in the photoquadrats was analysed
using Coral Point Count (CPC). Each image was overlaid with
grandomly allocated points and the benthic types directly
neath point were identified as one of the following cat-
egories: hard ‘coral, soft ¢omal, sponge, coralling algae (CCA),
inacroalgae, turf algae, ascidian, dead corl, reef substrate, rubble,
sand, settled sediment or ‘other’. Substrate was characterized as
‘other” when points were overlaid on less common benthic
types such as bryozoans, anemones and mobile benthic inverte-
brates (eg. holothurians) or when the benthic type could not be
satisfactorily determined [rom the image. Data from across all
50 images on each transect (500 points) were averaged Lo create
mean values of percentage cover per benthic type for each depth.

Statistical mmy's

All statistical analyses were performed in PRIMER-E 6,
Plymouth Marine = Laboratory, 'Plymouth, UK) with the
Permutational Multivariate Analysis of Variance (PERMANOVA)
addon.

Differences in the abundance (% cover) of benthic groups
among sites and depths (and interactions) were analysed using
univariate PERMANOVAs with pest roc pairwise t& where sig-
nificant differences were found. This was based on a resemblance
matrix constructed using Euclidian distance similarity coelficients
t'rﬁ square-root transformed abundance data

0 determine how the relative composition of benthic commu-
nities differed among sites and depths (and any interactions), a
livari'.!le PERMANOVA was performed. This was based on
a resemblance matrix constructed using Bray-Curtis similarity
coeflicients of abundance data that had been square-root trans-
formed Any significant results were further investigated using
post hoc pairwise tests (which can be found in the Appendices).
Results from the PERMANOVAs were graphically represented
using principal coordinate analyses (PCOs) with overlaid
Pearson's correlation (>0.4) vectors. In the event of the
PERMANOVA finding a significant interaction, a Canonical ana-
lysis on the Principal Coordinates (CAP) was used to graphically
represent data. Any significant differences that were discovered by
the PE NOVAs were further investigated using a SIMPER
analysis {0 identify those benthic types that were contributing
the most towards any differences in the assemblage composition.

Results
Hard corals

Across all 10 sites, mean hard coral was the second most domin-
ant benthic type, with an average of 19.53% (£1.54 SE) coverage
(Table 1). The highest coral abundances were found at T1 {across
all three depths, 48.40% + 3.80 SE) and the lowest at K1 (across all
depths, 738+ 148 SE) with significant di 1ces among
sites (PERMANOVA, Pseudo-Foyyy = 14.235, P20.001). Post
hoc tests sh that the majority of these differences were attrib-
uted 1o the hard coral cover at T1 and low cover at K1; both
sites had significantly different (P <0.05} cover of hard corals
from all other sites {Appendix 2). Hard coral abundance was
highest at 5m depth (21.32% +293) and lowest at 15m
(17.97% £ 2.61), however differences were not significant. A sig-
nificant interaction between depth and site (PERMANOVA,
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Fig. 1. Survey sites within the wider wakatabi (top left) andgmd the islands of Hoga and Kaledupa (bottom left). Sites Buoy 3, Kaledupa 1 and Kaledupa Double
Spur, Karang Gurita; Pak Kasim s, Ridge 1, Sampela 1, Tomia 1 & 2. and Wand Harbour are abbreviated as 81, B3, K1, KOS, KG, PK, R, 51, TL, 72 and WA,

respectively.

Pseudo-F, 1454, = 2.1407, P =0.019) showed that F:rd coral cover
was sign tly lower at 10m at S1 than al 5m on the same
reef and significantly lower than'at 10 m at B3, KG, PK, R1, T1
and WA (see Appendix 2 for results of pairwise test).

Other biotic groups

Across the Wakatobi, algae had the greatest average benthic
coverage (22.0% = 1.12 SE). This was prifiily due to CCA
(16.77% + 1.04 SE), the abundance of which significantly
among the sites (PERMANOVA, Pseudo-Fyy,, = 20.845, P=
0.001; Appendix 3) and was particularly abundant at B3 and
WA (Table 1). While CC ver did not differ significantly
among depths (Table 2), ther¢ was a significant interaction
between depth and site (PERMANOVA, Pseudo-F x4, = 2.627,
P =0.02). There was a low abundance of CCA at 10 m depth at
S1: pairwise tests found that the cover of COEJ(2.3% £ 0.9 SE)
at this location was significantly less than at 5m on the same
reef and at 10 m at all other sites. The average cover of macroalgae
{0.56% £ 0.11 SE) and turf algae (4.68% + 033 SE) was consider-
ably lower than that of CCA, especially macroalgae for which the
majority of sites (with the exception of T1, T2 and WA) had less
than 0.5% cover (Table 1).

Soft coral cover occupied 9.89% (£1.04 SE} of reef substrafggin
the Wakatobi. Significant differences existed among
(PERMANOVA; PseudoFjy ., = 18.119, P=0.001; Appendix 4),
with cover rangiffrom <3% at B3, T1, T2 and WA to >20%
at K1 and KDS. Soft coral cover was marginally higher at 5m
than at either 10 5 m depth (Table 2), but this difference
was not signific: was no significant interaction between
site and deplh.% occupied an average cover of 6.98%
(£0.64 SE), with significant differences in sponge abundance
existing among sif@l (PERMANOVA, Pseudo-Fyx,, = 14.045,
P =0.001), depths (PERMANOVA, Pseudo-F,y,, = 19953, P=

0.001) and a significant interaction between site and depth
(PERMANOVA, Pseudo-Fos4, = 5.5145, P=0.001). Pairwise
analysis found that the majority of inter-site differences were
due to high sponge abundance at KI, KG and R1 and low sponge
abundance at B3, with intermediate abundances at the remaining
sites (Table 1, Appendix 5). Differences between depths were due
to significantly lower sponge abundance (4.17% = 0.47 SE} at 5m
than at both 10 m (8.31% + 1.15 SE) and 15 m (8.77% = 1.41 SE;
Table 2), with no significant difference in sponge abundance
between 10 and 15 m. Pairwise analysis showed that the signifi-
cant interaction between site and depth, was due to significantly
lower sponge abundance at 10m at $1 than 10 m at both R1
and KG.

Abiotic groups

The majority (34.15% £ 1.96 SE) of substrate yakatobi reefs
had no living organisms. Total abiotic cover was significantly
different between sites (PERMA , Pseudo-Fg u4, = 6.4158,
P=0.001), but not among depths. There was a significant inter-
action between site and depth (PERMANOVA, Pseudo-Fiyop4) =
24028, P = 0.012). Total abiotic cover was highest at S1 and lowest
at both B3 and T1 (Table 1); post hoc pairwise tests found abiotic
cover to be significantly higher at §1 than at all other sites (bar
KD$) and both B3 and T1 had significantly lower abiotic cover
than all other sites {(Appendix 6). Most of the abiotic cover was
made { settled sediment (15.18% + 1.06 SE of total substrate),
which ered significantly between sites (PERMANOVA, Pseudo-
Frypy) = 8.1699, P=0.001). Pairwise analysis (Appendix 7) found
that differences were primarily attributed to the very high levels
of settled sediment at S1 (covering nearly 35% of substrate) and
low settled sediment at T1 and KG (~7 ﬂl 1% cover respectively;
Table 1). The cover of settled sediment did not differ significantly
between depths (Table 2) and there was no significant interaction
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between depth and sites. The other major abiotic component of
reef substrate was coral rubble (11.84% + 1.14 SE), the cover of
which differed widely across the sites (PERMANOVA, Pseudo-
Fiomi, = 5.7124, P = 0.002; Table 1; Appendix 8), making up around
20% of cover at siles such as PK and KDS, but below 6% at B3, S1
and WA, While the abundance of coral rubble did not differ sig-
nificantly among depths (Table 2), there was a significant inter-
action between depth and sites (PERMANOVA, Pseudo-F ) =
23134, P=0.018). Pairwise tests found that this was primarily
due to particularly low levels of coral rubble (26% £08 SE) at

at 10 m depth, which was significantly less abundant than at
5'm on the same reef and at 10 m at KG, KDS, T1 and T2.

Benthic community composition

Benthic community structure (Tables 1 and 2) differed signifi-
cantly among sites (PERMANOVA, Pseudo-F=12.239,
P=0. Figure 2) and depths (PERMANOVA, Pseudo-F=

178, P=0.001; Figure 3). There was also a significant interaction

tween site and depth (PERMANOVA, Pseudo-F=2897,
P=0001) on benthic community structure. Pairwise tests found
that benthic assemblages diflered significantly between each site
(P<0D5), The only exceptions wer ween the communities
at PK and both R1 and KDS, which did not differ significantly.
The PCO (Figure 2). which explained 53% of the variation in
the Wakatobi benthic assemblages, characterized reefs at T1 and
12 by high hard coml abundance and (relatively) high macroalgal
abundance. High levels of sand and settled sediment were com-
mon at S1 and rubble characterized KG, KDS, K1 and PK
Finally, high cover of coralline algae and 'other” was a character-
istic of B3 benthos. The three communities that were character-
ized as being the most different by the SIMPER analysis
(Appendix 9) were T1 & S1 (61.2% different), T1 & K1 (38.1%
different) and KG & $1 (57.17% different). Differences between
T1 & S1 were predominantly due to differences in hard coral
cover (31.9%) and settled sediment (23.4%). Hard coral
accounted for a similar difference (35.3%) between T1 and KI,
but soft coral abundance was also important (159%).
Differences in the sand cover (21.5%), settled sediment (24.2%)
and hard coral (13%) explained the majority of differences
between KG & S1.

Pairwise tests found that Wakatobi benthic communities dif-
fered significandy between 5 and both 10 and 15m, but there
was no difference between 10 and 15 m assemblages. This separ-
ation of the 3m communities is clearly visible in the PCO
(Figure 3). The SIMPER analysis (Appendix 10} found a 33.5%
and 34.9% difference between 5 and both 10 and 15 m assem-
blages, respectively, although depth-based differences were not
as greal as between some sites. Dilferences in the cover of hard
coral {16.1%), rubble (13.8%), sand (12.7%) and settled sediment
(12.1%) accounted for the majority of dissimilarity between 5 and
10 m. Similar dissimilarities in the cover of rubble (18.6%), hard
coral (15.7%), settled sediment (12.3%) and soft coral (10.9%)
explained the majority of differences between the 5 and 15m
communities. Pairwise tests also showed that the significant inter-
action between depth and site is primarily due to the benthic
communily at 10 m at S1 being significantly different [rom all
other sites at the same depth; assessment of the CAP ordination
(Figure 3) suggests this is primarily due to a high cover of sand
but low levels of ‘other’, CCA, hard coral and macroalgae.

Discussion

The Wakatobi Marine National Park has a wide variation in coral
reef benthic community composition. While some reefs are domi-
nated by high hard coral cover (>45% cover), others have very low
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coral cover (<5% cover). Despite coral cover in many places being
below the average found in Indonesia (Brur Selig, 2007),
macroalgal cover remains very low and instead a high abundance
of coralline algae and non-coral invertebrates exists. This study
provides a comprehensive baseline and spatial analysis covering
all major benthic groups for this highly biodiverse region in the
CTR. Such baseline information will serve as an important
resource to identify any future changes to the benthic community
composition in this region.

McMellor & Smith (2010} reported mean values of hard coral
and macroalgal cover between 2002 and 2007 at a number of the
Hoga sites we sampled; including the Ridge, Kaledupa, Kaledupa
Double Spur, Sampela, B3 {termed Hoga no-take zone in the earl-
ier study) and Pak Kasims. This was further updated with add-
itional data by Curtis-Quick {2013) to 2011 (but including the
original data from 2002 and 2007 from McMellor & Smith).
These studies reported average hard coral cover across the Hoga
sites on the reef crest and slope between 40 (Sampela) and 70%
(B3) in 2002. However, these earlier studies reported a sharp
decline at all sites by 2011, with average coral cover across all
six sites down Lo 20%, although the rate of decline varied between
sites. For example, [rom 2002 to 2011 at Sampela, coral cover had
declined from 40% at around 5 m to <5%, and from around 70%
at 5m at B3 to around 40% cover. Over the same time period,
algal cover also decreased substantially at all six sites, from 20-
30% (although Sampela had algal coverage between 40-50%) to
<10% by 2011. Sponge cover at all Hoga sites reported by
Curtis-Quick (2013) was around 5% in 2002, but this had
increased to around 8-10% at most sites by 2011, although
there was considerable variation between the different depth
zones sampled.
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In the present study we found hard coral covered around
19.5% of the substrate across the 10 sites we sampled in the
Wakatobi, suggesting coral cover has not declined considerably
since 2011. However, we found algal (including macroalgae and
turf} coverage was around 5% across all sites, suggesting a contin-
ued decline since 2011, At some sites in the Wakatobi the reduc-
tion in algal coverage was dramatic; Sampela algal abundance has
declined from 50-70% (depending on depth) cover in 2011 to
around 2% in 2014, We found sponge coverage across all
Wakatobi sites was around 6% suggesting little change in the
abundance of this gr the Wakatobi since 2002,

Given the apparent decline in coral cover that has occurred in
the Wakatobi, the macroalgal cover was considerably lower than
what might be expected to occur on degraded reefs. With an aver-
age of just 0.6% cover, macroalgae was considerably less abundant
than coverage calculated for the Indo-Pacific (average 11.7%;
91\0 et al., 2009), pristine central Pacific reefs (13.1%; Vroom

al., 2006; Sandin ¢ al, 2008), anEilistorical baselines from
the Caribbean (2% Coté et al., 2005; Schutte et al,, 2010; Bruno

I, 2014). Interestingly, macroalgal cover was highest (2.5%)
on the reef (T1) with the highest coral cover. Despite an apparent
recent decline in coral cover, macroalgae do not appear 1o have
benefited from the jon in their spatial competitors. These
observations suggest [hat macroalgal abundance is not always
the single best indicator of coral reef health, as has been previ-
ously suggested (Steneck & Sala, 2005). The proliferation of
macroalgae on many degraded reels has not just been attributed
to increased substrate availability, but also reduced herbivory
(overfishing/disease) and  eutrophication (Hughes, 1994
Pandolfi et al,, 2005). In the Wakatobi, in the absence of large riv-
ers and agriculture, chlorophyll @ concentration is low (Marlow
¢t al., 2019) and eutrophication is not considered to be a problem.
Conversely, local fishing pressure appears to exceed the maximum
sustainable yield and the widespread use of unselective fish fences
{Exton, 2010) is likely to be negatively affecting the local herbiv-
orous fish population. Nevertheless, evidence from elsewhere in
Sulawesi suggests that high regional fish species diversity allows
for greater resilience and the maintenance of functional herbivory,
even under high fishing pressure (Plass-Johnson et al, 2015). 1t is
nol clear why macroalgal abundance has declined so rapidly, but
this could relate to changes in grazer communities or light quality
and warrants furlhermesligatinn.

While macroalgal cover was unexpectedly low, the abundance
of coralline algae (CCA) was high, occupying nearly 17% of the
reel area inff Wakatobi. CCA abundance was lowest at §1, the
reel that is adjacent to’ the Bajau village of Samy a high
level of sedimentation and turbidity (Biggerstaff ef al, 2015,
2017a; Marow et al, 2018). This is consistent with studies on
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the Australian @eal Barrier Reef (Fabricius & De'ath, 2001),
where the cover of CCA is correlated with distance across the
shell and inversely with sedi.men@n. As CCA (and associated
microbial biofilms) is known to play an important role in the
mdinn of larval settlement for many sessile invertebrates

eyward & Negri. 1999 Websteér e al., 2004), successful recovery
of hard corals is less likely at degraded sites, such as Sampela,
where CCA cover is low. Conversely, at sites such as B3 where
CCA cover was particularly high (32%), previous studies have
found coral recruitment is indeed significantly greater than
at S1 (Salinas-de-Leon et al,, 2013). Turf algae in the Wakatobi
occupied nearly 5% of reef area Ponsiderably more than macro-
algae. Typically considered to be [ess than 1 ¢m in height (Connell
et al., 2014), turf algae is a less conspicuous element of reef ben-
thos HEERs also thought to increase in abundance on degraded
reefs (Littlér et al, 2006). The relative success of turf algde may
be due to their capacity to rapidly occupy dead calcareous sub-
strate (Diaz-Pulido & McCook, 2002) and higher resilience to her-
bivory than macroalgae (Hay, 1981). Although not as well studied
as macroalgae in relation to reef degradation, turf algae are spatial
competitors with corals (Swierts i ermeij, 2016} and their pres-
ence can reduce the success of recruitment (Armold ¢ al.
2010). Unfortunately, the previous studies in the Wakatobi did
not distinguish turf algae from other algal types to allow compar-
isons with our data.

The most numerous benthic types after hard corals and algae
were soft corals (9.9%), which were particularly abundant at K1
and KDS, where they were the dominant benthic type. In 2002
branching corals occupied 15-25% of the respective reel sub-
strates al K1 and KDS$ but events such as widespread blast fishing
in 2004 reduced a large percentage of these corals to rubble
(Curtis-Quick, 2013). The eccupation of blasted coral rubble by

coral, particularly Xenia spp., has also been observed in the
modo and Bunaken National Parks in Indonesia (Fox et al,
2003). Soft corals are early colonizers ol coral reef substrates,
are effective spatial competitors and are known to have dominated
degraded coral reels elsewhere including the Seychelles (Stobart
el al,, 2005), Australia (Endean ¢f al, 1988) and Fiji (Robinson,
1971). Evidence from Indonesia suggests that despite the ability
of soft corals to consolidate coral rubble, their presence also inhi-
bits hard coral recruitment, growth and survival (Fox et al., 2003,
2005), thereby preventing recovery on blasted reefs.

Sponges were a conspicuous part of reefl benthos, with an aver-
age abund: f 7% cover, that ranged from 2.8% at B3 to 15% at
KG. While sponges have been proposed as potential winners as
corals decline {see Bell et al, 2013), the abundance of only one
sponge species is currently know be increasing in the
Wakatobi (Biggerstall et al., 2017b). Lamellodysidea herbacea is a
small phototrophic encrusting sponge that is highly a ble to
changes in light availability and sediment deposition (Biggerstaff
et al., 2015, 2017a). The abundance of L herbacea has increased
at the Sampela reef $1 (from 17 to 25% of the available substrate
from 2013-2015®vhere other sponges are known to struggle to
survive (Powell ef al, 2014 Biggerstafl ¢t al, 2017k Marlow
et al., 2019). While small encrusting sponge species are dominant
at $1, the high abundances at KG were predominantly due to large
numbers of the giant barrel sponges Xestospengia spp. and other
massive morphologies {J. Marlow personal communication).

Depth-based differences in the abundance of individual taxa
and the overall benthic community was not as distinct as inter-
site differences. Bathymetric differences in shallow coral reef com-
munities are normally attributed to the zonation of nutritional
resources, light availability, spatial competition and physical
exposure. For example, increasing light attenuation reduces the
abundance of obligate-phototrophic fleshy macroalgae at depth,
while more mixotrophic taxa such as many coral species, can

hirps.//doLorg 10,100 745062 5315419001 012

occupy a broader depth range {(Williams et al., 2013, 2018).
Indeed, in the Wakatobi total hard coral cover showed little vari-
ation with depth. The greater abundance of sponges at 10 and
15 m depth than on shallower surveys could be due to reduced
physical exposure, as turbulence is believed to limit the abundance
and diversity of sponges to below 10 m in the GBR (Wilkinson &
Evans, 1989). Interestingly, the benthic community at 10 m at 51
was consistently shown to differ from other reefs at this depth;
with a reduced abundance of hard corals, CCA and sponges.
The environment on this reef is known to be highly sedimented,
turbid and with significantly less @ilable light for photosynthesis
(PAR) than at reciprocal depths on other local reefs (Biggerstaff
et al, 2015, 2017a; Marlow et al, 2018). @is this environment
which is thought to be responsible for reduced coral growth
rates (Crabbe & Smith, 2005), lower sponge diversity (Powell
et al, 2014) and likely the cause ol the reduced CCA found in
our study.

Benthic composition of reefs in the Wakatobi was highly vari-
able, which likely reflects variation in abiotic condi@f@ns and past
history of exploitation. While some reefs still have high levels of
coral cover others have very low coral cover. However, decreases
in these spatially dominant taxa have not resulted in a shift to
macroalgal-dominance or dominance by any other singular taxo-
nomic group. Instead benthic compesition appears to have shifted
in a less uniform manner and assemblage composition differs sig-
nificantly among sites that are separated by small geographic
distances.

material. The supplementary material for this article can
be found dt hRpsAdoorg/I0I0NT/S002531 5419001012,
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