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NEPINHWH

OL yopyovieg ouykataAéyovtol oTa TLo Kowd €(6n Twv KOPAAAOYEVWV KOWOTANTWV TNG
Meooyeiou. H «kokkwvn vyopyovia Paramuricea clavata Oewpeitat oamd ta  TLO
QVTLMPOCWTEVTIKA €ldn TNG AUTIKAG Meooyeiou Katl Tallel onuaviikod polo otn Slatnpnon
™¢ Blopdlag Kat tng SOUKAG TIOAUTTAOKOTNTAC TwV KOPAAALYEVWY KOLVOTATWV. 2€ OTL adopd
™V avamapaywyn tng P. clavata, mpokeltal ylo €(60¢ YyovoxwpLloTIKO Kal n GUAETIKA
avaloyia sivat cuvBwg 1:1 . H yoviponoinon Aapavel xwpa otn emidavela Twv OnAukwv
otopwv (surface brooding) evw onuavtikd pOAO OTOV QVOAPAYWYLKO CUYXPOVIOUO Kol
oTNV ameAeubEpwaon YOUETWY (0poeVIKWY Kol BnAukwv yovadwv) (synchronous spawning)
nailel n Bepuokpacio Kal 0 GEANVIAKOG KUKAOG. ZUpdwva He TOAAEG HEAETEG, £XEL
napatnpnBel otL MoAAG emelcddla pallkng Bvnowotntag tng P. clavata oyxetilovral pe
TIEPLOTATIKA BEPUIKWY AVWHUOALWY TNG OTHANG TOU VePOU. BAOIKEG TMOPAUETPOL OTNV
EKTIUNON HLOG eMmIKeipevng Slatapaxng amoteAolV Ta MOCOOTA TPAUUATIONOU fj GUVOALKAG
VEKPWONG TWV OIMOLKLWY, EVW OL ETIUTTWOELS OTLG Baolkég UCLOAOYIKEG AeLToupyieg Tou
0PYaVLOUOU, OTIWG OUTEG TIOU eMNPEAIOUV TNV ovamapoywyn, eivol Alyotepo YeAeTnUEVeC.
EAGxLoTeG €ival oL HEAETEC MOV ETUKEVIPWVOVTAL OTLS TtpoBavartieg emuttwoelg (sublethal
effects) tou Bepuikol OTPEC OTNV QAVATOPAYWYLKA TPOOTIABEla Tou €(60UG. IKOTOG TNG
OUYKEKPLUEVNG EPELVOC €lval n HEALETN TWV ETUTTWOEWY TOU Ogpulkol oOTpeg otnv
avamopoywylkn mpoonddela tng P. clavata kot TN SladOPETIKA AMOKPLON avAAOyd LE TO
dUAo (apoeviko- BnAuko). Katd to TMELPAUATIKO OTASLO LOAPLOUEC APOEVIKEG KAl ONAUKEG
amolkieg tng P. clavata tomoBetBnkav os evudpeia und kavovikég ouvBnkeg (17 C) kal uto
ouvOnkec Bepuikol otpeg (25C). Metd to mépag Tplwv fSOUASWY, OL QAMOLKIEG Tou
enélnoav €EETACTNKAV OE OTEPEOOKOTILO WOTE va afloAoynBel To avamapaywyko Toug
anotéAeopa kabwg kal oL mBaveg dtadopormolnoelc avaloya e to GpUAo. OL mopApETPOL
TIOU €EETACTNKAV ATV N YOVILOTNTA TWV QIOLKLWY, 0 0pLOUOC Kal N SLAPETPOG TWV YoVASwV
oava moAumoda. OAeg oL mapamavw LETABANTEG, MOPOUGLOCAV OTATIOTIKA CNUAVTLKA Helwon
OTLG QTTOLKIEG TIOU €AV UTIOOTEL BEPULIKO OTPEC OE OXEON LIE TIC ATOLKiEC TTou StaBiwoav uno
KOWVOVIKEG CUVONKeC, evw TtapdAAnAa mapatnpndnke OTL oL BNAUKEG AMOLKIEG EMNpeAcTNKAV
TIEPLOOOTEPO QMO TIC APOEVIKEG. Ol BnAUKEC armolkieg UTIO BepUlkd OTpeg Mopouciaoav
MElwon 0T YOVIHOTNTA TOUG Katd 89% ot oX€on UE TIG ONAUKEG QITOLKIEC UTIO KAVOVIKEG
OUVONKEG, EVW OL AVTIOTOLXEG APOEVIKEG AMOLKIEG Tapousiacay Helwaon TNG TAENG Tou 24%.
Avtiotolya, o aplOuog twv BnAukwv yovadwv mopouciooce peiwon katd 98%, svw ol
OPOEVIKEG HELWBNKaV Katd 66%. Ocov adopd to UEyeBog Twv yovadwy, n SLAUETPOG TWV
OnAuKwv pelwBNKe Katd 31% Kal N SLAUETPOG TWV OPCEVIKWVY KATd 62%. Ta amoteAéopata
™G mapoloag €peuvag, umootnpilouv tnv undBeon OtL oL BnAukég amotkieg emevéuouy
TIEPLOCOTEPO OTNV AVATIAPAYWYH OE OXECN HE TIG APOEVLKEC, YEYOVOG TO omoio ¢aivetal va
TIC KAOLOTA TIEPLOCOTEPO EVAAWTEG OF MO ETUKELMEVN allayr Omwc elval n auv&nuévn
Beppokpacia. JUVEMWG, ol BNAUKEC amoLKieC MapouolaoaV YEVIKO UEYOAUTEPEG UELWOELG
OTLC TEPLOOOTEPEG UETAPANTEG HETPNONG TNG YOVLUOTNTAG, YEYOVOG TIOU OnUaivel OtL ol
TPOBAVATIEG EMUMTWOEL £ival MepLoaOTEPO ePdavelc ota ONAUKA o€ OXEON LE TA APOEVLIKAL.
ZUMUITEPACHATLKA, OL EVOEXOEVEG APVNTIKEG EMUMTWOELG TNG AUENUEVNG Beppokpaciog (Aoyw
KAlLaTIKAC aAAayncg) otnv avamapaywyn tou €idoug P. clavata, koBLlOTA EMITAKTIKN TV
OVAYKN Yla TIEPETOipW SLEPEUVNON TWV ETIMTWOEWYV OTO £160¢, KABWCE MmioNng Kal TN HEPLUVA
yla LETpA MPOOoTAciaGg ou MPENEL va uloBetnBouv.



ABSTRACT

Paramuricea clavata (Risso, 1826), is one of the most emblematic species in the NW
Mediterranean Sea. Several mass mortality events have had lethal effects on the species while
sublethal effects have also been observed due to thermal stress. We experimentally placed in
aquaria male and female colonies of P. clavata under control (17°C) and thermal stress (25°C)
conditions. After three weeks surviving colonies from both control and thermal treatments
were examined to evaluate their reproductive output and potential differential responses
exhibited by sexes. The three parameters examined were the fertility of the colonies, the
number of gonads inside the polyps and the diameter of spermaries and oocytes. All three
variables presented decreased values in the stressed colonies than in control ones, while at the
same time, females were more impacted from thermal stress rather than males. Female
stressed colonies showed a decrease of 89% in their fertility compared to control after being
subjected to thermal stress while male colonies showed a decrease of 24%. Respectively for
number of gonads, oocytes were reduced by 98% while spermaries by 66%. Additionally, the
diameter of oocytes presented a reduction of 31% while spermaries were reduced by 62%.
The results of the present study, support the hypothesis that females invest more in
reproduction rather than males and for this reason they are more vulnerable to an imminent
threat (such as the elevating temperature). As a consequence, the potential negative impact of
positive temperature anomalies (related to climate change) on the reproduction of P. clavata
underlines the importance for further investigation on the sublethal effects of the species and
also for protection measures that have to be taken.



INTRODUCTION

Coralligenous assemblages, the unique calcareous formations of biogenic origin in the
Mediterranean benthic environments is one of the most emblematic marine habitats in the
Mediterranean Sea. They represent an important hotspot for biological diversity (harboring
approximately 20% of Mediterranean species) and exhibit great structural complexity
(Ballesteros, 2006), facts that make such communities comparable with coral reefs.
(Margalef, 1985; Bellan-Santini et al., 1994).The dominant species of coralligenous
seascapes are encrusting calcareous algae, sponges, cnidarians, bryozoans and tunicates
(Ballesteros, 2006).Gorgonian corals (Anthozoa, Gorgonacea) are among the most common
species of coralligenous assemblages (Peres & Picard, 1964) while at the same time the red
gorgonian- Paramuricea clavata is one of the most representative species in the Western
Mediterranean coralligenous assemblages (Weinberg, 1979; Gili & Coma, 1998), playing an
important role in the maintenance of structural complexity and biomass of these habitats
(Ballesteros, 2006).

P. clavata is a modular colonial marine invertebrate(Coma et al.,1995) which is consisted of a
horny skeleton, made out of gorgonin ( a complex protein) covered by a thin layer of cells, the
coenenchyma and the polyps. It is widely distributed along the coasts of western
Mediterranean (Carpine and Grashoff, 1975) and eastern Atlantic Ocean (Weinberg, 1994)
and typically lives between the depth of
10-110m (Carpine and Grashoft, 1975). It
is a filter feeder mostly fed on copepods,
diatoms, dinoflagellates, ciliates and
organic carbon suspended particles
(Ribes, 1999b). P. clavata is a
gonochoric species but without obvious
sexual dimorphism. Sexual reproduction
is the dominant reproductive process of
the species as asexual reproduction is
Fig. 1: Surface brooding of P.clavata. negligible (Coma et al., 1995a). The

species generally exhibits 1:1 sex ratio
(Gori et al., 2007; Coma et al., 1995a). Sexual maturity is fully attained when the colony
reaches the size of 20cm in height, while reproductive effort increases with the size of the
colony (Coma et al., 1995b). P. clavata is characterised by spawning synchrony (every June
in 2 to 3 separate episodes, lasting 1-8 days each). Then, female colonies retain their oocytes
on their surface (through o mucus coating), where emryogenesis takes place (surface
brooding), while male colonies release the sperms in the water column (Coma et al., 1995a).
Shortly after embryogenesis, the planula larvae detaches from the surface of the maternal
colony (Linares et al., 2008a) and after a short period of suspension in the water column, they
settle on the substrate near the maternal colony (Coma et al., 1995a; Linares et al., 2008a).
The main factor known to play an important role in the timing of spawning in gorgonians is
temperature (Grigg, 1977) and lunar cycle (Brazeau & Lasker 1989,1990).

There is a general conset that mass mortality events related to water temperature- related
thermal anomalies due to climate warming, constitute a serious threat for coastal marine
ecosystems (Harvell et al., 1999, 2002; Romano et al., 2000). The Mediterranean region is
one of the fastest warming regions due to climate change (Bindoff et al., 2007; Burrows et al.,
2011) and the rise of seawater temperature has caused several mass mortality events of
benthic invertebrates (Garrabou et al., 2009; Kersting et al., 2013). Among the most affected
species during these events were gorgonian octocorals and especially the red gorgonian
Paramuricea clavata and the white gorgonian Eunicella singularis (Cerrano et al., 2000;
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Linares et al., 2005; Coma et al., 2006; Coma et al., 2009; Garradou et al., 2009;Cupido et
al., 2012). Given the fact that gorgonians are structurally important species within the
Mediterranean hard- bottom communities, changes in the structure of their populations may

lead to important community-level changes (Linares et al., 2007b,2008a; Cupido et al.,
2012).

The most commonly used method to evaluate the effects of a disturbance upon a gorgonian
population is through the direct estimation of the extend of colony injury or the proportion of
colony mortality within a given population (Linares et al., 2005; Coma et al., 2006; Cupido et
al., 2008; Huete- Stauffer et al., 2011). On the contrary, the sublethal physiological effects
(including reproduction) posed by stressful conditions are harder to investigate and are
therefore commonly ignored (Hughes & Connell, 1999; Coma et al.,2004; Linares et al.,
2008). Most of the studies have focused on the assessment of direct (mortality) or delayed
effects (partial mortality- extent of injuries to a colony’s surface) of mass mortality events on
gorgonian colonies (Linares et al., 2005; Coma et al., 2006; Cupido et al., 2008,2009; Huete-
Stauffer et al., 2011). Only few studies have dealt with the sublethal effects of thermal stress
on reproduction effort (Torrents, 2007; Linares et al., 2008a) and on the early life stages
development (Kipson et al., 2012). Today, sublethal effects associated with elevated sea —
water temperature conditions remain poorly studied. Information about the effects of mass
mortality events on sexual reproduction is crucial due to the vital process of reproduction for
the survival of a population (Coma et al., 1995a; Ribes et al., 2007; Linares et al., 2008).

The aim of this study is to examine the sulethal effects of thermal stress on the reproductive
output of the red gorgonian Paramuricea clavata (Risso, 1826) and the differential response
to thermal stress according to sex.

METHODOLOGY

Sampling

Sampling was carried out at the Marine Protected Area of Medes Islands (42°02°N, 3°13°E)
in the Northwestern [NW] Mediterranean(Fig. 2).On the 18" of May 2013, a population of P.
clavata, located between 20 and 25 m depth, was randomly sampled by SCUBA divers.
Samples consisted of one small apical fragment per colony (about 5 cm in length). Gonadal
mass and number are known to attain their peak in June while at the same time spawning
episodes commonly occur also at the
beginning of June (Coma et al., 1995).
Consequently, we considered May as the
most appropriate month for sampling.
Overall 120 colonies were sampled,
including 60 non- repproductive juvenile
colonies(<10cm  height) and 60
reproductive adult colonies (between 20
and 30cm height). Considering the sex ——
ratio of the species (1:1) the number of the LI | \ A
adult colonies was sufficient in order to
obtain at least 10 male and 10 female
colonies. Apical tips were transported in
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portable coolers from the collection site to the Experimental Aquarium Zone (ZAE) of the
Institute of Marine Sciences in Barcelona within the same day. Upon arrival, one polyp per
apical tip (hereafter referred to as “colony”), was dissected under a stereoscope, in order to
determine the sex of each colony. The color of the gonads inside the polyps was the factor of
classification. Males contain yellow spermaries while the oocytes are deep purple (almost
black).

Experimental design

The experiment consisted of two aquarium settings: control and stress treatment (composed of
three replicate tanks per each condition). Consequently, there was one tank for juveniles, one
for males and one for females under control conditions and three for stress. To avoid intra-
colony variability response, all colonies were divided into two parts, one was placed into
control treatment while the other fragment was placed into stress treatment. Moreover, for
control and stress treatment respectively we had 30 juvenile colony fragments inside the first
tank, 30 male colony fragments inside the second tank and 30 female colony fragments inside
the third tank. The colonies were acclimatized in the aquariums during five days at 16°C.
Afterwards, the temperature was gradually raised to 25°C in the stress tanks, but it was left at
16°C in control tanks. The tanks were supplied with Mediterranean Sea water that was
continuously pumped from 20 m depth into the experimental aquarium facilities of the
Institute of Marine Sciences. Upon arrival to the facilities, the seawater was filtered before
reaching the experimental tanks. Each tank had an inlet pipe for the supply of fresh seawater
and an outlet pipe. Both pipes remained open so that the tanks functioned as an open system.
In the stress treatment setting, seawater was heated in a buffer tank equipped with
submersible resistance heaters and was regulated by temperature controllers (Aqua Medic T
controller).

The experiment started on May 23™ (five days after the acclimatization of the gorgonians in
the aquariums), which was considered as the “day 0” of the experiment, since it was the first
day at 25°C for the stress fragments. After three weeks of thermal stress, samples for
studying the reproductive output were collected from colonies without injuries in both stress
and control treatment.

Reproductive output

After three weeks, surviving reproductive colonies were examined under a stereoscope to
evaluate the effects of thermal stress on their reproductive output and the potential differential
responses exhibited by colonies of different sex. In order to define reproductive output, three
variables were used. a) Fertility, estimated as the proportion of fertile polyps (polyps that
contained at least one gonad) to total number of dissected polyps, b)Number of gonads per
polyp and c¢) Gonadal size based on the diameter of ten gonads within each polyp. In case of
polyps that contained less than ten gonads, diameter was defined only for the existed gonads.

From each experimental treatment (control and stress), we finally examined 11 male and 11
female colonies (out of 60 adult colonies that were initially sampled). As a consequence 22
male fragments (11 stress and 11 control) and 22 females were examined. Overall, 440 polyps
were dissected (ten polyps per each fragment), and the number and diameter of gonads
mentioned was measured.



Statistical analyses

To test differences in fertility, number of gonads and diameter of gonads among treatments
and sexes, we applied non-parametric U-Mann Whitney tests, since data did not follow
normality (Shapiro- Wilk, p< 0,01). All statistical analyses were performed using the
statistical software PAST3.

RESULTS
Effects of thermal stress on reproductive effort and gonadal development.

Exposure to thermal stress resulted in several aberrant oocytes and spermaries found in male
and female colonies in comparison to those observed in control treatments (Fig.3). In
addition, thermal stress negatively affected the proportion of fertile polyps, the number and
the diameter of gonads in both sexes (Fig. 4 and 5). However, this effect was more marked for
female than for male colonies.

In male colonies, fertility decreased from 100% in control to 76% in stressed colonies,
showing a significant reduction of approximately 24% (Mann Whitney U;: Z= -2,099; p=
0,036) (Table 1, Fig. 4a). Additionally, there was a decrease in the number and diameter of
the spermaries found in the male colonies under thermal stress (Table 1, Fig. 4b, c). The
reduction of the number of gonads in male colonies under thermal stress was approximately
66% compared to the control colonies (Mann Whitney U;: Z= -6,725; p<0,001, Fig. 4b),
while the diameter of the gonads of the stressed males was reduced by approximately 62%
compared to the control ones (Mann Whitney U;: Z= -6,485; p<0,001, Fig. 4c).

In female colonies, the three reproductive parameters under study showed significant
differences among treatments (Table 1, Fig.5). The fertility of females decreased from 97% to
8% in control and stress treatment respectively (Mann Whitney U;: Z= -4,212; p<0,001, Fig.
5a). Female stressed colonies showed a reduction of 98% in the number of oocytes compared
to the control ones (Mann Whitney U;: Z=-13,04; p<0,001, Fig 5b). Moreover, a reduction of
31% in the diameter of the gonads in stressed females was observed (Mann Whitney U;: Z= -
12,614; p<0,001, Fig 5c).



Table 1: Summary of the results obtained from the thermal stress experiment.

[Mivaxag 1: LHvoyn TV anoTELEGUATOV TOL TOPOINPNONKAY 0T TO TTEIpOLLO TOL BepLiticoD
GTPEG.

sx [ TREATMENT |FERTILITYCO) | NGovind™ | PGonaps
Mean Mean SD Mean SD

Male Control 100 20,53 11,1 420,3 121,3

Stress 76,36 13.58 8,6 260,9 101,4

Female Control 97,27 20,01 8,9 438,6 67,7
Stress 8,18 0,38 1,14 301,3 134

Figure 3: Regular form of oocytes (a) and spermaries (b) from control colonies. Aberrant
forms observed in female (c¢) and male (d) colonies subjected to thermal stress.

Ewoéva 3: Kavovikn popen oopiov (a) xor apoevikeov yopetav (b) and amowkieg vmod
KOVOVIKEG GuvOnKes. Mn QUGIOAOYIKEG HOPPEC TTov TopoatnPNOnKov oe OnAvkég (c) Kot
apoevikég (d) amowkieg o1 omoieg glyav vwoatel Oeppicd oTpEG.
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Figure 4: Reproductive parameters of male colonies under control and stress treatment. a)
Mean fertility (% of polyps with spermaries). b). Mean number of spermaries per polyp. ¢)
Mean diameter of spermaries. Whiskers represent standard deviation.

Ewéva 4: Avamapoyoyikéc LETOPANTEG TOV UPGEVIKOV OOIKIOV VIO KOVOVIKEG GUVONKEG
kot vd cuvOnKec otpec  a) Méon yovipdtnra (% TV TOAVTOd®MV TOV TEPLElYAY CTEPLOTA).
b). Mécog aplBUOC apoEVIKOV YOUETOV 0ve, TOAVTOdd. ¢) MEor JAUETPOg TOV UPCEVIKMDV
yvouetwv . Whiskers represent standard deviation
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Figure 5: Reproductive parameters of female colonies under control and stress treatment. a)
Mean fertility (% of polyps with oocytes). b) Mean number of oocytes per polyp. ¢) Mean
diameter of oocytes. Whiskers represent standard deviation.

Ewova 5: Avonopayoyuég HEToPANTEG TOV ONAVKOV amotKI®V Vo KOVOVIKEG GLVONKEG Kot
Vo cuvlnkeg otpeg  a) Méon yovipotnta (% TV ToAOTOd®V ToL TEPLElYaV mapia). b).
Mécoc ap1Budc ONALVKOY YOUET®V ovo, ToADTOda. €) Méor S1aUETPOG TV ONAVKOV YOUETOV .
Whiskers represent standard deviation
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DISCUSSION

The results obtained in this study show that thermal stress leads to a general decrease in the
reproductive effort of Paramuricea clavata. In both male and female colonies, all the
reproductive parameters under study displayed significant declines (compared to control
treatment), indicating that thermal stress causes sublethal effects. Previous studies dealing
with the same species have also highlighted sublethal effects produced by thermal stress.
Linares et al. (2007), in their study, showed that the 1999 mass mortality event (caused by
elevated temperature) caused severe effects on reproduction of P. clavata. Moreover, thermal
stress showed a negative effect on the embryos and larvae of -P. clavata, resulting in
abnormal embryonic development and reduced survivorship of the species (Kipson et al.,
2012). Similarly, other works have also showed that elevated temperatures affect the
embryonic coral development causing abnormalities (Bassim et al., 2002; Randal & Szmant,
2009b). Other studies related to the reproduction of corals, suggest that the level of the
impact and the kind of species that are affected by the impact are the factors that determine
the level of the effect on reproductive output (Szmant & Gassman, 1990; Michalec- Wagner
& Willis, 2001; Baird & Marshall, 2002; Mendes & Wooley, 2002). Furthermore, Van
Veghel & Bak (1994) underlined that mortality events are causing both short-term and long
term effects on reproduction by the reduction of fertility and fecundity of coral populations
and colonies.

Suplemmentary to the overall negative effect of thermal stress on the reproductive output of

P. clavata, the present study takes into consideration the differential response to stress
according to sex. The overall assumption was that females are more vulnerable to elevated
temperatures than males.

According to the results, fertility was significantly more impacted in females rather than
males. Linares et al. (2007) have also showed that fertility reduction in female colonies was
greater than the reduction of male colonies. As Hayward & Gillooly (2011) have mentioned,
there are clear differences between females and males in terms of energetic cost of gamete
biomass production. In their study, regarding a broad diversity of species (mammals, birds,
fishes, amphibians, reptiles and invertebrates), males invested 0,1% against 300% of females
of the energy used for basal metabolism to gamete production. Moreover, the energetic cost
of oocyte production was 3.5 orders of magnitude higher than the energetic cost of sperm
production for the above species. Additionally, Hall & Hughes (1996), in their study about
reef-building corals, state that egg production has a higher energetic cost than sperm
production. As a consequence, we could assume that as females invest more in reproduction,
their fertility could be more impacted from a thermal disturbance than male fertility.

The same pattern followed also the second variable of reproductive output which was the
number of gonads. Gori et al. (2007) refer that a mean oocyte number per polyp (for P.
clavata, on May 2003) was 11,6 while a mean number of spermaries per polyp was 24,3. In a
corresponding study, Coma et al. (1995), refer that the mean oocyte number per polyp was 13
(for the whole reproductive cycle) while the mean spermarie number was 24 in April 1991
and 35 at the beginning of June (just before spawning). In the present study, the number of the
oocytes was significantly more decreased than the number of spermaries in the stressed
colonies. According to a study on the effects of the 1999 mass mortality event (Linares et al.,
2007), female colonies showed a 73-75% reduction in oocyte production (after the event)
while male colonies exhibited a reduction between 49 and 64% in spermarie production,
suggesting that female colonies were more affected than male colonies (Linares et al., 2007).
For many invertebrates, especially for the sessile ones, gonads are the storage for most of the
energy that participates in reproduction (Leuzinger et al., 2003). Oogenesis represents a
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greater part of this energy investment rather than spermarie production which does not
influence remarkably the energetic balance of the organism (Hayward & Gillooly, 2011). Due
to the above facts, it can be presumed that the more a colony invests in reproduction, the more
vulnerable it can be to an imminent disturbance.

According to the results of the present study, the diameter of both spermaries and oocytes also
decreased significantly. Gori et al. (2007) report that the mean diameter for male colonies of
P. clavata (in May 2003) was 348 um and 349 pum for female colonies. According to another
study, mean diameter for male colonies during May 1991 was 258 um and 313 pm for female
colonies during May 1990 (Coma et al., 1995).

The general decrease observed in all the reproductive parameters in colonies under thermal
stress, underline the long-term consequences of thermal stress for the future viability of the
species. A reduced number of gonads can be directly translated in a lower number of embryos
and larvae which could lead to an important recruitment failure in the following years. This
study underlines the need to study the effects of thermal stress on reproductive performance
of the species. In this sense, further investigation on the sublethal effects of thermal stress on
structural species such as P. clavata will help us obtain a more holistic view of the impacts of
climate change in corraligenous benthic communities.
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Hopdaptnuo

RESPONSE OF CORALLIGENOUS TO GLOBAL CHANGE: EVIDENCES
FROM FIELD AND EXPERIMENTAL STUDIES IN GORGONIAN FORESTS

Abstract

Global change is one of the major concerns for the conservation of the rich
biodiversity of coralligenous assemblages. There is a strong likelihood of increasing
frequencies of mass mortality events linked to global warming and the spread of
invasive species in the Mediterranean Sea. Gorgonian forests, one of the most
emblematic facies of coralligenous outcrops, are especially vulnerable to global
change related disturbances. The presentation will focus on the study of the responses
of gorgonians, mainly the red gorgonian Paramuricea clavata, to warming and exotic
algae invasions from observational and experimental approaches in NW
Mediterranean Sea. Long-term monitoring of recurrent warming-induced mortalities
in marine protected areas such as Cabrera Archipelago and Columbretes Islands
showed that warming may act as an important driver for long-term shifts in the
bathymetrical distribution of gorgonian forests. Aquaria experiments and field
surveys indicate that thermal stress may also have important sublethal effects on the
timing of reproduction, the reproductive effort and the viability of early life stages of
gorgonians. Additionally, manipulative experiments demonstrated that invasive algae,
such as Caulerpa racemosa and Womersleyella setacea, have the capacity to reduce
gorgonian recruitment and juvenile survival. The final aim of the presentation is to
discuss the future consequences of global change on the persistence and recovery of
gorgonian forests, in particular, and of coralligenous assemblages in general.
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