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Abstract

Some soft corals (order Alcyonacea) have the potential to increase in prevalence on tropical
coral reefs as the severity of anthropogenic climate change increases. While soft corals are
therefore an increasingly important component of reef ecosystems, little is known about their
ecological role on coral reefs and their influence on community dynamics and diversity. We
used Bayesian Network Inference to identify the relationships among benthic taxa across sites
with varying degrees of soft coral dominance on the Great White Wall, Fiji, and then employed
spatial point process analysis to reveal the ecological processes behind these associations. We
found that depth was the dominant driver of community dynamics, and that white Nephtheidae
soft corals were negatively associated with scleractinian corals and positively associated with
algae due to a facilitative mutualism — possibly due to soft corals reducing grazing pressure.
Our results show distinctions in reef benthos and ecological dynamics between scleractinian-
and soft coral-dominated reefs. We found that diversity levels were significantly lower on soft
coral than scleractinian reefs, potentially highlighting the risk of a loss in benthic diversity on

reefs where soft corals replace scleractinians.

Keywords

Soft coral, Spatial ecology, Bayesian network inference, Fiji, Mutualism

Main Text
Introduction

Tropical coral reefs are among the most biodiverse ecosystems on Earth (1) but are under threat
from anthropogenic climate change (2-5). As the frequency and severity of threats such as
marine heatwaves, ocean acidification, pollution, and overharvesting increases, coral reef
communities are expected to change in composition (5—7), with an increase of organisms that
are more resistant to the effects of climate change (8-11). Coral reefs are dominated by
scleractinian corals, but soft corals (order: Alcyonacea) are a common occurrence (12,13) and
sometimes form carpets of local dominance (14,15). While some of the soft corals are
susceptible to the same pressures as scleractinian corals (11,16), many are resistant to, or
benefiting from, changing climate conditions because of physiological adaptations (e.g., nitrate

eutrophication in Xenia, tolerance of acidification in Sarcophyton and Veretillum) or warming-
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resistant symbiont-host dynamics (6,7,11,17,18). As such, it is possible that soft corals play a

mayjor role in coral reefs under future climate scenarios (6,19,20).

The biodiversity benefits of scleractinian coral reefs are emergent properties of both the
composition and structure of reefs (21,22), and their ecological dynamics (23). It is unclear
how ecological dynamics will change if soft corals become more prevalent (19) because much
of the biodiversity generated by scleractinians is attributable to ecosystem engineering (22,24).
Many soft corals do not produce such benefits because they provide only temporary habitat
due to periodic retraction of their bodies and only over their own lifetimes (25). It is therefore
important to understand the ecological dynamics of soft coral reefs to understand how reefs
may change as soft corals increase in prevalence, and how these changes will impact reef

biodiversity.

Ecological interactions within communities can be identified via Bayesian Network Inference
(BNI), which allows the conditional dependencies between variables (in an ecological context,
species or environmental characteristics) (26-29). In BNI, nodes (species, environment) are
connected by edges (ecological associations). Edges have a sign (positive, negative) denoting
the nature of the interaction and the influence score denotes the interaction’s strength (30). BNs
are scale-agnostic, so variables can include biotic (species, genes) and abiotic (space, time,

depth) variables, and biotic variables at different taxonomic levels (27,28,30,31).

While BNs can resolve the sign and strength of associations between variables, their ecological
drivers cannot be determined by BNs alone (29,31). Pairwise ecological processes that drive
associations within sessile species can be inferred using spatial point process analysis (SPPA)
because their spatial patterns reflect the underlying processes that have occurred throughout
an organism’s life (32-34). Points (organism locations) of a pair of species can be: 1)
independent, reflecting no associations; 1i) aggregated, reflecting aggregation of points
between populations (denoting e.g., mutualisms) or; iii) segregated, reflecting hyperdispersion
of points of each population (denoting e.g., mortality incurred by competition) (34,35). Each
of these patterns (independence, aggregation, segregation) can occur across multiple spatial
scales and at different strengths. For instance, segregation at small scales and aggregation at
large scales may indicate the influence of resource competition at small scales and shared
habitat preferences at larger scales (35). The most likely underlying processes can be assessed

by model-fitting of known processes and thus inference of those underlying processes (34,36).
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87 In this study, to assess how ecological dynamics vary with soft coral dominance, we applied
88 BNI and SPPA sequentially to three sites on the Great White Wall (GWW) reef, Fiji. BNI was
89 performed on all sites together to elucidate the core ecological associations on the GWW, and
90 subsequent SPPA was used to interrogate the dynamics underpinning these associations. We

91 wused linear models to understand how changing soft coral dominance influenced biodiversity.
92

93 Materials and methods

94  Field site

95 In this study, we focussed on the GWW, a vertical section of barrier reef in the Somosomo

96  Strait, Fiji. The main GWW (mGWW) is an ideal site to study soft coral ecological dynamics

97 because it has a large spatial extent dominated by a carpet of the white Nephtheidae (37). To

98 understand how ecological dynamics differed between reefs of variable soft coral dominance,

99 we added two more sites: the adjacent wall reef (AWR), also a wall reef but with fewer white
100  Nephtheidae, more scleractinians, and a mixed filter feeding community; and the barrier reef
101 flat (BRF), a shallow reef dominated by scleractinians and colourful Dendronephthya soft
102  corals.

103 Across the three sites, we identified seven abundant benthic morphospecies: 1) white
104  Nephtheidae soft corals, i1) colonial hydroids (possibly Myriopathes), lemon sponges (Leucetta
105 chagosensis), colourful Dendronephthya soft corals, Halimeda algae, adult Tubastraea sp. (an
106 azooxanthellate stony hexacoral), a “hard coral” functional group which included all
107 zooxanthellate, reef-building corals (e.g., Acropora, Pocillopora, Porites, Favites), and an
108 encrusting sponge group, including sponges that encrusted atop substrate (e.g., Monanchora,
109  Aplysinella, Callyspongia). Examples shown in Fig. S1d-k. Further benthic taxa found within
110 the study area but not in sufficient abundance (n<100) for the analyses used here included: 1)
111 sponges: Stylissa, Rhabdastrella, Neopetrosia, and the endolithic sponge Siphonodictyon; ii)
112 soft corals: Sarcophyton, Cladiella, Klyxum, and Chironephthya; ii1) whip gorgonians; iv) sea
113 fans, possibly Annela, Melithaea, Subergorgia, and Acanthogorgia); v) Stylasterids; vi)
114 tunicates (Polyandrocarpa, Didemnum); vii) holothurians (Pearsonothuria); viii) crinoids
115  (Anneissia); 1x) molluscs including mussels (Pedum, Tridacna), sea slugs (Phyllidia), and
116  nudibranchs (Chromodoris lochi, Pteraeolidia semperi). In this study, we identified organisms
117  to a morphospecies level due to the high degree of cryptic diversity present in soft corals, and

118 because collection of biological materials for finer resolution identification was not possible.
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119  Data collection

120 We used structure-from-motion photogrammetry to construct maps of each GWW site
121  following (37). Video footage was collected in a lawnmower pattern and then split into frames
122 atone frame/second using FFmpeg (38), and blurry frames removed. For each site, frames were
123 aligned to form 3D models in Agisoft Metashape v2.1.1 and laser dots as a scale. A 2D
124 “orthomosaic” photo map was generated from each 3D model and organisms were outlined
125 and identified from each map with the morphospecies and location recorded. We used
126  additional video and photographs to check morphospecies identification. The marked-up maps
127 were extracted using a custom script (available at https://github.com/nis38/NPS dex.git,

128 adapted from (39)) in R v4.2.2 (40).

129  Bayesian network inference

130  We performed BNI in software banjo (Bayesian network inference with Java objects) v2.2.0
131  (for details see (28,41); Supplementary Methods). We subset our spatial maps for BNI into 2m?
132 quadrats cf. (29), and converted counts into density to account for to the uneven edges of the
133 mapped areas. Each quadrat was assigned a depth corresponding to either the BRF (12m) or
134 the depth bins identified in (37): shallow (17 — 23.5m), intermediate (23.5 — 28m), and deep
135 (28 — 33.5m). Depth bin definitions were dictated by variation in GWW topography; the
136 intermediate depth bin contains four shallow caves (Fig. 2 in (37)), which are areas that interact
137  with fluid flow (and thus food and light availability), whereas these caves were absent from

138  shallow and deep bins.
139  Spatial point process analysis

140  To understand underlying processes that result in the BNI edges, we performed bivariate SPPA
141 for taxa with sufficient sample sizes (n>100 each). The pair correlation function (PCF) was
142 used to test model fits between the observed point pattern of each edge against known spatial
143 patterns (36). PCFs represent how the density of points (e.g., corals) at a given distance » from
144  a given point change as a function of distance from that point (36). While inferring ecological
145 processes from patterns is difficult because of the possible superposition of multiple processes
146 (i.e., the overlaying of intra- and interspecific interactions or variable environmental
147 preferences) and equifinality (where different processes generate similar spatial patterns)
148  (34,45-47), the application of complimentary statistical techniques can disentangle processes

149 underpinning different ecological patterns, particularly across differing spatial scales (34,46).
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150 We performed spatial analysis in Programita (v Novembre 2018) (48) (see Supplementary
151 Methods).

152 Rare morphospecies and diversity analysis

153 In most ecosystems, the majority of species are rare (57,58) and the identity of rare species
154 may vary with depth or the dominant morphospecies (e.g., scleractinian vs. soft corals). For the
155 BNI and SPPA, rare species could not be included in our analysis (28) so, to investigate the
156 possible effects of rare taxa, we removed all common morphospecies for each quadrat to create
157 a dataset of rare morphospecies. We used a linear discriminants analysis (LDA) with depth as
158 a predictor variable and density of each rare morphospecies as response variables. An LDA is
159 a supervised ordination method whereby clustering is dictated by the predictor variable (59).
160 The accuracy of the LDA was tested using a training-testing split of 60:40, whereby 60% of
161 the data was used to construct the LDA, and the results of the LDA were used to predict the
162  remaining 40% of the data.

163 In order to assess the impacts of the soft corals and depth on the diversity of each site,
164 Simpson’s index (60), Shannon evenness (61,62), and Fisher’s alpha parameter (63) were
165 calculated for each quadrat. Each metric was used as a response variable in separate linear
166 mixed models using the R package Ime4 (64) with depth bin and density of white Nephtheidae
167 as fixed response variables and site (BRF, GWW, and AWR) as a random variable in each
168  model.

169
170 Results

171  White Nephtheidae were the dominant morphospecies on the intermediate and deep depth bins
172 of mGWW (87% relative abundance) and in the intermediate depth bin of the ARW (80%
173  relative abundance). Mixed scleractinian and soft corals were present in the shallow mGWW
174 (6% scleractinian, 66% soft coral) and the shallow AWR (30% scleractinian, 9% soft coral).
175 The BRF was evenly split between scleractinians (47%) and soft corals (48%, mostly
176  Dendronephthya) (Table S1).

177  Bayesian network inference

178 Nine nodes (eight morphospecies and depth) were included in the best BN with a linkage
179  density of 0.78. Depth was the dominant node directly influencing the density of the white
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180 Nephtheidae and hydroids positively, and Dendronephthya negatively. Depth indirectly
181 influenced all other nodes apart from lemon sponges, which had no edges. The white
182 Nephtheidae positively influenced Halimedia algae and negatively influenced hard corals.
183  Colourful Dendroenphthya positively influenced Tubastraea, which in turn positively

184 influenced encrusting sponges (Fig. 1).
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JES

s
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h 4
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186 Figure 1: Bayesian network of ecological interactions on the Great White Wall. Thickness of

185

187  edges reflects occurrence of edges (included in >60% of networks), arrows denote directional

188 effects, numbers next to edges indicate the influence score (strength and sign of interaction).
189
190  Spatial point process analysis

191 There were four pairs of taxa that were sufficiently abundant for SPPA: Dendronephthya and
192 Tubastraea in the shallow mGWW, and white Nephtheidae and Halimeda algae at the shallow,
193 intermediate, and deep depth bin of the mGWW. To avoid secondary co-correlations, patial
194  associations were only tested using SPPA in the direction that corresponded to the relationship

195 identified by BNI (Dendronephthya on Tubastraea, white Nephtheidae on Halimeda algae).

196  We found no best-fit model for the Dendronephthya-Tubastraea relationship (Table S3). While
197 the fit for the white Nephtheidae-Halimeda algae relationship in the mGWW shallow depth bin
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was reasonable (ps = 0.358), visual inspection of the PCF plot indicated that the model fit was
actually poor across multiple spatial scales, and so we interpret no model as a good fit for this
relationship. We found also no best fit model for the white Nephtheidae-Halimeda algae
relationship in the mGWW intermediate depth bin. We found a good fit (ps = 0.474) for an
ILTC (habitat-mediated mutualism) model for the white Nephtheidae-Halimeda algae
relationship for the mGWW deep depth bin indicating a good fit to a mutualistic interaction
where the white Nephtheidae facilitate Halimeda algae in areas where there is high habitat

suitability for Halimeda algae.
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Figure 2: PCF (y-axis) plots of bivariate spatial point process analysis for abundant
morphospecies identified to directly interact via BNI (Fig. 1) at different depths of the main
Great White Wall. a) Dendronephthya eftect on Tubastrea compared to an CSR simulation
envelope; b) and c) white Nephtheidae effect on Halimeda algae compared to an CSR
simulation envelope; d) white Nephtheidae effect on Halimeda algae compared to an
inhomogeneous linked-Thomas cluster (habitat-mediated mutualism) simulation envelope.
Shades of blue indicate depth bin (light is shallow, intermediate is intermediate, dark is deep).

Dashed red line indicates fitted model (a-c: CSR; d: ILTC).
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215
216  Rare morphospecies and diversity analysis

217 To infer the impact of rarer taxa, our LDA including only rare taxa established three
218 overlapping clusters representing the shallow, intermediate, and deep depth bins across all sites.
219 Note that the BRF was removed due to low sample size after implementation of the testing-
220 training split. The LDA was a good predictor of true depth (64% accuracy). Visual inspection
221 suggested that rare morphospecies diversity was determined by the density of white
222 Nephtheidae (Fig. 3d, red box and arrow).

223 When testing the drivers of diversity for all morphospecies, we found that Simpson, Shannon,
224 and (log transformed) Fisher alpha diversity indices were all negatively associated with
225 increasing depth bin (mean effects on Simpson’s index: Shallow: -0.002; Intermediate: -0.253;
226  Deep: -0.309; Fig. 3b) but 95% confidence intervals crossed zero for all depth bins for all
227 diversity indices apart from the deep depth bin, which had a significant negative effect on
228 Shannon’s index (Table S4). We also found that there was an overall negative association
229  between Simpson, Shannon, and (log transformed) Fisher diversity indices and the density of
230 white Nephtheidae (mean effect Simpson’s index -0.004) and that 95% confidence intervals
231 did not cross zero indicating that the white Nephtheidae may be the main driver of rare taxa

232 diversity (Fig. 3c; Table S4).
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234  Figure 3: Composition and diversity analysis on the Great White Wall (GWW) and adjacent
235 reefs. On all plots, red = barrier top, green = shallow depth bin, blue = intermediate depth bin,
236 purple = deep depth bin. a) a linear discriminants analysis of the rare taxa, symbols indicate
237  depth bin (circle = shallow, triangle = intermediate, square = deep) and ellipses indicate range
238 occupied by each depth bin; b) differences in Simpson’s diversity index between different depth
239  bins, with points overlayed with a jitter, schematics indicate depth bin; c) association between
240 Simpson’s diversity index with the density of white Nephtheidae, with colours indicating
241 relationships within depth bins; d) matrix plot of morphospecies densities in each quadrat on
242 the GWW and adjacent reefs, the opacity of each cell indicates log density (more opaque =
243 more dense), schematics indicate depth bin. Red box indicates species rich patch with absence

244  of white Nephtheidae soft corals (row indicated by red arrow).
245
246 Discussion

247 In this study, we investigated the ecological interactions between morphospecies across three
248 sites on the GWW, a soft coral-dominated reef in Fiji, using BNI and SPPA. We found a
249  combined effect of depth and soft coral density influenced ecological and diversity dynamics.
250 Depth was the most influential node in the BN, impacting all morphospecies except for lemon
251 sponges, and this pattern is reflected in previous work showing that depth influenced the
252  population ecology of filter feeders and algae on the mGWW (37). In terms of edges between
253  biotic nodes, Tubastraea had a positive influence on encrusting sponges in the BN, but sample
254  size precluded any subsequent spatial analysis. It could be that Tubastraea acts as suitable
255 habitat for encrusting sponges as they are known to grow over branching scleractinians (65).
256  Dendronephthya had a positive influence on the density of Tubastraea, but there was no good
257  fit model for this from SPPA (Fig. 2a, Table S3), so the drivers of this relationship are also
258 unclear. The lemon sponges had no strong association with any variables in the network.
259 Previous work found that lemon sponge density was relatively consistent across all mGWW
260  depth bins (37), and there was a minor effect of depth on lemon sponge reproductive clusters
261 compared to Halimeda algae, hydroids, and white Nephtheidae, so lemon sponges may have
262 broader biotic and abiotic tolerances than could be tested here. Scleractinians and white
263 Nephtheidae shared the only negative edge between biotic variables in the network, which may
264 reflect segregation arising from competition or distinct habitat preferences, but these effects

265 could not be tested by SPPA since these morphospecies never spatially overlapped in sufficient
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266 abundance (n = 100 each). Competition between soft corals and scleractinians has previously
267 been described via allelopathic precluding of settling of scleractinians, which could be a cause
268 of the segregation of the two morphospecies between the GWW sites (66) but large-scale

269 habitat preferences (e.g., variation in light, substrate) cannot be ruled out.

270  While previous work has highlighted competition between algae and scleractinian corals (67),
271 we found no algae and scleractinian coral edges in our network. The lack of direct association
272  could be a reflection of relatively low impact of human disturbance on the GWW, which has
273  been shown to modulate coral-algae competition (68). We instead found a positive influence
274 of white Nephtheidae soft corals on Halimeda algae, and a negative impact of white
275 Nephtheidae on scleractinians, resulting in indirect segregation between scleractinians and
276 algae mediated by soft corals. Subsequent SPPA showed that the best fit model for the white
277 Nephtheidae-algae interaction indicated facilitation and habitat associations (inhomogeneous
278 linked-Thomas cluster process). While it is not possible to disentangle the cause of this
279 mutualism using our data, this unidirectional facilitation could be the algae growing in areas
280 where soft corals have suppressed grazing activity via production of toxic compounds (69,70)
281 or protection mutualisms imparted by invertebrates such as pistol shrimp (71) (Fig. S2). In the
282 intermediate and shallow depth bin, no best-fit model could be found which maybe due to the
283  superposition of changing ecological dynamics (34) with depth or habitat variability (as shown
284 on the mGWW in (37)) or independence because of a lower density of white Nephtheidae.
285 Interestingly, Halimeda algae were not found on the AWR where white Nephtheidae were
286 present but in lower densities (although other species of algae were present in low abundances).
287 This difference could reflect a range of ecological interactions such as: 1) that the facilitation
288 by the white Nephtheidae is not strong enough on the AWR, ii) a dispersal limitation of the
289  Halimedia algae, iii) that the habitat for algae was of a poorer quality, and/or iv) that the
290 relationship is non-monotonic (e.g., thesholded density-dependence (72,73)).

291  Although the white Nephtheidae soft corals have a positive relationship with algae, there is an
292  overall negative effect of the density of white Nephtheidae on the diversity of any 2m? quadrat
293  in which they are found, indicating that these soft corals may suppress benthic reef diversity.
294  While previous work suggested that soft corals may elevate benthic diversity through temporal
295 niche partitioning whereby intervals of feeding could yield periods where filter feeding benthos
296 can make use of resources in low-current conditions (37), compared to scleractinian reefs, the
297 Dbenthos was significantly less diverse where white Nephtheidae density was high (Fig. 3c¢).
298  This relationship could, in part, be due to the biodiversity generated by the three-dimensional
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299 microhabitat engineered by scleractinians (22). While soft corals also possess large three-
300 dimensional bodies, the structural habitat they generate is ephemeral due to changes in their
301 morphology during periods of low current (25). This transient structural complexity could
302 reduce nursery, sheltering, or wave buffering potential compared to scleractinian-dominated
303 reefs. It is possible that a reduction in grazers or corallivores suppresses the biodiversity
304 benefits generated through intermediate disturbance since soft corals are resilient to removal
305 Dby wave action, fast currents, or physical removal by reef predators while hunting (as seen with
306 scleractinians and reef sharks (74,75)). Previous work has likewise reported that fish diversity
307 1is lower in soft coral-dominated reefs compared to scleractinian reefs (19), although see (76).
308 We found that the composition of rare taxa varies with depth, which could be driven by white
309 Nephtheidae density. We also found that depth was a key contributor to this loss of diversity,
310 which itself is correlated within increasing density of white Nephtheidae, and it is challenging

311 to disentangle the causative element.

312 Our work highlights the joint role of environment and species interactions in determining reef
313 composition and diversity, in addition to the role of dispersal limitation (37,77). We show that
314  soft coral reefs are composed of a different, and less diverse, assemblage of benthic taxa, than
315 adjacent hard coral reefs, which is concerning given that future climate change may promote
316 soft coral abundance on coral reefs (20). Depth was a key environmental variable in our
317 network, promoting the transition from photosymbiont-hosting scleractinians to
318 aphotosynthetic filter feeder communities. We also show that the mutualistic relationship
319 between white Nephtheidae and algae, which could be due to reducing grazing pressure, occurs
320 most strongly where the white Nephtheidae dominate. Finally, our work suggests that, should
321 soft corals become more prevalent on coral reefs in future climate scenarios, this could lead to
322 areduction in benthic diversity because soft coral reef systems are underpinned by different

323  ecological dynamics.
324
325
326

327 Data accessibility statement

328 The R code to reproduce this work is available at https://github.com/nis38/GWW_BNI.git and
329 the data are available at https://figshare.com/s/b1de962365bd81568c95.
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Vanua Levu

Taveuni

554
555 Figure S1: Great White Wall (GWW) and associated reefs localities and morphospecies. a)
556 location of GWW in the Somosomo Strait, Fiji; global location in b), relative to Viti Levu and
557 Vanua Levu islands, Fiji, in ¢). Arrows represent current direction; blue area represents barrier
558 reef. Abundant reef taxa: d) Tubastraea on the GWW, e) Lemon sponge, f) Dendronephthya
559  on the barrier reef above the GWW, g) White Nephtheidae on the GWW, h) Halimeda algae, 1)

560 hydroid colonies, j) encrusting sponge, k) example of scleractinian, likely Acropora. Scale bars
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561 fore), g), h), 1),j), and k) ~ 1 cm; scale bars of d) and f) ~ 10 cm. Example reefs: 1) the GWW
562  view from ~ 17 m, and m) the hard and soft coral dominated barrier reef at the top of the GWW
563 at~12m.
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564
565 Figure S2: Putative network schematic of plausible mutualism between white Nephtheidae
566 soft corals and Halimeda algae (Fig. 1, 2d). White Nephtheidae deploy toxic compounds or
567 facilitate protective mutualists to deter grazers, depressing the local impact of grazing. The
568 release of grazing pressure generates favourable conditions of algal growth, so white
569 Nephtheidae and algae are more commonly found together. We observed all organisms figured
570  here on or near the Great White Wall, apart from the pistol shrimp, which has been found to be
571 associated with Nephtheidae soft corals (71).

572  Table S1: Sample sizes for all morphospecies that appeared frequently enough to be included
573 in Bayesian network analysis. BRF = Barrier reef flat, GWW = Great White Wall, AWR =
574  Adjacent wall reef.

GWW AWR
Morphospeci BRF Total
orphospecies Shallow Intermediate Deep Shallow Deep o
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White Nephtheidae 0 1,417
Dendronephthya 348 153
Tubastraea 32 128
Encrusting sponges 2 99
Lemon sponges 2 260
Halimeda algae 0 155
Hydroids 6 159
Scleractinian 342 22

9,355

86
94
62
93
462
316
13

10,94
3

23

73

38

96
329
584
11

6
28
9
7

156

0
55
98

2,818
55
16

130

128
24

24,539

693
352
214
737
946
1,248
510

Table S2: Discretisation splits for all nodes included in Bayesian network analysis. If the %0
value was <40%, the node was discretised into zeros, low abundance, and high abundance, if

%0 > 40%, we split groups into only presence and absence, and if %0 > 70%, the node was
eliminated from analysis. Note that the environmental variable depth was split into depth bins.

Node % 0s Split

Depth 0

Hydroids 50 Presence, absence
Halimeda Algae 60 Presence, absence
Tubastraea 45 Presence, absence
Dendronephthya 47 Presence, absence
Scleractinian 68 Presence, absence
Encrusting sponges 64 Presence, absence
Lemon sponges 32 Zero, low, high

low, high

Barrier reef top, shallow wall, intermediate wall, deep wall
White Nephtheidae 21 Zero,

Table S3: Full model results for all Great White Wall morphospecies that met the requirements
for bivariate spatial analysis across best-fit spatial scales test. CSR = complete spatial
randomness, HP = heterogeneous Poisson, LTC = Linked Thomas cluster, gl = identity of
pattern 1, g2 = identity of pattern 2. Note that clustering spatial analyses investigate the
clustering of g2 around g1, and the HP+LTC models use a HP process generated by the density
of g2, whereas HP processes alone use a HP process generated by the density of gl and g2. All

models were fit to a spatial scale from 0 — 350 cm. Bold numbers indicate best-fit model
according to Diggle’s goodness of fit (pa).

g1 morphospecies
g2 morphospecies

Depth bin

=
— [
=1

smoothing

Kernel
(cm)

Model

White Halimeda
Nephtheidae algae

Shallow

1,417 155

CSR

0.001
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50 HP 0.001

LTC 0.358

50 HP+LTC 0.130

CSR 0.001

White Halimeda ' 50 HP 0.001
Nenhtheidae aloae Intermediate 9,355 462

" : LTC 0.001

50 HP+LTC 0.001

CSR 0.001

White Halimeda 50 HP 0.001
Nephtheidae algae Deep 10,943 329

LTC 0.012

50 HP+LTC 0.474

CSR 0.028

50 HP 0.001

Dendronephthya  Tubastraea ~ Shallow 153 128 LTC oo

50 HP+LTC 0.001

589

590 Table S4: Model coefficients for a linear mixed model of Simpson, Shannon, and (log
591 transformed) Fisher diversity indices and the density of white Nephtheidae and depth, with site
592 asa fixed effect.

Diversity Index Effect Estimate Lower Upper
95% CI 95% CI
Simpson (Intercept) 0.680 0.366 1.010
White Nephtheidae -0.002 -0.002 -0.002
Shallow 0.028 -0.381 0.413
Intermediate -0.150 -0.562 0.247
Deep -0.292 -0.776 0.148
Shannon (Intercept) 1.350 0.426 2.240
White Nephtheidae -0.004 -0.005 -0.003
Shallow 0.232 -0.877 1.340
Intermediate -0.180 -1.270 0.969
Deep -0.537 -1.880 -0.798
Log(Fisher) (Intercept) 3.240 0.619 5.87
White Nephtheidae -0.010 -0.013 -0.008
Shallow 0.997 -2.230 4.280

Intermediate -0.184 -3.360 3.040
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Deep -1.030 -4.790 2.770

593
594 Supplementary methods

595 The BNI algorithm required each variable to be discretised and used uniform priors to
596 maximise statistical power and mask noise (28,42). Morphospecies were discretised depending

597 on the zero-weighting in the dataset:

598 1. If >70% of quadrats contained Os for a given morphospecies, the morphospecies was
599 re-grouped into an ecologically similar morphospecies cf. (27-29,43,44). If there was
600 no ecologically similar morphospecies for re-grouping, then the morphospecies were
601 considered too rare for BNI and SPPA.

602 2. If <70% and >40% of quadrats contained Os for a given morphospecies and there was
603 no other sensible re-grouping, the morphospecies was assigned presence-absence.

604 3. If <40% of quadrats contained Os for a given morphospecies, the morphospecies was
605 assigned either a zero, low, or high count, with low and high counts split by the median
606 density across all quadrats after removing Os.

607  BNs cannot normally be analytically found so a search algorithm was required to find the
608  Dbest-fit BN which used BIC to find the best performing network cf. (28,43). A greedy search
609 (maximising nodes) with hill climbing was implemented ¢/.(29). To minimise outlier bias,
610 each search used a data set of 1,000 samples with a 95% bootstrap (with replacement) cf.
611 (28). Edge frequencies were bimodally distributed and to define high and low probability
612  edges. For each edge, the directionality was the direction which occurred more often in BNs
613  (>50% £ 10%). We averaged the best 10 networks and only the high frequency edges (>0.6)
614 contributed to the network, with their influence score (IS) calculated as a mean of the

615 constituent edge IS (30).

616 For the spatial analysis, since the only edges that met the sample size requirements were
617 positive, we tested the aggregation models only, namely : 1) homogenous Poisson, or complete
618 spatial randomness (CSR), indicating no interactions over the spatial scales tested (34,49); i1)
619 a heterogeneous Poisson (HP) process, modelling aggregation due to habitat associations; iii)
620 alinked-Thomas cluster (LTC) process, modelling aggregation due to mutualisms (29,50-52);
621 and iv) an inhomogenous linked-Thomas cluster (ILTC) process, modelling mutualisms in
622 areas of high habitat suitability. For HP analysis, habitat heterogeneity can be approximated by
623 smoothing the density map of a morphospecies (53). We produced density maps of each
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624 morphospecies using an Epanechnikov kernel with a bandwidth of 0.5 m, a value that
625 consistently provided a balance between the locations of the organisms and the variation
626 generated by them cf. (29). To test whether a bivariate PCF was best fit to a given null model
627 PCF, 999 Monte Carlo simulations were run for CSR, HP, LTC, and ILTC processes, and the
628 simulation envelopes taken to be between the 5% highest and lowest values cf. (34). CSR and
629 HP models were fit using maximum likelihood methods and LTC and ILTC models were fit

630 using minimum contrast methods (54,55).

631 A goodness-of-fit test was then used to quantitatively assess differences between the observed
632 pattern PCFs and simulated PCFs. Goodness-of-fit tests provide a hypothesis test, with the null
633  hypothesis being that the measured process (here, PCF for each pair of morphospecies’ point
634 patterns) departs from the simulation envelope over a specified distance interval (34,56). Here,
635 we used Diggle’s goodness-of-fit test (pa), with high py (i.e., closer to 1) interpreted to be a
636 good model fit (56), alongside visual inspection of the morphospecies’ PCF plot (34).

637
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