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Abstract Organismal symbioses are fundamental to bio-
diversity, evolution, and ecosystem functioning. On coral
reefs, many decapod species have formed distinct epibiotic
symbioses through decoration tendencies that enhance diet,
camouflage, and defence. The red decorator crab, Schizo-
phrys aspera (Majidae: Decapoda), has a broad Indo-Pacific
distribution and is a successful predator of juvenile crown-
of-thorns seastars (CoT'S; Acanthaster sp.). However, little is
known of the biology and decorating symbioses of S. aspera
on the Great Barrier Reef (GBR), where CoTS pose ongo-
ing management challenges. We characterised S. aspera and
its epibiont community collected in coral rubble patches on
the southern GBR. S. aspera predominantly used sponges
(94 + 1%; mean + SE) in its decoration, with greater propor-
tions of the carapace covered for juveniles (58 +5%) and
females (46 +4%) compared to males (24 +4%). In short-
term (8-d) experiments, S. aspera substantially reduced
sponge (31%) and algal (47%) cover on rubble pieces,
demonstrating its potential to alter sessile communities.
The close association of S. aspera with sponges and algae
likely reflects its diet and enhances camouflage and chemi-
cal defence in its coral rubble niche on the GBR. As sessile
taxa are often noxious, we postulate that these symbioses
may confer resilience of S. aspera to plancitoxins in its con-
sumption of CoTS. Evaluating how epibiont diversity and
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biochemistry shape the habitat associations, distribution, and
role of S. aspera as predator and prey may be important to
understanding its ability to mediate CoT'S densities on the
GBR and elsewhere.
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Introduction

Many organisms depend on symbioses for survival and
reproduction (Thompson 1999). Indeed, positive mutualisms
are ubiquitous and may lie at the root of evolutionary phe-
nomena such as the origin of eukaryotic cells and radiation
of flowering plants (Stachowicz 2001). On coral reefs, mutu-
alistic, parasitic, and commensal relationships are common
and can be key drivers of physiology, biodiversity, fisheries
productivity, climate resilience, and ecosystem functioning
(Baskett et al. 2009; Birkeland 1997; Kinzie III, 1999; Wolfe
et al. 2020). There are innumerous organismal symbioses
on coral reefs beyond the coral-zooxanthellae archetype,
including many novel relationships that involve crustaceans
(Stachowicz 2001; Stella et al. 2011). For example, boxer
crabs (Xanthidae) are considered kleptoparasitic, holding
other animals (usually sea anemones) in their chelae to aid
in protection from predators and food capture (Schnytzer
et al. 2013, 2022), while coral crabs (e.g. Tetralidae and Tra-
peziidae) are obligate symbionts of corals and other colonial
cnidarians where they play crucial roles in maintaining coral
health, including defending their host from predators (Castro
and Titelius 2007; Stella et al. 2011).

Many crustaceans are known for their decorative symbi-
otic relationships (Wicksten 1993). In decapods, decoration
involves placement of small inorganic and organic materials
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on the exoskeleton in a process known as epibiosis (Fer-
nandez-Leborans 2010; Guinot and Wicksten 2015). This
process is an association between the epibiont, which is
attached to a living surface, and the basibiont, which hosts
and supports the epibiont. Epibiosis can be beneficial for the
epibiont, as it enhances food acquisition, increases epibiont
mobility and affords a degree of protection from predators
(Fernandez-Leborans 2010; McGaw 2006; Wahl 1989).
In turn, the basibiont benefits from enhanced camouflage
against predators (Dudgeon 1980; Hazlett and Estabrook
1974) and/or storage of edible materials for later consump-
tion (Kilar and Lou 1986; Wicksten 1980; Wirtz and Diesel
1983; Woods and McLay 1994). On the contrary, there can
be negative effects for the basibiont, where epibionts can
increase the host’s weight, reducing mobility and increasing
energetic demands (Ibrahim 2014). Given these tradeoffs,
the characteristics and extent of decoration vary among spe-
cies of decapod.

Spider crabs (Majidae) are a diverse group of decapod
(Poore and Ahyong 2023) that can decorate heavily, often
covering the entire dorsal surface of their carapace and walk-
ing legs with biological (and other) material (Guinot and
Wicksten 2015; Wicksten 1993). Majid species use their
chelae to harvest segments of benthic organisms, including
sponges, algae, and hydroids, which are affixed to hooked
setae on the carapace (Wicksten 1976, 1980). Epibiont com-
munities therefore consist of organisms that are actively
selected and attached by the host but may also include organ-
isms that passively settle directly to and encrust over the
basibiont (Guinot and Wicksten 2015; Hartnoll 1993; Sanka
et al. 2016). Acquisition and composition of epibionts vary
among Majids, often reflecting species-specific selectivity
and localised resource availability (Hultgren and Stachowicz
2008; Maldonado and Uriz 1992; Woods and Page 1999).

Decorative behaviour is analogous to optimum foraging
theory, whereby basibionts select for preferred organisms
when resources are abundant but broaden organism selection
when resources are scarce (Kilar and Lou 1984). The rela-
tive availability of sessile taxa in the immediate environment
can alter resource use and preference toward camouflage
or diet (Kilar and Lou 1986; Stachowicz and Hay 2000).
When resources are scarce, dietary needs take preference
with stored epibionts removed from the carapace for con-
sumption (Kilar and Lou 1986; Wicksten 1980; Wirtz and
Diesel 1983; Woods and McLay 1994). When resources
are abundant, epibiont selectivity can favour camouflage to
ensure the basibiont best matches its environment (Ibrahim
2012; Sanchez-Vargas and Hendrickx 1987; Stachowicz
and Hay 2000; Woods and Page 1999). In addition, epibi-
ont species can be selected for based on biochemistry, with
some majids favouring toxin-containing taxa such as algae
and sponges, to enhance their own chemical defences (Dick
et al. 1998; Stachowicz and Hay 2000), which can reduce
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predation (Stachowicz and Hay 1999). Decoration with non-
preferred species can increase predation risk and mortality
(Stachowicz 2001), with predation pressure a major driver of
specialisation among decorator crabs (Stachowicz and Hay
1999). Indeed, characterisation of decoration tendencies in
majids is the first step to understanding how their epibiont
symbioses may shape the abundance, distribution, and ecol-
ogy of the basibiont.

The red decorator crab, Schizophrys aspera (Milne-
Edwards 1831), has a broad distribution from the Red
Sea to the Great Barrier Reef (GBR) and throughout the
Indo-Pacific (Wolfe et al. 2023a). In the Red Sea, S. aspera
shows an affinity for polychaetes and barnacles as epibi-
onts to match the artificial structures, such as buoys and
jetties, it inhabits (Ibrahim 2012). However, comparatively
little is known of the biology or decorating tendencies of S.
aspera on the GBR, where it seems to occupy a different
ecological niche in coral rubble (Desbiens et al. 2023). As
coral rubble habitats are dominated primarily by sponges,
algae, and ascidians (Wolfe et al. 2023b, 2021), whether
S. aspera on the GBR has distinct decorating tendencies
to that of the Red Sea population is of interest. Moreover,
on the GBR, S. aspera has recently been documented as a
successful predator of the crown-of-thorns seastar (CoTS)
during its juvenile life stage (Desbiens et al. 2023). Given
the negative impacts CoTS can have on the GBR and coral
reefs globally (Pratchett et al. 2014), characterisation of S.
aspera is crucial to determining its potential impact as a
natural top-down control mechanism on CoT'S in the region.
In this light, it seems pertinent to understand the epibiotic
symbioses of S. aspera to begin to identify potential drivers
of its habitat associations, distribution, and trophic ecology.

In this study, we aimed to characterise the biology and
decorating tendencies of S. aspera on Heron Reef, in the
southern GBR. Through collection of 116 individuals, we
provide general population descriptions for S. aspera and
document epibiont community composition in this locality.
Using short-term (8-day) experiments in aquaria, we also
describe patterns in epibiont uptake from rubble pieces. Our
results help to clarify the novel ecological niche of S. aspera
on the GBR and we discuss the implications of our findings
in the context of its broader trophic ecology.

Methods

Schizophrys aspera were collected from October 2022 to
March 2023 at shallow (< 15 m depth) sites along the south-
western slope of Heron Reef (—23° 26" S, 151° 54" E) in
the southern GBR, Australia (Fig. 1a). Individuals (n=116)
were collected by hand by overturning large rubble pieces
on SCUBA (as described in Desbiens et al. 2023 and Wolfe
et al. 2023a, b), under the Great Barrier Reef Marine Park
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Fig. 1 Images representing a collection site (white box) at Heron Island (credit: IKONOS, NASA), b adult male Schizophrys aspera camou-
flaged in coral rubble, and ¢ an example of the image tracing process on a juvenile specimen

Authority permit (G22/47448.1) and The University of
Queensland Animal Ethics permit (2019/AE000388).

Biology and epibiont community

Once collected, S. aspera were returned to the laboratory
in buckets of seawater where it was housed in aquaria with
natural rubble shelter and flowing seawater (> 1 L min~) at
ambient temperature (~27 °C). Size (mm) was determined
for each individual by measuring the widest span of the
carapace. Individuals were then weighed (g) to establish a
length—weight relationship, and sexed based on abdomen
shape, with those <22 mm termed juveniles here based on
the consistent lack of adult features (e.g. large male chelae)
(Davie et al. 2015). We note that this blanket categorisation
of juveniles may have included small sexually mature indi-
viduals as males, for example, can be reproductively mature
before the development of bulkier male chelipeds (Davie
et al. 2015).

To characterise the epibiont community of S. aspera, the
carapace of each specimen (n=116) was photographed from
above (Fig. 1c) using an Olympus TG6 camera immediately
after collection. All photos were taken submerged to ensure
image quality for later identification of the epibionts aided

by a series of close-up photos of each epibiont. Carapace
photos were analysed in Fiji (Schindelin et al. 2012) using
the known carapace width of each individual to set the scale.
In all cases, the carapace and each epibiont were individu-
ally traced (Fig. 1c¢) so proportional cover could be quanti-
fied. Taxonomically, species identification of sessile taxa is
challenging with considerable disagreement in approaches
and requirement of molecular approaches (e.g. CCA: Dean
et al. 2015; sponges: Vicente et al. 2022), so this was not
attempted. Instead, epibiont cover was categorised using
major functional groups of sessile taxa, including sponges,
serpulids, bryozoans, ascidians, macroalgae, vermetids,
and hydrozoans. No other macroorganisms were present.
As hooked setae are found on all regions of the Schizophrys
carapace (Osman et al. 2021), we did not attempt to deter-
mine spatial distribution of epibiont coverage.

Patterns in decoration tendencies

Short-term (8-day) experiments were conducted on a subset
of individuals (n = 15) to observe changes in epibiont uptake
by S. aspera in a controlled aquarium setting. Specimens
(n=3 juveniles; n=6 females; n =6 males) were collected
through February and March 2023, as above, and placed
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in individual 6 L tanks (19X 19x 16.3 cm) supplied with
flowing seawater (~0.8 L min~!) at ambient temperature
(27.5+0.1 °C; n=42). Individuals were provided with rub-
ble pieces (mean size + SE: 6048 + 1388 mm?) collected
from the same habitat, ensuring sufficient shelter and a
selection of sessile taxa typical of their immediate environ-
ment for use as epibionts and/or food. Individuals were not
stripped of their original epibionts before the experiments
commenced. Four additional tanks of rubble without S.
aspera were used as procedural controls.

All S. aspera and rubble pieces were measured and pho-
tographed on days O (initial), 4 (middle), and 8 (final). Epi-
biont cover on the carapace of S. aspera was quantified in
Fiji as for wild caught individuals, described above. Rubble
pieces were photographed top and bottom at each time point
to estimate whole-of-piece cover of each benthic functional
group. Photos were taken from the same perspective at each
time point with pieces submerged in seawater on a grid-
ded scale. Closeup images were taken of all epibionts to
aid in identification, as above, though two additional epi-
biont groups (anemones and crustose coralline algae) were
present on rubble pieces. Proportional changes in epibiont
cover on both S. aspera carapaces and rubble pieces were
determined, with differences assumed to result from use as
decoration or consumption. All aquaria were checked daily
to record whether epibionts were severed from rubble but not
used (i.e. stray in tanks), which was never found. S. aspera
were fed small portions of bait prawns 2-3 times over the
experiment to ensure it was sustained, with waste products
siphoned out regularly to avoid fouling.

Additional observations

Given the paucity of information on S. aspera on the GBR,
and elsewhere, we considered it important to document
interesting observations during animal husbandry, includ-
ing occurrences of spawning, moulting, and copulation. One
juvenile that moulted in captivity was housed separately
to observe post-moult changes in its epibiont community.
Photos of this individual were taken every three days for
~1 month (25/01/2023-27/02/2023) and changes in its pro-
portional cover of epibionts determined, as above. As in
experiments above, the individual was given rubble from its
natural habitat as shelter with live epibionts for decoration
and food, supplemented with chopped bait prawns.

Statistical analyses

Linear models (analysis of variance) in the base stats
package (R Core Team 2022) were used to determine the
influence of sex (male, female, and juvenile) on the size
(carapace width) and total carapace cover of S. aspera. Per-
mutational Analysis of Variance (PERMANOVA) was then
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performed to determine differences in the proportional cover
of different epibiont groups among sexes (juveniles, females,
males). A Gower distribution was used to account for pro-
portional data (Anderson et al. 2008; Gower 1966), and
pairwise comparison used to determine differences among
sexes using the vegan package (Oksanen et al. 2022). A simi-
larity of percentages (SIMPER) test was then performed to
determine which epibionts displayed the largest differences
among sexes. All size and proportional cover data were log-
transformed before analysis.

Relative changes in total carapace cover on S. aspera in
aquaria over time (days 0, 4, and 8) were analysed using
a linear mixed-effects model with the /mer function of
the Ime4 package (Bates 2010). Specimen sex (juveniles,
females, males) and time (day) were used as fixed factors
with rubble piece area (mm?) used as a random term to
account for rubble size, along with individual to account for
the repeated measures component of this dataset. All propor-
tional and size data were log-transformed, as above. Then,
proportional changes in the cover of epibiont functional
groups on both the carapace of S. aspera and rubble pieces
were calculated between initial (day 0) and final (day 8) data.
To analyse changes in epibiont cover on the carapace of S.
aspera, sex and epibiont group were used as fixed effects,
with rubble piece size as a random term. For epibiont cover
on rubble pieces, fixed factors were treatment (i.e. tanks with
or without S. aspera) and epibiont group, with rubble piece
size as a random term. Since values ranged from positive to
negative change—representing increases and decreases in
epibiont cover, respectively—a log-transformation account-
ing for negative values was used: sin(x) X log(1 + |x|). For
all Imer tests, model selection was assessed using Akaike
Information Criterion values with the AICc function in the
MuMIn package (Barton, 2018). In each case, rubble piece
size was retained as a random factor though variance terms
indicated that this had little influence on results compared
to the main significant effects.

Lastly, we assessed epibiont selection by S. aspera using
data on the epibiont cover on rubble pieces and the cara-
pace of S. aspera in a modified versions of Ivlev’s electivity
index (Jacobs 1974). Due to a lack of selectivity owing to
high epibiont availability on rubble, this analysis is reserved
for Supplementary Material (see: Supplementary Text 1 and
Fig. S1).

All statistical analyses were conducted in R (R Core Team
2022). Assumptions of normality and homogeneity of vari-
ance were checked and confirmed where relevant using the
DHARMa package (Hartig 2022), and Tukey’s HSD tests
performed post-hoc to explore significant results with the
agricolae (Mendiburu, 2019) or emmeans (Lenth 2023)
packages.
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Fig. 3 Length—weight relationship of Schizophrys aspera collected at
Heron Reef (n=95)

Results
Biology and epibiont community

Schizophrys aspera had a total mean size (carapace width)
of 23.5 mm (SD + 5 mm, range =5-35 mm, n=116), which
differed depending on sex (Table S1a; Figs. 2a, 3). The adult
sex ratio of S. aspera collected was skewed ~2:1 towards
females, which comprised 51% (n=59) of collected indi-
viduals, followed by juveniles (27%; n=31) and males
(22%; n=26). On average, males were larger than females
while juveniles were the smallest (Fig. 2a), as would be
expected. The length—weight relationship of S. aspera was
well-fit (R?=0.88) and showed an exponential pattern of
growth (Fig. 3). Adult males tended to weigh more than
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ers represent the data range (i.e. minimum and maximum). Groups
that significantly differed (p <0.05) are labelled with different letters
(Tukey’s HSD)
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Epibiont
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Fig. 4 Mean (£ SE) proportional contribution of epibiont groups to
the carapace cover of Schizophrys aspera (n=116). Groups that sig-
nificantly differed (p <0.05) are labelled with different letters (Tuk-
ey’s HSD)

adult females of a given size (Fig. 3), likely owing to the
dimorphic male chelae (see Fig. 1b), which are evident (and
indicate maturation) from ~22 mm carapace width.

The mean (+ SE) proportion of the S. aspera cara-
pace covered by epibionts differed by sex (p <0.001,
Table S1b). Carapace cover was greatest on juveniles
(58 +£5%) and females (46 +4%), while males had the
lowest cover of epibionts on their carapace (24 +4%)
(Fig. 2b). In four females and two juveniles, total cara-
pace cover exceeded 100% (Fig. 2b) as epibiont growth
extended beyond the carapace. The relative contribution
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of different epibiont groups varied also (Table S2), with
sponges comprising the majority (94 + 1%) of the epibiont
community on the carapace of S. aspera, followed by algae
(2.8 £0.6%) and ascidians (1.7 +£0.6%). Bryozoan, hydro-
zoan, serpulid, and vermetid epibionts were proportionally
rare on the carapace of S. aspera (Fig. 4).

Epibiont community composition varied among sexes
of S. aspera (Fig. 5; Table S3), wherein females (p=0.05)
and juveniles (p <0.001) differed to males (Table S4.
Females hosted proportionally more sponges (p=0.002)
and fewer serpulids (p =0.003) on their carapace than males
(Table S5), while males hosted fewer sponges than juveniles
(p=0.005) (Fig. 5; Table S5c). Juveniles and females did not
differ in the relative composition of epibionts on their cara-
pace (Table S4), though juveniles had no serpulids or ver-
metids within their epibiont community (Fig. 5; Table S5b,
).

Patterns in decoration tendencies

There were no significant changes in total carapace cover
of S. aspera over 8 days in controlled aquaria, though total
cover differed among sexes (Table S6a). The carapace of
females was higher in total cover of epibionts compared
to males, but this did not change over the 8-days (Fig. 6a).
However, the type of epibiont taxa present on S. aspera var-
ied over time (Fig. 6b; Table S6b). From day O to 8§, the
proportion of algae increased on S. aspera while the propor-
tion of sponge cover decreased (Fig. 6b). These results were
skewed by one juvenile that experienced a relative increase
in algae cover >900%, though sex did not determine dif-
ferences in the mean change of epibiont taxa on S. aspera
(Table S6b). In aquaria with S. aspera, the proportion of
algae on rubble pieces decreased, but algal cover increased
marginally on rubble pieces in control tanks with no crabs
(Fig. 6¢c; Table S6c). In no case was positive selection of epi-
bionts evident (Fig. S1), suggesting low use compared to the
high availability of preferred taxa (i.e. algae and sponges)
on rubble pieces. However, Schizophrys aspera appeared
to utilise algae and sponges over other epibionts (Fig. 6¢).

Since no stray epibionts were found inside the tanks, it was
assumed that organisms were either placed on the cara-
pace or consumed. The increase in algae on the carapace
of S. aspera (Fig. 6b) suggests algae taken from rubble was
adopted as an epibiont, while the decrease in sponges on
the carapace of S. aspera (Fig. 6b) and removal of sponges
from rubble pieces (Fig. 6¢) reflected consumption, though
changes in biomass were not quantified.

Additional observations

There were five recorded cases of S. aspera females spawn-
ing in captivity (Table S7) with many more gravid individu-
als collected. We observed copulation in holding tanks on
three occasions (Table S7). Males initiated each encounter,
arranging themselves and the female to meet ventrally. The
couples remained in this position for 10-15 min. There was
no clear trend in spawning, moulting nor copulation relative
to the lunar phase (Table S7). Three individuals moulted in
aquaria, with 3 to 4 mm increases in carapace size observed
in each instance (Table S7).

One juvenile male moulted twice over an approximate
I-month period (Table S7, Fig. 7), and was monitored
closely. This juvenile initially had high cover of sponges
(98%), typical of wild caught individuals (Figs. 3, 4), with
a sharp decrease in epibiont cover post-moult (Fig. 7). Total
epibiont cover decreased over its 36 days in captivity with an
increased ratio of algae used over sponges (Fig. 7), though
we did not quantify epibiont availability on rubble pieces to
determine selectivity. Immediately after moulting, the juve-
nile was observed to harvest epibionts from its shed exoskel-
eton, as well as from the rubble provided in the aquarium,
to consume and re-adhere to its fresh carapace (Fig. 7a—c).
This resulted in an increase in carapace cover between
moults (Fig. 7). After the first moult, conspecifics attacked
and ingested two appendages from the juvenile before it was
isolated. No other instances of cannibalism were observed
throughout this experiment and the juvenile regrew its two
missing appendages after the second moult.
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Fig. 5 Mean (+SE) proportion of carapace occupied by epibionts on juvenile (n=31), female (n=59) and male (n=26) Schizophrys aspera.
Groups that significantly differed (p <0.05) are labelled with different letters (SIMPER). Absence of letters represents lack of significance
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ise as they are highly variable among species (Guinot and
Wicksten 2015; Stachowicz 2001). This may be especially
important to understand in species with key ecological roles,
such as the red decorator crab, Schizophrys aspera, a new-
found predator of CoTS juveniles on the GBR (Desbiens
et al. 2023). We found that epibiont coverage was greatest
in juveniles and females of S. aspera. The primary resources
for epibiosis were sponges, which constituted 94% of the
epibiont community. Algae and ascidians were also utilised,
including in aquaria, which reflects the sessile community
typical of the coral rubble habitat occupied by S. aspera in
the region (Wolfe et al. 2023b). Here, we discuss our find-
ings on the biology and decoration of S. aspera in its novel
ecological niche on the GBR, and its symbiotic relationships
that could confer resilience in its consumption of CoT'S in
the region.

Few studies have documented and described S. aspera
beyond occasional sightings (Wolfe et al. 2023a), with
most research derived on populations in the Red Sea (EI-
Serehy et al., 2015; Ibrahim 2012, 2014). Schizophrys
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aspera were generally smaller in our surveys on the GBR
(range: 5-35 mm) than documented in the Red Sea (range:
25-75 mm). This variation in size may reflect localised
adaptations, as S. aspera in the Red Sea were collected
exposed on buoys and jetties (Ibrahim 2012) compared to
the cryptic undersides of coral rubble pieces on the GBR
(Desbiens et al. 2023; Wolfe et al. 2023a), where many small
individuals were found. The adult population of S. aspera
on the GBR was skewed 2:1 towards females, a common
occurrence among crustaceans that may indicate females
live longer than males (Wenner 1972). The Red Sea popula-
tion was skewed 3:2 towards males (Ibrahim 2012), which
may reflect their exposed habitat of collection that would
favour large mechanically defended males. Decoration also
differed between the two populations, with epibiont com-
munities that reflect their immediate habitat, which we dis-
cuss in greater detail below. Overall, the notable differences
between the Red Sea and GBR populations of S. aspera
highlight the importance of understanding the biology and
ecology of species across its range, and support the sug-
gestion that taxonomic revision of the Schizophrys genus is
required (Lee et al. 2018).

On the GBR, males of S. aspera were larger and heavier
than females and juveniles, which is not surprising owing
to their large chelae. This dimorphism is a common feature
of decapods (Homola et al. 1991; Poore and Ahyong 2023;
Sagi et al. 1994) and can result in niche differentiation of
resource use between sexes and across their ontogeny (Cobo,
2005). Regardless, the small size of S. aspera compared to
other majoids likely contributes to their life-long crypsis
(Berke and Woodin 2008; Hultgren and Stachowicz 2009).
We found males of S. aspera had a lower cover of epibionts
on their carapace (24%) than females (46%) and juveniles
(58%), which differs to the Red Sea population where epibi-
ont coverage between males and females were similar (Ibra-
him 2012). Perhaps juveniles, which tend to have a faster
intermoult period (Wainwright and Armstrong 1993), are
more active at gathering epibionts to reduce vulnerability
to predation. Males may be better able to defend themselves
than juveniles and females with less requirement for cam-
ouflage and chemical defence. Large male chelae could also
mechanically inhibit epibiont selection owing to limitations
in dexterity and articulation in the harvest of small objects
from coral rubble, which may result in further dietary spe-
cialisation and energy intake (Guinot and Wicksten 2015),
but the implications of this have not been investigated (Davie
et al. 2015). Not all majoids decorate throughout their life
histories, so our finding here for S. aspera promotes the
hypothesis that ecological and evolutionary processes,
rather than phylogeny, contribute to this behaviour (Berke
and Woodin 2008). Understanding how body and chelae size
influence the diet of S. aspera across its ontogeny warrants
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further investigation, especially in context of its ability to
consume juvenile CoT'S (Desbiens et al. 2023).

Sponges comprised the majority of epibionts utilised by
S. aspera in its decoration, which suggests selection over
macroalgae and crustose coralline algae that are more preva-
lent in its rubble habitat in the region (Wolfe et al. 2023b).
Sponges typically encrusted closely over the carapace of S.
aspera, which supports the previous suggestion that this spe-
cies does not ‘decorate’ (Guinot and Wicksten 2015), at least
as heavily as other species. Still, preferential use of sponges
likely enhances camouflage and protection from preda-
tors, as suggested for the heavily decorated crabs, Inachus
phalangium (Martinelli et al. 2006) and Camposcia retusa
(Brooker et al. 2018). Decoration with encrusting sponges
would provide S. aspera a variably coloured and multipat-
terned surface that would be very effective camouflage,
while minimising movement constraints in the coral rubble
substrate it inhabits on the GBR. Additionally, sponges and
other marine species, including ascidians, algae, and even
CoTS, employ hepatotoxicity as a chemical defence (Abd
El Moneam et al. 2018; Brackman and Daloze 1986; Furey
et al. 2003; Pawlik 1993; Tianero et al. 2015; Watanabe et al.
2009), which would add to the biochemical defences of S.
aspera when adopted as epibionts. Some marine organ-
isms, such as nudibranchs, selectively prey on toxic species
to accumulate and acquire deterrent metabolites in bodily
tissue (da Cruz et al. 2012). Whether S. aspera decorate
with and consume sponges and other noxious taxa (including
CoT'S) to avail of biochemical compounds requires attention.

Algae was the second most prevalent epibiont found on
wild-caught S. aspera, which provided vertical complexity
to the epibiont community and demonstrates that S. aspera
are active in their decoration choices not solely colonised
by settling and encrusting organisms (Guinot and Wicksten
2015). Our 8-day aquarium experiments revealed a dispro-
portionate use of algae and sponges by S. aspera, implying
these resources are favoured for decoration and/or diet in
the GBR population. In other species of majid, algae and
sponges are a primary epibiont choice (Hultgren and Sta-
chowicz 2008; Sanchez-Vargas and Hendrickx 1987) as they
reduce predation risk (Stachowicz and Hay 1999) and can
contribute significantly to their diet; up to~97% in some
species (Woods 1993). In aquaria, S. aspera increased the
cover of algae on its carapace but decreased its cover of
sponge. This shift implies that algae became the preferred
epibiont while sponges not retained on the carapace were
repurposed as food. It was expected that S. aspera would
discard and select epibionts to match its new environment,
as observed in other decorating crabs (Stachowicz 2001;
Woods and Page 1999). The apparent switch to include
more algae in their decoration than wild specimens may
reflect environment matching in aquaria along with possible
dietary and energetic requirements (e.g. epibiont nutrition,
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palatability, and chemistry) not determined here. Though,
while we observed S. aspera to consume algae, sponges, and
other sessile taxa (e.g. sea anemones) during the experiment,
we did not aim to characterise the diet of S. aspera here,
which could be explored through quantification of epibiont
biomass and basibiont gut content analysis.

The role of S. aspera in coral reef food webs is important
to characterise, including whether sessile taxa are indeed its
preferred food choice. While S. aspera altered its relative use
of sponges and algae in aquaria, we found no change in total
carapace cover over the eight days nor positive selection for
any sessile taxa relative to its availability, suggesting indi-
viduals were satiated by epibiont choice. Considering the
ability of S. aspera to prey heavily on echinoderms (Desbi-
ens et al. 2023), perhaps motile animals are a dietary prefer-
ence when available. However, the capacity of S. aspera to
rapidly reduce algal and sponge cover on rubble pieces by
47% and 31%, respectively, demonstrates that its combined
feeding and decoration behaviours can have top-down effects
on sessile communities. Whether S. aspera select for and
shape the structure of sessile communities in situ is of inter-
est given its localised residence under large rubble pieces
(Desbiens et al. 2023; Wolfe et al. 2023a), including the
potential preference for epibiont and motile food options
not examined here.

Tradeoffs between epibiont selection for camouflage or
diet are crucial to determine for majoids as decoration with
non-preferred species can increase predation risk and mor-
tality (Stachowicz 2001). Decapods in rubble are indeed a
primary food source of invertivorous fishes on coral reefs
(Wolfe et al. 2021) but the extent to which higher-order
fishes prey upon S. aspera is currently unknown, as is the
comparable effectiveness of different epibiont species in
reducing its risk of predation. The abundance and habitat
associations of S. aspera seem to correlate with rubble
piece size and patch morphology (Wolfe et al. 2023a), but
whether this relates more specifically to epibiont availability
within the rubble is yet to be determined. It is possible that
S. aspera selects for rubble high in sponge and/or algal cover
to ensure greater resource availability (diet) and protection
from predators (camouflage). Indeed, only three small juve-
niles of S. aspera have been found under rubble overlying
sand (Wolfe et al. 2023a) where sediment accumulation
impairs the growth of sessile taxa (Kenyon et al. 2023). The
lack of adults in this bare rubble type indicates that success
of S. aspera across its ontogeny is associated with a more
complex and biodiverse rubble biome.

Based on our observations, it appears that S. aspera cache
sponges, algae and other epibionts as a later food source. The
lower proportion of epibionts on males suggests that they
either require food more frequently, leaving little time for
epibiont accumulation on their carapace, or that they source
food externally through grazing and/or predation. Previous

research has found that male and female crabs vary in die-
tary composition (Cerda and Wolff 1993). Perhaps females
rely more heavily on epibiont stores than males to ensure
consistent maternal provisions, and juveniles to ensure food
availability for rapid early development (Cerda and Wolff
1993). This was made evident by the juvenile maintained in
aquaria over 36 days, which fluctuated in its cover of sponge
and algae and consumed both epibionts from rubble pieces
and its moulted exoskeleton (see: Fig. 7a—c). This juvenile
rapidly adopted a new epibiont community post-ecdysis
compared to other individuals in the aquarium experiment
that did not change total carapace cover over the eight days.
It seems the ecdysis process forces rapid decoration that
is perhaps more likely to reflect the immediate habitat, as
observed in the majid, Thacanophrys filholi (Woods and
Page 1999). We predict the juvenile consumed most of its
original epibionts as they were no longer present on the shed
exoskeleton nor in the aquarium post-ecdysis, though one
distinct purple sponge was re-adhered to the exoskeleton
after both moults (see: Fig. 7a—c). It seems of interest to
evaluate epibiont selection at greater taxonomic resolution to
determine why some species may be consecutively preferred
in decoration over diet.

The single juvenile monitored closely demonstrated that
epibiont uptake happens immediately post-ecdysis, consist-
ent with other reports of spider crabs (Wicksten 1975). The
intermoult is a metabolically active period when newly-
moulted crabs are soft-shelled and lack mobility, making
shed epibionts an invaluable resource for energy and to
avoid predation (McLay 2015), the latter of which occurred
in our holding tank prior to its isolation. Limb regrowth
after ecdysis is a common occurrence in decapods (Hartnoll
1993), as demonstrated by the juvenile here. Though many
decapods cease ecdysis at reproductive maturity whereby
limbs cannot be replaced after their terminal moult (Hart-
noll 1993). Considering that large adults were regularly
found with missing appendages, we predict that S. aspera
undergo this pattern of determinate growth (McLay 2015).
On this note, juveniles of S. aspera hosted low (to no) cover
of settling epibionts (serpulids and vermetids) compared to
males and females. Higher ecdysis frequency of juveniles
would limit the longevity of settling organisms, as well as
their smaller carapace area available as a settlement target.
Conversely, large individuals likely to have reached their
terminal moult (especially males) had a higher proportion of
serpulids and vermetids despite lower total epibiont cover.
This may also explain why the larger-bodied S. aspera in
the Red Sea primarily hosted settling cirriped (barnacle)
and serpulid (polychaete) epibionts (Ibrahim 2012), com-
mon taxa of the region (Elkhawass 2006). Indeed, settling
epibionts that calcify increase the weight and drag of the
basibiont (Ibrahim 2014), which would be of great detri-
ment to juvenile growth, feeding and survival, along with
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interstitial movement through the rubble habitat of S. aspera
on the GBR.

Schizophrys aspera plays a potentially important role
through its consumption of juvenile CoT'S (Desbiens et al.
2023), though whether this scales in situ and whether CoTS
or other motile fauna are preferred over sessile species are
unknown. Varied use of sponges and algae here, including
in aquarium experiments, indicates S. aspera is flexible in
its diet and decoration, which seems of interest to explore in
context of its habitat associations and reef scale distribution,
especially as its novel ecological niche in coral rubble on
the GBR overlaps with the early-life history stages of CoTS.
Use of epibionts that contain hepatotoxins may indeed aid
in the tolerance of S. aspera to the toxicity of CoTS, though
the biochemical properties of this relationship are yet to be
explored. The diet, biochemistry, and habitat preferences of
S. aspera on the GBR are key to determining the relation-
ship this majid has with CoT'S and its potential to add to the
natural control of CoTS populations on coral reefs.
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