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The harvesting of marine organisms for aquarium and ornamental art crafts is a very common and widespread
activity, threatening a number of coral reef species. The goal of this manuscript is to report the intensive harvest-
ing of two marine invertebrate species, the starfish Oreaster reticulatus and the gorgonian Phyllogorgia dilatata,
in reef environments of a national priority area for the creation of a Marine Protected Area (MPA) in the Espirito
Santo State, central coast of Brazil. These species were present on the 2003 Brazilian Red List of Endangered
species as threatened of extinction, but P. dilatata was removed from the most recent 2014 Brazilian Red List,
while O. reticulatus is currently considered vulnerable. Neither species have been assessed by IUCN. The harvest
of these invertebrates was registered in 17% of the 51 days of monitoring (ten expeditions between March 2005
and February 2006), with catches of up to 24 starfishes and 1000 gorgonians in a single day. Starfishes used to be
sold to local traders for US$ 0.50 each, and each gorgonian for US$ 0.15. This starfish is already in decline on a
regional scale, and the actual harvesting rate of the gorgonian could lead to the extinction of the local population
in about 17 years of exploitation. Due to the ecological importance of these two endangered species, their harvest
threatens the entire local rocky reef ecosystem. Further ecological and fisheries studies on these species should
be conducted, and the definition and creation of the MPA could help to manage all the unsustainable activities
conducted and expected in the region.
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The harvesting of marine organisms for aquari-
um and ornamental art crafts is a very common and
worldly widespread activity (Sadovy & Vincent,
2002; Rhyne et al., 2012). However, this practice
has been shown to be a threat of very high poten-
tial (Lecchini et al., 2006), and, consequently, many
harvested species are endangered and under risk of
extinction (Gasparini et al., 2005). In Brazil, the ac-
tivity uses about 120 marine fish and 65 invertebrate
species (Gasparini et al., 2005), including eight vul-
nerable fishes and five vulnerable and endangered
invertebrates species (MMA, 2014). Although
threatened species have been protected under Bra-
zilian law, few efforts toward the education and con-
servation awareness have been applied to the coastal
communities and tourists, that are, respectively, the
main harvesters and consumers of the resource. This
scenario is worrisome considering that it has hap-
pened without control in areas of high-priority for
marine conservation. Since these priority areas still
have natural attributes preserved, they have been
visited more by both harvesters and tourists (Pin-
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heiro et al., 2009). Moreover, both activities are in-
tertwined, where harvesters and coastal communi-
ties commonly incentive tourists to fish and collect
organisms, and tourists fund the activity buying the
harvest.

This study has the goal to report and estimate
the impact of intensive harvesting of two key marine
invertebrate species, the starfish Oreaster reticula-
tus (Linnaeus 1758) and the Brazilian endemic gor-
gonian Phyllogorgia dilatata (Esper 1806), in the
Franceses Island, Espirito Santo State, Brazil (Fig.
1, 2). Both species were present in the 2003 Bra-
zilian Red List of Endangered species, considered
threatened of extinction (Machado et al., 2008). The
most recent 2014 Brazilian Red List (MMA, 2014)
followed IUCN workflow and classifications. This
resulted in P. dilatata not been included and O. re-
ticulatus to be considered vulnerable. Both species
remain not assessed by IUCN. During one year of
monitoring (51 field days between March 2005 and
February 2006), recreational and commercial fish-
ing activities performed in the Franceses Island sur-
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rounding waters (up to 300 m radius, a total of 500
000 m?) were recorded during the day (see details
in Pinheiro et al., 2010a). The harvest of gorgoni-
ans was registered in four (7.84%) of the monitored
days, while starfish harvesting in five days (9.80%)
(Fig. 2). Through interviews conducted at the Fran-
ceses Island, two fishermen described the goal of
collecting 1000 gorgonians per day, which were
sold for US$ 0.15 the unit in 2009. On the other
hand, monitored catches of starfishes summed up to
24 individuals per day, which were sold 2009-US$
0.50 each. Both invertebrate species were sold to lo-
cal traders, aiming to ornamental art craft.
Gorgonians Phyllogorgia dilatata are found in
the high exposure zones of the island (about 100
000 m?, 62% of the reef habitat area), at a density
of 5 individuals per m* and normally attached on
flat rocky surface (Costa, 2009; for methods and ad-
ditional information about gorgonians density and
mapping, see supplementary data I). This species

brings a high structural complexity to the rocky reef
habitat, a factor that contributes to increase the local
fish diversity of the island (Pinheiro et al., 2013) and
recruitment of fishes (Gasparini et al., 2005). The
damage of one harvest day could reach 170 m? of
rocky reef area. Growth studies show that gorgoni-
ans experience a slow growth rate (2 cm per year
in average; Yoshioka & Yoshioka, 1991), indicating
that the harvested gorgonians were about 10 to 30
years old. A recent research shows that areas under
intensive harvest are prone to exhibit long-term sup-
pression of recruitment and declining populations
(Lasker, 2013). Phyllogorgia dilatata is already in
decline on other Brazilian reefs, with remaining
populations strongly affected by tissue loss (Kroh-
ling et al., 2010; Cassola et al., 2016). In Franceses
Island, the reported harvesting rate (up to 28 800 in-
dividuals per year), if not controlled, could vanish
the species, and consequently the entire habitat, in
approximately 17 years of exploitation.
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Fig. 1. Franceses Island, situated inside a marine conservation priority area in Southeastern Brazil, South Atlantic.
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Fig. 2. Har
priority area in the Southeastern Brazil, South Atlantic.

The starfish Oreaster reticulatus is an omnivore
species, being categorised both as microphagous sub-
stratum grazer and macrophagous predator or scav-
enger (Scheibling, 2013). On Franceses Island, this
starfish is a common predator of sponges and sea
urchin Echinometra lucunter (Linnacus 1758), both
very abundant around the island (Costa 2009). It is
also a prey for bigger and rarer marine invertebrates,
as the gastropod Charonia variegata (Lamarck 1816).
However, the species has been a common target in the
Espirito Santo state for many years, with population
sizes apparently declining in most of places. Recent
studies indicated that O. reticulatus might be threat-
ened throughout the Caribbean as well, where illegal
harvesting has been also reported from Panama and
unregulated extraction has occurred in many countries
such as Mexico, Jamaica and Venezuela, among other
countries (Micael et al., 2009; Alvarado, 2011).

Both species play an important ecological role
in the local reef system and, therefore, the harvest of
these two key species threatens both their populations
and also the whole rocky reef ecosystem. Franceses
Island is situated in a national priority area for con-
servation (area MaZc322, Ilhas Piima/Francés, in
MMA, 2007), and a proposal for the creation of an
MPA exists since 2003. Although many biological
and socio-economic studies have already been de-
veloped to design the MPA (details in Pinheiro et al.,
2009, 2010b; Fig. 1), it has not been established yet.
Moreover, intensive harvest of mussels, anchor dam-
age, signs of overfishing and the expectation of port
activities inside this conservation priority area are also
threatening the recovery and ecological role of the
reef ecosystem (Pinheiro et al., 2010a,b).

Further ecological and fisheries studies on these
species should be conducted to determine the current
status of the populations and evaluate the importance
and environmental effects of harvesting. Consider-
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vest activity of the gorg‘énianMPhyllogorgia dilatata (A) and starfish Oreaster reticulatus (A, B) in a conservation

ing the possibility of population decline, these spe-
cies should also be assessed by the IUCN, in order
to establish international awareness. Franceses Island
is situated in a transitional zone between tropical and
subtropical realms, harbouring 221 fish species (over
30% of the Brazilian reef fish biodiversity), and con-
sidered a nursery area for many endangered species
(Pinheiro et al., 2015). The creation of the MPA has
now been scheduled for 15 years and its definition and
establishment could help to manage the unsustainable
activities conducted and expected in the region.
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OmI0B MOPCKHX OPraHM3MOB JUI aKBAPUYMHOW KYIBTYPBI U JIEKOPATHBHO-XYIO’KECTBEHHBIX IIEJIEH — OYEeHb
OOBIYCH W IIMPOKO PACIpOCTPaHEH, SBISACH YIPO30H IS psiia BUJOB, HACETSIONINX KopaytoBbie pudsl. Llens
9TOW paboTHI — COOOIIUTE 00 MHTEHCHMBHOM ITPOMBICIIE JBYX BHJ/IOB MOPCKHX O€CIIO3BOHOUHBIX, MOPCKOH 3BE3JIbI
Oreaster reticulatus v ropronapuu Phyllogorgia dilatata, B yCIOBUSX KOPaJUIOBBIX pr(OB B paiioHE, UMEIOIIEM
HaIMOHAIBHBIA IPUOPUTET VISl CO3/IAHUSI MOPCKOM 0C000 OXpaHseMO IPUPOIHON TEPPUTOPHH, B IITATE DCITH-
pury-CaHTo, Ha HIeHTpaIbHOM mobepekbe bpasmmmu. B 2003 1. 3T BuB! ObUM BKITIOUCHBI B KpacHBIiH criricok
MCYE3al0IINX BUJOB bpasuinu B KauecTBe HAXOSIIUXCS HA TPaHK MCUE3HOBEHU, HO P. dilatata ObII UCKITIOUEH
n3 Kpacnoro cniricka B 2014 1, Torna kak O. reticulatus v B HACTOSIIIEE BPEMsI CYUTACTCA YSI3BUMBIM BUIOM. Ho HE
OJIMH M3 HUX He BKJIIOYEH B IodanbHblil Kpachbiii criicok MCOIL. Cityyan omiioBa 5Tux 0€Crio3BOHOUHBIX ObLIN
otMedeHbI B 17% u3 51 must HaOmoneHunit (necsthb sxcneauiii ¢ Mmapra 2005 1. mo geBpais 2006 1.). O0beM yiaoBa
cocraBisul 10 24 mopckux 38e31 U 1000 ropronapuii 3a onus f1eHb. Mopckue 3837161 npoaasanuck 1o 0.50 gomna-
pa CIIIA kaxnas, a kaxnas roprorapus 3a 0.15 gommapa CHIA xaxnas. Ans Oreaster reticulatus yxe OTMEUSHO
CHIDKCHHUE YHCICHHOCTH B PETHOHAIIFHOM MaciiTabe, a (akrniaeckue TeMibl omioBa Phyllogorgia dilatata moryT
MIPUBECTH K MCYE3HOBEHHIO MECTHOI MOMJISIIMU IPUMEPHO 3a 17 JIeT ee SKCIITyaTauy. BBUILy 3K0nmornuecKkoi
3HAUMMOCTH ITHX JIBYX BUJIOB, HAXOJSIIMXCA O] YTPO30H HCUE3HOBEHHUS, MX OTJIOB CO3/IaeT yIrpo3y BCEH MECTHOM
9KOCHCTEME KaMEeHHUCTHIX proB. HeoOXomumo mnpoBeeHne qaabHEHIINX IKOJIOTHUECKHX U PHIOOX03SICTBEHHBIX
HCCIIEOBAaHNUM ATHUX BUJIOB. A onpeaenenue u cozaanue Mmopckoit OOIIT MoxxeT moMoub B yIpaBIeHUU BCEMU He-
YCTOHYMBBIMH MPOIIECCAMU, TIPOBOIMMBIMH B PETHOHE B HACTOSIIIIEE BPEMSI M OXKHAAEMBIMH B OyLyIIieM.

KuroueBsle caoBa: Oreaster reticulatus, Phyllogorgia dilatata, ropronapusi, ucue3aromme MOpCKre 0ecrio3BOHOY-
HbIE, OTJIOB, MOPCKas 3BE3/1a, MOPCKasi 0000 OXpaHsieMast IPUPO/HAS TEPPUTOPHS
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