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Abstract :

Spiny lobsters (P. penicillatus, P. longipes and P. versicolor) are heavily dependent on habitats like coral
reefs, known to be highly vulnerable to climate change-driven degradation. Yet, little is known about their
trophic ecology and their adaptive capacity to a changing environment. In this study, we used fatty acids
(FA) analysed in the hepatopancreas and 613C and 515N stable isotopes analysed in tail muscle of three
spiny lobster species from Seychelles coastal waters to (1) infer habitat usage, dietary patterns and
potential for resource competition and (2) investigate the effects of reef type and coral bleaching on their
trophic niche metrics. We found that there was a potential for interspecific competition between the three
species, shown by their high dietary overlap (FA niche overlap ranging from 71.2% to 99.5% for P.
longipes and P. versicolor in P. penicillatus) and similar habitat use (613C value ranges). P. penicillatus
was more a generalist than the two other species (i.e., had larger FA niche) and P. versicolor seemed to
feed on smaller/earlier life stage prey than P. longipes (based on differences in 815N values), possibly
allowing for their coexistence. The potential for resource competition of Seychelles spiny lobsters
appeared higher in granite than carbonate reefs and in post-2016 coral bleaching reefs. Our results
suggest that P. penicillatus could have a greater adaptive capacity to climate change due to its higher
dietary plasticity and that competition between Seychelles spiny lobsters may increase in the future as
the frequency and severity of bleaching events is predicted to increase with climate change.
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Highlights

» We use trophic niche overlap to identify the potential for resource competition. » There is a potential
for resource competition between three spiny lobsters species. » The largest species had the most
diverse diet and the highest 5°N values. » Potential for competition was higher in the less vulnerable
reef habitat type. » Potential for competition seemed to increase following a coral bleaching event.
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1. Introduction

The stability, resilience and productivity of highlue marine invertebrate populations
are heavily dependent on prey and habitat qualidgtérblom et al. 2008). Accurately
identifying the habitat use and trophic niche otlsispecies is thus of great importance to
better understand stock dynamics. Sympatric speslesing similar ecological needs such as
habitat and food preferences, are interesting sasies as their population dynamics may
also be influenced by interspecific interactionsa@dn et al. 2011). Sympatric consumers are
thought to co-exist stably when resources are @gefft (Carvalho and Davoren 2020) while
possibly displaying high levels of interspecificngoetition when resource supply is limited
(Nie et al. 2019). Identifying and quantifying irdpecific diet and habitat-niche relationships
are therefore key objectives to understand sympaipecies’ resource partitioning and
characterise their potential for competition (CeR&eira et al. 2019).

Spiny lobsters provide an important economic resoun different areas of the world
(Phillips 2013). In the Seychelles (Western Indi2eean), catches mainly incluéanulirus
penicillatus (pronghorn spiny lobster)P. longipes (longlegged spiny lobster) ang.
versicolor (painted spiny lobster) (Seychelles Fishing Auitlyoc2016). Despite management
policies in place, stocks have remained unstalté, umpredictable catch variability from one
fishing season to another (e.g., 30.1 kg by fistimpyduring the 1994/1995 fishing seasan
10.1 kg by fishing trip during the 2012/2013 fisthiseason) (Seychelles Fishing Authority
2016). In an attempt to sustainably manage theffistseasonal closures are implemented to
allow stocks to recover (e.g., 2017/2018 and 208¥Zishing seasons) (Seychelles Fishing
Authority 2018).

Habitat quality, including the type and complexity coverage, is fundamentally
important for spiny lobsters in respects to therafjing and antipredation strategies (Holthuis

1991; MacArthur et al. 2011). Spiny lobsters ar@-geoegarious nocturnal species that are
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found mainly in coastal environments, such as canal rocky reefs, where they usually use
the crevices to hide from predators during the déyle they leave their den at dusk to feed
and mate during the night (Holthuis 1991). Howewsrastal reefs are under high human
pressure in the Seychelles due to increasing dodevalopment and global climate change
(Khan and Amelie 2015). In the last 25 years, coraf habitats and granitic reefs supporting
encrusting corals have been degraded through dmulbfeaching events, with the 2016
bleaching event affecting around 50% of hard carathe Seychelles (Obura et al. 2017). As
spiny lobsters are generalist feeders, their datposition is thought to be highly dependent
on prey availability, depending on their habitataccteristics (Blamey et al. 2019). A
modification of prey and habitat quality and avilidy through habitat degradation could
thus have altered spiny lobsters’ diet and level imerspecific competition, further
influencing stock dynamics. Yet, there is a lackkabwledge on spiny lobsters’ foraging
behaviour in the Western Indian Ocean, particularlyhe Seychelles region, and on their
adaptive capacity to habitat change.

Trophic ecology of marine species can be studieoutih the use of ecological tracers
like stable isotopes (SI) of carbon’fC) and nitrogen [((**N) and fatty acid (FA) trophic
markers.[1*°C allows for the identification of primary produmti sources while >N gives
information about the trophic position of an organi(Post 2002). The FA profiles observed
in the digestive tissues of a consumer reflectRAecomposition of ingested prey and thus
can give insights into the consumer’s diet (lver009). By studying spatial and temporal
changes in the biochemical composition of consumers possible to examine intraspecific
and interspecific variations in their trophic eapo For this, trophic niches inferred from Sl
or FA data are particularly useful as their metfics., niche size and probability of niche
overlap) give both intra- and interspecific infotia. Typically, a species’ niche size can be

used as a proxy for the diversity of biochemicallgtinct prey eaten by this species (i.e.,
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intraspecific variability), while the probability fooverlap between two species gives
indications on the degree of similarity of the Wemical composition of their prey (i.e.,

interspecific variability) (Costa-Pereira et al.12). Many studies successfully combined Sl
and FA to study trophic overlap between co-occgrrapecies (e.g., Connan et al. 2014,
Sardenne et al. 2016; Brewster et al. 2017).

Our study assessed the FA and S| composition eéthpecies of spiny lobsters from the
Seychelles coastal waters with the main aim to exanmterspecific differences and spatial-
temporal patterns in their habitat use, dietaryenefices and trophic niche metrics. A
particular focus was to examine the effects of taaliype and habitat degradation through
coral bleaching on the potential for resource campe (i.e., dietary overlap) between the

three species.

2. Material and methods

2.1. Study area and sample collection

Panulirus penicillatus, P. longipes andP. versicolor were sampled as part of the annual
Participatory Lobster Monitoring Program led by tBeychelles Fishing Authority (SFA) in
collaboration with local fishers (Seychelles FighiAuthority 2014). A total of 105 spiny
lobsters (47P. penicillatus, 43 P. longipes and 15P. versicolor), were caught in several
fishing areas on the west coast of the island ohd&la&Seychelles, during five sampling
campaigns in October/November from 2014 to 2018.(E)j. The spiny lobsters were caught
at dusk, when they leave reef crevices and thugharenost catchable, using snorkel gear and
flashlights. The date, GPS location and carapaugthe(to the nearest 0.1 cm) were recorded
for each individual. Finally, a piece of taill muschnd the hepatopancreas were retrieved,
stored in amber glass at -20°C for a maximum difitaiigys before being transferred to -80 °C

in the SFA Research laboratory. Hepatopancreagetisamples remained at -80°C for FA

5
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analysis, and tail muscle tissues were freeze-dned 72 hr and stored in a dry environment
for SI analysis. Detailed numbers of the spiny tetss tissues sampled and analysed for FA
and Sl tracers across years and different halypaist (carbonate and granite reefs) are given

in the supplementary material (Table S1).

\ o | mm Panulirus 1. Beau Vallon
4°35'S 1 . ’ 3 penicillatus 2, Belombre
Africa 3 Baie T
:I Panulirus - Daie erhay
longipes 4. Conception
5._lle Let
Panulirus 6. lle Therese East
versicolor
4°40'S 7. lle Therese West
8. Port Glaud
Carbonate 9. lle Aux Vaches
O reefs 10. Anse Boileau -
) Anse Louis
[ ] Granite 11. Roche Canon

reefs )
4°45’S - 12. lle Chauve Souris -
Anse soleil - Anse Poul

Bleu
13. Four Season

14. Maravi - Chez
Baptista

4°50’S 1

55°35°E 55°40°E

Fig. 1 Locations of the three species of spiny lobstergba from the west coast of Mahé
(Seychelles, Western Indian Ocean) during 2014-20bh8 number of individuals caught per
species is indicated in the corresponding chage sif charts is proportional to the total

number of spiny lobsters per site.

2.2.Fatty acid analyses
A total of 64 hepatopancreas samples were anali@edA at the LIPIDOCEAN
platform of the LEMAR (France). Lipids were extragdtfrom around 200 mg of wet tissue
using 6 mL of chloroform:methanol (2:1 v/v) in giasials. Samples were then vortexed,
sonicated in an ultrasonic bath for 15 min andestat -20 °C (maximum 24h). Fatty acid

methyl ester (FAME) were prepared using 1 mL oifdlipxtract in which 20 pL of an internal

6
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standard (tricosanoic acid, C23:0, 0.115 pg/uL) wdded to allow FA quantification.
Samples were then trans-esterified with 800 pL ethanolic sulphuric acid (3.4% v/v) at
100 °C for 10 min. After cooling, formed FAMEs weedrieved by adding 800 pL of hexane
and washed with hexane-saturated distilled watér ifiL). Prepared FAMEs were separated
using a gas chromatograph (Varian CP3800) with-aatopler equipped with both polar and
non-polar capillary columns (ZB-WAX, 30 m lengtlox25 mm i.d. x 0.25 pm film thickness,
Phenomenex; and ZB-5 30 m length x 0.25 mm i.d2% @um film thickness, Phenomenex), a
splitless injector and a flame ionization detec@ven temperature was raised to 150 °C at 50
°C/min, then to 170 °C at 3.5 °C/min, to 185 °CL& °C/min, to 225 °C at 2.4 °C/min, and
finally to 250 °C at 5.5 °C/min. The identificatiai FAME was carried out by comparison of
retention times with four commercially availablarsards (37-components, BAME, PUFA
no. 1, and PUFA no. 3 FAME mix; Supelco). The coniion for each FA was converted
from the area of chromatogram peaks by using th8:@Cpeak area as reference. The
analytical variability (mean CV) was 8.1 %, caldaeth using Supelco 37-component FAME
mix.

FAs were labelled according to their traditionaX@-Y nomenclature where C is the
number of carbons, X is the number of double boads, Y is the position the first double
bond from the terminal methyl end of the molecuitenon-methyl interrupted (NMI) FA,
double bonds are not separated by only one metbwipg thus they are labelled as C:X NMI
(n), where C is the number of carbons, X the nunalbelouble bonds and n the position(s) of
the double bonds from the terminal methyl end @& tholecule. FAs were expressed as
percentage of total FA (% TFA), and means are ptegewith their standard error (mean

SE).
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2.3. Stable isotope analyses

A total of 105 tail muscle samples were analysedSioof carbon and nitrogen at the
LIENSs laboratory (France). As Seychelles spinytets have low total fat content (mean of
0.74 £ 0.14% wet weight, measured for fRepenicillatus and fiveP. longipes in this study),
no lipid removal before Sl analysis or no lipid m@mtion on isotopic data were applied.
Samples were ground to powder and aliquots of (B3rR@g were placed in tin capsules.
Carbon and nitrogen ratios were determined withoaticuous-flow mass spectrometer
Thermo Scientific Delta V Advantage coupled to dneental analyser Thermo Scientific
Flash 2000. Measurements of international isotsmadards of knowd'*C andd'N were
conducted: USGS-61 and USGS-62. Results are exgor@sshed unit notation as deviations
from standards (Vienna Pee Dee Belemnite ¥6€ and atmospheric nitrogen f6r°N)
following the formula:3*°C or 8"°N = [(RsampidRstandard - 1] X 1000, where R i§’C/*C or
1>N/*N, respectively. Measurement errors (SD) of Slcwiakted on all measured values of
813C and&™N in isotopic reference materials, were < 0.10 %dfoth the nitrogen and carbon
isotope measurements. For each sample, the C:bl matier exceeded 3.5 confirming that
there was no need for lipid normalisation on spobsters’ carbon stable isotope values (Post

et al. 2007).

2.4, Statistics
All statistical tests and data analyses were peréor using R 3.5.2 software (R Core
Team 2018).
Prior to any univariate analysis, data were tesbdechormality and homoscedasticity.
An analysis of variance (ANOVA) or a Kruskal-Wallisst was used to compare carapace
lengths and'*C and3™®N values between species. When a difference waufisant (P <

0.05), a post-hoc test was performed (Tukey's HSer aANOVA and Dunn test with
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Benjamini-Hochberg adjustment after Kruskal-Wall&NOVA, Kruskal-Wallis and Tukey’s
HSD were computed using the includgdts package in R, while Dunn post-hoc test was
computed using thESA R package.

To compare trophic niches between species, FA amitBes were computed and their
sizes and overlaps were calculated usingrilchkeROVER R package (see Swanson et al.
2015 for details on the method). This package wsawodel developed in a Bayesian
framework to calculate probabilistic niche metrigse., niche size and probabilities of
overlap) as opposed to the more traditional geambkased computations. This method is
insensitive to sample size and can account foisstal uncertainty. FA and Sl niches were
computed separately, and niche metrics were caérlilasing 1000 iterations of ellipses.
More specifically, niche overlaps were expressegdrcentage of the niche of each species
and represent the probability of species A beingnébin the niche of species B. As FA
profiles contained a high number of dimensions.,(i2Z8 FAs above trace levels, > 0.8%
TFA), non-metric multidimensional scaling (nMDS) dorations using a Bray-Curtis
dissimilarity matrix were first generated using timetaMDS function from the Rvegan
package. Then, nMDS coordinates of dimensions 12angre used to compute FA niches.
For SI, U*N and (1*°C values were used to calculate isotopic niches: W¥sual
representation, mean ellipses coordinates weraileééc using the mean coordinates of the
1000 ellipses from the Bayesian model. For reptesen of statistical uncertainty,
coordinates of the ellipses for the confidencerirgeat 95% (CI95% ellipses) were also
calculated using the mean coordinates of the 2.6%4llsst ellipses, and the 2.5% largest
ellipses.

To identify potential prey implicated in interspigcitrophic overlap and in trophic
segregation, we used well known FA trophic markersluding trophic markers of bacteria

(iso-branched FA and 18:1n-7), microalgae (16:1r20:5n-3 and 22:6n-3), macroalgae
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(18:1n-9, 18:2n-6, 20:4n-6, 20:5n-3 and 22:6n-3) dvalve molluscs and carnivorous
gastropods (NMI FAs and dimethyl acetal — DMA) (Becket al. 2006; Meyer et al. 2019). As
some given trophic markers can originate from ddifé prey types (Meyer et al. 2019), we
used parametric (Pearson) and non-parametric (KHigncarrelation tests on Sl and FA
trophic markers to discriminate between potentiayporigins. Correlation plots for each
species were computed using toerplot R package (Fig. S1).

The effects of reef habitat type (carbonasegranite) and habitat degradation (i.e.,
before and after coral bleaching event) on spirsters’ trophic ecology was investigated
using S| niche metrics. For this, isotopic nicheesiand overlaps were compared between
lobsters caught on carbonate and granite reefthéothree species, and between the pre- (i.e.,
2014-2015) and post-2016 bleaching event periads @016-2018) betwedn penicillatus
and P. longipes only (due to low sample sizes fBr versicolor). Regarding FA niches, the
number of available data only allowed for the corgman of niche sizes and overlaps between
sampling years following the 2016 bleaching evard.,(2016, 2017 and 2018), fd.
penicillatus andP. longipes only.

Finally, we used associated probability to compaiche metrics between species or
among factors (i.e., reef habitat type, time perafdreef degradation and sampling year
during the post-bleaching period). For each iteratf the model, we gave a value of 1 if one
niche metric value was greater than the othern@tf The mean value calculated for the 1000
iterations represented the probability that onerimetalue was greater than the other. A

probability > 0.95 would be associated with a heghtainty.

10
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3. Results

3.1.Size of sampled spiny lobsters
Over the sampling perio®. penicillatus was significantly larger than the two other
species (Dunn tesZ = -5.21,P < 0.001 withP. longipes, Z = 3.37,P = 0.001 forP.
versicolor) (Fig. 2). There was no significant difference garapace length betwedn
longipes andP. versicolor (P > 0.05). For each species, there was no signifidéierence in

carapace length over the sampling yeRrs 0.05).

175
a
T 15.0
L b
s
S 12.5 b
K9)
8
¥ 10.0 o
S | 7
S I
75 |_y_1 =
5.0
Panulirus Panulirus Panulirus
penicillatus longipes versicolor
(n=47) (n=43) (n=15)

Fig. 2 Carapace length (cm) of sampled spiny lobstersrdoty to the species. A different

letter indicates a significant differende € 0.05).

3.2. Fatty acid niches
For all three species, FA profiles in the hepatopaas were characterized by
dominance of the polyunsaturated FAs, followed &tyisated FAs then monounsaturated FAs
(Table 1). Among polyunsaturated FAs, 20:4n-6 wesdominant FA, with low proportions
of 20:5n-3 and 22:6n-3. Monounsaturated FAs weraidated by 18:1n-9 and saturated FAs
were dominated by 16:0 and 18:0.
Panulirus penicillatus had the lowest mean 20:4n-6 proportion (Tukey'sDHE <

0.001) but the highest mean proportion of 18:18n{ testP < 0.001 withP. versicolor; P

11
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= 0.03 withP. longipes) (Table 1).This species also had a higher mean 20:1n-7 pioport
than P. versicolor (Dunn test,P = 0.03) and a higher mean 20:1n-9 proportion tRan
longipes (Dunn testP < 0.001). Concerning NMI FAR. penicillatus had a higher 22:2 NMI
(7,13) mean proportion tha longipes (Tukey’'s HSD,P = 0.02) and the lowest 22:2 NMI

(7,15) mean proportion (Dunn teBt= 0.02).

Table 1 Fatty acid (FA) profiles analysed in the hepatopaas ofPanulirus penicillatus, P.

longipes andP. versicolor across all sampling sites and time periods expteas % of total

FA and presented as mean = SE. The category “otleéets to the sum of FA compounds

detected below trace level (< 0.8%). Differentdegtindicate significant difference (Tukey’'s

HSD or Dunn post-hoc testsp SFA

sum of saturated FAYMUFA = sum of

monounsaturated FA,PUFA = sum of polyunsaturated FA, NMI = non-metmierrupted,

DMA = dimethyl acetal.

P. penicillatus P. longipes P. versicolor
Fatty acid (n=31) (n=27) (n=7)

Saturated
14:0 25+0.3 22+0.1 1.8+0.2
15:0 1.1+0.1 1.16 + 0.04 1.2+0.1
16:0 17.4+0.4 17.0+0.4 17.6+0.8
17:0 1.6+0.P 2.0=+0.7F 1.4+0.P
18:0 9.9+0.25° 11.4+0.4 95+0.%
20:0 1.2+0.7F 1.01 + 0.08° 0.8+0.7?
YSFA 31.7+0.5 36.2+0.5 30.8 +1.0
Monounsaturated
16:1n-7 4.4+0.2 45+0.2 4.4+0.3
18:1n-7 3.6+0.1 35+0.1 3.7+0.1
18:1n-9 10.5+0.8 74+03 76+0.7
20:1n-7 1.0+0.F 0.69 + 0.0%" 0.7+0.7F
20:1n-9 1.3+0.F 0.66 + 0.03 1.0+0.f
20:1n-11 28+0.2 2.94+0.13 24+0.3
YMUFA 24.4 +0.6 20.5 + 0.4 20.4 + 1.6
Polyunsaturated
18:2n-6 1.29 + 0.0%4 15+0.f 1.5+0.f°
20:2n-6 1.3+0.1 1.18 + 0.03 1.24 +0.03
20:4n-6 85+0.3 10.9+0.3 11.3+0.9
20:5n-3 7.1+04 7.6+0.3 7.8+05

12



22:4n-6 1.8+0.1 1.8+0.1 2.3+0.3
22:5n-3 2.2+0.1 25+0.1 2.7+0.1
22:6n-3 43+0.4 40+0.2 4.1+0.4
YPUFA 38.2+0.8 40.5 + 0.8 42,6+ 1.8
Branched FA, NMI FA

and DMA

i5017:0 0.83 +0.04 1.01 +0.03 0.8 +0.f°
22:2 NMI (7,13) 1.5+0.F 1.1+0.0 1.2+0.3"
22:2 NMI (7,15) 0.74 +0.08 0.86 +0.04 1.2+0.2
18:0DMA 2.3+0.1 2.4+0.1 2.5+0.3
Othet 11.0 £ 0.3 10.8 +0.2 11.3+0.2

261 ' includes the SFA 19:0, 21:0, 22:0, 24:0, the MUF&1h-5, 16:1n-9, 17:1n-7, 18:1n-5, 18:1n-11, 2271n-
262  22:1n-9, 22:1n-11, 24:1n-9, the PUFA 16:2n-4, 1643116:3n-6, 16:4n-3, 18:3n-3, 18:3n-4, 18:3n-6:4h83,
263  20:3n-3, 20:3n-6, 20:4n-3, 22:6n-3, the branchedigeA5:0, ante15:0, is016:0, the NMI FA 20:2 NM|1(5),
264  20:2 NMI (5,13), 22:3 NMI (7,13,16) and the DMA 16:7DMA, 16:0DMA.

265

266 Panulirus penicillatus displayed the largest FA niche (niche size of ((1I85%: 0.13 —
267 0.27]; associated probability of 1) with little-ta overlap in Cl with the other two species,
268 while P. longipes andP. versicolor displayed similar niche sizes (0.04 [0.03 — 0.&&d 0.06
269 [0.03 — 0.13] respectively) (Fig. 3AR. penicillatus was separated from the two other species
270 by monounsaturated FA such as 18:1n-9, 20:1n-728rith-9, and by the NMI FA 22:2 NMI
271 (7,13) and 22:2 NMI (7,15) (Fig. 3A). BotR. longipes and P. versicolor FA niches were
272 included inP. penicillatus FA niche. There was a high overlap betw&ernongipes andP.
273 versicolor niches (89.38% [72.40 — 99.70%] fé% longipes in P. versicolor niche and
274 71.02% [45.29 — 93.80%)] fd?. versicolor in P. longipes niche) (Fig. 3B). By contrast, there
275 was moderate niche overlap betw@&empenicillatus and the two other species (35.05% [21.30
276 —52.01%] inP. longipes niche and 46.64% [57.09 — 98.40%Hnversicolor niche).

277

13



278

279

280

281

282

283

284

285

286

287

288

289

290

291

A. B. 100

1
© ['e] Panulirus penicillatus 75 ;;U
0.2 o © | Panulirus longipes 50 1 §_
S e [¢] Panulirus versicolor 25 I 5
: 0 S
in’ in P.
0.1 ) versicolor
/ \ * 100 > I
\ N—
& D . g 75
< 004 ! \ O
"‘ ' 5 25
N ! 0
s ' inP. in'P.
\ ! .. .
. , penicillatus versicolor
—0.1 ’ © 100
75 I E )
<
50
- - 25 8
Te---7 S
_0-2- T T T T 0 T T
-0.2 0.0 0.2 04 in P. in
nMDS1 penicillatus

Fig. 3 Non-metric multidimensional scaling (hnMDS) ordimait of Bray-Curtis similarity
matrix of hepatopancreas tissue fatty acid comjposih the three spiny lobster species (A)
and probabilities of niche overlap (%) between g(B). For each species, the mean ellipse
is represented by a plain line and CI95% ellipses rapresented by dashed lines (A).

Overlaps (B) are presented as mean with their &gsdcC195%.

3.3.Isotopic niches
Among the three lobster speciés,penicillatus displayed the highest*N values,P.
longipes had intermediate values aRdversicolor showed the lowest®N values (Tukey’s
HSD, P = 0.002 betweef. penicillatus andP. longipes; P < 0.001 betweeR. penicillatus
and P. versicolor; P < 0.001 betweerP. longipes and P. versicolor) (Table 2). OnlyP.
penicillatus andP. longipes displayed a significant difference in°C values (Tukey's HSD,

P = 0.03), withP. penicillatus having higher values thd longipes (Table 2).
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304

Table 2 Mean (+ SD)U*C and 1N values (%o) analysed in the white musclePahulirus

penicillatus, P. longipes andP. versicolor across all sampling sites and time periods. Defiier

letters indicate significant difference (Tukey’'s BI®r Dunn post-hoc tests).

P. penicillatus P. longipes P. versicolor

Stable isotope ratio (n=47) (n=43) (n=15)
51 -13.6 + 0.1 -14.0+0.% -13.7£0.2°
51N 11.6 +0.f 11.3+0.2 10.4+0.%

All three species had similar S| niche sizes (4%3 [3.30 — 5.73 %] for P.
penicillatus, 4.32 %¢ [3.21 — 5.82 %] for P. longipes and 4.05 % [2.45 — 6.38 %] for P.
versicolor) (Fig. 4A). There was a high overlap betwdenpenicillatus and P. longipes
isotopic niches (75.1% [61.0 — 93.2%] fer penicillatus in P. longipes and 78.1% [58.7 —
90.2%] forP. longipes in P. penicillatus) (Fig. 4B).P. versicolor had moderate overlap with
P. longipes (20.9% [6.4 — 59.0%] fdP. versicolor in P. longipes and 25.6% [4.5 — 58.4%] for

P. longipes in P. versicolor) and little overlap withP. penicillatus (4.6% [0.1 — 18.8%] foP.

versicolor in P. penicillatus and 4.8% [0.2 — 21.4%] fd?. penicillatus in P. versicolor).
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Fig. 4 0°C andJ™N values (%o) in the white muscle of the three sgistyster species (A)

and niche overlaps (%) between species (B). Fon species, the mean £ SD for stable
isotope values is also given, and the mean ellgmk CI95% ellipses are represented by a
plain line and dashed lines, respectively (A). @yes (B) are presented as mean with their

associated CI95 %.

3.4.Effect of habitat type and habitat degradation dueto coral bleaching on

spiny lobsters’ trophic niche metrics

The isotopic niche size ¢. penicillatus was larger in granite reefs than in carbonate
reefs (4.4 %o [3.2 — 5.8 %3] and 1.6 %5 [0.7 — 3.6 %3] respectively; associated probability of
0.99) with little overlap in CI95% between the tlwabitat types (Fig. 5A). In spite of the
uncertainty around the mean (i.e., high overlafi95%), it also appeared that the isotopic
niche ofP. versicolor was larger in granite reefs than in carbonatesréz® %¢ [1.6 — 5.3%?]
and 1.4 %5 [0.5 — 3.8 %3] respectively; associated probability of 0.90).cEpt for the

isotopic niche overlap d?. penicillatus in P. longipes, interspecific overlap of isotopic niches
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344

seemed to be higher in granite reefs than in cateoreefs (2.2% [0.1 — 9.8%] and 0.0%
respectively foP. penicillatus in P. versicolor, associated probability of 0.97; 76.3% [58.3 —
92.0%] and 37.8% [14.9 — 76.1%)] respectively Polongipes in P. penicillatus, associated
probability of 0.96; 9.5% [1.4 — 26.5%] and 0.6%0[6 5.2%] respectively fdP. longipes in

P. versicolor, associated probability of 0.97; 3.9% [0.0 — 19.8%d 0.0% respectively fd?.
versicolor in P. penicillatus, associated probability of 0.90; 21.1% [1.7 — 581.%nd 2.5%
[0.0 — 31.7%)] respectively faP. versicolor in P. longipes, associated probability of 0.95)
(Fig. 5A).

The isotopic niche size d®. penicillatus appeared greater during the post-bleaching
period (4.5 %5 [3.2 — 6.4 %3)) than during the pre-bleaching period (2.6 4.6 — 4.2 %3);
associated probability of 0.97), with moderate tagin CI95% (Fig. 5B). The isotopic niche
overlap betweeR. longipes andP. penicillatus also seemed higher during the post-bleaching
period (78.2% [56.0 — 94.4%]) than during the pieabhing period (55.5% [30.9 — 80.6%];
associated probability of 0.91) with moderate aqgrin CI95% (Fig. 5B). After the 2016
bleaching event, the FA niche sizeFoflongipes was greater in 2017 (0.042 [0.023 — 0.077])
and in 2018 (0.049 [0.026 — 0.090]) than in 20168012 [0.006 — 0.024]; associated
probabilities of 0.99 between 2017 and 2016 antl lvétween 2018 and 2016), with little-to-
no overlap in CI95% between 2016 and both othersy@ég. 5C). The FA niche overlap
betweenP. penicillatus andP. longipes also seemed larger in 2017 (26.3% [8.2 — 50.6%] fo
P. penicillatus in P. longipes) and in 2018 (48.1% [22.8 — 77.5%] fBr penicillatus in P.
longipes) than in 2016 (10.1% [2.3 — 24.7%] fBx penicillatus in P. longipes, associated
probabilities of 0.92 between 2017 and 2016, oétiveen 2018 and 2016) (Fig. 5C).

For all calculated trophic niche metrics of Fignihe ellipses are presented in Fig. S2.
Isotopic niches according to the sampling year, (2614 to 2018) foP. penicillatus andP.

longipes only (due to low sample sizes féx versicolor) and their associated metrics are
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345 presented in Fig. S3. Spiny lobsters’ FA nichesarbonate and granite reefs did not allow
346 for any interpretation but are however presentdeign S4 for information purposes.
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348 Fig. 5 Inter- and intraspecific differences in the traphiche sizes and overlaps of spiny
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4. Discussion

The present study revealed novel insights into tthehic ecology and interspecific
competition between three sympatric spiny lobspeices P. penicillatus, P. longipes andP.
versicolor) in Seychelles coastal waters. We highlighted lastntial potential for dietary
overlap between the three species, as revealedthyibterspecific FA and isotopic niche
overlaps. The use of FA trophic markers furtherstsd in inferring the dietary source of this
overlap. Use of Sl in complement to FAs allowedifderence of habitat use and suggested
that resources may partially be segregated betweethree spiny lobster species that could
allow for their coexistence. However, isotopic rawverlap was higher in the less vulnerable-
to-degradation reef type and coral bleaching irewdaFA and isotopic niche overlaps. We
thus suggest that climate change-driven coral degfradation might increase the risk of
competition between these spiny lobster speciestir the reduction of coral reef structural

complexity and thus prey availability.

4.1.Characterisation of trophic overlap and potential for competition

As the biochemical composition of consumers largefiects that of their prey (lverson
2009), similar FA and Sl niches characterise simdiatary patterns. Our study found high
habitat use and dietary similarities between theeehSeychelles spiny lobster species,
consistently with previous reported findings (Samiet al. 2021). Th&=C value ranges and
FA profiles of the three species were distinctivéenthic consumers (high in 20:4n-6 with
low-to-moderate levels of 20:5n-3 and 22:6n-3). Tgresence of iso-branched FA (i.e.,
is017:0) along with high proportions of 18:1n-7tie hepatopancreas also suggested a food
web partially based on bacteria, known to suppertthic food webs, at least in part (Kelly

and Scheibling 2012).
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Dietary similarities between Seychelles spiny lelstwere characterised by the
presence of several FA trophic markers in the logaatcreas, allowing for the identification
of prey implicated in the dietary overlap. Firsgghic markers of bacteria (i.e., iso17:0 and
18:1n-7) could indicate consumption of benthic itigbres, such as polychaetes, known to be
eaten in small proportions by spiny lobsters in soaneas (e.g., the coast off Western
Australia, MacArthur et al. 2011). Fleshy algae tfé@phic markers (i.e., 18:2n-6, 20:4n-6 and
22:5n-3, Meyer et al. 2019) suggest either dirextsamption of fleshy algae, which can
support benthic food webs in shallow coastal wafedly and Scheibling 2012) and has
been found in the gut contents of some spiny lobg@&amey et al. 2019), or consumption of
herbivorous prey, such as echinoderms, which amngrthe most common prey found in the
guts of spiny lobsters (Butler and Kintzing 201Blere, the predominance of primary or
secondary consumption of fleshy algae in spinytlissdiet was difficult to determiné*C
values in macroalgae are highly variable (from t@78 %o, Fry and Sherr 1989) and, after
taking into account the trophic fractionation facf@-2 %., Post 2002), both primary and
secondary consumption could occur according to isotopic data. It is possible that it
depends on the conditions in sampling sites. TYyicaecondary consumption of fleshy
algae would predominate on reefs where herbivaeslaundant and macroalgae are limited,
while primary consumption, whether intentional acidental through feeding on epiphyte
fauna found on the algae (Williams 2007), woulddorainate on reefs where macroalgae are
abundant.

The presence of a diverse number of FA trophic erarland variability in isotopic
values in this study suggest that Seychelles sloingters are generalist feeders, which is in
accordance with previous studies on spiny lobsteiet’ (Williams 2007). This could be an
advantage for these species’ survival, as dietdagtipity would help them overcome

fluctuations in food availability (Korpiméki et al2020). However, we suggest that
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competition between spiny lobsters could occurhis farea or could emerge in the near
future, if shared resources (e.g., prey, habitatpime limited. Coexistence and avoidance of
competition would therefore be closely linked toggstem health and to resource segregation

mechanisms.

4.2.Resource partitioning among spiny lobsters

Partial resource segregation between the threg $pister species was also identified
in this study, as suggested by the difference inniehe size betweel. penicillatus and the
other two species and by differences in trophidgtrsbetween the three species.

Panulirus penicillatus had a much larger FA niche in comparison with tiie other
species, suggesting a difference in the ingestedaoptions of certain types of prey. Its FA
niche differed from FA niches of both other spedmgely due to positive anomalies of
several FA trophic markers like 18:1n-9, 20:1n-@;12-9, 22:2 NMI (7,13) and 22:2 NMI
(7,15). In coastal benthic systems, 18:1n-9 cagirtate from several dietary sources, such as
macroalgae, mangrove detritus or animal tissuesyéiMet al. 2019). Here, 18:1n-9 was
negatively correlated with trophic markers of matgae and mangrove materials (20:4n-6
and 22:5n-3, Fig. S1; Meyer et al. 2019), sugggsdimmal origin. This was also the case for
20:1n-7 and 20:1n-9, both negatively correlatedhwitophic markers of macroalgae,
mangrove material and seagrass (20:4n-6, 22:5rd3L8r2n-6, Fig. S1; Meyer et al. 2019).
The FA 20:1n-9 is known to indicate secondary camsion of zooplankton, for example
through consumption of carnivorous fish (Pethybeidg al. 2010). Moreover, NMI FA are
trophic markers of bivalve molluscs and carnivorgastropods (lverson 2009), suggesting
that P. penicillatus eats these prey in higher proportions than the dter spiny lobster
species. FA niche results were supported by isotomhe results, aB. penicillatus had a

higher trophic position than the two other spetied is consistent with higher proportions of
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carnivorous gastropods and fish in its diet. Westhuggest tha®. penicillatus may be more

of a generalist thaP. longipes and P. versicolor, with a higher level of carnivory. Such a
difference in diet could be due to the sizePofpenicillatus individuals, which tend to be
larger than individuals of the two other speciggvidus studies showed that the size range of
prey that can be consumed by spiny lobster is fonatf their size, with larger individuals
being able to eat larger prey (e.g., Haley et @l12 Blamey and Branch 2012). Thus, the
larger size ofP. penicillatus may allow it to have access to more resourcesitieg in a
larger niche size.

Both P. longipes andP. versicolor had a low isotopic niche overlap, wigh versicolor
being characterised by significantly lowef°N values, while they had a very high FA niche
overlap that suggests high dietary similaritiesc&ese all spiny lobsters were caught at the
same geographical locations, we suggest that i@r&tn [1*°N values reflect differences in
trophic position rather than differences in biocheahprocesses at the base of food webs (i.e.,
isotopic baselines). This may be due to size-seegredation, with both species feeding on
different size fractions and/or different life sésgof the same prey. Such resource partitioning
could allow and even promote the stable coexistent@o consumers (de Roos et al. 2008).
Moreover, body size is recognized as an importaatof influencing trophic structure as it
determines interaction between potential prey aedaiors, with larger consumers being able
to eat larger prey. This has led to the theory thate is a positive relationship between a
consumer’s trophic position and its body size (dagset al. 2002). Thus, B. versicolor is
specializing on smaller prey (either juveniles orafi adults), it would feed on prey with a
lower trophic position than those Bf longipes (as suggested by our results), while having the
same size and feeding on the same prey speciefthangipes. Such findings would be of
major importance in case of food scarcity, espbcidl P. versicolor feeds on earlier

development stages of prey thBnlongipes and P. penicillatus, and not only smaller prey
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species. Different prey life-history stages arekduh by growth and reproduction, and
predation on one stage may decrease the abundamtkeo stages (Murdoch et al. 2003).
Thus, prey eaten bl. versicolor would not grow and be available f&x longipes and P.
penicillatus to feed on. Given its larger trophic nichi&, penicillatus may be able to better
overcome this compared t8. longipes. Thus, this could accentuate the effects of food
scarcity forP. longipes, which already has a high level of trophic nichesrtap with P.

penicillatus.

4.3. Effect of habitat type and coral bleaching

The type of reef habitat had an effect on spinystiets’ isotopic niche overlaps, with
higher overlap between lobsters from granite rédeds for those from carbonate reefs, for all
studied species. This was most obviousHoversicolor, which had no isotopic niche overlap
with P. penicillatus from carbonate reefs while there was a possibdityoverlap withP.
penicillatus from granite reefs, and had a higher overlap Witlongipes on granite reefs than
on carbonate reefs. Although FA niches could notdmputed for this comparison, results
suggest a higher potential of competition for pogygranite reefs than on carbonate reefs,
especially forP. versicolor. This would be consistent with carbonate reefadpeecognized
as very productive ecosystems, with a high spedigsersity and structural complexity
(Graham and Nash 2013) that would provide sufficpgry of good quality for spiny lobsters
to coexist.

Our results also showed a possible effect of hiabdi#gradation on spiny lobsters’ diet
and foraging dynamics, especially coral reef degiad following the 2016 bleaching event
(Obura et al. 2017). The isotopic niche sizePopenicillatus seemed to increase after the
coral bleaching event, due to higher variabilitystiN values (Fig. S1), and although we did

not have FA data prior to the bleaching event, FAeniche ofP. longipes has increased

23



ar7

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

during the post-bleaching period. This suggestesaiple diversification of prey size class in
P. penicillatus diet between the pre- and post-bleaching periodis adiversification of.
longipes diet after the habitat degradation. Given thedadtgcline in coral cover and as such
the loss of reef complexity that provide habitat &éovariety of potential prey species, we
suggest that such modifications in isotopic and riighes may be the consequences of a
decrease in prey availability. In ecological theodjetary diversity increases when prey
abundance decreases (Tinker et al. 2008) and,resaiist feeders, spiny lobsters are known
to adapt their diet according to several factonshsas prey species composition and/or prey
availability (Haley et al. 2011; Blamey et al. 201%his would also be consistent with the
loss of species richness that has been reported iss of coral cover in Seychelles
(Robinson et al. 2019). Such drastic changes inyslaibsters’ diet, closely similar at core
between the three species, may have important gunasees on their foraging behaviour and
maintenance. By influencing prey availability aihdg spiny lobsters’ diet diversity, the 2016
bleaching event could also have increased theafistompetition between the three lobster
species. This hypothesis is supported by the isered isotopic niche overlap betweEn
penicillatus andP. longipes between the pre- and post-bleaching periods artidyncrease

in their FA niche overlap between 2016 and 2018.

The effects of reef habitat type and habitat degfiad through coral bleaching on spiny
lobsters’ diet and foraging dynamics are of higterest for the prediction of fishing stock
evolution. Indeed, carbonate reefs are known tanbee vulnerable to bleaching and reef
degradation than granite reefs (Obura et al. 20ih7addition, granite reefs are quicker to
recover than carbonate reefs after degradationirdpart to corals from carbonate reefs being
in competition with macroalgae (Obura et al. 20D@)e to climate change and its associated
rise in sea surface temperatures, bleaching ewwetpredicted to increase in frequency,

thereby weakening corals ecosystems in the long-t@ioegh-Guldberg 2011). As the
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reduction of Seychelles spiny lobsters’ potentialnberspecific competition partly depends
on the health and complexity of carbonate reefss likely that the predicted instability of

coral reefs could add further instability to theeady unstable Seychelles spiny lobster stocks.

5. Conclusion

This study provides important baseline informatoanSeychelles spiny lobsters’ trophic
ecology and on their potential for resource contipetiin the context of a changing climate
and associated habitat (i.e., coral reefs) deg@dafll three species had biochemical
compositions that suggested diets consisting ofgbaletes, echinoderms, and fleshy algae.
As the largest specieB, penicillatus had the highest trophic position and the largegihic
niche, presumably feeding more on carnivorous gpstts and fish than the two other spiny
lobster species. Although having very similar tngphiche than the two other speciés,
versicolor may feed on smaller prey and/or early life stajémse segregation mechanisms
could potentially minimise the effects of competitiamong these spiny lobster species. Our
data also showed that the level of resource setipegaas dependent on their habitat. Spiny
lobsters’ trophic niche overlap was higher on geneefs than on carbonate reefs, the latter
being more degraded following multiple bleachingmg. As recent habitat degradation (i.e.,
following the 2016 coral bleaching event) also tie@n increase in trophic niche overlap, this
raises questions about the future evolution of cgtitipn between these spiny lobster species
and, ultimately, their adaptive capacity and popoiastability.

Although our results provide key information to teetunderstand Seychelles spiny
lobsters’ trophic interactions and dynamics, furtseudies are still needed. Most of the
available samples were frof. penicillatus and P. longipes, which did not allow all the
analyses to be performed ¢h versicolor data. Moreover, the FA and Sl profiles of a

consumer only does not allow quantitative iderdificn of its diet. Information about FA and

25



527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

548

549

550

551

S| profiles from lobsters’ prey collected at ditfet sites and time periods would bring new
elements on the spatio-temporal variations in resowsharing and segregation among
Seychelles spiny lobster species, and thus helpratahd the variability in their interspecific
competition. In light of our findings, it is cru¢ito maintain monitoring of trophic ecology
and habitat use of spiny lobsters’ around Seychédlands if the fishery is to be successfully

managed under changing climate.
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Highlights

* We usetrophic niche overlap to identify the potential for resource competition

* Thereisapotentia for resource competition between three spiny lobsters species
« Thelargest species had the most diverse diet and the highest §*°N values

» Potentia for competition was higher in the less vulnerable reef habitat type

» Potential for competition seemed to increase following a coral bleaching event
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