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ABSTRACT: Since 2012, the benthic communities of the Pigeon Islets (Guadeloupe Island, Lesser Antilles) have been monitored biannually by

the National Park of Guadeloupe using photo—quadrats. This monitoring was carried out at 12 coral reef stations distributed around the islets.

The data collected from 2012 to 2021 highlight the significant events that disrupted the coral communities of Guadeloupe. Among these remark-

able phenomena, an episode of coral bleaching occurred in 2019, followed by the appearance of a new coral disease, Stony Coral Tissue

Loss Disease (SCTLD), in 2020. As a result of these threats, a drop of 54% of coral cover was observed in the monitored sites, accompanied

by a rise of 16% of the surface occupied by macroalgae. The protocol set up by the National Park of Guadeloupe was found to be efficient to

follow the temporal dynamics of benthic reef communities.
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INTRODUCTION

With 67 coral species, 66 gorgonian species and hundreds
of sponge species, Guadeloupe Island has one of the richest
reef fauna of the Lesser Antilles (Philippot 1987, Bouchon and
Laborel 1990, Bouchon et al. 2016). This high biodiversity is
an important economic driver for the local population. Reef
fishing represents 25 million euros per year, while blue tour
ism (i.e., nautical activities, scuba diving, boat lagoon visits)
brings in about 62 million euros per year (Batailler et al. 2021).

However, the coral reefs of Guadeloupe are subjected to
many natural and anthropogenic pressures, namely, over
fishing, rising sea temperatures, and coral diseases (Wilkin-
son and Souter 2008, Eakin et al. 2010, Jackson et al. 2014,
Batailler et al. 2021). These pressures result in the substrate
becoming more available for the development of macroalgae,
already boosted by terrigenous inputs rich in nutrients caused
by coastal degradation (building and industrial activities, man-
grove destruction, and poor wastewater management; McMa-
nus and Polsenberg 2004, Bouchon et al. 2008).

The Guadeloupe National Park is a public institution
founded in 1989 to preserve biodiversity and establish a bal-
ance in the relationship between man and nature in Guade-
loupe. In 2009, the National Park of Guadeloupe established
a territorial charter that defines the projects and objectives
pursuing sustainable development. It delineates areas such as
the “core” (21,000 ha) where the preservation of biodiversity
is strictly regulated, and the “membership area” (90,000 ha)
which includes all the municipalities that have an ecological

and geographical continuity with the spaces classified in the
core of the park. Islets listed in the core of the park are sur-
rounded by the adjacent maritime area (130,000 ha). One of
the missions of the National Park is to monitor the evolution
of the ecosystems for which it is responsible.

The present study deals with the benthic reef communities
located around Pigeon Islets, which have been classified as a
Guadeloupe National Park core since 2009. The coral com-
munities of Pigeon islets are an integral part of the Guadelou-
pean heritage and represent one of the most protected sites
of the island (Bouchon—Navaro and Bouchon 2000). This
site includes coral species listed on the IUCN (International
Union for Conservation of Nature) red list, such as the coral
genus Acropora as well as the presence of corals belonging to
the list of protected species in Guadeloupe, Martinique and
Sint—Marteen Islands, according to the national decree of 25
April 2017.

In recent years, activities such as scuba diving, snorkeling,
kayaking, or boat trips have multiplied and intensified the
anthropogenic pressure on the islets. Nevertheless, regula-
tions are in place in order to perpetuate economic activity in
harmony with the protection of the environment (Mége et al.
2023). Moreover, professional and recreational fishing, the use
of jet—skis, and boat mooring are prohibited, although moor-
ing buoys have been deployed for visiting boats.

In addition to other anthropogenic activities that cause ma-
rine pollution, Pigeon Islets are located 1.15 km away from

S This article is based on a presentation given in November 2022 at the 75 meeting of the Gulf and Caribbean Fisheries Institute, Ft. Walton Beach, FL.

GCFI 1


mailto:hannamay.malahel@gmail.com

Malahel et al.

wastewater treatment plants of medium (between 2,000 and
10,000 population equivalent) and small (between 20 and
2,000 population equivalent) capacity. According to an assess-
ment established in 2019 by the Direction de I’Environnement,
de ’Aménagement et du Logement (DEAL, Department of
the Environment, Development and Housing) of Guadeloupe,
these plants do not meet treatment standards. Poor wastewater
management enhances eutrophication in the coastal marine
environment.

Another factor favoring the intense proliferation of mac-
roalgae is the decrease in the abundance of herbivores, either
due to epizootics affecting herbivorous sea urchins or to the
overexploitation of herbivorous fish. These phenomena result
in a decrease in grazing pressure on algal communities (Mc
Cook 1999, McCook et al. 2001, Cheal et al. 2010). However,
recent studies do not suggest a significant decline in herbivo-
rous fish around Pigeon Islets (Batailler et al. 2021). In con-
trast, the populations of diadem sea urchins (Diadema antil-
larum) on the site were affected by an epizootic that devastated
them in 1983 (Lessios 1988) and, more recently in 2022 (pers.
obs.). As a result, the areas occupied by macroalgae may be-
come even larger on reefs, stimulated by eutrophication condi-
tions in coastal waters and reduced herbivory.

The National Park of Guadeloupe initiated a tempo-
ral study of the benthic communities of Pigeon Islets using
photo—quadrats in 2012. The objective of the study was to
monitor the long—term dynamics of coral communities. The
benthic organisms within quadrats were photographed twice a
year and then analyzed by photo—interpretation. The results
obtained were compiled in a database. The study focused on
the abundance of benthic organisms and the dynamic of their
coverage rate of the substratum, as well as on the stressors like-
ly to impact the balance of the coral community through time.

Pigeon islets

MATERIALS AND METHODS

The Pigeon Islets are located on the leeward coast of Gua-
deloupe Island, 1,200 m offshore. They consist of 2 islets of
volcanic origin. The bedrock does not support coral reefs sensu
stricto but is occupied by flourishing coral communities none-
theless (Bouchon—Navaro 1997).

In order to monitor the changes in the benthic communi-
ties, 12 monitoring sites were chosen around the islets (Figure
1). On each site, a photo—quadrat was permanently marked on
the bottom by four stainless steel rods driven into the rocky
substrate. The photo—quadrats were located in areas where
benthic biodiversity was maximal. The quadrats were photo-
graphed twice a year, during the wet and the dry seasons, from
2012 to 2021. In Guadeloupe, the wet season extends from
December to April with rainfall reaching 800 mm per month
and the dry season from May to November during which rain-
fall does not exceed 200 mm per month. Field trips were con-
ducted during the month of December for the wet seasons and
during May for the dry season according to the sea conditions.
A total of 240 photographs were taken.

The benthic organisms settled in the quadrats were pho-
tographed with a Canon PowerShot G7 X Mark II camera
placed in a waterproof housing and mounted on a PVC frame
(Figure 2). The photo—quadrats measured 80x60 cm. This size
corresponds to a compromise between the maximum size to
investigate while maintaining fine observable details in each
photograph. Several photos of each quadrat were taken during
the survey campaigns in order to select the best photograph.
Adobe Photoshop 2022 photo editing software was used to
correct the images from distortions due to a possible lack of
parallelism of the camera with the substrate and optical de-
fects of its photographic lens (distortion tool). Then, the colo-
rimetry of the images was adjusted using the same software
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FIGURE 1. Guadeloupe Island in the Lesser Antilles. Distribution of monitoring stations at Pigeon Islets, including depth, latitude and longitude of

each quadrat.
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Figure 2. Photographic device used to record substrate at each quadrat.
(Photo: C. Bouchon).

(color adjustment tool), so that all the elements were visible
and usable for data processing. The total area of each sessile
organism present in a quadrat was measured using the soft-
ware Coral Point Count with Excel extensions (CPCe). Mobile
animals were not taken into consideration, given their motility
and random presence in the quadrats.

The sessile organisms taken into consideration were corals,
including Scleractinians and also Hydrocorals of the genus
Millepora, gorgonians, other sessile invertebrates, and algae.
Corals were identified at the species level. In addition to the
measure of their surface area, the state of health of each colony
was evaluated by estimating the percentage of necrotic tissue
surface area of the animal. We defined a 100% necrotic coral
as a freshly dead animal of which the (white) skeleton has not
yet been recolonized by other organisms; otherwise it is con-
sidered as dead substrate. Corals affected by the phenomenon
of “bleaching” were subjected to special consideration, as a
bleached coral is not dead and remains likely to recover its
original condition in many cases. The bleaching phenomenon
was noted and the surface of bleached tissues was estimated for
each colony. Coral diseases were also identified and monitored.
The surface of dead tissue was measured. The recruitment of
young corals was assessed by counting all young colonies < 1
cm in diameter (= corals < one year old). At the beginning of
the study (2012 - 2016), there was a lack of precision in the
data concerning tissue damage, coral recruitment and mortal-

ity. Consequently, the results for those 3 variables presented
hereafter concern the period 2017 to 2021.

The percentage coverage of the substrate by algae was es-
timated, distinguishing between the algal turf and the mac
ro—algae. Empirically, turf encompasses all (short) algae from
which an individual cannot be separated with certainty (Con-
nell et al. 2014). These algae play a vital role on reefs, as a pre-
ferred food source for herbivorous animals. The macroalgae
were separated into green, brown and red macroalgae. Cyano-
bacteria were also taken into account.

Gorgonians hold a special place among the sessile benthic
organisms, insofar as they enter very little into competition
with the other sessile organisms for the occupation of the bot-
tom due to their erect bearing. Estimating the recovery rate of
gorgonians is difficult and does not have much ecological sig-
nificance. Therefore, gorgonians were simply identified at the
species level and counted inside the quadrats. An exception
was made for Erythropodium caribbacorum, the only encrusting
species of gorgonian in the Caribbean region. For this species,
the surface area was measured as for any other benthic organ-
ism likely to occupy a significant area on the bottom. Other
sessile benthic invertebrates that occupy a significant surface
area on the bottom were identified at the species level (i.e.,
Sponges, Actiniarians, Zoantharians, etc.) and their bottom
cover was also measured.

Data concerning the main biological groups were analyzed
using the statistical software XLSTAT. Hydrozoans and Gor-
gonians (except for E. caribbaecorum) were excluded from the
analyses because of their erect form which cannot be trans-
lated into a measure of the coverage rate of the substrate. Due
to the small sample size of the temporal series, nonparametric
statistical tests were used to process the data.

Significant temporal trends (negative or positive) in the
percent coverage of the benthic organisms present in the
photo—quadrats were evaluated using the Spearman rank cor-
relation coefficient. The changes in the ranks of dominance
(in terms of percent coverage of the substratum) between the
main groups of organisms or between coral and sponge species
over time was tested using Friedman rank analysis of variance.
When a statistically significant overall difference was revealed,
a post—hoc Nemenyi test of multiple comparisons (Hollander et
al. 2013) was used to determine which samples were respon-
sible for the heterogeneity in the data.

The Friedman Rank Analysis of Variance was used to test if
the ranks of dominance, i.e. the structure of species assemblag-
es, changed over time. The variable taken into consideration is
the dominance of each group of organisms or species in term
of coverage of the bottom.

ResuLts
Composition of the benthic communities (2012 - 2021)
The percent coverage of the different groups of benthic or-
ganisms for all the quadrats over the period covered by the
study is presented in Figure 3. The Pheophyceae dominated
the benthic community with 45.6 % (+ 1.9% se) coverage. Algal
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FIGURE 3. Mean + se percent coverage of substrate by main groups of
benthic organisms at Pigeon Islets, Guadeloupe in all pooled quadrats during

the 2012-2021 study period.
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Islets, Guadeloupe in all pooled quadrats during the 2012—2021 study pe-

riod .

turf was the second group of Algae (12.4 + 1.1%). Animals were
dominated by Scleractinian corals (24.0 + 2.9%) and sponges
(8.7 £ 0.4%). The assemblage of Cnidaria over all the quadrats
was composed by 14 species of Scleractinians, one species of
Zoantharian and one species of Hydrocoral.

Figure 4 presents the relative dominance (percent coverage)
of the Scleractinian coral species in all the quadrats over the
study period. Porites astreoides dominated the assemblage with

33.1 + 3.8%, followed by Montastrea cavernosa (18.3 £ 1.1%) and
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FIGURE 5. Mean + se percent coverage of sponges at Pigeon Islets,
Guadeloupe in all pooled quadrats during the 2012—-2021 study period.
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Orbicella faveolata (18.2 + 2.6%).

Sponges, the second group of animals, included 16 species
(Figure 5). Xestospongia muta accounted for 49.8 + 3.4% of the
sponge cover on all quadrats and periods pooled. Aiolochroia
crassa and Aplysina lacunosa were the second and third most
dominant species with 18.2 + 1.8% and 7.5 = 0.6%, respec
tively.

Temporal changes in the benthic community

The changes in the percent coverage of the different groups
of organisms over all quadrats by season and by year are pre-
sented in Figure 6. Beginning in the dry season of year 2020,
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the Scleractinians showed a decrease due to the Stony Coral
Tissue Loss Disease (SCTLD) that also affected the rest of the
Caribbean. That decline was accompanied by an increase in
the percent coverage of Pheophyceae algae and Cyanobacteria.

The evolutionary trends in taxonomic groups were an-
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alyzed using the Spearman correlation coefficient. The tests re-
vealed that Scleractinians (S = —0.946; p <0.0001) were affected
by a significant negative trend over the study period. Conversly,
the Pheophyceae (S = 0.776; p <0.0001), the Cyanobacteria (S =
0.595; p = 0.007), the Zoantharians (S = 0.817; p <0.0001) and
the Sponges (S = 0.780; p <0.0001) showed a significant posi-
tive trend during the same period (Table 1). The other groups
presented no significant changes: Hydrocorallians (S = 0.110;
p = 0.644), Gorgonians (S = 0.176; p = 0.457) and algal turf
(S = —0.051; p = 0.831; Table 1). A Friedman ranks analysis
of variance did not reveal a significant change in the order of
dominance of the different groups of organisms in the benthic
community for the study period (F = 17.420; p = 0.561), despite
the coral disturbance observed in 2020.

Global coral species richness in the quadrats was 13 in 2012
and 12 in 2021. The data presented no significant tendency
(R = —0.155; p = 0.512). The temporal evolution of coral cover

percentage is presented in Figure 7. Data on coral assemblages
were submitted to 3 searches for trends with the Spearman’s
rank correlation: one covering the total survey period (2012—
2021), the second considered the surveys carried out before the
arrival of the SCTLD (2016—2019) and finally post—SCTLD
(2019—2021). The objective of these tests was to check the sta-
bility of coral cover before the arrival of the disease and to dis-
cern the species sensitive to SCTLD. For the total period, 8
species showed a significant negative trend: Dendrogyra cylindrus
(S = —0.865; p <0.0001), Diploria labyrinthiformis (S = —0.862;
p <0.0001), Madracis decactis (S = —0.656; p = 0.002), Meand-
rina meandrites (S = —0.937; p <0.0001), Orbicella annularis (S =

3
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FIGURE 7. Annual variation of the global coral percent coverage at Pigeon
Islets, Guadeloupe in the quadrats from 2012-202 1. WS—wet season; DS—
dry season.
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TABLE 2. Results of the Spearman correlation tests (S) for coral species in Pigeon Islets, Guadeloupe between 2012 and 2021. WS—percent coverage of the substrate in the wet season; DS—percent

coverage of the substrate in the dry season. P values in bold are significant.
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—0.565; p = 0.011), Orbicella faveolata (S = —0.832; p <0.0001),
P. astreoides (S = —0.922; p <0.0001) and Porites porites (S =
0.792; p <0.0001). In contrast, Agaricia agaricites (S= 0.865; p
<0.0001) and Madracis auretenra (S = 0.805; p <0.0001) were
the only coral species presenting a significant positive trend.
The other species remained stable over the period (Table 2).

Before the occurrence of SCTLD, from 2012 to 2019, the
coverage of the different coral species changed significantly,
with the exception of 4 species. The percent coverage of D.
cylindrus (S = —0.796; p = 0.001), D. labyrinthiformis (S = —0.757,
p = 0.002), M. decactis (S = —0.668; p = 0.008), M. meandrites
(S = —0.875; p <0.0001), O. faveolata (S = —0.686; p = 0.000),
P. astreoides (S = —0.814; p < 0.0001) and P. porites (S = 0.929;
p <0.0001) decreased significantly. However, A. agaricites (S =
0.836; p < 0.0001), Pseudodiploria strigosa (S = 0.646; p = 0.011),
M. auretenra (S = 0.569; p = 0.029) and Orbicella franksi (S =
0.870; p <0.0001) showed a significant positive trend (Table 2).

After the occurrence of SCTLD, P. porites was the only spe-
cies with a positive trend (S = 0.943; p = 0.017). In contrast, the
percent coverage of 7 species decreased significantly: P. strigosa
(S = —=0.941; p = 0.017), M. meandrites (S = —0.845; p = 0.033),
M. cavernosa (S = —1.000; p = 0.003), O. annularis (S = 0.943;
p = 0.017), O. faveolata (S = —1.000; p = 0.003), O. franksi (S
= —0.941; p = 0.017), and P. astreoides (S = —1.000; p = 0.003;
Table 2). The remaining coral species did not show significant
trends in percentage of cover change following SCTLD. Thus,
coral cover was mostly impacted after the arrival of the dis-
ease. Based on the results of Friedman ranks variance analysis,
the order of dominance between coral species changed signifi-
cantly over the study period (F = 43.935; p = <0.0001). Post—hoc
multiple comparison tests showed that the 2020 and 2021 sur-
veys, carried out after the arrival of the disease, are responsible
for this disparity.

Four sponge species presented a significant positive trend
in percent coverage over the study period: A. conifera (S =
0.950; p = <0.0001), Chondrilla nucula (S = 0.936; p = <0.0001),
Clathria sp. (S = 0.703; p = 0.001) and X. muta (S = 0.968; p
<0.0001). In contrast, the percentage cover of Agelas conifera
(S=—0.783; p <0.0001), Agelas sp. (S =—0.759; p < 0.0001) and
Ectyoplasia ferox (S = —0.534; p < 0.017) significantly decreased
during the period (Table 3). Considering the dominance of
species, a Friedman analysis of variance of ranks did not reveal
changes in the order of dominance of sponge species over the
study period (F = 11.980; p = 0.886).

Coral tissue damage (2017-2021)

Two events impacted the coral community on all the quad-
rats. First, a bleaching phenomenon occurred in 2019 due to
an abnormal warming of the sea temperature (Figure 8). The
bleached coral tissue represented a total surface area of 1545.2
cm?, i.e., 16% of the total coral tissue damage. Nevertheless, all
the bleached colonies recovered during the next year. Second-
ly, in 2020, the arrival of SCTLD resulted in the necrosis of
8212.3 cm? of coral tissue within all the quadrats, and account
ed for 83% of tissue damage (Figure 8). Other tissue necrosis
caused by predation (worms, molluscs, fish, etc.) represented
only a small area (89.7 cm?) i.e., 1% of all lesions observed. No
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TABLE 3. Results of the Spearman correlation tests (S) for the sponge species in Pigeon Islets, Guadeloupe between 2012 and 2021. WS—percent coverage of the substrate in the wet season;

DS—percent coverage of the substrate in the dry season. P values in bold are significant.

Dynamics of Guadeloupe Benthic Communities

GCFI 7

© © o o o

= N < N ~NN < o

© 6 60 ¥ 06 R IR o I Q&

@ @ Q9 Q9 Q9@ o N9 = ¥ ¢ o ¥ o

6 6 6 60 6 O O g O © o g © o

v Vv v v

o o <

O 0 i 9 o J v ® 0o 0 T 0 Y o

SRRNR2888s=288 28

"6 6 N 6 2 % 2 = 5 & 5 9

6 9969 96 3 966 90
| o N O — O v O O o ¥ O = ™
3 © © ¥4 9 © = v ® o 9 o o 9O un

= O © 0o O o 8O o v © © © o « o

o

NmONm—OOO‘NOO\OU’)w,\
413 0 88 9 =809 m KN a9 O

O 0 0o O o 8 oW o o © & ~ o
wl| o © o 0o 0o — 0 m O &8 & O % v
;O_O_C\I_QQ—.C")_QQYO.C")_I\.C')_

8 O O O O o © o w o o O o — o

o

IS0 o ® O N O — O ¥ O ¥ Vv 0V 0V —
all @ 9 ¢4 © 9 — 4 v o o v o v ¥

O O 0o o o © o w o © o ©o ~— o

wml|l ©9 ©® ©o = 9 ®© T N — ®»® ® o0 0

;QQ“‘.O.QN.N.(\!O.N.":'_.“’"".

o O 0O 0 © o O O v O © o S ~ o
o

N N — N O Y — VO O N OO — — o

D I =T =N S B = T S-S = B B B SO N R

O o 0o o o o © ¥ © o o © — o

n o o N O o N NN N v O o

el 33 233X IS =3I Qs =2

o|3 O 6 06 6 6 o 86 b 6o 68 o o ~ o

o

N M N oo O o ¥ o N o N N < N N
I o © — 9 O 8 — ® O — ¥ N —~
0| 6c o 8 o o o 8 « © © ©o ©o — o
wl| ¥ Y N e ©® 1Y =~ N — o Y

S 3 8 3 S ®S v3d = vy = d

';; O O o o o o o ¥ O © o o — o

<)

N N © Vv — VvV O v o N O ™ o O
w|l 323353333838 =23 =2
0| o o o o o o o » © © o S ~ o

N 0O OV N N O N O =— N VvV o — ¢
21 @ = 9w 9 S ¥ 3 N 9 38 KN = ¥ 9

23 O O 0o o o o o » o o o S ~ o

IS O ® 60 O ® ® &6 O O ~ O O ® O
@) © — v o o 44 N o6 © — N O »
0| c 8 o o o o o » © © ©o o ~ o
wml| 9O N U O 0 = ¥ ® O ® ¥ ©® V0
;Q'—."’.Q'—.“CN.O.Q"’.‘QO.“’.N.

0 O © o o 8 o o ¥ © o © © ~— o

o

Rl @28 =2 9 90 90 o Q@ 9 = ¢ ® o N
21 28 % g5 a8 & I g ® o o R A

O © ©O 0O O O O » 0 © © o ~— o
|| © n o O O — n O O MO O O o N
2| 22 v 353 d % 5 ¥ B SR =

A O © O o o ©O o m o o o o — ©O

S

o~ O o — O v < N o O < — oo < —
w9 o = v o o — o X O X~ N O 9 @
Q)| c 3 o c o 8 o » © © © © —~ ©

O 4 ¥ O ® » O 00 O v — N O ©
£/l 2299 =8 X9 ad ko R

© o O 0o o o O o » © o © oo ~— o

8 O o N O o ¥ N ¥ O — O v © v
w»i o - v O 9 — © v O ® v O o
0| o 0 0o 6 o 8O o4 o © 0 o « o
wll 9 T 9 0o ¥ 0o o N O 0 ® 0 BV N

S N v O O — v — O ®© Vv O N ™

gg O 0o o o o O o ®» © © © o — o

Qlwl] @ ©® © 0 = = 0o ¥ 29 & = N T o
“l oo R goadaod g3 9 3 3 39

SO 0o 0o 8 O O 0o » © © © o ~ o
O
wv
wv
g w
g 5 2 .
2 5 3 ¢ 2 g 8
3 8 S 2 8 £ 2 5 2 & © o
S O L ¢ & ©v 3 3 3 T 6 o
s = , o § S ®» 8 % 8§ o &© D
wl| & 6 4 & 5 T 2 3 £ 28 S 3 ¢
el = o 3 8 8§ ¢ 6 g ©v © ©w 2 3§
6| 5 2« « 2 5 £ £ 9 € £ £ £ § 2

w| @ 2 © ©® £ g 82 £ 8 3 8 B 3 8 o

5| © 6 © © T X &8 2 § = = > > ¢ E

S| o < o o» 2% HT ZF £ g & a a & 2 o

> | «n O < < 0 w Z < x < < < < < A

other coral diseases, such as “white band”, “black
band”, or “white plague” were observed within the
quadrats during the course of the study.
Young
and adult
(2017 -2021)
Between 2017 and 2021, 24 young corals recruit-
ed and 76 colonies died among 169 coral colonies
monitored. Millepora alcicornis and A. agaricites pre-

coral recruitment

colony mortality

sented the highest level of larvae recruitment over
the study period (6 recruits each), followed by P. as-
treoides (5 recruits). In contrast, M. alcicornis and P.
astreoides were the species with the highest mortality
of colonies during the study (14 and 18, respective-
ly). Montastrea cavernosa was also among the species
presenting a high mortality (10 colonies lost during
the study). Two peaks of mortality were remarkable
in the wet season in 2017 (15 out of 127 colonies
died) and in the dry season in 2020 (15 out of 101
colonies), when SCTLD disease appeared (Table 4).

From an overall perspective, the recruitment of
all species reached a maximum in the wet season of
2017 (6 recruits). The Spearman rank correlation co-
efficient did not reveal any significant trend in coral
recruitment (S = —0.043; p = 0.917), nor for colony
mortality (S = 0.379; p = 0.282).

DiscussioN

Events affecting the benthic community (2012-
2021)

Coral bleaching is an event that is increasingly af-
fecting tropical areas in response to climate change.
Rising sea temperatures is the main factor respon-
sible for this phenomenon (Jokiel and Coles 1977,
Jokiel and Coles 1990, Glynn and D’Croz 1990, Ea-
kin et al. 2010).

In the lesser Antilles, corals tolerate a maximum
sea temperature of 29°C (Bouchon et al. 2008).
Above this threshold, corals experience thermal
stress and expel zooxanthellae from their tissue.
However, coral bleaching is reversible if sea temper-
atures decrease rapidly below the 29°C tolerance.
The final coral mortality therefore depends on both
amount of the increase as well as the duration of ele-
vated water temperatures (McClanahan et al. 2007).

The year 2019 was marked by an episode of coral
bleaching, corresponding to a 122 d period during
which the water temperature exceeded 29°C and
reached a maximum of 30.5°C in Pigeon Islets,
recorded by a thermograph at 3 m depth (Malahel
2020). Another thermograph placed at 23 m depth
near Pigeon Islets recorded a 77 d period above 29°C
with a maximum of 29.2°C. Nevertheless, there was
no loss of corals in Guadeloupe as a result of this
phenomenon, since all the bleached corals had re-
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FIGURE 8. Example of tissue damage observed in an Orbicella faveolata colony over time. 2017: the colony was observed with “coral biting”. 2018: The
colony healed from previous necroses. 2019: Bleached colony due to thermal stress. 2020: SCTLD observed on O. faveolata, leading to the death of the
colony. 2021: Dead colony covered with algal turf and macroalgae. (Photos: D. Baltide).

covered their zooxanthellae the following season. There had
not been such a severe episode of bleaching since 2005 in Gua-
deloupe and the West Indies (Wilkinson and Souter 2008). In
Guadeloupe, 76% of the corals bleached in 2005 and the in-
duced mortality reached 45% in 2006 (Bouchon et al. 2008).
In the Caribbean, the year 2005 was the warmest in over 150
years and this phenomenon was the source of the most impor-
tant coral bleaching observed in the region (Eakin et al. 2010).

In May 2020, the first case of SCTLD observed in Guade-
loupe was on Pigeon Islets (Bouchon et al. 2023). SCTLD is
the latest coral disease, first appearing in Florida in 2014, and
showed a 30% coral mortality rate (Precht et al. 2016, Wal-
ton 2018). The agent was first supposed to be bacterial, but
recent research suggests a viral origin (Work et al. 2021). The
disease is not linked to anthropogenic actions. Transmission
of the pathogen appears to occur through direct contact be-
tween colonies (Aeby et al. 2019), and currents constitute the
main transport vector (Sharp et al. 2020). The consequences of
SCTLD are a progressive loss of living tissue that leads to the
death of the affected coral in a short time. The total necrosis of
a colony varies between 4 and 7 days, depending on colony size
(Dobbelaere et al. 2020, Meiling et al. 2021).

Many corals present in our study quadrats died because of
SCTLD. In 2019, the percentage coverage of Scleractinians rep-
resented 24% of all quadrats; this decreased to 13.9% in 2020,
and finally to 11% in 2021. In contrast, although Caribbean
sponges are prone to diseases such as “orange band” and “red
band” (Webster 2007), no diseased or bleached sponges were
found in any quadrat during the course of the study.

Among the 21 coral species affected by SCTLD in the Ca-
ribbean, the mortality rate is quite variable, from < 10% to
94% according to reef sites (Alvarez—Filip et al. 2022). For ex-
ample, in the Bahamas coral mortality fluctuated from 31.5%
to 42.7% depending on the island (Dahlgren et al. 2021).

Coral death generates free substratum for colonization. As a
consequence, the percent coverage of other benthic organisms
increased from 45.7% to 53.1% for Pheophyceae, from 3.4%
to 9% for Cyanobacteria and from 8.8% to 11.1% for sponges.
These 3 groups of organisms had not exhibited significant vari-
ations in their abundance prior to the arrival of coral disease.
Similar observations have been previously described in the Ca-

ribbean region (McCook et al. 2001, McManus and Polsenberg
2004) as well as than in the Indo—Pacific area (Diaz—Pulido et
al. 2002, Nugues and Bak 2006).

SCTLD was the major cause of tissue damage (83%) in the
quadrats. All the affected corals died without exception. The
coral cover dropped by 54.2% due to the SCTLD. This disease
led to an accelerated deterioration of the health of the reefs of
Guadeloupe Island.

The necrosis of coral tissue due to predation by worms, mol-
lusks and fish represent only 1% of tissue damage over all quad-
rats. Furthermore, the tissues of the coral colonies affected by
this type of necrosis eventually healed. In a comprehensive re-
view of the literature concerning coral predators, Renzi et al.
(2022) suggested that the invertebrate predators may interfere
with coral diseases and so enhance their impact on the corals.

Overview of 2012—2021 results

The dominant groups of organisms were Pheophyceae (45.6
+ 1.9%), Scleractinians (24.0 + 2.9%) and algal turf (12.4 + 1.
9%). Our study was characterized by a drastic decrease in the per-
cent coverage of Scleractinians and by an increase of Pheophy-
ceae, Cyanobacteria and sponges around the year 2020. Ad-
ditionally, macroalgae dominated the substrate and prevented
the development of minor groups such as Zoantharians and
Hydrocorallians.

Despite a decrease in coral percent coverage, the species
richness of coral assemblages increased during the period with
the appearance of O. franksi (in 2016) and M. auretenra (in 2017)
recruits in the quadrats. In terms of occupation of the sub-
strate, P. astreoides was the dominant coral species throughout
all the study (2012 — 2021). Overall, it appears that the coral
species richness was not significantly affected by SCTLD. How-
ever, the coral assemblage was already showing some species
with negative trends due to anthropogenic conditions around
Pigeon islets prior to the advent of SCTLD, although this did
not appear to impact its stability.

The order of dominance of coral species changed significantly
during the years 2020 and 2021, i.e. at the onset of SCTLD that
showed a significant loss