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ABSTRACT: The red octopus Octopus maya Voss et Solis-Ramirez, 1966 is an endemic species
found exclusively off the coast of the Yucatan Peninsula, Mexico; its fishery is one of the most im-
portant along the Atlantic coast of Mexico and the Caribbean Sea. To date, the parasite fauna of Oc-
topus spp. in southern Mexico remains unknown. In this study, we present the parasite fauna of O.
maya from 8 localities along the Yucatan Peninsula. From August 2009 to June 2010, a total of 1202
specimens of O. maya were caught by artisanal fisheries and examined. Twenty parasite taxa were
recorded from all octopus examined: 7 cestodes, 8 digeneans, 3 nematodes, 1 copepod and 1 coccid-
ian. All taxa are new records for this host species, and the sampled locations represent new records
of the geographic distribution of these parasite taxa. The gills and the intestine were the micro-
habitats in which the highest number of taxa were found. More than half of the parasites (13 taxa)
that we found infected O. maya via its feeding habits, although a high number of taxa (n = 9) colo-
nized via active transmission. Cestoda and Digenea were the taxonomic groups with the highest
number of taxa. Prochristianella sp. showed the highest prevalence and mean abundance values in
the localities where it was present. This work represents the first study on the parasite fauna of any

cephalopod species in Mexico.
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INTRODUCTION

There is growing interest in the parasite communi-
ties associated with cephalopods. However, in Mex-
ico, records of parasites of cephalopods are usually
scarce and isolated (see Hochberg 1990, Furuya et al.
2002, Castellanos-Martinez et al. 2016). In particular,
the parasite fauna associated with octopus species
(Octopus spp.) in southern Mexico remains unknown.
Most of the research conducted to date on octopus
species in this region has been focused on different
aspects of the biology and fisheries management of
economically important species such as O. maya and
O. vulgaris.
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To date, most of the knowledge on the biology of
cephalopods is derived from species such as O. vul-
garis and Sepia officinalis studied in Europe and the
Mediterranean Sea (Hanlon & Forsythe 1990). The
geographic region with probably the most complete
record of parasites present in cephalopods comes
from northern Spain, followed by several countries
(Nicaragua, Ecuador, Peru and Chile) in Central and
South America where parasite records for this group
have grown in recent years (Pascual et al. 1996,
Gonzalez et al. 2003, Pardo-Gandarillas et al. 2009).
In the Yucatén Peninsula, Mexico, the octopus fish-
ery is based on O. maya and O. vulgaris, although the
former is economically more important due to its
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higher capture volume. O. maya, commonly known
as the red octopus, is an endemic species to the Yuca-
tan Peninsula, and represents one of the most impor-
tant fisheries along the Atlantic coast of Mexico and
the Caribbean Sea (Voss & Solis-Ramirez 1966, Solis-
Ramirez & Chavez 1986, Solis-Ramirez 1988, Pérez-
Losada et al. 2002, Salas et al. 2006).

It is well documented that cephalopods act as inter-
mediate, paratenic, or final hosts of macro-parasites
such as helminths (monogeneans, digeneans, cesto-
des, nematodes and acanthocephalans) and crusta-
ceans, as well as micro-parasites such as bacteria,
viruses and coccidians (Hochberg 1990, Pascual et al.
1996, Vidal & Haimovici 1999, Gonzalez et al. 2003).
The role that cephalopods play in the life cycle of
parasites may vary depending on the type of parasite
since they may act as final hosts for protozoans,
dicyemids and crustaceans, or as reservoir, second
or third intermediate hosts of larvae of digeneans,
cestodes, acanthocephalans and nematodes.

In this study, we describe for the first time the para-
site fauna associated with O. maya collected from
8 localities spanning most of the distribution range
of this cephalopod along the Yucatdn Peninsula
(Mexico).

MATERIALS AND METHODS

From August 2009 to June 2010, specimens of
Octopus maya were caught using artisanal fishing
methods at 8 sites located offshore of the Yucatan
Peninsula in Mexico (Fig. 1). Sites were separated in
2 regions, the Yucatdn Coast and the

2 groups based on locality, with Champotoén, Seyba-
playa, Dzilam de Bravo and Rio Lagartos comprising
one group, and Campeche, Isla Arena, Celestin and
Progreso the other, since 2 laboratories were in-
volved in the sample examination, following the
same methodology.

First, a parasitological examination was conducted
of both internal (alimentary canal, digestive gland,
heart, gonads and gills) and external (mantle surface)
organs using a stereomicroscope (Olympus SZ51 or
Leica Zoom-2000) with magnification ranges of 0.8
to 4x. When samples were not examined immedi-
ately, octopus were frozen until their examination.
Parasites were removed using a fine brush and coun-
ted; worms were fixed and preserved in hot 70%
ethanol. Host data included mantle length, weight,
sex and number of each parasite taxon. Helminths
were then stained using Mayer-Paracarmin (Lam-
othe-Argumedo 1997) and mounted in Canada bal-
sam for taxonomic identification. Nematodes were
clarified in glycerin or lactophenol, then temporary
mounts were made for morphological examination.
Some larvae digeneans are very small, fragile and
easily damaged or lost during the staining process;
therefore, they were fixed and mounted on ammo-
nium picrate.

The identification of different developmental sta-
ges of cestodes was based upon Palm (2004) and
other specialized literature such as Campbell &
Carvajal (1975) and Jensen & Bullard (2010). Digene-
ans were identified using information published by
Yamaguti (1975), Gibson et al. (2002), Jones et al.
(2005), Bray et al. (2008), and other specialized litera-

Campeche Coast. Four sites were loca-

ted off the coast of the state of Yucatan
(Dzilam Bravo: 21°19'N, 88°35'W;
Ria Lagartos: 21°24'N, 88°02'W; Pro-
greso: 21°19'N, 89°42'W; Celestun:
20°57'N, 90°34'W), and 4 were off
the coast of the state of Campeche
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(Champotoén: 17°49'N, 89°32'W; Sey-
baplaya: 19°38'N, 90°41'W; Isla Are-
na: 20°44'N, 90°40'W; Campeche:
19°56' N, 90°48'W). Individuals were
transported on ice to the laboratory of
parasitology at the Centro de Investi-
gacién y de Estudios Avanzados del
Instituto Politécnico Nacional (CIN-
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VESTAV) where we measured the
mantle lengths and weights and deter-
mined sex for all captured individuals
of O. maya. Samples were divided into

Fig. 1. Study area where specimens of Octopus maya were collected in the
Campeche Coast (4 sites) and the Yucatan Coast (4 sites) along the Yucatdn

Peninsula (México)
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ture. Finally, the identification of nematodes was
based on the key proposed by Anderson et al. (2009)
and Gibbons (2010). Parasites were then identified to
lowest taxonomic level possible, and mean abun-
dance, mean intensity and prevalence were estima-
ted for each parasite taxon at each locality following

Bush et al. (1997).

RESULTS

In total, we examined 1202 individuals of
Octopus maya, with more specimens sam-
pled from localities along the Yucatan coast
than from the coast of Campeche (Table 1).
Average mantle length varied among locali-
ties, with the largest specimen recorded
at Ria Lagartos (Yucatan) and the smallest
one recorded at Champotén (Campeche)
(Table 1). Accordingly, across all sampled
localities, we observed a west-to-east gra-
dient of increasing octopus size, from Cham-
potén (western end of Campeche) where the

smallest specimens were found, to
Ria Lagartos (eastern end of Yuca-
tan) where the largest specimens
were collected (Table 1). The total
number of parasite taxa recorded
per locality ranged from 3 at Cham-
potén to 14 in Campeche. There was
no relationship between sample size
and number of parasite taxa (Table 1).

As this is the first parasitological
study performed on O. maya, all par-
asite taxa reported here are new
records for this host species, and the
sampled locations represent new
records of the geographic distribu-
tion of these parasite taxa. All
helminths recorded in this study
were found in larval stages, and
Aggregata sp. and Octopicola sp.
were the only 2 taxa for which spec-
imens in the sexual stage were
recorded (see Table 2).

Twenty different parasite taxa were
recorded among the octopus speci-
mens (Table 2): 7 cestodes, 8 digene-
ans, 3 nematodes, 1 copepod and 1
coccidian. The intestine and gills
were the micro-habitats where the
highest number of taxa was recor-
ded (10 and 8 taxa, respectively), fol-

lowed by the esophagus (4 taxa), digestive gland, ink
sac, cecum and mantle (3 taxa each), and finally the
buccal mass (2 taxa). The parasite taxa that infected
the highest number of microhabitats were Prochristi-
anella sp. and Eutetrarhynchus sp., and Prochristia-
nella sp. was generally the most frequent and abun-

dant parasite found mainly in the buccal mass.

Table 1. Octopus maya sample size (n), mantle length (mean + SD),
number of parasites and taxa found at each locality

Locality Sample Mantle No. of parasites
size (n) length (mm) Individuals Species

Campeche Coast

Champotén 58 93.0 £ 36.3 1051 3
Seybaplaya 79 118.0 + 16.1 2357 5
Campeche 60 94.5 £ 23.6 1125 14
Isla Arena 60 91.0 +£40.2 28630 13
Yucatan Coast

Celestin 203 113.3 +£23.6 15130 12
Progreso 227 107.2 + 44.0 169482 11
Dzilam de Bravo 255 120.6 + 16.0 206438 8
Ria Lagartos 260 139.0 + 154 169210 9

Table 2. Parasite micro-habitat and hosts involved in the life cycle of the para-
site fauna found in Octopus maya from the Yucatdn Peninsula. In: intestine;
Es: esophagus; Bm: buccal mass; Gi: gills; Dg: digestive gland; Ce: cecum;

Is: ink sac; Ma

: mantle

Parasite species Micro- First inter-  Definitive host(s)
habitat(s) mediate host

Apicomplexa

Aggregata sp. In, Es, Ce Crustaceans Cephalopods

Cestoda

Prochristianella sp. Bm, Es, Ce, In Crustaceans Sharks

Eutetrarhynchus sp. Dg, Es, In, Is  Crustaceans Rays, sharks

Nybelinia sp. Bm, Es, In Fishes Sharks

Echeneibothrium sp. Ce, In

Prosobothrium sp. Dg, Is Sharks

Tetraphyllidea Ce, In Fishes Fishes

Unidentified plerocercoid Dg, Is, Gi

Digenea

Lecitochirium sp. Gi Gastropods Fishes

Parvatrema sp. Gi Bivalves Birds

Dollfustrema sp. Ma Bivalves Fishes

Cryptogonimidae gen. sp.  Gi, In, Ma Gastropods Fishes

Podocotyle sp. Gi Gastropods Fishes

Opecoeliidae gen. sp. Gi Gastropods Fishes

Stephanostomum sp. Ma Gastropods Fishes

Bucephalidae gen. sp. Gi Bivalves Fishes

Nematoda

Anisakidae gen. sp. In Copepods  Marine mammals

Spiruridae gen. sp. In Copepods Turtles

Philometridae gen. sp. In Crustaceans Fishes

Crustacea

Octopicola sp. Gi Cephalopods Cephalopods
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More than half of the parasites (13
taxa) that we recorded infected O. maya
via its feeding habits (passive transmis-
sion), although a high number of taxa
(9) colonized by active transmission
(free-living larval penetration). Cestoda
and Digenea were the taxonomic groups
represented by the highest number of
taxa, followed by nematodes. All cestode
species infect this host species via pas-
sive colonization, whereas digeneans
might be doing so actively.

Regarding the prevalence of each par-
asite taxon by location (Table 3), cestodes
were the taxonomic group with the high-
est prevalence values. Within cestodes,
the highest prevalence was observed
for Prochristianella sp., with values rang-
ing from 57% (Campeche) to 98%
(Celestiin). On the other hand, within
digeneans, Cryptogonimidae showed
the highest prevalence, with values
ranging from 18.2% (Celestin) to 52%
(Campeche). Nematodes exhibited pre-
valence values <5% (range: 0.4 % in Ria
Lagartos to 5% in Campeche), whereas
the copepod Octopicola sp. exhibited
values ranging from 0% (Champotén) to
100 % (Celestin), and the coccidian Ag-
gregata sp. from 17% (Champotén) to
69 % (Dzilam de Bravo). The coccidian,
the cestode Prochristianella sp. and the
copepod Octopicola sp. showed high
prevalence values at all locations where
they were recorded.

The sampling locations with the high-
est number of taxa with prevalence
values 210% were Isla Arena and
Campeche (8 and 7 taxa, respectively)
on the Campeche Coast, and Progreso
and Celestin (8 and 7, respectively) on
the Yucatdn Coast. All other localities
had 5 or fewer taxa with prevalence
values 210 %.

The taxa with the highest prevalence
values (Prochristianella sp., Cryptogonim-
idae and Octopicola sp.) also had the
highest mean abundance values (Table 4).
Values observed for Prochristianella sp.
were exceptionally high at localities
where this parasite species was recorded,
with the highest mean abundance ob-
served at Celestun.

Table 3. Prevalence values of the parasites found in Octopus maya at each locality sampled

Yucatan Coast

Campeche Coast

Seybaplaya

Parasite

Dzilam de Bravo Ria Lagartos

Progreso

Celestun

Isla Arena

Campeche

Champotén

62.0

69.0

Apicomplexa
17.0 41.0

Aggregata sp.
Cestoda

95.1 97.0 82.0

98.0

71.0 57.0 87.0

71.0

Prochristianella sp.

24.0

38.3

59.1

50.0

10.0
50.0

Eutetrarhynchus sp.

Nybelinia sp.

0.4

1.0

49.0

51.2

37.0

16.8

23.6

27.0

18.0

Prosobothrium sp.

21.0

<
<

12.0

Echeneibothrium sp.
Tetraphyllidean

7.0

2.96
19.2

<
—

23.0

26.6

10.0

Unidentified plerocercoid

Digenea

2.0

3.5

5.42

Lecitochirium sp.
Parvatrema sp.

Dollfustrema sp.

38.3

Cryptogonimidae gen. sp.

Podocotyle sp.

0.4

22.0

16.7

15.8

14.3

Opecoeliidae gen. sp.

Stephanostomum sp.

0.99

Bucephalidae gen. sp.

Nematoda

0.5

1.6

Philometridae gen. sp.
Spiruridae gen. sp.

0.4

Anisakidae gen. sp.

Crustacea

20.0
8

95.6
11

100.0
12

98.3
13

0.0 44.0 13.3
3 5 14

Total number of taxa

Octopicola sp.
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Yucatan Coast

Campeche Coast

Seybaplaya

Parasite

Celestin Progreso Dzilam de Bravo  Ria Lagartos

Isla Arena

Campeche

Champotén

Apicomplexa
Aggregata sp.
Cestoda

1034.2 + 1757 689.1 + 917 791.3 + 677.8 645.4 + 877.7

449.4 + 500.7

4.9 +8.2
0.21+0.8

17.6 = 24.6

18.0 = 20.9

Prochristianella sp.

0.02x1.1
0.018 + 0.3

26+4.4
0.008 + 0.09

1.9+£545

1.42 +2.32
1.42 +2.32
0.62 + 2.46

41+92

1.8+2.6
1.2 +

Eutetrarhynchus sp.

Npybelinia sp.

1.9 + 3.67
1.9+3.7
2.04 £ 7.7

1.8
1.8

1.2+232
1.2 +2.32

0.31+0.8

1.2 +
1.55+£5.1

Otobothium sp.
Prosobothrium sp.

02+1.1
0.03+0.4

0.55+1.9

0.05+0.2

0.12+0.0

Echeneibothrium sp.
Tetraphyllidean

041 +2.21 0.44 + 2.45

02+1.3
443 +23.3

021+1.9

52+ 53

0.8+3.5

0.01 £0.13

Unidentified plerocercoid

Digenea

0.40 +4.14 0.09 + 1.13

0.13+0.7

Lecitochirium sp.
Parvatrema sp.

0.18+1.4

0.23 + 1.56
7.45+ 154

0.36 £ 1.55
10.0 £ 22.1
0.08 £ 0.42

0.05+0.3

Dollfustrema sp.

6.1 +£19.6
1.1+34
0.52+1.8

1.21 £5.25
0.62 = 2.0

Cryptogonimidae gen. sp

Podocotyle sp.

0.004 + 0.003

5.2

1.2 +
0.12+0.8

0.28+1.2

0.54 +2.13

Opecoeliidae gen. sp.

1.25+1.63

Stephanostomum sp.

0.04 +0.44

Bucephalidae gen. sp.

Nematoda

0.02 +0.34

0.005 + 0.07

0.01 +£0.13
0.01 +0.13
0.05 +0.21

Spiruridae gen. sp.

0.005 + 0.07

0.55+4.2

Philometridae gen. sp.
Anisakidae gen. sp.

Crustacea

0.004 + 0.003

11.9+62.3 57.5+141.4 191.6 £ 191.6 7.6 +27.2 44+11.8

0.28 £ 0.84

12 +26.4

0.0

Octopicola sp.

DISCUSSION

We found a total of 20 parasite taxa asso-
ciated with the red octopus Octopus maya
in the Yucatdn Peninsula, Mexico. All of
these taxa represent new parasite records
for this cephalopod species. Only Prochris-
tianella sp. and Octopicola sp. were pres-
ent at all or most of the sampled sites.

Due to the diversity of parasites found
in cephalopods (as shown in our study),
Hochberg (1990) suggested that this host
group plays a similar role to fishes in the
transmission of parasites in marine envi-
ronments. However, it is also interesting
to note the absence in our study of groups
like dicyemids, monogeneans, didimo-
zoids, or acanthocephalans for O. maya,
which have been reported previously in
cephalopods. On the other hand, a his-
tological study (M. L. Aguirre-Macedo
unpubl.) revealed the presence of di-
cyemids in the excretory organs of O.
maya. Nonetheless, monogeneans are a
well represented group in marine fish
from the coast of Yucatan, and their
absence and the absence of dicyemids in
O. maya may be explained by the fact
that most of the samples were frozen
before examination, which could have
complicated the detection of these or-
ganisms, since members of both groups
are very delicate. It is also possible that
more protozoan parasites would have
been detected if tissue samples had been
prepared for histological examination
prior to freezing and if the tissues had
been examined microscopically. Didymo-
zoids use 3 to 4 different hosts during
their life cycle, and cephalopods are in-
fected by eating larvae of this parasite
present in invertebrates or fish (Hoch-
berg 1990). Therefore, we speculate that
the absence of didymozoids in O. maya
might be because this cephalopod feeds
on invertebrates or fishes that are not
used as hosts by these parasites.

All parasite specimens found in this
study were recorded in their larval stages,
except Aggregata sp. and Octopicola sp.
for which specimens in sexual stages were
found. This suggests that O. maya may act
as an intermediate or transport host in the
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life cycle of many of these parasite taxa (Hochberg
1990, Pascual et al. 1996, Vidal & Haimovici 1999,
Gonzalez et al. 2003). Host species such as O. maya
are thought to play a vital role in transferring parasites
to final hosts such as elasmobranchs, bony fishes, sea
birds and marine mammals (Hochberg 1990).

The diversity of parasites associated with O. maya
in this study is greater than that reported for other
species of cephalopods. For example, Pascual et al.
(1996) published a list of parasites of 10 species of
commercially exploited cephalopods in Spain, and
the highest number of parasite species for a single
cephalopod species (O. vulgaris) was 7. In addition,
Cavaleiro (2013) reported 8 parasite species for O.
vulgaris in Portugal. Finally, Pardo-Gandarillas et al.
(2009) reported 6 parasite species in Dosidicus gigas
in Chile. In comparison, we found a total of 20 para-
site taxa, a much higher number, possibly related to a
high diversity of invertebrates acting as first inter-
mediate hosts on the coast of the Yucatdan Peninsula.

Four of the 8 parasite taxa recorded in the digestive
tract of O. maya were cestodes, suggesting that the
oral cavity is the most common portal of infection.
However, the presence of a high number of dige-
neans in other microhabitats (arms, mantle, gills,
etc.) indicates that infection via cercarial penetration
is also frequent. The diet of O. maya includes mainly
crustaceans, mollusks and fishes (Boyle & Rodhouse
2005), which have been previously recorded as first
intermediate hosts of the parasite taxa recorded in
this study (see Table 1).

Although adult cestodes are rarely found in cepha-
lopods, a great diversity of larval and post-larval
forms of the orders Tetraphyllidea and Trypano-
rhyncha have been recorded for this host group
(Hochberg 1990). Accordingly, Palm (2004) reported
that the Gulf of Mexico is known for the large num-
ber of cestodes of the order Trypanorhyncha that
parasitize invertebrates and fishes (teleosts and elas-
mobranchs). This may explain the high values of
mean abundance and prevalence of this order in our
O. maya samples.

The elevated taxonomic richness of parasites
recorded in the digestive tract of O. maya also indi-
cates that the diet of this cephalopod comprises a high
diversity of organisms. The high prevalence values
recorded for Prochristianella sp., Eutetrarhynchus sp.,
Otobothrium sp. and Aggregata sp. suggest that this
octopus feeds recurrently on 1 or more species of in-
vertebrates, which are used by these parasites as first
intermediate hosts. Our results agree with previous
work by Nigmatullin & Ostapenko (1976), Sanchez
& Obarti (1993), Smith (2003), and Quetglas et al.

(2005), thus indicating that crustaceans are the pri-
mary component of the diet of cephalopods of the
genus Octopus. Preliminary results from a survey of
the feeding habits of O. maya showed Prochristianella
hispida as the only species found parasitizing shrimps
in the Celestin, a brackish system in Yucatdn, and
there was no evidence of cestodes parasitizing 6 spe-
cies of crabs in the same area (S. Guillén-Hernandez
& C. Gonzdlez-Salas unpubl.). These findings suggest
that this cestode may infect shrimps when they move
to the estuary and O. maya would then get the para-
sites when they prey on shrimps offshore. However,
there are some aspects to consider in this life cycle: it
has been proposed that the first intermediate host is a
copepod, which is consumed by a shrimp or other type
of crustacean (second intermediate host) and an elas-
mobranch as the final host (Palm 2004). We consider it
more likely that the shrimp is infected by eating the
eggs directly, and not by preying on a copepod, and
that the elasmobranch would become infected by
consuming the octopus. Therefore, the shrimp could
be the first intermediate host, with the octopus as the
second host and an elasmobranch as the final host.
Nevertheless, for the Prochristianella larva that we
found, more intensive study is needed to con-
clusively describe its life cycle, and identify it to the
species level.

Of particular interest are the high mean abundances
of the tapeworm Prochristianella sp. at the 8 sampled
locations. This finding could be indicative of constant
recruitment of this parasite throughout the lifetime of
the octopus. In support of this argument, we found in-
creasing abundances of this parasite from localities
with small mean octopus size to localities with larger
octopus sizes. Guillén-Hernéndez et al. (2018) showed
that Prochristianella sp. can cause severe damage to
the salivary glands of O. maya. These results suggest
that the geographical distribution of the intermediate
host of this parasite in Campeche and Yucatan proba-
bly closely matches the distribution of O. maya, and is
thus a very common item in the diet of this octopus.

On the other hand, most digeneans colonize the
host mainly by active penetration of cercariae into the
host tissues. Because prevalence values of the meta-
cercaria stages in most cases were less than 10 %, it is
highly probable than these infections are accidental
and that O. maya does not play an important role in
digenean transmission as an intermediate host. It has
been suggested that members of the genus Aggregata
(A. octopiana) can cause malabsorption syndromes in
cephalopods (Gestal et al. 2002), and that Octopicola
sp. attached to the gills may cause problems in
oxygen uptake. It would be interesting in the future to
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consider the possible negative effect of these 2 para-
sites together with Prochristianella sp. on the health
status of the octopus population.
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