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Anisakid nematodes are among the most common helminth parasites of the marine realm, particularly important
for their implications with human infections and/or allergies. Members of the Anisakidae use aquatic mammals,
birds and fish as definitive hosts, and crustaceans, fish and molluscs as intermediate/paratenic hosts. Sulcascaris
sulcata, the only species in the monotypic genus Sulcascaris, represents the exception being a parasite of sea
turtles as adult. The recent findings of larvae of S. sulcata in scallops (Pecten jacobeus and Aequipecten opercularis)
and Mediterranean mussels Mytilus galloprovincialis intended for human consumption from the Mediterranean
Sea caused concern regarding the sanitary control of edible molluscs and consumer safety. Herein, we investi-
gated the larval anisakids collected from the purple dye murex, Bolinus brandaris, harvested for human con-
sumption from the Central Mediterranean Sea (Tyrrhenian Sea). Morphological study and sequence analysis of
the internal transcribed spacer regions of the ribosomal DNA and the mitochondrial cytochrome c oxidase
subunit 2 gene locus revealed the occurrence of fourth stage larvae of S. sulcata in 16% of the purple dye murex
examined. The present study adds the purple dye murex to the list of the known intermediate hosts of this
parasite in the Mediterranean Sea and the northern coast of Campania region as site where individuals of log-
gerhead turtle and purple dye murex may become infected. This is the first study reporting an anisakid nematode
in edible gastropods. Epidemiological features of infection in the purple dye murex and implications for
gastropod safety and risk for consumers are discussed.

Anisakidae
Sulcascaris sulcata

1. Introduction

The purple dye murex, Bolinus brandaris (Linnaeus, 1758), is a
common gastropod species, present throughout the whole Mediterra-
nean Sea, with its geographical distribution spreading also in the
Atlantic waters, restricted to the coasts of Portugal and Morocco (Sabelli
et al., 1990; Poppe & Goto, 1991; Houart, 2001). Bolinus brandaris is
among the most valuable edible gastropod species with high commercial
value (reaching prices around 20 to 25 € per kg for first sale) in several
countries of the Mediterranean basin, where it is used to prepare
traditional and fine seafood dishes for human consumption (Martin
etal., 1995; Vasconcelos et al., 2008, 2012). In particular, the purple dye
murex is regularly harvested for marketing in France, Italy, Spain,
Greece and Portugal, and occasionally in Tunisia and Turkey (Martin
et al., 1995; Vasconcelos et al., 2008, 2012).
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Parasitic infections and related allergic reactions associated to the
consumption of seafood are a serious public health problem worldwide
with about 56 million of human cases reported (World Health Organi-
zation, 2012; Nieuwenhuizen & Lopata, 2013; Bao et al., 2017, 2019;
Mattiucci et al., 2018). Human fishery product-borne parasitic diseases
may be caused by ingestion of viable parasites, or as allergic (hyper-
sensitivity) reactions against parasite antigens present in seafood. The
most important helminth parasites in fishery products implicated with
human infections and/or allergies are some anisakid nematodes within
the genera Anisakis and Pseudoterranova (Arizono et al., 2011; Nieu-
wenhuizen & Lopata, 2013; Bao et al., 2017, 2019; Mattiucci et al.,
2018). Members of the Anisakidae family, which also include the genera
Contracaecum, Phocascaris, Pulchrascaris, and Terranova, typically use
aquatic mammals, birds and fish as definitive hosts, and crustaceans
(krill), fish and molluscs as intermediate/paratenic hosts (Mattiucci
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et al., 2018; Angclcs—Hcrnéndcz et al., 2020). Sulcascaris sulcata, the
only species in the monotypic genus Sulcascaris, represents an exception
since it is a parasite of sea turtles, with molluscs (bivalves and gastro-
pods) acting as intermediate hosts (Sprent, 1977; Lichtenfels et al.,
1978, 1980; Berry & Cannon, 1981; Marcer et al., 2020; Santoro et al.,
2019, 2020).

The recent molecular identification of larvae of S. sulcata in scallops
(Pecten jacobeus and Aequipecten opercularis) from the Adriatic Sea
(Marcer et al., 2020; Pretto et al., 2020) and Mediterranean mussels
Mytilus galloprovincialis from the Tyrrhenian Sea (Santoro et al., 2020)
intended for human consumption raised concern regarding both public
health and fishery economic losses for the potential restrictions of
mollusc marketing by national and international sanitary regulations
(Marcer et al., 2020; Pretto et al., 2020; Santoro et al., 2020). An
experimental study performed on fish, chicken, and cat suggested that
S. sulcata can mature to the adult stage and reproduce only in sea turtles
representing their final host; however, since S. sulcata is a species related
to zoonotic anisakid parasites, the potential public health concerns
should be monitored and evaluated (Berry & Cannon, 1981).

Records of larval forms of nematodes in edible marine gastropods are
rare and limited to the finding of Echinocephalus pseudouncinatus (a
parasite of elasmobranchs as adult) encysted in the foot of the pink
abalone, Haliotis corrugata and green abalone Haliotis fulgens in southern
California (see Lauckner, 1980). However, during a parasitological
survey of free-ranging molluscs from the coast of Campania region of
southern Italy, viable larvae of nematodes were found in the tissues of
the purple dye murex harvested for human consumption. Herein, using
an integrative taxonomic approach, we identified those larvae as
belonging to S. sulcata revealing another intermediate host in the life
cycle of this parasite, and reporting for the first time the occurrence of an
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anisakid nematode in an edible gastropod from the Mediterranean basin.
2. Materials and methods
2.1. General data and parasitological study

During May 2021, a total of 56 specimens of purple dye murex were
harvested by local fisherman from the coast of Baia Domizia (Caserta
municipality) at 5-10 m depth on sand bottom (Fig. 1). Within 4 h after
the sampling, the specimens of purple dye murex were transferred, in a
cooler with ice packs, to the laboratory, where they were identified to
the species level according to their morphological characters (Sabelli
et al.,, 1990) and kept for 48 h at +4 °C until parasitological analyses
were performed. Subsequently, they were measured (shell length: SL) to
the nearest 0.1 cm using an electronic calliper. After removing the shell
by cracking it in a bench vice, soft parts of the organism were isolated
and the sex was determined before the parasitological inspection by
examination of the sexual organs (Vasconcelos et al., 2012). Then, each
gastropod specimen was cut along the dorsal mid-line of the mantle to
expose and inspect mantle organs (ctenidium, osphradium, hypobran-
chial gland, pallial gonoduct, and hindgut), and to access the cepha-
lopodium that was dorsally cut as well. Internal organs (proboscis,
salivary glands, oesophagus, gland of Leiblein, and kidney) were
removed from the cephalopodial cavity and visceral spire, placed indi-
vidually in plastic Petri dishes, opened, and inspected for the presence of
metazoan parasites under a dissecting microscope. The foot of each
specimen was dissected in small pieces (0.2 cm x 0.2 cm approximately)
and examined under the dissecting microscope. Parasites found
embedded in the tissues were extracted using scissors and tweezers.
Larval nematodes were measured (mean total body length and width +

Fig. 1. Sampling location (black dot) of individuals of purple dye murex studied for anisakid nematodes.
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standard deviation followed by range in parenthesis), studied and
photographed using a dissecting microscope and a compound micro-
scope both equipped with ZEN 3.1 imaging system (Zeiss). All the
detected nematodes were subsequently counted, washed in physiolog-
ical saline solution, and preserved in 70% ethanol or frozen at —20 °C.
Extremities of each larva were clarified in Amman’s lactophenol and
morphologically identified using a compound microscope according to
available identification keys (Lichtenfels et al., 1978; Berry & Cannon,
1981), while a portion of the middle body tract was used for molecular
analysis.

For scanning electronic microscopy (SEM), both extremities of three
larvae were fixed overnight in 2.5% glutaraldehyde, then transferred to
40% ethanol (10 min), rinsed in 0.1 M cacodylate buffer, postfixed in 1%
0s04 for 2 h, dehydrated in ethanol series, and critical point dried and
sputter-coated with platinum. Observations were made using an EVO
HD15 Zeiss scanning electron microscope operating at 5.0 kV.

Finally, prevalence of infection was defined as the number of purple
dye murex infected with 1 or more larvae of S. sulcata; abundance was
measured as the number of individuals of S. sulcata in a single purple dye
murex regardless of whether or not the host is infected (Bush et al.,
1997).

2.2. Molecular analysis of larvae of S. sulcata

In order to confirm the identity of larvae, morphologically attributed
to S. sulcata, the total genomic DNA from ~2 mg of 11 larvae was
extracted using Quick-gDNA Miniprep Kit (ZYMO RESEARCH)
following the standard manufacturer-recommended protocol.

The ITS region of rDNA, including first internal transcribed spacer
(ITS-1), the 5.8S gene, the second transcribed spacer (ITS-2), and ~70
nucleotides of the 28S gene, was amplified using the primers NC5
(forward; 5'-GTAGGTGAACCTGCGGAAGGATCATT-3") and NC2 (rever
se; 5-TTAGTTTCTTTTCCTCCGCT-3') (Zhu et al., 1998). PCRs were
carried out in a 15 uL volume containing 0.3 uL of each primer 10 mM,
2.5 uL of MgCl, 25 mM (Promega), 1.5 uL of 5 x buffer (Promega), 0.3
uL of DMSO 0.3 mM, 0.3 uL of dNTPs 10 mM (Promega), 0.15 uL (5
U/pL) of Go-Taq Polymerase (Promega) and 2 uL of total DNA. PCR
temperature conditions were the following: 94 °C for 5 min (initial
denaturation), followed by 30 cycles at 94 °C for 30 s (denaturation),
55 °C for 30 s (annealing), 72 °C for 30 s (extension) and followed by
post-amplification at 72 °C for 5 min. Additionally, the mtDNA cox2
locus was sequenced using the primers 211F (5-TTTTCTAGTTATATA
GATTGRTTYAT-3') and 210R (5'-CACCAACTCTTAAAATTATC-3') (Nad
ler et al., 2000; Valentini et al., 2006). PCRs were carried out in a 25 uL
volume containing 0.5 uL of each primer 10 mM, 3 uL of MgCl, 25 mM
(Promega), 5 uL of 5 x buffer (Promega), 0.5 L of DMSO 0.3 mM, 0.5 uL
of dNTPs 10 mM (Promega), 0.3 uL (5 U/pL) of Go-Taq Polymerase
(Promega) and 3 uL of total DNA. The amplification protocol was per-
formed using the following conditions: 94 °C for 3 min (initial dena-
turation), followed by 35 cycles at 94 °C for 30 s (denaturation), at 46 °C
for 1 min (annealing), at 72 °C for 90 s (extension), and a final extension
at 72 °C for 10 min.

The successful PCR products were purified, and Sanger sequenced
through an Automated Capillary Electrophoresis Sequencer 3730 DNA
Analyzer (Applied Biosystems), using the BigDye® Terminator v3.1
Cycle Sequencing Kit (Life Technologies).

The obtained sequences were analysed, edited, and compared with
those available in GenBank using BLASTn (Morgulis et al., 2008). The
present sequences and those downloaded from GenBank were aligned
with MEGAX (Kumar et al., 2018). The alignments were pruned to 661
bp and 501 bp for the ITS region and cox2 gene locus, respectively.
Nucleotide-sequence divergences were calculated using Kimura’s
two-parameter (K2P) model (Kimura, 1980) with 1000 bootstrap
re-samplings by MegaX (Kumar et al., 2018). The K2P model provides
the best metric when genetic distances are low (Nei & Kumar, 2000).
This analysis involved 58 ITS sequences (from 22 larvae and 25 adults
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from GenBank database and 11 larvae from this study) and 50 cox2
sequences (from 20 larvae and 19 adults from GenBank and 11 larvae
from this study).

Representative sequences of S. sulcata here obtained were deposited
in GenBank with the accession numbers MZ647950-54 (ITS region of the
rDNA) and MZ671783-87 (mtDNA cox2).

3. Results
3.1. General data and parasitological study

Out of the 56 gastropods, 22 were males (ranging in SL from 57.3 to
76.7) and 34 females (ranging in SL from 49.4 to 74.9 cm). Overall 15
nematode larvae were collected from 9 (2 males: 64.8-65.7 cm in SL;
and 7 females ranging in SL from 56.9 to 74.9 cm) of the purple dye
murex (Fig. 2). All larvae were whitish in colour, and on the basis of
morphological characters (i.e., squarish lips, constriction at the base of
the lips, interlabia, teeth and caecum appearance, excretory pore posi-
tion, conical tail with a mucronate tip and longitudinal ridges on the
cuticle) were all morphologically assigned to the genus Sulcascaris
showing morphological features of fourth-stage larvae (Figs. 3 and 4).
The following measurements were achieved on 11 larvae. They were:
25.1 4+ 9624.37 mm in body length (range: 15.5-51.5 mm) and 0.5 +
57.66 mm in body width (range: 0.4-0.6 mm). Prevalence and abun-
dance of infection were 16% and 0.37, respectively. The maximum and
minimum number of larvae per gastropod were 6 and 1, respectively.
Most (n = 7) of the infected gastropods harboured 1 larva; the remaining
had 2 and 6 larvae, respectively. Regarding the tissue distribution, out of
the 15 larvae, 6 (40%) were encysted on the external surface of the
anterior oesophagus at the level of the proboscis base (Fig. 2A), 3 (20%)
were found in the mantle cavity (Fig. 2B), and 2 each (13.3%) were
found in the cephalopodial cavity, foot (Fig. 2C), and in the gland of
Leiblein.

3.2. Molecular analysis of larvae of S. sulcata

The sequences (850 bp) of the ITS region of the rDNA obtained from
the larvae showed 100% identity with the sequences of S. sulcata pre-
viously obtained from Tyrrhenian Sea and available in GenBank
(accession number MN699442). The mtDNA cox2 sequences (580 bp),
matched at 99-100% with those sequences of S. sulcata obtained from
the same geographical area and deposited in GenBank (accession num-
ber MN991206). The distance values (4standard deviation) between
S. sulcata larvae here examined and S. sulcata adults from GenBank
database resulted to be K2P = 0.0006 + 0.000 at the ITS region and K2P
= 0.003 £ 0.001 at the cox2 gene locus, respectively. Very similar dis-
tance values were found between the larvae here investigated and those
available in GenBank (K2P = 0.0009 + 0.000 at the ITS region and K2P
= 0.003 £ 0.001 at the cox2 gene locus).

4. Discussion

Sulcascaris sulcata is a parasite with a worldwide distribution that
infects sea turtle species [i.e, loggerhead turtle (Caretta caretta), green
turtle (Chelonia mydas), and Kemp’s ridley turtle (Lepidochelys kempii)]
from Mediterranean, Caribbean, Southern and Western Atlantic, and
Western Pacific (Sprent, 1977; Lichtenfels et al., 1978; Berry & Cannon,
1981; Werneck et al., 2008; Santoro et al., 2010, 2019). The loggerhead
turtle, which feeds mostly on bivalves and gastropods, represents its
main definitive host (Berry & Cannon, 1981; Santoro et al., 2019). Ac-
cording to the available literature, the occurrence of S. sulcata in the
Mediterranean population of loggerhead turtles is restricted to its
eastern basin and the Tyrrhenian Sea (Sey, 1977; Santoro et al., 2010,
2019; Gracan et al., 2012; Gentile et al., 2021) with prevalence of
infection ranging from 16.5% to 33.3% depending by geographical area
and timing of sampling (Gracan et al., 2012; Santoro et al., 2010, 2019;
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Fig. 2. Purple dye murex infected with larvae of Sulcascaris sulcata. A larva (arrow) encysted on the external surface of the anterior oesophagus at level of the
proboscis base (A). A larva free in the mantle cavity (B). A larva in the wall of the foot (C). A whole larva (D). Scale bars = 2000 pm. (For interpretation of the
references to colour in this figure legend, the reader is referred to the Web version of this article).

Fig. 3. Microscopic features of larvae of Sulcascaris sulcata found in the purple dye murex. Anterior extremity (A, B), ventriculus with caecum (arrow) (C) and
posterior extremity (D). Scale bars = 100 pm. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of

this article).

Gentile et al., 2021). A recent study found that loggerhead turtles from
the Adriatic Sea show a higher infection level than those from Tyr-
rhenian Sea (Santoro et al., 2019). It has been suggested that the higher
value of infection is related to the particular environmental conditions of

this latter basin, hosting greatest abundance of molluscan intermediate
hosts (Gracan et al., 2012; Santoro et al., 2019).

Regarding the life cycle of S. sulcata, it is known that sea turtles
become infected by ingesting molluscs infected with fourth-stage larvae.
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Fig. 4. Scanning electronic microscopy of larvae of Sulcascaris sulcata found in the purple dye murex. Anterior (A, B) and posterior (C) extremities and cuticle (D).
Scale bars, A, B, D = 10 pm; C = 20 pm. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article).

Parasites mature and live in the stomach of the host, shedding eggs that
disperse in the marine environment with faeces. Eggs hatch in 5 day at
25 °C, releasing third-stage larvae which penetrate the molluscs (bi-
valves and gastropods) where they develop to fourth-stage larva within
3-4-month post infection (Berry & Cannon, 1981). Successful experi-
mental infections of molluscs occurred by driving the third stage larvae
into the inhalant siphon of bivalves and into gastropods. Up to about 55
days after infection, larvae were recovered from the adductor muscle,
digestive gland, and gonads of the bivalves Melina ephippium and Pinc-
tada spp., and from the gonads and digestive gland of the gastropod
Polinices sordidus. No successful experimental infection occurred when
molluscs were exposed to S. sulcata eggs at various developmental stages
(Berry & Cannon, 1981).

Regarding the dynamic of infection in the wild, since the third-stage
larvae after being laid settle on the bottom (almost immobile) and live
only a few days (3—4 days at 25 °C; Berry & Cannon, 1981), the infection
of the intermediate hosts is strongly associated with local definitive host
abundance, being the locality where the specimens of purple dye murex
were harvested an important feeding area for large loggerhead turtles, as
confirmed by satellite telemetry studies (Luschi et al., 2018; Chimienti
etal., 2020). The purple dye murex is a generalist carnivore, able to prey
on bivalves and other gastropods, and a carrion feeder that may be
attracted by the fecal material of infected sea turtles near which the
larvae are settled. Additionally, it has been observed that in marine
gastropods coprophagy may be an alternative feeding behaviour pro-
gressively adopted at high individual densities because it avoids
competition for habitual resources and provides an alternative food
source (Lopez & Levinton, 1978; Lopez-Figueroa & Niell, 1988). More-
over, the occurrence of the purple dye murex aggregations around a
single food item is common (Martin et al., 1995; Vasconcelos et al.,
2008, 2012) and this feeding behaviour may favour the infection of
several gastropod individuals with the larvae hatched from the large
number of nematode eggs released by a single faecal pellet.

According to the known life history of the parasite, it is plausible that

the specimens of purple dye murex became infected by sucking the third
stage larvae through their inhalant siphon, taking advantage of the
respiratory current directed towards the mantle. The site of localization
of larvae in the gastropods here investigated suggests this route of
infection since most larvae were found in the mantle or in the cepha-
lopodial organs, which are in close proximity with the mantle.
Furthermore, this infection route has been demonstrated in infection
experiments in bivalves (Berry & Cannon, 1981).

Regarding the prevalence of infection in the intermediate hosts so far
retrieved in the Mediterranean, fourth-stage larvae have been found in
35 out 54 (64.81%) P. jacobaeus and 1 out 10 (10%) A. opercularis from
the Adriatic Sea (Marcer et al., 2020; Pretto et al., 2020), and in 5 of 363
(1.4%) M. galloprovincialis from the Tyrrhenian Sea (Santoro et al.,
2020). Prevalence of infection is unknown for gastropods naturally
infected with larvae of S. sulcata from Florida and Australian waters
(namely Busycon canaliculatum, Fasciolaria lilium hunteria and Pleuro-
ploca gigantea [Neogastropoda] and Cipraea tigris and Lunatia heros
[Littorinimorpha]) (see Lichtenfels et al., 1980; Santoro et al., 2020),
however studies from the same geographical areas reported a variable
prevalence in bivalves (i.e., Mactridae, Pectinidae, Pinnidae, and
Spondylidae) ranging from 4 to 78% depending by geographical site and
timing of sampling (see Lichtenfels et al., 1980). The observed preva-
lence of infection with infective stages of S. sulcata strongly suggests the
purple dye murex as intermediate host of this parasite for the loggerhead
turtle in the Tyrrhenian Sea and the northern coast of Campania region,
a key site where individuals of purple dye murex and loggerhead turtle
may become infected. Interestingly, it has been observed that thick
shells of gastropods as the purple dye murex as well other species that
may serve as intermediate host of S. sulcata, able to protect the soft body
of the mollusc from most predators, can be only crushed by the robust
jaws of larger loggerhead turtle individuals (Bustard, 1972). Indeed,
studies on feeding ecology of loggerhead turtles in the Central Medi-
terranean reported Gastropoda as the second most important taxon
retrieved from their stomach (Casale et al., 2008), with the purple dye
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murex resulting among the preferred gastropod prey of larger turtles
(Casale et al., 2018). This is in agreement with the observation that the
infection with S. sulcata in the Central Mediterranean occurs in larger
loggerhead turtles (Santoro et al., 2010, 2019), which are able to crush
the robust shell of the purple dye murex.

The consumption of purple dye murex in Mediterranean countries, as
a common edible gastropod, strongly suggests that the infection by an
anisakid nematode, here reported for the first time, should be moni-
tored. According to the European Commission’s Food and Veterinary
Office (European Commission, 2015), the sanitary controls on live gas-
tropods harvested from non-classified production areas from most Eu-
ropean countries are absent or inappropriate, while the method for the
assessment of the viability of marketing gastropods are based exclu-
sively on the external visual inspection, and the toxicological and
microbiological parameters used for bivalves (European Commission,
2004). In the light of the above, it is evident that those methods make it
impossible to visualize the larvae in the tissues of the gastropod under
the shell.

In the markets, the purple dye murex is commercialized as live and
consumed mainly as cooked, however in few regions of southern Italy
this gastropod is consumed as marinated raw seafood. The presence of
anisakid larvae compromises the quality and safety of fishery products,
representing a cause of concern for consumers, official control author-
ities and seafood businesses (D’Amico et al., 2014; Bao et al., 2017,
2019). Although the results of experimental infections on homoeo-
thermic species (cat and chicken) minimised the possibility of infection
in humans (Berry & Cannon, 1981), it cannot be excluded that, as for
other anisakid species (namely Anisakis simplex (s.s.) and A. pegreffii),
thermostable proteins (allergens), responsible for IgE-hypersensitization
in the immune response of the accidental human hosts, may pose a risk
for sensitized consumers after consumption of seafood infected with
dead larvae, even when it has been properly cooked or previously frozen
(Nieuwenhuizen & Lopata, 2013; Bao et al., 2017; Caballero & Moneo,
2004; Mattiucci et al., 2017; Palomba et al., 2019).

In absence of specific parasite sanitary inspections on marine gas-
tropods, corrective measures should be applied to avoid that snails
infected with viable anisakid larvae arrive to the consumer. The scope of
such measures would include both the reduction of potential risk of
zoonosis and the control of the perception of the problem by the con-
smers. In fact, although the larvae can lose their pathogenicity through
freezing and/or cooking, the products may be unsuitable for sale
because of the repellent aesthetical impact they could have on the
consumer, that could discourage any further consumption of that sea-
food product (D’Amico et al., 2014; Bao et al., 2017, 2019). A possible
suggestion to seafood industry could be the marketing of the gastropods
without shells permitting to visualize the edible tissues; in addition, the
retailers could perform a deferred evisceration at the time of retail as
suggested for fishes infected with anisakid larvae (D’ Amico et al., 2014).
Moreover, based on the general food law concept that all food must be
safe and free from harmful substances or potential zoonotic pathogens,
the harvest of edible gastropods from the sites known as feeding areas of
sea turtles should be at least avoided.
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